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Response of sorghum grain yield and quality to nitrogen application in differ-
ent ecozones
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Abstract: Identifying the response of sorghum grain yield and quality to nitrogen application in different ecozones can enhance
the understanding of the yield formation process, help improve sorghum productivity, and promote the development of the sor-
ghum industry. This experiment was conducted in Shuozhou and Jinzhong of Shanxi province in 2020 and 2021 in the field. Both
no nitrogen and nitrogen fertilizer application were included, with 11 sorghum varieties in each nitrogen application plot. The dry
matter and nitrogen accumulation both at heading and harvest stages, grain yield and its components, and grain quality were in-
vestigated. The relationships between grain yield and biomass at heading and harvest stages were also studied, respectively. Re-
sults showed that the average sorghum grain yield in Shuozhuo was greater than that in Jinzhong, except for the no nitrogen
treatment in 2021 (i.e. no nitrogen applied for two consecutive years). Compared with the yield in Jinzhong experimental sites,
grain yield in Shuozhou increased by 8.6%—26.7% when nitrogen was applied in 2020 and 2021, and 13.8% without nitrogen
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application in 2020, respectively. Nitrogen application decreased 1000-grain weight but improved significantly grains per parti-
cle. Grains per particle exerted great influence on grain yield, and contributed 97% to the yield variation. The grains per particle in
Shuozhou was higher than in Jinzhong for the same nitrogen treatment. For both experimental sites, dry matter and nitrogen ac-
cumulation at heading stage occupied 51.93% and 68.86% of that at harvest stage, respectively. Substrate accumulation at heading
stage had significant quadratic regression relationships with sorghum grain yield. This suggested that it was important to improve
dry matter and nitrogen accumulation at heading stage for higher sorghum grain yield. Meanwhile, when nitrogen was withdrawn,
the grain yield was more closely correlated with dry matter accumulation after heading stage. Compared with Jinzhong experi-
mental site, the dry matter and nitrogen accumulation at heading stage increased by 40.17%—61.47% and 15.72%—47.03% in
Shuozhou, respectively. But the regression relationships between their accumulations, from heading to mature stage, and grain
yield of Shuozhou were relative low. The enhanced grain yield in Shuozhou, compared with that in Jinzhong, was closely corre-
lated with the improved accumulations of dry matter and nitrogen at heading stage. The contents of both starch and tannin were
also higher in Shuozhou, and protein was lower relative to Jinzhong, except for the treatment of no nitrogen applied for two con-
secutive years. The large daily temperature difference of Shuozhou might accountfor its promoted yield and quality. The variation
in terms of grain yield and quality between two ecozones was resulted from difference diurnal temperature range. Obviously, sor-
ghum grain yield in high latitude and cold area (Shuozhou) was higher than that in warm sub-humid area (Jinzhong). Promoted dry
matter and nitrogen accumulation before heading was crucial to achieve high sorghum yield. The larger temperature difference be-
tween day and night in high latitude and cold area was conducive to substrate accumulation before heading and improve grain yield.
Keywords: sorghum; ecological zone; yield; dry matter; nitrogen accumulation
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Fig. 1 Daily precipitation, temperature, and diurnal temperature range during planting period in sorghum
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A-D represent precipitation, daily maximum temperature, daily average temperature, and daily minimum temperature of Shuozhou and Jin-
zhong in 2020 and 2021, respectively. E and F represent diurnal temperature range of Shuozhou (dark frame) and Jinzhong (light grey frame)
in 2020 and 2021, respectively.
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Table 1 Soil physical and chemical properties of 0—20 cm at different experimental sites
0-20 cm 20-40 cm
Soil Soil .
. EC Total . . Soil
Experimental . . .. pH . organic available . NO;3-N of NO3-N of
. Soil Soil texture (S cm) nitrogen available K
site (g ke matter P (mg k) 0-20cm 20-40 cm
(gkg") (mgkg") (mgkg") (mgkg)
2020 138.96  8.30 0.53 11.37 6.88 86.79 11.25 12.72
Shuozhou 2020 Basic soil Sandy loam
2021 0.56 10.20 7.40 71.19 6.30 5.98
2021 —N soil
2021 0.68 11.40 7.34 87.88 8.14 8.53
2021 +N soil
2020 203.86  8.59 0.91 17.48 9.38 118.63 17.86 8.08
Jinzhong 2020 Basic soil Silty sandy loam
2021 0.98 17.45 9.27 115.04 12.06 7.43
2021 —N soil
2021 0.97 19.69 9.25 119.88 15.20 10.14

2021 +N soil
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Fig. 2 Effects of different ecozones and nitrogen fertilizer application on grain yield, harvest index, and yield components
A~D ; E ; F
(P<0.05)

A-D represent yield, harvest index, 1000-grain weight, and grain per panicle of different treatments, respectively. E: the relative importance
of yield components to the grain yield. F: yield comparison of Shuozhou and Jinzhong. Different lowercase letters represent significant dif-
ference at P < 0.05 at different experimental sites of different treatments in the same year.
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Fig. 3 Effects of different ecozones and nitrogen fertilizer application on sorghum dry matter accumulation and N accumulation at
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