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Abstract: In order to solve the problems during dryland maize production in cold climate areas, such as
drought and water shortage, low temperature, soil fertility decline and so on, a field experiment was conducted with
split plot design in the demonstration base of dryland water-saving agriculture in He village of Yangqu
county, Shanxi Province in 2011—2016. The effects of conservation tillage on soil environment and yield
of dryland maize were studied with six different tillage mulching treatments. The results showed that:
(1) Compared with conventional rotary tillage and plastic film mulching (CTP), no-tillage, straw and plastic
film mulching (NTSP) and strip-tillage, straw and plastic film mulching (STSP) increased soil water storage
by 20.8 mm and 32. 1 mm respectively in 0—200 cm. Compared with conventional rotary tillage and bare
land (CTO), no-tillage, semi straw mulching (NTSS) and strip-tillage, semi straw mulching (STSS)
increased soil water storage by 24.3 mm and 16. 3 mm respectively in 0—200 cm. (2) The difference of soil
densities among different treatments mainly occurred within 15 c¢m, with 2. 6 times under strip-tillage as
much as the conventional rotary tillage. In the first year of no tillage, soil density was the highest, 4. 6 times
of that conventional tillage, and then decreased year after year. (3) Compared with CTP, the daily average
soil temperature under NTSP and STSP decreased by 0.2 C and 0.1 C (5 cm), 0.8 C and 0.3 C (10 cm).
Compared with CTO, the daily average soil temperature under NTSS and STSS decreased 0.7 C and 0.4 C
(5ecm), 1.5 C and 1. 0 C (10 em). (4) After 3 years of conservation tillage, no tillage and strip-tillage
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increased soil organic matter contents in 0 — 20 cm by 1. 5 g/kg (film mulching) and 1. 2 g/kg (no film

mulching) averagely compared with conventional rotary tillage. And after 5 years, the effect of fertilizing soil
was more obvious. (5) The economic yields under NTSP and STSP increased by 4. 4% and 6. 9%, respectively,
compared with CTP, and the economic yield of STSP was significantly higher than that of CTP. There was no significant

difference in average yield between NTSS, STSS and CTO. Generally, STSP is the appropriate conservation tillage for

the area to store water and preserve soil moisture, to fertilize the soil, and to maintain stable and high yield.

Keywords: cold climate area; dryland maize; conservation tillage; soil environment; yield

LV A 8 2 T 52 1 Bl v 2 KU AR L
BOWAEER R AER MK N 370 ~560 mm, 70 % [ %
K EHEAE R 79 A K R D N L K 4 A
RY), S8 R 5 R N - 24 R e
MAEBEVE RS FE AR Yo PR5E TR R 00 VR, 38 15 £
e PR AR R L AR SRR T E R TR IR
BRI ME . EORRIZ RS — KR E1EY
BE R ISR B R T0% LA 1 7R D P A AR
AT MEREF P EERERENME . AR
TR A 2 Tt X5l K A 7 v T2 B A DR
o6 R X IR AR R R . B R
3P Pk B 1 5 6 B 0% 5 o AR g L K 4y
P VR 7 Bk 43 ) 3 U A AU K ok, B
TR Al AT R 2 & e L T — 262 3 A R AR 4 P B
VE 23 AR 1 R IR, 386 i+ e 28 1, R R A ok
PR R A T R R B B T 0 XY 3 R
P TF T VA T X5 K AR P R B E (1 1 R 8 K
PRV . A SE £ 0 5 A — R AR X sk
7 5 A B 7 2 FLAIF 5 ) 00 AR X A e i D B AR
PEBRE 5 24 M 32 BR E BRI 35 58 B
XoF A K JE 0T N - HERR B R R OK PR R AR N Y R . K
I A 58 F 2011—2016 4F 48 1L 7 48 5 5 K &

b BH L) S 7R 7 3 M 0 a0 A SR
Ga Bk D BERUE e R 5 R AT B 55 R b 7 56 AH 45
AR IF 9 L ¥ Bt Xl T oK 3K 4 L IR
JE A ERE | A A ALTR K A A DL
AF R B 3 A 12 IX el 1) 25 I 30 L 5 R b Ty R
RCARAFT P BV i Ry v T DX 5 K A g 4 7 4
HEFIE I AR S,
1 #et S5
1.1 XIe 44

I T 20112016 476 1L P44 SAE T K A&k —
PR R BT R 7R 9 R i AT O K E A g, X
AL T I 7H 48 o, Ja SR Y 2 T XL MK 1270 m,
JCFEWI 120 d, 4R P B K & 450 mm, 4E ¥ 78 & i
1 995 mm, SR 6~7 C.BREZ K, =10 C
SRR 2 600 CLJ8 T oRIFBIX . T 5K A
TRV R X AR A 7 ) R BRI T o
R M 1, 2010 AERIL S BF)E B HEA AL &
w111 g/kg, &R 8. &M 58 H00h 1,13,
0.79,22. 3 g/kg, A A W80 & 140500 R 73,3,
6.1,148.3 mg/kg, @ P HEM S, 20112016 4F KX £
B E R T 59 HREK K 0200 cm JiEH5 1
e

