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Effect of different land-use patterns on physical characteristics of the soil in the

Yellow River delta region
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Abstract: The Yellow River delta is one of the three major pedogenic river deltas in China and is the fastest forming delta
that has important reserved land resources. Anthropogenic behavior and natural development play an important role in the
physical and chemical properties of the soil during pedogenic processes. In order to maintain soil fertility and ensure
sustainable utilization of land resources, it is necessary to investigate the effect of various types of land uses on physical
properties of the soil. In this study, disturbed and undisturbed soil samples were collected from soil covered by different
vegetation. Arable soil was considered to be soil cultivated with wheat and cotton, while land covered with reeds and suaeda
was considered to be natural vegetation and bare land was classified as recently formed land. These soils were considered to
be trends of mature soils in the Yellow River delta region. The physical properties of undisturbed soil samples were as
follows; bulk density and porosity of the soil, water-stable aggregates, and saturated moisture. The organic carbon content,
available nitrogen and phosphorus content, and total salt content in the soil were probed as chemical indexes. Field research

along with lab analyses was conducted at different genesis stages in order to illustrate the changing trends in soil physical
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characteristics and to identify the causative factors. Compared with bare land soil, the soil covered with vegetation had
significantly higher soil porosity, aggregate water stability, and saturated and capillary water content. Soil organic carbon
content and available nitrogen and phosphorus content were higher in vegetation soil than in bare land soil. On the other
hand, the total salt content and soil bulk density were significantly lower in soil with vegetation than in bare land soil. The
trends in soil properties improved with different vegetation in the following order wheat>cotton >reed >suaeda>bare land.
Stepwise regression and correlation analysis identified that the main factors of soil capillary water content are soil bulk
density, soil aggregate mean weight diameter, and soil capillary porosity. The aggregate soil water stability was determined
as>0.25-mm water-stable aggregate content and capillary porosity. The total salt content in the soil significantly affected the
soil saturated hydraulic conductivity, while>0.25-mm water-stable aggregates had a significantly positive correlation with the
soil organic carbon content (r=0.8323) , available nitrogen content (r=0.7558), and available phosphorus content (r=
0.9049) in the soil. Therefore, proper land-use management and optimization systems were established to preserve organic
carbon accumulation and water-stable aggregate formation in the soil, thereby resulting in the development of soil structure.
In this study, agricultural management was determined to be the best approach for maintaining the physical properties of the
soil. Therefore, improvement in soil fertility and sustainable utilization of soil resources in the Yellow River delta region is

critical.

Key Words: soil aggregate; capillary water content; soil organic carbon; Yellow River delta region
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RO AR T i FRACAIAR HE A L3 e 1 MR A 4R T IR A T AR A AL R B
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i, ST IR IZIZ XOR ] LR 2R L3R 3 R 40 AR AR 2 10 T 392 by K 43 R 11 2%
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IKGFRRPE Ry TGN ES , DASR B B 1) = A (] L b ) P 5 5O 3 B A R B 0748 S R IR SO i PR 2R
PRI AN R R 5 - S BE B AR O AR, i X e IR A FH S 2 Or B R 4K

