500 #4510 H = 2 b4 Vol. 29, No. 10
2009 4£ 10 H ACTA ECOLOGICA SINICA Oct. ,2009

AEHRRETRAIRTIREREYEDE

oot REENT, ke s, F5%

(1. P ERABEL PR A SIS, TiH 1100165 2. w [ER2ABeRFSEAERE, JEat  100039)

FEE O A 3B W AR i AR B ST A [RDPR 7 i A N AR 3B HE TR BT, 3L 77 AR A8 LU X R R AR IS (9 4R 42, i Ak ;43
A AR TEH AN TARAFE L2 (BHEEEMTLZE) MAEY AR RSN RMHET T BN, 300 TREDED R
BRAMZET RS LEF G TOKGHRR, GREZW  PIHRRE AR ERE A EY RR A S BYS TV E8
SR , S MR A ik RS R TR, Jr 2 TR R KET B — L2 PR LR YA YRR RS
B2 A2 FEBEKF(P<0.01), ZESMK 3 NZ=15 P, A AR FETUR B TUE W A 4 BBk B A To 722 4k , T BRI T A
YA Y RBRTERKZ R B By s IR ARIR R A A E Y B A ER FRB . 7102, PR RIE & A v Y i
B RABERERBNR K, MRSITRI, YA ER RZE R R A EY K AS HEEIR . 2AEBEIE
AR, M5 H3EK 5 TORE RN s 73 40, T A N AR ST AR R 28 FBCiE DA e ZE 0 MR B A3 13 A AR Y BIR A A
M, FREERF BRI R Y A YRR RT3 S T3S AR LB TSR , 4l Ak 135 4 R B T R
RS IRV AE YRR TR A YRR F R AT

X E 4S5 :1000-0933(2009)10-5500-08 HRESFS:Q143,Q938,5718.8 THAFRIRAG:A

Seasonal dynamics of soil microbial biomass C and N in two larch plantation

forests with different ages in Northeastern China

YANG Kai'?, ZHU Jiao-Jun"* , ZHANG Jin-Xin', YAN Qiao-Ling'
1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China;

2 Graduate University of Chinese Academy of Sciences, Beijing 100039, China

Acta Ecologica Sinica 2009 ,29(10) ;5500 ~ 5507.

Abstract: Aiming to exhibit the soil fertility of larch plantation forests based on the soil microbial biomass, the soil
microbial biomass C and N were observed in two soil layer (i. e., humic layer and mineral layer) of two larch ( Larix
olgensis) plantation forests with different ages ( nine years old; young plantation forest; forty-three years old: mature
plantation forest) for one growing season in northeastern China. Meanwhile, the relationships between the seasonal
dynamics of soil microbial biomass and the soil nutrient and soil water were also analyzed in this study. The results showed
that microbial biomass C and N were higher in humic layer than those in mineral layer for both larch plantation forests. In
humic layer, the microbial biomass C and N were higher in young plantation forest than those in mature plantation forest. In
both spring and autumn, microbial biomass C and N in the same soil layer were significantly different between two plantation
forests (P <0.01). In humic layer, the microbial biomass C remained constant in young plantation forest through the
growing season, while it reached maximum in autumn in mature plantation forest. The microbial biomass N was the highest
in summer in humic layer for both plantation forests. In mineral layer, the microbial biomass C and N were the highest in

autumn for both plantation forests. Microbial biomass C and N had a significant positive correlation with soil organic carbon
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and total nitrogen, but exhibited no significant correlation with soil water in both larch plantation forests. In addition, the
microbial biomass C and N were also influenced by species composition and quantities of shrubs,and seasonal fluctuation of
temperature in the stands. The above results suggested that; (1) the seasonal dynamics of soil microbial biomass C and N
in the test stands were closely related with soil nutrients, and (2) the soil nutrients in young plantation forest were better

than those in mature plantation forest.
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IR YR (MB) 238 L3 ARUNT 50 pm’ AR Y BB, RS I S YR AR ER 4, (HIE MY
R H R RSN AEEN . IR YR N BRI T, B B R IR TR A e
TR . CABFICRN, Mk Y B A 37 AME 30 SRR T LA B A7, B 132 I e + 8 A A bR e
e Y R IR EERR, LR R NMEEY 25 LR RS TT R IR, X 3R
AR s EEAE

