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Responses of Flour Quality and Dough Rheological Properties to Sitobion avenae
F. Inoculated in Spring Wheat

SHI Gui—Yingl, SHANG Xun—Wul’*, WANG Hua—Junl’z, MA Xiao—Lel, HU Bing—Fenl, and LI Chang—Shengl

! College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China; *> Gansu Provincial Key Laboratory of Crop Genetic & Germplasm
Enhancement, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Sitobion avenae F., one of the important aphid species infesting spring wheat (Triticum aestivum L.) in western China,
causes not only yield loss but also quality degradation of wheat flour. In the authors’ earlier studies, two wheat lines with high
resistance to S. avenae, 04-9284 and C272 were screened out from 521 accessions. Another five highly susceptible cultivars (lines)
were also identified, including a specific cultivar “Guanchun 20 for Lanzhou hand-stretched noodles. The aims of the present study
were to compare quality differences of resistant and susceptible wheat lines inoculated with aphids, and to assess the contributions of
grain hardness and gliadin to aphid resistance. The lines 04-9284 and C272 (soft grain) were used as resistant lines, and four cultivars
(lines), Ganchun 20 (hard grain) as well as Ganchuan 18, C162, and C167 (soft grain with specific ® gliadin in grains after aphid
infecting) were susceptible to S. avenae. After artificial inoculation with S. avenae on 5 June, the density of aphid population was
measured from 15 June to 20 July at an interval of 6-7 d. Flour quality and dough rheological properties were determined after grain
maturing. The mean density of aphid population at peak occurrence was 4.3-fold higher in susceptible lines than in resistant lines.
Aphid infecting resulted in no significant change in flour granule (t = 0.4312, P = 0.68), but induced significant increase in ash
content (t = 2.9207, P = 0.03) and reductions in protein content (t = 2.5444, P = 0.05), SDS sedimentation value (t = 4.5736, P =
0.01), strength (t =4.2517, P = 0.01), swelling (t = 6.6691, P = 0.00), extensibility (t = 3.1826, P = 0.02), tenacity (t = 3.6653, P =
0.01), and index of elastic (t = 2.8750, P = 0.03). In susceptible lines Ganchun 18, C162, and C167, aphid infecting significantly
reduced quality parameters mentioned above excluding flour gradual and ash content. Ganchun 20 showed less influence than the
other three susceptible lines,its protein content, swelling, and extensibility reduced insignificantly, and the other parameters
decreased slightly. In resistant lines 04-9284 and C272, there were significant variations after aphid infecting only in strength and
extensibility with much smaller values than those in the three susceptible lines. Correlation analysis showed that the peak aphid
density in the five lines with soft grain was positively correlated with the decrease percentages of quality parameters, such as

swelling (r = 0.9968, P<0.01), tenacity (r = 0.9619, P<0.01), SDS sedimentation, strength (r = 0.9108, P<0.05), and protein content
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(r = 0.8886, P<0.05). With respect to the hard-grain cultivar Ganchun 20, the flour quality was still qualified for processing
hand-stretched noodles even at the high density of 214.67 aphids per tiller. Field investigation showed that the peak density of S.
avenae on Ganchun 20 was 122.36—154.33 heads per tiller in common years, which is much fewer than that in this study. Therefore,
Ganchun 20 is not degraded seriously in flour quality under normal occurrence of S. avenae and possesses a relative stability of
quality in response to the infecting of aphid.

Keywords: Aphids resistance; Wheat; Flour quality; Grain hardness; Aphid
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Table 1 Dynamics density of Sitobion avenae after artificial inoculation in spring wheat during grain filling
Sampling date (month/day)
Genotype 6/20 6/26 7/1 77 7/13 7/20
18 Ganchun 18 21.67+1.56 a 134.67+15.88 a 214.67+5.51 a 29.33+2.89 a 0.00+0.00 d 0.00+0.00 a
C167 20.02+1.67 a 124.67£10.94 a 195.00+22.65 ab 25.33+1.53 a 2.02+0.86 ¢ 0.00+0.00 a
20 Ganchun 20 16.67+1.54 b 88.30+9.54 b 176.67+14.04 be 16.00+2.00 b 4.23+0.80 b 0.00+0.00 a
C162 14.67+1.45b 84.04+12.17b 169.00+13.08 ¢ 15.00+£2.65 b 5.45+0.40 a 0.00+0.00 a
C272 10.70+£1.98 ¢ 28.33+£2.50 ¢ 40.68+2.32 d 6.94+1.64 ¢ 2.12+0.20 ¢ 0.00+0.00 a
04-9284 11.33£1.78 ¢ 30.11+4.36 ¢ 36.00+1.73 d 4.00£1.73 ¢ 0.00+0.00 d 0.00+0.00 a
0.05 (P<0.05

