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Effects of Plant Arrangement Patterns and Planting Density on
Grain Yield and Photosynthesis Production Characteristics of
High-yielding Maize Variety in Cold Region
FU Jian, YANG Ke—=jun, WANG Yu—feng, ZHANG Yi—fei, WANG Zhi~hui, ZHAO Ying,
GU Ying—nan, YANG Xi-ling, LIU Hui-di, ZHANG Fa-ming
(School of Agriculture, Hetlongjiang Bayi Agricultural University /
Key Laboratory of Crop Germplasm Improvement and Cultivation in Cold Region, Daqing 163319, China)

Abstract: A field experiment was conducted to evaluate five possible plant arrangement patterns — 65 cm nar-
row ridge with one plant in each point(A), 65 ¢m narrow ridge with two plants in each point(B), 110 em width ridge
with one plant in each point for one line and two plants in each point for other line(C), two lines at 110 em width
ridge with two plants in each point(D), and two lines at 110 em width ridge with one plant in each point(E) under
four planting density - in terms of grain yield and photosynthesis production characteristics in high—yielding maize
variety Zhengdan 958. The yield components, photosynthetic production distribution and leaf photosynthetic charac-
teristics of maize crops were monitored and compared. The results showed that different ways of planting and density
has significant effects on maize yield and planting way and the density interaction to achieve significant level, the
output of planting form C and E advantage thanks to spike, grains and grain number of spikelets of mutual compensa-
tion. Dry matter accumulation after silking and the proportion of it be transported to grain were also higher under
plant arrangement C and E than other treatments. LAI, LAD, Pn and chlorophyll content fall slowly after silking,
which were very important to the high—yield formation.
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Fig.1 Plant arrangement patterns in experiment plots
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Table 1  Effect of planting density and plant arrangement patterns on grain yield and yield components of maize
RS Fritkg/hm?)  ATRIELCR) MATE(FY) ROk THIE (o) TR (F/hm’)
Experimental factor Yield Kernels per line  Lines per ear Kernels per ear 1000-kernel weight Ear number
e 75 A 11580 b 34.63 ¢ 1330 e 460.58 d 425.07 ¢ 71400 a
Planting pattern B 10460 ¢ 32.18d 13.85d 445.69 d 405.49 d 69 900 a
C 13220 a 36.08 a 15.24 b 549.86 b 459.35a 71300 a
D 11530b 3497 ¢ 14.38 ¢ 502.86 ¢ 413.82 be 71700 a
E 13510 a 36.52 a 15.67 a 572.27 a 460.05 a 71200 a
Fhi M1 12 000 b 43.56 a 14.06 a 61245 a 421.02 a 58900 d
Planting density M2 12 200 ab 39.21b 13.44 b 526.98 b 39231 ¢ 73 500 ¢
M3 12340 a 33.19¢ 12.96 ¢ 430.14 ¢ 404.33 b 88 700 b
M4 11690 ¢ 32.55d 12.89d 419.57d 393.36 be 103 300 a
¥ o7 A5 Pattern(df=4)  19.594%%* 128.541%%* 20.920%** 100 584.771#%* 7 982.114%#%*%* 0.138
Mean square E Density(df=3) 1.195%* 427.104%%* 11.561%*%* 158 469.164%** 2 067.675%** 55.060%%*%*
Tl 77 X 2 4,131 18.833%xx L113%%%  5013.588%#% ] 158.723%%* 0.232

PatternsXDensity (df=12)

1« BN T 1R 3551 0.05 BB K T # cesfilees 20138 0.05.0.01 #10.001 B E K-, FER.,

Note: Letters indicated statistical significance at 0.05 level within the same column. *, ** and *** represented significance at 0.05, 0.01 and

