& ) ) 13
E% Journal of Tropical Agriculture 46 (1-2): 13-20, 2008

Long-term effects of tillage, sub-soiling, and profile strata on properties of a
Vitric Andosol in the Kenyan highlands

Felix K. Ngetich, Philip Wandahwa, and Isaiah |.C. Wakindiki
Department of Crops, Horticulture, and Soils, Egerton University, PO Box 536-20107, Egerton, Kenya.

Received 15 April 2008; received in revised form 9 September 2008; accepted 12 September 2008.

Abstract

Tillage alters the structure and composition of soil aggregates affecting infiltration rate (IR) and hydraulic conductivity (K
This study investigated the long-term effects of conventional, minimum, and no-tillage with or without subsoiling on aggreg
stability, soil organic carbon (SOC), bulk density, IR, and K of a stratified Witr@osol in Kenyan highlands. The experiment
was laid out in a spilt-split plot design with three replicates. Stepwise profiles were dug in order to expose the abdayers
30, 30 to 60, and 60 to 90 cm depths. Soil bulk density was 6% lower in the minimum tilled and 12% lower in the convention:
tilled plots that were subsoiled compared to treatments with no subsoiling and tillage. Subsoiled treatments also incre
sequestration of SOC by 20% in the 30 to 60 cm layer. Conventional tillage, however, decreased aggregate stability by
compared to no-tillage treatments. Subsoiling in combination with minimum tillage decreased IR by 25% but increased
about three-fold in conventionally tilled plots. Hydraulic conductivity in the 60 to 90 cm layer was lowest, which constraine
water movement in this stratified soil.

Keywords: Bulk density, Hydraulic conductivity, Infiltration rate, Soil organic carbon.

Introduction the soil layers below the plough layer influence the
physical behaviour of the top soil (e.g., Sillon et al.,
Tillage, in the long term, can lead to structural degradation 2003), such studies mostly have been restricted to the
of soilsresulting in the formation of fine aggregates with  plough layer only (Pikul and Aase, 2003). Nonetheless,
low organic carbon SOC, which in turn, may adversely subsoiling is practised as a remedial measure to break
affect the infiltration rate (IR) and hydraulic conductivity  the confining layer within the profile. Abu-Hamdeh
(K) of soils (Holland, 2004). Therefore, reduced tillage (2003) observed that subsoiling reduces soil bulk
practices are often advocated to maintain improved soil density by an average of 2.6% in the top 40 cm layer of
organic matter status. Paustian et al. (1997), based onthe profile. Likewise, Ghuman and Sur (2001) found
data compiled from several long-term field studies, that bulk density in the 0 to 10 cm soil layer was
showed that there is an increassai organic carbon significantly lowered by about 0.05 kg chin the
(SOC) under minimum tillage in most cases and they minimume-tillage plots than in the conventionally tilled
attributed this to reduced litter decomposition and less treatments, despite inter layer variations.
soil disturbance. Reduction in tillage from conventional
to minimum tillage also increased the mean weight The effects of tillage systems on soil water movement
diameter (MWD) of aggregates by 27 to 45% compared are, however, inconsistent. While Vervoort et al. (2001)
to no-tillage in a tropical dryland agroecosystem of India  reported that IR increased for minimum tillage compared
(Kushwaha et al., 2001). to conventional tillage treatments, Lindstrom et al. (1984)
obtained contrary results, and Gomez et al. (1999) could
Although some authors suggest that the properties of not establish any difference in IR between conventionally
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tilled and minimally tilled soils. Although Pikul and
Aase (2003) showed that infiltration was consistently
greater under subsoiling, compared to conventionally
tilled plots with no subsoailing, the benefits of subsoiling

were not obvious. Unger (2001) postulated that decreased

soil disturbance in no-tillage systems leads to the
development of biopores and improved aggregate
stability, giving rise to development of less tortuous and
more continuous pores and hence greater IR.

