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ABSTRACT

The effects of bare fallow, cultivation and nitrogen application on soil organic
matter, soil biomass and nitrogen leaching were compared against the backgrounds of
permanent grass pasture and grass/clover pasture. Cultivated plots were dug annually to
a depth of 15¢cm. All plots received an annual dressing of 300kg ha™ of Potassic Super.
The Nitrogen treatment was applied as two equal applications of 100kg ha™ Calcium

Ammonium Nitrate in November and December each year.

The results indicated that both bare fallowing and cultivation reduced soil organic
matter and soil microbial biomass. The use of N-fertilizer did not promote either the soil

organic matter or soil microbial biomass; this is contrary to the general finding.

Legume nitrogen was found to leach as readily as the applied nitrogen and hence
posed an environmental threat to groundwater quality. In all cultural practices the largest
concentration of nitrate nitrogen (NQO,-N) was observed at the 50 - 100m depth, below
the root zone. Vertical movement of groundwater was estimated at 1m year!. This
confirmed the concern of possible groundwater pollution by nitrate nitrogen from

agricultural activities.
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CHAPTER 1

1 General Imtroduction

1.1 Introduction

Agriculture manipulates energy fluxes, nutrient dynamics and hydrological cycles.
Such manipulation may involve clearing and burning to remove woodland, ploughing,
fertilizer application and seeding to create crops and pastures and intensive grazing by
domestic animals. Increasingly, farmers, agricultural scientist and environmentalists are
turning thetr attention to considerations of the chemical and biological integrity of the
cropping systems. The reasons for this are obvious. When man converts natural
ecosystems into agroecosystems, he modifies many specific features of their structure
and dynamics. These modifications affect two basic ecosystem characteristics. They tend
to reduce the importance of detritus food chains and to increase the importance of
nuinent and energy exports from the system (Cox and Atkins, 1979). In particular the
nitrogen cycle has captured the interest of both environmentalists and agriculturalists.
The environmental concerns stem from the fact that potable water pollution by NQO, in
run-off or groundwater has been linked to carcinogenic nitrosamines from NO, and
the depletion of ozone layer by soil evolved N,O (Crutzen, 1981 and Byrnes, 1990).
From the agricultural point of view nitrogen cycling is of paramount importance in that
it 18 one of the most limiting nutrients in crop yields. Furthermore, in economic terms

N fertilizer constitutes a large monetary cost of crop production.

For more than a century now mankind has always been keen to know more about
the impact of his agricultural activities on the environment since this has a bearing on
the long-term sustainability of agricultural systems. Jenkinson (1991) reported on British
experiments as old as 150 years in which inorganic nutrients, in various combinations,
were compared with farmyard manure - the traditional source of fertility. These
experiments provided a wealth of information with regard 1o long-term effects of

inorganic fertilisers and organic manures on soil organic matter levels. Over the years
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agricultural research has broaden its focus. Todate several other issues have been
incorporated into this historic research thrust. These include research on changes in soil
pH over time and nitrogen cycling in these agroecosystems. This kind of research is no
longer limited to more conventional cropping systems such as cereals but has been
extended to pastoral systems as well. For example in New Zealand there is currently a
strong interest in cycling efficiencies of many plant nutrients in grazed pastures. It is
believed that the grazing animals aggregate many plant nutrients into dung and urine
excretions. These excretions contain concentrated forms of many plant nutrients, with
N and potassium (K) levels being potentially high (Hogg, 1981). Once urine has been
applied onto the soil much of the organic forms of N are rapidly converted to
ammonium (NH,”) then nitrate (NO;) ions which are susceptible to losses through

Ieaching and other soi1l processes such as volatilisation and denitrification.

Managed agroecosystems generally tend to have greater inputs of N than
unmanaged systems. Because of this, greater N losses are incurred under intensively
managed systems. The actual extent or severity of the losses of N in such systems will
depend on several factors. Allison (1966) and Campbell and Paul (1978) pointed out that
the amount of N foss 18 a function of timing and rate of application, cropping system
and moisture regime. With good management, losses could be minimised. However,
increased exports of N from disturbed and unmanaged natural ecosysterns such as forests
have long been appreciated. Likens er al., (1970) noted that clear felling of trees alters
the N cycle within the ecosystem, greatly increasing the N leakage from the watersheds
and resulting in increases in nitrate levels in river waters. Bormann er al., (1968)
reported and stressed that the nutrient cycle in a forest is closely geared te all the
components of the ecosystern and the balance between decomposition and the nutrient
uptake influences the conservation of nutrients within the ecosystemn. In the absence of
forest vegetation the bulk of mineralized nutrients, and mainly N, are rapidly flushed out

from the watershed-ecosystems.
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1.2 Nitrate problem in the Environment

The impact of nitrogen on the environment is now well appreciated and a more
responsible attitude to the problem has been adopted. Research in crop production is
aiming to provide a basis for acceptable compremise in conflicting goals of maximum
yield, maximum profit and zero environmental pollution. Peterson and Russel (1991)
gave some of the reasons for increasing studies in nitrogen cycling in agricultural
production systems as:

(a) depletion of the atmosphere’s protective ozone layer.
(b) high demands of energy required in the production of N fertilizers.
(c) accurmulating scientific evidence showing that some agricultural practices deposit

N in both surface water and groundwater supplies.

The protection of groundwater quality from which both public and private wells draw
drinking water is a high priority in most countries. In New Zealand the concentration
of NO,™ 1n bore and well waters in many areas exceeds the upper limit for potable water
of 10mg per hitre suggested by the World Health Organisation (Steele and Judd 1984).
This problem of nitrate pollution is not being experienced in this country alone. Other
countries, for example, the United Kingdom (Wild and Cameron, 1980a) and U.S.A.

{Magette and Shirmohammadi, 1989) are facing a similar problem.

Nitrate leaching is a particular problem on cultivated agricultural lands and it is
often the most important channel of N losses from field soils. Wild and Cameron
(1980b) reported that such losses range from 2 to 100kg ha! year” in the UK. This N
originates from mineralisation of soil organic matiter and fertilizer N not used by crop
plants. Addition of N which is essential for obtaining high crop yields commonly
increases leaching losses. When high fertiliser rates are combined with heavy irrigation
regimes on light-textured soil, leaching losses of nitrate nitrogen (NO,-N) can be large
(Weil er al., 1990). The processes involved in NQ, leaching and factors influencing
losses have been studied extensively because of their economic and environmental
sigmficance (Cameron and Haynes 1986). However, data is needed on specific cultural

practices and their impact on N leaching from the soils. Such studies could help develop
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best management practices for agricultural land to protect groundwater. It has been
found that nitrate moves downward through the soil profile at a rate of about 1 to 2m
per year depending on soil type and the underlying rock (Young et al., 1979). This kind
of information may not only make it possible to predict when problems in drinking
water may arise but may also help identify which cultural practices pose the greatest risk

of N pollution to ground water,

The current rising levels of nitrate in groundwater 1s attributed to application of
N-fertilisers by farmers. Because of this, calls for the control, or in some cases a ban,
on the use of N-fertilisers by farmers have been put forward, particularly in Europe.
Work by Powlson et al., (1986) strongly points to the residual N from previous seasons
and from the soil organic N. The work suggests that organically bound N c¢an be a major
source of nitrate pollution when it is finally re-mobilised by soil microbes. This
microbially produced N is subject to leaching if the re-mobilisation rate i1s not matched

with the plant uptake.

In order to investigate more closely the complexity of this issue, a six-year
experiment was set up at DSIR Grassland, Palmerston North The objective was to assess
how cultural practices affect soil’s N mineralisation potential and N leaching. In
particular, the effect of cultivation, bare fallowing and legume N fixation was
investigated. Additional investigation was to assess the impact of these cultural practices
on soil microbial populations since the N mineralisation and soil biomass are closely
linked. The soil biomass derives its energy and nutrient supplies through the
decomposition process. The size of the biomass pool, therefore, reflect the amount of
material available for decomposition (Carran 1983) and hence should reflect the long-
term amount of C input to the soil (McGill er al., 1986). Because of this close
association between biomass and organic matter, biomass assessment can offer an
alternative method of assessing the impacts of cultural practices on soil-plant systems.
Past scientific work has established that the decline in soil biomass is far more sensitive
to measuring effects of cultural practices on any change in organic inputs than is the

measuring the total organic matter (Powlsen er al., 1987 and Powlson and Jenkinson,
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1981). The measurement of microbial biomass could thus be a valuable tool for

understanding and predicting the long-term effects of changes in soil conditions.
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2 Literature Review
2.1 Introduction

Nitrate is the principal poliutant associated with agriculture and the rising
contaminations of nitrate in groundwater sources are widely attributed to the effect of
past and present agricultural practices. Horne, (1982) indicates that despite this common
knowledge it is very difficult to try to control this form of pollution. The fact that at
least a proportion of N now found in water samples must derive from agricultural soils
presents a problem to resource managers which, because it does not appear from a point
source, has no potential cure. The cumulative effects of management practices on nitrate
nitrogen (NO,-N) leaching and groundwater quality are frequently difficult to document
because of the time required for expression and the diversity of interacting processes
involved. The information required to correlate cultural and management practices with
groundwater quality is frequently limited because of the time lag between activities at
the soil surface and the ultimate impact on the aquifer (Schepers er al., 1991). In spite
of this generalisation, these researchers found a correlation hetween producers who
exceeded fertiliser N recommendations and the highest groundwater NO,-N

concentrations.
2.2 The Nitrogen Cycle

The pattern of movement of N through an ecosystem (figure 2.1} differs in several
ways from that of other elements. First, the main reservoir of N is the atmosphere,
which is 79% dinitrogen (N,). This translates into 8 x 10’kg of N above each hectare
of earth’s surface and this is the ultimate source and sink for all the N present in
ecosystem (Gandar and Ball, 1982). Atmospheric N is not available to pla‘nts and must
be fixed by certain $oil micro-organisms or by chemical manufacturing processes before

it can be used. Second, there is a distinct biotic sub-cycle for N that involves the
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Figure 2.1: The relationship between some N transformations and their role in
agricultural production and environmental pollution.

biological breakdown, in several steps, of organic forms. Even in the soil most nitrogen
is unavailable for plant uptake as it is part of soil organic matter fraction. Hood (1976)
estimated that soils, depending on level of fertility, may contain reserves of nitrogen
varying from 1-5t ha' in top 15cm. Ball (1984) suggested an even greater proportion of
510 15t N ha'. Of these estimates Cameron and Haynes (1986) reported that about 90%
is in organic form and that the actual available-N pools in most soils are very small
relative to plant uptake. The implication of this is that N is taken up by plants from
decaying organic matter before it enters the exchange complex. Johnson, (1992) reported
that the N pools are replenished several times per year by the process of mineralisation

or N, fixation or both,
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2.2.1 Biological Fixation

Certain micro-organisms have the unique ability to convert atmospheric N, gas
into plant available N. This conversion, called N-fixation, involves the reduction of
molecular N, and the production of organic N compounds. The amount of fixation
occurring locally depends on environmental conditions such as temperature, oxygen,
moisture and nutrient availability (Mulder, 1975 and McClean and Cameron, 1990). Two
systems of biological N-fixation operate. These are:

(a) fixation by free-living micro-organisms.

(b) fixation by micro-organisms which live in symbiosis with higher plants.

2.2.1.1 Fixation by Free-living microorganisms

The ability to fix N is present in a wide range of organisms. Nevertheless only
a very small proportion of species is able to do so and about 87 species in 2 genera of
archaebacteria, 38 genera of bacteria and 20 genera of cyanobacteria have been
identified as diazotrophs, or organisms that can fix nitrogen (Dixon and Wheeler, 1986).
The wide variety of diozotrophs ensures that most ecological niches will contain one or
two representatives and that lost N can be replaced. The actual amounts fixed are
variable (McClean and Cameron, 1990) and the contributions to agricultural soils are
indirect since most non-symbiotic bacteria do not excrete fixed N and must be

decomposed before the N can be released.

