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Abstract 
Water stress influences the plant growth and quality, which in turn, alters the suitability of the host plant 
for insect herbivores. We investigated the suitability of four and six-week-old water-stressed host plants 
versus non-stressed plants in terms of oviposition preferences of the diamondback moth, Plutella 
xylostella (L.), on Brassica napus L. (Brassicaceae).  
Ovipositional preferences were significantly affected by the water treatment, plant age, and site for 
oviposition. Female moths preferred to oviposit on six-week-old, non-stressed plants of B. napus 
compared to the water-stressed counterparts. On average, 2.15 times more eggs were laid on non-stressed 
plants than the water-stressed ones. Similarly, 1.58 times more eggs were laid on host plant upper leaf 
surface than on the lower leaf surface. This study determined that P. xylostella females preferred to 
deposit eggs on six-week-old vigorous plants not under water stress to ensure the successful development 
and survival of their offspring.   
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1. Introduction 
Plants experience several environmental biotic and abiotic stresses that not only impact their 
growth, development, and productivity [1] but also their fitness and interaction with herbivores 
[2, 3]. Water deficit stress is perhaps the most important abiotic stress to which plants are 
exposed [4, 5]. The alteration in host plant quality due to water/drought stress often influences 
the response of insect herbivores, including their biological and life history traits [6-9]. 
The effects of plant water stress on the insect attraction, oviposition and development can be 
very complex, uncertain and variable [10-12]. The overall performance of insect herbivores can 
be altered on host plants, experiencing a water deficit relative to plants not under stress [13]. 
Oviposition of lepidopteran pests can be enhanced [14-12], reduced [16] or not affected [17], in 
plants under water deficit stress. In addition to stress patterns, several other factors can 
determine female oviposition behavior, such as the quality of the host plant [18-20], preference 
as to where on an individual plant to lay eggs, leaf age [21, 17], leaf size, internode length [22], 
leaf and root-damaged plants [23], presence of previously laid eggs on the plant, leaf shape, and 
secondary plant compounds [24-27]. Survival of immature stages in Lepidoptera is greatly 
influenced by oviposition choices of adult females [28].  
The impact and importance of stressed host plants in mediating plant-herbivore interactions are 
unclear. Stress may induce contrasting patterns in oviposition, development and feeding 
preferences among herbivore species due to the change in plant suitability and attractiveness 
[29, 30]. The diamondback moth is a serious, worldwide pest of brassicaceous crops [31], and its 
extensive geographic distribution encompasses regions and seasons where its host plants may 
develop under moisture deficit stress. So far, only one previous research has been conducted to 
determine the responses of P. xylostella to water stressed and non-stressed plants of cabbage 
(Brassica oleracea L.) [17]. However, the present study is focussed on canola (Brassica napus 
L.), a major economically important global oilseed crop in Canada [32]. The objective of this 
research was to investigate if diamondback moth, Plutella xylostella L., responds differently 
between the water-stressed and non-stressed plants regarding ovipositional preferences. 
 
 

  



 

~ 1144 ~ 

Journal of Entomology and Zoology Studies 
 

2. Materials and methods 
2.1 Experimental plants and insects 
Four and six-week-old Brassica napus L. var. Q2 plants were 
grown individually in the plastic pots (15 cm diameter) using 
Metromix-220 (W.R. Grace & Co., Ajax, Ontario, Canada) as 
a potting medium. Pots were thoroughly watered and placed 
in a growth chamber at a constant temperature of 21 ± 0.5°C, 
50-70% relative humidity and 16L: 8D photoperiod.  
Plutella xylostella adults originated from a laboratory colony 
maintained on B. napus plants. Plutella xylostella were 
obtained from the different commercial fields of B. napus, 
Brassica juncea (L.) Czern. and Sinapis alba L. throughout 
Alberta, Canada and were periodically added to the laboratory 
colony to maintain the genetic diversity. 
 
2.2 Imposition of water stress 
All pots were watered daily to saturation until they reached 
the desired age of four and six-week. Plants were randomly 
allocated to two alternative treatments: water-stressed or non-
stressed (control). Plants for the control treatment were 
watered at 88 ml/day/plant throughout the experiment. For the 
water-stressed plants, irrigation was reduced to 30 mL/d/plant 
for four days and finally withheld for two to three days before 
the beginning of the experiment. All tests were initiated 
approximately 48 h after these conditions were imposed. 
 
2.3 Assessment of leaf water potential 
At the beginning of water stress treatment, the leaf water 
potential (bar) of one randomly selected, fully expanded leaf 
from the center of each plant was measured using a pressure 
bomb (Model-610; PMS Instrument Co., Corvallis, OR). 
 
