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Abstract

Conventional chemical fertilizer is harmfulness for the ecology and agriculture sustainability especially, in marginal agro-
ecosystem of peat land (Histosol) which requires safeguarding for its’ potential of carbon sequestration however. Aqueous
extract of Costus Afer was proposed as alternative input for rice production on peat land in South Céte d’Ivoire: a first trial
was laid out with five (5) rates incrementing by 166.66liters/ha up to 666.66 applied in three splits (T4) and once (T5).
Rice variety named VA6 was transplanted (20 cm x 20 cm) for three cropping cycles. A second trial was conducted during
single cropping cycle adding the conventional fertilizer practice (T6) for the profitability assessment. Treatment induced
high variability of rice grain yield (9.36 - 2.21 tha') during the Trial 1 and across both while, the yield was almost stable by
treatment across cropping seasons (1-3) with significant effect for T4 and T5. Grand mean of rice yield recorded for both trials
revealed lowest value for T6 (2.32 tha™) while Costus solutions have induced more than 3.00 tha* and highest profit (293500
FCFA/ha) accounted for T5 with a net gain of 130 000 FCFA/ha/cycle according to Trial 2. There was a significant effect of
the treatment on soil structural stability index recording a slight increase under Costus practice while soil pH (6.3 - 6.4) was
favorable to bacteria, fungi, spore and endogenic cast of lumbric. Hence, the study supported the use of aqueous extract of
Costus Afer as alternative input for regenerative agriculture especially, for rice cropping on peat land. However, the optimum

rate should be more explored by further study.
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Introduction The threatening climate change includes a rise of the global
average surface air temperature [2].
With the likely growth of world’s population towards

10 billion by 2050, the demand for rice will grow faster than In the meantime, agriculture accounts for a driver of
for other crops [1]. There are already many challenges to climate change especially, low-land rice production Clark
achieving higher productivity of rice. In the future, the new [3] which is deemed to be the most productive Dossou
challenges will include climate change and its consequences. Yovo [4] however. Indeed, flooding can promote gas
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emission (CO, N,0 and CH,) inducing air temperature rising
with augmentation of greenhouse gas [5]. Hence, water
management was advocated to rationalize irrigation and,
thereby, reducing greenhouse gas emission [6]. Nevertheless,
low soil fertility in low land as induced by long period of
conventional agriculture practice, impairs the full success of
such innovations.

Therefore, soils characterized by high inherent fertility
like peat soil (Histosol) containing more than 40% of organic
matter are often preferred by farmers [7]. Early, Attanandana
[8] has explored possibilities to improve rice production
on peat soil in line with efficient mineral nutrition. In
contrast, there is limited investigation in the way to save
this marginal soil (3%) acting as higher carbon (20 - 50%)
sequester: environmental risks of farming on peat land
was highlighted by Agus [9] with reference to agriculture
practices. Bastoni [10] pointed out limited restoration of
peat land under conventional practice of rice cultivation.
Recommended practice of successive flooding and water
drainage was showed as factor of aggravation of tillage and
chemical fertilizer effects resulting soil particle instability Le
Bissonnais [11], causing more emission of CO..

Indeed, soil structural stability is related to soil content
of structural carbon Golchin [12] which can be disturbed
under conventional rice cropping practice. Otherwise,
carbon sinking should be more expected in soil characterized
by more stable structure. Therefore, regenerative agriculture
Rhodes [13] is required for sustainable rice production on
peatland. There are successful experiences with biofertilizer
used in agriculture Fruchart [14] and vegetation extract may
have high concentrations of nutrients [15]. Hence, the use of
plant extract may be friendly for soil components and more
profitable for plant production. In this line, a vegetal named
Costus Afer, ].Braun was already identified as nutrients
sources [16]. For rebuilding the function of peat land under
rice cropping, aqueous extract of Costus Afer was used in the
southern forest zone of Céte d’'Ivoire characterized by limited
extension of peatlands. The effect of three months fermented
aqueous extract of Costus Afer was tested on soil quality and
rice yield. The aim was to increase (i) soil biology; (ii) soil
particle stability and (iii) to improve rice yielding. Overall,
the study should recommend a specific dose of aqueous
extract of Costus Afer for regenerative agriculture in low land
rice cropping.

