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Factors Controlling Soil Organic Carbon and Total Nitrogen Densities in the

Upstream Watershed of Miyun Reservoir, North China
WANG Shu-fang, WANG Xiao-ke, OUYANG Zhi-yun

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: Effects of climate (temperature and precipitation) , topography ( elevation and slope ), soil properties (soil bulk density,
pH, water and clay contents) and land use on soil organic carbon (SOC) and total nitrogen (TN) densities were investigated in the
study to identify dominant factors controlling SOC and TN densities in the upstream watershed of Miyun Reservoir of North China by soil
sampling, laboratory analysis and statistical analysis. Results showed that SOC and TN densities in the 0-20 c¢m soil layer were 4. 77
kg-m 2and 0. 41 kg-m ~* in forestland, 6.79 kg-m > and 0. 69 kg-m~* in grassland, 2. 90 kg-m > and 0. 30 kg-m > in cropland,
respectively. Significant differences in SOC and TN densities were observed among the three land uses. Soil water content, land use,
slope, soil pH and clay content were the most significant factors controlling SOC density, while land use, soil clay and water contents
were the most significant determinants of TN density. Climate, topography and soil properties jointly explained 63. 6% and 53.4% of
SOC and TN densities variability, respectively, while environmental factors and land use together explained 67.6% and 57. 8% of
variations in SOC and TN densities, respectively. Clearly, environmental variables were more important for SOC and TN densities
variability than land use in the study area. Therefore, establishing a high-spatial-resolution database of environmental factors is a key to
more accurate assessments of SOC and TN stocks on a regional scale.

Key words : upstream watershed of Miyun Reservoir; soil organic carbon density; soil total nitrogen density; environmental factor; land

use; influencing factor
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1.1 ARSI HELL

B /K PE A Bl (B 2= K P DA b TR
) #ikk 40°19' ~41°31" N, 115°25" ~117°33" E Z
(], F A 2 72 B 3 T R T R R K R AR, A
eI i A 15 788 km®, £ ) RT3 ek R T AR Y
88% . WLIAEIX EFYS Kb AR E T IR
FTWE AR BB AT S s B R
X HE PR BLAE X B s AR 2/3 FEW AL BN,
1/3 ZEb U85 8. AL F P9 58 ot il AR B R

B L, M PTIE A AR AR, PE AL AT A

1000 ~2290 m WyH LI B REH R Z BRI
Bz A 431 . el N R A oA I DA
Mfr o B9 2 A Ay, RIJEER Y g iy 2
T 5 PR i A Aty R e 0 %) O e M Ly b S
At | AR RE K N 488. 9 mm, K 7 i AR
B P . T DU+ (28% ) (ki
(26% ) A&+t (18% ) Ffa KPS + (12% ) A
F. AEE R T AR AR Y 49% |, FH
27% A M5 21%.
1.2 RS CREE 50T

T IERE R EET 2009 4 8 ~9 H AT, HRAEHF
5 DX 3l A b 1) FH IS Y 1) 43 A R B LG 5] (R B
S Y | A [ AR SR R A FR AR D

A TH3X 3 Ff - ) P2 A e B AR MR Oy, TE AR
Ty RS A i A 3 A SRR A, B RE AR
R FHAZ A R 1 A R ER)Z (0 ~20 em) 1
e, 3 AFESIRA N — A R R et 149 A4
i, L RARE 74 A FEHIRE Y 30 A, AR AR
45 A~ FANRHA T (AR 100 em® ) B A A 1
Kl 3NEE.

AT IS G A BT R T TR E
A, 5 2 mm G, B BRA AR ZR. 3L 2 mm G+
FE—EBA3 T I0 2 358 pH (8 FRLAR A3 A, 55—
Srdksiid 100 B, FHFIE SOC Fl TN & & 45,

SOC 7 # JR FH 51 4% TR B S0 b4 in 440125 I 5
TN & &= % FH 72 [E Elementar 2 B 42 7= 1Y) Vario EL
AL TE 2 S WA 5 5 398 5 7K a2 ok UG 3
FE; HIERECR IR 1A, £4E pH ER T
P (KR 2,50 1) M s - HERAR 43 A >R FH B [
Malvern 2 5] 42 7= 1Y Mastersizer 2000 23856 ki BE AL
MSE B2 2 )% 2 < 0.002 mm, 0.002 ~0.05
mm, 0.05 ~0.1 mm, 0.1 ~0.25 mm, 0.25 ~0.5
mm,0.5~1 mm, 1 ~2 mm X 7 ﬁ,*ﬁﬁ%@%ﬂi
T b, 53 25 b UE 4 R B RL (< 0.002mm ) | A KL
(0.002 ~0. 05 mm) ALK (0. 05 ~2 mm).

