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Spatio-temporal patterns of soil microbial biomass carbon and nitrogen in five

temperate forest ecosystems
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Abstract: Soil microbe is the most important decomposer in forest ecosystems and sensitive indicator to environmental
changes. It plays a crucial role in forest carbon and nitrogen cycles. However, few studies on soil microbial biomass carbon
(C,,) and nitrogen (N, ;) have been conducted in the temperate forests of northeastern China. In this study, we used a
fumigation-extraction method (FE) to examine seasonal dynamics of C,,, and N, and vertical changes along soil profiles in
representative temperate forests in this region. The experimental design included five forest types, three 20 m x30 m plots
in each forest type. The forest types were Dahurian larch ( Larix gmelinii) plantation, Korean pine ( Pinus Koraiensis)
plantation, Mongolian oak ( Quercus mongolica) forest, aspen-birch forest ( dominated by Populus davidiana and Betula
platyphylla) , and hardwood forest ( dominated by Fraxinus mandshurica, Juglans mandshurica and Phellodendron
amurense). In each plot, we randomly took soil samples by two soil layers (0 —10 cm and 10 —20 cm) from five spots
and N .

determination. All soil samples were stored at 2 “C before analyzed within one week from sampling. The C, and N, were

every month from March to November of 2008. The samples in each plot were mixed as one sample for C

significantly different (P < 0.01) among the forest types. The C  in the Dahurian larch, Korean pine, Mongolian oak,
aspen-birch, and hardwood forests varied from 278 — 937, 218 — 1020, 313 — 891, 510 — 1092, and 440 — 1911 mg

kg™, respectively, while the N, varied from 18 — 72, 18 — 103, 24 — 95, 43 — 125, and 40 — 208 mg kg ',

c

respectively. Both C_, and N . decreased with the soil depth increasing for all forests. Overall, the C ; and N, showed

similar seasonal patterns for all forests, in which they decreased before the growing season commenced, increased in the end
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of the growing season, and had 1 —2 in-between peaks. However, the values and occurring times of the peaks varied with
forest types and soil layers. The seasonal variations in the C,, and N, were greater at the 0 —10 cm soil layer than those
at 10 —20 cm. The C,,, and N, were significantly positively correlated with the leaf litterfall, soil organic carbon content
and total soil nitrogen content. The C_, was positively correlated with soil water content, but negatively with soil
temperature. We concluded that the variations in litterfall amount and composition, soil physical and chemical properties
among the forest types mainly contributed to the differences in spatio-temporal patterns of the soil microbial biomass in the

five forests.

Key Words: soil microbe; seasonal dynamics; spatial pattern; forest type
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Table 1 Soil properties of the five forest types

o #:E j:%%‘ﬁﬂ@% %:ﬁ AE ‘
Forest type Soil layer Total orgamc_ carbon Total mtri)gen Bulk Derisny pH
/em /(gkg™) /(gkg™) /(grem™)

PAR /7 N 0—10 70.9 2.4 4.17 £0.45 0.75 +£0.07 6.18 +0.67
Korean pine forest 10—20 49.4 +3.9 2.70 £0.37 1.02 £0.13 6.04 £0.48
Y& MK 0—10 51.7 £4.2 3.31+0.51 1.01 £0.18 5.56 £0.51
Dahurian larch forest 10—20 40.6 +5.6 2.52+0.27 1.11 £0.19 5.40 £0.64
SR 0—10 88.7 6.2 5.04 £0.68 0.36 £0.06 5.80 £0.39
Mongolian oak forest 10—20 55.6 £3.9 2.01+0.33 0.80 +0.09 5.96 +0.41
T 7 AR 0—10 113.5 +11.3 8.09 +0.76 0.51 £0.07 6.29 +0.66
Hardwood forest 10—20 63.8 +4.8 4.95+0.97 0.75 £0.09 6.16 £0.42
HHERR 0—10 101.7 £12.3 5.07 £0.41 0.44 £0.05 5.94 £0.39
Poplar and birch forest 10—20 53.5+7.3 2.17 £0.29 0.74 £0.06 5.80 +£0.31

T IR O 2008 45 6 HREE(N=3)

