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ABSTRACT
Amaranthus cruentus is an important crop for subsistence farmers and a nutritious green vegetable in South Western Nigeria. The maximum growth and organic production of this vegetable to supply protein and minerals for people is necessary to enhance food security. Pot experiments were conducted in the experimental garden of the Department of Plant Science and Biotechnology, Ekiti State University Ado Ekiti, Nigeria to investigate the effects of organic manures on the growth of A. cruentus. The experiments were laid down in Completely Randomised Design (CRD). The treatments were Poultry manure (PM), Cowdung (CD) and Goat manure (GM) applied at 50g, 100g, 150g and 200g concentrations per 8kg of soil with four replicates. Application of organic manures irrespective of the quantity applied seemed to have no significant effect on the plant height of Amaranthus cruentus. However, the highest mean number of leaves per plant was recorded in soil treated with 100g of GM (69.38),followed by 50g of GM ( 62.75) which was similar to that of 200g  of PM (62.50).  Soil with 50g Poultry manure produced the widest leaf area (66.45cm2) followed by 50g of GM (58.29cm2). Meanwhile, 200g of PM treated plants has the highest stem girth (1.08cm) and 0.64 Relative Growth Rate (RGR) respectively.  Goat manure treated plants at 50g concentration produced the highest dry root and shoot weights with 2.46g and 6.03g respectively. Statistical analysis (P≤ 0.05) showed that significant differences were observed in all the parameters studied compared to the control except the plant heights. The three organic manures improved the growth of A. cruentus but Poultry manure outperformed the other manures in terms of leaf area, stem girth and RGR, while GM treated plants outperformed other manures in producing the highest number of leaves. With the current advocacy for the consumption of food produced organically, it is recommended that the organic manures under study should be used for the cultivation of A. cruentus most especially by the resource poor farmers as it is cheaper, environmentally friendly and might be safer for consumption than vegetables produced through the application of synthetic fertilizers.  
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INTRODUCTION
The rapid global increase in population particularly Nigeria and effects of civilization has brought a decrease in the land available for agriculture. More so, the shortage or reduced time for fallowing has led to continuous crop rotation on the available land thereby, causing a reduction in soil nutrients with the resultant effect on the yield of agricultural crops to feed the ever-growing population.  
When the soil is depleted, there is yield reduction (in quality and quantity) of agricultural crops. Such reduced yield cannot satisfactorily meet the demand of the populace, thereby leading to food scarcity. Weber et al. (2007) reported that soil fertility stimulates soil life, improves crop growth, kill weeds and pathogenic organism, help plants to tolerate pest and disease by reducing offensive odour and improves the physical, chemical and biological properties of soil.
To ameliorate the depleted soil, fertilizers are added to the soil to improve the soil nutrients, thereby improving the growth and yield of plants. Fertilizers are the materials added to the soil to improve its fertility.  Law-Ogbomo and Ajayi (2009) noted fertilizer as the quickest and easiest way of enhancing crop production. Also, Khairnar and Nair (2019) described fertilizer (inorganic and organic) as a substance added to the soil to improve plant growth and yield. Fertilizers may be organic or synthetic.  Synthetic fertilizers such as NPK and Urea are products made from chemicals that are added to improve soil nutrients. Synthetic fertilizers release the nutrients quickly and the growth of the crop increased simultaneously. Vegetables grown with these inorganic fertilizers are usually attractive and entice the consumers; However, Gordon et al. (1993) reported that increased productivity associated with inorganic fertilizer application has negative effect such as pollution of ground water after harvest. 
In order to prevent such occurrences, organic manures that are natural fertilizers which are less expensive, affordable and eco-friendly are advocated.  According to Reddy et al. (2004), organic manures are the organic materials derived from animal, human and plant residues at various stages of decomposition used by the growers to produce food (plant nutrients) to the crop plants. 
 Previous researchers such as Palaniappan and Siddeswaran (1994), Smil, (2000), Dungan et al. (2001) and Liang et al. (2018) noted that organic fertilizer played a direct role in supplying micro and macronutrients , indirectly improving the physical, chemical and biological properties of soil. Nguyen et al. (2016) found out that microorganisms living in the soil are important for decomposing, mineralizing and recycling of organic matters. Hassink et al. (1997) reported that organic matter improves soil structure, increases the water holding capacity and biological transformation such as N- mineralization. 
Organic fertilizers comprises of animal and plant residues such as farmyard manure, compost, vermicompost, poultry manure, sheep manure, urban organic waste, sewage waste and so on.  Shindhu et al. (2020) described poultry manure as the droppings of chickens as organic fertilizer. Brockmann et al. (2018) and Mataa et al. (2018) affirmed that poultry manure contain higher amount of Nitrogen, phosphorus, potassium and micronutrients with increased microbial activity as well as increased soil manure stability.
Abou Elmagd et al. (2005) reported that nutrients contained in manures are released more slowly and are stored for a longer time in soil ensuring longer residual effects, improved root development and higher yields. Singh et al. (2016) noted that the application of organic manures is gaining popularity particularly among the vegetable growers.
Vegetable consumption worldwide is gaining popularity among many communities particularly in Nigeria. Vegetables play a vital role in food security of the resource poor people in both rural and urban settings (Schippers, 1997) and in time of famine as famine foods (JansenVanRensburg, 2004; Glew and Vanderjagt, 2006). There is an increasing awareness of the value of leafy vegetables in contributing to balanced diet. Vegetables are rich sources of protein, minerals, vitamins (Olaposi and Adunni, 2010; Dias and Ryder, 2011; Adjatin et al., 2013).  According to Tindale (1983), Aju et al. (2013) and Yang and Keding (2009), leafy vegetables contribute significantly to the amount of carotene, vitamin C, protein and mineral contents of human food. 
Makinde et al. (2011) reported that African leafy vegetables are common, cheap and nutritious with a lot of health benefits. Adeyemi et al. (2007) opined that African vegetables have health benefits if properly harness and can have substitute for synthetic medicines.
Interestingly, Arowosegbe et al. (2018) reported that the application of organic fertilizer such as cowdung, Goat manure and poultry manure enhanced the medicinal properties of Senna alata. 
Improving on the production of A. cruentus through the application of organic manure can contribute to food security and economy of the farmers particularly in the rural areas. Idowu et al. (2014) noted that there is the need for improvement in the cultivation practices of the leafy vegetable as production of good quality vegetables would promote national, regional and International market opportunities for indigenous vegetables in Southwest Nigeria. 
Consequent on the above, variations in the growth of A. cruentus under different concentrations of   three organic manures are being investigated. 
Amaranthus cruentus is an annual herbaceous plant that originated from Central America and since ancient times cultivated for its grains. It belongs to the Family Amaranthaceae. A. cruentus reproduces by seeds and has a short growing period of 4-6 weeks (Makinde et al., 2010). The mass of 1000 seeds is around 0.6-1.0g (Alvareez- Jubete et al., 2010). It produces one dominant, large, central root (tap root). The stem is thick and often straight but are branched at times. The leaves are arranged spirally and can grow up to 200cm tall (Achigan- Dako et al., 2014; Wolosik and Markowska, 2019). At maturity, the whole plant is red –dish in colour (Grubben, 2004).

