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Soil microbe quantity and enzyme activity characteristics
of Eucalyptus plantations of different forest
ages in North Guangxi
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Guilin 541006, Guangxi, China; 2. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of
Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China; 3. Guangxi Key Laboraiory of
Functional Phytochemicals Research and Utilization, Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of

Sciences, Guilin 541006, Guangxi, China; 4. Administration Center of Yachang Orchid National Nature Reserve, Baise 533209, Guangxi,
China; 5. College of Life Sciences, Guangxi Normal University, Guilin 541006, Guangxi, China )

Abstract: To study the characteristics of soil microbial activity of different forest age of Fucalyptus, using the space-time
intergenerational method, we studied the variations characteristics of soil microbes and enzyme activities from four soil
depths (0-10, 10-20, 20-30 and 30-40 cm) of different forest ages of Eucalyptus plantations (1, 2, 3, 4, 5 a) at the
hilly areas in North Guangxi. The results were as follows: (1) In the soil layers, soil microbial and enzyme activities had
obvious vertical distribution characteristics. Both microbial contents and enzyme activities decreased with the deepening
of the soil layer, with significant differences among the soil layers. (2) The order of bacteria and actinomycetes contents
were autumn > summer > spring > winter, the variation tendency of fungi was spring > summer > autumn > winter, and
the enzyme activity changed with season differently, which was higher in summer and autumn, and lower in spring and
winter. (3) The soil bacteria, fungi, urease and catalase in the Eucalyptus plantations showed a trend of decreasing first
and then increasing with the increase of forest ages, and actinomycetes decreased, increased and then decreased. The
activities of invertase and acid phosphatase all increased with the increase of forest ages. (4) There was the significant
correlation between the soil microbes and the soil enzymes, indicating that the interaction between soil microbes and soil
enzymes had a close relationship, both of which affected the quality of the soil. The seasonal changes of soil microbes and
enzyme activities were different in soil layers, which was the lowest in the winter and was mainly related to temperature ,
water condition and nutrient return of litter and so on. The interactions between different seasons, soil layers and forest
ages had significant effects on soil microbes and enzyme activities.

Key words: Eucalyptus plantations, soil microbe, soil enzyme activity, forest age, season

K ( Eucalyptus ) ek 4 R B @ AL 70 PR Ul /A (TR G, 2005 ; Lin & Li, 2010 ; 2% & # A1#X

Ha@ vk, &z, e R E v 2 X (i
B AR LTTVE b A ) EE A AR T AR
LA, PR R N TR & e ol 3 % T AR 42 57
SES— (R E AR ILE,2014) . HHET, HR S
SR 3 P IR A AT X B TR I A e, R
FEIARA S AR T FE 25T ( Amold et al.,2013 ;2%
H,2015) , AR, SRt stk st =l i s & e i 4
JELAGEAR 0 1100 B e B K T SR S B b
HET SORWTH B, Fh e 51 & i — 26 AR 25 n) T H 25 28
W R AR (B AR, 2017) A 2 R

H:E ,2014;Liang et al.,2016) , + 3Bk £
RN T IENE T T REAE, JUH S U TSR o i
TE MG B M A S A W RN X
P PR AU 1 i) 1 A LB R HG A 57 o B A BEURR
T INBY S Al 25 BOAE - SBAR AE W T 00 45 A8 NS R
(RFIEE,2018) . UL, WFFERE R N TAK 1 3 i AR
B e BTG PR 0 AR Ak, XA N TR T 2k &
JREAEEMNE XL,

