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SUMMARY

The effects of soil structure on the growth of wheat were

examined in field and glasshouse studies.

Field studies

A field experiment was conducted on red-brown earth (Urrbrae
loam) to investigate the influenée of tﬁe size and stability of soil
aggregates on germination, emergence establishment and growth of wheat.
Stratified seed-beds, 8 cm deep were prepared in small plots (50 x 50 cm)
from aggregates obtained by dry sieving the soil. The seed-beds
comprised two layers each of 4 cm depth and the aggregate sizes were
2 - 4mm/< 2mm, 4 - 8 mm/2 mm and 4 - 8 mm/2 - 4 mm. Unstratified
seed-beds 8 cm deep were prepared from unsorted aggregates < 8 mm
diameter. Half the plots were prepared from aggregates containing 0.2 %
poly (vinyl alcohol), P.V.A. to stabilise the structure. One hundred
wheat grains were sown at 4 cm depth in each plot.

Germination of the wheat was satisfactory (96.9 * 0.28) and was
similar in all the plots. The number of plants which finally emerged
and become established was not affected by aggregate size or P.V.A.
treatments, but the rates of emergence of plants in seed-beds made of
2 - 4 mn/< 2 mm aggregates and of unsorted aggregates < 8 mm, were higher
than in other seed-beds (4 - 8 mm/2 - 4 mm and 4 - 8 mm/< 2 mm). The dry
weight of plants at tillering and straw and grain yields at maturity were
lower for plants grown in seed-beds 4 - 8 mm/2 - 4 mm and 4 - 8 mm/< 2 mm
than for plants grown in seed-beds 2 - 4 mm/< 2 mm and unsorted aggregates
< 8 mm. Treatment of the soil with P.V.A. decreased dry matter production
and grain yield although the decreases were not always significant at

P < 0.05. The plots where greater dry matter and grain yield was obtained
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were those which gave the earliest plant emergencc and where the
plants had the highest concentrations and total content of nitrogen.

Geometrical macro-structure of the surface layer of the soil
was measured at sowing, germination, emergence and tillering, on sections
cut through blocks of resin impregnated soil. Total macroporosity and
mean pore size at 0.5 cm depth decreased during the eight weeks following
sowing of the wheat particularly where the soil had not been treated with
P.V.A.. The lowest macroporosity occurrea at emergence, 3 weeks after
sowing. Total porosity and mean pore size were consistently higher in
the surface soil of seed-beds with aggregates initially 4 - 8 mm in
diameter than in seed-beds 2 - 4 mm diameter aggregates. Soil treated
with P.V.A. had greater porosity and greater mean pore size than untreated
soil at all times of measurements.

Measurements made at 4 cm and 8 cm depth in the soil from
sowing to emergence of the wheat showed that soil temperature was similar
in all the plots. Soil water potential at 4 cm depth was higher (less
negative) in plots made of aggregates 2 - 4 mm/2 mm than in plots made
of aggregates 4 - 8 mm/2 mm and 4 - 8 mm/2 - 4 mm diameter. Meteorological
factors had a greater influence on temperature and water in the soil than
did the treatments. Regression analysis showed that soil temperature was
most closely related to the relative humidity of the air and to rainfall
which soil water potential was most highly correlated with water pressure

deficit.

Surface crusting and seedling emergence

The effect of surface crusting of the soil on emergence of wheat
was investigated in a glasshouse experiment. Seed-beds consisting of
8 cm depth unsorted (< 8 mm) soil overlain by 4 cm of < 2, 2 - 4 or
4 - 8 mm diameter aggregates were prepared. Wheat was sown at 4 cm depth

in air dfy soil and the water content of the soil was then adjusted to
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20 % by weight by spraying 25 mm of 'rain' onto the soil surface.
Different soil water regimes were produced by covering the soil in two
sets of pots with a plastic mulch 0 and 3 days after the pots were
watered, while the soil in the third set of pots was left uncovered. As
expected, the strength of the soil as measured by penetrometer resistance
at the time of emergence of wheat increased with decreasing water content
of the soil. The strength of the crust which formed from small aggregates
(< 2 mm) was significantly greater than those formed from the larger
aggregates. In some instances, treatment of the soil with poly (vinyl
alcohol) significantly lowered the strength of the crust. In general
emergence of the wheat decreased with decreasing soil water content and
with increasing crust strength. Emergence was markedly decreased or no

emergence occurred as crust strength increased from 90 to 341 kPa.

Production and movement of mineral nitrogen in beds of different sized

soil aggregates

Aggregates < 2, 2 - 4 and 4 - 8 mm diameter were subjected to
aerobic iﬁcubation at 12 or 24 % water content for up to six weeks under
two fluctuating temperature regimes viz alternating 12 h periods at 5
and 10°C or 12 and 24°C. Net mineralisation of nitrogen was higher at
24 % water content and 12/24°C than at lower water content and lower
temperature regime. However the amounts of ammonium and nitrate produced
during the six week incubation period were similar in aggregates of all
sizes, and were not affected by treatment of the soil with P.V.A..

Stratified beds of aggregates (8 cm deep)underlain By
undisturbed cores of subsoil (20 cm deep) were set up in leaching tubes.
The beds were constructed as described for the field experiment described
above and ammonium sulphate was added to the lower layer of aggregates
in each tube. The columns were leached with rain water at various rates

and frequencies of application and the volume and mineral nitrogen content
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of the leachates were determined at weekly intervals for four weeks.
Treatment of the aggregates with P.V.A. permitted greater percolation
of water and greater loss of mineral nitrogen from the soil columns,
particularly where the surface layer of the bed comprised coarse
aggregates. The size of the aggregates had little effect on the total
amount of ammonium and nitrate leached where the beds were not treated
with P.V.A.

Under the conditions in which the field experiment was carried
out aggregate size had more effegt on plant emergence, establishment and
growth of wheat than stratification of aggregates. Aggregate size and
aggregate stability affected nitrogen uptake by the plants. Aggregate
size and aggregate stability may have had an effect on leaching of

nitrogen in the field.
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SECTTION 1. INTRODUCTION

Soil structure as described by the shape, the size distribution
and stability of aggregates, has an overriding influence on germination
and emergence of plants in sO far as it controls the environment (i.e.
the temperature, water content and aeration) of the soil in which seeds
germinate and roots develop. Because the early growth of plants can
substantially affect the later performaﬁce of the crop, including the
final yield, it is important that soil conditionswhich affect germination,
emergence and establishment should be fully considered. Unfortunately,
in many studies of the effects of seed-bed preparation on Crop production,
this has not been so. The quantitative description of seed-beds has
received inadequate attention.

According to Taylor (1974), a good seed-bed should consist of
soil aggregates of appropriate size to ensure (1) an accurate seed
placement both in depth and spacing interval (2) adequate contact between
seed and soil to allow a rapid and uniform germination and (3) good
root-soil contact to permit extraction of water and nutrients. In
semi-arid areas where water shortage may limit crop production, the
seed-bed should also minimise loss of water by evaporation. The best
range of aggregate sizes to fulfil these requirements is clearly going
to vary with such factors as seed-size, stability of aggregates and
climatic conditions, which may account for the different ranges of
aggregate size found to be the most desirable for plant growth in
different situations. However researchers generally agree that medium‘
sized aggregates (1 - 8 mm diameter) are superior to smaller or larger
aggregates for establishment and growth of plants. The larger rénge of
aggregates may be more desirable where the structure is unstable as it

takes longer with large aggregates for the undesirable consequences of



unstability on other physical p}operties of the soil (e.g. slow water
infiltration, formation of surface crusts) to become effective.

Soil structure is important not only with respect to soil
physical properties but also to chemical properties and microbiological
activity. For example, the rates of nitrogen transformations in the
soil, the availability of nitrogen to plants and consequently plant
growth are very much influenced by the way which the size and stability
of the aggregates control water supply énd acration (Wiersum 1962;

Hagin 1952).

Most studies specifically designed to test the effect of
aggregate size on emergence, establishment and yield of various crops
have been performed using seed-beds of sieved aggregates with narrow
size-range distributions. This method is preferred because seed-beds
obtained in this way can be reproduced in time and in space and the
results of different experiments compared. Seed-beds prepared by tillage
have a wide range of aggregate sizes the extent of which varies with many
factors including soil texture, water content, the type of implement
used and the timing of the tillage operations. Consequently such seed-
beds are difficult to reproduce and any conclusions drawn from the
results of experiments may not be widely applicable. Generally studies
of the effects of different sized aggregates on crop growth have employed
uniform layers of aggregates (Edwards 1957a; Russell 1961; Hoyle et al.
1972; Taylor 1974; Braunack 1979). In practice, however the distribution
of aggregates is not uniform throughout the cultivated layer of soil.
Tillage operations more or less segregate the aggregates and produce
seed-beds in which large aggregates predominate towards the surface and
small aggregates predominate in the lower layers (Kouvenhoven and Terpstra
1970, 1977). Segregation of aggregates can significantly influence the

properties of the seed-bed. For example, the amount of water lost by



evaporation may be less than thét for soil in which the various sized
aggregates are uniformly distributed throughout the cultivated layer
(Johnson and Buchele 1961; Hillel and Hadas 1972; Hadas 1975). It is
pertinent therefore to examine in some detail the effect which the
segregation of aggregates can have on plant growth.

This thesis reports the results of a field investigation on
the effects of the size and stability of soil aggregates on the growth
of wheat. The aggregates were obtained ﬁy sieving, their stability
varied by treatment with poly (vinyl alcohol) and layers of different
sized aggregates were used to produce stratified seed-beds. In particular
the investigation was designed:

(1) to obtain a quantitative description of the structure of seed-beds
and how the structure changed with time,

(2) to examine how water potential and temperature in the seed-beds
were affected by aggregate size, aggregate stability and
meteorological factors, and

(3) to examine the effects of aggregate size and aggregate stability
on germination, establishment and yield of wheat.

Subsequent experiments conducted in a glass house examined in more
detail:

(4) the relationship between the emergence of wheat and crust strength
as affected by aggregate size, stability and water content, and

(5) the relationship between soil structure and the net mineralisation

and leaching of nitrogen.



SECTION 2. LITERATURE REVIEW

2.1 GENERAL

Soil structure is caused mainly by physical forces such as
those induced by changes in water content, freezing and thawing, by
the effects of root growth and the activity of earthworms (Pizer 1961;

d Davies
Marshall 1962; Batey[1971). These factors cause soil particles to join
together or break down into units, with their size and shape depending
on soil type and (under agricultural systems) on the type of management
to which the soil is subjected.

Cultivation plays an important role in modifying topsoil
structure by loosening or consolidating the soil and by breaking larger
clods into smaller aggregates suitable for seed-beds. One of the
objectives of soil cultivation is to create a soil environment suitable'
for seed germination, plant emergence and subsequent growth. Soil
environmental factors which most affect growth are water retention,
aeration, the thermal properties of the soil, nutrient availability and
soil strength (Marshall 1962; Baveﬁi?é%&; Hillel 1972; Taylor 1974). A
fine compact structure may be required to ensure good soil-root contact
and moist conditions for seeds during germination, but an open structure
may be better for root activity. Tillage must be aimed at achieving a
compromise between these objectives. Different soil types and climatic
conditions require different methods of soil and water management for
most effective plant growth. In semi-arid areas, tillage should be
performed in such a way as to encourage water infiltration, to minimize
water Joss through evaporation, to avoid the formation of soil crusts
and to increase soil fertility by providing conditions favourable to
the mineralisation of organic matter (Marshall 1962).

Two important factors influencing the structure and surface

conditions produced by tillage of a particular soil are the water



content of the soil at the time of tillage and the type of implement
used (Lyles and Woodruff 1962). Aggregate size is the soil property
most directly altered by tillage. The extent of the alteration is
dependent upon the soil condition at the time of the tillage as well as
the intensity of the operations. Siddoway (1963) and Amemiya (1965)
found that each tillage implement exhibited a characteristic size
distribution. For example, the mouldboard plough was found to produce
a predominance of intermediate sized aggregates (6 to 19 mm diameter)
while a sweep plough produced the largest clods and the smallest
aggregates. A good seed-bed is considered to have a profile with a
relatively high proportion of small aggregates in the vicinity of the
seed to promote contact between seed and soil, and a coarser mixture at
the surface to prevent dissipation of the soil by wind and water erosion
and to reduce the growth of weeds. Such a profile is the result of the
sorting and mixing action of the tined implements such as harrows and
cultivators (Kouwenhoven and Terpstra 1970). Different aggregate sizes
produced by tillage can have different physical properties such as
erodibility and stability (Lyles and Woodruff 1962; Siddoway 1963) and
chemical properties such as clay and organic matter content (Nijhawag
and Dhingra 1947; Tabatabal and Hanway 1968b). On this basis it seems
appropriate to use soil aggregate size as a parameter to study the
relationship between soil structure and processes and properties such
as movement and retention of water, water evaporation, soil strength,
aeration and to try to define desirable conditions for seed germination,
plant emergence and growth and then to try to create these conditions

with tillage.



2.2 PROPERTIES AND BEHAVIOUR OF DIFFERENT SIZED AGGREGATES

The most important chemical pPOperties of soil aggregates are
their clay and organic matter content. These properties are closely
related to many other chemical properties of the soil such as carbon
content, cation exchange capacity, exchangeable H+ and ca*tt (Alderfer
and Merckle 1942; Wittmuss and Mazurak 1958; Tabatabai and Hanway 1968b)
and to physical properties such as bulk ‘density, aggregate stability,
water and wind erodibility (Metzger anleide 1938; Alderfer and Merckle

1942; Tabatabai and Hanway 1968b; Moldenhauer and Koswara 1968).

2.2.1 Organic matter content

Many workers have measured the organic matter content of
different sized aggregates. Metzger and Hide (1938) found that organic
carbon in Derby silt loam of Kansas generally increased with increasing
size of aggregates (the sizes were not given). A similar observation
was made by Alderfer and Merckle (1942). They found that the organic
matter content of aggregates from Pennsylvannia soils under bluegrass
increased from 3.6 to 4.3 percent as the size of aggregates increased
from (1 - O.g)to > 2 mm diameter. Some other workers have shown that
organic matter or organic carbon content of soll aggregates was
inversely related to the size of aggregates. Among the latter workers,
Garey (1954) observed that organic carbon content of aggregates from
various soils was %@Q"QP in ogomeqolas >o0-b2Zmum Htana i ouysmc'c\{e.s
0.42 - 0.15 mm diameter. (The decrease was from 5.1 to 3.5 for Houston
clay soil, 3.6 to 1.9 for Sharkey clay soil and from 3.2 to 1.4 % for |
Crowley silt loam.) Management of a soil can influence the organic
matter content of the soil (Turcheneck and Oades 1978). Organic
matter is lost from soils which are cultivated frequently, especially
if fallow is included in the rotation or crop residues are removed

(Ridley and Hedlin 1968; Martel and Paul 1974; Juo and Lal 1978) .



Craswell et al. (1970) found na difference in organic matter content of
different sized aggregates in tilled soils, but a higher organic matter
content was found in aggregates of 1.0 - 0.5 mm than in smaller or
larger aggregates from soil under permanent grass. Tabatabai and Hanway
(1968b) analysed aggregates of 9.0, 5 - 9, 3 - 5, 2 -3, 1-2, 0.5 -1
and < 0.5 mm diameter size range from soil under grass and concluded
that organic carbon increased with decreasing aggregate size in both
surface soil and sub-soil. Organic mat£er content of soil aggregates
was found to be related to the type of crop grown because different crops
produce different phytomass (Clement 1961). Metzger and Hide (1938)
found that where maize and oats were grown, organic matter content
increased with increasing size of aggregates. This increase was

1.64 to 1.87 and 1.62 to 1.82 % of organic matter respectively.

