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Effects of different tillage and mulch treatments on the
soil environment and yield of dryland maize

ZHANG Dongmei” , ZHANG Wei, JIANG Chunxia, WANG Xiaojuan, LIU Huatao,

YANG Ke, YAN Liuying. LIU Enke, ZHAI Guanggian
(Dryland Agriculture Research Center, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China)

Abstract In order to solve the problems of drought and water shortage.low temperature and cold, soil fertility decline
and so on in dryland maize production in cold climate areas, the split plot design was adopted in 2011 — 2014. In the
demonstration base of dry farming and water saving agriculture in He village, Yangqu County, Shanxi Province, the
effects of different tillage and mulch treatments on soil water.fertilizer,heat and yield of dryland maize with 4 different
tillage mulching treatments were studied. The results showed that: 1) Deep tillage in autumn plus straw returning (DTS)
obviously increased the 5 cm ground temperature at seedling stage compared with rotary tillage in spring with no straw
returning (RTN) . The average daily ground temperature and average daily minimum ground temperature increased by
1.1 and 1.3 Cover 3 years.respectively. Plastic film mulching (PM) for 3 years improved the 5 cm at seedling stage

compared with no plastic film mulching (NPM). The average daily ground temperature and average daily minimum
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ground temperature increased by 1.7 and 1.2 C ,respectively.2) Compared with RTN, the soil moisture content of DTS
at seeding stage in 0 — 10 cm increased by 1.9 percentage point.3) The soil compactness of DTS at seeding stage in
0—12.5 cm was equally 3 times of RTN. The soil compactness of the two treatments was basically the same from 15
cm.4) After 3 years of continuous tillage and mulching treatment, the soil fertility of DTS was obviously improved. The
content of soil organic matter, total phosphorus and potassium in 0 —20 cm were significantly higher than that in RTN
(P<C0.01),and the increases were respectively 5.8% ,6.4% and 6. 1% . Total nitrogen content in PM was significantly
higher than that in NPM with an increase of 8. 6% .5) DTS increased the yield significantly ( P<C0.01), and the
economic yield increased by 12.2% on average in 4 years. The economic yield of PM in 4 years increased 25. 3%
compared with NPM equally. Among all the treatments, the yield of DTS plus PM was the highest. 6) In PM treatment.the
WUE of DTS increased by 5.4% compared with that of RTN. And in NPM treatment, the WUE of DTS increased by
12.0% compared with that of RTN. In conclusion,DTS plus PM is appropriate for the area to store water and preserve

soil moisture,increase and stabilize temperature,improve soil fertility,and get high yield and high efficiency currently.

Keywords maize; dryland; tillage and mulch; soil environment; vyield
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. RO IR TR VS T BUR A JE 2 B 2 X 5
Tk AR R B FE MR 2 R R X ARk Y
R ) BT AR R Z - Wb
R fif RS 3+ geE A L iR I E K AR
FIRER K o R RCRST . A F5 FF 5 54 H BB
B3R NE L T B A L e LI B R
15 VR A SRR o R RS R S R
FFi& H LA W FH A A BE % ol 38 1 8 38 Ak otk L i L
A DL = VR 9 7 R o R R R, A AT
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et AR R K A 450 mm, AR ZE K E 1 995 mm,
AR 6~7 °C LR 22K, =10 CHE s AU
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spring,no straw returning, RTN) 2 7K, 2 X K
% B (Plastic film mulching, PM) fl R~ 2 € (No
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Table 1 0—2 m base soil moisture and precipitation distribution in growth of corn of 2011—2014 year,

the comparison of precipitation distribution of multi-years (1965—2005) and 2011—2014 year mm

