European Journal of Agriculture and Food Sciences
www.ejfood.org

RESEARCH ARTICLE

Application of Chicken Manure and Organic Compost to
Produce Onion (A/lium cepa L.) and Turnip (Brassica

rapa L.) in Greenhouse

Acécio Salamandane, Belo Afonso Muetanene, Fatima Ismael, Pompilio Vintuar

ABSTRACT

In recent years awareness of the impacts of intensive agriculture on soil
quality and its impacts on the environment has increased. This paradigm
increased interest in biological products. In this context, the present trial was
conducted to evaluate the performance of two organic fertilizers on onion
and turnip crop yield grown in greenhouse. We used two kinds of organic
fertilizers made in Portugal, a compost and a chicken manure evaluated in
two plant species: onion (Al/lium cepa L.) and turnip (Brassica rapa L.). Both
experiments consisted in a completely randomized design, with the same
treatments which are: control (zero application), 1 kg/m? of compost, 2 kg/m?*
of compost, 3 kg/m? of compost, 5 kg/m? of compost, 2.65 kg/m? of chicken
manure, 5.3 kg/m? of chicken manure, 10 kg/m? of chicken manure, 15.9
kg/m? of chicken manure, 21.2 kg/m? of chicken manure. For turnip the
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evaluated traits were plant weight (Pw), plants length (PI), number of leaves,
and for onion were as follows: plant weight, bulb yields, and bulbs diameter.
in the dose of 2.65
kg/m?application represents a sustainable alternative to synthetic fertilizers,
mainly in the current challenging situation of agriculture in the context of

This study concludes that chicken manure

climate change.
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I. INTRODUCTION

In the growing global demand for food, in context of global
climate changes and optimization of natural resources,
increasing crop yields without compromising soil microbial
activity which is an important component of soil healthis a
complex challenge [1]-[3]. Application of manure as
fertilizer is an alternative to increase in soil organic matter
and creates conditions for increase beneficial microbes,
besides also delivering N and other elements to plants [2], [3].
It has been emphasized more recently that diversity in soil
microbial composition is critical to maintain soil health due
to their contributions to soil structure formation,
decomposition of soil organic matter, and the biogeochemical
cycling of nutrients [3]-[5].

Onion (Allium cepa L.) and turnip (Brassica rapa L.), two
crops from different species are commonly grown in
Portugal, in greenhouse crops productions, it’s easier to
control pests, on the other hand, it’s important to apply the
fertilizers adequately to ensure better yields. For organic
fertilizers, such as poultry manure, it has been reported that
they improve soils physical, chemical, and biological
properties, including bulk density [6], organic carbon [7], and
microbial biomass [8]. Poultry manure has traditionally been
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treated as a waste product and applied to surrounding crop
and pasturelands to recycle nutrients, primarily nitrogen (N),
phosphorus (P), and potassium (K) [9]. A recent review of 90
studies examined the effect of poultry manure on crop yield,
when compared to inorganic fertilizer application, the studies
demonstrate that such results depend on soil types, tillage,
method of application, and cropping system [10].

Onion (Allium cepa L.) and turnip (Brassica rapa L.), two
crops from different species are commonly grown in
Portugal, in greenhouse crops productions, it’s easier to
control pests, on the other hand, it’s important to apply the
fertilizers adequately to ensure better yields. For organic
fertilizers, such as poultry manure, it has been reported that
they improve soils physical, chemical, and biological
properties, including bulk density [6], organic carbon [7], and
microbial biomass [8]. Poultry manure has traditionally been
treated as a waste product and applied to surrounding crop
and pasturelands to recycle nutrients, primarily nitrogen (N),
phosphorus (P), and potassium (K) [9]. A recent review of 90
studies examined the effect of poultry manure on crop yield,
when compared to inorganic fertilizer application, the studies
demonstrate that such results depend on soil types, tillage,
method of application, and cropping system [10].

