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ABSTRACT

Aims: This study aims to determine the short term effects during off-season of pre-wetted straw
and urea incorporation on lowland rice field soil carbon sequestration and greenhouse gas

emissions using climate change adaptation food security mitigation option tool (CCAFS-MOT)
model.

Study Design: The experiment was performed using a Randomized Complete Block Design.
Place and Duration of Study: Nigeria, Niger State, Bida local Government from April to July 2015.

*Corresponding author: E-mail: sena_koglo@yahoo.com;
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Methodology: Integrated formulations of rice straw and urea at different rates respectively: 2, 3 and
4 t/ha and 25, 50 and 75 kg/ha were used with one check plot (C) (without straw and urea). The
experiment was a Randomized Complete Block Design, and ten (10) integrated formulations
(treatments) were used with four (04) replications. Each replication, was made of ten (10) plots
giving a total number of forty (40) plots. The effect of treatments on the following variables; Sail
Organic Carbon Density Gain per Year (SOCDG/year, kg/ha) and GHGs emissions (kg/ha) were
determined in order to identify the best treatments. Data collected were analyzed using GenStat
16.2 and CCAFS-MOT 1.0 for SOC balance. Matlab 11.0 and Excel 2013 were also used for data
processing and graphs. Significance and Duncan’s Multiple Range Test were performed at 95%.
Results: Results indicated significance difference of treatments on each parameter evaluated.
SOCDG increase is function of the quantity of straw and urea incorporated (Fpr. <0.001). Moreover,
the study revealed three best treatments (T2, T4 and T5). Their responses (TR, %) to Soil Organic
Carbon Density Gain per Year (SOCDG/year, kg/ha) have increased up to 43%. Potential carbon
sequestration estimated by the CCAFS-MOT was about 44.4% for the improved practices identified
with 0% methane emission and scanty nitrous oxide emission up to 31.3%. These results give
strong evidence concerning the use of pre-wetted technique as panacea to both mitigate climate
change and enhance croplands productivity and resilience to these changes in Niger State, Nigeria.
Conclusion: Pre-wetted straw and urea application can help to deplete greenhouse gas emission
and enhance carbon on agricultural lands. However, additional trials are needed before validation of
the method under different agro ecological conditions in west African zones.

Keywords: Pre-wetted technique; integrated formulation; Soil Organic Carbon Density Gain (SOCDG);
CCAFS-MOT model; Greenhouse gas (GHG); Lowlands; Niger State; Nigeria.

1. INTRODUCTION

The impact of climate change and global
warming are worldwide, and an increasing
number of evidence in recent years have clearly
established the fact that anthropogenic climate
change is a reality. According to studies [1,2,3],
developing countries are more exposed to
experience the negative impacts of climate
change owing to their fragile economic sectors
and the reliance of many livelihoods on climate-
sensitive factors. An increase of human activities
exacerbates the release of greenhouse gases
such as carbon dioxide, methane, nitrous in the
atmosphere. According to the fifth report of [2],
human activities such as poor agriculture
practices, deforestation, fossil burning, and poor
land management practices are the main drivers
of global warming since the mid-20th century. [4]
posited that carbon dioxide is the main
greenhouse gas realized in the atmosphere since
the past twenty years. [5] in its fourth
assessment quoted that CO, concentration from
agricultural practices in the atmosphere has
increased from 280 pmol/mol before industry
revolution to 379 pmol/mol in 2005, and it would
be increasing by a rate of 1.9 ymol/mol per year.
Consequently, agriculture is considered as a
main source of CO, realizing in the atmosphere
as well as soil health degradation [6,7,8,9]. Thus
world  agricultural soils are historitically

considered as a major source of atmospheric
enrichment of carbon dioxide. Though, certain
uncertainties dwelled in the statistics, about 80%
of the global emissions presently came from land
use change and poor croplands management
practices [2,6,10,11]. Globally, croplands have
the capacity to store 248 Pg of carbon in the top
3 metre of soil, but this proportion is seriously
disturbed by land use practices which exacerbate
the loss of SOC (Soil Organic Carbon) [12,13].
Nonetheless, agriculture can play an imminent
role in removing carbon dioxide from the
atmosphere through soil conservation practices
commonly named Improved Management
Practices (IMPs) techniques which, permit to
enhance soil organic matter storage with
minimum soil disturbance through management
of farming systems [13,14,15]. Accordingly,
implementation of judicious mulching tillage
combined with fertilizers applications, cover
crops, hedgegrow intercropping (alley farming),
less or no tillage and other Sustainable
Agricultural  Land Management  Practices
(SALMP) are options that can help to maintain,
control, monitor and enhance croplands
resilience under climate change, and deplete soil
carbon losses and therefore mitigate greenhouse
emission in the atmosphere [12,16,17].