JEH(0~2 m

[N
H f» Month + K
P , T R
gy Base soil
Precipi- Drought
Year ) moisture o
tation condition
5 6 7 8 5—9 (0—2 m soil
year
water storage)
2011 44.3 65.2 154.5 88.0 445.1 FIKE 365.1(—f) AEEMEALRZRE
(11. D (8.2) (51.6) (—15.7) (30.9) (86. 1)
2012 23.2 79.9 175. 4 42.1 393.0  fWE4E  408.0(fR% WERHIZF
(—10.0) (22.9) (72.5) (—61.6) (10.2) (34.0)
2013 28.5 99.3 177.9 33.8 105.5 445, 0 E Y& 385. 7(I) A R
(—4.7) (42.3) (75.0) (—69.9) 43.3) (86.0)
2014 40. 0 32.4 79.8 47.8 278.4  FRAE 393. 90K PO MERE R M 2
(6.8  (—24.6) (—23.1) (—55.9) (16.2) (—80.6) 5
EA ) 33.2 57.0 102.9 103.7 359.0 — —
Annual
average

TE A5 5 U D 2 4 (1960—2005) - 1 38 18

Note:In bracket the figure is excess over the average of multi-years from 1960 to 2005.

2510 Ak B /N XA ORI T R S L % AR EAT
AR 9 -+ SEBRAE S FF 30 FHORD B B Ah B, BRI+
RS AF IR HAE b —AFR AR RO $E1T , BRER BF R FH 4
KALEHE 1B AR E N 25 cm, Bl J5 e BFHL R iE
PR VR BETR 2 2 8 ~10 em, F5 #3462 | #E £ oK
WA S5 R FH RS FE R B ALK S AT 43 R i ok <
10 em M/NEE, 45 & 1 S8 BEE 43 B L [ 5 35 iE
B+ JC G FF 38 A W LR 0 10 R A7 e Bk R L 2 oy
15 cm, F5FFA L B AL PR AE | — AR RIS
T K FEFF AR a0 . 7 A B TR % W R AT 1
ZERIIE L JESE 100 em, #2285 Bl 5~8 cm, Z2fil]
TAEA . A A A R — B B AT AR AT HE 60 em AN
.30 2 KiAh T,
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H B4R LR LG 5 B IOR . 20112014 4F FL3R 43331
HOHI8H.9H28H.9H 25 HA110 H 11 H,

JIT A Ab B R FH 7% it A 2% [ 5 328 45 39 B R e
AE L BB FR S R RS R B HE (N = P,O; ¢ K, O &
y26.5: 11.5: 0), i &K 900 kg/hm® , — K P
A . 6 il 2 B ARRREK AT 1T,
JCA 70T R 22 BECHS AR it AE 17 H R] rh A R
1.3 MiRF*
1.3.1 %@%

A4l A i s AR 0 AR B N IR K
i, [A] B2 ) X 2 AR BT R OK
1.3.2 X3RS B KA A E

0~10 cm +HEE /K& 2011 48 4 H 29 H Mt
FikdE ;2012 5 F 5 H2 H.5 A7 H.S A 18
H.5 H 30 HHMA & ;2013 4EF 5 J 10 H.5
H16 H.5 H22 Hf 5 H 27 HH TDR kL& .

B/NX AR 1R T4 IR EE 200 em,
PN KA R YRR 2 W CPN—503 Hr 4 (20~
200 cm) Fl1 6050X1 Trase 245 (0~20 cm) | & + 1§
Sk AUERE 20 em S — 2 5E 8K 4.
Tk FEE H=vXh, P .v R HEERFHE
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KA, Yo sh R )RR mm,

FOKRAER WA K S, mm=FFHT LIEF K= +
A H AR K i — ORI K 5 K 4 R R
WUE,kg/(hm® « mm)=E K=&/ FWEKE.
1.3.3 13 EE

TE b IR B EOK B U 80 4 3R e
SEASCIN 7 - UL RE AR AL BRI 5 em - HE IR B2 UL
A S 2011 F 5 A 1—24 H.2012 4£ 5 A 3—31
H.20134EF 5 A 1—26 H,WE N & &L
FEFIAT B /NEHE % 1B .
1.3.4 LX3EHH

