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Response of Amaranthus cruentus cv Mexicano to nitrogen
fertilization under irrigation in the temperate, semiarid climate
of North Patagonia, Argentina
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ABSTRACT
This article explores the response of three genotypes of Amaranthus to dif-
ferent sowing date and to different doses of nitrogen (N) fertilization. The
experimental design was a randomized complete block design with three
replicates for cultivars, planting date and fertilization per treatment.
Mexicano sown in early December had the best yield (5285 kg ha-1) with
highly significant differences (p< 0.001) respect to Dorado and Antorcha.
To assess the N fertilization Mexicano cultivar was sown at the end of
spring (1 December). Morphophysiological variables increased as the N fer-
tilization dose was raised. Higher doses of N fertilizer resulted in greater
economic yields this was mainly due to the increase in grain number
rather than that of a 1000 grain weight. The results of this investigation
suggest that sowing Amaranthus cruentus cv Mexicano on 1 December
with 150 kg N ha�1 favors its general development and allows to obtain
high economic and biological yields with an appropriate protein content.
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Introduction

Amaranth (Amaranthus spp.) is an ancient plant that was seeded 5,000 years ago in hundreds of
hectares by the pre-Columbian civilizations. It is considered to have originated in the central and
south Americas, with Mexico as a country of reference (Stallknecht and Schulz-Schaeffer 1993).
Several studies have reported that amaranth as well as maize and legumes were an integral food
component of numerous indigenous populations (Mapes and Espitia 2010).

Amaranthus belongs to the group of plants designated as having the C4 carbon metabolism
pathway. This group is characterized by having a wide diversity and genetic variability; innumer-
able morphological traits; health-promoting properties, as well as agronomic, nutritional and
industrial uses (Barba De La Rosa, Silva-Samchez, and Gonz�alez De Mejia 2007). Another charac-
teristic that distinguishes these plants is their nutritional composition. The grain of the amaranth
has been cited by many authors as containing from 10 to 20% proteins with a favorable balance
of amino acids (Lehmann 1990; Barba De La Rosa et al. 1992; Zheleznov, Solonenko, and
Zheleznova 1997). Its adaptive features and nutritional quality make of the amaranth a promising
crop for diversification in both large and small farms (Bejosano and Corke 1998).

Technically, the amaranth is considered a pseudocereal since the plant has characteristics simi-
lar to those of the true monocotyledoneous cereal grains but, being a dicotyledoneous, is not
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considered in that category. Like those, however, Amaranthus contains high starch content, but
differs from them in that it is stored in the perisperm while the embryo occupies a large part of
the grain, there constituting a rich source of lipids and proteins (Segura Nieto, Barba de la Rosa,
and Paredes L�opez 1994).

The sowing time has a direct impact on yields of crops. An optimum planting date allows the
growth and development of the plants and these, flourish and fructify under optimum physiology
requirements (O’Brien and Price 2008). In early sowing, the flowering stage is more exposed to
late frozen and that reduces crop development, which affects the crop yield. Late sowing, produ-
ces a shortening of different phenology stages due to the incidence of short days (less daylight
hours) and high temperatures. The plant that grows under these conditions has lower height,
reduction of foliar area, beforehand ripening and eventually the reducing of yield and its compo-
nents (Barros, Carvalho, and Basch 2004; O’Brien and Price 2008).

Each genotype has a differential response at the ambient condition and this influences the
growth of the plant and the possibility of reaching physiologic maturity. Photoperiod and tem-
perature play an important role to define the sowing moment because it conditions the beginning
and duration of different phenology stages and consequently the total length of growth cycle
(Boote et al. 1994).

Amaranth grows vegetative in long days and flowers when days begin to shorten. The growth
reduces when temperature and luminous intensity decreases (Kigel 1994). As described before,
time of sowing and genotype have an important effect of biological and economics yields

Information regarding the production and commercialization of this crop is scarce, with some
data from Argentina, which are both variable and marginal (Lezcano 2013). The amaranth has
potential grain yield, with a high content of lysine-containing proteins (Barba De La Rosa, Silva-
Samchez, and Gonz�alez De Mejia 2007) and a gluten-free composition, can be a nutritionally
advantageous crop, especially for gluten-intolerant individuals (Gallagher, Gormley, and Arendt
2004). These characteristics indicate the amaranth as an alternative crop of great future.

