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Seasonal dynamics of soil microbial biomass in six forest types in Xiaoxing'an

Mountains, China
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1 Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

2 Forest Engineering and Environmental Research Institute of Heilongjiang Province, Harbin 150081, China

Abstract ; Soil microbes are the most important regulator and decomposer in the forest ecosystem. Soil microbial biomass is
an important component of the carbon and nitrogen cycles in the terrestrial ecosystem. The Heilongjiang Liangshui Nature
Reserve has full gradient interference, which includes virgin forests, secondary forests, and plantation forests. The reserve
provides a good platform to explore soil microbial biomass and to determine the factors influencing soil microbial biomass in
the Xiaoxing’an Mountains. We used the chloroform fumigation extraction method to measure and compare the microbial
biomass carbon (MBC) , the microbial biomass nitrogen (MBN), and the influencing factors (i.e., soil organic carbon,
soil total nitrogen, soil water content and soil temperature) throughout the growing season. We also explored the effect of
root removal on soil microbial biomass. The experiment included six typical forest types, namely, virgin mixed broadleaved-
Korean pine ( Pinus koraiensis) forest, selectively cut mixed broadleaved-Korean pine forest, secondary birch ( Betula
platyphylla) forest, artificial larch ( Larix gmelinii) plantation, artificial Korean pine forest, and valley spruce-fir ( Picea-
Abies) forest. Each forest type consists of three 20 m x 30 m plots, and four 2 m X 2 m root trenching subplots and four 2 m
X 2 m control subplots were randomly chosen in each plot. Soil samples from 0 cm to 10 ¢m soil layers were randomly
selected monthly from the six forest types from June 2010 to October 2010. The samples in each plot were mixed as one
sample to determine MBC and MBN. Results show that the seasonal changes in the soil microbial biomass of the six forest

types were different during the study period. The maximum soil microbial biomass was mostly obtained in mid-August. The
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MBC and MBN generally showed similar seasonal dynamics in the control and root removal plots. The average values of MBC
and MBN for the six forest types varied from 383.5 mg/kg to 1633.6 mg/kg and 47.6 mg/kg to 231.0 mg/kg, respectively,
accounting for 1% to 2% and 2% to 4% of the soil organic carbon and nitrogen content. The average soil microbial biomass
(MBC and MBN, respectively) of each forest type was recorded as follows: secondary birch forest (1318.8 and 215.5 mg/
kg) > artificial Korean pine forest ( 1137.3 and 169.1 mg/kg) > selectively cut mixed broadleaved-Korean pine forest
(980.3 and 153.4 mg/kg) > virgin mixed broadleaved-Korean pine forest (948.9 and 143.6 mg/kg) > artificial larch forest
(927.2 and 131.0 mg/kg) > valley spruce-fir forest (606.2 and 95.0 mg/kg). Root removal significantly decreased soil
microbial biomass (P < 0.01). The maximum MBC (44% ) and MBN (34%) reductions were found in the valley spruce-
fir forest and the artificial larch forest, respectively. The minimum MBC (12% ) and MBN (11% ) reductions were found in
the selectively cut mixed broadleaved-Korean pine forest. MBC and MBN were significantly positively correlated with soil
organic carbon, soil total nitrogen, and soil water content (P < 0.05) , and MBN was significantly positively correlated with

soil temperature (P < 0.01). We concluded that the combined effects of soil temperature, soil water content, and soil

nutrients contributed to the differences in the soil microbial biomass found across the six forest types.

Key Words: Xiaoxing'an Mountains; soil microbial biomass carbon and nitrogen; seasonal variation; root removal
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Table 1 Soil physical and chemical properties of the six forest types
X B8 Control ZH Roots removal
A BENBE 4R Gk EE WENE 4R ko i
Frpesi] , ! _ , _ ;
Forest tvne Total organic Total Soil water Soil Total organic Total Soil water Soil
=P carbon nitrogen content temperature carbon nitrogen content temperature
/(g/kg) /(g/kg) /% /C /(g/kg) /(g/kg) /% /C

o o
U\EEEI*" )H( . 84.20ABa 6.74Aa 93.29Aa 15.68Aa 73.46Aa 8.36Ab 95.30Aa 15.66Aa
Secondary birch forest
[l EAR VAN
Mixed broadleaved-Korean 61.53Ba 6.35ABa 63.34Ba 14.18Aa 53.89Ba 8.24ABb 69.79Ca 14.32Aa
pine forest
N LELHSBR
Artificial Korean pine 96.93Aa 5.93ABa 63.86Ba 13.36Aa 77.06Aa 7.96ABCb 89.69ABb 13.51Aa
forest

LA
}\I% HHA 60.04Ba 5.79Ba 56.32Ba 13.86Aa 53.18Ba 6.79Cb 68.84Ca 14.04Aa
Artificial larch forest
RS IVREY 7
Gl ?*/M(, 59.45Ba 6.02ABa 68.42Ba 13.01Aa 45.34Bb 7.73ABCh 65.55Ca 13.51Aa
Valley spruce-fir forest
b
AR 63.75Ba 5.85ABa 69.63Ba 15.01Aa 56.08Bb 6.99BCb 78.29BCa 15.26Aa

Selection cutting forest

ANTRIR /NG A 53171 [ — Ak BHLAS ) A 2 i) 0[] — R ZR A ] Ak B 2 5 42 3 (0= 0.05)

R2 6 MBMAERTEMEWE(MBC) R (MBN) WS ELLE

Table 2 Multiple-range test for the means of soil microbial biomass carbon (MBC) and nitrogen (MBN) of the six forest types

