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Abstract

A study on the response of Amaranthus cruentus seedlings to four amendments was carried out at the urban
perimeter of the "Institut Gabonais d’Appui au Dévelopment" in Franceville. The applied doses were 300 kg/ha
for NPK, 60 t/ha for green manure Chromolaena odorata and 20; 25; 30 t/ha for both cattle and pig manure.
The trial was conducted on a split-splot device with 9 treatments and three replicates for a total of 27
experimental plots. The results are significant (P < 0.05) at 5% level. The values obtained on the plants of A.
cruentus grown on plots fertilized with NPK (300 kg/ha), green manure (60 t/ha) and manure from cattle and
pig (30 t/ha) on the parameters (diameter and height of stems, leaf area, number of leaves and production) were
higher, compared with the control and other treatments respectively at the order of 68%; 73%; 85%; 89% and
96%. The application of these amendments at low doses caused a growth and low development, similar to what
was observed on the plants from control plots non- fertilized. The results of this test allowed to propose farmers
for the cultivation of A. cruentus, the possibility to choose between the NPK (300 kg/ha), C. odorata (60 t/ha)

and manure from cattle or pig (30 t.ha™).
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In Central Africa and particularly in Gabon, the
farmers remained the main producers of various
crops including many of the vegetables that were
produced seasonally. Very few farmers do not even
consider the possibility of modernizing their farming
systems by providing inputs (Mvondo, 1989). This
fact contributed to amplify the golden food deficit in
the tropics; the population needs for fresh vegetables
are estimated to 30 kg / man / year (Monzenga et al.,
2007). The Gabonese authorities have recognized the
problem around 1992 with the creation of the
"Institut Gabonais d’Appui au Développement”
(IGAD). The main objective was to secure the supply
of the urban markets in fresh local products. This
determination was supported by the creation and the
installation of private pilot farms in a real situation on
the periphery of urban centers. This option aimed a
which

protection of the environment. However, given the

sedentary, intensive agriculture allow
problem of land, grounds are over-exploited in urban
and suburban areas, as almost everywhere in Africa
(Assogba-Komlan et al., 2007; Ondo, 2011) causing
their physical and chemical degradation (Sawadogo et
Ondo,

management and control of non-organic inputs

al., 2008; 2011). Indeed, poor land
(Edima Ndoum, 1993; Ondo, 2011) are limiting
factors. The inevitable consequence is the loss of
fertility that affects production and yields (Sawadogo
et al., 2008; Kiye More Nkoy et al, 2013) of a
diversity of speculations of which the amaranth. This
plant is the main crop adopted by farmers because of
the benefits generated by it marketing, justifying its

use as a test plant.

The average yield of the amaranth, on the truck-
farming perimeter of IGAD Franceville, varies from
around 9 to 15 t/ha. It is lower than the norm situated
between 25 and 30 t/ha (Grubben et al., 2004). This
is a significant shortfall for these gardeners whose
main input in the cultivated plots is NPK.
Given the above, the contribution of this work aims at
verifying if the reduction in the productions and
yields on the amaranth would not be bound to the
degradation of soil fertility (Ondo, 2011; Kiye More
Nkoy et al., 2013). To do this, the work consists in

comparing the NPK, widely used on the site, with
organic amendments. A positive reaction of the
should be

beneficial for gardeners who do not know any more

amaranth (Amaranthus cruentus)
orientation to take in response to the deteriorating

situation.

Materials and methods

Study site

The trial was conducted from July 6t till August 7,
2014 at the IGAD exploitation perimeter of DJAMITI
Gabon.

The geographical coordinates of the site are: 300 m

Franceville in south-east of
altitude, 13°36.611° east longitude, and 1° 36.394'
south latitude.

Plant material
The study was realized with the amaranth (A.
cruentus). The seeds were bought at local market in

Franceville.

Experimental device

The trial was conducted on a factorial (split-splot)
with 3 blocks subdivided into nine (9) micro-plots
(sub-blocks); each of the 27miro-plots had an area of
1.2m2. The supplied fertilizers were: Chromoleana
odorata as green manure, pigs manure, cattle manure
and the NPK. C. odorata and NPK were brought to
the respective doses of 60 t.ha* and 300 kg. ha* while
the pig and cattle manures were applied to 20; 25 and

30 t.ha* with three (3) replications.