55h, T 2008 4F 6 F ££ S5 HREHL AR AFRTI (100 e’ ) M5 + 67T ;3% Fil HANNA pH211 % pH 1
& 13 pH 1 ; F| F multi N/C 3000 43#7{XF1 HT 1500 Solids Module ( Analytik Jena AG,Germany) g + 354
HUBRHE BE ; FIH Kjeltec™ 2300 81K E A X ( Foss Teactor AB, Sweden ) il 5 115 4 E M .
1.3 MY A ERAN E

W SR [m] 3 8 380 2 mm 30, RBR LR A R YR RS, RS EEBRRENE C,. M
Ny "™ H A AL Y 25 °C FLas A M T 43R 24 b, REUGE B BROR M 0.5 mol L™K, S0, (¥t
1:2.5) . SRR A BRI R A muli N/C 3000 57 . C.p,(migeks™) Bl N, (k™) 5131
R

C.=E x2.22
N. = Eyx 2.22
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1.4 B

KT 25007 (ANOVA) K B bRl | + 38R IR CRAF I ] B A EAR XS C, 70 N IR0 (C 7 N 35
Gt X B S5 IR IEZS 7345 ) o Duncan #3560 F T K C,i F0 N ZEAREL | 382 R ARAE H 3 Z 6] 1 8.2
Pe2E 5. FAZHEESAI Pearson AHK REIFHT C,oi 1 N, 5 HIEEKE GRE AR EZ KR, LiRSE
THorHr a4 SPSS11. 0 Geit#k 458 il
2 R
2.1 HEYAEYEYERER S [E2E 5

AREL | 13582 U IBURE I [] S 2 3 Ci N, (3R 2) o 0—10 em 4 )2 T304 Wy & 700 O A8 ] i A
(Coio Pl N, :1302 mg-kg ™' 1 150 mg-kg ™) HHEM (1074 mg-kg ™' 1 135 mg-kg ™) LLHAM (748 mg-kg™" 0
79 mg-kg ') SEEARA(721 mg kg FI81 mg-kg ) JEMAAM(534 mg-kg ' FIS1 mg-kg ') (1), 10—20
em +J2H) C,, B EHE 328—650 mg-kg ™ Z[A], T N, W EH#E 32—62 mg-kg ' Z ], HIEHEN AP EKA
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EE AR LTS 3 0 - A R AR (9. 5—11. 0) B HEAK (8. 7—11.9) S HRAR (9. 4—13.0) (LLFAMK(13.0—
15.5) JEMHAAAR(10.0—12.1) .

R2 ITEYEVEYVER ARBAILENTESTE
Table 2 The result of ANOVA for soil microbial biomass carbon, nitrogen and carbon / nitrogen ratio

A A R TR RR TEBUE Y YR BRA L
HF Soil microbial biomass carbon Soil microbial biomass nitrogen Carbon / nitrogen ratio
Factor F B F 1 BE H i B
o F P o F P o F P
HMEY Forest type 4 30.4 <0.001 4 30.7 <0.001 4 8.0 <0.001
JZIK Soil layer 1 200.7 <0.001 1 226.9 <0.001 1 11.2 <0.001
H ¥} Month 8 24.2 <0.001 8 25.5 <0.001 8 41.1 <0.001
AE xER . 4 6.5 <0.001 4 7.6 <0.001 4 1.1 <0.001
Forest type x Soil layer
\
AR x 1 32 1.6 0.03 32 2.5 <0.001 32 5.9 <0.001
Forest type x Month
E,?kxﬁﬁ} 8 1.2 0.33 8 1.6 0.142 8 3.2 0.002
Soil layer x Month
| % B Yk \
HREL xSRI x B Forest type 5, 1.6 0.003 32 1.5 0.037 3 5.4 <0.001

x Soil layer x Month

N=3
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Fig. 1 Vertical changes in soil microbial biomass carbon ( A) and nitrogen (B) for the five forest types
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Fig. 2 Seasonal dynamics of soil microbial biomass carbon for the five forest types by two soil layers (mean + SE)
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Fig. 3 Seasonal dynamics of soil microbial biomass nitrogen for the five forest types by two soil layers (mean + SE)
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