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Effects of different tillage practices on soil water and maize yield
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Abstract: [ Objectives ] We investigated the impacts of conservation tillage on soil nutrient availability, maize
production, and soil water consumption, to elucidate the mechanisms that drive yield enhancements through
conservation tillage practices, and furnish theoretical and technical underpinnings for dry farmland tillage in the
Mollisol region. [ Methods ] A field experiment has been conducted in Qigihar city, Heilongjiang Province
since 2019. The four treatments included 1) traditional clearing maize straw and rotatory tillage control (CK); 2)
maize and grass intercropping (grass were cut at full blooming stage and mulched on field, after maize harvest
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plough into soil); 3) no-tillage with straw mulching; and 4) re-tillage after fallow for three years. Before maize
sowing in 2022, soil samples of 0—20 cm layer were collected for determination of nutrient content, and samples
of 0—100 cm soil profile were collected in every 20 cm depth at the same time for determination of soil bulk
density. Before seedling and at seedling, jointing and maturing stages of maize in 2022, soil samples of 0—20,
20—40, 40—60, 60—80, 80—100 cm layers were collected to measure soil bulk density and moisture; at maturing
stage of the year, maize yields were investigated, and water use efficiency (WUE) were calculated. [ Results ]
Compared to traditional tillage control, the three conservation tillage treatments of maize and grass intercropping,
no-tillage with straw mulching and re-tillage after fallow for three years decreased 0—20 cm soil bulk density
(P<0.05), with the lowest bulk density observed in re-tillage after fallow; increased the 0—20 cm soil layer water
storage before seedling emergence by 6.36%, 13.17 and 23.09%, respectively. However, treatment maize and
grass intercropping and re-tillage after fallow decreased the 20—100 cm soil layer water storage (P<0.05).
Compared to traditional tillage, the field water consumption of maize under the three conservation tillage practices
decreased by 14.18%, 9.26%, and 10.96%, respectively, while WUE increased by 48.51%, 26.22%, and 42.46%,
respectively; the soil organic carbon content increased by 2.24%, 11.52%, and 15.68%, respectively. The three
conservation tillage practices had no significant impact on the kernel-row number per ear, but significantly
increased the kernel number per row of maize and boosted the yield by 27.46%, 14.54%, and 26.87%,
respectively. [ Conclusions ] Conservation tillage can enhance soil organic carbon, and moisture, and minimized
soil water consumption, thereby significantly improve maize yield and water use efficiency. The widespread
adoption of these conservation tillage in the dry farmland of Mollisol region holds the potential to significantly
boost yields while simultaneously conserving water resources.

Key words: conservation tillage; water storage; soil water consumption of maize; water use efficiency; crop yield
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Table 1 Crop straw (grass) management and tillage practices

b3 BRIV EDFEAT AL B 5
Treatment Tillage practices and crop straw management

TG pE

PR, ERFEFFITE R, TR GE R B YA TR 22 Fh

Traditional ~After harvest in autumn, the maize stalks were cleaned off the field, and the field was rotatory plowed and harrowed; ridging in the

cultivation  following spring and seedling directly

R A

Maize and

BRI EA - B4 - IRHERTD BN R AL S B R IR A ARG A (R LU R IEL ¢ 1), TRAZE RN
FOP R T I, 7ERBUR M PEREIA 130 cm; FOKFEFFERBUS TGRS I, SRAERZHI 220G Fh

grass inter- Maize and forage crop (alfalfa and ryegrass is 1 : 1 by weight) were sowed in rows of 4 : 1, the forage crops were mowed at full

blooming stage and mulched on the rows. After maize harvest, maize straws were cleaned out of field, and the forage were pulverized

cropping
and turned 30 cm deep into soil. Ridging in the next spring and seedling directly
Bt BUS, FORRSFPRFERRE <10 con H 2 HZLIR, S a5 8w Wi, AR PG
No-tillage  After harvest in the fall, all the maize straws were crushed to <10 cm long and mulched on field evenly; sowing directly in the
with straw  following spring without tillage
mulching

