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Abstract

Manures are more environment-friendly and effective in improving soil fertility, hence their recent preference
over inorganic fertilizers. Poultry manure is believed to be the most valuable manure produced by livestock.
However, the application had always been only before sowing, unlike the inorganic fertilizers that are, generally,
applied after sowing/planting of crops. Therefore, the effects of broiler droppings applied at different rates and
times were evaluated on seed germination, growth and yield of leaf amaranths, during the raining season of year
2019. Broilers droppings were applied at 0, 30 and 50 tha™, at 1 and 2 week (-s) before sowing, at sowing and 1
and 2 (week)s after sowing of amaranth seeds. The experiment was factorial and treatments were replicated
thrice in a randomized complete block design. Growth parameters measured were; Plant height, number of
leaves, stem girth, leaf area, number of germinated seeds , and yield were measured at 7, 8 and 9 weeks after
sowing (WAS). The data generated were subjected to ANOVA at aggs. At 7 WAS, application of 50 tha™ manure
at sowing produced the highest plant height (17 cm), stem girth (7.40 cm), number of harvested stands (18.33)
and marketable yield (7.95 tha™) with significant differences. At 8 WAS, the highest yield (5.83 tha™ was
obtained from plots treated with 30 tha™ of poultry dung applied at 2 weeks before sowing while more seeds (27)
germinated on both plots treated with 50 t/ha of broiler droppings applied at sowing and 1 WAS. The best
recorded values for number of germinated seeds (27) and yield (2.83 tha™) at 9 WAS were obtained from 50 tha™
of broiler droppings applied at sowing. 50 t/ha of broiler droppings, at sowing compared well with poultry
droppings applied at any rate before sowing.
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1. Introduction

Growing and harvesting agricultural crops continuously, implies that most nutrients, particularly, N, P and K are
removed from the soil. Nutrient removal often results in soil fertility decline, if replenishment with inorganic or
organic nutrient inputs is not done or inadequately done (Zingore et al., 2003). Low soil fertility can be
maintained through application of manure, other organic materials, inorganic fertilizers, lime and the inclusion of
legumes in the cropping system or a combination of all these factors (Alain, 2004). However, in many parts of
the world, particularly Nigeria, the availability, use and profitability of inorganic fertilizers have been low
(Isherwood, 2000; Hartemink, 2004; AdeOluwa and Adeogun, 2010). This resultantly caused intensification of
land use and expansion of crop cultivation into marginal areas due to urban development. As a result, soil
fertility decline is perceived to be widespread, particularly in the tropics such that the use of fertilizers to
supplement soil nutrients, especially N required for succulent green leafy growth of vegetables but whose
deficiency is widespread; is a component of improved soil management practices (Ahmad et al, 2016). Hence,
the search for alternative cheaper sources of nutrients has become a necessity. Thus, the recommendations had
been 60 kg N/ha for leaf Amaranth plants (Amaranthus cruentus (hybridus L.) to be harvested by uprooting and
100 Kg for the vegetables to be harvested by repeated cutting, respectively (Olufolaji and Denton, 2000). Soil
fertility decline is considered as an important cause for low productivity of many soils. It has not received the
same amount of research attention as soil erosion, possibly because soil fertility decline is less visible and less
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spectacular and also more difficult to assess (Alfred, 2006). The decline in soil organic matter content is
becoming a major process of soil degradation, particularly in Nigeria. Nutrient depletion is the main reason why
crop production systems are not sustainable. Therefore, soil fertility restoration must target raising the available
nutrients status and maintaining organic matter content at high levels. Common agricultural practices associated
with mechanized large open farms; continuous deep tillage, excessive use of chemical fertilizers and
agro-chemicals and luxury irrigation had been indicted for soil degradation and pollution of water resources and
the atmosphere. A reversal of this trend will require the use of natural processes and optimization of their
functions to sustain productivity on the farms.

