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Abstract

Purpose Urban and peri-urban agriculture is becoming in-
creasingly important as a source of income and food for the
urban population in South Africa. While most studies on urban
agriculture have focused their attention on surface soils, there is
dearth of information regarding subsoil properties. This study
examined properties of subsoil horizons that may impede root
growth and productivity of crops under urban agriculture.
Materials and methods The properties of topsoil (020 cm)
and subsoil horizons (20—40 cm) of four profiles from plots
within the city of Mahikeng (25° 48’ S and 25° 38" E) were
examined to determine the nature of subsoil constraints that
can limit root growth and crop productivity. The plots were
selected in an area extending through four residential suburbs
of the city, and two plots with a long history of cultivation
were purposely selected from each suburb to represent the
main cropping systems and soil types. Soil physical (pene-
trometer resistance, bulk density, hydraulic conductivity),
chemical (pH, exchangeable Ca, Mg, K, Na, phosphorus and
boron) and biological (root growth, organic carbon, microbial
biomass, enzyme activity) properties were measured in the
profiles.

Results and discussion Even though there was a large vari-
ability between profiles, the results revealed high bulk density
(mean 2.06 Mg m ) at the top of the subsoil for all the pro-
files. The corresponding mean penetrometer resistance was

Responsible editor: Christina Siebe Grabach

< Simeon Albert Materechera
albert.materechera@nwu.ac.za

Indigenous Knowledge Systems (IKS) Centre, Faculty of
Agriculture, Science and Technology, North-West University
(Mahikeng Campus), P/B X2046, Mmabatho 2735, South Africa

@ Springer

1.89 MPa implying high mechanical resistance to root growth
in this layer. The hydraulic conductivities at saturation were
below 12 mm h™' suggesting low drainage which may result
in perched water table and waterlogging leading to depleted
oxygen in the root zone. The pH in all the profiles was slightly
acid to moderate alkaline (6.1-8.3, in water), and low levels of
plant available boron (B) were found in the subsoil layers.
Most of the profiles had extreme values of physical properties
that would constrain root growth. All the subsoil layers had
significantly (p < 0.05) lower root growth, organic carbon,
microbial biomass and enzyme activity.

Conclusions 1t was concluded that subsoil constraints to root
growth appear to be widespread in profiles of soils used for
urban and peri-urban agriculture in the city of Mahikeng.
Given that studying and ameliorating subsoil constraints is
difficult, time-consuming and expensive, it is recommended
that periodic deep ploughing and inclusion of plants with roots
which are tolerant or resistant to these conditions be consid-
ered as part of routine soil management practice in plots used
for urban agriculture.

Keywords Ferralsols - Physical - Chemical and biological soil
properties - Rooting - Subsoil constraints - Urban agriculture

1 Introduction

The physical, chemical and biological properties of farming soils
largely determine the potential agricultural productivity and sus-
tainability of any farming system (Gliessman 1990).
Considerable attention has in the past been directed towards the
surface (plough) layer due to its variable water status and enrich-
ment with soil nutrients and organic matter (Altieri 2002).
Consequently, relatively less knowledge exists on the properties
and soil conditions of horizons beneath the cultivated layer
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(Matson et al. 2007). Evidence is however available which sug-
gests that a diverse range of single or multiple constraints do exist
in subsoils which can seriously limit root growth, nutrient and
water uptake, productivity and farm income (Grahametal. 1992;
Nuttall et al. 2004; Lisson et al. 2007). Subsoil constraints are
chemical, physical or biological properties in the subsoil that
limit the ability of plants to utilize soil water and nutrient re-
sources or otherwise have a detrimental effect on plant growth.

These subsoil constraints include boron toxicity
(Adcock et al. 2007), contamination with resistant herbi-
cides (Jayawardane and Chan 1994), sodicity and salinity,
acidity (O’Leary et al. 2004; Dang et al. 2010; Zhang
et al. 2006), nutrient deficiency and toxicity (Yunusa
and Newton 2003; MacEwan et al. 2010), compaction
(Lisson et al. 2007; Dang et al. 2010), low permeability
and water logging (Kirkegaard et al. 2006; Swan et al.
2011), low organic matter content and activity of benefi-
cial soil biota (Scott et al. 1997; Mead et al. 2005).
Several of these constraints may occur together in some
soils (Dang et al. 2006, 2010). The hostile subsoils restrict
the movement of air and water and limit root growth,
leading to waterlogging, variable rooting depth and poor
water use efficiency (McDonald et al. 2012). Due to these
constraints, the yields of dryland crops may only reach
50 % of their water-limited potential (Dang et al. 2010).
Subsoil degradation is increasingly being recognized as a
serious limitation to achieving sustainable crop production
on a range of soil types (Horn 2000).

