2018412 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi %49 % B 12

doi:10.6041/j. issn. 1000-1298.2018. 12. 006

A SR T FHEXT AR LB IR 2 HA S50

kHRE TR ARA HEmR FC g
(LR B T KA TR 5 £ B2 B, W 2550495 2. 4 Ml 6 5t 4 Ml WU AL BF 5 9 , i ¢ 210014
3. E Al K2 T2 B, JLE 100083)

FEE: L4 5 —JH, 3t —Rh 4 53R LU AR (MET) | J8130 PR BB L il e #F L S R 4 bR [
ROBEVE R M 20 5 , %) T B EAT 3 BEBHAE L O LB L2 e b (CNT) FI4L G A (CCT) Sy % B, B 58 MET X /)22 K 5 #4
XA E 2 A 0 s i . 25 S 3 I MET AR5 & 35 48 & 1 34540 JoT & , 14 0 3 A Iy, okt A + 3 AR
45 ERBN AR FHOR B E . BEWIO0 ~30 cm + 2 HHERE RIS 0, 325 ST et P BK R M R
% 543 5 H CNT I CCT 55 8. 2% Fil 30. 4% s AR AR 0 ~ 30 em 12 TIEA T, V- ¥ 45 T 43 5l b CNT F1 CCT /)
0.089 0. 125 g/cm’ ; 4 i1 O ~ 30 em - JZ 4= % . RICHA 01538 A0 40 22, o e 2 2 B O O 3 G - A WL
iR HURK S B A EE CNT i CCT 5 0. 36,0 61 ¢/kg, I HLA% 2 Z 18] A HLEK & it 70 A B0 ¥ i, CNT 3 Jm 0 ~
10 em + 24 HLEK & 1, CCT HIGJm 10 ~20 em + 24 HURR & i . MET 835 3 /N 22 19 °F 249 B bk 43 BER A 808 R
BT R 5 B AT B /N2 R R, A B EG CNT i CCT 1977 14% Fil 14. 9% 5 /NFERRFT AT HES — &5
B0 EOK A R, MET 55 CNT 5l i 380 K /A 508 B80R T80 5T 1, 3800 B oK ™ i, I 7 i i 22 = A
= (MR E ST CCT, 4035 7. 4% M 3.7%

KW : AR UL BRER; ISR s B & il I

hE 4 ES.: S341.1 XERFRIZED: A X EHS: 1000-1298(2018)12-0045-11

Short-term Effects of Mechanical and Ecological Tillage Pattern on
Physical and Chemical Characteristics of Soil in Arid Area
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Abstract: A mechanical and ecological tillage pattern (MET) which combined ploughing, rotary tillage
of seeding strip, no-tillage and subsoiling in four years for a cycle was designed. To study the short-term
effects of the pattern on physical and chemical characteristics of soil and groups yields in arid area, the
positing experiment of four years in wheat-corn two cropping area was carried on and with continuous no-
tillage (CNT) and conventional tillage ( CCT) for comparison. The experiment results showed that the
MET improved the quality of soil structure and soil fertility significantly, prevented soil harden, and the
ecological and fertile soil effects were remarkable. It increased the aggregate content in 0 ~ 30 cm soil
layer significantly and improved soil structure stability, and the average aggregate content of water
stability was 8. 2% and 30. 4% higher than those of the CNT and CCT, respectively. It reduced the bulk
density of soil in 0 ~ 30 cm soil layer effectively, its average bulk density was 0.089 g/cm’ and
0.125 g/cm’ smaller than those of the CNT and CCT. Tt increased the content of total nitrogen, rapid
available phosphorus and rapid available potassium in 0 ~ 30 c¢m soil layer as well, but there were no

significant impacts on the content of available nitrogen. It added the content of organic carbon, the
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organic carbon content in MET was 0.36 g/kg and 0. 61 g/kg higher than those in CNT and CCT,
respectively, and the organic carbon concentration distribution was balanced between the layers of 0 ~10 c¢m,
10 ~20 cm and 20 ~30 cm. However, the CNT only added the organic carbon content in 0 ~ 10 cm soil
layer and the CCT only increased the organic carbon content in 10 ~20 cm soil layer. The MET increased
wheat yields significantly by increasing the average wheat tillering, effective spike and grain number per
spike, the wheat yields of MET was 14% and 14. 9% higher than those of CNT and CCT, respectively.
The tillage methods before wheat sowing had after effects to a certain extent on corn, the MET and the

