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W BN SRELERLEAFERARERAGRE, RAAEEANK ARG &, FF 5T TR % EAHEE
AP BERLHFERTEMADARARENTH. FREN6.75x 10 - m > HHEEETEXRFTERAL
FABERETT 4.50x 10" k- m 2 FEAE, FREELELHT, EREATH P ZEL UMLK 180
kg hm ™2, I B BL 45 144 kg-hm 2R & 5 5 oK B R E Frok oA B 2% F 30 DM 4 & 210 kg-hm ™2, M B ER 45 168
kg hm 25 5 36.75 x 10* 2k ~hm 2% F T #4584 210 kg hm ™2, M B B2 45 168 kg hm 2L FEEER M B %, E KB H
B FEMASFARES S THMAE, W 6.75x 10" £k -hm 25 F T # 4 & 210 kg-hm ™2, 3 1f 5% 5 45 168
kg hm ™22 % o W 2 Y 1 F K AR PR P AR T AR B R A AR M R KT
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Effect of density and fertilizer interaction on yield and water use efficiency of
maize cultivated by system of full plastic-film mulching on
double ridges and planting in catchment furrows

XU Zheng-feng', LIU Hong-sheng®, GAO Yu-hong', NIU Jun-yi',OU Zuo-ming*, WANG Wei-feng®, LIU Xue-cui®
(1. College of Agronomy , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
2. Agriculture and Animal Husbandry of Huining , Huining, Gansu 730799, China)

Abstract: Effect of fertilizer and density interaction on yield and water use efficiency of maize with full plastic-film
mulching on double ridges and planting in catchment furrows were studied to further improve this maize cultivation sys-
tem, using a randomized complete block design with three replications. The results indicated that the grain yield and wa-
ter use efficiency in the 6.75 x 10* plant*hm ™2 treatment were significantly higher than that of 4.50 x 10* plant*hm~2.
Kernel rows per ear and yield in N 180 kg*hm~2 and P,0s 144 kg*hm~? were higher than that of others. 100-grain

weigth and water use efficiency in N 210 kg*hm™2 and P,0s 168 kg+hm 2.

100-grain weight were higher than that of
others. Yield and water use efficiency in the interaction system of 6.75 x 10* plant* hm~2 density, N 210 kg*hm~?2, and
P,05 168 kg hm 2 were higher than those of other treatments, as are recommended for the ridge-furrow mulching system.

Keywords: full plastic-film mulching on double ridges and planting in catchment furrows; density and fertilizer in-

teraction; grain yield; water use efficiency (WUE)
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WL 130 S ) A S A ST e T, 4 AU Y HE R 11
SRR K ) 8 5K 70.20% , F K oK 4 F1) %R B
535 37.52 kgrmm ™' hm 2, ARGl 42.60%
g s SRR e K2 A U2 10 % 1 3 i ot
TEK AR R B TR AR R R,
5O B 7 175 4b B M B 4 0 B2 R 29, 249% F
77.83% o R4 AU ZE V) 435 FhoAE 45 5 AT 34 FH 4
AR B s A B — ) 4 S XL 9 % RO 7 R
nEST o fEA 4 B A 2% 1 R A XU Y 4 K AT
L= K 0 ) 280 R BR 5 A e g Lo AR AIF
FEMR T ] P A Hl XA R A, DA BROBUZE 1 1% &
KMBETERT G, RGEAT M T 28 N8 EL A X 4 WL 28 )
T TR R 43 R AR I 52, & 7 R it
— 5 ST A B VR TR H AR MR R PR
WA

1 MRS T
1.1 RIEXHEER

RIGT 2011 4F 3 H—2012 4E 10 AfEHES S
N T RRIEMRIT N TR RIAL 5 ES TS
R FL " (104°37'E, 35°35'N) HEAT, 1% 3L H i 3K
1.896.7 m, J& i 7 2 T 5 X, KRk M 2 KU A
JERERRZ , T AR 2, B K D H AR SRR, A T
AERFE KR M 386.0 mm(2002—2011 4F), FE 4
165~ 10 A (H4EREK R 86.9%) ., 2011.,2012 4E
TR B WA H BT AT A 1R,
2011 4F F KA F IR K 524 284.50 mm, T F
ARy T ST A B A -, ISR A SR RIPIR
BN 2 iR

