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Dynamics of microbial biomass during litter decomposition in the alpine forest
ZHOU Xiaoqging, WU Fuzhong, YANG Wanqin ", ZHU Jianxiao

Institute of Ecological Forestry, Sichuan Provincial Key Laboratory of Forestry Ecological Engineering, Sichuan Agricultural University, Ya' an

625014, China

Abstract ; Microorganism plays an irreplaceable role in litter decomposition, and the dynamics of microbial activity in litters
is of ecological significance in understanding the mechanism of litter decomposition. Microbial biomass serves their
important statuses as a sensitive bio indicator of microbial activity in respond to environmental change. Seasonal freezing and
thawing is one of the most significant environmental changes in many high latitude/altitude areas such as in alpine regions.
The significant temperature fluctuations with related freezing, thawing and freeze thaw cycles could exhibit a strong effect on
microbial biomass during litter decomposition in the cold season. As yet, more attentions have been given to the growing
season, only a few studies have focused on litter decomposition and the related microbial activities in winter. Moreover, far
less information has been available on the dynamics of microbial biomass in litter decomposition at different critical
ecological stages as the growing period, the freezing period, completely frozen period as well as the thawing period.
Therefore, litters of fir ( Abies faxoniana) , birch ( Betula albosinensis) and spruce ( Picea asperata), which are three
dominant tree species in the alpine and subalpine forest of Western China, were put into the nylon bag and placed on the
forest floor of a primary fir alpine forest in November, 2008. Litterbags were sampled in March ( completely frozen period) ,
April and May ( thawing period ), June, August, September and October ( growing period ), and November ( freezing

period, one-year decomposition) , 2009, according to the monitored soil temperatures. Microbial biomass carbon (MBC) ,
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microbial biomass nitrogen (MBN) and microbial biomass phosphorus (MBP) in litters were measured to characterize the
dynamics of microbial biomass during litter decomposition in an alpine forest, and explore the microbial processes during
litter decomposition in winter time. Similar to the general view, the highest MBC and MBN during litter decomposition were
detected in growing period (June and August). Meanwhile, relative higher MBC and MBN during litter decomposition were
also observed in the freeze-thaw season (March, April, May and November) compared with that in September. Just after
the thawing period, significantly sharp increase of MBC and MBN were found in June during the decomposition of all three
sampled litter. However, in disagreement with the dynamics of MBC and MBN, MBP showed the lower values in the mid-
growing period ( August), completely frozen period ( March) and early freezing period ( November) compared with the
other periods. The higher MBP was detected in the thawing period ( April and May) and later growing period ( September)
compared with other periods. In addition, MBC, MBN and MBP during birch litter decomposition were higher than those
during fir and spruce litter decomposition in the whole first year decomposition process, except for the abnormal increase of
MBP during spruce litter decomposition in April. The results provided efficient data to understand the process and
mechanism of litter decomposition in the high-frigid forest ecosystem, and further understand the structure and function of
terrestrial ecosystems. Moreover, the resulis suggested more attention should be paid to the ecological processes in winter

time, especially for alpine and subalpine forest.
Key Words: alpine forest; litter decomposition; microbial biomass; wintertime ecological process
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Yy TURTTYSAZ AR AR N BIFE 1 DU ) 1 DG B P 301 080 40 ot o R v A Bl 0 A 0 e s 28, AT DA BE 7 b
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AR T, AR FAE R 2 850mm , 4FF- 44Tl 2—4°C e R 23°C , S fIRIRLEE - 18°C . ZE W MRV Rl 34
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1.2 St

K HIATE Y M AS I D E: T L 2008 4F 10 H Ak 94 4 = W D ICEE A 58 X R LA AR T B IR VT 42 41
HEFLEL = AZ PR T84, 7800 IR A1 i 1 SE 56 % X . AN [ R B9 KT V8 DR IR TR 12 15g HR =42 15¢
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Table 1 Initial characteristics of fir, birch and spruce litter ( mean=SD, Level=0.05)

URITY 4% Abies faxoniana 21 Betula albosinensi MK =42 Picea asperata
C/(g/kg) 545.8026.20 A 526.00+6.70B 527.30+6.97 B
N/ (g/kg) 13.8020.50 A 14.5+0.40 A 12.08+0.21 B
P/(g/kg) 1.32+0.05 A 1.51+0.02 B 1.4120.03 C
C/N 39.55 A 36.28 B 43.65 C
C/P 413.48 A 348.34 B 373.97 C
KIFRZE/N 25.26 A 22.23 B 23.44 C

RPAF A EARURAF YT (RS T/ ) Z MR 22 532 75 3% (T K23, P<0.05)

