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Regulatory effects of different sugarcane and maize leaf volatiles on
the feeding behavior of Asian corn borer (Ostrinia furnacalis) larvae
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Abstract [Objectives] Plant volatiles play an important role in insect behavior. How plant volatiles affect the feeding
behavior of Asian corn borer (Ostrinia furnacalis) larvae in a sugarcane (Saccharum officinarum) and maize (Zea mays)
intercropping system was investigated to provide information to improve control of these pests. [Methods] Leaf volatiles
collected during the sugarcane tiller and maize elongation stages were analyzed with gas chromatography-mass spectrometry
(GC-MS). The effects of four doses (5x10 73, 5x107%, 51073, 5x10 ¢ g/mL) of 20 different compounds on larval feeding

behavior were then investigated. [Results] Leaf volatiles of sugarcane and maize were extracted, and 49 and 52 compounds
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produced during the sugarcane tiller and maize elongation stages, respectively, were identified. Among these compounds, 43
were extracted from both sugarcane and maize leaves. A further 6 compounds were only found in sugarcane leaves and 9
compounds were only found in maize leaves. The volatiles identified were green leaf volatiles, terpenoids, aliphatic compound
(aldehydes, ketones, acids, alcohols, esters, amides, and hydrocarbons), the amounts of which differed between sugarcane
leaves and maize leaves. However, hydrocarbons were the most abundant volatile produced by both sugarcane and maize
leaves. (Z)-ocimene, decanoic acid, heptacosane and nonacosane were significantly more attractive to Asian corn borer larvae
than the control substance, whereas nonanal, nonanoic acid, isopropyl myristate, hexadecanoic acid methyl ester, tetracosane
and octacosane repelled larvae. [Conclusion] Leaf volatiles produced by sugarcane and maize differ, and these differences
can affect the feeding behavior of first-instar Asian corn borer larvae.
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Fig.1 The GC-MS graph of volatiles emitted from leaves of sugarcane and maize
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Tablel Component quantities(ng) of different compounds emitted from leaves of sugarcane

tillering stage and maize elongation stage

Compounds

Retention time

Sugarcane

Maize elongation

(min) tillering stage stage
Green leaves
-2- (E)-2-hexenal 6.487 ND 14.95+3.76"
-3- -1-  (Z)-3-hexene-1-ol 6.591 39.93+4.15" 4.17+0.82
-3- (Z)-3-hexenyl acetate 12.503 5.41+1.29 5.89+1.21
Sum 45.34+4.94° 25.01+4.46
Terpenoids
- (Z)-ocimene 13.876 ND 21.84+2.15"
o- a-terpineol 19.673 5.08+0.67 4.16+0.78
Isolongifolene 26.107 15.39+1.25 21.97+5.18
(E -6,10, dimethyl-5,9-undecadien-2-one 27.268 39.93+2.15 32.26+1.74
Neophytadiene 36.019 252.42+13.57" 124.87+16.71
Sum 312.82+14.35" 205.10+22.15
Aliphatic compound
Aldehydes
n-heptanal 8.122 40.19+5.35 23.49+4.15
Octanal 12.296 9.46+3.87 6.34+0.91
Nonanal 16.574 504.83+27.14" 219.98+21.83
Decanal 20.164 141.77+7.62 130.43+7.01
Sum 696.25+32.37" 380.24+24.09
Ketones
6,10,14- -2- 6,10,14-trimethyl-2-pentadecanone 36.139 ND 63.13+8.39"
2- 2-pentacosanone 48.012 166.47+11.95" ND
2- 2-heptacosanone 55.993 ND 154.35£12.30"
Sum 166.47+11.95 217.48+18.98"
Acids
Hexanoic acid 11.569 ND 4.83+0.86"
Octanoic acid 19.201 ND 3.62+0.19"
Nonanoic acid 22.306 181.02+19.73 68.69+3.69
Decanoic acid 25.024 ND 43.38+2.33°
Dodecanoic acid 29.967 76.13+4.09 50.34£2.71
Tetradecanoic acid 34.444 394.194+21.19 348.19+18.72
Pentadecanoic acid 36.512 184.41+13.91 155.74+18.37
-7- (Z)-7-hexadecenoic acid 38.085 203.36+27.93 304.53+36.37

Hexadecanoic acid

38.547

2291.724223.22

1 696.72+191.23
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43k 1 (Table 1 continued)

