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Abstract

Increasing food resources sustainably remains today one of the fundamental options to trigger prosperity in
developing countries. Vermicompost, which is a potential soil fertilizer for sustainable agriculture has proven
to increase yields of a variety of crops, but little is known about its application rate and timing for optimum
productivity of onion in Africa. This field study investigated different vermicompost application rates, before
transplanting and at bulbing, on onion growth and productivity. The respective applications were performed
via a complete randomized block design, each at three replications, during three-season cycles on sandy-clay
and sandy-silty soils. Results showed that the highest yield (19.8 t ha?), on sandy-clay soil, was obtained at 20
t[vermicompost] ha spread before transplanting, which was 7.9, 1.3, 0.4, and 1.6 times higher than yields
obtained, respectively, with the control, 30 t[vermicompost] ha, 40 t[vermicompost] ha' and mineral
fertilizer. On sandy-silty soil, the highest yield (7.33 t ha?) was obtained at 30 t[vermicompost] ha applied
before transplanting, and was approximately 4.9, 1.6, 2.0, and 1.7 times higher than yields obtained with the
control, 20 t[vermicompost] ha, 30 t[vermicompost] ha, 40 t[vermicompost] ha, and mineral fertilizer,
respectively. The application rate and timing of vermicompost, clearly, had influences on onion productivity
and were functions of soil type. Vermicompost performed better on sandy-clay soil than on sandy-silty soil.
Onion production on sandy-clay soil with vermicompost application rate of 20 t ha resulted in the optimal

onion yield. Onion productivity was adversely affected by over-application of the vermicompost.
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Introduction

Faced with growing world population, increasing
agricultural productivity in a sustainable manner is still
a challenge. In West Africa, onion is the third most
vegetables grown after capsicum peppers and tomatoes
(FAO 2012). In fact, Onion (Allium cepa L.) is one of
the most important commercial spice crops of the
world belonging to the Amaryllidaceae family (Hossain
et al., 2017). It is an important constituent of many
typical African dishes and is consumed daily in most
households, as fresh leaves, dried leaves and, mainly,
as dry bulbs (Liguori et al., 2017). Recent reports
suggest that the use of onion as a traditional medicine
stems from its 11 constituent amino acids, which are
key to heart and cancer diseases prevention because of
their anti-inflammatory, anti-cholesterol, aphrodisiac,

and antioxidant properties (Nicastro et al., 2016).

The world’s onion-bulbs annual production was
estimated at about 85.5 million tons in 4.3 million ha
compared to only approximately 0.57 million ha of
the total cultivated land in Africa (FAO 2012). The
productivity of onion in Africa is around 14.5 t ha™,
which is significantly lower than the world average
yield of 19.9 t ha-(FAO 2012). However, regional
production is not adequate to satisfy the needs of the
consumers for the whole year, and huge quantities of
onions have to be imported from Europe and Asia
(RONGEAD and CHIGATA 2015). In Cote d'Ivoire,
for instance, the annual demand for onions in 2015
was about 115,000 t, while domestic production was
only about 4,500 t (RONGEAD and CHIGATA 2015).
Because of this huge deficit, Céte d'Ivoire was the
largest onion importer in West Africa during this
same period importing more than 50,000 t[onion]
per year (RONGEAD and CHIGATA 2015). In this
context, Cote d'Ivoire spends about US$75 million
every year to import onions from Holland, China, etc.
To address this imbalance, Cote d'Ivoire government
now supplies free inorganic fertilizers and pesticides
to promote onion production in order to limit
importation. The foregoing government initiative has
increased onion cultivation from 23 to 160 ha in only
three years (RONGEAD and CHIGATA 2015). Despite
this push, the country has not reached half of its

target onion cultivation. The low onion hectarage is

exacerbated further by the low onion productivity in
Cote d’Ivoire, which is just 10 t.ha* (RONGEAD and
CHIGATA 2015).

To meet the onion national demand, the first step is
probably to address the low domestic onion
productivity. The decline in agricultural productivity
is foremost linked to the deterioration in soil fertility
and organic matter (Patra et al., 2016). Increased use
of soil fertilizers, therefore, is one of the ways to
provide crops with essential nutrients to ensure
optimal growth and development (Patra et al., 2016).
Although intensive use of chemical fertilizers rather
than organic fertilizers certainly and immediately
increases yield, they also gradually deteriorate the soil
physico-chemical properties in the long-term
negating the concept of sustainable soil productivity
(Patra et al., 2016). In addition, these fertilizers are
increasingly becoming unaffordable to small
producers with limited financial resources. Adoption
of organic fertilizers (such as manure, compost, and
vermicompost) to replace mineral fertilizers is needed

to catalyze and sustain productivity.

Among organic fertilizers, vermicompost is well
recognized for its beneficial effects as a soil
amendment. Vermicompost is a low-cost organic
amendment obtained from bio-oxidation process of
organic substrates coupling synergistic actions of
earthworms and microorganisms (Baghel et al.,
2018). During vermicomposting, worms ingest
organic substrates, grind them down in their digestive
systems, and biochemically digest them before
absorbing some of it in their body. The unabsorbed
material is excreted as vermicastings and the
vermicompost component is attributed to enhanced
soil porosity, aeration, and soil aggregation. These
castings also are rich in nitrogen, phosphorus, and
potassium (NPK), micronutrients, and valuable soil
microbes (Baghel et al., 2018). Research has shown
that vermicompost improves soil bulk density, water
holding capacity, pH, and electrical conductivity
better than either conventional compost or raw
material (Doan et al, 2015). Finally, the
vermicomposting process not only usually results in a

product with less bioavailable heavy metals than

Coulibaly et al.

Page 39



Int. J. Agron. Agri. R.

either the conventional compost or the raw material,
but also in a product with more hormone like
compounds, which are credited with accelerating
plant growth resulting in shortened production cycles
(Coulibaly et al., 2016).