Preparation of samples

After weighing, the fertilizers were directly brought
on the experimental units. This operation consisted in
to burying the fertilizers one month before sowing to
favor the biodegradation and the incorporation of the
organic matter in the soil. The NPK was buried in last
position because of its high solubility and of its fast

infiltration into the soil.

Sowing
Prior to transplanting the A. Cruentus seed were sow
in nursery and allowed to germinated for 15 days. The

transplanting on the micro-plots was realized with
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spacing of 15¢cm x 15¢m (15 cm between lines and 15

cm between seedlings) for 56 plants by micro-plots.

Maintenance of micro-plots

A weekly weeding was realized to limit the
competition of weeds. The precipitations were almost
hopeless during the trial period, because of the dry
season; the hydric needs for the plants were covered
by manual watering. The frequency of watering was
once a day during the first two (2) weeks after
transplanting, and twice a day towards the end of the

trial, with an average of 2000 ml by micro-plot.

Measured parameters

The measured parameters on plants were: the
diameter of the stem, the leaf area, the height of the
stem, the production and the yield. The data
collection started one week after the transplanting
using the following methods:

1. The diameter of the stem was measured by
means of a caliper at the level of the insertion of the

first leaves.

3. The height of the stem was measured from
the collar (ground level) to the end of the last leaf.

4. The leaf number was determined by
counting all the leaves on a plant.

5. The production and yield were obtained by
measuring the fresh weight of the amaranth just after

the harvest.

Chemical analysis
Soil and fertilizing materials were analysed in the soil
science laboratory of INSAB according to the methods

mentioned in the tables 1 and 2.

Statistical analysis

The data collected were analyzed using Xlstat 2007
software to analyse the variance at the threshold of
5% and a Newman-Keuls test was used for average

mean comparison.

Results
Physico-chemical characteristics of the soil

The different results of the particle size, the pH, the

2. The leaf area was determined by means of available phosphorus, the total nitrogen and the
the software Mesurim Pro. organic material are presented in Table 1.
Table 1. Physico-chemical characteristics of the soil used.
Particle size Organic components pH

Sand Silt Clay Texture OrganicC (%) Nt(%) C/N AssimilableP (ppm) Water KCl ApH
Values 14.1 55.27 30.6 ASL* 116 0.138 8.41 9.52 4.5 3.7 0.5
Test Robinson Anne Kjeldhal Olsen - pH meter
Methods | Pipette modified Dabin (ratio1/2.5)

* Sandy-silty clay.

The soil has a sandy-silty clay texture; it has good
organic carbon content and low total nitrogen content
(Defoer et al., 1998). This soil is characterized by an

average potential acidity.

Analysis of the fertilizers

The table 2 gives the chemical characteristics of Cattle
and Pig manures. The pH, the organic carbon, the
total nitrogen are the chemical elements measured.
The pH of both, cattle and pig manures is alkaline;
the total nitrogen content is low and similar for both

organic amendments.

Influence of the treatment on growth parameters of
plants

Growth parameters from four (4) treatments (NPK, C.
odorata or green manure, cattle and pig manures)
were collected and subject to analysis of the variance

and the results are presented in table 3.

The effect of the NPK and the organic amendments
(C. odorata or green manure, manure from cattle and
pigs) was highly significant (p < 0.0001) on the stem

diameter, the leaf area and the leaf number. A

Ognalaga etal

Page 165



Int. J. Agri. & Agri. R.

significant effect (p < 0.002) was also observed on the

stem height of A. cruentus (Table 3).

Effect of the treatments on the stem diameter

Regarding the stem diameter of A. cruentus, the
average values obtained with the green manure (8.27
+ 0.34 mm) and the NPK (7.72 +0.40 mm)
treatments are close and highly (Table 4) significant
(p < 0.05) than those collected from all other

treatments (including control).

From the 25" to the 46t day after sowing (DAS) the

diameter of the stem increased by 68% for plants

treated with NPK and C. odorata; wheareas with the
other treatments that increase is of the order of 8%.
At 46 DAS, the biggest diameter values of 12.39 +
0.82 mm and 11.55 + 0.22 mm were respectively
collected on the plants fertilized with the NPK and C.
Odorata. Those two values were 60.21% and 57.32%
higher than the ones collected from the control
plants. The values obtained with all other treatments
were not significantly different, but by taking into
account the trend, the smallest 4.33 + 0.14 mm
diameter was observed on the plants treated with pig

3 amendment.