Although minimum-tilled croplands have an initially high
K, steady-state IR in minimum tillage and no-tillage
treatments were similar (Schwagtzal., 2003). Despite
such variability in the effects of tillage on soil properties,
the combined long-term effects of tillage systems,
subsoiling, and soil profile stratification has rarely been
explored. In this study, we tested the assumption that
subsoiling and long-term tillage operations significantly
alter the properties of a stratified Vitric Andosol in a high
altitude site in Kenya, in turn, affecting IR and K. The
specific objectives were to investigate the long-term
effects of subsoiling and subsequent application of
conventional, minimum, and no-tillage systems on
aggregate stability, SOC, bulk density, IR, and K.

Materials and Methods
The study site was located on a large farm (Menengai

Feedlots; ~1200 ha) in the Rongai area of Nakuru
District, Kenya (~ 0L3' S and 3%8' E at an altitude
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Figure 1 The soil profile
Andosol of the Kenyan highlands.

approximately 20 m intervals throughout the farm. The
aim was to break the pumice (30 to 60 cm depth) layer to
allow for laying pipes to supply water during the short
dry spells occasionally experienced in this region.
Following this, conventional and minimum tillage have
been practiced for about 30 years in different portions of
the farm, each measuring about 50 ha. Untilled 10 m
wide buffer strips under natural pasture separated the
cultivated portions from each other. Non-selective pre-
emergence herbicides were used to control weeds before
planting in the portions under minimum tillage while
disc plough in combination with disc harrow was used
to adequately pulverise the soil in the conventional tillage

of 2068 m above sea level). This site receives a mean treatments once every two years.

annual rainfall approximately 1200 mm and experiences

a mean annual temperature range of 16 to 18°C. The The experiment was laid out in split-split plot design.

soil is derived from volcanic ash and has been classified
as Vitric Andosol (Jaetzold and Schmidt, 1983). There
are three layers within the top 1 m of the soil profile.
These consist of the top cultivated horizon covering
approximately 30 cm depth followed by a pumice layer
approximately 30 to 60 cm that overlie a well developed
dark coloured soil layer at 60 to 90 cm depth (Fig. 1).
Rain-fed large-scale wheatr{ticum aestivuni. cv
Njoro BW2) production was the dominant land-use
practice in the farm.

In the 1960s, subsoiling was done in 2 m wide strips at

The main plot treatments were conventional tillage,

minimum tillage, and no-tillage, randomly allocated to

the relevant existing farm portions. The subplots, with

and without subsoiling were allocated within each main
plot. Soil sampling depths, viz., 0 to 30, 30 to 60, and
60 to 90 cm, constituted the sub-sub units and were
randomly allocated to each sub-unit. The treatments
were replicated three times resulting in 54 sampling
points. Staircase profiles were dug in order to expose
the soil layers at 0 to 30, 30 to 60, and 60 to 90 cm
depths, respectively. The core method (Rowell, 1994)
was used to obtain undisturbed soil cores for bulk
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density determinations. Core rings (5 cm diameter and where, MWD is mean weight diameter (mm)is total

5 cm height) were carefully driven vertically and  weight fraction of aggregates in the size ciasgth a
uniformly into the soil using a double cylinder, hammer  diameterx.

driven core sampler. The soil cores were taken to the

laboratory and dried in an oven at $1G%and the bulk Due to substantial rock fragments (>2000 pum size),

density estimated as follows: correction of aggregates in this size fraction was
m necessary (Elliottetal., 1991). Therefore, after weighing
P, = VS (Eq. 1) the >2000 um size fraction of aggregates, they were

t transferred into dispersing cups. About 300 ml of water
wherep, is the bulk density (g cr), m_is the mass of was added and the suspension stirred for 2 min. using
soil solids (g), and, is the total core volume (cin high-speed electric mixer to disperse the macro

aggregates, sieved through 2000 um aperture sieve, and
Disturbed soil samples (~1 kg), one sample from each washed with water until the water passing through the
plot, were collected using a flat square cornered spade, sieve was clear. Pebbles-corrected aggregation was
for SOC and aggregate stability determinations. The determined as a percentage of total air dry soil mass:

samples were air-dried and large clods broken by hand W, —~W, )
and sieved to pass through 4 mm sieve for aggregate pCA:M x 100 (Eq. 3)
stability determination and through 0.5 mm sieve for SOC AUA

determination. Aggregate stability was determined wherePCA s pebbles-corrected aggregatioM,_ is
following the fast wetting framework proposed by Le  aggregate size fractiow, . is aggregate sized pebbles
Bissonnais (1996). After air-drying, the samples with andZW, is all fractions.

