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m = SR R - AT HLBK (Soil organic carbon,SOC) 325 i 7 A9 FE LUK 3 N 2K, W] 4 - HE42 1 4
fif 5 0 - S Gl A A E T A T SOC, A3 B T A 41 4 1 AR Dol 78 42 SR ARG 20 v A 4 T o 3 3o S AR I /s DX AR
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FUTH B | R 5 B R Sy R IR AR Y 105, 51% (3 E) \2.29% (Bb) ,12.20% (3R ) 5 B R AR S
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5, 255 B E W BOR R BRI AR ik 25 10 T 40T
LR A SOC S 301 2l 25 72 A0 ¢ IR 71 1 )R B 9 5
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1.1 MEXHER

AW G AE I K A PR R 0K 50 3k BB PH 43
HEAT , i A T80 e A R BE TSI X, R AR bR
b2k 27°03" , s 111°22" (1), %X JE F W
PRI 2 KA X, B R & el B R OR
SR B REK A 1 218 ~ 1 473 mm, Z4EF
IR A 17,1 Cy FE MR A B < H
Aok IR A I R RA = e = 195 AR X R A
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Fig. 1  Location of the study area
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B HC— B T AR R B S B b A A A BIE Y i
T 3t B, 32 by B A A5 0L T X T R AT R DT 4R 5
TETE E P b 9 3 T AR RO R T 1) IE A K
S5m %2 m SFRBEE N 10° AR (K 2) .
AN RE 5% CBCE B R (10° ~ 15°) AHAF . /)
DX 31 G Bk B B, Bk B 4 A BT 2 10 ems AT
RN T e | Spraco M 3k ( 35 [E Spraco 2
Hl) B L O 4,57 m, BET XA R K
0. 897 , BLADL A 1 4% 8 (0 A B AN K] 2a fiiR . 256 %
BRI ST BT 5 4 O B T R 9 A2 A AR O 0 E B
MR 1.5 ~1.7 mm min ', IFN W TR -
SR A T (R ER K R YR Y A L TR K Y
ST AR T /N DX AT DAY 0 e Y 3 A KRR R Ok
5 98 R I W S 1 T MR P BRIUE W B R
FET-. 2011 4F 7 H 16 HH I 8 ;SIF 4R FE R, B
IS The 386 K X 0 32 3R /K, o] A S ik
50 TG 5 el 1 T T K o

a

i 1 1 ]

Front outline of the slope
® P& #s Nozzle (4.57 m)
-+ Hf[a] Direction of the slope (10/%)

S 230 v ]

Left section of the slope
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Middle slope, LS:Lower slope. The same below
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Fig. 2 Designing of the rainfall simulation experiment
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WEE T BT ) R AR 45 SR i S B SR A A R G0 ) 3
Ay TR, SR/ H X [ T S 6 ) . DL T
{5 k5 ST RIRAE SR AE DT A S M HT— Bl FEm 4R
35 h R SR UCRKE RS BERE 24 h R EE—IK TE R

W5 10 d NBEFTHEZE O YR K. T RTRER 9 4
FIR o B 81 A~ i 4 B8R A7 T 3 e AR ic 4 9 PVC
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Table 1  Physical and chemical properties of experimental soil

o w T HEA L SOC Eo: Tk E HLBE 2H i, Mechanical composition( % )
1 TN pH Moisture content
Locati kg~
ocation (gkg™) (eke ) (g h) Fiki Clay ki Silt fPHi Sand
W US 8.81 £ 0.21a 0.78 £ 0.0la 4.88 = 0.0la 0.19 £ 0.0la 31.27 £0.78b 29.41 £1.93a 39.32 £2.63a
Y MS 5.88 £ 0.54b 0.53 + 0.0lb 4.95 £ 0.02a 0.21 + 0.0la 35.08 £0. 52a 29.28 +2.85a 35.64 £2.78¢
¥R LS 4.54 £ 0.21c  0.49 = 0.08b 4.90 + 0.0la 0.19 = 0.0la 37.12 £0. 76a 24.21 £5.97b 38.67 £6.11b

