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Abstract:  Objective The problems of high salinity, low nutrient and poor soil structure in the coastal saline-alkali area of
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Shandong province seriously affect the development of agricultural production. Therefore, the effective development and
utilization of the soils in this region are of great importance to its agricultural production and income. Method In this study, the
four land-use types (wasteland, grassland, cultivated land and forest land) in Kenli County of Dongying City were taken as the
research objects, and the effects of different land-use types on the basic physical and chemical properties and aggregate stability
of coastal saline-alkali soils were evaluated. Result The results showed that (i) the electrical conductivity (EC) and water-soluble
K" and Na' contents in wasteland > cultivated land > grassland > forest land, with EC and Na' content of wasteland being
significantly higher than those from other sampling plots; (ii) the total nitrogen (N) and total organic carbon content (SOC) of the
soils in forest land > grassland > cultivated land > wasteland, with SOC in the 0.25-2 mm water-stable aggregates being the
highest; (iii) the mechanical stability mean weight diameter (MWD) and the mechanical stability aggregate content of > 0.25 mm
particle diameter (R ,s) were significantly lower in forest land than those of other sampling plots; (iv) the water stability mean
weight diameter (WMWD) and the water stability aggregate content of > 0.25 mm particle size (WRy,s) in wasteland were
significantly lower than those in other sampling plots; and (v) the percentage of aggregate destruction (PAD) in wasteland >
cultivated land > grassland > forest land. Additionally, results of the surface and internal scanning electron microscopy (SEM) of
the 2 mm water-stable aggregates in grassland, cultivated land and forest land showed relatively obvious particles, pores, and
adhesive materials. Furthermore, the Pearson correlation analysis showed that mechanical composition was significantly
correlated with MWD and Ry ,s while PAD was significantly correlated with soil water soluble Na" content and SOC of 0.25-2 mm
water-stable aggregate soil. Conclusion Different land-use types have different effects on soil physical, chemical, and
mechanical properties. The grassland and forest land use types have significant ameliorating effects on the physical and chemical
properties of coastal saline soil while forest land use has higher carbon reserves and aggregate water stability, but lower
mechanical stability. The results of this study can provide references for the rational planning and sustainable development of land
use in the coastal saline-alkali area.

Key words: Coastal saline-alkali soil; Land-use type; Organic matter; Aggregate stability
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Fig. 1 Research area and sampling points
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WMWD = 3 (RW,)/ 3 7, (3)
i=1 i=1

Kb, Wy NEE i R AR T T T A A
(% ); Roos JAIAE> 0.25 mm BIHLAMAS & Pk A B AR &
5 WRo.s HRA> 0.25 mm BY/KFEE BB RS
iy RN RKK P EL (mm),
1.4 HUIESH

i SAS V8 Gt A4 T8 1 25 5 2 1
K4 (LSD ¥ ), fdiffl SPSS 25.0 #K {4 ) /K i
( Pearson ) PEHEATHH G0 HT, i Microsoft Excel
2016 Excel B FEUEFTIER .

2 4 R

21 ARTHFAAXINLRESSRE TR

MBEMF I

ARHB A HLAR LT R e . B AR b 22 S
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fis A1 28.99 £, H#FHb B 3 & T 5 b AR b
( P<0.05 ). FeHu K Ko i, 230 b b
FUMRHBIY 1.27 F5F0 1.81 f%, HAMRHLERAL; KEH
Na &R 5K K& & BC 45 R —5, 1
R S Hb > >R > MO e, AR K
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Table 1 The mechanical composition, texture and bulk density of soils in four land-use types

FhkL Clay KyKL Silt i %i Sand A
MR = i HL
(<0.002 mm) (0.05~0.002mm ) (>0.05mm) Bulk density /
Land-use types Texture
1% (grem™)

it Wasteland 3.65+0.68 b 59.36+4.36a 36.99+5.03 ¢ o () gt 1.5440.02 a
Wl Grassland 4.19+0.06 b 63.824+0.54 a 31.98+0.51 ¢ o () gt 1.3840.08 b
#kHh Cultivated land 7.00+0.48 a 37.84+3.89b 55.16+4.13 b B () gt 1.534+0.00 a
kM Forest land 2.26+0.03 ¢ 12.54+1.08 ¢ 85.20+1.04 a B+ 1.4940.05 ab

. FIFIAR/NG F iR AR A By X a2 57 8.3 ( P<0.05). FIA. Note: Different lowercase letters in the same column

indicate a significant difference between different land-use types at P<0.05. The same as below.

