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Abstract: An experimental study was conducted in Gbado-Lite city to develop composts from
peanut (Groundnut) and maize residues alone or combined. The study found that plots
modified with compost based on peanut (Groundnut) residues combined with corn residues
are of good quality compared to non-waste compost combined and unamended plots as
indicated by the average values of plant height (91.9+0.79 cm vs. 54.0+1.35 cm), diameter at
the collar (12.66+0.47 mm vs. 9.00£1.41 mm); number of leaves ( 20.6+0.47 vs. 15.6+0.47);
leaf lengths (23.5£1.17 cm vs. 19.4+1.92 cm ); leaf widths (7.32+0.44 cm vs. 6.34+0.68 cm)
yield per hectare ( 22.63+0.67T/ha vs 11.51+2.85 T/ha ). It is therefore desirable that
compost be characterized from a physical-chemical point of view (pH, minerals, C/N ratio,
etc.) and considers the production of other plants grown on this substrate in order to assess
its effectiveness.

Keywords: composting; biological agriculture; vegetable production; leafy vegetables;
Democratic Republic of the Congo

l. Introduction

From times immemorial, human nutrition has always been based partially on the
consumption of some vegetables of which crops date from the ancient time because of their
nutritional, therapeutics and ritual values (Bukatuka et al., 2016; Tchatchambe et al., 2017).

For the past 30 years, the soil fertility and crop yields have declined in Africa due to the
climate change, which cause the loss of nutrients by leaching, erosion, improper harvest that
does not follow the offset of natural process and the intake of manure. Despite all this
degradation, the demography of population is increasing (high rate of birth) (Bangata et al.,
2013a). However, vegetable crops respond specifically to local conditions of temperature and
sunstroke while they are also demanding on the soil physico-chemical characteristics which
need to be rich in organic matters and well drained (Pallo & Sawadogo, 2010).

In tropical conditions where soil fertility is fleeting, vegetable yields are less
appreciated. This is why most researchers use chemical or organic fertilization to solve this
problem (Bangata et al., 2013b; Bosanza et al., 2017). However, the nature of raw materials
used to make composts to fine soil and fertilize crops is a limiting factor, especially since
these crops are sensitive to the quality of the composts (Aristil, 2019). Moreover, the organic
farming system constitutes the best alternative to the use of fertilizers at the Amaranthaceae
family level. The aim of the current research was to assess the effect (impact) of agricultural
by-products based-compost on Amaranthus hybridus L. Specific objectives are: (i) to
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appreciate the diameter at the collar and height of the plant, (ii) to measure the length and
width of leaves and (iii) to assess the yield based on raw material used for composting. The
choice of amaranth is justified by the food preference by the basic community, it is an easy
vegetable to grow, and it can be prepared in various dishes.

I1. Material and Methods

2.1 Study Area

This study was carried out in Ghbadolite city (Nord-Ubangi Province, Democratic
Republic of the Congo) from 01/04 to 15/05/2014. Gbadolite city is located in the Ubangian
eco-region, a subgroup of Northeastern Congolian lowland forests. This eco-region is one of
the 200 globally priority terrestrial eco-riogins known as the "G200" (Ngbolua, 2018;
Ngbolua et al., 2018; Ngbolua et al., 20194, b, c).

2.2 Plant Material

The plant material used for this study was amaranth seeds produced locally which was
obtained from farmers. The choice of this crop was just because it is the preferred basic food
by the local population and it used as medicine for breastfeeding women. However, it is an
easy vegetable to cook.

2.3 Methods
a. Composting of maize and Groundnut Crop Residues

Composting is a more or less controlled process of decomposition and processing of
biodegradable organic waste from plant and/or animal origin. This biodegradation is usually
performed under the action of decomposing aerobic microorganisms (Ake et al., 2018).

The composting technique was used to produce composts as follows:

e Three pits sized as follows: 7.0 m deep, 1.5 m long, 0.5 m dropper, and they were
covered,

e Two specific plant species were chosen namely groundnut and maize crop residues and
these residues were cut in small pieces;

e Three composters were used as follows: the first for groundnut residues, the second for
maize residues and the last for the mixture of both;

e The burying was performed properly so that each 30cm layer of the plant waste
retained, ash, dung and a layer of soil had to be added in order to facilitate the
proliferation of microorganisms’ decomposers.

Five months later, the composts were matured.

b. Culture Techniques

The experimental device chosen was the casualized blocks with three repetitions, each
of which consisted of four treatments (TO: control plot ie without amendment;

T1: Compost made with groundnut residue; T2: compost made with maize residue and T3
compost made from the mixture of both residues. Each flowerbed has a 1.20 m x 4 m or
4.8m2.

The treatment consists of 30 kg of compost spread per flower bed as appropriate; the
local variety of amaranth has been germinated and then transplanted to 20 cm x 20 cm spreads
and some culture techniques were applied notably watering (morning and evening) as well as
weeding and suckering.
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2.4 Observing Parameters

The following parameters were observed: the height of the plant, the diameter at the
collar, the number of leaves, the length of leaves, the width of leaves and the yield and ton
yield per hectare.

