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ABSTRACT

Amaranthus is an important leaf and seed vegetable crop in Nigeria and in the tropics. Field experiment was
conducted in the research field of the Department of Agronomy, University of Ibadan, between September and
November 2011 to determine the effect of poultry manure application at 2.5 tha ' on the growth and yield of seven
accessions of Amaranthus, and also on microbial dynamics. One accession of Celosia argentum was also added as a
check crop. The eight accessions of amaranthus were subjected to two levels of fertilizer treatment: 0 and 2.5 tha '
poultry manure application. These were assigned randomly into three replicates and fitted into factorial experiment in
a split plot design. Data collected on the growth and yield parameters were analyzed using ANOVA. There were
significant differences between means of the various accessions both at 2 and 6 week after transplanting for plant
height, however there were no significant differences between means gotten for number of leaves and stem girth both
at 2 and 6 weeks after transplanting (P>0.05). The crown and total biomass production also differ significantly at 8
weeks after transplanting while there were no significant differences at 10 weeks after transplanting. The combined
effect of fertilizer and accession was only significant for crown weight at 8 weeks after transplanting while other
parameters were not significant. The population of both bacteria and fungi were also increased through the application
of poultry manure. Accessions 2 and 5 responded optimally to poultry manure application at the rate assayed.
Therefore, Accessions 2 and 5 are adjudged best and are more reliable in terms of production in South Western
Nigeria.
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INTRODUCTION

Amaranthus cruentus (Linnaeus) is a popular leafy
vegetable cultivated in Nigeria and other West African
countries. It originated from South America (Saunder and
Beciker, 1984) and serves as a good source of vegetable
as well as an effective alternative to drug therapy in
people with hypertension and cardiovascular disease
(Martiorosyan and Miroshnichen, 2007). FAO (2007),
reported that the yield per hectare of this crop is low
(about 7.60 tha™) when compared to that of United States
(7727 tha') and world average (14.27 tha™). For
commercial production, optimum performance of the crop
must be desirable through changes in cultural practices
(Sterrett and Savage, 1989). Such cultural practices will
include higher planting density and application of organic
manures and fertilizer for improving growth and yield of
crop.

Application of inorganic fertilizer to improve soil
productivity ensures quick release of nutrients to crops
but, this is not without its own problems. According to
IFDC (2005), improper chemical fertilizer application has
ruined tropical soils through its abuse. Agriculture is now
seen in a new perspective based on problems of chemical
fertilizer. Modern agriculture is seen, not just as a
technical problem for human beings to solve, but as a
process which has a long term effect on the environment.
This effect in the long term must be beneficial if
agriculture is to be sustainable. The use of organic
fertilizers and microbial inoculants is an important part of
modern day agriculture; to make it sustainable and to also
provide a healthy ecosystem.

Egharevba and Ogbe (2002), Ibeawuchi et al. (2006)
and Mbonu and Afrifalo (2006), reported that many crop
species respond well to the application of organic manure
and it can sustain yield under continuous cropping
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through the high potential of gradual nutrient release to
the soil that can help to improve the fertility of a degraded
soil. Poultry droppings could be very useful in practicing
organic agriculture. Livestock Census (2003) reported that
the increasing population of poultry leaves large amount
of poultry refuse every year. Ewulo (2005) observed that
poultry manure contains high percentage of nitrogen and
phosphorus for the healthy growth of plants. FAO (2000)
also reported that nitrogen is a major nutrient required for
plant growth. Omolayo et al. (2011) observed that
application of poultry manure improved vegetative growth
and yield of Amaranthus.

Scanty information exists on the effect on poultry
manure application on the seed and leaf production of
several different accessions of amaranthus. It is important
to know if different accessions up to eight, will respond
uniformly or differently to poultry manure application.
Therefore, this work was aimed at determining the effect
of poultry manure on the growth and yield of different
accessions of Amaranthus cruentus, on nutrient uptake of
the different accessions and on soil microbe dynamics.

