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ARTICLE INFO ABSTRACT
Keywords: In Benin, adaptation to climate change in the livestock sector has led cattle farmers to develop
Climate change different livestock practices. Most research has focused on evaluating the effects of these practices

soil carbon sequestration

. > on livestock productivity. However, information on the effect of these practices on carbon (C)
Agricultural practices

sequestration in farmland soils is lacking. Soil C sequestration has been identified as a potential

Livestock . . 118 .
Mitigation strategy to offset greenhouse gas emissions. Thus, the present study aimed at filling this gap. The
Benin calculation was one hand based on inventory data obtained from literature sources (excrement

production of each cattle category, moisture content of each crop, ratio of crop residue to main
product, and C content of the main product and excrement) and on the other hand on activity data
(cattle herd size, manure applied, land use area, crop yield, and crop residues management)
obtained from surveys carried out among 360 cattle farmers belonging to 3 cattle farming types.
The results revealed that whatever the cattle farming type, annual C input from manure was
higher (p<0.05) than C input from crop residues. Annual C sequestration in farmland soil of farms
integrating livestock with cereal-legume and forage crops was significantly higher (Type 2:
158.07 + 1.79 kg C ha™! year™!) followed by farms integrating livestock with cereal-legume
crops (Type 1: 99.51 =+ 0.95 kg C ha™! year™!), which in turn had a higher value than farms
practicing pastoral mobility (Type 3: 78.46 + 0.70 kg C ha™! year™!). These results highlight the
potential for climate change mitigation through these farming practices. This is justified because
the quantity of C sequestered in farmland soil of all cattle farming types was significant. Thus, for
future research, it is necessary to include soil C sequestration in the calculations of farms’ carbon
footprint.

1. Introduction

The global warming of the planet is now unequivocal. The impacts of extreme climatic events that have occurred in recent years
bear witness to this [1]. These impacts emphasis great vulnerability and high degree of exposure of ecosystems and human societies to
climate variations [2]. Moreover, these climate changes raise fears of major disruptions for societies in their relations with their
environment, and may even threaten the ecosystem services from which they benefit directly or indirectly [3]. The excessive
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Fig. 1. Map showing the selected zones and the location of the villages surveyed in Benin.
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combustion of fossil fuels, agriculture, livestock, and land use changes are part of human activities that contribute significantly to
global warming [3]. Climate change represents a major challenge for the future and many studies have been carried out to assess the
impact of different activities of the various sectors on the climate [4].

The livestock sector contributes to 14.5% of all anthropogenic greenhouse gas (GHG) emissions [5]. They are mainly due to ru-
minants, with 65% attributed to dairy and beef bovines and 6.5% to small ruminants. However, ruminant grazing systems would
“only” be responsible for 20% of total emissions from livestock [5,6]. The main emission sources are enteric fermentation, feed
production, and manure management [5]. For GHG emissions, large disparities exist between the regions of the world. In terms of total
emissions, sub-Saharan Africa accounts for a fairly limited proportion (4%) [7]. However, its farming systems, have the highest GHG
emissions per unit of product compared to other regions of the world. This is mainly attributed to low animal productivity and low
quality of feeds [8]. GHG emissions from livestock systems in sub-Saharan Africa could be offset by carbon storage in the ecosystems in
which these livestock systems are practiced [9]. Due to the photosynthetic activity of plants, the presence of vegetation on the ground
promotes the long-term absorption of CO, from the atmosphere [10]. Several studies have shown that the storage of C in the soil
depends on farming practices and the mode of land use [11,12].