1 2011.2012 FiXEX 4—10 BPFEFE/mm
Table 1  Monthly rainfall from April to October in 2011 and 2012
P F 4 Month R T
Years 4A 51 611 7H 8 J1 91 10 A Rainfall of
Apr. May Jun. Jul. Aug. Sep. Oct. growth stage/mm
2011 0.10 32.40 39.40 33.00 124.10 49.40 6.10 284.50
2012 0.50 40.80 51.12 63.20 150.10 56.70 10.12 372.54
&®2 20112012 ik % H L REM F AR
Table 2 Soil fertility of the experimental field before sowing in 2011 and 2012
o +3EFEHR Soil indicators
TR - - —
Soil depth/em o S AU B 2L K H (i
Total N/(g-kg™")  Total P/(g-kg™') OM/(g-kg™") Avail N/(mg-kg™!) Avail P/(mg-kg™") P
o1l 0~20 0.76 0.68 11.26 20.65 8.97 8.21
20 ~ 40 0.65 0.61 10.87 15.38 6.61 8.28
0~20 0.74 0.66 11.11 20.18 8.85 8.23
2012
20 ~ 40 0.62 0.58 10.83 15.02 6.53 8.31
1.2 s hm~2;P,0s, 144 kg+ hm~?) NP5 (N, 210 kg* hm~?;

I T FH b BRI A 58 120 em JE 0.01 mm, H
e b2 S /N R SR o 97 W 7 NTLE & Ly S
H2057, BEP T AN A Rl R AU A IR
R (N 46% ) , Bl Ry it W25 (P05 12% ) o
1.3 RIwigit

IR R BEALX BT, BB IR
FAE A~ R 37 Bl %5 1 4,50 x 10* A% - hm™?
(D1)A16.75 x 10" ¥k - hm™2(D2) AN 7K. HERE 3%
gl = (N) Vi P,0s 12 (P)6 7K, 23 5l i At
JEALFE NP1(N,0 kg-hm™2;P,05,0 kg-hm~2) , Jifi it Ak
B NP2(N, 120 kg*hm~2;P,05,96 kg-hm~2) .NP3(N,
150 kg* hm=2; P,0s, 120 kg hm~2) NP4 (N, 180 kg-

P,05,168 kg* hm~?) \NP6(N, 240 kg*hm~?; P,0s, 192
kg-hm~2), & WA 1:1, B0 NP1 SRR (CK) .
TR FH 4 MU0 28 0 R 1 R« B 9
110 em, T 40 em .70 cm 4433174, & i 40 em .70
em Y PEAS 210, /NZE R 15 ~ 20 em, KZE 5 10 ~ 15
em, TER/NZEAHIZ AL TE LR P o s b 4t T
i, RAEAE KB ], S 2B T A e, R 5 JE 22 [ AN
B2 B, AR A 2 e A3 M 4 B 200 em HE— £
JEET o W NE 4 AR I it A B 60% 1 2 N itk
A 40 % 43 S FE SR 15 39 T HE S 0038 e (4% 20% ) o
ANREHR 3 R ER , NXHEFY 30.8 m* (4.4 mx 7
m) ,/NX A 5353 B 40 em 60 em TEiEIE . M4FE K
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WSO F A b R 4 T4 L, BT T b, A R ST
/NIX Rk 28 R AT BK R IR (2011 4F 11 A 16
H). 201244 7 15 H#&#r,10 H 10 Bk, Frfy
AE PRI AR A THEWE , H e HE )y A R — K H .
1.4 MEmMBEAZ*
1.4.1 FERAMREZHGNT  RAEENX
7 25 AL B FAAFARL ™ o B/ INXIBORE 15 B, 24
T KRAFRIK KT 20% Bf, 6475 9 2% Flr, 0 5 A
FPE ATRLEL BB S A R
1.4.2 KHoR Az EGMNT  IRIEERTBERFE
AKEHEN AR N WUE = Y/ET, X,
WUE 5 KK R (kgrmm ™ ~hm™2) , ET
FEK & (mm) o FE/K I (mm) = # A7 - 6 K &
(mm) + B (mm) — O3 386k /K B (mm) 18
1.5 #iEaE

