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Abstract. Amaranth is not only of high dietetic (seeds and leaves), but also pro-health, 
ecological, agricultural, and ornamental quality. The aim of present research was to ana-
lyze the influence of cultivar, plant spacing, and diverse NPK fertilization on yielding and 
Cu, Zn, Fe, and Mn contents in seeds, leaves, and stems of amaranth (Amaranthus cruen-
tus L.). The paper was based on three-year field experiment established by means of ran-
domized sub-blocks (split-plot) in three replicates and included three variable factors: 
plant cultivar, spacing (two levels each), and NPK fertilization (four levels). Achieved re-
sults indicated that applied experimental factors contributed to a substantial differentiation 
of Amaranthus cruentus yields. Amaranth reacted with a significant increase of yields due 
to NPK fertilization. The highest yields were produced when fertilizing was applied at the 
rate of 90 kg N·ha-1, 60 kg P·ha-1 and 60 kg K·ha-1. Use of the highest NPK fertilization 
(130 kg N·ha-1, 70 kg P·ha-1, 70 kg K·ha-1) was associated with the decrease of the test 
plant yielding, regardless of the cultivar or plant spacing. In most cases, the experimental 
factors exerted significant influence on the contents of analyzed microelements in leaves 
and seeds of amaranth plants. Analysis of partial eta-squared coefficients indicated that 
the plant cultivar explained the amaranth’s yielding variability to the highest degree, 
while NPK fertilization – copper, zinc, and iron levels in leaves, and copper and manga-
nese in seeds. Manganese in leaves and zinc in seeds was the best explained by the culti-
var of the test plant. 
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INTRODUCTION 

The genus Amaranthus includes about 60 herbal plant species that, depending on 
their application, can be divided into 4 groups: vegetable, ornamental, weed, and seed 
amaranth [Grajeta 1997]. Vegetable forms of amaranth are represented among others 
by: Amaranthus dubius, Amaranthus lividus and Amaranthus tricolor [Stallknecht and 
Schulz-Schaeffer 1993]. Species such as Amaranthus gengeticum, Amaranthus hybidus, 
Amaranthus tricolor are used as vegetables in India, China, Korea, and Philippines 
[Stallknecht and Schulz-Schaeffer 1993]. They grow there in a wild and are important 
source of young leaves consumed as raw. At present, amaranth is a worldwide valued 
and valuable leafy vegetable. Young leaves of amaranth can be prepared in a form of 
salad, or boiled in water, or even steamed. Young leaves and stems are the most tasty 
and the most healthy. Amaranth is readily included in an everyday diet by vegetarians. 
Its leaves are characterized by very high nutritional value [Makus and Davis 1984, 
Willis et al. 1984, Teutonico and Knorr 1985, Bailey 1992, Abu Ziada et al. 2008]. 
They contain from 17.4 to 38.0% d.m. of proteins, that are distinguished by beneficial 
quantity of exogenous amino acids with large proportion of lysine and small concentra-
tions of sulfur amino acids. At various amaranth species, the amount of fats in fresh 
weight of leaves can amount from 1 to 10% d.m., while the percentage of crude fiber 
reaches from 5.4 to 24.6% d.m. [Grajeta 1997]. The most important mineral compo-
nents present in amaranth leaves are following: calcium, potassium, magnesium, and 
iron [Gontarczyk 1996, Grajeta 1997]. 