x1 SEFHEKA960—2005 £).2011—2016 EEKE 0—200 cm EIFER A mm
i H Ry 5H 61 TH | 9 A 5—9 A Feg 7K AT Y JEH(0—2 m LEERKE)
2011 44,3 65.2 154.5  88.0 93.1 445, 1 FKAE 365. 1(— )
2012 23.2  79.9 175.4 42,1 72.4 393.0 Tk 4 408. 0(1R )
2013 28.5  99.3 177.9  33.8 105.5 445.0 Fok4E 385. 7(4f)
Rk & 2014 40.0  32.4 79.8  47.8  78.4 278.4 T R4 393, 9CEL )
2015 49.1 44,1 90.0 129.6  104.0 416. 8 EIS 333.8(%)
2016 19.1  47.2  241.0  44.4  28.6 380.3 K AR 386. 4 (%)
ZAEEY  33.2  57.0  102.9 103.7  62.2 359.0 - -
2011 11.1 8.2 51.6 —15.7  30.9 86. 1 AR HIRA R Z R
2012 —10.0  22.9 72.5 —61.6  10.2 34.0 TR 2 R
) 2013 —4.7 42,3 750 —69.9  43.3 86.0 MR 5
REHFHZ 2014 6.8 —24.6 —23.1 —55.9 6.2 —80.6 ATl R 2 B
2015 15.9 —12.9 —12.9 25.9  41.8 57.8 Pl i 2 5
2016 —14.4 —9.8 1381 —59.3 —33.6 —21.3 Mz R
1.2 REHE PO R FLBERE s M X EBEMAE 2 K, il
1.2.1 &t Rk HRX R, EXCAHHE I 6 AN A (2 2), 3 IREH L3 18 /X,

AR 3 AP a3 5 O B BE L 2Rl Bk A CLLTR T AR 4%

/N TETFR A 4.8 m X 13.0 m,



224 KPR R

% 32 %

*®2 WHKWwigt

FXARE X AR b B2 A P &) 46 b 75 7
TG R BRI B 30 e FEFTF AT 2B B > F BRI & Mar /5 i
T R i+ oo FNARFE A BRI B IT Hh EE 5  AE % R RS AT 5 — O
o 2 AR A o A AR G Rh Al 22 B
y .. FKWSCR B 7 30 cm Al FF AL FF 4 7 25 — 5 3% 1096 Al R AT RS 2= AR R A
S I+ AT
AR RAF T AR BRI BRI . ARG AT A A G AT S B
FKUSE B ok RS L B3 2 30 em RS AT SR FF & T 35 > B B 0T I R RS AT RS
T R S+ T VAR P 4B R H HLRE I o B 35 AR % Rl R R B 35— T A
4 HF W& . ARG Bl A AL A Bl 2 B
[=2) - = 2 F B s - 45 i
R S R T FRWSCR 7 30 om A% FF AL FF 4 78 35 — 6 7% 1046 AlOH RS AT R = AR B A

— B RN EBERE S A AR SR AT A AR SR R SR

KW T AT B2 H 8 /I X — 77 6 i8S B ot 8 L /N IX 4 T ML e 0 O
JIgS 2 1 35— TN A3 1%

5 B LBE R+ 5 2

AN BB H PLBER + 5 b Fh i

RIS B AT 8% 18 /N X — 2 B 6/ DX 4 T LT — i

A5 0 Ak B /0N XA B TR R A O AR AT
AL B A SRR AE RS AT 20 25 A AL B . 4R A AR
A& 60 em, BRTE 80 cm, B AL IR 28 2
5~8 cm, ZEMPE T HEF . FEAAITIE N 50 em X 70
em, FTA A0 3 A SR AR A B PR

G BN A i B, AR A BRI O Ay
kx9384 (FFRE 2 400 C) , ASFE JEAb BRI 5 A Ay 1 5
W15 (AR 2 100 'C), M % A 75 000 #k/hm ,
2011—2016 4E3E®I 00 4 H 28 H.4 H 29 H .4 H 26
H4 H23H.4H23H.4H 27 B, BEERFEEEN
WOk, RARIHZE 9 H M A2 10 H B4,

JIT AT A 3R 5 ol it A i [ B 2047 46 o A I S
BRI RS R BEIE (N—P,0, —K,0:26. 5—11.5—0),
Jiti 24 900 kg/hm’®, — R M 2. 6 4F 5
HRAE HIRBE K S5 T SR 4T . T Ah 50 3 R L 4 B A0
o it 2E A T R A R
1.2.2 BKkz AL ADCRREEREFTHN
TR B K i (] B A e i X 22 4~ 4R K
1.2.3 XK BH/AXPEHLHE R 8,
TREE 200 em, 43 51 T 46 AR 399, F CPN— 503
FAL(20—200 cm) A1 6050 X1 Trase Z&4¢(0—20 cm) il
BRI E KR, P TR R 20 cm, R HEK A AF R
H=vXh, A H v N HIEERBEKE OO ;R L EE
FE (mm) s HE T35 0—10 em H3E &K &, B4k H 1)
J:20114E4 A 29 H.5 A 24 H;20124E5 A2 H .5
A7H.5 18 H.5 H 30 H;20134E5 A 10 H.5
H16 H.,5 H22H.5H27H,