LA 3 4R, T 2013 4E 10 A 2 HREE 0~
20 em AR E A AL BT B A A 4 R4
T
1.3.5 L3RR

T 2013 4F 5 H 24 HFIH] SC-900 A 4 590
{¥ (Spectrum Technologies Ins, USA) X} A [a] &b 3
() B K S R R AT I . A g RS R ST G B
17,3 B ) N, WA R 0 AR B S A A
AR 2.5 em il ok 1R, W EIRE SR 0~
45 cm,
1.3.6 FH AN =

FLFE R B /N IXOSE BRI E A% b B 28 0% T i
T 3 R & KB 14 %) . /N IX 3% S BUEE 20
PR #EAT E N B R DU B ML B AT BRI AT R AR

SRR IR DL B E O A AL B T A AR AR O
TRk T8 B, W3k F8 B (HD = 20 FEAF R 8 /20
Mttt T4 E X 100% , A4 47 f4% R 20 R b
WY R ESA  kg/hm”,
1.4 %itAH&E

H Excel #4710 5 45 40 3. 1] DPS 4t it %k
1 o AT 6 B0 1) O 22 53

2 HRESW
2.1 AE#MEBZENENEMEXRSEHLIERE
A

M1 % 2 FEE 3 T A1, BR B + A FF 38 H 5L 3 g
BE -+ JOREFF A ) B4R BRI £ R )ZE 5 om
H S 2 b 3 R0 H 5 % S 249 3 L 3 4 SF 35 4 S 4R
L1ANL.3°C, HilF L —4 /& I, R
S b — AR R B 5 25 AR R Z AT R K R
[F] o 3285 524 AF R K 1 3 - 18 B 25 F AN TR S PR L A T
AE 5y H TR 1S IR BE R TA] . 2011 4R BK R AE -+ #5 AT I8
H A A, H 20112012 4E PR DR [ 7k 45 2 4F
F-¥42 38. 2 mm, #9053, 6%, A, 2012 4F Bk
B+ FF 34 I AE 6 K B 30 A S 080 3R A B B, 0
25 om HOFEyH R A H AR SE 2R 4 AR
BE B+ TCFEFFIR g &5 1.7 F1 2.8 °C . MR 7 35 2L
R R VE B B AL B 3 AR M i R
FRALFEEE NG W L R Seom H MR A H &%

®2 FEAMEESAEERBEHLIERES om HEHHIE

Table 2 Average daily soil temperature of 5 cm topsoil at maize seedling stage under

different tillage and mulch treatments C
F X 4b 24X Ab FF ] Time
Main plot treatment Split plot treatment  2011-05-01-—24 2012-05-03—31 2013-05-01—26
I PM 15.9 aA 21.4 aA 21.3 aA
BRB+FEFFEH DTS AR JE NPM 13.8 bB 20.6 aA 18.4 bB
Y Average 14.9 aA 21.0 aA 19.9 aA
#HIE PM 15.0 aA 19.6 aA 20.0 aA
Hhed+LRAFEHE RTN RE K NPM 13.3 bB 19.0 aA 18.2 bB
SE#4{H Average 14.2 aA 19. 3 bA 19.1 aA
R+ FE AT 38 HD-CGR BEHF + O AT 38 HD o7 L o8
DTS-RTN
7 - R B PM-NPM 1.9 0.7 2.4

