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Effect of Spring Maize Varieties and Cultivation Pattern of

Soil Moisture in Loess Plateau Dryland
WANG Lei, FAN Ting-lu, LI Shang—zhong, DANG Yi, ZHAO Gang, ZHANG Jian—jun
(Insttute of Dryland Farming,Gansu Academy of Agricultural Sciences/
Key Laboratory of High Water Utilization on Dryland of Gansu Province, Lanzhou 730070, China)

Abstract: Traditional flat type varieties Jiudan 4(JD4) and compact high yield Xianyu 335(XY335) were used
as the experimental material, the first set and half {ilm mulching(HM) and whole field plastic mulching(DFM), form
a complete set of 45 000 plants/ha and 90 000 plants/ha two planting densities, the loess Hanyuan area of different
types of spring maize under different cultivation mode on the soil moisture change and influence on spring maize
yield. The results showed that the varieties and different cultivation mode interaction effect had a significant effect
on spring maize yield, harvest of spring maize growth stage precipitation of various treatments in soil water effect ob-
viously, precipitation can’t meet the needs of the growth and development of spring maize, spring maize can under
60 cm soil moisture had overdraft consumption, continuous dry years, 60—160 ¢m mainly led to spring maize root
zone soil moisture content; Under the condition of test coverage and same variety, with the increase of planting densi-
ty, maize yield increased significantly; Under the condition of the same density and variety, DFM cover production
was better than that of HM coverage; The same density and coverage model under the condition of compact high
yield varieties yield relatively flat type traditional varieties increased significantly; DFM coverage and compact high
yield varieties under 90 000 plants/ha planting density had higher yield.
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FEFEAK I I T A, BRI T oKl AT Hp A
FER Bt M R T A 0, AS TRy =R
TZ DI KA R T T R E R, &
FH 7 5 RE % 52 i) - SRR RN R 7K A s #ie , b
7 26 e AE — B R XTI K it 2s Al g A T
FVEH A BC, B 3 A K & S vk Ve A K
KRB, AR 2 F AN A A HH AT E R TG X 1 458
KRG BEIR AN BFRE KT R BT T R EE
BV SIS B, AR R K A B IR FE O ~ 120 em
224,120 em PUF KK XELL A B ANG . F
i pEAFE RN, AR B K AB TR EE K T 600 em,
RIZ 3K 73 v A8 255 P R K 5 A5 B FITNGE |
WL 7R T R IX A RN 2810 7 55
JEESTAE 7 5 BE AR A PR AE 1 357 25t R - 49 T b B
G0 X A R XOR [RAFE K A FOK SR e AN TR B
Ty 3 R R R 5 B T 1) R HOK MR ERF R . AR
SCIE AT 4 4F HH B, A0S [RIAFE K 27 5 b 78 A
J5 3 Bk 1 8 T v b R X R FORAR K 43254k
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1 MRS
1.1 X XER

R T 2012 ~ 2015 4578 H i 48 DR BH T 4t B
1 H £ (107°39'E,35°30'N) @ i b A7 o 380 X a7
T3 - R IFEVGILER, SR TR E Ay s o
T O 5 R FR A X, % X K 1297 m, 347,
1 8.59°C, 4F H A% 2 300 ~2 500 h, H B 433
ik 50% ~ 55% ,=0°CHFLE 3 400~3 800°C - d,=10°CFH
2700 ~3200°C-d, TLFEWI 166 d, J& 56 2MREE F AR
NPT R R X . HHEA Y 1,0~ 200 cm
+ )2 R E N 1.3 gem’, A HLTF 1093 g/kg,
4%,0.89 ofkg, Bl A 85 mg/kg, A 11 me/kg, ik
B 230 mg/kg, MBS AE S iz X AR A AERE K
547 mm, [FOK FEAMEAET 8.9 H .

1.2 RWigit

IRIER HBENLIX A 1, B Al R =R Rh
M2 3R, AN K 5 R RS J UL 52 5 Fb
T 5. 45 (TD4) Rl 5 28 AU 5 7 i B 96 K 335(XY335);

WA 3 65 D7 =y 2 T 33 (ML, b T P 5, I 5
60 cm, Hi I (8] B 50 cm) | 4= XU ZE 75 (DFM, 15 Aij
284 W T B o5, RZB 5 70 em, /NB G5 40 em, 2B
15 cm); 2R 5 ol 4.5 T3 BR/hm? F19.0 J7 #k/hm?,
Uit FH DR 2 (7 N 46%) 1 B R 45 (7% P.Os 14%).
FDM 7 75 25 1R 55 120 em Hi IS, HM 785 25 16 FH i 55
70 cm M, IR JEE B 2 R 0.008 mm. 5 H 2012
SRR N, AP 3 R E R, YRR B B
AR 2R3 H R R I B, T B, 4 A
AR, 9 H H Ak
1.3 MEIIERTE
131 EEAHREMNT

