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Characteristics of soil organic carbon distribution and its controlling factors on

hillslope in seasonal frozen area of Qinghai Lake Basin
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Abstract: The seasonally frozen ground in Qinghai Lake Basin in alpine and semi—arid region was studied in this paper.
The effects of slope aspects and positions on distribution of soil organic carbon (SOC) content at different depths were
studied by means of field investigation, sample collection, and lab analysis. The results showed that the SOC content of both
shady and sunny slopes decreased with the increase of soil depths, but the decrease range of the sunny slope (64% ) was
significantly higher than that of the shady slope (44% ). The average SOC content on the shady slope was 81.99 g/kg,
higher than that of the sunny slope (61.84 ¢/kg) ; the distribution characteristics of SOC content in different slope positions
varied with slope aspects. On the shady slope, the average SOC content showed a trend of lower slope (89.60 g/kg) >
middle slope (86.52 g/kg) > upper slope (69.87 g/kg) ; while on the sunny slope, the average SOC content tended to be
upper slope (65.71 g/kg) > lower slope (61.42 ¢/kg) > middle slope (58.39 g/kg). In addition, the effect of slope

positions on SOC content at different depths also varied in different slope aspects. The shady slope factor had a significant
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effect on SOC content at deep soil layers, while the sunny slope factor had a significant effect on SOC content at shallow soil
layers. The results of general linear model showed that the SOC content in slopes was mainly affected by soil depths and
slope aspects, which could explain 74.52% variability of SOC content.

Key Words: Qinghai Lake Basin; seasonally frozen area; soil organic carbon; slope aspect; slope position
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PEXTA BB 73 A 5 i 55 - AR b K - JRARARIR R | 3845 MLRIk 5y 358 1 49 Jore RIS e A 3 A 394 -
i o XS REARAR T AR T AT AR ARy B DX B A HLBR A3 A ST A R B

I 0 57 9 1 i e VA b DX T AT WL 3 A (K0 B S AT SR AR X A5/, 491 AR 2 46 2% R 9 1 787 g DA
Ml - A HLBR P B A BR RS, A BT R DA BILBRR ff 42t o5 T AT WL Atk 14 23.449% 3 Th R WERE B T
IS Ly ] 22 A U XS (R4 26 280 A A WILB 2 B 1 43 A AR AT 5 2 4507 7655 780 e SR ot 139 JXL L
b DXL R X g S ) —E A LRI S B AR S ) 5 2R SRR AR DY LU T AR R b IXOR R 2012 A
Bk, DA EATSE R R T s FE s DO AL G B AN R] L /AR o T A AL oA BRI AL AL
AR, PR Z AR X w2 X | B3 iy T KR SR 0 22 53, 20 A A7 A [R] A A e 4 S 26
A0 TR AE 2 MR R, B BB AEAS TR (8 SR Hu 5500 4 B0 380 T 91 3 LA v
WA, BT 94.5% ; U LIHRAR RO 3, B BRI EE 1 97.9% . AN, R a e ik =518
LY bR G S RBR R G BRI LSRR R Y A R B R, 2R MR L X HLR 1 5
] AR R R A2 2%, AN TR ) 35 67 A AN TR R B - S LB An g oA 7 LA ) PR 140 AN B, i 5 TR AT
Fo P, AW E R IO AT R 35 1 R e DB B 3z S0 A AR5 X G, R0 T 552l L 000 A0 BB 23 B 0,
e T AN [R1 35 16 s - SBEAT LR A4 70 A R A SRR R IR 3R B 1 v FE 2 P R e DX e SRR I e S 13
ik AT S BRI A Al

