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ABSTRACT 

Amaranth is one of the most cultivated native leafy vegetable in Africa high leaves production within a short 

period. A factorial experiment was laid out using randomized complete block (RCBD) with the aim of comparing 

the seed characteristics of some selected amaranths based on morphological and physiological traits. Four 

varieties of grain Amaranth consisting of Num-Amaranth, White Amaranth, Red Amaranth, and Celosia as well 

as harvest before and after flowering in  three replicates at the Teaching and Research Farm of Osun State 

University, Ejigbo Campus. Measurements were taken on growth components (leaf area index, leaf width, the 

number of branches per plant, numbers of leaves per plant, plant height (cm), and stem girth (cm). All data were 

analyzed using analysis of variance (ANOVA) and significant means separated by the least significant difference 

at five percent probability level (LSD0.05). The result showed high viability among the amaranth varieties for 

leaf area index, leaf width (m2), the number of branches per plant, number of leaves per plant, plant height (cm) 

and stem girth (cm). Highest values for characters for leafy vegetable were recorded for Num-Amaranth while 

lowest was found in Celosia. The number of branches per plant had high significant positive correlation with 

plant height. Principal component analysis (PCAs) accounted for 81% of the total variation were used for 

clustering the genotypes. Therefore, to ascertain within the same cluster while inter-crossing could be done 

between different clusters to achieve maximum yield. In this study, the maximum exploitation of grain amaranth 

potentials, Num-Amaranth and Red Amaranth can be included in future breeding programme for high yield of 

amaranth.  
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Introduction 

Grain amaranth (Amaranthus cruentus L.), is a 

leafy vegetable that is globally grown for its   

grains and leaves for human and animal 

consumption. (NRC, 2006; O’Brien and Price, 

2008). Grain amaranth planting density varies 

depending on the prevailing environmental factors, 

farming systems and variety to be grown. In the 

cultivation of grain amaranth, the recommended 

planting density varies considerably worldwide, 

depending on a number of factors such as the 

environment, the production system and the variety 

involved (O’Brien and Price, 2008). The growth of 

grain amaranth is rapid with high yield, and stress 

resistant. The crop is nutritious and high in fibre 
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content. The crop has a great potential in 

alleviating poverty and malnutrition.  As indicated 

by Tung (2010), immature amaranth green leaves 

are used in the preparation of soup in many parts of 

West Africa. Its mild flavour and tender texture 

complement many starchy dishes.  

 

The leaves of crop are high in vitamins and 

essential minerals for proper function and 

maintenance of body system (Abolaji et al., 2007).  

It is cheap source of protein and carbohydrate.  It is 

rich in the amino acids methionine, cycteine and 

has the highest content of lysine compared with all 

grains.  It also has three times the fibre of wheat 

(Abolaji et al., 2007).  Despite the nutritional 

attributes of grain amaranth, it remains 

underexploited crop for grain purposes. However, 

research towards the crop improvement has not 

received enough attention among researchers 

(Akin-Idowu et al., 2017).  Some grain amaranth 

varieties have been introduced and acclimatized 

well in the region, although agronomic evaluation 

and nutritional composition in different agro-

ecological zones has not been carried out. The 

availability of genetic variation among and within 

the different accessions for these traits provides 

great scope for crop improvement through 

selection and other breeding methods to develop 

desired genotypes.  

Low crop productivity is a general problem facing 

most farming systems in sub-Saharan Africa 

(SSA). Low leaf yields of less than 1.2 tons per 

hectare are normally realized against the potential 

of 32-40 tons per hectare in amaranth. Grain yield 

are very highly variable. Good grain yields, in 

relative terms would be considered to be 1000 

kg/ha but reach 6000kg/ha under conventional 

agricultural practices have been reported. 

However, information on accessions or lines with 

both potential of morphological and physiological 

traits (dual purpose) has not been well documented. 

Therefore, the objective of the research is to 

compare the seed characteristics of some selected 

amaranths based on morphological and 

physiological traits. 

 

Materials and Methods 

Description of experimental site 

The experiment was carried out at the Osun State 

University Teaching and Research Farm, Ejigbo 

campus (Latitude 7o 52’28.37’N and Longitude 4o 

18’13.76’ E). The climatic condition of the area is 

typically a rain forest type, consisting of two peaks 

(Bimodal Rainfall) which is between 926.33- 

1995.17mm per annum (Musa et al., 2016).  