http://pedologica.issas.ac.cn



1016

+ B

=

59 &

F2 M#mttFAARLER pH. ECFAXKEMEMA. £8. SENHREE

Table 2 The pH, EC, water-soluble K" and Na" contents, total nitrogen content, the total organic carbon content of soils in four land-use types

i LR KSR KB E) ALK
A A =R
pH EC Soluble K* Soluble Na* Total N Total organic carbon
Land-use types
/(mS-em') /(mgkg') / (mgkg!) / (gkg™) /(gkg")
Fi i Wasteland 7.50+0.09 d 3.87+£0.26a 26.23%+2.33a 922.63£65.49 a 0.11£0.01 b 3.03£0.13 ¢
b Grassland 8.87+0.04 a 0.25%£0.04 ¢ 20.59+1.18 a 202.97£33.11¢ 0.16£0.01 a 3.68+0.10 b
#rHb Cultivated land 8.12+0.04 ¢ 0.75%£0.10b 2445%+0.72 a 361.63+£29.96 b 0.16£0.01 a 3.16+0.09 ¢
FH Forest land 8.38+0.02 b 0.13£0.01 ¢ 14.49+1.31b 81.134+3.19¢ 0.17%£0.01 a 4.09%0.11a
23 AET#FAAXMUKREESRELESER  wPAHAR.
ME NS ER RN 24 AETHAAAFAMNLUKRESHRBLERAR
AU R s, MR HLY 1.55 6%, (HY :N:0pA!
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MLa S 534 B 35 T b Ak ( P<0.05), H ki
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DU b b 1 7 X B B AR S B A
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0.25~2 mm 5 AR S N Rem, o 6.96~
11.32 g'kg ' Ho Bt . AkHb 0.25~2 mm. < 0.053
mm 25 AA LK 4 2 Tk (P<0.05),

HAkHb R m (18 2a). RIS 0GP 2L P
< 0.25 mm WA, HEAVERBEER 57%~
80%; > 2 mm 4143 AT HILA J3T 12t 78 DU > b A% 1A SR AR
b AR, H 4% ~13% (K 2b), 8K E, =
b FIUMR HlL 3 A B | ZRUR R A R R T M, 0.25~
2 mm 4155 + IR PR S R SR AR B A AL

a) B>2mm B025~2mm B0.053~0.25 mm E<0.053 mm

12

o«
1

EE IR gty
SOC/(g'kg™)
~

FEMbWL  HOHIGL HHCL MHLFL
4 HiF] 75\ Land-use types

MR - 8 ) = AN RLAR /N TR RS AT 2R A
TS HA A A 25 R (P<0.05) (K] 3a),
> 2 mm 4150, Br S SERm (36.94%), Ak
HiIEY 2.05 f5; 0.25~2 mm 450, Fed & ERE
(23.53% ), JMRHLEY 3.40 f%; < 0.25 mm 2050,
PR e (74.88% ), MIHAMFEHBIY 1.63 fif~
1.72 4%, P AR MWD F1 R s 34 B % T Hifth
FEHb ( P<0.05), {HHAbEEHLIE] ) MWD JC i 3 22 53
(323 ) i VR, MRHLAS 2 19> 2 mm 4150 K 5.13%,
0.25~2 mm 44K 7.59%, 0.053~0.25 mm 4143
KRBT 79.63%, s A LM 1.39 f5~2.27 1%,
< 0.053 mm 415U K 7.65% (K 3b). [FEF, AR
) WMWD Fl WRy,s 55 ML MR TC B % 2 5, &
HWASF K> 2 mm, 0.25~2mm. 0.053~0.25 mm,
< 0.053 mm 55390 6.51%., 8.91%. 44.97%F0

b)
< 100 1
2g
KRG 75
1
% é 50
=2u 257
0 ; : : ,
JCHIWL  WHBGL  #FHICL MHIFL
+ i FI )72 Land-use types

{E: WL, Jiidh; GL, HHi; CL, MiH; FL, #hith. AE/NG T RRR A [ LA D7 A 22 52 B 3% (P<0.05). FlAl.  Note:

WL, wasteland; GL, grassland; CL, cultivated land; FL, forest land. Different lowercase letters indicate a significant difference between

different land-use types at P<0.05. The same as below.