2.4 Oviposition choice test 
Ovipositional preference of P. xylostella on water-stressed 
and non-stressed four- and six-week-old B. napus was 
determined under the greenhouse conditions, using a complete 
factorial design in a choice arena. The wooden screened cages 
were arranged on a greenhouse bench at 22 ± 0.5ºC, 50-70% 
relative humidity and a photoperiod of 16 L: 8 D. Each cage 
was assembled with two plants of B. napus, one for each 
treatment (water-stressed and non-stressed) of the same age. 
Each treatment was replicated four times. Six pairs of newly 
eclosed P. xylostella adults were released in each cage and 
provided with 10% honey water on cotton wicks immersed in 
20-mL plastic cups. After 48 h exposure to both treatments, 
adults were removed and plants were examined for eggs. 
Total numbers of eggs deposited on stressed and non-stressed 
plants were counted. Moreover, the number of eggs deposited 
on different plant parts like upper and lower leaf surfaces, 
stem, and flowers, were calculated separately in the laboratory 
using a dissecting microscope.  
 
2.5 Plant parameters 
Plant stem height and stem diameter were measured at the end 
of the oviposition choice experiments. Stem diameter was 
measured using vernier calipers (Electronic Caliper, 
Mastercraft) at 10 cm above the root/shoot junction.  
 
2.6 Statistical analysis 
Variables were tested for normality and homoscedasticity, 
before subjecting them to the analysis. A two-way analysis of 
variance (ANOVA) (PROC MIXED) was performed to 
determine the effects of water treatments on oviposition 
preferences of four or six-week-old plants. Similarly, a three-
way analysis of variance (ANOVA) (PROC MIXED) was 

also performed to evaluate the oviposition preferences of P. 
xylostella on upper or lower leaf surfaces of stressed and non-
stressed four and six-week-old plants. If significant treatment 
effects were indicated, means were compared at the 5% level 
of significance using Fisher’s Least Significant Difference 
(LSD) test [33]. PROC TTEST for leaf water potential was 
performed. Correlations (PROC CORR) were determined 
between plant height and egg deposition, and plant stem 
diameter and egg deposition [33].  
 
3. Results 
Leaf water potential of the water-stressed plants was 
significantly more negative (indicating a low leaf water 
potential) than the leaf water potential of non-
stressed B. napus (t = 9.64, df = 6, P < 0.0001). Water stress 
affected the oviposition decisions of P. xylostella females. On 
average, 2.15 times more eggs were laid on non-stressed than 
the stressed plants (F = 8.88, df = 1, 12, P = 0.0115) (Fig. 1). 
Plant age also had a significant effect on ovipositional 
preference. The mean number of eggs laid on six-week-old B. 
napus plants was three times greater than on four-week-old 
non-stressed plants regardless of water treatment (F = 19.43, 
df = 1, 12, P = 0.0009) (Fig. 2). In general, 2.34 and 1.65 
times more eggs were laid on six- and four-week-old 
unstressed B. napus plants than the stressed plants, 
respectively (Fig. 3). The proportion of eggs laid by P. 
xylostella females differed significantly among the different 
plant parts. Egg laying was 1.58 times greater on upper than 
the lower leaf surfaces (F = 6.23, df = 1, 24, P = 0.0199). In 
general, 2.73 and 2.0 times more eggs were laid on the non-
stressed upper leaf surface of six- and four-week-old non-
stressed B. napus plants than on stressed plants, respectively. 
There was a significant interaction between water treatment 
and plant age (F = 10.63, df = 1, 24, P = 0.0033), but no 
significant interactions between the water treatment and plant 
leaf surfaces (F = 1.36, df = 1, 24, P = 0.2557), or between 
plant age and leaf surfaces (F = 0.11, df = 1, 24, P = 0.7423). 
A significant positive correlation was found between 
oviposition and plant height (r = 0.64, P = 0.0069), but no 
correlation existed between oviposition and plant stem 
diameter (r = -0.164, P = 0.54). 
 