The identification of the most limiting constraint and
its interaction with other factors is a first step to plan for
sustainable site-specific resource management. Adcock
et al. (2007) have highlighted the difficulties associated
with identifying the impact and effect of any single sub-
soil constraint to crop production and suggested that this
limits our ability to develop targeted solutions designed
to overcome these constraints. They further indicated
that the task is complicated by spatial and temporal var-
iability of soil physicochemical properties and nutrient
availability, as well as other factors such as disease
and drought stress. Nevertheless, these authors acknowl-
edge the importance of identifying particular subsoil
constraints to crop production in an ecosystem and con-
sider this to be critical in the development of potential
management solutions for such soils. It is well known
that most South African soils provide a hostile environ-
ment for growth of roots but that these limitations are
markedly reduced in surface horizons by application of
organic and inorganic fertilizers, irrigation and tillage
(ARC-ISCW 2004; Danie et al. 2004; DAFF 2011).
The disk plough is used in most of the sites used for
this study. Limited evidence is available which shows
that subsoil constraints exist in most soils used for
cropping in urban areas of South Africa (Farina and

Channon 1988; Farina et al. 1998; Materechera 2009;
Materechera 2011).

According to Fey (2010), Hutton form soils are the most
common soil type across South Africa’s cereal environ-
ments and the subsoils of many of these soils often provide
a hostile environment because of their high bulk density
and low permeability to both air and water. Such properties
are sometimes accompanied by sodicity, high salt concen-
trations and low nutrient status (Thompson 1986).
Thompson (1986) has indicated that the presence of sodic
conditions, the nature of the clay mineralogy and the soil
structure of the B horizon appear to be the principal factors
which correlate with or determine the hydrology of Hutton
soils. While many subsoil problems in Hutton soils are
associated with the slow permeability of the upper B hori-
zon and consequent seasonal waterlogging, both accelerat-
ed acidification and sodicity have also become an increas-
ing problem in some cropping systems (Thompson 1986).
Many Hutton soils also display hardsetting properties
which can extend into the subsoil horizons in some soils
(Lambrechts and MacVicar 2004). Hardsetting is a primar-
ily physical phenomenon which results from a combination
of packing materials in a porphyric fabric, limited biolog-
ical activity, low organic matter content and high bulk den-
sity (Mullins et al. 1990). Furthermore, most of these
Hutton soils are highly weathered resulting in low levels
of plant available nutrients including phosphorus, sulphur,
nitrogen and micronutrients (Lambrechts and MacVicar
2004).

The urban growth rate in Africa, of 4.5 % per annum, is
the highest in the world, and it is estimated that 63 % of
Africa’s urban population presently live in cities that have
less than one million inhabitants (Mail and Guardian
2016). Food production in and around cities is an integral
part of the urban fabric in much of the sub-Saharan Africa
where it provides up to 20 % of the food (Van den Berg and
Van Veenhuizen 2005). Mahikeng is the capital city of the
North West Province of South Africa with a population
growing at a rate of 4.3 % (Stats SA 2016). According to
the Mahikeng Local Municipality (2013), the extent of ur-
ban agriculture has been increasing since 1994 when the
country became a democracy. Although some studies have
been conducted on the soils used for urban and peri-urban
agriculture around the city of Mahikeng (Materechera and
Gaobope 2007; Materechera 2009; Materechera 2011;
Materechera 2014), there is generally a lack of spatial data
on subsoil constraints that may impede and/or limit root
growth and the productivity of urban agriculture, not only
within the city of Mahikeng, but South Africa in general.
As suggested by Zhang et al. (2006), the key towards real-
izing potential yields would be to gain a better understand-
ing of subsoil layers and their limitations, then develop
options to manage them practically and economically.
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There is very limited work done in subsoil layers in South
Africa despite the fact that elsewhere, the subsoil layer has
been shown to have significant interactions with root
growth and crop performance (O’Leary et al. 2004; Dang
et al. 2006; Nuttall and Armstrong 2010; McDonald et al.
2012).

Soil compaction caused by the passage of vehicular
traffic, implements and draft animals has long been rec-
ognized as a worldwide soil degradation problem in-
volved in limiting yields of agricultural, horticultural
and forestry crops (Soane and Van Ouwerkerk 1994). As
the contribution of urban and peri-urban agriculture to
food security increases across the world (Mail and
Guardian 2016), a better understanding of subsoils and
their limitations, both spatially across the landscape and
within the profile, is key towards developing options for
better economic and environmentally sustainable manage-
ment of these soils and realize their potential yields.

