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Induced resistance in cucumber, Cucumis sativus, to cotton aphid,
Aphis gossypii (Hem.: Aphididae) under greenhouse conditions
Gadir Nouri —Ghonbalani & Mohammad Reza Ramazani Chaleshtari
College of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran.
*Corresponding author, E-mail: gadirnouri@yahoo.com

Abstract

Melon aphid, Aphis gossypii, is an important pest of cucumber in greenhouses. In this research the possibility
of using induced resistance for reducing population growth rate of the pest has been investigated. The life
history parameters of aphid were determined in a growth chamber at 25+2° C, 60 = 5% R.H and 14:10 L D
conditions in a completely random design in a split plot experiment. The main factor was two cucumber
cultivars of Royal and Storm and the subplot consisted of five different pre-infestation periods (0, 2, 4, 6 and 8
days pre-infestation with five melon aphid/plant). At the end of each pre-infestation period, the aphids were
removed and the plants kept aphid-free for 48 h. The life history and population growth parameters of aphid
were determined through 40 replications. The results indicated that there were significant differences among
the treatments in aspect of the nymph growth duration, duration of reproduction of adult aphids and the
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longevity of the adult aphids. Furthermore, among the treatments Ro, 7, 2 and DT had significant differences in
both cultivars, but there was no significant difference among the treatments in terms of generation time (7).
The lowest and highest Ro in Royal (19.27 and 49.65 nymph/female/generation) and the lowest and highest »
(0.311and 0.480 /day) were observed on 6 and 0 days pre-infestation period treatments, respectively. The lowest
and the highest Ro in Storm (13/25 and 44/63 nymph/female/generation) and the lowest and highest »(0.273and
0.463 /day) were observed on 6 and 0 days pre-infestation period treatments, respectively. WE conclude that
the pre-infestation of the cucumber plants with 4. gossypii can induce resistance in cucumber within 6-8 days
leading to population growth rate reduction in the melon aphid.
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Table 1. Analysis of variance of the effects of pre - infestatation of cucumber plants with melon
aphid on the length of nymph growth stages of melon aphid.

Sources of variation df MS F P
Cultivar 1 8.943 7.71* 0.006
Pre -infestation 4 23.554 20.31™ 0.000
Pre-infestation x Cultivar 4 0.502 0.43m 0.785
Error 316 1.160

Total 325

** significant at the 1% level. ns: none significant.
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Table 2. Analysis of variance of the effects of pre - infestatation of cucumber plants with
melon aphid on the length of nymph production of adult melon aphid.

Sources of variation df MS F P
Cultivar 1 53.60 25.80™ 0.000
Pre — infestation 4 434.41 209.12" 0.000
Pre- infestation x Cultivar 4 3.77 1.821s 0.125
Error 316 2.08

Total 325

**significant at the 1% level, ns: none significant.
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Table 3. Analysis of variance of the effects of pre — infestatation of cucumber plants with melon
aphid on the longevity of adult melon aphid.

Sources of variation df MS F P
Cultivar 1 52.97 18.43" 0.000
Pre — infestation 4 587.49 204.38™ 0.000
Pre — infestation x Cultivar 4 4.15 1.44rs 0.219
Error 316 2.87

Total 325

** significant at the 1% level, ns: none significant.
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Table 4. Means (+) of nymph developmental time, adult reproduction period, adult longevity of melon
aphid and their fecundity on pre - infested cucumber plants of cultivar Royal.

Treatments (days of Developmenta Reproduction  Adult longevity Fecundity

pre- infestation) 1 time (days) period (days) (days) (Number of nymphs)
Control 4.69+£0.23°  0.138%+15.42 0.19°+17.31 0.918* £55.17

2 days 0.20°+4.94  0.176" +14.63 0.22° +15.91 0.988° + 51.37

4 days 0.2°+5.11 0.203° £13.73 0.31° £14.91 0.706°+ 47.89

6 days 0.17* +6.06 0.2134¢11.01 0.29°¢12.53 1.2444 +36.69

8 days 0.17* 6.01 0.201¢ £9.07 0.31949.69 2.122° £26.59

* means followed by the different letters in each column are significantly different by paired bootstrap
(P<0.05).
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Table 5. Means () of nymph developmental time, adult reproduction period, adult longevity of
melon aphid and their fecundity on pre - infested cucumber plants of cultivar Storm.