Table 2. Chemical characteristics of Cattle and Pig manures.

Parameter
Manure pH Organic C (%) Nt (%) C/N
Cattle 8 0.5 0.11 4.5
Pig 7.8 1.50 0.13 11.4

Effect of the treatments on the stem height
The effect of the different treatments was significant
(p < 0.05) on the longitudinal growth of the seedlings

of A. cruentus (Table 5). The average value obtained

with C. odorata (27.38 + 0.28 cm) is higher (Table 5)
and significantly (p < 0.05) different from that of the
control (20.86 + 0.51cm) and that stemming from all

other treatments.

Table 3. P-value of the effect of the amendments on growth and yield parameters.

Parameter DDL  Sum of Squares Mean square F P value
Stem diameter 8 218.280 27.285 9.554 < 0.0001
Stem height 8 1694.916 211.864 3.390 0.002
Leaf area 8 63661.245 7957.656 14.977 < 0.0001
Number of leaves 8 46500.967 5812.621 8.773 < 0.0001
Production 8 80696502.058 10087062.757 277.653 < 0.0001
Yield 8 8063.96 1007.899 277.653 < 0.0001

The action of this green manure on the stem height
was followed by the one from pig 3 (21.05 + 0.20 c¢m)
and NPK (20.70 + 0.45 cm) treatment. Seedlings
sowed on the plots fertilized with cattle manure, and
pig 1 as well pig 2 manures showed plants heights
significantly lower than those stemming from the

control.

From the 25% to the 46 DAS the stems height
increased by 72.76% and 65.18% respectively with C.

odorata and pig 3 amendment; whereas with the

control, the increase is only 5.40%. At 46 DAS, the
biggest values 27.38 + 0.28 cm and 21.05 + 0.21 ¢cm
were recorded respectively on the plants from plots
fertilized with C. odorata and pig 3. Compared to the
control, the plant height of A. cruentus fertilized with
C. odorata increased up to 23.81%. The smallest
height (13.06 + 0.23 cm) was observed on the plants
from the plots having received cattle manure of dose 1
(20 t.ha). That value is statistically lower than that of

the control, it is not significantly different from those
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observed with Cattle 2, Cattle 3, pig 1 and pig 2

amendments.

Effect of the treatments on the leaf area

The contribution of the different fertilizers was
significant (p < 0.05) on the increase of leaf area of A.
cruentus (Table 6).

A. cruentus sowed on the plots fertilized with the
NPK, C. odorata, cattle manure (30 t.ha?) and pig

manure (30 t.ha?) registered bigger but rather close
average values of the leaf area (respectively 70.22 +
1.50 cm?; 67.54 + 1.22 cm?; 67.54 +1.30 cm? and
76.16 £ 1.70 cm?) and significantly (p < 0.05)
different from those observed with all other
treatments (Table 6). Plants stemming from plots
having received the low levels of cattle and pig
manure did not show values significantly (p > 0.05)
different from the control which has an average leaf

area of 12.38 + 1.65 cm?2.

Table 4. Effect of treatments on stem diameter (mm) of A. cruentus over time.

DAS

Treatments 25 32 39 46 Average values

To 4.16+£0.3 4.82£0.04 4.73+0.06 4.93+0.15 4.66+0.13P*
NPK NPK 4.30+£0.10 5.31£0.50 8.89+0.17 12.39+0.82 7.724£0.402
C. Odorata C.O. 3.96+0.17 6.30+0.21 11.27+0.76  11.5540.22 8.27+0.342
Manure Cattle 1 3.76+£0.29 4.18+0.25 4.89+£0.20  4.73+0.45 4.39+0.30P
Cattle Cattle 2 4.49+0.34 4.87+0.0 4.37+£0.27 4.95+0.48 4.67+0.36P

Cattle 3 4.98+0.22 7.30+0.0 5.34+0.25 5.5840.40 5.80+0.29P
Manure Pig 1 4.60£0.48 4.52+0.36 5.12+0.07 4.9210.27 4.7940.30P
Pig Pig 2 3.73£0.23 4.88+0.41  3.7840.16 5.61+0.27 4.50+0.27P

Pig 3 3.74+£0.13  4.15+0.06 5.374£0.28 4.06+0.10 4.33+0.14P

*Means with the same letters in the column are not significantly different.

