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Effects of Nitrogen Application Rates on Nitrogen Uptake and Use, Protein
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Abstract: In purpose of improving application of nitrogen (N) fertilizer in malting barley (Hordeum vulgare L.) production, the
experiments were conducted using two cultivars, Supi 3 and Dan 2, in sequential growing seasons from 2004 to 2006. Within the
range of N application rate from 0 to 225 kg ha™', the N accumulation before anthesis and its translocation to grains were in positive
responses to the increase of N rate, but there was a slight difference between the N rate treatments of 225 kg ha™' and 300 kg ha™".
The translocation efficiency of N accumulated before anthesis, and its contribution to grains showed single-peak curve changes with
the increase of N rate. The activities of glutamine synthetase and glutamic pyruvic transaminase in grains increased with the augment
of N rate, indicating that more proteins were accumulated in grains at higher N rates. When N rate was lower than 197 kg ha™', the
protein content in grains met the malting requirement (lower than 12%). According to the regression analysis, the highest grain yield
was observed at N application level of 241 kg ha™'. In addition, the N recovery efficiency was the largest in N rate treatment of 225
kg ha™, and the N physiological use efficiency and N harvest index decreased when more N fertilizer applied. The results suggest
that 150-197 kg ha™' of N fertilizer should be favorable for malting barley production under environments similar to that of the
present experiment.
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Table 1 Effects of nitrogen rate on N accumulation, translocation before anthesis and its proportion to grain N in malting barley
2005 2006

N accumulation N translocation N translocation N contribution N accumulation N translocation N translocation N contribution

Treatment
amount amount efficiency proportion amount amount efficiency proportion
(mg plant™) (mg plant™) (%) (%) (mg plant™) (mg plant™) (%) (%)
3 Supi 3
NO 19.7d 17.5d 85.1b 64.0 ¢ 25.7¢ 159d 62.0c 62.6b
N75 336¢ 299¢ 87.2 ab 7140 41.6d 29.7¢ 71.4b 74.1 ab
NI150 56.0b 50.2b 89.6a 75.6a 63.5¢ 47.0b 73.9 ab 753 a
N225 734 a 64.7 a 88.1a 73.3 ab 88.0b 634a 76.6 a 769 a
N300 79.6a 69.0a 86.7 ab 71.8b 983 a 67.8a 729b 74.0 ab
2 Dan 2
NO 22.0d 19.6d 869a 653 ¢ 23.7¢ 17.2d 72.7b 67.8¢
N75 344 cd 299¢ 87.0a 73.4 ab 41.8d 28.1¢ 773 a 72.1b
NI150 53.1c 45.0b 87.7a 75.1a 655¢ 4470 783 a 75.1 ab
N225 789b 67.2 ab 852b 72.8b 88.0b 67.1a 76.3 ab 78.0a
N300 863 a 73.1a 84.7b 72.2b 97.1a 65.8a 73.8b 69.9 be
FN rate 305.1 278.6 6.8 17.4 289.3 165.2 159 13.3
Fcultivar 6.6 4.9 2.3 1.6 3.7 2.1 0.1 1.2
Fyear 27.5 52 58.6 6.8
5% F Foos=2.3 Fop =39 df=4 Foos =4.1

F0_01 =74 df =1
In each cultivar, values followed by different letters within a column are significantly different (P < 0.05) among treatments. Among treatments, Fo o5 =

2.3, Foo1 = 3.9, df = 4; Among cultivars or growing years, Fo s = 4.1, Foo1 = 7.4, df = 1.

2.2
N225 ( 2
(y:—0.0013x2+0.6159x+ 15.856 r=0.916,P <0.01) 2369 kg hm™ 88.8%
(2
(P<0.01) -0.932  -0.799
2
Table 2 Effects of nitrogen rate on N use efficiency of malting barley after-anthesis
2005 2006
Treatment N recovery efficiency N physiological use . N recovery efficiency N physiological use .
. N harvest index . N harvest index
(%) efficiency (%) (%) efficiency (%)
3 Supi 3

NO — 457 a 0.793 a — 404 a 0.722 a
N75 57.0¢ 434a 0.783 a 62.3b 384a 0.716 a
N150 77.5b 385b 0.770 ab 79.1 ab 35.8 ab 0.710 ab
N225 87.5a 34.1b 0.723 b 93.0a 33.6b 0.683 b
N300 80.5 ab 28.8¢ 0.678 ¢ 83.9 ab 28.1¢ 0.622 ¢

2 Dan 2

NO — 412a 0.741 a — 493 a 0.797 a
N75 445¢ 40.6 a 0.738 a 57.7b 42.6b 0.733 ab
N150 64.0b 36.7b 0.722 ab 86.5 ab 374c¢ 0.712b
N225 89.5a 33.4 be 0.710 b 9l.1a 364c 0.700 b
N300 80.2 ab 293¢ 0.687 ¢ 84.4 ab 29.5d 0.652 ¢
FN rate 432.1 112.7 87.1 285.5 83.8 26.9
Fcultivar 7.4 1.2 0.7 53 0.6 15.2

Fyear 47.2 6.3 8.7

5% F Foos=23 Fopo1 =39 df=4 Foos=4.1

Fo.()] =174 df= 1
In each cultivar, values followed by different letters within a column are significantly different (P < 0.05) among treatments. Among treatments, Fg o5 =
2.3, Foo1 = 3.9, df = 4; Among cultivars or growing years, Foos = 4.1, Foo = 7.4, df = 1.
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Fig. 1 Effects of N rates on changes in glutamine synthetase activities in grains of malting barley
cultivars of Supi 3 and Dan 2

232 GPT GPT GPT N300
NO N75 NI150 GPT N225 N300 0~21 d
21~28d ( 2 GPT
GPT (N225  N300) GPT
74d GPT 2005 (3 N225 ) 2006

15
10
—fE 5F
g
=
=
Tbn 0
215
g % 2005 2006
2
= | B
Z10t
g
H
-9}
©)
st
0

7 14 21 28 7 14 21 28
Days after anthesis (d)
—o— NO O N75 —w- NI50 —A— N225 —&— N300

2 3 2 —
Fig. 2 Effects of N rates on changes in glutamic pyruvic transaminase activities in grains
of maltina barlev cultivars of Supi 3 and Dan 2
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Fig. 3 Effects of N rates on changes in protein accumulation amount in grains of malting barley
cultivars of Supi 3 and Dan 2
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Fig. 4 Effects of N rates on grain yield (A) and protein content (B) of malting barley cultivars of Supi 3 and Dan 2
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