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Spatial distribution pattern and theoretical sampling of
Sitodiplosis mosellana (Géhin) larvae in wheat cultivars
with different resistance levels
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Abstract [Objectives] To determine the effect of wheat variety on the spatial distribution pattern of larvae of Sitodiplosis
mosellana (Géhin) (Diptera: Cecidomyiidae) in wheat ears, so as to provide scientific guidance for field sampling. [M ethods]
The number of S. mosellana larvae in wheat kernels of four resistant, and four susceptible, wheat varieties planted in
experimental fields in Zhouzhi County, Shaanxi province, were investigated by dissecting wheat ears in May 2015. Six
aggregation indices, and Iwao’s regression models, were applied to analyze the spatial distribution patterns of larvae. [Results]
S. mosellana larvae had a clumped distribution both within the entire ear of each of the eight wheat varieties, and in the top,
middle and bottom, sections of wheat ears. The degree of clumping was greater in resistant, than in susceptible, wheat varieties.
The basic unit of distribution was individual groups in both resistant and susceptible varieties suggesting that there was mutual

attraction between individual larvae. The mean A value indicated that clumping in varieties with higher resistance was mainly
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caused by environmental factors, including chemical substances and the physical structure of wheat ears, whereas that in

susceptible varieties might be due to a combination of the oviposition habits of adults and environmental heterogeneity. The

distribution of larvae in different parts of wheat ears was similar in all varieties. The highest number of larvae were found in

the top of wheat ears, followed by the mid-section, with the least number of larvae in the bottom part. The theoretical sampling

number within allowable error was determined according to Iwao’s regression formula. [Conclusion] S. mosellana larvae

had a clumped distribution in the ears of eight wheat cultivars with different levels of resistance. Feasible sampling numbers

should be confirmed by field studies based on the average larval density in local cultivars.
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Tablel Damage degree of different wheat cultivars caused by Sitodiplosis mosellana larvae

% % "
22 Xiaoyan22 9228 +5.11aA 15.04=1.04aA 1414+125aA 6074051 aA

S‘;fﬁgfv’gfsle 315 Xiaoyan 315 89.99+1.19aA 1440+ 1.00abA 1145096 bAB 5.39+0.42 ab A
822 Xinong 822 92.63+4.51aA 12.67+087bcA 1052£099bB  4.95+042bA
88 Xinong 88 9535+ 1.37aA 11.994089cA  9.86+089bB  4.93+042bA
33 Shannong 33 69.33+437bB  6.99+0.71dB  4.99+0.55¢C  2.40+027cB

Ic{slstllsvt:f; 47 Jinmai 47 58.95+ 1.54cBC 5.28+0.59de BC 3.51+0.45cd CD 1.76+0.21 c¢d BC

1006 Kenong 1006 4938 +1.71¢C  3.16+049efC  2.25+0.39 dfCD 1.08 +0.18 de CD

139 Shanmai 139 29.16+342dD  2.93+0.50 fC 0.92+0.19fD  0.37+0.07 e CD
TP BUE A £ FRUER, FAEERERE AFRK . /NG FH43 93878 Duncan’s £ 8 K 2E 70 3% (P<0.01)
B (P<0.05), 3.

The data in the table are mean + SE, and those followed by different capital or small letters in the same column indicate
significant difference at 0.01 or 0.05 levels by Duncan’s multiple range test, respectively. The same for Table 3.
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Table2 Aggregation index of Sitodiplosis mosellana larvaein different wheat cultivars

s

Index m % C M M m 1 C, K yl

22 Xiaoyan 22 14.14 233.1950 16.4919 29.6319 2.0956 15.4919 1.0956 09127 9.4789

S‘C‘i‘;zf;;ifsle 315 Xiaoyan 315 11.45 139.3099 12.1633 22.6166 1.9747 11.1633 0.9747 1.026 7.7583
822 Xinong 822  10.52 147.3520 14.0068 23.5268 2.2364 13.0068 1.2364 0.8088 6.6995
88 Xinong 88 9.86 119.7051 12.1405 21.0005 2.1299 11.1405 1.1299 0.8851 6.5295
33 Shannong 33 499 457248 9.1572 13.1505 2.6336 8.1572 1.6336 0.6121 2.7073
Resistant 47 Jinmai 47 3.51  30.5201 8.7034 11.2101 3.1968 7.7034 2.1968 0.4552 1.5953
cultivars
1006 Kenong 1006 2.25 22.4052 9.9431 11.1965 4.9688 8.9431 3.9688 0.2520 1.0251
139 Shanmai 139 0.92  5.56403 6.0479 5.9679 6.4868 5.0479 5.4868 0.1823 0.4185
K
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Table3 Number of Sitodiplosis mosellana larvae in different position of wheat ear of different cultivars