B2 Dbt stR D7 50T 58 Al o A

Fig. 2 The organic carbon distribution of soils in four land-use types
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a) [@<0.25 mm 025~2mm O>2mm b) 0<0.053 mm B0.053~0.25 mm [30.25~2 mm B>2 mm
< 100 < 100
g 5
s 2 <3
T g T g
£ 5 50- £ 5 50
& o & 2
= & = 5
e L
% T T T 1 % O T T T 1
< FEMWL  EHIGL  BHBCL  ARHIFL < FEHWL  BHIGL  BHBCL  ARHIFL
+3bFIFH 2 Land-use types + 1A FH 750 Land-use types
B3 pufh b AR = S A HLAAR M K R e
Fig. 3 The mechanical stability and water stability of soils in four land-use types
Rx3 MmmEHFAATRLIEA MWD, Ris» WMWD. WR,,s 51 PAD
Table 3 The MWD, Ry»s5;, WMWD, WRy,s and PAD of soils in four land-use types
oSS e
MWD /mm Roas /% WMWD /mm WRo25 /% PAD /%
Land-use types
FEHb Wasteland 0.9940.04 a 53.95+1.32a 0.21£0.03 b 7.92£1.18b 85.40+1.80 a
i Grassland 1.01£0.07 a 5448%2.11a 0.32%£0.02 a 15.424+0.78 a 71.72%£0.34 b
#EHL Cultivated land 1.07£0.04 a 56.50+1.74 a 0.3440.02 a 15.99+1.24a 71.55+2.89b
FiHb Forest land 0.631+0.04 b 25.12+1.85b 0.31£0.02 a 12.72+1.3 a 49.55+1.51¢

. MWD, HLAEAR E PEF 35 B B2 5 Roas, FEAE> 0.25 mm RYHLARRR & PE A R IR /5 WMWD, KR HEF- 35 5 ELAE ; WRo s,
FiAE> 0.25 mm AY/KEEE MBI RIS & PAD, HIRIKBIRF ., Note: MWD, mechanical stability mean weight diameter; Ry,s, particle

diameter > 0.25 mm mechanical stability aggregate content; WMWD, water stability mean weight diameter; WR »s, particle diameter > 0.25 mm

water stability aggregate content; PAD, percent of aggregate destruction.

39.61%, HEHLZN 59 H 7.22% . 8.77% . 57.09% Fi
26.92%. Jii #l T L R 5, H WMWD Al WRy 55
@ FAR T HoAt ke ( P<0.05), H: PAD 2y 85.40%,
5B T H A A4 ( P<0.05), EECHLAIHFHLAY 1.19
5. MRHBAY 172 4% DA 45 SRFEIT, Mhob 155 [ R
KRB K E MR, WL T o b 0, B H B 1
TR REES.

FIH SEM WL pu A + b A FH 5 5 418> 2 mm
KFaPEH BIARN R EIES, 2R RHK LN
A SRARTE S A7 6 W 0 22 55 o i b 7 AT SR Ak 3 1 G
W 5k A UKL M LB, B G 5 R kb R b A 4]
RIRM AR T YR R B R A% A 2 8 815
W B LB, E R b ) Ok HE S B % H AR,
MR Hi Fr R EL A B 4 o RS L OR8] 1 3 25 )
2 5 AR Hb i P 2R R 2R 1T ) SORE RS /N — HL R R
(] FLBRAS 5 W 8, R % PR IR A O 2 BRI S
(B da~ &l 4d ). J7c Hin 1A 58 A P 3408 1 T 1 2 2% 1 R
K TRZ, BB E D KNS —1 R, (LA

25 U A SRR O BB BURLATS SR HE S K, Ho Rk
W1 5 & B WORL ] 10 26 4590 50 5 Bkl 1T SR A4 9 A 1Y
TR HE 271 58 2 1 i B L L B A, Ok 3% if
B, B G R 2 0/INBORL ;AR P 3R AR P S 1 SOk
B REAHYT, HPURIR A EEES YA, HAL
BN M (& 4e~ & 4h ), DURP - Hb F) FH SR>
2 mm KA RERE (& Sa~ & 5d) FEm
(& se~ sh) 1, O Frads, HEMHEE
(C. O, Na, Mg, Al, Si. Ca) ) 50%A 47, H
H S R H R b AR AR TR O SR
1A HE AT R B, AR O FrE N 47.1%4 5
E 62.8%. Si FEAMKT O, HEASTITEMN
14%~25% Hor, 558 b R0 R b A 3R (R T T 1Y Si
SRR T 4 10%, AKHL T A Si S
BMERMERAET TR, AREFRE C &b 800
JCEM 10%LL 1, HAS[R A M2 A a] 22 RN K
MW C S22, i, FHi C FEiK
T WML, AR 10%.
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SRR FENAACCR (P<0.01), 5 WRis T
BEMEME (£ 4), BPRS MWD, Ry,s 1% 35 1
K FR (P<0.01), B3RS MWD, Rg,s IR
PEHL B35 TEADE (P<0.01), kiS5 MWD BYAHX
PR BZE TFEA G (P<0.01) HYS Rops & WEIEAH
K (P<0.05). DhEZEREW, KEMERHRIKRZ

A UL EALSZ AR 55 25 1B i . 31 PAD
5 0.25~2 mm FI> 0.25 mm ZH 58k Rt A SR #L
B & FE AR M BT & 3, PAD 5 0.25~2mm 41
Iy B3 (P<0.01), 5> 0.25 mm 415 003
HHXHE (E 6a, E 6b ).