In sub-Saharan Africa, several practices are implemented by cattle farmers to manage the herd [13,14]. In Benin, Idrissou et al. [15]
identified three cattle farming types according to their practices. This involves: integrating livestock with cereal-legume crops culti-
vation (Type 1); integrating livestock with cereal-legume and forage crops (Type 2), and pastoral mobility (Type 3). The main dif-
ference between the first two cattle farming types is that farmers type 2 abandon or reduce the area of some cereal-legume crops in
favor of forage crops. In addition, their production goal is to produce and sell milk which is not the case with farmers type 1. Out of the
fact that these practices are herd management practices, they are nowadays adaptation strategies for cattle farmers to against climate
change [16]. This is justified by the fact that cattle farmers have made several modifications or changes to these old practices to adapt
to the impact of climate change that they have observed on their livelihoods. These impacts were the decline in the production and
quality of fodder, the reduction in the growth and reproduction performance of animals, and the decline in milk production [17]. Most
research has focused on evaluating the effects of these practices on livestock productivity [15,18,19]. However, information on the
effect of these practices in farmland soil C sequestration is lacking. This information is necessary because it will allow us to identify
practices that are climate change mitigation measures. Another innovative aspect of this study is that it will provide data on the
farmland soil C sequestration which will be used in the calculations of the C footprint of these farms. Several studies evaluate the C
footprint of livestock farms without taking into account the amount of soil C sequestered by its farms [6]. This could lead to bias results.

In sub-Saharan livestock farming context, some studies have assessed soil C sequestration in transhumant livestock systems [9].
However, these are not the only livestock farming systems encountered in Africa. Nowadays, sedentary systems are becoming
numerous [13]. It would therefore be appropriate to consider them in such studies. Moreover, within the same livestock farming
system, the practices of farmers may vary, with potential impact in farmland soil C sequestration. The three cattle farming types
identified by Idrissou et al. [15] illustrate this situation well. The first two farming types with different practices belong to the
sedentary system and the third type to the transhumant system.

According to literature, there are several approaches to assess farmland soil C sequestration: i) changes in C stocks according to
inventories [20], and ii) three models based on net C fluxes in agricultural soils [21-23]. By comparing these different approaches,
several studies [6,24] revealed that the approach proposed by Petersen et al. [23], based on real data on C inputs and a time
perspective of 100 years for global warming potential, seems to give more precise and realistic results and allows to design mitigation
strategies with best precision. Our study used this approach to estimate farmland soil C sequestration using survey data collected at the
farm level.

The general aim of this study was to estimate the soil C sequestration in three cattle farming types in the dry and sub-humid tropical
zones of Benin. Specifically, the study sought to: (i) quantify C input from manure and crop residues, and (ii) estimate the amount of C
sequestered in farmland soil of three cattle farming types.

2. Material and methods
2.1. Study zones

This study was carried out in two of the three climatic zones of Benin: the dry tropical zone (DTZ) located between 9° 45" and 12° 25
"N and the sub-humid tropical zone (STZ) located between 7° 30 ' and 9° 45’ N (Fig. 1). The choice of these zones is based on climate
forecasts which indicates that they are the most vulnerable places to rainfall deficit and high sunshine [25,26], yet more than 85% of
the Beninese cattle herd is concentrated in these zones [27].

In each zone, two (2) municipalities were chosen based on a large number of cattle farmers and preliminary interviews with
technicians from the “Agences Territoriale pour le Développement Agricole” (ATDA). Thus, the municipalities of Banikoara and
Gogounou were in DTZ, and those of Tchaourou and Nikki were in STZ. Within each municipality, three (3) villages were selected
based on their importance in cattle farming and accessibility (Fig. 1).

The DTZ has hydromorphic, well-drained soils, and lithosols. The vegetation of this zone is mainly composed of savannas with
small trees [28]. The mean annual rainfall is 953 mm [29]. The temperature varies from 24 to 31 °C and relative humidity varies from
18 to 99% [28].