2.2.1.2 Symbiotic N-fixation

Among the various biological systems which are able to fix aimospheric N, the
symbiosis of leguminoseae with Rhizobium seem to contribute most of N to the
ecosystems and food production. Nitrogen fixation by legume accounts for 20% of the
estimated biological N, fixed each year on earth, far more than that of the free-living
microorganisms with the figures similar to those of all the N fixed chemically by

industry (Quispel, 1974). Legumes have been used in crop production since ancient
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times. However, during the past two decades interest in legumes and their role in
cropping systems has increased in response to the energy dependence of inorganic
fertilizers, concern over soil erosion, and leaching of nutrients and associated
groundwater contamination {Walters ef al., 1992). Today leguminous plants represent
the only known crop that can be self sufficient in N nutrition and that may leave fixed
N in the soil (France 1978). Their contribution in N,-fixation is also important in natural

uncultivated systems.

2.2.2 Mineralization and immobilization

Microhal decomposition constitutes the main process by which N held in the
plant residues is released into the soil for reuse by plants. During the decomposition
carbon is returned to atmosphere as CO, while N is converted into ammonium (NH,")
and nitrate {(NO;) forms of nitrogen through a process of mineralization. The microbes
involved in the decomposition process also assimilate a part of the N, a phenomenon
known as N-immobilization. Mineralization and immobilization of N, therefore constitute
two major biological processes controlling availability of N to plants. These two
processes proceed continuously and simultanecusly. Depending on their relative
dominance, there is either a net increase or a net decrease in the soil inorganic N
concentration, which is known as mineralization-tmmobilization turnover. The chemical
composition of the plants residues affects the overall mineralization rate. Of particular
significance is the C:N ratio. This can be higher than that of the microbial biomass
feeding on it (Houot et al., 1989). With C:N ratio of 25:1 to 30:1 there may be net
immobilization in the first few days or weeks of decomposition after which there will
be net mineralization (Parnas, 1975 and Whitehead, 1986). Herman et al., (1977) also
found that the relative proportions of lignin and carbohydrates in plant residues is

important.

2.3 The Fate of Nitrogen in the soil.

The management of the N transformations and its fate in the soil is important to
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insure that there is sufficient available-N for plant growth but with no NO; in excess
of the plant needs. Any excess of NO;™ in the soil would be lost through leaching into
the aquifers thereby posing health hazard. The first product of mineralization is NH,".
This is the hub of N transformation in the soil because its pool lies at the crossroads of
the three major N processes ie ammonification nitrification and immobilization {Boyle
and Paul, 1989). Since immobilisation has already been described above, we now

concern ourselves with the first two,

When NH,* is generated during the mineralisation process it is normally
transformed into NO,” which is available for plant uptake. Any excess to piant needs is
lost due to leaching process. Leaching is described as the movements of soil solute in
soil solution down the soil profile. In the case of plant nutrients such as NO;, the
nutrient is considered lost if it is leached to depths beyond plant roots. Leaching is not
the only way through which N can be lost from the soil. N can be lost through the
denitrification process. This is a process whereby nitrate nitrogen is converted into
gaseous forms: molecular nitrogen (N,) and nitrous oxide {N,O). The reaction involved
may be purely chemical {chemodenitrification} or brought about by microorganisms
{biodenitrification). Chemodenitrification is restricted to highly acidic soils and is
generally less significant compared to biodemnitrification (Loehr, 1979). In the absence
of oxygen (Q,) some soil bacteria can use O, that is chemically bound to NO;™ as the
electron acceptor 1n their respiration. This resulis in the emission of nitrogen gases.
Since this process is reductive, its rate will generally increase with development of
anaerobic microsites that are frequently the result of increased soil moisture {Burford
and Stefanson, 1973 and Mosier et af., 1986). Increased soil moisture is not the only
way through which biodenitrification can be initiated in the soil. The decrease in O,
availability as a result of microbial activity in decaying organic matter can also create
anaerobic microsites {Parkin, 1987). It is noteworthy remembering that the loss of NOy
due to denitrification has not only an economic implication but also an environmental

one (Crutzen, 1981 and Byrnes, 1990).

The other crucial fate of NH," pool in the soil is loss due to ammonia {NH,)



CHAPTER 2 11

volatilisation. Much of the NH," in the soil can be lost trough this process and losses
are high in soils with a pH greater than 7.0 (Alexander, 1961). Normally NH, exists in
equilibrium with NH," but at high pH values the later predominates and may escape into

the atmosphere in significant quantities,

2.4 Cultural practices and implication on soil N dynamics

The main difference between the nutrient dynamics of plants in the natural
ecosystems and that of crop plants in agricultural systems is that the later involve the
removal of nutrients in harvested material. The quantities may be substantial where
foods are produced for direct human consumption or where industrial raw materials are
harvested (Spedding et al., 1981). The amount actually removed in animal production
system are usually less depending on their intensity and whether excreta are recycled or
not. The established view (Ball, 1979; Ball and Keeney, 1983 and Hoglund, 1985), is
that grazing animals, by aggregating excess dietary N inte urine patches, cause
substantial N loss from intensively managed pastoral ecosystems. By contrast natural
systems of vegetation do not leak their resources. Well established grasslands or forests
lose very little nitrate to the rest of the environment. There is continuous annual cycle
of growth, senescence and decay which includes the production of nitrate from dead
leaves and roots but this nitrate can be repossessed by roots of grass or trees before it
escapes into the ground water. This phenomenon implies a steady state situation in
which inputs are always balanced with outputs. Measurements of nitrate in water
drainage from natural grassland or forest usually show low nitrate contaminations

(Addiscott et al., 1991).

Arable farming is far from being a natural system. Unlike other systems it leaves
soil bare of vegetation (fallow) and during this period there are no growing plants to
capture any nitrate mineralised. The length of time for which the soil is bare depends
greatly on the sequence of crops. These disturbances to vegetation cover are known 10
result in enhanced concentrations of inorganic N in soil and stream water, presumably

because of a reduction in plant uptake of NH," and NOy ions (Vitousek er al., 1982).
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In general, any activity that stimulates mineralization while concurrently failing to
stimulate plant uptake should increase inorganic N in soil water. Seastedt and Hayes
(1988) reported that the presence of vegetation can reduce N icaching losses about 5-

fold. Trudgill et al., (1991) ranked arable > grassland > woodland for nitrate losses from

catchments.

Nitrogen demand by today’s high yielding crops frequently exceeds the supply
of this essential plant nutrient from the soil and sustained production of non leguminous
crops usually requires the input of fertilizer N on an annual basis (Walters and Malzer,
1990). Leaching of N from the crop root zone can be considerable and contributes to the

accumulation of NO, in groundwater and surface water.

2.5 Nitrogen fertilizers in New Zealand Agriculture

Gow (1965) indicates that increased fertilizer use is cornerstone of land
development in New Zealand. However, over the years there has been a shift in the way
agriculturalists in New Zealand think about the place of chemical fertilizers in their
agriculture and in particular N-fertilisers., Increased awareness of the economic
importance of losses of nitrogen from New Zealand agricultural lands, together with the
recognition that nitrate pollution is potentially a problem have stimulated research on
nitrate leaching (Ryden er al., 1984). There are two themes in N research in New
Zealand. On one hand there is research which is aimed at decreasing N limitations in
order to increase crop yield. On the other, there is research which i1s aimed at
minimising the impact of N on environmental quality and in particular, upon fresh
waters (Gandar and Ball, 1982). It is clear that these objectives may conflict, increasing
production by elimination of N deficiency is likely to have adverse effects on
environmental quality. An important problem for research in New Zealand and
elsewhere is to specify the extent te which these objectives are compatible and to find

alternative cultural practices that are more friendly to the environment.

Over the past 50 years New Zealand scientists and farmers have developed
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pastoral system based on association between clover and grass species consumed in situ
by grazing animals (Ball and Crush 1985). Sears (1960} and Brougham (1973) ascribed
the success of this technology to its low cost inputs, minimal forage conservation and
high potential output. In comparison with other intensive grassland production in other
developed countries, New Zealand agriculture is uniquely characterised by almost
compiete dependence on clover for the large mputs of N required to sustain productive
pastures. Very little fertilizer N has been used (Ball er al., 1979). Over the years,
however, the use of fertilizer N has been on the increase in both pasture and cropping

sttuations. This trend has a negative effect on groundwater quality.

2.6 Indexing Soil N Availability and leaching Potential

In humid temperate regions most of the available soil N taken up by the plants
during the growing season comes from the potentially mineralizable organic N rather
than the inorganic N present at the start of the season. The proportion will vary with soil
type, weather and management practice. The implication of this generality is that any
method used to predict soil N supply must take into account both the inorganic and the
potentially mineralizable fractions. These two could be measured either separately or
together (Whitehead, 1986). The inorganic N which is usually present in small amounts
is very easy to measure and is available for plant uptake. The potentially mineralizable
N is more difficult to measure, particularly in the field, and is only partially available
because of several factors limiting mineralisation and these include temperature and
water status of the soil. More often than not these are less than optimum. In spite of
these limitations, the N mineralisation potential in laboratory is still considered a

reasonable method to measure total soitl N supply to plants (Stanford et af., 1973).

There are several methods that have been devised to index soil N. These include
the following:
(a) Biological methods
(1) Aerobic incubation

€5)) Anaerchic incubation
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(i)  Bioassay or Exhaustive cropping

(b) Chemical methods

2.6.1 Biological Methods

The incubation methods for indexing soil N were first introduced by Waring and
Bremner (1964). Since the time of their inception, these methods have been subjected
to various modifications in an effort to make them more rapid and accurate. Keeney and
Bremner (1967) pointed out that the incubation methods should be simple if they are to
be used routinely in soil testing laboratories. Some of the meodifications in these methods

are variations in incubation time, temperature and use of amendments.

2.6.1.1 Aerobic Incubation

The acrobic method involves determination of the total mineral N produced when
10g of soil mixed with 30g of sand are treated with 6ml of water and incubated at 30°c
for 14 days under aerobic conditions without loss of water (Keeney and Bremner, 1967).
According to these two authors, this method is a simple and precise evaluation that

provides a good index of nitrogen availability.
2.6.1.2 Anaerobic Incubation
The another version of incubation method is anaerobic approach. This method
involves estimation of the ammonium N produced on incubation of soils under
waterlogged conditions at 40°¢ for 7 days (Keeney and Bremner, 1966). This incubation
method like the aerobic one can be used on both air-dried and field-moist sotls.

2.6.2 Bioassay or Exhaustive Cropping

This method involves growing plants on the given soil sample and then do a

vield analysis and/or sometimes tissue analysis on the percentage of N in the herbage.
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The chemical analysis on plant tissue could be done on roots as well. While this method
is time consuming, it more reliable than other approaches. Carlyle and Malcolm (1986)
pointed out that this method is better than other methods in that it takes into account the

ability of the plants to compete with the soil microbial population for the available N,

2.6.3 Chemical methods

A chemical method for the laboratory index of soil N availability is more
convenient than the biological approaches discussed above in that it is usually rapid and
more precise than biological methods (Keeney and Bremner, 1966). However, this
method has one major weakness in that no chemical treatment of soil is likely to closely

mimic the microbial processes responsible for mineralisation of N in the soil.