2. MATERIALS AND METHODS	Comment by khan haris: While the mineralization period of two weeks is well noted  the author should specify the depth at which the seeds were sown in the nursery trays.

The ambient temperature range (21Co 28Co )is provided but mentioning the specific duration of daylight or the season (dry vs. rainy) during which the experiment took place would be beneficial for replication.

2.1 Study Area	
The experiments were carried out at the experimental garden of the Department of Plant Science and Biotechnology, Ekiti State University, Ado-Ekiti, Nigeria (7040`N and 5015`E). Ado- Ekiti is in the rainforest zone of South Western Nigeria with mean ambient temperature between 210 and 280C with high humidity. The climate favors the production of agricultural crops as farming is the major occupation of the people in the State (Ayeni et al., 2018).

2.2 Collection of samples	
Soil sample
Soil sample were collected from 0-20cm depth from a farmland on campus, bulked together, air-dried for two weeks and sieved through a 5mm mesh. Equal quantity of soil (8kg) were weighed into planting pots and replicated four times according to the treatments.

Organic manures
Fresh samples of three organic manures [Poultry manure (PM), Cowdung (CD)and Goat manure GM)] were obtained from the Teaching and Research Farm of the Faculty of Agricultural Sciences, Ekiti State University, Ado- Ekiti. The manures were air-dried for three weeks after which it was ground into powder and later weighed into 50g, 100g, 150g, and 200g each with four replicates for each treatment.  The manures were mix with the soil (8Kg) in planting pots and left for two weeks for mineralization.

