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Response of Spring Maize Soil Environment and Yield to Planting
Patterns in Semi-humid Region of the Loess Plateau
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Abstract: In order to explore the dynamic changes of soil hydrothermal environment and spring maize growth
under different planting patterns in semi-humid and drought-prone areas of the Loess Plateau, field positio-
ning experiments were carried out in Huating Agricultural Technology Promotion Center of Gansu from 2017
to 2018, and six planting patterns were set up, which were flat seedbed with film mulching (WM), flat seed-
bed with half film mulching (HM) , ridge-furrow with polyethylene film and straw mulching (MRM) , ridge-
furrow with full film mulching (WRF), ridge-furrow with straw mulching (SM) and flat seedbed without
mulching (CK), and the water and heat status of soil profiles in different fertility period of spring maize,
crop growth characteristics, crop yield and components during harvest period were measured and analyzed.
The results showed that the regulation of mulching planting pattern on soil temperature was mainly manifes-
ted in the seedling stage. The film mulching treatment had a warming effect compared with CK. During the
whole growth period, the average soil temperature increased by 1.44~2.62 °C, while the SM showed a cool-
ing effect, with an average temperature lowering of 0.51 C. MRM, WRF, HM and SM had significant effect
on moisture conservation during the whole growth period of spring maize. While, WM was not conducive to
precipitation collection, it only had the effect of moisture conservation at the early stage of spring maize

growth, with the increasing of crop water consumption at the middle and later stages, the soil moisture con-
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tent was lower than CK. Compared with CK, the mulching method could increase the yield and water use

efficiency of spring maize, among them, the WRF and MRM had the most significant effect. The yield and
water use efficiency of WRF and MRM increased by 32.96% and 17.12%, 33.45% and 18.66% , respectively.
SM showed a reduction in yield, which was 11.84% and 9.93% lower than CK. Considering the soil hydro-

thermal environment, spring maize growth characteristics, yield, water use efficiency and other indicators,

the ridge-furrow with polyethylene film and straw mulching was the best planting pattern in the semi-humid

and drought-prone areas of the Loess Plateau. This study could provide a theoretical basis for rational selec-

tion of cover farming measures in the semi-humid and drought-prone areas of the Loess Plateau, and had

important significance for the sustainability of farmland.

Keywords: planting methods; ridge-furrow rainwater harvesting; straw mulching; soil moisture; soil

temperature; maize yield; the Loess Plateau
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5 2018 4ERE M 78 2, 5 - K 43 & i B B L R
WA A G, 2890 7 o O oK 38 B 4 5 5im 1 39 IR A% 0, T
il FF 7 5 R 582 S Ff 2018 4F M b AE W) B T 2017
AF IR T 2018 AREREFT 7R, T ALK EE TR, K
KA A BE B L B WIS [ Ao 7 2T AR (73 1) F W £ 6]
AR AR,
24 MEAXNEERRKEFTERKIFAAYL

Ey=ob- Al

HH 2% 4 AT, AN ) o W AF 0y 45 Ak 3 () 6 /K o 25
AN, 2017 4£,WM 5 WRF.SM.CK #E/K & 2% %

FH(P<C0.05) .5 CK AH I, i 5 Ab BRAE K 39 A
. FEOK R /MK IR S WM > MRM > HM >
WRF, % CK 4> % 3 fin 5.86%, 2.26%., 1.49%,
0.66 %0, 1M SM AbBEFEK T4 CK Wi 1.41% . ARl
oy =2 JR) 7= o 22 5% B 3% (P <<0.05) , Hip I MRM
KA 9 974.87 kg/hm* . ik iy HM,WRF, WM,
b3 MRM,HM,WRF, WM /=& 3 548 CK 3% 1
Jin 40.61%,23.42%,22.49%,16.39% .1 SM F£ i
VBRI L 7 Ee /N AU 6309.51 kg/hm? L, 3 CK
W REAR 11.06 260 . A [FIFPAE J5 217K 43 R FH 2803 A8
f BN = i R I IR — 2, K/MER K MRM >
WRFE>HM>WM>CK>SM, 5 CK #{ [t , Hfi J 5
i P4 T G 2 R K o R THAICR P SR EE R 9.97 Y0 ~
40.61 Y0 » 11 FF B 35 AN R T 0K 20 R R0 I 48 L 48
CK W 2> 9.76%., 2018 4, WM 5 MRM, WRF,
SM.CK #E/K & 22 5 . % (P <<0.05), 5 2017 4K
], #& 7K £ K /MK % WM > HM > CK > MRM >
WREF>>SM, - 7 i kb B WM fil HM %¢ CK #E/K &2
Y T B4 i, 38 e 4 R 4.72%6 (P <0.05) F1 1.30%
(P>>0.05), 1 MRM,WRF,SM /b 3 #£ /K & # CK
Iy s> 1.83%,2.22%,2.72% , L E 2 R (P >
0.05) . =t MUK 43 F 805 22 5 Je HE )y 55 2017 4F
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HA5L, 5 CK A, MU S A ST HE ™ 4.85% ~ 28000

