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Effects of different coverage cultivation and balanced fertilization on
yield and water use efficiency of spring corn in the dryland
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Abstract: Field trials were conducted to study the effect of mulching cultivation and balance fertilization on yield
and water use efficiency of corn in the dryland. The results showed that film mulched double-furrow sowing had a favor-
able effect on carbohydrate synthesis and thereby the dry matter accumulation of corn, with the balance pattern of fertil-
ization having the largest effect. Compared with all-film double-furrow sowing cultivation, maize yields of semi-film cov-
ering cultivation and exposed land cultivation was reduced by 8.5% ~ 17.6% and 61.1% ~95.3% , and water use ef-
ficiency of which was reduced respectively by 3.5% ~15.1% and 52.8% ~ 60.2% , respectively. The application rate
of N 225 kg-hm™2, P,0s 120 kg*hm~2, and K,0 60 kg*hm~? resulted in the highest maize yield and water use effi-
ciency, suggesting the feasibility of balance fertilization in plastic-film mulched double-furrow sowing pattern.

Keywords: plastic-film mulched; double-furrow sowing cultivation; balance fertilization; water use efficiency;

spring corn; yield
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TAEVART , A E A ORI, S8 T AR T O 3
TRRREEI /311K 3 NS E e = 7 I < ol 3 i e
b X P TR HE7E 250 ~ 600 mm 22 [ 2 252 R [14)
Stk 2 X3, A 2 A ST LR B AR AR X
Je H R XS 7 B A L i K o R FHRCR 1) 5%
), DASTIBI S 12 i DX oK 8 7 B 7K s 80 1 e 1
AR A R L B M B KO, R SRR AR
1R K RO AR R R SRR LRl X
P R AR K, SO B L A AR R
X 2Rt & i 2B AE
1 MRS
1.1 RIS AR

TR AR T P T 42 5 X P 2540 R R AR AT (it 3
{1 E : E104°35,N35°367) , T 2012 4F 4 A Ai'E . W
DX 35 P g R ) o 4 s T R T R I SR AR X
TR L, BN+ R AR R
291932 ~ 2 520 m, T JLAFAE IR RN 5 360 mm /547,

TG, ZEPIE T—9 =4 H, F R LR
1 531 mm,0 ~200 cm FHIERFFHH 1.26 g-em 2,
I HHFZ (0 ~ 20 em) HIEFRIRA W 1,2011—
2012 4F 1—12 By BEKGER LR 2,
1.2 R

TR 16 5 NEEHH RN IR ZR (N46% )
I HERRET (P,0512% ~ 16% ) A (K0 60% ) .
1.3 RWigIt5A*

TRIG L7855 Fh AR 2Rt AE /K S A TR 7,
i ApE 7 AR BRI 4G (F1) R 55 AR
(F2) BRHAFAE(F3)3 K

S JERUZE R AR 2 T 2B AL AT 28
FEZEE 10 ~ 15 em, KZBTE 70 ecm /NETE 40 em 11
ZE B 120 em M4 i T 44 5 00 I
Y ST b S 0 M e R A AE R PR S m FT— A,
KK R AR TE 2BV NG, 120 em T 1Y) b 5
247, 56 FEATAT A 70 em 40 em, BT 1 ~ 2 i, 37
Fh %% BE A 60 000 A% - hm 2,
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Table 1  Soil nutrient status

- oM/ NH;-N/ NOy-N/ P/ K/ Ca/ Mg/ s/ Fe/ Cu/ In/ B/

P (gkg™") (mg-kg™") (mg-kg™") (mgkg™") (mgrkg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
8.26 7.6 15 8.1 22.4 116 1812.7 156.5 22.3 10.7 1.8 1.4 1.04
R2 20112012 F 1—12 ARk E
Table 2 Precipitation from January to December in 2011—2012

