RGR as a tool to evaluate the relative performance of a plant-herbivore
system as affected by temperature
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INTRODUCTION MATERIALS AND METHODS (cont CONCLUSIONS

The different species that form an ecosystem are susceptible to the

In our case, to obtain the RGR of the plant, we took the dry weight of 5 plants of the same cohort of the experimental plants as well as the dry weight of the

changes in the temperature around them, since it is the abiotic factor with N "
mostg influence inptheir biology, phenology and metabolism, causing experimental plants at the end of the experiment. To obtain the RGR of the aphid, we froze and weighted aphids of larval stage 1 as well as adults. For both 1. Hypothesis 1 (performance of the host plant):
cascading effects that might affect the stability of the community plants and aphids, the experimental time, was the time it took the aphid to become adult. After obtaining the RGR for each organism, we obtained the ration of V' The growth of different host plants is differently affected by temperature. Potatoes’

the aphid’s RGR/ host plant’s RGR. The experimental design was split plot with random blocking with 3 repetitions in time. The data was analyzed using Proc rate of growth twice as fast as bell peppers over the same range of temperatures.

(Campobell et al. 1974, Hance et al 2007, Roy 2002, Schoonhoven et al.
Mixed Models of SAS (SAS Institute, 2009)

2005).

2. is 2 iation host pl iotype):

We are particularly interested in evaluating the relative performance of
the organisms that form a food-web, as affected by temperature, as this R ES U LT A N D D I SC SS I O The RGR o‘fthvev potato, was affected by the host plant * biotype association, whereas it
will allow us to understand and foresee the effects of climate change in a was NOT significant for the bell peppers varieties.

