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Effects of different sowing space on photosynthetic characteristics after anthe-
sis and grain yield of wheat
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Abstract: In order to clarify the influence of different sowing width on wheat grain yield and its physiological causes, in the
2019-2020 and 2020-2021 winter wheat growing seasons, two sowing treatments were set under field test conditions at Shijia-
wangzi Wheat Test Station, Xiaomeng Town, Yanzhou District, Jining City, Shandong Province. Treatment 1 was 8 cm (B1);
Treatment 2 is broadcast at 3 cm (B2). The effects of different sowing plots on photosynthetic characteristics, canopy light inter-
ception characteristics, dry matter accumulation and transport, and grain yield of wheat were studied. The results showed that the
leaf area index and photosynthetically active radiation interception rate of B1 treatment were significantly higher than those of B2
treatment, and the photosynthetically active radiation transmittance of B1 treatment was significantly lower than that of B2 treat-
ment. The relative chlorophyll content, net photosynthetic rate, transpiration rate and stomatal conductance of flag leaves under
B1 treatment were significantly higher than B2 treatment, and the intercellular carbon dioxide concentration was significantly
lower than B2 treatment. Dry matter accumulation at anthesis and maturity, dry matter distribution in seeds after anthesis and dry
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matter accumulation at maturity were significantly higher under B1 treatment than B2 treatment. The number of grains per spike
and 1000-grain weight of B1 treatment were significantly higher than those of B2 treatment. Compared with B2 treatment, the
two-year average grain yield and light energy utilization rate of BI treatment increased by 6.12% and 7.71%, respectively. In
summary, B1 treatment with a sowing width of 8 cm can shape a reasonable canopy structure, improve the photosynthetic per-
formance of leaves after anthesis, and facilitate the production of photosynthetic substances of plants after anthesis, thus obtaining
the highest grain yield and light energy utilization rate, which is the optimal treatment under the conditions of this experiment.
This research provides a theoretical basis for wide-sowing technology of wheat with water-saving, high-yield and high-efficiency.
Keywords: wheat; photosynthetic characteristics; dry matter accumulation and transport; grain yield
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Fig. 1 Leaf area index after anthesis under different treatments
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B1: the broadcast width is 8 cm; B2: the broadcast width is 3 cm. A and B represent the leaf area index after anthesis in the 2019-2020 and
2020-2021 growing seasons, respectively. The data shown in the figure are all three replicates of each treatment. ** indicate significant dif-
ferences between different treatments at the 0.01 probability level.
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Fig. 2 Intercept rate and transmittance of photosynthetic effective radiation of canopy after anthesis under different treatments
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0.01

A, B, C and D represent the intercept rate and transmittance of photosynthetic effective radiation of canopy after anthesis in the 2019-2020

and 2020-2021 growing seasons, respectively. The data shown in the figure are all three replicates of each treatment. ** indicates significant

differences between different treatments at the 0.01 probability level.
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Fig. 3 Relative chlorophyll content (SPAD) of flag leaves after anthesis under different treatments
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A and B represent the relative chlorophyll content of flag leaves after anthesis in the 2019-2020 and 2020-2021 growing seasons, respectively.
The data shown in the figure are all three replicates of each treatment. ** indicates significant differences between different treatments at the
0.01 probability level.
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Fig. 4 The net photosynthetic rate, transpiration rate, stomatal conductance and intercellular carbon dioxide concentration of flag
leaf after anthesis under different treatments
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A, C, E, and G represent the net photosynthetic rate, transpiration rate, stomatal conductance and intercellular carbon dioxide concentration of
flag leaves after anthesis in the 2019-2020 growing season, respectively; B, D, F and H represent the net photosynthetic rate, transpiration
rate, stomatal conductance and intercellular carbon dioxide concentration of flag leaves after anthesis in the 2020-2021 growing season,
respectively. The data shown in the figure are all three replicates of each treatment. * and ** indicate significant differences between different
treatments at the 0.05 and 0.01 probability levels, respectively.
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Bl B2 , Bl
B2 »
R1 TRLBFEATMKBATFYRRRE
8.23% 8.08% 2020—2021 Table 1 Dry matter accumulation in anthesis and maturity of
2019—2020 different treatments
, Bl

Dry matter accumulation amount (kg hm)

Year Treatment

> Anthesis Maturity
2019-2020 Bl 13,468.22 a 19,518.79 a
2.6 B2 12,444.63 b 18,059.69 b
2 ,2019—2020 ) 2020-2021 Bl 14,451.76 a 22,673.16 a
, B2 13,353.42 b 20,945.94 b
3 ,
Bl B2 ’ 0.05 (LSD )
B1 ,B1 The data shown in the table are the average values of three repli-
B2 776% cates of the sample, and the letters after the data in the same column
M b

indicate significant differences at the 0.05 probability level (LSD
method).
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Table 2 Dry matter allocation amounts from vegetative organs after anthesis under different treatments

Pre-anthesis reserves Post-anthesis assimilates
Year Treatment Translocated into Contribution to Allocation to Contribution to
grain (kg hm?) grain (%) grain (kg hm?) grain (%)

2019-2020 Bl 3283.41a 35.18b 6050.54 a 64.82 a

B2 3367.61 a 37.49 a 5615.06 b 62.51 a
2020-2021 B1 2152.22a 20.75b 8221.43 a 79.25 a

B2 2361.85a 23.73 a 7592.52 b 76.27 a

3 R 0.05 (LSD )

The data shown in the table are the average values of three replicates of the sample, and the letters after the data in the same column indicate
significant differences at the 0.05 probability level (LSD method).

2019—2020 , Bl ,
, Bl ;
s
2.7 2.8
3 ,2019—2020 R 4 , 2019—2020 ,
+ + B1 , Bl
Bl B2 , Bl
B2 8.59% 2020—2021 B2 6.16% 6.60% 6.12% 7.14%,
2020—
2019—2020 2021
£3 TRLEMANAEHRETURREE
Table 3 Dry matter accumulation amounts in different organs at maturity under different treatments
Dry matter accumulation amounts in maturity (kg hm?)
Year Treatment * *
Stem and sheath Leaf Spike axis and glume Grain
2019-2020 Bl 4759.94 a 1836.29 a 3168.63 a 9753.93 a
B2 454833 b 1697.61 b 2831.08 b 8982.67 b
2020-2021 Bl 6100.18 a 1958.16 a 3805.76 a 10,809.06 a
B2 5785.97 b 1807.63 b 339797 b 9954.37 b
3 s 0.05 (LSD )

The data shown in the table are the average values of three replicates of the sample, and the letters after the data in the same column indicate
significant differences at the 0.05 probability level (LSD method).

R4 TEAEBFEEMHMER. FFR~ERLEFAE

Table 4 Yield components, grain yield and light energy utilization under different treatments

Spike number Grain number 1000-grain Grain yield PCE PUE

Year Treatment i . . N O i
(x10" hm ™) per spike weight (g) (kg hm™) (gMI) (gMJ)

2019-2020 Bl 642.73 a 38.39a 4425 a 9333.90 a 2.34a 1.05a

B2 605.45 b 37.97 a 41.51b 879533 b 2.31la 0.98 b

2020-2021 Bl 660.76 a 40.99 a 47.65 a 10,343.60 a 3.15a 144 a

B2 622.44 b 40.54 a 43.70 b 9746.77 b 3.10a 1.33b

3 s 0.05 (LSD )

The data shown in the table are the average values of three replicates of the sample, and the letters after the data in the same column indicate

significant differences at the 0.05 probability level (LSD method).
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