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Effects of Staggered Planting with Increased Density on the
Photosynthetic Characteristics and Yield of Summer Maize
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(College of Agriculture, Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai’an 271018, Shandong)

Abstract: [Objective] Increasing density is one of the important ways to increase the yield of maize, but with the increase of
planting density, it will usually cause the colony closure and the decrease of the utilization rate of light energy. Therefore, it is very
important to explore and change the planting mode to weaken the negative effects of excessive density on plants and to improve the
group canopy structure. [Method] The experiment was conducted in 2018 and 2019. Using Denghai 605 and Zhengdan 958 as test
materials, two planting modes of parallel planting and staggered planting were set up under the two density conditions of 67 500
plants/hm? and 82 500 plants/hm?. The effects of density on summer maize yield and photosynthetic characteristics were expected to
explore and to understand the interaction mechanism of staggered planting and density, and to propose a suitable planting model for
high-yield summer maize, which provided a certain theoretical basis for the scientific planting model of summer maize. [ Result]
Increased density reduced the uniformity of the population. The ear leaf net photosynthetic rate (Pn), photosynthetic key enzyme
activities, and chlorophyll content were lower than those of low density, and the photosynthetic key enzyme activities decreased more

with the growth period under high density. This meant that increasing the density would increase the leaf senescence rate, which was
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not conducive to plant photosynthesis. Under the staggered planting model, the group uniformity was improved, the angle between
stems and leaves was increased, the leaves were more flat, the light energy interception rate was increased, the activity of Pn,
photosynthetic key enzymes and chlorophyll content increased, the accumulation of dry matter in the population and the distribution
of dry matter to the grain increased, thereby significantly increasing the yield. Staggered planting increased the average yield by
3.8%-6.1% compared to planting of the parallel plant. Staggered planting under the premise of ensuring the number of groups
weakened the competition between individual plants within the group for light and temperature resources, ensured the full
development of the individual development potential of maize, and enabled the coordinated development of maize groups and
individuals. [ Conclusion] Staggered planting could significantly improve the group canopy structure, optimize the group’s lighting
conditions, enhance its photosynthetic performance and material production capacity, and increase maize yield. Under the conditions

of this experiment, comprehensive analysis believed that the stagger planting model under 82 500 plants/hm® density conditions

performs was the best, which could provide a reference for the establishment of a high-yield model of summer maize.
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Table 1 Nutrition content in soil
Wy WA SRV £ HAE TR O
Year Test location Organic matter Total N Available N Available P Available K
(ke (gkgh (mgkg™) (mgkg™") (mgke™)
2018 ZR i T ARG Bl 11.20 0.71 56.43 28.32 109.01
Test base in Mazhuang town, Tai'an city
2019 POUENE DR FORF AR AR L 10.38 0.78 57.11 36.51 126.87
Huang-huai-hai regional maize technology innovation center
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Fig. 2 Effect of staggered planting and plant density on dry matter accumulation of summer maize
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Table 2  Effect of staggered planting and plant density on grain yield and yield components of summer maize
FEA dt Al I R LEREE o5 THLTE FPRL7=
Year Maize variety Density Planting pattern Harvested ear number Number of Thousand kernel Yield
(ears/hmz) kernels per ear weight (g) (kg~hm’2)
2018 DH605 LD P 65558.8b 447.2a 330.8a 9245.2¢
S 66670.0b 467.9a 334.9a 10094.8¢
HD P 82226.3a 403.3b 312.8b 11036.5b
S 81115.2a 408.3b 335.8a 11916.1a
ZD958 LD P 66670.0b 494.7a 316.1ab 11005.6¢
S 67781.2b 484.2a 320.6a 11626.4b
HD P 78892.8a 461.4ab 312.0b 11459.8b
S 82226.3a 450.9b 322.4a 11801.0a
2019 DH605 LD P 66670.0b 515.7b 330.8ab 11213.5¢
S 65558.8b 535.9a 336.0a 11229.6¢
HD P 81115.2a 486.0c 321.6b 11630.0b
S 83337.5a 519.1b 331.8a 12190.9a
ZD958 LD P 65558.8b 533.8b 322.3a 11150.9¢
S 66670.0b 556.2a 316.3a 11786.2b
HD P 82226.3a 511.6¢ 293.7b 11390.1b
S 80004.0a 543.5a 310.9a 12384.4a
ANOVA
F0) Year ns . ns o
i Fh Maize variety ns ok ok *
#J¥ Density ok * * o
Tt 5( Planting pattern ns * ns .
% X FfE A 2L DensityxPlanting pattern ns ns ok *

[ — FUAN ) - RER R AR R 0 7] — b RO R AL BRI 22570 5% B 7K5F, SRA*RIRAE 0.05 KT B3, **3RoR1E 0.01 KT 23, ns FIRTE 0.05 KT

ANEF. P XRRAIRL; S: HHRAIE. TR

Different letters in the same column indicate that the difference between the different treatments in the same year and the same maize variety reaches a
significant level of 5%. *, significant at 0.05 probability level. **, significant at 0.01 probability level. ns, no significance. P: Parallel Planting; S: Staggered

planting. The same as below
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Fig. 4 Effect of staggered planting and plant density on LAI of summer maize
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Table 3  Effect of staggered planting and plant density on group uniformity of summer maize
Fy iyl W FiHE AR Tl e 55 i TS I TR 5 2
Year Maize variety  Density Planting pattern  Uniformity of harvested ear number ~ Uniformity of dry matter eight ~ Uniformity of leaf area
2018 DH605 LD P 95.27ab 90.43b 95.09ab
S 99.55a 93.15a 96.32a
HD P 94.61b 89.73b 91.80b
S 95.06ab 91.11ab 94.09ab
ZD958 LD P 94.21ab 91.43ab 93.47ab
S 98.13a 93.67a 95.09s
HD P 89.59b 88.48b 88.34b
S 96.82a 89.87b 92.87ab
2019 DH605 LD P 97.94ab 90.07ab 92.14a
S 99.76a 90.44ab 92.55a
HD P 94.08b 89.23b 90.00a
S 98.64a 91.19a 93.26a
ZD958 LD P 96.49a 90.06a 90.88ab
S 99.92a 90.77a 94.62a
HD P 90.46b 90.00a 88.48b
S 93.54b 90.81a 93.65a
ANOVA
FA4} Year ns ns ns
il Maize variety * * ns
[ Density *k ns *
Al Planting pattern * * .
25 B X B A% 2 DensityxPlanting pattern * ns *
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Fig. 6 Effects of staggered planting and plant density on light energy capture ratio of summer maize
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Fig. 7 Effect of staggered planting and plant density on leaf net photosynthetic rate of summer maize
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