HEFMEDRG S, U LIRS L RIE RSB ES BHB AR, 138K REM L
IR EES R TR ER T BT R IR A Y BB, PR S X IR Y A B
WA HEE S RIKX BR EEE A & F= 2, &2 E A E R 31.4% , i T-RYERAM 47,
X R TE AR B WD , N TARB AR WG . B #A (Larix olgensis) VB AR UK X F 2 MR F Z
—, B 20 th22 50 FRIFLREE T RERGR, SR, B TR B — AR 540 ) B S5 R R, & A AL T
ik ) IR EHH 2 B, DAER R M B FF S 2 AR R eI A A Tk b ) 32 1R P13 B BF
g7 AR SRS, BRI MR W W B AE R AR 22 1A R AR AT AT

Bt , A5 B 5T B UL T AR LU XA [RIAR A 7 AR R T I A Wik R 2= 15 sh BB, UE BT H
H: (1) T A FAREE A TAR IR AE W A W ik R ZE 5284k, A LS W A W & AR B A A
RIS J5 s N AR 3R AR 7R BE 5 (2) B3 s w3 U AE W B 15 L A MIE Y 7, I 38
AP 32 A LK X HAS A Y B AR AR, S B A N TAR ) & B8 SR AR E
1 #R5HEE
1.1 5 XAEEA

WFFAE I BAE L T8 AR A8 LU XV SR 1R B VA 2L e A 0w R e Dk B oz 2 250 5 BT 1 D AR AR A 25 5
B vl iR g Ak (VR ) (41°51.102'N,124°54. 543'E) , 14k 456 ~ 1116 m, T 3ERAUAIREAHFK L, SIERE IR
WRBEERERAE, FFESRIR3.9 ~5.4 C ik m <R 36.5 C, &ARKIR -37.6 T, KT 10 CH4F
TGS FRIE 2497.5 ~2943.0 °C, JTGFEHA 120 ~139d, -3 H 8 2433 h, FfEKE 700 ~ 850 mm, [EFRHEEFTE 6
~8 AUy, B KFEN4~9 AR, BIRRKEER 10 A ~ BAER 3 Al RRES, HENEHR L. Fik,
ARE RE TF 2 B3 AFEW LAY ERE .

B R A AR K 1 LU AL T8, b 1 TOURR 3% A R 2L WA ( Pinus koraiensis ) MK , SAEAEAR LA R AR IR
AR B IX IR A bk 2R AR LASE AR (Quercus mongolica) , BB ( Juglans mandshurica) , 7K Hi#)
( Fraxinus mandshurica) , ¥ % ( Phellodendron amurense) Z£4H 5 AR f& MK , #EA ( Betula spp. ) 2540 IR A
AR, A SCBRE (Acer spp. ) B AMR . 7E 20 HHE22 50 454, H FIRAMBGE , B s T KEFEHA A THA
LAMANTH
2.2 W

AR VR A (9 4RAE ) VM AA IR (43 4R4E ) YR AR IR X 4, BESAE L 3R 1, b, bR
75 A A RS TR R P BE A AR KN [A] 29 4 e ¥ A PR b 7 75 35 PRI S — AR B A , AR AR PA 543 4R A it
WATE B G IZARET A IR LR R AR, PR AR BE 2 0. 85, Hy TAB A BEAN [, WK 73 bR 9 (4 1R BE AR [R] , ZEBF ST 149 3
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ZENTE SRR N TR TR T LR . SRS A T B BT AN B B 2 pH 4300 R 5.8 F1 5.7, 57402
pH 235105 5.5 F1 5. 6 ; 4 5 A AR BE M R Z R E A AR 1.19 gem A1 1.21 g em ° , HLER
FHH1.28 gem ™,

F1 FEHERFHE
Table 1 General characteristic of the sampling plots
Ay IR i) el BeEE(°) R (m) il
Forest types Exposure Slope position Slope Elevation Age
S RN
Bt A . %iF4 Southeastern Y Ff Mesoslope 20 592 9
Young larch plantation
I H-FA
SR T . Z<F Southeastern 3 Mesoslope 20 633 43
Mature larch plantation
52
Hor TR () R Cem) () gy oy ALY
. N verage diameter 2 .
Forest Types Average tree height Litter layer . (N+hm~*) Shrub compositions
at breast height
TF Eronymus, £ %X Albizia
P TOTIE kalkora, 1. Wk F Schisandra

3.5 2.6 3.7 5625 chinesis , B¥E T Corylus
mandshurica , IV& M5 F

Rubus crataegifolius

Young larch plantation

) Actinidia
ammn 9. iy 151 B e, SO S
chinesis
F2 IHREMERIERS KSIE
Table 2 Sampling time and soil properties for the sampling plots
N S P o rg KR ALK R
Sampling time Season Growth season Forest types Soil layer Water content  Organic c_arbon Total mti-ogen
(%) (s-kg™") (g-kg™")

