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Effect of Different Planting Patterns and Densities on Kernel
Filling Characteristics of Summer Maize
ZHANG Qian, SONG Xi—yun, JTANG Wen
(Qingdao A gricultural University/Shandong Key Laboratory of Dryland
Farming Technology, Qingdao 266109, China)

Abstract: A field experiments involving four planting patterns [three—row strip, four—row strip, five—row strip and

a conventional uniform row spacing pattern(the control)] under two plant densities(67 500 plants/ha and 82 500

plants/ha) with cultivar named Zhengdan958 were conducted in 2011 and 2012. The results showed that the grain

yield was significantly increased by strip planting patterns in both years. Based on the Logistic equation fitting, the

duration of grain filling increased by 1.2—10.2 days in strip planting patterns, compared with control, and the average

filling rate(R), maximum filling rate(R,,,), the filling rate at gradual increasing(R,),100—grain weight were all highest

under the three—row strip planting pattern under both densities. Therefore, three—row strip planting pattern could be

suggested for enhancing grain yield of summer maize in the local area.
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1.1 et
RET 2011 ~ 2012 FAEF BRI A MR
Bk (35.53°/N, 119.58°/E) i T, 2011 A1 2012 FRIMN

TR B BARREE R EA DR S anss 1. 1K
SSHIRTEE A/ NG, BERAPE A S M 3 KRR
KBEA 958 iR I BITF 2011 £F 6 H 29 H . 2012 4F 6
H 26 BHEERP, 2011 4 10 A 12 H 2012 4 10 H 9
HIE . 2011 FEFERATIAEEHD 0 ~ 20 em £ EA LR
6.75 g/kg JHfER 84.00 mgkg JHEHE 69.25 mgkg. i
8 86.82 mgkg, pH H 6.88, RIGIAIT N HESY
Xigit, EXAFMET (A 1); BIX A PMERE,
SEREFE 67 500 PR hm? AR 82 500 £ /hns 3 ¥
FE ,/NXEM 6.5 mx 1.0 me e SRR 2-
8-12)750 kg/hne?, TORAFIHRINIEE, FoAEA A4
B R

70 cm

55 cm

e HEHEHTIRCK), S THE 70 emsb 2 347417, 2 MHSE/INTEE 55 cm, I3 100 emse A 4 1777, 3 MR/ MTER
55 cm, I B 120 cm;d A5 17— .4 /I\7H;|%:/J\ﬁ‘?tﬁ 55 cm, I 55 140 cmo
Note: a, Conventional uniform row spacing planting pattern(control): equal row spacing(70 c¢m); b, Three—row strip planting pattern: two

equal rowspacing(55 cm) and a broadband(100 cm); ¢, Four—row strip planting pattern: three equal row spacing(55 ¢cm) and a broad—

band(120 c¢m) d, Five—row strip planting pattern: four equal row spacing (55 cm) and a broadband (140 cm).
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Fig.1 Graphical representation of the planting patterns
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Table 1  Temperature, rainfall and sunshine hours among maize growth stage in 2011 and 2012
2011 2012 4F 30 FE345] Average of 30 years
A B \
Mo Dwe | REECO) FERTEG) BRI BELCC) BERGm) CRIEG) RECO) W) SRS
Mean temp. Rainfall Sun—shine Mean temp. Rainfall Sun—shine Mean temp. Rainfall Sun—shine
6 H June 20~ 30 22.3 59.3 38.0 235 20.6 48.9 22.9 81.4 74.0
7 A July 1~31 249 2041 151.1 26.1 155.8 182.8 251 153.7 205.8
8 H Aug. 1~31 25.2 189.6 148.2 25.7 185.0 192.4 25.2 1125 219.6
9 H Sept. 1~30 20.7 108.8 184.3 21.3 91.1 209.8 20.8 63.3 2211
10 H Cct. 1~10 16.4 0.3 61.9 18.7 0.9 78.4 17.4 13.5 65.9
FKAERFT ~10 H) 21.9 562.1 583.5 23.1 4534 712.3 223 4244 786.4
z s oz S e T NI - S+ —
1.3 HdEEI ST i SR TR FE T N S R AR T