1.3 SOC # TN %R

SOC F1 TN %5 B 2 S i 4= HERR Pk i d 248 b,
WA SOC F TN fifh & 1 2 BES 4%, 0 5 48 B4
TAIFR b — 7 VR FE ) A & % SOC i TN Jit it
— i SOC FiEel TN & &, > 2mm A % & M+
8 N L 1 0 i = /A W 1

SOC, = SOC x B xD(1 -=8)/100 (1)
TN, = TN x B x D(1 = 8)/100 (2)
X H,S0C, M SOC % & (kg-m %), SOC i SOC 7%
H(g-kg™'), TN, Jy TN % (kg-m ), TN J}y TN
i (gekg™),B N EHERFE (g-em ), D WL E
JEREE (em) ,6 A 13EH >2 mm AOBRAIRFI5
1.4 SEEEHIESTHE

HRAE 5 2 /K b U Sk S LR i s X 10 AR
G20l 10 A 2538 B AR R K B B0, 7E ArcGIS
9. 2 #A4Hp Rl Kriging 25 [A] 47 {1 15 1154 4% R BE 5
V1R AT X730 AR B K i
1.5 FdEabr

ity MrAE SPSS 16. 0 4 v 5 . A 24 X
F7 T ST SOC Fl TN 25 BEFEAN [ -+ b F)
FHZEAUIA) Y 26 5 W2 0k 5 R AR DG 20 B A R 34
Be R (A HOE AR PE BT 5 SOC AT TN
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53 R 7 A1 R FH 5 20X SOC TN 25 52 1) 5
Horpr, 44t B 5 Xk £ 43 2K 78 B ( categorical
variable) , £ ¥ 47 [n] 05 43 By B R FH WE 22 £ ( dummy
variable ) 77 1% Jy H (R 0

2 #R5itie

2.1 A[EFHFFHER 0 ~20 em 12 SOC F1 TN
R

SOC 7 it Al HHEAF HR IR E SOC %5 B2 R/ M 2
MNEESE AN A I T 2R A
YRR R A0 JVE Y o SRR B LA S T R R
ANIE], Bl SOC & &8 fl + R H bl =2 & 48 1k,
1M SOC % BBk B2 5. 3R 1 TAH,0 ~20
em 1 )2, B3 SOC AR, A 6.79
kg-m 73 HK N FR ARG & H BN, UK 2.90
kgem ™2 ANFIE MY — 245 3 Fp 4 A FH2E AL SOC
W LT RE(P<0.05). 5 HuF| 2R TN 25
RN R MRy - bt > FRAk > R H I H 22 5
WE(P<0.05). FHLFIZRART) SOC F1 TN % B bk
FEm T A WIS DX I P 5 A AR b
FIT A E AR R,

£1 ARE:HFEAZER0~20 cm /2 SOC 1 TN FiED
Table 1 SOC and TN densities of different land uses
in the 0-20 cm soil layer

, SOC # TN %

- Hb ) 2 R Jkgem 2 Segem 2
FON 74 4.77£0.28a  0.41 £0.03a
T 30 6.79£0.25b  0.69 £0.01b
A H 45 2,90 £0.13¢  0.30 +0.0lc

1) FPEdE T HE « bRiER , B ARRNG FHE R RN R £
F SR E] 22 573 5.3 (P <0. 05)

2.2 HEENF5 SOC Al TN %5 B 2 [a] A AR e

TEHSREET ,SOC Fil TN %5 BF 2232 S 46t M
T | b o A5 A DR R 52 T X4 2K R I
W 0 ~20 em +J2 SOC Fl TN % i 5546 (I
FIREAK) B (MR R ) | g AP ot ( 48
RHE EKE pH AR &) %5 A RA BN F
BEATAHDC T , 45 e 2 FR.