Compounds

Retention time

Sugarcane

Maize elongation

(min) tillering stage stage
9- 9-octadecenoic acid 41.841 339.04+28.23 ND
Octadecanoic acid 42.211 289.98+29.59 407.42+51.91
Sum 3 959.85+256.34 3 083.46+243.97
Alcohols
3- -2- 3-penten-2-ol 5.755 57.34+7.16" 16.31+1.52
Sum 57.34+7.16" 16.31£1.52
Esters
Acetic acid butyl ester 5.396 15.37+4.26" 4.29+0.49
2- 2-methyl octanoic acid ethylester 20.868 67.42+4.51" ND
Isopropyl myristate 35.789 63.27+3.40" ND
Hexadecanoic acid methyl ester 37.821 214.18+18.52 83.99+8.52
2-propenoic acii 3-(4-methoxyphenyl)-, 2-ethylhexyl ester 42.274 176.20+9.48" ND
jzzzi:i2-tetramethylheptad:can-4-olide 43307 ND 530.35238.51°
Sum 536.53+£27.94 618.63+£31.97
Amides
-9- (Z)-9-octadecenamide 45.613 96.56+£16.48 288.40+15.51"
-13- (Z)-13-docosenamide 52.484 2869.30+194.27° 2 039.07+149.63
Sum 3175.86£201.38" 2 327.47+154.87
Hydrocarbon
Nonane 8.036 ND 5.2120.67"
Tetradecane 25.836 26.39+1.42" 14.21+0.24
Pentadecane 28.423 80.87+4.35" 39.77+£2.14
Hexadecane 30.822 151.59+8.15" 86.21+4.64
2,6,10- 2,6,10-trimethyl-pentadecane 31.948 118.76+6.39 89.27+4.80
Heptadecane 33.057 162.41+8.73 136.55+7.34
2,6,10,14- 2,6,10,14-tetramethyl pentadecane 33.199 279.49+25.03 199.96+18.75
Octadecane 35.214 164.78+8.86 138.22+7.43
2,6,10,14- 2,6,10,14-tetramethyl hexadecane 35.403 302.83+16.28 264.48+14.22
Cyclotetradecane 36.889 212.83+11.44" ND
Nonadecane 37.279 60.57+3.26 76.76+4.13
Eicosane 39.241 70.38+3.78 82.88+4.46
1- 1-nonadecene 40.817 344.11£18.50° 66.47+3.57
Heneicosane 41.111 119.44+6.42 98.45+5.29
Docosane 42.895 306.56+16.48" 159.35+8.57
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453k 1 (Table 1 continued)

Compounds Retention time (min) Sugarcane tillering stage Maize elongation stage
Tricosane 44.573 604.65+32.51" 314.54+16.91
Tetracosane 46.263 704.13+37.86" 356.25+19.16
Pentacosane 47.818 932.86+50.16" 598.48+32.18
Hexacosane 49.336 772.80+41.55" 461.93+£24.84
Heptacosane 50.997 930.15+50.01 1 755.40+94.38"
Octacosane 52.798 564.72+30.36" 376.83+£20.261
Nonacosane 55.416 603.30+32.44 4091.21+219.97

Triacontane 58.406 320.77£17.25 408.26+21.95
Sum 7 834.39+£312.46 9 820.69+413.87"
+ ND * t-

P<0.05

Parameters in the table are mean+SE, and ND means no detected. Data followed by * in the same line indicate significant
difference for volatiles quantity of sugarcane and maize by #-test (P<0.05).

3- 0 -1- 0 5x10°° g/mL 4*=5.255 1
P=0.022 - 5x107° g/mL  4*=3.998
P=0.046 5x10°° g/mL »*=4.604 P=0.032
510 ° g/mL  4*=9.227 P=0.002 5x
10 ° g/mL »°=6.697 P=0.010 5%
107 g/mL  »*=12.224 P=0.000 5x10 *g/mL
x=5.952 P=0.015 5x10"° g/mL i
£=9227 P=0.002 5x10 ¢ g/mL »*=5.255 3 itig
P=0.022
-3- -1-
5x10 77 g/mL  %*=9.227 P=0.002
510 ° g/mL  ,’=8.333 P=0.004 5x10 * 2013
g/mL #*=5.952 P=0.015 5%10 73 g/mL
¥=11.171 P=0.001 5x10* g/mL »*=4.604
P=0.032 5x10 ° g/mL
¥=13333 P=0.000 5x10 *g/mL »*=10.172
P=0.001 5x10° g/mL »’=5.255 P=0.022 20144
510 % g/mL  ,*=18.364
P=0.000 5x10"* g/mL »°=9.227 P=0.002
5x10 3 g/mL  »*=11.171 P=0.001
5x107° g/mL  x*=5.952 P=0.015

3
Matsui 2006 Pichersky et al 2006 Tholl



- 810 - Chinese Journal of Applied Entomology 54
x2 20 MIERYE S XL ERIEL) HENEIT ARG
Table2  Effectsof 20 volatile components on feeding behavior of Asian corn borer larvae
Relative selection rate (%)
No. Compounds 5x107° g/mL 5%10 * g/mL 5%10° g/mL 5x10°° g/mL