The importance of vermicompost at increasing
productivity of many crops has been well documented
(Coulibaly et al., 2018; Tejada and Gonzalez 2006;
Zaremanesh et al. 2017). Despite these monumental
research strides in this field, little is known about the
effect of vermicompost on onion productivity in West
Africa. The specific objectives of this study were to
investigate the efficacy of vermicompost on growth
and yield of onion bulbs and to determine
vermicompost application rates and timing for

optimum productivity of onion bulbs (Allium cepa).

Materials and methods

Survey area

This study was conducted in Tchologo and Poro
districts, which are the largest onion production
districts in northern Cé6te d'Ivoire. One village was
randomly chosen in each district for the study.
Lassologo village was selected in Tchologo district,
while Kombolokoura was selected in Poro district.
Lassologo is located between latitudes 9°35 and 9°37
North and longitudes 5°11 and 5°50 West, whereas
Kombolokoura is located between latitudes 8°26 and

10°27 North and longitudes 5°17 and 6°19 West.

The rainy season in both districts stretches from May
to October and the dry season from November to
April. Based on the meteorological records from a
nearby weather station, the average temperature in
Lassologo was 26.4°C and the total annual rainfall
was 1260 mm. The average rainfall was 175 mm
during the rainy season with a maximum of 263 mm
in August. During the dry period, the average rainfall
was 34 mm with 5 mm being the lowest in January. In
Kombolokoura, the average annual temperature was
26.5°C and the total annual rainfall was 1286 mm.
During the rainy season (May to October), the
average rainfall was 182 mm with a maximum of 268
mm in August. The average rainfall during the dry

season was 34 mm with a minimum of 5 mm in

December and January. According to Dugué et al,
(2007), the soil of Lassologo is sandy-clay when that

of Kombolokoura is sandy-silty.

Study material and resources

North Céte d’Ivoire is also central to the production of
cereal crops and cattle rearing in the country. The
materials used for the experiment, therefore,
consisted of cereal crops residues (maize stover and
rice straw) and cattle manure (feces and urine). The
crop residues were collected from different fields,
while cattle manure was collected from the grazing
pasture. The cattle manure was air-dried before its
use in order to facilitate its handling and to reduce
odor. Healthy adults of Eudrilus eugeniae weighing
between 500 and 1200 mg were collected within the
experiment area for the vermicomposting process.
Purple of Galmi seeds, the variety of onion used in
this study, were obtained from a commercial onion

seeds company.

Preparation of vermicompost

The vermicompost was prepared during the dry
season after the crops were harvested in December.
Three pits each measuring 9 m3 (3 m length x 3 m
breadth x 1 m depth) were dug in each of the selected
villages under a tree to limit wind and sunlight effects
on the process. The crop residues were cut into 2-cm
pieces. The bottom and the walls of each pit were
wetted with water and 19.9 kg of wood ash was then
sprayed on the bottom and walls to raise the pH and
activate microbial activity (Bang-Andreasen et al.,
2017). A 30-cm layer of maize stover were laid first
followed by 30-cm layers of cattle manure, and rice
straw. Each layer was watered with 200L and the pits
were covered with palm leaves to maintain humidity.
After 15 days of conditioning, the contents were
manually turned over and watered to maintain 70—
80% moisture content for another 15 days. After a total
period of 30 days of conditioning, the contents were
turned over again and the moisture adjusted to 70—
80% to create favorable environment for earthworm’s
activity. One thousand eight hundred (1,800) matures
individuals of Eudrilus eugeniae were introduced into
each pit to initiate and drive the vermicomposting

process (Coulibaly et al., 2011) for 3 months.
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Chemical characterization of substrates

Before the start of the experiment, five samples of
each type of soil, and the mature vermicompost were
taken for chemical analysis. The samples were air
dried in the shade and the pH, the total organic
carbon (TOC), the total N, the total K, the total
available P, the available calcium (Ca) and the
available magnesium (Mg) were evaluated. The pH
was measured using a pH-meter (Mettler Toledo S20)
using 1:5 (w/v) suspension of substrate: distilled
water. Total N was analyzed following the standard
Kjeldhal method (Tandon, 1993). The nutrients P, K,
Ca, and Mg were determined using ICP-AES after
extraction of elements in H-O and 0.1N HCI solution.
TOC was determined according to the method
described by Walkley and Black (1934).

Experimental design and Data Analysis

Field plots planted with onion crop at a density of 36
plants m2 were set up at each of the two village
experimental sites during three crop-growing
seasons. The experiment design consisted of three
randomized complete blocks. Each block contained 10
plots with a separation distance of 0.5 m. The blocks
were separated each another by 1 m distance. Ten-

treatments were evaluated in each block as follows:

-To: 0 t[vermicompost] ha* (control plots)

-T1: 10 t[vermicompost] ha before planting;

-T’1: 5 t[vermicompost] ha* before planting and at
bulbing

-T2: 20 t[vermicompost] ha-*before planting

-T’>: 10 t[vermicompost] ha before planting and at
bulbing

-T5: 30 t[vermicompost] ha before planting

-T’3: 15 t[vermicompost] ha before planting and at
bulbing

-T4: 40 t[vermicompost] ha* before planting

-T’4: 20 t[vermicompost] ha before planting and at
bulbing

-Ts: 200 kg ha of NPK 20.10.10 before planting and
100kg ha of urea 46% at bulbing.

During the experiment, two groups of agronomic
(growth) and harvesting parameters were evaluated.

The growth parameters included the number of leaves

per plant, the initial length of leaves, the length of
leaves at bulbing, days to bulbing onset, the length of
leaves at harvest, and the growth rate of leaves before
and after bulbing were measured on 108 plants for
each treatment. The parameters measured at harvest
were bulb diameter, bulb length, bulb shape index,
and yield. The bulb shape index (BSI) was computed
as the ratio of bulb length to its diameter (equation 1).
When BSI < 1, the bulb is referred to as flat; when BSI
= 1, the bulb is said to be globular, while when BSI >
1, the bulb is denoted as Torpedro.