2.3 Preparation of nursery 
Seeds of A. cresentus were obtained from Agricultural and Development Project (ADP), Ado-Ekiti. The seeds were tested for viability by flotation method according to the method of Shukor et al. (2018). The seeds were planted in a nursery tray. The seedlings stayed for three weeks before transplanting into the already prepared planting pots containing the organic manures mix with the soil for the experiments. Two seedlings were planted per pot after which it was thinned to one vigorous plant per pot.
2.4 Data Collection and Analysis
Soil samples collected at 0 - 20cm depth before the application of organic manures were analysed for chemical contents such as Nitrogen (N), Potassium (K), Phosphorus (P), Magnesium (Mg), Sodium ( Na), Calcium (Ca), Manganese (Mn), Iron (Fe), Cadmium (Cd), Copper (Cu), Nickel (Ni) and Lead (Pb) using standard methods. Cation Exchange Capacity (CEC), EC (Electrical Conductivity) and Total Organic Carbon (TOC) of the soil were also estimated.
Data were collected on the plant height (cm), number of leaves per plant, leaf area (cm2), stem girth (cm), Relative growth rate, fresh and dry root and shoots weight (g). 
The data collected from the study were subjected to one way Analysis of Variance (ANOVA) using Statistical Package for Social Sciences (SPSS, 2017) .Duncan Multiple Range Test (DMRT) was used to separate the means. 

3. RESULTS AND DISCUSSION
RESULTS 
3.1 Chemical composition of experimental soil and organic manures
The chemical composition of experimental soil and organic manures (PM, CD, and GM) (Table 1) revealed that the soil has less compositions than the three organic manures except in Electrical conductivity (EC), Iron (Fe), Cadmium (Cd), Copper (Cu), Nickel (Ni), and Lead (Pb).  
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Table 1. Chemical compositions of the experimental soil and organic manures	Comment by khan haris: The initial soil analysis shows a low Nitrogen content (0.26%) compared to the manures. This should be highlighted in the discussion to explain the positive response in leaf area and stem girth.
	
Sample
	Parameter

	
	Ph
	N (%)
	P (ppm)
	K (ppm)
	Na (ppm)
	Ca (ppm)
	Mg (ppm)
	Mn (ppm)
	Fe (ppm)

	Soil	
	6.36±0.01d
	0.26±0.01c
	10.70±0.28d
	16.60±0.42d
	15.25±0.07d
	37.55±0.21b
	8.49±0.02d
	0.47±0.00c
	121.62±0.01a

	Poultry Manure PM)
	6.64±0.00b
	0.58±0.00a
	18.49±0.01a
	21.50±0.28c
	19.45±0.21b
	30.40±0.29d
	12.32±0.00a
	0.62±0.00a
	105.21±0.01d

	Goat Manure (GM)
	6.51±0.00c
	0.47±0.00b
	13.62±0.00c
	28.20±0.14b
	17.30±0.14c
	41.20±0.14a
	11.43±0.01b
	0.31±0.00d
	112.41±0.41c

	Cow Dung (CD)
	6.75±0.02a
	0.40±0.00b
	16.29±0.02b
	40.35±0.21a
	20.80±0.14a
	34.75±0.21c
	10.25±0.01c
	0.51±0.01b
	116.35±0.01b















Table 1. Chemical compositions of the experimental soil and organic manure continued
	
Sample
	Parameter

	
	Cd (ppm)
	Cu (ppm)
	Ni (ppm)
	Pb (ppm)
	*EC (μS/cm)
	CEC (cmolc/kg)
	TOC (%)

	Soil
	0.07±0.00a
	1.26±0.01a
	0.06±0.01a
	0.28±0.02a
	162.60±0.0a
	12.51±0.00d
	2.18±0.00d

	Poultry Manure(PM)
	0.03±0.00b
	0.77±0.02b
	0.02±0.00c
	0.12±0.00c
	94.15±0.07c
	16.28±0.01a
	3.05±0.37b

	Goat Manure(GM)
	0.01±0.00c
	0.61±0.00c
	0.04±0.00b
	0.18±0.00b
	87.61±0.01d
	14.32±0.01c
	2.75±0.01c

	Cow Dung(CD)
	0.01±0.00c
	0.80±0.00b
	0.04±0.01b
	0.12±0.00c
	96.46±0.02b
	15.96±0.02b
	3.16±0.01a


*Means followed by the same letter within column are not significantly different at (P ≤ 0.05).