Treatments (days of Developmental  Reproduction Adult longevity Fecundity

pre- infestation) time (days) period (days) (days) (Number of nymphs)
Control 5.09 £0.21% 0.22+£14.20 0.18+16.51 0.749* £51.00

2 days 0.16° + 5.44 0.25° +13.53 0.36" £15.47 1.807° £ 47.03

4 days 0.14° £5.52 0.31°+12.51 0.36° £14.45 1.807°+ 43.70

6 days 0.17* +6.10 0.26+8.90 0.40°+10.84 1.642°¢25.42

8 days 0.20* 6.5 0.23°+7.34 0.20° +9.00 1.1814+20.38

* means in each column followed by different letters are significantly different by paired bootstrap
(P<0.05).
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Table 6. Analysis of variance of the effects of pre - infestatation of cucumber plants with melon aphid
on the net reproduction rate (Ro), intrinsic rate of natural increase (r»), mean generation time

(T), mean doubling time (DT) and finit rate of increase(A).

MS
Sources of variation df
Ro r T DT A

Cultivar 1 3073.0" 0.051™ 0.001™ 1.551™ 0.106™
Prior- infestation 4 10663.4™ 0.124™ 1.356™ 3.613" 0.257"
Cultivarx Pre r- infestation 4 82.2™ 0.001™ 1.495™ 0.103™ 0.002™
Error 316 349 0.002 1.130 0.055 0.004
Total 325

** significant at the 1% level. ns: none significant. MS: mean sum of squares.
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Table 7. Means (+) of the effects of pre - infestatation of cucumber plants with melon aphid on the gross
reproduction rate (GRR), net reproduction rate (Ro), intrinsic rate of natural increase (r), finit rate of increase(4)

and mean generation time (7) on Royal cultivar of cucumber.

Treatments

(days of pre- infestation) GRR Ro r A r

Control 0217 1£28 56 74*.2449.65  0.017°+0.480  0.028" +1.616 278" .0+138
2 days 011°. 145244  282v*+44.95  018.0£452 0  029% 0+571.1 296°. 0 +42.8
4 days 706°.0 +46.89  56°2£41.90  014°.044310  023b.0+537.1 253°.0 4678
6 days 0524241429  424.2#27.19 0134040311 018¢.0 +364.1 18220 539
8 days 085¢. 1483 37 51923529  011°0+3520  015°.0 4221 1640 599

**means in each column followed with different letters are significantly different by paired bootstrap (P<0.05).

e A5 LAl £ 5 (GRR) e s Sl 25 35 5k a5 2 () slanilor aslin — A Jptr

Table 8. Means (%) of the effects of pre - infestatation of cucumber plants with melon aphid on the gross
reproduction rate (GRR), net reproduction rate (Ro), intrinsic rate of natural increase (), finit rate of increase

(A) and mean generation time (') on Storm cultivar of cucumber.

Treatments ) ) GRR R , 2 T
(days of pre- infestation)

Control 708", 0+63 51 74%.2 6344 0.018%+ 0.463 0.028" + 1.589 2750 £19.8
2 days 979%. 0 +48.32 2.79*+ 39.99 012%.0£397 0 018°.0+487.1 202°.0 £309
4 days 646°. 1 +44.69 013 + 0536 013°.0£391.0 018°.0+479.1 154°.0 £169
6 days 93241 +7928 10¢.2 £60.19 012¢.0+0.320 018¢.0+377.1 21304309
8 days 309°. 1261 22 7241 £25.13 01790 £ 2730 022¢.0 £313.1 299¢.0 +46.9

*means in each column followed by different letters are significantly different by paired bootstrap (P<0.05).
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Fig. 1. Age-stage specific survival rate (sxj) of the melon aphid on cucumber cultivar Royal.
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Fig. 4. Age-stage specific fertility (fyj), age specific survival rate (/x) and age specific fertility (m.) of melon
aphid in different pre-infested periods on cucumber cultivar Storm.