1.2.3 B E TEHRBMM EREHME U &
2 R B 0 SR O A 4 R B AR AL AR Y 5, 10
em SR BE W E 07 B Ry B b FRER FR AT L UL B[]

5 Ay BRSNS
1.2.4 E3EHAMRK 9T 2013410 A 2 HA
2015 4E 9 A 23 H R4 020 em T4, R E %W
B AN N AR R A P
1.2.5 3% EE 45T 2011,2013,2016 4FF
FoRE B R SC— 900 - ' 52 B Y (Spectrum
Technologies Ins, USA) #4702 .+ 48 B 52 B AW 7
FERIAT T EL 1] T 4% R Bl A SR 0 8 Ak B S AN
B3R 2.5 em 0 5% 1R ERIE R 0—45 cm,
1.2.6 & /N SEFRIE 2 ab B2 5% 7= i (I
FAFRL S K &R 1420 .
1.2.7 %t % A Excel #4471 56 B4 4b
B, H] DPS Geit 844 A7 190 28 09 22 3 #r .
2 RS0
2.1 AEAEXF 0—200 cm TIEW K E R0
M1 AT LLE L 6 A3t 56 8 AF B N B B RN 4%
BEE KRR B S . HBE & AF 0 /9 35, &5 7K 07 4
B MR, B R BB 2 . BR 2010 4 10 H 1 H KA
0-—200 cm - HEWT/K 2 A5, AN I8 2 7 Ak B GA R 7
FEE A B, S B RN SR BB R T AR AL B . A R AL P
L6 AN EAEIN B oo E S B T onE S
A3 VA R B+ Hb R B 56 P Y 3 i 0—200 em £
B K& 20, 8,32, 1 mm, Z2BR FERE K & A K&K,
ZME+ T onE SRR+ T On T 25 E KRN ol B
W AR, 6 A JRAEI N, Bk + R AR R
i SR HE A AR o AR L AR+ R b A
PIRahn 0200 em +HER K & 24. 3,16. 3 mm,
TAHF AT % 0—200 em KRl + 98 7 K B 4%
St E S 7.3 mm. K B - RS AT
MR E S E KRR ER. &



6 39

T A A8 - Y T DX M R R R P R B AR e BRI K™ i R AT 5 225

1 6 A JE AR A Bk 1 b BES LA B B KR B
PnA N BB, 2016 4F 10 H 2 HllE 0—200 cm -
oK R R L e T onE s R o
3 A H FLNE BF + MR AE 5 - B3 T 0—200

500 r —

= 460 —— EPH_TER

i) i —o—  FEHIBED RS B

¥ A

i) 420 |

=

£ 380

Q

§|340 -

S 300 L L L L L L L Lo 1 1 1 )
- N T I~ O O o > n = >~ &
S O O N n = O O — on O o O
S B S T+ AW DYDY S B S
D = e B e R e T = T o B == R == R -
I T L TR LW T Y SV SRV Sv.
S 2 oo oo oo o o o 2 o
AN A AN NN NN N NN NN

H#I¢GE-H-H)

cm T EEN K& 30.0,38. 4 mm, 1M e #F +FEFF 25
AR R AT 2 B 40 S R LB+ R M A AT
AT 0—200 em L EER K& 37.6,31. 7 mm, N
EM B OK RS R R T BEE T R K o A

g 300 1 —o— QAR LB S

£ FEBR o EpRFLES

1§ 460 —o— W AP+ R Bl A

¥ n A

il 420

®

g 380

g 340

d .

w0
(=
(=1

5-10-07
6-05-09
6-10-02

e e e e e e e e e A

2014-
20
2015-
20
20

=
~2013-
fl

i

20

g
S O O o O O
(3 I o BN o\ B o BN o\ BENE o |

E1 FRELE0—200 cm HEFKETL

2.2 AEAEXEI0—10 cm +IESKEH M
F T S B R 2% A Ak 3O PR S A 4 2 55 0 K
PRI R 55 J5 VA0 A 99 R )2 R K 4015 3 B B e
(B 2) o 5 b FOKRPT R RE R i IR B A8 TR 47
() 3K A Sk . 2011—2013 4F A i 2 75 JE A B8 30
JERTE AL EE 0—10 em + 38 & K B AR LA B A,
H MM, B ZREA BEES AR EER
TR HLBERE (P<<0.01), Hr,2011-—2013 4EHHF +
TOnAE 3 AP o B 35 40 i B RLE B - R
S TS 010 em RHES KA 3.7,
3.0 ANE 3 s A B R AR S L AR R
55 50 0 B e B+ 57 b RhORE 3 I T R S B
0—10 em +IEESAKE 4.0.2. 7T N E A
O &#+—tE%E B &#+—nBEn
M3 M e B+ LU % O BT EES
?%ﬂ%ﬁ¥%% B e R s P

T
[
>
_t';
>
&
>
®
>
-J
>

o
w
©
>
—H

— et et NN

O PR NSO RNOD

"