From the 25% to the 46t DAS the leaf area increased
by 89.24%; 86.92%; 80.40% 79.9% and 61.64%
respectively for pig 3, NPK, Cattle 3, pig 2 and C.
Odorata treatments; whereas that of the control
increased by only 18%. At 46 DAS, larger leaf area of

119.10 + 1.32 ¢m?; 113.0 + 0.67 cm? and 90.20 + 1.18

cm?, were observed on the plants plots fertilized with
pig 3, NPK and C. odorata respectively. Moreover,
compared with the control, the leaf area of the A.
cruentus fertilized with pig 3, NPK, C. odorata, and

Cattle 3 amendments increased in the order of 82%.

Table 5. Effect of treatments on stem height (cm) of A. cruentus over time.

DAS

Treatments 25 32 39 46 Average values

To 20.30£0.26 20.44+0.35 21.23+0.36 21.46+1.05 20.86+0.513b*
NPK NPK 14.66+0.15 14.40+0.27 22.06+£0.67 31.68+0.59 20.70+0.45%
C. Odorata | C.O. 13.71+£0.28 13.44+0.25 32.05+0.26 50.33+0.33 27.38+0.282
Manure Cattle 1 12.07+0.25 13.17+0.31 13.39+£0.10  13.61+0.25 13.06+0.23P
Cattle Cattle 2 14.44+0.42 15.61+0.18 17.48+0.33 15.00+0.44  15.63+0.34P

Cattle 3 16.50+0.0 14.98+0.23 18.47+0.41  16.39+0.35 16.58+0.33P
Manure Pig 1 15.22+0.19 15.23+0.31 15.33+0.17  20.44+0,25 16.56+0.23P
Pig Pig 2 11.64+0.34 12.08+0.46 14.31+£0.30  35.34+0.15 18.34+0.31P

Pig 3 14.06+0.25 14.2840.28 15.4740.22  40.39+0.10  21.05+0.212

*Means with the same letters in the column are not significantly different.
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Effect of the treatments on the number of leaves

The number of leaves was significantly (p < 0.05)
affected by different treatments (Table 7). For this
parameter the reaction of A. cruentus to the
treatments is similar to that observed on the leaf area.
Indeed, the average values of the number of leaves
registered on the plots fertilized with the NPK, pig 3,
C. odorata, and Cattle 3 are pretty close and

respectively 62.92 + 1.50; 57.00 £ 2.05; 53.44 + 2.45

and 52.86 + 2.65.They are bigger and significantly (p
< 0.05) different from those observed with all other
treatments. Plants cultivated on the plots having
received the low levels of cattle and pig manures did
not present a number of leaves significantly (p >
0.05) different from that of the control which is
11.81 + 1.50. From the beginning to the end of the
trial, the average number of leaves for all treatments

passed from 8.6 to 58.52, for an increase of 85.30%.

Table 6. Effect of treatments on leaf area (cm?2) of A. cruentus over time.

DAS
25 32 39 46 Average values

Treatments

To 10.31+1.52 13.50+£0.9 13.14+2.07 12.56+2.07 12.38+1.65P*
NPK NPK 14.78+1.87 63.12+0,91 90.00+2.69 113.0+£0.67 70.2241.502
C. Odorata C. 0. 34.60£0.78 67.75+1.9 77.62+1 00.20+1.18 67.54+1.222
Manure Cattle 1 13.23+1.93 14.27+3.99 21.41+2.88 16.66+0.52 16.39+2.35P
Cattle Cattle 2 15.31+£2.68 16.44+1.65 26.06+3.19 32.98+2.22 22.70+2.45P

Cattle 3 17.20+0.85 54.96+0,95 72.90£0.48 87.62+2.84 67.54+1.302
Manure Pig 1 18.79+1.86 17.87+0.78 19.63+0.69 24.00%1.87 20.07+1.30P
Pig Pig 2 11.11£1.10 31.62+2.40 44.35+1.76 55.23+1.84 35.58+1.80P

Pig 3 12.81+0.64 76.21+1.55 96.52+3.18 119.10+1.32 76.16+1.702

*Means with the same letters in the column are not significantly different.