It is often emphasized that amaranth is particularly valuable vegetable in summer, 
when leafy vegetables are deficient [Makus and Davis 1984, Singh and Whitehead 
1993, 1996]. The seed amaranth belongs to the most important and most valuable group 
referring to applications in human diet. Most often, such species as Amaranthus hypo-
chondriacus, Amaranthus cruentus, Amaranthus caudatus and Amaranthus edulis are 
grown for seeds. In Poland only two cultivars of Amaranthus cruentus are cultivated for 
seeds – Rawa and Aztek. Numerous studies revealed that it is valuable and useful plant 
with very wide scope of applications. The chemical composition of amaranth seeds 
predisposes it to wide applications in human diet, because its seeds are abundant not 
only in proteins and high-quality fat, but also minerals [Sounders and Becker 1983, 
Grajeta 1997, Januszewska-Jóźwiak and Synowiecki 2008, Skwaryło-Bednarz and 
Brodowska 2009]. Contents of phosphorus, calcium, potassium, magnesium, and iron 
are much higher than in other cereals [Bejosano and Corke 1998, Bobrzecka et al. 2000, 
Tosi et al. 2001, Shukla et al. 2006, Olaniyi et al. 2008, Piecyk et al. 2009, Repo-
Carrasco-Valencia et al. 2009]. 

Poor popularity of amaranth indicates the need to undertake numerous studies upon 
the complete evaluation of its chemical composition determining its nutritional value. 
The research hypothesis assumed that nitrogen, phosphorus, and potassium nutrition is 
one of the main factors shaping the size and quality of amaranth’s yields. Moreover, it 
was assumed that the cultivar and plant spacing have some influence on the yield size as 
well as microelements contents at the test plant. In order to verify above assumptions, 
the research aimed at analyzing the influence of varied nitrogen, phosphorus, and potas-
sium rates as well as spacing type of two amaranth cultivars (Rawa and Aztek) (Amaran-
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thus cruentus L.) on yielding and microelements (Cu, Zn, Fe, Mn) contents at the test 
plant, was carried out. 

MATERIAL AND METHODS 

The research was carried out on a base of three-year field experiment (2007–2009) 
on an individual farmer’s field localized in Bodaczów (N – 50º71΄, E – 23º04΄) near 
Zamość. The experiment was performed on brown soil developed from loess and char-
acterized with high abundance of phosphorus (60 mg·kg-1), potassium (120 mg·kg-1), 
and magnesium (70 mg·kg-1). The soil was slightly acidic (pH KCl – 5.9), its sorption 
capacity was at the level of 193.7 mmol(+)·kg-1 and organic carbon content about 
29.5 g·kg-1 soil. The experiment was established by means of randomized sub-blocks 
(split-plot) in triplicate and included three variable factors: plant cultivar (A), spacing 
(B), and NPK fertilization (C). The plant cultivar and spacing type were applied at two 
levels, while NPK fertilization at four. The plot area was 4 m2, while the area of the 
whole experiment (including paths) – 432 m2. 

Nitrogen fertilization in a form of ammonium nitrate was applied every year of ex-
periment at two doses: before plant sowing and during their intensive growth (6 weeks 
after plant’s emergence). Phosphorus (in a form of granulated triple superphosphate) 
and potassium fertilization (as potassium salt) was used in autumn before winter plough. 
Fertilizers were applied by means of sprinkling. Nutrients were introduced into the soil 
according to the following scheme: 

NPK1 (50 kg N·ha-1, 40 kg P·ha-1, 40 kg K·ha-1), 
NPK2 (70 kg N·ha-1, 50 kg P·ha-1, 50 kg K·ha-1), 
NPK3 (90 kg N·ha-1, 60 kg P·ha-1, 60 kg K·ha-1), 
NPK4 (130 kg N·ha-1, 70 kg P·ha-1, 70 kg K·ha-1). 
Amaranth (Amaranthus cruentus L.) of Raw cv. and Aztek cv. was the test plant. 