R

>
S
it

S
35053

S
35053

0—10cmtT¥EHKE/ %
£

1 1 1 T T 1 T 1
35053
[T R
S

B2 AEAEESHE0—10 cm THEEKELE
2.3 AELEXN 0—45 cm HIEETENZMN

i T B SAN F B A HE AR 2 AR X K
FER K E AR XS RS R CR R 0 375
FAT B S S B A W (R 3) &5 SRR I L R[] Ak LAY
JIJZZ020 15 cm, BLURJZE LT AR R B 1R Ak B % 50 5

RHES EEERAE 15 cm DLW, H, &8+
AT 2 B o AR RLRE B+ 2 3 Fh AR 2% A 7R R R 4 0y
] AT 2 57 o 2R B+ R AT~ 3 i 1 RS0 2 O L
BERE+ F2 AL PEAY 2. 6 A, e B R AT R R 15
em Z A S BSC A 2011 A AR B 3E R TR L
B+ 5 Ho R R 2% F -+ RS AT 2 B 55 (P<<0. 01) L HEE
A GUBF AR R E 1, 18 B S0 AP R AR SR A 1 4F
H UBERERY 4. 6 45,55 3 4R B 10 AR R LR 19 3. 4
58 6 AR RLBERFAY 3.0 A5 . — B R BHLIEAR 2R A
JR 1) - S B S E I B 2 000 kPa™ o ARBRFSE AP AN
ARER 45 em Z iR H R S BIR T 2 000 kPa, [H
IR TR A R A 2 i ] S

—o— 2011-05-24 %P+ ELES
—o— 2011-05-24 & HHEFELER
——  2011-05-24 % HE e B+ 38 s b Al
—o— 2013-05-20 HB+HREIT R E %
—— 2013-05-20 &L E S
—%—  2013-05-20 & # Be H+58 b Fp Al
—— 2016-05-21 B ELES
—=— 2016-05-21 &PREFTLES
2000 —=— 2016-05-21 A BB 2R M A R
1750 )
& 1500 %
@ 1250
£ 1000
§ 750
+H 500 Y
250 4
0 ]
0 10 20 30 40 50
T EHEE/ em

B3 AELETEZIETWL
2.4 AESEMEHRETERENZN
TSR R RAR Y A KR B R e AR BTV
DX SRR IR FT RE O AR A KR BRI A . fR
IR B AR AT A 3 3t A A L L 2011 4 ) 4b B



226 KPR R

%32 &

T K 1 MR A (IR 4D L A SR 7 A s S Ak
L S HEAE N (IR AR Ak 2 v i IR B AR SR 2
U MR e . Hob L e+ oo WL R
JUHE 350 SR FUBE R + M 57 55 H P 35 b R AR
70.2,0.1 C(5 con) M1 0.8,0.3 C(10 em) 5 Hff +
AR 5 SR M RS AT 2 5 00 AR L e A+ 6%

—— AP ICEHESem

—— =T HSem o]
—o— R BB 5 om

—— G+ LEE10cm
—— S+ LE®10cm

oz
5 11 1 11 11 1 11 1 11 11 1 11 1 11 11 J
(=4 (=4 (=4 (=4 (=3 (= (=4 (=4 (=4 (=4 (= (=
2 2 2 22 e e o 222
(=4 (=4 (= (= (= [ (=4 (=4 (=4 (=1 (= (=
2 2 L e e e e 22
< [\l < =] =] (= o~ < o o (=2 ™~
P R = T X B N
N Z

AP A H S R K T 0.7,0.4 C(5 em) 1 1. 5,

1.0 C10 em) . AN B AE b 33 77 4 15 4k 38 L) 5 L AR

7] J22 U 4 ML B =2 ) 1 2 S B /N TR B R A B, 3R

A b S 2 5 T W A0 9 o B B SR B S Ak 1 B

O IR IO W /2N ¢ 5 (CO 0 g e w S 71 I 2

e H AR I b U o (5 I R DR R A X AR B PE T
—o— G+ ERScm

—— ZHH+ LB HES om

o EMEMEE Esom R

30 [ —— SP+— LB HE10cm
—— P+ tE®E10cm
25 | —— EHBEAEE 10 cm
&)
m 20 5
S}
215
B
10 e
= s
5 i1 1 1 1 1 1 1 v ¥ ¢ & ¥ 1 ¢ 1 1 1 1 1 1 119
o o o o o o o o o o o o
L= (= (=] (=] [ < L= (=) (= (=] (=] [
S & S S S S & 8 s & S S
S e e e e e 22
< o < o o] < o~ < =] [+=] [=1 o
— — — — — (o] o
Bz

4 2011 ERRMEBEEXRGHFHHBRATR

2.5 ARELEX0—20cm HIEFHNHRESENE

AP PEBEIE T AS TR B BBk Oy 2R DL R 5
Ak R - HEE HLE A I R AR (B 5. PRy
HEVE 3~5 4F 5,020 cm + A ML & 553 HLTE
BHA W E R . Hrh A A3 3 RIS L bR A%
B T S35 00 B 5, P Bk RERR R T - e
LT & 1.5 g/kg (EBE FI 1. 2 g/kg ORI , 3%
Wk 13. 526 F0 10. 5% , H S8 4b BB AL & &2 e
FEE T AL (P<<0. 01, {RAPIEHEE 5 E)T .
35 RO ONE B S IRONE S BN BT 34 A R
BRI T AL SR 2.6 g/kg (O 2.8 g/
kg OB L3805 A 19. 0% M1 21. 0%,