Soil fertility is strongly influenced by the accumulation of organic wastes, ashes, night soil and by-products close
to living areas (Alain, 2004). Chemical fertilizers and other soil amendments are ‘green revolution’ inputs that
have raised farm yields substantially, depending on management practices and environmental conditions. The
relative costs and ease of availability are factors that affect the form of fertilizers selected (Peter et al., 2004)
even as controversy rages over organic versus inorganic sources of nutrients. Plants do not recognize the
difference between organic and inorganic sources of nutrients and their tiny roots can absorb only nutrients that
have been broken down into inorganic, water soluble forms. Many experiments conducted, however to compare
organic manures with chemical fertilizers to supply an equivalent amount of N, the results had often favoured
manure application because of its ability to modify the soil physical, biological and chemical properties (Ahn,
1993). Also farmers and gardeners have long recognized the role of manure in replacing nutrients on depleted
soils by continuous cropping. Large quantities of organic waste materials are generated in the agricultural
value-chain and several studies have demonstrated the positive effects of the application on soil properties and
crop performance which supported the use as soil amendments (Hossain et al., 2017). The benefits include:
higher availability of plant nutrients, better water holding capacity, cation exchange capacity (CEC), lower bulk
density and fostering beneficial microorganisms (Pimentel et al., 2005); pH stabilization and faster water
infiltration rate due to enhanced soil aggregation (Pacini et al., 2003; Wood et al., 2005); increase in the soil
organic matter and reduced nitrate runoff (Drinkwater et al., 1998). These organic nutrient sources (livestock
manure, crop residues, municipal wastes, biomass transfer etc.) may be used as alternatives to chemical
fertilizers. The most popular are manures derived from livestock (cattle, poultry, sheep and goats). The states
located in the savannah zone have large populations of cattle, sheep and goats whose droppings (manures) have
been used by the farmers. States in the (humid) forest zone are not conducive to large ruminant animals but
favour poultry production (Uche, 1991).

Poultry manure is the most valuable of all manures produced by livestock and used as sources of plant nutrients
and as soil amendments (Charles and Donald, 2012). Poultry droppings are easy and cheap to get and do not
burn crops like inorganic fertilizers. Poultry manure is a more concentrated source of nutrients, especially N, P,
K and Ca. Poultry manure contains organic matter and nutrients which are available for improving and
conditioning the soil for the nutrient supply of the crop and thereby increasing crop yield (Alasiri and
Ogunkeyede, 1999; Fawole, 2015). The nutrients in poultry manure, like other organic nutrient sources, are
released more slowly and over a longer period of time than most commercial/synthetic fertilizers (Fawole, 2015).
Being naturally organic, it may not need composting and can be applied directly from the farm to the fields
(Prabu, 2009). All nutrients contained in poultry manure take the form of available compounds. The availability
of most nutrients in poultry manure is fairly consistent except for N which occurs in several forms that can be
lost under different management or environmental conditions (Soilfacts, 2012). Poultry manure, had been used
alone (Busari et al., 2004; Ano and Agwu, 2006; Fawole, 2015) and also in combination with some other
materials in form of composts (Adeoye et al., 2004; Agunsoye et al., 2009; Eneje and Azu, 2009) to improve soil
nutrient status and crop production.

Omolayo et al., (2011) in a study to evaluate the effects of poultry manure from different sources on the growth
and marketable yield of leaf amaranth (Amaranthus cruentus (hybridus) |.) amaranthaceae, observed that
application of poultry manure especially broilers at 30 MT/ha improved vegetative growth and yield of
Amaranthus. They discovered that poultry dungs from different sources at different levels significantly (P=0.05)
increased plant height, number of leaves, stem girth and marketable yield of leaf amaranths. They therefore
recommended broilers droppings at 30MT/ha for farmers in improving the growth of leaf amaranths.

1.1 Amaranthus

Amaranthus is an ancient crop which originated in central America (Grubben, 2004; Aderolu et al., 2013) but at
present, it is a widespread traditional vegetable in all countries of tropical Africa especially Benin, Togo, Sierra
Leone, and very importantly, in many lowland areas e. g southern Nigeria, Congo, Kenya and Tanzania
(Grubben, 2004). Leaves and young seedlings are cut and cooked as spinach, mixed with fish or meat and added
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to soups. Traditionally in arid regions, the leaves are dried and the leaf powder is used in sauces during the dry
season. A tea made from amaranthus leaves is astringent. It is used in the treatment of intestinal bleeding,
diarrhea and excessive menstruation (Putnam et al., 2018.) Amaranth is diuretic. Regular consumption of
amaranth reduces blood pressure, cholesterol levels and improves the body’s antioxidant status and immunity
(Martirosyan et al., 2007). Vegetable amaranths are recommended as a good food with medicinal properties for
young children, lactating mothers and for patients with constipation, fever, hemorrhage, anemia or kidney
complaints. In Senegal, the roots are boiled with honey as a laxative for infants. In Ghana, the water of
macerated plants is used as a wash to treat pains in the limbs. In Ethiopia, amaranthus is used as a
tapeworm-expellent. In Sudan, the ash from the stems is used as a wound dressing. In Gabon, heated leaves were
used on tumors (Grubben, 2004).

