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Effects of Different Herbage on Soil Quality Characteristics of
Non-Irrigated Apple Orchard in Weibei Loess Plateau
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Abstract: [Objective] The objective of this article was to study the change feature in soil quality characteristics of orchard
after planting herbage. [Method] The treatment plots were laid out in planting herbage areas and till areas of different herbage in
non-irrigated apple orchard from the Weibei Loess Plateau, soil samples from different soil layers within 60 cm depth in every plot
were collected. By analyzing soil samples, the changes in soil quality characteristics of the apple orchard after planting herbage were
studied. [Result] Soil bulk density reduced, soil porosity increased and the content of water-stable aggregates increased after different
herbage were planted. The changes in soil quality characteristics with growing different herbage in non-irrigated apple orchard were
mainly in 40 cm depth soil layer. The change feature of soil quality characteristics was different in various herbage growing land,
white clover was better than perennial ryegrass in improving soil quality characteristics. With the increase of years of herbage
growing, soil quality characteristics of growing herbage land improved. Soil water content and soil water-holding capacity enhanced
greatly. [Conclusion] Growing herbage in orchard for a long term can improve the soil properties of orchard consistantly.
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Perennial ryegrass (Lolium perenne L.)
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Table 1 The general condition in different plots

1 A P (VAR R =17 o2 X el P o S | RS R A
S ARV A R ARG, B A 2 ) R R
i, ~F¥4R 1100 m, 34 9.2°C, H N 44 2 552
h, E BRI 55.41 kJ-em™, 24P /K& 610 mm,
KT 10°CHIFUE 3 040°C, T3 NERMAAEY 1, i
O, L RRIE, IR AT IR A T
JUELP DA e A F 3 Aok, Ryakdimfl 5
ha, A 10~12 FAVBMULALE L CaE /My B Rty
SR BB, AR E 2 m X4 m, b BKTR
. R A RN EERES:, RSN 1
ha, & HA=M (white clover) ‘E¥E[X, ZF/LHEE
%5 (perennial ryegrass) A2 HL X FIEHEX 3 AS4abEE, it
TR T [ AR B At B A S R ST
2000 4F 9 HAr AIME T AR IX (T4 5D, [ =t
RN 7.5 kgrha!, BERREREN 15 kgha!, &
SRR -3 MG AE AR A AT SR L SR R
R PRAE T — 5

AR TEADWI, 2002 AR A BRI, SR
FRIE SR O bR, B 3 4EAE SR RO 3 4
A = 2 O AR ERE, S-ARERB TR (200 X200)
m?, X GEBRRED BE 1 Pubrvdt, ZEREIX % b
iy KON B IEAE HL AR 1 PR .

TiH AR AR R AR IR At 77
Item Herbage type Herbage type and the number of years Herbage planting pattern
AHEX RAF ZAR A /3 A A7 IR AR
Herbage planting areas Gramineae Perennial ryegrass for three year Herbage planting in all orchard
A =3 24 AT A
Fabaceae or Leguminosae White clover for three years Herbage planting in all orchard
TEHEX G IE)  Till areas (Control) & # Till

1.2 MEMBRAE

.21 A E. LBERFKENNE AHE3
AEED 2002 4, AERCER 5 AERT 2004 4 3 A A, A&
PRttt ] DAMEAETEAT B 5 AN RFE A, % 0~20. 20~
40 F1 40~60 cm FHER JJHURE, R T1ENE %+ )2
TR E . LB K=, I AR
W=10XhXP {15542 H g kg, L.
W WAFEKE; h: HREE (em) 5 P SSLEE
(%)

1.2.2 HHEERKMNE R34, AERE 53
H], FERRAERL NI E e E L FLBRSE A R

HIAEMR & K4 0~60 cm (20 ecm J—)2) Uk L RE
A5 a, RIHENNE 0.25~0.5 mm. 0.5~1 mm.
1~2mm, >2 mm & FoKFaMERR R, ENRKAE
PHALARMBHE R 2% T U5 5 BB 22 B BT & 1R S8 560 =
AT