[% 7K Precipitation/mm
4 :
Years 1A 21 31 4 H 5 6 11 71 8 1 9 o uhd  2A Hit
January ~ February ~ March April May June July August  September October November December — Total
2011 4.9 4.3 14.5 3.2 29.9 50.2 24.4 27.0 60.0 10.7 17.6 2.6 249.3
2012 11.0 6.1 18.5 25.1 70.2 55.2 90.9 109.6 81.0 16.8 7.6 1.4 493 .4

e AT S PR FTT 80 em b 5% 5 s b 1F 781 2%
TR 40 om #ih B U0 AT BB 25, FOKRAE B IfT
TR 217, BB K SE AEAT43 000 70 em 40 cm, #
P[] I

WA AE T SO K I BS  R B, Tk TE
BTN 70 em 40 cm, [A] bR JUFP RS 75 =X ] B 4
(o i

BRI R 3 AR K, B : (1) By
FEAE (N} )—Naos Piag Keo (N P,05 FT K,0 [ FH 12 43 51
4 225.120,60 kg-hm=2), (2) 24 H A R > 45t e
(N,)—Ni50P10sKo (N P,05 Fil K, 0 HY FH S350 150,
105.0 kg*hm=2), (3) At fE (Ny)—NoPoKy , 320 1
FiN FING B NG VNG (BN VN5 3Ny (F3 N, F3N; 3
9 Aib R, B AL IX AL HES, 56 /N X A 528w

JITFHRE AR 2 B A A AT — R PRt A o
1.4 WEMBRFE

ISR M B 2 (0 ~ 20 em) FERl) 4 FF AL 1
Jo, I KA A W T B WO
K W0 R L D R R WU R
WK 0 ~ 200 em + )2 35K &, TR KA

T4 o 2 A 5, B AE K 45 A BB 10
WR T AR B SR BUR AR 3 AR R R (8] 2 Y, 76
105°CHRE T A 30 min 5, 76 70°CHE IR T4t =16
&, UK Ef sy e T,

KA AR (kg mm ™" - hm=?) = E K= 7 (kg-
hm ™) /(36 HT H 3K 5 (mm) + A2 F WS K &
(mm) — YR A 136 /K 5 (mm) |
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2.1 AEEBEMEFX KRR EXM ST
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126 3 ATH, A [) b B 6 K A% A T 3 b |3
A3 TR Bt (5 M FR R < 1y N A B R OK 1
2SI T Y R R i, S T AR,
3Ny Ab P 5 A1 5 78 AH [R) i AE K - T, A [R) 7 56 A
J7 A0 B K A5 A2 BT SRR 3R A 1 e ) 3R R
R A FENZEVARE (F1) > IR 26 A E (F2) > # i
P (F3) , v 4 OB 2 1 47 5 R WS AJ 0 = 358
T4 B B e 0 M A AR b R R 43 3 3
10.9% ~41.7%H1 66.6% ~ 137.9% ; 7EHH [ 7 35 il

FE T T, AN R NE AP X6 K Hb 358459 B R
SR 32 F BN : Njos Prag Keo (N1) > Niso Pros Ko
(N2) > NoPoKo(N3) , 4= A2 V8] 7 Fh A 5 =2 14 it A
BRI ZE Hy, Horp 7 2 B 2 #E Fhmd 77 R
Fy Ny it A Ak 38 R KSR I T ) B AR B Ry N; 3
J167.4% s 762 B wa Fh At 7 2UF , BN, A0 3 0K
TY A R AL FoN; B 43.0% 5 LEpR A AR T =X
L FN i AE AR BE K T 4 TR SRR RN, 4
24.9% o FiREE A A AV HE AR O XA
AT FK A A, AT B S 3 hn oK T 9 i A R i
Naos Pioo Keo il HE SR T A S, Jit R & — 5 TR T4
b T b R B BEAE SO N R R IR T, w] fR A
PRI R A R R AR 2R 5 0 AR B AR P bb 3 o0 2E
KT R T TR A K 5 55— 7 T 4 XU T
FiE 75 3 TR R NAUE ST el A 30 & 48 H AR
KK A K o 28 kAR E T RIEK G AR
HEZE FRAA, LAZKARNE (2 i M A5 7K N A5 2500
JERRE, S5 AT T K B DGR, (R oK Hb
TR R,
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Table 3  Effect of different treatments on dry matter accumulation of corn