2.7 Soil Microbial Biomass

Soils are inhabited by a vast array of microbes which are responsible for the
breakdown of organic matter and the mobilization of nutrients. Different methods are
used to estimate the magnitude of the pool of these various soil microbial biomass
components. The techniques used inciude the direct counting of the microbes
{Soderstrom, 1977; Rosser, 1980 and Paul and Johnson, 1977), analysis of specific
cellular components such as ATP or muramic acid (King and White, 1977; Fazio et al.,
1979 and West et al., 1986), measurement of respiration rates (Anderson and Domsch,
1973), quantification of specific microbial processes such as N mineralization (Alef et
al., 1988), direct analysis of cellular components solubilized by fumigation (Brookes ez
al., 1982 and Tate er al., 1988), or the CO, produced by respiration of these products,

fumigation-incubation method (Jenkinson, 1976 and Jenkinson and Powlson, 1980).

The common procedure currently employed appears to be the fumigation-
incubation method (Parkinson and Paul, 1989). With this technique, soil samples are
fumigated to kill existing microbes, re-inoculated with native soils and incubated. The

CO, produced during the incubation period is measured directly by infrared or gas
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chromatographic analysis or it is collected in NaOH and titrated. To correct for
respiration not associated with the fumigation of the microbial biomass, CO, produced
in unfumigated controls is subtracted from that yielded in the fumigated samples.
Although there are some problems with the use of this method, the method appears to
be reasonably universally applicable. Its limitations primarily stem from the effects of
exogenously supplied carbonaceous nutrients on microbial respiration and with extremely

acidic soils (Martens and Cameron, 1985 and Vance er af., 1987).

2.8 Soil Organic Matter

Another major change observed in managed soil-plant systems is the loss of soil
organic matter through a combination of factors. Such factors include reduced carbon
input and accelerated decomposition and erosion rates. Changes in edaphic environment,
such as cultivation of virgin lands or altering the cultural practices have profound
impacts on the rate of addition and decomposition of organic matter in a soil (Brady,
1984). Changes in organic matter content in a soil are of utmost importance in
agriculture. The amount of soil organic matter influences the dynamics of microbial

biomass in the soil.
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3 Experimental Design

3.1 Experimental Site

The experiment was conducted at the AgResearch Grasslands in Palmerston
North, New Zealand. The site has an annual rainfall of about 974mm, mean of 30 year-
period, (Jerez 1991). The soil type of the site is a sandy loam soil with roughly 45 cm
of fine sandy loam overlying medium and coarse sand down to 2 m (P.R.Ball pers
comm). Soils had a pH of 5.75 at the start of the experiment (1986). The site 1s fairly
flat.

3.2 Treatments

The experiment consisted of six treatments, These were:
(a) Bare fallow (BF)
(b)  Permanent Grass/Clover sward (PGC)
{c) Permanent Grass sward (PG)
(d) Six years cultivation with no N application (C¢-N)
(e} Four years cultivation with no N application (C,-N)

{f Six years cultivation with N application (Ci+N)

The plots that received BF treatment were bare fallowed on the 13.8.86 and
maintained under bare faliow conditions throughout the entire period of the experiment

using herbicidal sprays.

Plots that received the cultivation treatments were cultivated annually to a depth
of 15cm and sown to Tama ryegrass {Lolium multiflorum) at 40Kg ha'. This species was

chosen for two reasons:
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(a) Because of its strong annual characteristic it mimicked closely an annual cereal
Crop.

(b) Because it is faster to establish than an other New Zealand ryegrass. Plots
receiving the C,-N and Cg+N treatments were brought under cultivation on the
2.10.86. Treatment C,~-N was brought under cultivation on the 13.10.88. This
means plots receiving this treatment were two years longer under a grass/clover

state.

The treatment with N application (C+N) had N applied annually for each
subsequent grass crop. The N-fertilised plots received a total of 200kg ha™ annually in
two split applications. The first application was done in November and the second and
last application in December. The N was applied in the form of Calcium Ammonium

Nitrate.

The PGC and PG plots were established in winter 1985 and kept permanently

undisturbed throughout the experimentation period.

3.3 Management of the Experiment

ALL experimental plots received an annual dressing of 250kg ha™ of Potassic
Super. On September 28, 1988 minor elements were applied; namely copper sulphate,
zinc sulphate and boric acid. These were applied at Skg ha”. Sodium molybdate was

applied at a rates of 0.14kg ha™.

During the growing season the cropped plots were hand weeded to keep them
weed free. The grass crop was cut about twice in the growing season using a rotary

mower. The clips were taken away from the plots.

The BF plots were kept bare by spraying herbicides. The plots were sprayed soon

as there were weeds coming up. Two herbicides were used interchangeably. One was
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a mixture of two herbicides: Roundup + Buster. The other one was Paraquat. Roundup

and Buster were mixed in the following proportions:

Water 100 ml
Roundup 1.11 mi
Buster 1.67 ml
Wetting agent 1.0 ml

3.4 Experimental Design

The experiment was in a randomised block design with plots of 1m X 2m. The
plots were demarcated using concrete buried to a depth of about 20cm. There were three
blocks. However, the experiment was not balanced. Treatments BF and GF did not
appear In one of blocks. Although these two treatments were not equally replicated,
these two treatments appeared in pairs in the other two Blocks. Thus the treatment
values used in the analysis are averages of the two plots that received the same
treatment in the same block. The General Linear Model procedure from SAS package
(SAS Institute Inc., 1990) was used to analyze the data as this procedure is specifically

designed for the analysis of unbalanced designs.

3.5 Data Collection

At the end of a six-year period data was collected on the foliowing:
(a) Available and potentially available soil nitrogen.
(b) Bioassay or Exhaustive cropping with plot soils in greenhouse experiraents.
(¢) Microbial biomass populations.
(d) Nitrogen leaching down the soil profiles.
The details on methods and materials used in these four major areas of focus in this

study are given in respective chapters.

Soil organic matter, pH and soil bulk density were measured as part of the site
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description. The analyzed results of these soil properties are shown in Table 3.1 and the
respective analysis of variance is given in Appendix 1. Soil samples were taken using
metal corer of 2.5cm diameter and 15cm depth. 15 subsamples taken per plot, bulked

and dried at 105°c over night and weighed.

Table 3.1: pH, organic matter and bulk density measured within the top 15cm
of the socil.

TREATMENTS pH OM % BUIK
DENSITY
BF 4.52 ¢ 550¢ 1.51 a
PGC 497 a 6.75 a 1.29 b
PG 477 b 6.17 b 1.25b
C,-N 4.62 be 570 ¢ 1.23b
CeN 477 b 533¢ 1.29 b
Ce+N 4.60 be 547 ¢ 1.25 b
% CV 1.99 3.66 3.15
SE 0.009 0.04 0.002
L.S.D 0.19 0.43 (.08
P % ¥ * 3k

ns : not significant
* ok kR - gienificant at P < 0.05, 0.01, 0.001, respectively

The soil organic matter was determined by the dry combustion method. Samples
of 20g were taken in sets of 5. The samples put in ceramic cups and then heated in a
furnace at 900°¢ for three hours (Allison et af., 1969). Prior to this heating, the soils had

been oven dried over night at 105°.

Soil pH was determined using the method described by Blakemore ef al., (1987).
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Solution used was the 0.01 M CaCl,. This was mixed with the soil in the ratio 1:2.5

(soil:solution).

Bulk density was assessed according to the method described by Blake and
Hartage (1986). The mass of the dried divided by the ficld volume of the composite plot

sample.
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4 Indexing Soil Mineral N: Incubation Technique

4.1 Introduction

Most studies on soil N-mineralisation have been short-term and motivated
primarily by the need for rapid and reliable methods of assessing soil N availability. In
these experiments incubation time was usually limited to a practical minimum period (7
to 14 days). Stanford er al., (1974) recommended a two-week incubation. Although only
a small proportion of the potentially mineralizable N {ie the quantity of soil organic N
that is susceptible to mineralization according to first order-kinetics) is released during
short-term incubations, results often appeared to reflect relative N-supplying capacities
of the soils (Bremner 1965, Harmsen and Kolenbrander, 1965 and Hassink and Van
Schreven, 1955). In this study the incubation was for a short-term period and as such
the result reported here cannot be used to estimate long-term N-supplying capacities of
the soils studied. For estimating long-term N-supplying potentials of the soils Stanford
and Hanway (1955) proposed measurement of nitrate production that involved a
procedure consisting of a series of incubations with the same set of soil samples. Before
incubating the soil all the free or available nitrates are first leached out. The samples are
then incubated and the leaching process repeated again following each incubation. Three
consecutive 2-week incubations may be required. Legg er al., (1971) suggested 2-week

intervals with intermittent leaching over a period of 36 weeks.

4.2 Objectives

The study reported here was conducted to assess the capacities to supply N of

five soils from plots that had received different cultural practices over a six-year period.
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4.3 Methods and Materials

A short-term incubation method was used (Keeney and Bremner, 1966; Stanford
and Haway, 1955). On the 25.8.92 soil samples were taken from the plots that had

received a six-year cultural treatments. See 3.2 for details of treatments.

The field-moist bulk samples were sieved {(2mm screen) and then separated into
three sets of 5 subsamples for nitrogen determination. Each subsample was an
equivalent of 10g dry soil. One set was analyzed unincubated. The other 2 sets were for
incubation; one under aerobic conditions and the other under anaerobic conditions. For
both the aerobic and anaercbic incubations each subsample of the field-moist was mixed
with 30g of acid washed sand. The samples for aerobic incubation were added with 3ml
of water to bring soils to estimated field capacity. For the anaerobic incubation 6ml of
water was added to make them saturated. The samples were then incubated at 40°% for

14 days (Keeney and Bremner, 1966 and Ryan et al., 1971).

Nitrate was extracted with 100ml of 2 M KCL on all samples. After the addition
of KCL, the samples were shaken regularly for few hours before allowed to stand so
that the soil-sand mixture settled and the supernatant liquid cleared up before filtering.

The supernatant liquid was filtered under vacuum.
4.4 Mineral N Determination in Samples.
Samples were analyzed for N using the auto-analyzer. The calculation of NH,*-N

and NQO;'-N concentrations in the soils from the auto-analyzer chart were then performed

using the following equation:

Y =X(

ol

Where: = NH,*-N or NO;-N in ugN/g dry soil.

Y
X = ppm value of NH*-N or NO,-N calculated from the standard



CHAPTER 4 4

curve (ug N/ml).
a = volume of 2 M KCL used for extraction.
b = dry weight of soil sample (g).
To get the actual quantity of N mineralised in each incubation, the initially available N

was subtracted from the total N measured after incubation.
4.5 Results and Discussion
4.5.1 Available Soil N
Table 4.1 shows the size of the avatlable inorganic N pools at the time of
sampling. The respective table of the analysis of variance is given in the Appendices 2a
and 2b. All treatments were significantly different from each other. The results showed

that increasing years of cultivation tended to reduce the soil’s available-N pools.

Table 4.1: Initially available soil nitrogen (mg N Kg' dry soil)

SOIL NITROGEN LEVELS

TREATMENTS NH,” -N NO; -N TOTAL N
BF 542 b 1.38 b 6.80b
PGC 993 a 250 a 12.42 a
C,-N 403 ¢ 1.58 b 5.6l ¢
Cs-N 2.17d 1.34 b 3514
PG (.87 e 0.10 ¢ 0.97

% CV 11.81 16.18 8.63

SE 0.30 0.13 0.33

Lsd 1.03 0.46 0.10

P L2 * % + %

ns : not significant _
* kR k¥ significant at P < 0.05, 0.01, 0.001, respectively
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The differences between the GC, C,-N and C4-N, which represent different durations of
cultivation of 0, 4, and 6 years respectively, highlighted this trend in decline in
availability of N with increasing years of cultivation. Among the disturbed plots (ie both
the cultivated and the bare fallow) available N pools were greater in soil from the BF
plots. This observation seems to suggest that the absence of growing plants on the BF
plots promoted the accumulation of inorganic N. The large pools of available-N
observed in the BF plots in comparison to C;-N, C¢-N and PG could not have been due
to the fact that these plots had the greatest power to mineralize N following the cultural
degradation of the soils. This conclusion was clearly attested by the fact that BF plots
had the lowest mineral N flushes following incubation tests (Tables 4.2 and 4.3).
Therefore, the large pools of available-N observed in BF pools at the time of sampling

must have been a plain reflection of the absence of plant N-uptake.