Amaranth seeds were sown in every experimental year at the end of May (2007 – 22 
May, 2008 – 23 May, 2009 – 22 May) at narrow- (every 30 cm) and wide-spacing sys-
tem (every 60 cm). Applied nursery over the test plant was in accordance with require-
ments of a correct agricultural practice. Before sowing, the stand was mechanically de-
weeded. After seed sowing, every plot was rolled in order to make moisturizing im-
proved and better contact of seeds with soil. After plant emergence, manual weed con-
trol was performed, because no herbicides appropriate for amaranth cultivation was not 
recorded up-to-date. Only once weed control was applied in every experimental year, 
because amaranth plants quickly form a compact canopy, which does not favor the 
weeding. Seventy-five plants per 1 m2, where amaranth grown in narrow-spacing and 
20 plants per 1 m2 in wide-spacing, were left on plots. Under polish climatic conditions, 
no influence of diseases nor pests on amaranth plants was observed, therefore no chemi-
cal protection was applied. The leaf and stem yields was determined per 1 m2 at the end 
of July, whereas the seed yield also per 1m2 after amaranth harvest at the end of October 
(2007 – 25 October, 2008 – 24 October, 2009 – 26 October). 

Sum of rainfalls in growing season 2007 amounted to 419.8 mm, which was lower 
than many-year average (1971–2005: 443.8 mm) by 24 mm (source: IMGW and own 
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study). During growing season 2008, rainfall sum was 425.6 mm, which was lower than 
many-year sum by 18.2 mm, while particularly heavy rainfalls were observed in July 
(104.6 mm) and September (80.4 mm). Similar distribution of rainfalls in summer oc-
curred in 2007. In 2009, sum of rainfalls was lower than average many-year sum by 
9.2 mm, although May and October were abundant in rainfalls (102.6 mm and 
100.0 mm, respectively). Sum of air temperatures during vegetation seasons 2007 and 
2009 were lower than many-year sum (1971–2005: 2680°C): in 2007 – by 24°C 
(2656°C), in 2009 – by 141°C (2539°C). Air temperature sum in vegetation season 
2008 amounted to 2694°C, which was higher than many-year sum by 14°C. 

Amaranth was subject to digestion in concentrated sulfuric acid with H2O2 addition, 
and copper, zinc, iron, and manganese were determined by means of atomic absorption 
spectrophotometry using Hitachi Z 8200 device. Analyses of plant material were made 
in two replicates. Data on yields and microelements contents in amaranth presented in 
tables are mean values for three years of the field experiment. Achieved experimental 
results were verified applying ANOVA test (for factorial systems) using STATISTICA 
8.0 software. Statistically uniform groups (for A  B  C) and LSD values were deter-
mined by means of HSD Tukey test at significant level of α = 0.05. In order to compare 
the shares of particular experimental factors in explaining the variance of dependent 
variable, partial eta-squared coefficients 2

p  were calculated. 

RESULTS AND DISCUSSION 

The amaranth’s yielding and contents of analyzed microelements at test plant de-
pended on its organ and experimental factors applied. Leaf and stem yields ranged – 
depending on the plot – from 12.10 to 18.13 kg·plot-1, while seed yields from 0.417 to 
0.793 kg·plot-1 (tab. 1). Analysis of the statistically uniform groups revealed that signifi-
cantly highest leaf and stem yields of amaranth were achieved for Aztec cv. grown at 
wide-spacing and moderate NPK2 and NPK3 fertilization (tab. 1). Also significantly 
highest seeds yields were achieved for the same cultivar grown both at wide-spacing 
with NPK3 and NPK4 fertilization, and narrow-spacing with NPK3 fertilization. On the 
other hand, the lowest yields were recorded for seeds of Rawa cv. cultivated at the low-
est NPK1 fertilization, regardless of spacing. In the case of leaves and stems, considera-
bly lowest yields were also observed for Rawa cv., however at narrow-spacing and at 
lowest (NPK1, NPK2) and highest (NPK4) fertilization doses. Applied experimental 
factors contributed to the significant diversification of yields, both vegetative and gen-
erative parts of Amaranthus cruentus (tab. 1). Only in the case of amaranth seeds, no 
remarkable influence of the spacing type (B) on the yields, was recorded. Instead, the 
significance of interaction between cultivar (A) and plant spacing (B) for yields of vege-
tative and generative parts, as well as cultivar (A)  fertilization (C) for seeds, was ob-
served in the experiment. Interaction of all three experimental factors (A  B  C) and 
test plant yields appeared to be significant as well. 

