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Abstract: Grain amaranth is an important leaf and seed vegetable crop in Nigeria. There is scanty information
on its nutrient requirements for optimum yield and quality. Field experiments were conducted at Ladoke
Akintola University of Technology Teaching and Research farm, Ogbomoso in the cropping seasons of 2004
and 2005 to determine the effect of nitrogen fertilizer on the growth, yield, quality and chemical composition of
grain amaranth varieties. The investigated treatments were two varieties of grain amaranth; NH /593-1 and84

NH /594 subjected into five levels of nitrogen fertilizer viz: 0, 15, 30, 45 and 60 kg N ha . These were assigned84
1

randomly into three replicates and fitted into factorial experiment in a randomized complete block design. Data
collected on the growth parameters, yield and quality attributes were analyzed using ANOVA. The plant height,
number of leaves, dry matter yield of the leaves and stem of the grain amaranth increased significantly (P= 0.05)
as the applied N rates was increased from 0 kg ha  up to 60 kg ha  of N. The grain yield and quality of the1 1

grain amaranth varieties were increased from 0 up to 45 kg N ha  and declined thereafter. The combined1

nitrogen and varietal effects were significant for the grain yield in both years. The highest grain yield was
recorded for NH /593-1 while NH /594 gave the least values with and without N application. Although, all the84 84

plant parts are very rich in protein, fat, carbohydrate and other nutrient elements, the leaves recorded the
highest contents followed by the grain and the stem. Therefore, the optimum N rate for the maximum yield and
quality of grain amaranth is 45 kg N ha  and NH /593-1 is adjudged as the best variety for the southwestern1

84

Nigeria.
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INTRODUCTION between a “grain” type and a “vegetable” type. The

The grain amaranths (Amaranthus spp.) are native to specifically for grain can serve as a food source, if the
the New World. Pre-Columbian civilizations  grew leaves are consumed when the plants are young. A few
thousands of hectares of this pseudo-cereal. Some species which are grown primarily in the hot, humid
indigenous populations are said to have used grain tropics are prized for their high quality leaves. There are
amaranth, along with maize and beans, as an integral  part many cultivars of the species A. tricolor L. which are
of their cropping schemes. The Aztecs relied on amaranth widely dispersed and cultivated throughout Asia and the
seeds (or “grain”) as an important staple [1]. The genus South Pacific. The leaves of A. dubius Mart. Ex Thellung
Amaranthus includes approximately 60 species [1], most are considered to be a delicacy in many areas of the
of which are widely dispersed weeds. The weedy Caribbean [2]. A dark-seeded strain of A. cruentus L. is
amaranths thrive in disturbed soils and tend to be commonly cultivated as a vegetable in West Africa [3].
associated with agricultural practices. The tradition of There are three species of the genus amaranthus which
using some species of feral amaranths as forage  for produce  large  seedheads of edible, light-colored seeds
livestock, as greens for human consumption and as dye A. cruentus L. and A. hypochondriacus L. are native to
plants continues in many places. Mexico and Guatemala A. caudatus L. is native to the

The leaves of many cultivated species of Amaranthus Andean regions of Ecuador, Peru and Bolivia [4].
are commonly eaten as a “potherb” or leafy vegetable Cultivated land races of the three species have a wide
throughout the world [1]. There is no clear dividing line degree   of  genetic   diversity  which  can be  utilized  to

leaves of amaranth plants which are being grown
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develop selections of improved lines with suitable In analyses conducted at the USDA Western Regional
characteristics for modern grain production. Research Center, amaranth oil was found to have 7%