26.20% R E K S FIFHACR 0.14% ~28.58% . FfidT g 26000 " et
AL I MRM R % BLI B 7R R B K 4y 3y 24000 _ o
SRS, Hk 9 HMLWRE WM, T SM &7 22000 = T
R K 28 PR P e RO B CR A B (R 520000 = =
12.52%,10.05% . HoH R B, Mkt )y st b Jy 2 18000 = =
R B R TR R A R TACR R e, 16000 = LR ERL

iz DX R 58 48 7 AR s 7K o B AR
SRR R &

Be6 FRAMEAXTEERMELEYENES

4 AEAMEAXNTEERBEKETENKIFANENES
. S, K/ Fri/ VIS DR & Y LPa it
mm (kg » hm %) (kg +hm 2 «mm™ ') FEKZE/ Y =EH/ % KASFIHBCR/ %
WM 480.36a 8256.66¢ 17.19¢ 5.86 16.39 9.97
HM 460.52ab 8755.31b 19.01b 1.49 23.42 21.64
MRM 464.00ab 9974.87a 21.50a 2.26 40.61 37.54
WRF 456.75b 8689.49bc 19.02b 0.66 22.49 21.72
2ol7 SM 447.35b 6309.51e 14.10e —1.41 —11.06 —9.76
CK 453.76b 7094.05d 15.63d
T HE 460.46 8179.98 17.74
CV/% 2.46 15.94 14.98
WM 659.41a 8426.18¢ 12.78¢ 4.72 4.85 0.14
HM 637.88ab 9354.04b 14.66b 1.30 16.39 14.92
MRM 618.15¢ 10142.17a 16.41a —1.83 26.20 28.58
WRF 615.70c 9031.16bc 14.67b —2.22 12.38 14.95
2018 SM 612.55¢ 7030.30e 11.48d —2.72 —12.52 —10.05
CK 629.70bc 8036.50d 12.76¢
S 628.90 8670.06 13.79
CV/% 2.82 12.54 12.89

2.5 HIEHRHEXMESWT

KB (ET) 5%k (PH) ZEHML(SD) R %L
(SPE) . A AL HE (HGW) /K43 Fl AR (WUE) L M |-
R (B) AT (SY) i (Y) 25 & 8 bR A 56
MM EE R WL 5. Z Ml Iy X s, A AR E
ET 5 PH ,SPE.HGW.Y ¥ & g & IF M & (P<C0.01
. P<C0.05) A& R K r 5094 0.783,0.696,0.866,
0.581,3X it W] & oK A= & WA 7K & X bk e L B 45

HRE EEEWMEE . ET 5 WUE & & 3% A 56
(P<C0.05) ,r 4 —0.642, BIKE /K 5l £, /K 53 F) FH 5%
KiAL, WANE EKRIEEIENR PH 5 SPE.HGW &
B 5 3 1 AH 56 (P <<0.01) . 435128 0.873,0.858, 5
B B R FEMAEP<0.05).r J—0.619, FEXK"
5 SPE.HGW . WUE ¥ 2 B 3 IEAHC, r 43510
0.629,0.797,0.533, i1 I AT £ 47 7 £ 19 F50 00 A0 B A

x5 BEERFERBRERSRKEZEEXE

izt PH SD SPE HGW WUE B SY Y ET
PH 1

SD —0.018 1

SPE 0.873" " —0.091 1
HGW 0.858" " —0.153 0.698" 1
WUE —0.185 0.804" " —0.205 —0.196 1

B —0.619" 0.632" —0.596" —0.642" 0.850" " 1

SY 0.097 0.364 —0.010 0.322 0.650" 0.420 1

Y 0.383 —0.161 0.629" 0.797" 0.533" —0.150 0.018 1

ET 0.783" " —0.199 0.696" 0.866 "~ —0.642" —0.221 —0.067 0.581" 1

W PH NBRE ;SD R 254 ; SPE M BUKEG HGW N E R T s WUE /K FIESCR s B i EAEY R SY AREAT =Y P2 ET MAEK
ity o ox RoRAHRRREAE P<0.01 B EFMIKF; » TR LR ELE P<<0.05 BFMAKF,
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%33 &

3 Ww

B 20 k4D 80 AEAR T Uf b 7 35 X # £ g SRR
FEA M e 7= AR = A8 T EE R DT L 28 A T R B
AR B E AR S R — B ER N S BUEY
R P iE TR, R A S EEANY . CAE
Y B R 7 DA 3k BV RE A v i K 43 R AR
Gy MACHT , HLBE % K % S BE AR, SRR K i RURE K
TR P b 2R B 3G o 3 R 2 T Ak, T B T
- JZ ) K A e 33X ol M B 28 Al 1T 5 A 7
KT HERBPK . Ko R 5w 1R A K R
(T EIREE R 22— FE M SR ARl X 32 B2 A7 [ R L Hh
BRI REY T K G R Z 5, 2875 3 35 4R TR
BE R G I 28 U VA AR T A B R K A B Ak
R TRl i 266 28 265 T DA S S5 Pl K 43 28 00 . ARG
KB T SEARF S CK M H L AR K sSCR Hpth
A 5 E P ORI SR O T RS AR 35 L i b s 10 ) 2
PR R FT R 26 00 T MR 55, X AT BB T R ORAE B
ARG /D R FF 28 26 8 0 T b 8 DR 2 L 0 2% T TR T
UL, B T RICRAR T 28 v B, T R OK AR K S IR K
Fo L FEAFBL A AR OS ) E BE m ME A B =  [) I ek
T g B I T e oK T RE™