1.2.3 HENBMGNE AR 3 ARE S
T 4 ALES PR T TGRS . IR
B R B AN NS, R S S BURE IR i 7K Sk
KL, WIANIREAE 35.5 cm, 25 cm, AL
15 cm; AMAEAE 50.5 cm, FRiE A FT AR S5 N ERAH
[l WANERZ R GERF KRB S em, SR 5 IO 1
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2.1 HEEMITIEATFM

R JERAE TIERA BRI FRFR, 7R — %
TIEEATT, KRR S BR S b BB, RS AT
HHYIRRI, B2 BHE. LIEEHURSEN &
M, WK 2 FivR, ShrdEh 0~20 ecm JZ LA EY
KT 20~60 cm J2, 3R [{ 3R 20T 003
A, SArE T I T R R, (B
TEAHX AL, 25X 0~60 em %+ 2 445 75 H f i A8
G TBEAR. RAREE 3455 5 AR % L2 TR E
T2\, SiREW, ERESE, A= LEE
X 0~20 cm 22\ 20~40 cm 2 HIEEE I L 3 4F
7S (P<0.05) , 0~20 cm JZ2 2R BEERT
20~40 cm 2, 40~60 cm 2 TR EA PTG, (H2E

£2 BIFEMTIERE (gomd)
Table 2 Soil bulk density in different plots

AR, TIERTE IR AR — 5T R R A
TERRH N, AR B IX A HUTURR R S A R R
s, SRR AR AR PG 0, R
PR WY o I 7 TSR A BT A E R 5
Wi AR AR 0~40 cm 2, FREE SRS H A E
A PRI eI, BEARTEP R RE 1
5, {2 0~60 cm J2 HIEAEG T8, HLEBES, X
5 e aragdie—850.

71 0~60 cm 1)z, AR 34, AL A%
FPIESIEHIXOC W 2, M5 5 SR
ZRFE (P<0.05) , RUIBHA AR FLAERR A3 n A= 5
X} 0~60 cm )2 T A A R RO, KIHAR R
TR PRI RR LG, 5 — 7 v W AR 0]
TR NS — AN AR R R, R —
SEAERR . A LT Rk B4 Ry AT AR - R
A RN ARAERRAUAR], 00 TR E 5%
W RESEANR], Wik 2 PR, RrEAERS 3 il fr
554, H=MX 0~60 cm + )2 A EEAL T AL
DX, = AR A RNV SR T R A R

Frifk 12 25T Soil bulk density (g-cm™) A HLT Organic matter (zkg™)
Plots Soil layer A 34 AR s 4 R34 R s 4
(cm) Planting herbage in apple  Planting herbage in apple Planting herbage in apple ~ Planting herbage in apple
orchard for three years orchard for five years orchard for three years orchard for five years
RAERX 0~20 1.31a 1.20b 0.8744 1.0179
Perennial ryegrass ~ 20~40 1.35a 1.26b 0.6440 0.7990
40~60 1.32a 1.30a 0.4500 0.6568
V¥ Mean 1.33A 1.25B 0.6561 0.8246
=X 0~20 1.30a 1.18b 0.8643 1.1586
White clover 20~40 1.36a 1.26b 0.6018 1.1215
40~60 1.31a 1.29a 0.5632 0.8675
“F¥) Mean 1.32A 1.24B 0.6964 1.0492
HHEX 0~20 1.23a 1.25a 0.8013 0.7315
Till 20~40 1.37a 1.37a 0.6824 0.6064
40~60 1.35a 1.36a 0.5646 0.5237
“F¥) Mean 1.32A 1.33A 0.6964 0.6205

[ —FRAEHAN ) 7 BERORTE 0.05 KF L2 3 (LSD). T

The different letters in the same plots in different year indicate significant difference at 5% level (LSD). The same as below

2.2 HENTIEFLRESM

S LB R T A AR L BRI o IR 4
£, RO A EEILBRAIEEE LR, £H
TR E AL E AR, 6T AHFIS AL -, L
SEARHEE 1) RIS SRATAH R SO T, e
(RN FUBREEI RN, BT AR B e 7 A el -+ 38

Bl 5y

R, O RIEFLBREE A T B . SR 3 BT,
ToR AR 3 AEI R 5 4F, AEHEIX 0~60 cm 122
FLBR B S TIE R, S hnvfith S AL BR BRI
N > BRI > TEHX .