A S A W R 2 A g b A W Bl sk Ak 2 0 B RN
REEMAMNEE S5 E WERMESREAT



12 B A o AU AN [R) AR R AR N AR - 838 Bl 4 0 i ARl 05 A e A 1879
BB R O LIRS RGBSR IR A AR e B A BRI ] — Sy B

SrRER A IS (2R AF, 2017 s R BT P4, 2017) . &
G S 5 & T A W) A A o BN B 3, H
PR AR A S VT 4 M o ) B AR AR (1K
85,2008 ; 85 /I, 2009 ;48745 ,2014 ), FRERE
B TARTALE AR L 450 J7 hm?, ) PR A T 4K
(R TED AR 24 o 4 ] A2 AR A T AR A — 00 22— (il
FEF2012) , AL B L X AR N T AR Z
EEARFNAS AR AL, i AT | A 25 Bk 55 500 55 g o 3 R
JRCRLAE B S04 A7 T, R 03 MR O TERR IR Sy 3 ~
4 a RIJFIRRAR . ARIAREE S | A b AN TR 4 45 1
A 0B N VR B 2 A8 AR B SRR N TS
R JUHAE 1~ 5 4F A= [a] B 85 4 (B R R A A2 4B L
PR IX — Be i) 3, A [R) AR e T b e A Wy i
FEGIE Pk ) Z 9 AR R AT A, Tk,
B2 BAREL 2B LI BRI 1~ 5 AR AR
[F]AA U B e A8 N TR A A 5 X6 42, DA I B R
MR ( Pinus massoniana , MKix 4 10 a) Ry 5B R IFAS
(] bR A AR 4 S Bl A ) B R AR | - S T M Y
A DL S B AT Z (8] AR G M DU Sl ke N
TAREY R R 2 B R S R P R R 2 %

1 B3 KB

WFoE X BE B AE ) V9 8 5 Mk 37, b b 490 M T
FELL 5 R AR T K AR B 58 Bt IX B, 109°437 46"—
109°58'18" E 24°37'25"—24°52' 11" N, % X f& &
FWE R S, C AR AR AR R
19 °C L AE IR R 1 750~2 000 mm, F %
EhfE4 A8 A, RiEn, FHWEREN
1 426~1 650 mm, ¥ 5 bR 3228 A AR 1L A B B 1
I L3 VR NN T R e R e o g
W WP TUA SR T R A 208 1L o 41 38 ol &
(BeBEMAE 2018)

2 ME 57 &
2.1 HMITEMERORE

20134F 4 H(#%).7 H(Z%) .10 A (¥
F) K 2014 4 1 A (&%)l B AMEAN R 4, K

AR AE AR AR A 1 4EAE 2 AR 3 AEA: 4
AEAE R 5 AR AR OR [l AR I8 #e Y (BB AR Eucalyptus
urophylla x E. grandis) HHF 58X %, 76 )
TR I 5 PR it 45 B AS 422 3T 1 O TR AR BE
K WEE 3 HLAIfE 60~ 80 m ALK 20 m x 20 m (1)
FEMAE R T4 ) ), 78 AR T R B e B ok A B Y
L B ANAR ( Pinus massoniana , BRI 10 a) XFARIX |
BEE 3 B 20 mx20 m BYSRAEREHD 75 25 BRI
YR R 5 A AR PR R R R L
HERESh , HIEBURESS AR S om , BUEEA]BR 10 em,
T ZWEE 40 em, 530 4 R [A))2 IR S 0 1
AFES . SRR LIRS SR E SR T 4
CUKFTh A, TSR SRR T i A W 8o 1 4 A
AR 00 5 - S8 il 3% M 5
2.2 TEMEYHEMEFENS W

A W B R 4 43 BT 2 25 1 R RS it T
(1986) B R Al it 0k, 1T 40 52 96 07 1% WL A e
RAF(2017) , IR I M BB G AT (1986) 11
REPEILL 3, 5-AE BLK A IR L 6 W TR R 4N
Lot 55 T vk TR i 3R IR AR 45 (2014)
2.3 HiEALE

i 3 Excel 2010 F1 SPSS 23.0 #4724 i 1
AR b 38 >R B R J7 22 43 B (One-way
ANOVA) (ZHZEJ7 2 73 ( Multi-way ANOVA) FlI
LSD Z & H# (a=0.05) A7 5 S i .

3 EREA

3.1 AEHEREM A TR T EREYBENTN
A TR ARI AR AR N TP - 838 2 R K it R B —
TERYTE Lo AT AL, RRERZ AR R 2
[l — 2= AN 6] - J2 A0 T R0 B R A 2 TR i B
B (1) o BEE MR B8R AR RO B
REAR T e B 3 s fE Rl — )2 [/ — 1Y, &% bkt
RN TP - S0 200 T K5ORS 5 0 R 4 5 R A AT A
BFEZESF (P<0.05) B 4 285 bRk 2 8] 25 55 ook
NG TRl e JEA R 2 A R R A ORI IBUT S Bk
> B TS > 2 2 0 2 5 R AR L 8 440 1R KX
HRPKRRRRNEFESFESHESEZE, HAM