WHERAE 2019—20214F FARIHE, IREWRAER M (UHFRAZAEAEFRONE); 20214F KT I BE I AL BIA e, B B 2

Re-tillage  AT3E; 2022445 Z= F G

after fallow Natural fallow in 2019-2021, the field were covered by secondary grasses with perennial fescue as dominant grass species; in the

autumn of 2021, the field was tilled and harrowed with a shallow rotary tilling plow, and seedling was carried out in the spring of 2022
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1.2 1.3 1.4 1.5 1.6 65 70 75 80 8 90 0 8 16 24 32
0 ) 0 - ) 0 r r r r )
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Fig. 2 Soil bulk density before seedling and water storage variations among growth stages under different tillage practices
E: AV FORERTRIEW; A2 FOREIREMMED]; A3 2350 Fos i 2l . & EARIRNG TR ) — LR AR R Ak BRI 25 5 0k 3] 2
FKF, ARKEFREFR Rl — b B [R) 4 )2 18] 22 515 8 8. 27K F (P<0.05).
Note: Al denotes pre-seedling to seedling stage; A2 denotes seedling to tasseling stage; A3 denotes tasseling stage to maturity, respectively. Different
lowercase letters on line indicate significant difference among treatments in the same soil layer; different uppercase letters indicate significant

difference among soil layers in the same treatment (P<0.05).
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Table 2 Soil water storage before seedling and at maturing stage and the soil water consumption of maize growth period

GIK(rEN

Tillage practice

TH AT 3% % /K i Soil water content at pre-seedling Wi W2 A, ET WUE

0—20cm 20—40 cm 40—60 cm 60—80 cm 80—100 cm (mm) (mm) (mm) (mm) kg/(hm> mm)

FEGEHHE Traditional cultivation 0.25 Dd 028Ba  0.29Ab 029 Aa 0.27Cb 380b 292c¢c 88a 529a 24.14c
HLECA{E Maize and grass intercropping  0.27 BCc  0.26 Cc 0.28 Ab 0.28 Ab 027Bb  368c 355a 13d 454c¢ 3585a
7 35 Bk No-tillage with straw mulching  0.29 Ab 027Cb  030Aa  0.29 Aa 0.28Ba  387a 348b 39b 480b  3047b
PRBEFIHEE Re-tillage after fallow 0.32 Aa 0.28 Ba 0.27 Cc 0.27 Ce 0.27Cb 372c¢ 343b 29c¢ 471b  34.39ab

TE: W1, W20 SilHs AT A 0—100 em -2 Stk &, A HWISW2RIZE, ET. WUESBIERAEY) B RIFEK & F1K 23R HIRCE .
[FIFV S 5 A FING FRER R Rl — 1 )2 R RIAE B 22 Sk B B E K, [RIATEUIR S A [RR ' TR 3R [a]— A B[R] 42 18] 28 57 K 1) . 35K
F (P<0.05),

Note: W1, and W2 indicate the total soil water storage in 0—100 cm layer before seedling and at maturing stage, A is the difference of W1 and W2;
ET, and WUE indicate crop water consumption and water use efficiency. Different lowercase letters after data in a column indicate significant

difference among treatments in the same soil layer, and different uppercase letters after data in a row indicate significant difference among soil layers

in the same treatment (P<0.05).
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AN T 6.65% F19.36%, FRLAL A /EFARHE A
Ab FRAE RS 53 ) 0 0 6.88% F1 12.27% (4 3).
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Fig. 3 Soil pH and nutrient contents under different tillage practices
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Note: Different lowercase letters above the bars indicate significant difference among treatments (P<0.05).

AL . 60—100 cm 42 AT I AF K [W1,)]
5 ZOMURIRE 5 0 3 TEAE DG (P<0.05), X —Z5 R UL
W2 KA R TEW AR, JoHJE 40—60 cm
+ 2 WA KR (W, SRR B IEAME
(P<0.05). AWF5E HIEAHIK AR ) B AR B 22 R IEAK
EAMUERAE . 2 4 0T, B (AD FHmEEY (A2)
- At K AR b S R B 2O e T R A ) E
FHIE (P<0.05), &4 & W 3K 222 0E (AL,
A2 1 A3) 5= ar iR A OC (P<0.05), X —45R
WL BA A R A K R 3 K BB O B E TR A4
T T EAR i (R 4). SRy, L3RR
FIBE RN OB TYEY A B i ek . AR A, 1E
Yy H AFEK it (ET) SHiAEH SRRt AL, sl
FEATEL. EORLE A= R B MG (R 4), X—
G5 B — 5 UL W R AP VR 7R AR - K 2 TH AR 1Y
IR, 28 T/K R HRE (WUE), R24E1E
Y- (3R 2 ik 4),