Material and Methods

Experimental Site

The experiment was conducted in South Céte d’lvoire
specifically, in the locality of Songon (5°19°32”N; 4°10°17"W;

Kone B, et al. Improvement of Soil Biology and Rice Yield in Peat Land Ecology Using Aqueous Extract of

Journal of Ecology and Natural Resources

56 msl) a peri-urban site of Abidjan. It is characterized by
bimodal rainfall pattern with annual average amount of 1500
mm coupled with 28°C fluctuating by 7° (dry season) and 5°C
(wet season). The experimental site is assimilated to a third
order valley with permanent stream water in a forest zone.
Plateau landscapes are prevailing (50 - 60 msl) with Acrisols
occurrence in middle slope while Plinthosols and Petrosols
are observed in upper slope. The lowland is characterized by
Histosol occurrence that we assimilate to peat land that was
already characterized by Yoboue [17] Table 1.

Soil characteristics Value (0-20 cm depth)
PH ueer 47
C.org(g/kg) 45.42
N(g/kg) 2.2
P (ppm) 210
Ca (cmol/kg) 0.03
Mg (cmol/kg) 1.50
K (cmol/kg) 0.45
Zn (cmol/kg) 0.32
Al (cmol/kg) 0.08
Fe (ppm) 0.70
CEC (meq/100g) 3.51

Table 1: Chemical characteristics in 0 - 20 cm depth of
studied Histosol.

Costus Afer

Costus Afer is characterized by its inflorescence as cone
with bract covering 2 flowers and the corolla is white with a
yellow throat. It is a perennial, rhizomatous herb up to 4
m tall. The leaves are arranged spirally, simple and entire;
sheath tubular, closed, green with purple blotches; ligule 4-8
mm long, leathery, glabrous; petiole 4-12 mm long.

Aqueous extract of Costus Afer

Stems and leaves (5 kg) of Costus Afer (> 1 year old)
were harvested, crushed and mixed in water (1 liter). The
solution was leak out using paper filter. This manipulation
was repeated 13 times up to observed limpid solution. Then,
a composite sample of 13 sub-solutions early extracted was
done with 250 ml of each. The composite sample of sub-
solutions was keep in the shade of room conditions during
three months before the trial. Chemical concentrations of
leave and steams of Costus were already determined by
Anyasor [16] as showed in Table 2.
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Chemistry Leaf (mg /kg) steam (mg/kg)
Calcium 7.69+1.12 7.92+0.25
Magnesium 4.01+£1.25 3.64+1.15
Potassium 1.02+0.34 0.95+0.03
Sodium 1.97+0.12 2.25+1.07
Chromium 0.07+0.01 0.10+0.05
Lead 0.01+0.00 0.02+0.00
Manganese 0.82+0.02 0.75%0.12
Nickel 0.17+0.01 0.12+0.05
Copper 0.44+0.02 0.52+0.11

Cadmium --- ---

---: non observed
Table 2: Chemical concentration in organs of Costus Anyasor
[16].

Rice Variety

A stable progeny (VA6) of 12% generation from a low-
land rice hybrid (AR 051H,) released by Africa Rice Center
with a potential yield of 8-10 tons per hectare according to
agro-ecology was used. This rice variety is characterized
by 1m in height, about 200 tillers/m? and 75-90 days of
cropping cycle duration.

Experimental Design

The rates of extracted solutions of Costus Afer were
applied according to previous studies [18,17]. After three
cropping cycles testing different rates of the bio-fertilizer
against blank treatment, a second trial (Trial 2) was
conducted including additional treatment composed of
chemical fertilizer (NPK + urea) as control corresponding to
conventional fertilizer practice. The second trial was a single
cropping cycle (later in wet season) laid out next to the area
of the first trial (Trial 1).

