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Abstract: The stocks and distribution of soil carbon and soil nitrogen have been affected by disturbance of natural and
artificial disturbance in the Three Gorges Reservoir region. China fir and Masson pine mixed forest is the most widely
distributed vegetation type in the area but much natural vegetation has been changed, with the zonal vegetation replaced by
natural or artificial coniferous forests, shrubs and shrub-herbs, and even bare land, resulting in ecosystem degradation.
This study assessed spatial variability and seasonal changes in soil carbon and nitrogen in this region under different
disturbed conditions. In autumn 2008 and spring 2009, soil samples were collected to a depth of 20 ¢m using a 3.0 m X
3.0 m grid in 900m>(30.0 m x 30.0 m) plots in areas of different disturbance. Samples were collected from 294 sampling
points to study the spatial variability and seasonal changes in soil carbon and nitrogen using geostatistics. Significant

differences in soil nitrogen concentrations were found between seasons, and in soil carbon concentrations only following
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serious disturbance ( P<0.05). The degree of disturbance had a significant effect on soil carbon and nitrogen concentrations
in autumn (P<0.05), and both soil carbon and nitrogen concentrations were significantly correlated with soil moisture and
pH (P<0.01). Acidic soil pH values between 4.59 and 5. 15 contributed to soil carbon and soil nitrogen sequestration and
accumulation in the area. The soil carbon to nitrogen ratio was related to the degree of soil mineralization and human
disturbance The spatial autocorrelation between soil carbon and nitrogen was weakened by intensive human disturbance and
condition of the earth’ s surface status. The geostatistical analysis indicated that the semivariance graphs were expressed by
the spherical model in areas with no human disturbance, and that there were significant differences in the spatial
autocorrelation ranges between seasons, with the effective range (a)of soil carbon being 61.90 m in autumn and 60.96 m
in spring, and of soil nitrogen being 62.38 m in autumn and 61.52 m in spring. In disturbed areas, the spatial distribution
characteristic was not obviously reflected by the semivariance graphs, and the effective range changed somewhat.
Concentrations of soil carbon and soil nitrogen were related to soil moisture, pH values, seasons and disturbance factors.
Spatial variability in soil carbon and nitrogen in the region was mostly contributed by the influencing factors including the

age of the China fir and Masson pine mixed forest, extent of shrub cover, slope and human disturbance.
Key Words: spatial heterogeneity; semivariogram; sampling strategies; season; Hubei
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HIFFEIX AL T = 20 DXL e 1 L5 B 2 B R IS AR BR AR 48 110°18'—111°07, b 45 30°38'—31°11,
J& W Aty 2 KA e, AR 17—19 °C L TEFRI 306 d5 AHXHEEE 72. 0% ; A2 F% K A 1000—1800 mm , 437 1)
2o M O IR, R ATEEIR 1 400 m PATR

FEH A 7T 2BIR . 14K 303.0 m, PHILYE, B 35. 00, HHEA R 1.38 g/em’, FEMBINAZ A 235 4k, 7
FIRi 10. 00 m, F-EIH942 9. 80 om; By FEAR 46 B,V IIRH 14. 40 m, F-HH4E 18.80 em, TR ARJZIEIE 0.83,
TEARZIEE0.51, BEAR)ZHE 0. 17, R FFEARFSEHKBEE, W WHFA K ( Loropetalum chinense (R. Br. )
Oliver) & JZ #5 ( Quercus variabilis Bl. ) . F ¥k ( Quercus fabri Hance ) 4l i . #% 2 ( Smilax china L. ) . % M+
(Lindera fragrans Oliv. ) JE%F( Rubus buergeri Miq. ) 55 . FEMUIY FERE A, JE 00 T f BB AR X R4S AR, FEHL N TG

http ; //www. ecologica. cn



23 # Mete & =R FE XA KD RARSSH L C N 25 [ 4R4E 7313
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FEdL B AL TAZARIE, 54K 243.0 m, Jbdl BE)¥ 28.0°, AT 1.41g/em’, FEHBINAZ K 172 ¥k, F1y
s 11,60 m, F¥IH07E 12. 18 cm; DA 26 Bk, PR 15.00 m, FHEIHI4E 19. 65 cm, FeARZETEE 0.87,
FARJZIE 0.52, MR RPN D B WA HEAR KL ( Rubus eutephanus Focke ex Diels) (75— Hi /R
J# ( Caulis fici tikouae Bur. ) EBE FEREAE , FEHLNMIA AT —/ N RVEERE D AR B A, 8 R AR FR BN
AP ZAEIR 22 /N, 8 SO ERE AN T4