This study is exploratory in that it tries to establish
how urban agriculture is influenced by soil properties in
the subsoil horizons. Such studies are valuable not only in
understanding soil properties but also in using the prop-
erties as a guide to land use and management especially
with regards to irrigation, tillage and fertilization of soils
used for urban agriculture. Opportunities exist for the
global exchange of ideas and results with farmers, re-
searchers and extension workers involved with crop pro-
duction. The aim of this study was therefore to assess the
occurrence of major subsoil constraints that may impede
root growth and limit productivity of crops under urban
agriculture in the city of Mahikeng of the North West
Province in South Africa.

2 Sites, material and methods
2.1 Description of study area and selection of plots

The plots used for the study were located within 5 km of the
city of Mahikeng (25° 48" S, 25° 38’ E) in the North West
Province, South Africa. Mahikeng has a typical semi-arid
tropical savannah climate with a mean annual summer rainfall
of 571 mm. The rainfall is unreliable and is highly variable
(CV =31 %) in both temporal and spatial distribution. The
annual average evaporation of the area is 2201 mm (Mahikeng
Local Municipality 2013). The mean monthly minimum and
maximum temperatures vary from 4.0 °C in July to 17.1 °C in
January and 20.4 °C in July to 29.7 °C in February respective-
ly. The municipal area slopes from 1410 m asl in the east to
1210 m asl in the west (Mahikeng Local Municipality 2013).

Four profiles were selected and examined for each res-
idential area as shown in Fig. I, representing key man-
agement options used by urban agriculture farmers in the
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city of Mahikeng. Plots were selected to reflect represen-
tative cropping histories and systems, irrigation, tillage
and nutrient supply practices employed by the practi-
tioners of urban agriculture in the city. Swelling, cracking
and high-activity clay soils (vertic soils) were purposely
avoided for the study.

2.2 Description of the soil under study

The texture of the surface (0—20 cm) soil at all the sites is
sandy loam and is classified as a Hutton form (Soil
Classification Working Group 1991) or Rhodic Ferralsol
(IUSS Working Group WRB 2015) or Chromic Luvisol
(FAO-ISS-ISRIC 1998). 1t is a red or yellow-brown soil
with an orthic A horizon and a uniformly coloured red or
yellow-brown apedal B or red structured B (oxidic soils)
whose clay mineralogy is predominated by kaolinite and
appreciable amounts of crystalline sesquioxides (Fey
2010). According to Fey (2010), the term ‘apedal’ refers
to a structure which shows no planes of natural cleavage
or lack of occurrence of individual natural soil aggregates
or peds. Oxidic soils are widely distributed in South
Africa with the Hutton form as the most commonly used
(Fey 2010).

2.3 Characteristics of the urban agriculture farmers
in the study

Table 1 shows that the sizes of plots varied from 0.16 to
0.53 ha (mean 0.34 ha) with most plots located in peri-urban
areas of the city. The average length of time the plots have
been cultivated for urban agriculture is 24 years (range 17—
31 years) although some have been over 30 years. This is
consistent with the political history of the country when after
attaining democracy in 1994, most black people started to
engage in agriculture. Vegetables (cabbage, spinach, onion)
were the major crops grown on all plots with maize, sorghum
and beans grown in summer. Crops were grown mostly on
ridges and flat beds. Hand tools were mostly used to till the
land and weeding while some farmers hired tractors during
land preparation. Sprinkler irrigation was most commonly
used, and animal manure was used to supply nutrients espe-
cially to vegetables.

2.4 Soil sampling and analyses

For each selected plot, a 1-m” zone was earmarked around
the centre during the period March to November 2014. A
trench 100 x 30 x 50 cm was dug across the zone, and soil
samples from the topsoil (0-20 c¢cm) and subsoil (20—
40 cm) layers were collected according to the scheme of
Beater (1962). Subsoil was defined as all material imme-
diately below the cultivated layer and/or Al horizons,



J Soils Sediments (2018) 18:494-505

497

zorarome

2s come

socgrome

i)

808

L]

k(]

To-doe

25“33I'45"E

So-ooe

25“39.’15"E

- Molelwane “
? 7 /fétensloﬁgsgs B ?
/ Inyperial Resel Mah eng
23 4 U “—xswedng = _ - Legend ¥ :—.;,5
h T — B
0_ 1_ 2 4 S 8 : Study Area
Kilometers Area Boundary
25°31'0"E 25°33'45"E 25°36'30"E 25°39'15"E

Fig. 1 Map of the city of Mahikeng showing the location of the study sites

Table 1  Characteristics and management history of the study plots

Characteristic Unit 5 Unit 6 Golf view Reviera Park
Length (years) 31 17 27 19 (23.5 + 6.6)
Plot size (Ha) 0.23 0.16 0.53 0.45 (0.34 + .34)
Texture SL SL SL SL