X B8 Control

Z:#R Roots removal

TR Rk

Soil microbial

AR

Forest type .
biomass carbon

IR A

biomass nitrogen

YRR Yy TR E A
Soil microbial Soil microbial Soil microbial

biomass carbon biomass nitrogen

/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)

Ve e 1M
A= ]*!"M( 1318.85Aa 215.52Aa 1118.58Aa 173.41Aa
Secondary birch forest
S 2T FN
I{ﬁ, LA . 948.95ABa 143.62BCa 783.58Ba 95.89BCb
Mixed broadleaved-Korean pine forest

AR
)\T/I& # . 1137.34Aa 169.09ABa 933.48ABa 150.06Aa
Artificial Korean pine forest

B H-RN
ATE THAR 927.16ABa 130.98BCa 652.86Bb 86.43Cb
Artificial larch forest
ﬁiﬂlzs(’%*&?ﬁ 606.19Ba 95.03Ca 339.57Cb 68.60Ca
Valley spruce-fir forest
2 1
FEAl 980.29ABa 153.42Ba 866.29ABa 135.88ABa

Selection cutting forest

) MBC (44% ) FI\ T.7% " #A Mk MBN (34% ) 13 /0
HROR, BRI MBC(12% ) A1 MBN (11% ) 9 /b &
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kg F1 43.20—175.89 mg/kg Z [A] , ¥ 5 A HLEK A4 A
SR 1%9—2% (£ 2),

5T I0] 6 Fh AR HY MBC B9 2575 28 b 4
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H ik B AE, Bl 5 5 R R H m 3 Fh AR AR AL
MBC A W 5 () B IR, A B8 AR i 25 gk 3 A
ANo N TLTRAMAN T 9% AR AR MBC 22 JE R I
FFHE AR, 8 H 12 HIKBNIE(E , Bl 2 WAL,
TE9 H 18 HILILE 2 e, IARMERM % F
MBC &A= e AR AE B B (AN [R], N T Z0RapkfE 8 H T
A1, N TIEHAAARAE 9 H 905 A b = R A2 MR MBC
BEAR W RIS R ARE R AETE 8 AR A,

http ;. //www.ecologica.cn



2 44 XAl A5 /NS 6 FhARARIE R IR My 0 2 A RHAE 455

PR LEAE 10 A ), HFAr s, RIVIRAEAE 8 A 12 H o MRAR LRI B UL 5%
MBN BT840 5 MBC A —E (& 2), /. Sl ¥ i 09 90 A0l 5 (bR 43 L = % A2 AR50

TERTFEIIE] S e T e R A T e g st g 3, N (1L, 2)

TP AR B R LR AR TE 10 H A0, Hofth 5 FhZRpRE

—— A EHERK =X= SRR R LLAA -O— fEMRARAR
4500 4500
E pagiit EM
S 4000 4000 -
£
‘\; 3500 3500
Q
ﬁg 3000 F 3000
Q
ﬁ z 2500 | 2500 -
§§ 2000 2000
H Tg 1500 + 1500
o T
S 1000 F 1000 [
= 1 ; -
=z 500 F T/ 500 - 1 ; t
A X
O 1 L 1 1 1 1 J () L 1 1 1 1 1 1 ]
06-25 07-25 08-12 08-22 09-06 09-18 10-05 06-25 07-25 08-12 08-22 09-06 09-18 10-05
H # Date
- \ T4LRMk o= N MHARK - BT B
B 4500 4500
~ apil
2 4000 REL a000  FR
ﬁ\g 3500 3500
=E 3000 3000 -
ﬁg 2500 [ 2500 [
%E 2000 [ 2000 [
el
Hs 1500 F 1500
£
g 1000 ¢ 1000
E 500 b 500 |
g 0 1 1 1 1 1 1 J 0
06-25 07-25 08-12 08-22 09-06 09-18 10-05 06-25 07-25 08-12 08-22 09-06 09-18 10-05
H #A Date

Bl1 6 MARKEETIFEFEMER(MBC) WETER

Fig.1 Seasonal dynamics of soil microbial biomass carbon ( MBC) of the six forest types ( mean+SE)

2.3 HEGAEYES IR R KFRAREBE(P > 0.05) ,MBN 5 Ts 24 B3 A0
Pearson AHE/0HT# M1, MBC \MBN 43555 SOC, (P < 0.01) ;MBC/MBN 5 SOC TN . Ws K Ts A&
TN f& Ws S# B E 1AL (P < 0.01) ,MBC 5 Ts # KRR EE(P > 0.05) (%£3),

#3 ITEREVER ETIREVERRLS TEEMERNEXSHT
Table 3 Correlation between soil microbial biomass carbon (MBC) , nitrogen (MBN) , soil microbial biomass carbon / nitrogen ( MBC/MBN)

and soil physical and chemical properties

RA LK A FKER L
Total organic carbon Total nitrogen Soil water content Soil temperature

TR
. iﬁ%ﬁﬁi%i@% 0.628 ** 0.281"" 0.306 " 0.068
Soil microbial biomass carbon
T RA v

.%HD.Q #’jg;}%k . 0.570 " 0.285"" 0.321"* 0.242**
Soil microbial biomass nitrogen

S Al e - T At
LI E D RBA L -0.019 -0.067 -0.066 -0.093

Soil microbial biomass carbon/ nitrogen

#* P <0.05, = %P <0.01
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Fig.2 Seasonal dynamics of soil microbial biomass nitrogen ( MBN) of the six forest types ( mean+SE)
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