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Abstract: The abundance of insect pests and natural enemies in two varieties of quinua, Chenopodium quinoa (Blanca
de Junin and Amarilla de Marangani) throughout the growing season in the Southern Peruvian Andes is described. The
quinua varieties differ, among other traits, in their content of saponins (secondary metabolites associated to plant
resistance) late in the season. Whereas Agromyzidae and Cicadellidae were abundant only in the early season, both
Chrysomelidae and Aphididae populations showed fluctuations. Likewise, Araneae and Braconidae showed fluctuating
numbers during the season. The abundance of Coccinellidae peaked at mid-season whereas that of Syrphidae was high
only in the late season. Although the overall abundance of insects was very similar in both varieties of quinua, there
were different patterns depending on the season. In the early season there was a tendency towards greater insect
numbers on Blanca, but in contrast, in the late season Amarilla (the high-saponin variety) had a higher load of insect
pests. This suggests that saponins do not play a major role in quinua resistance against insects. In the early season, no
significant relationship between pests and natural enemies held across quinua varieties. In the late season, Aphididae
and Coccinellidae were negatively and significantly correlated in both varieties. The temporal population dynamics of

Aphididae and both Coccinellidae and Braconidae resembled the traditional predator—prey dynamics.

1 Introduction

Quinua, Chenopodium quinoa Willd. (Chenopodia-
ceae), has been a staple crop in the Andean highlands
since 3000 BC (Taria et al., 1979). The exceptionally
high nutritional value of this formerly ‘forgotten’
crop of the Incas, which is largely superior to
traditional cereals (Taria et al., 1979; Cusack, 1984),
has promoted its cultivation in Europe and the US
(NationaL ResearcH Councii, 1989). The research on
quinua has mainly focused on nutrition (Gross et al.,
1989; BaLLon et al., 1990; RuaLes and Nair, 1993a),
grain processing, i.e. removal of saponin-bitterness
(RuaLes and Nair, 1993b, 1994; Cuaunan et al., 1999),
and breeding (Smvmons, 1971; Jacossen et al., 1996;
Ortiz et al.,, 1998). Less effort has been devoted,
however, to study the insect fauna associated with
the crop in the Andes (ZanaBria and Muiica, 1977;
SAncueEz and VErGara, 1991). This is of key import-
ance if it is considered that the process of expansion
of its cultivation will expose quinua to new commu-
nities of insect species. Quinua in the Andes is
currently attacked by several taxa of herbivorous
insects, both native and exotic. Occasionally, popu-
lations of some of them can reach levels of economic
importance and reduce the yields (SANcHEz and
VERGARA, 1991). On the other hand, the presence of
several natural enemies associated with the crop has
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been observed, including exotic and native species
(YABar, personal observation).

As the centre of origin of quinua, the Peruvian
Andes harbour approximately 2000 ecotypes (Tapia
et al., 1979), which exhibit a wide range of variation in
morphological, phenological, and physiological traits.
In this regard, breeding programmes have been
targeted towards a number of agronomic features,
with relatively successful results (Rist and GaLwey,
1984; Jonnson and Warp, 1993). However, there is still
a paucity of information on plant traits that could be
related to resistance against herbivorous insects.

In the present work, we report on the abundance
of insect pests and natural enemies in two varieties of
quinua (Blanca de Junin and Amarilla de Maran-
gani) throughout the growing season in the Southern
Peruvian Andes. The quinua varieties differ in their
content of saponins (low versus high, respectively)
(Cuabrapo et al., 1995). Previous work has shown
that saponins may play a role in plant resistance
against insects (GersHenzoN and Croteau, 1992).
Given that the difference in saponin content in these
quinua varieties becomes evident only late in the
season (approximately 82 days after planting:
MasterBROEK et al., 2000), part of the analysis of
insect abundance was split into early and late season
situations.
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2 Materials and methods
2.1 Description of quinua varieties

Blanca de Junin is a Valley ecotype, grown in Andean valleys
from 2000 to 3600 m, with a long growth period. It is tall
(2.2 m high, 1.6 cm diameter), branched, with triangular
leaves (7.5 cm long, 6 cm width) with serrated edges, a lax
seed-head (45 cm long), and whitish seed grains (2 mm long)
with a low saponin content.