Colour 2.5YR3/2 10YR3/2 10YR4/3 7.5YR3/2

PSD (S: Si: C) 40.9:43.8:15.3 49.2:39.9:10.9 53.4:36.6:10.0 51.1:37.6:11.3
Main crops Vegetable/sorghum Maize/vegetables Vegetable/bean/maize Vegetables/maize
Seedbed type Raised beds Ridges/flat Flat Flat

Implements used Hand Hand Tractor/hand Hand

Weed control Hand/chemical Hand Hand/chemical Hand

Irrigation Sprinkler Pipe/sprinkler Furrow Basin/sprinkler
Nutrient sources Fertilizer/manure Manure/fertilizer Fertilizer Manure/fertilizer

Values in brackets represents Mean + SD
PSD patrticle size distribution of topsoil fractionated according to the method of Day (1965)
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which in most farming systems in South Africa do not
extend below 20 cm (FSSA 2003). For each layer, four
subsamples were scrapped from the face (wall) of the
trench with a small trowel and bulked to obtain a represen-
tative composite sample. A field-moist subsample was
sieved (<2 mm), transported in airtight plastic bags placed
in cooler boxes and later stored in a refrigerator for not
more than 72 h before conducting soil microbial biomass
and enzyme activity analyses (Haynes and Graham 2004).
The rest of the sample was air-dried and passed through a
2-mm sieve, and about 2.5 kg soil was kept in airtight
plastic bags and used for the analyses of chemical proper-
ties and organic carbon.

2.4.1 Physical properties

Soil penetrometer resistance was measured in each plot using
a stainless steel hand-operated soil cone penetrometer (model
ASAE S313.2) with a dial gauge conical probe of 30° and
base diameter of 12 mm (Geotron Systems Pty Ltd). The
penetrometer point was pushed into the soil at a constant rate,
and the unconfined compressive strength was read. Thirty
random penetrations were made within each plot by recording
cone resistance at 5.0-cm increments to a depth of 50 cm from
the surface.

Soil bulk density in each layer was determined using the
core method (Blake and Hartge 1986). The stability of aggre-
gates in water was determined using initially air-dried aggre-
gates (2—4 mm diameter) in the wet sieving technique of
Yoder (1936). The sieve stack was oscillated through an am-
plitude of 3.5 cm at the rate of 25 min~"' for 3 min. Aggregate
stability was expressed as the proportion of the >2-mm frac-
tion stable to the wet sieving treatment. The sorptivity of water
into the soil was determined as the stabilized infiltration rate
using the CSIRO disc permeameter (Perroux and White
1988). The surface of the land was cleared, and a disc
permeameter was used on four randomly selected positions
within each plot under ponded conditions (0.05 kPa) and at
a water supply pressure of about —0.1 kPa.

2.4.2 Chemical and biological properties

Soil pH was determined using the glass electrode in 1:2.5
soil/water suspension following equilibration for 16 h
(FSSA 2003). Exchangeable K, Ca, Mg and Na were extract-
ed with 1 N ammonium acetate (The Non-Affiliated Soil
Analysis Work Committee 1990) and determined by atomic
adsorption (K, Ca, Mg) and atomic emission spectrophotom-
etry (Na). Available phosphorus (P) was determined using the
Bray 1 method (Bray and Kurtz 1945). Boron (B) was extract-
ed with the warm water reflux extraction procedure, and the B
content of the extract was determined calorimetrically accord-
ing to the method described by Jackson (1964).
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Organic carbon was determined using the dichromate wet
oxidation method (Okalebo et al. 1993). Microbial biomass C
(Cic) was estimated based on the difference between organic
carbon extracted with 0.5 M K,SO, from vacuum chloroform-
fumigated and unfumigated soil samples (Vance et al. 1987)
using a K, factor of 0.38 (Brookes et al. 1985). Four replicate
fresh samples (about 20 g dw) were analysed. The assay of the
activity of protease enzyme was based on the release and
quantitative determination of the product in a reaction mixture
after the soil samples were incubated with a substrate and
buffer solution (Tabatabai 1994). This enzyme was chosen
because it plays a central role in C, N, S and P cycling in soils
(Tabatabai 1994). Enzyme activity was expressed as micro-
moles of product released per gram of soil per hour (Acosta-
Martinez et al. 2003).

2.4.3 Root length density

Roots in each soil layer were extracted using the core tech-
nique (Drew and Saker 1980). A stainless steel pipe with
37.5 mm inside diameter was driven into the soil with a mo-
torized hammer at a 10-cm depth increment. The soil mass
was soaked in 5 % sodium hexametaphosphate solution over-
night and washed over a sieve size 0.5 mm diameter to retrieve
the roots. Root length was determined by the line intersect
method (Newman 1966) as modified by Rowse and Phillips
(1974). Five cores were extracted at randomly selected posi-
tions within the plot.