Pl AP Resistant cultivars

JRI SR Susceptible cultivars

(0

2]

Position /IME 22 /IME 315 Pif 822 PHA 88 Bl 33 WA 47T FH1006  BRA 139

Xiaoyan22 Xiaoyan 315 Xinong 822 Xinong 88 Shannong 33 Jinmai 47 Kenong 1006 Shanmai 139

é:%l% 5.96+0.64 a A 478046 a A 5.11+0.52 a A 4.05£0.50a A 2.33+0.30a A 1.60+0.23 a A 1.23+0.22aA 0.63+0.14a A
pper

Mq‘jd%;ﬁ 5.63+0.50 a A 3.87+0.38 a AB3.67+0.40 b A 3.99£0.39a A 1.91+0.23 a A 1.47+0.21 a A 0.63+0.14 b AB0.21+0.07b B
iddle

L—F%K 2.55+0.28 bB2.57+0.32bB  1.74+0.24 ¢ B 1.82+0.23 b B 0.77+0.12b B 0.49+0.10 b B 0.40+0.12b B 0.08+0.03 b B
ower
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Table4 Aggregation index of Sitodiplosis mosellana larvae in different position of wheat ear of different cultivars

*

f&#5 Index A Position m s c M M'/m I G, K
B F ME22  F# Upper  5.9600  61.6226 10.3394 152994 2.5670 9.3394  1.5670 0.6382
S‘C‘zfggtaifsle Xiaoyan 22 ihg Middle  5.6267 37.9134 67382 113648 2.0198 57382  1.0198 0.9806

T Lower  2.5533  12.0072 4.7026  6.2559 2.4501 3.7026  1.4501 0.6896

JME 315 3 Upper 47800 31.2734 6.5426 10.3226 2.1595 5.5426  1.1595 0.8624
Xiaoyan 315 rag Middle  3.8700 21.7086 5.6047  8.4780 2.1888 4.6047  1.1888 0.8412
F¥ Lower  2.5700 15.5089 6.0424  7.6091 2.9646 5.0424  1.9646 0.5090

Pife 822 ¥ Upper  5.1067 40.2436 7.8806 11.9873 2.3474 6.8806 13474 0.7422
Xinong 822 by Middle  3.6733  24.4496 6.6560  9.3293 2.5397 5.6560  1.5397 0.6495
T¥ Lower  1.7400  8.7843 5.0484 57884 33267 4.0484 23267 0.4298

Pifk 88 L#Upper  4.0467 37.7763 9.3352 12.3818 3.0598 83352  2.0598 0.4855
Xinong 88 rhym Middle  3.9933 225302 5.6419  8.6353 2.1624 4.6419  1.1624 0.8603
T Lower  1.8200  7.9338 4.3592  5.1792 2.8457 3.3592  1.8457 0.5418

By L Pt 33 %8 Upper  2.3300 13.8478 59348  7.2681 3.1149 49348  2.1149 0.4728
Eslstllsvtzg Shannong 33 waifg Middle  1.9100  7.9857 4.1737  5.0871 2.6587 3.1737  1.6587 0.6029
T Lower 07700 2.1093 2.7276  2.5009 32340 1.7276  2.2340 0.4476

W47 ¥ Upper  1.6000  7.6375 47735 53735 3.3584 37735  2.3584 0.4240
Jinmai 47 iy Middle 14667 6.7606 4.6095  5.0762 3.4610 3.6095 2.4610 0.4063
T Lower 04867  1.4193 29163 24030 4.9377 19163  3.9377 0.2540

B 1006 13 Upper 12267  7.3577 59981  6.2248 5.0745 4.9981  4.0745 0.2454
Kenong 1006 ik Middle  0.6267  2.9604 4.7240  4.3506 6.9425 3.7240  5.9425 0.1683
T Lower 04000  2.0134 5.0336  4.4336 11.0839 4.0336 10.0839 0.0992

Bk 139 L#5 Upper  0.6267  2.9872 47668 43935 7.0109 3.7668  6.0109 0.1664
Shanmai 139 waizg Middle  0.2067  0.6885 3.3317  2.5383 12.2823 23317 11.2823 0.0886
T Lower  0.0800  0.1681 2.1007  1.1807 14.7584 1.1007 13.7584 0.0727
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Table5 Theoretical sampling numbers under different density of Sitodiplosis mosellana larvae

AR RFIRED

X (Sk/B) Average density (number per wheat ear)