MATERIALS AND METHODS

Description of the experimental site

The experiment, a field trial was conducted in the
research field at Parry road, University of Ibadan, Oyo
State, Nigeria. Ibadan is located in the northern limit of
lowland rainforest zone of western Nigeria with bimodal
distribution of annual rainfall of about 1289.2mm The
research field is located on latitude 7° 27°N and longitude
3° 53°E. The experiment was conducted between
September and November, 2011. Rainwater was
supplemented with irrigation water (through watering can)
when there is no rainfall.

Method

The experiment was a 2 x 8 factorial with a split plot
design. The experimental plot was divided into three (3)
sub-plots with a spacing of 1 meter in between the plots.
Each of the sub-plots was further divided into two. One
part of each of the sub-plot received poultry manure
treatment while the other part did not. The manure
treatment was administered in the main plot while the
accession treatment was administered in the sub-plot.
Seedlings were first raised in trays before they were
transplanted to the field. Poultry Manure (PM) was
collected from the deep litter of the Teaching and
Research Farm of the University. The field measuring
20m x 15m was cleared manually using hoe and cutlass
while 15.5m x 12m area of the land was used for the
experiment. Raised bed was constructed and the cured
poultry manure was incorporated at the rate of 2.5 tha™ to
the seed bed a day after it was prepared. Incubation time
of two weeks was allowed before transplanting the
seedlings at a spacing of 30cm x 70cm (within and
between rows). Seedlings were supplied to missing stands
a week after transplanting (WAT). Pre-cropping soil
sample representative of the field was collected for
laboratory analysis before application of poultry manure.
The factorial experiment comprises two (2) levels of
poultry manure application — with and without on seven
different accessions of Amaranthus cruentus and one
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accession of Celosia argentum used as check. The rate of
application of the poultry manure (PM) is 2.5 tha™. The
parameters measured were plant height, stem diameter,
number of leaves, fresh and dry weight of biomass, crown
weight.

Accessions

The following accessions (from NACGRAB) were
sown in seed trays.
ACCESSION 1 =NG/A0/11/08/042
ACCESSION 2 = NG/SA/DEC/07/0423
ACCESSION 3 = NG/TO/AUG/09/007
ACCESSION 4 = NHGB/09/108
ACCESSION 5 = NGB/06/105
ACCESSION 6 (Celosia) = NG/MR/MAY/09/014
ACCESSION 7 =NG/A0/11/08/040
ACCESSION 8 = NG/OE/MAR/09/011

The seedlings were first raised in the nursery with
routine management like watering and weeding when
necessary for two weeks after which they were
transplanted to the field.

Data collection

Measurement of growth parameters was carried out at
two and six weeks after transplanting (WAT) while yield
parameters were taken at eight and 10 weeks after
transplanting.
The growth parameters monitored were:
Height (cm) - the height of the plants growing in the
field were taken with a measuring tape
Number of leaves — leaves on each plant were
counted manually
Stem diameter - this was taken at 3cm above the soil
surface with the use of a vernier caliper.

Harvesting

The experiment was terminated in 10 weeks after
transplanting. The plants were uprooted and soil sample
from the root were collected for microbial count. Then the
plants were cut at the base with secateurs to separate the
roots from the stem and subsequently the leaves were
separated from the shoot. Shoot weight, leaf weight and
root weight were taken before and after oven drying at
70°C. Fresh crown weight was also taken while dry
weight was taken after sun-drying.

Soil analysis

Soil samples from the top soil (0 — 15 cm) were
collected from the experimental field. The soils were air-
dried for five days under ambient temperature and sieved
through 2mm sieve. Thereafter, they were analyzed for
their various physical and chemical properties including
total nitrogen, pH, organic carbon, available phosphorus
exchangeable Ca, K and Mg. Procedures followed for
particle size analysis was by hydrometer method with
sodium hexametaphosphate (calgon) as the dispersant as
described by Bouyoucus (1951); pH was determined in a
1:1 of soil and water as described by IITA (1976). Total
nitrogen and organic carbon were determined by the
kjeldahl (Bremer, 1965) Walkey and Black procedures
(Nelson and Sommers, 1982) procedures respectively.
Available phosphorus was analyzed by the Bray P-1
method (Bray and Kurtz, 1945). Potassium was



determined by flame spectrophotometer while magnesium
and calcium were determined by atomic absorption.