2.5 Experimental Design

The experimental device selected was the casualized blocks with three repetitions, each
consisting of 4 treatments each occupying an area of 1.20 m x 4 m or 4.8 m2 as revealed in
figure 1 below.

To T3 To
T3 T1 T,
T2 To T
1\
A
v
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B T1 — I T3
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BLOCK | BLOCK Il BLOCK Il

Figure 1. Experimental Field Design
(TO: Control, unamend plots; T1: Groundnut crop residues based-compost; T2: Maize crop

residues based-compost; T3: Groundnut and maize crop residues based-compost; A: 0.5 m;
B:4m;C:12m;D:1m)
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I11. Discussion

3.1 The Height of Plants
Figure 2 gives the average height of plants.
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Figure 2. Weekly Evolution of Plant Growth (cm) in Relation to Composts

This figure shows that plants transplanted on control substrate reached a height of 54.00
cm after one month, but those installed on the compost-enriched substrate groundnut and
maize crop residues were 91.9 cm height. This means that compost as a valuable organic
material is the source of minerals responsible for the growth including nitrogen (Ake et al.,
2018, 2018). It emerges that the evolution of growth was side by side at the beginning of the
vegetation and grew in size at the third week because during this period the radicular
apparatus became powerful to fulfill its physiological function by emitting nurturing roots for
good growth (Kimuni et al., 2014). This growth is stimulated by the synergistic combination
of compost based on the mixture of groundnut and maize crop residues because of their
enrichment in nitrogen and phosphorus (Mrabet et al., 2011).

However, the vegetative growth of amaranth plants, although improved by compost
input, was directly proportional to the nature of composts (Kimuni et al., 2014). The positive
effect of compost on plant growth is mainly due to improvements in the physical, chemical
and biological qualities of the soil, the rate of nutrient diffusion and the water retention
capacity.

It is known that compost does not only add organic matter to the soil but also trace
elements like iron, manganese, copper, zinc and boron which are necessary for the plant
growth (Mrabet et al., 2011). It was observed that no plant has reached the height of 1.5 m.

3.2 The Diameter of the Collar
The determination of collar diameter (mm) is presented in table 1.
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Table 1: Determination of the diameter of the collar

Treatments
Block T T T ™
Block | 7 12 8 13
Block 11 10 10 11 12
Block 111 10 11 12 13
Average 9 11 10.333 12,66
SD 1,41 0,82 1,70 0,47
CV (%) 0.16 0.07 0.16 0.04

(Legend: To: Control, unalmond plots; T1: groundnut crop residues; T»: Corn crop residues;
T3z: Groundnut and maize crop residues)

As observed in the table above, the collar diameter of plants follow the same pattern as
the height of plants. The most robust subjects (12.66 mm) were obtained from the T3
treatment where there was a mixture of both residues compared the control (9.00 mm). This
higher response is for sure related to the combined action of improving soil properties and
mineralized nutrients as reported in the literature (Kimuni et al., 2014). The ANOVA showed
that the coefficient of variation remains below 50% i.e. no heterogeneity between treatments.

3.3 Number of Leaves Issued
Table 2 presents the weekly count of leaf growth.

Table 2. Average number of Leaves Issued under Different Treatments

Block Treatment

To T T2 Ts
Block | 15 20 17 21
Block 11 16 19 20 20
Block 111 16 19 18 21
Mean 15,6 19,3 18,3 20,6
SD 0,47 0,47 1,25 0,47

CV (%) 3.01 244 6.80 2.28
(Legend: To: Control, unalmond plots; T1: groundnut crop residues; T2: Corn crop residues;
Ta: groundnut and maize crop residues)

From the above table, it is observed that effects of organic fertilizers were higher for the
remaining of vegetative parameters compared to the unfertilized control soil. These effects are
believed to be related to the combined action of improved soil properties and nutrient
mineralization (Kimuni et al., 2014). The coefficient of variation is greater than 50%, i.e. the
treatment is homogenous.

3.4 Leaf Length (cm)
The leaf length of the amaranth is presented in the table below.

Table 3. Leaf length (cm)

Blocks Treatments

To T1 T2 Ts
Block | 16.8 20.66 20.7 22.44
Block 11 21.32 23.98 20.26 25.16
Block I11 20.18 22.66 20.68 23.04
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Mean 19.4 22.4 20.6 23.5
SD 1.92 1.36 0.20 1.17
CV (%) 9.88 6.08 0.98 4.96
(Legend: To: Control, unalmond plots; T1: Groundnut crop residues; T 2: Maize crop
residues; T3: Groundnut and maize crop residues)

It was observed that the length of amaranth in soil modified in compost based on
groundnut and maize crop residues significantly produced a higher number of leaves than the
control. At 30 kg of compost from groundnut and maize crop residues, the number of leaves
obtained is 23 leaves per plant while in the absence of compost; only 19.43 leaves were
obtained i.e. a difference of 17.5%. These findings are similar with those of Mrabet et al.
(2011) who also reported that the number of leaves produced would be relatively different
from the control. The coefficient of variation is greater than 50% showing that there is
homogeneity for this treatment.