0.001 probability level, respectively. The same below.
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Table 2 Effect of planting density and plant arrangement patterns on dry matter accumulation and transportation of maize
M mhzzfErE HETELE WA TYER TR WA E
IR (kg/hm?) (kg/hm?) (%) feiztt(kg/hm’)  Feiztt(kg/hm’)  Harvest index
Experimental factor Total dry ~ Dry matter after ~ Ratio to total ~ Leaf dry matter ~ Stem dry matter
matter silking dry matter transportation  transportation
ke s A 23900 d 12600 d 52.87e 800 c 700 c 0.41b
Planting pattern B 19500 e 10 600 e 54.50d 900 ¢ 400d 0.40 ¢
C 27900 b 15600 b 56.31 ¢ 2100 b 800 ¢ 044 a
D 25 600 ¢ 14700 ¢ 58.06 b 1800 b 1200 b 042b
E 30700 a 18 300 a 59.76 a 2400 a 1000 a 044 a
Tilhe 2 M1 20 600 d 11900 d 57.36 a 1200 ¢ 800 b 0.42b
Planting density M2 23800 ¢ 13900 ¢ 58.32a 1000 ¢ 900 ab 0.40 ¢
M3 27300 b 15100 b 55.23b 2400 a 900 b 0.44 a
M4 30300 a 16 500 a 54.29b 1700 b 1200 a 0.44 a
¥y a3 Pattern (df=4)  2.130%#* 1028 0.0097 0.065% 0.023%3 0.0035%#
Mean square %% Density (df=3) 2.645%%% 0.580%#* 0.005%#%* 0.062%#%#%* 0.004* 0.005%#%*
ikt 7 2 x 0.226%%%  0.054%%% 0.001%#5% 00125 0.01 1% 0.001

PatternsXDensity(df=12)
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Fig.2  Dry matter distribution in leaf, stem, husk+axis and grain under different planting density and plant arrangement patterns
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Table 3 Effect of planting density and plant arrangement patterns on leaf area index(LLAI) of maize

A B C D E

ISR P KEwiE m22j55d  m2J520d  mEZJF40d SEFAIY]
Experimental factor Jointing stage  Big trumpet 5 d after 20 d after 40 d after Full maturity
period silking silking silking period

LEiEWIEY A 136 ¢ 4.31b 6.18b 5.74b 5.24b 4.12¢
Planting pattern B 0.71d 3.00 ¢ 5.01d 475 e 427 e 351e
C 1.69 b 430b 5.63 ¢ 528¢ 494 ¢ 444b
D 141 ¢ 441b 5.61c¢ 5.01d 4.64d 3.73d
E 1.80 a 5.14a 6.56 a 6.30 a 597a 526a
gt M1 1.03d 3244 4.44d 3.96d 3.77d 3.354d
Planting density M2 1.26 ¢ 3.68 ¢ 5.09 ¢ 4.70 ¢ 441 ¢ 382¢
M3 1.45b 4.56 b 6.35b 599b 543D 4.71b
M4 1.85a 545a 732a 7.03 a 6.44 a 497 a

¥ 7 At 773X Pattern (df=4) 2.14 1% 7.115%%% 4.273%%* 4.523%%% 4.9927%%% 5.679%#%*

Mean square 25 Density (df=3) 1,781 ek 14.340%* 24.7735%k% 27.862%k* 20.5907% 8.67 8w

Tt 77 2 L 0.366%+* 0.549 % L119#** 0.850%* 0.917#x* 0.555%

PatternsXDensity (df=12)
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Table 4  Effect of planting density and plant arrangement patterns on LAD of maize

(10" m*+ d)/hm’