The differences between the grass-only pasture and the cultivated plots was
expected. According to Addiscott et al., (1991) grassland differs from arable farming in
that cereals are annual crops whereas grass is a perennial crop grown for its vegetation
which ts cut or grazed. Because grass absorb nitrogen whenever mineralization is
occurring, grassiand i1s potentially less leaky. Compared to annual crop grass 1s always
present and hence can intercept most of the N that is mineralized and in particular in
autumn early spring months. Cereals on the other hand die before harvest and do not
establish as fast as grass with the on set of the growing season and so do not absorb
much of the mineralized N. Grass grown for a single sﬁmmer, as was the case in this
study, behaves like an annual crop and dose not contribute to the build up of soil
organic N as most of it will be leaching away. Similar findings have been reported by

Adams et al., (1979).

The difference between the PGC and the PG could have been due to high
mineralization rate relative to that of plant and microbial immobilization in the PGC as
a result of the high quality soil organic matter it is likely to have. Refer 1o the previcus

discussion on the influence of C:N ratio on net mineralization (section 2.2.2).
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Data on available N show that ammonium nitrogen (NH,*-N) dominated nitrate-
nitrogen (NO,-N} in both the cultivated and the uncultivated plots. This was rather
unusual. In most cases NH,*-N constitutes a negligible portion of the total accumulaied
soil inorganic N in cultivated lands. With adequate soil aeration (as is the case with
tilled lands) over a broad range of temperature and soil water contents, soil-derived
NH/-N is oxidized to NO;-N rapidly enough so that NH,"-N does not accumulate
{Stanford and Epstein 1974).

The observed accumulation of NH," in cultivated plots could be explained by the
pH. It is noteworthy noting that the pH of the soils were rather low across all freatments.
All the study plots had pH lower than 5.0 (Table 3.1). The process of mineralization
(ammonification + nitrification) that converts organic N to inorganic forms (ie NH,* and
NGO, respectively) is a biological one and is pH sensitive. Many microorganism convert
organic N into NH,*. The NH," may then be oxidized to NO, by bacteria of the genus
Nitrosomonas. The NO, may further be oxidized to NO, by the bacteria of the genus
Nitrobacter. Soil pH is apparently a principal factor responsible for the flushes of both
NH," and NO; in the soil. Alexander (1961) indicates that nitrification greatly decreases
below pH of 6.0 and becomes negligible at 5.0 with complete cessation at pH 4.5. In
general, there more genera of bacteria converting organic N to NH,” ions
(ammonification) than there are those converting the resultant NH,' to NOj
(nitrification). In fact there only two known genera of bacteria that have species that
carry out nitrification process. This suggests that at very low pH values nitrification is

more severely limited with the result that NH," accumnulates in the soil.
4.5.2 Incubations

The results of nitrogen analysis of the soils after incubation are given in Tabies
4.2, and 4.3. The data show that incubation led to a marked increase in the amount of
extractable N. In both aerobic and anaerobic incubation total potentially mineralizable
soil N was greater than the initially available N (Table 4.1}. The values were found to

be typically highest, both in aerobic and anaerobic conditions, in soils sampled from
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uncultivated plots. This is in accordance with reports of Fleige and Baerumer (1974) and
Blevins et al., (1977). Working with no-tillage cropping systems, these workers found

that decomposition rates were generally slower in no-tillage cropping systems. This

Table 4.2: Potentially available soil nitrogen levels under aerobic
incubation {mg N Kg! dry soil)

SOIL NITROGEN LEVELS

TREATMENT NH, -N NQO; -N TOTAL N
BF 3.87 .12 ¢ 499 ¢
PGC 17.10 8.80 a 25.90 ab
PG 23.28 883 a 32.11 a
C,-N 10.47 521b 15.68 be
CeN 7.22 4.03 be 11.25 be
% CV 57.93 26.15 40.18
SE 4.64 (.94 4.68
Lsd ns 3.26 16.16
P ns &% *

ns : not significant
xRk o#EE% . gjgnificant at P < 0.05, .01, 0.001, respectively

maintained a high organic matter content in the upper soil strata, which in tum
conserves soil N. This could help explain why similar results were observed in this

study between cultivated plots and the headland or the permanent grass/clover swards.

The observed effects of cultivation were also in agreement with Dalal and Mayer
(1986) who reported that cultivation and cropping of soils affected their chemical,
physical and biological characteristics. They noted that cultivation of soil previously

supporting native vegetation or pasture generally lead to reduced soil organic matter,
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organic carbon, and nitrogen. They ascribed this trend primarily t© changes in
temperatre, moisture fluxes and aeration, 1o exposure of new soil surface resulting from
aggregate disruption, to reduced addition of organic matter and frequently to increased
soil erosion. The PGC and PG treatments appeared to conserve more organic N with no

significant difference between them. In view of the above discussion, one can conclude

Table 4.3: Potentially available soil nitrogen levels under anaerobic
incubation (mg N Kg" dry soil)

SOIL NITROGEN LEVELS

TREATMENT NH,™-N NO,-N TOTAL N
BF 27.07b 0.23 2051 b
PGC 58.25a 0.39 46.22 a
PG 3993 b 0.26 38.87 a
C-N 30.48 b 0.42 25.288 b
Ce-N 27.87 b 0.45 2481 b
% CV 17.32 59.38 20.05
SE 392 0.13 3.90
Lsd 13.57 0.46 13.51
F L] ns *

ns : not significant
k, ¥k RxE - gignificant at P < 0.05, 0.01, 0.001, respectively

that because of limited aeration found in uncultivated soil, the breakdown of organic
matter over the past 6 years (Table 3.1) in these two treatments was relatively slow and
hence N tended to accumulate in the organic form. This N accumulation was reflected

by high flushes of mineral N upon the incubation of the soils.

There was no significant difference between C,-N and C,-N in terms of mineral
N mineralised under aerobic incubation. This suggests that most of the N is mineralised

during the early years of cultivation. In this study it appears that most of the observed
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scil degradation occurred within the first four years of cultivation.

By taking the mean of the cultivated plots and compare it to the values observed
for the PGC and PG treatments, it was found that the N mineralized aerobically in
cultivated plots was approximately half of that PGC and PG (52% and 40%
respectively). The implication is that cultivated plots had lost the capacity to supply N.
These figures further suggests that under the undisturbed conditions the PGC would be
more leaky than the PG. Further evidence attesting this comes from significant
difference (Table 4.1) observed between available N levels of the PGC {12.4mg N Kg™*)
and the PG (0.97mg N Kg).

There was no difference between BF and all the cultivated plots. This seemed
to reflect the equally low organic matter observed among them (Table 3.1). There was
no difference in organic matter levels between them. This suggests that the residue
incorporation and decomposition under cultivation can match those of the bare fallow.

This is likely to depend on the productivity of the cropped system.

Anaerobic incubation results showed a similar trend to those of the aerobic
incubation. However, when the two sets of data were compared one sees that the values
of total N potentially available under aerobic conditions were, on average, about half
(54%) that of the anaerobic conditions. The respective values of percent N of aerobic

to anaerobic were as follows:

BF 24.3 %
PGC 56.0 %
PG 82.6 %

CeN 453 %
C-N  622%

These data suggest that aerobic incubation methods tends to underestimate the
soils’ capacities to supply N. This insensitivity appears 1o be more pronounced the lower
the organic matter content of the soil 1s. To see this compare the percentage mean of

BF, C,-N and C,-N (45 %) and that of the PGC and PG (69 %) since these two groups
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differed significantly in their organic matter levels (Table 3.1).

When the amount of net N mineralized under acrobic conditions was regressed
against the soil organic matter levels, the correlation was not significant. By contrast,
however, correlation of the this soil property with the N mineralised under anaerobic

conditions was significant at 5% significance. Its regression equation is given below.
OM = 4.32 + 0.0504N/g r = .956

These results indicate that the anaerobic method is better than the aerobic method
in predicting soils’s full potential to supply N since the nutrient supply is strongly linked

with the amount of soil organic matter.
4.6 Conclusion

The cultivation and bare fallowing equally lower soil supplies of N. This has
strong implication long-term land productivity. On the one hand the accumulation of
organic matter in undisturbed lands could lead to groundwater contamination by N
leachate should the lands be turned to arable. The initial cultivation may promote too
rapid N mineralisation (as indicated by the incubation N flushes) which may be

unmatched by that of plant uptake and thereby causing N leaching into aquifers.

From the results of this experiment on incubations it was concluded that the
aerobic method is not reliable in predicting plani-available N in field soils nor is it good
for indexing soils for N supply capacities. However, the high correlations of anaerobic
results with those of both soil organic matter and soil pH suggest that where one needs
to identify soils with a great potential to mineralise N, the anaerobic method can be used

with greater reliability.
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5 Exhaustive Cropping
5.1 Introduction

Mineralisation values from incubation experiments may not always be a good
estimate of plant available N. Mineral N measured by incubation methods presents a
rough way of estimating the N pool of the so0il. The estimates from the incubation tests
are likely to over estimate the soil available N, This is because the incubation methods
never accurately mimic the field conditions for N dynamics. In the field situation not
all the mineralised N is available for plant uptake as some of it is subject to losses
through leaching and denitrification. However, since nutrient N has the greatest impact
on plant growth (Sahrawat, 1983), the study of plant growth and N uptake in
experiments such as exhaustive cropping can provide a more reliable means of assessing
long-term impacts of different cultural practices on soil’s capacity to supply N. Being
able to assess accurately the agricultural soils’s potential to supply N is of paramount
importance. Such potential has a profound impact on the amount of N that is
subsequently available not only for plant uptake but also available for leaching losses
and hence groundwater pollution probiem. Therefore being able 1o predict accurately the'
N supply potential of the soils may be of utmost importance to N rﬁanagemem in

agroecosystems.
5.2 Objectives of the study.

The objective was to assess the extent of the soil-degradation impacits of the

cultaral practices in terms of the soil’s capacity to supply N to the plants.
5.3 Methods and Materials

Soils from respeciive plots were sampled to a depth of 15 ¢cm and then air dried
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and stored for six months before used. This study was initiated on February 4, 1993.
Planting pots of 8 x 10 ¢m size were filled with 350g of plot soils. After filling the pots
basal fertilizers were applied. Each pot received P in the form of Di-Sodium Hydrogen
Phosphate (Na,HPQ,) at a rate of 50kg ha and K in form of Potassium Sulphate at a
rate of 250kg ha'. No N was applied. The pots were then laid on a bench in the

greenhouse in 3 replications.

5.3.1 Watering

An automatic watering system was set to irrigate the bench every eight hours for
a duration of 15 minutes. The irrigation system was left to run for 7 days before
planting to allow it stabilise before planting the ryegrass. Pots absorbed the water
through capillary acticn. The top of the bench was covered on top with a spongy

material lined on top with a perforated plastic sheet.
5.3.2 Planting
On February 11, 1993 the grass sceds were germinated on a germination paper.

They were then sown 30 seeds per pot on February 13, 1993. After emergence the

seedlings were thinned to 17 plants per pot on February 24, 1993.
5.3.3 Pest Control
The plants were sprayed with an aphicide as required.
5.3.4 Harvesting
Successive harvests were made at an interval of five weeks starting on March 16,
1993, the second cut was on April 26, the third on June 4 and the fourth and final

harvest was on the 10th of July. Cuttings were made 2 ¢cm above the soil surface. Each

cutting was dried at 60°c and weighed. At the final harvest the roots were separately
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collected for dry weight analysis as well.