2.4.4 Analysis of data

All data were evaluated using classical statistical methods for
calculating mean, maximum, standard deviation and coeffi-
cient of variation using STATISTICA v. 5.0. Differences in
the studied properties between study plots were tested by
one-way analysis of variance (ANOVA) using the PROC
GLM command of the SAS statistical package (SAS
Institute Inc. 1991). Since the data of some properties did
not show normal distribution, they were log-transformed to
improve the normality of distribution (Snedecor and
Cochran 1980). The Tukey’s test (p < 0.05) was used to eval-
uate significant differences between means of plots and soil
layers.

3 Results
3.1 Soil physical properties

The ANOVA showed significant influence (p < 0.05) of
plot and depth on all the parameters measured and their
interactions. The bulk densities of subsoil layers in all
the profiles were very high (range 1.96-2.04; mean
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Table 2 Bulk density, water
sorptivity and water stable Soil layer Unit 5 Unit 6 Golf view Reviera Park Mean + SD
aggregates in profiles of plots
used for urban and peri-urban Bulk density Mg m *);n =5
agriculture in the city of Top 1.26 + 0.03a 1.18 + 0.05b 1.36 + 0.04a 126 +0.13a (127 £ 0.07)
Mahikeng Sub 1.96 + 0.48a 202+ 021b 2.04 + 0.32b 1.98 £ 0.17a (2.06 £ 0.04)
Water sorptivity (mm h'yn=4
Top 243 +23a 20.6 £ 2.5b 27.4 £ 3.6¢c 214 +1.3b (23.4+3.1)
Sub 09.7 + 0.4a 07.8 £.1.2b 10.4 £ .1.1c 6.7 +£.0.2b 8.7+1.7)
Aggregate stability (% >2 mm); n = 10
Top 73.5+5.0a 76.3 + 2.4b 71.6 £ 1.3¢ 75.7 £ 1.8b (743 £22)
Sub 27.1 £ 4.6a 30.2 £ 3.1b 253 +22a 21.8 £3.5¢ (26.1 £3.5)

Values are mean + SD; means within a row with similar letters are not significantly different (p = 0.05) by the LSD
test; values in brackets represent means + SD within the horizon

2.01 Mg m®) while the values for the top layers were
low (range 1.18-1.36; mean 1.27 Mg m ) (Table 2). In
all the profiles, there was a sharp distinction in the mean
bulk density values between the topsoil (1.27 Mg m>)
and subsoil (2.06 Mg m ) layers. This observation was
consistent with the exceedingly high compaction levels
in all the subsoil layers (maximum mean penetrometer
resistance 1.89 MPa) shown in Fig. 2. The high pene-
trometer resistance and bulk density of soils in this layer
imply problems of root penetration (Fig. 3) and suggest
that impeded drainage could be encountered through this
layer.

The trend in values of the hydraulic properties of the sub-
soil layers (Table 2) mirrored those of bulk density in that the
sorptivity of water in all the profiles was in the topsoil mod-
erate (mean 23.4 mm h™') and the subsoil low (mean

LSD bars at each depth P=0.05
1.8 -

1.6
14

12 4

=4=Unit 5
06 - =4 Golfview
0.4 === RivieraPark

0.2 -

Penetrometer Resistance (MPa)

5 10 15 20 25 30 35 40
Soil Depth (cm)
Fig.2 Soil penetrometer resistance in the profiles of plots used for urban

agriculture in the city of Mafikeng. Bars represent LSD (p = 0.05) at each
soil depth

8.7 mm h™"). The mean stability to water, of aggregates in
the subsoil layers (26.1 %) of all the profiles, was generally
low especially when compared with the surface soil (74.3 %).
The weak structure could be explained by the light texture and
low organic matter of the soil in these layers.

3.2 Soil chemical and biological properties

The pH of the subsoil layers was moderately acidic (range
6.12—6.34) and showed slightly lower mean pH values
(6.22) than their topsoil (6.40) counterparts (Table 3). It was
not surprising to observe very low levels (mean 0.53 ppm) of
available phosphorus in this layer compared to 9.35 ppm in
the top soil. This reflects the strong phosphorus fixing char-
acteristic of iron oxides which characterize the structured B

LSD bars at each depth P=0.05
20

=4=Unit 5
== Unit 6
== Golfview

=== RivieraPark
10 -

Root Length Density (m kg™)

0 5 10 15 20 25 30 35 40
Soil Depth (cm)