BET{AE S 22 LAD -2 )55 LAD EOLHH M-22J5 LAD (54 F 1)
Experimental factor LAD before silking LAD post silking Total LAD LAD B H 73 (%)
Percentage of LAD post
silking within total LAD
A =X A 114.23 b 22730 b 341.53 b 66.6 b
Planting pattern B 81.72 ¢ 183.49 d 265.21d 69.1 a
C 111.17 b 207.33 ¢ 318.50 ¢ 65.1¢
D 110.74 b 197.19 ed 307.93 ¢ 63.8d
E 130.38 a 250.81 a 381.18 a 65.8 be
Tilvhe 5 1 M1 85.53d 161.75 d 247.28 d 65.4b
Planting density M2 96.87 ¢ 191.04 ¢ 287.90 ¢ 66.1 ab
M3 120.36 b 232.41b 35278 b 66.3 ab
M4 135.82 a 267.70 a 403.52 a 66.5 a
¥oor P72 Pattern (df=4) 370297 8 359.27%* 21 947.42%%x* 0.005%3*
Mean square ¥ Density (df=3) 7 72282 32 391.09%x* 71 676.68%#* 0.001
T 7 =0 JiE 789.90%** 3.049.34 %% 6 864.36%* 9.659
PatternsxDensity (df=12)
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Fig.3  Leaf photosynthetic rate of maize under different plant arrangement patterns and planting densities
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Table 5  Effect of planting density and plant arrangement patterns on chlorophyll content in maize leaf

ECES HATH KWW 22)jE5d m#JR20d 22540 d SER
Experimental factor Jointing stage  Big trumpet 5 d after 20 d after 40 d after Full maturity
period silking silking silking period

ke 755X A 2.96a 4.03 ab 4.67a 5.44a 4.4 ab 385a
Planting pattern B 2.24b 3.52b 4.90 a 5.65a 4.14b 3.60 a
C 2.73 ab 420a 5.04a 550a 4.03b 3.02b
D 2.09b 3.88 ab 533a 574 a 4.40 ab 2.83b
E 2.57 ab 411a 5.18a 5.69a 477 a 3.66 a
Tl M1 2.55a 4.13a 532a 5.67a 4.58 ab 3.78a
Planting density M2 2.52a 385a 5.09 a 5.66 a 482a 3.80a
M3 241 a 403 a 4.96 a 5.60 a 4.16 be 3.08b
M4 2.59 a 378 a 473 a 548 a 3.87d 2.90b

¥y Bt 772 Pattern (df=4) 1.542% 0.851% 0.795 0.195 0.997%* 2.33 1k

Mean square % Density (df=3) 0.190 0.706 0.905 0.133 2.681%** 3.326%#*

Filit =0 1 0.394 0.677* 0.683 0.277 0.295 0.415%

PatternsXDensity (df=12)

W 5 PR, BAE B I HEE SRRy =R
BN, ORI e R A a Y BT R R FRAK
fa, BRit22)E 5 d fit 225 20 d DLAR, Five s 200
2R 28 S e R IR B35 (R B2 IR (P<0.05) , 3515 31t
Fi 7 20 A B2 T B AT D, Kl w11 9 i Ak
K CHEBERT B, 7E22)5 40 d FISE I, Ff
MR EH R ERTCo EM2)5 40 d F5E R,
ol 85 8 X b 2 R A HL A R 3 0 R e (P<
0.001). 5 PnAREAHARL, BEFPAE 25 B2 ARG, &
BN S e+ O N 12 (P S o0a o = 1 W Y=
KA CHE SRS R AT EN, fiE
TR E M R Rkt ity w %S, BENE T Co
AFIFEZ T AEE AR RS RERIAR
AR AR R R ORI i A R
Isel,

3 ZhigHrhe

RS R AL )G T A R 5 A e x 7=
HABEZERM W, SCEERT YRR S ARl due
YEYIBIREAR =, R R B K ik 32 2k H
TR B B OGS AE = AL ™, Asf

P72 110 em REEWT(—47 09—k 170
— OB s AT H)— 7 CHRR) R, KI5 1914 ot
MEBH L, —I7 AT DA A= Re /e, 71
— 7 T U B B SR R, iR AL S s i , 1
PE T R R AIOR IS RO B BT . %A T 5
(0 7 DI SR T OB B | TR AR RS O A A
A

