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In Poland, the first attempts to introduce amaranth into farming begun in the
1980th. Currently, it is cultivated on the area approximating 100 ha, mainly in
south-eastern regions of the country. So far, in Poland there was little scientific re-
search on amaranth. Few authors described the cultivable form – Amaranthus
cruentus only. They studied its morphology and physiology, chemical composition
of seeds, cultivation and crop methods as well as prospects for utilization in food
industry (Nalborczyk 1995). Pests specific of the species are identified to a small
extent (Jackowski et al. 2002). Health status of the cultivable form of amaranth
species was not monitored. The only examinations were carried out for A. retro-
flexus (Pusz 2005) and for less popular cultivable form – A. hybridus (Korbas 2006).

The study was aimed at determination of stem health status of both the cultiva-
ble form of amaranthus (A. cruentus) and the wild form (A. retroflexus), growing as
weed in fields of A. cruentus.

In 2003–2005 two plantations of A. cruentus were investigated: in Pawłowice
near Wrocław and in Łosiów near Brzeg. The object of examination was also A.
retroflexus, a wild plant growing in the cultivated fields of A. cruentus both in
Pawłowice and in Łosiów. Amaranthus retroflexus occurred every year on the whole
cultivated area of amaranth in both locations.

Examination of A. cruentus and A. retroflexus health status (in the phase of green
ripeness of seeds) revealed brown (Phot. 1 b) spots on lower stem parts. Stem
health status was assessed on 50 plants, randomly collected along the field diago-
nal. Intensity of disease symptoms was evaluated basing on an original six-degree
scale, and then disease indices for stems were calculated. The six-degree scale of
disease symptom intensity was following:

0 – healthy plants,
1 – spots on 1–10% of the stem surface area,
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2 – spots on 11–25% of the stem surface area,
3 – spots on 26–50% of the stem surface area,
4 – spots on 51–75% of the stem surface area,
5 – spots on 76–100% of the stem surface area.
Basing on results of such evaluation, the stem disease index was calculated, ac-

cording to the formula:
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Phot. 1. Symptoms of amaranth stem disease: a – small dark brown spots in June,
b – aggregated spots in September/October, c – empty inside stems,

d – cracking stems (photo by W. Pusz)



Wp = � (P · W) / n

where:
� (P · W) – a sum of the product of the number of plants in each score category

(P) and the score value (W),
n – the number of plants assessed.
The results were statistically elaborated basing on one-way analysis of variance.
The stems with symptoms were collected for mycological analysis at the end of

the vegetation season, in the phase of green ripeness of seeds (40 plants of A.
cruentus and 40 plants of A. retroflexus from Pawłowice and the same number of
stems from Łosiów). The disease symptoms were most distinct at the bottom
of the stems. From those stem parts 7-cm-long sections were taken for isolation of
fungi. One half of sections was rinsed in sterile water, and the other half was disin-
fected with 1% sodium hypochlorite for 1 min and then dried with sterile filter pa-
per. From the stem sections 0.5-cm-long inocula were taken and put (six per Petri
dish) onto PDA medium, formerly acidified with citric acid (3 ml per 250 ml of me-
dium), to inhibit the growth of bacteria. Colonies of fungi growing out of the
inocula were identified.

In the first year of cultivation of A. cruentus, in both localities, there were no dis-
ease symptoms on the stems. The first small dark brown spots in lower stem parts
(Phot. 1 a) were found in the beginning of June, in the second year of cultivation. In
the course of vegetation, up to September/October, the spots increased in area and
aggregated (Phot. 1 b). The affected stems were empty inside and cracked (Phot. 1
c and d), as described earlier by Rosskopf et al. (2000), making harvesting difficult.

Plants of amaranth cultivated in Pawłowice were more affected by the disease,
as compared to those in Łosiów (Tables 1 and 2). In Pawłowice the percentage of
infected plants was high and reached 94% in 2004, and 80% in 2005. In Łosiów the
percentage was constant and approached 66%. Symptoms of severe stem infesta-
tion by Phomopsis amaranthicola were also noticed on the wild form (A. retroflexus),
which weeded fields of the cultivated form. In Pawłowice 98% of wild Amaranthus
was infected in 2004, and 89% in 2005, and in Łosiów – 71% and 68%, respec-
tively. Moreover, in Pawłowice the plants (A. retroflexus) were more severely in-
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Table 1
Disease indices of Amaranthus cruentus stems damaged by pathogenic fungi (0–5°)

Place
Years

Mean
2003 2004 2005

Pawłowice 0.00 3.55 2.73 2.09

Łosiów 0.00 1.24 1.30 0.13

LSD0.05 for Pawłowice 0.22 –

LSD0.05 for Łosiów 0.25 –

LSD0.05 for the both places 0.00 0.51 0.33 0.15



fected, as compared to those in Łosiów. In 2004 mainly the wild form suffered from
stem disease, in both locations.

In 2004–2005, from the diseased stems of A. cruentus and A. retroflexus 10 spe-
cies of fungi were isolated in total (Fig. 1). The prevailing species, irrespective of
locality, was P. amaranthicola, the share of which approached 53% of all isolates ob-
tained. In both study years the species was more often found in Pawłowice than in
Łosiów. Among other species, numerous isolates of Alternaria alternata and Fusa-
rium spp. (F. avenaceum, F. culmorum and F. oxysporum) were found. The least amount
of the fungi was found in stems, in which P. amaranthicola predominated.
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Table 2
Disease indices of Amaranthus retroflexus stems damaged by pathogenic fungi (0–5°)

Place
Years

Mean
2003 2004 2005

Pawłowice 0.00 3.63 2.84 2.16

Łosiów 0.00 1.35 1.31 0.89

LSD0.05 for Pawłowice 0.15 –

LSD0.05 for Łosiów 0.20 –

LSD0.05 for the both places 0.00 0.36 0.29 0.10

Fig. 1. Percentage of the most common fungi, isolated from infected stems of Amaranthus spp.



The fact that Amaranthus plants cultivated in Pawłowice were more affected by
the disease, than those in Łosiów, may have resulted from proper farming and crop
rotation in Łosiów. Amaranthus was sown there after several cereal crops and, ac-
cording to Roszewski (1994), introducing Amaranthus into crop rotation with con-
siderable share of cereals results in good health status of subsequent crops.

The results of the study confirm the thesis, that similarly to other species, culti-
vation of Amaranthus in the same place for several years exposes the plants to se-
vere attacks of pathogens (Kurowski 2002). In the first year of the experiment, no
disease of stems occurred, whereas in the second and third year of cultivation
(monoculture) considerable amounts of plants suffered from the described stem
disease (Pawłowice – 94% and 80%, Łosiów – 67% and 65%, respectively). In
Pawłowice where stems were more infected than in Łosiów, specific location of
fields and the presence of field coppices increased air humidity in the field. Such
conditions might have promoted propagation of the stem disease. On the other
hand, in Łosiów the field was located in the hill, in open area, providing good venti-
lation and reduced air humidity.

The most common fungus species, irrespective of location, was P. amaranthicola.
Abundantly occurring A. alternata and Fusarium (F. avenaceum, F. culmorum and F.
oxysporum) were also isolated from diseased stems of Amaranthus by Rosskopf et al.
(2000) and Wyss and Charudattan (2000).
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