Nigeria in general and Niger State in particular, is
considered as one of the major pole of rice



production and consumption in West Africa. Rice
cultivation is mainly rainfed with predominant of
lowlands systems [18]. For instance, in Niger
state upland rice, lowland (without water
management) and irrigated (with lowland
management) accounts respectively for 0%, 95%
and 30% of total area under rice cultivation. And,
similarly to other African countries and villages,
one of the most vulnerable to climate change
owing to poverty, dominance of rainfed
agriculture and poor soil management practices
[1,19,20]. [21] quoted that, Niger State rice
growers encountered a veritable problem in the
management of rice straw and they are
constraint to burn these residues, that is,
increase emission of greenhouse gases in the
atmosphere. Some of barriers that limit straws
residue incorporation into the soil are their
feeding interests (use as forage in livestock), lack
for practical knowledge, and financial resources
needed for straw management and incorporation.
Moreover, agricultural lands in that area are
experiencing a decline in fertility due to their
overuse and mismanagement which, is likely to
generate and enhance carbon losses from these
exposed and vulnerable arable lands thus,
increase carbon dioxide emission into the
atmosphere [19,21,22].These straw can be used
as biological fertilizer in combination with urea in
order to enhance soil organic carbon pool , its
fertility under climate negative effects on
croplands also co-benefits vyield in agriculture
productivity in degraded zones [23,24].
Moreover, no study has been conducted in the
area over short the period concerning the use of
pre-wetted techniques as new sustainable
agricultural land management approach for soil
organic carbon sequestration and greenhouse
gas emissions reduction from practices used on
arable lands under cultivation [22,25,26]. These
vacuums underscore the relevance of this study,
through which innovative, available, accessible
and cost effect land management approach will
be experimented for introduction and
dissemination in that locality, and empower Niger
State, Nigeria smallholder’'s adaptation, coping
and mitigation strategies to climate change
through both enhancement of soil organic carbon
pool subsequently reduce greenhouse gas
emissions from agricultural lands.

Objectives of this study were (i) to compute
monthly soil organic carbon density gain
(SOCDG) under each pre-wetted integrated
technique, (ii) to determine yearly greenhouse
gas emission from each treatment, and (iii) to
identify the best pre-wetted techniques with
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significant yearly SOCDG, carbon sequestration
potential with scanty methane (CH,) and nitrous
oxide emissions (N2O).

2. MATERIALS AND METHODS
2.1 Experiment Site and Design

This study was conducted at Edozhigi, Niger
State, Nigeria. It lies between Longitude 5°46' to
6°03'E and Latitude 8°25" to 9° 13'N (Fig. 1) at
12 kilometre northwards Bida town. Estimated
population is about 150,640 inhabitants and
more than 70% of the villagers are totally
involved in rainfed agriculture as main revenue
source [25].
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Fig. 1. Study area

Edozhigi, serves as a market centre for mainly
rice followed by sorghum, yams, millet,
groundnuts and cotton. It experiences two spells
of season namely rainy and dry season
respectively from April to October and November
to March. Annual average of rainfall is up to
1,600 mm with an average maximum
temperature up to about 32°C [22]. In terms of
soils patterns, ferruginous tropical soils are
predominant. Most of the soils in the area are
poorly drained. Land wuse pressure and
inadequate soil practices on the fragile soils
exposed most of them to erosion and an
exacerbate depletion of soil nutrients [26]. The
experiment was a Randomized Complete Block
Design, and ten (10) integrated formulations
(treatments) were used with four (04)
replications. Each replication, was made of ten



(10) plots giving a total number of forty (40) plots.
Each plot measured 2 mx2 m. Experiment design
occupied 406 m? as total surface but 160 m? as
useful surface excluding borders, space between
plots and alley between blocks. Space within
plots and between replications was respectively
1 m and 2 m. Integrated formulations
(Treatments) were disposed randomly in each
block, and each treatment was replicated once
within each block including the witness.