5.3.5 Herbage Chemical Analysis

To determine total N uptake in the harvested plant material the four cuts were
bulked together. Composite samples were then finally ground using an sample grinder.
For the determination of total N in the ryegrass plant material, duplicate sub-samples
of 0.1g were digested by the Kjeldahl method. The roots were excluded in this tissue
analysis. The method was modified by the addition of salicylic acid (Bremner 1965) so
that the N analysis included the NH,". The N analysis was done colorimetrically using

the Technicon Auto-analyses.

5.4 Results and Discussion

Table 5.1 shows data from the four cuts of the ryegrass shoots from the
greenhouse experiment. Its respective analysis of variance is shown in Appendices 5a
and 5b. Inciuded Table 5.1 is data on root dry matter (RDM) and total dry matter
(TDM). TDM 1s the total of shoot dry matter (SDM} plus RDM. Treatment effects on
both TDM and RDM analyses were egually highly significant.

Yields from pots that had soils from uncultivated plots (PGC and PG) were
significantly greater, consistently in all cuts, compared to those of pots that had soils
from the cultivated plots and the bare fallow. Cultivation and bare fallow effects were
similar. Similarly there was no difference between the 4 year cultvation and the 6 year
cultivation. However, these results indicated a trend of decreasing plant yield with
increase 1n the duration of cultivation. This trend was in line with the results on soil
organic matter content. In fact there was a high correlation between TDM and soil
organic matter content (r = 0.971). This was significant at probability of (.008. RDM
correlated rather poorly with soil organic matter content with an r value of 0.8 (P =
0.054). The lack of significant differences among BF, C,-N and C,-N {all of which were

disturbed systemns) while there was significant difference between each of these three
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Table 5.1: Data from the four successive cuts, root dry matter (RDM) and total dry matter (TDM) of the ryegrass plants in the greenhouse

experiment (g pot)

TREATMENTS DRY MATTER YIELDS

FIRST CUT SECOND CUT THIRD CUT FOURTH CUT RDM TDM
BF 0.21 be 0.25¢ 0.19 b 0.14b 0.75 cb 1.55¢
PGC 0.41 a 0.42 a 0.35a 0.19 a 1.22 a 2.58 a
PG 0.34 a 035b 033 a (.16 ab 097 b 2.16 b
C,-N 023 b 027 ¢ 0.19b 0.14 b 0.82 be 1.66 ¢
Cs-N 0.21 be 026 ¢ 021 b 0.13 be 071 ¢ 1.52 ¢
CetN 0.14 ¢ 021c 0.17 b 0.10 ¢ 044 d 1.06 d
% C.V 16.24 11.33 18 15 16.01 11.34
S.E. 0.0017 0.001 0.025 .0046 0.0172 0.11
L.S.D 0.076 0.061 0.079 .0391 0.239 0.36

P * & * * ok k Fodek o e

ns : not signficant at 5%

*, ®x *FE - significant at P < (.05, 0.01, 0.001, respectively
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and the Ce+N (a disturbed system too} underpins two important points:

(a) That the bare fallowing effect equalled those of cultivation in terms of soil
degradation.

(b} That the application of N was more damaging than plain cultivation to the soil’s

long-term capacity to mineralise and supply plants with N.

The results on plant N uptake were not different in trend from those on TDM.
Table 5.2 gives amounts of total N taken up per pot by the ryegrass plants. N uptake
was also expressed in terms of uptake per kilogram of dry pot soil (mg N Kg™* soil). The
results on soils’ N supply capacities based on total plant uptake of N were far greater
than those determined by the two incubation methods. This is contrary to general

scientific finding (section 5.1). These reversed differences observed between vaiues from

Table 8.2: Nitrogen taken up by ryegrass expressed both in terms of total N
uptake per pot {mg) and N uptake per kilogram of pot soil {mg).

TREATMENTS TOTAL N UPTAKE N UPTAKE PER
PER POT KILOGRAM POT SOIL
BF 123 ¢ 352 ¢
PGC 203 a 58.1a
PG 17.0b 48.6 b
CoN 130 ¢ 37.1¢
CeN 12.0 cd 343 ¢
C+N 9.3 d 26.7 d
% C.V. 10.99 11.00
LS.D 2.8 8.00
S.E. 2.8 2.5
P kool ook o

ns : not significant
*, wk kxR sisnificant at P < 0.05, 0.01, 0.001, respectively
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exhaustive cropping data and those from incubations must have been due to later not
fully measuring the potentially mineralizable N as a result of the restricted time. The 14-
day incubation period appears to be inadequate. Values of N uptake were also greater
than those of the initially available nitrogen. This is so because the former reflects
cumulative net mineralization while the later reflects net mineralization at a specific
point in time. This highlights the fact that given ideal soil conditions (ie temperature and
water) such as those found in controlied environments like the greenhouse, with time

the soil will mineralise more and more N until exhaustion point.

The plant performance in terms of N uvptake and dry matter yield strongly
reflated the organic matier levels of the soils. It is important to note the significance of
the presence of legumes in grasslands. The PGC-treatment soils had a greater potential
to supply the plants with N than the Headland soils. There are two possible reasons to
explain this. Firstly, the presence of the legume itmproved the productivity of these
ecosystems. This resulted in greater orgenic matter build up in PGC plots. The
difference, however, was not big. The PGC plots had 6.8% organic matter while the PG
plots was 6.2%. Secondly, the presence of a legume may not only have contributed to
high quantity of organic matter in the PGC plots but may also have improved the quality
of the soil organic matter. The plant performance on PG soil was found to be 84%, 84%
and 80 % of those on PGC s0il 1n terms of N uptake, TDM and RDM respectively.
From these data it can be seen that the average performance of plants on PG soil was
83% of those on the PGC soil. This simple statistic clearly points out that the PGC has
a greater potential to mineralise N of about 17% over and above that which the grass
pasture is capable of mineralising upon the advent of cultivation; more so in the first

year of cultivation.

Regression between initially available N and amount of N taken up per kilogram
of pot scil was not significant. With regard to the incubation methods, only the
anaerobic method showed a significant regression equation with N uptake. This equation
was significant at P = 0.003. The correlation between the two was very strong (1=0.982).

[t was also observed that only the anaerobic method had significant regression equations
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against the RDM and TDM. These two equations were significant at probability 0.011
and 0.003 respectively. The corresponding r values of these two correlations were very
high too (0.955 and 0.991 respectively). These observations reconfirms previous
conclusion that of all the methods used to assess the soil N supply capacity, only the

anaerobic incubation method is reliable.

5.5 Conclusion

Cultivation and bare fallow equally lower the soil’s capacity to supply N. The
application of N-fertilizer has an even stronger negative long-term effect on the soil’s
capacity to supply plants with N. This suggests that once a soil has been subjected to
fertilizer application its productivity is undermined making it impossible to maintain,
sustainably, plant yields without continuous reliance on N application, From the lack of
significant difference between the durations of cultivation (4 years and 6 years) it can
be concluded that when a grass or grass/clover pasture is subsequently turned into arable
1L can lose most of its organic N in the early years of cultivation. This rapid soil
degradation implies that the release of the bound organic N may be so much rapid too

to the extent that it may have a repercussion on groundwater quality.

The use of plant dry matier yields and N uptake as a method of determining soil’s
capacity to supply N is more reliable than the short-term incubation method. Both
incubation methods underestimate the soils’ potential o supply plant with N. Similar
Itmitation is observed with the levels of initially available N. Furthermore, judging from
the relative sizes of the coefficients of variation (% CVs) observed in these experiments
it seemns that both the TDM and N uptake are more reliable methods of determining a
$0il’s capacity to supply N than the aerobic and anaerobic incubations. Both TDM and
N uptake had a CV of 11 while that of the aerobic and anaercobic incubations were 40.2
and 20.5 respectively. Further evidence attesting this conclusion is the fact that of all the
methods that were used to assess the potentials of the studied soils to mineralise N only

the N uptake was sensitive enough to detect a difference between the PGC and PG

treatments.
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CHAPTER 6

& Soil Microbial Biomass Assessment
6.1 Introduction

Soil microbial biomass constitutes the active fraction of soil organic matter (Paul
and Voroney 1984) whose fast turnover makes it makes it an important source of
nutrients; particularly nitrogen (Sparling, 1985). Bolton er al., (1985) indicate that

cropping practices and fertilisation affect the growth and activity of this biomass.

The fumigation-incubation method was used to assess the soil microbial
populations. This method was described Jenkinson and Powlson (1976a). The procedure
is based on the assumption that the extra CO,-C released when a soil is fumigated, the
fumigant removed and the soil incubated aerobically, comes from the cells killed by the
fumigant and decomposed by subsequent recolonizing population of the microbial
inoculum (Jenkinson and Powlson, 1976a and Shen et al, 1984). Jenkinson and
Powlson (1976a) and Jenkinson et al., (1976) proposed that the flushes could be directly

used as an approximate measure of the soil microbial biomass.
6.2 Objective

The objective was to assess the responsiveness of soil biomass size to different

cultural practices.
6.3 Methods and Materials

Soil samples were collected on the 6th of May 1993. They were stored in sealed
plastic bags at 25° until May 17, 1993 when the experiment was set up. About 15
samples were collected to a depth of 7.5cm from each experimental plot to make one

composite plot sample.
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On the 17th of May, 1993 soils were sieved (2mm sieve) and moisture contents
and water holding capacities (WHC) of the plot samples were estimated. To estimate the
WHC about 20g of soil were taken from each sample and put in a funnel chocked with
lint. The soils were saturated by placing on a metal stand in a dish of water ensuring
that the level of water in the dish was at the same level with the soil surface. After an
hour the samples were removed from water to allow all the water to drain away for 30

minutes before taking weights. The WHC was then calculated gravimetrically.

Duplicate subsamples of 100g dry soil were taken from each composite plot-
sample and fumigated. The fumigation was done in a large desiccator (30.5 cm i.d). Each
desiccator contained a beaker with 50ml of a fumigant (carbon disulphide) and 10g of
anti-bumping granules. The air in desiccator was then evacuated (using a vacuum pump)
until the fumigant stated to boil vigorously. The tap was then closed, pump stopped and
the desiccator left at room temperature for 24 hours. The beaker of carbon disulphide
was then removed and the fumigant vapour removed from the soil by repeated
evacuation using the pump. About six 3-minute evacuations were adequate to remove

the smell of the fumigant from the soil.

Carbon disulphide was used as the fumigant in place of the commonly used
chloroform because it was more convenient to use. Carbon disulphide is alcohol free
and has a distinct smell which makes it possible to detect any residues left in the soil
following the aeration and evacuation of the fumigant. The success of this methodology
requires that no traces of the fumigant should be present in the soil when samples are
taken for incubation. Incomplete removal will interfere with the activity of the microbes
introduced when the inoculum is added and therefore would alter the effectiveness of

the introduced microbial population (Jenkinson and Powlson 1976b)

After fumigation each sample was placed in a glass jar of 8 x 18 cm in size and
brought to 55% of its WHC before inoculated with 5g of unfumigated field moist soil
to reintroduce scil microbes. The soils were then before placed in an incubator at 25°

for 10 days. To trap the CO, evolved during the incubation period, a small beaker
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containing 50m! of 1 M N,OH was placed inside each sampie-jar. To adjust the results
for CO, that was in the atmospheric air in the incubation jars at the start of the
incubation, blank jars were set up and this CO, in blank samples subtracted from the
sample results. The CO, flushes evolved during 10 - 20 days was taken as the controls

ie the endogenous respiration CO, (Merckx ef al., 1985).