It should be stated that higher yields of all analyzed parts of the test plants were har-
vested in the case of Aztek cv. Such regularity arose for both plant spacings applied in 
the experiment. The increase ranged from 19% to 35% for leaves and stems, as well as 
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from 12% to 40% in the case of seeds of amaranth. When analyzing the effect of the 
spacing on amaranth’s yielding, it was prominent that considerably higher yields of 
vegetative parts were recorded in wide-spacing type. The increase was within the range 
of almost 6% up to over 20%. Research by Igbokwe and Hollins [2000] upon to deter-
mine the influence of three within-row plant spacings (0.3, 0.6 and 0.9 m) on the 
growth, yield, and mineral composition of vegetable amaranth (Amaranthus cruentus 
L.) revealed that leaf dry matter increased as plant spacing increased.  

Amaranth reacted with remarkable increase of yields towards nitrogen, phosphorus, 
and potassium nutrition. An analogous increase of leaves and seeds amaranth’s yields 
was also observed as an effect of higher nitrogen rates in other research [Singh and 
Whitehead 1996, Olaniyi et al. 2008]. However, it is worth mentioning that applying the 
highest macronutrient doses in own study was associated with the decrease of the test 
plant yielding, regardless of the cultivar, nor plant spacing. The highest amaranth’s 
yields were achieved at nitrogen used at the rate of 90 kg N·ha-1. Saini and Shekhar 
[1998] as well as Singh and Whitehead [1996] also recorded the highest amaranth’s 
yields at 90 kg N·ha-1 rate, while higher nitrogen levels applied by Saini and Shekhar 
[1998] caused the decrease of achieved yields of amaranth. It should be added, that 
scientists get maximum amaranth yields at quite different nitrogen rates oscillating from 
50 up to 200 kg N·ha-1 [Keskar et al. 1981, Ramachandra and Thimmaraju 1983, Sub-
han 1989, Olaniyi et al. 2008]. Many authors underline a positive influence of fertiliza-
tion, not only using nitrogen, but also phosphorus, on growth and development of the 
above ground biomass of Amaranthus cruentus L. [Aufhammer et al. 1995, Gontarczyk 
1996, Bobrzecka et al. 1999, Akinbile and Yusoff 2011]. In studies made by Modisane 
et al. [2009], application of the complete NPK fertilization significantly affected the 
increase of amaranth’s yields, whereas the highest yields were achieved at the rate of 
100 kg N·ha-1. Eliminating nitrogen from fertilization considerably affected the yield 
decrease, while lack of potassium had no negative effects on plant’s yields in those 
studies. Research by Pospišil et al. [2006] revealed that applying nitrogen at the levels 
of 50 and 100 kg·ha-1 significantly affected the increase of Amaranthus spp. seed yields. 
Particularly prominent reaction towards the yield increase could be found when high 
nitrogen rates were applied to vegetable forms of amaranth [Gontarczyk 1996], as simi-
lar as other vegetable species as well [Krężel and Kołota 2010]. However, over- fertili-
zation of amaranth plantation due to nitrogen brings negative results for plant’s quality, 
because it leads to accumulation of nitrates in leaves and stems, which in consequence 
makes a threat for humans and animals [Mahus 1984]. 

Plant cultivar (A) explained the amaranth’s yielding variability (when neglecting 
other studied effects) to the highest degree ( 2

p  = 96%), whereas, cultivar (A)  plant 
spacing (B) interaction in the case of seeds ( 2

p  = 36%), and interaction of all three 
experimental factors (A  B  C) for leaves and stems ( 2

p  = 24%) to the lowest degree 
(tab. 1). 