2.1.1 Integrated formulations

This experiment was conducted with integrated
formulations (treatments) of rice straw and urea
at different rates respectively 2, 3 and 4 t/ha and
25, 50 and 75 kg/ha; couple with one control (C)
without straw and urea application (check plot).
Nine treatments were generated from the
formulation. 0S+0F stands for 0 ton of straw (S)
and 0 kilogram of fertilizer (F); 3S + 50F stands
for 3t of straw and 50 kg of Fertilizer as graded in
Table 1a. Each treatment on the field was
watered at equal amount of water (1.5 liters) on
fifteen days interval.

Table 1a. List of the integrated formulations

No Treatment Treatment
(xt/haS+ykg/haF) code

1 0S+0F C

2 3S+50F T1

3 4S+50F T2

4 2S+75F T3

5 4S+75F T4

6 4S+25F T5

7 2S+25F T6

8 2S+50F T7

9 3S+75F T8
10 3S+25F T9

S: Rice straw; F: Fertilizer (Urea), C: Control,
XS+YF(X=quantity of straw in t’/ha;
Y=quantity of urea in kg/ha)

2.1.1.1 Pre-wetted technique
and trial management

implementation

For our integrated land management approach
(Pre-wetted technique), both incorporation of
straw and urea on each corresponding plot was
not direct. The straw of each treatment was
wetted first with equal and minimum volume of
water (1.5 litre) and then covered with small
empty tilts of 50 kg during seven (07) days at
ambient temperature condition. After seven days,
lump quantity of urea was broadcast based on
the rate of each treatment (Table 1a) and each
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treatment was covered again with the same tilts
for the same period of seven Days before
Plotting (DBP). On the fifteen Day of Plotting
(DOP: 15-03-2015), each pre-wetted treatment
was now incorporated on each plot using hoes.
In addition, hoes were used to mix-up soil
surface with the incorporated application on each
plot for each replication without soil disturbance.
Thereafter, an additional quantity of water
(1.5litre/plot) was added after fifteen Days after
Plotting (DAP). Trial was monitored, managed
and different data were collected over a period of
three months from 15" March to 15" June 2015.
Data were collected based on documentation
and experimentation requirements. Data were
analysed using GenStat2010, Excel2013 and
Matlab  11.0. Treatments means were
discriminated using Duncan’s Multiple Range
Test at 95 percent confidence level.

2.2 Data Collection Procedure

2.2.1So0il organic carbon density (SOCD, t/ha)

Wet chemical oxidation method [27,28,29] was
adopted to determine SOC concentration in
percentage (%) which was used to compute the
density (dose). Composite soils of each
treatment were sampled for determining SOC
concentration after three months. For bulk
density determination, soil samples were
collected from all plots from 0 to 5 and 5 to 15cm
depths. Samples were collected by using a core
sampler of 5.5 cm diameter and 4 cm long cores
from 0-5 cm and 6 cm long cores from 5-15cm.
The dry bulk density was computed for each plot
by using the oven dried method. The dry weight
of soil was obtained by oven drying it at 105°C
for 48 hours until the constant weight obtained.
The dry bulk density was computed using the
following equation:

BD( ggj:Ms
cm’ V,

t

(1.1)

Where BD stands for dry bulk density; M_ for

mass of oven dried soil at 105°C and V, the

volume of each core (total volume of soil of each
core). Thus, knowing the dry bulk density, the
density (dose) of soil organic carbon under each
treatment was determined by using the following
formula:

SOCD (hij ~C,,.xBDxH (12)
a



Where, Cy,., BD and H are respectively the
concentration of soil organic carbon (%), dry bulk

density (—2—) and soil thickness (cm).
cm’

2.2.2 Soil organic carbon density gain per

month (SOCDG, t/ha)

Knowing the density of soil organic carbon of
each treatment, the gain (AD) of each treatment
in organic carbon in the soil per month was
determined using the modified formula [30]
defines as:

t
ha | SOCD, —(SOCD, -SOCD,) (1.3)

month

AD

time

Where SOCD, , SOCD, and SOCD, are

respectively the density of soil organic carbon of
last month for each treatment and last and first
month of the check plot. Composite soils were
sampled at the two depths during the ftrial
installation after soil preparation for determining

SOCD,,.