KSR AT AR E R . BT
SHZIE TR FORIOGR S £ 2016 4F- 4 H 4] H H
F 1) FAHKUREL O ~ 200 em + )2, BEFE 20 em N 1 )2,
4310 2 BHEEK R, RS KR =081 -
HET A BT 4 B X 100% . 3236 X I 7K &
It MM-950 H 8l G uliic s AR
132 XEAKREBEFZHK

A5 S R B, 10 I 38 K AR PR ] AR b
K AR S R B0/ 0 PH A 3 K B AR Pk ) AR Ak
/N AR BB CVARUEZEPF-HIEX100% o
1.3.3 FEA 2R E

IR RE/INX 5 25 701 B 4 ARARLRR T H B A T8 bR
20 R AT I 7= A0 N 2, e AR K E R E
Greapeik.
1.4 HiEaIE

% H Microsoft Excel 2003 25 &b 3 %5 4 F i
El, DPS7.01 B4 A7 Ge 153 B, fe /s Wik 35 A 25 5%
(LSD)HEA T 225 it 3 VERG16(P<0.05 2 P<0.01).
2 ER55Hr
2.1 2012~20154&KS%H

2012 ~ 2015 4F , 4F [ 7K & 43 1 4 517.5.652.1
529.9 .522.0 mm, 52414 485.8 mm AH L, £54F
Oy B K B4 340 6.5% . 34.2% . 9.1% F1 7.4% ., it
SIERTEE S~ 8 AR KA LK, BEE
KAWL B I R R K B, 2012 ~
20154F- 5 ~ 8 H FE/K &4 2 An A 22 5 W 2, 430l o
328.1. 447.0. 182.5. 2313 mm, 5 £ 4 F ¥ 4
293.4 mm A H , 2012, 2013 4E 43 51 3 fin 11.8% F0
52.4%,2014 2015 4E 535k 37.8%H121.2%
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FRFARB FEMELL . 7 A RE T K 22
PRy () BB, 2012457 A %7K 97.1 mm, (55~ 8
H B K E 1 29.6% ;2013 4F 7 A [ 7K 248.5 mm,
5~ 8 H FEIK 11 55.6%,2012 2013 4 7 H Ffk £ 5
R PTER BRI 22 [ B, BE/K ik Z 0RO AN

I, R4 H . 201447 H[%/K 14.8 mm, 55~ 8 H
R 7K A 1) 8.19% , K St 3k /DA s i T 1 B 7
15, B A6 22 2R K IS 52 W #5285 2015 4F 7 H B K
45.1 mm, (55~ 8 H /K& 19.5% , FEK LA LE T
TEF TR G 10, X B A/ N 1)

&1 AEFEMEKEEZN
Table 1  Precipitation change in different years mm

A Ay Month

Year 1~3 4 5 6 7 8 9 10~12

2012 35.8 23.9 88.5 56.3 97.1 86.2 122.1 7.6

2013 5.3 29.3 65.4 76.5 248.5 56.6 127.4 43.1

2014 374 98.6 21.7 64.1 14.8 81.9 188.8 22.6

2015 36.5 94.1 34.4 79.8 45.1 72.0 65.3 94.8
ZAETEY 273 25.4 43.9 49.5 1133 86.7 96.8 429

22 0~200 cmtELTEEKESERETXE
HEKENX R

XPAN ]t A A R TEA AR T o9 +
HEEK AR B OCH R K I X R R, AN ie
JE T R AL 58 (it i S R0 T R 7 f o, AN TR] SRk
R T USRI 0 ~ 200 em + )2 THEE KR HIS ~8 H
DyREK PR LM IE AR (P<0.05), Bifif /K G 2
IS ARG, I 5 ~ 8 H 3 Tl R K BERS 1
FHANP R E 72T 0 ~ 200 em 2 HIE S KR
(#2). HHFIFMER AT PR BUE S A DEM

