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Arid and semi-arid lands (ASALS) are prone to relatively high vegetation and general environmental
degradation including soils. Conservation agriculture with trees presents an opportunity to reduce such
degradation and enhance soil characteristics-therefore redressing dryland challenges of low
productivity- despite its low adoption. The study assessed the soil physical and chemical properties
differences for conservation agriculture with trees (CAWT) and conventional tillage from a Kenyan dry
land context. We used split plot design arranged in randomized complete block with two farming/tillage
systems (conventional and conservation agriculture) as the main blocks, 10 treatments and three
replicates. Three multipurpose leguminous shrub species (Calliandra calothyrsus, Cajanas cajan and
Gliricidia sepium) were planted in three different spacing at project inception in 2012 (1.5x1 m, 3x1 m,
4.5x1 m) for maize-legume intercrops. Soil samples were taken from 0-30 cm depth and analyzed for
selected physical and chemical characteristics. The data was statistically analyzed using ANOVA and
means separated using LSD at p <0.05. We find significant moisture increment under conservation
agriculture with trees with sole conservation agriculture retaining more moisture than sole conventional
agriculture without trees (31.56 and 26.54% vol., respectively, p <0.001). Nitrogen, organic carbon,
sodium and potassium are also found to be higher under conservation agriculture. Cation exchange
capacity was significantly (p = 0.003) higher (14.372 cmolc/kg) in conventional agriculture than in
conservation agriculture (12.718cmolc/kg), and strongly correlated with clay content (r=+0.869). High
salinity is also depicted for conventional farming as a result of high Electrical conductivity (CA= 0.541
dS m-1 and COA= 0.063 dS m-1). The results show that conservation farming with integration of trees
enhances soil properties in ASAL areas.

Key words: Conservation agriculture, multipurpose shrubs, soil fertility, conventional tillage, agroforestry,
climate smart agriculture.
INTRODUCTION

Agroforestry systems as sustainable land use alternatives those that are beneficial to soil and enhance the
tend to imitate natural system characteristics especially wellbeing thereof (Tornquist et al., 1999; Carsan et al.,
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2014; Coe et al., 2014). In fact, the potential of
agroforestry systems as a means of achieving
sustainable land use has been promoted since the 1980s
(Kursten, 2000; Fischer and Vasseur, 2000) and has
since been widely and progressively integrated into good
farming practice. These systems either with or without
conservation agriculture (CA) therefore have a
considerable influence on soil properties. No tillage
practices increases soil quality (Denardin et al., 2019),
water quality and organic carbon thereby enhancing
carbon sequestration to reduce emissions (Ketema and
Yimer, 2014; Garland et al., 2011; Choudhury et al.,
2014; Lal, 2015). Increased soil organic carbon has also
been phenomenal with tree based systems in comparison
to sole maize systems without trees (Makumba et al.,
2007), emphasizing the importance of tree integration
into farms.

High organic matter in agroforestry and conservation
tillage systems (Palm et al., 2014; Rodrigues et al., 2015;
Benbi et al., 2015; Blanco-Canqui and Ruis, 2018). No-
tillage and soil physical environment is also known to
improve soil porosity, aggregate and structure, contrary
to conventional tillage that brings about discontinuity in
pore space between cultivated layer and the sub layers of
the soil (Yimer et al., 2008). Low bulk density has also
been documented in agroforestry based conservation
tillage compared to maize based conventional tillage
(1.09 g cm3 and 1.18 g cm™, respectively) (Ketema and
Yimer, 2014). Higher bulk density in conventional farming
(Bogunovic et al.,, 2018) has been contributed to by
continuous tillage which causes structural deterioration;
mineralization of soil organic matter and compaction due
to lower infiltration rates (Yimer et al., 2008; Kalinda et
al., 2015). Furthermore, agroforestry based conservation
agriculture improves soil moisture content due to less
exposure of soil to the direct impacts of sunlight thus a
reduced evapotranspiration rate, meaning more of the
moisture is able to be maintained within the soil (Ketema
and Yimer, 2014; Pittelkow et al., 2015). Minimum tillage
and maintenance of permanent soil cover, which are
among the two principles of conservation agriculture have
also been known to be moderators of the surface
conditions of land, leading to improved yields, surface
runoff control, increased net benefits as a result of the
reduction in the costs of production, moderating soil
temperatures as well as enhancing the rooting of crops
(Gill et al., 1996; Govaerts et al., 2009; Lal, 2015). The
retention of residue on the soil also lead to greater soil
organic carbon in the soil surface as compared to
removal of such residues which deteriorates the organic
matter dynamics thus accentuating soil carbon loss and
impacting low fertility (Guto et al., 2012).