S sleT 3 se Slasladd o I3 i SV s gm s 1 esdle 45 s OLE ekt il (gla Kibie aylie

T 0 ot Sl gaoles Sde b o35 blie 50 51 s eals sy eslinad 3550 01 o b (503 me
Ol sl s b ety (ST 55 A 58 slasled 53 A e (5l e SV ey 35 5m Sl el 5SS
3t s A2k LS (53lees ST Oles L3 0dd A5 5l pbend e 51 36 Yeam) T Cma ST 5
S a8 el Je Olge 4 dilesged LS 1 Ol OLLS (s3lu a3 Mty 51 (AL G e slia | peb
ssk a8 pl Camex g GRIBL S spd e LS s cuglie W Cage L o4 oS

@i 4 S S ol (il o3l Jio S 3 cpisees (Harrison & Karban, 1986) A4S e 3sdows (5550



http://www.sid.ir

)L?'):&wlgﬁ}wzéﬂ%@uﬁ)kﬁ-&)@md))} \YY

Ok gsb50 Szl s oS 555 g0 slaml W Caslis Olsee olS 55 Macrosiphom euphorbiae Thomas
o o S5 1 48 Wlesls 0Lis Wool & Hales (1996) .(Kaloshian ef al., 2000) L3l s olS 53 s slis (sladss
S OLLS sy S Sladlls 358 e axd ) Gday Comer A RS e b e w4 4y OLALS
A 55 o 5o Bemisia argentifolii Bellows & Perring (SIU ddws 4 oLS i L;u&i;,ﬂ S ol oals OlLES ‘;;)s
3y O Cgmar iy RS o pe gt 53 5 3505 gdte 30 bl e (535 45 30 0 olS 3 et
st ol iy (ST oS 3500 i U1 o ol o Sl sl ez S 4 4 5L (Mayer et al., 2002)
SRl clize 5558 6lS 55 Wl s slis 55 o e Ll oo il glaOles ke (g1 sl it w Sl ol
s pland e Sl wdis 1 jsVleas 5 508 o LS Cunglis W1 55, F e B adsl Sa T Ol e
sla bl i Sl els e sl et ST 500 A P bl G O I b ML 5
sl sl 3l ea gl 45 S it Ulp el pl 3 S5 edalie Sl ad ey Comex A
Cooslie S Llosls oLis Bentur & Kalode (1996) .l o < llas 5Lt olS 55 Sl slie sl (510 55,5 7 ke
sl gl s i g5l a:}ﬂ 3 day aas Hlge e s Orseolia oryzae Wood-Mason Sl s o BE
G e b OLLS a G gl e SO Camexr RS Cxrpe Sulg 3o apde W
(Underwood, 1999) <uil outel 3oy A et ;;Jﬂ 3 A sy 4w Oode s Epilachna varivestis Mulsant
slge cilisee SUT 4 S5 ax S sl gl ol 1 os a8 ol esls 0lis (K5 458 olS (65, 505 Slalllas
Lile oS UnST (sl 315 wdis s Glapatis g sdier My olS 53 Ll As ety 5 S ol
03 Syl QLS (glaanS 5 55 Caglio WIS dm 555 VY e gl 5U5mS s 5 eS| GlanSId 58 L
Thompson & Goggin (2006) .(Stout et al., 1996) \,liS » 3G o5l Sl Gy s ebile JL Kb an S
Sleks & G5 ol s e Sl e s SUT i 5 olS s caslie ol oly 45 Lol ol
Sydp 3l A and 53 s Dol 1Al e sl S ple slpe 5 5 Ol QLS L3 S5
FEE A AR i AL e 0 el £ 5 Rl sl oS s e sl I s slie SiS Ol e S5k
Sb s LSS Sl eslinal (Stout ef al,, 2006) 355 o Comar Ay 28 ciamen 5 (S Sl el
s g OB AS G pme 2ot O3l Jast 4y 5 U gemmes (5, LOT SLLE 0Ll JL e 5 S & 50 4 gl6AIS
(Herron ef al,, 2000) s dalie o i ol 53 eslizal 5, 50 (slaiSe i Aol 4y Consli 51 iliiee Sl s Los
SIS Gl s 8L 1 e I (ol iy ol 003 e a0 3 50 S ST me 53 I3l 4 oS
(@) oo slie 3l eslinad dbiwly cpl 53 oS Sl 4Bl il Bl BT adl J S g5l LB s Sl s e
Ans o DL G ol gl b oo 3T nl U8 g sla i 31 215 Sla b, 5 (a Olads cpslin p6)