B 3 4R, ZEREX 0~60 cm 2 M ALBREIAME
HEMX ZRAREE (P<0.05) , % 5 EA KR
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3 ShofEth HIETLBRE
Table 3  Soil porosity in different plots

bk T2 RFLERSE Porosity (%)

EHFLKUE Capillary porosity (%)

AE B FLEE Noncapillary porosity (%)

Plots Soil layer HEBEH 3AE KB 5 AF T 34 TS 5 4 T 34 TS 54
(cm) Planting herbage in  Planting herbage in ~ Planting herbage  Planting herbage  Planting herbage Planting herbage
apple orchard for apple orchard for in apple orchard  in apple orchard in apple orchard in apple orchard for
three years s ive years for three years for five years for three years s five years
RABX 0~20 50.38a 54.73b 26.87a 29.15b 23.51a 25.58b
Perennial ~ 20~40 47.26a 51.18b 26.08a 29.03b 21.18a 22.55a
ryegrass 40~60 49.59a 50.93a 26.88a 28.57a 22.71a 22.36a
¥4 Mean 49.08A 52.28B 26.61A 28.91B 22.47a 23.49a
A= 0~20 51.32a 55.04b 26.84a 29.28b 24.48a 25.76b
White 20~40 47.06a 51.24b 25.24a 27.45b 21.82a 23.79b
clover 40~60 50.83a 51.52a 26.86a 27.08a 23.97a 24.44a
¥4 Mean 49.74A 52.60B 26.31A 27.94A 23.42A 24.66B
X 0~20 52.42a 51.11a 26.83a 25.84a 25.59a 25.27a
Till 20~40 46.82a 46.83a 24.61.a 24.52a 22.21a 22.31a
40~60 46.84a 47.76a 24.86a 25.03a 21.98a 22.73a
¥4 Mean 48.69A 48.57A 25.43A 25.13A 23.26A 23.43A

e m, SEPIXIAEE 2R (P<0.05) , BILBUE
XA 51 1R A AR S E 0~60 cm T
HHITH L, #FrfEs 0~20 ecm 2 B LR E Y & T 20~
60 cm JZ, XEABLGEHE T RE HIEAEED)
A, (HAEBX 0~60 cm 51 )2 FLER AR A T 1
K, 0~40 cm JZBG IR EEEOR, AZH088 5 4, B =1t
S BAZEX 0~40 om 2 LB YY) 5 55 3 ARk i 3 22
B (P<0.05)

£ 0~60 cm 12, FhruERLFLBSUE KN AT IS 2
WA BE SRR TIEBE LB, R AR SR
THALBR N LA R . SIS AL, B
A B AT R PR 3G 0 AR R X B LR S AR B AL R Y
ARG T A AR RN, 06
FLBRI AR, AR5 5 4F, BAZ X 0~60 cm +
FEEEBRELH 3 EEREE (P<0.05) , $EHR
JERTAERAESLER, 1 = X AE B LS 52
0 3EEFEE (P<0.05) , MiEA=mxEBEL
BBV AECK . AR A B IX A LI A AR B A LR
X ARHE P R i A O AR R R B R IR
O, AR DRI, PR R RN AR R, A
MR, A= ORI R, HA B AR 40
ANERIMRR, AR R TARN ARG, RIS P & (1)
TAAFE AR T, RS I R AR, IR
BERRG, TE LR T RANAEIALER, BEmst
B AL AR B FLR= R
2.3 HENTIEKBMERARKRF I

