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Effects of high planting density and row spacing on canopy light
distribution and photosynthetic characteristics of summer maize

GAO Ying-bo, TAO Hong-bin, HUANG Shou-bing. TIAN Bei-jing,
WANG Li-jun, Li Yun, REN Jian-hong, WANG Pu”
(College of Agronomy and Biotechnology/Key Laboratory of Farming System. Ministry of Agriculture,

China Agricultural University, Beijing 100193, China)

Abstract The plant distribution within the field determined the canopy characters and light interception of canopy . which
directly related to photosynthesis capacity and affect the grain yield of summer maize in the end. A 2-year field trial was
conducted at Wugiao Experimental Station of China Agricultural University in Hebei Province to clarify the effect of
canopy character on light interception and yield formation of summer maize. The experiment was a split-plot design with
planting density as main factor and row spacing as minor factor. Two planting densities were 75 000 and 90 000 plant/
hm? respectively. Under each planting density, three row spacing were set up as uniform row spacing of 60 cm,un-even
row spacing of 80 cm + 40 cm, and un-even row spacing of 60 cm + 45 cm. Light distribution, leaf photosynthesis of
whole plant,and yield were measured. The results indicated that: 1) light interception at upper canopy layer was
significantly increased with the increase of planting density. Moreover, light interception of whole canopy was less in un-
even row spacing of 80 cm + 40 cm with an increment of transmittance, while light interception from 14th to 17th leaf

was greater in uneven row spacing of 60 cm+ 45 cm as compared with uniform row spacing; 2) SPAD value, Fv/Fm,
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and Pn of single leaf in whole plant were decreased except top leaf and ear leaf. In addition, all these parameters

decreased with the increase of planting density, specifically for lower leaf positions. Generally, whole plant

photosynthesis under uneven row spacing of 60 cm + 45 cm was the greatest, while that under uniform row spacing of 60

cm was the least; 3) Grain yield slightly increased with the increase of planting density. Grain yield increased

significantly under uneven row spacing of 60 cm + 45 cm as compared to uniform row spacing of 60 cm under both plant

densities. In conclusion,uneven row spacing of 60 cm +45 cm is suitable for improving yield at high plant density,as a

consequence of reasonable light distribution and interception by canopy.

Key words summer maize; light intensity; light distribution; chlorophyll fluorescence; photosynthetic rate
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Table 1  Effect of planting density and row spacing arrangement on light interception of summer maize canopy
W/ (B /hm®) ATHE L & /cm

Density Row spacing b b b by br

75 000 60+60 39. 60 be 38.09 be 13.14 a 51.23 be 93.31 ¢
80440 39.28 ¢ 37.13 ¢ 12.65 a 49.78 d 92.34 d
60+45 38.98 ¢ 40. 36 a 12.39 a 52.75 a 94.53 b

90 000 60+60 41.14 a 39.45 ab 11.05 b 50. 50 cd 94.62 b
80440 40.78 a 37.63 ¢ 11. 94 ab 49.57 d 93.29 ¢
60+45 40. 44 ab 40.92 a 10.88 b 51.80 b 95.66 a

L 58 17 M5 Lgar o 28 TAGEAEM) ~17 M5 L s 28 11~14 M5 Ly 28 11~17 M Ly a0t B 2 0 Rk, W50 8T R A TR

M/NE FREFRRIE SR 255 B3 . TR,

Note:Ly7, The 17th leaf; L1417, The 14— 17th leaf; L1114, The 11— 14th leaf; L1117, The 11— 17th leaf; L1, The bottom of green leaves.

Values followed by different lowercase letters are significantly different at 0. 05 probability level. The same as follows.

Vb A AT HE C R AL F R L2 SR BEAOL
AR B B R BN NG AT > AT HE > RS
1. FEAIA 2 B R AT BE I B 0 L2 ek R
BEFm, DI AT, 57 HEAM b, /N TE %17
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1.31 % Mk 2> 1. 04% , 25 ¥ 1 % (P<<0.05),
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17 iR O 8RB 4 B o 2. 57 % R >
1.84% , BN ARAR B 1. 41 % A /b 1.10% , 2
S E (P<<0.05), AT UL, 47 R B B
e T 2 R A RO AR L R TE AT AL B AR
THRZESE 17 LR #EE R Atk Wz
B0 s /N TE S A7 b PR R E M T AR 14 mp~ 2 17
I 4 O AR B AR SO R R TR R T 4 et 2
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Fig. 1 Canopy vertical distribution of SPAD values under
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Fig. 2 Canopy vertical distribution of Fv/Fm under

different planting density and row spacing
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Fig. 4 Relationship between Pn and light intensity (PAR)
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Table 2 Effects of planting density and row spacing on summer maize ear traits,yield components and yield
Wy WE/GR/hm®)  ATHERE/cm BMH/mm K/ em R/ Ck/m®) TR H /g 7o it/ (kg/hm®)
Year Density Row spacing Ear dia. Ear length  Kernel number 1 000-grain weight Yield
2013 75 000 60+ 60 46.03 ab  15.9 b 3711 e 251.90 d 9 260 d
80440 47.30 a 16.6 a 3 846 d 254.69 ¢ 9829 b
60145 46. 82 a 16.6 a 3924 cd 262.27 a 10 079 a
90 000 60+ 60 45.49 b 14.4 d 3981 be 247.21 e 9613 ¢
80+40 45.66 b 14.9 ¢ 4036 b 251.86 d 10 019 ab
60-+45 46. 80 ab 15.9 b 4 187 a 257.71 b 10 192 a
2014 75 000 60+ 60 50.91ab  16.3 b 3845 d 317.07 be 11852 b
80+40 50.07 b 16.0 b 3787 d 320.67 b 12 043 b
60445 51.24 a 17.5 a 4119 b 327.82 a 13 070 a
90 000 60+ 60 49.64 b 15.3 ¢ 4015 c 309. 31 d 12 009 b
80+40 49.57 b 15.8 b 4 093 be 311.43 cd 12 276 b
60445 49.89 b 16.4 b 4260 a 314.19 cd 13 257 a
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Table 3 Relationship between different intercepted photosynthetic active radiation and yield, yield components

T J2 01 AR Sl A A A

Intercepted photosynthetic

ol e %% 32

) o Planting density
active radiation

Lis 0.838"
Ly 0.654™
Ly 0.268
Lt 0.511"
Ly —0.263

s TR B T ki H

Yield Kernel number 1 000-grain weight
—0.225 —0.889" —0. 846"

0.526 —0.272 —0.302

0.590 0.119 —0. 001

0.642 —0. 060 —0. 144

0. 657 0.708" 0.560"

e xR 0.05 WEIKF, »x £& 0.01 BEKFE.

Note: * Significantly at 0. 05 level, ** Significantly at 0. 01 level.
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