B RS T AV B 5 2, B
7 A HM O R 7 0 2 RS UL T DEM B I
2, ULBH R[] 2870 5 P ot AN TR 6 = FE KRR
AIEl, Bl S ~ 8 A BEK B8 N, AP FOK 5 F
XF K AR 2 T BB A /N R R KBRS A T
B EKRAERIEFEK S AR FORAERK R B 3
IKAFFRTEAE  AIRBE K 251 T, PRk AR
RHEEKREREFRE, NN THFEREKE
A% LK IHFE, FEAR T 0~ 200 em 42 )2 -1

oKE,

®2 WHRHA0O~200cm EELEEKES S~ 8 AMKERXRE

Table 2 The relationship between the precipitation of 5—8 months and 0-200 c¢m soil moisture at harvest stage

i A % (J7 ¥k/hm?) BRI AR TR &
Variety Density Film-mulching mode Linear regression equation
JD4 45 HM y=0.036 3x +5.084 3 0.905 1*
DFM y=0.034 6x +7.402 1 0.944 9
9 HM y=0.035 1x +5.303 0 0.930 3%*
DFM y=0.037 9x + 5.326 4 0.932 4
XY335 45 HM y=0.040 5x + 3.503 4 0.876 2
DFM y=0.034 5x +5.692 8 0.872 8%
9 HM y=0.047 3x + 1.148 2 0.945 6%*
DFM y=0.0450x + 1.841 5 0.934 6%*

2y S H ISR (%) 50 0 5 ~ 8 H Ff/K & (mm) s *, P<0.055 %%, P<0.01., FK[Al,
Note: The y indicated soil moisture, the x indicated the precipitation of 5-8 month; *, P<0.05; **, P<0.01. The same below.

2.3 AEFEEA LESKER M

XA [ b B A K K 3 25 2 4 s L
M, S5 R AR AR TR R, 0 ~
200 cm )2 3 E K AR PRI R SR ZE 5 (1
2). 2012 ~20154F,0~200 em +J2 + 3 &K

DFM 7 i 75 =05 HM 2 5 =UAH B, G2 B AP A A
T, ID4 43 5 3 6.24% . 8.45% . 13.67% FI
22.05% , XY335 43 5l 3 11 0.21% . —3.01% . 1.34% Fll
18.29% ; = 25 FE AP AT B X T, ID4 43531135 11 6.53%
5.40% . 1.77% F1 7.65% , XY335 43 5| 54 11— 0.35% .
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-1.25% .4.57%F1-0.33% . V- J& AL G 5 Fh DFM B
JEE Ty PR 2 B e AH R K 450 T 885K
T HM By =X SR A & ™ i A DEM 7 I
J5 S 235 B AEAR R K B 25 1 T s T HM R
J5 2 AR K A MR T HM AR =

2012 ~ 2015 4F, PN B K 5L Ff O ~ 40 em 41 ~
80 cm .81 ~ 120 em . 121 ~ 200 em + /2 T3 & /K F1E
ANFIFRSEA N RIATR] , F 22l = % A
BT B FORFEZK R B S TN AR . AN
KRS0 ~ 40 em + 2 H P Sk & BT R
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SRR R F BN DFM 7 I 7 205 T HM B iy
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T AR TR S R AL 45 i b e 1 R A R R R
U 1 7= b R 7S o R K AR AR AL TG B A, R
CIAER DFM 78 55 208 T IM B 5 20, SF el

+ 357K (%) Soil moisture
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z 100 —e—2013 HM
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= ’ ' ' —m—2012HM
50 —8—2012 DFM
2 100 —e— 2013 HM
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&%( 150 —&— 2014 HM
i’%; 200 b —a— 2014 DFM
+H —e— 2015 HM

50 L XY¥33545 —e—2015 DEM

P2 it ot 5 B0 R g 7 i o 2 AR K I AN TR] , A
AN TR RSP RAER 0 7 HE AN TR AR SEOR, , B T g
7 A A ARAR K R, UL R ) AR R A
KHMERE, G LI AT FEC T R UL St il Mo B
R FE AR T, S A b . R BB R
o 2 B R ASE R 1Y 50% , K A4 B ARz DT
FEARR T ORI FE . R BE R AP o 3 BE R AL
SR T AERRZR IS | (E i T R R AR I 2
B BEKFE A FORMEMROK T AL R T
PSS WSOAR IS I - R PR, T 3 T A 450 )3
W, B D M2 A B TR K o 2, o m] fi I
FrZ& I o B KR D i K I AR L, 2
BRI ANBET /& FRABIRA: (I R ph Rl ) |
JEIGKAGZE , R s B 0 1 B i f L, 3
HT R 2898 7K 43 28 ) . HM B 5 =0, 4+
SR S ph R TR R i DX sz A AR, IR T 4K
SIHAE s DEM B R 7 2T M SRS SR 4 7 4 b 1
T T IR AR N KR E RO

+ 35K (%) Soil moisture

5.00 15.00 25.00 35.00

—a— 2012 HM
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100 —e—2013 HM
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—a—2014 DFM
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250 L D490 —e—2015 DFM