TR E B EEY AR R E R g
A Y A B A Sk B ISR B X 3 )2 4 e
TR A0 i 35, JUICAE AR ) 1 00 G o A B R e
AR 2% A DT IR H B R AR R Y X S A 5T 4
R—B, 514505 b T ForA L, 7R FR A R K 7 O
BIhR 4.12 °C, Hofth 4 B W7 230 1.51 °CL, X 2
HFHEERE S HEREE R RE” KA RE
P 7K 53 BE A 8008 /0 U8 B Sk DA T /S I e R B
il 128 a5 22 0 A TR 800 o e A0 R T O BE 5K 1,67 °C
AN T B A D DX R R VR L i L
EY e A K E R . R AEF K, [FEA D
GEY R A R LA R T M 3R I AR AR
ARG oA A B RS A A S R BRI P
YIh 18.65% » E— D UESE T Z B M IF I 4538 .

Py Sk TR AR K T v R VE e
K MK FIBCEA TR, T FRE+
15 i A R K S K e A 7 R RO AR (A B K 8 R R
MRk, Lin 5 88 T Y/ET i for B &I
Hy TELEIEEEKY/ET h R, R
AR B 1) W 7E K 43 R 8808 43 51 ol 4.75,6.05 kg/
m® , 15 HH 7 S Ak B AT DL S S R R K A R R R,
Ak B AE SR AR AR X 38 7= R0 B 4 T R A ST
rf OB A 2 b 7 R G 16.39 %0 ~40.61% . H [ Bt

FEK HE o A W 34N 0.66% ~5.86%, X 5 i 4541
EIHE g S R 2, A AR K BB T A
2B SR B XA R () AR A KR K
Iy FIHISCRE: CK Al $255 9.87 %6 ~37.54% . 3% 5 LLAE#F
LSRN — B, AT 35 R AR ) LS B 2 g
7 AEHE B 7 e 5 ) R 5 A — , IS B 200 ) R
PR 35 K0 R B, 5 88 M A L, R 5= K 4 12K
AT 26.74 % F0 20.61 %% H R 4 25000 X 5 B OK
P 35 R % 40 58 PRV Fh R LU & B, G FF 2 25 RE 18
0 WE KA & B B TR AR R BT
YR T DRI d5c 28 3 B0™ it B AR L 31X 5 AW 5 25
— 30, B AR 5 K 6 TR R R OK80™ 11,06 %6, K 43
IR 9.76 Y0 . RL AT 7 a5 2 A5 B oA 1
BN P RE S R AR A R A DG, T BB S RS AT a6
O R A O BT i — S R E

4 5w

(1) 8  fop S 380 5 S X R 5O - 39 3 5 3
TR B RIAER FORA K AT G D . &L F 1
A BTy 20O 2 0 B AR IR 1.44~2.62 °C,
77 FF 7 25 S AR AL L P YRR 0.51 °C

(2) 2870 Hi RS 7 a5 1 b >f 7 55 R RS AT 55
AEH FTRBEAE T N ORI ROR W3 7 1 4
B AR T KR AR R AR T B A (R
R T AE S B BE 1 P FE K 3G, £ S OK R AL

(3) b JE 7 35 Pk 7 S AE IS $ 3 B BOKRFh I
BN BRI AN 0.6 %6 ~ 2.4 % , i A AT B 26 5 % B i
1% 4.4 % AR Py X 1) TC 8 3% 22 57

(4) Hb 5 7 55 P 7 20T 42 185 5 R K i AR R
U S (05157 A 7/ o W SO R T B |
39.56 % ~63.72 % F1 6.84 % ~16.41 % . Tfi f FT 7 55 %
IR T AR R R AR i g AR K ORR] T AR
Y B 43 0 B0 BRIGEAIR 45,68 20 Fl 4.58 %%

(5) Ml 58 78 55 PRy 24k BE K T 4 R A Ok
K 2 R &3, HesP L MRM il WRF 8508 5 0
05 A RK 43 I A0SR B R Sl B v 32,96 6
17.12% M1 33.45%,18.66 %, i SM & B Hi B A% #
B BN IR AR 11.84 % F1 9.93% .

AR R UK A FORAE KRR = 5 K
G RIS AR b o B SRR B 5 DX S A A AR Ty
W B Va2 A 2, SR, AR 3 HON K
IRBE AT T 43 TS, 1 B 740 78 2% i Jr =X+
8 5tk 1) R TR A S LA PR TR — DT
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