There is limited and preliminary information available squalene, which is much higher than the amounts found
on the fertility requirements of amaranth. In a study in in other common vegetable oils. Squalene, a high priced
Arkansas,  one  line  of  A.  cruentus  L.  and  one  line  of materials, usually extracted from shark livers and used in
A.  hypochondriacus  L.,  were  grown  at  three  N  rates cosmetics [24].
(0, 100 and 200 kg ha ). A two-fold yield increase was Amaranth seed weight and quality are also affected1

reported  at  the  N  rate of 100 kg ha . No yield by N. Makus [25] found that seed weight increased in1

advantage was noted at the higher N rate. In a second response to N rate, which contrasts with the results of
year, there was no response to N [5]. In the first year of a Elbehri et al. [26], who found no seed weight response to
study  in Minnesota  a  yield  response was obtained in N. Makus [25] also reported that seed N concentration
A. cruentus L. RRC 1011 when increasing amounts of N increased with N fertilizer rate. Bressani et al. [18]
were applied at rates up to 90 kg ha ; yields were evaluated fat and protein in the seed, but found no1

reduced  at  higher  rates.  Lodging  became  a  problem  at response in fat level and an inconsistent response pattern
55 kg ha  and became more severe as the rate of N in protein level; however, this study did not show a1

increased. There was no yield response to added P and K, significant yield response to N fertilizer. Elbehri et al. [26]
which was probably due to the highest residual levels of found that crude protein was increased by up to 5% in the
P and K in the soil [6]. grain by addition of N fertilizer.

In Guatemala, three grain amaranth cultivars were A study in Tennessee [27] found that leaf NO  and
grown with 0, 30, 60 or 90 kg N ha  [7]. Seed yield did not certain other leaf properties changed in response to1

show a significant response to N. By contrast, a Peruvian fertilizer  rates  of  50  and  100  kg  N  ha . Four
study showed amaranth yields continuing to respond up vegetable-type amaranth species and two A. cruentus L.
to the maximum rate of 160 kg N ha [8]. A Nigerian field lines (a grain type) were tested, with significant leaf NO1

study  with three amaranth species showed that increases in response to N fertilizer in all species. A
vegetative biomass was increased in response to N positive observation, however, was that the leaf NO
fertilizer when the plants were harvested at 2-weeks levels fell rapidly as the season progressed. There was
intervals from 7 to 13 week after emergence [9]. In a pot also a general pattern of decreases in leaf neutral
study, Macler et al. [10] found that N fertility in the pots detergent fiber (a measure of forage quality) in response
was correlated with plant height and leaves of larger size. to N. Leaf crude protein increased significantly in

The most studied nutritional aspect concerning the response to N only for the A. cruentus lines.
food value of grain amaranth is the identification of the Grain amaranth is a new crop that is attracting interest
limiting amino acids of the protein component. The crude worldwide. If this crop will continue to increase
protein content of selected light-seeded grain amaranths appropriate agronomic practices for high yield and quality
has been reported to range from 12.5 to 17.6 [11, 12, 13, 14, have to be developed. This study is therefore conducted
15, 16]. Amaranth grain is reported to have high levels of to determine the effect of nitrogen fertilizer for maximum
lysine,  a nutritionally critical amino acid, ranging from yield and quality of grain amaranth varieties.
0.73 to 0.84% of the total protein content [7]. The limiting
amino acid is usually reported to be leucine [17], although MATERIALS AND METHODS
some reports indicate that threonine actually may be the
amino acid which is more biologically limiting than leucine The experiment was sited at the Ladoke Akintola
[18]. The starch component of amaranth is distinctive. University of Technology, Teaching and Research Farm,
There is a distinctive gel characteristic to the starch [19]. Ogbomoso, Nigeria, during the cropping seasons of 2004
Waxy and non-waxy starch granules have been identified and 2005 to examine N effect on growth, yield and quality
[20]. Interest has been expressed in specialized food and of grain amaranth varieties Ogbomoso lies between
industrial applications for amaranth starch as a result of longitude 4°10’E and latitude 8°10’N with mean annual
its distinctive characteristics. Amaranth grain contains 6 rainfall of between 1,150 and 1,250mm of rain [28].
to 10% oil, which is found mostly within the germ [21-23]. The two varieties of grain amaranth NH /594
It is predominantly unsaturated oil (76%) and is high in obtained from National Horticultural Research Institute
linoleic   acid,  which   is  necessary for human nutrition. (NIHORT)   Ibadan   were   grown   for   two   consecutive
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growing seasons from August to December on beds. The sowing and processed manually to recover the seeds.
plot of land used was formerly under maize cultivation and Seed yield was recorded by weighing the seeds in an
left to fallow for almost one cropping season. electric weighing balance.