In STZ, soils are ferruginous with variable fertility [30,31]. The vegetation is characterized by a mosaic of woodland, dry dense
forests, tree and shrub savannas, and gallery forests [28]. The mean annual rainfall is 1155 mm [29]. Annual temperature varies from
25 to 29 °C and relative humidity ranges from 31 to 98% [32].
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2.2. Sampling

This work was carried out on the same sample (360 cattle farmers) as that used by Idrissou et al. [15] in Benin. These authors
characterized 360 cattle farms according to their practices in the face of climate change. These results enabled to identify three cattle
farming types according to their practice.

e Type 1: Cattle farming with the practice of integrating livestock with cereal-legume cultivation. Although this practice is old but, it
is nowadays a strategy for adapting to climate change. This is justified through the changes made by the cattle farmers. These
changes involved: growing new crop variety, growing drought tolerance crop variety, modification of cultivation techniques and
agricultural calendar. This practice was developed mainly by 41.39% of the cattle farmers surveyed (i.e., 149 cattle farmers). These
cattle farmers are sedentary, mainly located in the STZ where the mean annual rainfall is 1155 mm and annual temperature varies
from 25 to 29 °C [29,32]. The production goal of these farmers was milk and meat. The size of their cattle herd is the smallest (24
heads). This cattle farming type’s crop area is around 6.5 ha. During the rainy season, animal feed in this farming type is provided
only by natural rangeland. During the dry season outside natural rangeland, animals receive crop residues (See Appendix).

Type 2: Cattle farming with the practice of integrating livestock with cereal-legume and forage crops. To adapt to climate change,
all cattle farmers of this type have abandoned or reduced the areas of some cereal-legume crops in favor of forage crops. This
practice was developed by 69 cattle farmers, i.e., 19.17% of the total cattle farmers surveyed. These cattle farmers are also
sedentary and located in the DTZ where the mean annual rainfall is 953 mm and annual temperature varies from 24 to 31 °C [28,
29]. Their production goal is to produce and milk. The size of their cattle herd is on average 30 heads. In this cattle farming type,
natural rangeland and forage crops provide animal feed during the rainy season (See Appendix). During the dry season, animal feed
is however provided by natural rangeland, forage crops, and feed concentrates. The area allocated to cereal-legume crops was on
average 2.6 ha while that intended for forage crops was 1.22 ha.

Type 3: Cattle farming with the practice based on pastoral mobility. This practice is first and foremost a way of life among Fulani
herders. Faced with the scarcity of resources due to climate change, this practice has undergone modifications (early departure in
transhumance, long distance and long duration of transhumance). This practice was developed by 39.44% of the cattle farmers
surveyed (i.e., 142 cattle farmers). These cattle farmers are located in the DTZ characterized by a mean annual rainfall of 953 mm
and annual temperature varies from 24 to 31 °C [28,29]. Their goal is to produce meat and milk. Their cattle herd size was the
highest (63 heads). Farmers of this type plow small areas (around 1.5 ha) to cultivate only cereals intended to feed their families.
Animal feed is provided by natural rangeland throughout the year (See Appendix). Before moving for the transhumance, animals
receive crop residues.

2.3. Data collection

To carry out this study, two types of data were collected: inventory and activity data. Inventory data are fixed values obtained from
the literature while activity data are values obtained from surveys among cattle farmers. The following inventory and activity data
(Tables 1 and 2) were used to calculate the C inputs from manure and crops described in equations (1)-(5) [33].

2.3.1. Inventory data

Inventory data used to estimate the C amount from cattle manure were: (i) excrement production of each cattle category (cows,
bulls, heifers/sub-adult bulls and calves) and (ii) C content of excrement. The average annual amount of dry matter production and the
C content of excrement of each cattle category are shown in Table 1.

Inventory data used to estimate the C amount of crops were: (i) moisture content of each crop, (ii) C content of the main product,
and (iii) ratio of residue to the main product (Table 2). Land use (LU) types were classified into 6 categories: maize, sorghum, millet,
soybean, groundnut, and forage crop (Panicum maximum).

2.3.2. Activity data

The activity data used to estimate the C amount in cattle excrement were: (i) the number of each cattle category, and (ii) the
allocation of the produced manure to farmland.