 
 

Fig 1: Mean eggs of Plutella xylostella (± SE) deposited on water 
stressed and non-stressed plants 
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Fig 2: Mean eggs of Plutella xylostella (± SE) deposited on 4- and 6-
week-old plants 

 

 
 

Fig 3: Mean eggs of Plutella xylostella (± SE) deposited on 4- and 6-
week-old stressed and non-stressed Brassica napus. Means followed 
by the same letter are not significantly different at 5% level (Fisher’s 

PLSD test following ANOVA) 
 
4. Discussion 
Greater ovipositional preference by insect herbivores for 
water-stressed host plants has been observed in many earlier 
studies [14, 12, 34, 35]. Insect herbivores are reported to perform 
differently when host plants are under moister stress depends 
on plant species, duration, and intensity of stress [36]. 
Furthermore, the effects of plant water stress on insect 
attraction can be inconstant, unpredictable and complex [10, 11]. 
For instance, no significant differences in P. xylostella 
ovipositional preferences were found between the water-
stressed and non-stressed cabbage (Brassica oleracea L.) and 
yellow rocket (Barbarea vulgaris R. Br.) plants. However, 
oviposition on non-stressed cabbage and the yellow rocket 
were 2.5 and 1.3 times greater respectively, as compared to 
their water-stressed counterparts [17]. 
In the present study, a clear ovipositional preference for non-
stressed plants of B. napus was observed for P. xylostella. On 
average, 1.65 and 2.34 times more eggs were laid on four- and 
six-week-old non-stressed B. napus plants than on water-
stressed ones. These contradictory results relative to previous 
study might reflect differences in host plant species used in 
different experiments. Female P. xylostella might evaluate 
host plant quality (regarding the plant water status and 
nutritional value) and preferred suitable hosts for oviposition 
by morphological and physical characteristics, or might prefer 
to oviposit on plant tissues that are high in water content [35]. 
Furthermore, moths may choose oviposition host that meets 
more than just nutritional needs of their offsprings, hence 

maximizing the chances of their progeny survival and growth 
[37]. 
Ovipositional preference can be driven by plant age. A 
positive correlation between oviposition by P. xylostella and 
plant age has been observed in plant species like cabbage and 
yellow rocket [17]. In this study, a significant positive 
correlation between oviposition and increasing plant height 
was detected. Female moths may receive more stimulating 
visual and olfactory cues for oviposition as a result of the 
greater total leaf area in older plants. For example, three times 
more eggs were laid on six-week-old, as compared to four-
week-old plants. Older plants may also offer more oviposition 
sites, the potential for shelter from natural enemies and more 
rich resources, for larval development [17]. 
Oviposition site selection (different plant parts) is likely to be 
constrained and influenced by both abiotic and biotic factors 
[23]. Various studies have demonstrated a mixed pattern of 
oviposition site preference by females of P. xylostella. For 
instance, selection of lower regions of the plant stem over 
leaves [38, 39], the upper leaf surface [40, 41], the lower leaf 
surface [42, 43], or neither surface [44]. However, in this study, 
results of oviposition preference on the upper leaf surface are 
consistent with those of Harcourt and Justus et al. [40, 41].  
We observed that water stress caused a significant reduction 
in the shoot/stem growth. Reduced growth is one of the most 
evident and consistent responses of plants to the water deficit 
[45, 46]. The strong significant positive relationship between a 
total number of eggs laid and plant stem height indicating that 
females select more healthy plants, on which their offspring 
can develop. In general, the research findings support the 
preference-performance hypothesis. According to that 
oviposition preference should correspond with host 
suitability. Thus, female phytophagous insects select to 
oviposit on host plants that optimize the fitness of their 
progeny [47]. The study results confirmed that P. xylostella 
females preferred to deposit eggs on six-week-old vigorous 
plants, not under water stress to ensure the successful 
development and survival of their offspring. 
 
5. Acknowledgments 
Funding for this study is gratefully acknowledged from the 
Canola Council of Canada, the Alberta Canola Producers 
Commission, Agriculture and Agri-Food Canada and the 
Natural Sciences and Engineering Research Council of 
Canada. For technical assistance, we are grateful to R. 
Subramaniam and K. Van Camp. 
 
6. References 
1. Saranga Y, Menz M, Jiang CX, Wright RJ, Yakir D, 

Paterson AH. Genomic dissection of genotype x 
environment interactions affecting adaptation of cotton to 
arid conditions. Genome Research. 2001; 11:1988-1995. 

2. Moran PJ, Showler AL. Plant responses to water deficit 
and shade stresses in pigweed and their influence on 
feeding and oviposition by the beet armyworm 
(Lepidoptera: Noctuidae). Environmental Entomology. 
2005; 34:929-937.  

3. Sarfraz M, Dosdall LM, Keddie BA. Bottom-up effects 
of host plant nutritional quality on Plutella xylostella 
(Lepidoptera: Plutellidae) and top-down effects of 
herbivore attack on plant compensatory ability. European 
Journal of Entomology. 2009; 106:583-594. 

4. Sanghera GS, Wani SH, Hussain W, Singh NB. 
Engineering cold stress tolerance in crop plants. Current 
Genomics. 2011; 14:30-43. 