The pretreatment soil samples were collected for After determination of fresh weight leaves, root and
analysis before the field was manually cleared. The pH grains were dried in an oven at 60°C for 48 h. Dried
was determined by means of the digital electronic pH samples were milled and ground for tissue analysis. Total
meter using 1:2 (soil: water) suspension. Ammonium P was determined by the Vanadomolybdate method, K
Acetate (NH AC) was used to leach 10g of soil sample. and  Ca were  determined  by  flame  photometry  and  Mg4

The calcium content was obtained through titration; the and Fe were determined by atomic absorption
magnesium was determined by atomic absorption spectrophotometer.  Total  N  was  analyzed  by  the
spectrophotometer, while the potassium and sodium micro-Kjheldahl procedure and crude protein was
contents were determined by flame photometry and total obtained by multiplying the total N by a factor of 6.25.
nitrogen by the micro-Kjeldahl method. The particle size Data collected were subjected to analysis of variance and
analysis was done by hydrometer method. the means were separated by the least significant

The treatments consisted of two varieties of grain difference at 5% probability level.
amaranth, NH /593-1 and NH /594 subjected into five84 84

level of N fertilizer, viz: 0, 15, 30, 45 and 60 kg N ha  and RESULTS AND DISCUSSION1

their various combinations.
The 2 x 5 treatments were layout in a factorial Growth Parameters: The plant height was increased as

experiment and fitted into a randomized complete block the  plant  aged  (Table  1).  Likewise,  the number of
design. Each block had an area of 19.5 by 4m. Each block leaves was increased with increasing sampling occasions
was further  sub-divided into four plots each measuring (Table 2). These growth parameters were increased as the
4 by 2m with each plot consisting of 21 stands of grain N rate increased from 0 kg N ha  up to 60 kg N ha  was
amaranthus.  The experiment was replicated 3 times. The reached for all the varieties. There were no significant
4 varieties were randomly assigned to plots within each different  between  the  values  obtained  from 45 kg and
replicate and seeds were planted by direct seedling at a 60 kg N ha  in all the sampling occasions. The effects of
spacing of 1 x 0.5m . Basal fertilizer treatment consisting N fertilizer application on the plant height were2

of 50 kg NPK (15-15-15) ha  was applied three weeks significantly different (P=0.05) at various levels of N. This1

after sowing (WAS) to ensure better crop performance. showed that N promote the vegetative growth of
The plants were thinned to one plant per stand just before amaranth belong. Nitrogen is an essential component of
fertilizer application. Crop protection practices were chlorophyll, protoplasm, protein and nucleic acid and its
carried out with spraying of karate at 2, 4 and 6 WAS absence at appropriate levels could cause yellowing of
against defoliating pests and weeding was done manually leaves and stunting of plant growth [29]. The increase in
thrice at 3, 6 and 9 WAS. height and number of leaves as N rates increased,

Data collection on growth and yield of grain amaranth reconfirmed the role of nitrogen in promoting vigorous
varieties began 3 WAS at 3-weekly intervals from six vegetative growth in leafy vegetables [30] in which
tagged plants per replicate. Plant height was measured amaranths belong.
with a meter ruler from the base to the tip of the main The highest growth parameters were recorded for
shoots. Number of leaves was recorded by counting of NH /593-1 while NH /594 gave the least values with and
leaves. At 9 WAS, when all the vegetative development without N application. Significantly differences (P=0.05)
of grain amaranth has reached their maximum and at flower were observed in the plant height among the grain
initiation destructive harvesting of 6 plants per treatments amaranth varieties. These results corroborated the earlier
were done to determine the fresh and dry matter yields of work of Olaniyi [31] on grain amaranth performance. Who
the leaves and stem, fresh weight of stems and leaves reported that NH /93-1 is more productive among the
were separately measured using an electric weighing grain amaranth varieties considered in his study.
balance. The chopped up stems and leaves were dried
separately measured at 65°C for 48 h in an oven and SHOOT AND GRAIN YIELDS
weighed to get the dry matter yield. The fruits were
harvested when the heads were fully dried from six The fresh and dry shoot yields and grain yield per
sampled plants in each replicate three months after hectare  of   grain  amaranth  significantly  influenced  by