The activity data used to estimate the C amount of crop were: (i) LU type area, (ii) yield of each LU, and (iii) proportion of crop
residues remaining on the field. These activity data were obtained from surveys carried out among cattle farmers.

Table 1
Inventory data used to estimate the C amount from cattle manure.
Parameters Cattle categories Sources
Cows Bulls Heifers/Subadult bulls Calves
Manure excreted (kg DM head™! year’l) 920 1108 719 373 Braber et al. (2021) [34]
Carbon content (%) 42.38 42.38 42.38 42.38 Xin et al. (2018) [35]
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Table 2
Inventory data used to estimate the C amount of crops.
Land use types Sources
P t
arameters Maize Sorghum Millet Soybean Groundnut Forage crop
Moisture content (%) 14.5 7.13 12.12 6 11.5 26.75 Toléba et al. (2009) [36]
Adéoti et al. (2017) [37]
Atchadé et al. (2019) [38]
Idrissou et al. (2020) [39]
C content (%) 45 45 45 45 45 45 Batalla et al. (2015) [6]
Bolinder et al. (2007) [40]
Ratio of residue to the main product 0.67 0.64 0.50 0.6 0.51 0.15 Kimura et al. (2011) [33]

Serraj et al. (2005) [41]
Oikeh et al. (2007) [42]
Guimbirke, (2012) [43]
Tovihoudji et al. (2017) [44]
Faki et al. (2021) [45]

2.4. Calculations scheme
The C input to farmland soil considered in this study were cattle manure and crop residues.

2.4.1. Estimation of C input from cattle manure

The amount of C contained in the manure of each cattle category (cows, bulls, heifers/sub-adult bulls and calves) was first
determined. These amounts were then added to obtain the C quantity of the entire herd. The calculation for a given cattle category is
shown by the following equation:

* *
Cmanure :NCallle Am(mure excreted Cmmem of cattle manure (1)

Where Chpanure: Carbon in manure for each cattle category (t C year’l); Neattle: Number of cattle category (head); Amanure excreted:
Amount of manure excreted of each cattle category (t DM head™! year’l); Ceontent of cattle manure: Carbon content of cattle manure (%)

The allocation of manure to farmland was obtained from surveys carried out among cattle farmers. The amount of C contained in
the manure applied was computed as follows:

*
Cmanure appli :Amanue appli Cmment of cattle manure (2)

Where Chanure appli: Carbon in manure applied (t C ha’lyear’l); Amanure appli: Amount of manure applied to farmland (t DM ha™!
year’l); Ccontent of cattle manure: Carbon content of cattle manure (%)

2.4.2. Estimation of C input from crop residues
The amount of C in crop was estimated for the six (6) land use types (maize, sorghum, millet, soybean, groundnut and forage crop).
The amount of C in the harvest (main product) for each LU type was estimated as follows:

Couain product = Amain produet™ (100 — moisture content ) / 100]* C. 3)

Where Cain product: Carbon in main product (t C ha™! year’l); Amain product: Amount of main product of each land use type (t FW ha™?
year_l); Cc: Carbon content of main product (%)

By definition, crop residue is the part of the crop not harvested as product (including roots). The total C in crop residues for a given
LU type was estimated from the ratio of residue to the main product (Equation (4)). The amount of residue remaining on the field was
based on surveys carried out among cattle farmers, who provided information relating to the proportion of crop residue remaining on
the field and removed from farmland for other uses (use as feed, domestic energy, roofing, and fencing materials). The amount of C in
residue remaining on the field was calculated by multiplying the total C in crop residues by the proportion of crop residue remaining on
the field (Equation (5)).

Cresiau = Cain product™ Rres 4
%
Cresidu rem = Cresian™ Pi 5)

Where Cresiqu: Carbon in residue (¢t C ha™! year’l ); Crain produce Carbon in main product (t C ha™! year’l ); Cresidu rem: Carbon in residue
remaining on the field (t C ha™! year™1); Ry.s: Ratio of residue to the main product; P;: proportion of crop residues remaining on the field.