Experimental Materials 

Four Amaranths seeds accessions were obtained 

from the Ejigbo Local Market. The seeds procured 

from agro-dealer were sown on a field during the 

early season in 2020.  Field experiment was 

conducted at the Teaching and Research of Osun 

State University, Ejigbo Campus. Composite soil 

samples were collected randomly from the trial site 

at the depth of 0-15cm with soil auger prior to 

planting. The samples were analysed in the Soil, 

Water and Material Testing Agronomy Laboratory 

of Osun State University, College of Agriculture, 

Ejigbo Campus, for physico-chemical analysis 

(Table 1). Collected samples were air-dried and 

passed through 2 mm sieve. The sieved samples 

were analyzed for chemical properties. Soil pH was 

determined with a glass electrode pH meter in 

distilled water using 1:1 soil: water as described by 

Thomas (1996). Total nitrogen was determined by 

the macro-Kjeldahl method (Bremner, 1996); 

Exchangeable cations (Ca2+, Mg2+, K+ and Na+) 

were extracted with neutral 1.0 M NH4OAC 

solution of.  The K+, Ca2+ and Na+ concentrations in 

the extract were determined using the flame 

photometer while Mg2+ was determined using the 

atomic absorption spectrophotometer (AAS). For 

the determination of soil organic carbon, the 

Walkley-Black wet oxidation method (Nelson and 

Sommers, 1982) was adopted, Available P by the 

Bray-1 method as described by Kuo (1996). For soil 

physical properties, particle size analysis was 
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determined by hydrometer method according to 

Okalebo et al., (2002). Soils of the sites for the two 

locations are sandy clay loam, low in nitrogen and 

other micro elements (Table 1).   

Table 1: Physical and chemical properties of 

experimental soil. 

 

Experimental design and Field Arrangement 

The experimental site was cleared with the use of 

cutlasses and prepared with hoes, mapped out, and 

divided into three blocks of 3 m by 4.2 m each. 

Three seeds of each variety were sown per hole 

using a spacing of 0.5 by 0.75 between and thinned 

to one plant stand at two weeks after emergence, 

irrigation was applied. Randomized complete block 

design (RCBD) was used; Poultry manure was 

applied to each plot in the block.  

Data Collection  

Four (4) most competitive Amaranths plants were 

selected and tagged in each row for collection of 

morphological and agronomic traits. Plants at the 

edges of the plots was excluded to avoid data 

collection error. Data collected included the 

followings: 

Number of branches: Number of branches per- 

plant for twelve (16) plants selected randomly in the 

plot was counted. 

Leaf length and width (cm): Leaf length and width 

was measured in centimeter using ruler during 

vegetative growth on leaf.  

Number of leaves (NL): Number of leaves was 

counted every seven (7) days. 

Leaf area index (LAI): was calculated using the 

following formular: 

(���� ���� ����

=  ���� ���� �����ℎ � ���� ���� ������ℎ � 0.75) 

Plant height (PH): was measured from the soil 

surface to the top of the plant at seven (7) days 

interval using tape measure.  

Stem Girth (SG mm): was measured as diameter of 

root using vernier calliper. 

Results 

Variation in Morphological Characteristics 

The growth performance of the four grain amaranth 

varieties is displayed in Table 2. Leaf area index 

was the highest with Num-amaranth (16.28) 

followed by White Amaranth (14.32). The lowest 

value for leaf area index was obtained Celosia 

(7.69). For leaf width, Celosia had 3.07 leaf width 

and was significantly different from other varieties. 

In addition, Red amaranth and Celosia had the same 

highest number of branches (12.44) while Num-

Amaranth and White amaranth had significantly the 

lowest number of branches which were 11.67 and 

7.89 respectively. Num-Amaranth and Red 

amaranth had highest number of leaf 68.22 and Red 

Amaranth respectively, while Celosia had the 

lowest significant value (43.22).  Num-Amaranth 

and Red-Amaranth had highest plant height with 

63.56 and 61.67 respectively and the shortest plant 

was White Amaranth (44.77) and Celosia (38.56) 

respectively. Lastly, Num-Amaranth had the 

highest value for stem girth (1.63) which was 

Properties Value 

Sand % 70.00 

Clay %  5.72 

Silt % 22.00 

Textural class Sandy clay loam 

pH (H20) 5.80 

Organic matter % 1.90 

Nitrogen % 0.08 

Phosphorus (mg/kg) 8.60 

Ca2+ (cmol/kg) 1.61 
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significantly different from Celosia (0.83) which 

showed the lowest value for the same traits.  

