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Abstract

:

The up-surging population in sub-Saharan Africa (SSA) has led to the conversion of more land for agricultural purposes. Resilient land utilization types that input carbon to the soil are key in enhancing climate change mitigation. However, there are limited data on different land utilization types’ contribution to climate mitigation through carbon input to soils. The study aims to quantify carbon stock across different land utilization types (LUT) practiced in Western Kenya. The following land utilization types were studied: agroforestry M (agroforestry with Markhamia lutea), sole sorghum, agroforestry L (agroforestry with Leucaena leucocephalaI), sole maize, and grazing land replicated thrice. To determine soil bulk density, SOC concentration, and soil carbon stock, soil samples were collected at depths of 0–5, 5–10, 10–20, and 20–30 cm from different LUTs. A PROC ANOVA was used to determine the difference in soil bulk density, SOC, and SOC stock between different LUTs and depths. The four variables differed across the LUTs and depths. A high soil bulk density was observed at 0–5 cm under grazing land (1.6 g cm−3) and the lowest under agroforestry M (1.30 g cm−3). Conversely, the soil bulk density was low at 20–30 cm under grazing land. The 0–5 cm depth accounted for a high share of SOC and SOC stock under Agroforestry M, while the 10–20 and 20–30 cm depth accounted for the high share of SOC stock under agroforestry L. The study showed differences in SOC across the different depths and LUTs. The findings highlight that agroforestry L and agroforestry M are promising interventions toward climate mitigation through carbon induction to soils.
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1. Introduction


Land use alters ecosystems’ function and structure, increasing or decreasing carbon stock and consequently affecting biodiversity [1]. Generally, about 79% of carbon is stored in soil compartments [2]. Carbon plays a fundamental role in agronomic production, soil fertility, and ecosystem health [3,4]. However, with the increase in population, more land has been degraded due to limited available land [5], thus lowering crop production [6]. To increase carbon input to soils, farming systems and land utilization should honor the 4/1000 initiative (http://4p1000.org/, accessed on 4 April 2022), which aims to increase carbon by 4% to 40 cm depth.



The change of more land for crop production has significantly led to decreased carbon concentration and stocks and increased anthropogenic greenhouse gas emissions (CO2). Agriculture contributes 14–17% of global greenhouse gas emissions through changes in land utilization and intensification of agricultural activities [7]. Agriculture can remedy climate change through the implementation of sustainable farming practices that increase carbon input in soils and reduce greenhouse gas (GHG) emissions [4,8,9]. In Kenya, the increasing population has led to the conversion of more land to croplands to meet dietary needs to curb food insecurity [6]. The diversity of land utilization has been necessitated by reduced land holding, especially in Western Kenya [10]. The change in land utilization types may significantly influence soil organic carbon (SOC) in soil compartments.



Diverse land utilization types include grazing lands (intensively controlled grasslands, pasture lands), agroforestry systems (afforestation and general agroforestry systems and home gardens), and intensively managed croplands (annual and perennial crops) [1,2,11]. Among these, grazing land occupies nearly 40% of the total land utilized globally [12]. It is considered that grazing land stores considerable amounts of SOC. However, studies have come up with conflicting findings, while Qiu et al. [13] and Sheng et al. [12] found a reduction in carbon stock under intense grazing, and Silveira et al. [14] found promising findings concerning carbon storage. Additionally, the croplands have a diverse influence on SOC that affects soil health and productivity [8,15]. However, in an attempt to increase carbon inputs and reduce the incidence of climate change, agroforestry systems have been introduced [16]. According to a review by Kim et al. [7], agroforestry systems proved advantageous in crop production and increasing soil restoration. Adopting agroforestry has improved carbon inputs to soil compartments and reduced greenhouse gas emissions [4]. Cultivation and cropping intensity reduce carbon in soils [17]. On the other hand, croplands are thought to lower carbon inputs in the study area [5].



The SOC stock is a predictor of soil quality and health, used as a measurable component of soil organic matter (SOM) [15]. Soil organic carbon is driven by site characteristics [18], environment [3], and management practices [19,20]. Specifically, soil water holding capacity, pH, and nutrients, such as nitrogen and phosphorus concentration, affect SOC [1]. The soil’s physical characteristics play a crucial role in regulating the carbon input and output rate. Clay content protects organic carbon against microbial oxidation and helps to stabilize carbon [21]. Conversely, a high fraction of sand content can lead to a low SOC storage. Soil bulk density can significantly affect carbon stock [22]. Soil depth affects the SOC stock. Generally, SOC stock decreases with increasing depths [22]. Therefore, the variability of land utilization types could affect carbon due to varied soil characteristics and the level of disturbance. Despite assorted works on carbon dynamics under croplands [5,8], knowledge of the effect of specific LUTs on SOC stock under the smallholder rainfed-dependent tropical farming systems is limited [11]. Thus, the study fills a data gap on the effects of LUTs on SOC stocks in smallholder farms.