1880 oW MY 40 45
%1 REA B AT+ BARSENTL
Table 1  Changes of soil bacterial number in Eucalyptus plantations at different forest ages (10°~ « ¢ DW)
S(,ijl:]lier %@% B Forest age (a)
(em) Season 1 2 3 4 5 CK(10)
0~10 % Spring 11.83+0.24Bd 10.79+0.23Bc¢ 8.32+0.39Aa 7.55+0.34Ba 9.45+0.12Bb 11.08+0.11Cecd
X Summer 13.79+0.23Cf 12.29+0.12Ce 10.92+0.12Bc¢ 8.87+0.22Ca 11.77+0.14Cd 9.43+0.12Bb
X Autumn 16.72+0.31De 14.11+0.12Dd 12.31+0.09Cc¢ 10.03+0.10Db 13.77+0.14Dd 6.91+0.11Aa
2 Winter 10.45+0.19Ad 9.21+0.09Ac¢ 8.74+£0.24Ac 6.68+0.17Aa 7.41+0.14Ab 13.56+0.18De
10~20 % Spring 7.23+0.21Bd 6.19+£0.17Bc¢ 5.74+0.14Bb 5.21+£0.06Ba 6.06+0.05Bbc 9.13+0.06Ce
H Summer 9.71+0.30Ce 9.03+0.08Cd 8.22+0.11Cc 7.52+0.09Cb 8.80+0.14Cd 6.75+0.17Ba
Fk Autumn 13.60+0.59D¢ 11.36+0.20Dc 10.34+0.16Dc 7.90+0.14Db 11.18+0.13Dc 5.26+0.17Aa
£ Winter 5.95+0.12Ad 5.44+0.08Ac 5.30+£0.08Ac 4.25+0.05Aa 4.72+0.19Ab 11.25+0.07De
20~30 % Spring 4.63+0.30Babc 3.15+0.07Ab 2.63+0.19Aab 2.20+0.02Aa 2.71+0.24Aab 6.15+0.10Cc
H Summer 5.74+0.16Cd 5.01+0.35Bbe 4.42+0.26Bb 3.34+0.07Ba 5.34+0.14Bcd 4.63+0.26Bbc
K Autumn 8.83+0.10Dc¢ 8.47+0.33Chc 8.12+0.18Cc 6.08+0.07Ch 8.20+0.08Cc 3.42+0.23Aa
4 Winter 3.13+0.08Ac 2.35+0.15Aab 2.46+0.16Ab 2.05+£0.05Aa 2.15+0.01Aab 7.87+0.10Dd
30~40 % Spring 1.55+0.15Ba 1.11£0.03Aa 1.00+£0.02Aa 0.93+£0.03Aa 1.05+£0.05Aa 3.57+0.23Bb
H Summer 2.26+0.14Ccd 2.10+0.06Bbc 2.03+0.08Bbc 1.59+0.22Ba 1.74+0.06Bab 2.51+0.10Ad
K Autumn 4.23+0.14Dd 3.35+0.15Ch 3.06+0.06Ch 2.20+£0.03Ca 3.80+0.21Cc 2.21+£0.09Aa
£ Winter 1.06+0.04Aab 1.00+0.03Aab 0.92+0.003Ab 0.82+0.02Aab 0.89+0.003Aa 4.71+0.17Cc

T [l — SR R E 5 B3R A — AR AN 7] 22715 18] 28 57 .35 (P<0.05) | [i] — A7 AN A /NG 58 R[] — 255 AN () AR i) 22 S (2 25
(P<0.05), T,
Note ; Different uppercase letters in the same column indicate significant differences among different seasons at the same forest ages ( P<

0.05). Different lowercase letters in the same row indicate significant differences among different forest ages in the same season (P<

0.05). The same below.
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Table 2 Changes of the number of soil actinomycetes in Eucalyptus plantations at different forest ages (10°> - g DW)