5 gad oalital (6 5 ge sty LS 3l and il o pde LIB 3 018 e W) sl 3l S

References

Agrawal, A. A., Tuzun, S. & Bent, E. (1999) Induced plant defenses against pathogenes and
herbivores: Biochemistry, ecology and agriculture. APS Press, Saint Paul 390 pp.

Akca, L., Ayvaz, T., Yazici, E., Smith, C. L. & Chi, H. (2015) Demography and population
projection of Aphis fabae (Hemiptera: Aphididae): with additional comments on life table
research criteria. Journal of Economic Entomology, 108, 1466— 1478.



http://www.sid.ir

Y WAE,TVO) Ol il i asmdl 4l

Baldwin, I. T. (1994) Chemical changes rapidly induced by folivory. in Bernays E.A. (Ed) Insect-
plant interactions, vol. 5. pp 1- 23.CRC, Boca Raton.

Bentur J. S. & Kalode, M. B. (1996) Hypersensitive reaction and induced resistance in rice against
the Asian rice gall midge Orseolia oryzae. Entomologia Experimentalis et Applicata 78, 77—
81.

Bramstedt, F. (1938) Der nachweis der blutlausunanfalligkeit der apfelsorten auf histologischer
grundlage. Z. Pflanzenkrank Pflanzenschutz 48, 480— 488.

Brown, G. C., Nurdin, F., Rodriguez, J. G. & Hilderand, D. F. (1991) Inducible resistance of
soybean (var. Williams) to two spotted spider mite (Tetranychus urticae Koch). Journal of the
Kansas Entomological Society 64, 388— 393.

Capinera, J. L. (2007) Melon aphid or cotton aphid Aphis gossypii Glover (Insecta: Homoptera:
Aphidiae). University of Florida Agricultural. Extension Servic Bulletin 173, 1- 5.

Carey, J. R. (2001) Insect biodemography. Annual Review of Entomology 46, 79- 110.

Chi, H. & Su, H.Y. (2006) Age-stage, two-sex life tables of Aphidius gifuensis (Ashmead)
(Hymenoptera: Braconidae) and its host Myzus persicae (Sulzer) (Homoptera: Aphididae) with
mathematical proof of the relationship between female fecundity and the net reproductive rate.
Environmental Entomology 35, 10— 21.

Chi, H. 2015) Timing- MSChart: A Computer Program for the Population Projection Based on
Age- Stage, Two-sex Life Table. (http://140.120.197.173/Ecology/Download/ TIMING-
MSChart.rar).

Green, T. R. & Ryan, C. A. (1972) Wound-induced Proteinase Inhibitor in Tomato Leaves. Plant
physiology 51, 19— 21.

Hardee, D. D. (1993) Resistance in aphid and whiteflies: principle and keys to management. 20—
23 pp. in Proceedings of Beltwide Cotton Production Research Conference. National Cotton
Council of America, Memphis.

Harrison, S. & Karban, R. (1986) Behavioral response of spider mites (Tetranychus urticae) to
induced resistance of cotton plants. Ecological Entomology 11, 181— 188.