*EC= Electrical conductivity; CEC= Cation Exchange Capacity; TOC= Total Organic Carbon



3.2 Plant Height
The effects of organic manures on the weekly height of A. cruentus are shown in Table 2. The results revealed that irrespective of the weeks of transplanting, the manures at different rate seemed to have no positive significant effects on the plant height of A. cruentus when compared with the control. However, at 1WAT and 3WAT, plants treated with PM (50g) have the tallest height amongst the treated plants with mean values of 9.31 and 24.81cm respectively. At 4WAT, plant treated with PM (200g) produced the tallest plant (33.81cm) while the least height was recorded for CD (150g) treated plants at 4WAT. PM (200g) which produced the tallest plant is significantly different from other treated plants but is not significantly different from the control experiment. 

Table 2. Effect of organic fertilizers on the plant height (cm) of Amaranthus cruentus	Comment by khan haris: The results show that the Control often performed better or similarly to the treated plants in terms of height. The author should discuss why the manures failed to significantly boost height despite improving other parameters.

	
Treatments/8Kg
	                          Weeks After  Transplanting

	
	   1
	2
	3
	4

	Control 
	11.75±1.11a
	18.31±0.77a
	24.61±0.83a
	30.39±1.64a

	*PM 50g
	9.31 ± 0.88a
	15.68± 0.82bc
	24.81±3.19a
	29.83 ± 4.18ab

	PM 100g
	4.80 ± 1.06c
	7.09 ± 2.30f
	11.44 ±2.41e
	15.89 ±2.64e

	PM 150g
	5.73 ± 1.48c
	9.80 ± 0.76ef
	15.23 ± 2.67c
	15.66 ± 2.64e 

	PM 200g
	7.68 ±1.38b
	15.54 ±2.99bc
	25.18 ± 3.70a
	33.81 ± 6.53 a

	CD 50g
	9.56 ± 1.47a
	16.68 ±1.62ab
	23.00 ± 2.19ab
	29.09 ± 6.07ab

	CD 100g
	5.10 ± 1.47c
	7.86 ± 2.41f
	10.09± 2.66e
	15.13 ± 4.75e

	CD 150g
	4.91 ± 0.46c
	7.70 ±1.62f
	12.03 ± 1.08de
	13.09 ±1.61e

	CD 200g
	4.15 ± 0.35c
	8.19 ±1.05f
	14.30 ±1.48cd
	18.66 ±3.26e

	GM 50g
	6.85 ± 0.80b
	13.81±cd
	23.26 ±2.73ab
	28.84 ± 2.64bc

	GM 100g
	7.14 ±1.86b
	13.59±1.04cd
	21.34 ± 4.05b
	26.01 ±3.30c

	GM 150g
	5.25 ±1.13c
	8.84 ± 2.42ef
	15.35 ±2.49c
	21.63 ± 5.52d

	GM 200g
	5.90 ±1.10c
	10.49 ± 0.94e
	15.23±1.96c
	20.64 ± 3.56d


*Means followed by the same letters within column are not significantly different at (P ≤ 0.05).
*PM = Poultry manure; CD = Cowdung; GM= Goat manure


3.3 Number of leaves per plant
Statistical analysis (P ≤ 0.05) showed that significant differences were observed in the number of leaves of the treated plants compared to the control. Data for the mean number of leaves per plant of A. cruentus as influenced by organic manures (Table 3) revealed that the highest mean number of leaves per plant was obtained at 4WAT in GM (100 and 50g) treated plants with 69.38 and 62.75 leaves respectively. Also, the treated plants have more number of leaves than the control except in PM (100g) and CD (100 and 150g) with mean values of 23.00, 25.75 and 22.38 respectively lower than 32.00 of the number of the leaves of the control.
Table 3. Effect of organic fertilizers on the mean number of leaves of Amaranthus cruentus

