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WX AE 5 A RS 0~100 em.0~90 cm,0~130 cm,0~160 cm 7 0~100 cm £ & L3 K5, AR LR
WX A RESRELERSOYARAEE MEHTEL L ERNERERTHRANIRLEH 0~160 cm £ &
RS FEMH T EE AR AT+ ERLEZSHNERRE 0~20m A 0~30ecm L ELEZ T, mARAFEL
BHREALEEEALEY 0 AR AT+ M A ERAIE P OEL T TAS T EL L2 A REE FH+
WH A RAE L LA EYRZTIRFEFRETELANY ST R TRETEHLR S A B 8IL . {2
ANREEREZ RBUBER FECORFPRERERLEEY ; FARAAE T, AR AEF +EH LB RE LE A
S IR EFERERFBASRAYARARE, L BLIREABRE AR AE T uR W RE LR F X,
KB AH ARKRAZE; ¥, LKy LEET; FREBR
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Effects of self-sown grass and earthworm on the soil property and
apple quality of apple orchards in Weibei dry plateau

BAI Gangshuan' 2, ZOU Chaoyu®, SHAO Fagqi*. YANG Kaigi®
(1. Institute of Soil and Water Conservation, Northwest A & F University, Yangling 712100, China;
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;
3. Ji’ an Wetland Management Center, Ji’ an 343000, China;
4. Institute of Ankang Agricultural Science Research, Ankang 725021, China;

5. Colleague of Natural Resources and Environment, Northwest A & F University, Yangling 712100, China)

Abstract In order to increase the soil moisture, reduce soil bulk density in apple orchards and improve the yield and
quality of fruit, by taking clean tillage as control, the effects of self-sown grass ( Stellaria media and Malachium
aquaticum community) , clean tillage + earthworm and self-sown grass + earthworm on soil moisture, soil bulk density,
fruit yield and quality of apple orchards in the Weibei dry plateau were systematically investigated. The results showed
that: The self-sown grass and self-sown grass + earthworm treatments increased soil moisture in 0 — 100 cm, 0 —90 cm,
0—130 cm, 0— 160 cm and 0 — 100 cm soil layers at the flowering and fruit-bearing stage. young fruit enlargement
stage, flower bud differentiation stage, pre-harvest enlargement stage and abscission stage, respectively. At the pre-

harvest enlargement stage, i.e. the rainy season had the most significant effects, while the clean tillage + earthworm
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treatment only increased the soil water in 0 — 160 cm soil layer. Soil bulk density in both 0 —20 cm and 0 — 30 cm soil

layers was decreased by in clear tillage + earthworm and self-sown grass + earthworm treatments, and the self-sown

grass treatment had no significant effects on soil bulk density. The amount of earthworm in soil of self-sown grass +

earthworm orchard was higher than that of clear tillage + earthworm orchard. In self-sown grass, clear tillage +

earthworm and self-sown grass + earthworm orchards the fruit yield and fruit soluble solid content were increased, and

the fruit titratable acid content and ratio of fruit soluble solid to titratable acid were decreased, and there were no

significant effects on single fruit weight, fruit shape index, colored area and fruit firmness. Among the four different

treatments, self-sown grass + earthworm had the most significant effects on soil moisture, soil bulk density, apple

yields and apple quality. Therefore, the orchard soil management mode of self-sown grass + earthworm could be

promoted actively in the Weibei dry plateau.

Keywords clean tillage; self-sown grass; earthworm; soil moisture; soil bulk density; fruit quality

