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Abstract
1.	 Land degradation is a major threat to food security in Sub Saharan Africa. Low 

infiltration rates in degraded soils increase the risk of surface runoff and decrease 
soil and groundwater recharge, resulting in further loss of soil fertility, water scar-
city and crop failure. Increasing woody vegetation typically enhances soil infiltra-
bility but little is known about how species may have differential effects on the 
soil hydrological properties. The aim of this study is to understand how woody 
vegetation and its functional properties affect soil fertility and infiltrability.

2.	 We measured field-saturated soil hydraulic conductivity (Kfs) and soil organic 
carbon (SOC) in 38 plots across agricultural landscapes in Muminji, Kenya. 
Woody vegetation and land use inventories took place and species functional 
traits were measured on the 63 most abundant species. We systematically 
tested the effects of vegetation quantity (aboveground woody biomass and veg-
etation cover) and quality (functional properties and diversity) on soil health (Kfs 
as a proxy for soil infiltrability and SOC for soil fertility).

3.	 We found that both vegetation quantity and quality affected soil health. 
Aboveground woody biomass increased the Kfs and we found a nearly signifi-
cant positive effect of vegetation cover on SOC. Woody plants with a low leaf 
thickness positively affected Kfs and a nearly significant negative effect of wood 
moisture content on SOC was found.

4.	 Synthesis and applications. This study demonstrates that the systematic assess-
ment of vegetation can lead to evidence-based recommendations to guide land 
restoration. We found that avoiding bare soil and promoting woody plants, while 
favouring species with thin leaves and avoiding species with a very low wood 
density and water storage strategy, is beneficial for soil health across agricul-
tural landscapes in East African drylands.
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agricultural landscapes, degradation, East Africa, functional traits, Kenya, restoration, soil 
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1  |  INTRODUC TION

Land degradation threatens the food security of 2.6 billion people 
worldwide (Fleitmann et al.,  2007; Jie et al.,  2002) and it may in-
volve an increased bulk density, a reduced soil infiltrability and low 
C and N concentrations (cf. Nyberg et al., 2012). Land degradation 
in general (Sanchez, 2002), and reduced soil infiltrability specifically 
(Falkenmark & Rockström,  2008), is a major cause of crop failure 
on farms in the degradation-prone drylands of Sub-Saharan Africa. 
Low infiltration rates decrease soil and groundwater recharge and 
increase surface runoff and erosion severity (cf. Recha et al., 2012), 
which negatively impacts food and water security. This problem 
is expected to exacerbate with climate change as the frequency 
of heavy precipitation is projected to increase over East Africa 
(Seneviratne et al., 2012). To adapt to climate change, there is a great 
need to restore degraded land through improving soil hydrological 
functioning. In addition, soil organic carbon (SOC) plays a major role 
in mitigating climate change (Sommer & Bossio,  2014). This study 
aims to understand how vegetation affects soil infiltrability and SOC 
and to evaluate the extent to which tree species can be selected to 
restore soil hydrological functioning in agricultural landscapes based 
on their functional properties.

Trees can enhance soil infiltrability in two ways. First, trees in-
crease the SOC content (Bayala et al., 2006; Lohbeck et al., 2018), 
which improves soil structure and aggregation, and ultimately can 
increase soil infiltrability (Lado et al.,  2004). Second, trees may 
positively affect soil macrofauna abundance and richness due to 
improved microclimate and soil organic matter content (Zhao & 
Liu, 2013), and the presence of tree roots and tree-associated soil 
macrofauna can enhance macropore preferential flow, resulting in 
a faster flow of water through the soil (Bargués Tobella et al., 2014; 
Léonard et al., 2004; Marquart et al., 2020).