itk —2 T AN AR PEREE 7 0T £k 5
TSR 53 B0 X T K A B H 7 A L TR, A B
FELL BRI AL AR bR 7 o B AR A Ak i
N, VLKA R IR AR AT T
R (RDA, El 4), JTUARHIH RDAL F1 RDA2
S BT BEN 66.45%, REFLAN L WLK AT FIFR 434
G X FRAER B s . g dHES 3
FRER S MEREE CRECIRIME | 7 25 S Bk AR B iR )
76 RDAT B2 07 (18 4 48, X —2r S0 s
B R B E e Sl R i R B = K
(A1, A2 FlA3) FRFR 53 (AW R SR ) 17 Bt
(RDAL 5 — . W), wfEy KR E ™ &
e (Kl 4 45, RDAL RIS = DUGMR)., B0
BB AL B AE RDA2 Bl | 00T (K 4 /),
TR — 3 5 0 SRR R B ROR BT . 2R
M. BUSCE SRR 40—60 em )2 BT T AE K B
(Wi, ] 25, XU AHHE LA T 2 03



30 45

I 5 IR i

e
=1

1

)

1454

(S0°0>d) siuaunEa1) FUOWR JOUIIQIJIP JULIITUSIS 9JLOIPUT UWNJOD B UI BIRP I)JE SI0)I9] ASBIIOMO] JUIJI( 210N

“(S0"0>) e M 10 15 5748 2 [l e o | S o, B[ [ S 2 IR Mg [ R

Mo[[eJ Io)je oTe[-oyg

B 09671 € 6889 qe 9'v¢ e oy e gl 9501 B 101 o8¢ 434 9689 q96'L9 ®00L8C Y
Suryonw mens yum 3e[[11-oN
qO0LTT q0819 q6'¢€C eO0Y B8l 9811 266'8 q10¢ q16¥ BOY'L q6IL q4.6999¢ Y EE
Surddoordur sseid pue azrejy
B 0C0€l qe 08L9 ®99C U4 B8l qe6l11 9856 BIIE BLIS qe L B09L q.L999¢ ) [B] sy
UOIBAT[NO [BUOT)IPLI],
261201 95019 q1°CC qLE B8l 2196 2L6'8 P 6St psee qLL9 2709 qeeeLe G Z)
3) (mou1/souIdy) (189/5MO1)
(uydy) (S (;u0) (un) (o) (co) (o) (o) (cunysyuerd)
yJrom mou 1od Ied 1od 1oqUUInu
PIOIA  JUNOWE MeNS BOJE JBO] IQ)OWRIP WS YT JuR[ BAIR JEOT IOJOWEIp WS IYSoyjued )l Sulpass
[QUID-00]  Ioquunu [SUI3] MOI-[oUIDD] o — o - donoeld J3e[q1
Tl Y o Wi W WY Wb B H ke . L
HYH MLy WLy N
a3e)s armeN o3e)s Surjesse], o3e)s Sunuror a3e)s Surpassg
i el Ifif 512 g

sdandead e[ JudIIP J3pun syuduodwiod pPIA pue syred) juepd ‘sdjer JUIWYSI[qE)Sd SUI[PIIs dZIew ¢ J[qE

WAE LT E FWE =RYKE BRI e €2



1455

1574
Al

.
s

i

b DR TRV RE T T - 3K 531 K

N

PE

8 1]

CENCH I ) —1a

T0°0>d—sxx SO 0>d—sex -1 0>d—s uondwnsuoo
101em dox)— 17 "Amjewr 03 98e)s ojeurwelS— ¢V ‘oSe1s ayeurwe)s 0} Surpoog—ry ‘oSe1s Surpass 03 Surpass-o1d — [V "SUIPads 910Joq IoAe[ [10S WO ()() [—(9 JO 95eI0IS Jojem [10S “OT A\ ‘SuI[pass o10J0q J9Ae] [10S
wo (09— JO 95e103S I0jEM TI0S “OT A\ {SUTIPaSS 210J0q JOKE] [I0S WD (—() JO 93eI0)S 1JeMm TI0S ‘T A\ "3 O[qB[TBAYV—IV d S[qe[leAV—JV ‘N 9[qe[leAYV—NV I [101—3L ‘d [B01—d L N [BI0I—NLL ¢D omeSIo [I0S—DOS 910N
ORI I €V I 6 oV IS I — TV R E wo 001—09 [
BECUUTA SENCGHETT EE W0 09—0p BHEL UM FERI R EF WO op—0 ML CUVIM PRV RV CEWENV L 0 —dL PEINL WG BHTO0S (R