 

~ 1146 ~ 

Journal of Entomology and Zoology Studies 
 

5. Pathak MR, Da Silva JA, Wani SH. Polyamines in 
response to abiotic stress tolerance through transgenic 
approaches. GM Crops & Food. 2014; 5:87-96. 

6. Mattson WR. Herbivory in relation to plant nitrogen. 
Annual Review of Ecology and Systematics. 1980; 
11:119-161. 

7. Koricheva J, Larsson S, Haukioja J. Insect performance 
on experimentally stressed woody plants: a meta-
analysis. Annual Review of Entomology. 1998; 43:195-
216. 

8. Daane KM, Williams LE. Manipulating vineyard 
irrigation amounts to reduce insect pest damage. 
Ecological Applications. 2003; 13:1650-1666. 

9. Scheirs, J, De Bruyn L. Plant-mediated effects of drought 
stress on host preference and performance of a grass 
miner. Oikos. 2005; 108:371-385. 

10. Holtzer TO, Archer TL, Norman JM. Host plant 
suitability in relation to water stress. In: Plant stress-
insect interactions (Ed. Heinrichs EA). John Wiley and 
Sons, New York, USA. 1998, 111-138. 

11. Oswald, CJ, Brewer MJ. Aphid-barley interactions 
mediated by water stress and barley resistance to Russian 
wheat aphid (Homoptera: Aphididae). Environmental 
Entomology. 1997; 26:591-602. 

12. Showler AT, Moran PJ. Effects of drought-stressed 
cotton, Gossypium hirsutum L., on beet armyworm, 
Spodoptera exigua (Hubner), oviposition, and larval 
feeding preferences and growth. Journal of Chemical 
Ecology. 2003; 29:1997-2011. 

13. White TCR. A hypothesis to explain outbreaks of looper 
caterpillars, with special reference to populations of 
Selidosema suavis in a plantation of Pinus radiata in 
New Zealand. Oecologia. 1974; 16:279-301. 

14. Wolfson JL. Oviposition response of Pieris rapae to 
environmentally induced variation in Brassica nigra. 
Entomologia Experimentalis et Applicata. 1980; 27:223-
232. 

15. Rubberson J. Environmental conditions and biological 
control of the beet armyworm. In: N.C. Council (ed.). 
Beltwide Cotton Conference, Memphis, TN. 1996, 116-
118. 

16. Slosser J. Irrigation timing for bollworm management in 
cotton. Journal of Economical Entomology. 1080; 
73:346-349. 

17. Badenes-Pérez F, Nault BA, Shelton AM. Manipulating 
the attractiveness and suitability of hosts for 
diamondback moth (Lepidoptera: Plutellidae). Journal of 
Economic Entomology. 2005; 98:836-844. 

18. Craig TP, Itami JK, Price PW. A strong relationship 
between oviposition preference and larval performance in 
a shoot-galling sawfly. Ecology. 1989; 70:1691-1699. 

19. Singer MC. Spatial and temporal patterns of checkerspot 
butterfly–host plant association: the diverse roles of 
oviposition preference. In: Butterflies: Ecology and 
evolution taking flight (Eds. Boggs CL, Watt WB, Erlich 
PR). University of Chicago Press, Chicago. 2003, 207-
228. 

20. Singer MC. Measurement correlates, and the importance 
of oviposition preference in the life of checkerspots. In: 
On the wings of checkerspots (Eds. Ehrlich PR, Hanski 
I). Oxford University Press, New York. 2004, 112-137. 

21. Price PW, Roininen H, Tahvanainen J. Why does the 
bud-galling sawfly, Euura mucronata, attack long 
shoots? Oecologia. 1987; 74:1-6. 

22. Price PW. The plant vigor hypothesis and herbivore 

attack. Oikos. 1991; 62:244-251. 
23. Silva R, Furlong MJ. Diamondback moth oviposition: 

effects of host plant and herbivory. Entomologia 
Experimentalis et Applicata. 2012; 143:218-230. 

24. Chew FS, Robbins PK. Egg-laying in butterflies. In: The 
biology of butterflies (Eds. Vane-Wright RJ, Ackery PR). 
Academic Press, New York, USA. 1984, 65-80. 

25. Thompson JN, Pellmyr O. Evolution of oviposition 
behavior and host preference in Lepidoptera. Annual 
Review of Entomology. 1991; 36:65-89. 

26. Freitas AVL, Oliveira PS. Ants as selective agents on 
herbivore biology: effect on the behavior of a non-
myrmecophilous butterfly. Journal of Animal Ecology. 
1996; 65:205-210. 