This study aim to evaluate the effects of LUTs on SOC stock across the soil profile (0–30 cm). The hypotheses backing this study are: (i) LUTs can vary soil organic carbon stock across soil profiles and (ii) soil bulk density can control SOC stock storage.




2. Materials and Methods


2.1. Study Area


The study was conducted in smallholder farms (0°01′47.27″ S, 34°16′41.5″ E) of the Nyajuok sub-location, Alego-Usonga sub-county, Siaya County, Kenya. The selected farms lie at approximately 1236 m above sea level. Nyajuok lies in the lower midland (LM1) agroecological zone, mainly a sugarcane belt. The area experiences bimodal rainfall distribution with a long rain (LR) season from March to July and short rains (SR) from August to December. The area receives long-term annual rainfall between 1500 and 1900 mm and temperatures ranging from 20.9 to 21.8 °C. Rainfall during the SR season is in the range of 600–800 mm, while for LR season, it is in the range of 750–950 mm [23]. The soil type in the area is Ferralsols, with declining soil fertility attributed to continuous cropping practices without amendments [24]. The main economic activity in the area is rainfed agriculture, with a low farm holding per household of 1.0 ha [10]. The primary land utilization types include livestock grazing, agroforestry, and cereals (monocropping and intercropping). The smallholder farmers often intercrop cereals, such as maize (Zea mays) and sorghum (Sorghum bicolar), with common beans (Phaseolus vulgaris), cowpeas (Vigna unguiculata), and soya beans (Glycine max) [23].




2.2. Experimental Design


The study design was farmer-designed and -managed (Type III). The smallholder farms were selected based on gradient homogeneity, soil type, and elevation. The study was conducted during the short rains of 2020 (SR 20) and the long rains of 2021 (LR 21). Five land utilization types under a similar soil type—Ferralsols—were selected; the homogeneity in farm characteristics aided in limiting errors and uncertainties of data quality. The selected land utilization types included (i) agroforestry with Markhamia lutea, (ii) sole sorghum, (iii) agroforestry with Leucaena leucocephala, (iv) sole maize, and (v) grazing land. In each land utilization type, measurements were conducted from three randomly established plots, with three replications.




2.3. Soil Sampling


Undisturbed soil organic carbon and soil bulk density samples were collected from four depths (0–5, 5–10, 10–20, and 20–30 cm) per land utilization type using a 100 cm3 core ring (Eijkelkamp Agrisearch Equipment, Giesbeek, The Netherlands). The soil samples were collected at plot level (replicate of LUT) in June 2021. Four soil samples from every replicate of land utilization type were taken. The total number of samples was sixty. For soil texture, soil samples were collected in each replicate of the selected land utilization type up to a depth of 20 cm, and then mixed by hand in well-labeled Zip Lock bags to form one composite sample totaling five samples. Samples were then transported to the laboratory for analysis.




2.4. Laboratory Analysis


Soil texture samples were subjected to analysis following the hydrometer method. Soil bulk density was analyzed gravimetrically by oven drying at 105 °C for 24 h [25]. The soil samples were then passed through a 2 mm sieve and analyzed for soil organic carbon (SOC) following the Walkley and Black wet oxidation method [25]. Percentage carbon (% C) was calculated using Equation (1).


  CS = SOC ×  Pb    ×    D  × 100  



(1)




where CS is carbon stock (kg C ha−1), SOC is soil organic carbon concentration (g C kg−1), Pb is soil bulk density (g cm−3), and D is soil depth (cm).




2.5. Statistical Analysis


The statistical analysis was performed using SAS 9.4 software. A PROC ANOVA was used to determine the difference in soil bulk density, SOC%, and SOC stock between different LUTs and depths. Mean separation was conducted using Tukey’s honest significant difference (HSD) test at p < 0.05. A simple Pearson correlation was conducted to determine the relationship between SOC and soil bulk density under LUTs. The normality of the data was checked using Proc Univariate, where treatment, depths, and replicates were fixed factors, while bulk density, SOC, and carbon stock were random factors.