T2 - % Forest age (a)
Soil layer o I
(em) 1 2 3 4 5 CK(10)
0~10 % Spring 1.12+0.06Bd 0.94+0.01Bc¢ 0.68+0.01Bb 0.76+0.04Bb 0.43+£0.02Aa 1.31+£0.01Be
X Summer 1.26+0.02Be 1.16+£0.03Cd 0.89+0.02Ch 1.08+0.03Cc 0.51+£0.03Ba 1.60+0.02Cf
Fk Autumn 1.79+0.06Chd 1.67+0.06Dabhd 1.49+£0.01Db 1.57+0.01Dbe 1.21+£0.01Ca 1.64+£0.01Ccd
& Winter 0.89+0.02Ae 0.68+0.02Ad 0.46+0.03Ab 0.53+0.01Ac 0.37+£0.02Aa 1.02+0.02Af
10~20 # Spring 0.69+0.04Bde 0.63+0.05Bcd 0.52+0.03Bb 0.58+0.02Bbc 0.34+0.02Ba 0.78+0.003Be
X Summer 1.17+£0.02Cd 0.99+0.02Cc 0.74+0.01Cb 0.77+0.01Cb 0.42+0.02Ca 0.95+0.003Cc
X Autumn 1.39+0.04Dd 1.22+0.03Dc 1.05+£0.04Db 1.14+£0.009Dbe 0.93+0.01Da 1.14+0.04Chc
4 Winter 0.53+0.03Ac 0.41+£0.01Ab 0.40+0.02Ab 0.43+£0.01Ab 0.24+0.009Aa 0.58+0.02Ac¢
20~30 % Spring 0.45+0.007Bed  0.39+0.03Bbc 0.35+0.01Bb 0.38+0.02Bb 0.22+0.006Ba 0.46+0.02Bd
B Summer 0.89+0.02Ce 0.82+0.02Cd 0.66+0.03Cc 0.69+0.009Cc 0.31+0.01Ca 0.59+0.01Cbh
Fk Autumn 1.15+0.04Db 1.06+0.04Dab 0.88+0.006Dhb 0.95+0.01Db 0.76+£0.009Da 0.85+0.009Db
2 Winter 0.32+£0.02Acd 0.26+0.03Abc 0.21+0.02Ab 0.24+0.02Ab 0.13+0.006Aa 0.35+0.02Ad
30~40 % Spring 0.23+0.01Ac 0.20£0.02Abc 0.16+0.02Aab 0.16+0.03Aab 0.11+£0.01Aa 0.23+0.01Bc¢
X Summer 0.51+0.01Bd 0.39+0.01B¢ 0.36+0.007Bbc 0.35+0.02Bb 0.20+£0.02Aa 0.34+0.006Ch
K Autumn 0.77+0.05Cc 0.53+0.05Cb 0.41+0.03Bab 0.40+0.07Bab 0.25+0.06Aa 0.45+0.02Db
4 Winter 0.17£0.02Aac  0.13+0.006Abc  0.13+0.006Abc  0.12+0.009Aab  0.09+0.003Aa 0.17+£0.01Aac
x3 AAMBREMAIKTEETHENTL
Table 3 Changes of the number of soil fungus in Eucalyptus plantations at different forest ages (10°> « g DW)
Soijl:E:yer p I Forest age (a)
(em) Season
1 2 3 4 5 CK(10)
0~10 % Spring 0.68+0.02Dd 0.58+0.02Dc¢ 0.45+0.02Cb 0.34+0.01Ca 0.59+0.02D¢ 0.47+0.009Bb
A Summer 0.48+0.02Cc 0.38+0.02Ch 0.26+0.03Ba 0.22+0.009Ba 0.50+0.03Cc 0.59+0.03Cd
Fk Autumn 0.36+£0.02Bc¢ 0.26+0.01Bb 0.16+£0.009Aa 0.24+0.01Bb 0.41+0.02Bd 0.90+£0.02De
£ Winter 0.21+£0.01Abc 0.16+0.009Ab  0.12+0.001Aab  0.10+0.007Aa  0.13+0.003Aab  0.27+0.007 Ac
10~20 # Spring 0.51+0.02Dc¢ 0.40+£0.03BCh 0.35+0.02Cb 0.28+0.007Ca 0.40+0.01Db 0.37+0.01Bb
H Summer 0.36+0.02Cc 0.30+0.01Cb 0.21+0.02Ba 0.18+0.003Ba  0.34+0.009Chc 0.49+0.02Cd
Fk Autumn 0.25+£0.006Bcd  0.22+0.006Bbc  0.13+0.007Aa 0.19+0.02Bb 0.28+0.02Bd 0.69+0.02De
£ Winter 0.15+0.009Ad 0.13+£0.006Ac 0.09+0.01Ab 0.07+£0.003Aa 0.09+0.006Ab 0.24+0.006Ae
20~30 % Spring 0.39+0.02De 0.29+0.01Dbe 0.25+0.01Db 0.21+0.10Ca 0.33+0.007Cd 0.31+0.01Bed
X Summer 0.24+0.009Ch 0.20+0.007Cbh 0.16+0.02Cab 0.12+£0.003Ba 0.22+0.006Bb 0.42+0.009Cc
Fk Autumn 0.18+0.01Bb 0.15+£0.007Ba 0.12+£0.007Ba 0.13+£0.009Ba 0.21+0.01Bb 0.48+0.01D¢
4 Winter 0.12+0.006Ac 0.10+£0.007 Ac 0.07+0.009Ab 0.04+0.003Aa  0.06+£0.006Aab  0.19+0.007Ad
30~40 % Spring 0.22+0.02Cd 0.13+0.003Cbec  0.12+0.003Cab  0.10+0.01ABa 0.16+£0.01Bc¢ 0.25+0.01Bd
X Summer 0.14+0.006B¢  0.11+£0.009Bab  0.09+0.01BCa 0.09+0.003Ba  0.13+0.006Bbc 0.32+0.02Cd
Fk Autumn 0.11£0.01ABab  0.11£0.009Bab  0.08+0.009Ba  0.09+0.009ABab  0.13+0.01Bb 0.30+£0.02Cc