T AN [/l 7B R R 7E p <0. 05 /K |25 7 8 3 Note: The different letters in the same column mean significant difference at p < 0. 05 levels

1.4 HRSH

Ve UR A A B BT A b SRR O AT B S W R T R
b B, 4 S R A BT S R T - 20 CERBE
Y R AE o T RTRE T A R AR A
Jit, T RE A R T 00 B SOC & 4 41 1 N 2L
FHCR . R Walkley-Black 4% 2 4 b i ik
ME SOC & 4k, Kjeldahl 1 I 52 4 & & i, &4
o it 24 R A 00 = SR T X A 0 R 2%
M 12,5 (w/v) A KB 27K, H pH 3 ( Woon-
socket,RT, USA) Il 52 pH. AL A 4 0 R J % 45
WEUIIE . SR PE B PCR HOR T I 4 0
o 246 T L B 4 R
1.5 #HFEAE

F SOC 5 4k 1 8l A 49y 550k 33 9 8l R[] ok 9
REMBIEGE—F— NS H KA T, wHMH L 8%
Pedfe Xt SOC 7 2 A 2k oy Kk HE 47 19 — b Ak 3R
HAK D T of T A L AL SOC & it 5 Mk W Bk
2 B AT A — Ak, 15 B B AR AR 0 — K S Y SOC
GRS MY SR, R AT

X, = X/2X, ¢ =12, 8 ) (1)

X, 7R A REAR T — L5 B SOC & 2% # i
KR X 3R A A SOC 3 a4 i A W 8k
i 2R WG R R ) R4 R R g S, R
Sigmaplot10 {7 £7 I9 — 1k 3 26 9 Bt 5 00— fk
SOC & Z [ Y 56 R4 Hr o Xk it i 47 110
O HiUR SR A Sigmaplot10 3k 47 f# 4= 4 %5 B A1 SOC
I B S A 18] . SR T SPSS1L. 5 HEAT ¥4 1 7
ZEOHT T o3 BT 0 B A K O AR 5 2 4 o 1
95% (p <0.05) L) I,

2 iR Hihe

2.1 EmEHE T ETNBRNITLESE

BTN BT = A3 0 SOC & i A W i 22 5, 3 I
SOC &y 8.81 g kg ' BFERFHi 5.88 g kg™
FE T 4.54 g kg ™' o BRI 00 BE 1 Beh Ak
SOC ) 13 {1 55 W T BT AH L B9 R BoA Gi it 2 b i
B2 B AEAR SR A KRR A, B TS B b A0 ke
SOC & K TR, ¥ F SOC & & M/NFHIFT. M
B3 A LU L BRI S AN B AL SOC 1 f B 1) 9 A
— A TR R X R e i A R R B R
W, ZEMIJR 155 h ;9,44 SOC #y 2 Bk s K,
B b AIYERAE 131 h A E R, B E K THG
{0, 76 155 h kB ok, B3 K FHIHBME. =4

16

—— 3 | US
—o— Hrp MS
v+ PR LS

B SOC (g ke™)

B3I 155 19 203 227
il Time(h)
B3 {Rils T 5eA Bk sh S22 1k

Fig. 3  Dynamics of soil organic carbon after rainfall erosion
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Yo SOC 1K ) 55 K Ji JF 46 Wl A0, ke b3 057 /N i 2 T
R ST 7E 227 h Bk | SOC &S5 R KMEKAE B
FEXF(p>0.05), BF KT WA ; ¥ b soC & &
FE179 h JE 5Pt A B EZER, BE/NTRK
;3 F SOC £ RH7E 131 h ik KAH 5 B35 T 1,
155 h J& SOC &4t 3 /N F i KfE, I 78 227 h JF 46
SR EE A BE 2.