The rich protein content of this crop supports a potentially beneficial effect of nitrogenous fer-
tilization on yield, protein content, and other biometrics characteristics of the plant. In fact, nitro-
gen (N) has been assessed as the most limiting element for this plant’s growth, so high doses of
N fertilizer are recomended (Stallknecht and Schulz-Schaeffer 1993). Studies carried out under
different environmental conditions have demonstrated that the increase in protein yield in
response to N fertilization result from an elevation in the overall plant biomass as well as the
number of seeds both per plant and per unit leaf surface area (Espitia 1992; Diaz Ortega et al.
2004; Pospisil et al. 2006).

An optimal management of N fertilization during the initial stages in the development of the
plant results in a greater efficiency in the utilization of the other available resources for the ultim-
ate growth and yield of the crop (Stallknecht and Schulz-Schaeffer 1993). Moreover, during years
when the environmental conditions (temperature and rainfall) have proven favorable, the crops
have been found to produce optimal yields of proteins at low levels of N input (60 kg N ha�1),
and even without any fertilization (Elbehri, Putnam, and Schmitt 1993; Myers 1998; Pospisil et al.
2006). In contrast, during dry years, with unfavorable conditions for organic matter mineraliza-
tion, doses as high as 100 kg N ha�1 were needed to increase the biological yield, 1000 grain
weight, and the length of the inflorescence (Elbehri, Putnam, and Schmitt 1993; Myers 1998;
Pospisil et al. 2006).

High fertilizer doses (180 kg N ha�1), however, can produce adverse effects on any harvested
crop. They include, for example, an excessive increase in plant height with a subsequent lodging
of the stems, and a prolongation of the maturation period of the seeds (Elbehri, Putnam, and
Schmitt 1993; Myers 1998). Other authors, however, have reported favorable responses to fertil-
ization doses above 120 kg N ha�1 without any plant lodging of the stems (Schulte et al. 2005).
Nevertheless, numerous studies have shown that fertilization exerts absolutely no effect on the
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protein content of the amaranth grain (Elbehri, Putnam, and Schmitt 1993; Aufhammer, Kubler,
and Lee 1999; �Zajov�a, Ko�st�al, and Vere�s�c�ak 2001; Peterka et al. 2001).

The objective was to evaluate the effect of cultivars, sowing date and nitrogenous fertilization
on the biometric and production parameters in an irrigated crop of Amaranthus, with better pro-
ductive performance under the agroecologic conditions of a temperate, semidesertic climate in
the lower R�ıo Negro valley, Province of R�ıo Negro, Argentina.

Materials and methods

Site location, description, and climatic conditions

Field experiments were conducted at the Experimental Agricultural Station of the lower R�ıo
Negro valley (INTA-Estaci�on Experimental Agropecuaria Valle Inferior del R�ıo Negro; 40� 480 S,
63� 050 W, 4m above sea level). Climate data during the study years are shown in Figure 1.

The initial physicochemical characteristics of the upper 50 cm of the experimental loam soil
were: pH (8.20); electrical conductivity (1.2 mmhos cm�1); organic matter (3,8%); total nitrogen
(0,18%); N-NO3 (24.60mg kg�1); P (Olsen, 16.60mg kg�1); S (14.7mg kg�1 as a SO4

=); Ca
(8.230mg kg�1); Mg (1.170mg kg�1); sodium-adsorpti�on ratio (1.83). The soil characterization
was provided by analysis laboratory of: soil, water and plant tissues by INTA-Estaci�on
Experimental Agropecuaria. Prior to the start of the field experiments, the experimental plots had
been under fallow for a year.

Crop management and experimental design

The cultivars used in the experiments were A. cruentus cv Mexicano, A. hypocondriacus cv
Antorcha and A. hypocondriacus cv Dorado.

The experimental design was a randomized complete block design with three replicates for cul-
tivars, planting date and fertilization per treatment. At sowing, the experimental design comprised
three 14m2 plots (four furrows 0.7m wide �5.0m long). When plants reached 20–30 cm height,
weeding was performed manually; thinning was also made by hand leaving 10 plant m�2. Furrow
irrigation was applied according to the soil-moisture retention curve before reaching the
permanent-wilting point with a total lamina of 800 ± 50mm.
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Figure 1. Average monthly temperature (T�), rainfall, and evapo-transpiration (ET) during the crop productive cycle in the study
years despite the climatic data were registered daily, they are shown as average values per month.
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For cultivars and sowing date assays all the cultivars were used. Seeding was performed in the
cycles 2010/11 (10 November, 1 December, 22 December and 11 January) and 2011/12 (10
November, 1 December, 22 December and 11 January).