1 -3 -1- (Z)-3-hexene-1-ol 28.97+2.18" 47.82+4.73 49.57+3.55 66.37+2.10"
2 - (Z)-ocimene 47.44+5.75 50.75+5.54 63.75+2.46" 64.67+2.09"

3 Nonanal 30.29+2.02 33.25+2.99" 47.41+3.39 50.19+1.48

4 Decanal 47.49+2.68 48.20+3.45 49.54+2 .51 48.43+4.13

5 Nonanoic acid 27.41+1.53" 35.43+1.59" 51.07+3.50 53.8145.62
6 Decanoic acid 52.64+4.18 54.89+6.09 70.93+2.78" 67.51+2.40"

7 Hexadecanoic acid 51.45+5.54 52.96+3.92 47.74+£2.23 49.91+2.17

8 O- 9-octadecenoic acid 44.62+7.52 45.45+£5.50 48.37+6.84 50.68+6.36

9 Octadecanoic acid 46.03+3.76 46.18+2.60 47.72+2.22 48.49+1.94
10 Isopropyl myristate ~ 25.284+2.52" 28.18+2.51" 33.53+2.50 50.11+5.44
1 Hexadecanoic acid methyl ester 21.28+1.95™ 29.15+2.19 48.38+4.98 52.64+5.57
12 (Z;?;—octadecenamide 44.19+4.14 46.51%4.58 48.08+2.17 48.52+4.56
13 (Z)'_l f}'_docosenamide 60.38+5.10 55.33+6.73 50.58+4.20 53.01+4.02
14 Docosane 54.61+4.22 51.06+4.26 50.29+4.19 48.94+4.21
15 Tricosane 54.89+4.80 51.89+4.71 50.10+5.26 50.15+5.07
16 Tetracosane 27.13+2.62" 51.24+5.03 51.18+4.44 50.84+4.95
17 Hexacosane 49.41+7.27 50.94+6.26 49.19+5.48 48.90+6.15
18 Heptacosane 73.58+1.94" 66.52+33.48" 50.16+5.11 50.99+5.42
19 Octacosane 35.97+2.19" 39.20+3.35 47.21+2.32 50.77+3.27
20 Nonacosane 71.22+1.34" 65.71+2.75" 50.25+3.88 57.38+4.25

* P<0.05

* indicates significant difference between the feeding amount of the treatment and that of the control by )(2 test (P<0.05).

2006
49 52
Buttery  Ling 1984
-3- -1- -3-
24 Perez 1997
Porapak Q
10

2014b

-3- -1-

2010

Agelopoulos 2000



5 : - 811 -

5x10 7 g/mL

2010 2-
9- 6
_ 2010
-2- 9
4 ZEip
49 52
2010 20
- 4

6

it

Sk (References)

Huang 2009 Agelopoulos NG, Chamberlain K, Pickett JA, 2000. Factors

affecting volatile emissions of intact potato plants Solanum

tuberosum: Variability of quantities and stability of ratios.
-6

5x%10 g/mL Journal of Chemical Ecology, 26 (2): 497-511.



- 812 -

Chinese Journal of Applied Entomology 54

Buttery RG, Ling LC, 1984. Corn leaf volatiles: Identification using
Tenax trapping for possible insect attractants.
Agricultural and Food Chemistry, 32 (5): 1104—1106.

Huang CH, Yan FM , Byers JA , Wang RJ, Xu CR, 2009. Volatiles

induced by the larvae of the Asian corn borer (Ostrinia

Journal of

furnacalis) in maize plants affect behavior of conspecific larvae
and female adults. Insect Science, 16 (4): 311-320.

Jiang XC, Dong WX, Chen B, Xiao C, Gui FR, Yan NS, Qian L, Li
ZY, 2015. Electrophysiological and oviposition responses of
Asian corn borer, Ostrinia furnacalis (Lepidoptera: Crambidae),
to compounds rinsed from the surfaces of sugarcane and maize
leaves. European Journal of Entomology, 112(2): 295-301.

Matsui K, 2006. Green leaf volatiles: Hydroperoxide lyase pathway
of oxylipin metabolism. Current Opinion in Plant Biology, 9 (3):
274-280.

Perez AL, Campos Y, Chinchilla CM, Oehlschlager AC, Gries G,
Gries R, Giblin-Davis RM, Castrillo G, Pena JE, Duncan RE,
Gonzalez LM, Pierce Jr HD, McDonald R, Andrade R, 1997.
Aggregation pheromones and host kairomones of west Indian
sugarcane weevil, Metamasius hemipterus sericeus. Journal of
Chemical Ecology, 23 (4): 869—-888.

Pichersky E, Noel JP, Dudareva N, 2006. Biosynthesis of plant
volatiles: nature’s diversity and ingenuity. Science, 311 (5762):
808-811.

