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Abstract: In order to study the effect of different fruit-crop compound managements on soil physiochemical
properties and soil-water conservation in apple orchard in the gully region of plateau, and to screen dominant
factors for soil-water conservation, four fruit-crop compound managements including artificial weeding
(MO0), Malus-Trifolium (M1), Malus-Wild (M2) and Malus-Zea (M3) were set up as treatments in Mafang
plateau, Shaanxi Province. The differences on soil physiochemical characteristics under the treatments of four
fruit-crop compound managements were compared and the soil-water conservation function was evaluated.
Stepwise regression analysis and path analysis were used to explore the dominant factors affecting soil-water
conservation function. The results showed that the soil physiochemical properties, such as soil density,
porosity, water-holding capacity, and nutrient content in M1, M2 and M3 were higher than those of the
artificial weeding plots. Among them, the soil bulk density scores of M1, M2 and M3 were reduced by
15.13%, 11.84% and 11.18%, respectively, compared with the artificial weeding plot. The organic matter

5 H #5 :2020-03-09

FEITIA : B K& A AT RIBE (2017YFC0504605)

F—EH LB 1995—) 5 AR s A, BB NS K H AR S TR AL BT iR PFSE . E-mail: 351450024 @ qq.com
BEESE . THHFEQI70 B, 88, EENF KL HRFSREBALG AR . E-mail: wsswtt@126.com



%5 M

i LB A5« 5% 5 1) 8% DX [) 2R A S 468 ke o 8 e T % 7K 8 36 57 200 R 114 52 il 193

contents increased by 143.76 %, 7.14% and 120.46 % , respectively. Soil-water conservation function for four
{ruit-crop managements was ranked as M1 (0.64) > M3 (0.59) > M2 (0.51) > MO (0.38). Stepwise

regression analysis showed that total porosity, bulk density and organic matter content were the main factors

affecting soil-water conservation function. Three soil factors could explain 95% of the variation of soil-water

conservation function. Path analysis showed that total porosity was the main deciding factor, and bulk density was

the main limiting factor of soil water conservation function. The results of this article could provide a scientific basis

for the selection of sustainable soil management in apple orchards in the gully region of plateau.

Keywords: gully region of plateau; fruit-crop compound management models; soil physiochemical properties;

soil-water conservation function; path analysis; dominant factor
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B R -BECGER+H =M (Trifolium repens) .
B —5 CER+H 5 (Brassica oleracea) (- — R (3¢
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FHEAF LN MO (1.52 g/em®) >M3(1.35 g/
em?®)>M2(1.34 g/cm®) >M1(1.29 g/cm®), MO ¥
b 5 A 3 SRR b 25 S L X R O R M
T Bk i A B L AR SRR AE R I 2
YR N T B3 e e A v o g 3 T BRI L T D Ak 3 B
B A A TR S SR A A A SRR R A AR R
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FL B AR Al AN TR AHLH i A 23 R R o 2 B N 1
B, 3 A48 bR AR AR YE 43 0 R 4.09 %6 ~10.50%
32.10%~49.06 %5 ,38.09 % ~56.42% ., 0—50 cm L&
FLBRE S 2 B M1(6.98%) =>M0(6.85%) > M3
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(6.44 %) >M2(5.81%) B MO Fl M1 &b 45+ Hb 22 57
B, BEILEEFEEEHN N M1(43.06%) >M3
(42.70%)>M2(40.32%)>M0(39.01%) , M0 5 M1 .M3

