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Diﬀerent plants are known to have diﬀerent soil microbial communities associated with them. Agricultural management practices
such as fertiliser and pesticide addition, crop rotation, and grazing animals can lead to diﬀerent microbial communities in the
associated agricultural soils. Soil dilution plates, most-probable-number (MPN), community level physiological profiling (CLPP),
and buried slide technique as well as some measured soil physicochemical parameters were used to determine changes during
the growing season in the ecosystem profile in wheat fields subjected to wheat monoculture or wheat in annual rotation with
medic/clover pasture. Statistical analyses showed that soil moisture had an over-riding eﬀect on seasonal fluctuations in soil
physicochemical and microbial populations. While within season soil microbial activity could be diﬀerentiated between wheat
fields under rotational and monoculture management, these diﬀerences were not significant.

1. Introduction
Soil quality is essential for plant and animal health, maintenance of the environment, and sustained biological productivity [1]. Soil microbes play a pivotal role in maintaining
soil quality [2, 3]. Microbial diversity of the rhizosphere is
believed to be beneficial for soil health [4] and the trophic
interactions within the rhizosphere can aﬀect the aboveground community of plants [5]. Our understanding of soil
microbial functioning in this plant-microbe interaction has
generally been limited [6, 7].
Plant variety has a significant influence on the associated
soil microbial community, as measured by community-level
physiological profiling (CLPP) by Dunfield and Germida
[8]. These authors also found that seasonal diﬀerences in
this community were not permanent. Marschner et al. [9]
found that the rhizosphere microbial community was plant
species-specific, while Morgan et al. [4] stated that the root
exudates from diﬀerent plants and even diﬀerent cultivars
of the same plants diﬀered and these caused diﬀerences

in the rhizosphere communities associated with the plants.
Thus, it could be expected that the microbial communities
under wheat monoculture and wheat in rotation with legume
pasture would diﬀer significantly.
Various role players are more frequently requesting
information on the impact of land use management practices
on the physical, chemical, and biological fertility of soils
[1]. There exists little knowledge about how management
systems influence microbial communities and as a result the
fertility of the soil [10]. When physicochemical properties
of a soil are altered by agricultural practices, the microbial
community may respond to these changes [11, 12].
In recent years, soil microbial diversity was estimated
using molecular methods. However, it was found that
diversity indices based on DNA heterogeneity may be
ambiguous especially when determined for soils containing
a high diversity of microbes [13]. Wintzingerode et al. [14]
concluded that molecular analysis of an environment often
leads to a distorted view of the diversity of an ecosystem.
The methods used to extract DNA from the soil also aﬀect
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2. Materials and Methods
2.1. Experimental Site. The study was conducted during
winter and spring each year from 2006 to 2009 within a
long-term crop rotation trial that was initiated in 1996 at
the Langgewens experimental farm in the Western Cape.
Langgewens (18◦ 42 0.004 E, 33◦ 16 59.873 S), near Moorreesburg, is situated in one of the most important wheat
producing regions of South Africa. The region experiences
a typical Mediterranean climate with hot, dry summers,
and cool, moist winters. Long-term (n = 68 years) average
annual precipitation is 398.2 mm per annum, of which
approximately 80% occurs during the period from April
to September. The long-term mean daily maximum and
minimum temperatures ranged between 24.9◦ C and 13.7◦ C
in April, through 17.0◦ C and 8.1◦ C in July, and 20.2◦ C
and 9.2◦ C in September, respectively (n = 39 years). Mean
monthly rainfall from 2006 to 2009 is presented in Figure 1.
Soils are mainly of the Mispah and Glenrosa soil forms
[25] with an average A-horizon depth of 200 to 400 mm
and a sandy loam to loam texture. The A-horizon typically
has an organic carbon content that ranges from 0.8% to
1.2% and a stone content of 45%. The B-horizon of the
Glenrosa soil form is well-weathered yellow/red clay above
poorly weathered schist while that of the Mispah soil form
is poorly weathered schist. Since these soils tend to become
waterlogged, the trial site was “ridge-and-furrowed” prior to
the start of the trial.
2.2. Experimental Layout. Six 60 m × 30 m experimental
plots, within the long-term trial site, were selected for
the present study. Two of the plots had been planted to
spring wheat each year since 1996 (hereafter referred to
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the results of diversity estimations [15]. These methods are
also costly and require a high level of expertise. Although
only a small fraction of soil microbes is culturable [16–18],
some researchers [19–21] found that culturable microbial
populations could act as indicators of soil health. Olsen and
Bakken [19] found that the energy flow via the non-colony
forming microbial population is a very small fraction of that
of the whole of the soil ecosystem, while Ellis et al. [20]
found that monitoring colony forming bacteria was a useful
tool in determining the eﬀect of anthropogenic actions.
Edenborn et al. [21] described culturable bacteria as being
useful in indicating selected agronomic disturbances as well
as adding to our understanding of the link between microbes
and environmental processes.
There seems to be a clear relationship between soil
microbial diversity, soil, and plant quality [5], as well as
ecosystem sustainability [22] and it is known that crop rotation benefits wheat yield [23, 24]. The question now arises:
can agricultural management practices bring about changes
in the soil’s physicochemical and biological properties—
the ecosystem profile—of a wheat field? This study was
conducted to evaluate selected soil physicochemical and
microbial parameters under two diﬀerent management systems, namely, wheat monoculture and wheat in rotation with
annual legume pastures.
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Figure 1: Average monthly rainfall during the test period.