CNT improved the corn yields by increasing the effective ear of corn and grain number per spike, the corn
yields of the MET and CNT were 7.4% and 3. 7% higher than that of CCT, respectively, but there was
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no significant difference between them.

Key words: ecological fertile soil;

mechanization ;

tillage pattern; soil physical and chemical

characteristics; crop yield; positioning experiment
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Tab.1 Seeding rate, time and harvesting time of wheat

A WRAW fRFE/ (kgehm ™) WK A
2012 10 H8 H 150 6 A 10 H
2013 10 A 10 H 150 6 H12 H
2014 10 H8H 150 6 H10 H
2015 10 12 H 150 6 H12 H

K2 FABWNEZE . BWMRBWRBEH

Tab.2 Seeding rate, time and harvesting time of corn

O BMEM EMEE/Citkhm ) BREM
2013 6 H9H 6.75 10A49H
2014 6 A 120 6.75 1048 H
2015 64 10H 6.75 10 A 10 H
2006 6 A 12H 6.75 10 48 H
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180 kg/hm* , K, 0 180 kg/hm” ; & K F5 Filt I 1% it 5L it
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Tab.3 Influence of different tillage patterns on proportion

of soil macroaggregates, mean weight diameter and

aggregate damage ratio of 0 ~ 30 cm soil layer

HURE P 58 1 o o 43 %/ %% MWD/mm

W/ a3 U - HLAK e K/ %

cm T R & 1
MET  86.36°  39.55° 4.01° 0.62% 54.20°

0~10 CNT 83.46* 38.64* 3.77° 0.60" 53.70"
CCT 75.73" 29.18° 3.21" 0.48" 61.47"
MET  81.24°  38.41% 3.88" 0.60" 52.72°

10~20 CNT 75.78"  35.26" 3.09" 0.53" 53.47"
CCT  81.12*  31.28° 3.67° 0.52" 61.44°
MET  79.92%  29.31*  3.48*  0.54" 63.33°

20 ~30 CNT 73.86" 25.23> 2.57> 0.47" 65.84"
CCT  65.76° 21.82° 2.21° 0.37° 66.82°
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AN 3520 ~ 30 em A HEHLAKR AR E MR R AR
B R BN Y 2 MET . CNT ,CCT, £ 4b 3 [H] 22 5
% (P <0.05) kb3 MET # 43 CNT Fi4b# CCT
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K WA AL R 22 e Bk T L3 i 0 ~ 10 em 1 20 ~
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Fig.2 Distributions of water-stable aggregate
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BKEE AT, KT 1.5 g/em’ KA FEY ML
KoL 4 SEMFEFFE B, BIBER] 10 ~20 em )2,
i+ )= TR R AR S & m T AL CNT, 5 5 it
FEAER—F, HIL X Z H A /N T A8 CNT, 1
AFE CNT HF 4 SFEARATHE , X 13 KA R A/
W SRAE /I, R B SO RS FF a6 e 2 3 2 )2 +
B RIAEERE,0~10 cm + 2 HIEAF T AL CCT
AN AR 4 A G B Y - S B0 0 e S R S EE R
4 AERBIBE, 10 ~20 em + )2 HIEA PR E D, AR
PR /b TG TN, Bg K T AL PR CCT, 1 35 K