O 4p+—nEE 5
B &oH_nER %

O B aREE B
1?"21 -
218
M s |
w15

12 o
9 F b

St
424200505

6 IIII
3 b b
0 1.1

2013-10-02 2015-09-23

0—20 cm T HHHL

A
5 AREAAE0—20 cm TIEEV RS
2.6 AEAEMNBMEREFSENZI
B A 10 b BRAE Gy B 30, PR 4 P B 2 B 1
1) B 7K PRI RN A R B IE RN L AE i T8 B X 4 IR
T 2 E W A KR A R R PR 2 R, AN [ 4F £ 32

HORTE = AR B (3 3) . Ry EES B B
(1% A A T o AEL by 0 it 55 7 S AH 45 5 9k A0 T B IR
RIANF R L, o dF+ ol s A oS
FEAS [ 4T 07 #6822 B 1 14 7= 4 F L 2011—2016 4F 43 5
BEH e R+ Hb RS 5 T B 4L 400 6. 900, H
o, Bk Ton R A U T A B K T e
B+ IR 55 (P<<0. 01) . A7 AL, iy TR
PEBEVE B 2 1 B IR AR FH o AS [R) A M 4 A0 22 3 R TR] 11
3487 S AR S L G B A B X 7 R R R
ANF S G Bk + R 21 55 7 S B H L E B+ 8 P A
Wl 1. 800 SR+ RE AT 1B 5V B R e B+ 68
oA AE G = 3. 8% MH = F Z I A B EER., H
M1, 2013 A R FEAKAR R I e T S A A8 2 S B R
S A4 P B 1 0 28 B0 1 B 8 1) 3 = 00 L B Bk -+
TG AR e 35 00 00 B R L E R 4 M R T
B 18. 301 16. 3% bk + RS FF L 25 L AHE - FE
FF242 78 55 43 50 B2 1 L E BE + 5% i B A 186 7= 11, 8 %6 Al
12.0% » AT BE B T AR 003 - 5K 43 RN B AR A J2: ok
Az K 2 BRI R O A B A B Y
NEAEFE S 5 AR 22 0 S 2 A 3 7 N . T AL
PLAHE+ oo s 0 7 B 2R B X R b oK
I A 38 EL I DR AP R B R
3 W

AW B E 0 B K R VE AR 2 T B
PRBL, L6 AN JRAEI ek oo R A ot
T35 00 ) 3 BUE AR+ M A 35 F 3 8 in 0—200 em
+- 3K B 20. 8,32, 1 mm. fuflk+ RS R 3E  8E+



6 39

T A A8 - Y T DX M R R R P R B AR e BRI K™ i R AT 5 227

FEFF 1B 55 0 0 95 8 T IE B —+ 28 H i ARLSP- 249 38 o 0—
200 cm 4K B 24. 3,16. 3 mm, L Ff % (50 B
AR 3N, L K AR 2 in sy I ek, X S AN TR
S BIE I A — B0 B TR PR R [ B B
7 26 A 3, P B 0/ Hb T AR L B 0 K R
IRE K A B TR AT A 80 45 8K 4y D% 4 3
KR IR ZE RN . L, g B R R I K
AR RS KRS

B B ST B AR ) A R R T )
S5 7 T A TR AR 2 W 5 B R 2 R e+
FRAT KA S I R A RO S DT R i 1 ) A
KEE™ . ARFGE T AR BEEHE 5540 B+ 38 5% 50
25 FBAE 15 cm W W BUERE RN S50 B RSN

[FAF 00 B A 3% 22 5. M e BF 26 1 4F 1 3 XS i
s DUS B AE TR, A A RN R S A5 2
AR &5 98, B 0 G B I E B A - AR
MRS T AR EE W TR PR e T b
SEWHLHL R SE R AR B T R AR R TR B
BT RAF LR A5 A Al A B A 2L N I
TIEAEE ERE LA, HdARTY &
W] S S B 22 4F o b M R S A R 2 Ok B
M 29 17 BB AP PE B R i itk — P R e . LAk
A B G L A R AR R AR S £ AR A
B BERERT . XS R B E R R AR
FIR 7 St 14 22 5 LA B N s A7 5 R 00 A AR R
R,