Fig. 3 Root length density in the profiles of plots used for urban
agriculture in the city of Mafikeng. Bars represent LSD (p = 0.05) at
each soil depth
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Table 3 Soil pH, available

phosphorus and boron in profiles Soil layer Unit 5 Unit 6 Golf view Reviera Park Mean + SD

of plots used for urban and peri-

urban agriculture in the city of pH (water);n =5

Mahikeng Top 6.33 +0.17a 6.41 +0.03a 6.52 + 0.10b 6.33 +0.08a (6.40 + 0.09)
Sub 6.12+0.11a 6.23 + 0.25b 6.34 + 0.28a 6.17 + 0.06a (6.22 £ 0.07)
Available P (ppm); n = 10
Top 8.3 +0.67a 9.2 + 0.92b 11.8 £ 0.10c 9.1 +£0.13d (9.35+1.9)
Sub 03 +£0.11a 0.4 +0.38a 0.9 £ 0.07b 0.5 +0.16a (0.53 +0.26)
Boron (mg kgﬁl); n=>5
Top 0.11 £ 0.03a 0.09 + 0.02b 0.05 £ 0.01c 0.17 £ 0.04a (0.11 £ 0.05)
Sub 0.57 £ 0.02a 0.37 £ 0.01b 0.48 + 0.05¢ 0.36 + 0.02¢ (0.45 £ 0.10)

Values are mean + SD; means within a row with similar letters are not significantly different (p = 0.05) by the LSD
test; values in brackets represent means + SD within the horizon

horizon of these ferralitic profiles. The boron levels in all the
soils were generally low (range 0.36—0.57) and non-toxic to
plants according to the FSSA (2003) as they were all below
5 mg kg '. The mean boron content was higher in subsoil
(0.45 mg kg ') compared to topsoil layers (0.11 mg kg 1).
The elevated levels of boron in subsoil layers may suggest
that the borate which is in the compound fertilizer used by
some of the farmers was leached from the surface layers dur-
ing irrigation.

Table 4 shows mixed trends in the exchangeable cations in
the subsoil layers. Calcium, potassium and sodium showed an
increase in concentration while magnesium displayed the re-
verse. Generally, the levels of all the cations were low and not
restrictive to plant development according to the FSSA
(2003). The concentration of exchangeable calcium, magne-
sium, potassium and sodium were significantly higher
(p < 0.05) in the subsoil compared with topsoil layers. There
were large variations between the sites with unit 6 displaying
relatively higher values than the other sites. Similar trends
were observed for Mg and K. The concentration of sodium

was much less in magnitude than those of calcium, magne-
sium and potassium.

The organic carbon and microbial biomass carbon of the
subsoil layers of all the plots were very low (Table 5). The
generally low organic carbon content (mean 0.78 %) of the
subsoil layers across all the profiles is of concern as it may
contribute adversely to the quality of the soil. As expected,
the low carbon levels were reflected by a low protease
enzyme activity due to lack of the necessary substrate re-
quired for microbial survival and activity. Furthermore, the
lack of substrate for microbial survival was confirmed by
the lack of root proliferation in the subsoil layers (Fig. 3).
There was a steep reduction in the root length density in all
the subsoil layers compared to surface layers. Visual ob-
servations made during soil sampling revealed very limited
mesofauna and macrofauna (earthworms, termites, ants)
activity in all the subsoil layers. It was not surprising there-
fore to observe very limited enzyme activity in these layers
as soil microorganisms and plant roots are the main cata-
lysts for soil enzymes.

Table 4 Exchangeable cations in

profiles of plots used for urban Soil layer Unit 5 Unit 6 Golf view Reviera Park Mean + SD
and peri-urban agriculture in the
city of Mahikeng Exchangeable Ca (cmol, kg soil !
Top 30.4 +£53a 28.6 +3.3b 352+ 1.7c 31.7 + 2.6a 31.5+28)
Sub 56.2 + 1.8a 742 £ 6.1b 65.3 + 5.4c¢ 68.4 + 6.5¢ (66.1 +7.5)
Exchangeable Mg (cmol, kg soil ")
Top 212 +0.7a 36.5 £ 4.1b 284 +4.2c¢ 33.6 + 3.6b (29.9 £ 6.7)
Sub 13.6 + 3.8a 15.7 £ 3.6b 114+ 1.1c 142 = 1.3d (13.7 £ 1.8)
Exchangeable K (cmol, kg soil 1)
Top 3.1+04a 4.4 £ 0.8b 23 +0.7c 3.5+ 04a (33+09)
Sub 9.8 +£13a 10.2 + 1.6a 83 + 1.5b 11.1 +2.7¢ 99 +12)
Exchangeable Na (cmol,, kg soil ")
Top 0.8 +£0.3a 0.4 +0.8b 03 £0.1b 0.7 + 0.5a 0.6 £0.2)
Sub 22+ 13a 32+ 1.1b 23 +0.5a 2.0+ 0.7a 2.4 +£0.5)