Source of Permissible
formula  variation 2 3 4 5 6 7 8 9 10 11 12 13 14
N 0.1 1582 967 761 659 597 556 527 505 488 474 463 453 446 439
@Eﬂuﬁ
Susceptible 0.2 396 242 190 165 149 139 132 126 122 118 116 113 111 110
cultivars 0.3 176 107 8 73 66 62 59 56 54 53 51 50 50 49
- 0.1 2811 1520 1090 875 746 660 598 552 516 488 464 444 428 414
i H AL R
Resistant 0.2 703 380 272 219 186 165 150 138 129 122 116 111 107 103
cultivars 0.3 32 169 121 97 83 73 66 61 57 54 52 49 48 46
0.1 2757 1499 1080 871 745 661 601 556 521 493 470 451 435 421
=}
PP A i 0.2 689 375 270 218 186 165 150 139 130 123 118 113 109 105
All cultivars
0.3 306 167 120 97 83 73 67 62 58 55 52 50 48 47




- 1144 -

Chinese Journal of Applied Entomology 53

2007 Sogatella furcifera

2010
2011

Abdel-Aa 2002 Birkettetal. 2004
139 47

2015
Lamb et al. 2002
Ganehiarachchi and Harris 2007

Mukerji 1988

BEHk (References)

Abdel-Aa ESM, Hucl P, Sosulski FW, Graf R, Gillott C, Pietrzak L,

2001. Screening spring wheat for midge resistance in relation to
ferulic acid content. Journal of Agricultural and Food Chemistry,
49(8): 3559-3566.

Birkett MA, Bruse TA, Marthn JL, Smart LE, Oakley J, Wadhams
LJ, 2004. Responses of female orange wheat blossom midge,
Sitodiplosis mosellana, to wheat panicle volatiles. Journal of
Chemical Ecology, 30(7): 1319—-1328.

Blackith RE, 1961. The water reserves of hatchling locusts.
Comparative Biochemistry and Physiology, 3(2): 99—-107.

Fu ZH, Zheng YL, Zhang BQ, Zhang Y, Wu JX, 2011. Damage
character and spatial distribution pattern of the larvae of wheat
midge, Sitodiplosis mosellana (Géhin) in the ears of wheat.
Journal of Triticeae Crops, 31(1): 181-185. [ s s

, s , 2011.
,31(1): 181-185.]

Ganehiarachchi GASM, Harris MO, 2007. Oviposition behavior of
orange wheat blossom midge on low-vs. high-ranked grass seed
heads. Entomologia Experimentalis Et Applicata, 123(3): 287—
297.

Ganehiarachchi GASM, Harris MO, 2009. Ovipositing females of a
short-lived gall midge take time to assess suboptimal grass seed
heads. Physiological Entomology, 34(2): 119-128.

Gao J, Wang HJ, Wang CH, 2009. Investigation and analysis on the
transmission of wheat blossom midge by cross-operating of
combine harvester in Hebei province. China Plant Protection,
29(10): 5-8. [ s , , 2009.

29(10): 5-8.]

Garcia FIM, 2006. Analysis of the spatio-temporal distribution of
Helicoverpa armigera Hb. in a tomato field using a stochastic
approach. Biosystems Engineering, 93(3): 253-259.

Gong ZJ, Miao J, Duan Y, Jiang YL, Li T, Wu YQ, 2014.
Identification and expression profile analysis of putative odorant-
binding proteins in Sitodiplosis mosellana (Gehin) (Diptera:
Cecidomyiidae). Biochemical and Biophysical —Research
Communications, 444(2): 164—170.

Hao YN, Zhang J, Long ZR, Wang Y, Cheng WN, 2014. Screening
of resistance indicators and evaluation of the resistance of wheat
varieties to the orange wheat blossom midge, Sitodiplosis
mosellana (Diptera: Cecidomyiidae). Acta Entomologica Sinica,
57(11): 1321-1327. | , , , , ,
2014. ()

,57(11): 1321-1327.]

Jacquemin G, Chavalle S, De Proft M, 2014. Forecasting the
emergence of the adult orange wheat blossom midge, Sitodiplosis
mosellana (Géhin) (Diptera: Cecidomyiidae) in Belgium. Crop
Protection, 58: 6—13.

Lamb RJ, Smith MAH, Wise IL, Clarke P, Clarke J, 2001.



- 1145 -

Oviposition deterrence to Sitodiplosis mosellana (Diptera:
Cecidomyiidae): a source of resistance for durum wheat
(Gramineae). The Canadian Entomologist, 133(4): 579-591.

Lamb RJ, Wise IL, Smith MAH, McKenzie RIH, Thomas J, Olfert
00, 2002. Oviposition deterrence against Sitodiplosis mosellana
(Diptera: Cecidomyiidae) in spring wheat (Gramineae). The
Canadian Entomologist, 134(1): 85-96.

Lu H, Gong YJ, Shi BC, Song JY, 2007. Spatial distribution pattern
and sampling of the western flower thrips, Frankliniella
occidentalis (Pergande) (Thysanoptera: Thripidae), on cucumber
and green bean. Acta Entomologica Sinica, 50(11): 1187—1193.
L , ; #, 2007.