IRIGEIE R SAS9.0(Duncan HrENE ¥R
ARSI 55541, R CurveExpert
1.4 DAL T A ER LA

B s RERLECR FIRR AN, Bk 2012 SE B AR T
47— 5 5 AT BT S N B EER
YhFE R I B, 2011 SESFIERME S X m T

D EREN feiTaiE TR, (BESARE 2012 £

SIS $7is
2.1
FES

PR FR AP R] B M B R R 22 2
E(&2). TEEHEORPEEERMET, %7
PR S AUCK)RREL, 3 17— 4 fT— A 5 17—

AR E D7 SR TR K B N A R

BN EEESMGR, SR ERE
%, ST MR N E SRR TR
EARRSE NS TIERME S R, B
W3 AT R AR R 2011 FEAT 2012 R
B8R, RS T S R R A oy
%IJ‘% 25.0% .20.8% A1 25.1% .18.7% -

2 PETT R RN E TR N AR S
Table 2 Yield and yield components of summer maize at the maturity stage in different planting

patterns and densities in 2011 and 2012 (mean + SD)

F 5 P75 B (IR /) ZSFFE %) TEREL () FhIE (9 F-RL i (kg/hn)
Year Planting pattern Density Percentage of barren stalk  Grain number per row  100—grain weight Yield
2011 FATHR(CK) 67 500 12.97 £0.02 abc 476.019.7 ab 29.891+0.43a 6926+753 b
82500 19.15+0.06 a 438.4+228b 29.00+1.39 ab 7166+157 b
3T 67 500 6.17 £0.06 be 507.91+205a 28.91+0.25ab 7792+187 ab
82500 12.61 £0.01 abe 495.4+25.0a 28.08+0.38 ab 86551605 a
X Wit 67 500 5.52£0.08 ¢ 494.5120.7 a 28.14+0.17 ab 7116+282 b
82500 15.18 £0.03 ab 480.7 £39.6 ab 2796+1.13b 7831+492 ab
5 47—y 67 500 6.13+0.05 be 4922+51.3ab 28.55+1.40 ab 7749 +535 ab
82500 13.99 £ 0.05 abc 481.2+12.0ab 28.18+1.32ab 7854%+1169 ab
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£ T 5 B (KR /hmd) ZSFFER (%) TR o) BHHRE SR (kg/hnd)
Year Planting pattern Density Percentage of barren stalk  Grain number per row  100—grain weight Yield
2012 EATHR(CK) 67 500 376+294a 4272+6.6 ¢ 28.03+0.89 ¢ 63951328 d
82 500 3.08+1.33 ab 466.2+13.7 ab 2721+1.47c 6745+ 457 cd
37—y 67 500 1.18+041b 498.1+17.8a 31.49+1.10a 7 394 + 253 abc
82 500 1.92+1.12ab 479.6 £36.1 ab 30.33+1.62 ab 8003 +435a
41— 67 500 1.73 £0.60 ab 468.7 £27.8 ab 3096t 1.12ab 7 352 1304 abc
82 500 1.56 £0.49 ab 446.316.2 bc 30.87 £0.44 ab 7 373 £ 353 abc
54— 67 500 0.96+0.63b 479.2+113.0ab 30.63£0.43 ab 7 494 £ 845 ab
82 500 1.01+£0.67b 450.2+4.2 be 29.01 £1.39 be 7 036 £ 160 bed

R ASIAR NS FHFRRZE ST B E (P<0.05).

Note: Different small letters in the same column meant significant difference at 0.05 levels respectively.
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Table 3 Logistic equation of kernel filling of summer maize in different planting patterns and densities in 2011 and 2012

F 19 [LLEVEY R ) i WAL A ERIE () RIE REL
Year Planting pattern Density Simulated equation 100—grain weight R?
2011 A TRR(CK) 67 500 W=27.050 /[1+EXP(38.35 — 0.131)] 25.823 0.998 6
82 500 W=23.050 /[1+EXP(28.23 —0.141)] 23.071 0.995 5
3T 67 500 W=30.618 /[1+EXP(30.09 —0.112)] 27.557 0.998 2
82 500 W=30.933 /[1+EXP(36.04 —0.121)] 28.208 0.998 4
4T 67 500 W=31.342 /[1+EXP(28.89 —0.117)] 27.248 0.998 6
82 500 W=29.833 /[1+EXP(36.58 —0.121)] 27.080 0.998 7
57— 67 500 W=26.681 /[1+EXP(40.27 — 0.131)] 25.425 0.999 6
82 500 W=26.243 /[1+EXP(30.28 —0.131)] 25.570 0.997 0
2012 A TRR(CK) 67 500 W=29.363 /[1+EXP(53.96 —0.141)] 28.792 0.996 0
82 500 W=27.345 /[1+EXP(67.26 —0.151)] 26.277 0.997 0
KX St 67 500 W=31.469 /[14EXP(52.14 —0.14¢)] 29.925 0.996 6
82 500 W=30.712 /[1+EXP(51.10 —0.14¢)] 29.741 0.996 6
417 67 500 W=30.645 /[1+EXP(52.00 —0.141)] 29.064 0.997 1
82 500 W=28.945 /[1+EXP(51.38 —0.141)] 27.869 0.996 8
57— 67 500 W=30.531 /[1+EXP(51.26 —0.141)] 29.307 0.996 8
82 500 W=28.955 /[1+EXP(44.84 —0.131)] 27.570 0.995 8