	
Treatments/8Kg
	                          Weeks After Transplanting

	
	   1
	2
	3
	4

	Control 
	11.75± 0.96a
	12.63 ±1.31e
	18.88 1.38d
	32.00 ±2.48f

	*PM 50g
	9.25±1.44ab
	19.13±2.32cd
	21.38 ±2.25c
	38.75 ±2.59e

	PM 100g
	6.88±0.48cd
	9.25 ± 0.66f
	11.88± 1.38e
	23.00 ±3.89g

	PM 150g
	7.88±1.18bcd
	14.25 ±2.63e
	25.13± 9.80b
	41.50 ±10.63d

	PM 200g
	8.38±1.03bc
	17.98 ±4.47d
	35.75 ± 8.41a
	62.50 ± 8.58b

	CD 50g
	9.25±0.48ab
	13.38 ±1.89e
	20.00 ±1.04cd
	36.75 ±5.857e

	CD 100g
	5.75±1.50de
	8.75±1.84f
	15.00 ±3.56e
	25.75 ±5.44g

	CD 150g
	6.50 ±1.08de
	10.13±1.95f
	13.15±2.84e
	22.38 ± 2.84 g

	CD 200g
	6.25±1.55de
	10.50±1.25f
	18.00 ±3.490d
	33.63 ±3.57e

	GM 50g
	9.25±1.47ab
	24. 38 ±2.78a
	37.63 ±3.57a
	62.75 ±4.41b

	GM 100g
	8.13± 1.26bc
	21.75 ±1.81ab
	38.88 ±5.82a
	69.38 ±8.75a

	GM 150g
	7.38± 4.03cd
	20.00±1.65bcd
	26.50 ±3.42b
	57.63 ±10.75c

	GM 200g
	9.38±0.85ab
	15.63±4.64e
	26.50 ± 4.94b
	45.00 ± 5.52d


*Means followed by the same letter within column are not significantly different at (P ≤ 0.05).
*PM = Poultry manure; CD = Cowdung; GM= Goat manure



3.4 Leaf Area
The leaf area of A. cruentus as affected by the organic fertilizer for the period of four weeks is shown in (Table 4). Statistical analysis (P ≤ 0.05) showed that significant differences were observed in the leaf area of treated plants compared to the control. Plants treated with PM (50g) and GM (50g) gave the significantly highest leaf area with 68.45cm2 and 58.29cm2 respectively at 4WAT. The control experiment at 4WAT has 51.52cm2. 

Table 4. Effect of organic fertilizers on the Leaf area (Cm2) of Amaranthus cruentus
	
Treatments/8Kg
	                          Weeks After  Transplanting

	
	   1
	2
	3
	4

	Control 	
	18.90 ±1.15a
	39.99 ± 8.59ab
	45.16 ±6.71c
	51.52±12.00b

	*PM 50g
	15.09 ±1.43bc
	42.03 ±6.23a
	54.07 ±6.99a
	66.45±5.54a

	PM 100g
	5.21 ± 0.83f
	12.46 ±1.76f
	17.36± 2.43f
	22.26 ±2.80e

	PM 150g
	11.75 ±1.07d
	24.67± 3.77d
	32.38 ±2.92d
	34.63 ±3.35d

	PM 200g
	12.49 ±2.23cd
	26.75 ± 4.66c
	41.44 ±9.05c
	47.65 ± 9.47c

	CD 50g
	18.01 ±4.06a
	29.66 ±4.66c
	33.56 ±5.42d
	37.22d ±5.14

	CD 100g
	4.78 ±1.43f
	12.95 ±2.45f
	18.71± 2.81f
	22.79 ±3.83e

	CD 150g
	4.72 ±0.80f
	10.89±1.20f
	16.59 ±2.89f
	23.22 ±4.46e

	CD 200g
	8.55 ± 1.13e
	16.97 ± 2.88e
	25.02±3.40 e
	37.33 ±2.45d

	GM 50g
	15.69 ±3.06b
	36.89 ±2.78b
	49.42 ±6.69b
	58.29 ±8.69a

	GM 100g
	13.19±2.19bcd
	24.66 ±3.53d
	38.98± 6.12c
	41.95 ±5.43c

	GM 150g
	7.69±1.84e
	13.90 ±2.68f
	29.73±4.63d
	36.39 ±3.89d

	GM 200g
	7.83± 0.19e
	16.53± 3.83e
	26.86 ±4.26e
	26.93 ± 4.37e


*Means followed by the same letter within column are not significantly different at (P ≤ 0.05).
*PM = Poultry manure; CD = Cowdung; GM= Goat manure