MATERIALS AND METHODS
Study area

The study was carried out at on-station demonstration plots earlier

established by ICRAF at the Machakos Agricultural Training Centre
at coordinates E037°14.303" and S 01°32.738'in Machakos County
in 2012 (Figure 1). Machakos is an administrative County in Kenya
and lies in the sub-humid and semi-arid eastern, Kenya covering an
area of about 6,281.4 km?located 64 km southeast of Nairobi city. It
stretches from latitudes 0°4” to 1° 31' South and longitudes 36° 45'
to 37° 45' east, administratively, divided into 12 divisions, 62
locations and 225 sub locations (HSK, 2005). The region
experiences annual mean temperature and rainfall range of 17.7 to
24.5°C and 700 to 1300 mm respectively. The rainfall is bimodal
with long rains (LR) from mid-March to June and short rains (SR)
from late October to December hence potential of two annual
cropping seasons. The average seasonal average rainfall range is
250 to 400 mm, but highly variable (coefficient of variation range of
45 to 58%), characterized by prolonged dry-spells, frequent crop
failure and high food insecurity (KARI, 1997).

Experimental design

The experiment ran from Short rains 2013 (SR 2013) to Short rain
2014 (SR 2014)-encompassing three seasons of four months each
(SR2013, LR2014 and SR 2014). At the inception of the project,
researcher managed trials for both CA and Conventional agriculture
(henceforth COA) where selected multipurpose leguminous shrubs
(Grilicidia sepium, Calliandra calothyrsus and Cajanas cajan
(Pigeon pea)) were integrated into maize plantations to for a maize-
legume intercropping system. The experiment and trials was set-up
at the agricultural training centre (ATC) in Machakos. The trials
adopted a split plot arranged in a randomized complete block
design with two main blocks as CA and COA, each with 10
treatments, replicated three times. Thus, a total of 30 demonstration
plots measuring 12 by 12 m in a randomized complete block design
(RCBD) were established on each of the main block, summing up to
60 demonstration plots. Gliricidia sepium, Calliandra calothyrsus
and Cajanas cajan were integrated at different inter-row spacing of
45, 3.0 or 1.5 m; and an intra-row spacing of 1 m between
individual shrubs. The shrubs were selected because of their
multipurpose usage abilities for the arid lands, the ability to
enhance soils, and their ease of coppicing and blending with farm
crops without competition. They were panted in 2012 at the
inception of the project and were at 6 months when the study
commenced. Moreover, the shrubs were coppiced at the beginning
of every planting season to 30 cm height to pave way for the crops
to grow. Pure maize-legume plots without any shrubs acted as the
control treatments in each block. Harvested stovers and haulms
were totally removed from conventional plots and fully retained in
the conservation agriculture plots. Tillage practices also differed
between the conventional and conservation plots in different ways.
On the conventional plots, soil was fully disturbed by tractor
cultivation and deep weeding. On the conservation agriculture plots
however, minimum soil disturbance was observed as follows: Hard
pan was broken by the use of a sub-soiler and then ripping was
done only on the planting lines, weeds were removed by scrapping
and uprooting and land clearance was done by using Roundup
herbicide. The management on the conservation plots was strictly
under the principles of conservation farming namely no till/minimum
soil disturbance, crop rotations and soil cover.

Data collection

Two composite soil samples each from five sampling spots within a
plot were taken for all the 60 plots at depths of 0-30 cm. Two soil
profiles were also dug, one on each block in control treatments and
soils sampled for 6 layers at depth intervals of 20 cm within the
profiles, that is, 0-20, 20-40, 40-60, 60-80, 80-100 and 100-120 cm.
Soil cores were also taken for each layer on the soil profile for
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Figure 1. Study location.
Source: Authors 2023

determination of bulk density. The soil samples were taken in SR
2014 and ferried to the World Agroforestry Centre labs where they
were processed (dried and sieved) and analysed for the different
parameters. On-site calibrated capacitance probes (Delta T PR 2
profile) were installed in each plot and were used to measure soil
moisture content. The readings from the probes were made every
fortnight, commencing SR 2013 and ending at SR 2014.

Laboratory data analysis

The analyzed parameters included bulk density (BD), soil carbon
and nitrogen (CN acidified/organic and total), soil moisture,
electrical conductivity (Ecd), pH and cation exchange capacity
(CEC). Available phosphorus (m3.P), exchangeable calcium
(ExCa), exchangeable potassium (ExK) exchangeable magnesium
(ExMg) and exchangeable sodium (ExNa) were also determined by
Mehlich 3 extraction (Mehlich, 1984) and the concentration of the
least significance test and Bonferroni test at 95% confidence

elements read from a spectrophotometer and flame photometer
(for potassium). Soil moisture was determined from the data
collected from the installed capacitance probes while analyses of all
other soil parameters were done at World Agroforestry Centre
(WAC) Plant-Soil spectral Diagnostics laboratories and Crop
Nutrition Labs (CROPNUT) based on the standard methods and
operation procedures, which have been described by Estefan et al.
(2013) and Anderson and Ingram (1993).

Statistical analysis

Analysis of variance (ANOVA) was used to analyze variations in
means of soil characteristics, while Fisher's least significant
difference (LSD) was used to separate the means at p < = 0.05.
The statistical tests were conducted with the aid of GENSTAT
statistical software version 14. As a post hoc analysis, multiple
comparisons of means were done using both Fisher’s unprotected

interval. Correlations were also done for relationships between
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various soil parameters including CEC and pH as presented in
Table 6.

