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Abstract: Controlled burning is a traditional forest-clearing method used in Southern China. We analyzed the variability of
soil fertility between controlled burning and non-burnt areas in a Eucalyptus robusta plantation forest of the red soil region,
located in Hengxian County in Guangxi Zhuang Autonomous Region, China. Traditional incubation and culture-independent
methods, such as the dilution-plate method, the polymerase chain reaction, and denaturing gradient gel electrophoresis
(PCR-DGGE) were used. Possible effects on the soil ecological system were also evaluated. Soil organic matter (SOM) ,

total and available nitrogen, phosphorus and potassium contents in the 0—3 c¢m soil layer only one week after burning were
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all higher than those in a non-burnt Eucalyptus forest. The number of soil culturable microbes, which includes bacteria,
fungi and actinomycetes, and the biomass C and N in the 0—3 cm layer were also significantly higher than those in the non-
burnt Eucalyptus forest. Indexes of chemical and biological properties in the middle layer (3—25c¢m) of the burnt soils also
showed the same trends observed in the surface soil layer. However, irregular changes were found in these chemical and
biological indexes in soil layers below 25cm. This indicates that the chemical and biological properties of soils, including
soil organic matter ( SOM ), total and available nitrogen, phosphorus and potassium, as well as the number of soil
culturable microbes, and the biomass C and N in layer below 25¢m were not significantly impacted by controlled burning.
Furthermore, four months after controlled burning, except for total and available phosphorus contents, nutrients such as
total and available nitrogen, potassium and SOM contents did not show the same trends with burning as were found after one
week , and were all lower than those in the non-burnt forest soil. Also, the number of soil culturable microbes, and the
biomass C and N in each layer of the burnt soils were also lower than those in the non-burnt soil. Thus, controlled burning
in the Eucalyptus plantations in the red soil region of southern China has only short-term beneficial effects on soil fertility,
and is not helpful for improving long-term soil fertility of FEucalyptus plantations. Indexes of soil bacterial diversity
(Shannon-Wiener, H), Richness and Evenness (E,) in each layer after burning showed irregular changes. However, in
the surface soil layers (0—3cm) of the burnt treatments these indexes were all lower than those in the non-burnt treatment
and hardly recovered to the same level as in the non-burnt treatment 4 months after burning. These results suggest that the
method of controlled burning in southern China might not only result in a decline in soil fertility with time, but also lead to a
decrease in the indexes of soil bacterial diversity, Richness and Evenness, in surface soils in these two periods after
burning. Thus, based on the above results, controlled burning is not helpful for improving the soil fertility and maintaining

the development of a sustainable surface soil ecosystem in Eucalyptus plantations in the red soil region of southern China.

Key Words: controlled burning; red soil ; Eucalyptus plantation; soil fertility ; ecological evaluation
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Table 1 Physical-chemical properties of soils at non-burnt and burnt sites

AR

R 8731 4

HRl 1 A (B)

Physiczfl—chemical Soil layer ﬂ;if{ju(rj:t) Burnt after Bi/lfn[f_la?tffrr(nizhs
properties /cm 1 week
0—3 3.90 £ 0.00 dD 4.45 + 0.06 bB 4.06 + 0.01 bB
pH {H 3—25 3.99 + 0.07 ¢dCD 4.08 £ 0.04 cC 3.95+0.04 cC
25 AT 4.05 £ 0.05aA 3.90 + 0.04 dD 4.03 £ 0.04 aA
FA LI Organic matter 0—3 65.18 £ 2.60 bB 74.88 £ 0.55 aA 50.42 £ 2.31 ¢C
/(g/kg) 3—25 29.31+0.76 dD 4493 +3.19 cC 24.06 + 0.73 €D
25 LT 9.25+2.34 {E 11.70 £ 0.02 {E 6.21 +0.01 {E
4= N Total N 0—3 1.84 + 0.96 bB 2.91+0.08 aA 1.69 + 0.52 bB
/(g/kg) 3—25 1.17 £ 0.06 cC 1.58 + 0.06 bB 0.81 +0.04 dD
25 LIF 0.57 £ 1.24 deD 0.57 £ 1.51 deD 0.52+0.51 eD
4 P Total P 0—3 0.45 £ 0.09 ¢BC 1.00 + 0.06 abAB 1.40 £ 0.04 aA
/(g/kg) 3—25 0.58 + 0.08 beBC 1.23+0.23 aA 0.91 + 0.04 beBC
25 IR 0.33+0.02 cC 0.60 + 0.10 beBC 0.91 £ 0.16 beBC
4= K Total K 0—3 29.66 + 0.14 bB 30.48 + 1.01 bAB 27.78 £ 0.59 dD
/(g/kg) 3—25 31.48 + 1.26 abAB 31.86+0.73 abAB 28.69 + 0.26 cdCD
25 AT 34.79 + 1.43 aA 34.99 + 0.84 aA 30.70 £ 0.99 cC
A% N Alkalized N 0—3 142.51 + 3.47 cdC 194.51 + 4.63 bB 139.64 + 6.37 beBC
/(mg/kg) 3—25 79.85 £ 15.06 eE 120.39 + 2.90 dCD 73.91 + 1.74 eDE
25 LI'F 54.67 +2.03 efEE 33.66 + 15.06 aA 36.45 £ 2.61 fE
P Available P 0—3 4.89 £ 0.00 bB 13.89 + aA 11.31 £ 0.84 aA
/(mg/kg) 3—25 2.58 £0.09 cC 4.76 + bBC 1.98 £ 0.19 cC
25 IR 2.58+0.09 cC 231 +cC 2.25+0.09 cC
H K Available K 0—3 218.5+0.71 bB 451.5+7.78 aA 186.5 +2.12 ¢C
/(mg/kg) 3—25 169.5+2.12 cC 181.0 £ 4.24 cC 94.0 £ 0.71 {E
25 LI'F 97.0+ 1.41 dD 79.5+0.71 eDE 37.5+8.49 {E