Amarilla de Marangani is an Altiplano ecotype, typical of
the highlands close to Lake Titicaca (above 4000 m), with a
short growth period. It is small (1.05 m high, 1.7 cm
diameter), unbranched, with serrated leaves (6.4 cm long,
5.4 cm width), a compact seed-head (22 cm long), and
orange seeds (2.5 mm long) with a high saponin content.

2.2 Experimental procedure

The study was conducted in the Kayra experimental station of
the Universidad Nacional San Antonio Abad del Cusco,
located in the Southern Peruvian Andes at 3150 m. Both
quinoa varieties were sown in a randomized complete block
design with three plot/replicates of 10 m?. In each plot 10
plants were taken as the sampling unit. Evaluations started
60 days after sowing, and were then carried out 8, 15, 22 (four
observations = early season), 44, 51, 57, and 71 (four

observations = late season) days later. In each evaluation the
number of individual insects (both pests and natural enemies)
in each sampling unit was determined by visual observation.

2.3 Statistical analysis

The analyses were twofold. Firstly, it was evaluated whether
there were differences in the overall abundance of insect taxa
between quinua varieties. For this purpose, and to account
for the variation due to the season, a f-test for dependent
samples on mean values (n = 8 observations) was applied for
each insect taxon. In the cases where data did not meet the
assumptions of parametric tests, a Wilcoxon matched-pairs
test was used. Secondly, the particular dynamics of the
differences between varieties with time was addressed. Thus,
for each time of the season (early and late) and each insect
taxon, a multivariate repeated-measures analysis of variance
(aNova) was performed (independent variable = quinua vari-
ety; dependent variable = insect number; repeated measures
factor = time). The resulting four dependent variables
(time = evaluations) were grouped in two levels and the
significance of the multivariate F-value (Wilk’s lambda) was
tested. Special attention was given to the significance of the
variety—time interaction because this factor would indicate
the effect of a plant trait whose difference between varieties
changes with time, e.g. saponin content.
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Fig. 1. Population size of insect pests throughout the growing season of quinua varieties Amarilla de Marangani
(filled circles) and Blanca de Junin (empty circles) in Peruvian Andes. Each point represents the mean of three

observations (sampling unit =

10 plants). The first four points correspond to early season, and the last four to late

season, as analysed in the text. See Results for the species comprising each family of insects
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Fig. 2. Population size of natural enemies of insect pests throughout the growing season of quinua varieties Amarilla
de Marangani (filled circles) and Blanca de Junin (empty circles) in Peruvian Andes. Each point represents the
mean of three observations (sampling unit = 10 plants). The first four points correspond to early season, and the last
four to late season, as analysed in the text. See Results for the species comprising each family of insects

The significance of the correlations between the abundance
of different taxa of insects was determined by a Pearson
product-moment correlation analysis. This was carried out
for each variety and time of the season.

3 Results

Insect pests belonged to the following taxa: Col.,
Chrysomelidae (Diabrotica speciosa and D. sicuanica);
Dipt., Agromyzidae (Liriomyza huidobrensis and
Liriomyza sp.); Hom., Aphididae (Macrosiphum
euphorbiae and Myzus persicae); Hom., Cicadellidae
(Empoasca sp. and Bergallia sp.). Likewise, natural
enemies were grouped as follows: Hym., Braconidae
(Aphidius sp. and Lysiphlebus sp.); Dipt., Syrphidae;
Col., Coccinellidae (Hippodamia convergens and
Eriopis connexa); Araneae (Lycosidae and Salticidae).
Whereas Agromyzidae and Cicadellidae were abun-
dant only in the early season, both Chrysomelidae and
Aphididae populations showed fluctuations (fig. 1).
Likewise, Araneac and Braconidae showed fluctu-
ating numbers during the season. The abundance of
Coccinellidae peaked at mid-season whereas that of
Syrphidae was high only in the late season (fig. 2).