The trial 1 was composed of different rates of fermented
Costus Afer aqueous extracts: five (5) rates (0, 166.66,333.33,
499.98 and 666.66 liters/ha) were applied in complete
randomized blocks design with three replications and the
rice variety VA6 was transplanted (20 cm x 20 c¢cm) after 21
days of nursery duration. Treatments were coded as TO, T1,
T2, T3, T4 and T5 respectively and applied as basal while the
treatment T4 was splited (166.66 1/ha) during tillage and
further during the tillering stage and boosting periods of
rice. This experiment was conducted during three successive
cropping cycles.

Trial 2 was conducted during single cropping cycle using
blank (T0) and conventional treatment (T6) as controls in
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addition to the defined treatments of Costus extracts during
the Trial 1. NPK-fertilizer (12-11-18) was applied as basal
(150 kgha') and urea (80 kgNha?') was splited equally
for application during rice tillering and boosting stages
respectively.

Data Collection
Soil Sampling

Core soil sample was collected in the center of experiment
site using PVC tube before tillage as non-disturbed soil
sample in the manner to observed morphopedological traits.
After the harvest, soil samples were collected in each micro-
plot using augur (0 - 20 cm) for soil biology screening and
pH trend according to the treatment. Latest soil samples
were also used to determine soil structural stability.

Agronomic Data

The harvest was done in 8m? leaving two sowing rows
of border each side. After sun drying, straw and grain were
separated and the grains were sieved before oven-dried
(70°C) during 24 hours for determination of moisture content
(M). After weighing of dried straw and grains, rice grain yield
(GY) was calculated with moisture adjustment to 14%:

GY (t/ha) = [dried weigh of grain (kg)/ 8m?] x
(10000/1000) x [(100-M)/86] [1]

Soil Structure Stability Index

Dried mottle of sampled soil was weighed (M) and put
on 2mm mesh of sieve before immersion into fuole of water
during 15mn. This assembly was submitted to checking
during immersion. Fine (< 2mm) particles detached were
sedimented in the bottom of the fuole. Then after, water was
submitted to filtration for sediment collection using filter
paper and sundried before weighing (m). Soil structural
stability index (SS) was calculated as bellow:

SS(%)=(M-m)/M x100 [2]

The process was done by checking and non-checking the
sieve; these measures were done for each treatment during
the three cropping cycles of rice.

Soil Biology and Acidity Assessments

Macroscopic observation was done to estimate
soil richness in macro-fauna using a sub-sample from
the composite soil sample taken before setting the first
experiment (3 cropping cycle).
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Sub-sample of dried soil (100g) was also taken after
experimentation to be mixed in water using a test tube.
After decantation, a drop was observed using microscope
(60x0.80) with incorporated picture processer. Microbes
were identified according to morphology shape [19].
Furthermore, bacterial biomass were enumerated in nutrient
broth (NB) medium [20,21]. Elementary soil samples were
taken by micro-plot of treatment at rice maturity period.
Sub-sample of 100g was put into 250cc of water for pH
determination using glass measurement method.

Profitability Assessment

The second trial was set up with two control plots (T0
and T6) especially for economical purpose. Inputs (bio- and
chemical fertilizer) purchasing costs and paddy rice selling
price (200 FCFA/kg) were considered to calculate the profit
induced by treatment. Then after, the net Gain of bio-fertilizer
practice was revealed when comparing the profit with that
of chemical fertilizer practice respectively. By comparison,
the threshold level of Costus Afer net gain was known when
comparing the gain with that of the blank control treatment
(TO).

Journal of Ecology and Natural Resources

Statistical Analysis

The mean values of rice grain yield were determined
by descriptive and analysis of variance according to the
treatments or cropping cycle. One way analysis of variance
was also performed for comparison of soil structure stability
(SS) according to cropping and treatment respectively. Mixed
model analysis was performed for processing t-test analysis
of rice grain yield mean values when considering birds’
damages as random factor.

Results

Cropping Cycle Effects on Rice Yield

Mean values of harvested rice grain yield is presented
in table 1 for each treatment according to rice cropping
cycles. Significant effect of cropping cycle is observed for
treatment-T4 when poor significance occurred with T5
considering o = 0.10. Indeed, high variability of treatment
effect is observed according to the coefficient of variation
(CV) while it is lowest for the control. Roughly, the third
cropping cycle recorded the lowest grain yield (5 - 2 tha?).