FIF Excel #0560 T 3k B b 6178 22, F)
FH SPSS 20..0 B {47 i kA

2 AR5
2.1 AEAREXNEENZABEXRTER LK
FSES:abA)

2.1.1 BEMNABEREABERZZALMRE
ZFo9%em 3R 3 PTLUE W, WG % B R, AR
TR TR TE AT RLEOR EORLER A IR, kP RL
PR R WA R R, W LR L AR
5 AL B ) FORA TR BN L R % B AL B 17.86% ~
18.81% (P <0.01) 5 = 5 £ b B Rk F s 7 it AR 7%
JERE P 8.94% ~10.85% (P < 0.05), MAEJE[H]
FCEORT , 2012 4R 2 /KT T 45 7 b i R 28 R
FERL = i 1 2011 4F, Hovb sy 2 B AL H R i REA T
B AT R B, B OB A e i 9. 61% .
14.88% .0.54% F1 20. 19% ; fi5% B AL BE A 5l e i T
8.20% .13.95% \2.44% F1 22.30% .

K3 FEAMEZEXNEERNZGBERTEREABERNZIE

Table 3  Effect of different density on grain yield and component factors of maize

2011 2012
L WEH fPRE ARE WEH fPRE ARE e
Density Rows Grains 100-grain Rows Grains 100-grain Yield
per ear per row welght/g /(kg*hm~?) per ear per row welght/g /(kg*hm=?)
D1 14.39 35.62 37.65 7024 .35 15.57 40.59 38.57 8590.85
D2 13.95 29.98 37.15 7786.68 15.29 34.44 37.35 9358.67
DI - D2 0.34 5.647 7 0.50 -762.33" 0.28 6.15" " 1.22 -767.827

I BFE(P<0.05), * * WEBFE(P<0.01), T,

Note: * Significant (P <0.05), * * highly significant (P <0.01). The same below.

2.1.2 M ABEREAEELRTERLMRE
Fo9®ra 3 4 v LUE H AR FOK BFFRL™ &
T LA AR R DR 2845 I it IS o (%) 284 o v S22 S T I R 1)
A, B 5 BUAE NP4 B NPS AR 5 180 ke
hm ™21 210 kg hm ™29 it 0K F- A2 42 OB ZE 10 7% £
KA — A1 LAt AE K SF- , T ak 22 1 it ES  2
SR BTSSRI ORFRL T R N B, A AH G
HZE R FE , AT AN NP4 i B i %2, ATt
JEALFR NP1 W% 7.70% % ~ 11.97% , 5 HoAth it
REAR P22 5N B 2 . APRIER 2011 4F L NP4 Ab P £
%, lWAHEAEALHE NP1 22 R 16.11% , b HAth it A
REFRE 2 3.15% ~ 12.43% ;2012 4] L NP5 Ab
P 22, AN i BE b 3 NPL & 27 9.69% , 5 NP4
ALPRTC 3 22 5, 0 HAth it S Ak L 8 3 v 1.90% ~
8.36% . LKA R TEPIAEILL NPS Ab S, A
JEAE AL NP1 B 5 14.19% ~ 18.89% ,2011 4E 5
NP4 Lb 3G i 35 2% 55, BIAE NP5 A P A9 7 R 8 4

it AE AL BT 2.30% ~ 15.15% o FFRLP= & DL
NP4 fh PRI, AR AL BE NP1 I 1R 22.46% ~
25.82% ,2011 455 NP6 AbFETC i % 25 5, 2012 4F i
FHi 23.63% , AL AR NE AL 2 5 2 0.01%
~23.63% (P <0.05), Wit A B FORFEFTHL .
TR, A R EE FURFRL ™ 3 0k 2012 4F & T 2011
AR I NP4 b3S EEAT AL 2012 AFAL 2011 4F &
7.85% ; NP5 Ab BRI TRIER | FORL L FIRFREL ™ 5 2012
AEA 2011 4E43 9 21.60% .0.93% F1 18.94%