RESULTS
Soil chemical characteristics
Cation exchange capacity (CEC)

Table 1 shows variations in cation exchange capacity
among the treatments for conservation and conventional
farming practices. Multiple comparisons using ANOVA
Bonferroni test however did not reveal any significant
differences in CEC means among the treatments. The
minimum CEC achieved was in Calliandra at 1.5 inter-
row spacing (9.11 cmolc/kg) under conservation
agriculture and the maximum in Pigeon peas at 4.5 m
inter-row spacing (15.35cmolc/kg) under conventional
agriculture. Even though there were no statistical
significance in CEC among treatments (p = 0.641), such
difference was found between the two tillage/farming
systems: Conventional agriculture and conservation
agriculture (14.39 and 12.75 cmolc/kg, respectively, p =
0.003). There was no CEC below 5 cmolc/kg (normally
considered very low; Landon, 1991) and the soils
therefore in both farming systems can be said to have
been favorable for plant growth.

Soil pH (water)

The negative logarithm of hydrogen ions concentration
among different treatments did not differ significantly in
the study. The highest pH was recorded at Calliandra at
45 m under CA (10.25) while the lowest was at
Calliandra at 1.5 m under COA (6.93). Conservation
agriculture had higher pH than conventional system (7.65
and 7.05 respectively), though the difference was not
significant (p= 0.39) (Table 1).

Electrical conductivity (Ecd)

The study showed higher electrical conductivity (meaning
higher salinity) in conventional farming system than in
conservation agriculture (CA = 0.541 dS m and COA =
0.063 dS m?), but the difference was not significant (p =
0.326) (Table 1). Intervention with trees at different
spacing moreover did not significantly affect salinity of the
soils both under conservation and conventional farming
(p value for treatment means = 0.503), although the
electrical conductivity in Calliandra at 4.5 m under
conservation agriculture was a high of 4.715 dS m, an
indication of more salts present in the system.

Carbon and nitrogen

Conservation agriculture recorded more nitrogen both

total (TN) and organic (ON) compared to conventional
practice (TN=0.171% for CA and 0.122% for conventional
farming; ON = 0.158% for CA and 0.113% for
conventional farming) but were not significant (p = 0.375
and p = 0.373 respectively) as shown in Table 2. Total
carbon (TC) was however higher under conventional
practice and also not significant (p= 0.07). However, the
clay content was found to be strongly positively
correlated to the cation exchange capacity (CEC) of the
soil (correlation coefficient =0.869) (Table 6), an
implication that clay content enhances CEC. This
phenomenon of CEC increasing with the amount of clay
was evident in the study where the treatment with the
lowest (Calliandra at 4.5 m under CA) clay content of
57% (data not presented) recorded the lowest CEC of
9.11 Cmolc/kg.

Exchangeable bases

The variations in exchangeable bases are presented in
Table 3. Sodium (ExNa) and potassium (ExK) were more
available under conservation farming practice compared
to conventional farming but were not significantly higher (t
(28.02) = 0.96, p = 0.339 and t (28.44) = 0.97, p = 0.337,
respectively). On the other hand, exchangeable calcium
(ExCa) and magnesium (ExMg) were significantly higher
in conventional practice than in conservation practice (t
(44.91) = -4.45, p < 0.001 and t (56) = -3.82, p=0.0003,
respectively). Mehlich 3 phosphorus (m3.P) was
moreover higher under conventional tillage, but was not
significant (t (49.51) = -0.13, p = 0.896). Intervention with
trees both in CA and conventional agriculture also led to
more available nutrients as is exhibited by the generally
low availability of nutrients experienced in control
treatments. Comparison of means of individual
treatments between the two farming system-conventional
and conservation agriculture did not reveal any statistical
difference except for Calliandra at 4.5 m which was
significantly higher (p = 0.02) under conventional practice
(26.653 mg/kg) than conservation practice ( 13.417
mg/kg) (Table 3).

Soil physical characteristics
Bulk density (BD)

Bulk density was found not to be different among the
treatments nor was it different between farming systems.
Mean BD for conservation agriculture was 0.971 g cm?®
while that for conventional agriculture was 0.92 g cm™ (p
= 0.186). Calliandra spaced at 4.5 registered the highest
BD of 1.37g cm™ under conservation agriculture and the
lowest being 0.877 g cm™ for pigeon peas at 1.5 m under
conventional agriculture (Table 4). Comparison of BD
down the soil horizons for both farming systems also did
not reveal any statistical difference though the grand
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Table 1. Comparison of soil chemical properties between farming systems, plant spacing and the interaction of spacing and
tillage/farming systems over the study period SR 2013, LR 2014 and SR 2014.