Rice grain yield (tha)
TO T1 T2 T3 T4 T5
Cycle 1 5.12a 6.80a 6.21a 7.0a 6.67a 7.63a
Cycle 2 9.36a 8.37a 7.83a 7.4a 5.71a 7.18a
Cycle 3 3.56a 3.41a 2.57a 5.0a 2.21a 2.67a
CV(%) 241 41.25 76.94 25.10 38.28 40.60
Pr<F 0.46 0.13 0.18 0.23 0.05 0.08

Table 3: Mean value of rice grain yield by treatment according to cropping cycles during the triall.

There is also high variability of rice grain yield (6.80 - Lowest grain yields (1.00 - 2.30 tha!) are noted for the trial

1.00 t/ha) across the both trials according to the treatments. 2 (Table 4).
Grain yield (tha')
Mean for the three cycles of trial 1 (n = 9) Mean for the single cycle of trial 2 (n = 3)
TO-Blank control 6.00 (£ 0.13) 1.30 (£0.71)
T1 6.20 (£ 0.41) 1.20 (£ 0.30)
T2 6.80 (+ 0.20) 1.00 (£ 0.19)
T3 6.50 (£ 0.18) 1.40 (£ 0.21)
T4 4.80 (£ 0.16) 1.40 (£ 0.17)
T5 5.80 (x 0.30) 1.50 (= 0.25)
T6-Conventional | - 2.30 (£ 0.21)

------ : Missing data; (*...): Error type

Table 4: Rice grain yield mean values and error types by trial according to the treatments.
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Average of rice grain yields recorded during trial 1
and trial 2 as grand mean values are presented in figure
1: there is high variability of rice grain yield (6.80 - 1.00
t/ha) according to the treatments across the both trials.
Lowest grain yields (1.00 - 2.30 tha™) account for the trial
2. Average of rice grain yields recorded during trial 1 and
trial 2 as grand mean values are presented in figure 1: there
is relative stable yield (3.1 - 3.90 tha') under bio-fertilizer
effect during trial 1 overlapping the lowest value of 2.30 tha

Journal of Ecology and Natural Resources

! for the conventional-T6 (control) fertilizer option during
the trial 2 (Figure 1). Chemical fertilizer effect (T6) is also
low than that of blank treatment (T0) of trial 1 while twice
lowers than the conventional during trial 2.

Although no significant difference is observed between
the yields obtained under bio-fertilizer effect and that of the
blank treatment (control), they are recording almost 1/3
higher yield than the chemical fertilizer treatment.

-

deviation).
o

Figure 1: Grand mean value of rice grain yield across the both trial and according to the treatment (barre is the standard

Profit Assessment of Applied Treatments

Yield differences between the effect of T6 (chemical
fertilizer) and the other treatments during the trial 2 is
presented is Table 5. There is significantly about 1 tha*

of grain yield as profit when applying chemical fertilizer
compared to the control and bio-fertilizer treatments
respectively. But lowest differences (< 1 tha) are observed
for the highest rates of bio-fertilizer (T3, T4 and T5).

Ti-T6 Yield difference (tha) Probability > |t
TO-T6 -1.02 0.0222
T1-T6 -1.08 0.0187
T2-T6 -1.27 0.0037
T3-T6 -0.96 0.0325
T4-T6 -0.91 0.0258
T5-T6 -0.84 0.053

Table 5: Significant yield gap between the fertilizer treatment (T6) and the others (Ti: TO, T1, T2, T3, T4 and T5) during trial 2.

The Table 6 is showing agro-economic data according to
applied treatments during the trial 2 the coast of fertilizer,
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Treatment Purchase (CFA/ha) Yield (tha) Income (CFA/ha) Profit (CFA/ha)
TO 0 1.28 256940 256940
T1 0 1.23 245880 245880
T2 0 1.03 206760 206760
T3 0 1.35 270400 270400
T4 0 1.40 279980 279980
T5 0 1.47 293500 293500
T6 298 000 2.31 461620 163620

Table 6: Agro-economical parameters of applied treatments during the trial 2.