R3 FRLEMNBMHEREFFEHHMN

Gbh T HE

bt Ak AR

" BHE-E ABToX " BRTER ABRT

ST RS R U RBRR RMERE pmEs 0 TN

B e g PRSI WEEE mEE T LT L RPN CRNEE AN
Jo / X ) / / % " R

oo P okgebmo?) BT iR v Chgebmt) EMEEHG  HAEEHT

(kg *hm™*) (kg* hm™?) (kg* hm™?) o ‘ (kg*hm™*) (kg * hm™?) (kg* hm™*) ‘ ‘

WEEE/ N WEEE/ Y FIAH/ % BHEE 1
2011 1155750 11862.0aA 11424.0aA 11614.5A" 1.2 3.8 8149540 S481.0aA  8056.0bA 8328, 8B 1.9 5.3
2012 1M47L5bB  12156.40A 11361.0bB 11663.02A 1.0 7.0 §277.6bA  9167.8aA  8783.1aA  8742.8bB° 5.8 11
013 111779 10997.2A 947.2bB 10540.82A"  18.3 16.4 9018.32A  9041.1aA  8069.7bB  8709.7bB' 118 12,0
2014 10572.0sA  10837.50A 10411.5aA 10607.0A' 1.5 11 $221.7ThB  9279.1aA  8390.7BB  8697.1bB  —4.3 8.0
2015 10690.5abAB 11190.0aA 10423.5bB 10768.02A" 2.6 7.4 $041.5bB  9711.0aA  9885.0aA  9512.5bB 0.5 -1.8
2016 11955.4aA  12019.50A 11542.0aA 11839.02A' 3.6 11 7807.70A  7912.50A  8240.TaA  T987.0b80  —5.3 —1.0
FHE 11237.5abAB 11510, 4aA 10768, 2bB 11172, 0aA’ 4.4 6.9 §452.7aA  8932.1aA  8663.0aA  8647.8bB"  —1.8 3.8

T« % P AT B 5 AR ]/ 5 B 3 /R 4% b B 22 5 8835 (P<0. 05) 5 8 [l K5 52 1 4R 45 b JL ] 22 5 1A 1835 (P<<0. 0D A" g Pl 2

] L4

ARWFFELE R R A RDIE KO A B Y
if TR 0N o ARG IR 2 AR A 7 2 PR R A 98 Bt X
Fe vk AR FH ORFIE Horh B+ onE R &
B+ o0 B 55 43 00 R B E B + b B A 55 H P2 b
TRFEAK 0.2,0.1 C(5 em) F1 0. 8,0.3 C (10 cm) ;4
BE R AT B 35 L AR WE -+ A R 202 7 25 00 ) A i
B+ 8 o AR H P 3 MR R IR 0. 7,04 'C (5 cm) il
1.5,1.0 C(10 em), B A MR W BIR, k%
S 15 W A ) BRI RN X A 2 - T R i
K Xt A WA R A o R & A e v N R
i) AR B A R R A LB O AN AR G
BV Ab 3 2538 RHOBE 0 n 11 - 48 45 4 5 A e 1) D A
15 318, 28 L WA 2 A DAL 484 3 P 5 1 S B L 2D #F
IK G LB 5] A3 A AL T 2R RO 25 R T I R
Z R . AR B B VE AR RS AT BT 55 05 L (A
FZ RIS, Iz LS KR e, H R
N B A R R AR R R R
ASHIEFE b AR PR 1 R 7 5 A 45 AL AT B O
% ol e AR SR B 5 | AR B BRI R

TIEA VL AEM A K EF RSN, 2
T - 9 R o Y TR RS AR 2 — . PR EREAE 3

A SRR RSB B 8H FUBE B N T 0—20 cm
TIPSR 1.5 ¢/kg BB M 1.2 g/kg (A3
O ORI HEREAE 5 4R L Bk R S BT B R TE B
BT HHEAHLES B 2.6 ¢/kg D I 2.8 g/kg
(BB . DR PERHERE I ) — 5w & i T8 56
b FF 10 68 i L3 I T A WL s S — i
Al AR B T ORGP PR R S IR e T R A A B
SR fe S g g R W AR Bk A
JE A ML Bt REAIG, AT RB 5 - 1 AN A
WA > S B A R PR DA

ARG, SRR+ on T I e R TR HLiE
B+ I A 25 . AR 7 6. 9% . i e Bk -+ e
T 5 AR R B+ b R 55 R 2 M L 2 R
Sk A AT AT 25 L S BE HRE FT A L L 1
BHMHEZELY Rz EAREEZS. BT
K IR P JE AL S B R AT R AR+
Tl AT 2 7 o5 45 RBE B+ 8 b b i 6 B MR RS [R) B9
ARG . RZHF5E 0 gk b e W, AR P bk
FEAE 3G 7 0 1F O, (P2 AT 5 S Bk A D B s = 1 4
RVEEOR i = N N 1 S D AR U AR o1 (R A
TN R s B A R R . Bk —onE 36



228 KPR R

% 32 %

T 1A 5 kAN T T AR B 2 AR TR K

NS BB T KBRS R st T 50K o 3

TR BE YA ML SE 1 Y PRk 2 T e R R

FERYE ST R RS R 2 DR R

T T B ARE KR R B R TR AR R .

BRI T 77 e A 2 L AN BV B X HE T N

4 5w
T B K AR IR A HURIAE 7 R B 1L 7 VA X 5

Hby K AT RS0 R R BRI R R o

CEAEGE T HHOK sy R R ARy R S

JEEY PR AR e A T R R K =, ]

RS 7 25 T LA R H AT B XCR L OKR A

T H B PR VR R G
(DA PEBE S T B KR RE T ek + — o0

G A o w o IR FUERE 1 MR T T

T 0200 cm 47K 20. 8,32, 1 mm; e+

FFA78 55 ARHE - AT 55 00 0 8 B e Bk + 2 b b

FESERHAN T 0—200 em + 30 /K & 24. 3,16, 3 mm,
O HEHER I T 15 cm 2 N A + 58 & 52

I 5B e S B O R LR Y 2. 6 f%,

RS AR LRSI R R LPIER 4.6 £5,

UGB T .