2.1.3 BEIFSABEREAREIRLZS ALY
BB ZHwm RS TLUE N, Bk R ™ 8 &
A B PR R AN B 4 57 28 R it A B — PR R (R 5
THEA—EM AR . NAEEITECRE, L
DINP4 4b P £ 5, 48 A i AT 40 B D2NP1 &2 25 /&
17.58% ,2011 4F-5 HoAth jiti AE b BTG i 35 25 5+, 2012
AR A M A F 2R 2.38% ~ 9.85% o PHAFAT
RIS L) DINPA A F A 5, AN ENE AL 3 DINPT Fil
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D2NP1 g &5 10.76% ~ 33.67% ,5 DINPS 4k Bl 22
SN W R Hfh it AR Ak PR R E O 1. 93% ~
29.38% . P4 K A KL E Y LI D2NPS 4k 3 i
T, ANt A AL F DINPL Al D2NPL & 2 55 17.47
~25.71 AN E 4R B 2011 45 DINP4 203G i 3%
225 Ah, 5 A AR AL P 22 S5 43K B 2K T (4. 24 %
~23.39% ). KPR IILL D2NPS b B i, R
Jiti AE Ab BE DINP1 & % & 33.94% ~ 42.37% , &
DINP6 4L BRI 275 37.91% ~ 44.46% . A] W45 7=t

R IR 2R A T ORI A 3 O R i = e e )
EQN(ER | ey kv n SR A D i
ARG e PEE T . 25 AL B FOKRBEAT 8 AT AL
BORAFRL = B R B 2012 4F 7 F 2011 4F, Hrpr,
AT EE I 5.65% ~ 14.61% ;AR5 13.81%
~28.62% ; FfRi =t th 4.66% ~ 28.87% . Ui
6.75 x 10" £ - hm ™ 2Bl AE 2% B , fiti 018 210 kg hm ™2,
WA 168 kg» hm ™2/ 42 I AU ZE 1 16 K i 7= 308 B
5 Bt A KA

R4 MEIEXNEENZLDBEKRTEREARERHFIT

Table 4  Effect of different fertilizer on grain yield and component factors of maize

2011 2012
i BT o T BT A T i

Treatment Rows Grains 100-grain Rows Grains 100-grain Yield

per ear per row weight/g /(kg*hm=?) per ear per row weight/g /(kg*hm=?)

NP1 13.20b 29.37d 35.88¢ 6474.83b 14.80b 36.65d 34.78¢ 8066. 19b
NP2 14.02a 30.33cd 36.43he 6892.28ab 15.24ab 37.10¢ 35.91d 9165.91ab
NP3 14.17a 31.50¢ 37.98b 7703.00ab 15.73a 37.47¢ 37.01c 9761.86a
NP4 14.78a 34.10a 40.05a 8146.28a 15.94a 39.45ab 39.17b 9877.80a
NPS 14.68a 33.06b 40.97a 8139.13a 15.67a 40.20a 41.35a 9680.57a
NP6 14.17a 30.94c 37.30b 7077.59ab 15.19ab 39.23b 38.75h 7990.11b

I SR ENG PR R AR BRI AR 0.05 /K B2 5% B3, T .