Soil chemical properties

Treatment*Tillage/farming system pH Ecd (dSm) CEC (cmolc/kg) BD (g/cm3)
Conservation_ Calliandra at 1.5 m 6.957 0.057 12.85 0.956
Conventional_ Calliandra at1.5m 6.934 0.062 14.03 0.914
Conservation_ Calliandra at 3.0 m 7.080 0.054 13.97 0.902
Conventional_ Calliandra 3.0 m 7.188 0.047 14.84 0.943
Conservation_ Calliandra at 4.5 m 10.25 4,715 9.11 1.307
Conventional _ Calliandra at 4.5 m 7.130 0.056 14.38 0.917
Conservation_ Control 6.910 0.059 12.32 0.926
Conventional_ Control 7.147 0.056 13.87 0.943
Conservation_ Gliricidia at 1.5 m 6.936 0.062 13.59 0.927
Conventional _ Gliricidia at 1.5 m 7.111 0.114 14.62 0.903
Conservation_ Gliricidia at 3.0 m 6.957 0.076 13.28 0.895
Conventional_ Gliricidia at 3.0 m 7.015 0.056 14.35 0.944
Conservation_ Gliricidia at 4.5 m 7.006 0.052 13.98 0.940
Conventional_ Gliricidia at 4.5 m 7.005 0.060 13.61 0.961
Conservation_ Pigeon pea at 1.5 m 7.051 0.049 14.01 0.969
Conventional_ Pigeon pea at 1.5 m 7.124 0.058 13.76 0.877
Conservation_ Pigeon pea at 3 m 6.913 0.057 12.23 0.944
Conservation_ Pigeon pea at 3 m 6.994 0.054 15.04 0.921
Conservation_ Pigeon pea at 4.5 m 6.968 0.061 12.86 0.927
Conservation_ Pigeon pea at 4.5 m 6.973 0.061 15.35 0.882
LSD 5.323 3.754 2.45 0.243
P 0.518 0.499 0.641 0.340
Treatments

Calliandra at 1.5 m 6.96 0.060 13.44 0.935
Calliandra at 3 m 7.134 0.051 14.41 0.923
Calliandra at4.5m 10.35 2.386 11.75 1.112
Control 7.029 0.574 13.10 0.935
Gliricidia at 1.5 m 7.023 0.088 14.10 0.915
Gliricidia at 3 m 6.896 0.066 13.81 0.920
Gliricidia at4.5m 7.005 0.056 13.79 0.950
Pigeon peaat1.5m 7.087 0.054 13.90 0.923
Pigeon peaat3m 6.953 0.055 13.63 0.933
Pigeon pea at4.5 m 6.970 0.061 14.11 0.905
LSD 3.604 2.541 2.446 0.408
P 0.479 0.503 0.641 0.172
Tillage system

Conservation Agriculture 7.65 0.541 12.718 0.971
Conventional Agriculture 7.05 0.063 14.372 0.92
LSD 1.371 0.966 1.045 0.077
P 0.39 0.326 *0.003 0.186

*Significant at p<=0.05.
Source: Authors 2023

mean BD for conventional practice was slightly higher Soil moisture
than conservation agriculture (0.945 and 0.88 g cm™
respectively as shown in Table 4. Soil moisture content retention was found to be generally
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Table 2. Total and organic carbon and nitrogen differences between conservation and conservation tillage, among plant
spacing and the interactions of tillage and spacing in the period SR 2013 , LR 2014 and SR 2014.

Carbon and nitrogen (total and organic)

Treatment*Tillage TN TC ON ocC
Conservation_ Calliandra at 1.5 m 0.12 1.64 0.11 1.49
Conventional_ Calliandra at 1.5 m 0.12 1.77 0.11 1.62
Conservation_ Calliandra at 3.0 m 0.12 1.60 0.11 1.48
Conventional_ Calliandra 3.0 m 0.12 1.53 0.11 1.42
Conservation_ Calliandra at 4.5 m 0.64 1.07 0.58 25.81
Conventional _ Calliandra at 4.5 m 0.13 1.71 0.12 1.56
Conservation_ Control 0.12 1.65 0.11 1.50
Conventional_ Control 0.12 1.59 0.11 1.42
Conservation_ Gliricidia at 1.5 m 0.12 1.74 0.11 1.58
Conventional _ Gliricidia at 1.5 m 0.13 1.77 0.12 1.87
Conservation_ Gliricidia at 3.0 m 0.12 1.64 0.11 1.49
Conventional_ Gliricidia at 3.0 m 0.12 1.69 0.11 1.53
Conservation_ Gliricidia at 4.5 m 0.12 1.66 0.11 151
Conventional_ Gliricidia at4.5 m 0.11 1.65 0.11 1.48
Conservation_ Pigeon pea at 1.5 m 0.11 1.59 0.11 1.46
Conventional_ Pigeon pea at 1.5 m 0.11 151 0.11 1.36
Conservation_ Pigeon pea at 3 m 0.11 1.60 0.11 1.45
Conservation_ Pigeon pea at 3 m 0.13 1.75 0.11 1.59
Conservation_ Pigeon pea at 4.5 m 0.11 1.48 0.10 1.31
Conservation_ Pigeon pea at 4.5 m 0.13 1.85 0.12 1.70
LSD 3.564 0.408 0.321 16.48
P 0.516 0.269 0.502 0.501
Treatments