27. Textor S, Gershenzon J. Herbivore induction of the 
glucosinolates-myrosinase defense system: major trends, 
biochemical basis, and ecological significance. 
Phytochemistry Reviews. 2009; 8:149-170. 

28. Renwick JAA. Chemical ecology of oviposition in 
phytophagous insects. Experientia. 1989; 45:223-228. 

29. Schoonhoven LM, Van Loon JJM, Dicke M. Insect-plant 
Biology. Oxford University Press, New York. 2005. 

30. Gutbrodt B, Mody K, Dorn S. Drought changes plant 
chemistry and causes contrasting response in 
lepidopteran herbivores. Oikos. 2011; 120:1732-174. 

31. Furlong MJ, Wright DS, Dosdall LM. Diamondback 
moth ecology and management: problems, progress, and 
prospect. Annual Review of Entomology. 2013; 58:517-
541. 

32. Canola Council of Canada. What is Canola? 2016. 
http://www.canolacouncil.org/oil-and-meal/what-is-
canola/ 

33. SAS Institute Inc. SAS 9.3 User’s Guide. Cary, NC, 
USA. 2012. 

34. Reay-Jones FPF, Wison LT, Showler AT, Reagan TE, 
Way MO. Role of oviposition preference in an invasive 
crambid impacting two graminaceous host crops. 
Environmental Entomology. 2007; 36:938-951. 

35. Seagraves MP, Riedell WE, Lundgren JG. Oviposition 
preference for water-stressed plants in Orius insidiosus 
(Hemiptera: Anthocoridae). Journal of Insect Behavior. 
2011; 24:132-143. 

36. Grime JP, Campbell BD. Growth rates, habitat 
productivity, and plant strategy as predictors of stress 
response. In: Response of plants to multiple stresses (Eds. 
Mooney HA, Winner WE, Pell EJ). Academic Press Inc., 
USA. 1991, 143-157. 

37. Bonebrake TC, Boggs CL, McNally JM, Ranganathan J, 
Ehrlich PR. Oviposition behavior and offspring 
performance in herbivorous insects: consequences of 
climatic and habitat heterogeneity. Oikos. 2010; 119:927-
934. 

38. Reddy GVP, Tabone E, Smith MT. Mediation of host 
selection and oviposition behavior in the diamondback 
moth, Plutella xylostella and its predator, Chrysoperla 
carnea by chemical cues from cole crops. Biological 
Control. 2004; 29:270-277. 

39. Sarfraz M, Dosdall LM, Keddie BA. Evidence for 
behavioral resistance by the diamondback moth, Plutella 
xylostella (L.). Journal of Applied Entomology. 2005; 
129:340-341. 

40. Harcourt DG. Biology of the diamondback moth, Plutella 
maculipennis (Curt.) (Lepidoptera: Plutellidae), in 
Eastern Ontario. II. Life-history, behavior, and host 
relationship. Canadian Entomologist. 1957; 12:554-564. 



 

~ 1147 ~ 

Journal of Entomology and Zoology Studies 
 

41. Justus KA, Dosdall LM, Mitchell BK. Oviposition by 
Plutella xylostella (Lepidoptera: Plutellidae) and effects 
of phylloplane waxiness. Journal of Economic 
Entomology. 2000; 93:1152-1159. 

42. Andrahennadi R, Gillott C. Resistance of Brassica, 
especially B. juncea (L.) Czern, genotypes to the 
diamondback moth Plutella xylostella (L.). Crop 
Protection. 1998; 17:85-94. 

43. Marazzi C, Patrian B, Städler E. Secondary metabolites 
of the leaf surface affected by sulfur fertilization and 
perceived by the diamondback moth. Chemoecol. 2004; 
14:81-86. 

44. Badenes-Pérez F, Reichelt M, Gershenzon J, Heckel DC. 
Phylloplane location of glucosinolates in Barbarea spp. 
(Brassicaceae) and misleading assessment of host 
suitability by a specialist herbivore. New Phytologist. 
2011; 189:549-556. 

45. Mattson WJ, Haack RA. The role of drought in 
provoking outbreaks of phytophagous insects. In: Insect 
outbreaks (Eds. Barbosa P, Schultz JC). Academic Press, 
New York, USA. 1987, 365-407. 

46. Waring GL, Cobb NS. The impact of plant stress on 
herbivore population dynamics. In: Insect-plant 
interactions (Ed. Bernays EA). CRC Press, Boca Raton, 
Florida. 1992; 4:167-226. 

47. Jaenike J. Optimal oviposition behavior in phytophagous 
insects. Theoretical Population Biology. 1978; 14:350-
356. 