ZREE, BALEEEHE RN M1(50.04%) >M3
(49.14 %) >M2(46.13%)>M0(45.86 %) , [ MO F1 M2
AN REHL S S T E

K2 FRARKEGEXIEFTERARE

e . ﬁﬁ/@i A B LB B AL AL
WL /em G (g em) Cv/»  HfE/% CV/% B/ % CV/% B/ % CV/%
Mo 1.30a 2.34 10.50a 9.63 41.72¢ 4.74 52.22b 4.64
M1 1.23b 2.39 7.36ab  2.66 49.06a 2.42 56.42a 2.34
o M2 1.29ab 2.70 5.21b 9.14 44.29bc 4.61 49.50b 4.63
M3 1.27ab  2.95 4.73b 9.35 48.69ab  6.42 53.42ab  5.04
Mo 1.38a 2.40 6.64ab  6.15 43.03a 4.59 49.66a 4.62
M1 1.29b 1.41 6.13b 4.01 41.89a 3.55 48.03a 2.38
e M2 1.30b 2.23 5.36b 4.81 43.59a 5.10 48.95a 4.93
M3 1.26b 2.41 8.87a  20.31 41.73a 4.71 50.60a 5.26
Mo 1.40a 2.34 5.48bc 6.15 40.65ab 4.58 46.13a 4.60
S M1 1.33b 0.38 6.72ab  6.02 41.62ab  2.91 48.34a 3.26
M2 1.33b 2.53 7.31a 6.36 39.89b 4.64 47.19a 4.60
M3 1.36b 2.23 4.09¢ 7.71 44.52a 4.61 48.61a 5.31
Mo 1.53a 2.22 5.65b  10.34 37.53b 4.80 43.18b 4.59
M1 1.30¢ 0.72 8.95a 2.48 40.58ab  6.19 49.53a 2.50
o M2 1.37bc 2.42 6.07b 17.15 39.55b 5.81 45.63b 4.68
M3 1.40b 2.39 7.11ab 4.91 44.24a 4.73 51.35a 4.75
Mo 1.60a 2.24 5.99b  20.55 32.10b 4.61 38.09b 5.32
_ M1 1.31c 0.35 5.74ab 8.86 42.14a 6.96 47.87b 5.28
100 M2 1.41bc 2.36 5.10b 10.09 34.25b 4.90 39.36b 4.60
M3 1.46b 2.25 7.40a  12.97 34.30b 4.64 41.70a 4.84
Mo 1.52a 5.23 6.85a 4.61 39.01b 4.60 45.86¢ 4.59
- M1 1.29b 111 6.98a 3.94 43.06a 2.63 50.04a 2.38
M2 1.34b 2.34 5.81c 4.64 40.32ab  4.65 46.13¢ 4.63
M3 1.35b 2.28 6.44b 5.05 42.70a 4.62 49.14b 4.63

AR £ B AN R RE R [RNE E R R A 0.05 KOF 25 5 8 3 (P<<0.05), T,

22 AERKREGEAFERE LERKeE

FH R 3 AT, B G 1 2 TR A3 N, H 3 K R A
AL PR e Y R (3 3) AR (BB I 5.60~10.87,
0—50 cm ¥ &K K/NRI NN M1(9.56 %) >
M3(9.43%)>M2(9.09 %) >MO0(8.17 %), M0 5 H
fib 3 A PR 22 5 0

NI B ARG K F bR KK i R/ MK
B REK B A )2 R FE S Y 5 e e e A Ak
TR 23 5N 23.88 % ~46.51% ,17.60% ~34.49 % F
20.13%~40.44%, 0—50 cm F ¥ KEFK £
g M1(38.03%) >>M3(36.60%) >M2(34.57%) >
MO(32.16 %0) £ #F 4 22 S b 3, P ¥ /MoK &
A M1(28.69 %) =>M3(28.00%) =>M2(26.31%) > MO
(24.2290) 8% M1 F1l M3 Ah&HEM 22 7 0 3, BAEFIK
ARG 5 B /MR K AR TR R M1(33.61%0) >

M3(30.23 %) >M2(31.82 %) >M0(27.32%) ,

- e R TR B BE ) R B A R i 5 B RIS
B ## L 7E 1.45~0.36 mm/min, ¥ {H N 0.85 mm/
min,0—50 cm + M S oK KR EHEF 8 M1
(0.95 mm/mim) > M3 (0.90 mm/min) > M2 (0.83
mm/mim) >MO0(0.72 mm/min),
23 AEARKRESGHEXFERE L pH RFDAEK

24 5,4 MR H R ZE pH B/ FEIR
JE R A 5 AR A A BE AN K B AE 7.15~8.10,
¥IA 7.65, 0—50 cm + 2 pH M K/MKIK A MO
(7.86)>M3(7.70) >M2(7.56) >MI1(7.49) , A R &
S A - SRR LA PR RN 55 000 S 3L £ A TR R P
b T 52E TR X AR R R, Hodr, ML R
T2 pH B E/NTH A 3 AR H L X AT Az R b AR
TV Z  REAREYIAERKA Sy it ad A vh 2377 R BRI —
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SEAT HILRR S5 IR 5 5 (] IR A= B A 3t 1 38 Sl ) R A )
I SRS S S W A A W 2 7 e A, R T A
ZAEMR R pH B R T AL (p<<0.05) .