Correlation analysis  

Association among the characters of selected four 

amaranth varieties grown during rainy season is 

given in Table 3. According to the results, leaf 

width showed significant negative association with 

number of branches (-0.03) but the remaining 

characters showed no significant correlation with 

leaf width. Inter-character association revealed 

number of branches depicted highly significant 

positive correlation (0.31) with plant height. 

Furthermore, plant height showed highly 

significant positive correlation (0.71) with stem 

girth. 

Principal component analysis of the studied 

characters  

The eigenvalues are often used to determine how 

many factors to retain. The sum of the eigenvalues 

is usually equal to the number of variables. In this 

study, the principal component analysis results 

presented in Table 3, showed that the variable could 

be grouped into three component accounting for 

90% of the total variation of grain yield. The first 

PC contributed 63% of the overall variance of the 

studied characters. The second PC contributed 18% 

of the overall variance of the studied characters 

while the third PC contributed 9%. 

The leaf area index (0.48), leaf width (0.48) and 

stem girth (0.48) had positive loading on the PC1. 

Plant height contributed to PC2 contributed positive 

values with 0.20 while number of leaf contributed 

positively (0.83) to PC3 with number of branches 

contributing negatively to PC3 with (-0.53).  

 

 

 

 

Table 1: Growth and yield performance on characters of grain amaranths varieties 

Variety Leaf area Leaf width No of 
branches 

No of leaf Plant 
height  

Stem girth 

Num 
Amaranth 

16.28a 7.80a 11.67ab 68.22a 63.56a 1,63a 

White 
Amaranth 

14.3ab 6.90a 7,89b 52.00ab 44.78b 1.26ab 

Red 
Amaranth 

13.50b 6.58a 12.44a 60.00a 61.67a 1.50ab 

Celosia 7.96c 3.07b 12.444a 43.22b 38.56b 0.83c 
Mean with the same letter on a column are significantly different 

 
Table 3: Correlation matrix of the variables used in the PC of four grain amaranth genotypes evaluated 

during rainy season 
 Leaf area Leaf width No of 

branches  
No of leaf Plant height Stem girth 

Leaf Area 1.00 0.92ns 0.14ns 0.67ns 0.63ns 0.85ns 

Leaf Weight  1.00 -0.03* 0.53ns 0.59ns 0.79ns 

No Branches   1.00 0.23ns 0.31** 0.19ns 

No of Leaf    1.00 0.51ns 0.67ns 

Plant height     1.00 0.74** 

Stem girth      1.00 
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Fig. 1: Change in grain amaranth plant height with growth stage. 

 
 

Table 4: Eigenvectors and Eigen values of the first three principal components (PC1, PC2 and PC3) 
axes for four lines evaluated for growth yield during rainy season 

Characters Prin1 Prin2 Prin3 

Leaf. Area Index 0.48* -0.16 0.02 

Leaf. Width 0.45* -0.33 -0.18 

Number. Branches 0.13 0.90 -0.53* 

Number Leaf. 0.39 0.11 0.83* 

Plant. Height. 0.41 0.20* -0.52 

Stem Girth. 0.48* -0.04 -0.08 

Eigen value (ROOT) 3.82 1.08 0.51 

Proportion Variation accounted for by PC 0.63 0.18 0.08 

Cumulative Variance Expected.  0.63 0.82 0.90 

Note: * Shown a high value indicates a high correlation between the traits and PC). 
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Discussion 

The significance in mean sum of squares observed 

in stem girth for varieties indicated that the four 

grain amaranth varieties employed in this study 

were genetically difference for this particular trait. 

Similar observation was reported by Abdoulamir 

and Amir (2017). Higher value recorded for 

variety sum of square for almost all the characters 

suggested that grain amaranth characters of the 

varieties tested are highly controlled by genetic 

effect. The non-significant effect of some studied 

agronomic characters (leaf area index, leaf width, 

number of branches, number of leaves, plant 

height) indicated that these characters were not 

different in the expression of these characters thus 

cannot be used for varietal selection (Nazir et al., 

2010).  

The fact that Num-Amaranth depicted the highest 

value for the highest values for these characters; 

leaf area index, leaf width, number of leaves, plant 

height, and stem girth implied that this variety is 

superior above others for these particular 

characters. High leaf area index, leaf length and 

stem girth as well as plant height are characters 

which support maximum yield of crops when 

essential agricultural input, and water are 

available in adequate quantity (Onasanya et al., 

2009). Plants with higher number of leaves and 

broader leaves area tend to photosynthesis than 

those with small and few leaves (Chapin and 

Eviner, 2007). Celosia showing the lowest value 

for leaf area index, leaf width, number of leaves, 

plant height, and stem girth can be due to abiotic 

stress effect.  