Note: Data with different lower-case letters within the same column are significantly different at the 0.05 level. The same below.

x5 BEEEMEENZGBRERTEREMARERNZM

Table 5 Effect of fertilizer and density on grain yield and yield components of maize

2011 2012
s AT A PR R AT A PR R i
Treatment Rows Grains 100-grain Rows Grains 100-grain Yield
per ear per row weight/g /(kg+hm=2) per ear per row weight/g /(kg+hm=2)
DINPI 13.60ab 31.00¢ 37.09¢ 6038.33¢ 14.93f 38.10¢ 34.90f 7613.13b
DINP2 14.33a 32.00¢ 37.54¢ 6712.91be 15.47d 38.30¢ 36.50e 8383.60ab
DINP3 14.53a 32.67he 40.44b 7772.87ab 16.13b 38.40¢ 38.50d 9218.69ab
DINP4 15.05a 37.08a 41.80ab 7990.21ab 16.40a 42.20a 41.42b 9771.37a
DINPS 14.70a 34.78ab 38.37¢ 7680.83ab 15.53d 41.40a 39.32¢ 9164.38ab
DINP6 14.12a 31.20¢ 37.67c 5950.95¢ 14.93f 40.13b 39.20¢ 7393.90b
D2NPI 12.80b 27.74d 34.66d 6911.32abe 14.67¢ 35.20d 34.66f 8519.25ab
D2NP2 13.70ab 28.66d 35.31d 7071.65abe 15.01d 35.90d 35.31f 9113.12ab
D2NP3 13.80ab 30.33¢ 35.51d 7633.12ab 15.33¢ 36.53d 35.51f 9752.34a
D2NP4 14.51a 31.12¢ 38.30c 8302.34ab 15.47d 36.70d 36.92¢ 9984.22a
D2NPS 14.65a 31.33¢ 43.57a 8596.76a 15.80c 39.00¢ 43.37a 10196.76a
D2NP6 14.22a 30.67¢ 36.92cd 8204.22ab 15.44g 38.33¢ 38.30d 8586.32ab

2.2 AELENEENZEGHEERKSFARLE
Al

2.2.1 FEAETER LA TEERKH R ZLFE

Hve WA 1 PR, R RER B EOR TS , AR

KA FARCR R B i AL B (D) & T

R AL (D2) . HHT#H K50 ISR 5 e #
15 5.82% ~8.21% o, AR EEAKE T PIAER) E KK
I3 R FRCR I FIN N 2012 455 F 2011 48, Hop %%
FEALFER 2012 458 2011 4715 18.80% K% i 4+
T E KA T IFEK R 2012 4E 1 2011 415 16.17%
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X ATHE 2012 AR I 2 T 2011 4R K,
2.2.2 FEAEATA A A 3 B R K oA R Ak Feh
o QR 2 BN, BEAE K K 43 ) FH 8303 34 it
JE 2 (3G i S ST IS R AR A i 2 210 kg hm ™2
(NP5) b 3R K 7K 43 F) T 805 By, 2011 4F il
2012 4 43 i ik 25. 18 kg * mm~' + hm~% Al 30. 13
kg'nﬂnfl'hmfz,ﬁz:ﬁﬁﬂll_]‘ﬁ}%ﬁ%%tﬂ 19. 68 ~
24964y o Hirdr, 2011 4E4% it AR Ab B 7] 22 S5 AN
35,2012 4F NP3 NP4 Fll NP5 4bHi Y Tk K 40 F1)
SR Ay B A NP2 Ak BR S SE R 22% . 19. 70% Al
24.15% , 43 545 NP6 Ab P i 3 7= 21% . 18. 72% F
23.13% , Uil NP3 1 NP5 Jiti AE b BE it 7] A7 %42 =5
A ERUZE V7 K At NE R R0%
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Fig.2 Effect of different fertilizer on water use efficiency of maize

2.2.3 JEF BAEXT AN LA E KK A A R
Fo9%a  HE 3 ATLUE 1, SRR E KK
53 R R AZ it A5 %% B AR 52 o ] — %5
FEACE T, B it NE 5 00 3 m 4 JI8E X028 1 7 oK K
S3 R RCR I AT B 0 a3 TRl — i i K
IRy e %% B2 (D2) 7K HA 8 m 19 7K 43 R 2%
Ko LR RE , WIHE T RIK R AR DL s %
JKF T it 210 ke hm™2( D2NP5) 2 B 65 5 , 43 135
26.13 kg'mm_1 ~hm~2(2011 )1 30.50 kg'mm_1 .
hm™2(2012 4F) , AN L AR BE =7 24.39% ~ 42.38%
(P < 0.05), % H il s B 40 PE & 4 2. 29% ~
35.69% . 45 4b BEAY T KK 4 A FHSCR Y R BN
2012 4=/ T 2011 4, H A, DINP6 il D2NP3 Ak ¥
B KK 3 R AR 2012 4E85 2011 4540 ) .25 0%
23.57% H1 24.80% , HoAth % AL 3P AE[A] G B 7 25 5+ o