Among the nutrients present in wastes, byproducts, and
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compost, N stands out [17], [18], shortage of this
macronutrient limits the development of most crops and
poses a particular problem for smallholders who cannot
afford commercial fertilizers. Therefore, the use of organic
fertilizers may be a feasible option to replace mineral
fertilizers and restore soil chemical features [19].

In Portugal, there’s a lack of information on adequate
organic fertilizer doses for onion and turnip, mainly in
greenhouse production cases. Thus, the present study aimed
to evaluate the effects of chicken manure and compost doses
on the performance of onion and turnip in greenhouse
production.

II. MATERIALS AND METHODS

The experiments were conducted in a greenhouse with an
area of 400 m?, completely covered with plastic, with lateral
openings to allow ventilation and it has an irrigation system.
The study was conducted from November 2012 to April
2013. The greenhouse is located at the Experimental Station
of Loreto in Coimbra, Portugal. The main soil characteristics
of the study are. The study area is characterized by having
/soils with a pH that varies between 7.26-7.36, soil organic
matter 4.7—4.9%, 158 ppm of K, 116 ppm of Mn, 1.08 g/kg
of N and 200 ppm of P [20]. Two kinds of organic fertilizers
were produced in Portugal, compost and chicken manure,
evaluated in two plant species, onion (Allium cepa L.),
variety Top Star and turnip (Brassica rapa L.), variety San
Cosme. The compost is produced from crops residues (50%),
animal feces (25%) and peat (25%). The chemical
compositions of the fertilizers are described in Table 1.

In the greenhouse, the experiment was conducted in pots,
in a completely randomized design with 5 doses for chicken
manure, five doses for the compost, and at last, a control (zero
application of fertilizer) with five replications. The pots used
for onion had 14 ¢cm high and 22 cm diameter (0.038 m? area)
and the pots for turnip had 14 cm high and 17 cm diameter
(0.023 m? area). We placed approximately 2.5 kg of soil in
each pot, the fertilizer doses for each fertilizer were
calculated considering the recommended doses for the region.
The fertilizers doses were manually incorporated into the pots
to 0.1 m depth. The compost and chicken manure doses are
described in Table II.

After mixing the fertilizers with the soil in the pots, onion
seedlings were transplanted to the centre of each pot, for
turnip, three turnip seeds were placed in each pot at a depth
of 5 mm. Seven days after the emergence of turnip seeds
thinning was performed in two plants, leaving only one plant
per pot, and the irrigation was performed manually. For turnip
we evaluated the following traits: plant weight, plants length,
number of leaves and for onion: plant weight, bulb yields,
bulbs diameter.

A. Statistical Analysis

For statistical analysis, all the results were submitted to the
Bartlett test of homogeneity of variances and the Shapiro-
Wilk normality test. Afterwards, treatment means
comparison was performed using the Scott-Knott test, the
great advantage of the Scott-Knott test is that it doesn’t allow
the same treatment to belong to two or more different groups
at the same time, thus, it facilitates the interpretation of the
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means comparison. Simple linear regression was also
performed, and to group the treatments based on their
similarities, we performed the Tocher’s clustering approach
based on the Euclidean distance. Principal components
analysis (based on the correlation matrix) was also conducted
to reduce the dimensionality of the data and to describe better
the variation observed on the data. All the data analysis was
performed at 5% in the R programming language [21].

TABLE I: CHEMICAL COMPOSITIONS OF THE CHICKEN MANURE AND THE

COMPOST
Cheml.c fil Chicken manure Compost
composition
pH-H.O 7.0-8.0 8.4
Organic matter 70% 47-55%
Moisture 50 - 60% 57.6%
. 400 - 1200 mg/1 = 0.7 — o)
Nitrogen (N) 23 gke 1.9-2.2% =~ 19-22 g/kg
Phosphorus 700 - 1000 mg/l ~ 1.3 — 1-1.25% = 10-12.5
(P20s) 1.9 g/kg g/kg
Potassium 1000 - 1300 mg/1~ 1.9 —
3-3.5%=30-35 g/k
(K:0) 2.5 gke & gke