, 50 (11): 1187-
1193.]

Miao J, Wu YQ, Gong ZJ, He YZ, Duan Y, Jiang YL, 2013.
Long-distance wind-borne dispersal of Sitodiplosis mosellana
G¢éhin (Diptera: Cecidomyiidae) in northern China. Journal of
Insect Behavior, 26(1): 120-129.

Mukerji MK, Olfert OO, Doane JF, 1988. Development of sampling
designs for egg and larval population of the wheat midge,
Sitodiplosis mosellana (Géhin) (Diptera: Cecidomyiidae), in
wheat. The Canadian Entomologist, 120(6): 497-505.

Park YL, Krell RK, Carroll M, 2007. Theory, technology, and
practice of site-specific insect pest management. Journal of
Asia-Pacific Entomology, 10(2): 89-101.

Qu ZG, Wen SM, Qu Y, Liu GR, 2011. Evaluation and identification
of wheat varieties resistant to Sitodiplosis mosellana. Journal of
Plant Genetic Resources, 12(1): 121-124. [ s s
", , 2011.

, 12(1): 121-124.]

Tang XY, Chen B, Li ZY, Li ZY, Wang F, 2010. Spatial distribution
patterns and theoretical sampling of Sogatella furcifera of nymph
in rice terrace fields in Yuanyang. Chinese Bulletin of Entomology,

47(5): 950-957. [ , , , , , 2010.

,47(5): 950-957.]

Wei W, Yang MF, Liao QR, Yang H, Chen WL, 2013. The spatial
distribution patterns and sampling technique of Lissorhoptrus
oryzophilus larvae under two seedling-raising methods. Acta
Phytophylacica Sinica, 40(2): 128-132. [Ifi , ,

s , 2013.
,40(2): 128-132.]

Wheeler JAG, 2001. Biology of the Plant Bugs (Hemiptera: Miridae).
New York: Cornell University Press. 507.

Wu JX, Shen BC, 1996. A study on spatial distribution patterns and
sampling techniques of wheat blossom midge on wheat heads.

Proceedings of the Chinese Integrated Pest Management. Beijing:

China Academic Journal Electronic Publishing House. 425-429.
[ , , 1996.

.425-429.]

Wu JX, Yuan F, Su L, 2000. Distribution and damaging
characteristics of wheat blossom midge, Sitodiplosis mosellana
(Géhin) (Diptera: Cecidomyiidae) on wheat heads. Acta Univ.
Agric. Boreali-occidentalis, 28(4): 40—44. [ s N N
2000.

,28(4): 40-44.]

Wu YQ, Duan AJ, Zhang ZQ, Liu CY, Liu ST, Jiang YL, Miao J,
Duan Y, Gong ZJ, Li T, 2013. Resistance grading method and
evaluation in wheat varieties to orange wheat blossom midge,
Sitodiplosis mosellana (Diptera: Cecidomyidae) in China. Acta
Agronomica Sinica, 39(12): 2171-2176. [ s s
2013.

,39(12): 2171-2176.]

Wu YQ, Duan AJ, Zhang ZQ, Liu CY, Liu ST, Miao J, Gong ZJ,
Duan Y, Jiang YL, Li T, 2015. The synchronization of ear
emerging stages of winter wheat with occurrent periods of
orange wheat blossom midge, Sitodiplosis mosellana (Géhin)
(Diptera: Cecidomyiidae) adults and its damaged level. Acta
Ecologica Sinica, 35(11): 1-9. [ s s s

R R s s s , , 2015.
,35(11): 1-9.]

Wu YQ, Miao J, Gong ZJ, Duan Y, Jiang YL, Li T, 2014. Progress in
research on the biology, ecology and control of the wheat
blossom midge. Chinese Journal of Applied Entomology, 51(6):
1450-1458. [ s s s , s s
2014.

, 51(6): 1450-1458.]

Yuan F, Wu JX, Hua BZ, Liu YH, Zhu CS, 2003. Studies on plagues
caused by Sitodiplosis mosellana (Géhin) and their law and
control [ . Spatial pattern and periodicity on plague emergence.
Journal of Northwest A&F University (Nature Science Edition),
31(5): 96-100. [ , , , , .2003.

I.
( ), 31(5):
96-100.]

Zhang Z, Liu YZ, Cheng DF, Sun JZ, Jiang JW, Yang LX, Liang XZ,
2012. Impacts of different tillage practices on population dynamics
of the orange wheat blossom midge, Sitodiplosis mosellana
(Diptera: Cecidomyiidae). Acta Entomologica Sinica, 55(5):
612-617. [ s s s , s s

, 2012.
,55(5): 612-617.]