B A AR e s [RAT N EUE AR IR OO/ NG 15928 ] Duncan 423575 0.01 1 0.05 B 3# /K T B35 225

2.2 HRIJEHER N T AR A YA PR i A2
H13% 2 AT, JCie 2 MR L SRR L AL B LS LU A [T 18] ) 13 v S e R/ N IR 1 5
TR > R T > B R 3 O ELBEAE 12 00 TR M8, X — 45 SR 51 A 45T 0B n i 7 45 R — B
TN R 2 SR R RIDIRG BRI R A LSS R E AR R R A S5
AR L BRI 1 TR 3R (0—3 em) BRI PR S8 B B i, 0 ELICIE 40 B L L T S 4 B i
PR TARRILAE R, (BRI 4 D HJG & LR P ER B R AR S AR L 2 (8 TG 2% 25 A, B2 L AR
B AR RZE B2 TR R RO B R TR LA B, X — BRI RE S MR L F & DB (e, %
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Table 2 Spatial and temporal variations in soil microorganisms at different treatment sites

Microbial number LR ARHILICA) Rl 1R (B) 4 AR (C)
Soil layer/cm non-burnt burnt after 1 week burnt after 4 months
AP Bacteria 0—3 82.8+3.63bB 95.4+5.68aA 82.2+0.84bB
/(x10° cfu/g) 3—25 58.2+6.76bB 71.6+2.41aA 57.4+£3.91bB
25 IR 44.2+5.17aA 42.8+2.77bB 36.6+2.41cC
HFE Fungi 0—3 18.3+3.16bB 25.0+2.55aA 18.0+£3.49bB
/(x10* cfu/g) 3—25 5.6+0.92bB 6.4+1.51aA 5.4+1.61bB
25 IR 3.0+1.61bB 4.4+1.60aA 2.9+1.00bB
JAZETH Actinomycetes 0—3 87.6+3.91bB 100.2+5.97aA 74.6+5.32¢C
/(X10% cfu/g) 3—25 79.2+5.07aA 67.4+5.32bB 54.2+5.12¢C
25 IR 18.8+1.92bB 33.2+4.21aA 19.0+2.24bB

IR W A R A S AR SRR T R A AN R AR RS ER M
HERR, T EORACE FaR R LR R TR . D, R G W) PR W B R AR ) R A A TR
Fa e BRI A WS TR AR 0 BB L AT eI R M L AR LD A B 3 B A
RIS R EERSE M (15 1) o Bl 1 )5, BRRJZE (0—3em ) B9 L ERUAE Yy i f R 825 =
TARKRIL SN, R4 R SRR Y A Y R i R T ARR L 2, e )R 13 (3—25em) U DI AE WA
FBRFE R TR L HETRRME W LR EEES
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—H,

Okl asbld  mHb4A R

~ 400 ~ 80
o0 o0
i -
) )
£ 300 E 60|
& aA B
200 4
] ]
5 5
aA 20
& bB b 1] aA
€ i, ® i
0 1 s | - 0 |
0—3 325  25pF 0—3 325 25U
+:3% Soil /em +:3% Soil /em

E1 TEMEMENTE

Fig.1 Spatial and temporal variations in soil biomass at different treatment sites
2.3 HrILXAE R N AR - S5 40 T 2R PE 0 2 R
2.3.1 JEFZ DNA 42U PCR §754 43 51 F k11 5 AS [ sk B B rp SR B AR 9 5. DNA B 4wl DNA £
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Fig.2 Agarose gel electrophoresis of total DNA extracted from
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different times
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Fig.4 DGGE profile of burning and non-burning eucalyptus plantation soils (a) and sketch map of bands distribution and its relative

luminance (b)
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3 BULAMIEKLZER A TR T IRAE R EECERE

Table 3 Similarity coefficient of soil bacterial communities between burning and non-burning eucalyptus plantation

YKIE Lane 1 2 3 4 5 6 7 8 9
1 100 33.9 27.5 32.4 24.2 30.0 11.0 18.1 5.7
2 33.9 100 18.4 30.1 31.2 17.7 27.0 22.3 43.1
3 27.5 18.4 100 21.5 32.6 15.4 22.1 21.3 10.2
4 32.4 30.1 21.5 100 43.6 32.6 12.8 45.4 24.8
5 24.2 31.2 32.6 43.6 100 55.1 9.7 6.7 4.3
6 30.0 17.7 15.4 32.6 55.1 100 6.4 0.0 0.0
7 11.0 27.0 22.1 12.8 9.7 6.4 100 33.5 23.1
8 18.1 22.3 21.3 45.4 6.7 0.0 33.5 100 16.0
9 5.7 43.1 10.2 24.8 43 0.0 23.1 16.0 100

T3 —J7 T, LS YR A AR R G AR bR 2 — L PR v 4 72 A RE SR e e i
HEAEZS R GE M R MR ROIROL | H IR IR bR OB A A H A S R G U S SRR AR, £
HEAN T o5 3 Y AU 70%—90% , S 3 e BRI B 31 ISR LR ARE L R - S 4 1 2 R
ARSI, ANCRE AN R LR AR N TR A 25 R SR RE IR , 0 DR B 7 ) T P 2 Ji BT R 3

LA PR RO 57 1 R G RIPIRL BRI A BB AR RS AR R R A Rl
JE R (1 ) BRI AR R SR R B R T AR AL B (B B I ] (4 A H ) e LA
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