2.4.3. Estimation of soil carbon sequestration

To estimate the quantity of C sequestered in the farmland soil, this study was based on the approach proposed by Petersen et al.
[23]. This approach was designed to estimate the soil C changes as a consequence of the C input from crop residues and manure added
to the soil. This approach was based on the modeling of two C fluxes: i) from the soil to the atmosphere, where the soil organic matter
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mineralization was modeled using the soil C model C-TOOL; ii) from the atmosphere to the soil, where the atmospheric CO, decay was
modeled using the Bern Carbon Cycle model. Petersen et al. [23] observed that 10% of C added to the soil as organic C input would be
sequestered in a 100-year perspective. To estimate soil carbon sequestration in this study, the same coefficient (10%) was applied to
the amount of C input applied to farmland soil, consisting of: i) C contained in manure applied to farmland and ii) C derived from crop
residues remaining on the field.

2.5. Statistical analysis

The survey data was entered into Excel 2010 software and imported into R.3.5.1 software [46] for statistical analyses. The data
were subjected to one-way ANOVA to test for possible significant differences between the three cattle farming types. The multiple
means were compared with the Tukey test when the ANOVA model indicated a significant difference (p < 0.05) between cattle farming
types. Results were presented as the mean + standard error.

3. Results
3.1. Farms characteristics

Table 3 shows the characteristics of the three cattle farming types. Type 1 farms had the highest cattle herd size (63 + 0.32 heads),
followed by farms type 2 (30 + 0.24 heads). In farms type 3 the cattle size was lower (24 + 0.27 heads).

In general, three categories of crops were encountered in the cattle farming types: cereal crops (maize, sorghum and millet), legume
crops (soybean and groundnut) and forage crops (Panicum maximum). Cereal crops were common to all cattle farming types while
legumes were only grown in types 1 and 2. Moreover, type 2 farms were the only ones that produced forage crops. The total crop area
was higher in farms type 1 (6.35 + 0.04 ha) followed by farms type 2 (3.36 £ 0.60 ha). Type 3 farms had the smallest crop area (1.45
+ 0.02 ha).

3.2. Manure production and application

Annual manure production and application are summarized in Table 4. The amount of manure produced per year varied (p<0.05)
from one cattle farming type to another. The highest manure production was observed in farms type 3 (47.03 = 0.26 t DM year 1),
while the lowest production was recorded in farms type 1 (18.22 + 0.20 t DM year 1). The amount of manure applied per unit area of
farmland also varied (p<0.05) between cattle farming types. Thus, farms type 2 applied 2.89 t DM ha~! year !, while farms type 1 and
type 3 applied 2 t DM ha ! year ! and 1.72 t DM ha ™! year ™! respectively.

3.3. Crop residues production

3.3.1. Crop residues management

Crop residue management practices have been grouped into three categories (Table 5): use as feed, remaining on the field (as mulch
or incorporated), and used for other purposes (use as domestic energy, roofing and fencing materials). Only cereal crop residues
(maize, sorghum, and millet) were used as domestic energy, roofing and fencing materials.

In general, regardless of the cattle farming type, crop residues were valued much more in livestock feed (varied between 65 and
93%). The proportions of crop residues remaining on the field, which were the C input from crop residue, varied between 5 and 100%.