Furthermore, the significant positive correlation 

of number of plant height with number of 

branches indicated that selection of accessions 

with higher plant height would lead to higher 

number of branches which is essential for the 

production of leafy vegetable, these similar 

conclusions were made by Akter et al., (2005) and 

Munguatosha et al., (2017). The negative 

correlation of the number of leaf width with 

number of branches per plant shown that selection 

of accessions with leaf size would result to low 

number of branches. This relation can be linked to 

the translocation of food to the leaf in account of 

the branches, which is common under nutrient 

deficient condition. 

Traits with the highest absolute value closer to one 

within the first principal component have effect 

on the clustering more than those ones with lower 

absolute value closer to zero (Chahal and Gosal 

2002).  The first two PC axis contributed 81% of 

the multivariate variation among the amaranth 

genotypes, were the most important thus the 

characters loaded on the axes were used to group 

the genotypes into closely related clusters. 

Principal component analysis (PCA) reflects the 

importance of the largest contributor to the total 

variation at each axis of differentiation (Sharma, 

1998). The clustering pattern observed this study 

indicated the extent of genetic diversity among the 

varieties by occupying three different clusters. 

This finding is in agreement with the findings of 

Singh et al. (2005) and Liu et al. (2006). 

Kanthaswamy, (2006), reported that 74 amaranth 

genotypes of were grouped into 12 clusters, Oboh 

(2007) observed four clusters for 16 amaranth (A. 

hybridus), Shukla et al. (2010) obtained six 

clusters for 39 amaranth strains and Akhter et al. 

(2013) discriminated 17 amaranth genotypes into 

four clusters.  

Conclusions 

High viability was found among the amaranth 

varieties for leaf area index, leaf width, number of 

branches, number of leaves, plant height and stem 

girth. Highest values of leafy vegetable were 

recorded for Num-Amaranth while lowest was 

found in Celosia. Number of branches had high 

significant positive correlation with plant height. 

However, leaf width had negative significant 

correlation with number of branches. PCAs 

accounted for 81% of the total variation were used 

for clustering the genotypes. To ascertain the 
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maximum exploitation of grain amaranth 

potentials Num -Amaranth and Red Amaranth can 

be included in future breeding programme for 

high yield of amaranth. Moreover, intra-crossing 

should be avoided within the same cluster while 

inter-crossing can be done between difference 

cluster to achieve maximum yield. 

References 

Abolaji, G.T., Olooto, F. M., Ogundele, D. T., and 

Williams, F. E., (2007). Nutritional 

Characterization of Grain Amaranth Grown 

in Nigeria for Food Security and Healthy 

Living. Agrosearch  17 No. 2: 1 – 10 . 

Abdoulamir R., and Amir R., S., (2017). 

Performance Comparis on of Three 

Varieties of Amaranth (Amaranthus 

hypochondriacus L.) at Different Harvest 

Time. International Journal of Research 

Studies in Agricultural Sciences (IJRSAS) 

Vol (3), PP 1-6. 

Achremowicz B., Ceglińska A., Haber T., 

Hołownia J., Just K., and Obiedziński M., 

(2015). General characteristics and 

technological applicability of Amaranthus 

seeds. Part I. Techniki Przetwórstwa 

Spożywczego.1:118–125. 

Agong, S. G., (2006).  Amaranthus caudatus L. 

In: Brink, M. and Belay, G. (Eds). PROTA 

1: Cereal and pulses/C`er`eales l`egumes 

secs. [CD-Rom]. PROTA, Wageningen, 

Netherlands. 

Akin-Idowu, P. E., Odunola O. A., Gbadegesin 

M. A., Ademoyegun O. T., Aduloju A. O., 

and Olagunju Y. O. (2017). Nutritional 

evaluation of five species of grain amaranth 

– An underutilized crop. International 

Journal of Sciences 3 (01):18–27. doi: 

10.18483/ ijSci.1131. 

Akter, N., Mian, M. A. K., Islam, M. M., Alim, 

M. A. and Islam M. N. (2005). Estimation 

of genetic parameters, character association 

and path analysis in jute (C. olitorius L.) 

germplasm. Bangladesh Journal of Plant 

Breeding and Genetics 18 (I): 35-38. 