2.2.2 Clay content

The physical and chemical properties of different sized
aggregates were also found to be influenced by the clay content of
these aggregates (Alderfer and Merckle 1942; Garey 1954; Tabatabai and
Hanway 1968b, Gumbs and Warketin 1976). The stable aggregation of
some soils was found to be related to percentage of clay content
< .002 mm (Alderfer and Merckle 1942; Garey 1954). Baver and Harper
(1935) have shown that failure of certain desert soils to form aggregates
larger than 0.05 mm is associated with the low clay and organic matter
content of such soils. Cation exchange capacity was found to be
11.5 m.e./100 g in Crowley silt loam soils which contained 15.6 % clay
and 36.6 m.e./100 in Sharkey clay soil which contained 63.2 % clay
(Garey 1954). Aggregate size was found to be related to the clay content
of soils, but the correlations are not always good (Tabatabai and Hanway
1968b). Alderfer and Merckle (1942) found that in a cultivated soil,

clay content increased with increasing size of aggregates frohlé - 0.2)



to > 2 mm diameter. The same trend was found for soil under grass.
However Garey (1954) found that small aggregates, 0.15 - 0.42 mm
diameter, tended to contain a larger per centage of clay than larger
aggregates or the whole soil. Tabatabai and Hanway (1968b) found that
there was little difference of clay content in agegregates > 9.0 to

1 - 2 mm size range. These contradictory results reported by different
authors might be explained by the fact that some researchers used
aggregates obtained from cultivated (and hence mixed) soil as opposed
to soil which had not been cultivated. .In the latter case, greater
differences in the properties of aggregates of different size might be

expected.

2.2.3 Bulk density and porosity

Many workers have reported a relationship between bulk density
and aggregate size. Tabatabai and Hanway (1968b) observed that bulk
density decreased as the size of aggregates decreased from > 9.0 to
0.5 - 1 mm diameter size range. They also found that for each increase
of 1 per cent in organic carbon content, the bulk density of aggregates
>9.0,5-9,3-5,2-3,1-2,0.5- 1 mm diameter decreased by
0.25 g cm—3. Other workers have found that bulk density increased with
decreasing the size of aggregates. For example, Wittmuss and Mazurak
(1958) found that as the size of aggregates decreased from 4.76 to
0.18 mm diameter, their bulk density increased. The confliciting
observations may be a consequence of the use of different soils,
different’aggregate size ranges and whether or not the composition of
the aggregates (e.g. organic carbon) varies with size. Currie (1965)
poirited out that the inverse relationship between dry bulk density and

aggregate size can be explained by the fact that with decreasing size,

the percentage of total pores exposed at the aggregate surface increases



and the porosity decreases. Each decrease in aggrcgate size means

that the pore fraction of that size in the aggregate is eliminated.

2.2.4 Aggregate stability

it has been established that the inherent properties of the
soil such as textur% organic matter and calcium carbonate content as
well as environmental effects of weather and climate can affect the
stability of aggregates (Chepil 1953, 1954, 1958; Mazurak and Mosher
1970; Benoit 1973). On cultivated land, tillage, cropping systems and
other management practices exert additional influences on aggregation
(Mazurak et al. 195f; Chepil 195§; Blavia et al. 1971). Several
chemical properties have been related to the water stability of
aggregates of different size. Alderfer and Merckle (1942) observed
that stability of aggregates > 2, 2 - 1 and 1 - 0.2 mm diameter was
closely related to the organic matter content and clay content of each
aggregate size range. Similar results were obtained by Wittmuss and
Mazurak (1958), who found that as the diameter of aggregates decreased
from 4.76 to 0.18 mm their water stability increased. There was highly
significant correlation between stability of the same aggregate size
range and exchangeable ca*t and H+, and available phosphorus. The
authors also reported that one cycle of wetting and drying of the soil
had different effects on the stability of aggregates of different
diameter. The stability of aggregates 2.38 - 0.74 mm diameter was
greater than that of aggregates 4.76 - 2.38 mm diameter after one cycle
of wetting and drying.

In cold climates, the effects of freezing and thawing on
aggregates can be important. However very little work has been done on

the effect of freezing and thawing on different aggregate sizes. Benoit

(1973) reported that the percentage of water-stable aggregates < 0.8 mm
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diameter increased by a factor of 1.26 from initial values after freezing
and thawing at -5 kPa water potential 1eve1_and -4°C freezing temperature.

The effect of cropping and management practices on aggregate
stability (and differences in stability with size) can be attributed
largely to the effects of organic matter content. Macro-aggregates in
cultivated soils are less stable than macro-aggregates in corresponding
virgin soil or soil under old pasture (Low 19543 Juo and Lal 1975).

The amount of stable aggregates (> 2 mm diameter) in an old arable
red-brown earth to a depth of 50 mm was about 2 per cent of that in the
corresponding virgin soil (Greacen 1958). Siddoway (1963) found that
the proportion of stable aggregates was greater when a straw residue
was returned to the soil than when it was burned or partially removed.
In young pastures most of the increase in aggregation occurs in the top
layers of the soil because organic materials accumulate at the surface
(Clement and Williams 1961).

Lyles and Woodruff (1962) found different tillage implements
produced aggregates of different stability because different implements
produced different aggregate size distributions. The decreasing order
of their effectiveness in producing stable aggregates was mouldboard
plough, one-way disc and sweep plough, when tillage was done at the

soil water content common to spring tillage.

2.2.5 Erosion and surface crusting

The two main agencies which cause soil erosion are rainfall
and wind. The literature on erosion is very extensive but coﬁparatively
few studies have been concerned specifically with the relationship

between the size of aggregates and soil erosion and surface crusting.
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(a) Rainfall

Erosion by rainfall is function of the intensity and
distribution of the rainfall and the diameter of the rain drops and
their energy (Ellison and Slater 1945; Moldenhauer and Kemper 1969).
S0il characteristics that are important include soil texture, and the
size and stability of the surface aggregates (Ellison and Slater 1945;
Chepil 1953; Rai et al. 1954; Alderman 1956; Rose 1961; Moldenhauer
et al. 1967, 1969; Mazurak and Mosher 1970; Blavia et al. 1971).

The erosion of soil aggregates by rainfall is accomplished by
removal of material by the shearing action of raindrops. The material
detached is carried into the underlayering pores by infiltrating water
(Cary and Evans 1974). The fine material thus washed in decreases the
porosity of the soil. If porosity is decreased to the point where water
infiltration rate is exceeded by rainfall rate, surface run-off occurs.
Surface crusts commonly about 5 mm thick may be formed when the soil
dries. Moldenhauer and Kemper (1967) found that when water was applied
to aggregates 8 - 20 mm diameter, the infiltration decreased from 200
to 0.3 cm h'1 as the cumulative energy of water was increased from
0.025 to 0.2 J cm-2. When water was applied with the same energy to
aggregates 4.7 - 8.0 mm diameter, the infiltration decreased from 10 to
0.2 cm n~1 (Moldenhauer and Kemper 1969). They attributed the decrease
in water intake to the reduction of surface pores following the breakdown
of aggregates. Mazurak and Mosher (1970) found that the amount of
particles detached from aggregates 9.25 to < 2.1 mm diameter was linearly
related to the rainfall intensity. Similar conclusions were reached by
Rai et al. (1954).

The stability of the aggregates clearly influences their
erodibility by water. For example, Mazurak and Mosher (1970) found

that when aggregates 9.25 - 4.76 mm diameter were treated with "Krilium"
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(a hydrolysed polyacrilonitrile} which has been used as a soil stabilizer),
the weight of soil particles detached was 5 mg cm_3 of water applied, but
when aggregates of the same size range were untreated, the weight of soil
particles detached was 76 mg (:m-3 of water applied.

Over thc past few years, a number of attempts have been made
to stabilise soil surface aggregates, to reduce the crusting tendency
of soils and to encourage formation of & low-strength crust by the use
of crop rotations, residue management aﬁd chemical additives. The
effectiveness of various chemicals in stabilizing soil aggregates depends
on the soil types to which they are applied, and it may be measured in
terms of the energy required to initiate run-off compared to the energy
required to initiate run-off on untreated aggregates (Mazurak and Mosher
1970; Blavia et al. 1971). Poly (vinyl alcohol), hereafter referred to
as P.V.A., has been widely used to prevent soil crust formation (Carr
and Greenland 1975). Page (1979) observed a big decrease in the crust
strength of soil to which P.V.A. had been applied. The decrease was
directly related to the rates of P.V.A. applied up to 54 kg ha_1, but
increases above this rate had no further effect on crust strength.
Stefanson (19738 showed that rainfall acceptance of treated soil improved
with increasing molecular weight of the P.V.A. This is in agreement
with the results of Carr and Greenland (1972) who found that aggregate
stability and water infiltration increased as molecular weight increased.
Comparatively little work had been done on the effectiveness of various
soil conditioners in stabilizing aggregates of different size. Blavia
et al. (1971) determined that of all substances tested, P.V.A. and Vinyl
acetate-maleic acid were the most effective in stabilising soil aggregates.
They found that when these chemicals were applied, larger aggregates
(4.2 mm) were less stable than smaller aggregates (2.97 mm). But
aggregates < 2.10 mm did not respond well to treatments with these

chemicals.



13.

(b) Wind erosion

Dry soil fractions transported by wind are generally smaller

apd WoedeuCE -

than 0.84 mm diameter (Chepill}963). Large aggregates are less easily
removed because of their weight and also because they provide a rough
surface which decreases the velocity of the turbulent wind above it
(Chepil 1963). The order of susceptibility of different soil structural
units in the dry state to wind erosion is (from lowest to highest)

(1) water stable aggregates (2) clods (3) surface crusts and (4) fine

materials (Chepil 1963; Chepil and Woodruff 1963).

2.3 ENVIRONMENTAL CONDITIONS IN SEED-BEDS

The three main soil environmental factors which are influenced
by soil structure are aeration, water content, and temperature. The size
distribution of aggregates in seed-beds has been observed to affect the
capacity of the soil to retain and transmit air, water and heat (Holmes

et al. 1060; Tamboli et al. 1964; Danielson 1972).

2.3.1 Aeration

Two classes of pores can be distinguished in aggregated soil,
the larger inter-aggregate pores which are important in drainage and
aeration, and the much smaller intra-aggregate pores which are important

for holding water available to plants (Gumbs and Warketin 1976).

(a) Inter-aggregate porosity

It is generally agreed that gaseous exchaﬁge betweeﬁ the soil
and the atmosphere occurs predominantly through diffusion but convéctive
tfaﬁsport may be important when aggregate diameters are greater than
about 10 mm and pore dimensions become large enough to permit air

circulation which enhances convective transport (Holmes et al. 1960).
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Whatever the major mechanism of transport, inter-aggregate porosity is
the main factor influencing the gaseous ethange controiling the
availability of oxygen and removal of carbon dioxide from the soil

(Hagin 1952; Doyle and Maclean 1958; Grable and Siemer 1968). Inter-
aggregate porosity is influenced by the size distribution of aggregates
in the soil (Tamboli 1961; Grable and Siemer 1968). The smaller
aggregate size range desirable for satisfactory plant growth with respect
to soil aeration and root penetration is set by the minimum inter-
aggregate pore diameter which permits free drainage of water and air
circulation. The larger aggregate size range is set by potential
respiration of the soil and by the coefficient of diffusion for the
aggregate themselves (Currie 1961). Total inter-aggregate porosity of
soil was found by Grable and Siemer (1968) to decrease from 40 to 25

per cent when the size of aggregates in the soil ‘was decreased from

3 -6 to 0.5 - 1 mm size range, when water potential was -4.4 kPa. Doyle
and Maclean (1958) determined that oxygen diffusion in aggregated soil

was proportional to aggregate size between < 0.1 and 5 - 10 mm.

(b) Intra-aggregate aeration

The porosity characteristics of aggregates and their aeration
is important in such processes as water retention, nutrient availability
and root proliferation. Voorhees et al. (1966) found that the volume of
air at a given water content increased from 50 to 60 per cent as the
diameter of aggregates increased from 2.0 to 10 mm diameter. Currie

(1961) developed an equation relating gas diffusion to the size of

aggregates:
€ 2
1 9L _ 1 Yy (DPr 3
?E = w7 e ( EF) + S where
€1 is the porosity of the aggregate

D the coefficient of diffusion of gas
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r the diameter of the aggregate
o the concentration of gas in the pores at time t
S is the strength of source for the diffusing gas
within the aggregates.

Gradwell (1973) found that aggregates which contained less than 2 - 3
per cent by volume of air filled pores at water contents between field
capacity and wilting point are likely to be impenetrable by gaseous
oxygen. Anaerobic conditions could prevail in the centre of such
aggregates if they have a diameter greater than 10 mm. The presence
of aggregates of this size in the soil may be unfavourable for root
growth., It has been suggested that seed-beds should contain aggregates
which are predominantly smaller than 10 mm to avoid anaerobic conditions
in the centres in the aggregates, but larger than 1 mm, as smaller

aggregates may also cause anaerobic conditions to prevail in the soil

(Hagin 1956).

2.3.2 Water
(a) Water retention

The size distribution of aggregates was found to affect the
capacity of the soil to retain and transmit water (Amemiya 1965; Absol
and Palta 1970; Gumbs and Warkentin 1976). Tamboli et al. (1964)
observed that between potentials of -10 and -100 kPa, the water
retained increased from 16.9 per cent to 25 per cent by weight as the
size of aggregates increased from 0.5 to 9.5 mm diameter. Similar results
were obtained by Amemiya (1965) who emphasised that it was the pore size
distribution and not the total pore volume of aggregates which was
resbonsible for variation in water retention by various sized aggregates
at high potentials.: Adcording to Amemiya (1965), the differences in
intra-aggregate porosity are chiefly responsible for the differences in

water retention of different sized aggregates at high potentials. At
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low potentials, water is held by the adsorptive forces of aggregates.
The effect of these forces is determined by the mechanical composition
of the soil aggregates and the nature of the clay contained by the

aggregates.

(b) Evaporation

Evaporation of soil water after wetting may be characterised
by three stages (Lemon 1956). The first stage is controlled by external
conditions and last as long as the soii.profile can supply water to the
surface at the rate sufficient to satisfy the evaporative potential.
In the second stage, as the soil dries out, the evaporation is governed
by the soil hydraulic properties. In the third stage the evaporation
is very low but its rate is constant. Feodoroff and Rafi (1963) found
that the rate of evaporation in the first stage and in the second stage
is higher in aggregates 5 - 10 mm diameter than in aggregates < 1 mm
diameter. But in the third stage no difference of evaporation was
observed between various aggregate sizes. Hillel and Hadas (1972) found
that under isothermal conditions aggregates 0.5 - 2 mm diameter size
range had lower water loss through evaporation then larger or smaller

aggregates. This is in agreement with results obtained by Holmes et al.

(1960) who observed a minimum water loss through evaporation in beds of

aggregates 2.5 mm diameter. Hillel and Hadas k1972) found that water
losses by evaporation depends on the depth of the aggregated layer of
soil. They determined that minimum evaporative loss occurred at

intermediate depth of soil layer (3 - 6 cm).

(c) Water movement
Numerous workers have investigated the effects of aggregate
size on water movement. Among them Hubbell (1947) found that the

infiltration rate of water was higher with aggregates 1.2 - 2.4 mm than
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with aggregates 0.25 - 0.6. He also found that the capillary rise was
increased when soil contained 15 per cent of aggregates 0.25 - 0.6 mm
diameter or 45 - 75 per cent of aggregates 1.2 = 2.4 mm diameter.
Amemiya (1965) investigated the influence of aggregate size on the
unsaturated capillary conductivity of aggregate beds. He determined
that when water content - water potential relations were unaffected by
aggregate size, capillary conductivity was a function of volumetric
water content. He found that at low soil water content, conductivity was
not affected by aggregate size between 0.5 - 5 mm diameter, but at higher
water content (> 25 per cent) capillary conductivity was higher for
aggregates 0.5 - 1 mm diameter than for aggregates 1 - 5 mm diameter.
Benoit (1973) found that unidirectional freezing and thawing decreased
hydraulic conductivity of the soil. The amount of decrease was found
to be directly related to initial aggregate size and indirectly related

to freezing temperature.

2.3.3 Temperature

The temperature of the soil depends on the mineralogical
composition of the soil and its water content, and ¥f the size and
distribution of the aggregates (De Vries 1963). However, little work
has been done relating aggregate size distribution of the soil to its
temperature. Holmes et al. (1960) found that the surface temperature
of the soil was higher with aggregates of 2 -~ 4 mm than with larger or
smaller aggregates. Bhushan et al. (1974) studied the influence of
aggregate sizes in the range 4.12 - 12 mm diameter and concluded that
seed-beds with larger aggregates attained maximum temperature 14 hours
earlier than smaller aggregates. Hadas (1977) observed that the thermal
conductivity of an aggregated soil decreased as the size of the

aggregates increased and as the total and inter-aggregate porosities
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increased. The size range of aggregates studied in this case were

< 0.25, 0.25 - 0.50, 0.5 - 100, and 1.0 - 2.00 mm diameter.

