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TCREHA180d, i B I i M I Il A s T R AR A
fiE o a0 Ml A E TR 2 BB R, AR 3P SRR AL
Rk, BAMEACRKX A, SRR
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RIEFRERYT L, RESEAT MR TIHEYE 1
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1.2 HEXE

SRAERT ] 20144E5 A4y, 28T ASRAER K
PFEARTR] . AESRAEBR A3 R 10a i 2k | 2 1afl & iS5

HEGEVE AW FERT G, B A Pl i 4% 38 B3 S el 1
RIS T A o E B STl Py AR ek ) SR A 3 K
M SR AR 28 00 A A A RO IR A8 BRI 00, AR S
B 8 1m FLAE it AR A B A 15 SR AR A5, 4520 ~ 10,
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2)7) LA30R min ' 435 min, ¥ BEIEERTE T L
(AT RARFRTE , TS AR AR 7 E A B E 5
fri . RIGHHE A, FA20 i 50 gf) +
B, VEREIR BT o 76 T 0 B Sk P SR AR 72 431 i
5minf5, HHAEN5. 2. 1. 0.5, 0.25 mmf%E
i, TETTF-100% + 58 A AR ML (HiA L
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AR G, BT ARE, THREKRR R
TR 2 A
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Table 1 Basic physical and chemical properties of the soils investigated
W Bk Bk
Sand Silt Clay
e + 2 (0.02 ~ SR R LK AE R 5
fronen S0l laver (2 ~ 0.02mm) 0.0020m ) (< 0.002mm)  TOC POC Bulk density  CaCO,
(em) (gkg™) (gkg™) (gem™) (gkg™)
(%)
XHRCK 0~10 31.29 46.43 22.28 10.37 3.64 1.23 61.47
10~ 20 31.82 42.37 25.80 10.06 3.09 1.29 64.64
20 ~ 30 29.85 43.91 26.24 7.25 1.84 1.56 65.36
30 ~ 40 31.28 42.65 26.07 6.38 1.15 1.64 52.72
10a 0~10 32.96 40.45 26.59 8.27 3.58 1.21 59.32
10a orchard 10 .20 35.72 35.71 28.57 7.72 2.75 1.35 55.04
20 ~ 30 24.63 47.75 27.63 6.67 2.17 1.52 58.21
30 ~ 40 33.99 37.91 28.10 5.7 1.12 1.60 53.96
21a i 0~10 42.29 32.15 25.56 9.53 2.80 1.29 40.12
21a orchard 10 . 20 43.94 26.57 29.49 7.76 2.87 1.36 52.88
20 ~ 30 51.46 26.01 22.53 6.11 1.21 1.51 54.36
30 ~ 40 50.21 20.98 28.81 4.90 0.77 1.56 52.13
GMD = exp[ Z ;l:l WilnXiJ Kep = 2 (19 ~ 0,25 mm
ZLIW" (2) 2(>10mm+<0.25mm) (5)

K, T RAFEAEEE 10 ~ 0.25 mm A RIKM
ZRE, 2 AEA > 10 mm5 HE <0.25 mmMA
RIKEGRZH,

F M Excel2007 FISAS8. 01T 58115041, £
R K56, BEKTFE (p<0.05) .

L, X BRI REERE (mm) BhE, w,
R AR AR T i
TP R EAEE (D) (iR A Ry G
ER OF (A
1eW (en) /Wi= (3=D) 1gR/R ., (3)

Kb, DR HRARKN DAL, W0 NEH 2 &5 R
B/ANTREZTE HIEH AR BT, 2o 38 AR AR
HRE, WO B, RPIAHLE EARR MR, B H
RIKWFYEER, R HNRKBHNNTEEERE,

2.1 RETENWEREEARFRTELES
B AT BRI 2 R R B R A IR Y TR

>0.25 mmR AR RR A H AL 22— LT AR IR LB R
Wo_w SEPERTRRALI . T, IR AL B F - s
PADy 5 = —5— x100% (4)  BEMARERWE, 70~10 em 12, KHX

' WA (K ) b 58 A 58 A 40 S 2 D/ 2 0t
K, PAD(,s%/R >0.25 mm PIREBIRAR, W, i3, <0.25 mmfdH B A& GRE %N 4