MRS SERE R A R A Y S R A R (4—S A AERFET (5—9 A) | HEER (9—
11 ) MR (11 A—2843 A) REBCE IRED /A4S S 48, BHEREAC KFENE DR G
4% AR, B A VK S P SR . BRISRRSL ) 8 R R SRS BT 2mm O, —H AR
KEAWE DR OIFART 4CRAE, I3 — 5 BT E &Y T8, 2 N SEms T .
1.3 Wk
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MFE-K, SO, 12 BB R BRI ) BRI 2 5 4 0k I 2 ) Bt e A L2 A b 2 S S T 25°C 3R
7€ 24h JEMBRAE R AT, A 40 mL 0.5 mol/L K,SO,, #&¥% 20 min J5id3E, 43 BIRH K, Cr, 0, & fk-FeSO, i
SETLFIRE R PG N 2 MBC Al MBN % 5, MBC il MBN 9% #e R 5043 514 Ec (0.38)"E,
(0.45)" ) G TEFE-BR IR S AR AR LD B R W A B (MBP) 0 [ AMINTEHL P LA RE P A 4R B R
W, DA ZE S OR S K AR P A (A IE SR B RICR S |, e LA RAL E,(0.4) T8 MBP, 40 #T
SR AR TE Y BN T ENFEFRR,
1.4 Bk

JFA AR T SPSS13. 0 AT Ge it 43 A, >R 5 K 3R J7 22 43 BT (one-way ANOVA ) Fil s/ b 35 1k 25 S5 1%
(LSD) k%0 7 453 sy e) iy 22 5
2 HERESW
2.1 YY) EDR(MBC)

3AYFN T YA MBC B it ¥ R B W A R AR AR (1 1) . BRI S, A KR E T
MBC ¥ 5.2 (P<0.05) m THEAE K Z= (9 ABRSN) JFE S A K il IR MBC & & LB R 4% 47 . IRVL
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BAZFHIEL = AZ TTE DI MBC B AL AR LA, MBC & & DL 7 H i, ZLAEJRIE P11 MBC 5 & DL
8 Hiimo 4 SR HIEVRES IR (3 ) | T 3Emh AR B | Az 4 22750 0 - e vl 11 ) 7 21 ME DR V% ) MBC
I TURYT A2 HOHE = A2 758 (P<0.05) HES 2 YR HIEZREE ] (11 7)) |, 2DHE 74 i MBC i &%
FURTTIAZ AL = A2 8759 (P<0.05)
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(MBC) Zh#s

Fig.1 Dynamics of microbial biomass carbon (MBC) during the decomposition of fir (Abies faxoniana, AF), birch ( Betula albosinensis,
BF) and ( Picea asperata, PF) litters

P AN TR (4 _EBRARERAS [ IR ) (/N B ) Z 8] Al (RS F8E) Z I 22 57 2 15 3 (T K8, P<0.05,n=5)

2.2 WAEYEY R A (MBN)

5 MBC AL, ZAZ ANLTHEJ T 9 MBN 2 LU R B35 (P<0. 05) @ TR K1Y (B 2) o ZD4E0
V&Y MBN LA 8 H .2 (P<0.05) i THAWA 6y, s 207 W) MBN L7 H e, 4 D OCHER 9, B
ZEII (11 7)) Ab LLAEI TS W) MBN {355 T S AZ 95 W), v A2 R T5 0 19 MBN S5 fIG, (H - 38 VR 4500 1 (11
) URTTVAZ U4 7E 0 MBN f 3 5 TL2DMERIUR S AZ P47 ) (P<0.05)

2.3 AEYE YR (MBP)

ARSI, B 4 JOMABL = A2 0759 MBP 5% T i A, SLAEIR Y5 40 MBP 245 Ay W3 7 4 7% ) MBP
(E3), 5754 MBC 1 MBN AN[],3 Fhd 7590 MBP & f R R — 3R sh 289, 2IMEA 759 MBP
AR ZT WIS ) FAERES AL A) D& FHERBI(P<0.05) , ZREEH (3 A 11 ) 5%, IR
VLR A2 U7 MBP R FE4 1 .6 AAI10 A B m T HA A 43,3 J .5 AH8 JIAXTHARAYEH, kAL
ZAZRTEY) MBP 15 SERVRIBIN (4 1) SR T A 0, A K 1 R 22 5 (P>0. 05) , VR 2 W) 1
TFHERIES(P<0.05) .

2.4 BUAEYEYELL
3 ANYIFIETEY) MBC/N MBC/P F1 MBN/P 15 4 A F19 H ¥AXTAAR , mire 8 A MR (#£2), fE%
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Fig.2 Dynamics of microbial biomass nitrogen (MBN) during the decomposition of fir (Abies faxoniana, AF) , birch ( Betula albosinensis,

BF) and ( Picea asperata, PF) litters

ANBEFEIIIED, AR T HA 2 AR IRTT R A2 U 7 24 R B AR X8 19 MBC/N Al MBC/P, BR 3 H Fit4 A
Hb MRS 12075 H) MBN/ P ZEREASWFFE I (] S A X 4855 (P<0. 05) , HAZ VREAE FH SR 5 oy W 3 7E Rl R AR S0
/NGRS I BRI b 380 SR AL A AR R O O DU S e, RS PR 1] B 0 5 400 ) 9 e I, £ AR
VeI A AR ) A R AR S 0 e e B fe /)