1 #MRERFE

1.1 AFFEIXHELNL
WS XA T B0 = A AZ O X R A B b PR AR BR E118°24'16"—118°49'38” ,N37°27'05"—37°33'36", J& &
TEHT TR B PR KU X, AR 12.3 °C L, E 0 210 d; FHREK i 692 mm, FE78 & 5 1962
mm,, 3R R A R AR IR B DR AR, AR AR o A MR OKAEZ) 1.5 m,
1.2 A5 REE
2013 4F 4 H kP B BE b + R4 K 10a VL EBIRRAE /NE (RTFEVEYD B2k ) 535 B AR
M5 A EA AR A T2 G AR AR/ N ZE BRI S b, R R T b A ph A
AR R, FLE R AT 4 bR — e e 4 bR P O SR AR R TR B A AR A ARt b
IR0 o BB ARRAE R 5 R, B FE B IR 5 SRRV SR AR 0—20 em RIZRA HFF, [T R4
IR TIRERNER RE . 2 B FVR A BRI EUIR - B A 7 A o Rn g B S A 0 =2
1.3 IR AT
AT E RS (A TIEFHR 100 em?)
- BFL BRI L R I R IR IR A K 24 b FREE EfE A,
WA EKE (%)= (RJE £ s - M Bt ) /4 £ B x 100%
SALBREE (%) = WRAIE K EXAE
A LR RIS RS B R TR E TR A L, A AR AR R T i 12 h B R fE R JF
FREE,
TIEBEEKE (%)= (HCE R B —Ht T L e ) /809 T B < 100%
TEEERE (%)= HIEBE S KEXSE
FIEAEBAT LB (%) = SALBRE -+ IR BAT LB
KA E R PR IR AR AT
DALy B o A0 2 2 (AR )
- A TR AR B 0 o T XY R AR (MWD) IR S5 (IR AT ) o
- SR B A R R s A HILAR (SOC ) %t (A0 22 41 FH At 1R - 1 4% PR B AL Ab A I ARG 5 1 3¢
SR A3 I R R s USRI AR i I AR R R R E S A i
U LAY T
1.4 Bdsotr
ARG A SPSS 18.0, AN [R] A= b F) FH 7 3K 4= E R AL P BT 48 A 22 1] 9 22 5 % ANOVA LA =07
253 HT-LSD I - (P<0.05) K 5 5 A A 1A 23 A R DG 3 A1 5 32 WA ff 133 vE TR b Z TRl IR &

2 HREH

2.1 A A I 2 AR A e

IR A S S e - SR KR R 1 T AR HY SRR R A AN [ A T R R AN
B3 pH [HIEH N 7.56—7.26, IR/ & B [ LA D7 U2 10128 5 B35 (P<0.05) , R/AMEUC R
Ho>TRIEM B SHR T A2 (3R 1), M 22 I R SR & 5 (K T e 0, T RESR th TR R
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Table 1 Soil basic chemical characteristics under different land use patterns

‘ - P A PR HRAA AR R
S 3 = PR Total Soil organic carbon Available N Available P Available K
Land use patterns pH value salinity/ % content/ content/ content/ content/
(¢/kg) (mg/kg) (mg/kg) (mg/kg)
Hii4£ Cotton 7.56+0.02a 0.38+0.10d 4.84+0.49bc 27.29+3.19b 18.97+3.30b 176.06+47.41a
/NFZ Wheat 7.26+0.21a 0.31+0.01d 12.14+0.75a 74.59+4.58a 50.30+5.81a 189.12+16.98a
F73 Reed 7.3420.12a 1.44£0.19¢ 3.930.22¢ 21.06£1.17b 1.36+0.77c 200.58+7.86a
3% Suaeda 7.26+0.07a 2.28+0.26b 6.65+0.17b 24.46+1.19b 3.27+0.87¢ 167.90+28.93a
#RHb Bare land 7.44+0.04a 3.80+0.59a 4.04+0.58bc 30.89+4.34b 1.24+.38¢ 148.84+12.18a

R R BB A ) 7 R B R O =X 0] 89 28 53k 3K (P <0.05)

A BB - E B A L AR, X K A R R S A BB B E R AR PO TR] £
WA 2R B U S A B35 25 5, U 1 RS MR & e, o 12,14 g/ke, 838 T Hifth b
P LR R M, 35 1l A AT A LA S R, T = E 2 MM ER AR E (R 1), SHE LA
FAJ7 R A L, 22 B A= 46 MILAR AR B2 09 PR Ji2E B KA AT 138 A ALIE A it

ISR A R W SR A A RS AR A K A B, ISR 1 IR S b R O G
IR S A 2E R, A W ISR & i s 75 me/kg, FE BRI O 2 A W 2 A3 N (P<
0.05) , HEFMMHTA R 2T AR E, H8A S BAEANR LR AT B 22 5 0 2 AR
feiasE R 27 B SAR H >ZE L o #RHb 80 5 By B2 148.84—200.58 mg/ kg, AN ] 4 b A H 75 =X
THEZ I ZERA R
2.2 AN[E A ]y 2 A S v I
221 HEAFESABE