W +Hiindd 389

FRn > 0.25 mmHU AR E VEH RIK & &, W8N >
0.25 mm7KFa Pk A AR &
FIEFRIRRE (Ko ) AN

PR SRR 5, EARE N AT SRR 2
D, HARBRMPRAESE I, 215 b LA
RARHE MR ME A S, BAT BAR BRI
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NSRRGSR (El1a) o #£10 ~20 emt
2, AN b A R AR A B2 7 50 ~ 10 em
SR, R AR B AR R B N T
0~10 emt )2 (El1b) o 7620 ~ 40 em+ )24 403
1) - 58 AT SR A 21 B 2 IR B X S AR AR A, o]
TG A BRI (E1cMELd) .

MR BT IS, > 10 mm A RIKAE
U e w0 G SO i w S i N WA KL i
G B HEAMNE, JUHEX T RE LN E
BAREE Y SR MM, 10a$6E 4> 10
mm A BB ~ 20 em T2 45 T36%L
F (p<0.05) , H7E20 ~ 40 cmt 2 MK T 12% L)
o 21 5 > 10 mm A BEE ETE0 ~ 40 cm
T2 E T AR IR 102, 43 Ak A1 0a 4 el
B1.244% ~ 3.76£5F11.301% ~2.756%. > 10 mmfy
P SR 5 2k 1) 38 ook 7 412 oo SR el - B R AN R OK
W M T AR, N R KRR S e e T —
ISR

M RIR R SR &, HAZ10 ~0.25
mm 1) A R AR P E YL AR E A Y R
TEAGRR, WARZ WA RA T > 10 mm
P SRR 5 i ok 22 2 DR 65 4 R ok KT 5% i) 4 38 12 475
PEFIVEWIIN T, AR <0.25 mmfd A Bk & it £
2 R 25 K R sk /0N T 5 ) - 98 a5 K P R B
Wk, SAMAMEL, f£0~40 cm )20, HH
+3810 ~ 0.25 mm (P A RBUAE S EH /D EH, 10a
P 310 ~ 0.25 mm HZRAR B i Boqk 1 A e /b
T0.34% ~ 6.57%, 21apd TR H L5880 T
4.26% ~ 15.71% ., WACH TR AR, e R ik
AR 2 i AT B B PR, TNRRIRE R KN
0~10 cm$FE)Z.

Har, & M 3 A BRI inE >
0.25 mmALMER E A RAK & i (DSAC,,s) .« °F
Vo m s (MWD) | JUFSERE (GMD) |
PSRRI 4% (D) 17 D B B A A
RROCEER (WFER2) , SKOMLL, 10afH@>

HUI AR R 1tk ] BRAR 4L Composition of the mechanically-stable soil aggregates

a >10 mm B 10~7 mm B 7~5mm
05~3 mm 0 3~2mm 02~1mm
B 1~0.5mm HB05~025mm @ <025mm
,\30 [a0~10 cm aA
S aAB
5 aA aB
5 T bAB
] |
& 20 bAE &
Lo g : ba)
— [m]
§§ B B cBcB [
=5 10} dB A A
5 fabgeh B 4 =
— — |
s b Ay
! 0 . ) [ui= )
CK 2la

VAR5

Content of soil aggregate(%)

30

b 10~20 cm

[T

t
-
54
L
,‘- A
L
Ris

o

v

T ARG G FR O R R AN [ 000 PR SR K & i 22 SR (38, T K5 7 A U 3 /s A 1) 8 ) A T A L W) P 3R 4K 85 0k 0% e 1 3

(p<0.05) . T Note: Different lowercase letters and capital letters indicate significant difference at 5% level in content of soil

aggregates between different fractions of soil aggregates in the same treatment and between different treatments of the same fraction of soil

aggregates, respectively.The same below

E1

Fig. 1

AR Dl - HERUARRS 5 P AT SR AR 2

Composition of themechanically-stable soil aggregates in the orchards
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0.25 mmPAI KT H, 7£10~20 em )2 W E R
M T7543% (p<0.05) , HAth+ )2 FREEE A
3.46% ~7.51%, KB EKF (p<0.05) . 21af
Pl > 0.25 mmPA B ETEO ~ 40 cmt )25 FIH K
TAH 58, HE10aR w5 T71.19% ~9.37%),
FR10 ~ 20 em £JZ2 45, HAlh +)ZDSAC, 3 IRINE] T
WEKFE (p<0.05) . VEHIEREEE B +
96 PH B PRCIR D2 S 0 55 J i ) e
HRWBME, 10aREMWDMGMD 7
0~20 cmE 254 713.80% ~36.12% Al