F AR KSR AT, A - SR 4 B B £
J5 FEAR AL LR 28 I T - 38 W0RE (4 43 8 L AT 38 4
IR R Vb B TE RS AT A A K 76 A i T AR 4 i
i, 16 Mg F v, SOC Bl A8 0 & A e BT RS .
AR W, K SR &0 2R X SOC Bl
BRIV VR SOC 7 REFEAR , £F B 4> SOC 1E17L
FURK OB R ok il A3 YLLK SOC & i . AWEsT
R RO Ee e R e NI N = 1B B IV
JZ SOC & KT HIRT, W T /N TR AT . 1 p ot F 4%
SR B R RT B S Bk b )2 B AR TR AR B A R A
SOC & B #i (10.86 ¢ kg ') MR EFZE LK AR
A YA ) A 5 4y ' A SOC 1) 4 3 WUk LR,
S B AR ik T B b R AR AL SOC B e 1
TEHE R A7, 15 )2 SOC & PR A%, T Be 55 F
SRS 3k KR, B A LR A K ) 4R ik R BEAT M B
PEXERE T, B A SOC 1 8 40 WUk 4y 5 4 e AT
ST AL SOC Wk L, RNt E£Z SOC 1§ 2
TIEFEEBUE X —E W BRI RE R
Bt

W T J5 A2 /N X 26 J2 SOC 4k F — Bl A Fa E 11
RZS  ZE I (131 h) 10 R A7 8 SOC & ity
FETEARTRIRE BT A9 Ko Lal 2617730 £ 3% SOC 1
KR 1 T % T Sl R Bk BR R S P AR
RIS R AL o K 39T Lk b S R R R —
Wik e MO LA Y 32 2ok U, b A Wt H 2
B G e R AR S A LR AR R g
WRTE—E R BRSBTS, F AL
WSS R RE 7R K 43 2 ik U R B O LA S5 1
LR pe R AR R s R R, 2t — R
Bl LB MV TG A8 B SOC . 2k Wy e A4 [RMAR A JH 9
[ IR, 2 75 20 i 3% T 2 08 85 1 990 3 W% B SOC ki,
AT B 43 Ak V) T 22 B A 4R R 4 L A B
T S0C i B, 131 h Jg ¥ mi AR B SOC & = i
FSF [F] A 41 % 11 % 4 AR A1, b g B 3867 SOC IR
BEARW L . KA Fh L SOC w4 i w4k £ R
TR, A B A A W R, b
SRR AE 131 h S R SR

HAG AT LY 3 A ICTE ML I 38 3 T AL BF B8 5T ik
AE& B R 2 SOC & &b, IR X SOC 1y
SRR A 2%, W 5 B B, X AR S ik
1A 10 3 2578 AR R AE B A B Y SO AL 1, v T
HE— L TRIRE
2.2 EMHEEEARMERYETURHE

T 20 B 00 4 55 TR A AH L 3 R AR, WS 40
B S T HT Y 58.76% (3% |) .55.22% () |
55.82% (YN ) 5 W Jm LB BRSOl W R AY 105, 51%
(B E) \2.29% () F1012.20% (3T ), W 3
ORI R S R AR L B AR, AR 4 W]
VL 1, 76 R TR 452 okt 5 62 300 P 400 7 1 EC BT B o (1)
A 1 34 5L 3 S S R s e, S [R) S 2 TR
T 0 M R AT B AN ) o = A A0 T R
1131 h A 3 e RAE, 38 R TR IR E, 0] IR (E /Y
12.55 % (¢ b)) 14.38 £ (B b ) (46,53 £ (L
T o Y EABT HEAE 131 h kB R fE, Berh 7E
155 h 35 B & RAE, B3 R T HIRAE, 090 46 (5 /Y
2.07 A5 (P b)) 61.22 £ (B ) (16.32 5 (HF) .
BEAE 131 ~179 h Z [a) M @ & F &, 7E 179 ~227 h
Z 8] = A Bl o 20 T B P s AR . HOwIAE 131 ~
155 h B8 %A 0284, 76 155 ~ 179 h 28T
[%,179 h J5 3 sh B FF