2.4 AGGREGATE SIZE AND PLANT GROWTH

In order to get a better understanding of the effects of soil
physical conditions on plant growth, various workers have measured the
effects of aggregate size distributions in the soil on plant growth

ond Gek han,

(Hagin 1952; Doyle and Maclean 1958; Miller and Mazurak 1958; Phillips
1962; Jaggi et al. 1972; Taylor 1974; Braunack 1979). The effects of
aggregate size distribution vary with plant species (Edwards 1957a, 1957b,
1958; Larson 1964) and with the stage of plant growth (Edwards 1957a,

1957b, 1958; Larson 1964; Taylor 19743 Braunack 1979).

2.4.1 Germination

Standard germination tests performed under nearly ideal
conditions in the laboratory are quite inadequate to predict the ability
of seeds to germinate in the field where temperature and aeration may be
far from satisfactory and the optimum contact between seed and moist soil
necessary to allow rapid and uniform germination may not be attained.

Few field studies have investigated the effects of aggregate
size on germination per se. Grable and Siemer (1968) found that there
was no difference in germination of maize seeds sown in soil aggregates
0.5, 0.5 -1, 1-2,2-3 and 3.6 mm diameter at water potentials of
0, -0.3, -1.8, -4.8 and -6.8 kPa. Jain and Agrawal (1970) found that
germination of sugar cane seeds was better in aggregates 3.2 to 6.4 mm
diameter than in larger or smaller aggregates. The low germination in
smaller aggregates was attributed to poor aeration. In very wet soil
with poor aeration, rotting of the seed may occur. Seed - soil contact

is influenced by the size distribution of aggregates around the seed
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(Larson 1964; Taylor 1974). A decreased surface contact between the

seed and moist soil in coarsly aggregated soil, a low rate of transmission
of water across the interface between the soil and seed are likely to be
the cause of a lower germination in larger aggregates (Larson 1964; Jain

and Agrawal 1970).

2.4.2 Emergence

The phase of emergence and subsequent seedling establishment
is critical since it determines the density of the stand obtained. It
influences the degree of weed infestation and consequently affects the
yield. Seedling emergence may be limited by extremes of soil temperature,
low water content, low oxygen content and mechanical impedance. A1l
these factors are dependent on soil structure including aggregate size
distribution. A number of investigators have attempted to relate
aggregate size to plant emergence, but the majority of these investigators
have not measured the effect of aggregate size on germination separately
from the effect of aggregate size on emergence. This is unsatisfactory,
as failure of a plant to emergence could be due to the failure of the
seed to germinate or to the soil conditions being unfavourable for
subsequent growth and emergence. Edwards (1957a) observed that seedlings
of barley and oats emerged earlier from seed-beds made of aggregates
12.7 - 9.5 mm diameter. Total emergence was 10 % higher in finer
seed-beds than in coarser ones. Johnson and Taylor (1960) found the
highest rate of emergence when 30 % of the soil in the seed-bed was
< 2.54 mm diameter. Later, watering under controlled conditions,
Johnson and Buchele (1961) found that as aggregate size increased from
1.2 to 8.5 mm and compactive pressure (bulk density) decreased, the rate
of soil drying increased and maize emergence decreased. A stratified
soil composed of a compact layer 3.6 cm deep composed of aggregates

1.2 mm diameter covered with larger aggregates (the sizes of which was
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not given) was highly effective in decreasing drying rate and soil
crusting, hence giving a better emergence. Hammerton (1961a) found that
emergence of both sugar and fodder beet was fastest and higher in beds

of aggregates < 1 mm diameter than in beds of 3 to 6 mm, 6 to 9 or a
mixture of aggregate sizes < 13 mm. The higher and rapid seedling
emergence was considered to be due to better water supply characteristics
and to a lower mechanical impedance in the finer seed-beds compared to
the coarser seed-beds. In a greenhouse pot experiment, Thow (1963)
examined the effect of a 1.2 cm deep layer above the seed, of aggregates
0.74 - 6.13, 6.13 - 30.63 and 30.63 - 55.13 mm diameter, the soil below
the seed being similar in all cases. He found that the rate of emergence
and the ultimate number of oat seedlings which emerged was higher in

pots containing small aggregates. These results agree with those
obtained by Taylor (1974) who found that seed-beds made of aggregates

< 2 mm gave the best emergence of maize and sorghum. However, Braunack
(1979) found that the total number of wheat seedlings which emerged in
the field was higher in seed-beds made of aggregates 2 - 4 mm diameter
than in seed-beds made of aggregates 1 - 2 or < 2 mm diameter, while

the rate of emergence was the highest in aggregates 1 - 2 mm diameter.
The interaction of aggregate size and aggregate stability was found to
affect emergence of cowpea plants. At 24 % soil water content,

aggregate size and stability had 1little effect on emergence, but at

12 % soil water content aggregates stabilized by treatment with

"Krilium 6" permitted more ﬁlants to emerge than did unstabilized
aggregates (Slater and Rodriguez 1954). The breakdown of surface aggregates
brought about by rainfall or irrigation leads to the reduction in-the
méan size of the structural units (aggregates) and can result in the
formation of a crust (Arndt 1965a, 1965b). This crust can effect the
infiltration of water in the soil, run off water. and soil erosion (McIntyre

19535) and consequently plant emergence. Soil crust strength limiting plant
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emergence was found to be decpendent on the water content of the soil
(Hanks and Thorp 1957). This could explain in part the results found

by Slater and Rodriguez (1954).

2.4.3 Dry matter production

Aggregate size influences plant growth and yield mainly through
jts effects on the availability of oxygen, water and nutrient supply when
plants were grown in beds of aggregates (Doyle and Maclean 19585
Hammerton 1961b; Taylor 1974). Hagin (1952) reported that wheat plants
grown in aggregates 1 mm diameter produced a higher dry matter yield
than plants grown in aggregates 0.5 - 0.07 mm diameter. He suggested
that the low yield of plants grown in fine aggregates was due to an
insufficient supply of oxygen which diminished the ability of the roots
to absorb nutrients. However, Edwards (1957b, 1958) found that oats and
barley grown in aggregates < 1 mm diameter grew better in terms of number
of tiller per plant, number of plants per plot, and total dry matter
production per plot, than plants grown in aggregates 1 - 3 mm or larger.
Grain yield of both oats and barley was also found to be higher in
plants grown on seed-beds made of aggregates < 1 mm diameter. However
Jaggi et al. (1972) found a higher wheat grain yield was obtained in
plants grown in aggregates 1 - 2 mm diameter than in finer or coarser
seed-beds. These results agree with those obtained by Braunack (1979).
Edwards (1958) suggested that the differences in yield found by various
workers for plants grown on seed-beds prepared from sieved agegregates
was due to the differences in soil texture and aggregate stability. When
aggregates, and in particular small aggregates, are unstable, they are
easily broken down by rainfall or irrigation causing surface crusting
which leads to a decrease in soil aeration and water infiltration.

Surface crusting can adversly affect yield by reducing plant emergence.
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The decrease in water infiltration may affect the water content of

the soil to the extent that subsequent growth of plants is adversely
affected. Final yield is not easily related to the condition of the
seed-bed and its effects on plant establishment and early growth as a
number of other factors operate during the (comparatively) long period
between sowing and harvest. Some of these factors such as plant disease,
insects attack on the plants are not prelated or only indirectly related

to soil structure.

2.4.4 Root growth
Root growth may be affected by the way in which soil structure

controls the water and air supply in the soil (Hagin 1956; Cornforth 1968).

The size, shape and strength of aggregates controls root distribution in

the soil. Cornforth (1968) found that root weight from smaller aggregates

were significantly higher than from large aggregates. Soil strength and

the strength of individual aggregates can affect the way the roots grow

(Taylor and Ratliff 1969; Dexter 1978). Dexter (1978) has shown that

an 'optimum' soil macro-structure exists for a maximum growth of roots

of a given species. This optimum structure depends on the strength of

soil aggregates. This strength determines whether roots grow through or

around aggregates. When wheat plants were grown in a bed of aggregates

3.5 - 6.4 mm size range, the proportion of the length of wheat roots

which pass through the aggregates was found to decrease from 0.69 to 0

as the strength of the bed of aggregates was increased from 1 to 5 MPa

(Dexter 1978). Whether roots grow into or around aggregates can have a

significant effect on accessibility of nutrients.

2.4.5 Nutrient availability and uptake
Root density and distribution in soil have a large influence on

nutrient uptake particularly for relatively immobile nutrients such as
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phosphorus (Wiersum 1962; Cornforth 1962). Aggregate size can affect
nutrient uptake by influencing availability as different aggregate sizes
may have different physical and chemical properties (Tabatabai and
Hanway 1968b). Aggregate size can also affect nutrient uptake by
influencing soil physical conditions and consequently nutrient
availability. Nitrogen for example, may be lost by erosion, denitrification,
volatilization, leaching or two or more‘'of these processes (Wetselaar 1961;
Thomas 1970; Boswell and Anderson 1970;-V1ek et al. 1981). Nutrient
mobility in the soil is related to the soil physical and structural
conditions as well as to the soil texture. Nitrogen movement and leaching
for example, is closely related to water movement in the soil which is
related to soil structure in particular pore size distribution and pore
space volume (2.3.2). The efficiency of percolating water in causing
leaching of nitrogen is dependent on soil porosity expressed as a
percentage of total pore space drained between -7 and -5 kPa (Terry and
McCants 1968, 1970). The distance that nitrogen is moved downward is a
function of the quantity of water entering the soil and the type of soil
(Thomas 1970). When the soil surface is prone to crusting and run-off
is a problem, low intensity rainfall is more efficient in moving nitrogen
down the soil profile, but when water run-off is low, high intensity
rainfall is more efficient in leaching soil nitrogen (Thomas 1970).
Bates and Tisdale (1957) found that, when factors such as water content
of the soil at initiation of leaching, soil texture, surface evaporation
and placement of salts in the soil are known, the movement of nitrogen
can be predicted with some accuracy. They developed an equation Pelating
soil porosity and the amount of water added to the quantity of nitrogen
leached as follows:

Y = -12.93 + 64.66 Xq + 87 X5
where Xy is the porosity index of the soil expressed as a percentage of

total pére space drained between -4.9 and 0 kPa and X, = porosity index
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X1 x amount of mm of water added. Leaching of nitrogen can also be
affected by the absence or presence of plants. Long and Huck (1980)
found that maize root densities of 2 to 10 cm cm—3 prevented leaching
of nitrogen applied to the soil at the rate of 200 and 500 kg ha_1 and
only 2 - 3 % of nitrogen applied leached below 16.0 cm depth.

When no nitrogen fertilizers are added and in the absence of
biological nitrogen fixation, soil nitrogen availability is dependent on
the rate at which organic nitrogen can be converted to mineral nitrogen.
This conversion is largely a microbial process which is to a great
extent dependent on water content, temperature and oxygen in the soil.
These three factors are largely controlled by the structure of the soil
profile. Several workers have studied the effects of soil structure on
the mineralisation of nitrogen. The main basis for interpretation of
various results has been the effect of soil aeration on nitrification.
Seifert (1964) found that the degree of nitrification and the nitrate
level in the soil aggregates was in inverse proportion to the size of
aggregates 5 - 4, 4 ~ 3, 3 -2, 2 -1, 1 -0.75 and 0.75 - 0.5 mm size
range. This may be due to the fact that aeration is poor in the centre
of large aggregates (Greenwood and Goodman 1967). Waring and Bremner
(1964) found that the amount of nitrogen mineralised by incubation of
aggregates < 0.84 mm diameter was 24 to 124 percent greater than that
of aggregates < 2 mm diameter. He stated that "some of the organic matter
in soil aggregates is not susceptible to microbial decomposition until
the aggregates are disrupted by grinding or other process that render the
organic matter physically accessible to micro organisms". These resulﬁs
agree with those obtained by Craswell et al, (1970) who attributed the
low nitrogen mineralisation in large aggregates to the fact that formation
of macro-aggregates causes some soil organic matter to become inaccessible
to microbial attack. However Fitts (1953) observed that soil aggregate

e Cecle
size apparently had littleLPpon nitrate production. He found approximately
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the same nitrification rate in ha?d mixed samples that contained
aggregates < 2 mm or 0.85 mm diameter. Similar results were obtained
by Hagin and Halevy (1961).. The contradictory results found by various
workers appear due to the fact that different soil types were used in
different experiments and that the properties of the soil (e.g. organic
matter content) may or may not vary with aggregate size (Craswell and

Waring 1972).
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SECTION 3. FIELD STUDIES

3.1 INTRODUCTION

The general objective of this investigation was to determine
some physical and agronomic characteristics of seed-beds with well-~
defined structure. The observations and findings may help define more
precisely the type of seed-bed suitable ‘for cereals in semi-arid regions.
The field studies carried out here examined the effects of the size and
stability of aggregates in stratified seed-beds on: (a) germination,
emergence and subsequent growth of wheat; (b) soil temperature and soil
water potential in the seed-beds; and (c) soil structure and the changes
of this structure with time at the surface of the seed-beds.

Seed-beds produced by tillage contain a wide range of aggregate
sizes and they depend very much on the implement used and the state of
the soil at the time of tillage. Such seed-beds are difficult to reproduce
even when using the same implement, and the results obtained may not be
generally applicable. For this reason, the seed-beds used in the present
study were prepared from sieved aggregates with defined size ranges.
Although seed-beds prepared in this manner cannot be directly compared
with those prepared by tillage implements, the method enables a defined
range of aggregate sizes to be examined and seed-beds can be readily

reproduced in space and in time.

3.2 MATERIALS AND METHODS
3.2.1 Site

The field experiment was carried out at the Waite Agricultural
Research Institute, Socuth Australia (34058'8, 138°38'S, altitude 122.5m)
on a red-brown earth, Urrbrae loam (Stace et al. 1968). Details of some
of the soil characteristics after Braunack (1979) and Shanmuganathan

and Oadés (1982) are as follows:
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pH (1:5, H50) 5.4
Total C (%) 1.48
Total N (%) 0.15
Cation exchange capacity

(cgh 6.20
Totél P (ppm) 316
Plastic limit (% w/w) 16.7
Dispersion index 5
Clay (%) 19.4
Silt (%) 31.3
Fine sand (%) 43.8
Coarse sand (%) 2.0

The area where the experiment was conducted was under pasture from

1974 to 1979.

3.2.2 Design and treatments
The experiment had a randomised block design with four
replications and the treatments, which were arranged in a factorial
combination, were: Seed-beds (4) and P.V.A. (2).
There were three stratified seed-beds 8 cm deep comprising two 4 cm layers
of different-sized aggregates as follows
2 - 4 mm over < 2 mm diameter, hereafter 2 - 4/< 2 mm diameter
4 - 8 mm over < 2 mm diameter, hereafter 4 - 8/< 2 mm diameter
4 - 8 mm over 2 - 4 mm diameter, hereafter 4 - 8/2 - 4 mm diameter.
In addition, an unstratified seed-bed was prepared from unsorted aggregates
of < 8 mm diameter.
The P.V.A. "Mowiol" (Hoechst, W. Germany) of 70,000 molecular
weight was applied at the rate of 0.2 % to the aggregates in half the

plots.
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The treatments were allocated randomly to the plots within
N S
each block (replication) and the whole experiment was repeated[four times
to enable samples to be collected on four occasions during the year. The

total number of plots was 128.

3.2.3 Procedures
3.2.3.1 Preparation of soil

Two areas of 16 m x 1 m at the site of the experiment were
excavated to a depth of 8 cm. The soil was spread out to dry under
cover and sieved when it was dry enough to pass through a 2 mm sieve
without clogging. Half the soil was treated with P.V.A. solution, using
a mist spray. A rotary sieve was used to separate the required aggregates
into nominal size ranges of < 8 mm, 4 - 8 mm, 2 - 4 mm and < 2 mm diameter.
The separated aggregates were placed in air-tight plastic buckets for
storage until placement of aggregates into wooden framed plots of
50 x 50 cm. Water contents of soil agegregates were determined prior to
placement of the aggregates into the plots.

The proportion of various sized aggregates in each sieved size
range was determined by hand sieving the soil through a nest of sieves

(Fig. 1 ).