1.48 155
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AT, T A E W E /N T8 CCT Bl TR
HEATURAS AR, A A AL )22 OF R e A T 8, DALk 1 458
KENEERKTALH MET, 43 MET 7£ 4 4N i
71— B, 7T 2 /N R )2 (0 ~ 20 em) R
q AR A 3 AR HET T O A, FTE TR A AR
2L AR /NT 20 ~30 em HIEA T, LI 3 P
PHER AT B T3 A, %2 4 il )G, #HE 1
RE LI A T /)N 0. 043 g/cm3, 0~30cm + 2
X2 B A 2k e BF RN 3% 2k 0k 4 3 /N 0. 089
0. 125 g/cm’ 5 ] UL AE 257K + AL AR AL 452 X m] UAT 2 k%
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Fig. 3 Soil bulk density changes in different years from 2012 to 2016
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T A8 O, U ] 3% 2k S pF 1S It )2 1 g 5 520 ~
30 em 1) AbFE CNT (9 L3 A — B 2 TG,
AIRE Dy LR 4 AR JEAT BB, 6 20 ~ 30 em 12
AR ZEZHAZSEAHE . 0~10 cm Hl 10 ~20 cm
T2 A CCT By L 3 R H S 0/ 5 1, vl fE 2
PR g J ST V0 AT B8 SR A7 R 0 T — A A 1 G BB
fHH TS AR - 3 T AL, AR T IR
0 HZELE 4 A BOBE R A 5 I R AR 25 4 i IR ™
T, A AT H 20 ~30 em 1240 B CCT
AR - H R MBS I IR A EE R,
Je K A3 CCT % 2 Z 48 M B TE 20 ~30 em )22
T AR Z , IF HALR R BOR B, 45 HBOR
Ko 0~10 em 10 ~20 em 1 20 ~ 30 cm 1 )2 4b
MET f 38 75 o 208 A B0 A e A A 268 1 A BB S
A B CCT — 2, (5 A W56 2 4F e #f e, 4 B MET
£ 0 ~30 em 2 19 A T I BEAL, 3L I 1%
GE S e B RE S A AR R AR 1 A o TR ER 3 4F
AN G % T2 T A 1 0 3 AR, R 0l 2 20 ~
30 em - JZ 5 H RR AR 2 S K, Ul B TR P R DL FT i AL

NRJ2 AR LR A 4 4E s, 56 S5
AEME 0 ~ 10 cm H1 10 ~20 em + 2 FIEATIE A
Hom L, Ul 4 AE R AT BIAE, B2 A A i
PR S AFEHEAT T — R 0 Bk .

B4 Dy 4 A 5 A () b 33 S5 #0TE , a) L
Bl AT MET (9 BL5% 2 84T 0, &l 4a s, b
T EEZ R SRR R A0 H CNT F5FF 76 L3R 2
RAE B 4b BRARZEAWE H LT 2 LYK
B A CCT BURJZ M 8, WA 4c s, 75 FF 76
10 ~20 em + 2 RE, LI EP T,

3.4 WEENPKEENEW

T FEAE M W 5% A, T3 ik IS e % SR VR W 2 K
PPt B K M oo 3R, PR, R AR 8 HRT Do/ e
B it FH 4t

34 R RIBEE R U R 3R B B R,
ATLVE I FEFFIA B 4 45, 4 o AU B
g RERTE S DI (ER TS g = DI N e 'y
[l — 2 AR b 28 2 8] 1) 45 35048 br AT 41, B4R LK
X0 ~30 cm 204 A R ROHE SRR B Y
i 55 % (P < 0.05) , % 20 ~ 30 cm + 2 + 358 6 % &
(5 S A S (HA 0 ~ 20 em - J2 - HE O A7 AL
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Fig.4  Soil profiles of different treatments