IeE T 42 ot A0 35 TBCE T AN R R LR ZE B B B
YT RIZ LR34 o b HE R 2+ Gl
WY E SR SR T Y R O R P AR A
PRV 1L R A YA 5 K A7 T 0 R )2 T SRR 1Y
AR R AT R . RN, SRR Y Xt R
AR PR 7 0 AR A O SRR, 4 S B N AR Bl B s
IR E R AE AR R IR - AT T
YA AL NI G AN R 7/ SR R 7.
ATHA R 53 T80 A W) AS e 355 L o R 7 A 2 3 S 1 2
RIS AET 2 o X AT A S Bk W AT 2k
BEE K2ZERMIEH, Franzluebbers 25 fl Fierer
SEUS R BE TS R W, T R i R A TR M
A R BN, 3 4 s A IR E] N 2
AHIEGE Y, B R IS A AR L TR KR I ) S
FHry e, AN 6] FR A 40 TR A b BT R A E
7E 131 h 3K B RAH , b H R H0R 7R 155 h A 3 iR
KRAE X5 IR SCHR 25 R 2 — B . BT 2 3%
MU T =AY A S KR TR BRI
BT 4 B T 107. 8% .65.0% .53.8% . & K
R S A G D T ) B B R RS E K A AR
T SR 3 R . W A2 B 3R R B SOC
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RO 1 - 38 (A1 SR A, (o 45 3 348 4 i i 8¢ o LA AR A A=
VITE AR TR, k28 M AL T
PRBRARZS ", 5 1k A8 W (8 4530 40 S 2 40 MR B
SRR AT R o I e iy T AR B & 1 g Ak 3
Sy (LR g T KR T O A R B S . &
SET A BB A 9 S B bR N A
AHBRA D B A R R S
SOC £ I 3 1E AH 560 75 W W9 J5 J e i) py - 0
SOC & A5t B, PRHR v 2 e ™ 5L AS I K 14 40 7 A0
FLBAEAK A TN I P R R R B 5 R Y 4%
3 B PR 7 S P TR A B
HE 131 h 5 (B EEAE 155 h 5 ), Bl 7 1] A
R MW REAT . T 30 7 3 K R AT, 3 vk
IYERANETREL 2 T Sk RGBT, A

9

—e— 3 |- US
—O—jﬁl:':l MS
-~ B FLS

oo
" P }
— 1 T

lg (AR RN EGE (1) ]
lg [bacterial gene copies g (dry soil)]

131 155 179 203 227
it Time(h)

0 35 83

lg [RHEFRBIEGE (T1H) ]

Wi R R LA HLBR S BEAE 131 h 5 AP EAR
[ 52 2 A AR o A 0 8 A I T i 2 R 34 < B
& I [] 14 3k 52 Gl A2 g of 18] 40 Ao DY 5 4 1 O 38
BT LA B TURU R Bl 2R i 09 I 30 0 D i T
IRFEAR . ECWRIAE 179 h 5 BEAS IR B8 E BR A&, T
20 DA CE UL TN B B A U0 2 445 o ) R 3 B X AR
FRIR S, 26 W1 AS [ b 288 ol A= Wy 3 7 RE 1 AN ], B TR
HAT B 58 B3 R 2 A E B RE

RBESE R B, 7 IR R 5 2D BT AR
SR YRR A SOC & B 7e I N A — S ] 2
OBE G, X AN M S A I 1R N 250 ) I, [ R
12 ot 308 Ao A Bl 2 W S B RN B, R T 2 e SOC A
AN TRV A 19 23 A 5 74 o

lg [fungi gene copies g (dry soil)]

35

131 155 179 203 227

[ Time(h)

0 35 83

K4 RuEHAEYDEEA(adH Db HH)

Fig. 4  Dynamics of soil microbes after rainfall erosion ( a:Bacteria,b:Fungi)