1.2 Justification of the Study

Amaranths are consumed to a very great extent in the southern part of Nigeria, especially in Ekiti State where
this study was carried out. Farmers in the southern part of Nigeria, especially Ekiti State make use of inorganic
fertilizers to aid in the production of amaranths. This at times makes the production of these vegetables to be an
expensive or a difficult task for the poor farmers because the availability, use and profitability of inorganic
fertilizers have been low (Isherwood, 2000; Hartemink, 2004; AdeOluwa and Adeogun, 2010). On the other
hands, the available poultry houses and pens are continuous sources of poultry dung which are routinely burnt
and thereby causing air pollution, whereas these poultry droppings had been evaluated to be the most valuable of
all manures produced by livestock (Charles and Donald, 2012). Fawole et al. (2019 and 2021) confirmed the
beneficial effects of organic sources, including poultry droppings on the nitrogen and phosphorus contents of
soils, respectively. Likewise, Omolayo et al., (2011) recommended application of 30 MT/ha of broiler droppings
for optimum and sustainable production of vegetables, as it was observed that application of poultry manure,
particularly broilers at 30 MT/ha improved vegetative growth and yield of Amaranthus. In the same manner, the
main and residual effects of poultry droppings (especially broiler droppings), had been reported to improve soils’
physical and chemical properties and hence, yields of amaranth (Fawole, 2015). More still, Naishima et al.,
(2019) recommended poultry droppings as the most suitable organic manure for nurturing juvenile seedlings of E.
camaldulensis in the nursery for plantation purposes. Poultry manure is applied directly from the farm to the
fields thereby reducing stress (Prabu, 2009). The application of organic manures including poultry dung had
however been performed two or three weeks before the planting of crops (Adekiya and Agbede, 2017); with the
belief that the organic material might need to cure before crops are planted. However, proper timing of nutrient
application ensures the availability of the nutrients when the crop needs them. This will also avoid nutrient losses
which can be before and after periods of crop demand which in the long run result in wastage of resources
(Ndukwe et al., 2011). Thus, there is a need to investigate which effects the application of poultry droppings at
different times (before, during and after sowing of the vegetable amaranth) could have on the germination,
growth and yield of amaranth in order to make suggestions and recommendations to farmers on its use in terms
of application rate and time.

This study therefore accessed the effects of poultry droppings applied at different rates and times on the: seed
germination growth and yield of leaf amaranth (Amaranthus hybridus).

2. Materials and Methods

The study was carried out at the Teaching and Research farm of Ekiti State University, Ado-EKkiti, Nigeria, in the
rainy period (April-July) of the year 2019. The study area is located at latitude 7°31°N longitude 5°13’E and
covers an area of about 20 hectares in the rain forest zone of southwestern Nigeria. The area experiences a
tropical climate with distinct wet and dry seasons. The dry season spans from November to early March and
raining season from late March or early April to October with a dry spell in August (Not prominent nowadays).
The mean annual total rainfall is about 1367 mm received over 112 days. The temperature is almost uniform
throughout the year with very little deviation from the mean annual of 27°C. February and March are the hottest
months with the mean temperature of 28°C and 27°C respectively. The mean annual total number of sunshine is
about 5 hours and the mean annual radiation is about 130 kcal/cm?®/year (Fasina et al., 2005). The geology is
dominated by crystalline rocks, which form part of the basement complex of southwestern Nigeria. They are
mostly granitic rock materials. The area mostly has maximum elevation of about 730 metres and relative relief of
about 395 metres. The major soil type identified, according to Smyth and Montgomery (1962) and
FAO/UNESCO Legend (1988) are Iregun, Apomu and Ondo series (Fasina et al., 2005). The main vegetation of
the area is forest mixed with various types of bush-regrowth, grasses and creepers. The agricultural economy is
dominated by the cultivation of arable crops (e.g. yam, cassava, rice, maize, vegetables, including Amaranths)
and permanent tree crops (cocoa, kola and oil palm).
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Surface (0-15cm) soil samples were randomly taken, air-dried and passed through 2mm sieve. The soils were
analyzed using the procedures described in HHITA (1982) for pH in 1:2 soil-KCI medium, particle size distribution
by the hydrometer method, organic carbon by the wet dichromate oxidation, total N by macro- Kjeldhal method,
available P by the Bray P-1 extraction while exchangeable cations were extracted with 1IN NH;OAc and
determined with atomic absorption spectrophotometer. The exchangeable acidity (EA) was determined by the
titration method. The effective cation exchange capacity (ECEC) was the sum of the exchangeable bases
(K+Na+Ca+Mg) and EA and percent base saturation calculated as the sum of the exchangeable bases expressed
as a percentage of ECEC.

