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Temporal variations of soil microbial biomass and enzyme activities during the secondary suc-
cession of primary broadleaved-Pinuskoraiensis forests in Changbai Mountains of Northeast
China. HU Song'?, ZHANG Ying', SHI Rong-jiu', HAN Si-qin', LI Hui', XU Hui' ('Insititute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China ; > University of Chinese Acad-
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Abstract: By the method of space-for-time substitution, and taking the matured (200 years old)
and over-matured (>200 years old) primary broadleaved-Pinus koraiensis forests and their seconda-
ry forests at different succession stages (20-, 30-, 50-, 80-, and 100 years old Betula platphylla
forests) in Changbai Mountains of Northeast China as test objects, this paper studied the temporal
variations of soil organic carbon, soil microbial biomass, and soil enzyme activities during the sec-
ondary succession of primary broadleaved-Pinus koraiensis forests in the Mountains. Under the 20-
and 80 years old B. platphylla forests, the soil organic carbon content in humus layer was the highest
(154.8 and 154.3 g - kg™", respectively) ; while under the matured and over-matured primary broad-
leaved-Pinus koraiensis forests, this organic carbon content was relatively low, being 141. 8 and
133.4 g - kg™, respectively. The soil microbial biomass carbon and microbial quotient and the activ-
ities of soil cellulase, peroxidase, acid phosphatase, and cellobiase under the 50- and 80 years old
B. platphylla forests were the highest, but the activity of soil polyphenol oxidase was the lowest,
which revealed that under middle-aged and matured B. platphylla forests, soil organic carbon had a
faster turnover rate, and was probably in a stronger accumulation phase. Statistical analysis showed
that the soil microbial biomass carbon had significant positive correlations with the soil organic car-
bon, total nitrogen, and available phosphorus (r =0. 943, 0. 963, and 0. 953, respectively;
P<0.01).
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Table 1 Chemical characteristic of soils at different succes-
sion stages ( mean+SD)

HEbB +Z  pH

BAT L 2R AR

Succession  Soil layer Total organic Total N Available P
stage carbon (g-kg) (mg-keg™)
(g-kg™")
| A 4.9  154.8+33.2 11.6+2.7  4.320.3
B 5.4 51.6x19.7 4.6x1.6  1.8+0.4
Il A 5.6 143.6x16.9 11.4x1.9  3.320.6
B 5.7 36.3%9.0 3.8:1.2  1.9x0.2
Ili A 5.3 140.8%23.5 10.8+2.4  4.320.2
B 5.5  31.3#£5.0 2.5+0.7  1.1£0.2
v A 5.3 154.3+20.3 12.0£1.4  4.6x0.4
B 5.6  42.6x11.5 4.0+0.8  2.1+4.0
v A 5.8 120.8+24.9 9.3£3.6  3.5:0.5
B 5.6  16.4+4.9 1.520.5  2.3+0.9
Vi A 5.5 141.8+23.9 10.6£1.9  2.80.8
B 5.4 38.1x18.6 4.1x1.4  1.2:0.1
VI A 5.4 133.4%16.5 9.9£1.9  3.9+0.6
B 5.3 29.15.0 2.8:0.6  0.9x0.4

I - FHHELIIE AR Young aged Betula platphylla forest; 11 . FHKEH L& AR
Near middle aged Betula platphylla forest; I . A HEF R AR Middle aged
Betula platphylla forest; IV ; [ #E AR Mature Betula platphylla forest;
V. AT B Over mature Betula platphylla forest; VI ; [&IHZ1HA BE
#K Mature broadleaved-Pinus koraiensis forest; VL. & M 21 ¥ i 2 bk

Over-mature broadleaved-Pinus koraiensis forest. I [d] The same below.
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Table 2 Soil microbial biomass C, N, and P at different
succession stages (mg - kg™', mean=SD)

blikey = T2 WEY) WA [G7]
Succession Soil AR Y/RY S AEYEA HE Y
stage layer Microbial Microbial Microbial
biomass C biomass N biomass P