6.84% ~ 48.82%, 1620 ~40 cm T2 BT T
13% A F22% 0L | (p<0.05) , 45 DT
0~ 10 emf120 ~ 40 cm+ 245 170.64% ~3.67%),

10~20 cm 2R EHFEMT1.57% (p
<0.05) o 0~40 ecm T JZ2VEH21aRE MWD AFI
GMDTE 73 i 42 10a 2 [i 42 5 T 7.66% ~ 56.86% Fl
8.04% ~52.37%, B&0~10 ecm+ )2, 21afld %
Ry T B DHE10a R 11 F % 7 0.39% ~ 4.26%

HA P IE MWD FIGMDTE20 ~ 40 em 2 KT
0~20 cmt )2, FIREDEALDZI A

#2 TR E A RERKR

Table 2 Mechanically-stable aggregate indexes of tested soils

BB RS E 1 A A Mechanical —stable aggregate

(T

W +Hiindd 391

Qb FR +EIRE
Treatment Soil layer (em)  pSAC,,:" (%) MWD? (mm)  GMD® (mm) DY Kepr'!
X} HECK 0~10 75.54bAB 2.29dB 0.95dB 2.67aA 2.44aA
CK 10 ~ 20 79.15bB 3.02¢C 1.28¢B 2.62aA 2.41aA
20 ~ 30 85.92aA 4.33bB 2.13bA 2.53bA 2.52aA
30 ~ 40 86.71aA 4.89aA 2.51aA 2.51bA 2.29bA
10aRF 0~10 72.92¢B 2.61cB 1.01¢B 2.61aA 1.99¢B
10a orchard 10 ~ 20 83.45aA 4.11abB 1.89aA 2.58bA 2.45aAB
20 ~ 30 79.46bB 3.75hC 1.58bB 2.62bA 1.98¢B
30 ~ 40 82.52aB 4.23aB 1.96aB 2.58bA 2.15bA
2128 0~10 75.93bA 4.09cA 1.54cA 2.67aA 1.40bC
21a orchard 10~ 20 84.44aA 4.42bcA 2.05bA 2.57abA 2.15aB
20 ~ 30 86.91aA 4.64abA 2.25abA 2.53abA 2.13aB
30 ~ 40 87.30aA 5.00aA 2.50aB 2.47bA 1.87aB
e 1) 0 2) . 3) . 4) . 5) MFERIMEEEARIA >0 25mmE i FHEEER ., JUTFHER . SIE48M A RIK

Z%. TR, Note: 1), 2), 3),

4) and 5) stands for content of >0.25mm soil aggregates ( DSACy,s) , mean weight diameter

(MWD ) , geometric mean diameter ( GMD ) , fractal dimension ( D) and coefficient ( Ky ) of mechanically—stable soil aggregates,

respectively. The same below

TIERIRIARE (Ko ) AP0 ~0.25 mm “ff8
B A RARH > 10 mm M <0.25 mm% R R
R HRAE LA RS, T R BT A
Jr AT LA AR . NF2E W, K+
HEMIK B0 TE2.29 ~ 2,52, & T2 T 1
B B B S 3G N R Ko W1 R S, Ho
PLO ~ 10 em )2 (3B Wl B2 e B 2, DAAR T 192,44
16 Ik =2 1a el 19 1.40
22 RELBEKBHEABKRILETEE