The poultry droppings were collected from the Teaching and Research Farm, Ekiti State University, Ado-EKkiti.
Sample of the droppings was collected and analysed for pH, organic carbon, total N, P, Ca, Mg and K. Poultry
droppings were air-dried, milled and analyzed for pH in water at 1:2 ratio, total carbon by chromic acid wet
digestion method, total N by the micro-Kjeldahl method, total P, Ca, magnesium (Mg) and K by wet digestion
using concentrated nitric, perchloric and sulphuric acid mixture at a ratio of 25: 5: 5 respectively. P in the digests
was determined by vanado-molybdate method, K was determined by flame photometry while Ca and Mg were
determined by atomic absorption spectrophotometry (Udo et al., 2010).

The site was cleared manually and the residues packed. Beds of 3m x 2m were made with 1m paths in between
the blocks and plots. There were 5 poultry droppings application times and the manure was broadcast at the
stipulated application times: 2 and 1 week before sowing (WBS), at sowing, and 1 and 2 weeks after sowing
(WAS). The manure was applied at the rates of 0, 30 and 50 MT/ha, for each assigned application time. So, there
were fifteen treatments replicated three times. The treatments were arranged as a factorial experiment, with three
replicates, in a Randomized Complete Block Design. Seeds of leaf amaranth (NHAc23) were mixed with dry
sand and broadcast uniformly on the beds at the rate of 2.5 kg/ha. Weeding was done manually at 3 weeks
interval throughout the period of the study.

Table 1. Description of the treatments used in the study

Treatments Description

1 50 MT/ha applied 2 weeks before sowing
2 50 MT/ha applied 1 week before sowing
3 50 MT/ha applied at sowing

4 50 MT/ha applied 1 week after sowing

5 50 MT/ha applied 2 weeks after sowing

6 30 MT/ha applied 2 weeks before sowing
7 30 MT/ha applied 1 week before sowing
8 30 MT/ha applied at sowing

9 30 MT/ha applied 1 week after sowing
10 30 MT/ha applied 2 weeks after sowing
11 0 MT/ha applied 2 weeks before sowing
12 0 MT/ha applied 1 week before sowing
13 0 MT/ha applied at sowing

14 0 MT/ha applied 1 week after sowing

15 0 MT/ha applied 2 weeks after sowing

Data were taken on plant height, number of leaves, stem girth, leaf area, germinated seeds and marketable yield.
These data were taken at 7, 8 and 9 weeks after sowing (WAS). Harvesting of the leaf amaranth was by
uprooting. The data generated were subjected to analysis of variance (ANOVA) and the means separated using
Duncan Multiple Range Test (DMRT) at P = 0.05.

3. Results

There were a total of 15 treatments evaluated in the experiment. The poultry manure was basic with moderate
quantities of the essential nutrients needed for good performance of leaf vegetables, including amaranthus (Table
2). The soil is a sandy loam and slightly acidic. It is rich in organic matter (22.4 g/kg), N (2.4 g/kg) and K (0.2
cmol/kg) and all exchangeable bases but low in P (4.46 mg/kg) (Table 3)

There were significant differences in the plant height that was measured at 7 WAS (Table 4). The tallest leaf
Amaranths (17.00 cm) were produced by 50 and 30 MT/ha applied at sowing which were significantly different
from 50 and 30 MT/ha applied at 2 WAS (4.33 cm) and from all height values obtained from the control plots.