After ten and twenty of incubation the samples were taken out of the incubator
and t¢ each added 2mi of barium chloride (BaCL,) solution to precipitate the CQO,. This
reagent was made up by dissolving 15g of this reagent in 75ml of distilled water.
Each sample was then filtered through a 12.5c¢m (diameter) Whatman filter paper, No
42. Before filtering the filter papers were individually weighted after oven drying for an
hour. After filtration the filter paper and the precipitate were oven dred over night. The
weight of CO, precipitate was the calculated by subtracting weight of the filter paper

from the total weight of filter paper plus filtrate.
6.3.1 Calculations

The calculation of the weight of evolved CO, in the precipitate and the microbial

biomass for each sample were worked out using the equations (1) and (2) respectively.

1z
C, = pwi97.3 0
Sw
Where: Cw = weight of Carbon evolved (mg CO,-C/g dry soil)
P, = weight of precipitate in grams
w = dry weight of soil sample used.
12 = molecular weight of C

197.3 = molecular weight of B,CO,.

B, = XX 2
¢ 5 43 2)
Where: B = microbial biomass in mg C/g dry soil.

x = CO, flush in O - 10 days.
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y = (O, flush in 10 - 20 days.
0.42 = The fraction of biomass C mineralised to CO, over the
prescribed incubation period. This fraction is usually assumed to be 0.42
or 0.45 with 0.45 commonly applied for calcuiations involving heavy
textured soils.
Note: Both x and y are estimated using equation (1). Note also that the results in the
above equations can be multiplied by a factor of 10° to express the results in ug C/g dry

soil.

6.4 Results and Discussion

The microbial biomass results were rather confusing. They did not correspond
to the expected outcome and were therefore not reported. These results on biomass data
are given in Appendix 4a: Method One. They show that the PGC and PG treatments
which had the greatest organic matter content had the least biomass values. Schnurer ¢7
al., (1985) indicate that the general expectation is higher microbial biomass population
in soils with high organic matter and this is in line with the report by Swift er al.,
(1979) in which they stressed the importance of availability of energy in form of labial
carbon compounds as the primary nutritional factor limiting microbial growth and
activity in the soil. When an alternative method suggested by Vance er al., (1987) was
used in calculating the soil microbial biomass, the results (Appendix 4a: Method Two)
were rather meaningful but treatment effects were not significantly different. The
alternative method employed the following equation, a modification of equation (1) in

section 6.3.1.

B, = —X
0.45

Where: B, X and 0.45 are as previously defined under methods and materials. Note:

Here 0.42 is raised to 0.45.

It 1s very difficult to tell why the results of the calculated biomass were so
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insensitive in ranking the treatments. A possible explanation for this could have been
the low soil pH of the soils used in the study. Although the technigue of chloroform
fumigation appears to be reasonably universally applicable, there are some problems
associated with it especially with extremely acidic soils (Vance et al., 1987). When soils
are¢ too acidic the assumption that the endogenous respiration rates in the samples
corresponds to those of the controls (or second phase of incubation as the case may be)
becomes invalid. Generally the two rates are assumed to be roughly equal. Because of
this limitation Vance at al., (1987) proposed that a more accurate estimate of the soil
biomass could be gained by not correcting for endogenous respiration and hence simply
use the CO,-C flush data in evaluating effects of management systems on size of soil
biomass. One way in which the low soil pH is expected to affect these two rates is
through delaying the recolonisation of the fumigated scil by the microbes from the
inoculum. This has the problem of producing very high second readings and more so in

soils rich in organic matter.

Table 6.1 shows data on CO,-C flushes following the fumigation and incubation
of the treatmments soil. The first flush results (10 days after incubation) were not
significantly different while that of the second flushes (20 day after incubation) were

highly significantly different.

When the two CO,-C-flushes were added up, the cumulative flush values (Table
6.1), the treatment effects were significant. The uncuitivated plots (PGC and PG) now
had the greatest biomass. This is in agreement with other researchers like Jenkinson and
Powlson (1976a) whose work on soil biomass produced the following results. Woodland
> grassland > arable > fallow. Nevertheless, the use of flush-totals in interpreting
biomass results has some controversy in that the method assumes a zero endogenous
respiration. This means that the results on CO,-C-flushes based on the cumulative flush-
readings would be confounded with the endogenously evolved CO,-C. In other words
this approach assumes that all the measured CO,-C flush was evolved from the

decomposition of the fumigant-killed biomass.
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Table 6.1: CO,-C flushes following the inoculation and incubation of the fumigated soil
samples (g C g dry soil}.

TREATMENTS FIRST CQO, FLUSH SECOND CO, CUMULATIVE

{10 days) ELUSHES FLUSHES
{20_days) READING
BF 248 60 b 307 cd
PGC 281 234 a 515 a
PG 267 254 a 508 a
C-N 275 103 b 378 b
Ce-N 235 116 b 351 cb
C+N 224 53b 277 d
% CV 6.097 16.952 12.0
LSD 39.9 62.5 61.2
SE 0.241 0.59 14.96
p ns & ok .

ns : not significant
kFE REE - gienificant at P < 0.05, 0.01, 0.001, respectively

There was significant difference between 4-year cultivation and 6-year cultivation
indicating that much of the loss in soil biomass as a result of cultivation occurred within
4 years of cultivation. The lack of difference between the two durations of cuitivation
with no N application while there was significant difference between both of these and
the 6-year cultivation with N application clearly indicated that fertiliser N application
had a negative impact on biomass size. The effect of fertilizer N on microbial biomass
was unusual. In fact the C¢+N treatment had the lowest biomass content. Generally, one
expects to see N-fertiliser positively influencing soil microbial biomass through
increased crop production and greater retum of organic C to the soil (Coote and

Ramsey, 1983). In this study the N application did not promote soil biomass.

Since there was no significant difference between PGC and PG treatments {both
uncultivated), the mean of the totals of these two was used as the reference point from
which to compare cultivated and undisiurbed treatments. In this comparison the BF, C,-

N C,-N, and C+N supported, respectively, an active microhial biomass of 40, 31, 26
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and 46% less than the uncultivated plots. On average the annual cropping systems
supported about 34% less biomass than grasslands. By comparing this 34% with 40%
(the value for BF), it is clear that BF supported less biomass than annual cropping
situations. This observation is in line with that of Collins et al., (1992) in which they
found that the wheat-fallow rotation and annual cropping supported 70 % and 50 %,
respectively, less biomass than the grass pasture. Similar results were reported by Patra
et al., (1990) where microbial C represented 4.3, 2.8 and 2.2 % of the total soil C
present in the grass pasture, annual cropping and wheat-fallow rotation respectively. The
BF treatment, as with fallow in crop rotations reported by Biederbeck et al., (1984) and
Jenkinson and Powlson, (1976a), tended to accelerate the loss of soil biomass when
compared with the annual cropping situations. This loss could be due to decline soil
organic matter and/or poor soil/water relationship. The bareness of the fallowed plots

may have a bearing on water infiltration. High water losses due run-off are a possibility.

6.5 Conclusion

This study has shown that there is a strong decline in soil microbial biomass with
dechine in soil organic matter levels. It has also demonstrated that morganic fertiliser,
in particular nitrogen application, does not necessarily promote soil microbial biomass.
Its influence on biomass could be pH dependent. Given the very low soil pH of our soils

in the study, soil acidity suppressed the favourable influence of fertilizer-N.
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CHAPTER 7

7 Nitrate Leaching

7.1 Intreduction

The term leaching describes the transport of chemicals in soil solution below a
defined depth of soil, and usually below root zone. This leaching of nutrients is a
harmful phenomenon which causes financial losses to agriculture and may cause
environmental pollution {Jaakkola, 1984). In this study we are concerned only with the
leaching of N which 1s usually in the form of nitrate. Nitrate is particularly susceptible
to leaching because it is not absorbed by soil. Ground water pollution by N from
agricultural activities in developed countries, including New Zealand, has invoked a
serious concern to stop any further degradation in ground water quality. However,
preventing any further ground water contamination by nitrate calls for more knowledge

on how different cultural practices impact on the soil/plant system.

The studies of nitrate profiles in agricultural soils may help to assess the extent
of fertilizer loss. This loss is usually found in the range of 40-80 % of the fertiliser
applied (Tomlinson, 1971). Examination of soil profiles can accurately reflect the recent
history of land use (Sprent 1987). For example, when permanent grassland is ploughed,
mineralization occurs and the additional nitrate produces a front in the nitrate profile.
In fact, if leaching is predominantly by piston displacement (ic there was little by-pass
or preferential tlow), it is possible to determine the average annual displacement down

the profile.

Scientific evidence shows that permanent grassland can use most of the nitrate
applied in a moderate dose of fertiliser, giving few problems with groundwater quality.
However, when such lands are cuitivated there is a surge of mineralization, with the
resultant increase in nitrate levels in the soil. Following this, the growing of crops with

normal cultivation and moderate N-fertilisers poses a threat to groundwater quality. This
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is partly due to leaching of applied fertiliser and partly from the continued high rate of

mineralization of residues after cultivation.

There are two approaches that can be employed in the study of nitrate leaching.
Some studies use porous cup lysimeters 10 evaluate the NO;-N leaching losses; for
example work by Goh ez ai., (1979), Cameron and Hayness, (1986), Seastedt and Hayes,
(1988) and Monaghan et al.,, (1989). Lysimeters have an advantage of allowing
quantitative measurements from a more define soil volume and they generally avoid the
large variations associated with the field studies. However, compared with the other
method given below, this method is more resource intensive and therefore not suitable
for a researcher with limited resource. Moreover, different soil types show varying
degrees of sultability for lysimeter studies. Heavy clay and peat soils tend to shrink upon
drying and this results in an unacceptable water flows along the casing walls (Bergstrom

and Johansson, 1991).

Other workers like Ryden er al., (1984) and Cameron and Wild, (1984) use the
deep core sampling method. This method involves taking soil samples at specified depth
intervals down to 2m or greater 1o get a nitrogen profile of the soil. From these data
amounts of N leached can then be quantified using the drainage component of the soil

water balance.

7.2 Objectives

The aim of the deep core sampling was to appraise the N leaching potential of
the studied cultural practices using the NO;-N levels in the soil profile and an estimate
of the drainage component of the soil water balance.

7.3 Methods and Materials

In November, 1992 we took samples from deep cores using an auger 8.8 ¢m in

diameter. One core was taken per plot up to a depth of 2m. Each core was sampled at
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four sampling depths. A depth interval of 50 cm was used. For the analysis of nitrate
duplicate samples were taken and the mean of the two used for statistical analysis. The
actual determination of nitrate levels was carried out using the same materials and

procedure already outlined in Section 4.4.
7.3.1 Monthly Drainage Estimation

Soil water balance was calculated from the monthly rainfall and pan evaporation
data gathered over a period of two years prior to the sampling date. From these data the
1992 drainage was estimated as 351mm. Monthly drainage was calculated using the

following equations:

D =W,-75 o))
W, = W,+P-08E, (2

Where: D = Monthly drainage (mm).
W, = Soil water storage for the target month (mm).
W, = Soil water storage for the previous month (mm).
P = Precipitation for the target month (mm),
E, = Pan evaporation during the target month (mm).
75 = Plant-available soil water (mm).
0.82 = A conversion factor to change pan evaporation to

evapotranspiration. The 0.82 figure was taken from the work by
Scotter er al., (1979)
Note: The above calculation assumed that drainage (D) will occur in any particular
month only if W, 1s greater than that amount needed for plant growth (75mm). Ball,
P.R., (1994 pers comm) suggest the 75mm is ideal for cropping situations while 50mm

would be appropriate for pasture.
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7.3.2 Soil Water in the Deep Cores at Sampling Time

The following equation was used to determine the equivalent depth of soil water
present in respective horizons of the deep cores given the gravimetric soil water content

{g H,O/g dry soil).

