
The Jan and Jędrzej Śniadecki University of Technology and Agriculture,
Bydgoszcz, Poland

PRELIMINARY OBSERVATIONS ON QUINOA
(CHENOPODIUM QUINOA) HEALTH STATUS IN POLAND

D. Pańka, L. Lenc and K. Gęsiński

Key words: Chenopodium quinoa, quinoa, diseases, Peronospora farinosa, downy mil-
dew

Quinoa is an ancient crop of the Andean region. Nowadays, there is increasing
interest in the crop worldwide because quinoa is recognized as a valuable, high
quality product for human consumption. It is higher in the content of exogenous
amino acids, especially isoleucine, leucine and lysine, than cereals. It also contains
more Ca, P, Mg, K, Fe, Cu, Mn, and Zn than wheat, barley or corn and some vita-
mins as well as carotenoids. Other characteristics are saponins in the seed hull and
lack of gluten. Moreover, quinoa is a very good animal feed and a component in the
crop rotation where cereals prevail (Carlsson 1989, Grochowski 1998, Jahnson and
Ward 1993, Nalborczyk 1996, Podbielkowski 1992, Risi and Galwey 1989). All
those advantages result in quinoa getting more and more commonly cultivated in
many countries of the world. Also in Poland research has been conducted into the
potential of launching quinoa cultivation (Gęsiński 2000, Gęsiński and Kwiatkow-
ska 1999 a, b).

Quinoa is frequently attacked by numerous pathogens. Diseases such as downy
mildew (Peronospora farinosa f.sp. chenopodii Fr. (Fr.)), damping-off (Sclerotium rolfsii
Sacc.), leaf spot (Ascochyta hyalospora (Cooke & Ellis) Boerema et al.), stalk rot
(Phoma exigua Desm. var. foveata (Foister) Boerema, Phoma spp.), grey mould (Bo-
trytis cinerea Pers.) and bacterial blight (Pseudomonas sp.), often causes considerable
yield losses in South and North Americas and in Europe (Mujica 1997, Oelke et al.
1992).

The aim of the investigation was to define the susceptibility of selected quinoa
cultivars and lines to infection with pathogens in Poland conditions.

The research was conducted in Chrząstowo Experimental Station for Evalua-
tion of Cultivars, in the vicinity of Bydgoszcz. The experiment was set up in 1999
as a single-factor randomized split-plot method in four replications and investi-
gated the applicability of 24 quinoa cultivars and lines originated from different
countries of the world, to cultivation in Poland (Table 1). This investigation was
part of the international research project financed by FAO and CIP. Apart from
functional characteristics, also quinoa health status was evaluated. Nitrogen fertil-
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ization level was fixed at 60 kg/ha. Soil richness in phosphorus and potassium re-
mained medium.

The observations were realized in 1999. Peronospora farinosa was the only patho-
gen whose intensity was high and as such the microorganism was examined in de-
tail. No other pathogens were observed or their intensity was very low.

Plants with disease symptoms were sampled and microscope-analysed. When-
ever no sporulation was recorded, the plant fragments were put into humid cham-
bers and onto Petri dishes with PDA medium after disinfection.

The estimation of plant infection degree with P. farinosa was defined with a
four-degree scale (0°–3°) in which: 0° stands for no disease symptoms, 1° up to
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Table 1
Infection of 24 quinoa cultivars and lines with Peronospora farinosa (II)

No Cultivar, line Origin Infection index (%)

1 ‘Baer-II-U’ Concepción Chile 12.5 a

2 CICA-17 – Cusco Peru 15.0 a

3 ECU-420 – INIAP Equador 15.8 a

4 03-21-079BB – UNA-Puno Peru 15.8 a

5 03-21-072RM – UNA-Puno Peru 16.7 ab

6 ‘Narińo’ – INIA-Pasto Colombia 17.5 ab

7 ‘Ingapirca’ – INIAP Equador 18.3 ab

8 RU-S-PQCIP – DANIDA-UNA England 18.3 ab

9 CICA-127 – CUSCO Peru 19.2 ab

10 ‘Huariponcho’ – CRIDER-Puno Peru 19.2 ab

11 NL-6-PQCIP – DANIDA-UNA Netherland 20.0 ab

12 ‘Salcedo’ – INIA-Puno Peru 22.5 ab

13 E-DK-4-PQCIP – DANIDA-UNA Denmark 26.7 abc

14 G-205-95-PQCIP – DANIDA-UNA Denmark 27.5 abc

15 RU-2-PQCIP – DANIDA-UNA England 28.3 abcd

16 ‘Kancolla’ – UNA Peru 28.3 abcd

17 02 – Embrapa Brazil 32.5 bcd

18 ‘Ratuqui’ – IBTA Bolivia 40.0 cde

19 ‘Illpa’ – INIA-Puno Peru 40.8 cde

20 ‘Kamiri’ – IBTA Bolivia 44.2 de

21 ‘Jujuy’ – UNA Argentina 55.0 ef

22 ‘Saya a’ – IBTA Bolivia 62.5 fg

23 ‘Canchones’ – UAP-Iquique Chile 71.7 gh

24 ‘Real’ – IBTA Bolivia 80.0 h

Mean 31.2

Mean values followed by the same letter were not significantly different at = 0.05, according to
Tukey’s test.