The increase in infiltrability after tree planting differs between 
species (Malmer et al.,  2010) but little is known about the mech-
anisms. Here, we will test whether woody plant functional traits, 
which are indicators of plant functional strategies, affect soil in-
filtrability and SOC. This knowledge is fundamental to be able to 
select species with desired properties for restoring ecosystem 
functionality (e.g. Laughlin, 2014). Functional strategies can be sim-
plified along the acquisitive-conservative axis, which indicates the 
resource-use strategy of species, including the use of water, and has 
consequences for effects on soil health indicators (Díaz et al., 2004; 
Reich, 2014). Species with a conservative resource-use strategy are 
found on one end of the spectrum, these have low growth rates, high 
investment in long-lived tissues (Wigley et al., 2016) and tend to slow 
down decomposition, thereby promoting SOC (de Deyn et al., 2008). 
Conservative species are less vulnerable to cavitation, hence can 
tolerate negative leaf water potentials, making them drought tol-
erant (Bucci et al., 2004; Markesteijn et al., 2011). Species with an 
acquisitive strategy, found at the other end of the spectrum, grow 
fast, have short-lived tissues and tend to increase decomposition 
rates and soil macrofauna abundances (cf. Frouz et al., 2013; Pérez-
Harguindeguy et al., 2000). They also increase carbon sequestration 

by maintaining high primary productivity, often accompanied by 
nitrogen fixation, and by enhancing soil macrofauna abundances 
and microbial activity which could play an important role in SOC 
stabilization (Bossuyt et al.,  2005; Frouz et al.,  2013). Acquisitive 
species may be able to cope with drought by having deeper root-
ing systems, shedding leaves in the dry season and storing water in 
the stem (Bucci et al., 2004; Pineda-García et al., 2013; Poorter & 
Markesteijn, 2008). Besides the functional traits of individual plants, 
the diversity of the community affects ecosystem functioning (Díaz 
& Cabido, 2001). Plant functional diversity and plant species rich-
ness can positively influence soil infiltrability and SOC by enhanc-
ing soil macrofauna diversity (Schuldt et al., 2019), microbial activity 
(Prommer et al., 2020) and erosion resistance (Wen et al., 2021).

This study was conducted in an agriculture-dominated landscape 
in the drylands of East Africa, where water is the most critical limiting 
resource for plant growth, poverty is widespread and climate change 
poses a threat to people's livelihoods (de Leeuw et al., 2014; Ringler 
et al., 2010). A systematic landscape-level assessment of soil health 
(field-saturated soil hydraulic conductivity (Kfs) and SOC), vegetation 
properties, land use and soil properties was conducted for 38 plots 
in Muminji, Kenya. 14 plant functional traits were selected based on 
their relevance for water-use strategies and effects on SOC and Kfs 
(Table S1) and measured for the 63 most abundant tree species. As 
macropore preferential flow decreases with distance from trees (cf. 
Bargués Tobella et al.,  2014; Dunkerley, 2000), vegetation effects 
were assessed at two spatial scales, to evaluate whether a smaller 
scale yields stronger effects of woody plants on soil infiltrability. We 
hypothesized that (1) aboveground woody biomass and vegetation 
cover increase Kfs and SOC, (2) abundance of plant functional traits 
related to an acquisitive strategy increase Kfs and SOC, (3) plant 
functional diversity and species richness increase Kfs and SOC, and 
(4) effects of the vegetation on Kfs are stronger at the smaller scale.

2  |  MATERIAL S AND METHODS

2.1  |  Study site

The study took place in a mosaic agricultural landscape in Muminji, 
Embu district, south-east of Mount Kenya, Kenya (Figure  1). A 
research licence was granted by the National Commission for 
Science, Technology and Innovation to conduct research in Kenya: 
NACOSTI/P/19/57548/30577. Muminji has an average elevation of 
1110 m, an average annual precipitation of 1120 mm, with two rainy 
seasons from March until May and October until December, and an 
average temperature of 18.6–21.6°C (en.clima​te-data.org). No rainfall 
was recorded during fieldwork, which took place between June and 
August. The natural vegetation is dominated by the dry-combretum-
wooded-grassland vegetation type (van Breugel et al., 2015) in which 
various broad-leaved Combretum species are associated with larger-
leaved species of Terminalia (Kindt et al., 2015). Smallholder farmers 
grow crops (e.g. corn, beans, sorghum, cowpea) and economically valu-
able tree and shrub species (e.g. khat, mango, papaya, citrus, avocado).
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2.2  |  Sampling framework