1 #MREFE

1.1 R IXHEN

T HE I A T R e SR A L3R (1 1) |, ik 36°15'—38°20"N,97°50'—101°20'E, P4 K 106 km, FIL T8
63 km, JAIHK#) 360 km , Wi 3194—5174 m, I IE BN 29661 km® , iR T 982+ 540, AR AR A0 4
SR B B T A AL B A 3 T R A R BB RN i 2 AR R 1 (12748 km?)
ZEATEZR L (12651 km®) | JE R EARS R SR R R R X B SRR, 205 &
AR AR R I ZE R AL, RS X TR A R AT S — VAT A S 9 Ab TR A
TR PR = FEA T 3565—3716 m, MR TE2E 151 m, HIBRARBR A 37°25'N,100°15'E, J& T2 Mgk £ X W
LS G MR E R Z I A V-8 0 - 0.5°C , B i 16N 25°C , B il - 31°C , 4R - [k
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Fig.1 Location of the study area
S1:BAPE I Upper position on the shady slope;S2: B3 H* Middle position on the shady slope;S3: A3 T Lower position on the shady slope; N1 ; [
|+ Upper position on the sunny slope ; N2 : FH3 H' Middle position on the sunny slope; N3: FH3 T Lower position on the sunny slope

1.2 WFRITE
1.2.1  FESCRAE

ARBIF G BEBE— B /K X T 5 T S A 5 X 3 e i T 5 e R 5 42 RS T) 8 vy ( B 38  BR 3 ) A g o7
(B b B 3R ) SRS s TR, 43 A S1.,S2.S3 N1 N2 N3 (& 1) FH 3 M R0 v 1L e
T JEHH,0—10 em HFHZE (As) ,10—25 em RJFFEFT)Z(0) ,25—50 em HMRETEF)Z (AB),50 em LITF
KA 2 B e g s 1L e+ R R R 70 em,0—13 em HHFEEZE (As),13—40 cm HJE
BTZ(0) ,40—70 em MIATERZ (AB) ,70 em VL F I A . B FHIESE— REERE } 0—10.10—20,
20—30,30—50 cm, 730 F 2018 4 7.8.9 .10 H {3 FH £ 4 4 R4 — K, JL3RHL 96 A~ H 1R i, LA 43845 4L
BRAN KA . AN IEREARE ST A5 3 A 1 mx 1 m BORETT , 55 BT HURE J7 9 T A A DA 20, | 2 )
L FEREARGBWNEE 1 oS, AP AR SRR AR S ) Hu 25 003 1 7K SO

®1 RELERER

Table 1 Basic characteristics of sample plots

Eaalitl Tk R
o b ok . e 1y 5 L PR
o ;. B e M e K W EERE R SRR
G HER WP Aboveground Soil .
. . annual hydraulic Slope Slope Surface Subsurface Total
Number Sample  Altitude/m  biomass/ water .. R
2 temperature/ content/% conductivity/  length/m  degree/(°)  flow/mm flow/mm flow/mm
(g/m C (mm/min)
N1 PR3 - 3686 128.77 4.2 54.85 0.69 70 35 0.47 0.1 0.57
N2 PR3 3650 120.6 — 42.03 0.61
N3 P T 3619 207.29 6.6 39.5 0.75
st Bl 3686 210.81 25 57.25 0.42 60 30 0.24 5.06 5.3
2 i 3650 449.25 — 68.31 0.54
S3 BT 3619 511.44 2.7 73.99 021

S1: B I Upper position on the shady slope;S2: B3 H Middle position on the shady slope;S3: F3 T Lower position on the shady slope; N1 : FH3% - Upper position on

the sunny slope; N2; B3 H Middle position on the sunny slope; N3 Fi3 T Lower position on the sunny slope
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1.2.2  HEaAbEE S A

- R Al [ S50 % 5 ST RIVR AL T2 (105°C ) I 3855 /K &, SR 5 R0 3984 HLAk 1) 1 496 8 T3l
WEHNARNT . & HAXT G HIEPR AR R R FERA D 0.149 mm 7 2484, B35 mg
FERTNER S, I 25% MR , 15 B 522 )5 , BT 80CHEAH 4 /Naf . B =B TCHLIR IS A RE S, F FH A HLAR
1A (vario TOC select) AL + 1A MLok & i, IR P R br o - 8 RE b VE BT a4 RSB0 SR U,
AR A ERA P, 5 1059C 24 30 min, SR HEMEAR AR EERE R 65°C Mt T B I T, FRER
1.2.3 Bk 551108