aggregate size of 2 to 4 mm were oven dried at 40°C for

24 h so that they were at a constant matric potential. Infiltration rate and K were determined at each of the
Five grams of oven-dry aggregates from each soil sample 54 sampling points using a tension infiltrometer with a
were gently immersed in a beaker containing 50aim 20 cm diameter disc (Fig. 2). Measurements were taken
water for 10 min. The water was sucked off using a at two tensions: -15 cm and -5 cm and K was
pipette. The soil material was transferred to a 63 um determined by applying the Wooding (1968) equation
aperture sieve that had previously been immersed in (Eg. 4) for approximating unconfined IR in conjunction
ethanol and was gently moved up and down in ethanol with Gardner (1958) equation based on one particular
five times to separate fragments less than 63 um diameter conductivity pressure relation (Eg. 5).

from the bigger ones. The greater than 63 um diameter 4

fraction was oven-dried and gently dry-sieved by hand Q = ”fZK[1+ Mra ] (Eq. 4)

on a column of six sieves with 63, 100, 180, 500, 1000, . _ _

and 2000 um apertures. The weight of each size fraction WhereQ is the volume of water entering the soil per
was calculated as follows: the fraction less than 63 pm  Unittime (cnifr); K is the hydraulic conductivity (cm
diameter was derived as the difference between initial ™); T iS the radius of the tension infiltrometer disc (cm)
weight and the sum of the weights of the six other andais a constant.

fractions. Aggregate stability of each breakdown _

mechanism was expressed by calculating the MWD of K(h) =Ksexp ) (Eq.5)
the seven classes, which is the sum of the weight fraction whereK_is the saturated hydraulic conductivity (crj h
of soil remaining on each sieve after sieving, multiplied andh is the matric potential or tension at the source.
by the mean aperture of the adjacent mesh:

The data were subjected to analysis of variance using

7
MWD :El)ﬂwi (Eq2) the General Linear Model for a split-split plot design
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Figure 2.The tension infiltrometer.

to obtain an F value of the significant effect of the

model. Differences between treatment means were
examined using Duncan’s new multiple range test
(Buysse et al., 2004).

Results and Discussion

Bulk density at various depths of the soil profile as
affected by tillage and subsoiling in the stratified Vitric

16

Andosol in Kenya is shown in Table 1. In general, soil
bulk density was less than 1 kg®rand the 30 to 60 cm
depth had the least bulk density in all the three tillage
systems. This observation was attributed to the
composition of each layer. The upper 30 cm of the profile
was mainly composed of mineral soil with various
amounts of organic matter. The 30 to 60 cm layer was
composed of loosely packed pumice material and the
soil in the 60 to 90 cm depth was composed of well
developed mineral soil (Fig. 1). The bulk density in 0 to
30 cm was about 6% higher under minimum tillage and
about 12% lower under conventional tillage compared
to that under no-tillage (Table 1). The low bulk density
under conventional tillage treatment in 0 to 30 cm reflects
the loosening effect of this tillage system. Conversely,
elimination of soil mechanical loosening caused by tillage
operations was most probably responsible for the higher
bulk density under minimum tillage system in the 0 to
30 cm layer. Significant differences in bulk density
brought about by the three tillage systems occurred only
in the top 30 cm depth of the profile (Table 1).

Subsoiling affected the bulk density in all three depths
(Table 1). At0to 30 cm, subsoiling decreased the bulk
density by about 0.05 kgfhcompared to treatments
without subsoiling. At 30 to 60 cm, subsoiling increased
bulk density by about 0.08 kg-fncompared to no
subsoiling while in the 60 to 90 cm depth, subsoiling
treatment decreased bulk density by about 0.03&g m

Table 1.Soil bulk density at various depths of the soil profile as affected by tillage and subsoiling in a stratified Vitric Ainttiesol o

Kenyan highlands.