Microbial analysis

Ten grammes (10g) of 2-mm sieved soil samples
were added to 90ml of sterile distilled water and shaken
vigorously with a mechanical shaker for 30 minutes.
Thereafter, Serial dilutions were prepared up to 107 by
repeated transfer of Iml of each sample using sterile
pipette into 9ml of sterilized distilled water into test tubes.
Plates of molten nutrient agar (NA) and Potato dextrose
agar (PDA) were prepared for bacteria and fungi count
respectively. Total viable counts of culturable aerobic
heterotrophic bacteria were obtained by surface plating
Iml of the serial dilution on to sterile nutrient agar while
fungi counts were obtained by surface plating 1ml of the
serial dilution on to potato dextrose agar (PDA). The
medium was incubated at room temperature (28°C + 2°C)
for 24 hours and 48 hours for bacteria and fungi
respectively before counts were made. Colonies which
developed on the plates were counted and the counts were
multiplied by the dilution factor and recorded as colony
forming units per gram (CFUg™") of soil.

Model estimating response of accessions to poultry
manure application

This mathematical model was used to estimate the
percentage response of the various accession to the
poultry manure applied.

An (PM) t, — An(WPM)t, X 100
An (WPM)t,

Where:

An (PM) = n™ accession with poultry manure

An (WPM) = n™ accession without poultry manure
ty = specific time

Data analysis

All data were analyzed using Analysis of Variance
(ANOVA) with GENSTAT. Means were separated using
Least Significant Difference (LSD).

RESULTS

The pre-cropping soil physical and chemical analysis
showed that the soil has a pH of 5.8 (Table 1) which is
slightly acidic. The soil had a low Nitrogen (N) content
suitable to evaluate plant response to fertilizer applied.
The soil was sandy in texture.

Table 2 showed that there was a significant difference
between the plant height of accessions both at second and
sixth week after transplanting (WAT). The plant / shoot
height for accessions with poultry manure showed that
Accession 5 (AS5) has the highest height at second week
after transplanting (WAT) and was significantly higher
than Accession 3 (A3) which had the lowest mean plant
height at second week after transplanting (WAT). At six
weeks after transplanting, result showed that the highest
height was obtained in Accession 2 (A2) followed by
Accession 5 (AS5) while the lowest height was obtained in
Accession 3 (A3). The number of leaves for accessions
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with and without poultry manure application showed that
there was no significant difference both at two and six
weeks after transplanting. Stem girth at second and sixth
weeks after transplanting followed a similar trend. The
interaction between poultry manure and accessions was
also not significant for the three parameters.

At maturity (Table 3), it was observed that Accession
2 (A2) responded best to poultry manure application at the
rate assayed followed by Accession 1 (A1) and Accession
5 (A5). The least crown weight was recorded for
Accession 4 (A4). The crown weight for the second
harvesting done at 10 weeks after transplanting showed
that there was no significant difference between the means
of the accessions under the treatments with and without
poultry manure. However, at eight weeks after
transplanting, Accession 2 (A2) can be considered best
for total biomass production because it gave the highest
mean weight while the lowest mean weight for total
biomass was obtained in both Accessions 4 (A4) and 7
(A7) aside accession 6 (A6) which is Celosia. At the tenth
week after transplanting, there was no significant
difference between the means of the accessions for total
biomass production at both treatment levels. This is
similar for crown weight. The interaction between poultry
manure and accessions was not significant for crown
weight and total biomass production at 10 weeks after
transplanting.

Table 4 showed that there was no significant
difference in the means obtained for nutrient content of
calcium, potassium, magnesium and nitrogen of the
different accessions except for phosphorus. Phosphorus
was the only nutrient that has significant difference. In the
treatment with poultry manure, Accession 4 (A4) had the
highest phosphorus content while Accession 8 had the
lowest. Under the treatment without poultry manure
application, Accession 5 (AS) had the highest. Although,
fertilizer applied did not affect the values obtained for
calcium significantly, because the LSD value was not
significant for poultry manure; using the LSD value for
the accessions, result showed that the means vary
significantly.