FIFH Excel #AFSEATEHR AL B | ] SPSS 24.0 XF 7.8.9 .10 PUAN A BYA HLER B HEAT 07 2290 Mr , 45 1%
FAZ SR R DO A 88— et ot . 8 Se e FEAS R BE AN W) 33 1) 35 67 % = 3 #LAs 14E 47 41
WG, GOt RHIE SRR E A2 AP R K-S K g 45 R4, AR5 R FHERIR 3 5 22 53 BT (one-way
ANOVA) Fldie/N i 3522 53 (LSD ) FLEEAS [R5 1) R T 9 A DL 45 2 R 09 22 57 f5cJm T — e b A
RU(GLM) 75 22 A e AT 58 T 45 IR 1 B A8 1A T e BBk & i vk sk . T A R
Origin 8.5 FIF4: i,

2 HR55%H

2.1 ANEGREE L2 0 S 3EA PR /A

H BFI3 | PR i A i A ML B 4 BN [RGB A T4 1, 15 BN WE 5T XA [R] )2 + A BLBR 73 A1 F
fE(F2), W2 aJA #F5EX 0—10,10—20 ,20—30 ,30—50 cm + )2 A PR & 4350 R 102.41 .77.78 .
61.02.,46.47 g/kg, BTl 12 AT HLBR &5 80 71.92 o/ kg, SAK-FHm . Bl R IETRBERG N, LA ALK & &
EREES, & LE2ER B3 (P<0.05), FREIEEEIAF] 55% , 13X 3% B 12 DX S8R 0 R % A8 HILBR 52 ) i 5%
PR 2 /DA% 50 em, 85 REL CV I R/INIE B BEALAS f 1728 SRR B, BV T 838 Bl s ) 22 P 1Y
KNy —BIAH CV < 15% I Jg 5578 M, 16% < CV <35% Iy i 24578 Sk | OV = 36% i g s s Skt | iy
F2 W LUE %X 3] 0—10,10—20,20—30 cm HHEA PR N AR, 30—50 em LA ML M = AR

x2 AELELEFNBRSEITHE

Table 2 Statistical characteristics of soil organic carbon in different soil layers

+)Z " i ARRE K-S K56 ¥l
e BB BUME Rk o b AR s AR
Soil . A | Standard Coefficient Kolmogorov- Distribution
Samples Minimum Maximum Mean L. L. L.

depth/em deviation of variation Smirnov test type
0—10 24 86.00 157.21 102.41a 15.85 0.16 0.197 IEA R
10—20 24 48.86 134.77 77.78b 19.56 0.25 0.841 IEBS R
20—30 24 38.48 101.15 61.02¢ 15.80 0.25 0.904 IEXS
30—350 24 23.44 83.11 46.47d 17.40 0.38 0.586 NSyl

n=96; NFl/NG FHRFR RN R £ )2 B PR & 8 22 57 1 3 (P<0.05)

2.2 [E]HE ) A HLRR 5> A

1 X AN [ 3 1) = A ML AT GE T M vl 1 (36 3) |, B YR 4 8 HLBR & 2 7F 43.55—157.21 g/kg Z
], -S4 47 MU &5 1 R 81.99 o/kg, A ALK & i A8 5 R ECH 29% , J& T A8 5o PR3 A HLak & =t 7E
23.44—129.09 g/kg Z[A], F-HIA HLER &K 61.84 o/ ke, AHLER S BRAS T RBCN 43% )8 T EE 5

P AN [R)3 10) S AT AT o3 A 1 (1 2) T B - SJE R B34, 338 R PRI -3 WLy 22 R R %, B
% HEZER B (P<0.05) o {FFIAIBHE AR A, 13 FEARIR B by 449% , PHEREARIR B 5 2 64%, [
— 2R EE R TRI3 1) 1= 6 BILAR & 2 2 B BH 3 R T P
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x3 TREETIFEENBRGE I

Table 3 Statistical characteristics of soil organic carbon in different slope aspects