3 g Sitie

FHORHOFFE R, S48 KA XA L, 2K
KB R DT 2R A $ 8 K 0 FH AR i

JE RIS AR 30 K P G RRS7)  i%33
HORC A H i H R B X F KR p 228,
K FZHOR S G 38 B 5 B At I K7, AT B 1k
SN )T B A RS A R K O3 A AR
[USH/ S T2 N '8 A S he 1 I £ SR s
XURESE FEAH BB T A TR E ORI A AR AT
2 A OB VR B K AR 7™ I T4, 3 2 1
Fof it T B 8 L7 T R R K R A R 2
WFFE 1 %5 B2 X A BB VR 1 B FZE MR M= = i
oM, S5 SRR, FRA RS B R AR B
REER R RN R R Y A 2 R 3 i . B
e 7 2 110V o 7 it ] SR0ES ) R b M
BT A EOUZE Vi 1 K I8 BAT B 2 W 7 ROR
PINERHE S 21l 4 UL 2 7 3% bl iy 2 b A
AR R0 X R K ) S T BIF 9 3R BT > R %
} 6.675~7.575 Jikk-hm=2 Jiti N &4 270 ~ 315 kg
‘hm ™2 Jifi P,0s 8N 225 kg hm™2H}, E K=&k
7 500 ~ 9 500 kg*hm ™2,
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Fig.3 Effect of fertilizer and density on water use efficiency of maize

AFFELE R FEH],4.50 x 10*KE - hm =2 F1 6.75 x
10*BE « hm = oA 28 B R 1) 5 R BRA T H5ORN 7  E 1Y 22
SRR, M 6.75 x 10°4 - hm ™2 FPHE 25 )% T £ oK™
UK 2 R RCR B2 & T 4,50 x 10P 8 - hm ™2,
X5 TS B WIS R — B, AN [ it AR b B 4% 1
T, FORFEATHORN = 2 Uit 26 & 180 kg hm =2 il
T HERRAS 144 kg hm 240 BRER &2, K & 5 FI/K 43
F ISR R A AR 210 kge hm ™2 it BERR 55
168 kg hm ™ 24b e i 5 B8 AR S50 F BOKERAT %
FATRIECI L 4,50 x 108K « h =2 FP AR 25 B T it 4
A 180 kg*hm ™2 i id BERRES 144 kg hm ~24bFE i &,
6.75 x 10"k « hm ™ *F{AF 285 2 F a2l 210 kg hm ™2,
it 3 W FRES 168 kg hm ™2 4= XU 28 74 7% 1ok HA &
1 O ECRLER FPRLP AT I RSCR it A 240 kg
~hm~2(NP6) i, R E i i, - 38 3G AL A5 e, (i A5 AR
FX KA W SCRTR] I AZ B, 2 i BRI A KRR,
KRR TR, X 5775 N BRI R4S ]I
TG o VEHIFEPGAC T 52 T 5 H X, 2 4 X B 1
& TP I E N 6.75 x 1048k - hm =21}, i 4L
A 210 kg hm ™2, i BEFRES 168 kg hm ™ *AEIR1S 4K =
AR . X SN S I SE S A BT AT, X AT
REJE I e H AR 1 25 5 A AR 2
FEHAS 7] 25 J R 3 o 45 A R A BOKRRRA TR AT RE
B ERIK AR FIRCR 2012 4E 5 T 2011 4F X AT g
552011 HER X K E 0 T 2012 AR FFK=E AT o

& % X k-
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