FEHL C A TASARIER, 3K 318.0 m, dbdl B 25,00, TIHEATE 1.39 o/em’, FEHINAZA 187 #k,F1y
R 15.0 m, FYIHI4E 10. 44 em; B RRAA 53 Bk, PR 11,50 m, P42 15.34 em, FRARJZT5E 0. 84
RIZFE0.65, HAZTE 0.43, MFHERFA D8 WA AR F0FF55, FEHLE B A 25 5 s
RO (HAE L N TE AT B0, SOR R EE T,

1.2 WA 30
AR O R R R o | I
30.0 mx30.0 m, RHXFALIEERE  FLBORE 49 4~ ([ 24
1) R 21
2008 4F 10 F F12009 4F 4 A AP HISREREM 10 em 5 2 o
x10 em HEFPI 0—20 em HHUZER RAKAIR LY F 0TS ST
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9 Lo O '®)
FHRRTR IRES G2 100 H 30 R 4 i o o Lol o o] [o]
SEAL-SMITERE I 52 -+ A LTI 305 i+ 18 ¢ 0% 5 %o olo o®
FLI A e, b Ak Bt pH (A ISR A T 0 LI T 11
N . 0 3 6 9 12 15 18 21 24 27 30
FEAIEE(K:+=2.5:1) &, Distance/m

1.3 Hdit | £ CRAH N SRR E
i%ﬁﬁlﬁ%%ifﬁﬁ ( %:2 1 ) s ﬁﬂﬁij‘% C FIN Fig. 1 Sampling plot of soil C and N in China fir and Masson

BRAEM 3 130 N Sb, 30 i IE S K, DX SRR s E pine mixed forest

A1 XS RO (In ) ARIFIEZS o0 A, XEHRUT AT AR A

2
FIE ST 2E R M = exp(u,, +%) s=afexp(2uy, + o) xoJexp(oy’) = R Hbu, o SHE iR

BRSO SR TR R 7% 1, RPECBEBUR B -EHE C PRI RS (LR, (7 28 A5 e P s (2
1) R IEAS S AE SO S A BTIBU  XF P e 5 BT 9 2072 4B 93 Bonferroni
Wk T 2 T H,

LA SRR BGRB8 = (1, x 5 ) S, 1, =2,8 RASHODIER MR HH
AT s precision 4 CRGRE ) S48 I RE A PO 4 B A5 X 18] 95% MRS,

HEHE ST R HAS RO, B0y (h) = L EU2(x,) = 20x, + )12 Ry (h) T2 R 2

() R XA AR 5 Z 7E o AR SN 5 Z (o, +h) 25 x BEES ) 5 b A0 SRAEA (R, FERCHRLDL GRS BE 3R

2
P = S I St R OGE R B R
PA_bizfE it SPSS13. 0 Al GS+5. 1 SE A%,
3 &R

3.1 LA BRI C N S STERIE
F 1B R 020 em TR FE L C 5 N S RFEME(11.34,0.95 o/kg) B TAZ(10.08,
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0.76 g/kg) , H 3 C 5 N & RMm{E(20.58, 2.13 g/kg) S R BAERZE(3.69, 0.31 g/kg) , T3
CAUREM C ZW IR MERE (P < 0.05) ; HIE N SRR 5 22 S8 B8 (P < 0.05),

F 1 BEEIEY T C A1 N(0—20 cm) HISEITE4SFME

Table 1 Summary statistics of soil C and N in 0—20cm depth of China fir and Masson pine mixed forest

B2 Autumn/ (g/kg) FHZ Spring/ (g/kg)