Data collection was based on an adjusted version of the 
Land Degradation Surveillance Framework (LDSF; Vågen & 
Winowiecki,  2020). The LDSF framework is built around a hierar-
chical field survey and sampling protocol. About half of the LDSF 
plots in Muminji site, which is 10 × 10 km in size, are cultivated, the 
other half is fallow land or woodland used for grazing (Winowiecki & 
Vågen, 2019). The site consisted of fifteen 1 km2 sampling clusters, 
and in each cluster one to three plots have been sampled for vegeta-
tion properties, soil properties and land use scores. We used a strati-
fied random sampling design: the site was divided into 2.5 × 2.5 km 
tiles; the centre point for each cluster within each of the tiles was 
randomized; and plots were randomly located within the clusters to 
represent existing variation in topography, land use and vegetation. 
This resulted in a total of 38 plots 452 m2 in size (12 m radius). At 
the centre of each plot, there was a 100 m2 (5.64 m radius) subplot 
(Figure 1). We used both the plots and the subplots as the unit of 

analysis in this study, and its comparison served to assess the effect 
of spatial scale.

2.3  |  Land use practices

For each plot, the impact of agriculture and impact of grazing was 
visually assessed from 0 (no impact) to 3 (severe impact). Although 
this method has some subjectivity, the assessment was done by 
the same people for all plots to ensure consistent scoring (Lohbeck 
et al., 2020).

2.4  |  Soil health and inherent soil properties

Soil health, indicated by SOC and Kfs, is influenced by land use, 
vegetation properties and inherent soil properties (Bruns, 2014). 
Sand and clay content are indicators of inherent soil properties 

F I G U R E  1  Location of the 10 × 10 km study site and the 38 plots. Each plot has a radius of 12 m and has one subplot in the middle with a 
radius of 5.64 m.
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that influence vegetation properties but are not influenced by 
management. These were considered to statistically control for 
differences in soil inherent properties and to allow making infer-
ences about management. Since Kfs can be affected by SOC (Lado 
et al., 2004), SOC was as well included in the analysis as a variable 
explaining Kfs.

Composite soil samples were analysed to estimate SOC (g/kg), 
sand content (%) and clay content (%). One topsoil (0–20 cm) sam-
ple was collected from the centre of the subplot and plot and three 
topsoil samples were collected from three locations at the edge of 
the plot and mixed to form a composite topsoil sample for each 
plot. SOC, sand content and clay content were measured using 
wet chemistry on 10% of the samples, which were considered 
reference samples. We made use of calibration models that were 
developed to predict soil properties of the remaining samples with 
Mid-Infrared (MIR) spectroscopy using the ICRAF pan-African 
MIR spectral library (Vågen et al.,  2013; Vågen et al.,  2016). 
Midinfrared spectroscopy (MIRS) is becoming a well-established 
cost-effective method for predicting soil properties (cf. Madari 
et al.,  2006; Reeves III et al.,  2006; Vågen & Winowiecki,  2013; 
Vågen et al.,  2016). Topsoil field-saturated hydraulic conductiv-
ity (Kfs) was estimated from infiltration measurements (Nimmo 
et al.,  2009) in the centre of each (sub)plot (Figure  1) using a 
single-ring infiltrometer (Bouwer, 1986). For detailed methods see 
Appendix S1.

2.5  |  Biomass estimations and vegetation cover

All woody plants (height ≥1.50 m) in all plots and subplots were 
identified and measured. Additionally, all specimens of Catha edu-
lis were included, even if they did not reach 1.50 m, as this species 
is commonly cultivated and pruned to maintain a height of 1.10 to 
1.70 m. The aboveground biomass of trees was calculated using 
the formula established by Chave et al. (2005), based on the diam-
eter at breast height, height and wood density. The aboveground 
biomass of shrubs was calculated using the formula established by 
Conti et al. (2013), based on crown area, height and wood density. 
Single-stem species were treated as trees and multi-stem species 
as shrubs.