O KAy B 5 566 L 75 21 B B 2
e PRIPTEEREE 3 AR S AR BET R BLE A
M 0—20 em HEA ML & & 1.5 g/kg ) Fl
1.2 g/kg ORE RO AR HEHEE 5 )5 B Fn & 8
B I TE B i R A ML A i 2. 6 g/kg
B AN 2.8 g/kg ORI .

(DO HERHER B REREN . %+ o
R oo w0 AR R LR+ b R 55 H
S MR AR 0. 2,0. 1 'C (5 em) H1 0. 8,0.3 C (10
em) ; Bk 4 RS FF B 56 L SR R FF B 55 4 0 i
B HLEHE 1 5 M A H P IR FE AR 0. 7,0.4 C (5
em) A1 1.5,1.0 C(10 cm) .,

G)fk+ oo 535 A+ ool &= 0 R
FILE A+ b 57 25 S H 7 4L AV R 6. 9%, B+
TOUHE AT R B E KT AUERE R i s
BE AR5 #1208 55 A8+ RS A1 B 35 L RUE AF 1 &%
HWMEAET R EEAREES.

5% STk -

(1] 3kAt ol i, 0 AR, 45, L3 X A [ 46 ) 5 0t 6 ok 7=
Xt L S b A 5 B A i B2 (D], o A s o 2
H2,2013,21(12) :1449-1458.

(2] k&M EHEE, BF .G BN 2 E K&
7 e o % 31 R M AR 7 = A e B (. vl [ R 2 3l
2015,31(24) :59-66.

(3] F ok gg i, it 35 0. 45, K00 40 e B A 0 1 s
BUBRR oK 7k K /K 43 R B o (0. #9835 S5

(4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

B2 4R .2015,21(6) :1455-1464.
RN ER R AT A BE 7 A e b B Al R
TRV Yy 2 e R 2w [T 0. 0 AR 2 2% 4. 2015, 26
(3):939-948.
2 e A, 98 7 AFL T AL B IRAR B M HEE X B R
K7 g KooK A3 R AR g s ma L] 74 Jb A AR k&
A CERBHERD . 2014,42(12) :46-52.
WAL AL B AR L AR TE AL R AR K AR B
VEZ ARG R 5 19 7 8 ooz [ 0. b B el #k2
2010,43(13):2668-2678.
X A&, S AR AP PERAE T R RS BRI T
4 X A BF 5T 5 2010,28(6) 1 15-22.
Zhu Y G, Chen S B, Yang J C, et al. Effects of soil a-
mendments on lead uptake by two vegetable crops from
a lead-contaminated soil from Anhui, China[]]. Envi-
ronment International,2004,30(3) :351-356.
AT AR R S B RS b R A B
A H A e AR A AL RS LT, b B Al R 2% 2 4l
2011,16(4):74-79.
EFLL BT Z MR S BRVG A  E AL R
PEBAEBE ST (1. 256 3048 40 A1 L], T 52 i X Al oF
%%,2010,28(5) :52-58.
WA REIR L EAE A R PR R X 1 B R
KT AR [ ], 4ol T/ 22 4, 2008, 24 (10) :
40-45.
WRORESC BEZE RS B A, A B A R DR A R B4
SEAE M X 2R 2 AL ORI K B s L), A
Y18 3 5 0 R#R . 2016.,22(6) 1 1558-1567.
OO, W . R R . S B X LR AR T S
[T, T 5t XA B 5T 2011,.29(2) £ 95-100.
HT B R T IRAE S A DR AP MR O X 0 L B A
RS2 )], A E AR 2+l . 2014,30(6) : 175-181.
Kahlon M S, Lal R, Ann M. Twenty two years of till-
age and mulching impacts on soil physical characteris-
tics and carbon sequestration in Central Ohio[ J]. Soil
and Tillage Research,2013,126(1) ;151-158.
TR NS XU S TR R K R A X
KRERE LRSS ] T 5 X Al oF
4¢,2010,28(3) :79-82.
Fabrizzi K P, Garcia F O, Costa J L, et al. Soil water
dynamics, physical properties and corn and wheat re-
sponses to minimum and no-tillage systems in the
southern Pampas of Argentinal J]. Soil and Tillage Re-
search,2005,81(1) :57-69.
Zhang S L, Zhang X Y, Huffman T, et al. Soil loss,
crop growth, and economic margins under different
management systems on a sloping field in the black soil
area of Northeast China[J]. Journal of Sustainable Ag-
riculture,2011,35(3):293-311.
RS R DRIN A5, AR LUV B X S B 0 e
BARPIRORET . Hp AR B2, 2013,46 (11) - 2271-2277.
(F#% 242 T)



242

PSR R

% 32 %

(5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[16]

[17]