T4 2FUE Dry matter accumulation/ (kg*hm™2)

AbF B i HE AR
Treatments Coverage Fertilization i PATI N S| 2P TR lierS ]
Seedling Jointing Bell stage Booting Filling Harvest
FiN; o BRI T NazsPiaoKeo 140.8a 2055a 4250a 10913a 195%4a 33551a
FiN, All-film double- NisoPios Ko 115.4b 1431b 3721b 7686b 19080a 31481b
FiN; furrow sowing(F) NoPoKy 41.0d 573d 2302¢ 5370d 11502¢ 20045de
2N e % NaosPiagKeo 46.0c 1396bc 2204cd 7696b 15448b 25850c
N, Semi-film NisoP1os Ko 40.6d 976¢ 1717d 6315¢ 12067¢ 22224d
F,N; covering(F) NoPoKy 18.4e 276e 653e 3336e 7830d 18075e
F3N; i NazsPiaoKeo 16.9¢ 107ef 414 2989ef 7924d 150341
3N, Exposed land NisoP1os Ko 10.7ef 107ef 322fg 2696efg 5596ef 132311g
F3N; (F3) NoPoKy 7.4f 80f 136g 2167¢ 4470f 12035g

T AR FEFRRZEFBE(P<0.05), T,

Note: Different letters mean significant difference at 0.05 probability level. The same below.

2.2 AABEMEAXRMBERTEXRREERD
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126 4 RTHL, A [] b B 6E 6 R A 2R Y 5 i)
FEWHy - BNy Ab A OK FORE %k, Bk E L R A
15, B R T A 3 A AR Rt JE A 25 R, R
B0 2w B o N 2 Y G 0 YA ENNTE T 1A /3
SRR Y R B RV (F) > 7
5 (Fy) > Bih (Fy) , Hor 2 U8 VA 45 £k B R
HACE VR AR 43 538 0 1.9% ~ 18.5% #i
20.4% ~57.1% ; FEAN A 35 B s 7 =0, A [A] it A

ST FORFERLEL R SRR AR IR A I R I
NaosPiaoKeo (Np) > NisoPios Ko (N;) > NoPoKo (N3) , 42 i
B FEAAE 7 B IR OR B . o, 78
AR ZE VR T AR, BNy it A A BE R OK R AL
FIN; 3800 37. 6% s fE B 55 5 U T, N B E
KECRLE AL FoN; 900 18.3% ; FE#R A AE 7 20T,
F3N, AR FEEOR E R 3 F5N; 39010 5.3% . _Lik4h
R, R P FE R AE 7 A R T3 K
RISIVE:Y VY QNS YA W NTITR ST R S 1 5 S/ VA e o8
I H. Najs Prop Ko i BE 7K F-RICR et
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2.3 AABEMEARNBREENEXRFTEREZF

gz op-A

M 26 5 A1, BN, Ak B R K 7 i A Al 2 B
AR E] 12 273 kg Fl 24 164 T, BE (P
<0.05)E TH B, FN, % FN, #1 F;N, £X¥
BB A BN 12.2% F1 42. 4% , 4l 25 23 34
12.9% 1 40.4% . FEAHRIAE S5 1R, AN [ 3 55 b
A 20 T R 7 e % Al 35 5 I 2 BN
SRR ZETE G (F)) > P BEE % (F,) > B (F), 5
G TR ZE TR R AR AR L, - IR 25 R M R oA oK
FERL P 4 WD 8.5% ~ 17. 6% Fl 61. 1% ~
95.3% , A N4> BIFEAR 7.0% ~ 18.4% F149.8% ~