TABLE II: DESCRIPTION OF THE FERTILIZER DOSES USED IN THE
EXPERIMENT

Fertilizers doses

0 kg/m?, control (no fertilizer application)
1 kg/ m? of compost
2 kg/ m? of compost
3 kg/ m? of compost
5 kg/ of compost
2.65 kg/ m? of chicken manure
5.3 kg/ m? of chicken manure
10.6 kg/ m? of chicken manure
15.9 kg/ m? of chicken manure
21.2 kg/ m? of chicken manure

III. RESULTS AND DISCUSSION

For turnip, significant differences (p<5%) were obtained
for all the traits (Table III), for plant weight (Pw), the highest
value was obtained by the application of 5.3 kg/m? of chicken
manure which was similar to 2.65 kg/m? of chicken manure,
the minimum Pw was observed by the 21.2 kg/m? of chicken
manure which was similar to 10.6 kg/m? of chicken manure
and 15.9 kg/m? of chicken manure. Comparing only the
control and the treatments under different compost doses an
increase of Pw is observed from the control (zero fertilizer
application) to 5 kg/m? of compost (the highest fertilizer
dose), due to the increase of soil nutrients, however, absence
of significant differences were observed among 2 kg/m?, 3
kg/m? and 5 kg/m? of compost. When comparing only
chicken manure doses (including the control), the increase in
one unit in the dose, caused a reduction of approximately 0.96
g/plant in the Pw (Pw=38.64-0.96 *chicken manure dose,
R"2=0.37). According to Aisha et al [22], adding organic
compost manure (produced from recycling the agriculture
residues) at different doses had a significant effect on the
percentage of cruse protein, N, P, K and carbohydrate
contents of turnip roots. Such contents increased with
increasing the dose of organic compost manure, however, the
high level of organic compost manure significantly increased
these contents of root tissues compared to low level [22].

Observing only the compost doses, the increase in one unit
caused an increase of approximately 4.18 g in the Pw (Pw =
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15.15 + 4.18 *compost doses, R*2 = 0.56). For plant length
(P1), the highest value was observed for 5.3 kg/m? of chicken
manure which was similar to 5 kg/m? of compost and 2.65
kg/m? of chicken manure. The minimum Pl values were
observed for 21.2 kg/m? of chicken manure which was similar
to the control and 15.9 kg/m? of chicken manure. When
comparing only chicken manure doses (including the
control), the increase in one unit in the dose, caused a
reduction of approximately 0.40 cm in the PI (P1=29.29-0.40
*chicken manure dose, R"2 = 0.32). On the other hand,
observing only the compost doses, the increase in one unit
caused an increase of approximately 2.21 ¢cm in the P1 (Pl =
20.34+2.21 *compost doses, R*2 = 0.57). For the number of
leaves (NI), the highest value was observed for 2.65 kg/m? of
chicken manure and the minimum value was observed for
21.2 kg/m? of chicken manure.

Comparing only chicken manure doses the increase in one
unit in the dose, caused a reduction of approximately 0.11 in
the N1 (N1 =11.16-0.11 *chicken manure dose, R"2 = 0.33).
as also seen before, comparing only the compost doses, the
increase in one unit of the compost caused an increase of
approximately 0.45 in the NI (N1=9.18+0.45 *compost dose,
R"2 = 0.33). These relationships justify the better results
observed for lower chicken manure doses and for higher
compost doses. In general, the lowest values observed for the
control mainly for plant weight and plant length are justified
by the absence of fertilizers resulting in insufficient nutrients
for the crop. For chicken manure doses, the dose
recommended by the manufacturer is 10.6 kg/m2 of chicken
manure, however, in our study, 5.3 kg/m? of chicken manure
was the best for all the traits, it is important to highlight that
this experiment was conducted in a greenhouse which is
different from field environment, and it would be to expect
that for chicken manure doses, the increase in the dose would
cause an increase in some traits, this situation was not verified
in this study [23], [24]. Application of high doses of chicken
manure showed negative effects on turnip productivity, due
to the increased availability of Arsenic, which is toxic to
plants [25], [26]. In addition, arsenic residues have been
reported in turnip crops fertilized with chicken manure [26].