Calliandra at 1.5 m 0.12 1.70 0.11 1.55
Calliandra at 3m 0.02 1.57 0.11 1.45
Calliandra at 4.5m 0.38 1.39 0.35 13.67 2
Control 0.12 1.62 0.11 1.47
Gliricidia at 1.5 m 0.13 1.76 0.12 1.73
Gliricidia at 3 m 0.02 1.66 0.11 1.51
Gliricidia at4.5m 0.12 1.66 0.11 1.50
Pigeon peaat 1.5 m 0.11 1.55 0.11 1.41
Pigeon peaat3 m 0.12 1.68 0.11 1.52
Pigeon peaat 4.5 m 0.12 1.67 0.11 1.50
LSD 0.252 0.29 0.23 11.66
P 0.492 0.393 0.489 0.501

Tillage system

Conservation Agriculture 0.171 1.567 0.158 3.991
Conventional Agriculture 0.122 1.687 0.113 1.560
LSD 0.109 0.131 0.097 5.051
P 0.375 0.07 0.373 0.349

TN=Total Nitrogen, TC=Total Carbon, OC=0rganic carbon, ON=Organic Nitrogen.
Source: Authors 2023

higher in conservation agriculture (CA) trials compared to moisture contents for conservation and conventional
conventional agriculture (COA) in all the three seasons agriculture were found to be statistically significant (p <
as shown in Figure 2. The differences between the 0.001) (Table 5). Conservation farming recorded grand
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Table 3. Exchangeable bases availability among treatments, between tillage/ farming systems and among the interactions of tillage and
plant spacing over the study period SR 2013, LR 2014 and SR 2014.

Exchangeable bases

Treatment*Tillage m3.P ExNa ExCa ExMg ExK
(mg /kg) (cmolc/kg) (cmolc/kg) (cmolc/kg) (cmolc/kg)
Conservation_ Calliandra at 1.5 m 26.811 0.115 7.094 2.501 1.904
Conventional_ Calliandra at1.5m 25.828 0.113 7.925 2.624 1.942
Conservation_ Calliandra at 3.0 m 22.842 0.150 7.817 2.633 1.977
Conventional_ Calliandra 3.0 m 20.840 0.171 9.093 2912 1.772
Conservation_ Calliandra at 4.5 m 13.417 2.752 6.205 2.440 5.147
Conventional_ Calliandra at 4.5 m 26.653 0.142 8.310 2.564 2.088
Conservation_ Control 27.494 0.116 6.661 2.398 1.881
Conventional_ Control 23.307 0.130 8.473 2.957 1.720
Conservation_ Gliricidia at 1.5 m 25.315 0.121 7.441 2.550 2.019
Conventional_ Gliricidia at 1.5 m 26.157 0.154 8.466 2.731 2.129
Conservation_ Gliricidia at 3.0 m 28.816 0.144 6.858 2.356 2.247
Conventional_ Gliricidia at 3.0 m 23.228 0.134 8.201 2.766 1.897
Conservation_ Gliricidia at 4.5 m 25.636 0.141 7.946 2.532 1.897
Conventional_ Gliricidia at 4.5 m 27.017 0.118 7.869 2.685 1.894
Conservation_ Pigeon pea at 1.5 m 25.137 0.151 8.393 2.697 1.874
Conventional_ Pigeon pea at 1.5 m 22.810 0.147 7.931 2.541 1.957
Conservation_ Pigeon pea at 3 m 26.103 0.120 6.702 2.283 1.822
Conservation_ Pigeon pea at 3 m 24.333 0.142 8.639 2.793 1.992
Conservation_ Pigeon pea at 4.5 m 22.237 0.109 7.036 2.631 1.965
Conservation_ Pigeon pea at 4.5 m 25.062 0.138 8.803 2.983 2.028
LSD 8.701 1.77 1.863 0.466 2.281
P 0.062 0.497 0.571 0.572 0.629
Treatments
Calliandra at 1.5 m 26.32 0.114 7.509 2.562 1.923
Calliandra at 3 m 21.84 0.161 8.455 2,773 1.875
Calliandra at4.5m 20.03 1.447 7.257 2.502 3.618
Control 25.40 0.123 7.567 2.677 1.801
Gliricidia at 1.5 m 25.74 1.138 7.953 2.640 2.074
Gliricidiaat 3m 26.02 0.139 7.529 2.561 2.072
Gliricidia at 4.5 m 26.33 0.129 7.907 2.609 1.895
Pigeon peaat 1.5 m 23.97 0.149 8.167 2.619 1.915
Pigeon peaat3 m 25.22 0.131 7.670 2.538 1.907
Pigeon peaat4.5m 26.35 0.124 7.919 2.807 1.996
LSD 6.16 1.252 1.318 0.33 1.613
P 0.482 0.491 0.835 0.607 0.489
Tillage system
Conservation Agriculture 24.4672 0.3992 7.136° 2.483° 2.2822
Conventional Agriculture 24.6512 0.1382 8.3462 2.752 1.9482
LSD 2.804 0.543 0.545 0.134 0.691
P 0.896 0.339 *<0.001 *0.0003 0.337