PR B )], A2 T . 2018, 27(2) :219-224.
XUBL, i B, SR HE R, 45, BB E T R R
FBEZ A A M LI ] &R Al Rl 2%, 2016, 48 (4)
61-65.
FRE L R E AR S T B SR RS A
W R AR B e s e L) 1. P U AR AR BB R 2 R (A
KRB ,2009,37(8) :121-126.
Miao Y, Stewart B A, Zhang F. Long-term experiments for
sustainable nutrient management in China: A review
[J]. Agronomy for Sustainable Development, 2011, 31
(2):397-414.
B RTF R R kAR ROK IR B R AR 5
BT 457K HEWE . 2002(2) 1 12-16.
Liao R K, Yang P L., Yu H L, et al. Establishing and
validating a root water uptake model under the effects of
super absorbent polymers[J]. Land Degradation and De-
velopment, 2018,29(5):1478-1488.
Liao R K, Yang P L, Zhu Y H, et al. Modeling soil
water flow and quantification of root water extraction
from different soil layers under multi-chemicals appli-
cation in dry land field[J]. Agricultural Water Manage-
ment,2018,203.:75-86.
Liao R K, Zhang Z, Yang P L. et al. Physiological
regulation mechanism of multi-chemicals on water transport
and use efficiency in soil-maize system| ] ]. Journal of Cleaner
Production,2017,172:1289-1297.
B PV YT B A A R A T IR KGR AE KO R
FE RIS Gt B b g N SR LD ). ARl TR A2 4k, 2016,
32(1):125-131.
TR T TR L RKGR S IR R LR R
BeAi A DR B AR LT ] op B Al B 275 2011, 44 (19)
4015-4021.
KM AR AR RS, A DR R 5 B IE 4 AR B S I B
FRBNERCR LT ] K R AR FEITSYE 2014, 21(6) :67-71.
FEHEZE ) A R, AR DA, 4R KR R & E & TR
WRBR % 20 R 400 2% B 5 R [T ). Rl RO B 2 o 4l
2007,26(4):1296-1301.
BT K kAT R A L 45 Ak 2 AR SO 4 BOR X 1 3
KAE F KBS L] R HUB 2 iz, 2014, 45
(6):166-171.
I SCHE A 2R SR A S TR W 4% R T R KR X
HER AR AL A K R R m )], Rl TR AR R 2010,
26(10) :69-76.

(LBF 228 B)

[20]

(21]

F L5 R REAR R E T 200 AR L S R X
T B RS [ C /2010 4F [ R Al T K28 X
#,2010,11:335-338.

Stockfisch N, Forstreuter T, Ehlers W. Ploughing
effects on soil organic matter after twenty years of con-

servation tillage in Lower Saxony, Germany[]]. Soil

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[22]

(23]

RITHE MR8 b 2R SR AR S R B IR R
KGR E R AR Z AR ML) ] 9 1 HE K 5% 4R . 2016, 35
(10) :42-46.

i+ H. R AT IM. bt p E ARl S R  2000.
WRE, EKE, EFZE . 740 15 000 kg/hm® DL |
B E KR &R ] b AL, 2007,
40(9) :1898-1906.

W, L AE S E RS T Y R R
543 LR s B T[T ). EOKBEAE . 2007,15(3) :95-98.
SR AN [F) 77 o 28 B AR K K IR 43 WU 0 A3 B
AAHEFIL] ] FRBEF.1997,5(3) :70-72.

Kl R, ERAEK T SR Wi & Z R H]
BT R KRR ,2003,36(1) : 71-76.
Tz, A A A A AUIRE B R K R 4
R ENE WA B2 ma [T ], £k B4, 2013,21(3)
125-130.

Islam M R, Hu Y, Mao S, et al. Effectiveness of a
water-saving super-absorbent polymer in soil water
conservation for corn (Zea mays L.) based on eco-
physiological parameters[ J]. Journal of the Science of
Food and Agriculture,2011,91(11):1998-2005.

T 75 HE A 1 L R AR S it O S R R A T K
R WU S BENE A B 52w L) ). A9 78 57 5 0 22 4,
2013,19(2) :312-320.

SR kR, E R BE LA RS WK X B R K 1
SERR AR LA AR w ] e s
kL4 2010, 16(6) :1358-1365.

Zhang W, Chen X X, Liu Y M, et al. The role of phos-
phorus supply in maximizing the leaf area, photosynthetic
rate, coordinated to grain yield of summer maize[ J . Field
Crops Research,2018,219:113-119.

TR Bk, 22 SR A [ R K R R 4 3K 4 A
R RS LT ], A S AR F 4, 2010, 18
(2):245-249.

EEAS RN KA B L S it AU S B OK R
HREWW L LEMSAZwLT ] E R,
2013.46(12) :2483-2491.

ML, Rk S AL X B K Y
K e K a3 I 80 i S e LT . I HE 7K 27 4. 2009,
28(3):12-15.

1) i AR A L A B 08 L 55 (R IR X DR R 3R Kk
JIE I FH 25 A3 5 i (i 36 T 5 [T 0. HE R R K 27 4, 2014,
33(6) :141-144.

Tillage Research,1999,52(1/2):91-101.

K EEAE, T 05 A AL S, AR BRE Oy Xt A X B AR LR
ZNFE —F B ARAEA H B P R K 7= G 5
CJ0. 1o A 45 242, 2013,24(4) : 1001-1008.

B BT B B ERER A R B R RS B o 3 R
WA 4 Sy MR i [0, K B e,
2014,28(2):112-117.