The canopy density was measured using a spherical densiome-
ter along two linear transects of 24 meter crossing the plot and the 
subplot, in which measurements were taken every 4 m along each 
transect. This resulted in thirteen measurements per plot and five 
per subplot, from which the average canopy closure was calculated 
for each plot and subplot.

The distance (m) between the nearest woody plant 
(height ≥ 1.50 m) and the infiltration measurement was recorded to 
test the effect of the distance to the nearest woody plant on Kfs.

The herbaceous cover (herbs and grasses) for each plot 
and subplot was estimated using a Braun–Blanquet vegeta-
tion rating scale that ranges from 0 (bare soil) to 5 (>65% cover; 
Braun-Blanquet, 1932).

2.6  |  Functional traits

A total of 2422 trees and shrubs belonging to 146 different spe-
cies were identified across the 38 plots. 14 functional leaf- and 
wood traits were selected based on their known importance for 
the acquisitive-conservative spectrum, for water-use strategies and 
their effects on soil properties (Table S1). Traits were measured fol-
lowing standardized protocols (Pérez-Harguindeguy et al.,  2013), 
detailed methods on functional traits measurements are presented 
in Appendix S2. Traits were measured on 63 species that made up at 
least 80% of the relative woody biomass for each plot and subplot, 
which is considered representative for the community (Pakeman & 
Quested, 2007). From the 63 selected species, 60 were identified 
to species level, Euphorbia spp. and Diospyros spp. to genus level, 
and one species (“Murekethaitigo”) was identified with a local name. 
Five individuals per species were measured for each trait: this is the 
minimum number recommended for functional traits measurements 
(Pérez-Harguindeguy et al.,  2013). Individuals for traits measure-
ments were selected randomly across the study site and grew under 
a range of conditions. The trait variation between and within species 
is visualized in Figure S2.

2.7  |  Community-level functional 
properties and diversity

Species-level functional traits of the woody species were scaled to 
plot- and subplot level by calculating the community weighted mean 
(CWM) values. The community weighted mean represents the mean 
of trait values in the community, where each species in the commu-
nity is weighted by its relative biomass in that plot (Díaz et al., 2007). 
In addition to CWMs for each of the traits, we also calculated CWMs 
based on the species scores on the principal components 1 and 2 as 
indicators of functional strategies. Functional diversity (multidimen-
sional; including all traits) per plot and subplot was calculated using 
Rao's quadratic entropy (Botta-Dukát, 2005). Functional properties 
were calculated at the plot and the subplot level using the R pack-
age “FD” (Laliberté et al., 2014). Species richness was obtained by 
counting the number of woody plant species (≥1.50 m high) in each 
plot and subplot.

2.8  |  Statistical analysis

A principal component analysis was carried out on species (63) and 
their functional traits (14) to assess functional strategies and trade-
offs. 120 out of 882 trait values were missing (Appendix S3), these 
were estimated using the impute function in Hmisc package (Harrell 
Jr.,  2021). A varimax rotation was applied to the PCA to enhance 
interpretation of the principal components.

Multiple linear regressions were used (R package stats, R Core 
Team,  2020) to systematically test for the effects of inherent soil 
properties, SOC (only for Kfs), land use, vegetation quantity, CWMs 
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of functional traits and diversity on Kfs and on SOC across the plots. 
Plots or subplots were used as the unit of replication (N  =  38). 
Community weighted means of functional traits and functional di-
versity (RaoQ) were only available for 37 plots.

