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Abstract: In order to investigate the effects of different water regulations on the root spatial distribution, wa-
ter consumption, water use and other indexes in a typical alley cropping system comprising apple (Malus
pumila)-soybean (Glycine max), an experiment of mulching and irrigation coupling was carried out in the

Loess Plateau of Shanxi Province. Three levels of irrigation thresholds were set: 55% (low, W1), 70%
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(medium, W2), and 85% (high, W3) of field capacity. Meanwhile, two mulching materials including straw
(M1) and plastic film (M2) were also set. The results indicated that the water regulation increased the total
root length density of apple and soybean, and also expanded the root length distribution of apple in horizontal
and vertical directions. The apple root length density was negatively correlated with the distance from the
tree row while the soybeans had positive correlation, and both the crops had negative correlations with the
vertical depth. The distribution of soil moisture increased first with the distance from trees to the crops then
decreased at grain filling stage, and the minimum values occurred in the distance of 1.5 ~ 2.0 m away from
the tree line. Compared with clean tillage treatment (CK0) and single mulching treatment (CK1 and CK2), the wa-
ter regulation treatments increased the soil moisture in 0—60 cm depth significantly. The cluster analysis showed that
the main competition area in soil moisture for the two plants was in the distance 0. 5 ~ 1.5 m away from the tree row
with soil depth of 0—40 cm. The apple fine roots in the M2W2 treatment were concentrated in 20—40 cm soil layer
while the soybeans’ in 0—20 cm soil layer, which alleviated water competition between the two species. Addition-
ally, the water consumption in M2W2 could be reduced by 40~50 mm compared with W3 and the yield and
water use efficiency could be increased by 29.37% ~ 41.92% and 12.29% ~ 53.35%, respectively, com-
pared to other water regulation treatments. The net income could be 2 976. 5 yuan/hm?®. Above all, covering
plastic film in young apple-soybean intercropping system, combined with irrigation amount of 150 m*®/hm?*at
branching stage, 400 m®/hm?® at podding stage and 300 m?®/hm?” at grain filling stage could significantly
increase the water use level and economic benefits in the intercropping system.

Keywords: mulching and irrigation; fruit-crop intercropping; root length density; water consumption
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CKO Ab3K 43 38 KAE H 3 AE 2. 0~2.5 m 75 [, 1
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FoAth ok 98 45 Ak B A UK 73 B R AR B AE BE B AT

0.5~1.0 m X3,

16 16
. 15 15
;\: 2\: 14 3\2 14
< g g
H § H1 8 qu 8
5 10 pS 10 =
2 2 B 2
x 9 o X 9 X
I¢ 05101520955 "2 g, Lt ¢
+ B A AT B/ m o H H
16
15
® ® B
g g 11 g
H o H 5] + o
= B 10 2 B
% % 9 3
T 0.5 %, a
I I 1.0 1.5 29 2 N, I
H H EENﬁEE%/m o, H
16
15
< < < 14
R R R 13
% % % 1
i
i 5 5 Y ;
5 aQ ~p? Q_ ~o’
52025 2y, I 0.51.01.5 20 55 2 Ny, I 05101529, K
BEAATBE B/ m o H BEA AT BE B/ m 6, H BEA AT BE &/ m o, H

B 6 XEZHt#tiEksy =ESHFiE

2.6 AEKZEEIEEREFEKEFEMKZFA

B 84 M
i 3 Al MR L ()R 22 G2 AR K o B UK i
F4 i B 3 MR L FEOK B B R M2 W3 Ak 3L CK2

AbERFE K B R/NA S CKOCK1 Z |t B ZE2% %, 4
FIVEK ST . IR 5 PR KES S TRAE

o ASTR) b B AR P AR R o M2W 2, 1 CK1L.CK2 43
;Juz& CKO #4757 2.10%,11. 05% ., #H [F) ¥ /K 5 5% {4
T MR 55 ) FE K K EORFRL ™ B R WUE 35
THRFFE S . WUE K8 M2W2 b3, ) %5 3 At 4b
PR 8.55%0 ~53. 35%, Bk CK2 b, FrHAth 4b £ >
Ji] 25 25 5 0 2

