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The Effect of Temperature and Photoperiod on Titer and Ratio of

the Female Sex Pheromone Components of Helicoverpa armigera
LU Yu-Jie, ZHANG Xiao-Xi, ZHAI Bao-Ping  (Nanjing Agricuitural Univeraity Nanjing, 210095
China). Acta Ecologica Sinica,2002,22(4) :566~750.

Abstract: Up to now.seven components of sex pheromone of the cotton bollworm Helicoverpa armigera
(Hiiber) (Lepidoptera Noctuidae)were identified , they were (Z)-11-hexadecenal (Z11-16:Ald), (Z)-9 hex-
adecenal (Z9-16: Ald), hexadecanal (16: Ald), (Z)-11-hexadecen-1-0l (Z11-16: OH) , (Z)-7-hexadencenal
(Z7-16:Ald) , (Z)-9-tetradecenal (Z9-14 ; Ald) and tetradecanal (14 ;Ald). Sex pheromone lure was made up
of two main components Z11-16:Ald and Z9-16: Ald,which had been applied in field for monitoring and
controlling the pests for many years. Wherever in native or abroad.trapping effects by pheromone lure al-
ways appears significant differences among different generations or seasons. The effects of lure in trapping
moths of the first and second generations were always better than that of in the third and fourth genera-
tions. In order to investigate the reasons of this seasonal variation,the influences of temperature and pho-
toperiod on titer and ratio of female sex pheromone were studied.

The cotton bollworms were reared from egg to adult under four temperature(22 C.25C.28C.30C)
with the long daily photoperiod (14L. : 10D)and four photoperiods(12L. : 12D,13L : 11D,14L : 10D, 15L :
9D)with the temperature 25 C ,respectively.which corresponding to the natural conditions of 1~4 genera-
tions in Nanjing. Pheromone were extracted from single gland by hexane containing 11:Ac as an internal
standard (1. 0838ng/pl). Extracts were analyzed by capillary GC on SHIMADZU GC 14B equipped with a
FID detector and a splitless injector system. A 30m X 0. 25mm X 0. 25pm SE-54 column was kept at 100 C
for 2 min and then programmed to 250 C at rate of 10 C /min. The components were identified by compari-
son of the GC retention times of the standards. The quantity of each component was calculated by compar-
ing the peak area with that of 11:AC.

The results showed that different temperature under the same photoperiod and different photoperiod
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under the same temperature effected the titer of sex pheromone significantly (P <C0. 05). The lower the
temperature and the shorter the photoperiod could increased the titer of sex pheromone components. De-
tailed variance analysis showed that the titer of major component Z11-16: Ald differed significantly between
22 C,25C and 28 C,30C (P<C0.05) but not so between 22 C and 25 C or 28 C and 30 C. The titer of mi-
nor component Z9-16:Ald differed significantly between 22 C and other three temperature treatment.

As researching on the effect of photoperiod on titer,the titer of main components such as Z11-16:Ald,
729-16:Ald and 16:Ald differed significantly between under 12 hour light condition and other three light
conditions. It means that the short daily photoperiod.12h light is the more important factor effecting the
composition of sex pheromone.

The relative ratio of main components such as Z11-16:Ald.Z9-16:Ald and 16:Ald varied not obvious-
ly under different temperatures except 14: Ald and Z11-16: OH. However the influence of photoperiod
showed that the relative ratio of major component Z11-16: Ald differentiated significantly under 131 and
15L (P<C0. 05) ,but not so under 12L. and 14L. The relative ratio of the minor component Z9-16:A1l differ-
entiated significantly under 121, and 141 ,but not under 131 and 15L. The relative ratio of Z9-14:Ald dif-
{erentiated significantly under 131 and 12L (P<C0. 05).

To sum up the results we may see that environment condition did effect the compositions of sex
pheromone and interfere with insect sex communication. The low temperature and short light during adult
and pupae stages could increase the sex pheromone titer within the limits of temperature and photoperiod.
Similar results had been reported on other insect,true armyworm Pseudaletia unipuncta,oritential tobacco
budworm Helicoverpa assulta and potato tuberworm Phthorimace operculella. Besides the temperature and
photoperiod ,other environment factors such as host volatile and allomone also may influence the composi-
tions and functions of insect sex pheromone. Therefore,we should consider to change some compositions ,
concentrations or ratios of the sex pheromone lure while used in different seasons or generations in order to
get the steady and perfect trapping effectiveness.
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Table 1 The effect of temperature and photoperiod on titer of sex pheromone components of Helicoverpa armigera(ng/
female)
Z11- Z9- Z7- Z9- ’ Z11- .
N ® 1. @ ®
® 16:Ald® 16:Ald® 16:Ald 16:Ald® 14:Ald© 1404 16:0OH®
22C 481. 32a 38.07a 9.17a 11.49a 11. 96a 14.17a 14. 22a 580. 40a
(256.00) (30.59) (7.34) (8.86) (7.92) (9.13) (10.71) (330.99)
25C 357. 22a 10. 44b 4. 36b 2.47b 6. 44a 1. 49b 4. 65b 387. 07ab
(308. 4) (4.85) (4.55) (2.69) (6.08) (1.54) (4.88) (332.99)
28 C 170. 62b 13.49b 3.22b 2.19b 0. 70b 0. 65¢ 3.50b 194. 87¢
(106.52) (11.85) (5.23) (3.08) (1.10) (1.19) (4.81) (133.87)
30C 169. 81b 21.40d 3.42b 3.01b 3. 41d 3.97d 4.22b 209. 24be
(61.14) (22.98) (3.91) (3.43) (1.72) (1.09) (2.31) (96.58)
12L:10 787.72a 35. 34a 24.17a 17. 94a 14. 35a 12.97a 14. 39%a 906. 88a
D (256.62) (19.76) (18.95) (14.21) (3.98) (3.04) (14.10) (330. 66)
13L:11 412.31b 38.07b 15. 31b 13.58b 14. 95a 17.16b 18. 81a 530. 19b
D (176.89) (14.89) (6.42) (4.73) (7.50) 6.06) (6.01) (222.50)
14L:10 357. 22¢ 10. 44c¢ 4. 36¢ 2.47c 6. 44a 1.49c 4. 65b 387.07b
D (308.40) (4.85) (4.55) (2.69) (6.08) (1.54) (4.88) (332.99)
15L:9D 270. 77c 25.99b 0. 85d 6. 00d 9.23b 10. 71a 13. 95a 337.50b
(106. 39) (10. 34) 0. 74) (4.12) (5.80) (4.76) (4. 86) (137.01)
* s s s (P<C0.05).