3. Results and Discussion


3.1. Soil Texture


The soil had a high percentage of sand followed by silt in all the treatments. Sole maize had the highest percentage of sand (52%) and the lowest clay percentage (15%). The soil texture was predominantly loam across the different land utilization types (Table 1).



Soil texture plays a fundamental role in soil nutrient management and the rate at which soil minerals translocate across the soil profile. The clay content in soils predicts the rate of soil compaction [26], thus influencing the movement of SOC across the soil profile. However, in this study, the amount of silt and clay fractions across the land utilization type could not be linked to the amounts of carbon because of similar silt–clay concentrations. The results are consistent with the findings of Gonçalves et al. [3], who found no texture effects on carbon pools. However, Bruun et al. [27] and Saidy et al. [21] demonstrated that silt and clay fractions play a crucial role in stabilizing carbon. Additionally, clay fractions help in protecting carbon against microbial oxidation [21]. Gonçalves et al. [3] reported a significant increase in microbial respiration and consequently loss of carbon from soil compartments with increasing silt and sand contents.




3.2. Soil Bulk Density in Different Land Utilization Types at Different Depths


Significant (p < 0.05) differences were observed in soil bulk densities across the selected LUTs and soil depths (Figure 1). The soil bulk density in different LUTs and depths ranged from 1.24 to 1.61 g cm−3 (Figure 1). There was a significant (p < 0.0001) difference in soil bulk density at the 0–5 cm depth across the LUTs, with the variability ranging from 1.3 to 1.6 g cm−3. The highest soil bulk density was under grazing land, while the lowest was in agroforestry M (Figure 1). There was a significant (p = 0.02) difference at the 5–10 cm depth with low distinction across LUTs. Nonetheless, sole sorghum had a high soil bulk density (1.44 g cm−3). Additionally, a significant (p = 0.01) difference was observed in bulk density at the 10–20 cm and 20–30 cm depths, with grazing land having the lowest in both depths (Figure 1).



Soil bulk density is a fundamental soil parameter affected by soil clay content, soil aeration status, texture, and soil enzymes, which are a function of soil nutrients [28]. It is a predictor of the nutrient concentration in the soil [29]. The soil bulk density in this study was within those conducted in SSA [4,8,26]. The results show a high soil bulk density in sole sorghum, sole maize, and agroforestry L compared to the information obtained from the East African soil database [30]. These results could be attributed to the low mechanical fracturing of soils that reduces soil bulk density [26]. Martin et al. [18] found a low soil bulk density under grazing land compared to cropland; this was contrary to the results observed in this study, where grazing land had a higher soil bulk density than all LUTs. Grazing land was the most compacted due to livestock trampling on upper depths, thus reducing microbial activities [31]. Additionally, compaction in grazing land could have increased micro-porosity and reduced macro-porosity, hence a high BD on the upper depths [12].



Agroforestry systems showed a low bulk density, which could be attributed to an increase in soil volume, while reducing the soil mass due to high organic matter from leaf litterfall. Rahman et al. [22] found a low soil bulk density under the agroforestry systems. Further, Guo et al. [1] found a low soil bulk density under poplar plantations. Root penetrance might have increased the pore spaces in soil layers, hence increasing air circulation, which necessitates the decomposition of organic matter in the soil layers by increasing microbial activities [16], thus a low bulk density. The high bulk density at the 0–5 cm depth under the sole maize and sole sorghum could be attributed to the soils’ low organic matter (OM). Generally, the low soil amendments in sole maize and sole sorghum could lead to a high soil bulk density [26].




3.3. Soil Organic Carbon Contents in Different Land Utilization Types and Depths


The variability of SOC contents in depths and LUTs ranged from 8.4 to 30.14 g C kg−1. At the 0–5 cm depth, SOC differed significantly (p < 0.0001) among LUTs (Figure 2). The agroforestry M and grazing land had significantly high SOC contents than all LUTs (0–5 cm, Figure 2). A significant (p = 0.0002) difference in SOC contents was observed at the 5–10 cm depth. There was a higher SOC content in the agroforestry L and agroforestry M than in the sole maize and sole sorghum at the 5–10 cm depth (Figure 2). There was also a significant (p < 0.0001) difference in SOC concentration in the 10–20 cm and 20–30 cm depths, with high SOC contents of 19.15 and 18.06 g C kg−1 under agroforestry L, respectively. In the sole maize, the SOC contents were low across all depths compared to all the LUTs. Decreasing SOC concentration with increasing soil depth was observed across the LUTs, except under agroforestry L (Figure 2).