3 1

30 TR AAXMURESHE T IEERENL
4 SR B 22 0
FEERTE L P, A Hb R A 2T DG i i g
MUBRAL R - 03 <. Bk . RABHERE, M
([ g a2 A LI N ) S e SO N R Sl =1 0L
Hi( 85.20% ), & HAWFEHLAY 1.54 F5~2.66 fi5( £ 1 ).
AT BB AR HAE B 5 AR, MR BhRLE)

e oaflle, FiiHo; b A, FH; c Ml g, #HM; dAh, MH, TR,

cultivated land; d and h, forest land. The same as below.

Note: aande, wasteland; band f, grassland; cand g,

K4 >2 mm KEMERIRIERERR (a~d) FK (e~h) HA%HE (SEM)

Fig. 4 Scanning electron microscopy ( SEM ) of > 2 mm water-stable aggregates on the surface (a~d) and section (e~h)
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Fig. 5 X-ray energy dispersive spectrometer ( EDS ) of > 2 mm water-stable aggregates on the surface (a~d) and section (e~h)

a) 100 1
9
L)
ﬁ{— 75 S ® o
B
&= 5 50 2
g; = R=0.7204
) . P<0.01
=2
0 . . .
0 5 10 15

H ML SOC content/(g-kg™)

b) 100 -
o0
75 e ..
§_ 8 50 - L
g.g é R*=0.2449
R P>0.05
0 T T .
0 5 10 15

H ML SOC content/(g-kg™)

Fl6  DURh st A 75 =X R HERARBIA 25 0.25~2 mm (a) F1>0.25 mm (b) /KERPER R K
A BB 7 B B9 LA 1A 73 A

Fig. 6 The linear regression analysis of PAD with the organic carbon content of 0.25~2 mm ( a) and > 0.25 mm

(b) water-stable aggregate soils in four land-use types
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Table 4 The correlation coefficients between soil physical and chemical properties

o
i BD pH EC K" Na®  TotalN TOC MWD Ross  WMWD  WRy,s  PAD
Indicators

BD 1. 000

pH —0.559 1.000

EC 0.377 -0.870"  1.000

K" 0357  -0.558  0.679"  1.000

Na* 0.410  —0.841" 0.982" 0.788"  1.000

Total N ~0.443 0.646" —0.834™ -0.673" -0.850" 1.000

TOC —0.422 0.644"  -0.713" -0.899" —-0.811"" 0.643"  1.000

MWD 0.137  -0.140 0.322 0.823" 0.475 -0.421 -0.786"  1.000

Ros 0.084  —0.165 0.381 0.832"  0.525  -0.451  -0.787"  0.992”  1.000

WMWD  —0.077 0.672°  -0.775" -0.253  -0.687°  0.591"  0.217 0.028  —0.062 1. 000

WRy.2s -0.133 0.708" -0.731" -0.138  -0.619°  0.560 0.119 0.213 0.137 0.965"  1.000

PAD 0.106 -0.517 0.734”"  0.813"  0.803" -0.684" -0.769" 0.784™ 0.838" -0.592" -0.421 1.000
Sand 0.181 0.050 -0.429  -0.630" -0.519 0.484 0.568 -0.776" -0.829"  0.294 0.090  -0.830"
Silt -0.202 0.048 0.448 0.602°  0.526 -0.493  -0.537 0.734"  0.793" -0.332  -0.130 0.820™
Clay 0.189  -0.031 -0.079  0.529  0.085 -0.057 -0.538  0.732" 0.676° 0347 0429  0.384

IE: BD, #®; EC, S, K', JIFMWLAE 7o, Na's KIEMWEME T &H; Toal N, £ & T TOC, &LEANRS
s MWD, SEBTE B4R Roos, 4> 0.25 mm RYPLAEREYE AT RIK &4k s WMWD, JKERIEF BT 485 WRoos, 48> 0.25 mm
Bk Fa s PE B4R i 5 PAD, HIBIRBEIAZ,; Sand, Whki& & Silt, Byki&&; Clay, Bk, *, 78 0.05 KF ERBEAMLE; 7,
7E 0.01 /K |- A 5& . Note: BD, bulk density; EC, electrical conductivity; K*, water-soluble potassium content; Na*, water-soluble
sodium content; Total N, total nitrogen content; TOC, total soil organic carbon content; MWD, mean mass diameter; Rj,s, > 0.25 mm
mechanical stability aggregate content; WMWD, mean mass diameter of water stability; WR(»s, > 0.25 mm water stability aggregate content;
PAD, percent of aggregate destruction; Sand, sand content; Silt, silt content; Clay, clay content. " means significant correlation at 5% level;

" means significant correlation at 1% level.
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