Alba E., Polignano G.B. and Notarnicola L. 

(1997). Yield stability in a set of Amaranth 

entries in Southern Italy. Italian Journal 

Agronomy, 1, 65-71. 

Alemayehu, F. R., Bendevis M. A., and Jacobsen 

S. E. (2015). The potential for utilizing the 

seed crop amaranth (Amaranthus spp.) in 

East Africa as an alternative crop to support 

food security and climate change 

mitigation. Journal of Agronomy and Crop 

Science 201 (5): 321–9. doi: 

10.1111/jac.12108. 

Alika J.E., Aken’ova M.E. and Fatokun C.A. 

(1993). Variation among maize (Zea mays 

L.) accessions of Bendel State, Nigeria: 

multivariate analysis of agronomic data. 

Euphytica, 66, 65-71. 

Alvarez-Jubete L., Arendt E.K., and Gallagher E., 

(2010). Nutritive value of pseudocereals 

and their increasing use as functional 

gluten-free ingredients. Trends in Food 

Science & Technology.;21(2):106–113. 

Assad R., Reshi Z.A., Jan S., and Rashid I. (2017). 

Biology of Amaranths. Botany Review. 

83(4):382–436. 

Aufhammer W. and Kübler E. (1998). 

Investigations of the agronomical value of 

the cereals millet (Panicum milleaceum), 

canary grass (Phalaris canariensis) and the 

pseudocereals buckwheat (Fagopyrum 

esculentum), quinoa (Chenopodium 

quinoa) and amaranth (Amaranthus sp.). 

Bodenkultur, 49: 159–169. 

Babatunde, T. O., and Gbadamosi S. O. (2017). 

Effect of different treatments on invitro 

protein digestibility, antinutrients, 



 Afolabi M.S. and Abdul Waheed J. A.                 Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1, 2022) 

 

Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1): 4186-4197 

 

Page | 4193

antioxidant properties and mineral 

composition of Amaranthus viridis seed. 

Cogent Food and Agriculture 3 (1):1–14. 

doi: 10.1080/23311932.2017.1296402. 

Chahal, G.S., Gosal, S.S. (2002) Principles and 

Procedures of Plant Breeding: 

Biotechnology and Conventional 

Approaches. Narosa Publishing House, 

New Delhi. 

Chapin, F.S.  and Eviner, V.T.  (2007). 

Photosynthetic capacity and efficiency are 

other factors that could increase crop 

productivity, although the underlying 

molecular mechanisms are currently not 

well understood.   

https://www.sciencedirect.com/topics/agric

ultural-and-biological-

sciences/photosynthetic-capacity. Accessed 

13th of January 2020. 

Chelang’a, P. K., Obare G. A., and Kimenju S. C. 

(2013). Analysis of urban consumers’ 

willingness to pay a premium for African 

leafy vegetables (ALVs) in Kenya: A case 

of Eldoret town. Food Security 5 (4):591–5. 

doi: 10.1007/s12571-013-0273-9. 

Costea, M., and DeMason D.A. (2001). Stem 

morphology and anatomy in Amaranthus L. 

(Amaranthaceae), taxonomic significance. 

Journal of the Torrey Botanical 

Society.;128(3):254–281. 

Cuadrado, C., Takacs K., Szab E. E., and, Pedrosa 

M. (2019). Non-nutritional factors: Lectins, 

phytic acid, proteases inhibitors, allergens. 

In Legumes: Nutritional quality, processing 

and potential health benefits, ed. M. A. Mar 

ın-Cabrejas, 152–76. London: Royal 

Society of Chemistry. 

Dobos, G. (1992). Koerner amaranth als neve 

kulturpflanze in Oesterrcich. Introducktion 

und Zuechterische Aspeke. PhD thesis, 

University of Natural Resources and 

Applied Life Sciences. 

Enama, M. (1994). Culture: The missing nexus in 

ecological economics perspective. 

Ecological Economics 10 (2):93–5. doi: 

10.1016/09218009(94)00010-7. 

Ghafoor A., Sharifb A., Ahmada Z., Zahidc M.A. 

and Rabbania M.A. (2001).Genetic 

diversity in blackgram (Vignamungo L. 

Hepper). Field Crops Research, 69, 183-

190. 

Gimplinger D.M., Dobos G., Schönlechner R., 

Kaul H.P. (2007). Yield and quality of grain 

amaranth (Amaranthus sp.) in Eastern 

Austria. Plant Soil Enviroment., 53 (3): 

105–112 

Grubben, G. J. H. and Denton, O. A., (Eds.), 

(2004). Plant Genetic Resources of 

Tropical Africa 2: Vegetable. Wageningen, 

Netherlands: PROTA Foundation. 

