Ruwanza - Mulaudzi: Soil properties in old agricultural fields
-2475 -

SOIL PHYSICO-CHEMICAL PROPERTIES IN LAPALALA
WILDERNESS OLD AGRICULTURAL FIELDS, LIMPOPO
PROVINCE OF SOUTH AFRICA

RUWANZA, S."* ~MuLauDZL D.'

'Department of Ecology and Resource Management, University of Venda
Private Bag X5050, Thohoyandou 0950, South Africa

?Centre for Invasion Biology, Department of Ecology and Resource Management, University of
Venda, Thohoyandou 0950, South Africa

*Corresponding author
e-mail: ruwanza@yahoo.com, phone: +27-15-962-8573

(Received 23" Nov 2017; accepted 7" Mar 2018)

Abstract. Natural recovery of abandoned agricultural fields take decades due to biotic and abiotic
constraints. A key question is how does soil physico-chemical properties prevent the transition from
degraded to restored state. This study examined changes in soil physico-chemical properties between old
field sites that were abandoned 35 year ago and adjacent natural sites in Lapalala Wilderness, located in
the Limpopo Province of South Africa. Top soils were collected from three paired sites (old field and
natural sites) in five different locations, over three months and were quantified for soil moisture, total soil
macro elements (N, C and P), pH, exchangeable cations (K, Ca, Mg, Na), resistivity, penetration
resistance, cumulative infiltration and hydraulic conductivity. Results show that soils in old field sites had
lower pH, total N and C, K, Mg, gravimetric soil moisture and were compact compared to soils in
adjacent natural sites. Soil resistivity, total P, Na, Ca, cumulative infiltration and hydraulic conductivity
showed no significant (p > 0.05) differences between the two sites. It appears that the soils in old field
sites have poor properties, and indication that soil manipulation techniques e.g. fertilizer addition, top soil
removal and soil transfer must be considered for vegetation recovery to take place.
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Introduction

Land abandonment commonly referred to as the termination of crop cultivation or
livestock grazing is a widespread phenomenon in South Africa (Andrew et al., 2003).
Social (rural depopulation, poor land use practices), economic (globalization of
agricultural markets, shortage of capital) and ecological (declining soil fertility) reasons
have been highlighted as causes for land abandonment (Andrew et al., 2003; Kakembo
and Rowntree, 2003). The abandonment of land has a wide range of ecological
consequences e.g. soil erosion, competitive exclusion, increased wildfires and invasion
by invasive plants. All these consequences are linked to habitat loss and decline in
ecosystem service provision (Plieninger et al., 2014). To restore abandoned agricultural
lands (also referred to as old fields), models of ecological restoration (successional and
alternative state) have been tried and they have produced mixed results (Hobbs and
Suding, 2008). The broader objective of these models is to restore natural ecosystem
processes, functions, and structure (Hobbs and Suding, 2008). For example, soil
manipulation in old fields has aimed to improve soil properties with the view that
improved soils will facilitate native vegetation recovery (Blumenthal et al., 2003;
Ruwanza et al., 2012). Recent studies have shown that soil transfer from intact natural
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areas to old fields has the potential to recover both soils and plants in old fields (Wubs
et al., 2016; Bulot et al., 2017).

The effect of land abandonment on soils has been varied. Some studies have shown
that soils in old fields have high chemical properties compared to natural areas, this a
result of past cultivation (Hooker and Compton, 2003; Gabarron-Galeote et al., 2015).
Additionally, some studies have shown that vegetation recolonization in old fields can
influence soil changes (Bonet and Pausas, 2004), although the duration change is
unclear. Since vegetation is known to be a driver of soil changes, variations in soil
properties tend to be highly dependent on plant colonization (Gabarron-Galeote et al.,
2015). For example, secondary succession in Mediterranean environments usually starts
with grasses and herbs, with a gradual increase in woody species over time (Rey
Benayas, 2005; Cuesta et al., 2012). The above-mentioned changes in vegetation type
contributes to changes in soil properties due to litter deposition and decomposition.
Other studies have shown that the persistence of grassland cover combined with the
slow recovery of woody species in semi-arid old fields result in the slow recovery of
soil properties (Rey Benayas, 2005; Ruiz-Sinoga and Martinez-Murillo, 2009).