T8 A6 5245 1 Ab B 94 4 O R oF- RS BRAE B e B
VHARX 22 6], 3% 800~ 1 300 m, Ky i 1 /& Ji Ml $4
B2 0938 4x  J v B e R B9 A0 B S 2R (Malus
domesica) 4= 77 F b AH I b R 35 8 W 57 40k X, [
K i 2D A T AR ™ H A A AL AR
M 37 SR f PR 7 e e, O T U R HEOK AR FE
TH b 5 U5 2R el %) b 1A B K 22 Ol W R, DA A B
X+ KA IS FE (R E L ZAE B ARS8 L
A BT oA B 37K 53 28 K o A R T SR A B 415 22
AR AR AT e SR Y K R B
AL, k3 S S b AR B R AR R A
TR RAR 2 Fhor R, N DA R 2 2R
FRAFHE Yy, (H 33X 2848 W) 15 15 AR R Jg R, 73 A 48
B TET B R E b 5B AE 7R 5 SR 4 oK 4 I 1Y TR
LT A R e LUAHE )T HAR A R R
TR B A R HOR T E LR
PUAR SR el [ AR A R Bl 2R 32 2O B2k (Seellaria
media) A4 B2 (Malachium aquaticum) s & & 53
A FBK B /D BT 55 B R AN AR R KON AT A
RO e R e b K A e A R R B Y A
75 W bR A Ry b A AL BT ok R el Y R IR
SR A L - A B v 20 A D [, b ]
TP R RBE S Y 2 — BB HEER BEMAAT . F
RGN R SR IN TR LN/ R N
Shy e 15 28 K A A BT 5 e 51 IR LT AR R O HE
053 5 A o AR b BE A 0 Y FLBR A5 A | 1 0
B PEIR AN A W 22 R 5 L AR 0 K e A8 L 1
TR AT R L - A LB A R
Berm s e E R R E A K RS
Mo Az = Iy A O i s Bl R B L R B Y £
SR el it ] e 451 2 sl 2R el 7S o i 51 A0 4R ) A AL R
e 5| IBCEE VR W G AT o B VR W05 AT e 4k oy R A LT

A5 R IO SR Bl A e SRR T AU M 0] 5%
T E SRR R R AR A S ] A 45 A ok B
0 SR el - S PR 05 % A 0 SRR A A R i) R B e 2R el
TRJZ LK 23 7 1 BB TSR DLARTE . ASBIE S DU B
T B X IR B AT M S0 T 0 B A R A e (B
2 AN AR BT B9 SR B TR BRI B - sl A AR
Az B i 5] R 1 R A e Ak B OOk R Bl b K gy
AR RS R B R, O R e 1 L SRR B
b HEAK oy B 2R S R T B B SR

1 #ME5FE

1.1 RIEXBR

TR A7 T A6 S5 P R A o R 2 B i A
o O R AR B 2 (35°12" NL,107°40" E, ik
1220 m), X5 FE 4 ¥ FEK & 551, 7 mm, Hh
4~10 % 494.1 mm, H JEAFECH 2 226.5 h, H Id
H A3 5100 RN 9.1 °CL, =10 CHITE SN
FURA 3 029 CL, IR 171 d. il e 4- 13 28
Yt B2 (0~20 em +J2) - HEA PR R B
9.24 g/kg, AN 0.91 g/kg, HA AN 53. 65 mg/kg,
EWEHN 0. 24 g/kg, ABE R 40. 28 mg/kg, 2H K
7.28 g/kg. A N 214. 25 mg/kg.pH N 7.8, +
HERE N 1.32 g/em’®, FIAIREK &R 22, 2100, -3
EEZRB N 9. 2%, 20~200 cm 12 HIEAE Y
F 1,34 g/em’, G AT E 4 5 BOMEAE .
1.2 RIEH

PSR d T 1996 4E& 2, mdbAT L bRATHE
H 3.0 mX4. 0 m, EA M LE £ (Red Fuji) s
Tili A Ay 3 g B S R (Malus sieversii) , AR 2. 0 hm?,
BHE /N W32, 2008—2016 4F - 34 7= H K
42 000 kg/hm*,2018 4 [H W 76 16 3 1 s 45 i, 2020
AF DR I 7R e = 50 % 8 7. 2016 A& B8 B R
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BT EARAHR 9.0 cm, B &2 400, 0 cm, W5 B 12
25 370.0 cm, b TR . 00 AR e 4 A B R
TAFRXI LG T 2017 4F 3 H LR T 2020 4F 12 A,

SR AR AR R b 2 T By RN AR Bk R
REMMT 0~10 em + 2, BEAZ T [ FoE 5,
B bk 45 Ry K OF 2 57 AR F & Bk S (Eisenia
foetida) &K 4~5 cm fRE 0.19~0. 24 g, LA M
B ERAT a0 R M — o A 2R B B R L O S
B KSR N 16, 66 % CHH T ER K =AY 75 %) 28
A e R A 51 B T Z L 9i4E 24 b,
1.3 KR SNE
1.3.1 RKE&it