3.2.3.2 Sowing and management of the experiment

On 10 July the lower layer (4 cm deep) of appropriate soil
aggregates was placed into the plots. The aggregates were then brought
to the same water content (18 %) by spraying the soil with a ghoisle spray.
A basal fertilizer [(NH4)2 804, K2 S04, NH4H2P04] which provided the
equivalent of 40 kg ha-1 of N, P and K was included in the water added.
Four hours later the soil was evenly compacted b‘(‘ O\PD\gf'\j o PASS Uk G\Q.?lch .

an ovgrm+m-g§oeéon a board placed on the soil.
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On 11 July 100 seeds of wheat (Triticum acstivum L. c.v. Kite) were sown
in each of the 128 plots. A board template with 10 rows of 10 evenly-
spaced holes (5 cm centre to centre) was uéed to facilitate precise
spacing during sowing. One seed was dropped through each hole onto the
soil. The seeds were covered with 4 cm of the appropriate soil aggregates
and the surface carefully levelled. The soil aggregqtes in the upper
layer were then brought to the same water content (18 %) by spraying with
a mist spray. The area around the experimental plots was sown with wheat
to minimise edge effects. From emergence until harvest, the plots were
covered with nets to prevent bird damage and consequent loss of yield.

Plate 5 shows the layout of the experiment.

3.2.4 Measurement of soil structure
3.2.4.1 Collection of samples

For measurement of the macro-structure of the soil by the method
of Dexter and Hewitt (1976), duplicate samples were collected for each
treatment on 11 July, 14 July, 25 July and 20 September 1979 from the
seed-beds. (These times corresponded to sowing, germination, emergence
and tillering of the wheat.)

Metal moulds 42 cm long, 17 cm wide and 15 cm deep were pressed
into the plots to 8 cm depth. The soil was impregnated with LC191
"Araldite" epoxy resin mixed with 10 % of HY951 hardener and 10 % of DW11
white pigment. Sufficient resin (about 3 1) was added to impregnate the
soil and leave a layer about 10 mm thick on the surface to prevent soil
blocks from breaking and to enable identification marks to be.scratched
on the resin layer. The samples were left on site for one day to cure.
The impregnated blocks were then separated from the moulds and were cut
twice vertically with a diamond saw. Cuts were made along the length of

the blocks, about 5 cm from the edge to avoid edge effects.



PLATE 5. GCeneral layout of the field experiment.

PLATE 6. Completed plot with thermistors and resistance
blocks in place.
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3.2.4.2 Method of mcasuring soil structure

Structural elements (intercepted pore size and intercepted
aggregate size) were analysed along horizoﬂtal lines scratched (within
0.5 cm depth) on the face of each section. However measurements were
not made on unsorted ‘soil < 8 mm diameter sections as the resin did not
adequately penetrate this soil. Grid points at 1 mmlintervals across the
section were designated 0 if they occurred on pores (white resin) or 1 if
they occurred at aggregates. The macro-structure of the soil across
30 cm long sections of the soil was thus represented by a strong of 0's
and 1's. Linear porosity, mean intercepted aggregate size and mean
intercepted pore size were derived from this data using the statistical
methods described by Dexter (1976).

It should be noted with respect to aggregates, that intercepted
length is not the same as diameter obtained by sieving. Likewise, a mean
intercepted pore size is a number average of the intercepted pore length

rather than the mean diameter of the pores.

3.2.4.3 Soil penetrometer resistance and soil bulk density

Soil penetrometer resistance was measured at emergence (25 July)
with a pocket penetrometer model CL-700 fitted with a cylindric steel
probe 6.35 mm in diameter with a flat tip.

Bulk density was estimated at the same time as germination of
the wheat occurred, by measuring with a ruler the depth from the soil

surface to the seed.

3.2.5 Soil temperature and soil water
3.2.5.1 Measurement of soil temperature

Soil temperatures were recorded for two replications of each
treatment at 0630 and 1500 h from shortly after sowing (14 July) to

emergence (25 July) of the wheat, using a digital multimeter (Marconi



31.

instruments model TF 2670) and phermistors which had been installed at

4 and 8 cm depth in the seedbeds when the latter were prepared (Plate 6).
The resistance R of the thermistors varies as

R = Ae i

when A and B are adjustable parameters and K is the absolute temperature.

Rearranging gives
K = B/(Log, (R/A))
Hence, temperature (°c)
T = B/(Loge (R/A)) - 273.2 (3.0)

B is the slope when Loge R is plotted atainst 1/T and Log;e A is the
intercept. The values of A and B were determined by calibration at

o - 3500 in 5°C increments. A computer programme was written to calculate
values of A and B for each thermistor used. Temperatures, measured in the
field as electrical resistance, were then calculated. A typical

calibration curve of temperature in Fig. 2

3.2.5.2 Measurement of soil water

Soil water potential was measured for two replications for each
treatment at the same time as soil temperature, using a soil water and
temperature bridge (National Instruments, Sydney, model 200) and gypsum
resistance blocks installed at 4 cm depth in the seed-beds (Plate 6).
The resistance blocks were calibrated in < 2 mm diameter aggregates at
water potentials -10, -30, -70 and ~-100 kPa at constant temperatures of
15, 20 and 30°C. There was little difference in the response of different
resistance blocks, and a mean calibration curve was used for all blocks
to determine water potential in the field (Fig. 3). The relationship
between soil water content and soil water potential is presented in the

Fig. 4.

3.2.5.3 Meteorological data.
Records of air temperature Ta, wind speed W, relative humidity

H, and rainfall R, were obtained from the Waite Institute meteorological
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station located 300 m from the experimental sitc. Air temperature and
relative humidity values were obtained from an automatic recorder 2 m
above the ground level. Wind speeds were from an anemometer 2 m above
the ground level. The rainfall was recorded daily with a pluviometer.

Meteorological data are summarised in Table 3.0 andk 'Fira- D.

3.2.6 Plant growth measurements
In order to reduce edge effects, all measurements of plant
growth excluded the outer rows of plants in each plots. Hence, instead

of a 10 x 10 grid only 8 x 8 was considered i.e. 64 plants per plot.

3.2.6.1 Germination and emergence

To assess germination, two rows of seeds in each plot were
examined each day from 15 July to 19 July. The number of seeds which had
germinated was counted and percentage germination was calculated.

Emergence was assessed daily from 21 July to 31 July by counting
the coleoptiles as they emerged through the surface of the soil.
Percentage emergence was calculated.

The mean day of emergence (MDE), as defined by Edwards (1957a),
was used as a measure of time between sowing and emergence. It was
calculated for each plot by multiplying the number of coleoptiles which
emerged each day by the number of days from sowing. The products were
summed over the whole period of emergence and the total divided by the
total number of the plants which had emerged on the plot to give the

MDE for that plot.

3.2.6.2 Dry weight measurements
The number of plants per plot was counted at tillering (17
September) and at final harvest (5 December). The number of tillers per

plant wés also recorded.
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TABLE 3.0. Meteorological data recorded ét the Waite Agricultural Research
Institute between 14 and 25 July 1979.

Mean daily values

Date of = W= H = ~ R=
recording Air temp. Wind speed Relative Rainfall (mm)
(oC) at 2 m Humidity
(km h=1) (%)
14 July 15.7 4.9 54 0.0
15 July 17.1 5.4 52 0.0
16 July 17.0 8.9 41 0.0
17 July 17.6 7.0 56 0.0
18 July 10.9 3.3 65 0.0
19 July 9.5 3.3 80 0.8
20 July 12.1 6.2 51 0.0
21 July 8.3 1é.0 93 22.8
22 July 9.3 12.3 81 5.4
23 July 10.6 5.0 94 2.2
24 July 10.3 2.6 70 0.4
25 July 10.8 4.6 T4 0.0
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The dry weight of thé plants was measured at tillering and
harvest. The plants were cut at ground level with shears, dried at
85°C and weighed to determine total dry matter per plot. Following the
December harvest, grain was separated with a resilient tapered thresher

and weighed.

3.2.6.3 Nitrogen measurements

Subsamples of ground plant maﬁerial - whole plant tops at
tillering (17 September), and straw and grain at final harvest (5 December) -
were digested with concentrated sulphuric acid and the nitrogen content of
the digests determined by the alkaline phenate method (Keay and Menage

1970) .

3.2.6.4 Root length measurement

Root length was measured at emergence and tillering. At
emergence, whole plants were carefully dug out so the entire seminal and
lateral roots were intact. The soil was washed from the roots with water
over a fine sieve and the root length of each plant was measured with a
ruler. The diameter of each seminal axis was measured 3 cm from the base
of the plant, using a microscope with suitable scale. At tillering, four
soil cores, 5 cm diameter and 60 cm long were taken from each plot. Root
lengths in the 0 - 20, 20 - 40 and 40 - 60 cm depth intervals were
determined using the intercept method of Newman (1966), after the roots

had been separated from the soil by flotation.

3.3 RESULTS AND DISCUSSION
3.3.1 Soil structure
3.3.1.1 Results
Linear porosity at 0.5 cm depth in the seed-beds at sowing was

similar for aggregates of 4 - 8 and 2 - 4 mm in diameter and it decreased



35.

with time. The miniﬁum value occurred at emcrgence as indicated in

Table 3.1. Aggregate size and P.V.A. treatment did not seem to have
affected linear porosity at any stage of growth. At sowing, mean
intercepted pore length was significantly higher (P < 0.05) in seed-beds
made of aggregates 4 - 8 mm diameter than in seed-beds comprising aggregages
of 2 - 4 mm diameter as indicated in Table 3.2. The same table shows that
mean intercepted pore length declined from sowing to tillering, with

minimum values occurring at emergence. ‘The subsequent increase was not
significant at P < 0.05.

Mean intercepted aggregate length increased steadily and
significantly between sowing and tillering (Table 3.3). Mean intercepted
aggregate length at emergence and at tillering was significantly (P < 0.05)
affected by treatment of the soil with P.V.A.. Intercepted aggregate
length in seed-beds, with initial aggregate size 4 - 8 mm diameter, was
significantly higher when the aggregates were treated with P.V.A.
Surprisingly, mean intercepted aggregate length was similar at time of
sowing in beds of aggregates 2 - 4 and 4 - 8 mm diameter.

Table 3.4 indicates that the proportion of macropores > 1, > 2,
> 4 and > 8 mm intercepted length declined between sowing and emergence.
The proportion of pores > 1 and > 2 mm intercepted length was significantly
higher at tillering than at emergence in both seed-beds made of aggregates
4 - 8 and 2 - 4 mm in diameter. At all times of sampling, the proportion
of macropores > 1, > 2, > 4 mm intercepted length was significantly higher
(P = 0.05) in seed-beds made of aggregates 4 - 8 mm in diameter than in
seed-beds made of aggregates 2 - 4 mm in diameter.

The effect of P.V.A. treatment on pore size distribution in beds
of aggregates 4 - 8 mm diameter is shown in the Table 3.5. The proportion
of macropores > 1 and > 2 mm intercepted length is significantly higher
(P = 0.05) in seed-beds made of aggregates treated with P.V.A. than in

seed—beds made of untreated aggregates. This was true at all times of
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sampling except at tillering where there was no difference in the
proportion of macropores > 1 mm intercepted length, in different seed-beds.
Treatments had little effect on the proporﬂion of pores with intercepted
length > 4 mm; The proportion of macropores > 4 and > 8 mm intercepted
length was low or nil at all times of sampling and in all treatments.

The changes in surface soil macroporosity with time are
illustrated in Plates 1, 2, 3 and 4. The strength of the surface soil
as measured by penetrometer resistance was significantly lower (P = 0.05)
where the surface aggregates were 2 - 4 mm in diameter than for other
sized aggregates (Table 3.6). Penetrometer resistance was significantly
lower where the soil was treated with P.V.A. than for untreated soil except
for aggregates 2 - 4 mm diameter. The bulk density of the surface 4 cm
layer of aggregates was significantly higher (P = 0.05) in plots made of
unsorted aggregates < 8 mm diameter than in éll other treatments. P.V.A.
treatment did not affect the bulk density of the soil.

Plates 7 to 12 illustrate the effect of raindrop impact on
different sized surface aggregates, treated with P.V.A. (+ P.V.A.) or
untreated (- P.V.A.), 5 days after sowing. The photographs show that
the soil surface of seed-beds made of aggregates 2 - 4 mm diameter and
not treated with P.V.A. are crusted and cracks appear on the soil surface.
Seed-beds surface with unsorted aggregates < 8 mm in diameter were also
crusted and cracks show on the soil surface. Surface aggregates 4 - 8 mm
diameter treated with P.V.A. retained their shape as shown by the

photographs.
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TABLE 3.1. Temporal change in linear macro-porosity as affected by
aggregate size and P.V.A. treatment.

Aggregate size (mm) 4 - 8 2 -4
P.V.A. treatment 0 0.2 0 0.2
Date and stage of growth L;near porosity
11 July (Sowing) 0.26 0.23 0.24 0.23
16 July (Germination) 0.13 0.19 0.12 0.18
27 July (Emergence) 0.04 0.05 0.06 0.09
20 September (Tillering) 0.10 0.14 0.08 0.10

L.8S.D.(P = 0.05) = 0.1

TABLE 3.2. Temporal changes in mean intercepted pore length as affected
by aggregate size and P.V.A. treatment.

Aggregate size (mm) 4 - 8 2 -4

P.V.A. treatment (%) 0 0.2 0 0.2

Mean intercepted pore length (mm)

11 July (Sowing) 2.76 2.64 2.07 1.95
16 July (Germination) 1.76 1.94 1.34 1.84
27 July (Emergence) 1.38 1.19 0.94 1.03
20 September (Tillering) 1.80 1.85 1.25 1.45

L.S.D. (P = 0.05) = 0.68
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TABLE 3.3. Temporal changes in mean intercepted aggregate length as
affected by aggregate size and P.V.A. treatment.

Aggregate size (mm) 4 - 8 2 - 4

P.V.A. treatment (%) 0 0.2 0 0.2

Mean intercepted aggregate length (mm)

11 July (Sowing) 7.73 6.73 6.65 8.96
16 July (Germination) 11.84 12.13 12.48 14.17
27 July (Emergence) 19.48 13.66 14,42 14.91
20 September (Tillering) 24.83 15.56 18.61 21.83

L.S.D. (P = 0.05) = 3.93

TABLE 3.4. Temporal changes in intercepted pore length ‘distribution
expressed as the proportion of intercepted macropores larger
than Xmm, as affected by aggregate size. All aggregates were
treated with P.V.A.

Aggregate size (mm)

4 - 8 2 -4
Date and Intercepted pore length (mm) = X
stage of 1 2 4 8 1 2 4 8
growth of
wheat Intercepted pore length distribution (%)
111" July
(Sowing) 0.73 0.46 0.14 0.01 0.57 0.26 0,08 0.00
16 July
(Germination)| 0.52 0.33 0.08 0.00 0.27 0.10 0.00 0.00
27 July
(Emergence) 0.30 0.07 0.04 0.00 0.12 0.00 0.00 0.00
20 September
(Tillering) 0.3 0.13 0.06 0.02 0.12 0.08 0.02 0.00

L.S.D. (P = 0.05) = 0.04
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TABLE 3.5. Temporal changes in intercepted pore length distribution,
expressed as the proportion of macropores larger than X mm,
as affected by P.V.A. treatments. Aggregate sizes were 4 -~ 8 mm.

P.V.A. treatment (%)

0 0.2

Intercepted pore length (mm) = X
Date and 1 2 3 4 1 2 3 4
stage of
growth of
wheat Intercepted pore length distribution (%)
11 July
(Sowing) 0.71 0.42 0.16 0.00 0.77  0.49 0.19 0.02
16 July
(Germination) 0.50 0.22 0.14 0.00 0.65 0.34 0.15 0.00
27 July
(Emergence) 0.19 0.09 0.05 0.00 0.24 0.15 0.04 0.00
20 September
(Tillering) 0.21 0.11 0.05 0.01 0.25 0.17 0.06 0.04

LoS-Dl (P = 0'05) = 0'05

TABLE 3.6. Bulk density and penetrometer resistance as affected by
aggregate size and P.V.A. treatment. Both measurements
were done on 27 July (Emergence).

