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F 4T CK 5 A 4K 10.22%.9.49% 4. 38% #2 5. 11% . & 1 B X34 K 6T 341845 CK 4 513 4n
16.15%.19.94%.2. 49% A= 6. 75 % (DO R AL R ARRA L B R EW E 4 Mf A MELF LB R FKT,
5 CK A, AE A 40 cm 3% Bl AR A I 5, M AR A 30 cm, A& E A 30 Fo 40 cm 4 22 49 L3 B 48 4 3 1K
T 1.22%.21.14% #= 13. 84 % , #IEA 30 F= 40 cm AR IEA 30 F7 40 cm E3E & ARE CK 5 A 384 9. 76 %,
4.48% 7. 75% F= 21.61% . A FEA 30 A2 40 cm £33 A AT AR CK oA K, AR A 30 f2 40 cm &2 £
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o AR AL g CK A0 0. 65% = 6. 02% , #4744 CK ¥ A0 2. 19% 4= 1. 38% ., R & 2 = % £ I 4 A E R
40 em>FIRAN 30 em > A VE A 40 em > A E A 30 em>CK, #KIE 4 40 F2 30 cm 3% CK ¥ = 14, 80% #=
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T 50 b A B AE PR T8 A B 2 e 55 57 WA IR
3 B a0 5 Hl L A S 4 B R B 400 mm, A5 30 B
U 2 900 'C, #& Hb Iy 20K 0 % 22 2 4 R F e B
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A AP

TR K XX it 38 5 AR 43 5 A
SUEAS BT 30 1 40 cm 40 FE, BK IR AL 30 AN
40 cm AbFE L AR ALFR I 0. 33 hm” . ZBIRTERL .
TRAS LI Ry 42 07 O 52 Bl IR A AL o
1.2.2 MERBAF %k SIS HT]
I I 0~50 em HHEA T,

et B 5 465 X TDR A 58 7K 43 0 55 4300 72 1l 2
# 0~50 em HHEEH KT,

H DIK-1130 ) % i & s 24 H] 0 ~50 em £
HAHEZA

I B > b B Bl ALk RS S 5] — By
5m XWAT.EH 5 BEE KT FRARK T F R
ek & TR E G T ED ] BT R B
(14 Yo bmifE K i), HL A BORE IV J5 AR 3 F =
1.2.3 #3¥E 4 R Excel 2010 Fi1 DPS 8. 50
AT AT EAE S e AL 2R

1 HiAIEEAER
2 Wi/ T/ A LI/ 5 S B (CEC)/
VI /om (mg-kg!) (mg-kg") (mg-kg™) (g-kgh PH [emol(+)-kg']
0~10 123. 31 34.03 144.6 25. 30 8.13 19. 10
10~20 115.61 28.19 130.1 21.60 8.22 18. 69
20~30 107. 90 25.72 121.1 23.90 8.22 18.58
30~40 106. 50 25.50 116.7 20. 83 8. 17 18.58
40~50 107. 90 19. 89 108. 5 21.61 8. 27 18. 27
2 EMLEANT 2.2 R TE=4HILHF M0
2.1 REXLRREREKROHM 1% 3 R AL SR - SR A

M2 2 AT RLAE A ) Ak 2 A 48 75 5 0 4
FoKEZE SRR B E KT, BKIEM 30 140 cm
AETH FIRFS 30 140 cm AP 2 R TN
SEME B CK 4 BIFEA% 10. 22%.9. 49% . 4. 38%
M5.11%., %+ )2 EHE&KEN ¥ EE CK
B 16, 15%.19. 94% .2, 49% # 6. 75% ., FKIE
P SRR S T HERN, HAERFEMR T T
Bl & TR R I T IR AR K E K RE . A
[ R AN 25345 KR A 40 em 4 1 K 3505 e 4, 2
XF - ELR K PR R e B W E R ALA .

A AR AR 22 R iR 8 B E K. 5 CK A
L s BRERARS 40 em &b P - 38 [ AF W& AT T =5, T BRI
By 30 e IR 30 1 40 cm &b 3 A 35 A A
CK IR T 1.22% .21, 14% F0 13. 84% , Fk
TRHA 30 A1 40 cm . FURAS 30 F1 40 em + HEW AH
B OCK 4y 93 m 9. 769% ., 4. 48% . 17. 75% H
21.61% ., BKGEFS 30 Al 40 cm 4b PR 4 59 <A 4
CK WA R . B RAS 30 1 40 em &b B+ 385 41
T CK b3,