BSI= Bulb Length 1
"~ Bulb Diameter @

The response means, for each parameter, were
analyzed by factorial analysis of variance (ANOVA)
using SPSS package, Version 16 and presented by the
mean and standard deviation (M + SD). Least
Significant Difference (LSD) multiple range-tests
procedure were used to separate the means in each
parameter category. Significant differences were

determined at P < 0.05.

The interaction between organic fertilizer quantities,
time and number of leaves in each type of soil was
analyzed using the response surface methodology. A
functional relationship (equation 2) of the number of
leaves, the quantity of fertilizer and the time was
established using the R software.

y=ax,+ bx,+c (2)

Where: y = the total number of leaves, x; = the

quantity of fertilizer, and x. = growth time.

Results

Soils and Vermicompost Characteristics

The chemical characteristics of the soils at both
research sites and the vermicompost produced and
used in this study, summarized in Table 1, indicate
significant variations between the soils as well as

between soils and the vermicompost.

The pH, which varied from 5.1 to 7.1, were
significantly different with the highest being in the

vermicompost and the lowest in the sandy-silty soil.
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The contents of C, N, and P in the soils and
vermicompost, similarly were significantly different. The
in the

vermicompost compared to both soils. The C:N ratio

highest content of each element was

ranging from 18 to 80 and was significantly different

from one media to the other. Vermicompost had the
lowest C:N ratio (18+7) followed by the Sandy-silty soil
(61+18) and the Sandy-clay soil (80+21) in that order.
The contents of K, Ca, and Mg were also significantly

lower in the soils than in the vermicompost.

Table 1. Initial chemical characteristics of the respective soils and the vermicompost. Ratio carbon azote (C:N),

Carbon (C), Nitrogen (N), Phosphore (P), Potassium (K), Calcium (Ca), Magnesium (Mg).

pH, C:N ratio, and the concentrations of respective elements (mg kg)
Media pH CN C N P K Ca Mg
Sandy-clay soil | 5.9+0.2""  79.51+21.3P 8110+327" 102+32.67° 2009+119P 14.82+2.51P 20.4£4.11° 5.6+1.06P
Sandy-silty soil | 5.1+0.1° 60.86+17.81¢ 5600+592¢ 92+29.61P 500+84.3¢ 17.55+3.04° 39.7+5.24b 6.84+1.42P
Vermicompost | 7.1£0.02  18.46+6.942 277000+11218 1500047178  8500+715.182  13500+989.772  11200£1001* 5300+768.92

* Mean values denoted with the same letter in every column were not significantly different (P > 0.05).

Effect of soil treatments on leaves number

The number of leaves per plant as a function of time
and treatment in both soils are presented in Table 2.
The mean leaves number ranged from 2.45 to 2.95 in
day o in both soils. However, there was no statistical
difference in the onion seedlings leaves number
supplied to the two soils during transplanting. The
mean leaves number, 30 days after transplanting
ranged between 5.80 and 6.37 in the sandy-clay soil
and from 4.04 to 6.23 in the sandy-silty soil.
Statistically, the leaves numbers were similar in both

soils. In contrast to 30 days after transplanting,

significant variations were observed in leaves
numbers in both soils at 60, 90, and 120 days with
respect to treatment. In the sandy-clay soil, the mean
leaves number varied from 6.62 to 8.74 at 60 days

and from 8.34 to 12.32 at 9o days.

At 60 and 90 days, leaves numbers were 8.18 and 12.32
for treatment Ts, 8.28 and 11.47 for T4, which were
higher than the others. At the harvest (120 days), the
highest mean numbers of leaves per plant were observed
in treatment Ty, T'4, T5 and T-, while the lowest numbers

of leaves were observed in To, T'1, T'2, T: and T’s.

Table 2. Effect of soil treatments on the onion leaves number in the sandy-clay and sandy-silty soils.

Treatment Number of leaves per plant in the sandy-clay soil Number of leaves per plant in the sandy-silty soil
Day o Day 30 Day 60 Day 90 Day 120 Day o Day 30 Day 60 Day 90 Day 120
To 2.47 + 0.262" 5.8 £ 1.672 6.62 +1.32b 8.34+2.65¢ 8.89+2.72b 2.66+0.112  4.04 + 1,012  6.15+1.26b 7.28 £2.34b 8.79 +2.67>
T: 2.45 + 0.672 6,26 + 1.162 7.38 +1.23b 8.82+1.38¢ 9.14+2.11> 2.74+0.122  4.70 £ 0.572  6.76+1.34" 8.78 +2.422 9.95 +3.16"
T, 2.52 + 0.622 6.37 + 1.052 8.08 x2.42 11.36+2.763> 12.81+3.342 2.58+0.112 5.33+0.95% 8.49+2.123  10.35 £3.14% 12.44 +3.252
T, 2.45+0.68"  6.19 +1.56°  7.58 £2.143b 11.51+3.12b 12.98+2.627  2.61+0.312 5.02+1.112 8.62+1.843  9.23 +3.043> 10.11 £3.12b
T, 2.57+0.872  6.25 + 2.122 8.28 +1.842 11.47+2.822 13.19+2.692 2.45+0.53% 5.18 +0.862 8.96+1.672>  10.67 £2.742 12.72 +£3.232
T 2.95+0.862 5.88+1.88: 6.24 +2.03P 8.44+1.55° 9.26+2.33P 2.6840.122 4.39 £ 0.672  6.18+1.42b 7.85 £2.11b 9.06 £3.15
T. 2.46 £ 0.742 6.24 £ 2.15° 6.53 £2.110 9.13£1.95b¢ 9.92+1.37> 2.84+0.382 4.62 +0.672  7.82+2.14P 8.62 +2.22 9.86 +2.86P
T’y 2.66 £ 0.75°  6.04 +1.443  7.56 +1.533> 9.42+1.87b¢ 10.33+2.48b  2.64+0.27* 5.84+0.55°  7.3+1.37° 9.14 £2.33 10.18 £3.13"
T, 2.88 + 0.452 6.28 + 1.95% 8.74 £2.412 11.63+2.193b 13.73+2.362 2.36+0.11% 5.15+ 0.742 8.87+2.012>  10.63 +3.062 12.96 £3.172
Ts 2.79 + 0.672 6.23 + 2.622 8.18 +2.322 12.32+2.372 13.51+£2.672 2.60+0.142 6.23 +2.622  9.14+2.382 10.28 +£2.692 12.67 £3.06%