6 LA el 3 I Sy 6l BEC, 0 B i s AR
A B A i85 K A AR AR FEAR R PR 0~200 em )2 +
K453 .0~60 cm T2 HHEAE 0~30 cm L2+
SR W B N AR i SRR R AR S . 1
w3 WA 12 A/NXCRFEV/NXFEHLHES . A
XA 48 m, KPS 20 m, A/ NXAH 4 173
SRR BT 15 Mo e 10 1E) A ] Ak B3 T AT LB 5
B AE B 2R 2R 2 A HL B I A A PR AR ]
1.3.1.1 ¥#F

TG 2R el - A H O T AR 2017 4E 3 H R A
BT 2 AT IR R L e BF AL E AT e BF QIR
15 cm) ,2017 4F 4 H—2020 4F 12 H f[H] ks 2~3 4>
FUERE 1 W A7 M) i 85T B A4 B ke mnp 25 B L i Ak
/NS e F
1.3.1.2 HARAF AL

TR 2R el s B T AR, 2017 4E 3 T A
AT ZF AT BER S LRI A AR AR R, AR mA ) s B Y
KZFE (Chenopodium album ) . JZ ¥ W (Amaranthus
retro flexus) \ %% (Solanum nigrum ) %5 ¥ K 7 ¥
Ky 25 B, PR R B2 R BB R ¥ Sk (Capsella
bursa-pastoris) \ Y& B 9 (Veronica didyma) |7 2>
B ( Taraxacum mongolicum ). 3% i ¥ ( Herba
centipeda) . % i (Digitaria sanguinalis) . i " g
. (Convolvulus arvensis) Fl B ¥ Wi ( Portulaca
oleracea) S ARIE A . H IR AR F (] 2% 1)y B2 1K
F 30 cm, 2017 4F 4 H 2020 4F 12 A —H Kb 17
LR
1.3, 1.3 T A 4 i ] 4cb 342

2017 4 3 J1—2020 4F 12 J3 5 el b 1o /8 2 [
BE. 2017 4 9 3 BRIFJE GZIXE 7 AT A2 10
A b)) (e 2R B X A #5745, ik i

50 4&/m*,%7 11.0 g/m*,
1.3.1.4  HARA R+ i 5] b 33

2017 4F 3 H—2020 4F 12 H b b 18 5 22 R @
SRAEFAL IR, 2017 A 9 1 LAY RN 5 ) SR R 38 4]
e ], R R 50 45 /m® L #511.0 g/m?,
1.3.2 XE %
1.3.2.1 8K

2020 AETER M AL AL RIH (4 H 15 H) (4RI
KNG H 15 H) AEZE (6 H 20 H) VRSR
HIRZ M9 A 10 HO R (11 A 15) 2k Hig B
A m AR A N DCRHAT TR AR B 5 A SR A DA
10em 2R 1 E,DERLE 0~200 cm T2 5,
LT 0 K
1.3.2.2 +HiRE

2020 4ESE R WE (10 A 15 H) L R g I
A TE B A /N R AT kB 5 A SR AL D
10 cm 228 1 )2, J12 20 E 0~60 cm )2
TS,
1.3.2.3 i ¥cem kAW &

2020 43R CR WU R P 25 A0 A TR RS
INX AT R EREEL 60 em X 60 ecm KN 5 EETT
PL10em 22N 1 2 HFF4E#Z 0~30 cm +
JZ I R T A% b S O W s e ) K
5 I ST A M ) 28 1 R K b e I A O B Bl L B 2
Wi 5] B A B 7K 43 5 . A 48 22— RO FiR B 5]
Jo3 i, SR 5 AT B A E A T RR ) i | B K AR
1.3.2.4 S KO i