43



http://sar.ccsenet.org Sustainable Agriculture Research \ol. 10, No. 4; 2021

The shortest plants were from 50 and 30 MT/ha applied at 2 WAS which were significantly different from 50 and
30 MT/ha at 2 WBS, at sowing and even the control plots. The highest number of leaves (54.33) were obtained
from 50 MT/ha applied at 2 WBS. These were significantly different from 50 (2.33) and 30 MT/ha (1.33) applied
at 2 WAS and from the values obtained from all the control plots. The fewest leaves (1.33) were obtained from
30 MT/ha applied at 2 WAS which was not significantly different from 50 MT/ha applied at 2 WAS and all
control plots. The best stem girth (7.40 cm) values were obtained from 50 MT/ha applied at sowing and was
significantly different from 50 (3.83 cm) and 30 (5.13 cm) MT/ha applied at 2 WAS and the control plots.
Amaranths from 50 MT/ha applied at 2 WAS were the thinnest and were not significantly different from only the
values obtained from 30 MT/ha applied at 2 WAS and those obtained from all the control plots. There were
significant differences in the leaf area. The biggest leaves (137.83 cm?) were obtained from 50 MT/ha applied at
1 WAS and were significantly different from those obtained from 50 MT/ha applied at sowing which were 71.03
cm® The smallest leaves were from the control plots. The germination of amaranth seeds (measured by the
number of vegetable stands that were harvested) was highest (18.33) in the plots treated with 50 MT/ha of
poultry droppings applied at sowing and was significantly different from both 50 (4.00) and 30 MT/ha (8.17)
applied at 2 weeks after sowing. The yield of Amaranth vegetables at 7 WAS also showed significant differences.
Vegetables from 50 MT/ha applied at sowing gave the highest yield (7.95 t/ha) which were significantly different
from 50 MT/ha applied at 2 WAS (0.22 t/ha), 30 MT/ha applied at 1 (2.50t/ha) and 2 WBS, 30 MT/ha (0.55t/ha)
applied at 2 WAS (0.67 t/ha) and those from the control plots. The marketable yield recorded from 50 MT/ha
applied at 2 WAS was the lowest.

Table 2. Chemical composition of poultry manure used in the study

Parameters Values
PH 8.00
Organic carbon g/kg  18.5
N 2.32
C:N 7.97
P 0.52
K 1.23
Ca 1.10
Mg 0.64
Na 0.07

Table 3. Some physical and chemical properties of soils of the experimental site

Parameters Values
pH (KCI) 5.6

pH (H,0) 6.3
Organic matter (g/kg) 22.4
Total N (g/kg) 2.4
Available P (mg/kg) 4.46
Exchangeable cations (cmol/kg)

Calcium 2.7
Magnesium 0.4
Sodium 0.6
Potassium 0.2
Exchangeable Acidity 1.6
ECEC (cmol/kg) 55
Base saturation (%) 70.9
Sand (g/kg) 812
Silt 134
Clay 54
Textural Class (USDA) Sandy loam
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Table 4. Responses of leaf Amaranth to application of poultry droppings at 7 WAS

Treatment Plant Number  Stem Leaf Number of Marketable
height (cm) of leaves  girth (cm) area (cm?) Harvested Stands Yield (MT/ha)