1.6 a

BT AL SR TR AT | T b b b 7
UK PERIE K e X L HOK MR IIRERST § o] 72 ) 7 7
EEAE, W1 &l BRI LR A R S 7
ETATESF2 5 (P<0.05) ML EHETREY 55 ovf
1.53 g/cm® LU BIGE H 25 H FOAR I, 22 10+ S E
B R 1.07 g/cm®, Hop i 139875 FRA% 30.01% 3 04r

I - ) 7 2 b A AL BB A 3
42.15%—59.44% , 5+ HU7 T EAT A I 0738 S i, 18 "The bx ME WmE W
b B R LB ARG, 22 T - M08 0 AL B 5 25, LT e
FH7 2 HE LB A T rp KT (1 2), BAEALIR
JEAERG I 22 TP APPEVE 30 JE P 25 S oo+ B1 FRELHAAFRLRER

Fig.1 Soil bulk density under different land use patterns
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a2 R R A A R R, AR S A A TR S IR
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i A B A S 14 80.80%—61.99% , L # 3t A1 b 1 358 75 | Y LB
BT, LU 2 T R FE R R A . e
>025 mm KPR BAUL A ik Rk wgaE O} )
P, 15>2 mm R (R RAEA RN R Boh A B2 s N2 L
AL 225, A >0.25 mm KA BKL R H PA>2 mm ﬁ?«‘ %
GEL SR H#z [

S 5 0 2 2L B k- PR S K Rt 45 s |
TR AT R 2 5 | FLA IR - 0 7 3 1 2 il i b b
(RS SR, MO A PR R B AR A E <2 mm . prevamm—
AR, 2—0.25 mm PBIRAES & DI H H 5, A A7

Land use patterns

56.85% , Hyk EM H 48 (£ 2) . 0.25—0.053 mm 73 [F]

e s DUTHEI e RS ST A A R 3 A M2 ARLRHELELRARE

Hl ﬂ] %% 3 J@ + i%% EEi 1& <0.053 mm % { Z[X DI ﬁ } H_j, + i;ié éi\ Fig.2 Soil porosity under different land use patterns
iR, ik 81.08% , SH UMM H 2 T 0% 2 H 1 <0.053 mm FIRAES B, >0.25 mm KHIRIAH
WA mUA RS, SHEMAH AR B,

F2 AETHABFRTEARECEALSESE %

Table 2 Soil aggregate composition and content under different land use patterns

IR

fii 7375 ¥

Sieve method  Land use pattems >0. 25 mm >2 mm 2—0.25 mm 0.25—0.053 mm <0.053 mm

T4 Dry sieve i Y 72.87+1.61c 63.38+1.93cd 10.92+0.25b 12.78+0.99a 12.70+0.88a
INFZ 84.96+0.52b 73.15+1.21b 11.81£0.69b 11.44£1.20a 4.68+0.62¢
P 93.25+1.45a 79.86+1.59a 13.39+2.62b 3.57+0.50¢ 3.00+0.95¢
ez 83.83+0.89h 61.99+1.95d 21.85+1.22a 8.93+0.74b 6.97+0.54b
b 92.72+2.13a 80.80+1.00a 11.92+0.09b 2.68+0.08¢ 4.14+0.32¢

TR Wet sieve Liiipia 5.90+0.56h 0.35+0.15¢cd 6.93+1.50d 59.15+3.36a 30.44+2.68cd
INFE 58.51+4.27a 1.66+0.32a 56.85+4.02a 22.99+3.82¢ 13.95+0.76¢
P 5.39+0.96h 1.02+0.20abc 4.38+0.89d 43.34+4.22b 48.94+3.93)
B 2.47+0.08¢ 0.34+0.08cd 2.13+0.10d 59.28+1.81a 32.82+2.18cd
b 0.28+0.08d 0.12+0.04d 0.28+0.03d 20.12+1.10¢ 81.08+2.01a