In spite of more rice grain yield (2.31 tha') as induced
by chemical fertilizer (T6) than that of the blank control
(1.28 tha) and the different rates of Costus Afer extract, its
‘profit (163620 FCFA/ha) is almost twice lower especially,
when compared to that induced by T5 (293500 FCFA/ha).
The threshold level of Costus profitability is observed for T3
(270400 FCFA/ha) when comparing with the profit (256940
FCFA) recorded for the control with blank treatment (TO0).

More evidences of economic performance of Costus
extract are highlighted in figure 2 showing the gain while
referring to chemical fertilizer (T6) practice: lowest gains
are recorded for the lowest rates of Costus (T1 and T2) when
compared to the blank treatment (T0). There is an increasing
trend of the gain across T3, T4 and T5 in that order. The gains
are ranging between (100 - 120 000 FCFA/ha) for a cropping
cycle. Single application of Costus (T5) look likes better than
split rates (666.66 1/ha') as done with T4.

Figure 2: Profit of the applied treatments compared to fertilizer application (T6) Furthermore, the potential gain of the studied
agroecology is highlighted with TO (blank control) recording more gain even than fertilizer practice.

Soil Characterization

Macro observation of soil sample (Figure 3) reveals

aggregated mottles and vegetal debris guesting a lombric
(earthworm).

Figure 3: Lombric in subsample from core soil sample before trial 1.
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Microscopic observations of the soil solutions (Figure organisms composed of protozoa, spore and fungi are
4) show no identifiable matter in the soil solution relevant recognized in that of bio-fertilizer treatment as presented
to the control treatment after the trial 1. In contrast, diverse for treatment (T3).
Blank treatment (TO) Costus treatment (T3)
Figure 4: Pictures of soil solution according to control treatment (blank-T0) and Costus treatment (e.g. T3) after experiment
of triall.

Further analysis highlights the existence of bacteria as with the increase of the rate of Costus extract but, lowest
presented in table 6: roughly, UFC parameter is decreasing values account for T4 and T6 (conventional practice).
Treatment Number (x10°¢) of bacteria/g of soil Colony Forming Unit/g of soil
TO 3661 455
T1 2.24¢ 118
T2 18800 6
T3 9.52f 5
T4 204002 4
T5 1020¢ 5
T6 164¢ 4
Prob.> F 0.001 Single determination

Letter a, b, ¢, d, e, fand g are indicating mean values with significant difference.
Table 6: Bacteria accounting in soil solution after the trial 2.

Cropping cycle effect on soil structure stability is
presented in table 7 across the applied treatments.

TO T1 T2 T3 T4 T5
Cycle 1 86.59b 90.41b 87.59b 86.71b 87.71b 91.38c
Cycle 2 99.75a 99.78a 99.47a 99.54a 99.66a 99.66a
Cycle 3 97.20a 99.02a 97.01a 97.23a 97.47a 97.05b
Mean 94.51 96.40 94.69 94.49 95.00 96.03
Pr<F <.0001 <.0001 0.0006 0.0003 <.0001 <.0001

Table 7: Soil stability index for the plots of treatments according to the cropping cycles of trial 1.
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Letters a and b are indicating the mean values with
significant difference. There is significant effect of cropping
cycle on soil structure stability index whatever the treatment.
Lowest values are observed for the first cropping cycle while,
increasing trend is roughly observed (mean values) with the
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increasing rate of Costus Afer extract. Figure 5 further reveals
that lowest values of soil stability rate may account for the
control plots (T0 and T6) in some extend as recorded for the
first cropping cycle.

difference for a = 0.05).

Figure 5: Soil stability rates according to the treatments during the trial 2 (letter “a” is indicating values with no significant

The mean values of soil pH are presented in figure 6
according to applied treatments during the trial 2.

Figure 6: Mean values of pH in soil solutions according to the treatments after trial 2.