as “monoculture”). Each of the remaining four plots were
planted to a wheat/legume-pasture rotation system with
spring wheat and annual legume pastures being produced
in each plot in alternate years since 1996 (hereafter referred
to as “rotation”). Two of the rotation plots were planted
to wheat in 1996 and the other two rotation plots were
planted to annual legume pastures in 1996. Therefore, for
the rotation plots, there were two wheat plots and two
pasture plots available to the present study each year. The
annual legumes present during the pasture phase of the
wheat/pasture rotation comprised a mixture of Medicago
truncatula cultivars, namely, Parabinga, Sephi, and Mogul.
The spring wheat cultivar SST 027 was planted in all
monoculture and rotation plots in the wheat phase in all four
years of the present study.
To facilitate sampling, each of the six experimental plots
(two monoculture and four rotation) was divided evenly into
six contiguous minor plots that were sequentially numbered
from 1 to 6. Each minor plot measured 10 m × 30 m.
2.3. Crop Management. Planting, crop protection, and
harvesting activities were applied using standard farm
implements and machinery following conservation farming
practices. Macro and trace element concentrations were
maintained at or above optimum levels for each crop as
recommended by Anon [26].
Weeds were allowed to germinate and then controlled using a broad-spectrum herbicide (monoculture plot,
Glyphosate 360 1.5  ·ha−1 and Triasulfuron (Logran)
37.5 g·ha−1 ; rotation plot, Glyphosate 360 1.5  ·ha−1 ) before
planting commenced on 17 May 2006.
Prior to 2002, wheat was planted into a prepared seedbed
where 100% of the soil surface of each plot was disturbed
to a depth of 100 mm using a scarifier. From 2002, all the
plots that were planted to wheat (monoculture and rotation)
were planted using a no-till planter where approximately
20% of the soil surface was disturbed during planting.
In the year that pastures were produced in the rotation
plots, the pasture regenerated from soil-stored seed banks.
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The top soil in the rotation plots was therefore disturbed
(to a depth of approximately 100 mm) only once in two years
when wheat was planted in the rotation plots, while topsoil disturbance occurred each year during planting in the
monoculture plots. From 2006 the Australian developed, notill planter (Auseeder) was used when planting wheat. The
planter has 11 planting units that are spaced 300 mm apart.
Each planting unit consists of a knifepoint opener, a closing
tool, and a press wheel and is commercially known as the
Deep Blade System (DBS). Nitrogen and phosphorous were
applied together with the seed in the planting row at a rate of
29 kg N.ha−1 and 10 kg P.ha−1 , respectively.
All wheat straw was baled and removed from the plots
after harvesting each year from 1996 to 2001 but all wheat
straw was retained on the plots following harvesting in all
years subsequent to 2001. Sheep grazed the wheat residues
during summer in the wheat/pasture rotation system but
not in the wheat monoculture, except in 2007 when the
monoculture was heavily grazed to try and combat the
ryegrass infestation. In the wheat monoculture, the stubble
was removed by burning prior to land preparation for
planting, in all years from 1996 to 2001, but stubble was
not burnt in subsequent years. In 2008, it was decided to
burn the stubble in all wheat monoculture camps in an
attempt to destroy seed shed by herbicide resistant ryegrass
plants during the 2007 growing season in the monoculture
plots, due to high ryegrass infestation. Where wheat followed
the annual legume pasture, pasture residues were retained
before land preparation in all years except 2008 when it was
accidentally burnt.
2.4. Sampling Procedure. Sampling was conducted only on
the ridges as furrows tended to become intermittently waterlogged during the growing season. Samples were collected
from three of the minor plots in each of the rotation
and monoculture plots on each sampling occasion. Oddnumbered minor plots were sampled in the first year while
even-numbered plots were sampled in the following year.
This procedure was repeated in the third and fourth years
of this study.
The samples were collected within each minor plot on
three occasions, namely, in June (six weeks after planting),
