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Effect of nitrogen application combined with silicon on density of Sitobion avenae
and contents of biochemical materials of winter wheat at the late growth stage
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Abstract: To determine the effects of nitrogen ( N) application combined with silicon ( Si) on population density of
S. avenae and contents of biochemical materials of winter wheat at the late growth stage two nitrogen levels ( 180
kg/ha and 270 kg/ha) combined with three silica levels (0 kg/ha 75 kg/ha and 150 kg/ha) were randomly
designed in fully-balanced blocks. The result shows that the density of wheat aphids is increased under the nitrogen
application which closely relates to the decreases of the average contents of soluble sugar and total phenolic of
wheat leaves and ears and tannin contents of wheat leaves and the increases of soluble protein contents of wheat
leaves and ears. The effects of the silicon application on reducing the population density of aphids would be
contributed to the increases of the average contents of soluble sugar total phenolic and tannin of wheat leaves and
ears. The effects of the high silicon application on reducing the high aphids population density induced by the high
nitrogen level could be contributed to the high silicon application which reduces the effects of nitrogen on the
contents of soluble sugar of wheat leaves and ears and tannin content of wheat leaves. Under the low N level the

population density of S. avenae is significantly reduced by the combined application with the low level of silicon
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and this effect could be contributed to the high soluble sugar content in wheat ears. However

under the high N

level it should be combined with the high level of silicon to reduce the population density of S. avenae effectively

and the application contributes to high soluble sugar contents in wheat leaves and eras and tannin content in leaves.

Key words: winter wheat; Sitobion avenae; nitrogen application combined with silicon; soluble sugar;

soluble protein; total phenolic; tannin
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2 N, Si, N, Si;~ Si,
17.98% « 18. 80% (P
2.1 <0.05) N, Si, N, Si, (P>
N 0.05) ; N, Si, N, Si,
(P<0.01) 10. 16% (P >0.05)
(P Si, 32.11%
<0.05) . (P<0.01) N, Si,
1 N,Si, (P <0.01) .
N, >N,(P<0.01); ;
Si, >Si, >Si,( P <0.01); o
N, >N, Sig~ Si; N,Si,+ N, Si, N, Si,
(P<0.01) Si, o
(P<0.05)
1 ( No. /plant)

Table 1 The density of aphids in winter wheat leaves and ears under combined application of nitrogen with silicon

Factor Siy Si, N N average
N, 122.3 +3.00 aA( bB) 100. 3 +£2. 03 bA( bB) 99.3 +£0. 33 bA( bA) 107. 3( bB)
N, 164.0 £8. 08 aA( aA) 147.3 +£2.03 aA( aA) 111.3 £10. 88 bB( aA) 140. 8( aA)
Si Si average 143.1 aA 123.8 bB 105.3 ¢C
Fyxs 5.63"
( Note) : + Data in the table are Mean = SE ( replicated 3 times) ;
P<0.05 P<0.01 P<0.05 P <0.01 Values

followed by different small letters and capital letters after data outside/in the brackets mean significant at P <0. 05 and P <0. 01 among Si and N levels

respectively; * % %

N and Si respectively.

2.2

(P
<0.01) .

(P<0.01)
(P<0.05),
2
N, <N,(P<0.01);
Si, > Si; >Siy( P

<0.01) ,

N2
<N,(P<0.01); N, Si, N,

Si,+ Si, -2.53%

1.29% (P>0.05);

N, Si, N, Si,  Si,

Mean significant at P <0. 05 and P <0. 01 for the interaction effects of

30.74%  34.80%
(P<0.01) .
N, <
N, Sip~ Si,
(P<0.01) Si,
(P<0.05)
; N, Si,
N, Si;+ Si,
17.81% 10.21% (P
<0.01) N,Si;+ N,Si, (P>
0.05); N,Si, N, S,
3.08% (P >0.05)
Si, 18. 80%
(P<0.01) N, Si, N, Si,
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2 (mg/g)
Table 2 The soluble sugar contents in winter wheat leaves and ears affected by N and Si combined application
Leaf Ear
. . . N . . - N
Factor Si, Si, Si, Si, Si, Si,
N average N average

N 25.67 £1.04 25.02+£0.66 26.00=+1.24 25.54 aA 61.59 £2.50 72.56 £3.38 67.88 £2.14 67.34 aA
1

aA (aA) aA (aA) aA (aA) bB (aA) aA (aA) aA (aA)

N 14.28 £0.50 18.67 £0.56 19.25+0.72 17.39 bB 52.98 +3.07 54.61 £2.75 62.94£2.35 56.84 bB

? ¢B (bB) bA ( bB) aA (bB) bB ( bB) bB ( bB) aA (bA)
Si

) 19.94 bB 21. 84 aA 22.62 aA 57.28 bB 63.58 aA 65.41 aA
Si average
Fyesi 17.74%~ 7.08"

( Note) : + Data in the table are Mean + SE ( replicated 3 times) ;
P<0.05 P<0.01 P<0.05 P <0.01 Values

followed by different small letters and capital letters after data outside/in the brackets mean significant at P <0. 05 and P <0. 01 among Si and N levels

respectively; * * % Mean significant at P <0. 05 and P <0. 01 for the interaction effects of

N and Si respectively.