An understanding of changes in soil properties within old fields has the potential to
improve our knowledge of ecological restoration in these areas. For instance,
understanding the changes in soil properties in old fields has contributed to the
development of new soil manipulation techniques (e.g. top soil removal and soil
transfers) that are yielding successful plant and soil recovery (Wubs et al., 2016; Bulot
et al,, 2017). Besides that, insights into soil properties in old fields has helped our
general understanding of bacterial and fungal activities, nutrient uptake and plant-soil
interactions (McKinley et al., 2005). Therefore, the objective of this study was to assess
the differences in soil physico-chemical properties between old field sites and adjacent
natural sites in Lapalala Wilderness, South Africa. The research question was whether
soil properties, namely soil physico-chemical properties, resistivity, penetration
resistance, infiltration and hydraulic conductivity are different between old field sites
and adjacent natural sites. Results of this study are envisaged to guide future restoration
initiatives in Lapalala Wilderness old fields.

Materials and methods
Study sites and soil collection

Soils were collected at three different sites that were located at Lapalala Wilderness
in the Limpopo province of South Africa (Table I and Fig. 14). The three sites were
approximately 200 m apart to provide a measure of independence (Galatowitsch and
Richardson, 2005), and each old field site was paired with a natural site, approximately
10 m from each other (road demarcation). The mean annual rainfall in this area is
approximately 500 mm, which falls in the summer months between October and
February. Temperatures in the area are cold in winter and hot in summer with mean
daily maximum and minimum temperatures of 30 °C in January and 14 °C in June.
Vegetation in the area is classified as Waterberg Mountain Bushveld, which is found in
the savanna biome (Mucina and Rutherford, 2006). Soils in the area are nutrient poor
sandy soils derived from the Kransberg subgroup of the Waterberg groups (Mucina and
Rutherford, 2006). However, the central sections of Lapalala Wilderness are dominated
by nutrient rich clay soils derived from norite/epidiorite intrusions. The dominant plant
species in the natural areas include Dichrostachys cinerea, Sclerocarya birrea,
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Vachellia tortilis, Ziziphus mucronata, Grewia spp, Arisitida congesta, Panicum
maximum, Eragrostis rigidior and Aristida adscensionis. The old field sites were
previously used for tobacco and cattle farming approximately 35 years ago. Currently,

they are used for animal grazing and are dominated by few scattered woody pioneer
species (V. karroo) and low grass cover.
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Figure 1. Map showing (A) the location of the Lapalala Wilderness study area in the Limpopo
Province, South Africa and (B) the experimental setup in the old fields, (C) photo of old field,
and (D) photo of natural site. Location details of the sites are presented in Table 1. Photos

taken by Sheunesu Ruwanza

At each site, a 40 m transect (from west to east) running into the site, with the first
point being 2 m from the road demarcating paired sites, was established. The above-
mentioned transect comprised five soil collecting points that were 10 m apart (Fig IB).
Therefore, a total of 30 soil collecting points were marked, thus five soil samples points
per site from six sites (three old field sites and three natural sites). In April 2017, two
soil cores (30 cm apart) were collected at each collecting point for soil physico-
chemical and moisture analysis. The soil physico-chemical analysis was done once due
to limited finance. Besides, the expectation that repeated monthly measurements on soil

physico-chemical properties would yield variations within three months was less.
During the months of May and June, 30 soil cores per month were collected for soil
moisture measurements only. Therefore, a total of 60 soil sample were collected in
April (30 for physico-chemical analysis and 30 soil moisture measurements) and 30 soil
cores per month for the months of May and June for soil moisture measurements. The
soils were collected using a soil core measuring 8 cm in diameter and 8 cm depth after
the hand removal of overlying debris. After soil collection, both soil physico-chemical
properties and soil moisture measurements were assessed under laboratory conditions at
the University of Venda in Thohoyandou, South Africa. Measurements on soil
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penetration resistance level and infiltration rate were conducted under field conditions at
each of the soil collecting points for all the three months.

Table 1. Characteristics of the three paired study sites located in Lapalala Wilderness in the
Limpopo Province of South Africa. Old filed sites and natural sites were adjacent to each
other

Site number | Site identification Site status Coordinates Soil texture”
Site 1 Site la Old field site 23°51'53.83"S, 28°18'09.55"E Loam
ite
Site 1b Adjacent natural site | 23°51'48.91"S, 28°18'12.36"E | Loam and clay
Site 2 Site 2a Old field site 23°51'52.15"S, 28°17'51.58"E Clay
ite
Site 2b Adjacent natural site |23°51'42.56"S, 28°17'53.53"E Clay
Site 3 Site 3a Old field site 23°51'48.12"S, 28°17'35.04"E | Loam and clay
ite
Site 3b Adjacent natural site |23°51'37.83"S, 28°17'41.09"E | Loam and clay

"Textural classes according to handbook of standard soil testing methods (1990) for advisory purposes.
Compiled by the non-affiliated soil analysis work committee, Soil Science Society of South Africa