2.2.3 Greenhouse gas (CO,, CH, and N,O)

emissions from lands and treatments

GHGs were determined using CCAFS-MOT
(Climate Change Adaptation Food Security
Mitigation Option Tool) model developed by
University of Aberdeen in partnership with
CCAFS and the University of Vermont's Gund
Institute for Ecological Economics’. Therefore,
model input data such as: region (country,
climate type and soil type) and treatments
information (experiment duration, land
management, quantity of straw and urea input for
each treatment) were used to run the model. Soil
type information which included: soil texture,
organic C (%), nitrogen content N (%), soil pH
and bulk density (g/cm®) were determined
through laboratory analysis of the sampled soil of
the study area before trial installation. Soil core
sampler was used to sample the soil from 0 — 15
cm.

2.2.4 Identification of best treatments

Identification of best treatments was based on
the mean value of SOC dose, soil temperature

! httos.//ccafs.cgiar.org/mitigation-option-tool-
aqgriculture#.Vw9dBTL 2apo
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and soil moisture computed. Treatments were
now ranked based on the amount of soil organic
carbon density to determine best treatments in
terms of significant SOCDG stored per year,
SOC balance, methane and nitrous oxide
emission. Treatments response in percentage
(TR, %) was determined with the following
mathematical expression:

V.
TR, =—*

vi n

DT

n=10

x100 (1.4)

With, TR , standing for treatment response to
variable i (%), V,; for variable value of treatment i

(%, °C, kg/ha or t/ha) and Z T for total value of
n=10
treatment for the variable i (%, °C, kg/ha or t/ha).

3. RESULTS AND DISCUSSION
3.1 SOCD Gain per Month (SOCDG, t/ha)

Results graded in Table 1b reveal small
dispersion between treatments in terms of
carbon gained per month. Generally, amount
stored per month differs from one treatment to
another however the quantity was not too high
between treatments from 0 — 15 cm.

Mean monthly storage (¥ha/monthly) varies from
0.05 — 0.15 with maximum and minimum range
between 0.08 — 0.23 and 0.01 — 0.16 respectively
with standard deviation between 0.01 — 0.06 at 5
cm. At 15 cm, mean of SOCDG ranges between
0.09 — 0.38 with maximum and minimum ranging
from 0.11 — 0.45 and 0.05 - 0.31 respectively.
Standard deviation is between 0.03 — 0.11 at 15
cm. Treatments (Table 2) demonstrated very
significant effects on soil organic carbon gain
(SOCDG, kg/ha/month) from 0 — 15 cm. The
Least Significance Difference varies between
19.0 (0- 5 cm) and 20.3 (5- 15 cm) (Fpr.<0.001).
Treatments evaluated indicate better contribution
in terms of monthly carbon pool compared to the
check plot which, has the lowest (0.052 — 0.085)
monthly carbon pool after the three months
experiment.

In general (Table 2), treatments net addition in
carbon (t/ha) per month vary from 0.05 — 0.2
between 0 — 5 cm and 0.09 — 0. 4 between 5 —
15 cm. Based on the depth variation between 0 —
5 cm, highest significance difference on SOCDG
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Table 1b. Statistical summary of soil organic carbon gain per month (t/ha/month)

Depth (cm) Gain per month of organic carbon (t’/ha/month) under each
treatment
0-5 5-15
Treatment Code Mean Max Min Stdev. Mean Max Min Stdev.
0S+0F C 0.05 0.08 0.01 0.03 0.09 0.11 0.05 0.03
3S+50F T1 0.09 0.11 0.07 0.02 0.18 0.23 0.14 0.04
4S+50F T2 0.15 0.23 0.09 0.06 0.30 0.45 0.17 0.11
2S+75F T3 0.11 0.12 0.09 0.01 0.21 0.23 0.17 0.03
4S+75F T4 0.19 0.21 0.16 0.02 0.38 0.45 0.31 0.06
4S+25F T5 0.12 0.18 0.08 0.04 0.22 0.37 0.13 0.10
2S+25F T6 0.10 0.12 0.09 0.02 0.18 0.23 0.15 0.04
2S+50F T7 0.08 0.10 0.04 0.03 0.15 0.20 0.07 0.06
3S+75F T8 0.10 0.12 0.08 0.02 0.18 0.23 0.15 0.04
3S+25F T9 0.10 0.14  0.07 0.03 0.19 0.28 0.14 0.06
Table 2. Effect of treatments on soil carbon gain per month at various depth
Treatment Depth (cm)
0-5cm 5-15cm
SOCG (t/ha/month) mean significant value
T4 4S+75F 0.2a 04a
T2 4S+50F 0.15b 0.3b
T 3S+50F 0.1c 0.2c¢c
Straw + Urea T3 2S+75F 0.1c 0.2c¢c
T5 4S+25F 0.1c 0.2c
T6 2S+25F 0.1c 0.2c
T7 2S+50F 0.1c 0.2c
T8 3S+75F 0.1c 0.2c¢c
T9 3S+25F 01c 0.2c
C 0S+0F 0.05d 0.09d
C.V. (%) 19.0 20.3
Isd 0.04 0.07
Mean (t/ha/month) 0.1 (+0.01) 0.2 (£0.03)