T HEATHLURE 4 TR O BB A
AL X Bl 2 TR B BN TP, 5 A 4,66~

18.39 g/kg,F15 10.09 g/kg., 0—50 cm + )2 A HLE
PIE KM M1(14.65 g/kg) >M3(13.25 g/kg) >
M2(6.44 g/kg) >M0(6.01 g/kg) . H-Fd P 4 & AE %
B0 AT ML A, MR BBy i M3 M2,
MO 1) 1.11,2.27,2.44 1%,

R3 FRRREGEXTEE KRR FHFKE

e R aKE BRI /K TH KR A KR
T G T A S Hi/ v/
% % % % % % % %  (mmemn) %
Mo 9.38b 1.36 40.07c¢ 2.30 28.94b 4.10 32.02b 2.83 1.21c 1.22
0—10 M1 9.32b 0.70 46.51a 2.41 34.49a 2.30 40.44a 2.52 1.45a 0.42
M2 10.87a 2.36 38.51c¢ 2.44 30.64b 3.72 34.45b 2.89 1.31b 0.88
M3 6.24c 5.04 42.04b 2.30 35.62a 5.81 38.35a 6.72 1.38a 1.72
Mo 10.05a 1.51 35.83¢ 2.29 27.46b 2.44 31.05a 2.31 0.82¢ 3.58
10— 20 M1 9.49bc 0.84 37.27b 3.89 29.10ab  7.03 32.55a 6.96 1.21a 0.40
M2 9.29c¢ 4.96 37.63b 2.79 29.79a 2.30 33.51a 3.03 1.05b 2.88
M3 9.94ab 2.92 40.02a 3.30 31.15a 2.37 33.01a 2.64 1.14a 0.43
MO 8.46b 5.41 32.84b 2.28 25.76b 2.45 28.94c¢ 2.33 0.64b 0.86
90— 30 M1 10.51a 2.45 36.54a 6.94 27.28a 5.62 31.43ab  6.49 0.88a 2.11
M2 9.51a 7.80 35.42ab  2.45 25.95b 3.91 29.94bc  2.86 0.83a 0.73
M3 10.34a 5.16 35.70ab  3.71 27.99a 2.28 32.70a 2.30 0.82a 4.51
Mo 7.38¢ 1.84 28.16¢ 2.29 21.37c¢ 2.53 24.48b 2.79 0.55b 0.41
30— 40 M1 9.16b 5.30 38.17a 3.52 28.06a 4.64 31.27a 7.65 0.61a 0.41
M2 9.30b 1.69 33.33b 2.75 24.59b 4.33 28.89a 4.84 0.54b 3.25
M3 10.31a 3.31 36.71a 2.99 27.08a 2.33 31.63a 2.93 0.65a 0.69
MO 5.60d 7.10 23.88¢ 3.24 17.60c¢ 2.42 20.13c¢ 2.48 0.36b 1.54
10—50 M1 9.33b 1.81 31.68a 5.43 24.45a 8.49 32.37a  11.40 0.62a 0.72
M2 6.47¢ 7.48 27.95b 2.49 20.56b 5.49 24.33b 3.32 0.44b 0.37
M3 10.30a 5.91 28.50b 2.55 18.14c¢ 4.41 23.44b 2.56 0.49b 3.55
Mo 8.17b 1.88 32.16d 2.29 24.22¢ 2.44 27.32¢ 2.35 0.72¢ 1.74
1 M1 9.56a 1.65 38.03a 3.27 28.69a 3.66 33.61a 2.43 0.95a 4.58
M2 9.09a 3.96 34.57¢ 2.28 26.31b 2.66 30.23b 2.28 0.83b 1.72
M3 9.43a 4.34 36.60b 2.42 28.00a 2.36 31.82a 2.37 0.90a 0.08