(P <0.05)
0 N, >N,

2.3 .
(P>0.05)( 3).

3 (mg/g)
Table 3 The effect of nitrogen application combined with silicon on the contents of soluble protein

in winter wheat leaf and ear

Leaf Ear
. . . N . , i N
Factor S, Si, Si, Si; Si, Si,
N average N average

N, 10.20 £0.63 9.26+0.9 8.86+1.19 9.44(bB) 23.41 £1.11 20.20 £2.41 20.40 £1.98 21.27( bA)
N, 12.32 £1.03 9.24+0.79 9.95+0.91 10.57(aA) 25.79+1.27 22.33 £1.38 23.76 +1.11 23.96( aA)
Si

' 11.25 aA 9.25 aA 9.45 aA 24.50 aA 22.09 aA 21.25 aA
Si average
Fyys 0.1933 0. 1159

( Note) : + Data in the table are Mean + SE ( replicated 3 times) ;
P<0.05 P<0.01 P <0.05 P <0.01 Values

followed by different small letters and capital letters after data outside/in the brackets mean significant at P <0.05 and P <0.01 among Si levels

respectively; ¥ % % Means significant at P <0. 05 and P <0. 01 for the interaction effects of

N and Si respectively.

2.4 (P<0.01)
Si, > Si; > Si,
N (P<0.01) Si, > Si;~ S,
(P<0.05) (P<0.05) . .

(P <0.01) N, <N, (P>0.05)( 4).
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Table 4 The total phenolic contents in winter wheat leaves and ears affected by N and Si combined application ( mg/g)

Leaf Ear
. . . N . . . N
Factor Si, S, Si, Si, Sty Si,
N average N average

N, 8.10+£0.13 8.52+0.07 9.00+0.02 8.53 (aA) 2.42+0.08 2.75+0.04 3.08+0.08 2.75 (aA)
N, 7.99£0.06 8.27+0.01 8.70+0.19 8.32(bA) 2.40+0.04 2.43+0.14 2.67x0.13 2.49 (bB)
Si

) 8.04 cC 8.39 bB 8. 84 aA 2.40 bB 2.58 bAB 2.87 aA
Si average
Fysi 0. 6259 0. 1859

( Note) : + Data in the table are Mean + SE ( replicated 3 times) ;
P<0.05 P<0.01 P<0.05 P<0.01 Values

followed by different small letters and capital letters after data outside/in the brackets mean significant at P <0. 05 and P <0. 01 among Si and N levels

respectively; ¥ % %

N and Si respectively.

Mean significant at P <0.05 and P <0. 01 for the interaction effects of

2.5 Si, (P >0.05)
. ; N, Si, N, Si,
(P < 4.61% Si,
0.01) ; 8. 83% (P<
(P<0.01) . 0.05)  N,Si, N,Si, O ON,Si,
5 N, Si, .« Si, 5.17%
N, <N,( P <0.01) 36. 34% (P <0.05)
Si, >Si, > Si,( P <0. 05) ; (P <0.01) N, Si, N,Si, (P
N, >N,( P <0.01) <0.01)
5
Table 5 The tannin contents in winter wheat leaves and ears affected by N and Si combined application ( mg/g)
Leaf Ear
. . . N . . . N
Factor Si, Si, Si, Si, Si, Si,
N average N average
N, 18.01 £0.54 18.84 £0.70 19.60 +0.66 18.80( aA) 9.84 +0.22 10.13 +£0.18 10.15+0.26 10.04 ( aA)
bA( aA) abA( aA) aA( bA)
N, 14.50 £0.90 15.25+0.90 19.77 +0.53 16.51(bB) 9.93 +0.36 10.12 +0.17 10.06 +0.16 10.03 ( aA)
bB( bA) bB( bA) aA( bA)
Si
T 16.26 cB 17.04 bB 19. 67 aA 9.88 bA 10. 10 aA 10. 12 aA
Si average
Fyxsi 19.39*" 0. 1859
( Note) : + Data in the table are Mean + SE ( replicated 3 times) ;
P<0.05 P<0.01 P <0.01 P <0.05 Values

followed by different small letters and capital letters after data outside/in the brackets mean significant at P <0. 05 and P <0. 01 among Si and N levels

respectively; * % %

N and Si respectively.

Mean significant at P <0.05 and P <0. 01 for the interaction effects of
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(P <0.05) Si,~ Si,
> Siy( P <0.05)
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