The overall abundance of insects was very similar in
both varieties of quinua. The only significant difference
was found for Cicadellidae, which were more abundant
in Blanca de Junin (Blanca) than in Amarilla de
Marangani (Amarilla) (table 1). However, when the
statistical analyses were carried out separately for the
early and late season, evaluating the change in insect
abundance with time, some differences between vari-
eties could be detected. Thus, the results of the
multivariate repeated-measures anova indicated that
in the early season the Agromyzidae population was
greater in Amarilla than in Blanca in a time-dependent
way (table 2). This was followed by a sudden decline of
the populations (fig. 1). In contrast, both Chrysome-
lidae and Syrphidae showed a time-dependent superi-
ority in Amarilla only during the late season (table 2).

The correlation matrices show that the relation
between the abundance of natural enemies and pests
changes with the season and with the quinua variety
(table 3). In the early season no significant relationship
between pests and natural enemies held in both quinua
varieties, whereas in the late season Aphididaec and
Coccinellidae were negatively and significantly corre-
lated in both varieties.
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4 Discussion

The insect fauna associated with quinua was similar to
that described in earlier reports. The difference with
previous work in the Andean region (ZaNaBria and
Muiica, 1977; SAncHez and VErGara, 1991) and other
regions of the world (Cransuaw et al., 1990; BARRIENTOS,
1994) was the absence of noctuid caterpillars (Lepi-
doptera) and plant bugs (Heteroptera). In general, the
cumulative abundance of insect pests was rather
similar in the quinua varieties studied. However, there
were different patterns depending on the season. Thus,
in the early season there was a tendency towards
greater insect numbers in Blanca. In contrast, in the
late season Amarilla had a higher load of insect pests.
Given that the pests were overall more abundant in the
early season, the former patterns can also be seen as a
steep (Blanca) versus a gradual (Amarilla) decrease in
insect population size with time.

Interestingly, the start of the herein-defined late
season was coincident with the onset of saponin

Table 1. Mean abundance (standard error’) of insect
taxa in quinua (Chenopodium quinoa) varieties Ama-
rilla de Marangani (Amarilla) and Blanca de Junin
(Blanca). n = 8 observations during the season. Values
shown are the number of insects found in 10 plants =
sampling unit

Amarilla Blanca P-value
Pests
Chrysomelidae 38.4 (2.4) 32.5(3.0) 0.166*
Aphididae 5.3(0.9) 4.7 (0.8) 0.484*
Cicadellidae 9.5 (3.7) 13.2 (5.2) 0.036"
Agromyzidae 0.7 (0.3) 0.3 (0.1) 0.068"*
Natural enemies
Braconidae 4.5 (0.7) 3.6 (0.8) 0.316*
Syrphidae 2.2 (0.8) 1.4 (0.7) 0.345%
Coccinellidae 4.3 (0.6) 5.1 (0.6) 0.083*
Araneae 2.3(0.3) 2.3(0.4) 0.999%*
! Given that the statistical tests were paired, the standard error
value reflects the variability of data with the season rather than
the degree of data dispersion.
* After a t-test for dependent samples.
# After a Wilcoxon matched-pairs test.

accumulation in quinua leaves (Cuabrapo et al.,
1995). However, since the high-saponin variety
(Amarilla) was the one with higher abundance of
insect pests in the late season, it is suggested that, at
least for these quinua varieties, saponins do not play a
major role in plant resistance against insects, as has
been described before (Gersuenzon and Croteau, 1992).
A further experimental approach is needed to verify or
negate this preliminary conclusion. If it is validated,
then breeding programmes aimed at the development
of quinua varieties with lesser levels of saponins/
bitterness (Warp, 2000) would not entail the risk of
developing varieties more susceptible to insect pests.
This kind of ‘dilemma’ has been addressed before, in
the case of potato glycoalkaloids (see Raman et al.,
1979). Of course, the quinua varieties studied do not
differ only in their saponin content. The differences in
branching, plant height, and growth rate could be
partially accounting for the observed patterns of insect
abundance. Despite being related to plant resistance
less directly than secondary chemistry (but see CoLEy
et al., 1985 for the relationship between growth rate
and herbivory) these plant characteristics deserve
further evaluation.