65.8% , Horh FoN, Al 5N, A FRAS BN, Ab BE T K
RS B 17.6% F1 62.2% , 225 43 B A
18.4%F 65.8% . {EAH A AR J7 R, A W] it A 4
XK 7 5 M0 3 B R : Noyps PraopKeo (N;) > Nisg
PiosKo(N2) > NoPoKy (N3) , HE P 4 UL 28 ) 15 A A
HRTLFN, H FiN, FlF Ny Ak 2 KRR ™ )
FIEEHN 10.6% F1 71.4% , AU 25 43 13690 8. 0% F
62.7% . iba5 I, N 22 1 3 Fp iy X
FHEBEA BEWE K N RO, 8% T+
HOKRIEA KM Z [R]85 2000 LA 5t Ik
FERCR B A T R R R R A TR
25 5 Naos Proo Ko it AE 5 T 25 R B I

R4 ERREERST

Table 4 Agronomic traits of con

‘ st g B T K HRLER Tk HhiE
Treatment Cover Height Ear diameter Spike length Spike number Spike weight Hundred grain
eatme overage /em /cm /cm //I\ /(g'ﬁi -1 ) WP‘ight/g
FiN, S B 220.5a 6.5a 21.4a 798a 311a 45 .4a
FIN, All-film double 211.2b 6.5a 21.0ab 627h 283b 42 .6ab
FiN; ~furrow sowing(F,) 199.3be 5.7¢ 18.4c 505cd 163d 33.0c
F,N; S g 2 210.4b 6.2b 20. labc 529¢ 222¢d 38.3b
BN, Semi-film 203 .9bc 5.9bc 19.7bc 515¢d 244c¢ 36. 1bc
FaNs covering(F») 195.9¢ 5.5¢ 17.7cd 46le 150de 32.4cd
N P 198.1c¢ 5.8bc 19.6bc 503d 122e 28.9de
N, Exposed land 195.7cd 5.5¢ 18.1cd 477de 111ef 28.7de
F5Ny (F3) 190.2d 5.5¢ 17.0d 464e 101f 27 .4e
x5 EXRFEREFUZESN
Table 5 Corn grain yield and economic analysis
e s % F1 3 e i F1
e R HAT J 8 FL g A 8 F1REAR
Treatment Covere Fortilizati Yield Decrease Net income Reduce
reatment overage ertinzation /( kg' hm, 2) compared to Fl/% /( E . hm* 2) than Fl/%
FiN S BRI Y4 NapsPragKeo 12273a — 24164a —
FiN, All-film double NisoP1osKo 11098ab — 22368ab —
F\Ns -furrow sowing(F;) NoPoKy 7159¢ — 14850¢ —
>N, Sfe 7 26 NaoosPi2oKeo 10114b -17.6 19714 b -18.4
FoN, Semi-film NisoPiosKo 9867hc -11.1 19961b -10.8
N3 covering(F;) NoPoKy 6553cd -8.5 13817 cd -7.0
F3N| ﬁiﬂl szsplz()Km 4—640de - 62 2 8272de - 65 .8
F;N, Exposed land NisoP1os Ko 4318de -61.1 8353d -62.7
5N, () NoPoKo 3390e -95.3 7458¢ -49.8

2.4 AEEBEZEMEFTRAREEI/NEFRAKEFER
i VR €S )
1% 6 FIR, I 0028 V) 7% 0~ ST ot P AR
KoKy MR B2 o TR M Al AR, BN Ak o
i FEAR B AL 26 1F T, 5 R A i A T 2UAH