£ Winter

0.08+0.006Ac

0.07+0.007Abe

0.04+0.01Aab

0.03+0.007Aa

0.04+0.009Aa

0.12+£0.009Ad
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Table 4 Changes of soil invertase activities in Eucalyptus plantations at different forest ages (mg C,H,O, * ¢" + 24 h", mg - g")

T2 - Ml Forest age (a)
Soil layer 1
(Cm’) Season
1 2 3 4 5 CK(10)
0~10 # Spring 7.79+0.13Ba 10.70+0.32Bb  13.63£0.32Bc ~ 14.45+0.16Bd  17.68+0.20Be  19.08+0.26Bf
H Summer 10.74£0.30Ca  13.82+0.28Cb  18.4120.34Cc  19.00+0.17Cc  21.03+0.08Cd  25.59+0.47Ce
K Autumn 12.18+0.47Da  15.15£0.11Da  19.74£0.36Db  20.22+0.19Db  23.11x0.09Dc  26.93+0.25Dd
% Winter 5.15+0.16Aa 6.44+0.26Ab 8.72+0.25Ac 10.12+0.13Ad ~ 13.13£0.07Ae  15.36+0.05Af
10~20 % Spring 5.01+0.08Ba 8.81+0.16Bb 10.74£0.17Bc ~ 11.01x0.12Bc  13.55£0.22Bd  15.17+0.14Be
H Summer 8.56+0.26Ca 11.10£0.11Cb  15.13£0.45Cc  15.8120.34Cc  17.8420.30Cd  20.51£0.24Ce
K Autumn 9.29+0.17Da 12.10£0.17Db  15.9920.11Cc  17.04£0.04Cd  19.20£0.09De  22.14£0.15Df
£ Winter 3.35+0.16Aa 5.39£0.17Ab 7.47£0.16Ac 8.21+0.14Ad 9.70+0.21 Ae 11.3620.09Af
20~30 # Spring 4.20+0.08Ba 5.53+0.27Bb 6.98+0.05Bc 7.04£0.13Bc 10.4620.13Bd  11.10+0.08Be
H Summer 5.80+0.17Ca 8.15+0.33Cb 11.30£0.38Cc ~ 12.8420.20Cd  14.44x0.37Ce  17.01x0.39Cf
K Autumn 6.28+0.08Da 9.29+0.19Db 13.63£0.21Dc ~ 13.49+0.04Dc  15.43+0.10Dd  18.00+0.16De
£ Winter 2.31+0.09Aa 3.53+0.23Ab 4.21£0.48Ab 5.42+0.12Ac¢ 7.31£0.18Ad 9.27+0.24Ae
30~40 4 Spring 2.32+0.18Ba 3.39+0.13Bb 4.6420.23Bc 4.9420.19Bc 7.00+0.10Bd 7.7420.03Be
H Summer 3.21£0.03Ba  4.74x0.26Cab 7.51£0.26Cc  7.7420.45Cbed  10.55£0.39Cde  12.3020.08Ce
K Autumn 4.28+0.03Ca 5.75+0.14Db 8.440.16Dc 8.28+0.19Cc 11.94+0.11Cd  14.06+0.16De
% Winter 1.13£0.15Aa 2.27+0.16Ab 3.31x0.18Ac 3.41£0.09Ac 4.57+0.22Ad 6.01+0.17Ae
RS5 TEAHRBEMAIKTEREEENTL