"To = 0 t ha of vermicompost (control plot), T: = 10 t ha! of vermicompost before planting, T’; = 5 t ha* of

vermicompost before planting and at bulb start, T» = 20 t ha* of vermicompost before planting, T’> = 10 t ha-* of

vermicompost before planting and at bulb start, T3 = 30 t ha! of vermicompost before planting, T’; = 15 t ha* of

vermicompost before planting and at bulb start, T4, = 40 t ha! of vermicompost before planting, T’y = 20 t ha of

vermicompost before planting and at bulb start, and Ts = 200 kg ha! of NPK 20.10.10 before planting and 100 kg

haof urea 46% at bulb start.

*Mean values denoted with the same letter in each column were not significantly different (P > 0.05).
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The response surface analysis showed that in the
sandy-clay soil, the number of leaves, the quantity of
vermicompost applied a single time, and the growing

time were strongly correlated (r2=0.94). For

vermicompost applied twice (before transplanting
and at bulbing), the coefficient of determination was
r2 = 0.90. These coefficients indicate good fits of the

model to the experimental data (Fig. 1).

1 = 2.1644 + 0.05188x, + 0.073153x, , 12 = 0.94

sanzaT JoJaguuni

¥2 = 2.3512 + 0.05104x, + 0.06276x5, 12 = 0.90

saiea JoJaquiny

Fig. 1. Relationship between the number of leaves, the growing time, and vermicompost application rate: (A)

single before transplanting and (B) two application before transplanting and at bulbing, in the sandy-clay soil.

The highest mean leaves number per plant in the
sandy-silty soil, after 60 and 9o days from
transplanting, were observed in treatment Ts (9.14 at
60 days and 10.28 at 9o days) and the lowest in To
(6.15 at 60 days and 7.28 at 90 days). At harvest (120
days), the mean number of leaves per plant were
higher in treatments Ts (12.67), T4 (12.72), and T4

(12.96) than in the other treatments. The lowest mean

numbers of leaves per plant was obtained in To (8.79),
T: (9.95), T'1 (9.06), and T’- (9.86). The relationships
between the number of leaves, the quantity of
fertilizer applied a single-time and two-time
applications are shown in Fig. 2. The coefficients of
determination were 0.93 for the one-time application
and 0.90 for the two-times application, indicating

good fits of both models.
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)
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Fig. 2. Relationships between the number of leaves, the growing time, and vermicompost application rate: (A)

one time before transplanting, and (B) two times before transplanting and at bulbing, in the sandy-silt soil.
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Effect of soil treatments on leaves length and bulb
growth

Table 3 summarizes the growth rate of onion leaves
under each treatment in the sandy-clay soil, while Fig.
3 shows the respective growth profiles of leaves during
the study period. The mean lengths of leaves at the
time of transplanting were similar and ranged from
16.11 to 16.22 cm. Bulb formation started in the 4th
week after transplanting for treatments T, T3, T4, Ts,

T’; and T’4, and in week 5 for treatments To, Ti, T': and

T’.. Significant differences in the leaves’ lengths were
observed at this stage. The mean length of leaves, in
descending order, were in treatments T5 (40.63 cm), T,
(37.53 cm), T5 (36.3 cm), T= (35.17 cm), T'4 (34.8 cm),
T’» (33.23 cm), T: (32.2 cm), T (31.77 cm), T3 (31.5
cm) and To (31.37 cm). No significant differences were
observed in the leaves’ length between treatments Ts,
T, and T3 or between treatments T, T3, and T4. Leaves
length for treatments To, Ti, T'1, T’ and T’; were also

statistically not different.

Table 3. Growth parameters of onion leaves in the sandy-clay soil.

Treatment | Initial length of  Length of leavesat Timeto  Growth rate pre- Length of leaves at Growth rate post-
leaves bulbing bulbing  bulbing (cm wk.?) harvest bulbing (cm wk.?)
(cm) (cm) (wk.) (cm)
To 16.12+1.45*" 31.37+3.74¢ 5 2.55+1.56¢ 35.4£4.15¢ 0.37+0.114
T, 16.22+1.242 32.2+2.85d 5 2.66+1.35¢ 37.3+5.26¢ 0.46+0.104
T. 16.16+1.622 35.17+2.12bc 4 3.80+1.62P 48.54+6.34 1.11+0.10%
T, 16.241.322 36.3+2.60b¢ 4 4.02+1.03> 48.6+7.822 1.02+0.12%
T, 16.14+1.332 37.53+2.47" 4 4.27+1.682> 50.1£8.062 1.04+0.112P
Ts 16.18+1.412 40.63+2.38¢2 4 4.89+1.842 50.88+7.952 0.85+0.10¢
T 16.13+1.372 31.77£1.69¢ 5 2.61+0.67¢ 36.41+6.72¢ 0.42£0.114
T 16.13+1.642 33.23+3.01°¢ 5 2.85+1.31¢ 37.19+6.37¢ 0.36+0.104
T’y 16.15+1.222 31.5+2.55¢ 4 3.07+1.43b¢ 43.22+6.49P 0.97+0.15>
T, 16.11+1.252 34.8+2.34 4 3.74+1.22P 50.11+7.112 1.2740.132

"To = 0 t ha? of vermicompost (control plot), T: = 10 t ha of vermicompost before planting, T» = 5 t ha of

vermicompost before planting and at bulb start, T» = 20 t ha* of vermicompost before planting, T’ = 10 t ha* of

vermicompost before planting and at bulb start, T3 = 30 t ha of vermicompost before planting, T’; = 15 t ha* of

vermicompost before planting and at bulb start, T4 = 40 t ha of vermicompost before planting, T’y = 20 t ha of

vermicompost before planting and at bulb start, and T5 = 200 kg ha* of NPK 20.10.10 before planting and 100 kg

haof urea 46% at bulb start.