Same superscript letters denote no significant differences in means.
Source: Authors 2023

mean moisture retention of 31.56% vol. while instance interventions with Calliandra at 1.5 m showed
conventional agriculture had 26.24% vol. Reduction of high moisture rates under CA at an average of 40.25%
inter-row tree spacing increased moisture retention, for vol. compared to the same treatment under conservation
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Table 4. Bulk density (g cm®) down the soil profile between conservation agriculture (CA) and
conventional agriculture (COA) over study period SR 2013, LR 2014 and SR 2014.

Farming system

Profile depth

t-test; p values

CA COA
0-20 cm 0.937 0.985 0.97
20-40 cm 0.880 0.953 0.96
40-60 cm 0.836 0.955 0.93
60-80 cm 0.870 0.947 0.96
80-100 cm 0.857 0.982 0.93
100-120 cm 0.902 0.849 0.97
Mean BD 0.882 0.9452
p 0.603 0.603
SED 0.458 0.458

Values with same superscript letters are not statistically different. CA and COA denotes conservation agriculture

and conventional agriculture respectively.
Source: Authors 2023
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Figure 2. Comparison of soil moisture content between conservation agriculture and
conventional agriculture for seasons SR 2013, LR 2014 and SR 2014.

Source: Authors 2023

farming (Table 5). Moisture by volume appeared to
consistently increase after each season (Table 5) and
was significant among seasons (p = 0.03) and treatments
(p< 0.001).

Intervention with trees increased soil moisture content
in both farming systems for all the test seasons with trees
closely spaced maintaining more soil moisture than those
widely spaced (Calliandra at 1.5 m had a grand mean
moisture retention of 34.96% vol. compared to Calliandra
at 4.5 m which had 31.99% vol.) over the three seasons
as shown in the Table 5. Control treatments with no trees
incorporated registered among the lowest soil moisture
retention in both farming systems.

DISCUSSION

Cation exchange capacity being the total negative charge
on soil is a good measure of the ability of a soil to retain
and supply nutrients to a crop since the soil will be able to
hold more positively charged ions for timely release of the
exchangeable nutrients to crops. Landon (1991) considers
CEC of below 5 centimoles of charge per kilogram to be
very low and this would mean fewer nutrients available.
This was however not the case in this study since most
CEC levels surpassed the critical value of below 5 Cmolc
/kg. Jones and Olson-Rutz (2016) highlighted that CEC of
above 15 Cmolc /kg to be most appropriate generally. The
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Table 5. Mean moisture content retention during the SR 2013, LR 2014 and SR 2014 seasons.

Mean treatment

Retention per season (% vol.)

Retention per farming

Treatment moisture retention % system (% vol.)
vol. SR 2013 LR 2014 SR 2014 CA COA
Calliandraat 1.5 m 34.962 32.73abcd 35.732 36.422 40.252 29.67¢d
Calliandra at 3 m 28.52bcd 26.96¢def 28.96abcdef 29.64abcdef 31.21¢ 25.83¢f
Calliandraat 4.5 m 31.9920 28.p2bedef 34.62bc 32.78abcd 31.66°¢ 32.63¢
Gliricidia at 1.5 m 29.24bcd 27.68¢cdef 29.68abcdef 30.37abcdef 32.23¢ 26.65¢f
Gliricidia at 3 m 32.67% 30.17abcdef 33.574abe 34.262bc 37.6420 27.7def
Gliricidia at 4.5 m 29.43bc 27 .gbedef 29.9abcdef 30.58abcde 36.96° 21.99h
pigeon pea at 1.5 m 26.6¢ 24.38¢f 27.38cdef 28.060cdef 27.914d 27.87¢f
pigeon pea at 3 m 26.54¢d 25.484ef 26.72¢cdef 27.47cdef 29.45¢f 27.624ef
pigeon pea at 4.5 m 24.174 22.61f 24.61¢f 25,29def 27.87%f 20.47"
control 24.87¢d 22.97¢f 24.97def 26.66¢def 24.75f9 24.99¢fy
Mean 28.9 26.94 29.61 30.15 31.56 26.24
p <0.001 0.031 0.031 0.031 <0.001 <0.001
LSD 5.188 2.513 2.513 2.513 0.995 0.995

Values with same superscript letters are not different from each other. CA and COA denotes conservation agriculture and conventional

agriculture respectively.
Source: Authors 2023

Table 6. Correlation coefficients of soil parameters.