2020 4FE R AW (10 A 10 H) LRI IE 1%
A FERRAN /N S TR 5 BRSESLA o+ 5 FE
FE BRI P BRSO B TR B SR T R R
FE LS LR, AEA R AR L PG L e AL 4 S T ) A
TR B AL R AR 5 A7l A SR Y 2R S, T g 2R
I gt Jo G v SR S T AU 0 L SR S AR
B AR (mm) B AR R RO 5 IF 11 35 5 0 48 40, &
AR B = RSP Ae /R AR s RS R o A 43
Z— WL T RO A, SRS GY-1 B R S A
THIE SR 52T i vk 1R P &% & PR-100 AL 4L 5
W T 7 L SR ST E R % i ] GMIK-835F S 5L
7 B 0 S O IR B R L [ R L = T R
Yy & ik /T A R
1.4 HiELE

R I E 0 Excel 2010 i /E & . SPSS 19. 0
A AT R 200 (P<<0.05) ;45 22 5 W %
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MR FH Duncan’s 2 & LA HEATRE SR, .
2 ER55MH

TEASEE

FFAE AL BIA AR R AL PR 0~100 em + 2 H 3K 4
B 2E R K, 100~ 200 cm 25 5 A R AL /N
(F 1)), HARA R JEHF -+ W 151 F0 B K A B+ i
B AL FE 0~100 em 4 )2 5K 433 51 b AR 5 T
7.38%.3.28% M1 9. 84% , B AR A WA A SR A R A+
i 5] b PR B T (P<<0. 05) i B AR A2+
i 5] b 2R 58 R B 4 i ] Ak B AR R T 6. 3594 Ltk E)
BF 2R (P<<0.05 ., AFAZI 100~200 cm 12
TR EEEARA B MEZR TR EFES
(£ 1D,

LR KA F AL FE 0~90 em + )2 + 3K 5
SR E SR K, 90~200 cm 1 JE 25 5 AH X /N
(B 1(b)) . A ARA B 3 B+ die 451 R0 5 48 A6 B+ i

2.1

19.00
18.00
17.00
16.00
> 15.00
14.00
13.00
12.00

HHOK S B 55U %
Soil moisture mass fraction

0 20 40 60 80 100 120 140 160 180 200
+ 2R fem Soil depth
(a) FFAEAL I

Flowering and fruit-bearing stage

£ 19.00
18.00
17.00
16.00
> 15.00
14.00
13.00
12.00

HHK o 5 U Y%
Soil moisture mass fraction

+ 2R /em Soil depth
(OFiz-=:gle:

Flower bud differentitation stage

3K T U Yo
Soil moisture mass fraction

20 40 60 80 100 120 140 160 180 200
+JZRE /em Soil depth
(e) Frt1H
Abscission slage
1
Fig. 1

W40 0~90 em )=+ HEAK 43 B £ 43 0 30 B 4
T T 6.36%.2.38% 1 8. 38% , HAREFL AN [ AR A
T i 5] b 3R XY 2 T (P<<0. 05) W B AR A
T - ] A A T R M sl AL PR T 5. 86 %0,
KF P E 2R (P<<0.05), A[EALH 90~200 cm
TR EEEARA B MEZM LR EER
(1D,

WA R AL BE 0~130 em + )2 T 4K 5>
T S K, 130~200 cm + 2 2 5 AH X B
INCEL () FARA R 35 B+ i ] 1 9 48 28 e+
e 15| Zb B 0~130 em 4 J2 4 38K 43 B 1 43 500 5 1 B
T 6.98%.3. 14%F1 9. 22% . H 2R A= v fi1 B 4R
A i W) Ak 3 2 T (P<0. 05) W E A 4R
A R - 5] Kb P A R i ] Ak B R S T 5. 90% .
ik #) g F 2 F (P<T0.05), A[HAH 130 ~
200 cm 42 TR o & s AHIE A B Z R O B
EFERCGRD.