50 t/haat 2 WBS 16.00ab 54.33a 6.87ab 103.80abc  17.50a 5.33abcde

50t/haat1 WBS 14.17abc 35.00abcd 6.17abc 135.67ab 16.00ab 6.78ab

50 t/ha at sowing  17.00a 50.67ab 7.40a 71.03bc 18.33a 7.95a

50 t/haat 1 WAS 13.00abc 45.33abc  6.10abcd 137.83a 18.00a 6.50abc

50 t/haat 2 WAS 4.33d 2.33c 3.83e 73.50abc 4.00e 0.22f

30t/haat2 WBS 16.50a 53.33a 6.67ab 99.07abc 12.83abc 0.55f

30t/haat1 WBA 11.67abc 35.00abcd 6.37abc 101.27abc  10.00abcde 2.50bcdef

30 t/ha at sowing  17.00a 53.33a 6.90ab 104.67abc  11.00abcde 6.17abc

30t/haat1 WAS 13.00abc 47.67ab 6.87ab 102.23abc  13.53abc 5.45abcd

30t/haat2 WAS 4.33d 1.33e 5.13bcde 97.97abc 8.17bcde 0.67def

0 t/ha at 2 WBS 11.00bc 20.33bcde  4.70cde 60.83c 5.00de 0.95def

0 t/haat 1 WBS 10.00c 15.67cde  4.37de 68.33c 5.00de 1.22def

0 t/ha at sowing 10.00c 11.33de 5.10bcde  42.77c 10.33abcde 2.17bcdef

Ot/haatl1 WAS  10.00c 9.00de 4.37de 70.97bc 6.00cde 1.22def

Ot/haat2 WAS  9.33cd 5.00de 5.13bcde 60.63c 5.67cde 1.78cdef

Means within the same column followed by the same letters are not significantly different at P=0.05

Similar trend as in 7 WAS were observed at 8 WAS (Table 5). There were significant differences in plant height,
Number of leaves, stem girth, leaf area and yield. The tallest vegetables (18.33 cm) which were produced from
50 MT/ha applied at sowing were significantly different from 50 MT/ha applied at 2 WAS (4.00 cm), 30 MT/ha
applied at 2 WAS (8.17 cm) and the control plots. The shortest plants were obtained from 50 MT/ha applied at 2
WAS. Even though there were not much significant differences in the values obtained for number of leaves of
leaf Amaranth at 7 WAS, 50 MT/ha applied at sowing and 50 MT/ha applied at 1 WAS gave the highest values
(27.00) closely followed by 30 MT/ha applied at sowing (26.00). The least number of leaves (1.67) were
obtained from 30 MT/ha applied at 2 WAS. The stem girth at 7 WAS were also significantly different from one
another. The thickest stalks were from 50 MT/ha applied at 2 WBS (10.80 cm). They were significantly different
from all other treatments except 50 MT/ha applied at 1 WBS (6.03 cm), 30 MT/ha applied at 1 WBS (6.53 cm)
and 30 MT/ha applied at sowing (6.43 cm). The thinnest vegetables (1.63 cm) were from 30 MT/ha applied at 2
WAS but were only significantly different from 50 MT/ha applied at 2 WBS which gave the highest value for the
stem girth. There were significant differences in the leaf areas measured at 8 WAS. The biggest leaves (129.67
cm?) were from 50 MT/ha applied at 1 WAS though only significantly different from the values for the control
plots which gave the smallest leaves. The highest number of harvested stands (27.05) was recorded from 50
MT/ha of the organic material applied at sowing and 1 WAS. The least number of harvested stands was 2.17,
which were recorded from 30 MT/ha of the organic waste applied at 2 WAS. The best marketable yield value of
5.83 t/ha was recorded from 30 MT/ha applied at 2 WBS. This was significantly different from all other
treatments except 50 MT/ha applied at 2 WBS (3.22 t/ha) and 30 MT/ha applied at sowing (3.55 t/ha). The least
yield was recorded from 30 MT/ha applied at 1 and 2 WAS.