HALFT 53 A2 45 0T B AE P 4 WOR) Y 3R 4
B AR R A RICER A A8 A g T AR Ak R S A AL
JOT R ) Bl )2 R A 34 o 522 00 R IR ) A 3, [
B, )2 BT 43 % i 5 K2 B AR 22 00K, B
il R A BB A RO 4 ) O 7,98 ~33.52,71.84 ~
151.38,1.51~39.52 mg/kg, ¥ {H K 18.46,107.96,
11.50 mg/kg., 0—50 cm - JZ B i A {5 K /MK IR
A M1 (20.28 mg/kg) > M3 (20.02 mg/kg) > M2
(18.18 mg/kg)>MO0(15.36 mg/kg) ; A R HP I {H K
MK R M3(119.57 mg/kg) >M0(106.67 mg/kg) >M1
(105.20 mg/kg) >M2(100.40 mg/kg) ; B X # ¥9{H
KKK M1(16.46 mg/kg) >Mo (11.62 mg/kg) >
M3(10.24 mg/kg) >M2(7.68 mg/kg) .

24 AERRKRESENXFERE T HEKIRIEFEE

HE LA A FRAEGHEAT, LERES
e 52 AR U0 - 8 K R R SR D) BE AR B A R TR
FEEERYSZ N R TREE 1A, /K U5 % 5% Y Ge 45 £ b
A2 B A 1S in i R AR BB AE 0.10~0.92, 0—50
em 27K A IR T RE 48 BT Y E R I M1(0.64) >
M3(0.59)>M2(0.51)>M0(0.38), MO ¥ Hb 7K J5 I
Fr I HE k2 LA T A 3 A M, 7 SR e P A R Ah 3
TR U0 5% T RE f o
25 FTEAKEEFENESHEER

3 o XoF - KRR 5 D RE AR B I R A
KES BT (R 5) AT LUFE Y, K I B 5% 2h i 5 B
EBE LB E M pH S LAY 2 3 24k
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FML, R EHORBFRFR 2B LA R, +
AL B RE R £ SR o LA R, o £ A
AR, K IR 7 D) RE S L LB R N IR o O,
T HOK IR SR DI RE MR . 25 L IESR R AR S L
Py PP 5 R A B A8 AL B RE R L B R O A G T
SRS E A OG5 A R R
Ui S P

HI 5 AT, KRR SR D RE RS M R
FH O 025 DL R I T 57 D RE 4R O AR 4L £

A E CBEARE EBE LB LB pH A
BLBT & & 00 0 & B A RCE S B A R i 9
AT Ty B SR AT P A 4 A O R
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Y,=0.568—0.022X,+0.96X,—0.002X,
R?*=0.95,P<C0.001

A X, R EALBREE (Y0 X, A E (g/em’) s X,
AL E i (g/ke)

x4 FRARREGEXTEUERER

+ )2 S PERIN v T fitt R/ R/ R/
WEE/cm T Pt (g kg ") (mg kg ") (mg kg ) (mg* kg™ »)