In Figure 1 the total viable count of bacteria obtained
from the soil samples of the various accessions that
received poultry manure treatment ranged from 4.73 x 10°
to 1.56 x 10° CFU per gram of soil while the soils of the
accessions without poultry manure ranged 4.1 x 10° to
1.96 x 10° CFU per gram of soil. Of all eight samples
examined, the highest bacterial count of 4.73 x 10° CFU
per gram of soil was recorded for Accession 8 under the
treatment with poultry manure while Accession 5 had a
count of 1.56 x 10° CFU per gram of soil; this represents
the least. Accession 2 gave the second highest mean of 4.1
x 10° CFU per gram of soil. The highest count of bacteria
was obtained in the soil treated with poultry manure.

In Figure 2 total viable count of fungi ranged from
0.33 x 10° to 0.16 x 10° CFU per gram of soil; for samples
treated with poultry manure while samples treated without
poultry manure ranged from 0.3 x 10° to 0.1 x 10° CFU
per gram of soil (Fig 4.2). In soils treated with poultry
manure the highest total viable count of fungi was
obtained in the soil of Accessions 7 and 8 while the lowest
was recorded in the soils of Accessions 2 and 5.
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Amaranthus cruentus and on the microbial population in
the soil was assayed in this study. At six weeks after
transplanting (6WAT), accession 2 was most effective to
achieve high plant height of the test crop when poultry
manure was applied at 2.5tha’; this is similar to the
findings of Bala and Manga (2009). For a farmer who
wants more leaves, Accessions 1 and 2 should be
considered because they had the highest number of leaves
at six weeks after transplanting. This indicates that
Accessions 1 and 2 responded best to poultry manure
application in terms of leaf production. Thus, they should
be most desirable for leaf production. This agrees with the
work of Odiete et al. (1999), who reported an increase in
plant height and number of leaves of amaranth when
treated with organic manure. Considering crown and total
biomass production, 2.5 tha” application of poultry
manure positively influenced crown and total biomass
production with Accession 2 being the best.

Nutrient content of the various accessions tested
showed that poultry manure applications did not affect the
uptake of the nutrients tested (i.e. calcium, potassium,
magnesium, nitrogen) except phosphorus. It could be that,
at the rate of 2.5 tha™ application of poultry manure is not
enough to influence or significantly increase the nitrogen,
calcium, potassium and magnesium content of the
accessions used. Probably, higher rates of 5.0 tha” and
10.0 tha™ could g ive a different result. Nevertheless, 2.5

Table 1: Pre-cropping physical and chemical soil characteristics
of the experimental plot

o Soil properties Value
A A4 A5 AB AT A8 pH (H,0) 58
Accessions N (gkg™) 0.55
P (mgkg™) 13
Fig. 2: Total viable fungi counts obtained from the soils of the K (cmol / kg) 0.11
accessions; A; .g = accessions Ca (cmol / kg) 27.2
Mg (cmol / kg) 2.64
Org C (gkg™") 532
DISCUSSION Sand (g kg 828.0
Silt (g kg™ 100.0
The influence of poultry manure on the growth and Clay (gkg™) 72.0
yield, nutrient uptake of different accessions of Textural class (USDA) Loamy sand
Table 2: Effect of poultry manure on growth of the accessions
Treatments PM Plant height (cm) WAT No of leaves WAT Stem girth (mm) WAT
accessions application 2 6 2 6 2 6
1 + 11.6 84.6 13.67 108.7 0.58 1.40
2 + 14.3 100.2 13.67 99.9 0.65 1.65
3 + 9.36 53.1 11.58 86.5 0.53 1.32
4 + 15.7 65.1 13.42 80.2 0.65 1.47
5 + 19.1 93.7 15.17 43.1 0.78 1.61
6 + 9.69 99.2 17.08 159.2 0.56 1.18
7 + 15.6 75.9 12.75 922 0.62 1.43
8 + 16.6 83.1 13.33 101.4 0.74 1.43
1 - 10.0 78.3 12.92 79.9 0.61 1.41
2 - 11.1 90.3 12.58 85.2 0.71 1.67
3 7.62 56.1 9.67 94.7 0.49 1.45
4 - 15.4 55.7 11.58 64.4 0.61 1.54
5 - 13.0 54.8 12.58 35.6 0.64 1.21
6 - 10.4 92.0 14.00 163.1 0.51 1.17
7 - 12.2 53.1 11.50 69.4 0.65 1.42
8 - 14.6 69.9 12.08 92.9 0.64 1.39
LSD(5%level))) PM 1.77 13.06 NS NS NS NS
A 3.02 20.13 2.07 44.74 0.133 NS
PMx A NS NS NS NS NS NS