W, =8Z,x 10
Where: W, = Water in a given soil core horizon {mm).
e = Volumetric soil water content (cm® H,O/cm® dry soil).

Z, = Given soil horizon (cm).

Note: & =w [a/B]

Where: w = Gravimeiric soil water content (g H,O/g dry soil).
o = Soil bulk density at respective core sections (g/cm?).
8 = water bulk density (g/cm®).

7.3.3 Calculation of NO,-N leached per m’

The amounts of NO;-N leached per m* through each 50cm core horizon was
calculated using the equation given below. The total leached nitrate nitrogen due to 1992
drainage was estimated by adding the nitrate leached into the second and third core
horizons. The exact proportion of nitrate added from the third horizon depended on the
size of the total soil water depth between the two soil depths in question relative to the

annual drainage.
N, = (aN)5 x 10°

Where: N, = Amount of NO,-N leached in grams per m”.
0. = Soil bulk density (g/cm®).
N, = Soil N content {mg NO,-N/Kg).

Appendices 5a - 5¢ show the data from these calculations.
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7.4 Results and Discussion

The NO,-N concentrations of the cores are given in Table 7.1 and their

respective analysis of variance is shown in Appendix 5f. The levels were notably highest

at depth of 0.5 to 1m for all treatments. In lower parts of the soil profile the amounts

of NO;-N were lowest at the 1.5 to 2m depth. When nitrate levels were averaged across

all depths for each core (Table 7.2) and treatments ranked according to these average

treatment effects, the results were as follows:
Ce+N > PGC > BF > C~-N > C-N > PG.

Table 7.1: Soil nitrogen levels down the soil profile in the sampled cores (mg NO,-N

Kg' dry soil).
TREATMENTS SOIL DEPTHS
0-50 50 -100 100 -150 150 - 200

cm cm cm cm
BF 3.75 be 5.05 be 2.35 be 1.05 b
PGC 525a 7.75b 4.35 ab 350 a
PG 097 ¢ 227¢ 0.63 c 043 b
C,N 2,77 cd 276 ¢ 190c 1.03 b
Cy-N 1.39 de 2.83 be 2.40 be 0.93b
Ce+N 4.37 ab 13.17 a 463 a 273 a
L.S.D 1.07 4.96 2.19 1.06
SE 0.325 1.38 0.328 (.323

P ek ok + ok ok * #ok ok

ns : not significant
kokk xR gimificant at P < 0.05, 0.01, 0.001, respectively
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The data show that the C,+N and PGC treatments had the greatest concentrations and
both differed significantly from rest of the treatments. The C,-N, C,-N and BF
treatments were not different. Of these only the BF treatment showed a significant
difference from the PG treatment. The existence of a significant difference between the
BF and the PG while there was none between it (BF) and the annually cropped but
unfertilised treatments (C,-IN and Cg-N), suggests that the periods of bareness in these
cultivated plots between seasons enhanced leaching making these treatments rather more

comparable with the bare fallow (BF) than with the continuously grassed plots (PG).

Although there was no significant difference between BF and both the C,-N and
C4-N), the tendency by the BF to surpass these cropped systems (Tables 7.2 and 7.3)
strongly points to the importance of N uptake by growing plants with regard to the

concern about groundwater pollution through NO,-N leachate.

Table 7.2: Nitrate levels in deep cores averaged across
depths and expressed as mg NO;-N Kg! of dry soil and
mg NO,-N L of soil solution.

NITROGEN LEVELS
TREATMENTS DRY SOIL  SOIL SOLUTION

BF 305 b 943 b
PGC 521 a 17.38 a
PG 0.83 ¢ 266 ¢
C,N 2.12 be 6.78 b
Cs-N 2.03 be 6.86 b
Ce+N 6.23 a 19.38 a
L.S.D 1.52 3.99
SE 0.05 1.22
P *g ok o

ns @ not significant
®oER kR - significant at P < 0.05, 0.01, 0.001, respectively
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Table 7.3: Amounts of nitrate nitrogen leached into the
50 - 200cm soil depth (g NO,-N/m?).

TREATMENTS SOIL NITROGEN LEVELS

NO,-N
BE 514 b
PGC 9.38 a
PG 1.48 b
C,N 2.98 b
C-N 446 b
Ce+N 12.67 a
L.S.D 4.05
SE 1.24
p whk

ns : not significant
*, Fx RxE s significant at P < 0.05, 0.01, 0.001, respectively

The presence of plants was intercepting the leaching N by immobilising it into organic
forms. This was the reason why less amounts of NO,-N had been leached from the

cropped systems relative to the BE.

Table 7.3 gives estimates of NO;-N leached beyond the root depth in the preceding year
prior to the sampling. The respective analysis of variance is in Appendix Sg. These
amounts of NO,-N leached were estimated at soil depths lower than 50cm. Ball, P.R.,
1993 (pers comm) suggests this is a reasonable average root zone. Our simple model
assumed, therefore, that any nitrate leached beyond this depth cannot be retrieved by
plants and is therefore going to cause groundwater pollution problem. There were no
differences in treatment effects among the C,;-N, C-N, BF and PG treatments. While
there was a significant difference between the BF and PG in terms of mineral N levels

(Table 7.2), the two soil/plant systems showed no apparent difference in terms of the
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estimated leaching losses. This suggests that the accumulating mineral N in bare fallow
plots might have been subjected to some other pathways of N loss other than leaching;

for example denitrification.

The C,+N and PGC treatments were quite distinct from the rest. No significant
difference, however, was observed between these two. The absence of significant
difference between C¢+N and PGC shows that legume nitrogen can leach as readily as
the applied fertilizer-N. This is contrary to the general belief that legume N does not
leach and therefore pose no threat to groundwater quality. In fact this has been widely
cited as one of the advantages of including a legume crop in crop rotations of low-input
sustainable agricultural systems (Hauck, 1990). These results are in agreement with the
findings of Field er al. (1985) in which they observed that the effect of a legume on N
leaching equalled those of fertiliser N application. They found that the removal of
clovers from a pasture decreased, while application of fertiliser N increased, the N loss

with same amounts of N of 60 - 80kg N ha' year”.

Of all the sampled soil depths, the greatest concentrations of NO, -N were at
depth of 0.5 to 1m. This confirms the widely expressed concern of nitrate enrichment
of groundwaler over and above the concentrations reckoned safe with regards to
standards of drinking-water supplies. Since most of the agriculturai crops have the bulk
of their roots above the soil depth of a metre, any nitrate leached beyond this depth may
pose a serious environmental threat to groundwater quality since the seil-plant system
may not be able to retrieve this N. These amounts of nitrate in lower parts of the soil
profile reflect nitrate leached below the root zone in past years up to that in which the
cores were taken. In terms of N concentration per litre of soil solution (Table 7.2) only
the PGC and C,+N treatments had concentrations greater than the drinking water quality
standard of 10mg NO,-N L' recommended by the World Health Organisation {Singh
and Sekhon, 1979) or 11.3mg NO,-N L" in the European Community Countries
(Whitemore et al., 1992).'T0ta1 amounts of nitrate nitrogen leached from these two
treatments were found (o be 84kg ha' and 117kg ha'' respectively. These values were

calculated using data in Table 7.3. The values assume 10kg ha™ as the value at zero time
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(Cameron and Wild, 1984). However these values are quite high. Most likely the true
value at zero time involved here is far more than the 10kg ha! assumed. By employing
the zero value we are assuming that leaching does not completely wash away all the N
from a soil. This implies that whenever we are analysing soils for leachate quantities
moved from a higher soil horizon to a lower one over a specified period, part of the

measured guantity will always be attributed to the zero value.

Our results seemed to indicate that most (about 70%) of the 117kg ha' of N
leached from the plots that had received N application could have come from the 200kg
ha' N that had been applied in summer 1991, The 6-year cultivation without application
lost only 35kg ha” of N. This means that about 82kg out of the 117kg leached in N-
fertilized plots could have come from the residual N with mineralization contributing
only 35kg. This proposition is in line with the results on exhaustive cropping. These
results did not show the soils from the C,-N treatment to have any significant capacity
to supply mineral N microbially. Thus there is reason to believe that a considerable
amount of N was left in the soil after the final crop in summer 1991, This N was
subsequently leached out by the large drainage volumes estimated during winter of 1992

(Appendix 5a) preceding deep core sampling.

The problem of residual N posing threat to groundwater quality has been
reported in the past. For example, a report by Bergstrom and Johansson (1991)
emphasised that any crop that suffers significantly from drought stress during its
growing season will leave a lot of residual N from the applied fertilizer-N. The fact that
the summer of 1991 had low rainfall mgkes it is easy to appreciate why the last crop
prior to sampling could have left a lot of residual N. According to Campbell and Paul
(1978) a crop under dry land farming can leave between 28 - 57% of the fertilizer-N.
This N 1s subsequently lost through leaching in winter if there 15 no growing crop to
utilize this N. Given all these facts, it seemed reasonable, therefore, to assume that the
high leaching losses observed in the N-fertilized plots 10 months after the final N
application was from the residual fertilizer-N and not from the microbial re-mobilization

of organic N suggested by P.R.Balil (1994 pers comm).
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7.5 Conclusion

The trend in average nitrate levels down the soil profile or in the amounts of N
leached from the studied soil/plant systems reflected strongly on N inputs. The N inputs
into a soil/plant systemn through a legume can match those from moderate N-fertiliser
application. As more N 15 added to ecosystem (through whatever means), the excess

becomes subject to leaching losses.

Absence of plant uptake of mineral N, be it due to plot bareness or poor plant growth

due to drought, was found to have a tremendous impact on the extent of nitrate leaching

losses.
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CHAPTER 8

8 General Discussion

In order to facilitate evaluating the final respective impacts on soil and
environment quality of the cultural treatments under the study and therefore merits of
the cultural practices, the treatments were broadly grouped inte 5 categeries of cultural
practices.

(a) Bare fallow {BF)

{b) Cropping without Nitrogen Application (C - N)

{c) Cropping with Nitrogen Application {C + N)

(d) Permanent grass (PG) _

(e) Permanent grass/clover pasture (PGC)

In this grouping the effects of cropping without N application were pooled over the 4
and 6 years of cultivation. Our general observation among the these cultural practices
showed the following trend in terms of environmental problems (ie soil degradation
and/or N leaching losses):

C+N=BF>C-N=>PGC > PG,

The permanent grass pasture system (PG) ranked the best followed by the
permanent grass/clover pasture (PGC) in our simple cultural-practices ranking. The
reason why the PG and PGC treatments ranked topmost was because they tended to
maintain high organic matter and soil pH (see site description section) and hence tended
to conserve greater amounts of N (in a labile organic form) as indicated by the high
flushes in mineral N following incubation tests. The pasture systems (both PG and PGC})
scored very favourably too on soil biomass. This suggests the systems have greater
capacity to maintain soil fertility. The high bicmass must have been due to their high
soil organic matter levels observed in these soils. PG was better than the PGC on the
whole. This was because the later tended to leach a lot of N posing a big threat to
groundwater pollution by nitrate nitrogen as a result of high N inputs from legume-N

fixation. However, in general these two were very similar.
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Nitrate levels down the soil profile indicated the cultural practices that rely on
legume N can pose just as much an environmental threat to groundwater quality as
those that apply fertiliser-N. Legume pastures may lose N through leaching about § to
10 times more than grass pasture (Kilmer er al., 1974). In pasture swards managed to
maintain a high proportion of a legume content, N inputs through legume fixation have
been found to be in the range of 74 - 280kg ha™ year” in the UK and 85 ~ 342kg ha’
year' in New Zealand (Ball and Ryden 1984). These biological N inputs match normat

N-fertiliser application rates.