2.3 BHMEHEREMENS SOC X%

W T i AN T 3 57 28 09— Ak Ji 10 400 T R L T
H5S0C i RFBHME —~FMIEME LR, N
F2 LA Y F AN A T R AN T A
HH S SOC S R BEFAE KR, fEF—
Y1 40 B R EL B 5 SOC AR G ME R R AR, 3 b 3
Sy B A ZELE S5 SOC ¥ A I3 IE A0 C 6 & 5
R, A S SOC WA i 3 IE A G O6 &, i 2L
AR R 3 3 F 88 4%, 4 ML 5 SOC # & 3Ll
FHIEME R FERAD I, B A SOC B
S E AR 1T 40 VA

AR YR s R ELE BRI R4y, 7R R
i 7S R G T 2 A AR W R AIE BRSO
B B R I . MU AR U S % SoC
(Y S SoC e Y ek
M EHIN S SOC HEIA . A MBS ik

R 7T e Wy i A AL BF T 2 W07 - ik
AR S A PR T A B R AR G, &
ST W ) Y R R 56 5 B W R RS A PLER
ZIRIBIEAESE R o ARBESE B T J5 S [ 38 457 41
PRI FL TR B i 5 SOC KRR B —BUW IEA E &,
X5 AR SOk A B 5T A5 R A I OR TRl K B OR — 3
BT 5% 45 SR 2 I, A T 42 ok i ol 4 R () 2 1) O =X
SR AN A | ECE A SOC, JE i T ¥ T 40 A S
SOC IC F o 1 J e i BIF 5 &5 1 114 Jit 1R1 30 T g

AR ARG, LM EY S SOC i F
bR 5% BA 0 4 | A 9 4R R L T R 26 R
FEVE 250 ey BRAL M T A5 1 25 SR e s ) B LA
FEAR S YR & — AL E Y A B R TR
5 S0C 5 8 3 IEAH G, 1 3 1387 19 240 T8 AN B T 40
5 SOC REHM W FFEMEXR, XTRESH T
P o R A - 9 PR SR AE B 8 A O AR 3 AR )
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L B2 A S
AN TR ASE AR b BIL ) A7 7 22 5 5 B0 35 A0 200 R
FLTR L SOC X 4 et A1 T B4 Wiy IO 48 AR A7 e AN [, [] i

KA b 203 R IE AT 4% A B0 b R AR W
Rk, S EANE S SOC Bk R MEE S SOC 1K £
TEA R 7 R BA )

K2 TEANKRSESHEMBENEXXR

Table 2 Correlation coefficient between SOC content and number of soil microbes

4 7 Bacteria

H Fungi

Wk o Ay Wi W b Yo Ay Wi
Us MS LS Slope Us MS LS Slope
A HLKk SOC 0.135 0. 160 0.529" 0. 431 0. 000 026 0.609 " 0.651" 0.692"

o= RIR p <0.05 A Note: * Significant correlation at 0. 05 level

3 4 ®

FEM R0 e 3 AR T4 e bR X R 2 £
HAEWBCRAES I E kg R . ERER S, AN IR
Bz IF] 1 SOC 4l B T I T AR b A J6 B[] Dy 359 4
L EASE: By <E - e 3 G 1 I NN R
SOC Z [H] 1 56 A W R B33l , = B0 5 A 7] 3% o
A B 5 SOC 1 ¢ & I R 5 Hopb a7 —
HOIPARMEBREM XL LR, B2, BHERF AL
ELHEE M SOC 78 Hb 3% 1) 18 40 A, 3 38 2o ok 4 2k
W0 BRI B E 1T 52 SOC 1 43 ff BT Ak o
T, 76 A 5 B 16 A v - 1842 ok 4an ] 5% i) sk 3 245 A8 b
BF N 3 T - S A %t SOC 1y B R VE I B AH % 13
WAL 64 B 5%

2 % X B
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DYNAMICS OF SOIL MICROBIAL POPULATION
AND ORGANIC CARBON UNDER WATER EROSION

Yu Wei'?  Li Zhongwu'*" Huang Jinquan'® Nie Xiaodong'® Huang Bin'® Hu Yanbiao'? Zhang Xue’
(1 College of Environment Science and Engineering, Hunan University, Changsha 410082, China)
ey Laboratory of environment Biology and Pollution Control, Ministry of Education, Hunan University, Changsha , China
(2 Key Lab “envi Biol. d Pollution C. [, Mini “Education, H University, Ch ha 410082, China)
(3 The IT Elecironics Eleventh Design & Research Institute Scientific and Technological Engineering Corporation Limited ,Chengdu 610021 , China)