Al Bl Cl BT Total A2 B2 2 ST Total

FEAEL N 49 49 49 147 49 49 49 147
C SRR Fe/IME Min 5.32 3.69 6.29 3.69 5.10 4.52 6.90 4.52
Original data R ARAH Max 28.58 20.02 15.39 28.58 26.22 19.66 19.90 26.22
FHI{H Mean 11.05a 8.72b 10.45a 10.08 11.93a 9.00b 13.09ab 11.34
FRifEZ s 4.37 3.04 2.28 3.65 3.92 3.46 2.55 3.79
5 RECV% 42.83 34.82 21.85 36.25 32.85 38.44 19.47 33.38
FrifEfl FH{H Mean 10.99a 8.73b  10.46a 10.07 11.93a 9.01b  13.10a 11.38
Normalized data — FrifEZE s 4.24 3.11 3.37 3.50 3.88 3.44 2.46 4.15
5 RELCV% 38.59 35.57 22.62 36.25 32.56 38.22 20. 15 36.46
N J i 2t Fe/IMA Min 0.31 0.35 0.50 0.31 0.36 0.37 0.78 0.36
Original data R AE Max 2.13 1.45 1.10 2.13 1.94 1.69 1.46 1.94
SEHJ{E Mean 0.81a 0.66h 0.81a 0.76 0.95ab  0.85a 1.05b 0.95
FRUEZ s 0.33 0.21 0.14 0.25 0.30 0.28 0.17 0.27
5 R CV% 40.71 31.28 17.20 32.76 31.59 33.67 15.84 28.39
FrfEfL SE-HJ{E Mean 0.80a 0.67h 0.81a 0.76 0.95a 0.84a 1.05b 0.95
Normalized data ~ #R#EZ s 0.31 0.22 0.15 0.24 0.31 0.30 0.17 0.29
5 R CV% 39.08 32.51 18.97 31.74 33.09 34.89 15.67 30.99

MFEFEZEFHEAREE (a=0.05)

£ 0.05 BEKFE, +3E C 5 N ZAFE R ERN AR (0.658< R°<0.995), +3E C 5 N F4itk
AR FEHL A B 38 C N Fafk B2 PR A R A C FR I C N S E RS AR
5o FE I C FEKERE ALSCI>BL, EENE C2>A2>B2, Hif B1 5 A1 .C1 25 MR 3%, A2 5 B2
Z 10 22 S5k B 2 FE s 4 N SRS LR AL =C1>B1, HENJE C2>A2>B2, Hih B1 5 Al C1 23R
HOA2 5 2 Z2E R,

B FHFRTHE C/N Wi S E S E 22.56 17. 40, S IE A 0 7. 19 .6. 73, 158 C/N =95tk AR
W3 (F=0.751, P>0.05 ); 13 C 5 C/N HAAAE W3 A OCHE (R =0.333,R* =0.521,P<0.00) , 14 N 5
C/N o AFEAE R HH M (R =-0.031 ,R*=0.075,P>0.05) (%£2)
3.2 IR

T C N WS R R (23,8 2) 58 XKIRE3E C N & oA A7 7E 3 Rl A4 | Rk
T FRBOMR EL AR, PR A 8 C R HE N R S R AR LA B BCR R R A T 0. 648 5
0.953 Z 8], Bhf iy R 7 izAE 1 C N B 25 (B G5 A RRAE s AR B SR C 728 S pR AL SR A BRCIR 4R
BUGLR IR 3 Bl (H RIS e T i ke 3 N 1928 (A 25 R4 0E , HAEHD C +3 ¢ S EILFERA 2 H
i zs [l gk HBUE BENL A A F- AR I B oA ST, 5T X sk B Bk 5 135 C e 4 i 8 300 00 00 K00 905 1) 2 S
B, REAFEHL B BAZE L3 C S B AR A BR AR 5

SIS A 45 C N BB S (B (Stll) PRIy 22 (E o R M2 I R (6 1,38 3) , Al 3 W &e/)s
FEHE A Bk 7RI C 7S FRE FBIARAL, YI7E 61.00 m 2247, i T HABAE HOFK 7275 158 C (728 B Y0 L R b
A Bk EZE N (WASFRYE AR, Y7F 62. 00 m 2247, = TAEHL B .C K38 N B9 B E ] HARTHEHL B .C
HELHEN TSGR, b B FZE 1 C IS EEK, M5 N K m TR S, ARSI X UR R
RZEAHIA] A S 32 B Sy dRe /NIRRT Y (1. 40 m) 1Y A ARG RRAT OC, FEHE C B3 C 078 S5 2yl sd o B
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SR, BIIREE SR GEZIL C/ (Co+C) AT EIFRE, MFFT XA C Bk 8 C S5HEHL B .C HR L IE
C C,/(Cy+C) HWRT 75% , 5943 [al A AL, Hofthh €,/ (C,+C) AT 25% —T75% =z [a] | 4y v 2523 [a] [ A
Kk A HHEN Co/ (Co+C) LR 11.70% , R FEZS (8] F ARG, Hol €/ (Co+C) EEIIAT 25% —T75% Z |H]
D)ok v 423 ) AR OG