2007-04-28 #Z Spring KW FAIFE7 7N HL 30.28 62.78 4.815
Plant germination period Young larch plantation ML 20.05 11.11 1.095

SR HL 29.58 55.26 4.129

Mature larch plantation ML 22.95 11.12 1.132

2007-07-17 X Z& Summer K FAIFE7 7N HL 32.46 67.53 5.235
Plant growth period Young larch plantation ML 20.14 12.23 1.212

A HL 28.57 54.86 4.257

Mature larch plantation ML 19.76 13.81 1.411

2007-09-20 #kZE Autumn Y% FAIfiy N HL 23.62 62.61 4.858
Plant abscission period Young larch plantation ML 13.35 17.47 1.608

A HL 26.00 64.00 4.851

Mature larch plantation ML 11.80 20.25 1.966

HL: /&% )% )Z Humic layer (0 ~5 cm) ;ML:5"4k/Z Mineral layer (15 ~30 cm)

FEFFPARES AR 20 315 B 3 1> 20 m x 20 m FRETT , 3R 5L AR SR FAZ BT, MR S A I LR 2
M ILIEPIZE 4 IR BB Z MSRAE N 2 B H IR R ZRE WG 42 13850 , 7 B H R 2 R B, Bk
A B L T 2 1 T AR ) T e B A AR R (BB 2 20 ~ 5 em) , FIAKIR V& WA MR+ 2 R BE X 30 em, 7™
ALJZ B RAETRBERL 15 ~30 em, AR UREBURE &7 B FE A [R) A RE A HEAT 10, BVEE AT — R SRR BURE , R B
PRFe TIBREA MY — M BAACRAERT[R] Boxt B ) 3504 K S BENR 2. BAFEEH T HEHLIER 5 41
BT ERAE B RESIN 5 AN SIREEN— MRS, T SRR =g 2 mm 5, AT A P R E R
B4R IREBOECH 0.5 mol L™K, SO, W (1:4 W L) KR R E] - 15 CRGRAF, Fl. A L1 HRK
F .33 0.25 mm 5, FFA YK ERATE
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3% pH IRE R B ARk (K B 102, 5 ), 3 20 i I B B T B BR DURAR I 9 3R T 1K
B, H S K ER AR (105 £2) °C,8h) ), £ LR A2 A& B R A TRt TR AL
ELEMENTAR (Vario EL I, Germany) %€ . {444 ¥y &k (MBC) R4 4y 4= W) 8 8 (MBN) >R F 45 B
FRRE WG RARWARTR , 53 185 B HAE Mulii N/C 3000 (F8E) LW5E , H i S0 AR TE A A Py e o

FIBK  RBHR R SR A EL 5117051 0. 38,0..45
2.3 BdREAIETTE

BARALHR A SPSS 13. 0 #ATHEH 04T, 205 L&)
AR BRR 3 SRAEH P39 {E LA RIZETY AN F] +
FEHEMAEY A ERANZESR . MAEYKR RS 1%
Fr93 KT IR 734 R Pearson XURBAL KL , AN R
FESE] AN A LR AR S AT T
3 ZRS0H

3.1 AFEMEFH AN TR EY A YRR ES

ME L ATLLE H,2007 424 H ~9 A, ghl vk ik
T HEL IR TR ) e W BB AR BN R, TSR A AR
SR Z A W A M BRR BUN R ST R, R TERK SR 4 4%
BRKFo TR RN, PR T ARG AE P A4
YrEmwER BE (P <0.01) hilkiEMHRHMEYEY
BRI/, K 1024.6 ~1075.8 mg-kg ™', B IE
PAZEIEMIEK , Hy 549. 5 ~838.0 mg-kg ™' o LHRTEIHHA
HRAAE 0 e W A A K 2 P AR A Y 1. 22
~1.96 f%,

TERLIZ , 4l v A AR AN BRGA TR - FA K 3 2R
YA ERAEEAR BENFTIE(E 2) , A 05
XA, BARVE ARG AR, (BB b= R A P 2k
YIERNETEWBE—H (B 2) . HRMAEDEY
BIRERNERSRFE LT, E4 AT A6, Gk
TAE M YRR T AR, T AE 9 Ay, B = T
LA