Interactions/treatments

Soil bulk density (kg)m

Tillage system x Soil depth interaction

Soil depth (cm)

0to 30 30to 60 6010 90
No-tillage 0.69 0.5% 0.7
Minimum tillage 0.73 0.5F 0.78
Conventional tillage 0.61 0.5Z 0.7%
Subsoiling x Soil depth interaction
Subsoiling 0.65 0.6% 0.6%
No subsoiling 0.67 0.6% 0.6%
Subsoiling x Tillage system interaction No-tillage Minimum tillage Conventional tillage
Subsoiling 0.65 0.6% 0.68
No subsoiling 0.67 0.6% 0.6

Values in the same row or column with the same letter superscripts are not significantly diffee0g
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Subsoiling led to mixing of the higher bulk density
mineral soil of 0 to 30 cm and 60 to 90 cm depths with
the lower bulk density pumice material at 30 to 60 cm
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tilage> minimum tillage > conventional tillage and was
limited to 0 to 30 cm depth. Moreover, subsoiling
contributed to SOC sequestration in the 30 to 60 cm

depth resulting in the observed decrease in bulk density depth.

of the mineral soil at 0 to 30 cm and 60 to 90 cm depths
and increase in bulk density of the 30 to 60 cm layer.
We conclude that subsoiling evened out the bulk density
of the stratified profile under no-tillage, minimum, and
conventional tillage.

SOC generally accumulated in the 0 to 30 cm depth in
all tillage systems (Table 2) as expected for most soils.
Conventional tillage and minimum tillage treatments
reduced SOC by about 43% and 16% respectively in 0
to 30 cm layer compared to no-tillage treatment, affirming
that conventional tillage and minimum tillage treatments
allowed redistribution and faster mineralization of SOC.
Many previous workers also showed that no-till was the

Aggregate stability is shown in Table 3. Conventional
tillage reduced aggregate stability by about 15% in the 0
to 30 cm layer compared to that for the same depth under
no-tillage and minimum tillage. No-tillage and minimum
tillage maintained aggregates of about 10% higher
stability in the 0 to 30 cm depth compared to 30 to 60
and 60 to 90 cm depths. This is generally consistent with
the observations of Kushwaha et al. (2001) who noted
increased mean weight diameter (MWD) of soil
aggregates following reduction of tillage from
conventional to minimum, although the magnitude of
increase obtained in the present study was lower than
what they reported (27 to 45%).

Table 2.Soil organic carbon at various depths of the soil profile as affected by the tillage and subsoiling in a stratified @idt And

of the Kenyan highlands.

Interactions/treatments

Soil organic carbon (%)

Tillage system x Soil depth interaction

Soil depth (cm)

0to 30 30to 60 6010 90
No-tillage 4.49 2.90 2.83
Minimum tillage 37" 297 2.74
Conventional tillage 3.00 3.51¢ 2.76
Subsoiling x Soil depth interaction
Subsoiling 3.58 3.4 2.67
No subsoiling 3.93 2.8%4 2.89
Subsoiling x Tillage system interaction No-tillage Minimum tillage Conventional tillage
Subsoiling 3.41 3.19 3.13
No subsoiling 3.40 3.19 2.98

Values in the same row or column with the same letter superscripts are not significantly diffededt

best management practice in terms of enriching soil
organic carbon levels (e.g., Aase and Pikul 1995).
Subsoiling also led to a significant increase in SOC
concentrations in the 30 to 60 cm depth from 2.84% in
no subsoiling to 3.41% in subsoiled treatment (Table 2).
Itimplies that subsoiling redistributed SOC from 0 to 30

Conventional tillage, however, maintained aggregates of
similar stability in the 0 to 30, 30 to 60, and 60 to 90 cm
depths (Table 3). Subsoiling increased aggregate stability
by about 5% in 0 to 30 cm but decreased it by about 12%
in the 30 to 60 and 60 to 90 cm depths (Table 3).
Therefore, it was concluded that subsoiling moderated

cm to 30 to 60 cm depth, but there was no evidence that the effect of conventional tillage the 0 to 30 cm layer

subsoiling affected the SOC content beyond 60 cm depth.
In the high altitude Vitric Andosol, the effect of tillage

systems on SOC sequestration was in the order of no-

and that the aggregates in the 30 to 60 cm and 60 to 90
cm layerswere finer than those in the 0 to 30 cm layer
(Table 3). Aggregates of 2-4 mm size in 0 to 30 cm
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Table 3.Aggregate stability at various depths of the soil profile as affected by the tillage and subsoiling in a stratified \éi&at And
of the Kenyan highlands.