S: rice straw (t/ha); F: urea (kg/ha); CV: coefficient of variation; Isd: least significant difference. Number with
same letter are not significantly different at 5% level of probability using Duncan Multiple Range Test
(DMRT at 5%)

(t/ha/month) was obtained with T4 followed by T2
then, T1, T3, T5, T6, T7, T8 and T9 which have
the same level of significance on carbon input
but significant when compared to the control
effect on carbon gain per month. Similarly,
between 5 — 15 cm, the highest input in carbon
was obtained with T4 (0.4) followed by T2 (0.3)
and a set of treatments T1, T3, T5, T6, T7, T8
and T9 with the same significance on carbon
input but significantly different from the control C
in terms of soil carbon gained per month. Results
from this short-term experiment, coincide with
[31] on the effects of time on improved
management practices carbon sequestration. In
fact, carbon input from crop residues duration is
synonymous with the time to which soil carbon
steady state is reached. In addition, this
sequestration is not finite but will get to saturation
point after certain periods [32,33]. That is the

reason why it is paramount to identify the
practice that can enhance carbon pool within a
short period of time in order to know the finite
limit of soil in carbon sequestration for
implementation of adaptation and mitigation
policies.

3.2 Greenhouse Gas (CO,, CH; and N,O)
Emissions

Climate Change Adaptation Food Security
Mitigation Option Tool (CCAFS-MOT) model
analysis (Table 3) indicates significant variation
in terms of greenhouse gas (GHG) emissions
from the field under each treatment and the Soil
Organic Carbon (SOC) balance significance as a
result of the pre-wetted technique. For the SOC
balance, negative values stand for sequestration
whereas, positive values indicate emission from



the pre-wetted integrated formulations. The
standard deviation for SOC balance (Stdev =
324.6 kg/ha/year) in Table 3 indicates large
dispersion of carbon added to the soil by each
treatment when compared to the control plot
where no addition of carbon is recorded (0
kg/ha). Methane emission is zero for all
treatments comprised the control but scanty
emission of nitrous oxide can be observed from
0.1-0.2 kg/ha/year  with non-significant
dispersion (Stdev. = 0.05 kg/ha/year).

The risk of avoiding emission or enhancing
carbon sequestration was higher under T2, T4
and T5 with a carbon balance up to -1037.5
kg/ha; followed by T1, T8 and T9 (-778.1 kg/ha)
and finally T3, T6 and T5 (-518.8 kg/ha). These
results draw our attention on the fact that soil
organic carbon pool enhancement is likely a
function of the amount of residues incorporated
into the soil. Simply put, soil organic carbon
increases with an increase of crop residues into
the soil. However other factors such as soil type,
climatic and farmer’s practices and nutrients
application can also be considered. In fact, [23]
and [34] also highlighted the significance effects
of climate, soil factors and land management
practices on agricultural lands soil organic
carbon pool enhancement. Aforementioned
results are indicating that, treatments T2, T4, and
T5 can be promoted in order to increase soil
carbon pools knowing that, for every ton of
carbon sequestered in the soil is a ton of carbon
removed from the atmosphere, and every ton of
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observed with the control (0 kg/ha). Similarly,
[36] and [37] have also quoted lower emissions
of CO, under mulching plots compared to
unmulching plots. Indeed, carbon dioxide fluxes
under straw mulching or crop residues are due to
slow decomposition of crop residues placed on
the surface of the soil compared to residues
incorporated under conventional tillage [36].
Moreover, high carbon sequestration under T2,
T4 and T5 can be correlated to their likely high
soil moisture content. Otherwise, there is a
negative correlation between CO, fluxes and soil
moisture content. This negative relationship was
also highlighted by [38] and [39]. As we can
observe, carbon sequestration into soil mainly
agricultural lands, plays an important role in
mitigating to climate change. By enhancing the
carbon pool, we are limiting its emission into the
atmosphere. Moreover, we are increasing soil
physical, biological and chemical properties in
terms of water retention and pH moderation for
plants growth; fertility enhancement
subsequently increase in food supply for
smallholders and poorest people whom relied on
rainfed agricultural activities as main source of
revenue [13,15].