‘Aggregate 4-8 4-8 2-4 Unsorted |[L.S.D.
size (mm) 2-4 <2 <2 < 8 P=0.05
P.V.A. (%) 0 0.2 |0 0.2 |0 0.2 |0 0.2

Bulk3density 0.96 |0.93]10.95|0.94|0.94 |0.94] 1.08 [ 1.05 0.03
g cm

Penetrometer
resistance 33.5 | 26.9 | 32.1]25.5|23.8 [22.2] 35.0 | 29.3 4,21
(kPa)




PLATE 1.

Changes in soil structure with time.

The initial aggregate size range was 4 - 8 mm.
The soil was untreated with P.V.A.

Sampling was done ‘from (top to bottom) at sowing
(11 July), germination (14 July), emergence

(20 July) and tillering (20 September).






PLATE 2.

Changes in soil structure with time.

The initial aggregate size was 4 - 8 mm.
The soil was treated with P.V.A.

Sampling was done (from top to bottom) at
sowing (11 July), germination (14 July),
emergence (20 July) and tillering (20 September).






PLATE 3. Changes in soil structure with time.
The initial aggregate size was 2 - 4 mm.
The soil was untreated with P.V.A.
Sampling was done (from top to bottom) at
sowing (11 July), germination (14 July),
emergence (25 July) and tillering (20 September).






PLATE 4.

Changes in soil structure with time.

The initial aggregate size was 2 - 4 mm.
The soil was treated with P.V.A.

Sampling was done (from top to bottom) at
sowing (11 July), germination (14 July),
emergence (25 July) and tillering (20 September) .






PLATE 7. Plots made of aggregates 4 - 8/2 - 4 mm
untreated with P.V.A., 5 days after sowing.

PLATE 8. Plots made of aggregates 4 - 8/2 - 4 mm
treated with P.V.A., 5 days after sowing.



PLATE 9. Plots made of aggregates 2 - 4/< 2 mm
untreated with P.V.A., 5 days after sowing.
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PLATE 10. Plots made of aggregates 2 - 4< 2 mm
treated with P.V.A., 5 days_after sowing.
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PLATE 11. Plots made of unsorted aggregates < 8 mm
untreated with P.V.A., 5 days after sowing.

UNSOQRTED
UNSORTED

PLATE 12. Plots made of unsorted aggregates < 8 mm
treated with P.V.A., 5 days after sowing.
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3.3.1.2 Discussion

The impact of raindrops causes the bieakdownof aggregates into
micro-aggregates which fill the surface macropores creating a smooth surface
which hardens into a crust upon drying. This is illustrated in Plates
7 to 12, and by the results in\Tables 3.1, 3.2 and 3.4, which show the
effect of aggregate breakdown on the soil macroporosity at the 0.5 cm
depth in the seed-beds. Changes in soil structure, and in particular
changes in macroporosity occurred mainly within the top 0.5 cm of the
seed-bed profile (Plates 1, 2, 3 and 4). This is in agreement with the
observations of Collis-George and Lal (1970) and Ojeniyi (1978). The
breakdown of aggregates increased with decreasing the size of aggregates
as illustrated by Plates 7 to 14. Results in Table 3.4 confirm that the
distribution of pores > 1, > 2, and > Lmm intercepted length at 0.5
cm depth in the seed-beds decreased with decreasing initial aggregate size
from 4 - 8 to 2 - 4 mm size range. Ojeniyi (1978), using the same method
of soil structure measurement as the one used here, found similar results
when seed-beds were prepared in the same soil by tillage. He found that
the proportion of pores larger than 8 mm intercepted length was greater
in tilths produced by ploughing than in those produced by a rotary
cultivator or a scarifier. He concluded that greater proportion of
larger pores in the tilths produced by ploughing was because the tilth
had larger aggregate sizes at the surface of the seed-bed than either
those produced by the rotary cultivator or scarifier.

Most of the surface aggregates 4 - 8 and 2 - 4 mm diameter
treated with P.V.A. kept their initial shape for two weeks while the
untreated aggregates had broken into smaller aggregates., The Saeakdown of
macro-aggregates has led to a greater decrease in the distribution of
intercepted pores > 1, and >2mm  intercepted length in the seed-bed
surface with aggregates not treated with P.V.A. compared to the P.V.A.

treated ones (Table 3.5). Similar observations were made by Mazurak and
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Mosher (1970) when aggregates :4.20 and 2.97 - 2.10 mm diameter aggregates
were treated with "Krilium" tokobtain water-stable aggregates.

The linear porosity and mean intercepted pore length which
decreased steadily between sowing (July 11) and emergence (27 July)
increased slightly at tillering (20 September). The amount and intensity
of rainfall which fell between germination (16 July) and emergence (25
July) (Fig. 5) caused a decrease of 70 % and 50 % of the initial linear
porosity of the seed-bed surface when the initial aggregate size was
4 - 8 and 2 - 4 mm respectively (Table 3.1). This reduction in linear
porosity is especially marked when aggregates were not treated with P.V.A.
and where the surface crust has formed. The reduction in surface macro-
porosity due to crust formation can result in a severe decrease of water
infiltration and increase in run-off as observed by Oades (1976), and
the emergence of plants can be reduced or inhibited upon the drying and
hardening of the crust. The slight increase in linear porcsity and mean
intercepted pore length which occurred at tillering may be attributed to
the mechanical effects of the growing plants and cracking of the crust.
There was no evidence of any run-off on the present experiment. Over the
period when measurements were made rainfall intensity was not sufficiently
high for itlto occur (Fig. 5). Braunack (1979) found that when rainfall
was applied at 27 mmh—1, the time to run-off for aggregates > 4 and 4 - 2 mm
diameter from Urrbrae loam, was 25 and 15 mn respectively.

In conclusion, it may be stated that the macroporosity decreased
from sowing to emergence (although it increased slightly thereafter) and
that the changes were greatest in seed-beds not treated with P.V.A.. A
greater proportion of intercepted pores > 1, > 2, and > Q_mm was
found at all times of measurements in the surface of seed-beds with
initial aggregate sizes 4 - 8 mm than in seed-beds with initial aggregate
size 2 - 4 mm diameter. The proportion of intercepted macropores > 1,

and. > 2mm intercepted length was higher when soil aggregates
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were treated with P.V.A. than when they were not treated with P.V.A..
The relationship between soil structure, soil physical conditions and

plant growth are discussed subsequently.

3.3.2 Soil temperature and water potential
3.3.2.1 Results

The effects of aggregate size and P.V.A. treatment on soil
temperature at 4 and 8 cm depth during the period 14 to 25 July (from
sowing to emergence of wheat), are summarised in Tables 3.7 and 3.8.
At both depths (4 and 8 cm), there was 1ittle difference in soil temperature
between different aggregate sizes. Aggregates not treated with P.V.A.
tended to be slightly warmer than the aggregates treated with P.V.A.
However this difference was less than 1OC. Temperature at 8 cm depth
tended to be slightly higher than at 4 cm depth except for the unsorted

aggregates < 8 mm diameter.

Table 3.9 summarises the mean daily water potential (mean of
data recorded at 0630 and 1500 hours). During the period 14 to 25 July,
the soil was generally drier in seed-beds made of aggregates 4 - 8/2 -~
4 mm and 4 - 8/<2 mm diameter than in seed-beds made of aggregates 2 -
4/<2 mm and of unsorted aggregates <8 mm diameter. The mean water potentiai
of the soil in seed-beds made of aggregates 2 - 4/<2 mm and unsorted <8 mm
diameter were significantly (P = 0.05) higher than seed-beds made of
aggregates 4 - 8/<2 - 4 mm or 4 - 8/<2 mm diameter. Seed-beds with

aggregates treated with P.V.A. were drier (though not significantly) than

seed-beds with aggregates untreated with P.V.A. b

L



TABLE 3.7.

Soil temperature at 4 cm depth.

Mean of temperature

recorded at 0630 and 1500 hours from 17 to 25 July 1979.

Agg. size (mm) -8 4-8 2-4
4 <2 <2
P.V.A. (%) 0 0.2 0 0.2 0] 0. 0 0.
Date of Temperature (°c)
recording
14 July 16.6 | 16.4 17.2 | 16.7 16.3 | 15. 16. 17.
15 July 13.0 12.3 11.9 12.2 12.5 11. 12. 12.
16 July 13.4 12.9 13.0 13.1 13.0 12. 13. 13.
17 July 13.3 | 12.0 | 13.3 | 13.4 13.5 | 11. 14. 14,
18 July 1.4 11.3 | 12.7 | 10.9 1.6 | 11. 12. 12.
19 July 10.9 10.0 10.7 9.6 12.2 10. 11. 11.
20 July 11.0 9.9 10.1 9.4 10.9 9. 9. 10.
21 July 10.5 9.3 10.2 9.9 10.3 9. 10. 10.
22 July 9.5 9.1 10.0 9.6 9.7 9. 10. 10.
23 July 10.9 10.9 1.1 11.2 1.7 10. 11. 11.
24 July 10.3 9.8 | 10.2 | 10.5 10.5 9. 10. 10.
25 July 9.7 9.6 9.9 10.0 9.5 9. 9. 10.
L.S.D. (5%) = 2.0
Mean 11.7 11.2 1.7 10.9 11.2 10. 11. 12.
L.S.D. (P = 0.05) = 0.9
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TABLE 3.8. Soil temperature at 8 cm depth. Mean of temperature
recorded at 0630 and 1500 hours from 14 to 25 July 1979.

Agg. size (mm) 4-8 4-8 2-4 <8
2-4 < 2 <2
P.V.A. (%) 0 0.2 0 0.2 0 0.2 0 0.
Date of . Temperature (OC)
recording
14 July 17.2 15.8 15.6 16.0 16.1 15.6 16.4 16.
15 July 12.4 12.4 12.5 12.4 12.7 12.1 11.5 1.
16 July 13.1 13.3 1.7 12.9 12.5 12.2 11.1 12.
17 July 14.0 13.3 14.1 13.2 13.4 12.4 13.3 13.
18 July 16.0 13.0 13.2 15.2 | 12.7 13.3 14,1 14,
19 July 12.0 11.9 10.9 11.2 10.1 9.5 10.7 10.
20 July 1.1 10.9 10.2 9.6 9.7 9.6 9.5 10.
21 July 10.5 10.3 11.4 9.9 10.3 9.6 9.8 10.
22 July 10.3 10.0 11.0 9.8 10.0 9.6 9.2 9.
23 July 1.1 11.1 11.2 10.7 10.7 10.7 9.8 10.
24 July 10.8 11.5 11.4 10.9 10.8 10.7 1.4 10.
25 July 10.2 10.2 10.2 10.1 10.6 10.3 10.3 10.
L.S.D. (5%) = 2.4
Mean 12.4 12.0 12.1 11.8 11.9 11.4 11.4 11.

L.S.D. (P = 0.05) = 0.9
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TABLE 3.9. Water potential of different seedbeds at 4 cm depth.
Mean of water potential recorded at 0630 and 1500 hours
from 14 to 25 July 1979.

Agg. size (mm) 4-8 4-8 2-4 <8
2-4 <2 <2
P.V.A. (%) 0 0.2| o 0.2| o 0. 0 0.
Date of Water potential (kPa)
recording
14 July =42, -62.3| -52.5| -60.6 | -47.1 | -46. -48.8 | =b5.
15 July =44, -65.1| -46.0| -60.1| -41.7 | -42. -44.3 | -50.
16 July -58. -59.6 | -49.9 | -50.0| -49.0 | -46. -43.5 | -46.
17 July =24, -14.8 | -20.7| -19.2} -12.2 | -12. -13.2 | -12.
18 July -28. -20.3| -24.8| -21.6| -17.9 | -15. -19.1 | -15.
19 July -36. -33.8| -29.7| -35.2| -26.6 | -30. -24.5 | -23.
20 July =41, -45.3 | -43.0| -39.5}| -33.3 | -33. -35.3 | -35.
21 July -26. -28.8| -21.3| ~-17.6| =-13.7 | =-13. -15.0 | =17.
22 July -25. -24.,1 1 -20.1| -20.1| =12.7 | -12. -17.1 ] -16.
23 July -25. -20.0 | -20.4 | -20.5| -15.6 | -13. -17.1 | -16.
24 July -26. ~24.3| -20.4 | =21.2| -20.7 | -19. -18.1 1] -19.
25 July -23. -27.3| -23.5| -22.7| -23.1 | -16. -20.2 | -19
L.S.D. (5%) = 3.9
Mean -33. -35.5| -31.0| -34.2| -20.3 | -25., -26.4 | -27.
L.3.D. (P = 0.05) = 5.2
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3.3.2.2 Discussion

All seed-beds made with different aggregate sizes had similar
temperatures during the time the temperature was recorded. However, the
mean temperature at 8 cm depth was higher than that at 4 cm depth. The
greatest variations in temperature due to meteorological effects occur
in the top layer of the seed-bed (Hay 1977). The difference between the
highest and the lowest mean temperature recorded was 1.3 ahd 1.4OC at 4 and
8 cm respectively; however, on a whole-plot basis this difference is only
0.95. The differences in soil water in different seed-beds was not
reflected in the soil temperature. This is probably because differences
in soil water content were small, and not high enough to affect the
temperature of the soil significantly.

All seed-beds were drier at 1500 h than at 0630 h (Fig. 6 and 7).
This is the expected trend as the soil dries during the day and becomes
wetter at night (Rose 1968).

At both 4 and 8 cm depth, soil temperature was unaffected by
the aggregate size in the range used here. A similar observation was
made by Braunack (1979) for aggregate sizes of similar range. However,
Allmaras et al. (1972) noted that when seed-beds were prepared by tillage,
those with a rough surface with large aggregates (proportion and sizes
not given) were much cooler than seed-beds with a smoother surface and
smaller aggregates. These large differences of soil temperatures found
by Allmaras et al. (1972) are because seed-beds with large surface
agegregates (clods) experience great changes in temperature due to
convective processes (Ojeniyi 1978), but in the experimental étudy
undertaken here, the aggregate size range used was narrow and the sizes
were much smaller than those measured by Allmaras et al. (1972) and
Ojeniyi (1978).

The plots with aggregates not treated with P.V.A. were slightly

warmer than the plots treated with P.V.A. (Table3.?) possibly because the



47-

plots with aggregates not treated with P.V.A. had a crusted surface which
had an insulating effect against the wind and air temperature. On the
other hand, plots treated with P.V.A. were élightly drier than the
untreated ones (Table 3.9 and Fig. 7) and should heat more quickly. The
fact that seed-beds made of aggregates 2 - 4/< 2 mm and unsorted
aggregates < 8 mm diameter were the wettest during the period from
germination (14 July) to emergence (25 July) (Fig. 6) can be explained
by the lower evaporation likely to be exhibited by these sizes of
aggregates (Hillel and Hadas 1972; Hadas 1975; Braunack 1979). Better
penetration of turbulent air currents into inter-aggregates cavities in
the case of large aggregates, and a better water conductance in the case
of smaller aggregates are responsible for the observed effects (Holmes
et al, 1960; Hillel and Hadas 1972; Hadas 1975; Braunack 1979).