August (15 weeks after planting), and November (just after
the wheat was harvested), each year. Five soil samples (each
40 mm diameter and 150 mm deep) were randomly collected
in each of the three minor plots per experimental plot.
The five soil samples were bulked and mixed to provide
three samples for each experimental plot on each sampling
occasion for all analyses. Samples were stored in new plastic
bags at 8◦ C until analysed (within two weeks of sampling).
2.5. Microbial Analyses. Soil dilution plates were used to
enumerate culturable microbes in the soil samples. A 100 μL
aliquot of each dilution in a soil dilution series (10−1 –10−5 )
was transferred to a Petri dish containing the appropriate
enumeration medium and spread over the surface with a
sterile glass-spreading rod. Actinomycetes were cultivated
on sodium caseinate agar [27] while nutrient agar [28]
was used for heterotrophic microbes. The enumeration of
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anaerobic fungi was done on yeast malt (YM) agar (28) and
incubated in anaerobic chambers. Hymenomycetous fungi
were determined using a benlate-dichloran-streptomycin
medium (BDS) [29] and the colonies were classified as
filamentous or nonfilamentous yeast-like growth. All of the
above-mentioned plates were incubated in the dark at 26◦ C
for seven days after which the colony-forming units were
counted manually.
For the enumeration of protozoa, the method known as
most probable number (MPN) was used, as described by
Rønn et al. [30]. These numbers were converted to estimated
soil populations using a formula of Briones and Reichardt
[31].
All the soil samples were subjected to community level
physiological profiling (CLPP) [32]. Soil suspensions were
prepared by transferring 10 g of soil to 90 mL of sterile
distilled water. Each suspension was shaken for 10 min on a
wrist shaker and allowed to settle for two hours, after which
100 μL aliquots of the supernatant were used to inoculate the
wells of Biolog EcoPlates (Biolog, Hayward, CA, USA). The
inoculated plates were incubated in the dark at 22◦ C for 48
hours. Utilisation of the carbon source in each well, indicated
by a reduction of the tetrazolium dye, was then recorded
on a Bio-Rad Model 680 Micro Plate Reader at 595 nm
wavelength. To correct for possible background colour eﬀect,
the reading of the control well was subtracted from the actual
reading. Any possible negative results were recorded as 0.
Filamentous growth within the soil was measured by an
adaptation of the buried slide technique, [33] as described
by Marais et al. [34]. Clean microscope slides were bound
in pairs with masking tape. These were then buried upright
in the soil at a depth of 15 cm. After two weeks in the soil,
the slides were removed and wiped clean on the outside.
The inside of each slide was then examined under a light
microscope at 100x magnification and filamentous growth
were recorded in 20 fields on each slide. Thus the possible
count was between 0 and 40 for a pair of slides. The actual
number of positive fields was calculated as a fraction of the
possible 40.
2.6. Physicochemical Analyses. Soil calcium and phosphorous
were determined using the citric acid method, while soil
organic carbon (%) was determined using the WalkleyBlack method [26] and total nitrogen (%) using the method
described by AOAC [35]. Sulphur content (ppm) was
determined using the calcium monophosphate extraction
method [36] while boron content (ppm) was determined
using the extractable boron hot water method [26]. Soil
moisture (%) was determined gravimetrically by weighing
and then drying approximately 100 g of soil for four days at
60◦ C. Moisture content was expressed as a percentage of the
weight of dry soil.
2.7. Statistical Procedure. The data was continuous; therefore, univariate (ANOVA and t-tests) and multivariate
analyses (cluster analysis and discriminant analysis) were
performed on the data.
With the objective of comparing treatment means, the
data was subjected to an appropriate analysis of variance.
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Figure 2: Results of cluster analyses conducted on the ecosystem profiles of the soils, comprising both physicochemical and biological
variables, obtained for each year of the study (M = monoculture and R = rotation, J = June, A = August, and N = November).