PM =Poultry manure, A= accession, PM X A= poultry manure X accessions, NS = not significant.
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Table 3: Effect of poultry manure on dry matter yield of the
accessions

Treatment PM Crown weight (g)  Total biomass

application WAT (g) WAT
Accessions 8 10 8 10
1 + 4.00 17.3 213 386
2 + 6.27 17.6 434 544
3 + 0.86 6.96 234 440
4 + 0.16 8.54 18.0 51.6
5 + 2.30 16.9 275 564
6 + 1.20 6.93 8.7 32.5
7 + 1.20 14.8 18.0 422
8 + 2.23 20.2 237 493
1 - 2.80 10.2 19.1 217
2 - 0.29 19.7 13.7 621
3 - 0.02 6.47 12.7 275
4 - 0.38 5.56 146 357
5 - 1.03 7.58 9.9 24.8
6 - 0.93 5.44 6.8 15.3
7 - 1.10 5.74 21.6 206
8 - 3.80 8.39 27.6 329
LSD(5% PM 0.78 NS 3.88 NS
level)

A 1.92 541 114 18.7
PM x A 2.56 NS NS NS

Inter J Agri Biosci, 2015, 4(4): 139-144.

Appendix 1: Growth response of amaranthus accessions to
poultry manure application according to the model estimating
response

Accessions PH PH (%) NOL NOL SG (%) SG (%)
(%)2 6WAT (%)2 (%)6 2WAT 6 WAT
WAT WAT WAT
1 16 805 580 3605 -445 -0.71
2 288 110 882 1725 -849 -120
3 228 -535 198 -8.66 878 -9.17
4 195 169 1589 245 607 -455
5 469 710 2059 21.07 2131 33.64
6 68 78 220 -239 975 1I11
7 279 429 1087 32.85 -5.08  0.92
8 137 189 1035 9.5 1563 2.88

PM =Poultry manure, A= accession, PM X A= poultry manure X
accessions, NS = not significant

Table 4: Effect of poultry manure application on nutrient
content of the accessions

PH= plant height, NOL= number of leaves, SG= stem girth,
WAT = weeks after transplanting

Appendix 2: Yield component response of amaranthus
accessions to poultry manure application
Accessions Crown Crown Total Total
weight (%) weight (%)  biomass  biomass
8 WAT 10 WAT (%) 8 WAT (%) 10
WAT
1 42.86 69.40 11.52 77.88
2 2,062.07 -10.47 216.79 -12.40
3 4,200 7.57 84.25 60
4 -57.89 53.59 23.29 44.54
5 123.30 1.23 177.77 127.42
6 29.03 27.39 27.94 112.42
7 9.09 159.23 -16.66 104.85
8 -41.32 140.16 -14.13 49.85

Treatment PM Ca K Mg N P (%)
Accessions application (%) (%) (%) (%)
1 + 1.51 231 1.05 024 0.0026
2 + 123 283 094 024 0.0026
3 + 1.34 224 0.84 035 0.0026
4 + 091 237 1.07 029 0.0030
5 + 089 2.13 0.83 0.19 0.0028
6 + 096 294 097 027 0.0027
7 + 130 2.19 0.77 026 0.0023
8 + 1.00 1.88 0.84 026 0.0021
1 - 142 257 1.14 028 0.0020
2 - 1.69 331 1.05 022 0.0019
3 1.77 251 1.13 030 0.0019
4 - 128 228 1.10 033 0.0018
5 - 1.47 221 0.86 031 0.0020
6 - 089 226 0.77 029 0.0017
7 - 1.47 2.17 090 030 0.0022
8 - 081 225 0.81 021 0.0018
LSD(5% PM NS NS NS NS  0.00049
level)