£3 ARKSEELEXEMERFEFKERN KSR RARER I

e KL/ [ K it/ + K FEK AL/ K EAFRL= 5=/ KGRI R/
mm mm HFEHE/mm mm (kg » hm %) (kg * hm ™ e mm™ ")
M1W1 20 427.6 —30. 84 412.67d 1881. 5ce 4. 56¢
M1W2 65 427.6 —33.15 459. 45¢ 1921. 2¢ 4.18d
M1W3 130 427.6 —38. 89 518. 70a 1871. 1ce 3.61e
CK1 0 427.6 —31. 34 396. 26e 1810. 3b 4. 66¢
M2W1 20 427.6 —35.23 416. 36d 2052. 6b 4.93b
M2W2 85 427.6 —32.92 479. 68b 2655. 5a 5. 54a
M2W3 135 427. 6 —30.79 532.11a 1979. 4c 3.721
CK2 0 427.6 —33.41 394. 19e 2010. 4b 5. 10a
CKoO 0 427. 6 —28.58 398. 75e 1848. 3e 4. 54¢

5 R )/NG 5 BE 5 % Ab B E 22 5 2 (P<C0. 05) .
FEFF7E o5 T HE K AL B AT 4 CK1 2 & #E K =
4.14%~30.90% , #t /= 1. 80% ~ 3. 94% . i WUE

Hids CK1 R 2. 16%~22.53% ., HiHEE =T KT
BN K =N 20~85 mm A, FE K 12 Fl 7= 43 5
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i CK2 84 5. 62% ~21. 69%,2. 10% ~32. 09% , >4 i
K ZE 135 mm B, FEK R CK2 BT 25. 92% .5
FEE i WUE #1453 BIFEAR T 1. 54%0 1 27. 06% ., 44k
b M2W2 b FEFEK B 1 W3 ZH I 02 40~50 mm, (i 7
SR o3 R D 43 S 4 v T 34. 1696 ~ 41, 9206 Al
48.82%~53.35%.,
2.7 ERXKEEERZEZFREDH

e 4 A1, 25 b BRI 2R 2 I AR — 8 25 5
Horp M2W2 b 3 7y i i 45 e K. 36 2 976.5 J6/hm®,
/N M2W3 IR T A, FEHFES T, S KA
Mt A B R Y T CKLLH 2l T 98 K % AE
MIW1 MIW2 MI1W3 4b# v i 25 43 0 8 CK1 ik
BT 17.00% ,36.20% ,64. 42 % , F5 FF B o T BE & BE
TR 2 %) B8, A A R D . b B 55 T B A
KA B IR £ S S S DAY R A SR R T b R
B R 2 R KN T A

£4 TEARBAETEFRAMEFHE

Bifi G/ hm?
A RARA - BRA 0
o530 (Ko + 53 Bo+HHH)

MIW1 4150 280 4530 5644.5 1214.5
MIW2 4150 680 5030 5763.6  933.6
MIW3 4150 1330 5680 6000.6  520.6
CK1 4150 0 4150 5613.3 1463.3
M2W1 4310 280 4690 6157.8 1567.8
M2W2 4310 680 5190 7966.5 2976.5
M2W3 4310 1330 5840 5571.0 —69.0
CK2 4310 0 4310 6151.2 1841.2
CKo 4150 0 4150 5544.9 1394.9
3 W

3.1 KAEEMEERERKEENZ T

R L ERMKER AN HEAES WA
B, SR AR 32 A3 A AE I L ) 0—40 em KF
Jra] 0. 5~1.5 m 4 )2 P, T 0k Ak 3 40 AR A TG E R
A PRAH BT B 5 1 R S AN AR 4 o A T A L )
0—20 em K FEH I 1.5~2.5 m + )2, KT AHEALAE
FEBIAAT 1.5~2.5 m W W HIE T £ 5. #115% X
S 9 R SE SRR RN . 5 IE B EK A TR YK
T2 R AR FR 0 2 1] A A A, e b B 5 AR
TREFFE T . P RR SR [H Sk 26 T 1 344 R O B9 500 ol o
THRZE KR B 8 % A T R ) S S R AR T
RERAKKEEF . A ARPF5E LI M2W2 Ih H3E
TR B 5 R AT I DA R 2 TR Y e A S
XGER AR GAR R0 25 7 A K i 3 3 A
MEEDSHIE 2040 cm )2, M KGR E P4
fE0—20 ecm + )2 X AR RGO AR T £

eIV Ny [T e A by NS e = o7 3 D R 1 I
TE M 22 5 G i 1 FhR) K 4 ) 38 4
3.2 ¥RXKEEERGKSESXE

MR AR AR AR R B AE T T R oK
REBE R L AT KB AR K 5 98 32 7F Fin)
FEAK G HF XM EBER BB K2R B E SN
M2W1 43 F s 4 X8 0.5~1.0 m, M2W2 Ky
1.5~2.5 m X4, M2W3 fl CK2 4 0. 5~1.5 m [X
B L0 CKO 7E 0. 5~2. 5 m X 38} it 35 4 58 JBF B 50 K
AL LK 3 4 il B ARG T 3P SR A K R R e X
AT 2% fift Pl 1] 7K 43 56 v o VR4 AR S0 X6 M ) BIF 981X
Fbk X R G AR R G TG 6 5 Bk R ARl K 43 5
G X B BE R AT 1. 0~2. 5 m 38 [, 38 B K [R] 44 i 78
A [ AR U 300 1] G (B VR AVE WU AR 2R 0 A 22 K
3.3 KSEENEERFERK LK HFEN I