The analysis of variance was performed using SAS version
9.2 [37]. The Shapiro-Wilk test was performed to test for
nonnormality [38]. Student’s t-test significant diﬀerence was
calculated at the 5% significance level to compare treatment
means [39].
The method of Ward [40] was used to perform cluster analysis. This method has no prior classification and
groupings may be evident. A discriminant analysis (DA) was
done to investigate the separation (discrimination) of the
forthcoming groups. These multivariate statistical analyses
were computed using XLSTAT [41] statistical software.

3. Results and Discussion
3.1. Physicochemical Analyses. Rainfall diﬀered between season and years (Figure 1) with the least rain occurring in 2009
(384 mm) and the most rain occurring in 2007 (723 mm).
Thus the rainfall during our test period varied from just
under to well above the long-term (n = 68 years) average
precipitation of 398.2 mm per annum for the area.
Soil moisture content, as determined on the day of
sampling, ranged from 2.6% to 18.1%. The average daily soil
temperature for the week leading up to the day of sampling
ranged from 13.7 to 17.1◦ C in June, 11.4 to 14.3◦ C in August,
and 23 to 25.6◦ C in November. This was usually slightly

higher than the average daily air temperature for the same
period, which ranged from 12.9 to 15.6◦ C in June, 11.2 to
13.2◦ C in August, and 18 to 22.8◦ C in November.
To determine whether the agricultural management type
(monoculture or rotation), season, and specific year in the
study period influenced the physicochemical and microbiological measured variables (see Sections 2.5 and 2.6), the data
was subjected to a two-way ANOVA (analysis of variance)
test. From the results (Table 1), it is clear that management
type had little influence on the measured variables, while
the season in which measurements were taken had the most
significant influence on these variables. Interaction between
season and type (monoculture or rotation) was significant
for soil sulphur concentration in 2007 (P = 0.0453), the year
with the highest rainfall in the study period. An interaction
is the variation among the diﬀerences between means for
diﬀerent levels of one factor over diﬀerent levels of the other
factor [42]. In this instance, season had the largest eﬀect
in this interaction (means of 16 for season versus 5.4 for
management type) and it is possible that the high rainfall had
an eﬀect on the overall soil sulphur levels, which is known
to leach. In the rotation, however, the legume pasture would
have sequestered more sulphur from the soil, since legumes
are known to have a high requirement for sulphur [43], thus
resulting in lower sulphur levels in the rotation soils.

Phosphorous mg.kg

S×T

Interaction

P = 0.0012

P = 0.0005

S: season; T: type (monoculture or rotation); Y: year (2006–2009).

Protozoa

Heterotrophic growth

Actinomycetes

F hymenomycetes

NF hymenomycetes

Log per gram soil

P = 0.0046 P < 0.0001

P < 0.0001

P < 0.0001

Type Year

2007
P < 0.0001

Season

P < 0.0001

Year

Filamentous growth
P < 0.0001
(fraction of highest value)

P = 0.0392

Type

2006

P = 0.0208

P < 0.0001

P < 0.0001

P < 0.0001

Season

Nitrogen
P < 0.0001
(fraction of highest value)

Percentage of carbon

Sulphur mg·kg

−1

Boron mg·kg−1

−1

Percentage of moisture

Measured factor

P = 0.0198

P < 0.0001

P = 0.0478

P < 0.0001

P < 0.0001

P = 0.0007

Type Year

2008
P < 0.0001

Season

P = 0.00453 P = 0.0006

S×T

Interaction

Table 1: ANOVA table with significant eﬀects indicated by P values for all variables.

P = 0.0475

P = 0.005

P < 0.0001

P = 0.0029

P = 0.0071

Type Year

2009
P < 0.0001

Season

P = 0.0297 P = 0.0089

S×T

Interaction

S×T

Interaction
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Table 2: ANOVA table with year included as a subplot. Significant eﬀects indicated by P values for all variables.