- ! ) . bRt A5 2R K-S 1656 AT
Z?fﬁl ) . ?7&?& M&UJ\{E Nir&j(ﬁ ;rfﬁ Standard Coefficient Kolmogorov- Distribution
ope aspee ampies i axmum ean deviation of variation Smirnov test type
zﬂﬁv slope 48 43.55 157.21 81.99 23.71 0.29 0.973 A
FHE o
Sunny slope 48 23.44 129.09 61.84 26.35 0.43 0.297 RS
n=96
2.3 RIEIBEAT 58 HLER 3 AR
BB [ 7 -S04 HUBR S HHE AN 2% 4 BR3¢ Soil g e e/
e R A VLR S &= B AE 43.55—108. 35, 0 20 40 60 8 100 120 140
46.16—157.21 .62.94—119.73 g¢/kg, V344 Pk & &5 0—10 s Aa
A
H4 69.87 .86.52.89.60 g/kg, By T > rf>yk - (P< 5 a
k= !
0.05) s 1 BB & A5 5 RS B 30% 33% .19% % & 1020 s
= ——Bb
ETEP%/EEO ‘i - / = Ca
IR S L LS (P 3) T o T 3 200 7]
el ARG A LR R RIURE A TR A ; Da o
N . N _ 30—50
2, HAs 2R 2 50 B35 (P<0.05) 5 [ — IR B, AN A @Db O M

W A ML & B RPN B My b R - (R
TERTREEA R i 22 F R, Hp,0—10 cm A1
10—20 em 2447 22 T A B2 (P>0.05) ,20—30
em F130—50 em )23 5 W TR 25 0 (P< mdo R o b i R IR LM L o 25 5
0.05), EFIiRZEIRFRI, BB XA )2 LA HL 83 (P<0.05)  AI/NG FEE R [ — VR A I3k 1 -394 Bk

B2 AEEETEEERS HE
Fig. 2  Characteristics of soil organic carbon distribution in

different slope aspects

A~ L =] RE 5 LR RE
B & B M R B AR ], X2 A HUBR A I B2 PR B (P<0.05)
LIz,
x4 BHEAREA T EFVBREITSE
Table 4 Statistical characteristics of soil organic carbon in different slope positions on shady slope
o v - TEZE BUETES K-S K% AT
et RABC RME ROk s i A i oA
. .. . Standard Coefficient Kolmogorov- Distribution
Slope position Samples Minimum Maximum Mean o o .
deviation of variation Smirnov test type
e b </,
16 43.55 108.35 69.87b 20.62 0.30 0.906 IEZS R
Upper slope
B .
) 16 46.16 157.21 86.52a 28.27 0.33 0.626 ERSH A
Middle slope
W K/
16 62.94 119.73 89.60a 17.22 0.19 0.984 Il

Lower slope

n=48; RIF)/INGFREFRIRA I3 AL L A LK & B2 5 .3 (P<0.05)

FHYEAN )3 A7 4+ A ML G T H AR AE AN 3% 5 Frm, 3% b b 3% A HILAR 75 & 53 51 78 27.86—98.92
24.59—96.77 23.44—129.09 g/kg. F-HIA PR & 4> HH 65.71 .58.39 .61.42 o/kg, BIHE >3 R >yhrh, 2%
SR E (P>0.05) ;B LR S EAE ST RZB05 0 33% 41% 54% , Hoh i FJg T &85 Wb i FE T

FH PR AN [R5 067 + A HLER oA (1 4) RTE TRl — 307, AS IR 18 MLk & 2 X R R 2 KT
WE, A& L2 EZESH B E (P<0.05) ; 7 — W E, AR G PR & &2 R AR, 2, 10—20,
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20—30.,30—50 cm 2 H9AE WK S AR I ESYrh >3 R, 1 0—10 em 2 004 HLER & & I E <k
I, 5 BHYE A ALY MU 43 A0 FRAE AT, X AT e R N BH 3 36 2 A MLk 72 3 1 2 R A Ws 5
oA . FRas SRR B A X AN [R] 1 )2 35 MUK & 52 W R AN [R] | X2 A ML A0 52 ) 2 R
TR,

x5 PHEAREA T EAVBRSE IS

Table 5 Statistical characteristics of soil organic carbon in different slope positions on sunny slope