In present experiment, copper content in seeds ranged from 3.63 to 6.07 mg·kg-1 d.m., 
in leaves 3.27–7.43 mg·kg-1 d.m., while in stems 1.37–3.17 mg·kg-1 d.m. (tab. 2). Stud-
ies made by Gajewska et al. [2002] upon the health quality of amaranth, revealed higher 
copper levels in seeds (7.5–12.3 mg·kg-1 d.m.). Literature references often underlined 
high copper contents in amaranth seeds [Czerwiński et  al.  2004,  Januszewska-Jóźwiak 
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and Synowiecki 2008]; the seeds contained about 1.5-fold more copper than wheat 
kernels [Pederson et al. 1987, Melaku and Kelbessa 2005]. Analysis of statistically 
uniform groups for studied effects of interaction of three factors determined with HSD 
Tukey test, application of the lowest NPK fertilization level for amaranth cv. Aztek, was 
bound with significantly the lowest copper concentrations at test plant leaves, regardless 
of the plant spacing (tab. 2). On the other hand, considerably the highest levels of the 
microelement in leaves were recorded for Rawa cv. in narrow and wide-spacing systems 
at the highest NPK fertilization rate. In the case of seeds and stems, no such directional 
influences were observed. 

Analysis of achieved data indicated that applied experimental factors exerted sig-
nificant influence on the content of determined microelement in amaranth (tab. 2). The 
plant’s seeds are the exception, for which no considerable effect of cultivar (A) on cop-
per concentration, was recorded. Moreover, in the case of interaction between experi-
mental factors, no noteworthy influence of plant’s cultivar (A)  spacing (B) on copper 
content in amaranth leaves as well as cultivar (A)  NPK fertilization (C) on the con-
centration of analyzed element in stems of the test plant, was found either. No univo-
cally directed influence of experimental factors on copper accumulation at test plant was 
found in the experiment. In the case of Rawa cv. on majority of objects, higher contents 
of copper were recorded at wide spacing growing. The increase ranged from 1 up to 
70%. Lowest concentrations of copper in amaranth on majority of objects were recorded 
at NPK1 fertilization. Studies upon other vegetables (onion, shallot) revealed the de-
crease of copper levels resulted from increasing nitrogen dose [Jurgiel-Małecka and 
Suchorska-Orłowska 2008]. Warechowska [2004] reported synergistic and positive 
effect of increasing nitrogen rates on copper contents in triticale grains. 

Calculated 2
p  coefficients (partial eta-squared) indicated that NPK fertilization (C) 

explained variability of copper contents in leaves, seeds, and shoots of amaranth in 
95%, 86%, and 58%, respectively (after neglecting other studied effects), while plant 
spacing (B) in over 50% for seeds and stems, as well as in 32% in case of leaves,  
explains the dependent variable (tab. 2). In turn, for interaction of plant spacing  
(B)  NPK fertilization (C) – the copper quantity is explained in almost 50% for leaves 
and stems, as well as in over 80% for seeds. 

Analysis of achieved results indicated that among studied organs of the test plant, 
the highest zinc concentrations were recorded in leaves (35.5–102.4 mg·kg-1 d.m.), 
whereas the lowest in stems (17.9–50.3 mg·kg-1 d.m.) of both cultivars (tab. 3). Experi-
ments involving 30 cultivars of Amaranthus tricolor during many-year experiments 
carried out on experimental plots of National Botanical Research Institute (Lucknow) 
revealed that zinc content was definitely higher (434.7–1230.0 mg kg-1 d.m.) than that 
recorded in own study [Shukla et al. 2006]. In here performed experiment, zinc level 
ranged from 3.93 to 6.07 mg·kg-1 d.m., which was lower than that found by Gajewska et 
al. [2002]. Literature references univocally report that amaranth kernels are a valuable 
source of zinc [Januszewska-Jóźwiak and Synowiecki 2008]. Authors emphasize that 
amaranth’s seeds are characterized by zinc content similar to that at wheat grains [Pe-
derson et al. 1987, Melaku and Kelbessa 2005]. 