Fb , - R 35 AR b ol T K 7Kk 43 1) 80 43 3 ke
%3.5% ~ 15.1% 1 52.8% ~ 60.2% , H:th F,N, il
F3N; AbFREE BN, AR 345 BEAR 15.1% F1 60.2% 5
FE A RV RE R 7 20, A (] il AR # %  oK 7K
ARRZCERIN FIN, > FIN, > FIN;, FIN; L FN,
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il Fy Ny L3R4 198 5 7.3% 1 39.9% . ik 4 Sy R BNy AR FRASCR S f
R, RS Ao 7 BB U8 A AR & £ oK K
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Table 6 Water use efficiency and water consumption of corn
FEIKZL AL Water consumption/mm A N L
Lt BBt Bt | dar L1 g = Wftif\utiﬁeﬁfffliw
Treatment Coverage ELTII BN gk 5K KK Fekdt R
Before sowing Harvesting Precipitation  water consumption /(kgrmm ™"+ hm™*)
FIN; S e AL 317.5 310.0 432 439.6 27.9a
FiN, All-film double- 312.5 317.5 432 427.0 26.0ab
FN; furrow sowing(Fy) 315.0 388.1 432 358.9 19.9¢d
F>N; S 292.3 297.4 432 427.0 23.7be
FoN, Semi-film 289.8 312.5 432 409.3 24.1b
N covering(F») 332.6 423.4 432 341.3 19.2d
KN L 269.6 284.8 432 416.9 11.1e
KN, Exposed 254.5 302.4 432 384.1 11.2e
F5N3 land(F3) 269.6 342.7 432 358.9 9.4e
FERE,

3 3 i®

R TS AP (R e bR 55 ) T HB IR 7 55 10
HORACR 6 R A KA — e R ER (B F
TR M T 4 b B 55 RN, R ER A 2 (b
50% ) , K ANREA ZUF H, S BUE DTS R3S TN
J7 TR RER S , A RE 78 40 B 4l AL A SR K A E )
AR, T2 MR T R B R K B 77 &, 52 1 A ol 24
AT R X O A = it — 20 R

A IROBUZE V) 4 A A ZE R S KNS
E 2218, /NETSE 40 ~ 50 em, KZEFE 70 ~ 80 em ., 2815
10 ~ 15 em, R/NZE TR E] & RG22 5 4 1
R 55 , SR IE TEZE VA AT FL AR B AR T SR 2 T 1Y
— IR ERA AR IEFAR . HAZ Ol i 2B N AT AL
AR RN R/ IN L2 4 b TR HB RS 55, ATIE 2 7 0 B
KRR A S TR T, I3 ok S TR Y A T AR F A N, 78
TN KGEIR R KA AR s ORI ] B o
DT L HURREE IR Y, A KRR EE A T KA
ZRRLRE TR T IR B ARREK, 3] T HZ
JRE KT E R, TR R e & 1 7K A Il
AR HRACR . AR AR ER, SFNZE
IR U T2 B IR KRR,
KR$Em T R 5 K, 520t N PLK Pt IE, JE
AR SO R, A R T 5 0 oK 5 K SR
VRN

1) SHEE R T A L, 4 B8 SU8 1 175 Fh
T 7 A F T F KRR AL G P 0 & B, 34 oK

TR A S, S N PK S I T4 B R R
SISO W3 BN AR FOKR M A T R

2) 5 EXCE VG REFPAE 5 A, 2 PR 55
BRHDFPAE FORAT L™ 553 57987 8.5% ~ 17.6% Fl
61.1% ~ 95.3% ; 7£ 4= i X2 {8 4% Fl A 77 20, N
P05 H1 K,0 19 F & 43 511 4 225.120.60 kg * hm ™2
(FIN, A ), B OK bR ™ & iy, 38 2] 12 273
kg-hm ™2, Fb 2 b A B 2 U R (Fy N, AL BE) K FF
R IEHE N 10.6% o

3) A fEONLZE VR 7 Y R 5 R Oy 3K KoK
O3 FAASCR IR 2 i AR 72 A [ AE KOS T, 2
T 5 R b oA ¢ 4 B WL 2B VA 4% KK 0 R FHASCR
Ay AR 3.5% ~15.1%F1 52.8% ~ 60.2% ; TE4
XLZE VR G R 7 =R, AN [R) it A % 6 oK 7K 43 )
WORFL IR N, > N, > F1N3,/ﬁ\:qj N Ly N,
(Y B2 Ui AR ) T K AK 2 R SR IR 7.3 %
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