He, H. P., Cai Y., Sun M., and Corke H. (2002). 

Extraction and purification of squalene 

from Amaranthus grain. Journal of 

Agricultural and Food Chemistry 50 

(2):368–72. doi: 10.1021/jf010918p. 

He, H., and Corke H. (2003). Oil and squalene in 

amaranthus grain and leaf. Journal of 

Agricultural and Food Chemistry 51 

(27):7913–2004. doi: 10.1021/jf030489q. 

Herbst, S. T. (2001). The new food lover’s 

companion: Comprehensive definitions of 

nearly 6,000 food, drink, and culinary 

terms. Barron’s cooking guide: Barron’s 

educational series. New York: Hauppauge. 

Hoheisel D., Nitz T., Franke H., Wegener J., 

Hakvoort A., Tilling T. and Galla, H.J. 

(1998). Hydrocortisone reinforces the blood 

brain barrier properties in a serum-free cell-

culture system. Biochemistry,  Biophysics 

Resourses. 244, 312-316. 



 Afolabi M.S. and Abdul Waheed J. A.                 Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1, 2022) 

 

Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1): 4186-4197 

 

Page | 4194

Idowu-Agida O.O., Oladosu B.O. and Olaniyi 

J.O. (2020). Evaluation of Yield and Yield 

Related Traits of  Exotic Grain Amaranth 

(Amaranthus S.) Accessions. Agro-Science   

Journal of Tropical Agriculture, Food, 

Environment and Extension 19:1 (11 – 17) 

Irving D.W., Betschart A.A., and Saunders R.M. 

(1981). Morphological studies on 

Amaranthus cruentus. Journal of  Food 

Science 46(4):1170–1174. 

Itúrbide, G. A. and Gispert, M. (1994). Grain 

amaranths (Amaranthus spp.). In: 

Neglected crops: 1492 from a different 

perspective. J. E. Hernándo Bermejo and 

León, J. (Eds), Plant production and 

Protection series No. 26. FAO, Rome, Italy. 

. 93-101. 

Jansen, P. C. M. (2004). Amaranthus  

hypochondriacus  L. In: Grubben, G. J. H., 

and Denton, O. A. (Eds.), PROTA 2. 

Vegetables/L`egumes [CD-Rom]. PROTA, 

Wageningen, Netherlands. 

Jamriška P. (1996). The influence of the variety 

on seed yield of amaranth (Amaranthus 

sp.). Rostl. Výr., 42: 109–114.  

Jamriška P. (2002). Effect of variety and row 

spacing on stand structure and seed yield of 

amaranth. Poľnohospodárstvo, 48: 380–

388. 

Kadereit, G., Borsch, T., Weising, K. and Freitag, 

H. (2003). Phylogeny of Amaranthaceae 

and Chenopodiaceae and the evolution of 

C4 photosynthesis. International Journal 

Plant Science 164(6): 959-986. 

Kanthaswamy, V. (2006). Studies on multivariate 

analysis in amaranthus. International 

Journal of Agricultural Science. 2(2): 317-

319. 

Kaul H. P., Aufhammer W., Laible B., 

Nalborczyk E., Pirog S., and Wasiak K. 

(1996): The suitability of amaranth 

genotypes for grain and fodder use in 

Central Europe. Bodenkultur, 47: 173–181. 

Liu F. and Stutzel H. (2002). Leaf expansion, 

stomatal conductance and transpiration of 

vegetable amaranth (Amaranthus sp.) in 

response to soil drying. Journal Americal 

Society Horticulte Science, 5, 878-883. 

Lovelli S., Pizza S., Caponio T., Gherbin P. and 

Perniola M. (2005). Analisi di crescita e 

valutazioneagronomica di 

alcunespecieerbacee a bassotenore di 

glutine. In: Proceedings of 34th Congress of 

the Italian Society of Agronomy, 20-22 

Sep., Foggia, Italy, pp. 298-299. 

Maboko, S. M. (1999). Vegetable amaranth 

improvement for South Africa [Online].  

Available from 

https/www.newcrops.uq.edu.au/newslett/nc

n11169.htm.[Accessed:13/1/21]. 

Makinde E.A., Ayeni L.S., and Ojeniyi S.O. 