Table 3

Characteristics of cattle farming types.
Parameters Type 1 Type 2 Type 3
Cattle herd
Cows (heads) 9 +0.10¢ 13 +0.12° 30 + 0.16%
Bulls (heads) 2 4+ 0.02% 1+ 0.03* 2 4+ 0.03*
Heifers/Subadult bulls (heads) 8 +£0.11¢ 10 +0.12° 18 + 0.09?
Calves (heads) 5+0.07 6 £ 0.06" 13 £0.07°
Total herd size (heads) 24 + 0.27¢ 30 + 0.24° 63 + 0.32°
Crop area
Maize (ha) 2.51 + 0.05% 1.15 + 0.04° 0.56 + 0.03°
Sorghum (ha) 2.06 + 0.06° 0.98 + 0.05° 0.48 + 0.03¢
Millet (ha) - - 0.88 + 0.01
Soybean (ha) 1.09 £ 0.03* 0.52 + 0.05° -
Groundnut (ha) 0.90 + 0.02 - -
Forage crop (ha) - 1.22 + 0.05 -
Total crop area (ha) 6.35 + 0.04% 3.36 + 0.06" 1.45 £ 0.02¢

a,b,c: Means with different letters on the same line differ significantly (p < 0.05).
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Table 4

Manure production and application.
Parameters Type 1 Type 2 Type 3
Manure production per year
Cows (t DM year’l) 8.72 + 0.09¢ 12.65 + 0.11° 27.83 £ 0.15%
Bulls (t DM year ') 2.06 + 0.03" 1.22 + 0.04¢ 2.47 £+ 0.04*
Heifers/Subadult bulls (t DM year ') 5.91 + 0.08¢ 7.11 + 0.09° 12.65 + 0.07%
Calves (t DM year’l) 1.52 + 0.02° 1.88 + 0.02° 4.08 + 0.02%
Total manure production (t DM year ) 18.22 + 0.20° 22.87 +0.17° 47.03 £ 0.26"
Manure applied
Total manure applied per year (t DM year ) 12.70 + 0.15% 9.71 + 0.25" 2.47 + 0.05¢

1

Manure applied per unit area of farmland (t DM ha ! year ') 2 +0.02" 2.89 + 0.52° 1.72 + 0.01°¢

a,b,c: Means with different letters on the same line differ significantly (p < 0.05).

Table 5
Reported crop residues use (%) in each cattle farming type.
Farming Types Crop residues Use as feed Remaining on the field Other uses®
Type 1 Groundnut 93 7 0
Soybean 92 8 0
Sorghum 68 12 20
Maize 67 13 20
Type 2 Forage crop 0 100 0
Soybean 92 8 0
Sorghum 67 9 24
Maize 65 12 23
Type 3 Millet 73 8 19
Sorghum 68 5 27
Maize 69 7 24

@ Other: includes use as domestic energy, roofing and fencing materials.

3.3.2. Biomass production from crop residues

Crop yields varied (p<0.05) from one cattle farming type to another (Table 6). For the same crop encountered in the three cattle
farming types, the best yields were recorded in farms type 1 followed by farms type 2.

The total amounts of crop residues produced varied significantly from one cattle farming type to another (p<0.05). Thus, the total
crop residues produced in farms type 1 was the highest (2.97 = 0.03 t DM ha™!) while that produced in farms type 3 was the lowest
(1.41 4 0.04 t DM ha™1). The amount of crop residues remaining on the field was higher in farms type 2 (794.24 + 13.99 kg DM ha1)
than in the other two types.

3.4. Carbon input from manure and crop residues

Table 7 presents C inputs from manure and crop residues. The amounts of C from total manure production per year and applied per
unit area of farmland varied (p<0.05) from one cattle farming type to another. Among all cattle farming types, the highest amount of C
from total manure production was recorded in farms type 3 (19.93 =+ 0.10 t C year ). Likewise, the lowest amount of C from applied
manure was always observed in the same type (727.47 + 6.94 kg C ha™! year™1).

Carbon inputs from crop residue production and remaining on the field were different (p < 0.05) for the three types. The highest
amount of C from the total crop residues production was observed in farms type 1 (1.34 + 0.01 t C ha~! year™!), while the highest C
from crop residues remaining on the field was recorded in type 2 (357.49 + 6.29 t C ha~! year™).