N v NEZE BRER K-S K55 iyl
et RO RME ROk s bRk A ke o
. .. . Standard Coefficient Kolmogorov- Distribution
Slope position Samples Minimum Maximum Mean o o .
deviation of variation Smirnov test type
e b S/
16 27.86 98.92 65.71a 21.74 0.33 0.938 IEZS R
Upper slope
B .
. 16 24.59 96.77 58.39a 24.20 0.41 0.446 IE&S
Middle slope
WeF s
16 23.44 129.09 61.42a 33.00 0.54 0.312 Il
Lower slope
n=48 ; AN Fl/ING FERER IR R A ALk & 1 22 57 855 (P<0.05)
THEAHBE B . THA B AR
Soil organic carbon content/(g/kg) Soil organic carbon content/(g/kg)
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140
T T T T Y T ) r , , . r T )
0—10 E 3 Aa 0—10
8 Aa £
E‘E:. eH—Ba Eo
o 10—20 ¢ ] ABa 2 10—20
. 4 B k5 A A I s
5 E =
o (XRRXAKHCD 3
B 2030 2_BCa . 20-30
U\lzﬁ}ﬂ —F—BCa 5
E I
- 30—50 = Cab %ﬁi E‘
Ca T 3030
3 AR T IEA VRS RIFE B4 PREFEAEWE A T IEF RS
Fig. 3  Characteristics of soil organic carbon distribution in Fig.4  Characteristics of soil organic carbon distribution in
different slope positions on shady slope different slope positions on sunny slope
AN R E F IR ) — 3 A [5) % BE  3eAT HLR 7 o 25 7 [0 3 ANIF K E F-1ERR [A]— 3 A A [8) T B L A Lo & o 25 57 b 35
(P<0.05) ,ANRIING S hE 3R 7R 6] — TR BEAN [R] 3 2 1 3 BB &5 &t (P<0.05) , ANA/INE FhEFR IR 6] — PR BEAS [F] 3 o -+ e AL 2 ik

%5 13 (P<0.05) £ 5 B3 (P<0.05)

2.4 B A ML A 4 R R 2

FH— M AT () 7 22 B AT B8 T 45 TR 7 B A8 AR FOA 38 B S M sk (R 6) o 452
FEOR 3 1A A AR 5 e R 2 - B I R B2 ( P<0.001) |, i BER 431 & 60.35% 1 14.17% ; 33 457 X 3%
11 3 HLAR B i FESR N 1.41% (P<0.05) , 3 [ x B i RE T 4.46% (P<0.001) S 1a) x - 2 fERE T 2.21%
(P<0.05) , B frx )2 BE T 0.46% (P>0.05) , FJe B 1) <3 (57 x 1 J2 /i B¢ T 2.28% ( P>0.05)

3.1 Y5 A PR

ARSCHFFT LSRR P XA MUK 5 2 (81.99 g/ke) B35 = T FHIE (61.84 g/kg) , ANFRE + 34 HLAK
A R I B R T B H 22 5 B (P<0.05) o 3X 5 RAG A5 FEAR 4 L1 ARMR S AT 3 1+ A AL
B 3 A O BIF 98 285 SR 85k — 350, A R A 5R 28 WH  BEAT ARk B2 S U3 > PR 3 > DU p 3 > R . 32 PR R AN [T 38 o)
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T IR B 1) 7K PSR A RV B 22 S5 2 5 TR 5 T 0 S LB AR SR 1 R IR0 i S BRI 2 SR R ), AR BF 5
DB BH3 AR 2L 1 22 5738 2.8C, BAYE 0—50 em 3P4 57K i PRI 1.46 %, X AlK 322 53 5 20U
S T AN TR A IS TR, v B SBAR B DI TR g v ey, BBAB DR R O i FEE A, H e el £ | 7 A KRR
1, B AR (390.5 g/m? ) IR T BHE (152.22 ¢/m®) , HAT ML A Ay At R T BRI, PRI Al i 56 7R
FEARKRREE 13200 1 A HLBR Y & SRR RE ) IR B ot 32 01, 0k i 388 2o 5% 0 A= ) ik ) /o
WAL AR . RIRASHEFER IS M A W AT I (H R B AN A 25 A R R JERE A 3 T A ) i
KT r R, nbE o155k BT B0 AR L R AR 2 LD AR B 2 ZEHE A T AR W 27947 kg/hm, 5
FER T AP 25745 kg/hm® A AR ] K PR A 1 (1) 26 S0 23 S ) - 3 AL i AL, B3
B0V AR AR 1L R N R T S A BB (¥ BIF 5 v 2% B0, 9300 2 13 9k 1)+ A WL ™
HNT YL 330 3 B N BISER 1K BOIRBE BRI T 02k W 06 M R 1 NP 5 % 7 R T A Lk
A RN 20T BB PR BLUR A 22 57