(2010). Morphological characteristics of 

Amaranthus cruentus L. as influenced by 

kola pod husk, organomineral and NPK 

fertilizers in southwestern Nigeria. N Y Sci 

J. 3(5):130–134. 

Mekonnen, G., Woldesenbet M., Teshale T., and 

Biru T. (2018). Amaranthus caudatus 

production and nutrition contents for food 

security and healthy living in Menit Shasha, 

Menit Goldya and Maji Districts of Bench 

Maji Zone, South Western Ethiopia. 

Nutrition and Food Science International 

Journal 7 (3):1–7. 

Mlakar S.G., Turinek M., Jakop M., Bavec M., 

and Bavec F. (2009). Nutrition value and 

use of grain amaranth: potential future 

application in bread making. Agricultura. 

6:43–53. 



 Afolabi M.S. and Abdul Waheed J. A.                 Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1, 2022) 

 

Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1): 4186-4197 

 

Page | 4195

Montoya-Rodríguez A., Gómez-Favela M.A., 

Reyes-Moreno C., Milán-Carrillo J., 

González de Mejía E. (2015). Identification 

of Bioactive Peptide Sequences from 

Amaranth (Amaranthus hypochondriacus) 

Seed Proteins and Their Potential Role in 

the Prevention of Chronic Diseases. Compr 

Rev Food Sci Food Saf. 14(2):139–158. 

Müller K., and Borsch T. (2005). Phylogenetics of 

Amaranthaceae using matK/trnK sequence 

data-evidence from parsimony, likelihood 

and Bayesian approaches. Ann Mo Bot 

Gar.;92:66–102. 

Mujica A., and Jacobsen S.E. (2003). The genetic 

resources of the Andean grain crop 

amaranth (Amaranthus caudatus L., A. 

cruentus L. and A. hypochondriacus L.) in 

America. Plant Genet Resour Newsl. 

133:41–44. 

Munguatosha N., Tsvetelina S., Tileye F., and 

Patrick A. (2017). Characterization of 

Morphological Diversity of Jute Mallow 

(Corchorus spp.). International Journal of 

Agronomy, 

https://doi.org/10.1155/2017/6460498. 

Myers R.L. and Robert L. (1998). Grain 

Amaranth: A Lost Crop of the Americas. 

Thomas Jefferson Agricultural Institute, 

Columbia, MO, USA, 65-203. 

 Nazir, H., Zaman, Q, Amjad, M., and Aziz, N.A. 

(2010). Responses of maize varieties under 

agro-ecological conditions of Dera Ismail 

khan. Journal of Agricultural Research 

48(1); 59-63 

Ntundu W.H., Shillah S.A., Marandu W.Y.F. and 

Christiansen J.L. (2006). Morphological 

diversity of bambara groundnut (Vigna 

subterranean (L.) Verdc.) landraces in 

Tanzania. Genetic Resources and Crop 

Evolution (GRACE), 53, 367-368. 

Oboh, B. (2007).  Multivariate analysis of the 

diversity among some Nigerian accessions 

of Amaranthus hybridus. International 

Journal of Plant Breeding and Genetics 1: 

89-94.f 

O’Brien G.K., and Price M.L. (1983). Amaranth: 

Grain and Vegetable Type. Echo Technical 

Note. Durrance Rd, North Ft. Myers, FL 

33917, USA. 

Onasanya, O., Olaiya, P., Onasanya A., and 

Oikeh, S. O. (2009). Growth and Yield 

Response of Maize (Zea mays L.) to 

Different Rates of Nitrogen and Phosphorus 

Fertilizers in Southern Nigeria. World 

Journal of Agricultural Sciences 5 (4): 400-

407, 2009ISSN 1817-3047.  

Onyango, C. M. (2010). Pre-harvest and 

Postharvest Factors Affecting Yield and 

Nutrient Contents of Vegetable Amaranth 

(Var. Amaranthus hypochondriacus). 

Thesis, Wageningen University, 

Wageningen, N. 

Petruzzello, M. (2016). Amaranthaceae plant 

family. 

https://www.britannica.com/plant/Amarant

haceae#ref230955 

Pospisil A., Pospisil M., Varga B. and Svenjak Z. 

(2006). Grain yield and protein 

concentration of two amaranth species 

(Amaranthus spp.) as influenced by the 

nitrogen fertilization. European Journal of 

Agronomy, 25, 250-253. 

Pratt D.B. (2003). Phylogeny and morphological 

evolution of the Chenopodiaceae-

Amaranthaceae alliance. [Retrospective 

Theses and Dissertations]. 613. 