Analysis of the statistically uniform groups revealed that significantly highest zinc 
contents in amaranth leaves were achieved at the lowest level of NPK fertilization, 
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regardless of the cultivar and plant spacing (tab. 3). On the other hand, considerably 
lowest concentrations were recorded at two highest NPK fertilization rates (NPK3, 
NPK4) for Rawa cv., regardless of the amaranth spacing. An interesting situation could 
be observed in the case of amaranth stems, where significantly the highest zinc concen-
trations were found at Rawa cv., while remarkably the lowest – for Aztek cv. at the 
same level of NPK3 fertilization (90 kg N·ha-1, 60 kg P·ha-1, 60 kg K·ha-1). Similar 
tendency was observed for seeds of the test plant species. Achieved results univocally 
indicated that the amaranth cultivar (A) as well as fertilization applied (C) exerted some 
significant influence on zinc content at the test plant. For majority of experimental ob-
jects, amaranth of Rawa cv. was characterized by significantly higher contents of ana-
lyzed microelement (tab. 3). Differences in zinc contents at both Amaranthus cruentus 
cultivars ranged from 1% to 84% in leaves, from 3% to 97% in seeds, as well as from 
2% to 207% in stems. No substantial effect of the spacing type (B) on zinc contents in 
leaves and seeds of amaranth was recorded. The influence of NPK fertilization (C) on 
zinc concentration depended on the cultivar of the test plant. In the case of Aztek cv., 
better soil supply in nitrogen, phosphorus, and potassium was associated with the de-
crease of analyzed microelement content at all studied organs of the plant. Instead, no 
univocally directed impact of fertilization on zinc content in examined organs of Ama-
ranth cv. Rawa, was recorded at all. The literature data indicate that nitrogen fertiliza-
tion contributes to significant changes in microelements contents in yields of other 
vegetable crops [Jurgiel-Małecka and Suchorska-Orłowska 2008]. These studies re-
vealed that due to increasing nitrogen rates, a decrease of zinc concentration in selected 
onion and shallot cultivars, occurred. 

Analysis of 2
p  coefficients indicated that the plant cultivar explained the zinc con-

centration variability in all analyzed plant’s organs over 90% (after neglecting other 
examined effects), while different levels of fertilization – in 73% for seeds and 66% for 
stems, as well as depended variable is explained in 98% in the case of leaves (tab. 3). 
Interaction of amaranth cultivar  NPK fertilization explained zinc concentration vari-
ability in seeds, stems, and leaves of amaranth in 93%, 89%, and 83%, respectively. 

Among analyzed organs of the test plant, the highest iron contents were recorded in 
amaranth leaves (189.7–526.3 mg·kg-1 d.m.) (tab. 4). Results referring to iron levels in 
Amaranthus cruentus leaves achieved in the present study are somehow lower than 
those determined by Fasuyi et al. [2008]. And similarly, higher iron contents amounted 
to 1233.8 mg·kg-1 d.m., were found in Amaranthus tricolor [Shukla et al. 2006]. Litera-
ture references often underline the fact of definitely higher iron concentrations in leaves 
of amaranth rather than spinach, leafy beet or lettuce [Grajeta 1997, Kozik et al. 2009]. 
Presented studies also confirmed high iron contents in amaranth plants in relation to 
other elements. In own research, iron concentrations in seeds of the test plant ranged 
from 17.0 mg·kg-1 d.m. up to 60.3 mg·kg-1 d.m., which was lower than that achieved by 
Gajewska et al. [2002], Olaniyi et al. [2008] as well as Sujak and Dziewulska-Hunek 
[2010]. However, many scientific reports underline that amaranth seeds are valuable 
source of iron; its level is three [Melaku and Kelbessa 2005] to five times higher than in 
wheat grains [Becker et al. 1981, Marciniak-Łukasiak and Skrzypczak 2008]. 