To assess the N fertilization the used cultivar was A. cruentus cv Mexicano considering that it
showed a better performance in the preliminary cultivars results in the year 2010. Seeding was
performed in straight-line by hand, sowing at the end of spring (30 November 2011 and 1
December 2012) according to the preliminary sowing date results in the year 2010. The experi-
mental design was performed as previously described. The treatments involved the following
doses of N in the form of hand-added granulated urea (46% N): 0 kg N ha�1 (control); 50 kg N
ha�1; 100 kg N ha�1; 150 kg N ha�1; and, 300 kg N ha�1. Each fertilization treatment was divided
into two doses: half when plants had grown to a height of 60 cm, and the second half at the
beginning of the inflorescence stage.

Ten plants were selected randomly for the measurement of the biometrics variables. They were
tagged in each subparcel, and the following data were measured during the growth cycle: number
of visible leaves at the beginning of panicle formation (VLN), maximum foliar area (MFA) and
maximun number of leaves (ML), nodes (MN), and ramifications (MR). Also, the following
phenological stages were chronologically registered (days after seeding) during the growth cycle
as described by Henderson (1993): plant emergence (E), initiation of panicle development (IP);
initation of anthesis (IA); milky grain (MG); dough grains (DG), and physiological maturity
(PM). The growing-degree days (GDD) for the total growth cycle (seeding to physiological matur-
ity) were calculated according to McMaster and Wilhelm (1997).

At the end of the growth cycle, the tagged plants in each treatments were harvested, and plant
height (PH), panicle length (PL) and stem diameter (SD) were measured. Thereafter, plants were
dried at 60 �C to constant weight. Leaves (LW), stems (SW), and panicles including grains (PW)
were weighed to obtain the total aerial plant biomass (aBW). Each panicle was threshed by hand;
grains were cleaned by a forced-air current, and grain number (GNp), dry weight (GWp) and
1000 grain weight (TGW) were recorded. The inflorescence dry weight (IW) was calculated as
the difference between the total panicle weight (PW) and the grain weight per panicle (GWp).

The plants of the central furrows were harvested manually to obtain economic yields (EY) and
biological yields (BY), and the number of plants on a hectare basis (DpH). The harvest index
(HI) was calculated as the quotient between EY (kg of grain ha�1) and BY (biomass kg ha�1).

The N content was determined at the time of harvesting by the Kjeldahl method. It was then
multiplied by 6.25 to estimate the percent of crude protein. Since we noticed the appearance of
the pathogenic fungus Macrophoma spp., the percentage of affected plants as judged by the
appearance of black spots on the stems was recorded to determine its incidence.

Statistical analysis

The data collected were analyzed by the statistical program INFOSTAT (Di Rienzo et al. 2008).
The combined variables for both of the years studied were evaluated statistically by the analysis
of variance (ANOVA). For each year the design utilized was in complete blocks at random. In
fertilization assay a quadratic model was adjusted for those variables that followed the plants
behavior; the theoretical value of the maximum attainable response (Ymax) was determined along
with the corresponding maximum fertilizer dose (Xmax) after B�elanger et al. (2000). Nevertheless,
because the derivative at the point in the curve where this value was reached was small, we
opted to ascertain the response to the previous penultimate dose (PD), and how much the latter
value represented with respect to the maximum attainable response. In those variables in
which the model could not be adjusted, we performed a pairwise-comparison test at a significance
level of 5%.
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Results

Cultivars and sowing date

As can be seen in Table 1 the three cultivars showed better productive performance in the second
and third sowing dates, with significant differences (p< 0.001). Mexicano had the best yield
(5285 kg ha�1) with highly significant differences (p< 0.001) compared to Dorado and Antorcha
reaching 4622 and 4809 kg ha�1on the second sowing date in 2010/11. On the other hand, in the
second cycle of growing (2011/12), the behavior of the cultivars and sowing dates was similar to
the first cycle, however a tendency to decrease yield was observed.