Means within a column followed by different letters are significantly different at 0.05 probability level.
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Fig. 1 Dynamics density of Sitobion avenae after artificial inoculation on spike and leaf of spring wheat during grain filling
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Table 2 Effect of Sitobion avenae infecting on flour quality parameters of spring wheat
. . . t-value P-value
Quality parameter Aphid feeding Control
Protein content (%) 10.30+1.17 10.98+1.02 2.5444 0.05
Granule (%) 54.97+3.67 55.26+4.07 0.4312 0.68
SDS SDS sedimentation value (mL) 35.39+6.53 39.60+6.54 4.5736 0.01
Ash(%) 0.91+0.14 0.78+0.05 2.9207 0.03
Strength (MJ) 169.77+£83.51 199.35+83.54 4.2517 0.01
Swelling (mL) 17.52+2.22 19.38+1.80 6.6691 0.00
Extensibility (mm) 67.77+£17.32 76.95+12.11 3.1826 0.02
Tenacity (mm) 80.17+20.76 90.18+20.09 3.6653 0.01
Index of elastic 26.97+15.80 32.83+14.24 2.8750 0.03
6 04-9284 (C272 20
2 20 3 SDS
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Table 3 Effect of Sitobion avenae infecting on flour quality of spring wheat genotypes with different levels of aphid resistance

Protein content (%) Granule (%) SDS SDS sedimentation (mL) Ash (%)
Genotype
Treatment Control Treatment Control Treatment Control Treatment Control
04-9284 9.83+0.91 10.10+0.10 51.67+1.53 51.3342.08 28.32+0.37 30.73+2.00 0.92+0.04" 0.84+0.03
Cc272 10.82+0.73 10.73+0.64 56.46+3.79 54.33+2.52 36.57+1.50 37.75+1.48 0.77+0.01" 0.74+0.03
20 Ganchun 20 12.07+0.08 12.27+0.15 61.00+1.00 63.00£1.00 47.13+1.12" 50.57+1.59 0.87+0.03™ 0.75+0.04
18 Ganchun 18 9.07+0.15™ 9.93+0.21 52.67£1.16 55.00+1.70 36.30+1.30" 42.23+1.19 0.930.04™ 0.74+0.03
C162 9.13+0.31" 10.67+0.68 56.33+3.79 55.33+2.52 32.5742.50° 37.74+1.48 0.79+0.01" 0.76+0.01
C167 10.93+0.61" 12.20+0.26 51.67£1.15 52.67+2.08 31.47+2.20™ 38.60+0.89 1.15+0.04™ 0.85+0.05
Strength (MJ) Swelling (mL) Extensibility (mm) Tenacity (mm) Index of elastic
Genotype
Treatment Control Treatment Control Treatment Control Treatment Control Treatment Control
04-9284 115.57+5.27" 129.33+5.51 19.80+0.85 21.30+0.61 84.57+2.23" 92.03+3.78 89.50+3.29 91.75+1.85 19.80+1.31 21.27+1.10
272 148.79+3.51" 169.79+7.62 18.90+0.90 20.20+1.85 73.67£1.05 78.73+3.84 78.26+2.03 83.23+5.26 18.10+1.59 21.70+1.76
20 Ganchun 20 324.33+8.62" 340.67+1.53 19.13+1.85 20.13+0.50 78.73+2.84 81.43+1.36 113.33+2.86" 121.20+3.93 52.30+1.57 55.63+1.18
18 Ganchun 18 187.33+3.217 232.33+8.32 14.47+1.00" 16.70+0.90 55.30+4.25" 63.33+1.53 83.23+7.26" 104.52+1.50 21.93+1.77" 27.53+1.96
C162 157.33+2.09™ 213.33+5.77 17.70+1.117 20.34+0.78 75.67+4.04 84.67+2.89 58.3143.21" 70.20+2.03 39.70+2.95 45.30+0.61
C167 85.27+2.74™ 110.67+5.03 15.13+0.61" 17.63+0.38 38.70+1.61° 61.53+5.50 58.31+3.21° 70.20+4.02 10.00+2.59" 25.53+1.56

P

0.05 0.01

"and " indicate significant differences between the treatment and the control at 0.05 and 0.01 probability levels, respectively.
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Table 4 Correlation coefficients between peak aphid density
and decrease rate of flour quality parameter
Parameter of quality '
Protein content (%) 0.8886"
SDS SDS sedimentation (mL) 0.9310"
Ash (%) —0.7755
Strength (M) 0.9108"
Swelling (mL) 0.9968"
Extensibility (mm) 0.6519
Tenacity (mm) 0.9619"
Index of elastic 0.6655
=( - )/
x100%
Decrease rate = (measurement of control — measurement of treatment)/
measurement of control x 100%. *P<0.05; “P<0.01.
3
6
12.87%1.50
5.75+0.25~7.20+0.20 d™ 5 7d  MV17 556
19d  Mv Magvas 190 [
6 5 ) 30 5 6
(6]
6 7
(4]
[13]
[14] 25
4 40.7 36
20
3] 214.67
SDS
[15]
2004—2006
20 122.36~154.33 :
20
4 20 3 20
3 20
3 BASKY ! Mv Magdalena