We used alternative models that represent increased complex-
ity: the simplest model included soil inherent properties (model 1), 
SOC (only for Kfs) (model 2), after which land use practices (model 3), 
herbaceous cover (model 4), woody vegetation quantities (model 5), 
CWMs of functional traits (model 6) and diversity variables (model 
7) were added in a stepwise approach (Díaz et al., 2007). For each 
of the variable groups, several indicator variables were added one 
by one, representing alternative models. This resulted in a total of 
27 alternative models for Kfs plot level and subplot level and 25 al-
ternative models for SOC (Table S2). The optimal model for each soil 
health variable was selected based on Akaike information criterion 
(AICc; Burnham & Anderson, 2002). When AIC between models did 
not differ significantly (ΔAICc <2), the model with the highest R2 
was chosen (Nakagawa & Schielzeth, 2013). As we only had vegeta-
tion trait data for 34 replicates (model 6 and 7) at the subplot level, 
the comparison was made using the same subset of observations 
at the subplot and plot level for Kfs. Statistical analyses were per-
formed in R version 4.0.1 (R Core Team, 2020).

3  |  RESULTS

3.1  |  Principal component analysis

Dimension 1 and 2 of the PCA explained 56.7% of the variation in 
14 functional traits across 63 species (Figure 2). Dimension 1 can be 
defined as the drought tolerance-avoidance spectrum characterized 

by drought avoidant, (partly) deciduous species with high specific 
leaf area, high wood moisture content at the left side of the spec-
trum (negative values) and drought tolerant species with more nega-
tive midday leaf water potentials, high wood density, and high leaf 
dry matter content at the right side of the spectrum (positive val-
ues). Dimension 2 can be defined as the acquisitive to conservative 
resource-use spectrum with acquisitive species with a high specific 
leaf area, smooth bark, thin and soft leaves at the upper part of the 
spectrum (positive values), and conservative species with a low spe-
cific leaf area, rough bark, thick and though leaves at the lower part 
of the spectrum (negative values).

3.2  |  Optimal models explaining Kfs and SOC

The best model for Kfs was at plot level. Kfs increased with above-
ground woody biomass and impact of agriculture and decreased 
with community-weighted mean of leaf thickness. Sand content and 
species richness had a nearly significant positive effect and herb 
cover and SOC did not affect Kfs (Figure 3a and Figure S3).

The most important factor predicting SOC was sand content, 
where SOC significantly decreased with sand content. The proxies 
for vegetation quantity in the optimal model, which are herb cover 
and canopy density, were not significant but showed a nearly signif-
icant positive trend. The community weighted mean of wood mois-
ture content had a nearly significant negative effect on SOC. Land 
use did not affect SOC (Figure 3b and Figure S4).

See Table S3 for the fixed-effects statistics for the optimal mod-
els explaining Kfs and SOC and Table S4 for summary statistics of 
the five best alternative models for Kfs at plot level, Kfs at subplot 
level and SOC.

F I G U R E  2  Principal Component 
Analysis separating all species (N = 63) 
based on their functional traits (N = 14).
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4  |  DISCUSSION

4.1  |  Tree resource-use and water-use strategies

The principal component analysis showed that the water-use spec-
trum was partially related to the acquisitive- conservative resource-
use spectrum, which coincides with previous findings (Poorter & 
Markesteijn, 2008; Reich, 2014). The PCA shows that conservative 
traits like high wood density, high leaf dry matter content, tough 
leaves and being evergreen are related to the ability to withstand 
low midday leaf water potentials (Figure  2) and thus to drought 
tolerance (Markesteijn et al.,  2011). The PCA also shows that ac-
quisitive traits like high specific leaf area, low wood density and soft 
leaves are related to deciduousness and thus to drought avoidance 
(Figure 2). Water storage is another drought coping mechanism that 
was identified and is related to a high wood moisture content, low 
wood density and the ability to maintain stable leaf water potentials 
(Figure 2). These species can take up large amounts of water under 
wet circumstances (Pineda-García et al., 2016) and have water stor-
age as a drought survival mechanism (Pineda-García et al.,  2013). 
A fourth mechanism, water exploitation, is characterized by thick 
leaves and high predawn leaf water potentials (Figure  2). Their 
drought survival strategy depends on deep rooting systems, as in-
dicated by the less negative predawn leaf water potentials (Pérez-
Harguindeguy et al., 2013).