Table 5 Changes of soil

urease activities in Eucalyptus plantations at different forest ages (mg NH;-N « ¢ - 48 h' | mg - ¢)

L

IS Forest age (a)

(em) 1 2 3 4 5 CK(10)
0~10 H Spring 10.29+0.10Bb 7.76+0.10Ba 7.49+0.13Ba 16.78+0.14Bc 21.62+0.09Bd 30.27+0.20Be
¥ Summer 18.44:0.85Ch  12.31:0.57Da  11.08£0.67Da  24.14+1.43BCc  30.27:0.88Dd  43.26:0.19De
Fk Autumn 13.34+0.08Ch 9.54+0.07Ca 9.48+0.20Ca 20.01+0.11Ce 25.18+0.14Cd 36.24+0.20Ce
& Winter 7.60+0.08Ac 4.28+0.04Aa 5.50+£0.09Ab 11.17+0.12Ad 14.35+0.21Ae 19.77+£0.22 Af
10~20 F Spring 7.52+0.15Bb 4.37+0.14Ba 4.54+0.09Ba 12.46+0.20Bc 16.34+0.18Bd 22.19+£0.19Be
H Summer 13.41£0.73Cb 7.75+0.25Da 6.95+0.33Da 19.57+0.75D¢ 23.32+0.54Dd 30.41£0.61De
K Autumn 9.240.06Ch  4.87+0.10Ca  5.15:0.09Ca  14.20:0.08Cc  21.21x0.17Cd  28.20:0.25Ce
& Winter 5.26+0.07Ac 2.65+0.05Aa 3.29+0.09Ab 8.60+0.18Ad 10.47+0.13Ae 16.64+0.26Af
20~30 H Spring 5.71+0.17Bc¢ 3.09+0.09Bb 2.39+0.08 ABa 6.86+0.15Bd 12.24+0.17Be 14.39+0.08Bf
B Summer 10.84:0.42Ch  4.63£0.23Ca  4.57:0.34BCa  13.77£0.40Dc  16.37:0.82Cd  23.49:£0.37De
K Autumn 6.23+0.11Bb 3.42+0.08Ba 3.31+0.07Ca 9.14+0.07Cc 15.27+0.10Cd 17.37+£0.18Ce
& Winter 3.75£0.20Ab  2.36x0.09Aa  2.22+0.10Aa  5.24x0.09Ac  8.35:0.16Ad  10.34x0.13Ae
30~40 H Spring 3.17+0.09Bb 1.86+0.04Ba 1.72+0.08Ba 4.32+0.12Bc 6.49+0.13Bd 8.46+0.16Be
H Summer 6.46+0.35Db 2.98+0.36Ca 2.80+0.23ABCa 7.83+0.40Db 9.97+0.76 ABCc 15.25+£0.51Dd
Fk Autumn 3.85+0.11Cb 2.11+0.06Ba 2.26+0.06Ca 6.36+0.14Cc 9.25+0.13Cd 12.42+0.11Ce
A Winter 2.25+0.07Ab 1.15+0.06Aa 1.12+0.03Aa 3.33+0.14Ac 4.87+0.12Ad 6.35+0.11Ae
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Table 6 Changes of soil acid phosphatase activities in Fucalyptus plantations
at different forest ages (mg [} - ¢' + 24 h' mg - g")
‘ j:);:' P Ml Forest age (a)
Soil layer
(em) Season 1 2 3 4 5 CK(10)
0~10 # Spring 11.34+0.13Ba 12.99+0.15Bb 12.56+0.26Bb 15.30+0.19Bc¢ 16.90+0.16Bd 15.36+0.07Bc
5 Summer 17.37+0.26Da 21.03+0.89Db 20.00+0.38Db 24.64+0.17Dc 26.21+0.26Dd 25.04+0.12Dcd
FK Autumn 15.32+0.07Ca 18.86+0.14Cc 16.52+0.15Cb 20.18+0.07Cd 23.37+0.12Cf 22.40+0.14Ce
4 Winter 8.78+0.19Aa 10.41+0.14Ac 9.24+0.06Ab 11.40+0.11Ad 12.80+0.14Af 12.15+0.16Ae
10~20 % Spring 8.50+0.18Ba 11.24+0.10Bb 8.84+0.12Ba 12.59+0.10Bc¢ 13.16+0.09Bd 12.58+0.25Bc¢
5 Summer 13.72+0.29Da 17.66+0.21Dc¢ 15.82+0.19Db 18.10+0.11Dcd 19.83+0.25De 18.48+0.12Dd
X Autumn 12.25+0.18Ca 12.92+0.50Cab 12.49+0.20Ca 15.22+0.18Ch 16.44+0.08Ch 17.46+0.11Cc