Mv Magvas
[16-17]



(EPG)

Zhang ,

6 04-9284 C272
20 3
20

References

[1] Hoffman T K, Kolb F L. Effects of barley yellow dwarf virus on root and shoot growth of winter wheat seedling grown in aeroponic culture. Plant Dis,
1997, 81: 497-500

[2] Ozder N. Development and fecundity of Sitobion avenae on some wheat cultivars under laboratory conditions. Phytoparasitica, 2002, 30: 434436

[3] Lee G, Stevens D J, Stokes S, Wratten S D. Duration of cereal aphid populations and the effects on wheat yield and bread making quality. Ann Appl Biol,
1981, 98: 169178

[4] Basky Z, Fonagy A. Glutenin and gliadin contents of flour derived from wheat infested with different aphid species. Pest Manag Sci, 2003, 59: 426-430

[5] Shi G-Y( ). Screening and evaluation for resistance to aphid (Sitobion avenae F.) and the resistant mechanism of spring wheat (Triticum aestivum L.)
germplasm. PhD Dissertation of Gansu Agricultural University, 2006. pp 7-9 (in Chinese with English abstract)

[6] Shi G-Y( ), Shang X-W( ), Wang H-J( ), Ma X-L( ). Screening for resistance to aphid (Sitobion avenae F.) of spring wheat (Triticum
aestivum L.) germplasm. J Lanzhou Univ (Nat Sci) ( : ), 2008, 44(5): 40-43 (in Chinese with English abstract)

[7] Basky Z, Fonagy A. The effect of aphid infection and cultivar on the protein content governing baking quality of wheat. J Sci Food Agric, 2007, 87:
2488-2494

[8] Bask y Z, Fonagy A, Kiss B. Effect of aphid feeding on the glutenin, gliadin and total protein contents of wheat flour. Acta Phytopathol Entomol Hung,
2006, 41: 153-164

[9] Basky Z, Fonagy A, Kiss B. Baking quality of wheat flour affected by cereal aphids. Cereal Res Commun, 2006, 34: 1161-1166

[10] Li Q-S( ), Wu Y-Q( ), Li S-J( ), Liu A-Z( ), Liu Y-Y( ). Effect of aphid feeding on bread baking quality of wheat. Plant
Prot ( ), 2003, 29(1): 43—45 (in Chinese)

[11]Meng X-G( ), Shang X-W( ), Zhang G-S( ), Lu J-L( ), Shang L-P( ). Effect of low molecular gluten subunits LMW GS
on dough rheological properties .Acta Bot Boreal-Occident Sin ( ), 2004, 24(6): 959-965 (in Chinese with English abstract)

[12] Cai Q-N( ), Zhang Q-W( ), Wang Y( ), Zhou M-Z( ). Effects of the secondary substances on wheat resistance to Sitobion avenae F.
Sci Agric Sin ( ), 2003, 36(8): 910-915 (in Chinese with English abstract)

[13] Tottman D R, Broad H, Decimalcode for the growth stages of cereals. Ann Appl Biol, 1987, 110: 683-687

[14] Johansson E, Prieto-Linde M L, Svensson G, Jonsson J O. Infuences of cultivar, cultivation year and fertilizer rate on amount of protein groups and amount
and size distribution of mono- and polymeric proteins in wheat. J Agric Sci, 2003, 140: 275-284

[15] Meng X-G( ), Shang X-W( ), Zhang G-S( ), Chai S-X( ). Wheat flour quality requirement for Lanzhou hand stretched noodles: 1.
The relationship between the noodles quality and the general quality of wheat flour. Acta Agron Sin ( ), 2005, 31(4): 481-486 (in Chinese with
English abstract)

[16] Hu X S, Zhao HY, Hu Z Q, Li D H, Zhang Y H. EPG comparison of Sitobion avenae (Fab.) feeding behavior on three wheat varieties. Agric Sci China,
2008, 7: 180186

[17] Hu X-S( ), Zhao H-Y( ), Hu Z-Q( ), Li D-H( ), Zhang Y-H( ). Comparison of Rhopalosiphum padi. Feeding behavior on
seedlings of three wheat varieties. Acta Entomol Sin ( ),2007, 50(11): 1105-1110 (in Chinese with English abstract)

[18] Brett F C. Genetic implication soft kernel NIR hardness on milling and flour quality inbread wheat. Sci Food Agric, 1994, 65: 125-132

[19] Zhang Y, He Z H, Ye G Y. Milling quality and protein properties of autumn-sown Chinese winter wheats evaluated through multi-location trials.
Euphytica, 2005, 143: 209-222

[20] Oda S, Komae K, Yasue T. Relation between starch granule protein and endosperm softness in Japanese wheat (Triticum aestivum L.) cultivars. Jpn J
Breed, 1992, 42: 161-165