Abstract Soil erosion is an important driving factor of soil organic carbon (SOC) dynamics and plays an extremely
important role in the long-standing problem of “missing of carbon sink”. Transport and deposition of soil particles on the
earth’ s surface triggered by soil erosion cause variation of soil microbes in distribution with the position of soil erosion.
which in turn affects carbon sequestration and mineralization on the soil. Therefore, it is necessary to figure out how soil
erosion affects soil microorganisms and then acts on soil organic carbon. The knowledge will help understand correctly the
role of soil erosion in global carbon recycling A field simulated rainfall experiment was conducted on a runoff plot (2m x
5m) in a red soil hilly region of South China, to study dynamic changes in SOC and number of microbes in the surface soil
of the plot within a short time period (10 days) as affected by rainfall and the resultant soil erosion with the aid of quanti-
tative Polymerase Chain Reaction (qPCR) technology. On such a basis, relationship between soil microbes and SOC was
analyzed , so as to provide some fundamental theoretical basis for the exploration of the role of soil microbes in SOC dynam-
ics as affected by soil erosion. The plot was evenly divided into five sections along the slope, namely, A, B, C, D, and
E (each 1 m long). Prior to rainfall simulation, soil samples were collected separately from the soil layers (0 ~ 10 cm
depth) of Sections A ( Up slope, US), C (Middle slope, MS) , and E ( Lower slope, LS) for analysis of basic soil prop-
erties. Boreholes left by the samples were immediately filled up with soil from nearby and carefully leveled so as to mini-
mize any possible impact of the sampling on effect of the later rainfall simulation. Soil samples were collected again in the
same manner as soon as the simulated rainfall stopped. The second batch of samples were collected 35 h after the rainfall
stopped, and then the third, forth:-----batches were at 24 h intervals within the 10 days after the simulated rainfall. The
soil samples were all analyzed for basic soil properties and number of soil microbes immediately as they were collected.
Results show that after the rainfall, SOC content in the surface soil layer increased in Sections US and MS, but decreased
in Section in LS, as a result of rainfall erosion, however, the changes were not significant. Meanwhile, the rainfall and its
resultant erosion significantly changed the distribution pattern of soil microbes. The number of soil bacteria in the surface
soil layer dropped significantly down to 58.76% (US) , 55.22% (MS) and 55.82% (LS) of that, respectively, before
the rainfall, and the number of fungi increased to 105.51% in Section US, and fell to 2.29% in Section MS, and
12.20% in Section LS. After the rain, SOC content number of bacteria and number of fungi all significantly increased and
peaked within a short time period, and then decreased, however, the peaks of the three appeared differently in time,
which may be attributed to the difference between bacteria and fungi in multiplication rate and magnitude. In addition,
correlation analysis shows that rainfall erosion disturbed greatly the relationships of SOC with soil bacteria and fungi, as a
result, the post-rainfall relationships of SOC with soil bacteria and fungi in different sections varied from what was found in
other studies and no positive correlation was found between them, except for the umber of bacteria in Section LS and the
number of fungi in Sections MS and LS and the whole runoff plot, which were found positively related to SOC. In a word,
soil erosion does not only directly affect SOC distribution on the earth’s surface, but also alter the abundance and activity
of soil microbes and hence further influence SOC decomposition and mineralization. Therefore, more attention should be
paid to the role of soil microbe in global carbon recycling as affected by soil erosion. However, this experiment was quite
limited in simulation of soil erosion. More efforts should be devoted in future to studies on dynamics of soil microbes and
SOC in soils under different extents of soil erosion with foci on specific role of soil microorganisms in SOC dynamics and
related microscopic mechanism.

Key words Soil erosion;Soil organic carbon;Number of bacteria; Number of fungi
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