K2 TEARBREFTREARRENTEFEMSKENZM

&5 +JZ/cm CK KRS 30 cm FRIEAS 40 em B 30 em HFIRHS 40 cm

F A E/(grem™) 0~10 1.254+0.18 a 1.1340.11 ¢ 1.1540.08 b 1.240.13 a 1.1840.18 b
10~20 1.2740.17 b 1.1940.07 ¢ 1.240.21 b 1.2340.02a 1.240.23 a

20~30 1.4440.05 a 1.2540.11 ¢ 1.24%40.03 d 1.384£0.10 b 1.3240.19 b

30~40 1.4440.21 b 1.39420.11 b 1.4240.17 b 1.4140.17a  1.3940.09 a

40~50 1.4340.09 a 1.2140.06 ¢ 1.2140.12 ¢ 1.334£0.16 b 1.39%40.21 b

B EEEWHE 1.37+£0.17 a 1.2340.12 b 1.2440.12 b 1.3140.21a  1.3040.13 a

T KR/ % 0~10 15.8140.40 ¢ 17.21£0.28 b 18.71£0.41 a 16.1540.34 ¢ 15.6140.36 ¢
10~20 16.4740.29 b 20.14740.32 a 20.9740.27 a 16.4740.31 b 19.53240.41 a

20~30 17.02240.37 ¢ 20.9840.40 a 20.9340.33 a 17.9040.35 b 18.740.41 b

30~40 17.0240.63 ¢ 19.8540.24 a 20.5640.37 a 17.9840.21 b 18.0840.36 b

40~50 18.1740.56 b 19.9740.19 a 20.18740.27 a 18.124:0.36 b 18.234:0.28 b

& EEEWME 16.90+20.63 ¢ 19.634-0.41 a 20.27240.37 a 17.324:0.37 b 18.044:0.22 b
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£3 AARMETRERREN LE=HIEHF N B Y%
EisR N +2/cm CK FRIRHS 30 cm FRIRHFS 40 cm F IR 30 cm F IR 40 cm
[ AH 0~10 42.1940.69 b 50.85740.92 a 44,3940.65 b 42.7940.53 b 43.2940.38 b
10~20 51.53£0.92 b 57.73£1.01 a 60.4740.99 a 44.86=+0.63 ¢ 48.034+0.87 b
20~30 61.9840.87 a 52.10£0.84 b 61.26+0.76 a 47.0240.59 b 43.0740.69 b
30~40 54,1840.81 a 57.02740.74 a 59.9240.65 a 41.154+0.55 b 53.44740.63 a
40~50 61.4340.89 a 50.08£0.84 b 52.2840.28 b 38.03£0.26 ¢ 45.8240.49 ¢
%+ E A 54.2040.81 a 53.547+0.61 a 55.63+0.88 a 42.7440.56 b 46.7040.61 b
W AR 0~10 22.284+0.48 a 25.247+0.23 a 29.41+0.31 a 17.404+0.16 b 21.5240.13 a
10~20 21.4940.22 a 16.37+£0.19 b 14.76+£0.19 b 17.91+£0.21 a 18.59+0. 26 a
20~30 12.23+0.06 ¢ 17.60+0.12 b 11.34+0.21 ¢ 20.91%0.22 a 24.297£0.26 a
30~40 18.42+0.13 b 17.94+0.09 b 15.88+0.09 b 22.9240.21 a 19.42+0.29 b
40~50 13.72+0.13 ¢ 19.94+0.21 b 20.81+0.21b 24.6740.23 a 23.4740.29 a
&+ A 17.63£0.12 b 19.35+0.32 b 18.42+026 b 20.76%0.41 a 21.44F044 a
KM 0~10 35.52+0.31 b 23.91+0. 11 ¢ 26.20+0. 26 ¢ 39.81+0.39 a 35.1940.41 b
10~20 26.9840.26 ¢ 25.9140.31 ¢ 24.77+£0.21 ¢ 37.2340.37 a 33.3840.34 b
20~30 25.79£0.09 b 30.30£0.13 a 27.40+0.13 b 32.07%0.27 a 32.64+0.16 a
30~40 27.40+0.26 b 25.047+0.25 ¢ 24.20£0.17 ¢ 35.9340.32 a 27.14+0.21 b
40~50 24.8540.18 ¢ 29.9840.22 b 26.9240.26 ¢ 37.3040.36 a 30.7140.32 b
&2 28.11£0.37 b 27.03%£0.26 ¢ 25.902+0.29 ¢ 36.47%0.41 a 31.81£0.36 b
2.3 RUMMERFENZMN 6. 02 % , BEATHCE CK 34 m 2. 1901 1. 3870,