1 1

1

84 84
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Table 1: Influence of different levels of Nitrogen fertilizer on the plant height of grain amaranth varieties

Plant height

----------------------------------------------------------------------------------------------------------------------------------------------

Week after sowing

---------------------------------------------------------------------------------------------------------------------------------------------

4 6 8

N level -------------------------------------- ------------------------------------ ---------------------------------

Variety (kg ha ) 2004 2005 2004 2005 2004 20051

V =NH /593-1 0 22.40 25.50 35.30 48.40 62.00 89.901 84

15 22.60 30.50 40.80 58.40 71.20 92.91

30 27.00 35.70 41.70 50.30 77.20 92.91

45 29.60 39.30 46.40 65.40 78.70 104.14

60 30.55 41.01 47.05 65.86 79.00 104.54

V =NH /594 0 13.60 19.60 28.30 33.80 56.40 56.802 84

15 21.22 21.90 31.80 35.50 58.40 59.80

30 21.40 23.10 33.80 36.82 61.70 66.70

45 28.10 25.80 40.30 38.72 69.40 70.00

60 28.57 26.05 41.55 40.06 70.51 71.00

LSD (0.05)

Variety (V) ns 3.07 3.62 4.17 5.91 6.81

Nitrogen (N) 6.41 4.85 5.73 6.50 9.35 10.77

V x N ns ns ns ns ns ns

Table 2: Influence of different levels of Nitrogen fertilizer on the number of leaves of grain amaranth varieties

Number of leaves

----------------------------------------------------------------------------------------------------------------------------------------------

Week after sowing

---------------------------------------------------------------------------------------------------------------------------------------------

4 6 8

N level -------------------------------------- ------------------------------------ ---------------------------------

Variety (kg ha ) 2004 2005 2004 2005 2004 20051

V =NH /593-1 0 11.30 12.00 18.02 23.00 28.30 30.801 84

15 11.60 13.80 20.19 25.13 30.50 31.50

30 12.50 14.25 23.05 26.92 35.60 35.00

45 13.40 15.01 27.16 29.56 36.30 38.01

60 13.75 15.52 27.65 29.59 36.45 38.25

V =NH /594 0 9.402 84

15 10.10 11.90 14.55 16.05 20.70 22.50

30 10.50 12.00 17.11 18.67 27.10 31.10

45 12.30 13.10 21.25 24.11 28.30 31.70

60 13.02 13.90 24.18 26.08 31.50 33.05

LSD (0.05) 14.11 24.35 26.65 32.14 33.27

Variety (V) ns ns ns ns ns ns

Nitrogen (N) ns ns 4.29 6.53 6.86 ns

V x N 0.21 1.06 ns ns ns ns

applied N rates in both years (Table 3). Although, the 60 kg N ha . The grain yield per hectare was increased as
highest fresh and dry shoot yields increased up to the the N rates increased from 0 up to 45 kg N ha  and
maximum rate of 60 kg N ha , there was no significant declined at 60 kg N ha  for the two varieties. The effects1

different   between   the  values  obtained  at  45  kg  and of  applied  N  rates  were significantly different on these

1

1

1
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Table 3: Influence of different levels of nitrogen on the yield of grain amaranth varieties

Plant height

--------------------------------------------------------------------------------------------------------------------------------------------

Week after sowing

---------------------------------------------------------------------------------------------------------------------------------------------

Fresh shoot yield Dry shoot yield Grain yield (kg ha )1

N level -------------------------------------- ------------------------------------ ---------------------------------