3.5 Stem Girth and Relative Growth rate
The effect of organic manure on the stem girth and relative growth (RGR) of A. cruentus is shown in Table 5. Statistical analysis (P ≤ 0.05) showed that significant differences were observed both in the stem girth and RGR of treated plants compared to the control. The results showed that the application of PM and GM produced thicker stem girth at 4WAT which were significantly highest in PM (200g and 50g) with 1.08 cm and 0.83cm; GM (50g and 100g) with 0.80 cm and 0.79 cm respectively. 
The RGR of the treated plants was significantly highest at PM (200g) with 0.65 cm followed by 50g of PM (50g) with 0.62cm and GM (50g) with 0.61cm respectively. 
Table 5. Effect of organic fertilizers on the stem girth (cm) and Relative growth rate of Amaranthus cruentus at four weeks after transplanting
	Treatments /8Kg
	Stem girth (cm)
	Relative Growth Rate

	Control 
	0.61 ±0.17c
	0.52 ±0.07de

	*PM 50g
	0.83 ± 0.24b
	0.62 ± 0.07a

	PM 100g
	0.45 ±0.13e
	0.47 ±0.07 f

	PM 150g
	0.64 ±0.28c
	0.55 ± 0.09cd

	PM 200g
	1.08 ±0.70a
	0.64 ±0.03a

	CD 50g
	0.60 ±0.12c
	 0.59 ±0.19bc

	CD 100g
	0.49 ±0.20e
	0.57 ± 0.20c

	CD 150g
	0.39 ±0.14f
	0.48 ±0.04ef

	CD 200g
	0.54 ±0.24d
	0.48 ±  0.13ef

	GM 50g
	0.80 ±0.22a
	0.61 ± 0.14a

	GM 100g
	0.79 ±0.29a
	0.50 ±0.11e

	GM 150g
	0.55 ±0.40d
	0.39 ±0.13g

	GM 200g
	0.61 ±0.43c
	0.42 ±0.52g


*Means followed by the same letters within column are not significantly different at (P ≤ 0.05).
*PM = Poultry manure; CD = Cowdung; GM= Goat manure

3.6 Fresh and Dry Root and Shoot weights
Fresh root and shoot weight at 4WAT was significantly highest in GM (50g) treated plants with 6.39g and 20.44g respectively (Table 6). Also, PM (200g) treated plants significantly produced the higher fresh root and shoot weights of 5.39g and 20.47g respectively. Other treatments like CD (50g) and Pm (50g) produced higher fresh root weight than the control. Similarly, PM (200g) treated plants also yielded higher fresh shoot weight than the control.


The dry root and shoot weights of A. cruentus was significantly highest in GM (50g) with 2.46g and 6.03g respectively. Statistical analysis (P≤0.05) showed that there were significant differences in the fresh and dry root and shoot weights of A. cruentus when compared to the control.  


Table 6. Effect of organic fertilizers on the fresh and dry root and shoot weights (g) of Amaranthus cruentus
	Treatment
/8Kg
	Fresh root weight 