26 4 AT, AN [R) Ak BB R AT R BTG B
255 MR RRAT £ 22 5 A B B K. BRIRBA
30 F1 40 cm Kb BERUHLES CK 43800 6. 45 % B AT
B CK #8015, 50% Fl 4. 06% , & EAS 30 Al
40 cmkh B Y B B CK 43 51 8 n 0. 6520

AN TR Ak B ] 7= i ELAR SR B BK R A 40 em™>
TR 30 ecm>F WA 40 em > F IR 30 cm >
CK. Fk¥E ¥ 40 #1 30 em % CK 4 91 8%
14.80%F1 11.05% . # V#A 40 Hl 30 em # CK
A3 B P2 9. 39 % 1 8. 90%

F4 FARMRETRRABRREWNEXRFEMH M
Qb K /em FEHL/ cm THEATHL TR %L 7P hE/ (kgehm?) 7=/ %
CK 20.77+0.19 a 4.65+0.04 b 16.004+0.11 b 38.57+0.21 a 8595
FKIRHS 30 em 21.3540.19 a 4.9540.09 a 16.88+0.14 a 40.0040.23 a 9545 11.05
FRIRHS 40 cm 21.75+0.21 a 4.95+0.09 a 16.6540.13 a 40.3140.23 a 9867 14. 80
FIRF 30 cm 21.35+0.19 a 4.68+0.04 b 16.354+0.11 b 39.13+0.21 a 9360 8.90
HIEF 40 cm 20.83+0.19 a 4.93+0.11 a 16.2240.11 b 40.1240.23 a 9402 9.39
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Effects of Subsoiling on Soil Physical Properties and

Maize Yield in Semi-arid Area

GAO Pan,LIU Yu-tao.XU Ying-ying, YANG Hui-ying. WANG Chen, WANG Yu-xian, XU Ting
(Qiqgihar Branch, Heilongjiang Academy of Agricultural Sciences, Qiqihar 161006, China)

Abstract ; In order to improve soil physical structure and promote agricultural cost saving and efficiency in semi-

arid area,in this experiment,no subsoiling, spring subsoiling 30 and 40 cm treatments and autumn subsoiling 30

and 40 cm treatments were set to explore the effects of subsoiling on soil bulk density, soil water content, three-

phase ratio and corn yield. The results showed that: (1) There were significant differences in soil bulk density
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and soil water content among different treatments. Compared with CK, the average soil bulk density of autumn
deep pine 30 and 40 cm,spring deep pine 30 and 40 cm treatments decreased by 10.22% ,9.49% ,4. 38% and
5.11% respectively. The average value of soil water content in each soil layer increased by 16.15% .19. 94 %,
2.49% and 6. 75% compared with CK. (2) The difference of solid phase,liquid phase and gas phase values of
the same treatment at different soil depths reached a significant level. Compared with CK, the soil solid phase of
autumn subsoiling 40 cm increased slightly, while the soil solid phase of autumn subsoiling 30 cm, spring sub-
soiling 30 and 40 cm decreased by 1.22%,21.14% and 13. 84 % respectively. Compared with CK, the soil lig-
uid of autumn subsoiling 30 and 40 cm,spring subsoiling 30 and 40 c¢m increased by 9.76% ,4.48% ,17.75%
and 21. 61%. The soil gas phase of autumn subsoiling 30 and 40 cm was slightly lower than CK,and the soil
gas phase of spring subsoiling 30 and 40 cm was higher than CK. (3) There was no significant difference in ear
length and grain number per row among different treatments,but the difference in ear diameter and row number
per ear reached a significant level. The ear diameter of autumn subsoiling 30 and 40 cm increased by 6. 45% and
the number of rows per ear increased by 5. 50% and 4. 06 % compared with CK. Compared with CK, the ear di-
ameter of spring subsoiling 30 and 40 cm increased by 0. 65% and 6. 02%. The number of rows per panicle in-
creased by 2.19% and 1. 38% compared with CK. Yield sequence showed that;autumn subsoiling 40 cm™au-
tumn subsoiling 30 cm™>>spring subsoiling 40 cm™>spring subsoiling 30 ecm>>CK. The yield of autumn subsoi-
ling 40 and 30 cm increased by 14. 80% and 11. 05% compared with CK. The yield of spring subsoiling 40 and
30 cm increased by 9. 38% and 8. 90% compared with CK. It can be seen that autumn subsoiling is better than
spring subsoiling in reducing bulk density,improving soil moisture and maize yield. Autumn subsoiling is more
recommended in maize planting in semi-arid area.

Keywords: subsoiling; semi arid areas; soil physical properties; maize; yield
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