Table 6

Main product yield and crop residues production in each cattle farming type.
Parameters Type 1 Type 2 Type 3
Maize yield (t DM ha™1) 2.22 + 0.15% 2.11 + 0.05" 1.38 + 0.02°
Sorghum yield (t DM ha™?) 0.92 + 0.005° 0.81 + 0.01° 0.68 + 0.009°
Millet yield (t DM ha™!) - - 1.21 + 0.01
Soybean yield (t DM ha™!) 1.04 + 0.006% 0.97 + 0.006° -
Groundnut yield (t DM ha™!) 0.71 + 0.004 - -
Forage crop yield (t DM ha ') - 3.81 + 0.06 -
Total crop residues production (t DM ha™!) 2.97 + 0.03% 2.58 + 0.07° 1.41 + 0.04°
Total crop residues remaining on the field (kg DM ha™1) 324.37 + 3.50° 794.42 + 13.99% 127 + 3.38¢

a,b,c: Means with different letters on the same line differ significantly (p < 0.05).
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Table 7
Annual carbon input from each cattle farming type.
Parameters Type 1 Type 2 Type 3
Carbon from manure
C from total manure production per year (t C year ') 7.72 + 0.08¢ 9.69 + 0.07° 19.93 + 0.10%
C from applied manure per unit area of farmland (kg C ha=?! year™') 849.11 +9.13° 1223.18 + 16.71% 727.47 £ 6.94°
Carbon from crop residues
C from total crop residues production (t C ha~! year™!) 1.34 £+ 0.01? 1.16 + 0.03" 0.63 + 0.01°¢
C from crop residues remaining on the field (kg C ha—! year™!) 145.96 + 1.58° 357.49 £ 6.29% 57.15 + 1.52¢

a,b,c: Means with different letters on the same line differ significantly (p < 0.05).

3.5. Carbon sequestration in soil

Annual soil C sequestration varied (p<0.05) from one cattle farming type to another (Fig. 2). Annual soil C sequestration was higher
in farms type 2 (158.07 + 1.79 kg C ha™! year!) followed by farms type 1 (99.51 + 0.95 kg C ha~! year™ 1), which had a higher value
than farms type 3 (78.46 + 0.70 kg C ha! year_l). In all cattle farming types soil Cseq from manure contributed more to the total
annual soil C sequestration, i.e. 85.32%, 77.37%, and 92.70% of the total respectively for types 1, 2, and 3.

4. Discussion

Cattle farms provide alternative employment opportunities in zones where other economic activities are not possible [47]. They
contribute also to ecosystem services such as soil carbon sequestration [48]. This role is influenced by the practices implemented by
cattle farmers [49]. In this study, we evaluated the effect of three farming practices in farmland soil carbon sequestration based on
carbon inputs from manure and crop residues.

The results revealed that the annual manure production from cattle farms type 3 was the highest compared to the other two types of
farms. This result could be explained by the difference in the cattle herd size between these cattle farming types. Other factors could
also explain the difference in manure production between different farming systems. These factors are livestock breed, weight, feeding
regimes, etc ... [50]. The quantity of manure applied per unit area of farmland was lower in farms type 1 than in farms type 2.
However, the crop yield per hectare was higher in farms type 1 than in farms type 2. This result is surprising because it was expected
that crop yield would be higher in farms type 2 given that the quantity of manure applied per unit area of farmland in this farming type
was higher. Indeed, several factors determine the obtaining of a better crop yield. This mainly concerns rainfall and the quantity of
manure required per hectare. Farms type 1 was mainly located in the sub-humid zone where the rainfall is higher (1155 mm) than the
dry zone (953 mm) where farms type 2 was mainly located. This could explain the results obtained. The application of manure to the
soil provides nutrients to plants and this in turn increases agricultural yield. However, the overuse of manure applications poses serious
environmental risks, when they are used without adequate treatments [51]. To prevent the application of manure from being a source
of pollution, its quantity of application must be limited to 35 kg/ha [52].