Measured factor
Percentage of moisture
Phosphorous mg·kg−1
Boron mg·kg−1
Sulphur mg·kg−1
Percentage of carbon
Nitrogen (fraction of highest value).
Filamentous growth (fraction of 40)
Log per gram soil
Nonfilamentous hymenomycetes
Filamentous hymenomycetes
Actinomycetes
Heterotrophic growth
Protozoa

Year

Season

Type

Year as subplot
Y×T
T×S

Y×S
P < 0.0001

Y×T×S

P = 0.0068
P < 0.0001
P < 0.0001
P < 0.0001
P < 0.0001
P < 0.0001
P = 0.0002
P < 0.0001
P < 0.0001
P = 0.0433

S: season; T: type (monoculture or rotation); Y: year (2006–2009).

Since rainfall diﬀered substantially over the test period,
“year” was subsequently used in the equation as a subplot
[44] and the measured variables were compared for the
diﬀerent years. Consequently, significant yearly diﬀerences
in soil phosphorous levels, as well as interaction between
“year” and “season” were revealed for soil moisture content,
as well as the levels of boron, sulphur, and nitrogen in the
soil (Table 2). These findings may be ascribed to diﬀerences
in rainfall that were recorded during the four years of the test
period (Figure 1).
During 2009, the driest year of the test period, soil
phosphorous, and nitrogen levels seemed to be linked and
were positively correlated (r = 0.983), as was found using
Pearson’s correlation. During this year, the response of both
these variables, to the wetting and drying cycles of the soil,
seemed to be more pronounced than during other years.
In this regard, Venterink et al. [45] reported that drying
as such had little eﬀect on phosphorous, but the rewetting
of dried soil caused substantial changes in the extractable
phosphorous as well as the availability of nitrogen. It is
known that these nutrients play a major role in soil microbial
communities, especially in legumes, such as the clover/medic
pasture rotation crop [46].
3.2. Microbes. When all measured physicochemical and
microbial measured variables (Table 1) were subjected to
cluster analyses for each year, grouping clearly separated
according to season for the duration of the test period
(Figures 2(a)–2(d)). This is in accordance with the ANOVA
results (Table 1) that showed season as the most significant
eﬀect behind the values obtained for the measured variables.
Similar results were obtained by Marais et al. [34].
When viewed per year, the only biological factor displaying significant diﬀerence between monoculture and rotation
was the actinomycete counts in 2006 (Table 1: P = 0.0392).
Interaction between season and type was significant for

protozoa in 2006 (P = 0.0046). From Figure 3(d), it is
clear that the seasonal eﬀect on protozoan numbers was
vastly diﬀerent in the soil subjected to the two management
types, namely, monoculture wheat and wheat in rotation
with legume pasture. The colder, wetter conditions in August
caused the numbers of protozoa to drop significantly in the
soil of the monoculture, while the soil protozoan numbers
in the plot subjected to rotation remained fairly constant.
Towards the end of the growing season, however, the reverse
was true with the soil protozoan numbers of the rotation plot
were falling rapidly while the numbers of these microbes in
the monoculture plot increased to numbers comparable to
the numbers at the beginning of the season. The year 2006
had average rainfall, but rainfall was lower in the later part of
winter (August 2006) than for the same period in the other
years of the experimental period (Figure 1). It is possible
that the drier winter had a greater eﬀect on the protozoa
associated with the monoculture than that of the rotation.
This could be in accordance with the findings of Hardy
[47, 48] who found that during years with less than average
rainfall, crops of rotation plots performed better overall. It
has been suggested by Torsvik and Øvreås [49] that soil
fertility is associated with “buﬀering” capabilities provided
by soil microbes. It is therefore tempting to speculate that
the dry conditions during August 2006 may have been better
tolerated by the protozoan community of the rotation plots,
than by the protozoa in soil of the monoculture plots.
An interesting correlation was found between the total
rainfall for the period two weeks before sampling (Figure 4)
and the actinomycete numbers. This positive correlation
(r = 0.842) was highly significant in 2009, the driest
year, indicating that actinomycete numbers and rainfall
were linked. In the wettest year (2007), however, these
variables were negatively correlated (r = −0.855), so that
an increase in rainfall led to a reduction in actinomycete
numbers.
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The actinomycete numbers were also negatively correlated with soil moisture (r = −0.822) in 2007. Thus, it seems
that although actinomycetes need a minimum moisture
level to grow, these bacteria are sensitive to waterlogged
soil conditions. This is in accordance with results obtained
by Titus and Pereira [50] who found than waterlogged
soils could be detrimental to the actinomycetes that thrive
in well-aerated soils. Similarly, protozoan numbers were
positively correlated with rainfall (r = 0.880) and soil
moisture (r = 0.953) in the wettest year. Protozoan numbers
followed a seasonal pattern in all years and interaction
occurred between season and year in 2006 (Table 1), a year
with just above average (422 mm) rainfall. When “year”