An equation relating soil temperature Ts’ soil water potential
¥ (kPa) and meteorological factors was developed by Decker (1957) as
follows:

T, = a+ bY + cT_ + dW = eH (3.1)

where a, b, ¢, d and e are adjustable parameters and ¥, the soil water

1)’

potential (kPa), Ta the air temperature (OC), W the wind speed (km h™~
to H the relative humidity (%). The data in Table 3.0 was fitted to
equation 3.1

TS = 12.4 - 0.0584Y + 0.0159Ta - 0.0309W - 0.0399H
The multiple correlation between soil temperature a:. meteorological factors
was 0.64. Soil water potential ¥, wind speed W and air humidity H were
negatively correlated with soil temperature. The correlation'coefficients
were respectively 0.58, 0.16 and 0.53. The effect of air temperature on
soil temperature is negligible compared with the effect of soil water
potential. Wind speed and air humidity have a lesser effect on soil

temperature than soil water potential. These results agree well with

those obtained by Decker (1957) and Braunack (1979) except for the wind



48,

An equation relating soil water potential V¥ (kPa) and
meteorological factors was developed by Rohwer (1931) as follows:
Y = a(1l +'bW) (Ps - Pa) + k (3.2)

f

where a, b and k are adjustable parameters, W the wind speed (km h™
and Ps - Pa (kPa) is the vapour deficit with Ps being the equilibrium
vapour pressure in the soil atmosphere. The values of Ps and Pa are
obtained as follows:

Ps = Po exp(-M¥ /4RT) . (Rohwer 1931)
where Po is the saturated vapour pressure of the water at a given
temperature, M the molecular weight of water, (18 kg), ¥ the water potential
3

of the soil (kPa), % the density of water (1000 kg m>), T - 273.2°K,

R is the gas constant (8.314 x 1050 K™ kg-mole” ). The uvapour pressure

of water n &‘“LM%P\(\,Q—'& wos determmined Crom He  relotion
Pa/Po = W (Rohwer 1931)  vokere H e the humidily
ond Po is the saturated vapour pressure of the free water at the same
temperature (air temperature). Values of Po were obtained from tables in
the Handbook of Physics and Chemistry (Weast 1973).
Soil water potential was related to the meteorological data
as follows:
¥ = 0.03 - 1.00 (Ps - Pa) - 0.0036W (Ps - Pa)
The equation shows that the effect of wind speed W, on soil water potential
is negligible compared with the effect of water pressure deficit (Ps - Pa).
According to the equation water potential in the soil decreases (becomes
more negative) when (Ps - Pa) increases and vice versa. (Ps - Pa) was
always positive during the period soil water potential was recorded. One
would expect that the influence of the wind speed on soil water potential

to be at a maximum when the soil was bare and when there is more air

movement at the soil surface and its effects to be minimal when the soil



49.

is covered by the crop. When sbil is covered by the crop,air Lemperature
will become more important in influencing soil water potential than wind
speed. However, in the case of this experiment, the effect of wind speed
on water potential was minimal even when the soil was bare. It can be
concluded that in the case of this experiment, aggregate size and P.V.A.
treatments had only small effects on temperature and water content of the
soil the most important of which was thdt seed-beds made of smaller
aggregates (2 - 4/2 mm) remained the weﬁtest during the period 14 to 25
July (germination to emergence). Meteorological factors,particularly air
humidity water pressure defici@,were significant in influencing soil

temperature and soil water potential.

3.3.3 Plant Growth
dr, 3 98k | Results

A germination test in the laboratory showed the wheat seed to
be 96.9 = 0.28 % viable.

Table 3.11 shows that the percentage of seed which germinated
in the field was little affected by aggregate size or by application of
P.V.A. to the soil. There was no significant effect (P = 0.05) of the
treatments on the percentage of plants which emerged. However the
treatments did affect the rate of emergence. Seedlings emerged
significantly earlier in plots comprising unsorted aggregates (< 8 mm
diameter) and aggregates of 2 - 4/< 2 mm diameter than in other plots
(Table 3.12). In the former plots emergence was significantly earlier
(P = 0.05) where the soil had been treated with P.V.A. |

There was a decline of about 10 % in the number of the wheat
plants during the season and although there were some differences in
percentage survival associated with treatments, they were not consistent

between tillering and harvest (Table 3.11).
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Table 3.12 shows that, in the range of aggregates used in this
experiment, emergence was 0.75 and 0.55 day earlier in plots comprising
aggregates 2 - 4/< 2 mm and unsorted aggregates < 8 mm (of which 60 %
were < 2 mm diameter).

Dry matter yields are shown in the Table 3.13. Plants grown in
plots comprising aggregates 4 - 8/ 2 - 4 mm diameter tended to have a
lower dry weight at tillering than plants on other plots (difference

significant only at P = 0.10). Table 3.13 indicates that dry matter

production and grain production was higher in plots comprising
unsorted aggregates treated withouwP.V.A. than when soil was treated
with P.V.A.

As the data in Table 3.14 show, the treatments had little effect
on root growth either at the time of emergence or at tillering.

The concentration of N in plant tops at tillering was significantly
lower (P = 0.05) in plants from plots with aggregates 4 - 8/2 - 4 mm in
diameter than in plants from other plots. The concentration of N in plant
tops from plots made of aggregates not treated with P.V.A. is higher (but
not always significant) than in plant tops from plots made of aggregates
treated with P.V.A. The total N content in plant tops at tillering follows
the same trend as the concentration of Nl However total N content in |
plants from plots comprising unsorted aggregates (< 8 mm) was unaffected
by P.V.A. treatment.

The concentration of N in straw from plots made of unsorted
aggregates < 8 mm was significantly higher (P = 0.05) than the concentration
of N in straw from other plots. However, concentration of N in grain was
not significantly affected by aggregate size or P.V.A. treatments. The
concentration of N in plant tops at harvest (i.e. concentration of N in
grain + concentration of N in straw), from plots made of aggregates
2 — 4/< 2 and unsorted aggregates < 8 mm diameter is significantly higher
than in plant tops from other plots. Total N in straw and total N in

grain was the highest in plots made of aggregates 2 - 4/2 mm and in plots
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day of emergence.

TABLE 3.11. Germination emergence and survival of wheat as affected
by soil aggregate size and P.V.A. treatment.

Aggregate 4-8 4-8 2-4 Unsorted | L.S.D.
size (mm) 2-4 <2 < 2 <8 P=0.05
P.V.A. (%) 0 0.2 0 0.2 0 0.2 0 0.2
Germination

(%) 92.0 [95.0]96.0|96.5]95.0 | 97.5| 94.0 | 95.5 3.2
Emergence

(%) 90.3 |92.8 | 90.5| 91.5 | 88.8 [ 30.5| 90.3 | 88.8 Bl 5
% plant per \
plot at 91.5 | 93.3|87.3| 92.3|86.8|88.5| 85.5{88.0 2.6
tillering
% plant per
plot at 87.5 |87.9|88.3|87.1]90.2|84.4| 87.1| 84.0 3.3
harvest
Footnote: The discrepancy in plant numbers is due to the fact that

different plots were sampled at different times.

TABLE 3.12. Effect of aggregate size and P.V.A. treatment on mean

Aggregate size 4-8 4-8 2-4 Unsorted
(mm) -4 <2 < 2 < 8
P.V.A. (%) 0 0.2 0 0.2 0 0.2 0 0.2
Mean day of
emergence 11.3 1 11.1 11.31 11.1 10.5 ] 10.8 10.2 | 10.7
L.S.D. (P = 0.05) = 0.3



- 52.

TABLE 3.13. €Effect of aggregate size and P.V.A. treatments on total dry
matter production of wheat at tillering (17 September) and
straw and grain yields at harvest (5 December).

Aggregate 4-8 4-8 2-4 Unsorted ISt Drz

size (mm) 2- < 2 < 2 < 8 P=0.05

P.V.A. 0 0.2 0 0.2 0 0.2 0 0.2

(%)

Dry matter

at

tillering

(g'm'z) 91.2 75.2 | 104.8 | 102.0 | 114.4 | 103.2| 110.8 | 100.8| 31.8

straw

(g m~2) 427.0 | 398.8 | 445.2 | 349.6 | 508.0 | 460.8 | 520.0 | 411.2| 90.8

grain2

(g m™<) 326.0 | 282.4 | 322.8 | 249.2 | 357.2 | 341.2 | 347.2 | 312.0| 64.4
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TABLE 3.14. Effect of aggregate size and P.V.A. treatment on seminal
root length and diameter at emergence (27 July) and total
root length at tillering (17 September).

Aggregate 4-8 4-8 2=4 Unsorted | L.S.D.
size (mm) 2=-4 < 2 < 2 < 8 P=0.05
P.V.A. 0 0.2 0 0.2 0 0.2 0 0.2

(%)

Root diameter and root length measurements

Seminal
root length 53.8 | 53.4| 45.3| 50.0| 50.1| 44.3 | 43.6| 47.5( 15.0
mm/plant
Seminal
axes diam. 0.631 0.58] 0.59| 0.57| 0.62] 0.56 |0.56| 0.54| 0.18

(mm)

Root length
at 0-20 cm 7.7 8.4 8.4 6.3 6.2 7.0 8.6 7.0 3.4
depth (cm g=1)

Root length
at 20-40 cm 1 6.2 5.6 6.2 6.2 5.6 6.2 5.9 5.9 3.0
depth (cm g ')

Root length
at 40-60 cm 2.7 2.8 | 3.1 2.8 2.5 | 2.2 |2.3 | 2.9 0.70
depth (cm g’1)
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TABLE 3.15. Nitrogen concentration and total nitrogcen in tops of whecat
plants at tillering (17 September) and maturity (5 December).

Aggregate 4-8 4-8 2-4 Unsorted L.3.D.
size {(mm) 2-4 < 2 < 2 <8 P=0.05
P.V.A. (%) 0 0.2 0 0.2 0 0.2 0 0.2

N conc. in

tillers 2.64 | 2.49 3.39| 2.69 3.08| 2.77 2.97 2.71 0.23

(%)

Total N
in ti%lers 2.32| 2.12 3.161 2.70 3.16| 3.04 3.00 3.00 0.76
(g m™=)

N conc.

in straw 0.571 0.55 0.62| 0.59 0.69] 0.66 0.84 0.74 0.11
(%)

N conc.

in grain 2.191 2.19 2.26| 2.30 2.52| 2.29 2.53 2.36 0.83

(%)

N conc. in
straw + 1.271 1.23 1.3041 1.30 1.43] 1.38 1.51 1.39 0.10
N conc. in
grain

(%)

Total N
in straw 2.39| 2.20 2.751| 2.41 3.66| 3.09 4,42 2.69 0.84
(g m=2)

Total N
in grgin 7.33] 6.23 7.30| 5.74 8.73] 8.18 8.81 7.38 1.94
(g m==)

Total N in
straw + 9.72 | 8.43| 10.05| 8.15 12.3911.27 | 13.23 | 10.07 2.16
total N in
grain

(g m=2)
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made of unsorted aggregates € 8 mm the total N content in plant tops at

maturity follows the same trend as the concentration of N (Table 3.15).

3.3.3.2 Discussion

During the period of germination to emergence (14 to 19 July),
soil water in all plots was always below or slightly above field capacity,
which for this soil is 18 % (Table 3.9). Consequently the air space was
always higher than the minimum volume of air space of 10 to 15 percent
regarded as satisfactory for germination (McIntyre 1955; Baver 1956). The
soil water potential during the germination period was between -12 and -65
kPa which is substantially higher than the limit of -280 kPa considered to
reduce germination (Williams and Shaykewich 1971; Pawloski and Shaykewich
1972; Ashraf and Abu Shakra 1978). Read and Beaton (1963) found that
variation of temperature between 6 and 27OC did not affect the total
germination of wheat but the optimum temperature for germination was between

n SOH

16 and 26°C (61 and 80°F). In the experiment reported here theltemperatures
& L#CM OLQ.PH'\ e\l
measured [between sowing and germination fell?ﬁithim this range (maximum

temperature 12.1°C and minimum 10.800) as shown in Table 3.7. Thus it was
unlikely that temperature would have alfected +he ~Fotal numloer of seeds of
wheat Qer mimated -

Plants were found to emerge earlier in plots made of smaller
aggregates (2 - 4/< 2 mm) and unsorted aggregates than in plots made of
larger aggregates (4 - 8/2 - 4mm and 4 - 8/< 2 mm). The results agree
with those of Edwards (1957a) who found that emergence of barley and oats
was earlier from aggregates 3 - 6 mm in diameter than for larger aggregates.
Taylor (1974) obtained similar results for maize and sorghum. He found
that maize and sorghum emerged earlier from seed-beds with aggregates
< 2 mm in diameter. Thow (1963) found that, on élay so0il, plants emerged
earlier on plots with aggregates 0.76 - 6.35 mm diameter than on plots

with coarser aggregates. According to Taylor (1974) seed-beds made of

coarse aggregates can delay emergence by delaying germination because the
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contact area of the seed with wet soil is small. The time of seed-wet
soil contact in these seed-beds may be shorter if coarse seed-beds lose
water by evaporation more rapidly than finer seed-beds and this may in
part explain the earlier emergence in finer seed-beds than.in coarser
seed-beds in the experiment reported here.

The penetrometer resistance measurements were inconsistent with
. the MDE. Plants emerged earlier from plots with unsorted aggregates
(< 8 mm diameter) presumably because of better seed-soil contact, yet
these plots had higher penetrometer resistance than all other plots.
However, it must be remembered that penetrometer readings were made at
the end of the emergence period and values of penetrometer resistances
obtained were below those reported to affect emergence, so it is not
surprising that MDE was not related to penetrometer resistance. Final
emergence was not affected by aggregate size or P.V.A. treatment (Table
3.11). This is understandable as water potential and temperature in all
the plots were not limiting factors for plant emergence. Water potential
was similar in all the plots between germination and emergence (19 Jduly,
25 July) and was favourable for wheat emergence (Hanks and Thorp 1957) .
The temperature also was similar in all the plots (Table 3.7) and in the

and Dhalieal

range found to be favourable for wheat emergence (Wilson 1928; Singth972).
Hanks and Thorp (1957) found that the limiting soil surface strength as
measured by the modulus of rupture, for wheat emergence was 50 kPa (500
millibars). Braunack (1979) found that soil surface strength of 53 kPa,
as measured with a hand penetrometer, did not limit wheat emergence. Soil
surface strnegth as measured with a penetrometer in the current experiment
was well below the values found by the above authors (Table 3.6). -Hence
it is unlikely that soil surface strength was a limiting factor in the
total emergence of wheat plants. |

Plots comprising aggregates 4 - 8/2 - 4 mm in diameter had lowest
dry matter production of all treatments despife ﬁhe fact that the number of

plants per plot was the highest in these plots. Greater dry matter weight
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at harvest was obtained from the plots made of aggregates 2 - 4/< 2 mm
diameter. These results agree with those obtained by Braunack (1979). A
possible explanation to the fact that plants from plots made of aggregates

2-4/< 2mmgave a higher yield than plants from plots made of aggregates
4-8/2 - 4 and 4 ~ 8/2 - 4 may be due to the possibility that more water

could have been available to the plants in the former plots as smaller
2 - 4 mm size range cause minimum evaporative water loss (Hillel and Hadas
1972; Hadas 1975; Braunack 1979).

Treatments had no effectonaccéssibilityofvmterorruﬁnﬂents in so
far as these are controlled by root distribution, which was similar in all
plots (Table 3.14).

One factor which may have had an important bearing on final yields
was nitrogen. The plants with the highest concentration of nitrogen were
those which produced the highest yield at maturity (Yield of grain + yield
of straw). The difference in nitrogen intake by the plants could be due
to differences in amounts of nitrogen available in the soil. The rate of
nitrogen transformations in the soil may have been affected by differences
of environment in different plots. Movement of nitrogen in the soil may
have been influenced by the differences in water percolation rates which
is related to the porosity of different seed-beds.

On the soil used and under the conditions described, plants had
a relatively better performance when grown in seedbeds made of small aggregates
(< 4 mm) than larger aggregates (> 4 mm). Seed-beds layering did not seem
to have affected plant performance as stratified seed-beds 2 - 4/< 2 mm
and unstratified seed-beds < 8 mm (comprising 60 % of aggregates < 2 mm)
gave similar results as far as state of plant emergence, dry matter and grain
yield are concerned. Concentration of nitrogen and total nitrogen in the
plants are similar for both seed-beds. Seed-beds with a top layer
comprising aggregates 4 - 8 mm diameter gave a lower dry matter (straw)
and grain yield than finer seed-beds. In the early stages of plant growth
(emergence to tillering) seed-beds 4 - 8/2 - 4 mm had the lowest production
of dry matter and the concentration and total nitrogen in the plants from

these plots were the lowest,
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SECTION 4. GLASS-IIQUSE AND LABORATORY EXPERIMENTS

4.1 LEACHING AND MINERALISATION OF NITROGEN -~
4.1.1 Introduction

The results of the field experiment described in the Section 3
showed that wheat plants grown in stratified seed-beds made of graded
aggregates (2 - 4/< 2 mm in diameter) and unsorted aggregates (< 8 mm
in diameter) had a greater total N content than plants grown in seed-beds
made of aggregates 4 - 8/2 - 4 mm or 4 - 8/< 2 mm in diameter. The
difference in N content was greater when aggregates were not treated with
P.V.A. A number of factors may have contributed to this result, such as
the loss of N by leaching or denitrification or differences in the rate of
mineralisation of N in the different seed-beds. Although loss of N by
denitrification cannot be entirely discounted, it seems unlikely that
denitrification would have been an important mechanism of loss in this
case. Previous work on this soil by Stefanson and Greenland (1970),
Burford and Greenland (1970), Stefanson (1972q,b§9730 and Burford and
Stefanson (1973) has shown that gaseous losses are low from freely-drained
sites. Moreover, in the field experiment described in the Section 3,
those treatments which produced plants with the lowest nitrogen contents
were not those likely to favour denitrification.