+IFEPEF (cm) Soil depth
I
S

+ 357K (%) Soil moisture
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E1 2012~2015 FEWFKEAO~200 cm Lt E L HEEKETL
Fig.1 Moisture changes of 0-200 c¢m soil at harvest stage in 2012-2015
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T X BEAERE /N T 5 mm PR K S T2 N, %)
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THABIIIR] R A SR B AN i FE /KA TR 2 12 33EK
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+ 1K E (%) Soil moisture
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15.00

50 f

100 f

150 f

200 f

+- 3R BE (cm) Soil depth

250 *

20.00

2500 —m— JD4 HM 4.50

" —e— JD4HM 9.00
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—o— JD4 DFM 9.00
—— XY335 HM 4.50
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—a— XY335 DFM 4.50
—e— XY335 DFM 9.00

2 20165 4H0~200cm T ETEESKETHK
Fig.2 Moisture content changes of 0200 c¢m soil in April 2016

24 AEHEZEER0~200cm Tt ELTEAHSTR

X} 2012 ~ 2015 4FAS [R) A B3 4 38 55 7K
BT - K A8 5 R (E 3), 25 R W, A
T oK SR AR AR R R 0~ 20 em 42 A K
AR ERRE . BRI R it AT By
B, W B BRI A RS , A AROK s B R ZE s VE
5 , BRI 49K A3 THAE , I HLAR FORIGR ATRE KNS
BALIO ~ 20 em +J2 EHOK T T ARG, B
K T2 S K EAAERRAE L . IDA AN AR AR
KAE21 ~ 140 em + 2 B EKEA B KA, Tk
A5 ME A 43.05% ; 141 ~ 200 em + )2 55 7K B A8

BRFE(%) CV
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0 r r \
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o
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£
o
?i: 150 —m—HM 45
= 500 —a—HM 9.0
+H —8—DFM 4.5
D4
250 —A—DFM 9.0

W, AR N 15.31% ~ 26.18% ., X Y335 AN [FFR 545
AE 21 ~ 160 em + 2 EHEE/K AL R RIZL, i
KAFE H 50.69% , 161 ~ 200 em 1+ 2 &K A B K
AL, AR K 23.40% ~ 28.69% . MAKKF  A[EIF
Bipia R XY335 4% +)2 ISk R AR L B m T
JD4, FEJEH A XY335 4 K AL & 3 JDARE
B XK Ay SR W T ID4, JDATE 61 ~ 140 em + )2
S K AR R BDFM 8 5 2N T HM B R
A5 XY3357E 81 ~ 200 em + )2 IS /KB AR 7 R4
DFM A5 /T HM & 7 =8, Ui B DEM 15 7
AR E R T A HM 78 1507 30— E A3

BRRE(%) CV

0.00 20.00 40.00 60.00
0 r . \
=
s 50t
o
@ 100 b
£)
= 150
%é —m—HM45
35:%' 200 —a—HM 9.0
+H —B—DFM 4.5
250 L XY335 —A—DFM 9.0

E3 2012~201540~200cm T EHEFHERKETRRY
Fig.3 Coefficient of variation for average moisture of 0-200 c¢m soil in 2012-2015
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sty -5 KT R EE | BUREDR B R RO Al 2 A
B2 BT U B R 7 R R R 3 5 AN R AR
AN 5] i o 5 AN TR R A A2 AR X TR R G L
RT3 B 3, DA R R s U
UATE S AR Nie 8