In contrast, no methane (CH,) emissions
associated to the addition of straw were
observed both from the treatment and the
control. Those outcomes are in accordance with
previous studies done which had stated that
there is no correlation between CH4 fluxes and
soil moisture, but sometimes these fluxes are

carbon in the soil is equivalent to 3.67 ton of CO,  negatively correlated with soil temperature
[9,35]. In contrast, no carbon addition was [39,40]. In fact, scanty information exists
Table 3. CCAFS-MOT estimated GHGs and SOC balance in Kg/ha/year
Treatment Code SOC Balance GHGs emissions from field and rice straw
management (Kg/ha)
CH, N,O
0S+0F C 0 0 0.1
3S+50F T -778.1 0 0.2
4S+50F T2 -1037.5 0 0.2
2S+75F T3 -518.8 0 0.2
4S+75F T4 -1037.5 0 0.2
4S+25F T5 -1037.5 0 0.1
2S+25F T6 -518.8 0 0.1
2S+50F T7 -518.8 0 0.2
3S+75F T8 -778.1 0 0.2
3S+25F T9 -778.1 0 0.1
Mean (kg/ha) -700.32 (£102.7) 0 0.16 (£0.02)
Stdev.(kg/ha) 324.6 0 0.05
C.V. (%) -0.46 0 0.32

S: rice straw (t/ha); F: urea (kg/ha); C: control; T: treatment; SOC: Soil Organic Carbon Balance (negative values:
sinks or sequestration and positive values: emissions or release); CH,: methane; N->O: Nitrous oxide; GHGs:
greenhouse gases; Stdev: standard deviation from the mean



concerning methane emissions from agricultural
practices either mulching tillage or conventional
tillage. Meanwhile, [41,42] have clarified the fact
that, lower CH, fluxes under mulching plots
compared to bare plots are likely due to
significant CH, oxidation under straw mulching
practices causing then a negative fluxes that are
sometimes observed. That absence of emission
can also be attributed to the water regime that
was predominant during the experiment. The
experiment was conducted off season with
absence of water. The amount supplied was that
of the ftreatment equivalent. The time of
experiment and the amount of straw and nutrient
applied also determined the amount of methane
being realized. Couple to that, the time of the
experiment does not favored methanogens and
methanotrophs development respectively
responsible for methane production and
oxidation. It is likely that, minimum of water
applied under not rain condition, absence of
additional supply in organic amendments
underscore the total absence of CH, fluxes
during the off season integrated formulations
incorporation. These results are consistent with
[43,44] research outcomes. In fact, results from
their study had shown that, methane fluxes from
rice field is a combined effect of the water
regime, soil  properties, climate, crop
management and the cropping season. These
findings are in common accordance with the
model results in the way that, no rice was planted
during the experiment and the experiment was
not flooded too.

Concern the nitrous oxide (N.O) fluxes, tiny
fluxes (0.1 — 0.2 kg/ha) were recorded from both
treatments and control plots. This study comes to
confirm the scarce information and the
misunderstanding in terms of N,O emissions
under combined application of straw mulching
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and fertilizers [45]. Some stand for negative
correlation whereas some quoted higher
emission under mulching and fertilizer uses
[40,45,46]. According to [47], straw application
can decrease nitrous oxide (N,O) emission by 1
— 7% compared to bare soils. In contrast, [48,49]
quoted that, the amount of N,O emitted is
function of type of fertilizer used, method of
broadcasting, soil moisture content, soll
temperature and amount of oxygen available in
the study area.