%2 S IWLFRWIRTTIS 42 (Abies faxoniana, AF) LI ( Betula albosinensis, BF) F1#0# = 4% ( Picea asperata, PF) HEM SRS ERRMEMEME
HRA L (MBC/N) (BBELE (MBC/P) FIEBELL (MBN/P)
Table 2 The rates ( mean+SD) of MBC/N, MBC/P and MBN/P during the decomposition of fir ( Abies faxoniana, A¥), birch ( Betula

albosinensis, BF) and ( Picea asperata, PF) litters in alpine forest

Ay BRI EIE /N (MBC/N) YL C/P (MBC/P) TR Yyt N/P (MBN/P)

Month IRITA Y AR 14 BF WMz P IRIDAH AF 21HE BF HEZE PP IRIIRH AF 41K BF HEZH PF
3 5.4750.44 A 4.29+0.19 Bad  1.6320.03Cad  278.54219.93Aa 83.0721.38 Ba 51.15¢6.71 Bab  51.01+3.824a  19.234.15Ba  31.30£3.52 Cab
4 2.53+0.15Ah  2.82¢0.18 Ab  1.32:0.25Bb  53.78+16.08 Ab 56.73£6.43 Ab  5.85:0.48 Ba  21.56+7.56 Abe 20.05:1.03 Aa  4.59+1.20Ba
5 2.07+0.11 Ab 3.39:0.31Bab  0.820.0.06 Ce 93.7131.63 Ac 29.77+1.82 B~ 52.37¢11.78 Bab 44.81+12.79 Aac 8.86:1.37Bb  63.11:9.74 Abc
6 3.4150.26 Ae  3.55:0.07 Aab  1.47:0.15 Bab  83.97+3.95 Ac  54.98210.02 Bb 120.36+5.55 Che ~ 24.65:0.70Abe  15.52+3.13 Bad  82.0624.60 Ced
8 4.12¢0.37 Ad 1.35:0.07 Bc  1.55+0.02Bad  159.68+21.36 Ad 81.67+7.68 Ba 169.82£55.00 Ac  39.26+8.61 Acd 60.4822.76 Ac 109, 80+36.87 Bd
9 1.5420. 11 Ae  1.55:0.06 Ac  0.84:0.14 Bc  44.16:9.48 Ab 23.46:3.12 Be  29.6723.99 Bad  28.6425.15 Abde 15.10£1.63 Bad  35.79£5.99Aabe
10 2.18£0.05Ab  2.42:0.14 Bbe  1.29£0.11Cb  65.29 £9.43 Abe 48.64 £9.31 Bb  93.70£5.45 Cbd  29.995.02 Abd 20.25:¢4.59 Ba  72.74+4.87 Cede
1 4.30:0.41 Ad  5.4422.00Ad  1.76£0.10 Bd  73.06£3.12 Abe 53.55:12.24 Ab 473.06£104.84 Be  17.06£1.42 Ae  10.65:4.28Abd  268.50+50.79 Bf

P A A A AR A QAN TR A IBCRE IR TR] (/NS 78 ) Z 18] W0FH (RS i) Z R 22 o B W3 (T 468, P<0.05,n=5)
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Fig. 3 Dynamics of microbial biomass phosphorus ( MBP) during the decomposition of fir ( Abies faxoniana, AF), birch ( Betula

albosinensis, BY¥) and ( Picea asperata, PF) litters

3 i 5Eit
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e A W 2 BV BRI FT R, B AE 3858 A R4 2 A AP SR AR 2 45 w80 1 A W 2 R E 2 AR T
GG LI GG 4 A OCHER I DUAE K5 0 R Y5 W BA Jemr 1) MBC \MBN 1 MBP (% 4 A AL = A2 %4
MBP S5 T B A0 ) BAEAR AR K 25 SR A 1) %% = i MBC \MBN Al MBP , B[V 75 4 385 25 ) o 4G 0 3] — 5
PITRAE A i, 3X— 7 T8 A A< 2R AR TR B 1) T 8 9 4 o i R P R E s 2, D) — D TSR W 58 A VR 2 4+
P T 53 A 3 R AT SR AF AR AR TR BR B A 06 B0

MBC FZLEAE T4 Y53 i B P i AR A W i A i R TR E B Y BB E AR R
ERE 24 Al XA 0 2 P R ) ) EE A Joit 38 N4 48 3% 1) i 3R A AT R R 1 70% —T75% Y RV
FEAESFR SIS  ABAE 21 MR Rl 18] PT B85 22 B 32 40 B I A= W R DR AR BT 5 v 45 08 9 A A 2 1k R il
[ AR 2] T —E MRUZE A, AT ST rh 8 3 ) o it B v MBC & 2 7E 2 FhET -7 9 2L e )
YRR A 225 AT R E D, B AR C/N ORBRR /N DL SR 2 & i
i R MR I RO R 22 | T R SR A e BB AR R e DR A 28 A R 9 A 4 o
o MBC F S AR AR, Xt AT B2 [ i 5 T R P 4 40 i A R b MBC S RUEEA — S E RN,
T [ R V5 0 - i ad A b B AR S R e B A TR VR RS R — R i T A R Y
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