2 T R B BB S [ 5B 2R 1 77 2K 8] /9 28 538 B8 35 K F (P<0.05)

RV 077 = 98 P SR AR 13 S SR AT 34 B e AR, Sl R F I K R T (1R 3) S SR R
FET - 198 P SR (AP 24 e P A e e, LR O 25 b - 48 R PRI b 98 s e (R i 48 R TR] iR
A R NS B R 22 S5 0T LAER , SRR RN [ SRAE B AR L, A& BB A BE VA R T - K AR v K A
BIRIIE AL, T HeLs /AR e PE4R o, T RE- S AR H B A b o HILAE R i S5 B E A O
223 HHOKRRE

VERE AT Bk MRS K BRI AL Sk 3 ANER, /0T K A R R R ANBRHIE, SRR
7 AT A O 3 R A S K B A B 25 5 (P<0.05) , AR AL TE Fl h 25.80%—46.73% , Hh & M+
RN EK R e, SRR Y 1.8 A R AR 5 M R b SRR K R R I R A
B4, HHERAT KRS AN S K A AN TR R 22 ) A AR TR A AR SR A 3 T > A T3
M B >, AL S F Y A S KORYE A R B 22 R 7 25 (0 25 5 (P<0.05) , #f i - e 1R Fn i
JKER I =0 9.10 mm/min , FYUCRTHEHL 32K 7.53 mm/min, 2 H 30 FT K F0Z A FH AT 25 M 1 3584
MFRREAL, SH M 0227 W,
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Fig.3 Soil aggregate mean weight diameter with different land

use patterns
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Fig.4 Soil water content under different land use patterns
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Fig.5 Soil saturated hydraulic conductivity under different land

use patterns
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Table 3 Step regression equation of soil physical characteristics and its factors

FEA G T

Main factors

LB e o

Soil physical index

B BT AR

Step regression equation

BEEAE (V)

MRS K (Y,) BERAEE (X))
MWD (Y;) Roos (X)), BEALBEE(X,)

A (X,),MWD (X,),BELLE (X;)

Y, =17.14-13.88x X, +10.51x X,+0.75% X,
Y, =1.97+1.70x X,
Yy =-0.13+0.01x X, +0.005x X,

"Ry 5 #55>0.25 mm KD B A A I

139>0.25 mm KERMEHRIA S 1 5 TR MR AR Z IR RYAH OGO R
>0.25 mm KA AR (A2 3 b AP ATRIAGHY , AR 3 A T BB, 735X >0.25 mm KA

232
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FIRARS B S A LR Eh 0 AR A SO A S 5 S A T A ST, R B >0.25mm K Fa A A SR AR B
w5 A AR HRCE A SO S B Z AR S B A G R M R B r 0 0.8323,0.7558 FlI
0.9049( F 4) .

F4 1TE>025 mm KBEMHEARGEESTERSSEZEPEXXR

Table 4 The correlation of>0.25 mm water stable aggregate content and soil nutrition content

Ryss ,i%???ﬁ%ﬁ *ﬁﬁé?}ﬁﬁﬁ *Epé/%ﬁl '
Soil nutrition index Correlation equation Correlation coefficient
Y SOC(X,) Y=4.50 +0.12xX, 0.8323
Available N(X,) Y=23.53+0.87x X, 0.7558
Available P(X;) Y=3.51+0.79xX; 0.9049
3 itig

BT = A N 39 AR A S ), 7 - S R P A R A S B S5 0% A A AR ) B AR LA A
FH . AT 285 R WA R A 7 =O0F - e s vk o LA S i m ,  EA T  E B I SR 255 B e, BF
YR IR FE A 325 T b R o3 0 2 A, A 55 D 7 b - 8 2 ) 19 25 S5O B R - 4 A
Fl . A2 A B FE B RN AT HLAEA At £ 1 3L BREE A B A, 1 H IR B FRAR, 59— 7 R R
I /NZE A TR T AR AR A R K 5 S VR I R LB S A SRR 522 HAR LL A HEAS R R
55 A SR R LB S 25 AN R . S R R L B A A B BN S AT AL
YRR, T HEFLBREE FAME LA I, (i 4 375 SRR A R 7K