*Values followed by same letters in a column are not significantly different (P > 0.05).

@
o
|

Mean length of leaves (cm)

Time (weeks)

Fig 3. Growth of onion leaves in the sandy-clay soil

as a function of soil treatments and growing time.

The mean growth rates from transplanting to bulbing
varied from 2.55 to 4.89 cm wk.™. The highest growth
rates of leaves were obtained with the treatments Tjs
(4.89 cm), T4 (4.27 cm), and T3 (4.02 cm) and the
lowest with To (2.55 cm), T: (2.66 cm), T’: (2.61 cm),

T. (2.85 cm), and T’; (3.07 cm). The mean leaves
growth rates declined post-bulbing, varying from 0.37
cm to 1.27 cm wk.? The highest mean growth rates
were observed in treatments T°4 (1.27 cm), T4 (1.04
cm), T3 (1.02 cm), and T- (1.11 cm), while the lowest
were observed in treatments To (0.37 cm), T: (0.46

cm), T’ (0.42 ecm), and T2 (0.36 cm).

In the sandy-silty soil, the mean values of onion
growth parameters for various soil treatments are
presented in Table 4. The initial mean lengths of
leaves varied from 15.14 to 15.81 cm, which were not
significantly =~ different. = However,  significant
differences in the length of leaves were observed
between soil treatments. The longest leaves were
observed in T4 (33.2 cm), T’3 (33.76 cm), T, (33.42

cm), T3 (33.45 cm), and T- (34.87 cm), whereas the
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shortest leaves were recorded in treatments To
(20.97 cm), and T’: (22.74 cm). Onion bulbs
formation started in week 6 with all treatments.
During the post-bulbing period, leaves lengths were
significantly different between soil treatments.
Except for treatments To and T, leaves growth rates
were not significantly different between soil
treatments (Fig. 4). Significant differences in leaves

lengths were also measured amongst soil treatments

at the harvest. The longest leaves were observed in
treatments T4 (46.52 cm), T5 (42.22 ¢cm), T4 (43.11
cm), T3 (44.64 cm), and T» (43.19 cm), whereas the
shortest leaves were recorded in the treatments To
(27.42 cm). Leaves growth rates, during this period,
were statistically different, with the highest growth
in treatments Ty, T’», Ts and T; and the lowest

growth rates occurring in To, T1, T'y, and T’s.

Table 4. Growth parameters of onion leaves in the sandy-silty soil.

Treatment Initial length Length of Timeto  Growth rate Length of Growth rate
of leaves leaves at bulbing (cm wk.) leaves at post-bulbing
(cm) bulbing (cm) (wk.) harvest (cm) (cm wk.™?)
To 15.14£2.742" 20.9744.35°¢ 6 0.97+0.23P 27.42+5.36¢ 0.58+0.01¢
T, 15.21+2.524 28.89+5.27P 6 2.28+0.242 36.34+3.764 0.67+0.114¢
T2 15.31+£3.252 34.87+4.392 6 3.26+1.142 43.19+5.133P 0.75+0.12¢d
Ty 15.81+4.122 33.45+4.23? 6 2.94+1.082 44.64+7.24% 1.0240.10%
T, 15.22+3.322 33.42+4.742 6 3.03+1.242 43.11+£2.342b 0.88+0.14b¢
Ts 15.62+3.542 30.88+5.06P 6 2.54+1.462 42.22+3.953 1.03+0.113P
T 15.16+2.182 22.74+3.47¢ 6 1.26+0.24b 20.89+4.14¢ 0.65+0.23d¢
T, 15. 4+3.452 20.31+5.29P 6 2.3440.372 39.73+6.06¢d 0.94+0.162b
T3 15.34+3.472 33.76+3.512 6 3.07+0.862 40.38+8.17b¢ 0.6+0.10¢
T, 15.24+2.112 33.2+6.242 6 2.98+0.392 46.52+7.082 1.214+0.112

"To = 0 t ha? of vermicompost (control plot), T: = 10 t ha? of vermicompost before planting, T’ = 5 t ha* of

vermicompost before planting and at bulb start, T- = 20 t ha of vermicompost before planting, T’ = 10 t ha* of

vermicompost before planting and at bulb start, T3 = 30 t ha* of vermicompost before planting, T3 = 15 t ha of

vermicompost before planting and at bulb start, T4 = 40 t ha of vermicompost before planting, T’y = 20 t ha of

vermicompost before planting and at bulb start, and Ts = 200 kg ha* of NPK 20.10.10 before planting and 100

kg.ha* of urea 46% at bulb start.

“Mean values designated with the same letter in every column were not significantly different (a = 0.05).
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Fig. 4. Growth of onion leaves in the sandy-silty soil

as a function of soil treatments and growing time.

Effect of soil treatments on yield and yield attributes

Onion yields and bulbs attributes at harvest are
presented in Table 5. In the sandy-clay soil, the mean
different and

bulb-diameters were significantly

ranged from 3.66 to 5.74 cm. The mean bulb shape

index ranging between 0.76 and 0.95. Statistically,
there was no significant difference between the
indexes obtained with all the treatments. The mean
onion yield ranged from 2.5 to 19.8 t ha' with the
highest yield being recorded when 20 t ha
vermicompost was applied to the plots before
planting, while the lowest yield was observed in the
control plots. The onion yields, in decreasing order, in
the sandy-clay soil were 19.8 t ha1>16.5 t ha'>15.5 t
ha>15.2 t ha'>14.8 t ha’>14.7 t ha'>14.5 t ha>12.7
t ha>12.5 t ha'>2.5 t ha! for treatments T, T4, Ts,
T2, T'3, T4, Ts, T1, and To, respectively. On the sandy-
silty soil, the mean onions bulb-diameter varied
between 2.95 and 4.89 cm, while the mean bulb-
length ranged from 2.83 to 3.74 cm. The smallest
bulb-diameter and length were observed in To, T1, T’1,
and T> when the largest bulb-diameter and length

were in Ty, T2, T3, Ts, T3, and T'4.
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Significant differences in onion yields amongst soil
treatments were also observed on the sandy-silty soil.
The lowest mean yield (1.5 t ha?) was obtained from
control plots, while the highest mean yield (7.33 t ha
receiving 30 t

1) was obtained from plots

[vermicompost] ha before planting. The mean onion
yields, in decreasing order, was T3 (7.3 t ha) > T’3
(5.7that) > T.(4.7that) >T, (4.7tha?) > T, (3.7t
ha?) >T’> (3.5 t ha?) > T1> (2.2t ha?) T, (1.8 t ha?) >
To (1.5 t ha).