There were no significant negative correlations
among the abundance of insect pests. It is therefore
unlikely that interspecific competition affects the
patterns of abundance of these insect taxa (see Denno
et al., 1995 for a review on the topic). This is also
supported by the fact that insect populations were
rather low and consequently plants were not a
limiting resource. On the other hand, it is more likely
that pressure by natural enemies could have a
significant impact on pest populations. In this regard,
it was found that the sign and magnitude of the
relation between the abundance of natural enemies
and pests changed with the season and with the
quinua variety. Nevertheless, Aphididae and Coccin-
ellidae showed a consistent negative relationship in
the late season. Coccinellids are widely known as
predators of aphids (Hopek, 1973) and hence the
correlation could imply causality. Moreover, the
temporal population dynamics of Aphididae (two
peaks, at the beginning and end of the season) and

Table 2. Results of the multivariate repeated-measures ANovA for the abundance of pests and natural enemies in
quinua varieties Amarilla de Marangani and Blanca de Junin in early and late-season. Independent vari-
able = quinua variety (V); dependent variable = insect number, repeated measures factor = time (T). P-values
associated to values of Wilk’s lambda (d.f. = 2,3) are shown and those significant are in boldface. See text for

further details

Early season

Late-season

Agromyzidae'

Natural Enemies

Syrphidae
Coccinellidae

! Null abundance at late-season (see fig. 2).

Pests
Chrysomelidae V:0.838 T: 0.297 V' x T: 0.829 V:0.228 T: 0.757 V' x T: 0.032
Aphididae V:0.480 T: 0.390 V' x T: 0.309 V:0.754 T: 0.031 V' x T: 0.912
Cicadellidae V:0.123 T: 0.007 V' x T: 0.590 V:0.458 T: 0.461 V' x T: 0.609

V:0.556 T: 0.529 V' x T: 0.032 -

Braconidae V:0.173 T: 0.312 V' x T: 0.235
V:0.604 T: 0.239 V x T: 0.604
V:0.503 T: 0.401 V x T: 0.831
Araneae V:0.558 T: 0.954 V' x T: 0.098

V:0.147 T: 0.034 V' x T: 0.501
V:0.035 T: 0.024 V' x T: 0.009
V:0.836 T: 0.083 V' x T: 0.649
V:0.160 T: 0.738 V' x T: 0.909
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Table 3. Correlations among the abundance of pests and natural enemies in quinua varieties Amarilla de Marangani
and Blanca de Junin in early and late-season. Values shown are correlation coefficients r ( Pearson product—moment
correlations). Above the main diagonal: values for the variety Amarilla de Marangani. Below the main diagonal:

values for the variety Blanca de Junin

Early season
Cic Agr Aph Chr Bra Coc Syr Ara

Cic 1.00 0.05 0.22 -0.41 -0.61* 0.52 -0.15 -0.36
Agr 0.39 1.00 0.67* 0.18 0.42 0.53 0.08 0.12
Aph 0.22 0.85%** 1.00 0.03 0.22 0.23 —-0.06 0.12
Chr -0.24 0.01 -0.07 1.00 0.11 0.08 0.58* 0.13
Bra 0.05 0.17 —-0.13 0.31 1.00 0.79%* 0.17 0.07
Coc -0.57* —-0.31 -0.28 -0.07 -0.29 1.00 —-0.16 0.28
Syr -0.38 -0.04 -0.28 0.29 0.04 0.18 1.00 —-0.57*
Ara 0.47 0.87%%* 0.73%* 0.03 0.39 -0.37 -0.23 1.00

Late season

Cic Agr Aph Chr Bra Coc Syr Ara

Cic 1.00 - 0.23 -0.17 —-0.11 0.09 0.03 0.60*
Agr! - 1.00 - - - - - -
Aph -0.36 - 1.00 -0.01 -0.47 —0.58* 0.71%* 0.47
Chr -0.52 - 0.33 1.00 0.34 0.30 0.25 -0.34
Bra 0.58* - —0.64* -0.18 1.00 0.51 -0.41 -0.11
Coc —-0.08 - —0.72%%* -0.23 0.25 1.00 -0.23 -0.34
Syr -0.46 - 0.38 0.09 -0.17 -0.22 1.00 0.35
Ara -0.13 - -0.09 0.50 0.03 -0.05 —-0.38 1.00

Cic, Cicadellidae; Agr, Agromyzidae; Aph, Aphididae; Chr, Chrysomelidae; Bra, Braconidae; Coc, Coccinellidae; Syr, Syrphidae; Ara,

Araneae.