Nitrogen fertilization

Higher doses of N fertilizer resulted in a greater EY (Table 2) this was mainly due to the increase
in GNp rather to that of a TGW. This positive effect, however, essentially leveled off for the over-
all yield beyond the dose of 150 kg N ha�1 (Table 2).

With reference to biometrics viariables, the media value for VLN was 16, with no difference
between treatments. Most of the morphophysiological variables showed an increase as the N fer-
tilization dose increased (Table 3). However, SD and MN were similar at fertilizer doses of 150
and 300 kg N ha�1.

The aBW and its components increased significative (p< 0.001) as N fertilization increased
(Table 3). The maximum values for all the variables (PH, PL, ML, MR, MFA, SW, PW, LW,
aBW) were obtained with the dose of 300 kg N ha�1. PW was the greatest among the studied bio-
metric parameters, showing the peculiarity that the dry weight ratio “grain/inflorescence without
grain” increased as the N fertilization dose increased (Figure 2).

Table 1. Average values of economic yield of different cultivars of Amaranthus in different sowing date during the produc-
tion cycles.

Production cycle
2010–2011 2011–2012

Cultivar/
sowing date

Mexicano
(kg ha�1)

Dorado
(kg ha�1)

Antorcha
(kg ha�1)

Mexicano
(kg ha�1)

Dorado
(kg ha�1)

Antorcha
(kg ha�1)

First date 4264 f 4465 e 3930 g 3650 c 2589 g 3425 d
Second date 5285 a 4622 d 4809 c 4323 a 2717 g 3571 cd
Third date 5085 b 4260 f 4392 e 4066 b 2879 f 3232 e
Fourth date 2055 h 2012 h 2005 h 1011 h 720 i 1011 h

Each value is the mean of n¼ 6. Values of the same production cycle followed by the same letter are not statistically different
(p> 0.05) by the Fisher least-significant-difference test.

Table 2. Economic yield and its components, biological yield and plant density at harvesting time on Amaranthus cruentus
cv Mexicano.

Variable

Dose of fertilization (kg N ha�1)

R2 Xmax Ymax PD %MR0 50 100 150 300

EY (kg ha�1) 1421 2206 3441 4123 4329 97 245 4514 150 91
GWp (g) 19.69 28.60 35.81 42.04 47.27 96 276 47.53 150 88
TGW (g) 0.77 0.80 0.84 0.85 0.87 96 268 0.87 150 97
GNp 25,650 35,900 42,940 49,280 54,240 95 267 54,680 150 90
BY (kg ha�1) 7802 12,074 18,207 20,931 21,806 96 238 22,940 150 91
DpH (ha�1) 76,759 79,860 90,248 90,737 90,889 85 222 93,100 150 97

Each value is the mean of n¼ 6.
EY, economic yield; GWp, grain dry weight per panicle; TGW, thousand-grain weight; GNp, grain number per panicle; BY, bio-
logic yield; DpH, density of plants per ha at harvesting time; R2, determination coefficient of the quadratic model; Xmax, max-
imum fertilizer dose; Ymax, maximum response to fertilizer dosage; PD (penultimate dose), previous dose to the theoretical
maximum; %MR, percent of the maximum response (YPD relative to Ymax or Y300).

JOURNAL OF PLANT NUTRITION 103



As evidenced after the appropriate adjustment of the quadratic model greater the N fertilizer
dose, the greater BY of Amaranthus cruentus cv Mexicano. The optimal dose of N was 150 kg
ha�1. Increased N fertilization also resulted in a greater DpH, even though the determination
coefficient was only 85% (Table 2).

Values for HI did not adjust to the quadratic model. Nevertheless, values on control plants
(18%) were significantly different (p< 0.01) than those on plants fertilized with 300 kg N
ha�1 (20%).

The percentage of crude-protein concentration of plant stems, leaves, and grains also
responded positively to increments in the N fertilization (Table 3).

The percentage of the plants affected by the fungus Macrophoma spp was reduced from 2.0%
to 0.5% as fertilization increased up to 100 kg N ha�1. However, no further decreases occurred
thereafter (data not shown).

Table 3. Average values of biometrics variables, aerial plant biomass and its components and crude protein concentration (%)
on Amaranthus cruentus cv Mexicano.