AL BE CCT, 4b B MET FOALBE CNT 2 i) 22 53 A 3% 5
10 ~20 em +J2, kb B MET #1 4k B CCT 9 4 & &
R R M B AP S R AR K T A B
CNT, Zb ¥ MET F14b B CCT 2Z [a] 25 5 K & % ;20 ~
30 em bR AR B MET f 4 0 06l i 20 3o 250l 5
RO AT R e R A R R AR R T AL
CNT FIAL B CCT, % 0 ~30 em + 222 #SUBE
FIA BRI F- 2 & i A0 PR MET f)5F- 3 4 R0 &
B HEAL B CNT Al CCT & 0. 05.0. 09 g/kg, 33 25 -F-
PIE R 5 0.62 g/kg 1. 45 mg/kg, A AP 1
B 1. 46 ¢/kg 3. 02 mg/kg, BEIIAEZSIR +
PU AL B RE RS 5380 0 ~ 30 em LR 2% H
RO A )
x4 TEMERXNTERSSENZI

Tab.4 Effects of different tillage patterns on soil nutrient

AU &R MR EAE EU

it i b/ B/ BihEEb/ i/ R
Wi/ A

(g- (g (mg* (mg- (mg-
‘ k') ke ke ke kg D)

MET  8.82* 0.88* 76.27°
0~10 CNT  8.92° 0.89" 77.39%
CCT  8.04" 0.72" 76.74"
MET  8.66° 0.86* 73.21°
10~20 CNT  8.06" 0.76" 72.03"
CCT  8.32°  0.82" 72.12°
MET  8.12° 0.79* 68.02°
20~30 CNT  7.53>  0.72" 67.56"
CCT  7.40" 0.70° 60.12"

32.84% 114.94°
33.28% 115.36°
30.54> 111.55"
31.98% 112.32°
30.60" 110.56"
31.26° 113.47°
31.01° 108.36°
29.65" 105.32"
29.24" 101.53°

3.5 MTEENHRESENZM

F 4 KW ,0 ~ 10 em AR HFAERB A 138 A AL
B & w22 Rk B B FH KO- (P <0.05) A Bl & &t
B R EN/NR T &3 CNT, MET CCT, A4 253K £ HLAK
HHER A S5 oA TR FE LS, kS H
B 9.7% , 2 5% ¥ (P <0.05);10 ~20 cm
2 A B AR AR i K BN IBUT Sy MET
CCT .CNT, A= 53K + AU Ak B 15 45 =X b % 25 AL
K4 1% 2R ARNEEH, WELBHHENR7.4% ,
25 W% (P <0.05) ;20 ~30 em £ )2 - A PLIK S

AR E K BN Y iy MET, CNT, CCT, &b 3
MET FeALF CNT %5 7. 8% , L ALFE CCT 75 9. 7% , 22
S0 3 AL PR CNT FIAL B CCT 22 5 A8 2 o Ul WIAE
FEFF IR H 2T S e pF A g 0 ~ 10 em +
JZ TIPS &, AR A DL TE R 2R R TR
EHMFE S S, X AL CNT 10 ~ 20 cm
T2 R RES & BEARBERYIRERE ;&
SEENARE AN 10 ~ 20 em + 2+ HEA HLIR S &,
M0 ~10 em + ZA HLAk & & B35 /D TSR L0
PR 20 2 S HF A K, 20 ~ 30 em )2 5 #E SR
B 2 R A2, B E /DT AR LU AL HFE
B, A LR TE & )2 2Z 1) 19 43 A WA 34 57 e ) 2
20 ~30 em + 2 A LB S B AR ; T AR IR ALK
foAE T RN 0 ~ 30 em + )2+ EAG HLER A
XA LB S 5 L % 2 B R 2 BB
0.36.0.61 g/kg, I H 25 2 Z M1 A Lok & & 73 1 3
¥if o
3.6 TEXARFREEEFNHRSENHEXE

KI5 K0~30cm + 2 EERARKREHS
A BB 1A 1A 2 S 18109 23 B AT L0 ~ 10 em
F110 ~20 em 42 H R RIAF E TS LA
B A W S RO R 6 (R 43 51k 0.988 A
0.889,P <0.001) , i 7E 20 ~30 em + J2 4 3 K H &
PRASE M 5 MURK & 1 WA 38 3 KO X Bt
£ 0 ~20 em #FJ2 , T IEA HLEK & 52 5w 13 KA
RUER e EZ N E, byl T R g
TR A EEAE
3.7 HEEXEMEERMAEZTNZM