CEC 1 -

Clay 2 0.8687

PH 3 -0.8258

Total carbon 4 0.8286

Total nitrogen 5 -0.8216

Organic carbon 6 -0.8348
1

-0.9590 -

0.7224 -0.8040 -

-0.9679 0.9970 -0.7673 -

-0.9683 0.9983 -0.7869 0.9993
2 3 4 5

Source: Authors 2023

findings of this study are not far from this observation
since most of the treatments recorded CEC of close to 15
Cmold/ kg with two treatments recording more than 15
under conventional farming.

Cation exchange capacity has been known to be
affected by a number of factors. Schwab et al. (2015)
found it to be affected by soil pH where low pH leads to
high CEC. This has also been seen from the findings of
this study where CEC was negatively correlated with pH
(r = -0.826). Organic carbon has also been known to lead
to an increase in the negative charge of soil with coarser
textures leading to its reduction (Jones and Olson-Rutz,
2016) and indeed the treatment with the highest organic
carbon (Pigeon peas at 4.5 m under conventional
practice, with OC of 1.7%), which also was coarser with
clay percentage of 76% (data not presented) was found
to exhibit the highest CEC. There being no critical levels
in the amounts of negative charge among the treatments
from the study, it can be deduced therefore that most

nutrients would be available to crops upon better
management practices in the context of drylands.
Different researchers have found conflicting results on
the effects of tillage on pH. Some like Rahman et al.
(2008) found it to be lower in no-till systems (a form of
CA) than in conventional tillage and attributed this to
accumulation of organic matter and elevation in
electrolyte concentration which in turn reduces pH while
others like Lal (1997) on the other hand found it to be
conversely high in no-till systems compared to
conventional systems. The results from this study are
therefore no different from those of other researchers due
to noted variations on pH among the different treatments
under conservation farming and conventional practice.
Busari et al. (2015) concluded that tillage may not directly
affect soil pH but rather the effects will be dependent on a
number of factors as the management practices
employed, soil types and climatic conditions eminent.
This is also in line with the study of Rasmussen (1999)
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who showed that indeed tillage has no effect on the pH of
soils. However, even if the pH was not affected by tillage,
it was noted to be very crucial in effectuation of CEC, the
correlation of which is negatively strong (coefficient = -
0.8258), where higher pH translates to very low CEC and
vice versa. This is also reinforced by the study of Schwab
et al. (2015) in which they ascribed to low CEC in their
samples to low pH.

Electrical conductivity being a measure of the salinity of
soil is a vital indicator of soil health, affecting crop yields,
crop suitability, plant nutrient availability, and activity of
soil microorganisms which influence key soil processes
including the emission of greenhouse gases such as
methane, carbon dioxide and nitrogen oxides (Adviento-
Borbe et al., 2006). The high EC under conventional
agriculture as was found in this study could be due to low
organic matter and low soil moisture in the conventional
practice as compared to conservation practice, which is
in agreement with Tejada et al. (2006) in their research
that found amended treatments with organic matter to be
low in salts compared to controls. Leaving residue on the
surface therefore meant maintained soil moisture through
limiting evaporation (Govaerts et al., 2006; Rockstrom et
al., 2009), and therefore allowed more rainfall
effectiveness in leaching the salts.

Minimum tillage and organic matter provision through
continuous soil cover combined with soil architecture
facilitates capture and infiltration of rainwater (Johnston
et al.,, 2002; Liebig et al., 2004; Lichter et al., 2008)
reducing amount of salts, explaining the low EC under
conservation agriculture with trees, thus confirming the
study of these researchers. In contrast, where
conventional tillage is carried, the fields always exhibit
compaction and resistance to penetration, which has an
effect of hindering the water movement throughout the
profile, causing a deficit of moisture and increase of salts
(Porta et al,, 1999; Fuentes et al., 2009). This can
therefore substantiate the higher amount of salts which
were realized under conventional agriculture in this study.

The bulk density results from this study tally with those
of Mloza-Banda et al. (2016) who in a study to compare
tillage effects of conservation agriculture and ridge tillage
did not find any significance though conservation
agriculture had lower bulk density than ridge tillage (1.49-
1.58 and 1.53-1.59 Mg/m? respectively). Comparatively to
the study of Mloza-Banda et al. (2016), the study found
lower bulk density at the top most soil layer (0-20 cm) in
conservation agriculture than in conventional practice
(0.937 and 0.985 g cm?, respectively). This can be
attributed to cultivation induced compaction in the
conventional practice and also as a result of breaking of
soil aggregates as was noted by Murty et al. (2002) when
forest soils were converted to agriculture through
cultivation.

Tillage has also been shown to largely influence the
pore size distribution of soils, with soils under
conventional tillage/agriculture generally exhibiting lower

bulk density within the plough layer than under no tillage
but this can vary due to soil type, antecedent soil
properties, type of mulch, climate and land use (Lipiec et
al., 2006). The use of mulch and crop residue under
conservation agriculture has been found to lower bulk
density by some researchers (Unger and Jones, 1998;
Oliveira and Merwin, 2001) while others have concluded
that it leads to increased bulk density in the soils
(Bottenberg et al., 1999). The variations in bulk density
between the two tested farming systems: conservation
agriculture and conventional agriculture in this study are
therefore substantiated by the different findings of
previous researchers.