Soil chemical properties and pH

Soil pH was measured in 1:5 soil:KCI extract (Rhoades, 1982). Soil total P was
analyzed using Bray-1I extract method (Bray and Krutz, 1945). Soil total N was
analyzed using the complete combustion method using an elemental analyzer (Euro EA;
Eurovector, Milan, Italy). Soil total C was analyzed using the modified Walkley-Black
method (Chan et al., 2001). Exchangeable cations were extracted in a 1:10 ammonium
acetate solution using the centrifuge procedure (Thomas, 1982), filtered and analyzed
by atomic absorption spectrometry (SP428; LECO Corporation, St. Joseph, Michigan,
USA).

Soil physical properties
Soil resistivity, gravimetric soil moisture, and soil penetration resistance levels

Soil resistivity was measured using a resistivity meter. Gravimetric soil moisture,
which calculates soil moisture using the difference between the fresh and dry weight,
was calculated by first weighing wet soils, drying them in an oven at 105 °C for 72 h,
then reweighing to obtain the water content (Black, 1965). Gravimetric soil
measurements were expressed as a percentage. Soil penetration resistance levels were
measured using a pocket penetrometer (SOILTEST, Inc., Evanston, Illinois, USA).
When the penetrometer is pushed into the soil, it pushes a metal ring to scale, marking
the penetration resistance value in kg cm™ (Leung and Meyer, 2003).

Soil infiltration and hydraulic conductivity

Soil infiltration rate and hydraulic conductivity were measured using a mini disk
infiltrometer (Decagon Devices, Pullman, WA, USA). The infiltrometer, an acrylic tube
with a semipermeable plastic disk and a rubber stopper, consists of two chambers which
were all filled with water. The upper chamber controls suction, whilst the lower
chamber allows infiltration and a small tube inside the disk regulates the suction rate,
which was set at 2.0 cm in this experiment (Latorre et al., 2013). Measurements were
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taken on the soil surface after hand removal of litter. The water infiltration rate was
measured at every 30 s intervals for 5 min from the drop-in water level of the lower
chamber in mL. The infiltration rate was determined from the measured cumulative
infiltration rate over time using the method of Zhang (1997). The level of soil hydraulic
conductivity was calculated from the infiltration data using the van Genuchten-Zhang
method (Zhang, 1997, 1998). For more information regards the method of calculating
hydraulic conductivity and the equation used see mini disk infiltrometer manual at
Decagon Devices (2014).

Statistical analysis

Data were analyzed using STATISTICA version 13 (StatSoft, 2015). Proof of
normality and homogeneity of variance were assessed on all measurements using
Kolmogorov-Smirnov tests and Levene’s test respectively and data were normally
distributed. Comparisons on soil Ph, resistivity, total nutrient concentrations (P, N and
C) and exchangeable cations (K, Na, Ca and Mg) between old field sites and natural
sites were analyzed using a #-test since data were collected once in April. Gravimetric
soil moisture content, soil penetration resistance levels, and soil hydraulic conductivity
were analyzed using a repeated measures ANOVA since data were collected over
3 months on the same transect. Where ANOV As were significant, the Tukey’s honestly
significant difference Unequal n test was used to determine the differences between site
conditions and months at p < 0.05, p <0.01 and p < 0.001.

Results
Soil chemical properties and pH

Soils in both old field sites and natural sites were clay (57%) and loam (43%). The
soils in old field sites were very acidic with an average pH of 4.73 £+ 0.15 and those in
natural soils were strongly acidic with an average pH of 5.13 + 0.20, with no significant
(p > 0.05) difference between the two sites (7able 2). Similarly, soil P showed no
significant (p > 0.05) difference between old field sites and natural sites (7able 2). Both
soil total N and C were significantly (p < 0.001) higher in natural sites than in old field
sites. The exchangeable cations of K and Mg were significantly (p < 0.01) higher in
natural sites than in old field sites (7able 2). In contrast, the exchangeable cations of Na
and Ca showed no significant (p > 0.05) difference between old field sites and natural
sites (Table 2).