Analysis of table 4 indicates statistical significance of applied experimental factors 
and their combination to the third power in relation to iron contents in the test plant.  
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Considering the effect of cultivar on iron accumulation, it should be noted that its higher 
concentration in the case of vegetative organs (stems, leaves) was recorded for Rawa 
cv., whereas slightly higher iron content in the case of seeds was determined at Aztek 
cv. In research by Olaniyi et al. [2008] the content in the leaf, stem and grain differed 
significantly also among the Amaranth varieties. In the present experiment, taking into 
account the influence of plant spacing on iron content, its higher concentration was 
recorded in Amaranthus cruentus grown in wide-spacing system. In majority analyzed 
combinations, the increase of nitrogen, phosphorus, and potassium rates contributed to 
the increase of analyzed microelement concentration in both tested cultivars of Amaran-
thus cruentus. Similarly, during studies upon other plant species (onion, shallot), the 
increase of iron level in the yield was observed due to the increasing nitrogen doses 
[Jurgiel-Małecka and Suchorska-Orłowska 2008]. 

Analysis of statistically uniform groups revealed that for Aztek cv. in wide-spacing 
cultivation, higher NPK fertilization (NPK1, NPK2, NPK3) did not considerably differ-
entiate the iron contents in stems and seeds of amaranth (tab.4). Analogously, the in-
creasing rates of nitrogen, phosphorus, and potassium did not significantly diversify the 
content of examined microelement in stems of the test plant for Rawa cv. grown in 
wide-spacing system. 

For amaranth leaves, NPK fertilization (C) explained the iron level variability to the 
highest degree ( 2

p  = 99.6%) (when other studied effects are ignored); in the case of 
seeds and stems, spacing (B) and cultivar of the test plant (A) respectively in about 90% 
(tab. 4). In the case of seeds, the iron content was explained the least by interaction 
between cultivar (A)  plant spacing (B), while for stems, interaction between plant 
spacing (B)  NPK  fertilization (C). 

In presented experiment, the highest manganese contents, ranging from 243.7 to 
881.0 mg·kg-1 d.m. were recorded in amaranth leaves (tab. 5). These values were higher 
than those found in studies carried out by other authors [Shukla et al. 2006].  Own re-
search revealed manganese concentrations in seeds from 23.7 to 120.0 mg·kg-1 d.m. 
Literature data indicate that amaranth seeds are abundant in numerous microelements, 
including manganese [Gajewska et al. 2002, Czerwiński et al. 2004, Januszewska- 
-Jóźwiak and Synowiecki 2008]. Minerals are present in the plant at much higher quan-
tities than in grains of common cereals [Prokopowicz 2001]. Analysis of statistically 
uniform groups revealed that considerably lowest manganese contents in amaranth 
seeds were recorded for Rawa cv. at the lowest NPK fertilization rate (NPK1), regard-
less of the plant spacing, whereas the highest for Aztek cv. at narrow-spacing sowing 
and at moderate NPK rates (NPK2, NPK3) (tab. 5). Performed studies indicated re-
markable influence of experimental factors as well as their interaction on manganese 
concentrations at the test plant. Only for stems, no significant impact of the interaction 
between cultivar (A)  spacing type (B) on manganese level, was recorded (tab. 5). 
Analysis of achieved results indicated that higher manganese contents in leaves were 
found for Rawa cv., whereas in seeds of majority of studied objects for Aztek cv. 
Higher manganese concentrations were observed in narrow-spacing system in amaranth 
seeds in majority of objects. 

Analysis of partial eta-squared coefficients ( 2
p ) indicated that all applied experi-

mental factors as well as their interactions explained manganese content variability in 
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leaves of the test plant in over 95% (excluding other examined effects) (tab. 5). In the 
case of seeds, NPK fertilization (C) and interaction between cultivar (A)  NPK fertili-
zation (C) explained the dependent variable (manganese content) to the highest degree 
( 2

p  > 94%). In turn, interaction between plant spacing (B)  NPK fertilization (C) ex-
plained the manganese concentration variability to the lowest degree ( 2

p  = 53%). 

CONCLUSIONS 

Analysis of achieved results indicated some remarkable differentiation of Amaran-
thus cruentus yield size as an effect of experimental factors. Among examined cultivars, 
Aztec cv. produced higher yields of both vegetative parts and seeds. The highest yields 
were produced at NPK3 fertilization (90 kg N·ha-1, 60 kg P·ha-1, 60 kg K·ha-1). 