AW 5% v K R SR I 45 7K 43 A B A 358 K B EE AR
A7 FE B (%) 8 0 2R Bk S s 1 T )2 R A B 2
soibil SN N i) i N o= 3 i G =B =N 2
70.5~1.0m X, /MK 1.5~2.0 m X, {H
FE B 200 R e B B AR R A SR S R VR R A
% B B A AT AT 1 X 3t K A D X R 22
ATBE AW 0. 5~1.0 m Ky W& i 52 2 8 o5 X
Bl X I BRI AR R A A R A BT A T
Ly By B FEKBLAG s eAb s K 3 R 2 SRR (7K T 4 T
YERISE I TIZE N i £ K43 1.5~2.0 m X 5§
T HOK M EFER R, v RE R Z K FE K ARy 3, B
AEF W R G AR RE ], K 2 K s B Rl K o3
A E S, AR E AT R 0. 5~1. 0
m D3N %) 3K A3 BB X T 4 S SR A S A
T it B 4 v AR R B N K g B i
3.4 KGEEINEERGEFEKFENR N

AHIESE R (R HE K 25T WL W2 2 1 AT 5
MFEK & = A WUE ¥ym TRFFE . W3 4
Hh IR 56 1 = R WUE B85, 9 I8 FE K o 5
ST A R T v UAE R G K o R . R A G A
B 1 22 5 v A 3k 3 5 7 S5 U B RIOCR | R RE S X oy 78
A R AE T W K RN W K O BE BT 1k K 43 2% K
Fili FF 7 s DR /KPR 7 B 2% L I T i 0/ N I AR A AR 1Y
T 7K AN BE B AR 4 W O R 52 ) 1 R R KA ) A K
W REAR T P, AW ST 2 30 K 40 8 4 48 it m] LA ik 72
EFERGMRRER S M0 A K- RO J
H M2W2 4 3 () 35 R i A 12 4 B SE SRR OK B 7 AR
B EAR RO T K R, A,
M2W2 b P 5 H Al 4b PR B s Y 7 2 AR AR 1 B 7K



126 KPR R

% 33 &
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b S 5 R SE Hh A K T TE AR A A B K G R 4 A
SRS KGR B LA .

4 5w

(1) 5 TCK 43 V8 45 55 0t A LE o K 20 T8 45 388 i T 3%
SN A0 AR 25 (8] 43 A o v B R R oy T R T
SEREANAR K43 A R0 R LR . MR B 5 K OF A
A T 7 1) AEAE 5835 AH G L R SRR AR K % 5K
S5 ) S A OG L TTR O IEA G, B 2 Rk 5 T
HIREHAFEIMHE LR,

(2) B 253 11 & WIS [R] K 3 98 45 °F A ] 32 2K 43
Te 2 SRR, Hoh M2W2 SH A AT 1.5~2.5 m,
M2W3 H1 CK2 7 0. 5~1.5 m X3, H 47 35 4b B 7E
0.5~1.0 m Xk, T & Jy 1) b 45 b B 32 2 3 4 IR
YIE 0—40 em + )2,

(3) K BT 3 45 A B+ 1 7K e Bt B85 AR 47 14 8 £
38 0T 5 A I T B )2 A R A T 5 R
AR K S e 48 it T K 4 e Ko 0.5~1.0 m
XK, /MR 1.5~2.0 m X35,

(O IR A3 PR 45 4 7 B 7 2 F WUE )55 F
TERGFR, Horh M2W2 4 30T 458 5 7K 4b B 5 7K 40~ 50
mm, =5 A5 MIW3, M2W3 4 5 482 55 41. 92%
34. 16 %0 7K 43 I ) 43 590 4 5 53. 356 1 48. 82,
[i] Fsf ¥4 25 e RS, AT 3k 2 976.5 J6/hm”

2 B S e s R0 i SRS By NI A [E K (D )Y E2iS
JH b P78 55 65 it o (] B AR A3 A IVE K 150 m? /hm® , 45
JEWIFE K 400 m® /hm? , ORI K 300 m* /hm® R
X RE 4 R 22 RO o [) B T figh ol ] 7K 53 5 4 R4 1
] 22 G 7K 43 w8 ORI
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