K RS MR TSR AR B A K R M A R AR X T AR R

TR ERESEAEEMME . NEREL, H
Jb - K R A R MR 0 i 5 25, TR AR iR
SR B 28 T O S B K A PR AT BB A 2 R L
<0.25 mm WA RAEAE RO H G, A2k
HJ48.11% ~76.57%, Kihsr+HEE60%LL L.
0~ 30 em=- 2 NP B 2R e 3811 < 0.25 mmfill
PR & i 2y A, LR el 34 i s hm, 3%
JZ ARG B S TRJZE, 7E0 ~ 20 em )2
S Ab PR R 24 7R B K (p<0.05) , 20~30 cm
I F AR, 7830 ~ 40emib, <0.25 mmid A5
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IR ek 1] B8 A 41 i Composition of the water—stable soil aggregates
O >5mm E 5~2 mm E2~1mm
Ol~05mm @mO0.5~025mm B <025mm
< 80r an 80 aA
o a0~10 cm aB = b 10~20 cm
g aC - = aB
wE Of = B =
&2 17 = i —
< — —] —
§§4m = = =
iSRS = = =
= bAH = —
5 20 . = = bBE] bB
5 d XdA dBcA = cBbB: dACB = B
© c Sl = i dB — dB
A L dB_F{|H eadBIB_||IH — dC
0 N - |dEH&<P — .e—avm’_'”_ J ICW —] |EB )
CK 10a 2la 10a 2la
S 30T ¢20~30em
g aA an aa
<
mo 60F 5
5 =
41 20 g
%3 40} =
HE =
5 0l DB " lgAb bA
— C
S |sane e gen eCdBCA
0 l_m@- = |CB - 1 B > J
CK 10a 2la
AEPR Year

&2

SRl - KRR AT R A

Fig. 2 Composition of the water-stable soil aggregates in the orchards

A i A B 1028 el i b 3, i — DA &
21 B E L (p<0.05) o

3 LIEH, 0~40 cm /270 BN &H+
B > 0.25 mm/KARRPEHT RIK S i (WSAC, ) 48
TG }37.99% ~ 44.86% , 435155 10af121 a4 [l
TR T 7.49% ~ 41.76%14.39% ~ 83.18%, H
Wi 7] % 335 T i el s o A ) RS [R] Ak 3 4 K R
P SRR IMW D FIGMD B AS AL 2 3 15 WS A Gy s A
MH—%, KHEHEHIMWDAGCMDY & & KT /4
FE R (p<0.05) o HHEKRMERRIKMR 3 IE
AL DA B AR/, ABAEAR R L2 R A
P TR 2SR el AR A G A (p
<0.05) . Bz, S 5K R A R KR H
25, LI el i 336 18 7K RS 1A SRR D0 30 T A8 2%
2.3 RETIEABRKREMEFE

A 38 AT SR A B R M 5 R /N 2 (] A R Y
AR, Rl R R N oG i R AR AR E
PR R B B4 G 3 3 XS AN [R] BR B A 35 1 5 R P
fig. R 2ME3, HILRB  10aiif21a%
el 1 S LB AR 2 M A SR A 5 Kk R v AT SR AR 11 2% T 48
bR 22 AR, AL e PE T R IR MWD . GMD |

DF > 0.25mm AT AR E 2 55 51 J& K R vk A1 SR AR 1y
41015 ~ 11.754% . 3.564% ~ 10.644% . 1.094% ~ 1.16
fEAL.5245% ~ 3.244% , BLUATE db 38 A RAK K K )
I RAR IR (PAD, o) J2 3R 1 R ik
FEK TIAE T 43 B0RR B 0 B i 4R b, LB B /N 3R
W 4 3 SR AR K 2 R s L I3
A HFRFE T3, PAD, (B8, HEEAR
A+ )2 A AR A 22 5% . 760 ~ 40 em L2
G, A R PAD,,SME T P B R 4
HE (p<0.05) ., 760 ~30 em 2, Li21atfw
TIEPAD i K, B N60.82% ~ 69.14%, J&10a
Wl LR 1.056% ~ 1.456%, 430 ~ 40 cm+)Z
Ib, 21a R F@PAD, 3 10a L@/ T12.48%, &
20 ~30cmt 240, HAh4# )2 HHEPAD, B 7F Ak
PRIE] Y 22 538 B EKF (p<0.05) o MR DLAS
HARE0 ~ 20 em )23 Bl 4 48 H R AR 1K T 2250
I B AR 25 R
24 RETEMHREARMKZZBEIEXER
MMEEREWE (F4) , +HSH I
(TOC) . WRAA AR (POC) SHUAAR E A
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Table 3 Water-stable aggregate indexes of tested soils