For the compost, the recommend dose by the manufacturer
is 2 kg/m2 of compost, our study reveals that comparing only
composts doses (including the control), higher doses such as
the ones we studied result in significant gains. The compost
in terms of N, P and K is richer than chicken manure
(Table I), thus it provides more macronutrients to the soil, but
it may be slower to mineralize the nutrients than chicken
manure, this fact may justify some results obtained for some
compost doses when specially compared to 2.65 kg/m? and
5.3 kg/m? of chicken manure. Several studs study revealed
that chicken manure is a potential source of plant nutrients
and contributes to the improvement of the physical-chemical
characteristics of soil [23], [24]. For instance, the soil
electrical conductivity together with exchangeable bases
increased with application rate in all soil types, thus
indicating positive effects on soils. Similarly, significant
increases of N (up to 50%) and P (up to 80%) were observed
following addition of chicken manure [23]. While the pH at
various application rates of the soil chicken manure mixtures
were found to be circumneutral, significant increases of
exchangeable calcium with manure were observed [24]. For
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principal component analysis, the principal component 1
(86.5 %) and 2 (9.99 %) explained together approximately
96.5% of the total variability observed in the data (Fig. 1).

The PCA revealed that all the evaluated traits are positively
correlated, but plant length (Pl) and plant weight (Pw) are
more correlated., P1 and Pw are more represented by the
principal component (PC) 1 whereas number of leaves is
more represented by PC 2. PCA also revealed that the
treatments form different clusters. The Tocher’s clustering
approach revealed the presence of five clusters, cluster 1: 10.6
kg/m?, 15.9 kg/m?, and 21.2 kg/m? of chicken manure, in
cluster 2: 3kg/m? and Skg/m? of compost, cluster 3: 5.3 kg/m?
and, 2.65 kg/m? of chicken manure, cluster 4: 1 kg/m? of
compost, control and finally in cluster 5: 2 kg/m? of compost.
Cluster 1 is comprised by the treatments with the worst
performance, hence, lowest plant weights, plant lengths and
number of leaves.

Cluster 2 is comprised by the treatments which may be
considered of intermediate performance.

In cluster 3, we find the best treatments for all the traits,
cluster 4 is comprised by the treatments with the lowest plant
weights values and finally in cluster 5 we find the treatment
which had only equal performance to the best ones in the
number of leaves trait. Thus, considering the costs involved
in the fertilizer production, the 2.65 kg/m? of chicken manure
application is the best for this study's traits.
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Fig. 1. Principal component analysis for tunirp. Plant weight (Pw) plants
length (P1), number of leaves (N1).

TABLE III. MEANS OF PLANT WEIGHT, LENGTH AND NUMBER OF LEAVES

OF TURNIP
Fertilizers Pw (g) Pl (cm) NI

Control 13.75¢ 18.87 ¢ 95a

1 kg/m? of compost 17¢ 23.92b 8.75b

2 kg/m? of compost 28 b 24320 10.5a

3 kg/m? of compost 32.25b 28.65b 11a
5 kg/m? of compost 33b 30.35a 11.25a

2.65 kg/m? of chicken manure 51a 33.05a 13a
5.3 kg/m? of chicken manure 53.25a 35.82a 11.25a
10.6 kg/m? of chicken manure 5.25d 1582 ¢ 6.25b
15.9 kg/m? of chicken manure 4.25d 159¢ 725b