! Null abundance at late-season (see fig. 2).

*P <0.05, **P < 0.01, ***P < 0.001.

Coccinellidae (one peak, at the mid-season) resemble
the traditional predator—prey dynamics (HAsSELL,
1978). A similar pattern (one mid-season peak) was
found for Braconidae, which are also reported as
parasitoids of aphids (Mackauer and VoLkr, 1993).
Hence, it is suggested that natural enemies could
regulate Aphididae populations in these quinua vari-
eties. Again, an experimental approach is needed to
test this speculation.

The present study is a preliminary report on the
insect fauna associated with the quinua crop in
Southern Andes. It was found that the quinua shoots
are attacked by sapsuckers (Aphididae, Cicadellidae),
leaf miners (Agromyzidae) and chewing insects (Chry-
somelidae). No specialist pest species was found. On the
other hand, the pool of natural enemies was also rather
generalist. It is suggested that these insect species are
more relevant to the pest population dynamics than
the secondary chemistry (specifically saponins) of the
quinua plant. Both insect pests and natural enemies
showed distinct patterns of abundance with regard to
the quinua variety and the time of the season. The
latter encourages further research to uncover the main
factors that govern the seemingly complex dynamics of
the insect taxa studied. In addition, future work —
ideally encompassing more quinua varieties — should
address the relative importance of plant architecture
and phenology on the abundance of insect pests.

Acknowledgements

This work received support from Ministerio de Agricultura,
Peru, and from the International Science Programme at
Uppsala University, Sweden.

References

BaLLon, E.; SaLcepo, C. A.; Cuesta, A.; Montes, V., 1990:
Mineral content in grain, flour and bran of quinua
(Chenopodium quinoa) varieties. Revista del Instituto
Colombiano Agropecuario 19, 153-164.

Barrientos, A., 1994: A note on the insect population of
Chenopodium quinoa Willd. Cuban J. Agric. 28, 361-363.

Cuaunan, G. S.; Eskin, N. A. M.; MuLs, P. A., 1999: Effect of
saponin extraction on the nutritional quality of quinoa
(Chenopodium quinoa Willd.) proteins. J. Food Sci.
Technol. 36, 123-126.

CoLey, P. D.; Bryant, J. P.; CuariN, F. S., 1985: Resource
availability and plant anti-herbivore defense. Science 230,
895-899.

CransHaw, W. S.; KonpraTierr, B. C.; Qian, T., 1990: Insects
associated with quinoa, Chenopodium quinoa, in Color-
ado (USA). J. Kansas Entomol. Soc. 63, 195-199.

Cuaprapo, C.; Aver, G.; Bursano, C.; Muzquiz, M.; CAMACHO,
L.; Cavieres, E.; Lovon, M.; Osacie, A.; Price, K. R.,
1995: Occurrence of saponins and sapogenols in Andean
crops. J. Sci. Food Agric. 67, 169-172.

Cusack, D., 1984: Quinua: grain of the Incas. The Ecologist
14, 21-31.

Denno, R. F.; McCLurg, M. S.; Orr, J. R., 1995: Interspecific
interactions in phytophagous insects: competition reex-
amined and resurrected. Annu. Rev. Entomol. 40,
297-331.

GERSHENZON, J.; CroTEAU, R., 1992: Terpenoids. In: Herbiv-
ores: Their Interaction with Secondary Plant Metabolites,
Vol. I. Ed. by RosentraL, G. A.; BErensaum, M. R. San
Diego, CA, USA: Academic Press, 171-209.