Variable

Fertilizer dosage (kg N ha�1)

Significance (p)0 50 100 150 300

PH (cm) 149.50 e 162.0 d 174.0 c 176.0 b 182.0 a <0.0001
PL (cm) 26.83 e 35.50 d 44.05 c 49.00 b 52.89 a <0.0001
ML 32.00 d 35.16 c 35.83 c 37.50 b 40.17 a <0.0000
MN 31.26 d 32.28 cd 33.22 bc 34.00 ab 34.89 a <0.0002
MR 2.17 d 4.00 c 4.33 c 6.33 b 8.16 a <0.0001
MFA (cm2) 1387 d 1569 c 1718 c 1905 b 2318 a <0.0001
SD (cm) 1.50 c 1.56 c 2.00 b 2.20 a 2.32 a <0.0001
SW (g) 20.89 e 29.17 d 41.39 c 44.36 b 51.08 a <0.0001
PW (g) 26.24 e 41.65 d 71.07 c 76.46 b 82.17 a <0.0001
LW (g) 10.18 e 15.66 d 23.99 c 28.80 b 33.00 a <0.0001
aBW 57.30 e 86.48 d 136.45 c 149.62 b 166.25 a <0.0001
%Ps 2.94 c 3.35 c 4.17 bc 4.77 b 6.16 a <0.0001
%Pl 13.27 e 13.89 d 15.32 c 16.40 b 17.30 a <0.0001
%Pg 16.19 d 17.27 c 18.70 b 19.80 a 19.72 a <0.0001

Each value is the mean of n¼ 6.
PH, plant height; PL, panicle length; ML, maximum leaf count, MN, maximum node count; MR, maximum ramification count;
MFA, maximum foliar area; SD, stem diameter SW, stem dry weight; PW, panicle dry weight; LW, leaf dry weight; aBW, aer-
ial-plant–biomass dry weight, %Ps: crude protein concentration (%) of stem, %Pl: crude protein concentration (%) of leaf,
%Pg: crude protein concentration of grain (%). Values of the same variable followed by the same line are not statistically
different (p> 0.05) by the Fisher least-significant-difference test.
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Respect to phenology phases, nitrogen fertilization increased in 6 days the time period from
sowing to physiological maturity. When expressed in growing-degree days, the increment was 44
GDD (Table 4).

Discussion

In the evaluated cultivars the 1st, 2nd and 3ed sowing dates allowed the finishing their pheno-
logical development. The plants in this sowing date showed (respect to 4th sowing date) a normal
high, well-developed of panicles, abundant foliar area and more number of grain per panicle
(data not shown). This behavior might be associated to the agroclimatical condition of the study
zone, which allowed an appropriate development of plants in their different phenologic stages. By
contrast, in the 4th sowing date the phenological stages cycle was reduced possibly in response to
factors like radiation, photoperiod and temperature, which decreases by the end of the summer.
Under these conditions the plant shortened their phenological stages for completing their life
cycle, for this, induced early flowering with less plant development and this impacts negatively in
grain number, and this in economic yield.

The behavior described above was observed in both years and in the different cultivars pre-
sumably due to the incidence of temperatures less than 8 �C (amaranth base temperature) during
the end of summer and for photosensitive response of this crop during development (Pedroza
1989; Mujica, Berti, and Izquierdo 1997) Amaranth species need for complete development days
with temperatures above 12 �C and 12 hours of illumination per day (Bavec and Mlakar 2002).
However, another authors demonstrate that some amaranth exemplars have sensibility to differ-
ences in length day, some of them flowering and producing seeds in less than three month if
they were sown in short photoperiod (less than 12 hs). Under these condition the height of plants
and the number of plant per hectare were reduced (Wu et al. 2000; Whitehead, Carter, and Singh
2002). The shortening of days before summer often affected development of amaranth plants
(Kigel 1994; Khandaker, Masum, and Akond 2009).

Some experiment done in different zones of Argentina, with different species of amaranth
demonstrated than late sowing dates (between end of November and January) reduced plant
height, biomass, grain yield and showed more loss plant at harvest. This effect reduces the num-
ber of days to complete development phonological cycle, because there are less light levels and
low environmental temperatures during grain filling (Vargas L�opez, Covas, and Bailac 1993;
Agamennoni 1995; Troiani, S�anchez, and Reinaudi 2004).