SOC 1 TN % Ji ¥4 55 1 B TR 7K 22 8] 47 78 )
WEMAARE (P <0.001) [BAE R B/, £W
XS RE I SOC FI TN % B 5 3 i K 7 Z (8] 1)
FHOCHE B 55, DT 4 45 38 2o A PR % X 3]
SOC 1 TN % Ji A7 F0 A5 15 143 M, 3X 5 Kern
A5 0T B T A — B R & 4 B 4 L R W soc Al

TN % Ji B i RE B AIG I 3% i, X 5 80 A B 9% &5
LTI g (B SOC HI TN %5 B 5 [ 7K 384 o 7 sk 2>
7S AR A 5 R 2B e 45 51T MR, 3 nT fiE
S0 5 X 8k P 1445 A 2 TR0 - b ) 2 B oy A A
K. WIS AT W i, A B L B k2 AR
HE P T AL T 1 T 2 W 1 A R K R
Z, LR 28 32 8o N TR R AR |, SOC #l
TN B i AR RAR , 5 BB/ i db &4 T iR Al
T RO AR, BRI D R A R 2R
A KSR IR A AR EE |, SOC Al TN % 2 48¢
R, ] L, AR B L B K S 1
T SOC F TN 75 i 22 38y ka4 w3 1y A2
fRAEFAH L, TR X IR EE R BT SOC Ml TN
% T I A K B i s i AR AR R PR, X1
2200 5 ORE G X3k IR BE TR 6 SOC R TN R
AR KON TR K PR A2 1E SOC T TN 3 i i)
55 L, T RE RN R K PR X 8 = KB 1 i 3 3 SOC
FTN B AR R34 B 5400

SOC il TN % B 5534k 22 (0] S5 47 7 Sk 25 1 1
FISE (P <0.001) , ] SOC H1 TN % B K45 T
TR IS X 5 A AR g A R — 2L
SOC I TN %% B bifi % 5 3 Jin i 384 /i, iX 55 Hontoria
ST IR 4 AR AL, T B P AN R B X6 A b R
FHRIAELAE 537 (14 5 M DR ). AR5 X Sk e & 2%,
AR T 50 A1 T S B R R R s L X A A
BRI B AN TR, A T30 R A3
I R LR LR SOC 1 TN #5421
B T  DORIIG 1y DX A Ay A R0 1, Ay
S R, R AR S FIK 4 33 2k A ™ E, SOC AT TN
Er AR . R, B SRR I R R, soC
FILTN % B ey

16 A AR BT A F-rf, SOC Fil TN %2 5 £
B KRR BORL B i 22 (R AR AR R 35 R IE A G (P
<0.001) , 15 e FH M pH {5 2 (B 77 7 2 3%
[ FARSE (P <0.001) ,3X 5 2555 245 5122 -2 —
F,3RW] SOC A1 TN %5 B i 1 1 5K i AR 7% &
BN ATRE I, B A T A pH AT S e >, R
SRR 2 A A At JO b R A R, DU R R
SOC Al TN fFLE.
2.3 HB B AR O 26 SOC AT TN %
JE A RZ M RS/ )N

SRy S U I 45 FR BT IR ORI O =06 SOC
TN 25 B2 52 M0 (0 R/ NRR B 4 391 AT BE R K LT
WO A E  SoKE pH A FRLS R L
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&2 SOC I TN ZESRERFHEXEH

Table 2 Correlation coefficients of SOC and TN densities with climatic, topographic and soil properties