In order to test the hypothesis that the size and stability of
aggregates may influence mineralisation and leaching of N, the following
investigations were undertaken:

(a) Leaching experiment. The objective of this study was to determine

the relationship between the movement of mineral N and the size and
- stability of soil aggregates under different water regimes.

(b) Incubation experiment. The net mineralisation of N in soil comprising

different sized aggregates maintained under various conditions of

temperature and water was examined.
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The soil used in the study was collected from the same site
as the field experiment. The procedures used for drying, sieving and
treatment of the soil with P.V.A. were the same as described previously

(Section 3).

4.,1.2 Materials and methods
4,1.2.1 Leaching experiment
‘The experiment had a randomised block design with four
replicates. The treatments arranged in a factorial combination were
Stratified seed-beds 4 - 8/2 - 4 mm diameter
4 - 8/< 2 mm diameter
2 - 4/< 2 mm diameter
P.V.A. 0%, 0.2%
Water (weekly addition) 75 ml x 1
75 ml x 2
150 ml x 1
150 ml x 2
The stratified seed-beds comprising two layers of different sized aggregates
each 4 cm deep, were contained in vertical P.V.C. tubes 7 cm in diameter
and 30 cm long. The seed-beds were underlain by undisturbed cores of
subsoil (10 cm A2 and 10 cm B1 horizon) taken from the site of the field
experiment.

Cores of wet sub-soil were collected in a steel tube inserted
with a hydraulic ram (Plate 13 ), and were coated with vinylidene polymer
plastic 'Saran' to prevent disintegration. The cores were air dried and
trimmed to 20 cm in length (1600 g). They were installed in the P.V.C.
leaching tubes and retained at the base by performated P.V.C. plates.
The cores were re-wet by placing the base of the tubes in water for a
period of six days. Swelling of the soil during re-wetting ensured a

tight fit of soil in the tube. The two layers of aggregates were then



PLATE 13. Collecting of soil cores in steel tubes
with a hydraulic ram.

PLATE 14. Set up of the leaching experiment in
the glass house.
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added, each being wet to 18 % wéter content (field capacity) by a fine
mist spray.

Nitrogen fertilizer (0.45 g as ammonium sulphate) was included
in the water added to the lower layer of aggregates. The arrangement of
the tubes is shown in Plate 14.

The leaching was done with rain water added at an intensity of
48 mm (+ 0.1) n~' once or twice weekly over a period of four weeks. The
volume of leachate was measured at the end of each week and sub-samples
were analysed for nitrate and ammonium content by the automated alkaline

phenate method described by Keay and Menage (1970).

4,1.2.2 Incubation experiment
The experiment involved a split-plot design as follows:
Main plots: Temperature (12/12 hours): 50/1O°C and 12/24°C
Sub-plots: Soil water content: 12 %, 24 %

Aggregate size: <2mm, 2 -4 mm, 4 -8 mm
in diameter

P.V.A.: 0 %, 0.2 %
Treatments within the main plots were arranged in factorial combination
and replicated four times.

The aggregates (200 g) at the appropriate water content were
incubated for up to six weeks in 500 ml jars covered with polyethylene
film (25 um thick) to reduce loss of water. The jars were weighed at
intervals and any weight loss made up by addition of de-ionised water.
The mineral nitrogen was extracted from 20 g sub-samples of the soil by
shaking with 200 ml1 2 N KC1 for 2 hours. The suspensions were filtered
and stored at 4°C with a bactericide (phenyl mercuric acetate) added to

prevent changes during storage. Mineral N (ammonium and nitrate) in the

extracts was determined by the automated alkaline phenate method described

by Keay and Menage (1970).
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4.,1.3 Results
4.1.3.1 Leaching experiment

(a) Movement of water and evaporation

As expected, the amount of water which percolated through
columns of soil was closely related to the amount of water added (Table
4.1). The frequency of application of water had little effect on the
amount of water which percolated through the columns. In the first two
weeks, slightly but significantly greater (P = 0.05) amounts of water
percolated through columns with twice-weekly application of 75 ml of
water compared to a single weekly application of 150 ml. The converse
occurred in the fourth week.

Table 4.2 shows that the percolation of water through soil
columns with layers of different sized aggregates was unaffected by the
size of the aggregates. In the first two weeks, percolation was also
unaffected by treatment of the soil with P.V.A. However in the subsequent
two weeks, the amount of water which percolated through columns with
aggregates treated with P.V.A. was significantly higher (P = 0.05)
than the amount of water collected from columns where the aggregates
were not so treated.

The total amount of water which percolated through the soil
éolumns during the four weeks of the experiment is given in Table 4.3.
While the greatest differences were brought about by the quantity of water
applied, it is also clear that the downward movement of water through soil
columns was enhanced by the treatment of the aggregates with P.V.A, 1In
general, aggregate size had little effect on the percolation. The
interactions between the water treatments and aggregate size and P;V.A.
treatments were not significant at P = 0.05. It follows that evaporation
of water from the surface of the soil in the tubes was affected by the
treatments in a manner converse to percolation, as the soil columns were

at field capacity before and after the application of water.
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(b) Nitrogen leached

The initial concentrations of (NHA)—N and (NO3)—N in the
aggregates used for the leaching and incubation experiments are shown in
Table 4.5. All aggregates had similar contents of total mineral
N [50 + 2ppm (N03+NH4)—N]. But those treated with P.V.A. had a slightly
higher (NH4)-N and slightly lower (NO3)—N content than the untreated
aggregates. 1In the undisturbed cores of soil, nitrate contents were low
in both the A2 and B1 horizons (4.8 and 3.7 p.p-m. (NO3)—N respectively)
and there were only traces of (NHA)—N.

The concentration of (NHq)—N and (N03)—N in the leachates were
similar (Table 4.6). As might be expected, the coqcentrations decreased
with time and they were inversely proportional to the amount of water
added. The frequency of water application also significantly affected the
concentration of the leachate (Table 4.6). In the first and second week,
the concentration of (NHA)-N in the leachates was not affected by the
frequency of watering, but in the third and fourth weeks, concentration of
(NHé)—N was significantly higher when the water was added twice weekly
than when water was added once weekly. The concentrations of (NO3)—N in
the leachate followed a pattern similar to that of (NHA)—N.

Table 4.7 shows that the cdncentrations of (NH4)—N and (NO3)—N
in leachates from columns with different sized aggregates either treated
or not treated with P.V.A. In the first week, the concentrations of

(NH, )-N were significantly higher in leachates from columns with aggregates

4
4 - 8/2 - 4 mm in diameter treated with P.V.A. than in all other treatments.
However, the concentration of (NO3)—N was not affected by aggregate size.
The concentrations of (NO3)-N in leachates from columns with aggregates

4 - 8/< 2mm and 2 - 4/< 2 mm in diameter, were significantly higher

(P = 0.05) when the aggregates were treated with P.V.A. than when the

aggregates were not treated with P.V.A. In the second week, concentration



63.

of_(NHh)—N in leachates was not-affected by aggregate size or P.V.A.
treatment. The same applies for (NOB)—N. In the third week, concentrations
of (NO3)—N and (NHA)—N were significantly higher (P = 0.05) in leachates
from columns with aggregates 4 - 2/< 2 mm and 2 - 4/< 2 mm in diameter than
in leachates from columns with aggregates 4 - 8/2 - 4 mm diameter. The

same pattern occurred in the fourth week except for aggregates 2 - 4/< 2 mm.
In the fourth week, the concentrations of (NO3)—N and (NHq)-N in the
_leachates was significantly higher when the aggregates were not treated
with P.V.A. than when they were, except for the treatment 2 - 4/< 2 mm
diameter. '

It follows from the results presented in Table 4.8, that the
amount of (NHA)—N leached increased as the quantity of water added
increased, and that most of (NH4)—N was removed in the first two weeks
of leaching. The frequency of application of water had only small effects
on the amount of (NH4)—N leached, but it was evident in the later weeks
that slightly more N was removed by.the more frequent application of water.
As with (NHA)—N, more than half of the (NO3)—N was removed during the first
week and the quantity of (NO3)-N in the leachate was also proportional to
the amount of water added. In the éubsequent three weeks, the amount of
(NO3)—N leached was slightly but significantly higher (P = 0.05) when
water was added in twice weekly applications than when it was added in
a single weekly application.

The amounts of (NH4)—N and (NO3)—N leached from columns with
different sized surface aggregates are shown in the Table 4.9. In the
first week, more of the (NH4)—N was leached from seed-beds with aggregates
treated with P.V.A. irrespective of the size of the aggregates. In the
subsequent two weeks, there was no significant difference (P = 0.05) of
amounts of (NHA)—N leached, between different treatments, but, in the
fourth week, a significantly higher (P = 0.05) amounts of (NHq)-N was

found in leachates from columns with aggregate not treated with P.V.A.
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TABLE 4.1. Percolation of water through soil columns in relation to
the quantity and frequency of water applied.

Water applied per week 75 x 1 75 x 2 150 x 1 150 x 2 L.S.D.
(ml) (P=0.05)
Percolation| week 1 49 121 109 226 2.1
{ml) week 2 51 120 115 250 3.5
week 3 47 109 107 239 3.7
week 4 39 100 112 246 2.6

(Table based on separate analyses of variance for each week)

TABLE 4.2. Percolation of water through soil columns with surface layers
of different sized aggregates as affected by treatment with

P.V.A.
Aggregate size 4-8 4-8 2-4 L.S.D.
(mm) 2-4 <2 <2 (P=0.05)
P.V.A. (%) 0 | 0.2 0 0.2 0 0.2
Percolation| week 1 131 143 132 | 135 128 | 132 5.2
(ml) week 2 132 | 138 130 138 130 | 137 (8.6)
week 3 118 | 135 121 131 119 130 9.0
week 4 121 131 120 | 130 119 | 126 6.4

(Table based on separate analyses of variance for each week)

TABLE 4.3. Total percolation of water through soil columns as affected
by aggregate size, P.V.A. treatment and the quantity and
frequency of water application.

Aggregate size 4-8 4-8 2-4
(mm) 2-4 <2 < 2
P.V.A. (%) 0 0.2 0 0.2 0 0.2
Water percolated (ml)
Water applied| 75 x 1] 172 | 212 168 | 206 167 183
(ml/week) 72 x 2| 441 | 466 439 | 471 422 | 462
150 x 1| 434 | 481 427 | 462 417 | 437 .
150 x 2| 962 | 1032 962 996 977 | 1006

Interaction L.S.D. (P = 0.05) = 29.0
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TABLE 4.4. Summary of the analysis of variance for total amounts of
water percolated during the four week period.

D.F. M.S. V.R.

Agg. 2 1923.8 4,42 %
P.V.A. 1 29190.4 67.01 *¥¥
Wat. 3 2764332.2 6345.43 *%¥
Agg. X P.V.A. 2 715.7 1.64 N.S.
Agg. X Wat. 6 439.8 1.01 N.S.
P.V.A. X Wat. 3 159.3 0.37 N.S.
Agg. X P.V.A. X Wat. 6 444.9 1.02 N.S.
Residual 69 435.6

TABLE 4.5. Mineral nitrogen content in different sized aggregates
before leaching and incubation experiments.

Agg. size (mm) 4-8 2-4 <2 L.S.D.
(P=0.05)

P.V.A. (%) 0 0.2 0 0.2 0 0.2

NH,-N (ppm) 22.0 | 24.9 | 20.7 | 24.2 | 21.3 | 21.5 | 4.1

N03-N (ppm) 29.3 | 26.9 | 29.0 | 26.4 | 28.7 | 25.5 | 7.3
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TABLE 4.6. Concentration of (NH,)-N and (NO,)-N in leachates from
soil columns, in relation to the“volume of water applied.

Water applied 75 x 1 75 x 2 150 x 1 150 x 2 L.S.D.
(ml) (P=0.05)
(NHA)-N week 1 505 328 366 200 64.5
(ppm) | week 2 262 183 159 100 31.8
week 3 40 30 24 16 4.6
week 4 23 21 15 10 3.2
(NO)-N | week 1 437 | 336 384 173 98.0
(ppm) | week 2 171 146 119 63 28.4
week 3 30 28 21 9 .8
week 4 30 24 16 .8

(Table based on separate analyses of variance for each week)

TABLE 4.7. Concentration of (NH,)-N, (NO,)-N in leachates from soil
columns with layers of different sized aggregates, treated
and not treated with P.V.A.

Aggregate size 4-8 4-8 2=4 L.S.D.
(mm) 2=4 < 2 < 2 (P=0.05)
P.V.A. (%) 0 0.2 0 0.2 0 0.2
(NH4)—N week 1 217 720 267 266 266 365 80.0
(ppm) | week 2 158 | 144 190 | 181 162 | 204 39.0
week 3 20 21 35 29 32 26 .0
week 4 15 11 24 15 23 16 .0
(NO5)-N week 1 203 | 315 261 | 467 209 | 366 | 120.0
(ppm) | week 2 102 102 143 132 124 147 34.8
week 3 18 11 28 21 29 26 .0
week 4 19 12 26 18 22 17 .0

(Table based on separate analyses of variance for each week)
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TABLE 4.8. Amounts of (NH )N and (NO.)-N leached from soils columns,
in relation to the volume df water applied.

Water applied 75 x 1 75 x 2 150 x 1 150 x 2 | L.S.D.
(ml) (P=0.05)
(NH,)-N | week 1 25 40 41 52 7.
(mg) week 2 12.9 21.8 18.2 24.7 3.
' week 3 1.9 3.2 2.5 3.7 0.36
week 4 0.8 2.1 1.7 2.3 0.26
.(N03)7N week 1 21 41 42 50 11.0
(mg) week 2 8.7 17.5 13.7 16.1
week 3 1.4 3.1 2.2 2.2 0.46
week 4 1.1 2.4 1.7 1.3 0.48

TABLE 4.9. Amounts of (NH,)-N and (NO3)-N leached from soil columns
containing different sized aggregates treated or not treated

with P.V.A.
Aggregate size 4-8 4-8 2=4 L.S.D.
(rm) 2-4 < 2 < 2 (P=0.05)
P.V.A. (%) 0 0.2 0 0.2 0 0.2
(NHA)-N week 1 27 84 29 31 25 40 8.7
{mg) week 2 18 17 20 20 19 22 2.8
week 3 2.3 2.3 3.5 3.1 3.0 2.9 0.4
week 4 1.7 1.2 2.2 1.5 2.1 1.6 0.2
(NO3)—N week 1 24 67 27 53 19 41 13.4
(mg) week 2 12 12 15 14 15 16 .3
week 3 2.0 1.0 2.8 2.8 2.8 2.6 .2
week 4 1.7 1.0 2.3 1.5 1.8 1.5 .2
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TABLE 4.10. Total amounts of (NO, + NH,)-N leached from soil columns
as affected by aggregate size, P.V.A. treatment and
quantity and frequency of water application.

Aggregate size 4-8 4-8 2-4
(mm) 2-4 <2 <2
P.V.A. (%) 0 0.2 0 0.2 | O 0.2

(NH, + NO5)-N (mg)

Water appl. 75 x 1| 41 114 69 89 52 77
(ml per 75 x 2 | 100 208 100 140 98 144
week) 150 x 1 87 202 102 120 95 129

150 x 2 | 127 217 140 155 107 163

Interaction L.S.D. (P = 0.05) = 43

TABLE 4.11. Total amounts of mineral nitrogen leached. Summary of
the analysis of variance for the total four week period.

Total amount of (NHA + NO3)—N leached

D.F. M.S. V.R.

Agg. 2 T344.5 8.01 ¥%x
P.V.A. 1 68352.9 T4.50 ¥¥%
Wat. 3 26253.1 28.61 ¥&%
Agg. X P.V.A. 2 11837.0 12.90 ¥¥%
Agg. X Wat. 6 611.7 0.67 N.S.
P.V.A. X Wat. 3 673.7 0.73 N.S.
Agg. X P.V.A. X Wat 6 338.0 0.37 N.S.
Residual 69 917.5
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than in leachates from columns with aggregates treated with P.V.A.,
irrespective of the size of the aggregatesi The amounté of (NO3)—N
leached followed the same trend as (NHq)-N.