4.2  |  Effect of vegetation quantity

We showed that after controlling for soil inherent properties (sand 
content), both soil infiltrability and SOC are affected by vegeta-
tion quantity, which supports that increasing tree cover is suitable 
for restoring soil health. Kfs increased with aboveground woody 
biomass (Figure 3a), which corresponds with earlier findings where 
the presence of trees positively affected soil infiltrability (Bargués 
Tobella et al.,  2014; Bonnesoeur et al.,  2019; Ilstedt et al.,  2007). 
Aboveground biomass is strongly related to the belowground root 
biomass (Cheng & Niklas, 2007). We hypothesized that the positive 
effect of vegetation on soil infiltrability could be caused either by 

increased aggregate stability due to enhanced SOC content (Lado 
et al.,  2004; Lohbeck et al.,  2018), or by increased preferential 
flow along channels created by roots and tree-associated soil mac-
rofauna (Bargués Tobella et al.,  2014; Dunkerley,  2000; Marquart 
et al., 2020). As SOC did not have an effect in the optimal infiltration-
model, probably macropores from root channels and tree-associated 
soil macrofauna play a key role in explaining our result (Marquart 
et al., 2020).

The optimal SOC model showed weak positive effects of 
herb cover and canopy density, after controlling for sand content 
(Figure 3b). Vegetation cover reduces the rainfall impact on the soil, 
thereby reducing soil erosion and runoff which may prevent losses 
of organic carbon (cf. Breshears et al., 2009; Lohbeck et al., 2018). 
A positive effect of aboveground woody biomass on SOC was ex-
pected (cf. Bayala et al., 2006; Lohbeck et al., 2018) but did not play 
a role in the optimal SOC-model.

4.3  |  Effect of vegetation quality

Soil infiltrability was best explained by the most complex model 
at plot-level which included both vegetation quantity and veg-
etation quality variables. Kfs increases with the abundance of 
thin-leaved woody plants, indicating an acquisitive functional 
strategy, which was in line with our expectation (Figure 3a). We 
argued the positive influence of acquisitive traits on soil infiltrabil-
ity would be caused by an increase in soil macrofauna abundance 
due to the presence of a high litter quality. Acquisitive leaf traits 
(high SLA, low toughness and thickness) are strongly related to 
a low leaf C:N ratio, which increases litter decomposition rates 
(Bakker et al., 2011; Pérez-Harguindeguy et al., 2000) and earth-
worm abundance (Frouz et al.,  2013). As earthworm abundance 
enhances soil macroporosity it is expected earthworms positively 
affect soil infiltrability (van Schaik et al., 2014). However, further 
experimental research is needed to confirm the causality of the 
relation between thin leaves, earthworm abundance, macroporos-
ity and soil infiltrability. Earthworm casts are known to increase 
SOC and aggregate stability, further improving soil structure and 
soil infiltrability (Bossuyt et al., 2005; Frouz et al., 2013). However, 

F I G U R E  3  Effect sizes of variables 
in the optimal models explaining Kfs and 
SOC. Given are the standardized beta 
for each variable (point) and the 95% 
confidence intervals. Vegetation quantity, 
CWM traits and diversity are woody 
vegetation variables.
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SOC did not have an effect in the optimal model for steady-state 
soil infiltrability. Possibly, the effect of earthworms is restricted 
to burrows and does not influence the surrounding soil (cf. Don 
et al., 2008). Alternatively, the increased stabilization of SOC by 
soil macrofauna at low C:N litter ratio could be counteracted by 
the increased decomposition rate at a low C:N litter ratio reducing 
the SOC content (Mueller et al., 2015).