Effect of fertilizers on production and yield

The contribution of the amendments significantly
influenced (p < 0.05) the production of the biomass
of A. cruentus (Table 8). However, Cattle 1 (20 t.ha™),
Cattle 2 (25 t.ha™) and pig 1 (20 t.ha™) present values
which are not significantly different from that of the
control (To). When tacking the results to the m2, the
three above-mentioned amendments induce low
productions that are respectively 97.22 + 24.06 g;
208.50 + 41.67 g; 167 + 0.0 g and 208.5 + 41.7 g (To).
In spite of the absence of significant difference, Cattle
1 and pig 1 amendments present productions that are
lower than To treatment (Table 8). The largest
biomass (5111.11 + 96.23 g) was obtained with pig 3
(30 t.ha) followed by C. odorata (3833.33 + 500 g)
at the level of 60 t.ha -1, which represents a respective

difference of 96% and 95% of the To treatment.

The results (Table 8) indicate that the greatest yield

(51.09 + 0.96 t.ha?) is induced by pig 3 whereas the
lowest (0.97 + 0.24 t.ha) observed with Cattle 1 is
not significantly different from those presented by pig

1, Cattle 2 and To treatments.

Discussion

The continual exploitation of the plots on the urban
perimeter of IGAD - Franceville without obvious
rotation affects in a significant way the production
and the yields of vegetable crops. The improvement of
soil fertility of the site by providing fertilizers, having
been the object of this work showed that the effect of
organic amendments (C. odorata or green manure,
manure of cattle and pigs) and of the NPK was highly
significant (p < 0.0001) on the growth and the yield.
Compare to the control, the diameter of the stem,
stem height, number of leaves, leaf area and the
production increased respectively of the order of
68%; 73%; 85%; 89% and 96%. This difference on
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growth parameters of A. cruentus between the control
and the fertilizers treatments, could be explained by
the phosphorus deficiency, the low contents in
organic matter and in total nitrogen of the soil used.
Ognalaga and Itsoma (2014) observed similar results
on H. sabdariffa after the contribution of C. odorata

and L. leucocephalae on a ferrallitic savanna soil.

The use of organic amendments enrich the soil with

nutriments promoting the growth of A.cruentus.

Adesina and Sanni (2013) noticed that manure of
poultry, pig and cow dung improve considerably the
growth and the yield of corchus olitorus. The similar
results, which reflect the beneficial effect of organic
fertilizers, were reported by many authors including,
Chouldary and Koumar (2013) on corn after the
contribution of such fertilizers: Poultry manure,
Vermicompost, farmyard manure and pig manure
and Ognalaga et al. (2014) on H. sabdariffa by using
C. odorata and P. phaseolides.

Table 7. Effect of treatments on the number of leaves of A. cruentus over time.

DAS

Treatments 25 32 39 46 Average values

To 0.2240.19 11.78+2.46 11.89+2.46 14.33+0.88 11.81+1.50P%
NPK NPK 8.33+0.88 45.78+2.78 03.33+2.67 104.22+3.56 62.92+2.502
C. Odorata C. 0. 9.33£0.88 35.67+3.53 63.33+£2.52 105.44+2.80 53.44%2.452
Manure Cattle 1 0.00%1 12.89+2.37 18.22+0.38 18.33+£2.96 14.61+1.70P
Cattle Cattle2  8.56+0.69 12.44+0.84 18.22+2.71 24.22+4.30 15.86+2.15P

Cattle 3 8.56+£1.17  34.22+3.34 65.33+3.18 103.33+2.91 52.86+2.652
Manure Pig 1 9.00+1.20 11.67+0.88 14.89+2.27 17.89+0.51 13.36+1.22P
Pig Pig 2 7.33+1.20 13.11+2.78 21.44+3.66 46.44+2.91 22.08+1.65P

Pig 3 8.00+1.15  43.22+1.17 84.22+3.67 092.56+2.22 5700+£2.052

*Means with the same letters in the column are not significantly different.