	Fresh shoot weight 
	Dry root weight

	Dry Shoot weight

	Control 
	3.88 ± 0.46c
	11.80 ± 2.07d
	1.79 ± 0.59 b
	3.06 ± 0.48c

	*PM 50g
	5.20 ± 0.90b
	15.44 ± 1.63bc
	2.04 ± 0.32a
	3.94 ± 0.99b

	PM 100g
	1.66 ±0.66e
	5.45 ±1.37f
	0.52± 0.36e
	1.09b ±0.63e

	PM 150g
	3.17 ±1.25d
	10.83 ±1.33d
	1.29 ± 1.14b
	2.12 ± 1.45d

	PM 200g
	5.39 ±1.48b
	20.47 ± 2.43a
	1.82 ±0.66b
	4.05 ± 1.84b

	CD 50g
	5.47 ± 1.05b
	8.89 ± 1.70e
	2.81 ± 0.62a
	2.10 ± 0.42d

	CD 100g
	2.62 ± 1.21d
	4.59 ± 0.73f
	1.19 ±0.81c
	1.00 ± 0.27e

	CD 150g
	1.30 ± 0.58e
	3.89± 0.91f
	0.55 ± 0.45e
	1.04 ± 0.27e

	CD 200g
	2.68 ±0.67d
	7.65 ± 0.59e
	0.80 ±0,27d
	1.90 ± 0.44d

	GM 50g
	6.39±1.09a
	20.44 ±3.65a
	2.46 ± 0.63a
	6.03 ±1.14a

	GM 100g
	3.44 ±0.34c
	17.36 ± 2.92a
	0.98 ±0.51c
	4.98 ± 1.13b

	GM 150g
	3.92 ±0.87c
	13.29 ±3.56cd
	1.38 ± 0.18b
	3.80 ± 1.05b

	GM 200g
	2.89 ±0.75d
	13.24 ±3.26cd
	0.81 ± 0.45d
	3.79 ± 1.56b


*Means followed by the same letters within column are not significantly different at (P ≤ 0.05).
*PM = Poultry manure; CD = Cowdung; GM= Goat manure

4. DISCUSSION

All the growth parameters of A. cruentus (except plant heights) were influenced positively by different organic manures at various concentrations under the study.  The result is in tandem with the work of Uddin et al. (2009), Akande et al. (2010), Olowoake and Ojo (2014) and Ayeni et al. (2019) that application of organic manures ameliorated soil nutrients to improve crop production.  


Diacono and Montemurro (2011) noted that the enhancement of plant development in response to organic manure application exhibited a significant steady increase in plant growth due to the improved nutrient condition in the root rhizophere. Manjunatha et al. (2002) also reported that bio-fertilizer improved the growth and yield of Capsicum annum.




4.1 Number of leaves 	Comment by khan haris: There is a repetitive heading. Section 4.1 and Section 4.3 are both titled "Number of leaves". Section 4.1 discusses plant height and should be renamed accordingly.
The tallest plant was observed in poultry manure treated plant at Poultry manure (200 g). This might aid the nitrogen concentration in poultry manure that led to an increase of the vegetative growth of A. cruentus. This is tandem with earlier assertion of Senjobi et al. (2013) and Ayeni and Oye (2017). Fabiyi et al. (2015) noted that pepper (capsicum) can successfully produced organically with poultry manure. Likewise, Olaniyi et al (2008) noted that Celosia plants increase in growth with increasing rates of nitrogen fertilizer.
4.2 Number of leaves 
The soil treated with poultry manure (200g) and goat manure (50g) produced the highest number of leaves. This might be as a result of higher percentage of Nitrogen released from poultry manure which might have resulted in the increased growth of A. cruentus. The result corroborated the work of John et al. (2004) and Dauda et al. (2008) who had earlier reported that poultry manure possesses essential nutrients which are associated with the photosynthetic activity capable of promoting roots and vegetable growth of plants.

Tijani- Eniola et al. (2000) also reported that increase in the number of leaves under amended, un-amended and NPK fertilizer application reconfirmed the role of fertilizer in promoting vegetative growth in leafy vegetables. Ayodele (1983) noted that changes in the number of leaves are bound to affect the overall performance of A. cruentus as the leaves serves as photosynthetic organ of the plant. Law- Ogbomo and Ajayi (2009) also confirmed that poultry manure increased the number of leaves of A. cruentus. Likewise, Enujeke (2013) noted that the application of 30 t ha-1 of poultry manure was superior to other rates applied, producing highest number of leaves. 

4.3 Leaf area
The soil ameliorated with poultry manure and Goat manure produced the highest leaf area of A. cruentus. Leaf area in plants is associated with the large surface area for photosynthesis with abundant form of chlorophyll increase the photosynthetic efficiency and so enhance higher vegetative growth. Olanipon et al. (2020) opined that a plant`s surface area for sunlight impingement during photosynthesis is a function of leaf area. Higher Nitrogen content in poultry manure might have resulted in the synthesis of chlorophyll for photosynthesis. Boateng et al. (2006) had earlier reported the higher essential nutrients in poultry manure. Nitrogen is reported to play a major role in the synthesis of chlorophyll, enzymes and protein which in turn increase vegetative growth (Shahin et al., 2010)