Interactions/treatments Aggregate stability (Mean weight diameter; mm)
Tillage system x Soil depth interaction Soil depth (cm)
0to 30 30to 60 60to 90

No-tillage 2.6% 250 2.16

Minimum tillage 2.60 2.48 213

Conventional tillage 2.22 2.1F 2.16
Subsoiling x Soil depth interaction

Subsoiling 2.53 219 2.18

No Subsoiling 2.42 2.50 2.49
Subsoiling x Tillage system interaction No-tillage Minimum tillage Conventional tillage

Subsoiling 2.30 221 2.158

No subsoiling 2.78 2,58 2.19¢

Values in the same row or column with the same letter superscripts are not significantly diffededf

layer were 90, 80, and 58% for no-tillage, minimum,  Vitric Andosol are shown in Table 4. At0 cm, IR was
and conventional tillage, respectively. In general, most 10% lower and 26% more in the minimum and
aggregates were >2 mm and most breakdowns occurred conventional tillage treatments respectively compared
where there was conventional tillage. The effect of tillage to that in no-tillage treatment. IR was about three times
systems on aggregate stability following subsoiling was higher at 30 cm compared to IR at 60 cm depth in all
limited to the upper 30 cm of the stratified soil profile.  three tillage systems. Subsoiling decreased IR by 25%
Moreover, while no-tillage and minimum tillage  in minimum tillage but increased IR about three-fold
maintained more stable aggregates than conventional in the conventionally tilled plots. In general, IR was
tillage, the effects of conventional tillage were moderated inversely related to bulk density (Table 1) and directly
by subsoiling. related to hydraulic conductivity. Furthermore,

hydraulic conductivity in the 60 to 90 cm depth was
Infiltration rates at various depths of the soil profile as lowest and hence controlled water movement in this
affected by the tillage and subsoiling in the stratified soil profile (Table 5).

Table 4.Infiltration rates at various depths of the soil profile as affected by the tillage and subsoiling in a stratified Visa shdo
the Kenyan highlands.

Interactions/treatments Infiltration rate (cm)h
Tillage system x Soil depth interaction Soil depth (cm)
0to 30 30to 60 60 to 90
No-Tillage 60.52 79.55 25.50
Minimum Tillage 54.5% 58.5F° 22.58
Conventional Tillage 76.52 70.40 17.02¢
Subsoiling x Soil depth interaction
Subsoiling 48.52 51.04 15.58
No Subsoiling 41.52 57.0F 16.45°
Subsoiling x Tillage system interaction No-tillage Minimum tillage Conventional tillage
Subsoiling 66.01 18.02 60.06
No Subsoiling 78.02 24.03 18.03°

Values in the same row or column with the same letter superscripts are not significantly diffededf
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Table 5Hydraulic conductivity at various depths of the soil profile as affected by the tillage and subsoiling in a stratifidadftsiol
of the Kenyan highlands.

Interactions/treatments Hydraulic conductivity (crf) h
Tillage system x Soil depth interaction Soil depth (cm)
0to 30 30to 60 60to 90
No-tillage 1.59 1.70 0.43
Minimum tillage 0.7® 247 0.52
Conventional tillage 0.61 2.04 0.56
Subsoiling x Soil depth interaction
Subsoiling 1.20 1.90 0.54
No subsoiling 0.79 2.19 0.48
Subsoiling x Tillage system interaction No-tillage Minimum tillage Conventional tillage
Subsoiling 1.27 116 113
No subsoiling 1.22 1.3 1.2F

Values in the same row or column with the same letter superscripts are not significantly diffededfb
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