The economic yields obtained in the different sowing date evaluated in this trials were higher
than yields published in the Pampean region, Argentina (Agamennoni 1995; Troiani, S�anchez,
and Reinaudi 2004; Reinaudi, et al. 2011) and in others parts of the world (FAO 1993; Williams
and Brenner 1995; Gimplinger et al. 2007), presumably due to agroclimatic conditions and to the
availability of water irrigation.

Table 4. Average values (days) after seeding for different phenological phases, and total growing-degree days, at various N
fertilization doses during the productive cycles.

Fertilizer dosage (kg N ha�1)

Days after seeding

GDDE IP IA MG DG PM

0 5.33 45.15 63.20 115.20 128.20 140.00 d 1.678 b
50 5.33 44.83 62.80 115.30 128.00 140.30 d 1.678 b
100 5.17 44.67 62.70 116.00 129.20 143.30 c 1.700 ab
150 5.33 44.00 62.20 116.30 130.30 145.20 b 1.714 ab
300 5.33 43.50 62.50 116.80 130.20 146.30 a 1.722 a

E, emergence; IP, initiation of panicle development; IA, initiation of anthesis; MG, milky grain; DG, drough grain; PM, physio-
logical maturity; GDD, growing-degree days.
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In relation with the time of sowing, early December (second sowing date of this trail) could be
considered more appropriate for the sowing of amaranth in this region because it achieves the
highest yields for all cultivars in most cases.

In respect to cultivars, Mexicano was that reached the best economic yield respect to the other
genotypes (A. hypocondriacus cv Antorcha and cv Dorado) in semiarid climate of
north Patagonia.

Putnam (1990), describes that some amaranth’s characteristics can be expressed or repressed
according to the environmental conditions of the production site, determined by the morpho-
logical plasticity of the crop.

Previous investigations on amaranth have demonstrated that N fertilization increased total
plant biomass, grain yield, panicle length, panicle number per plant, and number of seeds per m2

(Elbehri, Putnam, and Schmitt 1993; Myers 1998; Diaz Ortega et al. 2004; Schulte et al. 2005;
Pospisil et al. 2006). In contrast to these results, other authors have reported that neither yield
nor harvest index was altered by N enrichment of the soil (Makus 1990; Diaz Ortega et al. 2004;
Gunda et al. 2005; Schulte et al. 2005).

The mathematical model utilized here permitted an estimation of the fertilization dose
required for attaining a maximum yield, although this dose would vary with the preexisting
amounts of nitrogen in the soil. The difference in yield recorded between the N levels of 150 and
300 kg N ha�1 was about 200 kg ha�1 of grain. The adjusted yield determined a dose of 245 kg N
ha�1 as necessary for reaching the maximum EY of 4514 kg ha�1.

All the biometricts variables were enhanced by N fertilization. The amount of resources allo-
cated to reproductive structures often depends on plant size. However, it has been shown that
resource allocation to those structures can increase, decrease, or remain constant relative to
plant-size variations depending on the species and environmental influences (Bazzaz and Ackerly
1992; Reekie 1998; Welham and Setter 1998). The present study demonstrates that resource allo-
cation within the plant favors the increase in size of floral structures as a response to increments
in soil nitrogen. This improves could be associated with the rise in size of morphological variables
as can be seen in Table 3.

A substantial finding among the biometric variables was that VLN, under all the experimental
conditions, was about 16 per plant at the begining of panicle development. The conistency of this
trait suggests that it is a genetic characteristic of the particular cultivar used (i.e., Mexicano).

At harvest, both PH and SD were increased with fertilizer additions. This agrees with reports
of other authors (Myers 1998; Alonge et al. 2007; Olaniyi, Adelasoye, and Jegede 2008; Ainika,
Auwalu, and Yusuf 2011). The difference in plant height among the experimental groups was a
result of differences in the magnitude of internode elongation. This was a response to an
increased plant density, and subsequent increase in intraspecific competition for sun radiation
(Gimplinger et al. 2008; Yarnia 2010). Increments in SD were concomitant with a rise in PW.
Thickest stems are necessary to sustain panicles of greater length and weight, and reduce possible
lodging. In a similar cultivation system, Arellano V�azquez and Galicia Franco (2007) demon-
strated that at high levels of N fertilization grain yield was greater; the incidence of plant illness
was reduced but at the expense of a higher percentage of bended stems. They also found no dif-
ferences in plant density, stem diameter, or leaf length as a result of treatments.