Table 5. Effect of soil treatment and soil type on onion yield and onion bulbs attributes.

Yield and bulbs attributes in the sandy-clay soil

Yield and bulbs attributes in the sandy-silty soil

Treatment Bulb Bulb length Bulb shape  Yield Bulb Bulb length Bulb Yield
diameter (cm) Index (t. ha?) diameter (cm) shape (t. ha)
(cm) (cm) Index
To 3.66+£0.84Y 3.07+0.42> 0.84+0.1% 2.5+0.14f 2.95+0.69" 2.83+0.692 0.93+0.12  1.5+0.6f
T: 4.23+0.56% 3.51+0.84?> 0.82+0.2% 12.5+2.31¢ 3.54+0.54% 3.21+0.842 0.9+0.12p 2.15+0.54¢

T 5.54+1.022 4.47+0.71% 0.81+0.1% 19.8+3.142
4.71+£1.12% 0.83+0.12> 15.5+1.62¢ 4.68+1.622 3.57+0.652 0.76+0.22P 7.33+1.342

T, 5.64+0.892

T4 5.74+0.87% 4.68+0.93% 0.81+0.1% 14.71+3.279 4.89+0.962
12.7+1.68¢

Ts 5.66+1.32 4.32+1.052 0.76+0.1P

4.37+£1.112  3.43+0.762 0.78+0.12> 4.66+1.61¢

3.74£1.22  0.76+0.1> 3.66+1.224
4.67+£1.632 3.43+1.262 0.73+0.1" 4.33+1.05¢

T 4.02+1.11%> 3.84+0.472> 0.92+0.12> 14.5+1.54¢ 3.18+0.37" 3.06+£0.932 0.96+0.12 1.8+0.37¢f
T 4.324£0.74%b 4.11£0.77% 0.95+0.12 15.25+1.85¢ 3.47+0.94P 3.21+0.872 0.92+0.12 3.5+0.974

T3 5.18+1.212b

4.75+1.012 0.91+0.1%> 14.75+2.219 4.23+1.322

3.11+1.182% 0.74+0.1° 5.66+1.12P

T, 5.51+1.34% 4.37+0.92% 0.70+0.22P 16.47+1.93" 4.84+1.41* 3.624+0.952 0.75+0.1" 4.66+1.23¢

* Mean values of parameters denoted with the same letter in each column were not significantly different (a = 0.05).

Principal component analysis

The principal component analysis (PCA) performed to
further elucidate the relationships between the soil
treatments and onion growth parameters in both soils
are presented in Fig. 5. The PCA1 and PCA2, in sand-
clay soil, explained approximately 73% and 21% of the
total variances, respectively. In the Sandy-silty soil,
PCA1 accounted for about 82% of responses, while
PCA2 explained about 11% of the variation. The
biplots enabled the evaluation of correlations of the
quantified variables with lines in the same directions

indicating closer correlations.

The number of leaves (N1) and length of leaves (LI)
were highly correlated in both soils but the two
parameters indicated little correlation to the onion
yield (Yi). Yield attributes (the bulb diameter and
bulb length) were highly correlated to the yield. In
both soils, bulb shape index was weakly correlated to
the onion plant growth parameters. The principal
component analysis clustered the soil treatments into
different groups based on their effect on plant growth
parameters. In the sandy-clay soil, treatments T3 and
T. were highly correlated to the yield, while
treatments T, Ts, and T’4 were strongly correlated to
the number of leaves and the length of leaves.
Treatments Ti, T'1, T’», and T’; had similar effect on
plant growth parameters. Treatment To, on the other
hand, had no distinct effect on yield and was not

correlated to the plant growth parameters. In sandy-
silty soil, yield was strongly correlated with the
treatments T’; and T3, while both growth parameters
were positively correlated with treatments T, T4, To,
and Ts. Treatments To and T’; had similar effects on
plant growth parameters, whereas T effects were

different from that of all other treatments.

« Plant growth parameters * Treatments of soil

Bsi

(A)

2 T2
T1

F2(21.04 %)

T

To

F1(73.18 %)

= Plant growth parameters * Treatments of soil

N (B)

T0 T2

F1(82.24 %)

showing

analysis

Fig. 5. Principal component
relationships between plant growth parameters and soil

treatments: (A) sandy-clay soil and (B) sandy-silty soil.
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Discussion

Characteristics of the substrates

The pH of the both soils in this study was acid, while
that of the vermicompost was close to the neutral. The
acidic pH of both soils may be linked to accumulation
of acidic compounds over the years. Farmers have in
the past used inorganic fertilizers and pesticides to
increase onion productivity. Such chemicals may
result in accumulation of aluminum ions (Al3*) and
hydrogen ions (H+), which increase the acidity of the
soils (Sradnick et al., 2013). The nearly neutral pH of
vermicompost serves it well as a potential fertilizer
(Ramnarain et al., 2019). The higher C:N ratio in both
soils was an indication of their higher carbon but
lower nitrogen contents compared to vermicompost
as well as revealing their low fertility status. Research
has shown that C:N ratios lower than 20 indicate
advanced degree of organic matter stabilization and
reflects satisfactory degree of fertility (Masmoudi et
al., 2020). In the current study, the C:N ratios in both
soils were higher than 20, while that of the

vermicompost was approximately 18.