JIGAR - Sl A W A R Tk R A B R = AN
WREEEF TR R REA BEEER (P <0.01),
T4 A Y A ) Bk & B RAED LR R AN FT
ZREEP <0.01),

3.2 AEAMESFEH AT LR AEY Y B A NS

M 3 FE 4 AT LAE ), TIE AR R )= b R 7R
TALIR , PIRIARE 7 A HIRBUE M A B RE 1
EHLE o PIRIPRIES I - HATE B R 502 R AR AL LAy - Bk
EY YRR T A, E 9 A EE TR, 7
JEFEIR)Z , St T i WA PRI A W A ) B R B ZE Y AL R

n ZGIBAPKFE AR Young larch plantation
o SRk FEFA Mature larch plantation

aA aA aA

bB

TR A
The content of soil microbial biomass C (mg-kg™")

7 H Summer
5} ] Time

4 H Spring 9 H Autumn

BI1 RTRI b o A A0 2 S A A W A W B 1 15 AR A
Fig.1 Seasonal dynamics in soil microbial biomass C in humic layer
for different ages of Larch forests
Fl— MR R = ARRNE FRERRFWERBE (P <0.01),
ARFEIARE AR FIRE 5B R BbR i (8] 22 5 B3 (P <0.01) , T
Lower case letters indicate significant differences (P < 0. 01)
among different seasons within same aged larch plantation; Upper case
letters indicate significant differences (P < 0. 01) between young

plantation forest and mature plantation forest; the same below

u B AKTEMAS Young larch plantation
0 Rk HFA Mature larch plantation

500 -
450 |-
400 |-
350 -
300 -
250 -
200

cA

TR

The content of soil microbial biomass C (mg-kg™)

150 - oA

100 |
aB

W
(=]
T

(=1

7 H Summer
It i) Time

4 H Spring 9 H Autumn

B2 REAREE A LE A Y A W R I 2215 A8
Fig.2 Seasonal dynamics in soil microbial biomass C in mineral layer

for different ages of Larch forests
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$9:122.1 ~150.5 mg-kg ™, BAAMIE WAL IRTE 86.5 ~ 151.5 mg-kg ™' o 1EA(LJZ, PIfpARUS & HAAMAE Y
EYRASBERNMERSTHETINE 9 AMBERAEY N RRKME, X HEY LD BRI Z LB —2
YETE I PRI AE Y A Y B R AE M E AR :7. 2 ~40. 5 mg-kg ™', LK M AR AEIBFE 17 ~55.7
mg-kg ™o AW YR RAE R R I 4 i v - AA PR T REAE A, TOER L I 5 A R

n BRAKIE IS Young larch plantation n BRAKIE IS Young larch plantation

~ 0 KIS AL Mature larch plantation 0 KIS AL Mature larch plantation

.:‘0 180 bA bA g 70 ~

29 160 <

% aA f 60 - bA
ﬂ § gm; g 50 - cB
¥ = aB ® g
€2 €E 30
:‘ﬁj E R A

3 N < 20 - . bA 2A

5 =

= . 2

4 A Spring 7 H Summer 9 A Autumn 4 FJ Spring 7 A Summer 9 H Autumn
Fif ] Time I Time

B3 ARSI v R e SR 2 A W e A R R AN AR A B4 RIS IR 4 HE5 b SR Y Y B B F AL,

Fig.3 Seasonal dynamics in soil microbial biomass N in humic layer Fig.4 Seasonal dynamics in soil microbial biomass N in mineral layer

for different ages of Larch forests for different ages of Larch forests

3.3 EMHIMATARLIEMAEYE YRR AS TIEFRT KRR ER

WA ER RS LI IR TR (R 3) BUEY A B SMAEY A Y B RBB BEHRK
KF(P <0.01) , AEYAEYER AS HIEAIRK . 2ASEBRBBEMIK(P <0.01) 15 H3/K 5 ToHH
FM:(P >0.01),
4 Hie5Eie

TR YA DB E AR A E R B, AR R S H M W AR R
M7ER —E ARG, BV AR AR, AR T SR RN AR . &5k, e
Yy Y B REE T AL SR B R R SR R A X MY RRAS HHOKA R R
MBS R L™ BRI E LS. AT R RN, LM ey e B e e RAS
TR TCBEAR KR (R 3) , YLHTEABI T 7 A N TTAK, 138908 BEAS 2 e L3 3 A ) AR ) B i R
WIVERE T Foh, FEPIARERTE A N TTAR MR R B, A Y AE Y B AA S LIEA VUK 2422
BEFMR(ES) , XEHHEEVREZ W HEMAEYBNEERZ AIRS RS, B8 N MEWE
AT A BA S REHT R PR R RIRR R TR IR LA K RE R E Y o IS SRS LRI BR S 4 e
HIF, W4 & 2% B A R RE B R RS TR RE R R, LMY B AR
BERAS MRS EREFML, BRESEAIR. SRS H3ME Y E Y BRREM I TR EE ot s R
B, HIRMAEYRRASE SHER SRR & B2 AR B A X RE T IR A, 1%
WAEYERS HRSHE BEIEMX, AU SR pH, +3875 5 76 BRI 75 - #4 N TCHA B
AR, TEARSR 44845 (4n P LK) BR R AT BBt 2 m LR B AW EEZ N R, KX A & R m®E
gE—B R .