21.2 kg/m? of chicken manure 2.75d 12.77 ¢ 75b

Pw: Plant weight, Pl: plants length, NI: number of leaves, means followed
by the same letter are not significantly different by the Scott-Knott test at
5%.
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For onion, significant differences (p<5%) were obtained
for all the traits (Table IV), for plant weight (Pw), the
minimum value was observed in 21.2 kg/m? of chicken
manure which was similar to the control, 15.9 kg/m? and 10.6
kg/m? of chicken manure. Highest Pw was observed in 2.65
kg/m? of chicken manure, comparing only the based on the
compost doses and the control, the increase in unit of the dose
increased the Pw in approximately 11.63 g (Pw = 11.63 *
compost dose + 52.51,R> = 0.39), on the contrary,
comparing only chicken manure doses (including the
control), the increase in one unit in the dose didn’t cause a
significant effect on the Pw (p>5%), this results shows that
the application of 2.65 kg/m? of chicken manure is the best
among all treatments based on chicken manure doses. Similar
results were obtained in other studies aimed to evaluate the
effects of the application of different organic fertilizers for
production organic onions [27], [28]. The highest bulb yield
recorded with application of chicken manure may be due to
the supply of optimum amount of nutrients required for plant
growth and development, coupled with improved soil
physical and chemical condition.

For bulbs yields (By), the minimum value was observed at
21.2 kg/m? of chicken manure which was similar to the
control and 15.9 kg/m? of chicken manure, in general, the
highest By value was observed by the application of 2.65
kg/m? of chicken manure. Comparing only compost doses
(including the control), the increase in one unit increased the
By in approximately 6.86 g (By = 6.86*compost dose +
31.10, R*2 = 0.29). On the contrary, the increase in one unit
in the chicken manure doses didn’t cause a significant effect
on the By, showing that among the chicken manure doses, the
2.65 kg/m? of chicken manure is the best for this trait. For
bulbs diameter (Bd), the minimum value was observed in
21.2 kg/m? of chicken manure being similar to the control,
15.9 kg/m? and 10.6 kg/m? of chicken manure. Comparing
only the compost doses, the increase in one unit of the
compost doses did not cause a significant effect on the By
(p>5%), meaning that for this case, the application of 1 kg/m?
of compost is more indicated than the higher ones. On the
contrary, comparing only chicken manure doses, the increase
in one of chicken manure doses caused a reduction of
approximately 0.48 cm (Bd=-0.48*chicken manure doses,
R"2=0.24), showing that for this case, the 2.65 kg/m? of
chicken manure is the best among all chicken manure doses.
This result agrees with the results obtained by Erkalo et al
[29], which studied the application of chicken manure and
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blended fertilizer to onion production in low input production
systems.

The principal component 1 (93%) and 2 (4%) explained
97.7 % of the total variability observed in the data (Fig. 2), it
shows that the three evaluated traits are positively correlated,
but the plant weight (Pw) and bulbs yields (By) are extremely
more correlated. Pw and By are more represented by the
principal component (PC) 1 whereas the bulb's diameter is
more represented by PC 2. It also showed that the treatments
form different clusters. The Tocher’s clustering approach
revealed the presence of four clusters, clusters 1: 2 kg/m? and
3 kg/m? of compost, 5.3 kg/m? of chicken manure, 1 kg/m? of
compost, 5 kg/m? of compost, in cluster 2: 15.9 kg/m? of
chicken manure, control, 21.2 of kg/m? chicken manure,
cluster 3: 10.6 kg/m? chicken manure and finally in cluster 4:
2.65 kg/m? of chicken manure. Cluster 2 is comprised by the
treatments with the worst performance in all the traits, cluster
4 is the opposite of cluster 2 as it is comprised by the
treatment which had by far the highest values for all the traits,
and cluster 3 is comprised by the treatments which had values
inferior to the treatments in cluster 1 (despite the absence of
significant differences in the bulbs yield trait).