Influence of the vermicompost on onion growth
parameters

During transplanting, the length of the leaves and the
number of leaves per plant at both sites were
statistically similar. This was certified that the plants
selected for the study were homogeneous and healthy,
and would thus reveal differences due vermicompost

application rate and timing,.

There were no significant differences in the number
of leaves per plant 30 days after transplanting in both
soils, which could be attributed to the slow nutrient
release of the organic fertilizers. Although organic
fertilizers show slow release of nutrients, they provide

nutrients to plants for much longer durations.

The chemical fertilizer’s slow-start, however, might
have been due to the low soil-pH. Significant
differences in leaves lengths, nonetheless, were
observed after 30 days from transplanting. The
differences in the number of leaves per plant between
treatments Ts, T4, T3, T4 Ts, To, and T: and
treatments To, T, and T’ could be linked to the

fertilizer application rate. The first group of
treatments might have released more nutrients for

plant growth than treatments To, Ty, and T’-.

On the sandy-clay soil, bulbing started at week 4 and
5, while it started at week 6 on the sandy-silty soil.
That difference could be explained by the initial
characteristics of the soil pH. In this study, the sandy-
silty soil was more acid than the sandy-clay soil. The
soil pH is known to influence the mobility and the
solubility of the plant nutrients. Nutrients might be
more mobile and consequently easily available to the
plants in the sandy-clay soil than in the sandy-silty
soil. According to Sradnick et al., (2013), Ca, Mg, P,
and K uptake by plants decreases with the drop of the
soil pH. In fact, the action of pH on the physical,
chemical and biological properties of the soil creates a
more favorable environment for mineral nutrition
and plant growth (Cayuela et al. 2006). Nutrient
uptake by plants is better for pH near neutral
(Cayuela et al. 2006; Xie et al., 2009). For example,
in basic soils, phosphorus associates with calcium,
whereas in acidic soils it combines with iron and

becomes insoluble.

In both cases, it is unavailable for plants. On the other
hand, at neutral pH, it is soluble and therefore easily
assimilated by the plant. According to Raemaekers
(2001), onion grows better in high fertile soil with pH
between 6.2 and 6.8. In our experience, the pH of the
sandy-silty soil was 5.1 and that of the sandy-clay soil
was 5.9. This acidic pH thus may explain the low

productivity in the control plots.

The difference between the controls, however, could
be explained by the capacity of the sandy-clay soil in
retaining more nutrients and facilitating their
absorption by the plant. On the sandy-clay soil, there
was a difference in the start of bulbing, which was a
function of the treatments. That could be explained by
the additional dose of nutrients provided in 4 weeks
in the treatments T», T3, T4, Ts, T'3, and T’4 than the
other treatments such as To, Ti, Ty, and T’» that did it
in 6 weeks. Brewster (1994) observed onion bulbing
after 55 days in autumn and 43 days in spring. These

differences in bulbing could be linked to the
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differences in soil characteristics, onion species,
fertilizers used and the temperature at which the

experience took place.

Results showed that, in general, for the same
treatment, the growth rate of leaves before the bulb
formation was higher than that after bulb appearance
in each type of soil. This result could be explained by
the principle of nutrients allocation. In this case,
before the appearance of bulbs, all the nutrients were
channeled to the leaves, which accelerated their
growth, resulting in a high leaf growth rate. At the
onset of bulb formation, the resources (nutrients)
would henceforth be shared. One part would be for
the growth of the leaves and the other part for the
growth of the bulbs. As a result, a significant decrease
in the growth rate of the leaves would be observed
after the appearance of the bulbs. Previous research
(Adjei-Twum, 1980), likewise observed that the
growth rate of onion leaves before bulbing was

significantly higher than that after bulbing.

The maximum number of leaves at the harvest was
13.73 in the sandy clay soil and 12.96 in the sandy
silty soil. The maximum length was 50.88 cm in the
sandy clay soil and 46.52 cm in the sandy-silty soil.
Ikeda et al. (2019) found a variation of 13 to 15 in the
number of leaves per onion plant. These differences
might be due to the differences in the respective soils’

fertility levels and the temperature.

Effect of the vermicompost on yield and yield
attributes

The results of this study showed that the yield and its
attributing parameters were higher with the
vermicompost than with no fertilizer (control). In
addition, the highest yields were obtained with the
vermicompost compared to the inorganic fertilizer.
These results were attributed to nutrient-value of the
vermicompost and consequent change in the soil
physico-chemical properties. According to Baghel et
al. (2018), vermicompost creates favorable conditions
for plant growth by improving soil porosity, aeration,
producing water-stable aggregates and providing
macronutrients and micronutrients to plants. The
efficacy of the vermicompost is also linked to the
activities because

earthworm’s during

vermicomposting, greater mineralization of organic
nutrients occurs in the digestive tract of earthworms,
which

vermicomposts (Ndegwa and Thompson 2001). In

increase  minerals content in the
addition, earthworms secret growth hormones and
enzymes that promote plant growth (Ndegwa and
Thompson 2001). Assimilation of nitrogen by plants,
which is also a function of soil treatment, have
influences on agronomic health. In our study, the
efficacy of the vermicompost compared to the
inorganic fertilizer was associated with the initial
physico-characteristics of the different soils. In fact,
the acidic pH of the soils might cause the
immobilization of many minerals such as Ca, P, Mg,
etc. and therefore prevents their absorption by the
plant. Another reason is that chemical fertilizers
increases the ability of plants to absorb nutrients
from the soil, implying that, over time the soil is left
without mineral elements because of the excessive
absorption in previous years. So, although chemical
fertilizer is provided, the plant will no longer be able
to find enough nutrients in the soil for growth and
this negatively affect crop yield. Other researchers
have reported that application of N beyond 84 kg ha
decrease onion yield (Wiedenfeld 1994). In our study,
the 200 kg.ha' of NPK 20.10.10 applied before
planting and the 100kg.ha of urea 46% applied at
bulbing may explain the lower yield obtained with the
inorganic fertilizer. In general, over application of
NPK hinders growth and development of bulb
(Wiedenfeld 1994). According to Tejada and Gonzalez
(2006), vermicomposts utilization increased the yield

of maize compared to a non-fertilized soil.