2& Winter 6.50+0.14Aa 8.69+0.20Ab 6.55+0.13Aa 9.47+0.15Ac¢ 10.08+0.13Ad 9.61+0.10Ac
20~30 % Spring 6.20+0.10Ba 8.47+0.14Bb 6.41+0.15Ba 8.50+0.14Bb 9.23+0.10Bc¢ 9.45+0.24Bc
K Summer 10.29+0.20Ca 14.24+0.16Dc 11.96+0.18Db 14.49+0.10Dc 15.23+0.14Dd 14.57+0.08Dc
F Autumn 6.54+0.18Ba 10.29+0.09Cc 8.56+0.17Ch 10.17+0.11Cec 12.12+0.15Cd 12.82+0.14Ce
4 Winter 5.10+0.12Ab 6.24+0.16Ac 4.48+0.13Aa 6.33+0.10Acd 6.64+0.05Ad 6.32+0.13Acd
30~40 % Spring 4.25+0.05Ba 5.35+0.57Bab 4.94+0.31Bab 5.47+0.23Bac 7.27+0.11Bb 6.48+0.13Bbe
5 Summer 6.34+0.11Da 9.49+0.73Cabc 8.96+0.29Cb 12.00+0.11De¢ 12.40+0.09Cc 11.90+0.07Dc
K Autumn 4.92+0.15Ca 6.10+0.36Bb 5.69+0.36Bb 7.06+£0.08Cc 7.36+0.17Bc 7.60+0.11Ce
2 Winter 3.42+0.13Aa 3.33+0.08Aa 3.35+0.17Aa 4.27+0.16Ab 4.57+0.16Ab 5.25+0.05Ac¢
®7T AEAREMAIRTEIEUSEFENTL
Table 7 Changes of soil catalase activities in Eucalyptus plantations
at different forest ages (mL KMnO, - ¢' - 24 h"', mL - g")
j:)%’: e Ml Forest age (a)
Soil layer Season
(em) 1 2 3 4 5 CK(10)
0~10 % Spring 8.61+0.19Bb 6.63+0.05Aa 10.69+0.37Bbe  11.28+0.59ABabc  12.35+0.22B¢ 12.14+0.17Bc
5 Summer 11.87+0.32Ca 11.07+0.49Ca 15.88+0.08Cb 16.99+0.08Cc 18.21+0.12Dd 17.17+£0.20Dc
K Autumn 10.20+0.04Ch 8.24+0.06Ba 13.32+0.06Bc 14.40+0.04Bd 16.11+0.08Ce 14.48+0.13Cd
2 Winter 7.26+0.06Ab 5.83+0.12Aa 8.45+0.17Ac 9.40+0.09Ad 10.41+£0.09Ae 9.63+0.11Ad
10~20 % Spring 6.13+0.04Bb 4.28+0.09Ba 7.15+0.10Bc 7.23+0.11Bc 9.28+0.08Bd 9.45+0.12Bd
5 Summer 8.35+0.12Db 6.27+0.09Da 12.54+£0.56Ched  13.18+0.54Ccd 15.12+0.12Dd 14.07+0.15Dc¢
K Autumn 7.21+0.02Cb 5.40+0.09Ca 9.95+0.07Cc 10.22+0.14Cd 12.04+0.11Cf 11.25+0.04Ce
4 Winter 5.28+0.08Ab 3.54+0.17Aa 6.24+0.12Ac 6.24+0.05Ac¢ 7.12+0.08Ad 6.60+0.22Ac¢
20~30 # Spring 4.15+0.07Bb 3.04+0.06Ba 5.37+0.07Bc¢ 6.39+0.10Bd 7.62+0.21Bf 7.02+0.07Be
X Summer 6.12+0.07Db 4.51+0.11Ca 9.23+0.05Dc 10.40+0.08Dd 13.13+0.06Df 10.98+0.05De
K Autumn 4.69+0.18Cb 3.11+0.08Ba 7.25+0.06Cc 7.63+0.16Cd 8.60+0.07Cf 8.15+0.08Ce
2& Winter 3.46+0.16Ab 2.28+0.10Aa 4.68+0.19Ac 5.19+0.11Ad 6.27+0.08 Ae 5.11+0.08Ad
30~40 % Spring 2.38+0.14Aa 2.41+0.10ABa 4.34+0.13Bb 4.40+0.06Bb 5.12+0.08Bc¢ 4.43+0.13Ab
X Summer 4.65+0.05Bb 3.52+0.13Ca 6.54+0.26Dc 6.67+0.25Dc 8.49+0.16De 7.41+0.07Cd
K Autumn 2.90+0.29ABa 2.66+0.23Ba 5.28+0.08Ch 5.40+0.08Che 5.87+0.08Cc 5.27+0.15Bb
£ Winter 2.18+0.05Aa 1.97+0.07Aa 3.22+0.02Ab 3.56+0.19Ac 4.25+0.11Ad 4.13+0.08Ad
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Table 8 Correlation coefficient between soil microbes and enzyme activities