A7 1) - 33 4 by EL AT G 38 0 PR 2R K P U

77, BIZRAEHEARW Liggihy, FElE 0.25~1 mm
RIZKASE A SR A0 H 3K oy FNE ) A 2. T4
AHUTUE TIRES IR S5 7], Befe g /K AR E R AR 1)
TP WF R, AR IR S R B
Mgl =100, R, % R BEAE R PR AE T R, 7E 0~60 cm
TR B b, AR 3 AR 5 4, >0.25 mm
7K A SR AR Y = TR X, 20 0~40 em 1=
JZRINE R, S hREH>0.25 mm KRS A58
SN A AR > R R > IEHEHX .

BE AR BRI N, AEBLX >0.25mm /KA
PE R AR B B A 3G, IR AR o0 R
RZiGe ., H [ 25 LKA BRcRRInT R ) 141 2R 1 45
TR, ARE T OKASVEIA SRARI T 1, AERES 5 4,
= R BB R X % 2 >0.25 mm HIZK RaE A 3 1k
EiEHHX 2255 B2 (P<0.05) , 2»5IHhn 18.57%A
15.40%, FFELAERNT HIR A RAETE oA WEEH, A
N A W 4 PR, AEEIN>0.25 mm (17K
Ttk R AR R L2 ILAE 0.25~2 mm RifRfZ
B, %F>2 mm Rg/KEME SRR R A YT, X6
Tl R R e B KRR RE )+ A R
2.4 HEIHIEKSYIEHERAYF G

T IENIB I B8 (] R /K R R R K A R AE
T EEEKFIFKRE I E R bR, H b LB
SERIVERDIAOC, AR e Sl gL B R AN [ b 4
AR B 0h 0] e K PEFNRE K e ) 7= AR5 . gk
5 PR, AEEONHIRIGARIS AR HH R RE K S A
FEKE =L T WLR R, S L P A A R4 =
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Table 4 The soil water-stable aggregate in different plots (g-kg™)

+)2 itz MSERIX Perennial ryegrass [ =X White clover WX Till
Soil layer  Soil ERIE RS E EHHIE RIS RREIE RRIESEE
(cm) (mm) Planting herbage  Planting herbage  Planting herbage  Planting herbage  Planting herbage Planting herbage in
in apple orchard  in apple orchard in apple orchard  in apple orchard  in apple orchard apple orchard for
for three years for five years for three years for five years for three years five years
0~20 >2 2.74 2.62 2.82 2.568 3.568 3.64
1.0~2 22.94 22.82 25.36 232 24.90 24.93
0.5~1 23.56 24.42 25.12 26.50 21.86 21.06
0.25~0.5 34.16 45.14 36.14 47.04 33.30 32.73
&1t Total >0.25 83.40a 93.80b 89.44a 99.31b 83.63a 82.46a
20~40 >2 3.50 2.84 0.8 0.26 2.06 3.14
1.0~2 12.52 14.24 13.26 15.3 12.36 12.16
0.5~1 24.26 34.10 27.30 36.98 24.74 24.74
0.25~0.5 30.26 38.90 31.28 44.16 31.12 30.12
&1t Total >0.25 70.54a 90.08b 72.64a 96.70b 70.28a 70.16a
40~60 >2 2.10 1.91 2.56 2.68 3.07 3.68
1.0~2 12.32 14.78 12.28 15.20 12.46 12.02
0.5~1 20.54 21.68 22.06 25.12 20.50 20.87
0.25~0.5 28.36 28.46 28.60 30.84 25.07 25.28
4t Total >0.25 63.32a 66.83a 65.50a 73.84b 61.10a 61.85a
0~60 & it Total >0.25 217.26A 250.71B 227.58A 269.85B 215.01A 214.47A