2.3 AEMETRNEHET ERFRERZH
Xl

% 4 =5, 2011 FEEAHRER TSI N 49 ~
64 d; it s F A e P R AN, 4a 1T 0E T RiiE
T3R5 AT e T NSRS s = 15
TTREPMETTEN, Hrb 4 17— b S RO T s

SRR, H TR PR S FME S N =
BN THENER, 3 17— 4 17— 5 T &b
FBI LS TEE AR 5 20 (CR) 80 8.1.10.2 A
1.4 d2011 F)R11.2.1.4 F1 2.2 d(2012 ), T RS
R R, K EAR MESBIHIE 3 17— =%
FEANFRANAE TR E & B PR R SIS R R R



3 1

KA PSSR R B KRS R R A S

95

Ko 2012 SR BALFRRES R FAFNE S E S 2011 F£ 2

SRR, HP BRI AR R, SPISRES R R 3
T 2011 5 IR A T AR R e b, A]
RES ARSI ERAR; ErELHE
HERRRESZ IR R AIPPIHEIR R R FRA(E Y

HIULE 3 T PR . TIRTESH D
) S S K b i L IEWS B VA RE TR

PEIZIHRAR (R )Y fres , 3 AT — i e g s A R el
RES IR AR (Ro)BR 2011 b S AL TR M g
THA M

4 ARAFMETT SR T E TORERRHIESE

Table 4 The parameters of kernel filling characteristics of summer maize in different

planting patterns and densities in 2011 and 2012

£ 15 FE = LR /hnn)
R Tx R T R, T, R, T, R,
Year Planting pattern Density
2011 EATIR(CKR) 67 500 55.64 089  27.66 043  17.67 032 1998 078 2487 022
82500 4923 080 2404 040 1456 033 1896 070 2359 020
3{T—Hr 67 500 61.34 0.86 30.29 0.43 18.57 0.35 23.44 0.75 29.17 0.21
82500 5978 093 2986 045 1889 035 2194  0.81 2730 023
41— 67 500 64.07 0.84 3151 0.42 19.17 0.35 24.68 0.73 30.71 0.21
82500 61.28  0.88 3041 043 1928 033 2225 077 27.69 022
54—y 67 500 55.06 090 2743 043  17.65 032 1955 079 2433 022
82500 5254 086 2596 043 1593 035  20.05 076 2495 021
2012 ZHFFIE(CKR) 67 500 54.71 1.05 2791 049  18.69 033 1843 092 2294  0.26
82500 5444 103 2794 047 1920 030 1749 090 2176 025
37—y 67 500 5638  1.08 2881 051 1922 035 1920 095 2389 027
82500 55.08  1.07 2812 050 1871 035  18.83 094 2344 026
41— 67 500 5730  1.04 2917 049 1945 033 1944 091 2420 026
82500 5460  1.03 2775 048 1848 033 1856 090  23.10 025
517y 67 500 55.65  1.06 2837 050  18.88 034 1898 093 2363 026
82500 58.06 094 2915 045  19.06 032 20.19 083 2513 023
— kY ~. N P SR N < ~
2.4 REMES N SEE T TR TR sEPREESR R 2k
09 ¢ 20114F 67500 #f/hm® .09 r  20114F 82 500 #k/hm®
= 0.8 | = 08 |
2 07 } S 07
- £ 06t . 206
T w L 2 w05 |
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Fig.2 The reality curves of kernel filling rate in different planting patterns and densities in 2011 and 2012
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