SOC % TN % L (£ W HEEAE BESKE R pHME HIERRSE
SOC % i 1. 000
TN %5 0.95 *** 1. 000
TR -0.311**  -0.345"* 1.000
78 -0.295* -0.334™"  0.684** 1.000
%73 0.535**  0.529** —0.890** —0.741** 1.000
e RE 0.311™*  0.173*  0.294™* 0.332** -0.058 1. 000
TR E —0.648 *** —-0.533™* 0.053 0.246* —0.368 ** —0.444** 1.000
TS KE 0.603**  0.572"* -0.170* -0.247*  0.326™ -0.017  -0.641 " 1.000
+ 3% pH (& —0.421%*  -0.323"% -0.232*" -0.299** -0.061  -0.712"* 0.475"" -0.135* 1. 000
TR S 0.459 **  0.433** -0.100  -0.198*  0.240*  0.200™ -0.393"* 0.331** -0.180" 1.000

1) #* F/R P<0.05, % = F/R P<0.01, #=F/R P <0.001, FA

FIFH T A A8 &, LA SOC Fl TN %5 1 g [R5 2 ik
AT —TC A 3BT, 308 o A 4% [l U5 R 1) 08 48 )
FB T E 45 PR R 7 R0 A R FH 5 X Soc Al
TN %5 J AR SRR B ) ST e BB ), 45 SR L3R 3.
[ERZIR SOC 25 FE 45 P b | 825 8 f 37
fife B RE ) e o, BE B M BE SOC % A R MM
42.0% 5 YR KL X SOC % AR Sk
iR AR IR F] 36. 3% 5 PR 430 R iE 4R |+ R
T 2R SRR i R RERE 1 AE 20% LA b i
LT R TN BE X SOC 25 B A8 S 1) fff e R JiE 1 5

AN R 10% , HoAr B K 0 i B BE 1 e/, AU
8. 7% . AL TN % B 145 7 rp, £ S K&
(R ST A R RE ) ik, RE 6 A B TN 28 3728 S 1k 1Y
32.7% 5 Hk 550 R+ HEZR 3R A R
=, MERBERE T34 7E 20% LA I FRUCH TRk & i
HoA AR B 130T 20% 5 IR PR K AR RE 134K
T3 pH H; B M REBE 1 B/, AR 3. 0%.
UEAN, ZE 8 7 rp | BRI Pk A, g 7 AP
XF SOC %% B A8 SV i S BERE JE B T XF TN 9% i A8
IR R

R3 BHWETFHIBESOCH TN ZETRHHBESE %

Table 3 Contributions of each variable alone to the variability of SOC and TN densities/%

BiH ity [EN 551 B EHEAE EMEAUKE M pH(H HEERRLS R IR R
SOC # 9.7 8.7 28.6" 9.7 42.0" 36.3™ 1777 21.0™ 23.6*
TN % 1.9 1.2 28.0" 3.0 28.4 " 32.7" 10.4 ™ 18.8 ™ 22.3*

2.4 & PREEH T MR D o6t SOC AN 85
JEE R ] ) B B

KBS IR B 7R RS T g4 1% SOC
F1 TN 285 52 M) ) AR B BEPE L S T A R 15 SOC
FITN % BEAR S M B 25 5 BRRE 1, BT &4 SR L 3%
4. £ RPONBRIZA AN E 8 AN RS SOC M
TN S5 B A 00 7 B 1 H) E 20 AR A E
AR R FEAE F 3Nz AR Ea, B0 5 R E R
HE AR B, T IH AR B A B H R v R
R MmN E 280, 8 H0MA 11 75 A8 A 745 £ I i
TETB Ay o Bl AR B[R] 5 R AR RE AR BT 4011 E
TR R FNWT B A TR Z — ;5 R
WA E 2R MR R A B A 5 X R AR
ARSI R R

FH2E 4 A0, B8 B K % SOC %5 FE 1Y 52 1) e
Ky HUH M A H 7= FR o i R | 4%

pH {EFZARL & &, = # % SOC % B A2 2 ; +
B AN K 2, 3 W A 2 i YRR A
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Table 4  Results of stepwise regression analysis of SOC and TN densities with influencing factors
s _ SOCHR ' _ _INER i
R AR Ry R R AR R R
WEEHF 0. 636 0. 534
TR — — — — — —
62N — — — — — —
HiEE13 0. 680 0.014 0. 044 0.591 0. 001 0. 002
oz 0. 666 0.028 0.084 — — —
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IR 0.672 0.022 0. 067 0. 547 0. 045 0. 099
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e 0. 676 0.578
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