Values are mean + SE; means within a row with similar letters are not significantly different (p = 0.05) by the LSD
test; values in brackets represent means + SD within the horizon
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Table 5 Soil biological

properties in profiles of plots used Soil layer Unit 5 Unit 6 Golf view Reviera Park Mean + SD

for urban and peri-urban

agriculture in the city of Organic carbon (%); n = 6

Mahikeng Top 1.15+ .11a 1.47 + 22b 1.22 +.08a 1.14 £ .16a (125 £ 0.15)
Sub 0.85 = .06a 0.67 = .02b 0.82 £ .16a 0.73 = .10c (0.78 £ 0.08)
Microbial biomass C (mg C kg™"); n = 5
Top 156 + 14a 118 £ 07b 123 £ 09 107 + 06¢ (126 £ 21)
Sub 38 £ 08a 49 + 05b 21 +£06c¢ 39 +08a (36.8 +12)
Protease enzyme activity (umol g ' h™"); n = 10
Top 0.42 +.03a 0.51 +.03b 0.74 + .05a 0.38 + .06¢ (0.51 £ 0.16)
Sub 0.08 + .0la 0.07 + .05a 0.11 + .02a 0.10 + .0la (0.09 £ 0.12)

Values are mean + SD; means within a row with similar letters are not significantly different (p = 0.05) by the LSD
test; values in brackets represent means + SD within the horizon

4 Discussion

Irrigation was considered by all the farmers to be critical for
crop production because, although the soils (ferralsols) have
good physical properties such as soil depth (>1.0 m), it
displayed signs of good drainage in the topsoil, friable and
easy to work. However, they have a tendency to store insuffi-
cient water at depth to sustain crops through dry spells which
occur frequently during the growing season (Fey 2010). This
makes dry land production more risky as Mahikeng is dry
with very low annual rainfall which is erratic and highly var-
iable. It was however observed that overirrigation was com-
mon among the farmers due to poor irrigation scheduling and
surface ponding was evident.

Although soil compaction is only one aspect of the much
wider problems of physical, chemical and biological soil deg-
radation, its presence induces changes in soil behaviour char-
acteristics that are critical as they in turn influence the other
properties. Hakansson et al. (1988), for example, have shown
that subsoil compaction is the principal constraint on root
growth and activity due to low aeration, high soil strength
and low rates of water movement that restrict water and nutri-
ent supply to the crop. As has been observed elsewhere in
South Africa (Bennie and Burger 1988; Van Antwerpen
et al. 2008), compaction and low moisture holding capacity
are major problems associated with tillage on light-textured
soils with low clay content.

This study has exposed the existence of subsoil constraints
in all the profiles of urban agriculture plots studied. Based on
the proposed threshold values given for field crops by the
FSSA (2003), the physical and biological constraints were
more prominent than chemical constraints. The very high
compaction levels that existed in the subsoil layers are attrib-
uted to weak soil aggregates that disintegrated easily when
moist and formed a dense layer just below the plough layer.
The susceptibility of Hutton form soils to structural degrada-
tion under different management systems in South Africa has
been well documented (Smith et al. 1997; Van Antwerpen

et al. 2008) and shows that the structure of the soil collapses
when exposed to water and uni-axial pressure is applied (Van
Antwerpen and Meyer 1996). This suggests that soil structure
is probably the key soil characteristic that is affecting the
physical and biological properties of the subsoil layers in this
study.

Soil compaction in South African soils originates from till-
age and traffic of wheeled vehicles associated with continuous
cultivation and intensive cropping (Nel and Bennie 1984;
Mallett et al. 1985; Tanner et al. 1986; Scotney and Dijkhuis
1990). The use of draft animals for mouldboard ploughing and
other field operations in many areas is widely recognized as an
important source of compaction (Bennie and Krynauw 1985;
Bennie 1996; Smith et al. 1997). The hoofs of grazing and
draft animals exert high but somewhat variable ground contact
pressures, depending on the mass of the animals and area of
the hoof (Kuipers and van de Zande 1994). According to
Kuipers and van de Zande (1994), typical values for a 530-
kg ox are 130 kPa standing and 250 kPa walking. Many soils
also display hardsetting properties which can extend into the
subsoil (Lambrechts and MacVicar 2004).

Le Roux and Du Prezz (2006) and Lambrechts and
MacVicar (2004) have shown that the profiles of soils under
both urban and agricultural fields have a higher subsoil com-
paction than that of uncultivated soils. The compaction how-
ever seems to be more intense in rural agricultural than in
urban agricultural fields. This could be because tillage and
traffic is more intense and regular in cultivated soils compared
to urban agriculture fields. The size of tractor and machinery
used under urban agriculture are generally smaller with lighter
axle loads than those in arable fields. Similarly, more livestock
grazing takes place in rural cultivated fields than in urban
agricultural plots due to by-laws that restrict animals in the
city.