There were decreased SOC contents with increasing depth across the LUTs, except under agroforestry L (Figure 2). These results agree with those of Sommer et al. [8], whose results showed a decrease in SOC with increasing depths in Western Kenya. These results could be attributed to differences in dissolved organic carbon (DOC) percolation attributed to varied soil bulk densities and, consequently, differences in micro-pores in the soil profile [32]. The variability of soil bulk density across LUTs contributed to the difference in SOC concentration. The study had varied soil bulk densities at different depths and, thus, a varied SOC [31]. Generally, the decrease in SOC in depth concurs with the findings by Kadiri et al. [33]. The concentration of SOC in LUTs across depth could be due to high C inputs by roots through degradation [22].



Soil texture is a predictor of SOC storage. Saidy et al. [21] found that clay contents influence SOC stabilization by protecting it against microbial activities. Therefore, the different rates of silt, clay, and clay play a key role in carbon storage, thus influencing SOC across different LUTs. However, there was no data on textural differences across soil depths. Textural characteristics could be contributed to changes in SOC across different depths.



The significant difference in SOC across LUTs was consistent with previous research in SSA [8,33,34]. The sole maize and sole sorghum had a low SOC. These results agree with those of Degu et al. [26], who reported a low SOC concentration under continuous maize plantation compared to maize–pepper rotation. Additionally, the plant residue removal and low nutrient replenishment in the study area [8,35] could have lowered the amount of carbon in soils. Frequent cultivation could have increased soil aggregate disturbance and microbial activities, thus lowering SOC concentration [5]. The SOC concentration under agroforestry L was significantly higher than monocrop LUTs (sole sorghum and sole maize; Figure 2). The results corroborate the findings of several studies conducted in SSA [11,17,35]. Guo et al. [1] found a significantly higher SOC under the metasequoia agroforestry system than in the poplar plantation. The addition of leaf litterfall by the Leucaena leucocephala could have created favorable conditions for biotic activities for SOC accumulation and utilization [13]. The highest amount of SOC under agroforestry L compared to agroforestry M could be ascribed to differences in species. Additionally, the difference could be due to the ability of agroforestry L to fix nitrogen that aids in building SOC [16]. Compared to grazing land, agroforestry has huge potential to store SOC [1,16].




3.4. Soil Organic Carbon Stock in Different Land Utilization Types and Depths


The SOC stock across the different LUTs and depths ranged between 1283.4 and 27,057 kg C ha−1. The SOC stock differed significantly (p < 0.0001) at the 0–5 cm depth. The variation was between 6313.2 and 20,069.7 kg C ha−1 (Figure 3). A significant difference (p < 0.0001) in SOC was also observed at the 5–10 cm depth ranging between 5411 and 17,258 kg C ha−1. At the 10–20 cm depth, the SOC stock varied significantly (p < 0.0001) across the LUTs with a range from 1283 to 26,913 kg C ha−1. Additionally, the SOC stock differed (p < 0.0001) significantly at the 20–30 cm depth. A high amount of SOC stock was observed under agroforestry L (26,913.1 kg Cha−1) and the lowest under sole maize (1283.47 kg C ha−1) at the 20–30 cm depth. Compared to all LUTs, agroforestry L had the highest carbon stock. The lowest SOC stock was detected under sole maize (Figure 4). Carbon stock increased with depths across the LUTs, except in agroforestry L (Figure 3). The SOC stock under agroforestry L increased from 0–5 to 5–10 cm and decreased from 10–20 to 20–30 cm. The variability of the SOC stock differed significantly (p < 0.00001) across LUTs. The estimated SOC stock between the LUTs was from 16,631 to 85,287 kg Cha−1 (Figure 4).



There was a significant difference in the SOC stock under different LUTs. These results agree with previous findings in the study area by Henry et al. [35] and Sommer et al. [8]. The SOC stock decreased with increasing depth in agroforestry M, sole sorghum, grazing land, and sole maize, consistent with the findings of Kadiri et al. [33] and Rahman et al. [22]. The results also agreed with those of Votuporanga city, São Paulo, Brazil [36], where a decreasing SOC stock with increasing depth was reported. Conversely, agroforestry L did not follow the trend due to low stock at the 0–5 cm depth compared to the 5–10, 10–20, and 20–30 cm depths. Silveira et al. corroborated the high carbon under grazing land [14]. This could be attributed to the continuous grass-root turnover favoring carbon accumulation [36]. However, some studies, such as Sheng et al. [12] and Qiu et al. [13], reported contrary results. Qiu et al. (2013) found a carbon stock loss under grazed lands. In addition, Abegaz et al. [2] reported low carbon under grazing land compared to croplands.