T« 17 9 o OR R/ 2 B 675 22 573k i K7 (P<C0. 05) , R IR K 5 8 3675 22 5 ik ) 8 K 7 (P<<0. 01>, Tl
Note: Different capital letters within the same column mean significant differences at 0. 01 level and different lowercase letters

mean significant differences at 0. 05 level. The same below.
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Table 3 Average daily lowest soil temperature of 5 cm topsoil at maize seedling stage under
different tillage and mulch treatments C
F X b3 e I Date
Main plot treatment Split plot treatment  2011-05-01—24 2012-05-03—31 2013-05-01—26
B PM 8.6 aA 15.0 aA 13.8 aA
FRBE+FEFTIE H DTS NE IR NPM 7.9 bA 14. 3 aA 12.6 bA
SE4{H Average 8.3 aA 14.7 aA 13.2 aA
B PM 8.5 aA 12.8 aA 13.3 aA
A+ R FFIEH RTN AN E NPM 6.6 bB 10.9 bB 12.3 bA
SE4{E Average 7.6 bA 11.9 bB 12.8 aA
CRREE B+ F FF 18 B - (F5 e #F -+ T #s #1318 1D o7 _- o4
DTS-RTN ' ' ’
B R B PM-NPM 1.3 1.3 1.1

MRS MR 1.7 F11.2 °C L A &b B eh KRB+ s
0 T+ 7 R O A AR IR RO B U B e A
Fli FF a8 B A A B 43 5 2 S B 5 em H P 34 bR
FH B AR 2.7 f1 2.5 °C,
2.2 AEHEEERENEBEAEHRELE
BIKENF M
FRGR B+ 75 FF 38 H 6 J5 B iR i 9 3R )2 (0~
10 em) HHOK 315 8 B F s (R O BB F
W ERRKEI0EH M ESE 3 AR RE S M TR B 0~
10 em 38 & K 5V ¥R B HF + R A0 H B %
(P>0.0D8 A0 T 1.9 ANE 4. H 2012 4%k

TR Rl FF 30 FH 30 3 K ORI 8O AS 835 1 T
FEFIIC AR 4 G, (] ) 6 ) A 52 8 o 174 4 3 KT
B 5 A 34 35 7K PR A58 e P S o R B K AR
Wi VE ) AE B 1 oK AR 77 rp 45 3 g 2 AR, 2011—
2013 AE 7L AL PRFR JS F AT AN B 3 0~10 em T3E
K (P>0. 01) K TR H BRAL 32, 53 5 B 78
JESETN 2. 4.2, 6 F1 2.9 NE 40,3 AN E
JESE N 2.6 N E 43 a5 . BT A AL B BER B 47 AR L
FH - 76 A% Ach 38 25 /K 0% 005 25 R o o, B e B+ TE A
FF80 AN B4R & 1 46 J5 i AT A 0~ 10 em
TS KR 4.5 AN E A

R4 TEMEBSLEBREEMTHEALERE 0~10 cem £EAKE

Table 4 0—10 cm soil moisture of maize sowing and seedling stage under

EXAab R RS

different tillage and mulch treatments %
2011 2012 2013
% J5 Wi AT
A Hi

Main plot treatment Split plot treatment

Before seedling

Seedling stage Seedling stage

after sowing

B PM 12.4 aA 14.5 aA 15.9 aA
BB+ FEFFE H DTS AEB NPM 9.4 bB 12.0 bB 12.3 bB
SEH4{H Average 10. 9 aA 13.3 aA 14.1 aA
EHIE PM 9.3 aA 14.0 aA 12.5 aA
F et + LHi e @ RTN AFE R NPM 7.6 bB 11.4 bB 10. 3 bB
SE#4{H Average 8.5 bB 12.7 aA 11.4 bB
RKIR B+ F5 AT 38 0D - G A+ o A5 #1388 1D - o6 .
DTS-RTN
B AR PM-NPM 2.4 2.6 2.9
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2.3 AEAHEBESAHEXNEMHENK 0~45 cm T
EXEAIE

2013 4F T K 7 3090 5 0 A g K S R 4 R R
(F DL BEBEHAFFAH 0~12.5 em 45L&
B KT H R+ IR A8 |, F 2 8 FHEd+ X
AR Y 3.0 £, Horb 0 em 22 55 K BOR B+
T AT 30 A 48 5 5 3 R A e F + RS AT IR Y 8. 0
£ 17 2. 5~1. 25 cm, BIRHE -+ 55 FF 16 £ 8 K5
JE R HEHF + AR Y 2. 6~3. 1 1%, /W