Bare failowing and cultivation with N application ranked lowest. In general, the
practices that disturbed the soil: ie bare fallow and cultivation with or without N
application tended to be very degrading to the soils. The soils under these practices had
lost their organic matter and conseguently the capacity to supply plants with N.
Cultivation with N application appeared to be the worst. From the exhaustive cropping
experiment 1t was observed that cultivation reduced the soil’s natural capacity to supply
mineral N. This was in agreement with the reporis by Thompson er al. (1970) and
Kandirgramathaiyah and MacKenzie (1970). These workers have reported that with
cultivation the mineraliszable N fraction of the soil disappears. In this study it appeared
that N application increased the rate at which the labile N forms were being depleted
from the soil. This loss of the mineralizable N forms in the soil was found to have some

repercussion not only on plant growth but on soil biomass as well.

The bare fallow and cultivation with N application also were found to pose
nitrate problems with regard to groundwater quality. The absence of the growing plants
to take up the mineralized N encouraged N loss due to leaching. Low and Armitage
(1970) and Nielson and Jensen (1990) showed that in absence of growing plants the
amounts of N leaching down the soil profile can be significant. Depending on the
rooting depth of the subsequent crop concerned, the amount of rainfall and soil type, the
leached N may never be retrieved by the plants. Data on the initially available N
suggested that nitrate tends to accurnulate in bare soils. This N, with no growing plants

to take it up, will subsequently leach away if not lost due to denitrification.
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Bare fallow was found to have the highest soil bulk density. Bulk density is one
of the measures of soil physical conditions commonly assessed in soil studies. It is of
paramount importance in agricultural soils as it infiuences root growth and penetration
as well as water infiltration and soil aeration. This property is known to be influenced
by cultivation and is also associated with organic matter. Nevertheless, this was not
apparent in this study. There was no difference in soil bulk density between arable soils
and pasture soils despite their significant differences in soil organic matter or tillage
effects. Soils with plants growing on them, be they cultivated or not, had lower bulk
density {on average 1.3g/cm’) while that of the of BF soils was 1.5g/cm® (Table 3.1).
The absence of growing plants for a prolonged period (6 years) on BF plots promoted
soil compaction. Nevertheless, the mechanism through which the plants influenced soil

bulk deasity was not clear.

In conclusion the three most important facts revealed by this study are:

(a) Shifting from reliance on N-fertilizers to legumes for the supply of N is not
guarantee against N leaching into groundwaters.

(b) The importance of the presence of growing plants in intercepting leaching N.

(c) The application of N appeared to accelerate soil degradation. This needs further

research 10 investigate the mechanisisms involved.
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APPENDICES

Appendix 1: Analysis of variance for the soil physical properties.

74

SOURCE DF MS
pH ORGANIC MATTER | BULK DENSITY
Blocks 2 0.00231 0.03375 0.00234
(ns) (ns) (ns)
Treatment 5 {1.05847 3.21083 (.20415
(**) (**) (**)
Error 8 0.0089 0.3975 0.00151

Appendix 2a: Analysis of variance for the initially available NH,-N and NO,-N and that
potentially available under incubation conditions.

SOURCE DF MS
FIELD MOIST SOIL AEROBIC ANAEROBIC
AVAILABLE N
NH,-N NO<-N | NH,-N | NO-N | NH,-N | NO,-N
Blocks 2 1.204 0.151 240.5 0.895 25.54 0.041
(*) {ns) (*¥*%) (ns) (ns) (ns)
Treatment 4 26.29 1.817 19271 | 25.225 | 3521.58 0.027
(**) (**) (ns) (X*%) (**) (ns)
Error 6 0.222 0.048 5397 2.216 34.46 (0.045
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Appendix 2b: Analysis of variance for total N (NH,-N + NO,-N) in field
moist soil and the incubated soils

SQURCE DF MS
FIELD AEROBIC ANAERCRIC
MOIST SOIL { INCUBATION | INCUBRATION
Blocks 2 0.61 270.5 24.1
(ns) (ns) (ns)
Treatment 4 40.24 346.0 265.1
(**) *) *}
Error 6 0.21 54.52 38.11




Appendix 3a

: Analysis of variance for the ryegrass cuts from the greenhouse experiment.

SOURCE || DF MS
FIRST SECOND | THIRD FOURTH | ROOT DM | TDM
CUT CUT CUT CUT
Blocks 2 0.0003 0.0042 0.0059 0.0035 0.0857 0.0395
(ns) {ns) {ns) (**) (**%) (ns)
Treatments 5 0.0292 G.0172 0.0184 0.0030 0.2072 (0.8658
(***) (***) (***) (***) (***) (***)
Error 10 0.0017 0.0011 (.0019 0.0005 0.0172 0.3953
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Appendix 3b: Analysis of variance for the N uptake by ryegrass plants.

SOURCE DF MS
TOTAL N UPTAKE N UPTAKE PER
PER POT Kg POT SOIL
Blocks 2 8.17 66.33
(ns) (ns)
Treatment 5 47.20 385.55
(k) (* k)
Error 10 2.37 19.34

Appendix da: Microbial biomass size of the studied plots (ug C g! dry soil)

TREATMENTS METHOD ONE METHOD TWO

BF 447.62 a 550 abc

GC 111.90 ¢ 627 a
Ce-N 284.52 b 522 be
C,-N 408.34 ab 610 a
Ce+N 408.33 ab 489 ¢

H 3203 ¢ 593 ab
C.V. 16.95 5.89
L.S.D. 115.71 90

SEE 31.83 20

ok

ns
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Appendix 4b: Analysis of variance for the microbial biomass.
MS
FIRST SECOND MEAN BIOMASS
SOURCE DF
FLUSH FLLUSH H
us us FLUS Method Method
one Two
Biocks 1 0.00004 0.00145 0.00069 30153 0.00034
(ns) (ns) (ns) (ns) (ns)
Treatments 5 001035 0.01394 0.00426 6076.9 0.00527
(ns) (**%) (F**) (F¥*) (ns)
Error 5 0.00024 0.00031 0.00037 2676.9 0.00111
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Appendix 5a: Monthly rainfall and drainage data for the study site

1990 P E, E, W, P-E D
August 111.2 35.8 254 75 81.8 81.8
September 16.9 64.1 52.6 39.3 -35.7 0.0
October 83.7 103.0 84.5 38.5 -0.8 0.0
November 98.3 115.2 94.5 42.3 3.8 0.0
December 50.7 160.1 131.3 0.0 -80.6 0.0
TOTALS 366.8 478.2 392.3 -35.5 81.8
1991
January 120.2 163.0 133.7 0.0 -13.5 0.0
February 131.5 106.7 87.5 44.0 44 .0 0.0
March 28.7 113.3 92.9 0.0 -64.2 0.0
April 162.7 50.0 41.0 75 121.7 46.7
May 80.3 347 28.5 75 51.8 51.8
June 83.1 22.0 18.0 75 65.1 65.1
July 93.4 23.5 19.3 75 74.1 74.1
August 98.7 43.7 35.8 75 62.9 62.9
September 65.1 65.3 53.5 75 11.6 11.6
October 80.9 91.7 75.2 73 5.7 5.7
November 81.0 108.9 89.3 66.7 -8.3 Q.0
December 81.2 108.8 89.2 58.7 -8.0 0.0
TOTALS 1106.8 931.6 763.9 342.9 317.9
1992
January 77.2 140.3 115.0 20.9 -37.8 0.0
February 155.2 128.8 105.6 70.5 49.6 0.0
March 88.9 92.2 75.6 75 13.3 8.8
April 44 .4 46.8 38.4 75 6.0 6.0
May 27.6 3.6 25.9 75 1.7 1.7
June 74.8 22.0 18.0 75 56.8 56.8
July 141.6 24.0 19.7 75 121.9 121.9
August 110.2 31.1 257 75 84.5 84.5
September 87.7 46.4 38.0 75 49.7 49.7
October 85.7 77.1 63.7 75 22.0 22.0
November 60.8 96.3 79.0 56.8 -18.2 0.0
TOTALS 054.1 737.4 604.6 349.5 351.4
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Appendix 5b: Soil nitrate levels across treatments and blocks in mg NO,-N Kg*

dry soil.
SOIL DEPTH (cm)
BLOCK TREATMENT 0-50 50-100 100-150 | 150-200

BF 3.5 5.0 2.7 1.3

GC 5.2 6.3 6.3 33

I CeN 1.3 3.5 2.3 0.9
Ci-N 2.5 3.5 1.4 0.9

C.+N 33 10.6 3.8 1.8

H 0.9 2.4 0.9 0.1

Ce-N 1.4 3.4 4.0 1.8

I Ci-N 2.1 1.5 2.1 0.9
Ce+N 4.7 10.2 6.2 3.8

H 0.6 1.1 0.4 1.1

BE 3.8 5.1 2.0 0.8

GC 5.3 9.2 2.4 3.7

1 CeN 2.1 3.3 1.6 1.3
C-N 2.6 1.6 0.9 0.1

CeiN 4.4 18.7 3.9 2.6

H 1.0 0.3 0.6 0.1
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APPEI)I(‘HX Sc: Amounts of NO,-N Leached per m? through the 50cm core section (in
grams

SOIL DEPTH {cm)
BLOCK TREATMENT 0 - 50 50-100 100-150 150-200

BE 2.49 3.55 2.01 0.96

GC 3.69 4.85 4.77 2.31

1 CeN 0.86 2.80 1.73 0.68
Ci-N 1.71 2.68 1.71 0.61

CN 2.36 7.42 2.87 1.15

H 0.63 1.92 0.68 0.07

CeN 0.96 2.65 2.92 1.48

11 C.,-N 1.41 1.12 2.01 0.68
CeN 3.20 7.80 4.43 3.12

H 0.36 0.90 0.30 0.88

BE 2.94 3.85 1.42 0.58

GC 3.90 7.41 1.64 2.78

III CeN 2.66 2.39 1.07 1.08
C,-N 2.06 1.28 0.59 0.08

CaN 3.37 14.49 2.77 2.13

H 0.97 0.24 0.43 0.08
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Appendix 5d: Estimated soil water depths for the core sections {mm)

SOIL DEPTH (cm)

BLOCK TREATMENT 0-50 50-100 100-150 150-200

BF 183 145 212 215

GC 195 144 179 186

I CeN 152 112 212 225
C,-N 160 126 205 139

CeN 166 140 153 171

H 190 152 219 192

CeN 176 144 219 205

I1 Ci-N 156 183 212 230
C+N 156 211 218 181

H 170 119 2135 223

BE 171 211 214 210

GC 174 171 214 212

I Ce-N 175 169 198 232
CeN 201 184 197 220

CoN 182 188 205 213

H 173 170 198 218
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Appendix Se: Total NO,-N leached per m? in 1992 (g)

BLOCK TREATMENT NITRATE LEACHED
BF 5.50
GC 9.97
1 C-N 4.61
C-N 4.45
C+N 10.68
H 2.54
CeN 5.41
II C,-N 2.70
CeN 10.64
H 1.27
BE 478
GC 8.79
111 Ce-N 3.37
Ci-N 1.78
CN 16.69
H 0.63

Appendix 5f: Analysis of variance for the NO,-N levels
in the deep cores.

SOURCE DF MS
NO,-N/Kg mg NO3-N/L
Dry Soil Soil Sollution
Blocks 2 (0.5853 9.62
(ns) _(ns)
Treatment 5 24.55 247.44
(***) (***)
Depths 3 41.47 748.00
(***) (***)
Error 53 6.15 63.09
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Appendix Sg: Analysis of variance for
the estimated leached NO,-N.

SOURCE DF MS
NO.,-N
Blocks 2 0.58
(ns)
Treatment 5 50.1
(***)
Frror 3 3.96