Datas in table are average and SD. Datas in blank are SD. ; Same letter show difference no significantly;different letter

show difference significantly,Same in the following Table.
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Table 2 The effect of temperature and photoperiod on ratio of sex pheromone components of Helicoverpa armigera

O Z11-16:Ald® Z9-16:Ald® 16:AldY  Z7-16:Ald® Z9-14:Ald® 14:Ald® 7Z11-16 :OH®
22C 83. 73a 6. 33a 1. 66a 1. 97a 2.44a 1. 99a 1. 88a
(4.61) (3.46) (0.78) (1.02) (0.87) (0. 64) (2.39)
25C 88.19a 4.91a 1.53a 2.00a 0.70b 2.19a 0.47b
(4.56) (1.7 (1.48) (1.75) (0. 66) .77 (0. 36)
28 C 87. 65a 6. 66a 1.51a 1.93a 1.12b 0.56b 0.57b
(5.26) (2.12) (1.59) (2.13) (0.93) (0.73) (1.23)
30C 85. 08a 4. 06a 1. 99a 1.63b 1. 91a 1.11b 1.19a
(19.71) (8.83) (1.79 (1. 04 (0. 54) (0. 62) (1.42)
12L:10D 85. 75a 4. 42c 2. 76a 2. 04a 1.72b 1. 59¢ 1.73b
(6.63) (2.81) (1.73) (1.29 G0z %® 0. 71) (0.78)
13L:11D 76.55¢ 7. 36a 3. 05a 2.78a 2.91a 3. 45a 3. 8%
(4.44) 1.79 (0.93) (0.98) (0.94) (1.09) (1.39
14L:10D 88. 19a 4.91b 1.53b 2.00b 0. 70ab 2.19b 0.47b
(4.56) (1.7D (1.48) (1.75) (0. 66) (1.77) (0. 36)
15L:9D 81.70b 7.53a 0. 27c 1. 81c 2. 26ab 2.78a 3. 64a
(5.99) (2.20) (0. 34) (1.9 (1.42) (1.56) (2.20)
* s s s (P<C0.05).

Datas in table are average and SD. Datas in blank are SD. ;Same letter show difference no significantly ; different letter

show difference significantly ,Same in the following Table. @)~ @®):the same as table 1

, ( ) o
14h s 25C
3
3.1
’ ’ ’ 30C °



22

3.2

[1]

[2]

[3]

[4]

[7]

[8]

L9]

[10]

L8]

[10] “ ”
13

Piccaedi P A,et al. A sex pheromone components of the Old Word Bollworm, Heliothis armigera. J. Insect Physi-
ol. y1977,23:1443~1445.
Nesbitt B F.et al. Female sex pheromone component of the Cotton bollworm, Heliothis armigera. J. Insect Physi-

ol. +1979,25:535~544.

LiJ X( ), Pan Q M ( ),Zhang L. SH( ) et al. Studies on bollwrom control by pheromone lures.
China Cottons(in Chinese) ( )+1996,23(8):20~21.

Lin F G( )sChen Y M( )sWang F L( ) set al. Application study on Helivoverpa armigera sex
pheromone lures for forecast and control. Entomological Knowledge (in Chinese) ( )+1998,35(6):347~
351.

Delisle J and McNeil J N. Calling behavior and pheromone titer of true armyworm Pseudaletia unipuncta (Lepi-
doptera ; Noctuidae)under different temperature and photoperiod conditions. .J. Insect Physiol. +1987,33:315~ 324.
Kamimura M and Tatsuki S. Effects of photoperid changes on calling behavior and pheromone production in the
oriential tobacco budworm moth Helicoverpa assulta(Lepidoptera:Noctuidae). J Insect Physiol. +1994,40(8):731
~734.

Shorey H H and Gaston L. K. Sex pheromone of noctuidae moth XXV. Effects of temperature and photoperiod on
circadian rhythms of sex pheromone release by female of Trichoplusia ni. Ann. Ent. Soc. Am. ,1971,64(5) : 488~
492.

Ono T. Effect of rearing temperature on pheromone component ratio in potato tuberworm moth Phthorimace oper-
culella(Lepidoptera ; Gelechiidae). J Chem Ecol. ,1993,19(1) :71~81.

Du R J( )sYan F SH( ). Action mechanism of plant volatile in relationship among host plant-insect-
natural enemies. Acta Entomologica Sinica(in Chinese) ( ),1994,37(2):233~251.

Peter J L., Thomas W P. Host plant influences on sex pheromone behavior of phytophagous insects. Ann Rev Ento-

mol. ,1997,42:371~391.