3.3 Identification of Best Treatments

In respect to the summary Table (Table 4) soll
organic carbon density gained per vyear
(SOCDG/year) is lower under the control plot
(822) and higher under T4 (3408). Finally, in
terms of greenhouse emissions and soil carbon
balance, we observed high potential carbon
sequestration under treatment T2, T4 and T5 up
to 1037.5 kg/ha/year whereas, neither carbon
sequestration nor emission was observed with
the control C (0 kg/ha/year). No methane
emission was observed from the analysis for all
treatments and the control used. However,
nitrous oxide emission was scanty and ranges
between 0.1 — 0.2 kg/ha/year. Therefore, best
improved practices can be identified from the
summary Table 4. Results from the technique
were promising and more valuable in terms of
time scale response compare to the existing
method used. Three best treatments (T2, T4 and
T5) in terms of carbon sequestration and low
methane and Nitrous emissions were identified
(Table 5), and their responses (TR, %) were
computed.

Soil Organic Carbon Density Gain per year
(SOCDG) has increased respectively up to 43%.
Potential carbon sequestration was about 44.4%

Table 4. Summary table of treatments versus measured variables in kg/ha/year

Treatment Code Measured variables
SOCDG SOC B. CH, N,O

T4 4S+75F 3408 -1037.5 0 0.2
T2 4S+50F 2670 -1037.5 0 0.2
T5 4S+25F 2010 -1037.5 0 0.1
T3 2S+75F 1854 -518.8 0 0.2
T9 3S+25F 1782 -778.1 0 0.1
T8 3S+75F 1692 -778.1 0 0.2
T6 2S+25F 1644 -518.8 0 0.1
T1 3S+50F 1602 -778.1 0 0.2
T7 2S+50F 1374 -518.8 0 0.2
C 0S+0F 822 0 0 0.1

SOCDG: Soil Organic Carbon Gain per Month; SOC B.: Soil Organic Carbon Balance (carbon stock changes.
Negative value=sink or sequestration); CH4: Methane and N:O: Nitrous oxide
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Table 5. Practices identified for SOC enhancement and GHGs depletion in kg/ha/year

Treatment Code Measured variables

SOCDG SOC Balance CH4 N20
T4 4S+75F 3408 -1037.5 0 0.2
T2 4S+50F 2670 -1037.5 0 0.2
T5 4S+25F 2010 -1037.5 0 0.1
Treatments Response (TR, %) 43 44.4 0 31.3

SOCD: Soil Organic Carbon Density; SOCDG: Soil Organic Carbon Gain per Month; SOC B.: Soil Organic
Carbon Balance (carbon stock changes. Negative value=sink or sequestration); CH4: Methane and
N20O: Nitrous oxide

for the improved practices identified with 0%
methane emission and scanty nitrous oxide
emission up to 31.3%. In addition, Table 5
indicates T2, T4 and T5 as satisfactory best
treatments that have given significant responses
to our different research objectives when
compared to the rest of the treatments used and
the farmers practice (control). Their SOCDG per
month ranged from 167.5 — 284 kg/ha. Methane
(CH4) emission was zero (0 kg/ha) and nitrous
oxide (N,O) very scanty (0.1 — 0.2 kg/ha). In
contrast they have witnessed very high SOC
sequestration potential (1037.5 kg/ha) when
compared to the rest of the treatments. Based on
the aforesaid results, treatments T2, T4 and T5
can be identified as best improved practices to
alleviate GHGs emissions from agricultural lands
therefore, enhance their organic carbon pool for
both mitigate climate change and increase
croplands fertility in Northern West Nigeria
especially Edozhigi rural community.

4. CONCLUSION

Findings from this study proffered more
understanding and significant relevance of short-
term experiment on long-term monocropping
croplands using pre-wetted straw and minimum
urea application technique (improved technique).
Moreover, results from this study were in
accordance with the aforementioned objectives
and research questions. It is obvious that,
compared to the existing long-term experiment
method, there is significant difference in terms of
soil organic carbon density and soil organic
carbon gained per month. High carbon input per
month were observed with T4 (284 kg/ha)
followed by T2 (222.5 kg/ha) and T5 (167.5
kg/ha) with lowest amount under the check plot
(68.5 kg/ha). Additionally, CCAFS-MOT indicates
high carbon storage under T4, T2 and T5 up to
1037.5 kg/ha. All pre-wetted techniques used
had indicated zero methane emission. However,
Nitrous oxide was tiny (0.1 — 0.2 kg/ha) under the
control plot and treatments T4. T2 and T5. These
results are promising and justify the need for its

immediate implementation, recommendation and
adoption as adequate sustainable agricultural
land management practices under climate
change events in Northern West Nigeria
especially Edozhigi rural community.
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