#*x0£6°0 x78°0— *€08°0 *€€8°0 9St°0 %5060 LLT'O  60€0— 08L0 ##+8L6°0 981°0— IS0°0 #+€€6'0  #+ES6'0 #xx,96°0 PIRIA H !
SSBUWIOIq MBS
81¢°0— (430 00— ¥60°0— 01’0 L8E0—  ¥0S0 %S06'0  LTO0O— 8TL0—%TL8'0  LLT'O ¥y 0— 0LE0— L1¥'0- E Y
WS1om [ouIN-001
*8€8°0 81L0— §S9°0 8389°0 89T°0  +9L°0 LETO 91F0—  +I90 #5660 6LE0— 8SI'0  %6£8°0 *S98°0  xx€06°0 HTHE
mol 1od
Joquinu [QuIdY|
(4% 4] 8C1°0 €S0 S61°0 7650  OET'0  #«CH6'0 9090 240 9T€0  8LEO #SI80  9LTO IS0 ¥6t°0 )1 AT RS
o 1ad  uoprsodwod
J_Dquinu MOI-[oUIdY PIPIA
#%£68°0 80L0— I¥L°0 69L°0 76€0  16L°0 LI9T0  €8T0— L6900 #8860 0STO— $TTO %L98°0 €160  #x876°0 L)Ly v
(o8eys Surjossey)
BaIE JBo]
#x%L66°0 86L°0— *x9€6°0 #%C56°0 L89°0 xx6C6°0 L6E0  LEOO— ++E16°0  xx868'0 €600 TEI'0 #xSP6'0 #x%966'0  #%x966°0 (i) v -
(o8eys Surjossey)
JoJoWEIp WS
%6080 8SL0— #xC68°0 *%£68°0 #0780 xLL80 LOE0  9€TO +xST6'0 LSY'0  TESO  TITO— 99L°0 SLL'O €IL’o (GigiinN: e
(o8eys Surjossey)
wS1ay Jued
£65°0 e0- T6L°0 €9L’0 *%xCLO'0  8ESTO LLYO  BILO 080 CTIT'0 880 SOI'0 £9%°0 weso ¥8t°0 () =y
9jer Surjpaos syren) Jue[d
*618°0 €eL’0- 9790 7990 9TC0  T9L0 6L0°0 99Y'0— 6850  #x¥66'0 6IF'0— 9II'0  xCEV'O #8780 xx988°0 sk B Y
14 £V (4% v R ' NS VL U VI AV dv NV qL 4L NL D0S Hd
uondwnsuoo Imo13 ozrews Jo soe)s SnoLeA stojedrput jren doiy

I01eM plarg

LB = L

Je 95.10)S I0JEM [10S JO UOT)BLIE A

H N Pl =8+

93e10)s 101EM SUI[PIS-AI]

S IL

SI10J0BJ JUSLIINY [10S

AR

Y BV )

s9ondead d3e[n JUIIFIP JIPUN SI0)Ik) [EJUIWUOIIAUI [I0S YIIM S)Ied) PPRIA pue juefd dzrewr Jo UONBPILIO) I

XA B T ENHEL YN FHEL R v



1456

W) E SR 50 R

30 45

EGHHE Traditional cultivation
o 75 55 %k No-tillage with straw mulching

® fR¥[E/E Maize and grass intercropping
o RHHEHHE Re-tillage after fallow

0.5 |

100-kerncTweig

RDA2 (19.87%)
o

-0.5 |

R

Kernel number

-0.5 0 0.5

1.0 -1.0

RDAI (46.58%)

4 TREHHERR T ERTEREBRS TIRIFMEER FHITTR (RDA) 547
Fig. 4 Redundancy analysis (RDA) ordination biplot of maize yield and its components with soil environmental factors
under different tillage practices
TE: SOC— AL ; TN—RA; TP—ail; TK—2M; AN—HA; AP—HARE; AK—@#MM. W1, HHT 0—40 cm /2 1.5%
ﬁ%ﬂ<i; Wl(z)y ﬁﬁﬁ 40—60 cm i%i%%ﬂﬁi; Wl(})y ﬁﬁﬁ 60—100 cm :t)%j:%ﬁ%7kio Aliﬁﬁﬁ?uﬁ%ﬁ; Azfﬁﬁﬂ@ffﬂitﬁgﬁ;

A3 HE B Y s ET—1EY I RIFEK 4

Note: SOC—Soil organic C; TN—Total N; TP—Total P; TK—Total K; AN—Available N; AP—Auvailable P; AK—Available K. W1, soil water

storage of 0—40 cm soil layer before seedling; W1,,, soil water storage of 40—60 cm soil layer before seedling; W1,,, soil water storage of 60—100

cm soil layer before seedling. Al—Pre-seedling to seedling stage; A2—Seedling to tasseling stage; A3—Tasseling stage to maturity. ET—Crop water

consumption.
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