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Effect of the nitrogen and phosphorus levels and meteorological conditions on

formation dynamics of grain protein content in spring wheat

ZHAO Xiu-Lan'?, L1 Wen-Xiong® (1. Key Laboratory of Regional Climate-Environment for East Asias Institute of Atmospheric
Physics, Chinese Academy of Sciences; START Regional Center for Temperate East Asias Beijing 10002932, Northeast Agricultural University
Harbin 150030, Harbin,China). Acta Ecologica Sinica.2005,25(8):1914~1920.

Abstract: Wheat grain protein content depends on the genotype used and the environmental factors. Soil fertility and
meteorological conditions are important environmental factors. The effects of N and P application and meteorological conditions
on mature grain protein content have been reported in the literature, but the effects on protein content during grain filling are
less known. In the present paper, the field experiments of N and P application and sowing by stages in Harbin in 2002 were
used to investigate the dynamic pattern in grain protein content and how it is affected by the N and P levels and meteorological
conditions during grain filling. The three genotypes of spring wheat of differing quality included a high protein - rich gluten -
low yield genotype (Wildcat) ,a high protein - medium gluten - high yield genotype (DN7742)and a low protein - poor gluten -
high yield genotype (NKH9). The N and P application experiments included F1 (N: 225 kg/hm?*, P,O;: 450 kg/hm*), F2 (N
300 kg/hm?*, P,O;: 300 kg/hm*). F3 (N: 300 kg/hm?*, P,O;: 450 kg/hm*) and F4 (N. 300 kg/hm*, P,O;: 600 kg/hm*)
treatments. The least squares method was used to finish the curve fitting of the dynamic pattern in the grain filling protein

content. The results showed that the dynamic changes in grain protein content with the number of days after anthesis could be
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fitted with a third-order concave curve,and the effects of genotypes and environmental factors on the grain protein content
formation dynamic could be expressed by the characteristic variables of the curve equation. With the increase in nitrogen during
grain filling, the protein content of the high protein genotypes increased, the peak and valley values of the dynamic curve rose
significantly, and the valleys occurred earlier while the peaks occurred later. With the increase in phosphorus, the grain protein
content decreased in the high protein - rich gluten genotype but increased in the high protein - medium gluten genotype; and the
extreme values in the high protein genotype rose and the dates of the extreme values were postponed generally. Protein content
in the low protein - poor gluten genotype varied weakly with the nitrogen and phosphorus application. F2 and F3, and F3 were
the levels and ratios of the highest protein content for the high protein - rich gluten and high protein - medium gluten
genotypes . respectively. A rational ratio and level of nitrogen and phosphorus application were key to elevate the grain protein
content during grain filling. Under the condition of moderate rainfall, the interaction of temperature and sunlight was the
predominant factor affecting the dynamic formation of grain protein for different genotypes, and rainfall was the second factor;
the diurnal temperature range was the most sensitive factor influencing its dynamic formation. The interaction of higher
sunlight and temperature was the basis for the formation of higher grain protein content during grain filling in which the
enhancement of the diurnal temperature range could elevate the grain protein content in the high protein genotype but reduce it
in the low protein genotype. The high protein genotype had a much higher sunlight and temperature endurance than the low
protein genotype. The high protein genotype was affected more easily by the N and P application than by the meteorological
conditions, but the low protein genotype was affected more obviously by the meteorological conditions than by the N and P
application. In general, the high protein genotype was affected more easily by the nitrogen and phosphorus levels and
meteorological conditions than the low protein genotype.

Key words :spring wheat, grain protein content,formation dynamics,nitrogen and phosphorus levels,meteorological conditions
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Table 2 The parameters of accumulation equation of grain protein content
Disposals Genotypes Curve parameters
T T Y, Yo T. AL Ar Vo
A average Wildcat 21.0 13.99
7742 DN7742 16.2 13.31
9 NKH9 17.7 11.17 12.3 + 0.744
F1 Wildcat 18.7 33.8 12.13 13.69 12.91 + 0.777
F2 Wildcat
F3 Wildcat 18.6 15. 31
F4 Wildcat 21.9 15. 54
F1 7742 DN7742 15.5 27.8 11. 94 14. 62 13.28 + 1. 633
F2 7742 DN7742 16.3 28.8 12.98 16. 09 14. 54 + 1.862
F3 7742 DN7742 14. 8 30. 2 14.5 17.38 15. 94 + 1.399
F4 7742 DN7742 17.0 34.3 13.82 16. 46 15. 14 + 1.147
F1 9 NKH9 17. 4 35.1 12.15 13.67 12.91 + 0. 644
F2 9 NKH9 16.2 34.2 12.01 13.89 12.95 + 0.783
F3 9 NKH9 16.8 12.09 13.1 + 0.667
F4 9 NKH9 15.8 33.9 12.13 14.03 13. 08 + 0.786
1 Sowing date 1 Wildcat 20. 4 12. 68
2 Sowing date 2 Wildcat 22.9 11. 88
3 Sowing date 3 Wildcat 21.8 15. 11
1 Sowing date 1 7742 DN7742 12.7 13.07
2 Sowing date 2 7742 DN7742 14.2 13.17 15.18 14.18 + 0.663
3 Sowing date 3 7742 DN7742 11.3 28.2 11. 84 14.12 12.98 + 1.014
1 Sowing date 1 9 NKH9 23.0 9.9
2 Sowing date 2 9 NKH9 16.9 9.79 11.33 + 0.998
3 Sowing date 3 9 NKH9 18.4 10. 32
Ty, ()T (d),Y,: (Pr(%)) Y, (Pr(%))sTe: (d), Ar:
(AL>0), Ar: (AL>0 AL<<0),V,: (Pr(%)/d) T,,the time

corresponding to the valley value(d) ;7 ,the time corresponding to the peak value(d);Y,,the valley value(Pr(%))Y,,, the peak value (Pr(%));
Tc,the time corresponding to the curve inflexion(d) ; Az ,the accumulative acceleration of protein content before the curve inflexio(A;,>0), Ag,
the accumulative acceleration of protein content after the curve inflexio(Ax<C0);V,, . the biggest accumulative rate of protein content (Pr(% )/

d)
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Fig. 3 Dynamic change of grain protein content in different sowing dates in the same genotype
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Table 3 Principal components analysis of cumulative meteorological elements started from anthesis in a 5-day interval in genotypes during

grain-filling

Genotypes
Accumulated element -
All Wildcat 7742 DN7742 9 NKH9
(MJ/(m? « d)) PAR 0.9856" 0.9797* 0.9918* 0.9933*
( C) Diurnal temperature range 0.9943" 0.9934* 0.9914* 0.9924"
=10C (C) =10 CAccumulated temperature 0.9598* 0.9715* 0.9754~ 0. 9804 *
(mm) Precipitaion 0. 6289 0.6838 0.8837" 0.9111"
(%) Contribution rate 81.92 83. 95 82. 47 94. 06
(€30 First principal component loading value only; * =7.0 Stands for the loading value greater
than or equal to 7.0
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