Prasch C.M. and Sonnewald U. (2015). Signaling 

events in plants: stress factors in 

combination change the picture. Environ. 

Exp. Bot., 114, 4-14. 



 Afolabi M.S. and Abdul Waheed J. A.                 Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1, 2022) 

 

Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1): 4186-4197 

 

Page | 4196

Ramegowda V. and Senthil-Kumar M. (2015). 

The interactive effects of simultaneous 

biotic and abiotic stresses on plants: 

mechanistic understanding from drought 

and pathogen combination. Journal of Plant 

Physiology, 176, 47-54. 

Rao, C. V., and Newmark H. L. (1998). Chemo 

preventive effect of squalene on colon 

cancer. Carcinogenesis 19 (2):287–90. doi: 

10. 1093/carcin/19.2.287. 

Rezai A., and Frey K.J. (1990). Multivariate 

analysis of variation among wild oat 

accessions – seed traits. Euphytica, 49, 111-

119 

Sauer J.D. (1993). Historical Geography of Crop 

Plants: a Select Roster. Boca Raton, 

London, New York, NY: Washington D.C.: 

CRC Press. 

Shukla S., Bhargava A., Chatterjee A., Pandeya 

A.C. and Mishra B.K. (2010). Diversity in 

phenotypic and nutritional traits in 

vegetable amaranth (Amaranthus tricolor), 

a nutritionally underutilised crop. Journal 

of Science Food Agric., 90,139-144. 

 Śmigerska K. (2016). Research on the 

Improvement of Growing for Seeds of the 

Blood Amaranth (Amaranthus cruentus L.) 

of Rawa Variety. Bydgoszcz: Uniwersytet 

Technologiczno-Przyrodniczy im. J.J. 

Śniadeckich w Bydgoszczy. 

Smith J.S.C. and Smith O.S. (1989). The 

description and assessment of distances 

between inbred lines of maize: the utility of 

morphological, biochemical and genetic 

descriptors and a scheme for the testing of 

distinctiveness between inbred lines. 

Maydica, 34, 151-161. 

Smith S.E., Doss A.A. and Warburton M. (1991). 

Morphological and agronomic variation in 

North African and Arabian alfalfas. Crop 

Science, 31, 11591163 

Smith, T. J. (2000). Squalene: Potential 

chemopreventive agent. Expert Opinion on 

Investigational Drugs 9 (8):1841–8. doi: 

10.1517/ 13543784.9.8.1841. 

Tosi E.A., and Ré E. (2003). Amaranto. Su 

aplicación en la alimentaciónhumana. 

Aposgran, 2, 15-16 

Tung A.  (2010). Amaranth: Food Production 

without Attention. Nourishing the Planet 

Project, 

http://blogs.worldwatch.org/amaranth-

food-production-without-attention/. 

Accessed 13th of January, 2021. 

Valcárcel-Yamani B. and da Silva Lannes S.C. 

(2012). Applications of quinoa 

(Chenopodium quinoa Willd and amaranth 

(Amaranthus spp.) and their influence in the 

nutritional value of cereal based foods. 

Food Publ Health. 2(6):267–269. 

Weaver S.E. (1984). Differential growth and 

competitive ability of Amaranthus 

retroflexus, A. powellii and A. hybridus. 

Can Journal of Plant Science 64(3):715–

724. 

Weber, L. E. (1990). Amaranth grain production 

guide. Rodale Press, Emmaus, PA, pp 28. 

Wu H.X., Sun M., Yue S.X., Sun H.L., Cai Y.Z., 

Huang R.H., Brenner D. and Corke H. 

(2000). Field evaluation of an Amaranthus 

genetic resource collection in China. 

Genetic Resources & Crop Evolution, 1, 

43-53. 

Yao Y., Liu Q., Liu Q. and Li X. (2008). LAI 

retrieval and uncertainty evaluations for 

typical row-planted crops at different 

growth stages. Remote Sensing of 

Environment, 1, 94-106 



 Afolabi M.S. and Abdul Waheed J. A.                 Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1, 2022) 

 

Nig. J. Pure & Appl. Sci. Vol. 35 (Issue 1): 4186-4197 

 

Page | 4197

Zhigila D.A., Yuguda U.A., Akawu J.J., and 

Oladele F.A. (2014). Palynomorphs and 

floral bloom as taxonomic characters in 

some species of the genus Amaranthus L. 

(Aamaranthaceae). Bayero   

 

 

  

 

 


	Untitled