Soils in agroforestry L showed a significantly higher SOC stock than all LUTs in this study due to the continuous supply of N by Leucaena leucocephala. These results are consistent with those of other studies conducted in SSA [16,34]. Corbeels et al. [16] also showed a high carbon stock under agroforestry systems. The addition of leaf litter residue from Leucaena leucocephala increased nitrogen in soil compartments, which increased SOC stock by increasing microbial decomposition of labile organic matter [30]. Root exudates and faunal bioturbation could have significantly increased SOC stock accumulation [16]. The difference in SOC accumulation under the two agroforestry (agroforestry L and agroforestry M) LUTs could be attributed to the difference in tree species. While agroforestry L is a leguminous plant, agroforestry M is non-leguminous, hence the difference in nitrogen levels that plays a fundamental role in building up SOC [22].



Soils in croplands are characterized by low nutrients coupled with degradation [11,37] due to low nutrient replenishment [5]. Sole maize and sole sorghum had low nutrient replenishment due to frequent cultivation, leading to soil aggregate disintegration and exposing the available carbon to the atmosphere. Additionally, cultivation could have accelerated weathering and SOC oxidation [27], therefore reducing organic matter inputs to the soil and affecting the SOC stock levels [5,8]. Researchers have reported a low carbon stock under croplands in Western Kenya [8,35]. Additionally, crop biomass removal during harvesting could be a fundamental reason for the low SOC stock under sole maize and sole sorghum. The N fertilization during the vegetative state of plants could have led to a reduction in SOC stock. Bungau et al. [38] reported that N fertilization leads to a reduction in carbon. Continuous chemical fertilization leads to drastic changes in SOC [38]. Low SOC stock could have also occurred due to pest damage coupled with the decomposition of plant fragments, which could have aggravated the loss of carbon through a heterotrophic process at the expense of terrestrial carbon inputs [4].



Soil carbon is influenced by the soil microclimate, which may change in weeks or seasons and on a decadal scale. The change in soil moisture and temperature (climatic factors) also impacts SOC pools [12]. Additionally, change in soil microclimate impacts soil enzymes such as C-degrading [38]. Additionally, texture controls the amount of SOC in soils. The amount of clay and silts determines the factor between gains and losses of SOC stock [18]. The microbial abundance, soil moisture, and temperature control carbon stock storage. Although there were no data on soil microclimate, its effect could have led to a change in the SOC stock across LUTs and depths.




3.5. Percentage Distribution of SOC at Different Depths and Land Utilization Types


The percentage distribution of the SOC stock was high under all LUTs at the 0–5 cm depth, except agroforestry L (Figure 5). The order of carbon distribution at the 0–5 cm depth is agroforestry L < grazing land < agroforestry M < sole sorghum < sole maize. A high SOC stock percentage was observed at the 20–30 cm depth under agroforestry L compared to all the LUTs. Sole maize had the highest carbon stock distribution (37.96%) at the 0–5 cm depth. At the 5–10 cm depth, the percentage distribution ranged between 32.5 and 18.6%. Sole maize had a high percentage at this depth compared to all LUTs. The range of carbon at the 10–20 cm depth varied between 31.7% and 21.8%. Across the LUTs, the carbon distribution decreased with increasing depth under sole maize and sole sorghum. In contrast, the percentage SOC stock distribution in agroforestry L increased with increasing depth (0–20 cm) (Figure 5).



The SOC stock distribution exhibited significant differences across the different LUTs and depths. Compared to all LUTs, agroforestry L had the lowest SOC stock distribution at the 0–5 cm depth and a high SOC stock at the 20–30 cm depth. The variation could be ascribed to the high root density that increases micropores [39], aiding the percolation of SOC in the form of DOC to deeper depths due to high faunal activities. The difference in SOC stock in the two agroforestry LUTs could be ascribed to the difference in rooting systems that aid in SOC accumulation [16]. The high SOC distribution at the upper depths under sole maize, sole sorghum, and grazing land could have occurred due to the relatively huge amounts of organic matter than at the deeper depths [33]. Additionally, increased mineralization by soil biota could have contributed to a huge SOC concentration at the upper layers [40].