®6 TRBEFELEANKSEN—MEMERE(GLM)ER

Table 6 General linear model ( GLM) results of different factors and soil organic carbon content

g 7 A o Ji % iR RERE/ %
Components Quadratic sum Variance Probability
Y1) Slope aspect 9746.958 1 69.529 " 14.17
YAV Slope position 967.787 2 3.452* 1.41
+ )2 Soil depth 41525.774 3 98.740 """ 60.35
f‘EP?]Xj:J% . 1518.073 3 3.610" 2.21
Slope aspect X soil depth

it 2
Sf ij.;. . 318.086 6 0.378 0.46
Slope position X soil depth
St fr . 3071.051 2 10.953 " 4.46
Slope aspect X slope position

3 ANE X 2

SLRDADCE 1565.925 6 1.862 2.8

Slope aspect X slope position X soil depth
w3 % A P<0.001; * * &y P<0.01; * & P<0.05

ISF3 38 R0 BH 34 3500 T - S WL 7 T AP AE S 3 R 2 IR Y SR B R L2 VR BE 3G I, 354 HLak &
HIRWIEAR, B2 5 835 (P<0.05) , XJ&F -, RIZ A YLK F 20k A TR 5 R FR R 0 B i A
G G RE AN, R A TR A AR 200 A #9080 /0 S (BB S A BE 38 - AT HURR B )2 R FR B4 R AR
[7], BH3% B AR IR 3 (649% ) KT I3 (44% ) , 3% 50 SEAE AR 34 Ll b B s JE 10 X B L BH Y i 15 5 A5 LK
T L5 BT 5T 45 A — 2, A A i 5 465 SR SR PH3E T B A9 3% (66%—91% ) W i 55 T B Y% (31%—T77%)
X A RE B P AR 2R e 3 8 A R IR AT T AR ST IX BH Y B4 7 E ) R & 7RG SR
B+, 2, — N 30—50 em, e JZEREHE(0—10 em) | JEFETZE 10—20 cm, [ R 35 1) £
JFZ s BREE 24 S R S R, P AR AR 0—20 em ™ PR I # A T A HLRR 5
AR R RECV EiE 43%, SR FEREN T A A B9 5 T Ll m e £ - R T A S R ) 4
AHIE (R R Ak N AR R 5 2 305, IR AT 35 8] 30—40 em, FTEFE 50 em R ILERA )2, MR
Ayt E M AE 0—50 em )2, AR X 9 R R 4 B AEE D\ 3 R OIS R R R IAR R4 A
B S E SR R R SR, A A WL 0 A LS 50, Bl 2 T BRI BE /N T
FH
3.2 Y5 A PR