- HEFL B BB S e M A S R P I, 6 SR K RS AR A A, LR R P B A ALER
& FERA SLBRALAEG , AF 98 & I LB B e AN IR A O X R i 22 e 5 R A i AR A (L 1,
F2), 478 MFLBR Y B2 438 A R AL B S 5 B A R

3 A SR AR S S e - A B R SRR AR B, RN S R R v ARG Hh i kO A
i AR 7 6 A3 AT - 1R P SR AR A B, 5 AR [] - 1 R P O 2 3 0 A SR ARG B4 L > 2 mm LSRRG ARy
I, Eriik 60%—80% , Z H TR FAPEH BIKLL 2—0.25 mm 4L BH E,>0.25 mm H B S5k 56% B H
ERA T A W, AR B b5 MR A - R P A R S ORI (R 2)
Xof He A3 M 0 0 5 P SR AL, >0.25 mm PSR A 1 A 32 IR B& vk A 3R AR Ok 32, e R O X 3 AR K B
PEAI RN £ DIAIFIT R >0.25 mm KRR SRR R4 1) - AR 454, 5 = SN0 ik il B e ay
FIARDCPE)  ABFSE 45 AL I T 3% —4518,>0.25 mm AKFaVER SRR S &5 1 IE MLk SR 2 A S0
FRBEA BEWHCKR (K4 . BHERIFEREEIE K, Xt 3% 0 P B AR

1 P AT 1) e AR AR K R M AT R AT T AR B R RAE - LS B K Rt AR BIFgE v DA ZE
TR S e R 2R B (K 3) , B A BE MR B >0.25 mm KR R AR R R R
FE AR E e HAN EZWEAE T (R 3) , X —2 R 50 H MRS R -5 ABFE b 1k
Fa e R AR Y H AR S R ALK & 5 Z A AT IE A EOC R (R=0.6393 ) , UL I - A BLak 19 FL 2R 2
P S A SR A (T B S A R R A RS R o S K R A SR AT st e s A P 90 2 M ) v
AR HLER > KA PE A R A B ek i A B AR AR

ARG e B A S KRR R A HOK S, 2 A S R, R AW B 4 1 A 4 5
B KR 2 A5 B B RRAIS , USR] VR 28 20 R Al A By g e R IR 0K fr i, S5 HE
iy A= A LY, 225 Az X K A PR RERE A BB IR (T 4) o A SR B S BT A 39 B K R R i 1 A
FER PN A Bl 4 e A U A i, A R R R LR A T AR 0 AT FL R AT -
PR T 35 (0 E K RN ACHEBE P2 LR MR Y L ASBIFSE X 3B A8 S /K AR S DR 1 10328 28 1] U 23 B 435 SR 96 0
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T B YL (3 3) , e T S KR A g ARRR P e AT SR AR R R AR M R A L BN R
ROk BA B, MR A Bl AR S S T IEBE S KERAEMCKR (R=
0.5691) , BiH] LA HLB IR HE LIRS R AT I PREE S R BRI B2 L MR SRR 1 2 25 P,
EMHLEA fr it — 2 RS

4 Zig

ABIR G o PR R RE AT B AN SRAE N o B MBI GE T, T AN [R] st A1) 5 200k 8 3 2 3
PEBGZW AT 3 B LT 224518

(1) SHRHAA L AR 56 5 i e R IAAS 2 P LB BE RN S K, B L o A A AR A R
oy /NZE R AE LU 35 BGEE ST MR DRSS R T ELAT S R R 1

(2) 2 AR B 18 LU st AR 11 9K L S s s At F 1+ HOKARME R ATESRIR R A, #8111
HEJ33>0.25 mm R EEAE PSR A5 55 A ALAR SRR R0 5 B R A IE A G C R

(3) LB AT &I, B AE S K R R0 T A KRS AT R AT 2 R AR AR
LB s LS PER AR AR E2>0.25 mm K ASPE P SRR 5 A0 B 45 FLBREE RS20 5 3 Bk % 2 3ty
FIE oK AR B B 1
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