gE| &4 NENE] HEVE R JIR g P Ml R i 4 Al U
Ttem Actinomycetes Fungi Invertase Urease Acid phosphatase Catalase
A TH Bacteria 0.794 s 0.456 s 0.562 3 0.452 =3 0.660 =3 0.600 s
JAZRTA Actinomycetes 1 0.508 s 0.614 =3 0.493 #3x 0.673 s 0.543 s
FL1H Fungi 1 0.592 =3 0.681 = 0.592 0.524 =3
HEWER Invertase 1 0.845 #x 0.868 = 0.887 =
Wk Urease 1 0.785 s 0.817 =
MR PEREBRME Acid phosphatase 1 0.904 =

Hie o+ Flwx SPRIFRTE 0.05 F1 0.01 KT Fik BFEKFE,

Note : Correlation coefficient labeled by * and *#* indicate significant differences at 0.05 and 0.01 levels, respectively.

R FP LR ME R E R A FE R EE R R

Table 9  Effects of seasons, soil layers and forest ages on different microbial groups and enzyme activities

4% % T JEx AT 1 7= x
Tt H ENt] +Jz UINiks +Jz i i Nt
Item Season Soil layer Forest age SeasonX SeasonX Soil layerx SeasonxSoil
Soil layer Forest age Forest age layerxForest age

i) df 3 3 5 9 15 15 45
Bacteria

F 1563.110 11 293.256 453.793 54.531 412.249 59.483 15.006

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
TR T df 3 3 5 9 15 15 45
Actinomycetes

F 3 031.583 3 685.875 565.515 93.833 27.900 58.106 6.672

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
HE df 3 3 5 9 15 15 45
Fungi

F 1235.271 1 439.256 733.021 65.865 127.745 20.423 12.612

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
TR df 3 3 5 9 15 15 45
Invertase

F 6 144.956 7 569.319 4 371.733 91.098 66.677 60.089 3.796

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Jix i df 3 3 5 9 15 15 45
Urease

F 2 802.279 5 887.828 6 283.733 130.049 136.405 269.999 7.601

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
T 1 e R Tl df 3 3 5 9 15 15 45
Acid phosphatase

F 6 990.480 9 840.648 1 124.807 207.490 37.028 34.441 7.119

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
i S Ak U df 3 3 5 9 15 15 45
Catalase

F 3902.033 7 998.509 2 323.238 117.007 66.418 40.788 6.139

P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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