3.6. Correlation between Soil Bulk Density and SOC Concentration


Except under grazing land, soil bulk density correlated negatively with SOC across the LUTs (Table 2). The correlation between soil bulk density and SOC content significantly correlated positively (p = 0.0001) with grazing land and negatively (p = 0.0003) with agroforestry M.



The SOC concentration showed a negative correlation with soil bulk density since soil porosity is a measure of soil productivity, a function of SOM; thus, an increase in SOC leads to a reduction in soil bulk density. Similarly, the amount of SOC determines the availability of micropores in soils [29], affecting soil bulk density. Therefore, a huge amount of SOC results in high porosity and low soil bulk density [41]. These results agree with those of Rahman et al. [22], who reported a negative correlation of SOC with the soil bulk density. Blanco-Canqui et al. [42] reported similar results despite the difference in the texture of soils. Compaction in grazing land by animal trampling could have reduced the cycling of labile carbon in soils after enrichment with animal droppings. Additionally, there could have been a low percolation of DOC, hence the low concentration of SOC with increasing bulk density [43]. The results from grazing land are in accord with those of Zhang et al. [44], who reported a negative correction of SOC with soil bulk density.



The study demonstrated that LUTs influence SOC storage. The short time during which the study was conducted could have limited the influence of treatments on soil physicochemical properties. The benefits of agroforestry systems on carbon inputs could be more evident at a certain time scale. Nonetheless, the study fills a data gap in the contribution of smallholder farms’ LUTs to carbon dynamics.





4. Conclusions


In line with the hypothesis, the study showed that soil organic carbon and bulk density varied across land utilization types and depths. Greater SOC stocks were detected under agroforestry L and grazing land. In conclusion, the type of agroforestry systems adversely affects SOC accumulation. The variability of SOC stock across the LUTs highlights a possibility of increasing carbon inputs by practicing sustainable agriculture, such as agroforestry with Leucaena sp. that helps build carbon in soils. The soil bulk density significantly influences the variations in SOC stock. The variability of soil bulk density showed a significant influence on SOC stock storage across the LUTs. The negative correlation between the SOC and soil bulk density depicts a strong impact of soil bulk density on the SOC stock. Therefore, there is a need to monitor soil organic carbon through quantification to inform carbon dynamics. The diversity of land utilization types in Western Kenya causes soil organic carbon stocks variability. The study revealed the possibility of improving soil productivity by practicing agroforestry. Therefore, smallholder farmers are encouraged to practice agroforestry systems. Future studies should consider the influence of other factors, such as soil structure, pH, and N on SOC storage.
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Figure 1. Soil bulk density in different land utilization types (Agroforestry M = Agroforestry with Markhamia luteai; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) at different depths in Siaya County, Kenya (p ≤ 0.05). 
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Figure 2. Soil organic carbon (SOC) g C kg−1 in different land utilization types (Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) at different depths in Siaya County, Kenya (p ≤ 0.05). 
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Figure 3. Soil organic carbon (SOC) stock in g kg−1 of soil under different land utilization types (Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) at different depths in Siaya County, Kenya (p ≤ 0.05). 
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Figure 4. Soil organic carbon stock (SOC) stock in different land utilization types (Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) at 0 to 30 cm depth in Siaya County, Kenya (p ≤ 0.05). 
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Figure 5. Percentage distribution of SOC stock in different land utilization types (Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) at different depths in Siaya County, Kenya. 
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Table 1. Soil texture (loam) in different land utilization types of the Alego-Usonga sub-county.
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	LUT 1
	Sand (%)
	Clay (%)
	Silt (%)





	Agroforestry M
	47
	18
	34



	Sole sorghum
	48
	15
	37



	Agroforestry L
	46
	18
	36



	Sole Maize
	52
	18
	30



	Grazing land
	50
	18
	32







1 LUT = land utilization types; Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land.
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Table 2. Relationships between soil bulk density and SOC under different land utilization types.
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	LUTs
	Coefficient
	p-Value





	Agroforestry M
	−0.868 **
	0.0003



	Sole sorghum
	−0.138
	0.7



	Agroforestry L
	−0.140
	0.7



	Sole Maize
	−0.274
	0.4



	Grazing land
	0.900 **
	0.0001







** represents a significant correlation at p < 0.01. LUTs = Land utilization types (Agroforestry M = Agroforestry with Markhamia lutea; sole sorghum; Agroforestry L = Agroforestry with Leucaena leucocephala; sole maize; and grazing land) in Siaya County, Kenya.
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