FIHEESLEAR T T EEEEKOFA, A5
HI X 22 R ) B b K AR R R AR RS
I, AN 15.0 em FF4G 2 A Ab 35+ 098 S0 B AR —
AR 2 R BKIR B+ A5 AT 8 R R e B+ TS Fr ik
M 0. 9~1. 315, HAFZRA AR RS, WK1
AT DA i SR 2 A ALK 2 N 17,5 em #
25.0 cm, JERELN 7.5 cm, B 43T VR RH AL B, {H IR
FIME AL - U0 O TR A SR AT W 1H AL RS2 L 1 I b
IR K H AL 2 8 B B W R PR R H .

2000 -
£ 1600 b
<
g
£
=]
= 1200
5
<
o
5 0t
—E[(:;ﬂé
T 00y —6— B TR FFAH RTN
—A— HGEH+RFHAH DTS
0 10 20 30 40 50
T HEREF /em Soil depth

DTS, k& #E + 5 FF 3£ | . Deep tillage in autumn, straw returning
RTN, &e#F + X H% FF 16 [l Rotary tillage in spring,no straw returning
TIE. The same below.

1 2013 EREMIERIE(RERE)0~45 eom TEELEF

Fig. 1

2.4 ARHEBEERENEEXK 0~20 cm 11

BE 77 &) % i

LR 3 AN R R AR B 25 A0 B S AR TR
B AR (3R 5) . 2013 ARBK IS FRR B+ F5 A1 ik
0~20 cm 3E4H ML & & F W F R+ L5
M BTN 5. 8 %6, H vl 7 B b BB i 0. 59 g/kg, AN
B BRI 0. 67 g/kg. FRERHF+F5FF 8 M + 4
A AN A AR A I R . HL A B N A A AR
FHERE -+ JCRE AT 10 A 35 (P>0. 0D 84 0, 43 5l
HMT 6.4% A 6. 1%, HIL, IR+ FEFFIEH G
- EAE ) B A ) e . B AL BEXF 0~20 em
THEA LT RS A B E 1
SREGRBER T AREBBEIEN 8. 6%,
2.5 AEMEBESAENEMEKRFTEREXYE

LN sk )

WK 6 iR AN [6) 4R 4y B UR AF -+ 7l AT 36 H 4%
F R+ ICHS FF b M2 B 3 = ME T, 2011—2014

0—45 cm soil compaction under NPM of different tillage and mulch treatments in 2013

AR BB N 2 T R 12, 2%, B AR W e &
13.3% . WM FARFAEE KA, B
PENRIEAT BT AN, 2012 4F Bk IR BF -+ A% FF 36 H i 3
- R TR KON PR G AR R AR O I AR R B
K AR5 VR R BA G o R Ot = o A0 7 E Bk -+ TS AR R
HZ [ %A 3% 22 5 . 1 2011,2013 i1 2014 4FFk
TRBE RS FF I8 & 3 = i 3 0 3 (P<<0. 0D & T &
JEBE+ JO G FF 26 H 394 18 43 0 14, 896,19, 3 %4 Al
11.1%, 2011—2013 4EFK IR B -+ #% FF 16 H 28 3%
TR AR 0 32 R T R T A i AR L RERE
FATEORMAT R B Z M AR A % 25 5. 2014 4F 2K
T ARGy BRI BE R FE A 25 K A 0 5k I L
Z 55 A8 b g B B RN S A 7 R B R R R R
B HERF+ ICAEFF L 3G T 25. 5% o H il FIZ 40y
A B 5 W RS R L R AR B A FR IR
FH 28 5 7= AR e Bk -+ JC RS AP IR 3 11,104,
HEZ e i T AR B 0, O 34 8 R e AR+