20.00
19.00
*18.00
17.00
= 16.00
15.00
Z 14.00
. 13.00
12.00

UK T R
Soil moisture mass fraction

0 20 40 60 80 100 120 140 160 180 200
+ 2R /em Soil depth
(b) DR BRI

Young fruit enlargement stage

KA TR Y
Soil moisture mass fraction

0 20 40 60 80 100 120 140 160 180 200
+JZRE /em Soil depth
(d) IR I

Pre-harvest enlargement stage

—— &5 #I Clean tillage

—— {EHF+E 5 Clean tillage+earthworm

—— FJRZEEL Self-sown grass

—— FIRAEEL+IE 1] Self-sown grass+earthworm

AER/BEARBERPHTEASIEE

Soil moisture of different treatments in different growth stages
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Table 1 Soil moisture in different treatments and growth stages 9
A K Ak 7 + R
Growth stage Treatment Soil depth

0~100 cm 100~200 cm

FFAE A 530 T Bk 15.85+1.24 ¢ 13.94£0.98 a
Flowering and fruit-bearing ER /A A 17.0241. 26 ab 14.0740.94 a
stage T B+ s 16.37+1.32 be 14.07-+0.89 a
A 8% A 7+ i 5 17.41%1.35 a 14.160. 96 a

0~90 cm 90~200 cm

201 5 1 e 1) 5 #E 16.834+1.32 ¢ 15.0440. 84 a
Young fruit enlargement [ SR A= B 17.90=£1. 45 ab 15.34+0.88 a
stage T B+ s 17.2341. 34 be 15.15+0.82 a
A 8% A 7+ i 5] 18.24+1.48 a 15.4140.91 a

0~130 cm 130~200 cm

162 1 i Bt 15.6141.26 c 12.8740.67 a
Flower bud differentiation [ 8K A= B 16.70£1. 29 ab 12.93+£0.72 a
stage 5 B 4 i g 16.10+1. 24 be 12.814+0.69 a
[ER: et id U] 17.05+1.32 a 13.1240.74 a

0~160 cm 160~200 cm

RS SR T ) g7 16.83+1.54 c 13.53+0.54 a
Pre-harvesten largement [ER /o 19.2441.72 ab 13.6940.48 a
stage T B 4 i ) 18.38+1.78 b 13.7140.57 a
SRl o 19.994+1.81 a 13.8440.53 a

0~100 cm 100~200 cm

A 17.504+1.35 ¢ 15.124+0.74 a

-] Abscission stage [ERAYaE A 18. 4641 44 ab 15.3740.69 a
V5 Bk - i ) 18.01+1.52 be 15.23+0.76 a

SR A o 18.944+1.56 a 15.5640.81 a

T R A — 51 R ] 7 B R R AT 35 22 5 (P<C0.05) . Rl

Note: Different letters within the same column indicate significant difference at P <C0. 05 level between

different treatments. The same below.

SRR AT R WAL F W2, AR AL R 0~160 em
2 £ K A B 25 MW K, 160 ~ 200 em
FEZE S MM E/NE 1), BARER -+
e W51 AN B AR AR B+ M W A B 0~160 cm 12 £ HEK
S MBS T 14.32%. 9.21%
18.78% 4 & m T (P<<0. 05) 15 #E; H AR 4 5 4t
| b B A5 T AR+ ke ] b BB R T 8. 76 %6, A B
FXER(P<0.05), ANFELLFE 160~200 cm + )2 + 5

IKAY BN AN E Z LR E R GE D,
&R AL BE 0~100 em + 2 HHEK & B
2 S A0 X AR K, 100 ~ 200 em )2 25 5 A XA
(K 1Ce)) . FARA R T HF+ M W51 R0 F AR A B+ i
Tl kb HE 0~100 em = 2 3K 5351 ¥ 75 1 43 Sl e v
BHR M T 5.49%.2. 9120 F1 8. 23% » AR RERT A
SR AR B+ ke W] Ak P 3 8 2R T (P<<0. 05) I Bk H
SRAE B e 4] Ab PR RSV BE kg ab AR S T
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5.16% ik 3] ) 3 22 55 (P <T0. 05)., AS[A] 4b #
100~200 cm + 2 T HEK 4 & A M R A0 7 Z
MR EERGE D,
2.2 1ERE