3.5. Leaf Width (cm)
Table 4 presents the measure of leaf width parameters.

Table 4. The Leaf Width (cm) of Amaranth

Blocks Treatments
To T1 T2 Ts

Block | Syl 6.98 6.08 7.08
Block I1 6.96 5.96 6.2 7.94
Block 111 6.66 6.42 6.4 6.94
Mean 6.34 6.45 6.22 7.32
SD 0.68 0.42 0.13 0.44
CV (%) 10.66 6.47 2.12 6.04

(Legend: To: Control; T1: groundnut crop residues; T2: Maize crop residues; Ts: groundnut
and maize crop residues)

It was observed that leaf width increased more and more with the origin of composts.
The best yields were obtained from plants grown with compost substrates from the treatment
where both substrates were mixed. The variance analysis showed that the coefficient of
variation remained below 50%, there is heterogeneity between treatments.

3.6. The Yield in Tons per Hectare (T/ha)
Table 5 presents extrapolated data in tons per hectare.

Table 5. Yield in tons per hectare (T/ha)

Blocks Treatments
To T T, T3

Block | 7.6 19.529 13.595 22.438
Block 11 8.679 19.762 12.15 21.917
Block 111 14.104 20.112 15.187 23.521
Mean 11.514 19.801 14.56 22.625
SD 2.85 0.24 1.24 0.67
CV (%) 24.72 1.21 8.52 2.95
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(Legend: To: Control; T1: groundnut crop residues; T2: Maize crop residues; Ts: groundnut
and maize crop residues)

From above, it can be noticed that the yields expressed in tons per hectare of this
investigation were: 11.514, 19.801, 14.560 and 22.625 respectively for the control, because
they were enriched with residues from groundnut, maize and groundnut and maize crops.

It is observed that plants, leafy vegetables, have responded favorably to the application
of the composts offered by the residues of groundnut crops and residues of groundnut and
maize crops, which are rich in nitrogen and phosphorus nitrogen respectively. These matter
have therefore increased the yield in useful product, biomass, such was the observation that
organic matter contributes to the stability of the physical, chemical and biological conditions
of the soil (Kimuni et al., 2014). The crops grown on the types of these soils with organic
materials are more resistant to random climatic variations and give stable yields (CIRAD-
GRET, 2009). These results revealed that the association of two composts has produced a
synergic effect as single composts alone (Ake et al., 2018).

These results are less than 25 T/Ha, experimenting with a single crop after 20 days and
50 T/Ha by teen making several times after 50 days. Thus, the plants installed on the control
plots gave the lowest results. In this study, we recorded a compost contribution to yield in the
order of 14.98%; 50% and 68.55% respectively compost from corn crop residues, groundnut
crop residues and groundnut and corn crop residues. Indeed, studies conducted in the natural
environment have shown that local resources such as organic waste, applied to poor tropical
soils and acids can provide the nutrients needed for feeding and growing and therefore
increase the yield of cultivated plants (Kimuni et al., 2014).

The coefficient of variation is greater than 50%, so there is homogeneity in the different
treatments. These results show that crop costs (organic waste) are abundantly present in
Gbadolite city and may be a good alternative to mineral fertilizers that do not are not within
the reach of the region's farmers.

Table 6. Statistical Analysis

Source of DI SCE CM Fobs Ftab 0.05
variation

Treatments 3.00 11.69 3.89 12.78* 9.55
Blocks 2.00 0.54 0.27 0.07° 4.303
Error 11.00 2.44

(The difference is significant at the probability threshold 0.05)

The variance analysis reveals a significant difference between the different composts in
relation to their origin (p<0.05). The average comparison using the smallest significant
difference test can be summed up as follows: T3>T1>T2>>To. This means that among these
composts, those from the groundnut and maize residues association is better than the other
treatments including the control. The result from grass composts was no different from that of
a control plot. However T3 and T differ significantly from that of To, in terms of leaf yield.

IVV. Conclusion

This study was conducted with the aim of developing composts from groundnut and
maize residues separately and both mixed. The study found that plots modified with compost
based on groundnut residues combined with maize residues are of good quality compared to
compost based on uncombined residues and control as revealed by the average plant height
values (91.9£0.79 cm vs. 54.0£1.35 cm), diameter at the collar (12.66+0.47mm vs.
9.00+1.41mm); number of leaves (20.6+0.47 vs. 15.6+0.47); leaf length (23.5+1.17cm vs.
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19.4+£1.92 cm) leaf width (7.32£0.44 cm vs. 6.34+0.68 cm), yield (5.43+0.16 kg/2.4m2
22.63+0.67T/ha vs 11.51+2.85 T/ha) respectively. It is therefore desirable that the compost
has to be characterized from a physico-chemical point of view (pH, minerals, C/N ratio, etc.)
and consider the production of other plants grown on this substrate in order to assess its
effectiveness.
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