b R JKEa kI B AR Water—stable aggregate
Treatment Soil layer (¢m) WSAC,,." (%) MWD (mm) GMD® (mm ) DY
%} FACK 0~10 42.91bA 0.56hA 0.27bA 2.30aB
10 ~ 20 51.89aA 0.64aA 0.31aA 2.26hC
20 ~ 30 38.77bA 0.64aA 0.27bA 2.31aA
30 ~ 40 37.99bA 0.60abA 0.27bA 2.26bB
1024 [l 0~10 34.76abB 0.41bB 0.22abB 2.31bAB
10a orchard 10 ~ 20 36.61aB 0.53aB 0.25aB 2.30hcB
20 ~ 30 36.07aA 0.51aB 0.25aAB 2.28¢B
30 ~ 40 28.93bB 0.42bC 0.21hC 2.33aA
21a Rl 0~10 23.43¢C 0.40bB 0.19hC 2.32aA
21a orchard 10 ~ 20 28.39hC 0.38bC 0.20bC 2.32aA
20 ~ 30 34.05aA 0.46aB 0.23aB 2.30bAB
30 ~ 40 36.39aA 0.46aB 0.24aB 2.23¢C

RIEMWD ., GMD . DFIDSAC s i & A GMDFIWSAC, 52 35 A M, 15 B 4 398 i b 52
TEARDG, 15 KRR A SR AR A FR bR A OGN 1 3, IRARME R AR R R M o AR Rk L 5 1 R
Ui WY A A LA S i AL AR R Pk A SR AR B S RRUE PERTERIAMWD 2 o A0 ¢, 5 A8 AR AH DG
et . TR ES & & 5 KRB RIAMWD | PR, I 3 b X 4 PR SR AR LA R e
GMDHIWSAC, s 2 & IEA G, 5DMCHA R FaE /N, HHETOC, POC. BRIRES (CaCO,) . #
=, DRI, & K AR VE A SRR B iR e RS HURIKBIR . (PAD,,s ) S0 2 A OC,
PEo BPRL . BRI RIERL i 5K ER M B RIAMWD | PR FIRERL S PAD,, 552 il 25 B I 2 IE ARG .

F4 TEARKREMERS DRBAMRMEXYE

Table 4 Correlation between soil aggregate stability indexes and soil physicochemical properties

MUBRR S P 3R A pi € STEHTIE 20N
i H Mechanically—stable aggregate Water—stable aggregate R
Item PADs"
MWD GMD D DSAC,.,s MWD GMD D WSAC s
RAHLRTOC -0.74" -0.81" 0.73" -0.66" 0.21 0.30 0.18 0.31 -0.51"
Uk A HLARPOC -0.83" -0.88" 0.82" -0.61" -0.01 0.12 0.30 0.19 —0.46"
RIREGCaCO, -0.23 -0.27 -0.01 -0.01 0.61" 072" -0.16 0.75" -0.72"
b kiSand 0.41° 0.31 -0.13 0.11 -0.58" -0.57" 0.17 -0.53" 0.51"
B HiSilt -0.46" -0.30 0.10 -0.12 0.66" 0.677 -0.24 0.64" -0.62"
FikiClay 0.25 0.03 0.10 0.05 -0.37" -0.46" 0.30 -0.50" 0.47"

T FORMME R BE KT (p<0.05) , TFIRACHERM B EKT (p<0.01) o 1) RRBERKBEIEENote: " and " means

significant difference at p <0.05, p <0.01, respectively. 1) means destruction rate of >0.25 mm soil aggregates
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Fig. 3 Variation of >0.25mm soil aggregate in destruction rate

2la

as affected by orchard cultivation
e ANV B R R AR R AL BN AN F] 422 B PAD 5522 5 i
F, MRS TR R A 7] 4 2 AN [l Ab BRI PA D, 525 53 W 3%
(p<0.05) Note: Different lowercase letters and capital letters
indicate significant difference at 5% level in destruction rate of
>0.25 mm soil aggregates between different soil layers in the
same treatment and between different treatments in the same soil

layer, respectively
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Status and Evolution of Soil Aggregates in Apple Orchards
Different in Age in Weibei