Soil physical properties
Soil resistivity, gravimetric soil moisture, and soil penetration resistance levels

Soil resistivity showed no significant (p > 0.05) difference between old field sites
and natural sites (7able 2). The gravimetric soil moisture content varied significantly
between the two sites (p < 0.001) and the three months (p < 0.001). Gravimetric soil
moisture content was significantly (p < 0.001) higher in natural sites (8.13 £+ 0.63)
compared to old field sites (5.94 + 0.31). The observed above-mentioned significant
(» <0.001) differences were recorded in April and June, but not in May (Fig. 24).
There was significant interaction (p < 0.01) between the site conditions and the months
for gravimetric soil moisture content (Fig. 2A4). Soil penetration resistance levels also
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varied significantly between the two sites (p < 0.001) and the three months (p < 0.001).
Significantly (p < 0.001) higher soil penetration resistance levels were recorded in old
field sites (3.87 = 0.07) than in natural sites (1.43 £ 0.08). These above-mentioned
significant (p < 0.001) differences were observed in all the three months (Fig. 2B).
Interactions between site conditions and months in relation to soil penetration resistance
levels showed significant (p < 0.001) difference (Fig. 2B).

Table 2. Soil physico-chemical properties of soil samples taken from old field sites and
adjacent natural sites. Data are means + se and t-test results are shown (p < 0.05,
p <001, p<0.001). NS = not significant and p > 0.05

Soil properties Old field sites (n=15) Natural sites (n=15) T test values
pH 4.73+0.15 5.13+£0.20 2.35%
Soil Resistivity (Ohm) 1733.33 £272.02 1284.67 + 188.15 1.36ns
Total nutrient concentrations (mg/kg)

P Bray II 2.84+0.34 3.17+£0.33 0.70ns
Total N 373.33 £78.96 2166.67 £ 304.36 5.70%**
Total C 8113.33 £652.82 19540.00 = 1308.54 7.81%**

Exchangeable cations (mg/kg)
K 108.96 + 17.47 217.66 +£29.33 3.18**
Na 17.79 £ 0.85 19.17 £1.57 0.77ns
Ca 924.00 £ 160.96 1380.40 +202.43 1.76ns
Mg 248.56 +37.47 411.68 +39.82 2.98%*
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Figure 2. Results show (A) gravimetric soil moisture content (%) and (B) soil penetration
resistance levels (kg/cm’) in soil samples taken from old field sites and adjacent natural sites.
Bars represent mean + se and results of repeated measures ANOVAs are shown (‘p < 0.05, "p
<0.01, "p < 0.001). Bars with different superscripts are significantly different at p < 0.05. NS

= not significant and p > 0.05

Soil infiltration and hydraulic conductivity

Cumulative infiltration rates showed no significant (p > 0.05) difference between old
field sites and natural sites (Fig. 34, B, C). The average cumulative infiltration rates for
all the three months in the old field sites was 23.78 + 1.5 cm, compared to 17.31 + 1.1
cm in the natural sites after 5 min, and these showed no significant (p > 0.05) difference
between the three months (Fig. 34, B, C). Contrary, interactions between site conditions
and months in relation to cumulative infiltration rates showed significant (p < 0.01)
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difference (Fig. 34, B, C). Soil hydraulic conductivity levels varied significantly
between the two sites (p < 0.05), but not between the three months (p > 0.05). The
observed above-mentioned significant (p < 0.05) differences between sites showed
higher soil hydraulic conductivity levels in natural sites (12.99 £ 2.67) than in old field
sites (8.75 + 2.04) (Fig. 4). Monthly differences in soil hydraulic conductivity levels
were only observed in June. Interactions between site conditions and the three months
in relation to soil hydraulic conductivity levels showed no significant (p > 0.05)
difference (Fig. 4).
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Discussion

Results of this study showed that soil properties differ between old field sites and
adjacent natural sites. Soils under natural sites had higher pH, total N, total C, K, Mg,
gravimetric soil moisture and were less compact compared to soils in old field sites.
Contrary, soil resistivity levels, total P, Na, Ca, cumulative infiltration and soil
hydraulic conductivity (except in June) showed no significant differences between the
two sites. These results (for some soil chemical properties) concur with previous studies
that have shown reduced soil properties in old fields with such reductions linked to
years since abandonment (Odum et al., 1984; Feng et al., 2007; Cuesta et al., 2012).
Odum et al. (1984) showed that soil P and Ca declined in top soils 10 years after land
abandonment. Feng et al. (2007) showed mixed results, a decrease in available P and an
increase in total and available N, K and total P with increase in field abandonment age.
Cuesta et al. (2012) reported higher soil C, NH4N, and available N in reforested areas
than in old fields, however, they also showed no changes in soil pH, total N, P, K,
NO;N and P between the two sites. These above-mentioned studies point to current
environmental conditions (e.g. type of plant species present in both old fields and
natural sites) as the driver to changes in soil properties (Odum et al., 1984; Feng et al.,
2007; Cuesta et al.,, 2012). For example, different plant communities differ in their
capacity to modify soil properties, given that plant functional traits such as growth form,
biomass allocation, and tissue chemistry can affect organic matter decomposition and
nutrient dynamics (Carrera et al., 2009).