Mo 7.65a 8.24¢ 33.52a 140.23b 35.00b

M1 7.15b 15.23b 28.50b 134.74¢ 39.52a

010 M2 7.50a 8.24¢ 17.44¢ 137.28c¢ 20.87¢

M3 7.52a 18.39a 28.07b 151.38a 14.28d

Mo 7.70a 5.66¢ 16.52b 120.07¢ 13.83b

M1 7.24b 17.00a 22.92a 120.36¢ 23.02a

10=20 M2 7.53a 7.01c 23.73a 126.31b 5.65¢

M3 7.59a 14.57b 18.31b 138.00a 12.55b

Mo 8.10a 6.74c 10.69¢ 95.36¢ 3.46¢

M1 7.76b 15.84a 18.79b 103.61b 9.69a

2030 M2 7.57b 6.93¢ 22.64a 87.21d 3.79¢

M3 7.61b 10.94b 13.99¢ 116.28a 8.58b

Mo 7.75a 4.77b 7.98¢ 95.48b 1.51d

( M1 7.50a 13.41a 16.57b 90.47b 6.98b

30740 M2 7.60a 5.33b 14.24b 71.84¢ 2.68¢

M3 7.67a 12.16a 25.61a 117.38a 8.35a

Mo 8.09a 4.66b 8.10¢ 82.21a 4.31c

_ M1 7.81b 11.75a 14.64a 76.82b 3.10c

10750 M2 7.61b 4.66b 12.83b 79.37ab 5.42b

M3 8.10a 10.18a 14.10a 74.82b 7.45a

Mo 7.86a 6.01b 15.36¢ 106.67b 11.62b

M1 7.49b 14.65a 20.28a 105.20b 16.46a

I M2 7.56b 6.44b 18.18b 100.40b 7.68¢

M3 7.70a 13.25a 20.02a 119.57a 10.24b
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i 2% 6 A1, 7K U5 A 5% T R T8 405 AH ¢ R
AR FR A XHE RN R Sy S AL BE (0.428) >
ZXHE (0.416) > HLF & i (0.235) B FL B BE A A AL
JBT B e X - K IR IR 7 L) RE R AR MR A OE ) 1Y), A
Xof A HEK UE R IR D RE R B Sk T m Y. T
AL RE Y B AR R B K W) IR A A IE
BN Fe ik . (H HGE o 25 5 ORE AL A W IR A
T 1 5 M 1) 1E 80N E 45 [R] 422 38 472 3 850 A X 3570
(0.447) , BAFL B BE S 52 i) = 8 7K VR 6 5% ) g 1 2 22
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25, EAMREECT A wrE i+ A F R AR T RR
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RE AR B ], FLEERE 035 B AR By ML 3
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ik SWI BD NCP cp TP pH oM AN APO
BD —0.62"" 1.00

NCP 0.12 —0.20 1.00

CP 0.68"" —0.76" " —0.05 1.00

TP 0.69"" —0.79"" 0.30 0.94"" 1.00

pH —0.20 0.34 —0.07 —0.23 —0.36 1.00

OM 0.82"" —0.63" " 0.17 0.61"" 0.63"" —0.46" 1.00

AN 0.69"" —0.68"" 0.42" 0.67"" 0.78" " —0.60" " 0.51" 1.00

APO 0.56" " —0.54" " 0.13 0.75" " 0.76" " —0.50" 0.46" 0.69"" 1.00
APH 0.77"" —0.51" 0.42” 0.52"" 0.64"" —0.57"" 0.41" 0.70" " 0.68""

T SWI 2y +3HOK BRI AR 15 %0 BD N4 H (g/em®) s NCP hAE B EFLHUE (%6);CP R BEFLBE (%) TPy BFLBEE (26 ; OM A #l
Ji(g/kg) s AN Rl fif A (mg/kg) s APO A 8 (mg/kg) s APH A BB (mg/kg) s x x FARAE 0.01 AP OB b A G x RORAE

0.05 KR | R EMSE, T,
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- B i 40 72 7 A T
W HXFRM o < < < e Y R
X, 0.69" " 0.428" " 0.329 0.148 0.477 0.407
X —0.62"" —0.416" " —0.338 —0.148 —0.486 0.343
X 0.82"" 0.235" 0.270 0.262 0.532 0.330
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TR R = 5 23 %8 3 AL B 3 — & 19 1 7] 5
M), ) B R AR A ) B AR R AR K WS 40 A
2% I PR B b 45
4 5w

AR REE AR R VR T SR 1 4 AL
BREE KE/KAE T 3% 4 O i S BRAR A B AL T N TRk R
M, HorpAFAE IR REE AR R AR AE LA o 1
AT BT T 15.13%,11.84%,11.18 % s A HLIR &
I T 143.76%,7.14%,120.46 % .

B RARE AT K IR B 3R T RE 1R B/
WK A M1 (0.64) > M3 (0.59) > M2 (0.51) > M0
(0.38), THE/KIEMFIRET A S A E ., BE LI
JE LB A HL B A A RO A R S
BEHEMK, Hrh HgOKIRR R RS LIEAE
SEHHC, 5 A R TR,

AL AL E 43 A7 22 B L S AL IR R 45 FE A AL 7 o
SRR - HOK IR IR D) fe n) E LR L3 A L HER AT
fiff FE - SBEK URR 77 D R AR AU S B 9506 AR ST
SEIRRT, DAL B KR I R D R Y
RN, B R BN 0.428; 255 252 M 398K i
FRUIRE Ry F LR K+, HiEA RECh —0.416,
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