On the sandy-clay soil, the highest yield (19.8 t.ha)
was obtained with 20 t.ha! of vermicompost applied
before the transplanting. Above and below 20 t.ha+
application rate of vermicompost there was a decline
in the yield. Similarly, on the sandy-silty soil, the
highest onion yield was 7.33 t.ha* and was obtained
at 30 t.ha" application rate of vermicompost spread
before transplanting. This yield was 4.87 times, 1.57
times, 2 times and 1.69 times higher than those
obtained, respectively, with either the: control, 20
tha, or 40 t.ha? of the vermicompost or inorganic

fertilizer.
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These results showed that, just like there is a limit on
inorganic fertilizers application, there is a limit of
vermicompost application rate. Up to that limit, the
vermicompost can cause a decline in plant
productivity. Furthermore, vermicompost is known to
decrease mobility and leachability of certain
micronutrients considered as heavy metals (Singh
and Kalamdhad 2013). The negative charge surface
might increase with the increase quantity of
vermicompost spread. As a result, a lot of metal
cations are retained on the vermicompost surface.
The efficiency of the other elements like the
macroelements becomes weak and that could be
explained by the “Law of the minimum”. The “Law of
the Minimum” states that if one of the essential plant
nutrients is deficient, plant growth will be poor even

when all other essential nutrients are abundant.

In other words, the yield is proportional to the
amount of the most limiting nutrient whichever
nutrient it may be. Therefore, it is possible that the
amounts of vermicompost higher than 20 t.ha* and
30 t.ha? in the sandy-clay and in the sandy-silty soil,
respectively, retained more nutrients on their surface
thus causing a deficiency of certain elements for the
plant. In contrast, quantities lower than 20 t.ha* and
30 t.ha of vermicompost in the sandy-clay soil and in
the sandy-silty soil, respectively, did not probably
introduce sufficient nutrients for plants growth.
Onion yields were higher when 20 t.ha* and 30 t.ha*
were applied one time before the transplanting in the
sandy clay soil and in the sandy silty soil, respectively,
than when they were applied twice (half before
transplanting and the second part at bulbing). That
foregoing indicated that vermicompost application
before transplanting was more favorable or beneficial
for onion productivity. Applying vermicompost before
transplanting enables plants to uptake nutrients in
time for their development. In contrast, when
nutrients are applied in two steps (half before
transplanting and half at bulbing), the first half may
be insufficient for onion development, resulting in
stressed plant or stunted plants due to mineral
deficiencies. Fertilizer spreading followed by their
incorporation into the soil during the growth of the

plant, as onion producers often do, can stress the

plant and therefore negatively affect the yield. Also, it
appeared that for quantities up to 20 t.ha and 30 t.ha
in the sandy-clay and the sandy-silty soil, respectively,
the yields were lower when the vermicompost was
spread one time before the transplanting than when it
was spread two times (half before transplanting and
the second part at bulb start).

That could be explained by the fact that above the
optimum  quantity of  vermicompost, the
micronutrients restrained in the different pores are
higher when the vermicompost was brought one time.
On the other hand, the number of nutrients retained is
reduced when the vermicompost is spread in two
steps. When bringing the vermicompost in a big
quantity one time, the ability of negative charge
surface of the vermicompost to retain micronutrients
might be higher than when it is brought two times
and consequently plants in the first case would have
suffered from nutrients deficiencies than in the

second case.

The differences in yields and in optimum quantities of
vermicompost applied to obtain maximum yields, in
this study, demonstrates that the efficacy of the
vermicompost were a function of soil-type and the
initial characteristics of the soil. The highest yield
registered on the sandy-clay soil could be explained
by the fact that onion production requires a sandy-
clay soil and not a sandy-silty soil. Moreover, onions
in this study were all flat. That indicates that the
sandy-clay and the sandy-silty soils might be
favorable to the flat shape bulbs. These types of soils
might permit the growth of the bulbs in the larger
sense than that in the length. However, flat onions are

more desired than globular and torpedro onions.

Principal component analysis

The high positive correlation between leaves and yield
is probably based on the role leaves play in the plant
nutrition. Leaves capture sunlight and carbon dioxide
which drive photosynthesis necessary for plant
growth, maintenance, and yield. The increase in
onion-bulbs yield with increase in the number of
leaves can thus be associated with enhanced

photosynthesis, improved nutrients assimilation, and
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a concomitant increase of food reserve accumulation
in the bulbs. Similarly, Mettananda and Fordham
(1999) noted that, the number of leaves and leaf area
positively impact onion (Allium cepa) production.
Giri et al. (2018), who also documented a positive
correlation between leaves number and bulb yield of
Lilium hybrid cv. Sorbonne, attributed this
observation to the ability of leaves to accumulate
calcium for bulb. The strong correlation between the
number of leaves and the leaf length, on the other
hand, was expected given that both attributes are
components of the same organ. Rahman et al. (2015)
found a high correlation between onion leaves
number and leaf length in a nutrients-deficient soil.
The weak correlations between the bulb shape index
to: the yield, the bulb length, the bulb diameter, the
number of leaves, and leaves length might be
attributed to bulb shape index being governed by a
gene different from the one that governs the other
parameters. Pavlovi¢ et al., (2016) working with
different genotypes of onion, similarly, did not find

any correlation between bulb shape index and yield.

Conclusion

Results from this study revealed that the efficacy of
vermicompost is dependent on soil type, application
rate, and timing. Vermicompost was more effective at
improving onion yield on a sandy-clay soil than on a
sandy-silty. Optimum production of onion in the
sandy-clay soil was achieved at the application rate of
20 t ha? of vermicompost before transplanting.
Vermicompost application above 20 t ha decreased
onion productivity demonstrating that over-
application of organic vermicompost has similar
adverse effect, on productivity, as application of

excess inorganic fertilizers.
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