The excessively high compaction levels at the base of the
plough layers does not only prevent root penetration but also
lead to the formation of a perched water table, especially when
excessive irrigation is applied as was observed in most of the
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study plots. Such a perched water table could, if it lasts long,
give rise to anaerobic conditions which can affect the growth
and activities of both roots and microorganisms, including
fluxes of N>O and other nutrients (Otter and Scholes 2000).
Thus, although the data in this study could not be used to
directly project the effects of the constraints on plant produc-
tivity, it is however argued that the constraints have the poten-
tial to influence not only root growth but also productivity of
crops as has been well established by many studies elsewhere
(Bennie and Krynauw 1985; Van Huyssteen 1988; Scott et al.
1997; Nuttall et al. 2004; Dang et al. 2006; Kirkegaard et al.
2006, 2007; Adcock et al. 2007; Lisson et al. 2007; Swan et al.
2011; McDonald et al. 2012). Anecdotal evidence exists, and
most urban agriculture farmers recognize that soil degradation
due to subsoil compaction is visually evident among urban
agriculture fields in the form of reduced crop establishment,
growth, yield and quality of crops grown. However, accurate
yield data were not readily available among the farmers to
allow a more valid comparison of crop yields in soils with
subsoil compaction with those without it under similar man-
agement conditions.

It is suggested that farmers who are practising urban agri-
culture should take cognizance of the problem of subsoil com-
paction and begin to adopt potential management options and
ameliorative actions. According to Horn (2000), the key to
alleviating subsoil constraints is to improve the soil structure
which will in turn facilitate increased root growth into the
subsoil. Occasional deep ploughing (ripping) through the
dense layer has been shown to improve the growth of roots
into compact subsoil layers (Mead and Chan 1988).
Furthermore, Gill et al. (2009) have shown that the effects of
deep ripping are reflected more by injecting large volumes of
nutrient-rich organic amendments into the profile with the
deep ripping (subsoil manuring). This has been shown to ini-
tiate the formation and stabilization of soil aggregates and
improve the physical fertility and increase crop yields (Clark
et al. 2007). As a result, crops extracted more water from the
subsoil and the increased water uptake was a major factor
contributing to increased yield (Clark et al. 2007; Gill et al.
2012). The amendments are also said to reduce bulk density,
increase macroporosity and increase root length density at the
depth of amendment (Gill et al. 2009). The improved yield
with amendments was related to an increase in plant available
water in the hostile subsoil and prolonged greenness of leaves
and supply of nitrogen and other nutrients (McDonald et al.
2012).

Other possible management options include the use of
raised beds to improve soil structure through increasing air
porosity and drainage in soils where waterlogging occurs fre-
quently (Kooistra and Boersma 1994). Choice of different
crop type and cultivar offers another best strategy to overcome
subsoil constraints as rooting patterns of crop species vary and
may help in modifying the subsoil environment (Yunusa and
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Newton 2003; Nuttall et al. 2010). Biopores created by tap-
rooted plants, also termed primer-crops, such as lucerne, lupin
and canola, have been shown to be more effective than me-
chanical tillage in opening up channels in some subsoil for the
roots of subsequent crops (Elkins 1985; Cresswell and
Kirkegaard 1995; Lynch and Wojciechowski 2015). The roots
of'these crops also grow deeper and use water more efficiently
than shallow-rooted annual crops (Cresswell and Kirkegaard
1995).

Since the suggested strategies, and any others, that involve
the amelioration of the subsoil are expensive and time-con-
suming, it is recommended that an economic analysis is un-
dertaken before embarking on any strategy such as deep rip-
ping (Arvidson et al. 2000; Petersen 2011). In general, sound
agronomic management should always be considered in order
to minimize the water and other physiological stresses im-
posed by subsoil constraints (Noble and Lea 1984;
Thompson 1986; Walt 1991).

5 Conclusions

The study has highlighted that subsoil layers in plots used for
urban agriculture within the city of Mahikeng possess con-
straints associated with unfavourable physical and biological
properties. Most of the profiles had physical impediment to
root growth in the subsoil that would limit the ability of plants
to utilize soil water and nutrient resources which is detrimental
to plant growth. Since these properties are associated with root
growth, water and oxygen movement and biological activities,
it is likely that yields of some crops will be reduced due to the
conditions created by the constraints. It is recommended that
urban agriculture farmers should begin to consider adopting
management practices that can alleviate subsoil constraints
including occasional deep ripping, addition of organic matter
in the subsoil and use of plant species with the ability to
penetrate and open up the compact subsoil layers. The pores
created by roots of such plants could help to improve subsoil
water use by crops.
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