Variety (kg ha ) 2004 2005 2004 2005 2004 20051

V =NH /593-1 0 1.50 1.75 0.48 0.50 0.6 1.11 84

15 1.75 2.75 0.64 0.82 0.8 1.4

30 2.25 3.00 0.86 0.94 1.0 2.0

45 2.95 3.50 1.04 1.37 1.5 1.6

60 2.99 3.61 1.06 1.40 0.9 0.6

V =NH /594 0 1.05 1.25 0.35 0.47 0.5 0.92 84

15 1.75 2.05 0.55 0.71 0.7 1.4

30 2.00 2.25 0.78 0.80 0.9 1.8

45 2.50 2.75 0.90 0.83 1.3 1.2

60 2.58 2.80 0.95 0.89 0.6 0.13

LSD (0.05)

Variety (V) 0.36 0.23 0.13 0.12 ns 0.20

Nitrogen (N) 0.23 0.15 0.09 0.08 0.25 ns

N x V ns ns ns 0.01 ns 0.19

Table 4: Influence of different levels of nitrogen fertilizer on the nutritional compositions of grain amaranth leaves across the two years

N level

Variety (kg ha ) % Protein % Fat % Mc % Ash % Fibre % CHo % Ca Fe (Ppm)1

V =NH /593-1 0 23.18 3.36 9.02 16.06 1.4 51.33 0.57 407.151 84

15 23.50 3.89 9.14 15.56 1.3 52.40 0.64 455.25

30 24.01 4.45 9.18 11.56 1.2 52.65 0.68 637.61

45 24.41 5.15 9.25 11.06 1.2 53.13 0.84 906.15

60 24.00 4.40 9.15 10.15 1.1 53.10 0.75 885.54

V =NH /594 0 22.42 2.98 8.96 11.62 1.3 45.56 0.52 320.162 84

15 23.44 3.52 8.99 10.06 1.3 50.26 0.57 382.05

30 23.52 4.15 9.15 9.57 1.2 51.38 0.59 546.75

45 23.86 4.817 9.20 9.44 1.1 52.18 0.73 795.52

60 23.42 3.75 9.05 9.32 1.1 52.11 0.69 615.81

LSD (0.05)

Variety (V) ns ns ns 0.55 ns 1.42 ns 3.04

Nitrogen (N) ns ns ns 0.87 ns 2.24 ns 4.81

V x N ns ns ns 0.48 ns ns ns 14.62

yield attributes of grain amaranth varieties in both years. Nutritional Values: Grain amaranth shoots (leaves and
The increased in amaranth yields as N rate increases is stems) and grains are a good source of some protein, oil,
similar to the findings of Sumar et al. [8] and Myers [32]. CHo and minerals as shown in Table 4 and 5, respectively.
The highest shoot and grain yield were recorded for The protein contents in the amaranth grain significantly
NH /493-1, while the least values were obtained from improved by the applied N fertilizer with the highest84

NH /594 with and without N application. Differences were values obtained at 45 kg N ha for the two varieties. The84

observed on the yields of grain amaranth among the protein content in the stem and grain varied significantly
varieties. among  the  varieties.  The highest values were  obtained

1
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Table 5: Influence of different levels of nitrogen fertilizer on the nutritional compositions of grain amaranth stems across the two years

N level

Variety (kg ha ) % Protein % Fat % Mc % Ash % Fibre % CHo % Ca Fe (Ppm)1

V =NH /593-1 0 3.52 0.18 9.43 23.02 2.5 62.20 0.23 108.701 84

15 3.68 0.19 9.48 22.85 2.3 62.73 0.24 115.52

30 4.15 0.22 9.90 22.45 2.3 63.22 0.26 185.05

45 4.62 0.25 11.05 22.01 2.2 63.46 0.29 225.7

60 4.11 0.20 9.51 21.55 2.0 63.35 0.27 220.5

V =NH /594 0 2.55 0.15 9.10 22.95 2.3 62.13 0.22 105.842 84

15 2.62 0.17 9.34 22.51 2.2 62.33 0.22 111.05

30 3.07 0.20 9.62 21.18 2.2 62.84 0.24 162.05

45 3.58 0.23 10.5 21.02 2.0 63.18 0.28 162.10

60 2.96 0.17 9.65 20.15 1.9 63.15 0.26 205.81

LSD (0.05)