HRK, TR ZET 2R S5 EAEGN AR RER R, NEARE BT 9 Amo 1Lz,
A W A= ) R AE ST AR A B B 1 T BRBVRR, 77 A X P SR 1) i R T BB 4 V& A RIR /N , PRI IR L34
BAMBGE AR T MEAREARTE S RE AR THAEYRITES) . 4300 2l AR A BRbOb T A 59 37
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FAIESE T A MR AR AR S T AE A (R 1) o BB Bgs RV H A P b
Rt R B, S s —ACERE , BT ARER B/ (6a YY) , MR PG B VR AR (H S 2 B B s, in 2 R AR5 7R
RYTER T WEAEM S KE AT HREAEY TS S, SRR B TR Ak
TR , IR BEBAR, T AR R A 0 /N5 , A S A o B i ™

R3 HEVERAZARESIESFS KIHEXRE

Table 3 Correlation coefficients between soil microbial biomass C, soil microbial biomass N, soil nutrients and soil water

MBC + 34 HLBk Soil organic carbon 4% Total nitrogen + 47K 4> Soil water
ALY A Rk MBC 0.9488 ** 0.9591 ** 0.6414ns
A YA YA MBN 0.9328 ** 0.9163 ** 0.9255** 0.6916ns

n=12,ns P >0.01, * K P <0.01, * =% P <0.001

PRI V& A A ) A W B RAER LR 3 N F T AR B T MK (P <0.01) , T7E B 58 R
27 A4 H.9 AHreZRE BE K (P <0.01) 14 AR AMKERERARE .

BJE, LEREGREE LM M BRF R MMBERZ — APFRA, AL R — B
T AR LR A YRR R A AR AR, X2 B R VE Y R R R R LRSI T R AR R R
i 2 - SR A W A B AL BRI, T8 SR 0 R AE 3B P BRI AR R LA S AR B 7 R R B = R
JZHBMAEY B EERH . EATTTEH PIAE & AN TARA, TI3RE 5 RZ MR R & 'S T
162 3% R T + 3 b+ R AR B A AR R, BV 4 B 2 AR s X 5 A LR
SR —Bo T, BRFRIRTE T A R Y 4 W R BRAE D L2 B B B ZE 1254, 55 Lipson ™ %
PT/R BT S RGBT I G R A — B, IR Y B EEK T RS, MEEY TR E RN EF &K,
A AW BTERTBAR, 7T RER i T X MR WS /N AR RS Y 0 i R B K. AR,
TR DR A Y AR Y BB A R R B TRER N MATE BoKLa Wbt LT
FERBEINE . TAEMEFERZ , 4 8V AR AN BSATE A PR A M A M B R B 1 AN IR, R AZE AN IR +
BRI AR AFIFRAR R E BB, Fbk H S WA R B S WA AR AER D . BN, LEMEN A
Y SMAEY A ERERERZ NN EAA B MEMEMERES ~T ABEALHR,7~9A
TAE T RS 3X 5 Franzluebbers'™ ¥E/INE F AT AU SE B0 25 AR 265102 I0AE W) A W ROBR R A
WY B AR EACEEA B HRE AT A PR AT E 56—, AP BURA AL R TR EE D 15 ~30 cm, BiAk
% Ve T ok A RS2 AR RS R /N TR BELRR (0 ~ 5 em) 5 55 =, Z= 47 PR AR (A L4 sl A o B AR R A
YIERAMATEE AR, B 3 A W B AT SRR R AR E L RE ST o PRSI Ak A
EYEYRRIEAR LERAENEZS  ERERZ , 4k & AR Y A R RIS T R T B ME i
Hs MRS 0)Z , BN AT AL T A W A T B R R T Ry iy, ST RER pl T R SRS AR A K
LRSS EA AR T LM AN o ATRRI, £ A YR A BT AL SR
B M A BRI R IE S L A A S ABRIIX A, 1 B RIMAS ¥ A R R 2 A
YRR EBAR TR SEYRRTE SIA K, A RHEYIR R X 1R Y B RS R L R i —2
W5,
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