IR T8 45 i i 951 S5 Y AR i A AR AR
W 4L FE 0~10 ecm HJEM 10~20 cm HE HIER®

WEAR T (P<C0. 05) W #F, B 48 Az ¥+ i 1) ik 2
20~30 cm T2 HHEAE DL B E MR T (P<<0. 05 1F
B T 4R A 5 4 3 ) - 125 T ST B I R i
A SR A B+ e | b B 2 ) G BB 22 R S IE B
Lo, B AR A B i | R SR A R b ] Ak X
30 em AR L2 HIEATER IR EZ M GR 2),

x2 TRELAEHTERE

Table 2 Soil bulk density of different treatments g/cm’
Ab P + ZRE Soil depth

Treatment 0~10 cm 10~20 cm 20~30 cm 30~40 cm 40~50 cm 50~60 cm
H 1.314£0.12a 1.3240.13a 1.3440.07a 1.34£0.06a 1.3340.05a 1.3340.04 a
Clean tillage
ER/¥asR A 1.29740.11 ab 1.29240.11 ab 1.32240.06 ab 1.324-0.06 a 1.3320.05a 1.332£0.04 a
Self-sown grass
T HF -+ iz 5] 1.2540.09b 1.254£0.10 b 1.3040.06 ab 1.3240.05a 1.3340.05a 1.33£0.04 a
Clean tillage-earthworm
ER N 1.24+0.08b 1.2440.09b 1.2740.07 b 1.30£0.05a 1.33+0.05a 1.3340.04 a

Self-sown grass—+earthworm

2.3 MBIHEREYE

TCIe S2 T AR A S [ AR AR R L DL 10~
20 em H)EMIESIECEK Z HAEY R K,0~10 cm
+J2JEH,20~30 em +JZ M K BN 3)

AN TA] = 2 v e ] 5 A 9 i DA /D B &2 44K
YONTEBE . A SR A0 TE B+ i 150 RD 1 AR A R A b )
b B K [A] Ah B R 2447 A B 25 S (P<<0. 05), T
HEFN SR A b 3 R 5k e s, HL e 5] 7 Ay - 4
JEA B H e RIS ke s, R AR >, 2017 4F 9 A
T - M ) AR A B ] Al B A ke ] 5 R
950 £5/m*, 2020 4E 10 H Bk -+ HE s A E R
AW B AL FE 0~30 em 2 A 3 b 0 b 4] K5 4y
WK 25.92 45/m® Fl 43,47 45/m* (5§ 3) . JEZ W+
B A e ] (RBR BT e ] 553 B D T 48. 16 %6
13. 06 %0 A=W 43 ik /> T 49. 45 % F1 15. 73% . A
SR - i 0] b 3 A S ) i 5] 5 R A ) A )
BRI D T 13,06 %6 F1 15, 73 %, Uk BH 12 Ak R A%
B e B AR AT AR L R R R R AR R E .

2.4 REFERMR

2020 A 3PS TF A A S 0T 38 55 VR L O R AL B Y
PN H A 50% A AT, A SR A B R ARk
e 5], A T SR T Y IR B K/ INS A A R TR

E8 /17 R AN 7 = (7 RSN P T E [/ - AN
B - i ] 01 AR A R o ) Ak B A 3 SR ) )
AR T 6.91%.5.85% M1 9. 84 % , ¥ 5 1 #F ik
FEFEF(P<0.05)(F D,

2020 A [] A 2 A 32 R 7 o 3 AR AR AR AIG R
[vi] Acb By B IRS S5 S | SR KL 2 o TR R SR S A
AL TF IR — K, Z 08 0 3 22 S 0 [ AR AR
T A - 5] T AR A - i s A B R SR S AT v ]
W &R B T (P<<0. 05) W #F . H 4R A4 A
F AR A v 4 i ] b 3B T R E R Y i B KT
(P<<0.05) ¥, H AR A= B 3 #F + i 450 1 B 4R A
- i ] A B A R EE Y B R T (P<Z0. 05) T BF
(F4), HREFR -+ WL m R0 R A4 5+ i i)
b3 G B v TR S A, B R TR S KUK
A, AR AR AR T i ] A B A SO B R

RI  .

3.1 MK HIR M

B AL SO’ IR AL X, £ JZ TR IR | [ 7K 2 3 e
AR IBOK 3 B ME — R ARDY ] £ BE R KA
B> K o 2 R R T AL PR SE R R R
PRIERET e SR el AR A o 0 i 2 T BN A
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