The observed increase in the aBW, and the correspondingly greater number and total area of
leaves, most likely resulted in a higher level of the intercepted photosyntetic active radiation
(Randy 1991; Yarnia 2010; Zhang et al. 2014). These effects of N fertilization were greatly
reflected in an increased PW (40%), which was mostly attributed to an increased GNp and to the
TGW to a lesser extent. These increases could be considered as part of the plant’s genetically
determined response to N fertilization, wherein grain number per panicle became notably ele-
vated rather than the weight of the grain or the inflorescence. Nevertheless, the increase in EY
because of N enrichment was the result of the increased both GNp and DpH.
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The maximum increases observed in the crude-protein concentrations of grains in the N fertil-
ized plants (over the control values) were 3.6% (from 16.2% to 19.8%). In general, the protein
content of an amaranth grain varies between 10 and 21% (Lehmann 1990; Makus 1990; Barba De
La Rosa et al. 1992; Zheleznov, Solonenko, and Zheleznova 1997; Schulte et al. 2005). Our results
agree with those findings not only with respect to the range of crude protein values but also with
the effect of N enrichment on the crude-protein levels of the different plant structures (Table 3).
The significance of these increases in the crude-protein content in grains and in various plant
fractions lies not only in the greater amount of protein, but also in the potential enhancement of
the nutritional quality of these grains. This might be due to an associated increase in aminoacids
such as lisine (not measured in this study) which is limited in cereals.

The reduction in the black fungal spotting occurring at the highest N fertilization doses could
be attributed to both enhances of the stem vigor and increases in the tolerance to the disease.
This can be the result of the better nutritional status even thought the desease is intimately
related to the cultivar susceptibility (Arellano V�azquez and Galicia Franco 2007). Certain authors
attribute plant bending directly to the incidence of stem spotting since the fungal infection pene-
trates to the internal tissues, weakening them (Sanchez, Espitia, and Osada Kawasoe 1991).

We found that increments in the levels of N fertilization showed a tendency towards extending
the length of the growth cycle; there was a statistically significant difference (p< 0.01) of 44
growing-degree days between the control plants and those cultivated at the maximum fertilization
rate. This modest increment in the duration of the growth cycle could nevertheless be of import-
ance because of the beginning of the autumn rainfall season could impose some difficulties in
harvesting the crop. The results obtained indicate that the observed differences started when
grains were at the milky stage and became more evident toward the end of the growth cycle.
Myers (1998) in a study similar to ours, demonstrated that a dose of 180 kg N ha�1 prolonged
the vegetative period while delaying the maturation of grains. However, Diaz Ortega et al. (2004)
found no differences associated with the experimental treatments. On the other hand, several
authors demonstrated an increase in the number of days among different growth stages, resulting
in a prolongation of the vegetative period when a fertilizer was applied (Kho 2000; Prasad et al.
2002; De Varennes, Melo-Abreu, and Ferreira 2002; Moujiri and Arzani 2003; Sadras 2006; Bakht
et al. 2010; Hafiz et al. 2013).

Conclusions

Crops of Amaranthus cruentus cv Mexicano sowing in early december grown under irrigation
and in a temperate, semiarid climate show an appropriate development of plants in their different
phenologic stages and obtain hight economic yield respect to the genotypes Dorado
and Antorcha.

Amaranthus cruentus cv Mexicano responded positively to nitrogenous fertilization. The
increase in economic yield with progressively higher N fertilizer doses was mostly due to incre-
ments in the number of grains per panicle, and to the weight of 1000 grains to a lesser extent.
Nitrogen enrichment also reduced the incidence of a fungal disease, augmented plant density per
hectare, and enhanced various morphological parameters such as plant height, panicle length,
stem diameter, and number of leaves, nodes, and ramifications. In addition, it augmented the
crude-protein content of grains, and of other plant parts. Increases of these variables directly
affected the augmentations observed in the dry weights of the stem, panicle and leaves.

Finally, the increase of the length of the growing cycle with an increased nitrogeneous-fertiliza-
tion needs to be considered within the context of the difficulties found during harvesting and
postharvesting managements in the north of Patagonia.
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