8
J

A

N

Figure 5: Heterotrophic counts on a logarithmic scale displaying
diﬀerent reactions to monoculture and rotation in the diﬀerent
seasons in 2007. Monoculture = M --; rotation = R -•-. Vertical
bars denote standard deviation.

was added as a subplot (Table 2), interaction occurred
between year, season, and type. It therefore seems that
something other than the availability of moisture played a
role in influencing soil protozoan numbers. Since protozoa
often feed on bacteria [51, 52], it is possible that the
abundance of protozoa was a function of the availability of
bacteria.
When the seasonal trends of the results obtained
from the biological variables were plotted against the
agricultural management type, some interesting patterns
emerged, although they were not always statistically significant at P = 0.05. In 2006, a year with just above
average rainfall (422 mm), filamentous and nonfilamentous
hymenomycetes, actinomycetes, and protozoa as well as
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heterotrophic counts displayed diﬀerent patterns in monoculture and rotation (Figure 3).
In 2007, the year with the highest rainfall (723 mm)
of the study period, only heterotrophic counts displayed
some diﬀerence between management practices (Figure 5)
and then mostly in November, when it was drier.
In 2008, a year with above average rainfall (500 mm), two
measured microbial parameters, namely, actinomycetes and
nonfilamentous hymenomycetes, displayed slightly diﬀerent
reactions to the diﬀerent management types (Figure 6).
In 2009, the final year of the study period and a year with
just under average rainfall (384 mm), three measured microbial parameters displayed diﬀerent reactions to the diﬀerent
management type. These were actinomycetes, protozoa, and
heterotrophic counts (Figure 7).
When viewed over the four year study period (Figure 8),
it is interesting to note that not many of the microbial
parameters (a–g) followed a similar pattern to that of the
soil moisture content (h), as could perhaps be expected,
since ANOVA showed that soil moisture was statistically
significant in all years (Table 1). It thus seems that, even
though soil moisture is probably the main driving force
changing the culturable soil microbial communities, other
parameters also play a role. This is in accordance with results
from a study done by Bachar et al. [53] who found that while
bacterial abundance in soils was correlated with the water

availability, the richness and diversity of the community was
influenced by something else, such as nutrient availability
and pH.
From Figure 8, it is clear that in the two years in which
more than average rainfall occurred, namely, 2007 and 2008,
the counts for measured microbes were in some cases higher,
some lower, and some similar to that in the years with
average rainfall (2006 and 2009). The numbers of microbial
parameters studied are thus not only linked to soil moisture,
in accordance with the results obtained by Bachar et al. [53].
The colonies cultured on the facultative anaerobic medium
(Figure 8(f)) were mostly found to represent the fungal order
Mucorales. These fungi had slightly higher numbers in the
two years with the lower rainfall. Seabi et al. [54] found that
some Mucoralean fungi in South African soils were found to
be tolerant to a wide range of salinity and thus the availability
of water. Therefore, the lower rainfall in these two years,
which is likely to have reduced populations of some of the
microbes measured in our study, would not probably have
adversely aﬀected the growth of the Mucorales.
3.3. Biolog EcoPlate. The rotation system may result in a
greater variety of potential microbial carbon sources in the
soil, due to the legume pastures [55] and waste from the
grazing sheep. Therefore, it could be expected that CLPP
analyses, based on the Biolog EcoPlate method, would have
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Figure 8: Diﬀerences in microbial numbers on a logarithmic scale and soil moisture content of plots subjected to rotation and monoculture
during the study period. (a) Nonfilamentous hymenomycetes, (b) filamentous hymenomycetes, (c) actinomycetes, (d) protozoa, (e)
filamentous growth, (f) Mucorales, (g) heterotrophic growth, and (h) percentage of soil moisture on day of sampling. Monoculture = M
--; rotation = R -•-. Vertical bars denote standard deviation.