A PR BB AL A8 PRI 1 i S5 o FASEOAS [R5 A 3384 WLER 34 5 = 22 55 8.3 (P<0.05) , KB N IE
T(89.60 g/kg) >4 (86.52 g/kg) >Hi | (69.87 g/kg) , X 5 M i 45 ¥ 8 4 Fro b X 9k 1 21 A 45 7
S0 4 b KGR 45 R — 8, X — TR B b R bR KR R, RIS K
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SRR, NI R T BTG4, T A58 BLas & /T3R5 55— 1 mT A8 2 i T R A MR 7E
1 & A s TR 0 T BT A A 0 AR O RIAE T R AT X g O 41 SR 4K €0 - B AT LB O A P
B, I AR U (M4 R v e ) T T A AR ) b A2 RS T R R B i — AN AR
X AL F R g TR AR K ZEE 6—9 H A3 K& 29 5 24F S K 1Y 90% , 3X — B I I % 215 1
R RO 207 4R AE T R R R R S ) X AT HLRR S T BRI 5T R % TR, R T M X R
TG SR BRI, - HEA MU N RARA 2 BRI Ok . RN 2T PR VR B E T RE RS IR £
T A IR AR IE A AR TN _ LRSS 00 1 A ARk FE R e, Sk
AR, BEHARR A AT i e LR B K S AR RS TR OG . R Hu 25 SHZ R 5T IX 3 A% 7
SEBRALINZE F AT R, 2018 4F 7—10 H 3 B3 AY SR 3 2 (5.30 mm) 52 FH3 (0.57 mm) 79 9.30 %, BRI B3 +
A WU T ) 32 e WA R 0 SE R 7R B R AR BRI . 31X AT B2 5 S5 PR3 38 o7 1 38 A HILAS 40 A1 R ik A
SRR IR 2O R gE Al R, BHSMAS [R) 35 057 + e ALK 324 & e R I 1 (65.71 g/kg) >3 T (61.42
g/kg) > (58.39 g/kg) , ZERATRE (P>0.05) o X5 AR FEA I 1 LR R (B 78 245 S ol — 3K,
HCWEFE R IAEAC I (FHYE) | e JE e e R ARG Ve 3 T 10 2 22 53 30U i B VR A ML vk B v T B, 3y
RS2 A1 A BH S AN TR) 335 43742 32 1) SR B 430 1 K o2 Ol i A K B WL o e g B D 81l S0 400
AL ASHFSE X B3 58 S K B T (39.50% ) <3 (42.03% ) <3 1 (54.85% ) , PRI FESE S | 4 55845 Bl
TS TR Myt (P<0.05)

VLA ST R B, e %o AN [ B - 96 ML 1 52 10 A1, A1 386 [ 1 S o %o 17 PR, R AN R B 57 + 384 L
B2 S R B B SR S B (P>0.05) ,fHRJZ (0—10em ) T A HLER R B I b <30T <3erb (P<
0.05) ; X FRAYE , 12 (0—10,10—20cm ) 364 HLAR A3 AV 7] 22 5448 138 (P>0.05) |, TR )Z (20—30,.30—
50 cm) T3 HLBRAS A7) 22 57 535 (P<0.05) , L iRZE AR B, BH3 3 067 % 1 2 A HLAK i 52 e oK T8
J2 B R 2 - A LR RS2 K TR 3T e 5 BRI RN BH A W] 42 3 8 =X (b 2 A2 T A g o
) X A HLER A sl A 560 ZE R AR X1 G Fr B X 48 6 - 3 1A WL AR5 P R B, 2560+
TGS LB A B RE S iR SRR, R H A R T, DT T B0 T - A ML Bt b 3 R R ik
Hu 25 XA 5 X 3 A2 S 4 S R UL 23 SR w0, P 0 18 v 3 e o AR R A 94.5% , BH S b e A5 7 o oy
BRI 97.9% , P, B3R )2 1366 LR 5 AE 3 P i i g i)~ B BB 8038, BRIk AY 32 1 4
F WL 5 (E R AR 20 T I EE R B0 T, R M AR U 1) 22 5 5 9T BH 33 () A e 28 R - M 25 R A
SO R I R A e JEVE O AR 16 R v, e 2 R TR RE A, T LA SO R b R AR T
T R SRR EAA R, IR SRS, 1 ZIRIR A T RK ) IR Z R A B BT LB S A%
LA S T FH YR R DA R FE R O 3 AR R AR T ) R SR 5 M LR A A A KRR, AN
FITF Ko 1 )2 T B IR PSS A2 3 DA b AR 0 R 2 A, 338 1T A 38 8 AR TR T 19 39 b 8 3
WAFAEZE RN ) BRFE LB, - HEM A B R B2 3 3 A48 i b/, DI 38 A b e P i i o ] kU A
I XY iR € B X T AR RARAE OB 2 B0, AS [R]35 B S AR I R B R 10°>15°>200, L 3%
BT RN 20°>15°>10°, J S I & ABFFE B3 B (30°) /NF BRI (35°) , BT LA i £ 3B
RRTFPAYE XA —E PR e T B DA i ol 32 PHYE DA R A2 00 0 = A=, DT 3 808
PR 22 AT AT A BH 38 1 142 J2 - 96 ML 53 31 it o 98 b 3 R i R A% T A M T b A Rk R
3.3 AHEES T