Herron, G., Powis, K. & Rophail, J. (2000) Baseline studies and preliminary resistance survey of
Australian populations of the cotton aphid, Aphis gossypii Glover (Hom.: Aphidiae). Australian
Journal of Entomology 39, 33— 38.

Kaloshian, 1., Kinsey, M. G., Williamson, V. M. & Ullman, D. E. (2000) Mi-mediated resistance
against the potato aphid, Macrosiphum euphorbiae (Hemiptera: Aphididae), limits sieve
element ingestion. Environmental Entomology 29, 690— 695.

Karban, R. & Baldwin, 1. T. (1997) Induced resistance to herbivory. Chicago University Press,
Chicago. IL. USA, 330 pp.

Karban, R., Adamchak, R. & Schnathorst, W. C. (1987) Induced resistance and interspecific
competition between spider mites and a vascular wilt fungus. Science 235, 678— 680.

Kersting, U., Star, S. & Uygun, N. (1999) Effect of temperature on development rate and fecundity
of apterous Aphis gossypii Glover (Hom.: Aphididae) reared on Gossypium hirsutum L. Journal
Applied Entomology 123, 23— 27.

Kogan, M. & Paxton, J. (1983) Natural inducers of plant resistance to insects. in Hedin P.A. (Ed)
Plant resistance to insects. Series 208, 153— 171. American Chemical Society Symposium.
American Chemical Society. Washington, DC.

Mayer, R. T., Inbar, M., McKenzie, C. L., Shatters, R. & Borowicz, V. (2002) Multitrophic
interactions of the silverleaf whitefly, host plants, competing herbivores, and phytopathogens.
Archives of Insect Biochemistry and Physiology 51, 151— 169.

Omer, A. D., Thaler, J. S., Granett, J. & Karban, R. (2000) Jasmonic acid induced resistance in
grapevines to a root and leaf feeder, Journal of Economic Entomology 93, 840— 845.



http://140.120.197.173/Ecology/Download/
http://www.sid.ir

)L_é‘)}&wlQ}L&A:éﬁjlﬁ@uﬁ)kﬁb‘}@md))& \YY

Reddy, G. V. P. & Chi, H. (2015) Demographic comparison of sweetpotato weevil reared on a
major host, Ipomoea batatas, and an alternative host, 1. triloba. Scientific Reports 5: 11871.

Schmeltz, E. A., Alborn, H. T., Banchio, E. & Tumlinson J. H. (2003) Quantitaive relationships
between induced jasmonic acid levels and volatile emission in Zea mays during Spodoptera
exigua herbivory. Planta 216, 665— 673.

Shelton, A. L. (2004) Variation in chemical defenses of plants may improve the effectiveness of
defense. Evolutionary Ecologycal Research 6,709 26.

Stout, M. J. & Duffey, S. S. (1996) Characterization of induced resistance in tomato plants.
Entomologia Experimentalis et Applicata 79, 273— 283.

Stout, M. J., Thaler, J. S. & Thomma, B. P. H. J. (2006) Plant mediated interactions between
pathogenic microorganisms and herbivorous arthropods. Annual Review of Entomology 51,
663— 689.

Stout, M. J., Workman, K. V. & Duffey, S. S. (1996a) Identity, spatial distribution and variability
of induced chemical responses in tomato plants. Entomologia Experimentalis et Applicata 79,
255-271.

Thompson, G. A. & Goggin, F. L. (2006) Transcriptomics and functional genomics of plant
defense induction by phloem-feeding insects. Journal of Experimental Botany 57, 755— 766.

Underwood, N. (1999) The influence of plant and herbivore characteristics on the interactions
between induced resistance and herbivore population dynamics. American Naturalist 153, 282—
294,

Underwood, N. (2000) Density dependence in induced plant resistance to herbivore damage:
threshold, strength and genetic variation. Oikos 89, 295— 300.

Wool, D. & Hales, D. F. (1996) Previous infestation affects recolonization of cotton by Aphis
gossypii: induced resistance or plant damage. Phytoparasitica 24, 39— 48.



http://www.sid.ir