The tallest vegetables (16.00cm) at 9 WAS (Table 6) were from 50 MT/ha applied at sowing followed closely by
vegetables from 50 MT/ha applied at 1 WAS (15.67 cm). Though, they were significantly different from only
vegetables from 50 and 30 MT/ha applied at 2 WAS and the control plots. The lowest vegetable height was
recorded from 50 MT/ha applied at 2 WAS (3.03 cm). 50 MT/ha applied at sowing gave the highest number of
leaves at 9 WAS, although not significantly different from most of the other treatments but was significantly
different from 50 and 30 MT/ha applied at 2 WAS (8.33 and 1.67 respectively) and all the control plots as was
recorded for plant height. The fewest leaves were from 30 MT/ha applied at 2 WAS. There was significant
difference in stem girth at 9 WAS with 50 MT/ha applied at 2 WAS giving the thickest vegetables of 5.63 cm.
This was significantly different from 50 MT/ha applied at 1 and 2 WAS, 30 MT/ha applied at 2 WAS and the
control plots. There were not much significant differences in the leaf areas of Amaranth vegetables measured at 9
WAS. The biggest leaves were produced by 50 MT/ha applied at 1 WAS (124.67 cm?), followed closely by 50
MT/ha applied at 1 WBS (123.67 cm?) but they were only significantly different from some of the leaves
obtained from the control plots. More vegetable stands germinated and were harvested at 9 WAS from the plots
treated with 50 MT/ha of poultry droppings applied at sowing. There were no significant differences in the yield
of the leaf amaranth at 8 WAS but the highest yield (2.83 t/ha) was recorded from 30 MT/ha applied at sowing
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while the lowest yield was from one of the control plots followed by 50 MT/ha applied at 2 WAS.
Table 5. Responses of leaf Amaranth to application of poultry droppings at 8 WAS

Treatments Plant Number Stem Leaf Number of Marketable
height (cm) of leaves girth (cm) area (cm?) Harvested stands Yield (MT/ha)

50 t/hhaat2 WBS 17.50a 20.00ab  10.80a 98.47ab 20.00ab 3.22abc

50 t/haat 1 WBS 16.00ab 18.67ab  6.03ab 128.67a 18.65ab 2.50bcd

50 t/ha at sowing  18.33a 27.00a 5.70b 66.00ab 27.05a 2.83bcd

50 t/haat 1 WAS 18.00a 27.00a 4.20b 129.67a 27.05a 2.62hcd

50 t/haat2 WAS 4.00e 10.00abc  2.67b 69.20ab 11.00ab 0.67bcd

30t/haat2 WBS 12.83abc 21.33ab  4.53b 94.03ab 21.33ab 5.83a

30t/haat1 WBS 10.00abcde 11.67abc 6.53ab 96.27ab 11.67ab 2.38bcd

30 t/ha at sowing 11.00abcde 26.00a 6.43ab 99.70ab 26.50a 3.55ab

30t/haat1 WAS 13.53abc 20.33ab  4.53b 97.47ab 20.83ab 0.17d

30 t/haat2 WAS 8.17bcde 1.67c 1.63b 92.97ab 2.17b 0.17d

Ot/haat2 WBS  5.00de 9.00abc  2.13b 55.83b 9.50ab 0.33cd

Ot/haat1 WBS  5.00de 11.67abc 4.13b 66.57ab 12.17ab 0.45cd

0t/haatsowing  10.33abcde  10.00abc 10.67a 50.33b 10.50ab 0.45cd

Ot/haat1 WAS  6.00cde 12.33ab  6.67ab 65.97ab 12.83ab 0.78bcd

Ot/haat2 WAS  5.67cde 7.33abc  5.00b 59.00b 7.83ab 1.55bcd

Means within the same column followed by the same letters are not significantly different at P=0.05

Table 6. Responses of leaf Amaranth to application of poultry droppings at 9 WAS

Treatments Plant Number Stem Leaf Number of Marketable
height (cm) of leaves girth (cm) area (cm? Harvested stands Yield (MT/ha)
50t/haat2 WBS 15.63a 16.00abc 5.63a 93.47ab 20.00ab 2.28a
50 t/haat1 WBS 13.67ab 14.33abcde  5.00ab 123.67a 18.67ab 1.28a
50 t/ha at sowing  16.00a 21.67a 4.13abc 61.00ab 26.00a 2.00a
50 t/haat 1 WAS 15.67a 16.33abc 2.80bcd 124.67a 26.00a 1.55a
50 t/haat2 WAS 3.03d 8.33bcde 1.33d 63.53ab 10.00ab 0.67a
30t/haat2 WBS 10.63abcd 18.67ab 4.33abc 89.20ab 21.33ab 2.05a
30t/haat1 WBS 8.57abcd 8.67abcde  5.40a 91.27ab 11.67ab 0.88a
30 t/ha at sowing  14.33ab 18.33ab 5.00ab 94.70ab 27.00a 2.83a
30t/haat1 WAS 12.33abcd 15.67abcd  4.00abc 92.33ab 20.33ab 1.55a
30 t/haat2 WAS 6.77bcd 1.67e 1.33d 87.97ab 1.67b 2.12a
Ot/haat2WBS  3.63d 4.33cde 1.50d 50.83b 9.00ab 0.55a
Ot/haat1WBS  4.70cd 4.00cde 2.67bcd 61.73ab 11.67ab 2.33a
0 t/ha at sowing  7.00bcd 8.00bcde 3.47abcd  32.67b 10.00ab 1.67a
Ot/haat1 WAS  6.67bcd 4.33cde 2.43cd 60.97ab 12.33ab 2.33a
Ot/haat2 WAS  9.87abcd 2.67de 2.67bcd 54.00b 7.33ab 2.67a