32

bR R R R

2019 4 55 24 &

TCREAFA BT 7. 4% e AU HE B B & (P <
0. 05) /NFFJERE + JCAE A8 B . R [R]85 7 4D
FEI N L BB PR RN L 2011—2014 4F 78 Ak 38 8
AN RS Ak P 2 % 7 RN A Wy B S T

25. 3000 24. 6 Y0 , Horp 2 i 7= B 1 I 2 AT
BLEOR KL E A 3G 0, BRSSO T 13, 9%
5.3% . JrA AL BB + R FE IS I+ 7 Ak 2R
2R T INA 7/ Ntk g =

£S5 0B EAEAMEBELE0~20cm T EFINFMEEXRNEE

Table 5 0—20 cm soil organic matter, total N,P and K under different tillage and mulch treatments in 2013 g/kg
. ZLIX Ak 3 EERINi )
F X 4b 2 } ) ) R e ol
Split plot Soil organic
Main plot treatment Total N Total P Total K
treatment matter
B PM 11.30 aA 0.91 aA 0.80 aA 17.11 aA
BRAE + R IL H DTS AFE B NPM 11. 68 aA 0.82 bB 0.83 aA 17. 14 aA
EH(E Average 11.49 aA 0.86 aA 0.82 aA 17.12 aA
IR PM 10. 71 aA 0.86 aA 0.75 aA 16. 33 aA
HHEH + EFEFTIE H RTN B NPM 11.01 aA 0.82 bB 0.79 aA 15. 95 aA
SEH(E Average 10. 86 bB 0. 84 aA 0.77 bB 16. 14 bB
CRRVRBE -+ P48 D 82 CRR B b+ RS FFIR D /%6 . - . o
. .
(DTS-RTN)/RTN
(EEOBCREE /%
—2.9 8.6 —3.9 1.1

(PM-NPM) /NPM

2.6 AEHEBEELENEMEXRKSMBRLE
spA!

AT #F A 25 55 Ab 31K 2 R H 203 B A ()
CIE 2 AL 3) o AN 1 2 7 58 Ak 3k 2 AN 73 M5 4k 2
FRGE -+ K5 AT 16 T WUE #85 F 7 e Bk + JC /5 FF
WH . 20112014 45 48 AL 31 b, KR B + R AT
il WUE # % Jig¢ #F + JC &% FF 8 |7 2 38
1.4 kg/(hm® « mm) ., 34§ A 5. 4%, Hr, i T Hb
T it 55 ) MR R 0 4 5 AT b Gk 3 b B OTR
HE+F5FF38 H WUE {U7E 2013 48 i % (P<<0.01)
BT BERE - ICRS AT I R g 15, 1%, T A7
ARFR AR FREBE -+ A FTAR H A 5 /K O3 1 TR RS A ks
R i A7 79 1 FH ™ ., 20112013 1 2014 4F IR BE+ 5
ik H WUE #8583 (P<<0. 0D) & T & gk + T f5#F
WL A4 R 4. 5.2, 8 Fil 3.6 kg/ (hm? + mm) , B4
A3k 18.9% .12, 2% F1 14. 3%,

3 3 i
3.1 1TEERE
FERMIBREE WA RERKEFL AN — B

PRI o EORAE S B AR - X L A 1 52 ot ¢
I BIAE 1.0 °C B i 22t 23 X TR AR R R B 3
M RCRE S 20 AR VR L A R T L
Bl e LY BEMEIR R BBV g BA
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Within the figure the different capital letters in the figure mean
significant difference at 0. 01 level and the different lowercase letters
mean significant different at 0. 05 level. The same below.
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Fig. 2 WUE of PM under different tillage

and mulch treatments

—~  50F NP

E 0 FIEMF+FS A H DTS

o 40p O FERH+LRFHEH RTN

< A

2 3l aA a

=4 0 bhB aA aA aA o bB

KT 20

i

= L

§ 10

~ 1 1 1 J
2011 2012 2013 2014

4E4y Year

3 REBHEE SR (FER) K HF A RE
Fig.3 WUE of NPM under different tillage
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