5 FBiRgTIEKSYIEEROTN

Table 5 The soil water physical characteristics changes in different plots

T H HFZHRIX Perennial ryegrass 4 =[x White clover HHFHX Till
ftem MR 3 4F MR 5 4R R 3AE ER S 4R AR 3 4F AR S 4F
Planting herbage  Planting herbage  Planting herbage  Planting herbage Planting herbage Planting herbage

in apple orchard  in apple orchard

for three years for five years

in apple orchard
for three years

in apple orchard in apple orchard for  in apple orchard

for five years three years for five years

st s 2.54a 3.02b
Stable infiltration rate (mm/min)
HH [ #E/K# Field capacity (%)
MO FIRFK B

Soil saturated water content (mm)

26.73b
314.48b

24.68a
294.46a

2.59a 3.16b 2.48a 2.40a
25.02a 26.94b 24.45a 24.03a
298.42a 315.60b 292.16a 291.40a

B A AR IR N, ARl BIR 3 TR bR
B, R SR, BRI X S5
B (P<0.05) , KR EEH R T HEKY
KB . BT A= TR R A Ky S LR
GBS RN ER NETRE D/ e s EE See St e SN K S ) S i
LARNFF KB RAAE 225, R 3 ik
554, =X 3 IURRR T R AR, R W] R
ML = B KPS RKRE T iR TR R A . 3
TR AR, R A BLRME S, R H0K
TP AN EEE AARFEK, SRR ARI T 3K 7 A
IR JE RO LIRS TERE 4 ST i

HERE AL N F K, TR H AR, 3 AR
o FOKHEREIOSR A R T HHE aNE 2 R K,
G Y UV G s 7/ VPP 2 P LS L S B 1) D O A
I SR A FAT O 3 X

3 e

3.1 RS RAIF ], A b+ e
L FLR R A R R i (812 R R, B
HEL P S B R T AR, ROIAL IR,
OIS R W, RBTORIL, B
BEAEI, A EE A TG, FLIR T
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h, 0~40 em 1 JZ A RSN, KIHARAF] TR
Dol 39875 B R LR IR o TS A AR R b
HHUUR 828 LA RO G RAEAN R, AEROG 1%
P AL RN AR 2 e, AR BoR,
T = A RS 8 T R A B
3.2 MR AR R SR A Y B A LB R
TR AR P, 2 SR S R AR R 2
2%, B2 R R 45w R, 5
e R AR, e PR TE R, R,
A BT S3 fAR I AR S P FE B TR ] A BT ok AT e &
ok, MR RE 2 PRI ZiR, DRk, BFE AR R fE
B AR R R AR R U R R,
AR R >0.25 mm [FKER M IR RS, R
BAE 0.25~2 mm WifR 2 0], FREAf I LR
FHRKEER (£ 2) , >0.25 mm fKFaMEH%
R BAR IR R, 0~40 cm )2 HAT RAFRON,
PR 11 = 0% 2 K AR T S A i i K T SR 22
L
3.3 VWG RER, BB IEREKAE ST
BEFLBRRE RS R Pk B AR 22T, A w3 AL
PR, ot LRI, St A K RN FEK e
D75 o B DU M R A2 B 2 4F i 0~30 em 12
EALBRIE K & AN 7K 43 ) i B e 3 n 7.29% F1
10.4%%% . AHFST 45 FR W, AR b - s TE
o W FKE R K =4 T R, F
SR RO R HEE KM RE AR K BE ) s i
HHRT R 2 W AER Z R K, P A
NI E e
RTINS, AN R A AR A
SRR, AR RO SR ] - S B T s R A AN IR,
ISYINp ERLPRRIQ e N S S I RPN T W /B L R INTHERE2
o AR S IR T AR S R A KR B K
R, AR

4 ZEig

4.1 AEOn] BRI b s, W IR, 3T
SEM AR 0~40 cm + 2, FRg A R A
FH A T A, FLBREEE TN, R e = ReR
.

4.2 EE>0.25 mm RZK RS 1R I R A
FILAE 0.25~2 mm Fifeg 2 7], FFEA%>0.25 mm
/KM A SRR S i T340, 0~40 ecm 248 =i
FEREK.

4.3 KA R R R ORISR H )
KB AR KR, R NS PERERI R K RE A
PR EGE .
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