N

given QEEED, T,h's haslprovenjiojbeldifficult Bl therelis 2 fackfct v The aphid’s RGR is affected by the type of host-plants and biotypes of the aphid.
‘common-currency’ for the performance of the different organisms of a 035
food-web (i.e. plants and insects). 03 The RGR change with temperature of the potato was linear at the 3. Hypothesis 3 (aphid/plant ratio):
i . o _ experimental temperatures (Figure 1). However, the literature shows that v Rising ¢ " hould d nid perf Jative to its host plant
We prop0§e the use n( the rate oflblomass accumul?non, which is a 3025 the optimal temperature for the growth of the potato is 21 °C) and that the p::;‘iri;";:r:‘asu‘ﬁ.‘lz if:hwlz‘;:fn?s\:chp:f;e"c';";::‘;it::b:ie:s'v;ez‘ss GLETGSET
shared-trait of all organisms, as t'he. ‘common-currency’ to evaluate t.he T 02 growth is limited below 7 °C and above 30 °C (Tomasiewicz et al 2003, ]
performance of the food-web. This is possible by obtaining the Relative £ ' 2010). Experi fon at higher res (above 28 °C)
Growth Rate (RGR) (i.e. relative increase of the biomass accumulation in a 5 0,15 might allow us to determine the maximum temperature for growth for this
period of time), for each of the organisms of the plant-herbivore system g o1 particular s
2 ystem.
and then using the ratios of their RGR’s to compare the relative R E F E R E N C ES
performance of the herbivore in relation to that of the plant. Lamb (2008) 005 For the potato-aphid system, the temperature, biotype and
used a similar approach to measure the efficiency of biomass conversion o biotype*infestation were highly significant (p=0.0001). In general, we can TG FEET . hor
between trophic levels. 8 12 16 . 20 24 28 N o i B Barlow, C. A. . "Influence of on growth of
Temperature {'C) ::‘r’n:'::a:tf:m ofithelpotatolplantincreaseso% forjeachiiOiClincreaselin populations of Myzus persicae (Sulzer) and Macrosiphum euphorbiae (Thomas)
Thus, the objective is to evaluate the relative performance of players in a T PotatoSTACI0 e Potato:STACA0. T Potato CAONTI0 = Potato-CAONT-40 = Potato-SMIAC-10 : (Ap*g:idai).‘l’lczna:i;n JFOurnaI of Zloolt;g7y440”(T2): 145-&. ] ’
plant-herbivore system, formed by one variety of potato (Solanum = Potato-SMQC-40 = Potato-Witness ——Crosby. ——Fascinato aphidsr::d :h;ir-‘;a;as;te?f:ut:l-o(f . I)i.e 4 :;';T:fat\;;izf)ej\;llf:mazﬂfs of some
- s N i pp! gy B 3
tuberosum), and two varieties of bell pepper (Capsicum annum), with e . )
P — t) e ¢ ‘ph (L t(t 2 hid M ). o Figure 1. RGR of the potato (at 3 levels of infestation) and the bell peppers, at six Francis, F, F. Guillonneau, et al. (2010). "Tritrophic interactions among
ree host plant-related biotypes of the potato aphid Macrosiphum constant temperatures. Macrosiphum  euphorbiae aphids, their host plants and endosymbionts:
euphorbiae at six constant temperatures (8, 12, 16, 20, 24, 28°C). igation by a ic approach.” Journal of Insect Physiology 56(6):
035 575-585.
In the case of the bell peppers (Figure 1), the response of the RGR to 03 Hance, T, J. van Baaren, et al. (2007). "Impact of extreme temperatures on
HY POTH ES ES temperature was also linear, which concurs with the existing literature < 025 parasitoids in a climate change Annual Review of 2
that shows that the optimal growth of the bell pepper is between 24 :: i (@ :‘07'%‘25‘ D., 1. F. Ledent, et al. (2010). "Effects of rice st 1ch and
qQ " v qQ > o2 larahagazwe, D., J. F. Ledent, et al. . "Effects of rice straw mulch an
1. The relative performance of the host plants (measured as RGR) will be and3opCandiitstantshowing Signslofldamageareund|s25G, : planting density on potato growth and performance in lowlands of Burundi "
differently affected by temperature. . 2 015 Experimental Agriculture 46(04): 501-518.
When analyzing the RGR for the bell pepper, only the temperature £ o Hunt, R. (1982). Plant growth curves : the functional approach to plant
ignifi = 9 d N
2. The RGR of the plant and the aphid will be affected by the association and ‘h_e host plant were significant (p<o.0001_ and p=0.0079, e growth analysis. London, Edward Arnold Ltd.
host plant*biotype. respectively). The fact that the presence of the aphids (up to 40 per 005 Lamb, R. J. and L. Grenkow (2008). "Efficiency of a herbivore-plant
plant) was not significant, strongly suggest that the varieties show o interaction: conversion of biomass from flax (Linaceae) to aphid, Macrosiphum
3. The aphid’s performance relative to that of the plant will vary some degree of tolerance to tha.t l.iegree of |nf§stanon of the aphl:ﬁ s 1 16 2 o 2 eupl‘u’orb/zlve(He‘r,nup;erap /prhldldae)l Calr;a;ganVFPr:tomologlsthMo(z) 600- sdoz )
depending on the temperature and the host plant (ratio #1:1) The RGR of both bell pepper varieties increases in 4.2% for each 10°C Temporaturs (€) enaloza, P., B. Palma, et al. ( ) ant growtl and repro Ve
8 increase in the temperature, almost half the rate of growth of the —StoPolato ==-CaontPotato = - Smac-Potato  ——Stao-Fascinato ==+Caont-Fascinato develépment of Capsicum annuum L" Phyton-International Journal of
potato. s rosh . Experimental Botany 59(1-2): 187-195.
mac 'ac-Crosby " Roy, M., J. Brodeur, et al. (2002). "Relationship between temperature and
developmental rate of Stethorus il Coleoptera : Coccinelli and its
Figure 2. RGR of three biotypes of the potato aphid M. euphorbiae raised three ey pmm"ychus ) (Rt ,( Te":nychi dae)”  Environmental
M AT E R I A A N M ET H O 8 different host-plants: one otato or two varieties of bell pepper at six constant : © SRS
temperatures. Entomology 31(1): 177-187.
. SAS-Institute-Inc. (2009). SAS. Cary, NC, SAS Institute Inc.
. . . , LML, ) LA 3 b b -pl iology,
The plant-herbivore system is formed by: one variety of potato (Solanum Oxfnsrcdhl‘}::\‘/r:::i:;‘;es:n J. . A. van Loon, et al. (2005). Insect-plant biolo
tuberosum var. “Norland”) and two varieties of greenhouse bell pepper 6 Tomasiewicz, D., M Harland, et al. (2003). Commercial Potato Production -
(Capsicum annum var. ‘Crosby’® and ‘Fascinato’®). The variety ‘Fascinato is The aphid’s RGR response to temperature is also linear (Fig. 2) . The RGR of the Irrigation. Guide to Commercial Potato Production on the Canadian Prairies. W. P.
olerant to high temperatures, whereas ‘Crosby’® is a variety adapted to more 5 aphid increases 10.8% for each increase of 10°C. The literature shows that the Council. Manitoba, Ca, Manitoba Agriculture, Food and Rural Initiatives: 107.
temperate climate. This will allow us to evaluate the response of different host ° mortality of the potato aphid, highly increases around 30 °C (Barlow, 1962) So,
plants to the temperature and the presence/absence of the herbivore. The E 4 we expect, that the growth rate reaches a maximum around 30°C. For the
herbivore is represented by three biotypes (“STQC”, “SMQC” and “ CAONT” ) of aphids, the effect of the temperature, host plant and biotype*host plant were
the potato aphid (Macrosiphum euphorbiae). All the colonies are kept at 16D: 3 significant (p= 0.007, 0.036 and 0.04, respectively). Francis et al (2010)
8N, 20°C and 65% RH. determined that the capability to infest a plant depends on the variety of the
2 host plant and the biotype of the aphid, and that the particular endo symbionts
We used 3 different levels of herbivore infestation ( 0, 10 and 40 aphids) for \ present on each biotype of aphid seemed to actively play a role on the We would like to thank to: J.F. Guay, S. Boudreault, A. Auger, Y. Gobeil, E.
each combination of host plant * biotype at for each temperature : 8, 12, 16, adaptation to the host-plant. Lemaire , E. Morin , J. Bérubé and the staff of the CRH for all the technical help
20, 24, 28°C (Conviron Ltd). Plants were used when they reached 4 to 5 true 0 and D. Talbot for the statistical guidance.
leaves. Since the RGR measures the growth of an organism in a period of time, s s 6 2 2 2% The ratio of aphid RGR/plant RGR shows, that on both bell pepper varieties, We highly appreciate the contribution of Syngenta Seeds, Inc and Rijk Zwaan
to calculate it, it is necessary to obtain the weight of the organism at two Temperature (C) aphids perform 7 times better, however, as the temperature increases, the Seeds_&Services, . . .
different times. Then we can use the formula suggested by Hunt (1982): . ) ., . aphid’s relative performance decreases to about 1:1 at 28°C. In contrast, the This research was possible thanks to the contribution of the following
~=bell pepper var. ‘Crosby" ==bell pepper var. 'Fascinato' L ) agencies:
~—potato var. ‘Noriand' aphld.s relative performance equals that of the potato across the Projet CRSNG-Stratégique fomen
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2- 1) Figure 3.. Aphid RGR/ Plant RGR ratio. P Programmes de bourses d'excellence pour
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RGR= In(weigth at time 2) - In (weight at time 1)