SHI Zonglin"" > WANG Jiaxu' LIANG Huaxue' SHI Hongping' WEI Binmeng'® WANG Yiquan'’
(1 College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )

(2 Department of Life Saienle, Hengshui University, Hengshui, Hebei 053000, China )

(3 Shaanxi Land Construction Group, Xi'an 710075, China )

Abstract [ Objective] The semiarid region of Weibei is identified as one of the best “eugenic”

apple-producing areas in China, owing to its unique eco-environmental conditions. Since the 1980, Weibei

has

adjusted its agricultural structure by converting large areas of farmland into apple orchard, in order to

improve local ecological landscape and economy. But this change in land-use and implementation of a series

of unscientific orchard managements ( e.g., inappropriately increasing the application of inorganic fertilizers
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and pesticides ) has led to soil quality degradation, such as declining soil micro-ecosystem biodiversity,
soil nutrient imbalance, and their subsequent impacts on yield and quality of the fruit getting more and more
significant with increasing age of the apple orchards. Soil aggregates and their stability influence a wide range
of soil properties, including carbon stabilization, soil porosity, water infiltration, bulk density, water
erosion resistance, etc. Aggregate stability is an issue that has been a focus of increasing attention in recent
years as one of the soil properties that can serve as an important indicator of soil quality. So it is necessary to
study status and evolution of soil aggregates as affected by changes in land use and management practice and
ongoing cultivation as apple orchard in an attempt to provide a scientific basis for maintaining sustainable
development of the apply industry and the ecology in the region. [ Method] In this study, two apple orchards
different in age ( 10a, juvenile and 2la, over-mature ) and a tract of farmland nearby were selected in the
semiarid loess region of Weibei, Bin country, Shaanxi, China as objects for investigation of soil aggregates
in the 0 ~ 40 cm soil layer. Soil samples collected from the sampling lots were analyzed for fractionation of soil
aggregates with the dry-sieving and wet-sieving methods, and so for soil basic properties, and soil aggregate
stability and correlation between the two. [Result] Results show that the fraction of <0.25 mm micro-
aggregates dominated in the soil layers of the apple orchards and farmland ( CK) .The topsoil (0 ~20 cm)
in the apple orchards displayed a pronounced aggregation trend with age, which was embodied in significant
increase in content of >0.25 mm soil aggregates ( DSAC,,;) , mean weight diameter ( MWD ) and geometric
mean diameter ( GMD ) and decrease in fractal dimension ( D) , content of 10 ~0.25 mm and 5~ 1 mm
valuable aggregates and coefficient of aggregate ( K¢pp ) .The composition of water-stable soil aggregates in the
soil of Weibei, about 60% was <0.25 mm soil micro-aggregate. In terms MWD, GMD and WSAC,,; of water-
stable soil aggregates in the 0 ~30 cm soil layer, an decreasing order of CK > Orchard of 10a > Orchard of
21a was found, and the trend was getting more and more obvious with increasing orchard age. Soil water stable
aggregates, soil structure, erosion resistance and fertility retention ability in the 0 ~ 30 e¢m soil layer of apple
orchards decreased with increasing orchard age. WSAC,,5 was significantly lower than DSAC, 5. Destruction
rate of >0.25 mm soil aggregates ( PAD,,s ) also significantly increased with increasing orchard age, and the
increase declined in extent with soil depth. Correlation analysis shows that soil total organic carbon ( TOC)
and particulate organic carbon (POC ) was closely related to various indices of mechanically-stable soil
aggregates, while soil CaCO; content and clay content were significantly related to a number of indexes of
water-stable soil aggregates, and PAD,,s to soil physical and chemical properties. [ Conclusion] Orchard
plantation apparently increases the content of mechanically-stable soil macro-aggregate content in the 0 ~ 20
cm, soil aggregation level, and hence its resistance to wind erosion, but significantly reduces agronomical
quality and stability of soil aggregates. The significant degradation of agronomical quality of soil aggregates in
apple orchards is directly related to the decrease in soil organic matter and CaCO; content in the soil. It is,
therefore, recommended that in this semiarid region, more input of easy-to-decompose organic manure,
and appropriate soil management measures be adopted to improve stability of the soil in structure, solve the
problem of soil degradation in orchards, and promote sustainable development of the apple industry in the
region.
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