Means within the same column followed by the same letters are not significantly different at P=0.05

4, Discussion

The best results for almost all the parameters measured in the study, were recorded from 50 and/or 30 MT/ha
(Omolayo et al., 2011; Fawole, 2015) of poultry manure applied at sowing. These include the height of leaf
amaranths, number of leaves, number of germinated and harvested amaranth stands and marketable yield. This
excellent performance of poultry dropping applied at sowing confirmed the quick-releasing ability of the poultry
manure (Soilfacts, 2012). The 50 MT/ha of poultry droppings applied at one week after sowing (1 WAS) was
observed to be the best in the leaf areas of amaranth vegetables measured and recorded, though not significantly
different from same rates applied at 1 and 2 weeks before sowing but this could be an indication that the
nutrients in the organic material were readily available (Soilfacts, 2012) for the uptake of the vegetables at the
peak of the nutrient requirement; thus confirming the quick-releasing ability of the poultry manure.

The better seed germination, growth and yield performances and responses of the leaf amaranth to poultry
manure at 50 MT/ha applied at sowing over 30 and 50 MT/ha applied at 2 weeks before sowing (especially as
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recorded at 7 weeks after sowing) might mean that some of the volatile nutrients like N in form of uric acid
which could turn to urea and then to gaseous ammonia might have volatilized under unfavorable weather or soil
conditions (Soilfacts, 2012) before utilization by the vegetables. Moreover, the organic N fraction which
gradually becomes available for the uptake of the vegetables as the manure decomposes (mineralizes) might not
be readily available for the uptake of the vegetables as the mineralization rates depends on environmental
conditions (Charles and Donald, 2012). Also, some other useful and essential nutrients might have been lost to
the environment or washed away before utilization by the vegetables.

The highest number of germinated seeds (measured and indicated by number of vegetable stands harvested)
recorded from the plots treated with 50 MT/ha applied at sowing nullified the initial thought of the amaranth
seeds being burnt if it comes into direct contact with undecomposed poultry manure.

The least values for all parameters measured at 2 weeks after sowing, at either of the applied rates, could mean
that application of poultry manure as a dressing material in the production of leaf amaranth may not be profitable,
especially when applied after one week of sowing. On the other hand, poultry manure could be useful as a
dressing material in the production of vegetables and crops with longer life span than amaranth.

5. Conclusions and Recommendations
The findings of the studies are summarized as follows:

The best values for almost all the parameters measured in the study, were recorded from 50 and/or 30
MT/ha of the poultry manure applied at sowing.

The nutrients in the organic material when applied at sowing were readily available for the uptake of the
vegetables at the peak of the nutrient requirement (which was guessed to be between 2 and 3 weeks after
sowing); thus confirming the quick-releasing ability of the poultry manure.

The least values for all parameters measured were recorded at 2 weeks after sowing, at either of the applied
rates.

Application of poultry manure as a dressing material in the production of leaf amaranth may not
significantly improve the growth and yield of the vegetable, especially when applied after one week of
sowing.

Poultry manure could be useful as a dressing material in the production of vegetables and crops with longer
life span than amaranth, for example, maize.

Undecomposed poultry manure, when in direct contact, may not have negative effects on tender growing
crops or germinating seeds.

If poultry manure were applied too much earlier than sowing or planting of crops, volatile nutrients like N
in poultry manure could volatilize under unfavorable weather or soil conditions, before utilization by crops.

The 50 and/or 30 MT/ha of the poultry manure applied at sowing is recommended for improved and
sustainable production of leaf Amaranth (Amaranthus hybridus).
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