A ST I TS [) 338 17 - 398 AL AR I 2 45 i 0 A7 L A o0 A, A B3 1 %o 39 T - A AILRR B i R R R
14.17% ( P<0.05) , i3 % 35 1 - 56A HLAR A AR B 1.41% (P<0.05) , 3 ] R -5 35 i 4k v 22 55/ F: 3L
ARSI RE B F AT G, A STl SRR ) R 95 258K W AR, 45D A K IS A 25 7 it
& A 39 LR 0 25 o) S bt . 28 45O i AR e iy /N T S i 2 IR 7 X6F - S LR 14 52 o v 2 B0, A
BKMGRIEL T | F RS A MU 3 A (R 55— DR, LR SR 30 B R 1], AT X BH 3% 1 BH 3% 7 2%
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PHAFE R R ZE 5 (B4R P 20N | RSB o) S M - S LA I A PR 25 — PR T e R o A BB I A
WE . AT B IRAWIT IR 2 53 2 7€ DX BRI BH 3 A AR Y 23 6] 73 A A oo, ASBIF 5
LRE T 2018 AFLE R WA 7—10 A Oy L HEAHLEREE , th T 4 A Z 18] L HeA HLaR2E 5 A 3%, IR
S M LRI Z R AL, A DTSRI ZE X M LR 5 e R A BRSO I R AR
WF5E R B RAT 1L o AT ML it 2 35 A F 1 AR L, RN K T >4 2, By 55 7 B o RN
 FE LN A A MU ML 1 s Th R B R e, BRI KT R/, AT IXAL T 235 P
2 XA R R TR 200 2K, AR i — P A] R AL T ORGSR S B RIS . TEVRES I, IR E Y
PR HUBRD AL A 552 B 77| R HOKBEE S A R B AR E K257 BAEMA YR, £)2
EHER S 2 DT VR RAR PR 3 HeHORE B 2 ] e 5 ) 3 BILRR S B AR Ak T H R OG TBkE
SRR A R AEAE A K AN AR K R LTS I B B 2, AR 5 AT — AL TR AR

4 #ig

AR SC LT I 3 2 M R A IR L B R R ST 4 FES T URE R M TR TR ) 30 e L
e 4 25 [ 43 A REAIE B G2 e R 22 20 4R A5 DL T 2538

(1) IZAH5E X3 HHEA AR & 5 R 71.92 o/kg, BAZKEH &, Hor 0—10,10—20,20—30 em +26
MBS 5 A AR S 30—50 om HHEAHLRR & ok S AR S

(2) B B3 BB & 1 34 BE T TR BE S g R, AELBH 3 T R A9 2 (64.9% ) W] 4 i T B3 (44%)

(3) A1 1), A B34 75 1 R BN B3 (81.99 g/kg) >BHIL (61.84 g/kg) s AFIBAL, A HLAK
ST RS R P B I A ALY S BRI T (89.60 g/kg) > (86.52 g/kg) >
(69.87 g/kg) , FHIE + A HLER -2 &5 R 1 (65.71 g/kg) >H T (61.42 g/kg) > (58.39 g/kg) ;

(4) B AL XF AN [ GR BE - A LB A s AR BEAFAE 22 57 o I3 007 X R 22 - S0 BB 5 ) 8 25 1 B 48 38
X 2 A BB i) f 3

(5) — MR PRSI ZE T B, Wl 1+ A AR B i A7 4 2 I 1 A R, AT R RE 74.529% (AR S
(P<0.001) , PRI, 35 1) 25 M i X ok - $3E LR T B0 A (I B B I 2R
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