Kl 6a Jfy 2012—2016 4 [A] /] 22 7 & (1) 742 4k, 7]
PLE 4 AR 5 45 Ak /N A2 7 i B8 2012 4R 9K
ISR RN, AbFR CNT 78 2012 4E 4 8E)5 2013
AE/NFE TR AL MET FlAb B CCT %755 ;2013 4F
AbFE MET #E47 S8k 5 2014 4F 1y /N 22 7 & L Ak 3
CCT 275 b3 CNT 2L 2 k5 /N A =
TALHL CCT, Ui I BB 5 #E 47 S Bk AT LA/
7R RN 6% ~12% Kb PR CNT 3% 22 e #f
2 AR AT e 4 R RS L, H AL BE CCT & 10.54%
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Fig.5 Multiple regression analysis between SOC and MWD in 0 ~30cm soil layer
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Fig. 6  Variation of crops yield from 2012 to 2016

AL P MET 7E 2014 4E#E 17 R AN I, 2015 4R /N %2 7
R EE T AL FE CNT fI4LFE CCT, 4 9] 7 15. 56%
F122.68% , Ui W o B 1 4F J5 TR AL B 42 1 35 38 /s
PR 2015 4FZbFE OCNT [l /N 22 7= 1 i F 4b 38
CCT, & 6. 16% 34 7= L34 Pl 55 . 4k 3 MET 7
2015 4RI ,2016 4F/NAZ 77 o i 3 5 T AL FE CNT
1 CCT, 735l w5 14% 1 14. 9% , U W A 5 S B 47
RE PR R 72 D035, (B3 7 0 3455 2015 4R 45 BT 0 551
AR CNT 5 4b 3 CCT 22 5 A B 3%, AL 31 CNT % 2
S bt 4 4E B ROR A B3 TR R R O Lk 4 AE R
HEATBAE , R AERE LR L WRIZR a1k,
AR TR AR, SEOY - E W, T 0%
1 BT

S NBAEREA N /N 77 B M LS R 5
TG T B A TR (5 00, A B CCT ) AR 1 40 i 3%
BT AL MET F1Ab B CNT, 50 B % 22 Bk A = ik %

DR R R OR S RUE RS g R
T A, 0 5 30 /N2 0 L R DTS N 22 Y AR
B, T A A5 OK MU AR A 3 2 e B,
Tl 176 o 70 b 3%, (A5 /N2 0 s v 2R P R, AR
R LG % 2 WA S 4y A 16.4% F17.4% . Gy
B A TR B A 45 X B ~F X 58 Bk 4 BE BCRT 21, Ak B
MET i, Hok SR Ab B CNT, 403 CCT ik, =& =
[B] 25 5 .3 (P <0.05) , BB 5 3% 22 BB X AH
A2 IR WU AR S X 3% 22 S B A =T DA el 5 14
INZE T B BRRR AN BER . A T S [EIAHERR ST A
ROEEC AT A, AL B CCT i 2, OS2 AL 3 MET, 4k 2
CNT /0, 23 B2 R W AL B CCT B 8K - 44 B bk 4>
B AT 2, o] LR IE A SO, i b 2R
MET B SR JEATE AL FE COT /b | (H S 349 Bk 4 BE $k
BALFE CCT 1, o RE AR IIE A B E, R 4 F CNT
SR BN AL 3 CCT £ |, F- 34 bk 43 BEBOAS 4n ik

x5 AEMERXNNMNEMRERHZM
Tab.5 Effects of different tillage patterns on wheat yield components

i FARHY (bk-hm ™%) PR A0 (bk-hm ™) AR TR/ g bRt/ (kg-hm ~?)
MET (2.25x10%)" 2.75° (6.19 x10°)* 38.2° 45.2° 9081°
CNT (2.23 x10%)" 2.59° (5.78 x10%)* 36.5" 43.6" 7913
CCT (2.62 x10%)* 2.42¢ (6.34 x10°)° 34.3° 41. 8¢ 7727°
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2018 4