Changes 1n soil properties in our old fields could be a result of several factors that
include past fertilization, vegetation recovery stage and the type of plant species present
in the old fields (Feng et al., 2007; Cramer et al., 2008; Cuesta et al., 2012). Theories on
soil recovery following land abandonment posit that soil nutrients especially N, C and P
will be high soon after land abandonment because of previous agricultural practices
(McLauchlan, 2006: Cramer et al., 2008). As the recovery process progresses and plant
communities begin to occupy old fields, some soil nutrients tend to decrease due to
utilization by plants (Feng et al., 2007). However, as vegetation cover and organic
matter content increase, soil nutrients are likely to increase with time, although this is
dependent on the type of colonizing plants. Contrary, soil nutrient losses during early
vegetation recovery stages are exacerbated by soil erosion and nutrient leaching which
are known to be high in less vegetated old fields (Shen and Hong, 2003).

Based on above-mentioned vegetation recovery theories in old field, we anticipated
that soil properties in our 35-year old fields should be similar to those in natural sites.
Contrary, we found the opposite for some soil properties. We suggest that the lack of
vegetation, which is linked to increased soil erosion, could explain the observed reduced
soil nutrient in old field sites. Only a few scattered pioneer trees (e.g. Vachellia karoo
and Senegalia nigrescens) and grass (e.g. Cynodon dactylon and Panicum maximum)
species were observed in old fields (Sheunesu Ruwanza, personal observation; see
photo on Fig. 1C). Previous studies have shown that the absence of vegetation in old
fields is associated with low soil nutrient levels (McLauchlan, 2006: Cramer et al.,
2008), this linked to reduced litter content, organic matter, and decomposition rate.
Plant litter accumulation is known to improve soil nutrients especially soil N, C, and P,
this because of decomposing residual (McLauchlan, 2006; Austin and Ballaré, 2010;
Bansal et al., 2014). There is considerable evidence that litter plays an important role in
soil carbon storage and nutrient cycle which in turn affect soil nutrients (Aerts and de
Caluwe, 1997; Marinez-Yrzar et al., 2007), this likely to be the case in reported high
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soil nutrient content in natural sites which are vegetated. It is well reported that soil pH
influences solubility of soil nutrients, making them available in insufficient quantities in
acidic soils (Kidd and Proctor, 2001), as are the soils in Lapalala Wilderness old field
sites. Besides soil pH being a factor affecting soil nutrient availability, the reported soil
compaction and low soil moisture levels in old field sites can explain soil nutrient
reductions. Moist and less compact soils are known to promote decomposition and
release of soil nutrients as compared to dry and compact soils (Wolf et al., 2013; Van
Horn et al., 2014), as are the soils at Lapalala Wilderness old field sites.

Low vegetation cover in old field sites, which created barren soil surfaces, has been
reported to promote soil erosion and nutrient leaching (Lesschen et al., 2008). Loss of
soils due to erosion is directly linked to a decrease in soil nutrients (Xue et al., 2011).
Also, lack of vegetation which is linked to low above-ground biomass and litter can
reduce C input into soils, which then influences soil micro-aggregate formation leading
to accelerated soil erosion (Wan and Luo, 2003). This likely to take place in less
vegetated old field sites than in vegetated natural sites. The reported compact soils in
the old field sites could also facilitate erosion and nutrient leaching due to low
infiltration capacity which promotes runoff. Indeed, previous studies have reported that
soil compaction reduces soil porosity (Silva et al., 2008) thus causing low soil water
infiltration (Nawaz et al., 2013) which subsequently increase soil erosion.

Conclusions

This study provides evidence of the poor state of soils in Lapalala Wilderness old
fields, several years after land abandonment. The persistence of these soils in a poor
state may hamper both soil and vegetation recovery. Therefore, active soil
manipulations techniques should be considered if soils in Lapalala Wilderness old fields
are to be improved. Different techniques to improve soil properties in old fields can be
used e.g. soil nutrient manipulation (fertilizers or organic matter addition), top soil
removal and soil transfer (Blumenthal et al., 2003; Ruwanza et al., 2012). The above-
mentioned approaches have been shown to improve soil properties in old fields
(Holmes, 2008; Blumenthal et al., 2003; Wubs et al., 2016; Bulot et al., 2017). Not only
do they improve soil properties, they also steer plant community recovery (Wubs et al.,
2016). However, the feasibility of these above-mentioned techniques in Lapalala
Wilderness old fields needs to be tested.
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