4.4 Stem girth and relative growth rate
The stem girth of A. cruentus treated with organic manures produced thicker stem girth than the control most especially in 50g concentration of poultry manure. This is in tandem with the work of Law-Ogbomo and Ajayi (2009) who reported that stem girth of A. cruentus increased significantly with increased rates of poultry manure and planting density. 
The result also corroborated the work of Olowoake and Ojo (2014) who reported that fertilizers applied were found to increase the stem girth, root weight and yield of Amaranthus when compared to the control. Kalyani et al. (1996) and Sendur et al. (1998) reported the promotion of plant growth by bio-fertilizers in different vegetable crops. The fresh root and dry shoot weights of A. cruentus was improved in organic manure treated plants compared to the control. 

5. CONCLUSION	Comment by khan haris: The recommendation for resource poor farmers is a strong and relevant point for the target region
The present work suggests that organic manures (poultry manure, goat manure and cowdung) might preferably be a good option in the cultivation of A. cruentus by the vegetable growers most especially, the resource poor farmers who might not be able to afford the cost of synthetic fertilizers. Besides, cultivation of A. cruentus with the organic manures will promote the advocacy for organic food produced naturally thereby enhancing food security. Vegetables produced with organic fertilizers are considered to be safer for human consumption with health benefits without causing gastrointestinal diseases such as diarrhoea, cancer and other diseases derived from the foods produced with s inorganic fertilizers.   
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  1     Variations in the Growth of  Amaranthus cruentus   L. as  Affected by Different Concentrations of Organic  Manures       ABSTRACT   Amaranthus cruentus   is an important crop for subsistence farmers and a nutritious green vegetable in  South Western Nigeria. The maximum growth and organic production of this vegetable to supply protein  and minerals for people is necessary to enhance food security. Pot experiments were conducted in the  experimental garden of the Department of Plant Science and Biotechnology, Ekiti State University Ado  Ekiti, Nigeria to investigate the effects of organic manures on the growth of  A. cruentus .   The experiment s   w ere   laid down in Completely Randomised Design (CRD). The treatments were Poultry manure (PM),  Cowdung (CD) and Goat manure (GM) applied at 50g, 100g , 150g   and 200g concentrations   per 8kg of  soil   with four replicates.  Application of organic manures irrespective of the quantity applied seemed   to  have no significant effect  on the plant height of  Amaranthus cruentus.  However,   the highest mean  number of leaves per plant was  recorded in   soil treated with  100g of   GM (69.38),followed by 50g of GM (  62.75) which was si milar to that of 200g  of PM (62.50).    Soil with 50g  Poultry manure   produced the  widest  leaf area (66.45cm 2 ) followed by 50g of GM (58.29cm 2 ).   Meanwhile,  200g of PM treated plants has  the highest stem girth (1.08cm) and 0.64 Relative Growth Rate (RGR) respectively.     Goat manure treated  plants at 50g concentration produced the highest dry root and shoot weights with 2.46g and 6.03g  respectively. Statistical analysis (P ≤  0.05) showed that significant differences were observed in   all  the  parameters studied compared to the control except the   plant  heights .   The three organic manures  improved the growth of  A .  cruentus   but Poultry manure outperformed the other manures in terms of leaf  area, stem girth and RGR , while  GM treated plants outperformed other manures in producing the highest  number of leaves. With the current advocacy for the consumption of food produced organically, it is  recommended that the organic manures under stu dy should be used for the cultivation of  A .  cruentus   most especially by the resource poor farmers as it is cheaper, environmentally friendly and might be safer  for consumption than vegetables produced through the application of synthetic fertilizers.     Keywords :   Organic manure, A. cruentus, Poultry manure, Relative Growth Rate, Vegetables.     INTRODUCTION   The rapid global increase in population particularly Nigeria and effects of civilization has brought a  decrease in the land available for agriculture. More so, the shortage or reduced time for fallowing has led  to continuous crop rotation on the available land thereby, causing a reduction in soil nutrients with the  resultant effect on the yield of agricultural crops to feed the ever - growing population.     When the soil is depleted, there is yield reduction (in quality and quantity) of agricultural crops. Such  reduced yield cannot satisfactorily meet the demand of the populace, thereby leading to food scarcity.  Weber  et al.   (2007) reported that soil fertility stimulates soil life, improves crop growth, kill weeds and 