We hypothesized that plant diversity would increase macrofauna 
abundances, through niche differentiation, and thereby positively 
affect soil infiltrability (Schuldt et al., 2019). Although the optimal 
model explaining Kfs indeed showed a weak positive effect of spe-
cies richness (Figure  3a), the effect of community-weighted trait 
means were more important than diversity-effects. This is in line 
with the review of Korboulewsky et al. (2016) who show that soil or-
ganism abundance and diversity is strongly affected by the presence 
of certain tree species rather than their diversity and coincides with 
the ‘mass ratio hypothesis’ (Grime, 1998), stating that trait values of 
the dominant species have a disproportional effect on ecosystem 
processes.

The optimal model for SOC showed a weak negative effect of 
wood moisture content (Figure 3b). A high wood moisture content is 
related to species that store water in their stem and have a low wood 
density (Figure  2). It could be argued the negative trend of wood 
moisture content on SOC is related to an increased carbon miner-
alization due to a high litter quality and moisture content, similar to 
what Mori et al. (2014) found for low wood densities and high water 
permeability, which may reduce SOC (Lin et al., 2016). Alternatively, 
wood moisture content might be related to specific root traits reduc-
ing SOC stabilization (Poirier et al., 2018). Root traits, such as root 
C:N ratio and fine root distribution are expected to play a key role 
in explaining how trees influence soil properties (Hao et al., 2020; 
Poirier et al., 2018) and were not measured in this study, further re-
search is needed to clarify the relation between root traits, SOC and 
soil infiltrability.

Our study demonstrates that functional properties of the vege-
tation have an effect on soil health. Species with thin leaves, which 
is related to both drought avoidance (semi-deciduous) and drought 
tolerance strategies (Figure  2), enhanced soil infiltrability. Species 
with a high wood moisture content, which is related to the water 
storage strategy and a low wood density (Figure 2), reduced SOC. 
Our results suggest that promoting woody plants with thin leaves, 
thereby avoiding species with a very low wood density and water 
storage strategy, may benefit overall soil health.

4.4  |  Effect of land use

The optimal model explaining Kfs included the land use variable im-
pact of agriculture. Kfs increases with the impact of agricultural prac-
tices (Figure 3a), which may point to the practice of tillage. Soil tillage 
can increase porosity and decrease bulk density, thereby increasing 
infiltration rates (Amami et al., 2021). However, soil tillage may also 
decrease SOC and aggregate stability which negatively affects soil 

infiltrability (Sithole et al., 2019). In this study however, we found no 
significant effect of land use on SOC (Figure 3b).

4.5  |  Effect of scale

Unexpectedly, Kfs was better explained at plot level (452 m2) than 
at subplot level (100 m2). Previous studies found that vegetation ef-
fects on soil infiltrability decreases with distance from woody plants 
(Bargués Tobella et al.,  2014; Dunkerley,  2000). A possible expla-
nation is that our subplots may have been too small (100 m2) and 
that the effect on steady-state soil infiltrability is better expressed 
at the somewhat larger (452 m2) plot-scale. This matters for restora-
tion planning as the relatively large scale at which trees improve soil 
infiltration gives opportunities for agroforestry design in which light 
and water competition with crops is limited by optimal spacing of 
trees. Future research should further study optimal tree spacing by 
including more varied scales of analysis or a continuous gradient of 
distance to trees.

4.6  |  Implications for restoration of soil health 
across agricultural landscapes

Entering the UN decade on ecosystem restoration, there is a great 
need for evidence-based restoration solutions. The drylands of Sub-
Saharan Africa are much affected by land degradation, causing crop 
failure and food insecurity. This study emphasizes the importance 
of woody and non-woody vegetation quantity and quality for soil 
health. Since farmers directly depend on healthy soils to sustain 
their livelihoods, our results may guide management and tree spe-
cies selection in agricultural landscapes. To increase soil infiltrability 
and SOC, we recommend farmers in Kenyan drylands to avoid bare 
soil and promote trees on their farms (i.e. agroforestry), specifically 
those with thin leaves, while avoiding trees that store water in the 
stems.
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