There is a decreasing trend of soil pH according to
the increasing rate of Costus Afer although no significant
difference is observed. Nevertheless, a unit value of pH can
be observed between the records when referring to bio-
fertilizer treatments and both controls, especially, when
considering the chemical fertilizer effect.

Discussion

Peat Land Potential Fertility

The studied soil was Histosol with acidic (4.2)
characteristic and high contents of N (2.2 gkg!), P (201ppm)
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and K (0.45 cmolkg!) in addition to the holistic greater
content of organic carbon (45.42 gkg?') known for such
ecology. On this basis, we might expect a yield ranging from
5 - 8 tha? using high potential yielding rice variety (8 - 10
tha') without fertilizer according to a sound simulation
model as QUEFTS (Quantitative Evaluation of the Fertility
of Tropical Soils) released by Janssen [22]. Excepted for T4
(4.80 tha™), the yields recorded during the trial 1 were about
6 tha! in line with this simulation. However, lowest yields
(1 - 2.3 tha') were recorded during the trial 2. The yield
gap observed between booth trials may be a consequence
of crop management (flooding, weeding, soil levelling, birds’
damage) during the second trial although, birds’ damage
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was considered as random factor (mixed model). Over the
potential of crop production in the studied peatland, lombric
was observed as macro-organism well known as architect
of soil Barrios [23] when no microorganism was clearly
identified in soil solution of blank treatment as control (T0).
Due to lombric contribution to soil nutrient stock building,
there is evident justification of the level of yield observed
for the blank control compared to that of other treatments
especially during the trial 1. One major concern with the
potential fertility of the studied peat land is the high content
of P (201 ppm) ranging over the concentration of 0.01 - 1
ppm recorded in the solution of most agricultural soils
[24]. Therefore, applying phosphorus to such peat land for
agriculture is unlikely as recommended early by Olsen and
Dean [25-27]. Nevertheless, this presumption will gain more
sense while exploring phosphorus uptake rate by crop in this
agroecology.

Bio-Fertilizer Aptitude of Costus Afer

There is consensual view of researchers (Lal [26]; Pieri
[28]; Sanchez [29]; Lompo [30] regarding to organic matter
ability to build up soil fertility in Africa. The study completed
by Zadi [30] further confirmed this option specifically, for
lowland soils (Fluvisols) by incorporating rice straw. But, this
practice is limited in Africa because of the shortage of annual
amount (95 000 000 tones) of raw material Kossila [31] to fit
the need of 12 tha™ as optimum. Even rice straw composting
[N (1 gkg?), K (2.3 gkg'), Ca (2.1 gkg!) and P (1 gkg')] was
explored by Traore [32] with limited success because of high
completion of bacteria for nutrient bio-availability to crop.
Therefore, nutrient availability in bio-fertilizer is supporting
its potential as a promising option for crop production.

Indeed, Costus aqueous extract as solution may lift the
issue of high quantity of raw material to be transported
and applied in the field, knowing that, the concentrations
of nutrients in the solution is relative to the amount of raw
material. In addition, no bio-geo-chemical process is required
for nutrients availability to crop as necessary for compost
mineralization [33].

Meite (2018) previously characterized major nutrient
concentrations in the aqueous solution of the local Costus Afer
(2.06 gN/1; 71 gP/land 1.16 g K/1) and Yoboue [17] tested
its performance with industrial bio-fertilizer (Polifol) as well
as chemical fertilizer (NPK+Urea): no significant difference
was observed between the grain yields recorded respectively
during a single cropping cycle. During the current study,
flooding (irrigation) variability may have influenced nutrient
concentrations for rice nutrition and affecting uptake
process Claassen and Barber [34] and, thereby, nutrient use
efficiency. There is more evidence of this explanation of yield
variability especially between trial 1 (early in wet season)
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and trial 2 (later in wet season). Highest flooding occurred at
the end of the wet season may have reduced nutrient uptake
and consequently, the rice yield during the trial 2. In this
line, there was roughly a decreasing trend of rice grain yield
across cropping cycles as often observed under conventional
fertilizer practice [35]. Nevertheless, the decreasing of yield
under Costus supplying was not much significant as observed
under chemical fertilizer practice. Therefore, the application
of aqueous extract of Costus Afer may induce more stable
rice grain yield than conventional practice for sustainable
rice production [36]. Also, a single application of Costus (T5)
look likes better than split rates (666.66 1/ha') as done for
treatment- T4. However, further study should tackle this
issue for intensification of rice production with regard to
Costus Afer promotion.