HRAE A R Y KRB — A B Y
M BUE R, TOREEA AT I i AR R/ 2
REMI R SC R AL G RE I ISR 55 , S +
PRI A= RETT o ASBIESE A B, AN ) R 4 B2 A
L AT 110 em REEXUF T (— 47— bR —
F 29— R 5 AT 35— 7 LR B I T AR KR
B T AR AT 3 X o 22 )5 )
[ AR KL AR Z I 2 —

FORFRL™ i A B 2 EEAEAE R, AEREI B0
A BRARAE PR E A TR A AR BRI AR
o, BA LR IDEE EAR R DR B i
R ED) R B 2 ARIE . RS S50,
SERACRHH RO & S EFZHN I A IR 773
PR F K R BB BT AP R, TR K



90 £ Kk F

5 2%

AT, B REXT AR A R AR 25 AN L TR
A= S I 2K i U it A R ) T g A, {E >
Tl AL 28 B35 51 9.0 J7 R/hm® B, ISR 3R i A7 T [
K, X 5 R A A R A R — 2
T 7 110 em RZERU T (—17 99— bk —
18— 7Rk 5 PIAT 24— 7)Y 2 38 1
P NS LA ER 8 SE K TR L
Py LR N ], PRUEFE 2 B K AL & R0 R
Ko YERFnt 22 J5 0 R B R R AR R i SE AR
JeE DIREN] IR T W i 22 )5 T AR
R A AR AR,
ARG S5 RF W, RIE XA T (PIAT 24— 7 RR)
TR ZERUAT (—A7 4 — 7R \— 47— 7Ok
FidtE Jr 2w I ) E RN — SRl PR (T
iz ARORLEO B R g, Bt 22 J5 TP B R
TR i YRy 22 JE R A SR R 3R AR AO
BHGCBIEM 225 TYRIR R . KIEXU T (W17
— R B AR AR 7 SO AR, RZE XU T (—
1R — IR —A7 R — 7 OBR)IRZ
SE 0k
[1] BER, T TEEEAS . BRI ARER TR it
X o TEE A0 K T B0 ()] L AR A, 2012, 38(10):
1864-1874 .
Qian C R, Yu Y, Gong X J, et al. Response of grain yield to plant
density and nitrogen application rate for maize hybrids released
from different eras in Heilongjiang Province[J]. Acta Agron. Sin.,
2012, 38(10): 1864—1874. (in Chinese)

(2] T Bk, AR, 2208 LRSS 7 O FOR AR R 5
W] . F KRR, 2009, 17(4):101-103 .
YuL,Li Y J,Ji W P. Effects of cultivation mode on agronomic char-
acters and yield of maize[]]. Journal of Maize Sciences, 2009, 17(4):
101-103. (in Chinese)

3] & B, AR, EEEL S ISTEIE RO Bt R M T
RG] . P E Ol K27 3], 1998, 3(3):53-58 .
Zhao M, Li S K, Wang Z M, et al. Ecposition on genotypes classifica-
tion and relationship between quality and quantity of crop sourcel[J].
Journal of China Agricultural University, 1998, 3(3): 53-58. (in Chi-
nese)

[4] FFIED V54, JRREAE | T 25 FE T K& 50 22 0 B VE T
S2IAL) . AR, 2004, 18(1): 14-17 .
Qi Y F, Xu F Z, Zhou Z H, et al. Effcet of plant density on photosyn-
thesis capability of new maize hybrid luyuandan 22[J]. Acta Agricul-
turae Nucleatae Sinica, 2004, 18(1): 14-17. (in Chinese)

[5] TR, XIFF B ik A 45 . FORMBFAOL AR . SR
2£,2001,9(4):57-61 .
Wang Q C, Liu K C, Zhang X Q, et al. Canopy Photosynthesis of
Maize[J]. Journal of Maize Sciences, 2001, 9(4): 57-61. (in Chinese)