x3 TELEEEERTEESR

Table 3 The yield differences of spring maize with different treatments

B - BT w FERK TR PAFHOR T () s
Film—mulching (J1 Bk /hm?) (em) (2) Grain weight (kg/hm’)
Year Variety
mode Density Barren ear tip 100—grain weight per panicle Yield
2012 ~2015-F4#4 JD4 HM 4.50 2.0 be 29.2 ed 161.2 ¢d 7251.8f
9.00 29a 25.6e 106.7 e 9 600.0 de
DFM 4.50 1.7 bed 32.1 be 1923 b 8 653.1 ef
9.00 2.4 ab 28.4 de 132.5 de 119254 be
XY335 HM 4.50 1.6 cd 34.4 ab 226.9 a 10 211.6 cde
9.00 2.4 ab 29.5 cd 146.6 cd 13191.8b
DFM 4.50 I.1d 36.8a 2534 a 11401.1 bed
9.00 1.9 be 33.6 ab 177.0 be 15933.0a
/NG FRFIR 0.05 K2 7
Note: Values within a column followed by different letters indicated significantly different at P<0.05.
x4 AELSEBERARFERMBEXERTESH
Table 4  The yield and related traits variance analysis of spring maize with different treatments
7 S f Fl H1 B2 TR HRLE LARIORL fi s
Variation source df Barren ear tip 100-grain weight Grain weight per panicle Yield
X4 2 0.117 1 0.000 1#* 0.982 4 0.027 5*
ARy 3 0.000 1% 0.2872 0.000 1%+ 0.000 1%+
vl 1 0.000 1#* 0.000 1#* 0.000 1%* 0.000 1#*
BT 1 0.000 1** 0.000 1% 0.000 1% 0.000 1%+
g3 1 0.000 1#* 0.000 1#* 0.000 1#* 0.000 1#*
ARGyl 3 0.001 9%+ 0.001 5%+ 0.049 3+ 0.198 1
ARy T X 3 0.000 1%* 0.008 3%** 0.009 4 0.000 8
ARGy xR L 3 0.000 1+ 0.864 7 0.098 9 0.000 4+
mh P IR 7 3 1 0.178 1 0.009 6% 0.997 9 0.804 5
A< 1 0.540 2 0.033 8* 0.004 3%* 0.026 5*
BT xR 1 0.129 3 0.306 5 0.926 5 0.004 1%+
ARyl 7 5 3 0.402 6 0.076 3 0.078 5 0.041 0%
ARyl R <7 I 3 0.162 2 0.000 4% 0.025 1% 0.087 2
SEA X IRy Tox % i 3 0.008 6%* 0.758 7 0.086 6 0.009 7#*
< T U B2 1 0.053 8 0.279 7 0.517 1 0.4527
ARy S < T T x5 3 3 0.000 1#* 0.7379 0.019 5% 0.007 8#*

3 gEESiE

KT I IR AR XA AR A R 77 110 i PRl

2R AN IR 5 2O R K o R K IR B A A
RIS . DFM AR5 20 HM By AR AR o
TR, A S B 3G R PR RRCR, A ROt BT 1 50K
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Gy FE R ARE, B T REAKRI R, FOR R = FE
IKAED , AN 270 K il AR & B e s A
FEARIRBEAN A , B2 1 g ™ (AR SL R MM e 2
Kk A VERIEE HoK s 4 he 1R, X 458K
Gyt R 5 5 T R GE G AR SR, XTI 2 13
KA THFESS TR M Al . AR ZE R,
DFM [ 77 X B 28 4 5 4 FOK ™ o 4 SR A
TR AR, I H AR e i R R E
Koy B oK i KRR B B R rh MR oK
AR TR T K A T FE . HM Ry X ] 1 4
RPN, H R Z K FEEZ il T &
FRAERXRZ T HK S RTHFE . B AR FOK44E
ELIEAE R, B3 7 ~ 8 A 5 Fek i 0 B4R
REIKONRETH I F FoRAE K R B 2T, 3 ok axd
60 cm )7 LU TR /K437 A2 i S T AR il B Lk T
ARGy, 2 S 3 K 60 ~ 160 em T EAR [X 435
FOK BB, B A 2R R RO T AR E .
2012 ~ 2015 4R & AR A AR FEK ) 13 T 2 48 F- 20K
S H5 ~ 8 AREK 20122013 4E 5 T 24 FH4KF,
20142015 4FfRF ZAE PR . ZET R T
7~ 8 A i/ DI 2 5K A B AR O
TR K g% 38K A3 A TRIME

ENGE Ly e i W E S e i =
P AR KRR AR TR, AN [R) I AR 2 B T X 14
K THFEA o TR BUELE SR 0 ~ 160 em 12
IKAFTEAEEL K, 160 em LA R - JZ 7K 230 1 FEAH X 4%
s B R AT 0 ~ 200 em - JE KM K
HIHFE. PFRAE R R RN ZEFEAKXT 0~ 140 em
BRI BT AN X 140 em DL R 27K 20 4b
RORE %%, fEHM FIDFM B 72U F , BB
7 R o PR AR S D R R A RO L (AR
BRREE 7K 53 A0 AR AR X 3% S R AT g 2%t 3K
orad BETERE (IR ZE T HOK A RN T, 1 AR
/DR R AKUE LUK OGR4 AE AR 3 il —
SO, VRIS S RIS B AR S R FFE
K 58 JBE 14 52 M X R J2 = HE K 43T AR R AR, 3
HM 7 645 DFM 25 18 7 X032 M 3K 4328 R AE R AL
HEK o188 B 5 = K A3 T AE R RIZ . BN
SEUSBIFTY e A8 v AR S R 7 R s e TR
IR, K AR 2 SRS AR R
Y, W XIRA MK D, F R SRR T
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