A 047 NS NS NS NS

PM X A NS NS NS NS NS

WAT = weeks after transplanting

Appendix 3: Plant nutrient content of the accessions as
influenced by poultry manure application according to the model
estimating response

Accessions P (%) Ca(%) K (%) Mg((%) N (%)
1 30 6.13 -10.36 -7.63 -14.13
2 36.84 -27.08 -14.46 -10.42 12.5
3 36.84 -2459  -10.88 -25.66 16.66
4 66.6  -28.69 3.94 -2.09 --9.17
5 40 -39.58 -3.48 -3.50 -38.11
6 58.82 7.17 30.26 26.86 -6.83
7 454 -11.36 1.15 -14.73  -14.19
8 16.66 23.12 -16.42 3.32 24.40

PM =Poultry manure, A= accession, PM X A= poultry manure X
accessions, NS = not significant.

tha! poultry manure application influenced the uptake of
phosphorus in the various accessions used.

Poultry manure application increased total viable
count of bacteria in the soils of the different accessions
used. The total viable count of bacteria in the soil samples
were higher in most of the soils of the various accessions
than those obtained in the pre-crop soil sample. Increase
in the amount of total viable count of bacteria, may be as a
result of the presence of organic matter provided by the
organic material (i.e poultry manure) which encourages
microbial activity (Nestar et al., 1998; Pimental et al.,
2005). Poultry manure at the rate assayed also increases
the amount of total viable count of fungi. Total viable
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count of fungi was higher in the soil treated with poultry
manure than that without poultry manure and the pre-crop
sample. This is similar to the findings of Porter (2003).
The responses of the accessions to poultry manure
application were represented in percentage (Appendix 1-
3). Appendix 1 showed that at two weeks after
transplanting (WAT) accessions 5 and 2 had the highest
growth percentage while accession 4 had the least. All the
amaranth accessions responded positively to poultry
manure application. However, Celosia accession (check
crop) responded negatively to poultry manure application.
At six WAT, accession 3 responded negatively to poultry
manure application while accession 5 had the highest
height. Number of leaves was higher in accession 5 at two
WAT while accession 1 had the least. None of the
accessions responded negatively to poultry manure
application. At six WAT, accession 3 and 6 responded
negatively to poultry manure, while accession 1 and 7 had
the highest number of leaves. Three accessions (1, 2, 7),
negatively responded to poultry manure application in
terms of stem girth at two WAT. Accession 5 had the



largest stem girth followed by accession 8. At six WAT,
accessions 1, 2, 3, and 4 all responded negatively to
poultry manure while other accessions responded
positively to poultry manure application.

Crown yield (Appendix 2) showed that accessions 2,
3 and 5 produced bigger crown while only accessions 4
and 8 responded negatively to poultry manure at eight
WAT. Accessions 2, 3 and 5 had the highest for total
biomass production while accession 7 and 8 responded
negatively to poultry manure application at eight WAT.

Phosphorus uptake (Appendix 3) showed that all
accessions responded positively with accession 4 having
the highest followed by accessions 5, 2 and 3. Accessions
responded negatively to nitrogen uptake except for
accessions 2, 3 and 8. Potassium uptake showed that most
of the accessions responded negatively as well with the
exception of accession 4 and 8.

Conclusion and Recommendations

The observations in the present investigation showed
that accessions 2 and 5 were significantly higher and
appear to be more reliable in terms of plant height, leaf
production, crown weight, total biomass production and
phosphorus uptake. Therefore, accessions 2 and 5
responded optimally to poultry manure application at the
rate assayed.

It is therefore recommended that further studies be
conducted on different application rates of poultry manure
on the accessions used in this study.
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