Variety (V) 1.16 ns ns 0.28 ns ns ns 1.53

Nitrogen (N) ns 0.06 ns 0.44 ns ns ns 2.41

V x N ns ns ns 0.12 ns ns ns 3.69

Table 6: Influence of different levels of nitrogen fertilizer on the nutritional compositions of grain of the grain amaranth across the two years

N level

Variety (kg ha ) % Protein % Fat % Mc % Ash % Fibre % CHo % Ca Fe (Ppm)1

V =NH /593-1 0 14.30 0.33 6.72 2.50 3.5 68.51 69.55 129.171 84

15 16.45 0.35 6.85 2.41 3.3 69.84 69.84 150.25

30 16.81 0.38 8.05 2.38 3.0 71.02 71.05 190.56

45 18.42 0.39 9.06 2.15 2.8 72.91 73.94 212.00

60 16.51 0.36 7.19 2.06 2.5 72.14 71.52 205.16

V =NH /594 0 12.35 0.26 6.65 2.36 3.1 68.11 67.15 113.052 84

15 13.75 0.29 6.85 2.28 3.0 68.75 69.23 122.50

30 14.75 0.31 7.11 2.21 2.7 70.96 70.65 185.75

45 16.15 0.36 8.85 2.14 2.2 72.01 72.85 206.85

60 14.06 0.30 7.07 2.02 2.1 71.85 72.35 198.53

LSD (0.05)

Variety (V) 1.42 0.02 ns ns ns ns ns 1.27

Nitrogen (N) 2.25 0.032 ns 0.22 ns 2.25 ns 2.00

V x N ns ns ns ns ns ns ns 2.54

from NH /593-1 while NH /594 recorded the least values contents in the various parts of plant, the highest values84 84

with and without N application. The leaves followed by were obtained at 45 kg ha  of N. The varietal effects for
the grains gave the highest protein contents while the fat and carbohydrate were significant for grain and leaf,
stems recorded the least values. respectively. The Fe content in the leaf, stem and grain

The fat contents in the grain and stem significantly differed significantly among the varieties. In all the plant
influenced by the N fertilizer application. Likewise, the parts, the highest quality and mineral nutrients values
carbohydrate content in the leaf and grain significantly were recorded from NH /593-1 while NH /594 gave the
increased with applied N fertilizer. The iron and ash least values.
contents in the leaf, stem and grain were significantly Protein is necessary for everyone in the family,
improved by the applied N. The highest values for fat, particularly children, pregnant women and nursing mother
carbohydrate, iron and ash contents were obtained at 45 for good growth and healthy development. In the absent
kg N ha  in all plant parts. Although, no significant was of meat, fish, eggs or beans in a meal, dark green leaves1

recorded by the applied N for fibre, moisture and calcium especially  amaranth should be included as a sources of

1

84 84
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protein[33, 31]. Elbehri et al. [26] reported an increased of 9. Olufolaji, A.O., 1989. Response of four Amaranthus
up to 5% crude protein in the grain by addition of N
fertilizer. The significant increased in leaf crude protein in
response to N was in accordance with that reported for A.
cruentus by Walters et al. [27]. The general pattern of
decreases in plant parts fiber confirms the work of other
researchers [27, 28]. Bressani et al. [18] found no
response in fat level in seed of grain amaranth in response
to N. The increased in mineral nutrient contents in various
plant parts of grain amaranth as N rate increases is similar
to the findings of Olaniyi [28] for melon. The values of
other mineral elements obtained in this study were higher
than those obtained by Olaniyi [31] with the same
cultivars. The differences might be due to the N fertilizer
used in this study.
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