I A 94.5+9.7 22.2+2.8 3.2+0.9
B 42.426.5 6.4+0.5 0.2+0.1

| A 116.7+5.9 20.9+2.2 5.8+0.9
B 63.4x1.2 8.0+1.0 1.420.4

I A 133.7+7.7 20.0+2.1 4.9+0.5
B 59.0+13. 1 5.0+2.5 1.520.3

v A 138.3+7.4 15.5+2.4 5.9+0.3
B 60.2+6.3 6.6+0.5 1.2+0.3

A% A 97.1+0. 8 13.2+1.5 4.120.7
B 24.0+9.5 4.2+0.5 0.2+0.1

Vi A 108.3+0. 8 19.0+0.3 3.7£0.3
B 59.9+7.0 8.2+0.5 1.1+0.3

VI A 101.3+0. 8 21.3+2.1 3.520. 1
B 28.3+5.8 4.3+0.6 1.0£0. 1
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MU A 2 IEMAEY A Y R RBEY B T
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Table 3 Correlation coefficients among the soil properties during secondary succession

TOC TN AVP MBC MBN MBP PHO PEO ACP CAS

TN 0.996 " *
AVP 0.925"* 0.923**
MBC 0.943* " 0.956" " 0.905 " *
MBN 0.963 " " 0.963" " 0.865" " 0.906 * *
MBP 0.953* " 0.954** 0.899 ** 0.900 " * 0.919**
PHO 0.497 " 0.772* " 0.735" " 0.746 " " 0.717** 0.720"*
PEO 0.658 " * 0.647" " 0.733** 0.617"" 0.651"" 0.686 " 0.255
ACP 0.902 " * 0.909 " * 0.871** 0.923** 0.862" " 0.863 " " 0.823*" 0.561"
CAS 0.881"* 0.887" " 0.891 " 0.924** 0.837*" 0.821*" 0.571°" 0.698** 0.836""
BG 0.991 " * 0.989 " * 0.953* " 0.954" " 0.945" " 0.956 * * 0.744** 0.679"" 0.903" " 0.906 * *

TOC: A HLEK Total organic carbon; TN: 4% Total nitrogen; AVP: F%{# Available P; MBC . {444 ¥ Microbial biomass C; MBN: fi
A W4 W % Microbial biomass N; MBP: fitA4: 9 4E )& 8 Microbial biomass P; PHO : £l %8 AL} Phenol oxidase; PEO: 13 % LYl Peroxidase;

ACP.; TRVEBETATE Acid phosphatase; CAS: LY ERE Cellulose; BG: £F4E —Hiifif Cellobiase.
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Fig.1 Soil microbial quotient in broadleaved-Pinus koraiensis

forest at different succession stages in Changbai Mountains.

I . AL AR Young aged Betula platphylla forest; 11 . [ HEF 4%
MK Near middle aged Betula platphylla forest; Il . 9 #E Hr 3 AK Middle
aged Betula platphylla forest; IV . FAMERSZAM Mature Betula platphylla
forest; V. P #8158 AR Over mature Betula platphylla forest; VI, [E 2
FA AR Mature broadleaved-Pinus koraiensis forest; VII; [&M-£LAA i
BAH Over-mature broadleaved-Pinus koraiensis forest. | [A] The same

below.
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PUE V127 ZEELEE
Phenol oxidase (mg * g7

Peroxidase (mg * g™)

HYRE

Cellulose (mg * kg™ « h™)

PR BEIRER

Acid phosphatase (mg * kg™ « h™)

Eao

Cellobiase (pg * g" + h™)

I I I v v Vi Vi
WHFBIBL Succession stage

2 KLl E LIRS PR AR O A ) B B - SRl I
Fig. 2
forest at different succession stages in Changbai Mountains
(mean=SD).

ANFENE FREFR A —FE AN [F] 1 )2 2 ] 22 57 1 3 (P<0. 05) , AN[A]
KRB FREFRRA R R M 7] — 1 J2 2 [8] 22 53 ik % ( P<0. 05) Different

small letters meant significant difference between different soil layers in

Soil enzyme activities in broadleaved-Pinus koraiensis

the same plot at 0. 05 level, and different capital letters meant significant

difference among different plots in the same soil layer at 0. 05 level.
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