Sodium and potassium being high under conservation
agriculture compared to the conventional farming can be
attributed to the fact that the tillage layer of soil is less
destroyed and also because there was residue (maize,
legume and tree biomass) which was returned back to
the soil during the experimentation period in conservation
agriculture and totally removed in conventional practice
(Tan et al.,, 2015). Taking back biomass to the soil
therefore could have led to the enrichment of the
nutrients and thus explains the higher levels of N, K and
Na under conservation agriculture than conventional
farming. The importance of agroforestry and conservation
agriculture (thus CAWT) in building healthy fertile soils is
therefore once again stressed in this study as it was in
Garrity et al. (2010). The dynamics under which
conventional tillage significantly enhanced levels of
magnesium and calcium and causing higher extractable
phosphorus amounts are however not well understood in
this study. It is worth mentioning however that the three
seasons may not have been sufficient for a more robust
change in the soil properties between conventional and
conservation agriculture with trees practices.

The high organic carbon and nitrogen in conservation
farming over conventional practice can be attributed to
minimum soil disturbance which lessens the destruction
of soil structure and aggregate exposure. This in turn
means that less of the inherent organic matter is
decomposed and therefore the ultimate result is more
organic carbon and total nitrogen maintained in the soll
compared to conventional practice where the opposite is
true (Xue et al., 2015; Matecka et al., 2012).

Control treatments exhibited among the lowest values
of carbon and nitrogen both total and organic and this
therefore shows that interventions with trees enhanced
carbon and nitrogen availability, further stressing the
importance of incorporation of trees into croplands in
improvement of soil carbon and nitrogen among other soil
physical and chemical properties (Nair et al., 2009).
Owing to the fact that nitrogen is one of the major nutrient
inhibiting plant growth in dryland ecosystems (Sainju et
al., 2009), the high values obtained under conservation
agriculture in this study is sufficient affirmation of the
capability of the system to enhance nitrogen in the
dryland context. The less carbon obtained under



conventional agriculture can also be ascribed to soail
disturbance through tillage which has been documented
in literature to be the sole cause of persistent soil carbon
losses (Baker et al., 2007; Reicosky, 2003). Lal (2004)
narrates that the soils of drylands generally have organic
carbon of less than 0.5% and that this may increase in
proportion to the amounts of clay. This was corroborated
by this study since there was no such value of less than
0.5 and the clay content was also noted to be higher than
sand and silt.

The high moisture content experienced under
conservation agriculture could be due to the adequate
vegetative soil cover provided by the tree component
integration into the farms and therefore evapotranspiration
was reduced in these treatments, and more moisture
retained within the soil. This was also noted by Ketema
and Yimer (2014) who argued that agroforestry practices
improved soil moisture. This also applies to conventional
agriculture treatments with trees as compared to the
control treatments. This moreover tallies with the
research of Corbeels et al. (2014) who indeed reported
that CA significantly increases soil water availability and
thus higher moisture content. Thierfelder et al. (2013)
also in their comparison on the effects of conservation
agriculture on soils realized a higher moisture and
infiltration in conservation agriculture treatments vis a vis
the conventional treatments, and attributed this to the
effects of mulch retention and no tillage which in turn
increased the organic matter content of the soils therein
besides reducing evaporation rates from the sail.
Thierfelder and Wall (2009) also in a study in Zimbabwe
recorded higher moisture retention in most conservation
agriculture treatments throughout the experimentation
season. Rockstrom et al. (2009) have also proved that
minimum disturbance with increased soil cover prevents
direct evaporation and thus the higher moisture contents
under conservation agriculture. Govaerts et al. (2006)
also concluded that the use of mulch in conservation
agriculture leads to higher infiltration and favorable
moisture dynamics which in turn improve farm
productivity. This is reiterated by the findings of this
study.

Conclusion

Greater improvement was found in measured soil physical
and chemical properties under conservation agriculture
compared to conventional farming practice. Conservation
agriculture significantly increases soil moisture content
conventional practice and this increased after every
season. Incorporation of trees into farming systems has
proved to significantly improve moisture retention in the
soil with trees closely spaced at 1.5 m inter-row spacing
having high moisture retention than distantly spaced at
3.0 and 4.5 m. Practicing sole conservation agriculture
without trees also significantly enhances soil moisture
compared to the conventional agriculture practice without
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trees. Convention farming leads to high bulk density
down the profile and causes significantly high salinity as
evidenced by the high electrical conductivity in this study.
Potassium, sodium, nitrogen and organic carbon also
become more available under conservation agriculture
practice. The study adduce therefore, as has been
evidenced by the results, that integration of multipurpose
leguminous shrubs into farms in deed enhances soail
fertility, concluding that the importance of conservation
agriculture with trees in soil fertility enhancement is
indubitable.
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