[6] XUTFE, EPNL, 5K, 55 . ARG MRS T T R MBS
[J]. WAL FR,2001(6):25-29 .
Liu K C, Wang Q C, Zhang X Q, et al. Study on the relationship be-

(7]

8

[t}

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

tween photosynthetic capability and their density—tolerance of new
corn hybrid[J]. Shandong Agricultural Sciences, 2001(6): 25-29. (in
Chinese)
FFORHE R WLAR R O ORISR Y A AL
R[] . AedbAe 244t , 2010,25(3): 134-139 .
Qi H, Liang Y, Zhao M, et al. The effects of cultivation ways on pop-
ulation structure of maize[J]. Acta Agticulturae Boreali Sinica,
2010, 25(3): 134-139. (in Chinese )
KT AR i, AR el . B — U B B AR 0] . B
Y 5k, 1998(6): 27-28 .
Zhang X T, Zheng Y H, Xu X B. Double plants in hole cultivation
mode of summer soybean[]]. Tillage and Cultivation, 1998(6): 27~
28. (in Chinese )
SEREAE IR DXAR AL SURR U2 i 7 MR D] HORr Ol R
$,2002(11):15-16 .
Wu J J. Jiuquan region of cotton double high yield cultivation tech-
niques|J]. Gansu Agr.Sci.and Techn., 2002(11): 15-16. (in Chinese )
b MEARSPU, M W AR TR P BR S SH R R  —
SRR ARIRIGWEITI] . FhF-,2011(8): 127-128 .
Yi Y, Xu S B, LuF, et al. Study on double plant transplanting tech-
nology of high yield and yield quality hybrid rape new variety
Xiangyou No.1[J]. Seed, 2011(8): 127-128. (in Chinese )
SRIEEL . AR E B FEIEM] . LA Al H R, 1992 .
LFBE, BRI, W2y, 55 | FARRHAE 2 RAIE 5 i S ™
HIERMPFF] . AEY #1993, 19(3): 246-252 .
Shen X Y, Dai J Y, Hu A C, et al. Studies on relationship among
character of canopy light interception and yield in maize popula-
tions [J]. Acta Agron. Sin., 1993, 19(3): 246-252. (in Chinese )
Tanaka A, Osakl M. Growth and behavior of photosynthesized 14C
in various crops in relation to productivity[J]. Soil Science and
Plant Nutrition, 1983, 29(2): 147-158.
WO, TRk, AU, L T ORI R E A KOG A
PESMI] . T KB, 2006, 14(5):94-97 .
Cao N, Yu H Q, Wang S B, et al. Analysis on canopy structure and
photosynthetic characteristics of high yield maize population|]].
Journal of Maize Sciences, 2006, 14(5): 94-97. (in Chinese )
WY, L, 6 A RS EOR R T Y BR R 5 4y
BCRE s BFFELT] . FOKFR:,2007,15(3):95-98 .
Huang Z H, Wang S Y, Bao Y, et al. Studies on dry matter accumu-
lation and distributive characteristic in super high—yield maize[J].
Journal of Maize Sciences, 2007, 15(3): 95-98. (in Chinese)
RS, E ORI BB ERACR R A A PERE S e
IR . VEYI2-37,1997(3):318-325 .
Dong S T, Gao R Q, Hu C H, et al. Study of canopy photosynthesis
property and high yield potential after anthesis in maize[J]. Acta
Agron. Sin., 1997(3): 318-325. (in Chinese)
B2 LI N R 1 U SO0 N R R S SE B2 L TN
FIFEMLT] . PEREARO 24412, 2005, 18(4):392-396 .
Wu J M, Liang H, Lu G Y, et al. Effect of density and fertilizer on
physiological characteristics of high—oil maize[J]. Southwest China
Journal of Agricultural Sciences, 2005, 18(4): 392-396. (in Chi-
nese )

(FriEmi. 5 M)