Gross, R.; Kocn, F.; MALaca, 1.; MiranDA, A. F.; SCHOENEM-
BERG, H.; Truco, L. C., 1989: Stability chemical compo-
sition and protein quality of some local Andean food
sources. Food Chem. 34, 25-34.



280

E. Yabar, E. Gianoli and E. Echegaray

Hasser, M. P., 1978: The Dynamics of Arthropod Predator—
Prey Systems. Princeton, NJ, USA: Princeton University
Press.

Hopek, 1., 1973: Biology of Coccinellidae. Prague, Czech
Republic: Academia.

Jacossen, S. E.; Hur, J.; Srtoen, O., 1996: Stability of
quantitative traits in quinoa (Chenopodium quinoa).
Theoret. Appl. Genet. 93, 110-116.

Jounson, D. L.; Warp, S. M., 1993: Quinoa. In: New Crops.
Ed. by Janick, J.; Smvon, J. E. New York, USA: John
Wiley, 219-231.

Mackauer, M.; Voikr, W., 1993: Regulation of aphid
populations by aphidiid wasps: does parasitoid foraging
behaviour or hyperparasitism limit impact? Oecologia 94,
339-350.

MasterBroOEK, H. D.; LimBurg, H.; GiLies, T.; Marvin, H. J.
P., 2000: Occurrence of sapogenins in leaves and seeds of
quinoa (Chenopodium quinoa Willd). J. Sci. Food Agric.
80, 152-156.

NationaL Researca Councir, 1989: Lost Crops of the Incas:
Little Known Plants of the Andes with Promise
for Worldwide Cultivation. Washington, DC, USA:
National Academy Press.

Ortiz, R.; Ruiz-Tapia, E. N.; Munca-SAncHEZ, A., 1998:
Sampling strategy for a core collection of Peruvian
quinoa germplasm. Theoret. Appl. Genet. 96, 475-483.

Raman, K. V.; Tineey, W. M.; Grecory, P., 1979: Potato
glycoalkaloids: effects on survival and feeding behavior of
the potato leathopper. J. Econ. Entomol. 72, 337-341.

Risi, C. J.; Gatwey, N. W., 1984: The Chenopodium grains of
the Andes: Inca crops for modern agriculture. Adv. Appl.
Biol. 10, 145-216.

Ruatkes, J.; Nar, B. M., 1993a: Content of fat, vitamins and
minerals in quinoa (Chenopodium quinoa Willd) seeds.
Food Chem. 48, 131-136.

Ruates, J.; Nar, B. M., 1993b: Saponins, phytic acid, tannins
and protease inhibitors in quinoa (Chenopodium quinoa
Willd) seeds. Food Chem. 48, 137-143.

RuaLgs, J.; NaRr, B. M., 1994: Effect of processing on in vitro
digestibility of protein and starch in quinoa seeds. Int. J.
Food Sci. Technol. 29, 449-456.

SAncHEz, G.; VErGara, C., 1991: Plagas de los cultivos
andinos. Lima, Peru: Universidad Nacional Agraria La
Molina.

Simmons, N. W., 1971: The breeding system of Chenopodium
quinoa. 1. Male sterility. Heredity 27, 73-82.

Taria, M.; GaNDARILLAS, H.; ALANDIA, S.; CaRDOZO, A.; MUIICA,
A.; Ortiz, R.; Otazu, V.; REa, J.; SaLas, B.; ZanaBria, E.,
1979: La Quinua Y la Kaniwa: Cultivos Andinos.
Turrialba, Bolivia: IICA.

Warp, S. M., 2000: Response to selection for reduced grain
saponin content in quinoa (Chenopodium quinoa Willd.).
Field Crops Res. 68, 157-163.

ZanaBria, E.; Muica, S., 1977: Plagas de la quinua. In:
Curso de Quinua. Ed. by Fonpo Smén Borivar Puno,
Peri: Universidad Nacional Técnica del Altiplano,
129-142.

Author’s address: Ernesto Gianorn (corresponding author),
Departamento de Botanica, Universidad de Concepcion,
Casilla 160-C, Concepcion, Chile. E-mail: egianoli@udec.cl