revealed if diﬀerences existed in the carbon sources utilised
by the soil bacterial community in soils subjected to the two
management systems.
When the Biolog EcoPlate data was analysed for each
year, the following patterns emerged. In 2006 the data of
the dendrogram as well as the discriminant analysis (DA)
clearly grouped per season rather than per type (Figure 9),
in accordance with the results obtained by Marais et al.
[34], amongst others. Even though Biolog EcoPlate mainly
measures the metabolic potential of rapidly growing bacteria
[32], these results were in accordance with the results
obtained in the other microbial variables measured in this
study (see Section 3.2).
Data from the wettest year of the study period, namely,
2007, did not cluster much per season (Figure 10) but
the discriminant analysis (DA) showed some clustering
according to type, when samples from monoculture in
November and August grouped together and separately from
the others. It seems that when moisture is not limited, the
eﬀect of the diﬀerent management systems is not so distinct.
In 2008 and 2009, the trend of 2007 mostly continued
(Figures 11 and 12) with not much clustering according
to season. Some clustering according to management type
occurred in the DA with monoculture in November and

rotation in November totally separate from each other and
from the samples taken in June and August (Figure 11).
From Figures 11(a) and 11(b), it is clear that the
November monoculture samples separated completely from
the other samples. One of the two monoculture plots was
not harvested, but sprayed with herbicide shortly before
sampling in November, because of the high infestation of
ryegrass weeds. It is possible that the herbicide had an eﬀect
on the soil microbial community, as reported by Marais et al.
[56].
In 2009, monoculture samples taken in August, midway
through the growing season, did not cluster with the other
samples (Figures 12(a) and 12(b)). In 2009, the rainfall was
the lowest recorded over the test period and also the lowest
for the month of August, when the samples were taken
(Figure 1). It is possible that the monoculture experienced
more stress than the rotation plots, since it has been found
that rotation systems could use soil water more eﬃciently
[57].

4. Conclusion
Rainfall and soil moisture clearly had a large influence on
the changes occurring in the soil microbial communities.
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Figure 9: Results of cluster analyses conducted during 2006
on the community level physiological profiles of the soils, as
measured using the Biolog EcoPlate method (a) dendrogram and
(b) discriminant analysis (DA) (M = monoculture and R = rotation,
J = June, A = August, and N = November).

Figure 10: Results of cluster analyses conducted during 2007
on the community level physiological profiles of the soils, as
measured using the Biolog EcoPlate method (a) dendrogram and
(b) discriminant analysis (DA) (M = monoculture and R = rotation,
J = June, A = August, and N = November).

The seasonal fluctuation of wetting and drying in the
Western Cape is probably the main driving force behind the
changes in the soil microbial community, which can be seen
throughout our results. It is, however, also clear that the
agricultural management type had an eﬀect on the culturable
soil microbial community. It has to be kept in mind that the
management practice at the test area had been in place for

some years prior to this trial and that the wetting and drying
cycles are part of the climate. It is thus possible that the soil
microbial community had adapted to the specific practice as
well as the dry-wet cycles, as reported by Fierer et al. [57] who
concluded that dry-wet cycles can influence soil microbial
communities, and that the communities evolve and adapt to
the cycles over time. Since we did not identify any species but
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Figure 11: Results of cluster analyses conducted during 2008
on the community level physiological profiles of the soils, as
measured using the Biolog EcoPlate method (a) dendrogram and
(b) discriminant analysis (DA) (M = monoculture and R = rotation,
J = June, A = August, and N = November).

observed the ecosystem profile of the soil community as a
whole, it was not possible to deduct species-specific changes
in these communities.
From our study it is clear that the use of culturable
methods in soil microbiology is a tool that can be used to
determine changes in ecosystem profiles of soil microbial
communities.

Figure 12: Results of cluster analyses conducted during 2009
on the community level physiological profiles of the soils, as
measured using the Biolog EcoPlate method (a) dendrogram and
(b) discriminant analysis (M = monoculture and R = rotation, J =
June, A = August, and N = November).
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