The PCA revealed that all the evaluated traits are positively
correlated, but plant length (P1) and plant weight (Pw) is more
correlated., Pl and Pw are more represented by the principal
component (PC) 1 whereas the number of leaves is more
represented by PC 2. PCA also revealed that the treatments
form different clusters. The Tocher’s clustering approach
revealed the presence of five clusters, cluster 1: 10.6 kg/m?,
15.9 kg/m?, and 21.2 kg/m? of chicken manure, in cluster 2:
3kg/m? and Skg/m? of compost, cluster 3: 5.3 kg/m? and, 2.65
kg/m? of chicken manure, cluster 4: 1 kg/m? of compost,
control and finally in cluster 5: 2 kg/m? of compost.

In the compost, at a dose of 3 kg/m? it was observed a
greater shoot growth, suggesting that higher quantities of this
fertilizer induce greater vegetative growth, however, this
trend was not confirmed in the application dose higher than 5
kg/m?. Different results were found by Boyhan ef al. [30] that
obtained maximum yields with doses above 1 kg/m?. For the
chicken manure, there was a decrease in crop yield from the
application dose of 5,3 kg/m?, suggesting that the optimal
dose for this fertilizer is 27 kg/m?. This was the dose that had
a higher yield in all the evaluated variables. Similar results
were obtained by Boyhan et al. [30].

TABLE IV: PLANT WEIGHT, BULBS YIELDS, AND BULBS DIAMETER OF ONION GROWN IN THE GREENHOUSE

Fertilizers Pw(g) By (gt) Bd (cm)
Control 25.75b 1425¢ 19.75b
lkg/m? of compost 77 a 36.25b 40.4 a
2 kg/m? of compost 96.5a 69 a 46.75 a
3 kg/m? of compost 975a 61a 43.75a
5 kg/m? of compost 93.75a 50.5a 35.75a
2.65 kg/m? of chicken manure 1275a 76 a 50.17 a
5.3 kg/m? of chicken manure 82a 545a 32.75a
10.6 kg/m? of chicken manure 5833 b 32b 29.23b
15.9 kg/m? of chicken manure 21b 13.5¢ 22.5b
21.2 kg/m? of chicken manure 15.66 b 9.66 ¢ 11.73¢

Pw: plant weight, By: Bulb yields, Bd: Bulbs diameter, means followed by the same letter are not significantly different by the Scotte-Knott test at 5%
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Fig. 2. Principal component analysis for onion. Plant weight (Pw) bulbs
yield (By), bulb diameter (Bd).

The higher doses of the two fertilizers used in this study
didn’t have a good yield in spite they show significant
differences from the control. These results contradict the
results obtained by Mourao et al. [20] in which there was a
higher yield with the application of 40 t/hectare of compost
onion, this dose is double the compost application dose which
had a higher yield in this study. Yoldas et al. [31] didn't
obtain significant differences between 2 and 4 kg/m? of cattle
manure on onion. The present results suggest that chicken
manure is better for onion than the compost, despite having
less N, P, and K than the compost.

In the experiment, the highest plant weight, bulb yield, and
diameter were obtained by applying 2 kg/m2 of compost
(Table IV). Both organic fertilizers had similar bulbs
diameter, but different plant weights and bulb yields, in the
three variables, the control had the worst performance.

IV. CONCLUSION

For the compost in the greenhouse, there was an increase
in the fresh weight of plants with the increase of doses
applied, however, there was no difference between the 3
kg/m? and 5 kg/m? doses. The losses weren't only due to the
low productivity of this fertilizer in the dose recommended
by the supplier, but also to the high application costs per ha.
Animal manure application represents a sustainable
alternative to the current challenging situation of agriculture
in the context of climate change. In this study, chicken
manure is the organic fertilizer that provided a higher turnip
and onion growth, even at low doses. In the greenhouse, the
compost is the most profitable fertilizer for both crops,
chicken manure has profits only for turnip. The application of
the compost can be very useful in the production of seedlings
or in urban agriculture using pots, which in addition to
improving the diet contributes to the reduction of greenhouse
gas emissions.
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