BEMET 2, At H AT 8B4 2 2/ T AL B MET Al
A CCT . A 5 O BN Tk 5 i K 21 /0N 18 I
i MET, CNT, CCT, AbBE 2 [0] 22 5 i 3 o 7= 2 #4 i
WERMEFRAFHNETE2E R, ETR N
A AR XA S R 3 R 0 2 BB S A, (R AT A
I 3G 0N 7 1 ARk O3 B A RO R R L) K
TRL BT & R AR UE S i

& 6b 2 2012—2016 4 [A] £ K 7 & (1) 42 1k, 7]
PLE 4 R0 5 4540 PEAY T OK PR R 8 2012 4F
I HTA 00,2012 AELE B CNT fy £ K 7™ 5 i
2 EF 4 B OMET 1AL B CCT, 4 % 55 7. 4% #i
6.4% ,2013 4EALFE MET [y £ K 7= it it 2 5 T 3
CCT, 5 9.0% ,4b ¥ CNT th i 2 & F 43 CCT, &5
7.7% 4B MET Fi4b 3 CNT LB F £ 5%, 2014
A Ok i R B/ i MET (CNT CCT, 2 &
W, AL B MET 9 5 7 08 B2 fi K, 2015 48 4b B
MET Fi4b ¥ CNT Jo22 5%, B % & F AL #E CCT, 41 5
B 7.4% f13.7%

2 6 S HFVERE AN K 77 I A B R
TE % T BE AR [R) A 08 00, R VR AR 0 K i o
RWA LW, O F K S AR R (HARER X
Xof A ACRE AL BSORT TR BT B 9 52 ) 3, A AR R B
B K E/N 5 S MET (CNT (CCT, b 3 MET L 4b
P CNT F1 CCT 4> 51 &5 3. 4% F1 5. 9% , 4b B ] 2% &
35 Ul B AR AR IR LB A BV A U I 3 1S oK
) A RICRE R 355 % T T b2 BT i 14 52 e, 40 B MEET Fil
LB CNT 435 5 T AL BE CCT, Ui B 2 59K H AL AL
A 2R 252 G B A 2RI LA S S i R K A Tk
o BFERES K 7 i N ™ b i 3R 145 el 3
W B AR B KRR A B R R AT AT o] L B  (HAE /N2
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Tab.6 Effects of different tillage patterns on corn

yield and yield components

e AR R ThL T/ i/
(#k-hm?) LKL 8 (kg-hm %)
MET  6.75 x10° 538. 4° 329¢ 10 163*
CNT  6.75 x10° 520. 8" 328" 9801°
CCT  6.75 x10° 508. 6° 324" 9 455"

4 it

(1)MET B3 0 ~30 em + 2 1 3 K H &
R 48w RIEAS AR E M P KRR R AR
A CNT F1 CCT 35 8.2% F130.4%

(2)MET 0] IA LA 0 ~30 cm + )2+ T,
SEIZS TSI CNT F1 CCT /N 0.089 0. 125 g/em’,

(3) MET & #8110 ~30 ecm + 2 4 % # &%
Wl SR OB R AT AL B B o, X R R A A O
&P YA O T & 43 ] e CNT #1 CCT 5 0. 36,
0.61 g/kg, I H 25 2 Z M1 A LK 7 & 55 A 535 4
CNT HHm 0 ~10 em + 2 F HLok & &t , CCT H g n
10 ~20 em + Z2H HLAk & &

(4)MET & 25 38/~ 22 () 7 34 Bbk o3 Be 80 A
ZACHE AL BRI TR BT o, DA 2 /N2 7 43 )
It CNT #1 CCT 3= 14% F1 14. 9% ; /N5 3% A 19 #F
VEA — 2 1 )G 8%, %t B oKk 7= 1A S, MET 5 CNT
3 A 88 T3 T K 8 A A R ORD TR TR R, B R oK
AL E RN E S AR E  HYEE ST CCT,
AT 4% F1 3. 7%
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