Substantial influence of experimental factors on the concentrations of analyzed mi-
croelements in leaves and seeds of amaranth was recorded for majority of studied ob-
jects. No univocally directed influence of the cultivar on copper accumulation at test 
plant was found in the experiment. Amaranth of Rawa cv. was characterized by signifi-
cantly higher zinc contents, whereas higher iron and manganese concentrations in leaves 
were determined for Rawa cv., while in seeds – for Aztek cv.  

Considering the influence of plant spacing on copper, iron and manganese content in 
amaranth leaves, their significantly higher levels were found at wide-spacing. Similarly 
significantly higher copper and iron concentration was found at amaranth seeds at wide-
spacing system. Instead, significantly higher manganese levels in amaranth seeds were 
recorded at the test plant cultivated in narrow-spacing system. 

Analysis of 2
p  coefficients indicated that plant cultivar explained the Amaranthus 

cruentus yielding variability to the highest degree, while contents of copper and manga-
nese in seeds, and copper, zinc, and iron in leaves – the NPK fertilization, as well as 
zinc content in seeds and manganese in leaves – the amaranth cultivar. 
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OCENA  WPŁYWU  ZRÓŻNICOWANEGO  NAWOŻENIA  NPK    
NA  PLONOWANIE   ORAZ  ZAWARTOŚĆ  MIKROSKŁADNIKÓW   
W  SZARŁACIE  (Amaranthus cruentus L.)  W  ZALEŻNOŚCI  OD  JEGO  
ODMIANY  I  ROZSTAWY  ROŚLIN 

Streszczenie. Amarantus posiada nie tylko wysokie walory żywieniowe (nasiona i liście), 
ale także prozdrowotne, ekologiczne, rolnicze oraz ozdobne. Celem niniejszej pracy było 
przeanalizowanie wpływu odmiany i rozstawy roślin oraz zróżnicowanego nawożenia 
NPK na plonowanie i zawartości Cu, Zn, Fe i Mn w nasionach, liściach i łodygach szarła-
tu (Amaranthus cruentus L.) odmiany Rawa i Aztek. Podstawę pracy stanowi trzyletnie 
doświadczenie polowe założone metodą losowanych podbloków (split-plot) w trzech po-
wtórzeniach, w którym czynnikami zmiennymi były: odmiana rośliny i rozstawa, zasto-
sowane na dwóch poziomach oraz nawożenie NPK na czterech. Uzyskane wyniki badań 
wskazują, że zastosowane czynniki doświadczalne przyczyniły się do istotnego zróżnico-
wania wielkości plonów Amaranthus cruentus. Amarantus reagował istotną zwyżką  
plonów na nawożenie NPK. Najwyższe plony uzyskano przy nawożeniu w dawce  
90 kg N·ha-1, 60 kg P·ha-1 i 60 kg K·ha-1. Zastosowanie najwyższego nawożenia NPK 
(130 kg N·ha-1, 70 kg P·ha-1, 70 kg K·ha-1) wiązało się ze spadkiem plonowania rośliny te-
stowej, bez względu na odmianę czy rozstawę roślin. Zastosowane czynniki doświadczal-
ne w większości przypadków wywarły istotny wpływ na zawartość analizowanych mikro-
składników w liściach i nasionach amarantusa. Analiza współczynników 2

p  wskazuje, że 
w największym stopniu zmienność plonowania amarantusa wyjaśnia odmiana rośliny, 
zawartość miedzi, cynku i żelaza w liściach oraz miedzi i manganu w nasionach w naj-
większym stopniu wyjaśnia nawożenie NPK, z kolei zawartość manganu w liściach i cyn-
ku w nasionach – odmiana rośliny testowej. 
 
Słowa kluczowe: amarantus, rozstawa, nawożenie, plon, zawartość mikroelementów 
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