F2 M pH kS5 C/NIES51E C LENEXRY

Table 2 The correlation coefficient of soil pH, soil moisture and C/N ratio and soil C and N

I Mean value AHIZH Correlation Coefficient
K Autumn 7§ Spring ¢ ¢ . N ,N . N C/N
Bk Autumn % Spring K Autumn 7 Spring  FK Autumn % Spring
pH A 4.82 4.59 -0.527**  -0.554*"  -0.580""  -0.562**  0.065"" -0.180
5.36 5.20 -0. 140 -0.156 -0.257" -0.139 0.222 -0.068
o 5.15 4.88 -0.071 -0.063 0.044 -0.016 -0.200 0.055
HJ{H Total mean value 5.11 4.89 -0.319**  -0.367**  -0.324**  -0.286** -0.028 -0.284""
FIKER/ % A 19.42 19.75 0.730** 0.516** 0.700 ** 0.458 ** 0.136 0.170
Soil moisture/% B 19.48 19.07 0.423** 0.063 0.279 " -0.005 0.228 0.058
17.39 17.88 0. 060 0.007 -0.041 0. 1000 0.149 -0.071
HJ{H Total mean value 18.49 18.75 0.410*" 0.115 0.318*" 0.084 -0.226*" 0.049
C/N A 1373 12.71 0.195 0.206 -0.075 -0.168
B 13.20 10. 06 0.417"" 0.479"*  -0.052 0.122
12.87 12.46 0.613"" 0.638*" 0.093 -0. 146
{4 Total mean value 13.27 11.92 0.333** 0.521**  -0.031 0.075

# P<0.05; * * P<0.01

®3 TECNI:AEIBSHKHEBRKR
Table 3 Semvariogram properties of soil C and N in China fir and Masson pine mixed forest

= /F ek AT Nugget Sill Range Nugget/Sill

Season/ Vegetation Model Co(g/kg) Co+C(g/kg) AO(m) Co/ (Cy+C) K
C h Al S 0.0859 0.2748 61.90 0.313 0.648
Autumn Bl S 0.0330 0.1130 2.57 0.292 0.001
c1 L 0. 0496 0. 0496 28.06 ® 0.003
BE A2 S 0.0621 0. 1902 60. 69 0.326 0.868 *
Spring B2 L 0.1287 0.1287 28.06 ® 0. 000
2 L 0.0412 0.0412 28.06 ® 0.000
N = Al S 0.0735 0.2900 62.38 0.253 0.753"
Autumn Bl E 0.0735 0. 1480 57.64 0.497 0.349
c1 E 0.0287 0.0576 61.29 0.499 0.194
HE A2 S 0. 0260 0.2230 61.52 0.117 0.957 "
Spring B2 E 0.0594 0.1189 71.00 0.500 0.205
2 S 0.0224 0.0449 71.00 0.499 0.253

* FNBBILLAR BE 3 (0<0.05)

3.3 SRR B C N AR HT B EURE SR

A3V B SRR B KGR ) T C N S A TR R E 5 AR AL L S € N A K,
MM 3 C AR AR AR T 0. 10 B, N3RS 3 ¢ P& BT ER A H AR R, B HET R &
BRI AE SEBR TAE A BT VR s 2ok AR S FE (A, WS 22 0. 20 B, SRAFEECH I i )3
HUbe i 4238 C BRI 2 53 .29 17 A BFFE T RAE 36 4~ FRNE 46 36 21 A, 98 T HRAE 52
Ao SHCARRL, WAL E SR 0.01 B, 3 HeifHh 38 N RKZE SRR 2 38 .18 .9 /N, WFFE BT RAE 16
A HEREME 36 .36 .16 A, 50 AT TRAE 36 I~ (£ 4)
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Table 4 Estimated number of sampling ( n) required for estimating the mean of soil C and N with a certain level of relative precision in China

fir and Masson pine mixed forest

i1 C N
Precision 0.10 0.20 0.30 0.40 0.50 0.01 0.02 0.03 0.04 0.05
#ZE Autumn Al 213 53 24 13 9 38 10 4 2 2
Bl 117 29 13 7 5 18 4 2 1 1
cl 67 17 7 4 3 9 2 1 1 1
At Total 144 36 16 9 6 16 4 2 1 1
%7 Spring A2 185 46 21 12 7 36 9 4 2 1
B2 144 36 16 9 6 36 9 4 2 1
2 85 21 9 5 3 16 4 2 1 1
St Total 207 52 23 13 8 36 9 4 2 1
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