25% of leaf area with infection symptoms, 2° up to 50% of leaf area with infection
symptoms, 3° up to over 50% of leaf area with infection symptoms.

25 plants for each replication were randomly sampled and a total of 100 leaves
were analyzed (four leaves per plant). The evaluation coincided with seed matur-
ing. The infection degrees defined were converted into infection index values (II)
for each combination, following the Townsend and Heuberger formula (Wenzel
1948). The results obtained were statistically analyzed with variance analysis with
STATISTICA software. Mean values were verified with Tukey’s test.

There was recorded a significant variability in the infection of 24 quinoa
cultivars and lines with P. farinosa (Table 1). The lowest infection symptoms at a
similar level were recorded in 16 cultivars and lines, ranging from II = 12.5%
(‘Baer-II-U’) to II = 28.3% (‘Kancolla’). The strongest infection was recorded in
‘Real’ (II = 80.0%) and ‘Canchones’ (II = 71.7%) creating a homogenous group.
At the level over II = 50% there were two more cultivars which were infected:
‘Saya a’ (II = 62.5%) and ‘Jujuy’ (II = 55.0%). Infected plants showed typical
downy mildew symptoms: chlorotic lesions on the upper leaf area and grayish
sporulation of the microorganism on the lower leaf area (Phot. 1). Occasionally the
sporulation was also observed on the upper leaf blades. Microscopic analysis
showed the presence of dichotomously branched conidiophores producing ellip-
soidal conidia and numerous oospores (Phot. 2).

A varied susceptibility of quinoa to infection with P. farinosa is very high. Re-
search reported by Danielsen et al. (2000) show that the AUDPC (Area Under the
Disease Progress Curve) of infection index for eight cultivars studied ranged from
852 to 4636, which resulted in a decrease in the seed yield from 33 to 99%. One
shall stress that even with low values of AUDPC, yield losses were considerably
high, which indicates a potentially high harmfulness of P. farinosa. The obtained re-
sults confirm a high variability in susceptibility of quinoa cultivars. The infection
index ranged from 12.5 to 80%. However 16 out of 24 cultivars studied showed a
low insignificant infection. The group included all the European cultivars and
lines, which shows their relatively high resistance to infection with P. farinosa. The
cultivars that originated from the Andean region, however, appeared most suscep-
tible to infection. It should be stressed that white goose-foot growing as a weed in
an immediate neighbourhood of experimental plots was in most cases 100% in-
fected, showing top of the scale infection.

There were recorded chlorotic spots without symptoms of pathogen occur-
rence, especially in the following lines: RU-S-PQCIP, RU-2-PQCIP, NL-6-PQCIP,
E-DK-4-PQCIP and G-205-95-PQCIP. Plants with these symptoms were placed in
the 20°C chamber where humidity was close to 100%. Leaf fragments were placed
onto Petri dishes with PDA medium. Neither mycelium growth nor sporulation
was observed.

The presence of chlorotic spots on leaves of some lines, with no sporulation or
mycelium can point to viral infections. Quinoa is easily attacked by numerous vi-
ruses, which occur on many plants, especially sugar beet and spinach (Oelke et al.
1992). It is commonly used as an indicator plant to identify viruses (Lane 2001).
Such spots can also display a defensive reaction to pathogen attack, which is highly
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Phot. 1. Symptoms of downy mildew on quinoa leaves: A – chlorotic lesions on the upper leaf area,
B – grayish sporulation of the fungus on the lower leaf area (photo by D. Pańka)

Phot. 2. Peronospora farinosa: A – dichotomously branched conidiophores, B – oospores
(photo by D. Pańka)



probable as they occurred only on European lines representing the most resistant
group.

Other diseases were observed sporadically, which rather shows their inconsid-
erable importance in quinoa cultivation in Poland conditions. The reason could be
a low range of precipitation over vegetation period. Such conditions were unfa-
vourable for development of pathogens.

Downy mildew of quinoa seems to be a smaller problem in Europe than in the
Andean region due to a higher resistance of European cultivars. Reports by
Danielsen (2001) and Danielsen et al. (2002) on population of P. farinosa show,
however, that it can pose a considerable threat in the plant production on a large
scale.
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