In the different cattle farming types, crop residues have been valued in diverse ways by farmers. However, these residues were used
the most in animal feed during the dry season. These results are similar to those obtained by other authors [53,54], who showed that
crop residues are much more used in livestock feed in dry periods. While herbaceous fodder is abundant during the rainy season and
can cover all the feed needs of the herds, in the dry season, herbaceous fodder becomes scarce [55]. Animal feed in the dry season is
mainly provided by crop residues and woody fodder [56]. The use of crop residues by animals is a strategic and vital issue for farmers.

The total amount of crop residues produced varied from one type of farm to another, with high production in farms type 1. These
variations would result from the combination of several factors, including the choice of crop plot, soil water, nutrient availability, soil
fertility management, and cultivation techniques [53]. The amount of crop residues remains on the field varied with the type of farm.
The highest amount was obtained in farms type 2. This result is the consequence of a large amount of Panicum maximum residue
remaining on the field in this cattle farming type. In farms types 1 and 2 where cereals and legumes are grown, it was found that the
amount of legume crop residues remaining on the field was lower than that of cereal crop residues remaining on the field. This result
could be explained by the fact that legumes have a higher feed value than cereals and are therefore more palatable to animals [57].
Where available, livestock keepers appreciate legume residues, particularly for feeding animals [58].

In general, the values of soil C sequestered per hectare obtained in this study were higher than the values reported by Arca et al.
[24] and Jia et al. [51]. Crop residues production and the equations used to estimate C input from crop residues and manure may
explain the difference between our results and those of these authors. On the other hand, the values of soil C sequestration per hectare
observed in this study were in line with the results obtained by other authors [6,9,59]. Farms type 2 had significantly higher soil C
sequestration values per hectare of land use than farms types 1 and 3. This is because farms type 2 had higher C input from crop
residues remains on the field and manure applied per unit area. Similar results were reported by Beniston et al. [60]. Considering the
amount of soil C sequestered from crop residues only, it appears that the high value was always obtained in farms type 2. This result is
proof that the forage crops (Panicum maximum) which distinguish this cattle farming type from the others bring enough benefits in
terms of soil C sequestered. Thus, it can be considered a climate change mitigation strategy for the production system [61]. The amount
of soil C sequestration from manure in farms type 3 was the lowest even though their total annual manure production was the highest.
These results could be explained by the fact that farmers of this cattle farming type applied a low quantity of manure per hectare
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Fig. 2. Soil carbon sequestration in each cattle farming type.

compared to other types. Thus, the remaining proportion of manure produced that is not applied to farmland is either burned for fuel or
disposed of altogether. Similar results were reported by Kimura et al. [33]. The Peterson et al. [23] approach used to estimate soil
carbon sequestration in this study may have uncertainties. However, when comparing several methods, several authors revealed this
approach based on real data on C inputs seems to give more precise and realistic results and thus allow mitigation strategies to be
designed with greater precision [6,24].

5. Conclusion

This study estimated the amount of C sequestered in farmland soils of three cattle farming types in Benin through the C input from
manure and crop residues. The simple quantification method used can be applied to any situation to gain insight into the amount of C
sequestered in farmland soil. The results of this study revealed that the carbon inputs from manure and crop residues varied from one
cattle farming type to another. Farms that integrated livestock with cereal-legume and forage crops had a higher soil carbon
sequestration value followed by farms integrating livestock with cereal-legume crops and farms practicing pastoral mobility. The three
cattle farming practices highlighted in this study each contributed in one way or another to sequestering carbon in the soil. These
practices are well known by farmers and many cattle farmers are already benefiting from their implementation on their farms. For
future research work aiming to assess the carbon footprint of these farms or any other livestock system in sub-Saharan Africa, it would
be appropriate to take into account the amount of soil carbon sequestered in this assessment.
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