The best growth of A. cruentus was observed on
plants grown on fertilized plots. The nature of little
the measured parameters.
However, the high doses: NPK (300 kgha?), C
.odorata (60 t.ha?), cattle manure (30 t.ha) and pig

manure influenced

manure (30 t.ha?) had to produce more nutriments
justifying the good growth of vegetables on the plots
having received the strongest doses. On the others

hand plants cultivated on the plots provided with very

low dose of amendments and showed poor growth
parameters and no difference with plants grown in
control plots. Malele Mbala (2003) found a close
relationship between the dose applied and the yield of
the corn. Similar observations were made by Oyewole
and Mera (2010) on the roselle, Ikeh et al. (2012) on
the pepper and Ognalaga and Itsoma (2014) on H.
sabdariffa.

Table 8. Treatment effect on production and the performance of A. cruentus.

Treatements Production (g/m?2) Yield (t/ha)
To 208.33+41.67f* 2.08+0.42f*
NPK 1861.11+127.29d 18.60+1.27d
C.odorata 3833.33+500b 38.32+5.00b
Cattle 1 97.22+24.06f 0.97+0.24f
Cattle 2 208.33+41.67f 2.08+0.42f
Cattle 3 2708.33+208.33¢ 27.07+2.08¢c
Pig1 166.67+0.00f 1.66+0.00f
Pig 2 1152.78+63.65€ 11.5240.64e
Pig 3 5111.11+£96.23a 51.09+0.96a

*Means with the same letters in the column are not significantly different.
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These results indicated that the used amendments
were well appropriate and that it was necessary to
bring them to strong dose to increase the chemical
properties of the soil (Ayoola and Makinde, 2008;
Maman and Mason, 2013). C .odorata, cattle manure,
and pig manure must have a certain richness in
phosphorus, nitrogen and other minerals which
assure the good performance on the growth and the
yield of plants (Atta and al., 2010; Anyinkeng and
Mih, 2011; Ognalaga and Itsoma, 2014).

The soil of experimental site is characterized by

sandy-silty clay texture type that could have a flying
behavior that can affect the growth of the plants. It
appears that, in the case of treatments with organic
matter, the growth is better compared to the one
based on the NPK, which is more used by the
gardeners. In fact the organic fertilizers contribute to
improve the structure of the soil (Gbamosi, 2006;
Maman and Mason, 2013; Chouldary and Koumar,
2013) by limiting the battance. The biological activity
improves by causing the mineralization of the organic
matter and the release of nutrients that enrich the soil

solution.

The examination of the results reveals a good growth
with the NPK but which remains lower than that
observed with organic amendments. This fact
suggests that improving soil fertility of that perimeter,
gardener should consider the use of organic
amendments which burst out being associated to a
mineral fertilizer for best performances. The organic
matter would assure a good structuring of the soil and
a release of N, P and K elements that become more
readily bio-available to the cultivated plants. Ayoola
and Makinde (2008) and Ogundare et al. (2012)
working on corn; Maman and Mason (2013) working
on millet showed that the use of an organic substrate
associated with mineral fertilizer produced good
growth and good yields. However these results are
similar to those of Ognalaga et al. (2015) who worked
upper slope of IGAD Franceville perimeter with the
same amendments, on a silty clay soil texture, unlike
the current trial of soil sandy-loam texture. This

reaction reflects a contrary effect on the soil study

site.

Conclusion
Degradation of physical and physico-chemical soil
IGAD-Franceville

resulted in low production and yields. This situation

around the wurban perimeter

is the result of over- exploitation of lands associated

with bad cultural practices.

The envisaged approach aiming to repress the
observed trend and to arouse the restoration of soil
fertility consisted in bringing a mineral fertilizer and
organic manure. The results obtained showed that the
NPK, C. odorata, cattle and pig manures can be used
as fertilizers. The number of leaves, the leaf area, the
production and the yields obtained with the best
treatments are respectively 5; 6 and 16 times higher
than those observed for unfertilize control. After all,
regardless of the fertilizer, the most important is that
it has been brought to the ground at high doses of the
order of 60 t.hafor green manure (C. odorata) and
30 t.ha? for other organic amendments used. Apart
from these formulations, other treatments did not

show differences compared to unfertilized soil.
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