Risch SJ, 1983. Intercropping as cultural pest control: prospects and
limitations. Environmental Management, 7(1): 9-14.

Tholl D, 2006. Terpene synthases and the regulation, diversity and
biological roles of terpene metabolism. Current Opinion in Plant
Biology, 9 (3): 297-304.

Udayagiri S, Mason CE, 1995. Host plant constituents as oviposition
stimulants for a generalist herbivore: European corn borer.
Entomologia Experimentalis et Applicata, 76(1): 59-65.

Zhu YY, Chen HR, Fan JH, Wang YY, Li Y, Chen JB, Fan JX, Yang
SS, Hu LP, Leung H, Mew TW, Teng PS, Wang ZH, Mundt CC,
2000. Genetic diversity and disease control in rice. Nature,
406(6797): 718-722.

Chen B, He SQ, Zhang LM, Yang JC, Yan NS, Li ZY, 2015. Control
efficacy of maize-sugarcane intercropping against the occurrence
and the damage of Ostrinia furnacalis. Journal of Plant
Protection, 42(4): 591-597. [ N s N N

, , 2015.
. 42(4): 591-597.]

Dai JQ, Han SC, Du JW, 2010. Progress in studies on behavioural
effect of semiochemicals of host plant to insects. Journal of
Environmental Entomology, 32(3): 407-414. [ s s

, 2010.
,32(3): 407-414.]

Dong WX, Xu N, Xiao C, 2013. The effect of diversified cropping
on phytophagous insect behavior. Chinese Journal of Applied
Entomology, 50(4): 1133—1140. [ s ) ,2013.

50(4): 1133-1140.]
Hou BJ, Lin L, Wang MF, Bai CY, 2012. Economic benefits analysis

and the influence for sugarcane of intercropping with maize.

Guangdong Agricultural Sciences, (15): 9-10, 13. [ s
, 2012.
, (15):9-10, 13.]
Jiang XC, Xie XW, Li X, Dong WX, Xiao C, Chen B, Yan NS, Li

ZY, 2014a. Effect of sugarcane and corn odors on adult

> >

oviposition and larvae feeding behaviors of Asian corn borer
(Ostrinia furnacalis) . Chinese Journal of Applied Entomology,
51 (3): 615-622. [ s s s s s
S ,2014 a.
,51(3): 615-622.]

Jiang XC, Xie XW, Dong WX, Xiao C, Chen B, Yan NS, Li X, Li
ZY, 2014b. Leaf volatiles of sugarcane and corn during different
growth stages and electroantennogram response of the Asian
corn borer Ostrinia furnacalis to them. Plant Protection, 40 (3):
10-19. [ s s s ,

, 2014 b.

> > >

,40 (3): 10-19.]

Kong CH, Lou YG, 2010. Frontiers of Chemical Ecology. Beijing :
Higher Education Press. 110-173. [ R , 2010.

. 110-173.]

Su GL, Chen B, Li ZY, Gui FR, He SQ, 2016. Effects and growth
and development of Ostrinia furnacalis by feeding with different
host plants. Journal of Yunnan Agricultural University ( Natural
Science), 31(2): 210-217. [ , s s R

, 2016. 4
( ), 31(2): 210-217.]

Song Y'Y, Zhou DR, He KL, 1999. Studies on mass rearing of Asian
Corn Borer: development of a satisfactory non-agar semi-
artificial diet and its use. Acta Phytophylacica Sinica, 26(4):
324-328. [ s s , 1999.

,26(4): 324-328.]

The All China Corn Borer Research Group, 1988. Studies on the
identification of the dominant corn borer species in China. Acta
Phytophylacica Sinica, 15(3): 145-152. [

, 1988.
15(3): 145-152.]
Wang ZY, Lu X, He KL, Zhou DR, 2000. Review of history, present

s

situation and prospect of the Asian maize borer research in China.

Journal of Shenyang Agricultural University, 31(5): 402-412.
[ , , s , 2000.
,31(5): 402-412.]

Zan QA, Zhang L, He SQ, Zhang LM, Chen B, Li ZY, 2015.
(Guenée)
(Lepidoptera: Crambidae) on maize intercropped with sugarcane.
Journal of Plant Protection, 42(1): 10-16. [ s R
, 2015.

Oviposition behavior of Ostrinia  furnacalis

,42(1): 10-16.]
Zhang Y, Fu XW, Zhao GQ, Luo MH, Guo XR, Yuan GH, 2010.
Investigation of the ovipositional attraction of Canna edulis Ker
and several maizes to Ostrinia furnacalis (Guenée) moths. Acta
Ecologica Sinica, 30(2): 408-415. [ s
, 2010.

> >

5 5

,30(2): 408-415.]