Soil Regeneration Aptitude of Costus Afer

After the study, macro-fauna was not observed in soil
as observed (Lombric) before the experiment. The change
induced by soil tillage applied before rice transplantation and
inevitable compaction during crop management may explain
this contrast regarding to land disturbance effect on lombric
occurrence [37]. This result emphasized the importance
of soil mechanical properties over its chemical for lumbric
occurrence: in spite of soil-pH ranging closely to the optimum
(6.3 - 6.4) according to the scale (6.5 - 8.6) defined by Jicong
[38], no earthworm was observed in soil 0 — 20 cm depth. In
contrast, highest biodiversity (protozoa, bacteria and fungi)
was observed in topsoil after the trial 1 as much asillustrated
for the treatment T3. Indeed, change in earthworm cast was
early described by Degens [39] justifying the assumption
that endogenic species may be found in deepest horizon.
This assumption is supporting continuous development of
the studied soil regarding the effect of endogenic earthworm
on vegetation residues limiting the depth of Histosol. Overall,
there is experimental evidence of bacteria, algae, protozoa
and fungi as sources of nutrients for earthworms Kizilkaya
[40] underlining the fact that the topsoil (0 - 20 cm) of the
studied area was favorable to lumbric occurrence. Therefore,
aqueous extract of Costus may have improved soil living
matter giving chance to soil regeneration.

Sustainability of Costus Afer Bio-Fertlization

Over the evidence of soil regeneration aptitude of
aqueous extractof Costus Afer, the practicelookslike to sustain
soil microbiology living period and economical profitability.
Indeed, bacteria population Colony Forming Unit (CFU) was
optimum for T2 (18800x10°) and T4 (20400x10°) over
that of T6 (conventional check) and blank control (455).
Nevertheless, there is inconsistency between the respective
trends of the booth studied biological parameters: some
bacteria could be inside fine particles (2 - 20 pm) as missing
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measurement according to Marshall [41]. Whatever the case,
we can assert existence of a stock of living mater Cundell [42]
especially as supplemental bacteria (CFU) during the current
test. In this line, there is evidence of better effect of Costus
treatment on soil bacteria occurrence than the chemical
treatment which was also characterized by twice lower
number (164x 10°) of bacteria than that (366x10°) of the
blank control (Histosol) [43]. Over all, there was tendency
for more structural stability of soil under Costus Afer extract
practice than booth controls used during the current study.
More yield stability (6 - 5tha™) across cropping cycles was
characterizing this innovation and slight yield differences
(» 1tha') were observed as induced by fertilizer practice
against the effect of Costus Afer in a reducing trend from
the threshold rate of T3. Consequently, there was more
profitability of Costus application at minimum rate as T3
(270400 FCFA/ha) when comparing with the profit (256940
FCFA/ha) recorded for the control with blank treatment
(T0) almost twice higher than that of fertilizer practice [44].
Local raw material used for aqueous extraction is supporting
this results whatever the evidence need to determine the
optimum rate for recommendation. Further study should
handle this issue exploring greater rate of Costus than T5
(666.66 liters/ha) currently applied.

Conclusion

The current study emphasized a potential of Costus Afer
to regenerate the studied Histosol (Peat land) especially, for
the applied rates ranging between T2 and T4 resulting more
structural stability and bacteria occurrence in soil in addition
to protozoa, spore and fungi in topsoil while endogenic
earthworm could existed. High variability of rice grain yield
(1 - 6 tha') was observed while looking like stable across
successive cropping cycles with a net benefit of 100 - 120
000 FCFA/ha during a cropping cycle. Therefore, Costus Afer
aqueous extract can be considered as a suitable alternative
input for sustainable rice production with soil regeneration
option.
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