Table 4.10 indicates the amounts of mineral N leached was not
affected by aggregate size at any time. However, treatment of aggregates
with P.V.A. permitted greater leaching of mineral N of up to 100 % more
for particularly larger aggregates and up to 25 % more for smaller

aggregates.

4.1.3.2 Incubation experiment

The mineral N contents of the soils are shown in Tables 4.12 and
4,14, There were slight increases in (NHA)-N and substantial increases
in (NO3)-N during the first week's incubation, but the effect of the
treatments was relatively small. There was a tendency for (NHq)-N to be
slightly h‘\ﬁker and (NO3)-N slightly lowee¢ where P.V.A. was applied, but
many of the differences were not significant at P = 0.05 and they
essentially disappeared during the subsequent five weeks' incubation (Table
4.12). During this time, the (NHA)—N contents of the soil declined, while
there were substantial increases in (NO3)-N.

Aggregate size had little effect on net mineralisation of N, but
the environmental conditions did have a significant influence (Table 4.13).
During the first week, the amount of (NH4)-N produced was higher at
12/24°C than at 5/1OOC. After six weeks incubation, production of (NHA)—N
was not affected by temperature,; however (NHA)—N was significantly higher
(P = 0.05) at 24 % water content than at 12 % water content when temperature
was 12/24 or 5/10°C. (NO3)—N follows the same trend.

During the first week, production of (NO3)—N was significantly
higher (P = 0.05) at 24 % water content than at 12 9% water content when
the temperature is 5/1OOC (Table 4.13). Total mineral N was significantly

higher (P = 0.05) at 24 % water content than at 12 % water content for
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TABLE 4.12. Mineral N content 6f soil after incubation of diff'erent
sized aggregates treated with P.V.A/

Aggregate size 4-8 2-4 <2 L.S.D.
(mm) (P=0.05)

P.V.A. (%) 0 0.2 0 0.2 0 0.2

(NHA)—N(ppm) , i

After 1 week incub. 25.4 26.1 22.4 29.0 23.0 28.3 1.8

(NH4)—N (ppm)

After 6 weeks incub.| 19.2 18.7 19.0 17.9 18.3 18.4 3.4

(N03)-N(ppm)

After 1 week incub. 51.7 48.6 47.9 45.7 49.6 43,1 5.8

(NO)-N (ppm)

After 6 weeks incub. | 80.3 82.6 77.8 80.0 81.8 80.6 9.0

TABLE 4.13. Mineral N content of soil as affected by the temperature
and water content of the soil during incubation.

Temperature (°C) 5710 12/24 L.S.D.
{P=0.05)

Water content (%) 12 24 12 24

(NH,)-N (ppm)

After 1 week incub. 19.4 25.1 26.4 31.9 1.5

(NH,)-N (ppm)

After 6 weeks incub. 16.9 20.4 17.5 19.6 2.0

(NO3);N(ppm)

After 1 week incub. 41.4 51.6 49,7 48.3 8.3

(NQ3)—N (ppm)

After 6 weeks incub. 75.0 88.8 66.1 92.1 6.6
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TABLE 4.14. Effect of temperalure, P.V.A. treatments and aggregate
sizes on net mineralisation of nitrogen in Urrbrae red-
brown earth during six weeks incubation.

Aggregate size (mm) 4-8 2-4 <2 L.
P

P.V.A. (%) 0 0.2 0 0.2 0 0.2

(NHA + NO3)—N (ppm)

Temperature (%)
5/10 50.5] 53.7 47.3 | 49.0 48.4] 52.2
12/24 45.9| 43.4 46.8 | 43.7 52.0| 51.8 10.8

Water (%)
12 39.5| 40.9 38.8 | 39.9 34.9| 40.6
24 56.8| 56.2 55.31]52.8 65.5| 63.4 10.8

TABLE 4.15. Net mineralisation of nitrogen after six weeks incubation.
: Summary of the analysis of variance.

Net mineralisation of nitrogen

D.F. M.S. V.R.

Wat. 1 12344 .8 105.60 ¥¥¥
Agg. 2 78.3 0.67 N.S.
P.V.A. 1 7.7 0.07 N.S.
Temp. X Wat. 1 717.0 6.13 ¥
Temp. X Agg. 2 161.0 1.38 N.S.
Wat. X Agg. 2 427.5 3.66 N.S.
Temp. X P.V.A. 1 139.6 1.20 N.S.
Wat. X P.V.A. 1 296.5 2.54 N.S.
Agg. X P.V.A. 2 19.5 0.17 N.S.
Temp. X Wat. X Agg. 2 350.0 2.§9 N.S.
Temp. X Wat. X P.V.A. 1 93.1 0.80 N.S.
Temp. X Agg. X P.V.A. 2 1.3 0.01 N.S.
Wat. X Agg. X P.V.A. 2 31.5 0.27 N.S.
Temp. X Wat. X Agg. X P.V.A, 2 49,0 0.42 N.S.
Residual 66 116.9
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temperatures of 5/1OOC.

The effects of the treatments oﬁ net mineralisation over the six
week incubation period are summarised in Table 4.14. Aggregate size and
P.V.A. treatment had no effect, but there was significantly more
(P = 0.05) total mineral N produced in aggregates with high water

content (24 %) compared to aggregates with low water content (12 %).

4,1.4 Discussion
5.1.4.1 Leaching experiment

There were only small differences in the amounts of water which
percolated through soil columns with layers of different sized aggregates.
However, in the last two weeks of the experiment, the quantity of water
which percolated through soil columns containing aggregates treated with
P.V.A. was significantly higher (P = 0.05) than where the aggregates were
not treated with P.V.A. (Table 4.3). This can be attributed to the fact
that aggregates treated with P.V.A. were more stable and were broken down
by application of water to a lesser extent than untreated aggregates (the
inter-aggregate pores at the surface of the soil were filled to a lesser
extent with micro-aggregates when the aggregates were treated with P.V.A.,
leading to more free percolation of water in these columns). Although no
measurements of soil structure were made in this experiment, aggregates
treated with P.V.A. clearly maintained their shape throughout the
experiment. Aggregates not éreated with P.V.A. started to disintegrate
from the initial watering and after the first two weeks of the experiment,
the surface of the soil in the tubes had formed a crust which clearly |
restricted the rate of infiltration of water and permitted greater
evaporation. Measurements of soil structure described in Section 3,
confirm the observations made here, i.e. beds of aggregates treaFed with
P.V.A. maintained a larger macro-porosity, at the soil surface, than when

the aggregates were not treated with P.V.A.



73.

Aggregate size had little effect on evaporation of water. This
confirms the results of Hillel and Hadas (1972) who found that under low
evaporativity the aggregate size range 0.25 - 5 mm diameter has no effect
upon cumulative water loss where the frequency of watering was equal to
or less than 10 days as was the case in the present experiment. However,
Hillel and Hadas (1972) found that under high evaporativity, soil
aggregates of 0.5 - 1 mm had a lower cumulative evaporation than aggregates
smaller than 0.5 mm and larger than 1 mm. Aggregates smaller 0.55 mm
apparently allowed greater evaporation because of better water conductivity
whereas larger aggregates allowed greater water loss possibly because of
better penetration of turbulent air currents into the interaggregate
cavities (Hanks and Woodruff 1958; Farrell et al. 1966). Braunack found
that when water was unlimited, aggregates 2 - 4 mm size range had lower
evaporation than larger aggregates (4 - 8 mm) or smaller aggregates
(< 1 mm). In the field situation, loss of water would be less affected
by aggregate size in winter when evaporation is low than during spring
and summer, when aggregate size could play an important role in determining
the rate of evaporative loss of water. Measurements of soil water potential
presented in the Section 3 confirm that between 14 July and 25 July
(germination to emergence), water potential of the soil was not greatly
affected by aggregate size.

It is well known that leaching of N in the soil is closely
related to the amount of water added (Bates and Tisdale 1957; Kolenbrander
1970). However leaching of N may also be affected by the frequency of
water application (Thomas 1970). The effects of frequency of water
application on leaching of N depend on factors such as soil properties,
intensity of water application (or intensity of rainfall), and evaporation
(Thomas, 1970; Kolenbrander 1970). In the experiment described here,
the frequency of water application on leaching of N was not significant

in the first two weeks of water application, but in the subsequent two
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significantly more N was removéd when water was added in lwo applications
per week than when water was added in one weekly application. A possible
explanation to this is that when water was added in one application, and
large pores are empty, water moves essentially through those large pores
and removes the N in these large pores only. But when water is added in
two applications, diffusion of N out of the micropores may occur between
waterings, and may be leached in the second application of water. Similar
results were found by Thomas (1970).

The greater amount of mineral N in leachates from soil columns
with layers of different sized aggregates treated with P.V.A. could be
explained by the greater downward movement of water in the columns (as
explained above), as the movement of N is closely related to the quantity
of percolated water.

A number of factors which were not studied here, particularly
the absence or presence of plants and their associated micro-organisms,
the type of plant and its root distribution characteristics would affect
the movement of mineral N. The presence of plants, by removing mineral
N from the soil and by restricting downward movement of water decreases
leaching of N (Cunningham and Cooke 1958; Gasser 1959; Belan and Coppenet
1980; Long and Huck 1970).

In conclusion, it may be stated that while the present experiment
provides no quantitative information on movement of N through the soil
under a growing crop in the field, there is clear evidence that
differential leaching of N can be brought about by treatment of soil
aggregates with P.V.A. The frequency of water application also affectéd

leaching of N, but size of aggregates had little effect.

4,1.4.2 Incubation experiment
The mineralisation of N in different sized aggregates maintained

under various conditions of temperature and water showed that there was no
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significant difference (P = 0.65) in N mineralisation between different
aggregate sizes after one week's and six weeks' incubation. These
results are in substantial agreement with those obtained by Fitts (1953)
who stated that soil aggregate size had little influence upon mineral N
production. He found approximately the same nitrification rate in
aggregates < 9.5, < 2 and 0.84 mm in diameter incubated at optimum water
content (between 25 and 35 %) and temperature of 30°C. The same
conclusion was reached by Hagin and Halevy (1961). However, Craswell
et al. (1970) found that N mineralisation in anaerobic conditions,
increased with decreasing aggregate size from > 5 mm to < 0.1 mm in
diameter. They attributed this trend to the quantity and quality of
readily mineralisable organic matter in the different aggregates.
Aggregates < 1, 2 - 4, 4 - 8 mm diameter were found to have similar
carbon content (Braunack 1979). Waring and Bremner (1964) found that
in soil aggregates < 0.18 mm diameter, the amount of N mineralised
under aerobic conditions at 30°C was significantly greater than that for
aggregates < 2 mm diameter. Similar results were found by Seifert (1964).
Both authors attributed this trend to differences in aeration of different
sized aggregates. No significant difference (P = 0.05) in N mineralisation
was observed between aggregates treated with P.V.A. and aggregates not
treated with P.V.A. However, in the first week's incubation, (NH4)—N had
a tendency to be slightly greater and (NO3)—N slightly lower when aggregates
were treated with P.V.A. than when aggregates were not treated with P.V.A.
These results are expected because according to Edwards and Bremner (1967)
and Craswell et al. (1970), mineralisation of N in different sized
aggregates from cultivated soil is independent of the strength of the
aggregates.

The conditions of incubation (water and temperature) chosen
in this investigation are similar to those found in the field during the

period June to November. These conditions were chosen to get'some idea



76.

of how much nitrogen was likely to be mineralised in the field. For
this reason the results obtained in this study are not directly
comparable with those obtained by other workers who usually use the
standard favourable laboratory conditions (3OOC and aerobic or anaerobic
conditions). However, Hart et al. (1979) found that an increase of
temperature from 17 to 24°C did not affect soil mineralisation in the
presence or absence of plants in a pot experiment, because the rise

of 7°C {from 17 to 24°C) may not have been high enough to cause any
quantitative effect on soil microbial activity and inorganic N
production. Similarly a variation of temperature from 5/100C to

12/2400 did not affect mineralisation of N after six weeks incubation.
In the case of the experiment described here, water content and temperature
were controlled during the incubation.

Production of mineral N was significantly higher (P = 0.05) at
higher water content (24 %). This is in agreement with the results
obtained by Harmsen and Van Shreven (1955) and Hart et al. (1979) who found
that increasing soil water content from 15 % to 30 % increased mineralisation
of N.

Water content and temperature were controlled during the
incubation experiment. In the field where these are not controlled,
.different water contents and temperatures may pertain with different
sized aggregates and this could affect the rate of production of mineral
N. Mineralisation of N in the field is also influenced by number of other
factors which are not studied here. For example Goring and Clark (1948)
found that accumulation of mineral N in soil under crop was cénsiderably
less than in corresponding fallow even though allowance was made for the
N uptake by the growing crop. Similar results were found by Hart et al.
(1979). This difference was attributed to the immobilization of N by the
increased microbial population in cropped soil. . The application of N

fertilizer may also affect the mineralisation of organic soil N.
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Broadbent (1965), for example, found that adding N had a stimulating

effect on N mineralisation in the soil. This stimulating effect was
attributed partly to the activity of rhizosphere microflora which increased
when N fertilizer was added, and partly to osmotic effects of added
fertilizer salts, in the absence of growing plants.

In conclusion, it may be stated that despite variation in
énvironment, there was little effect of aggregate size and aggregate
stability on net mineralisation in the field. It seems reasonable to
assume therefore that mineralisation in the field is unlikely to have been

greatly affected by aggregate size and P.V.A. treatments of this soil.

4,2 CRUST STRENGTH, WATER CONTENT, AND SEEDLING EMERGENCE
4.2.1 Introduction

Aggregate breakdown at the soil surface upon wetting can have
adverse effects on infiltration of water and aeration in the soil. It
causes crusting of the soil surface which can prevent seedling emergence
if the crust is hard enough.

In the field experiment described in the Section 3, it was fouﬂd
that the rate of wheat emergence was affected by aggregate size and
aggregate stability but ultimate emergence was similar in all the plots
even though a crust was formed at the surface of the plots comprising soil
aggregates untreated with P.V.A. The crust remained soft during the
emergence period and was easily penetrated by the wheat seedlings.
However, if a rapid drying of the soil had occurred after rain, the
surface crust could have been strong enough to affect emergence seriousiy
as is often the case with red-brown earths.

The aim of the glasshouse pot experiment described here was to
determine the strength of the crusts formed on beds of different sized

aggregates of Urrbrae loam treated or not treated with P.V.A. and to



78.

relate crust strength to the emergence of wheat seedlings. Crusl slrength

was varied by varying the water content of the soil.

4,2.2 Materials and methods

The experiment was conducted in a glasshouse maintained at a
constant temperature of 15°C + 1. The experiment had a randomized block
design with four replications. The treatments, which were arranged in a

factorial combination, were

Aggregate size : 4 -8, 2 -4 and < 2 mm in diameter
P.V.A. ' : 0% and 0.2 %
Water regime : wet, intermediate and dry

The soil used was from the same site as the field experiment and the
preparation of the aggregates and P.V.A. treatments were done as described
in Section 3. Pots, 14 cm in diameter and 15 cm high, were filled with
two layers of soil. The lower layer (8 cm deep) was the same in all the
pots, and consisted of unsorted soil < 8 mm in diameter. The top layer

of the soil (4 cm deep) consisted of aggregates of one of the sizes listed
above, treated or not treated with P.V.A. The total dry weight of soil in
each pot was 1200 g. Ten wheat seeds were sown in each pot at 4 cm depth
on 24 July. The water content of the soil was adjusted to 20 % by weight
Iin all the pots by means of a mist spray applied at an intensity of

20 em h™ .

No further water was added to the top layer of the soil in the
pots. Different water regimes were produced by covering the soil in two
sets of pots with a sheet of polytheﬁé (25 um thick), either immediately
(wet regime) or three days after sowing (intermediate regime); The soil
in the third set of pots (dry regime) was left uncovered.

When seedlings began to emerge (31 July), crust strength was
measured with a pocket penetrometer (Soil test Model CL-700) fitted with

a steel probe 6.35 mm in diameter with flat tip.. Penetrometer measurements

in each pot were replicated four times. At the same time, samples of
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crust were taken for the determination of gravimetric water content.
Emerging plants were counted daily, and mean day of emergence
and total emergence were determined. Total dry matter yield was also

measured when the plants were harvested on 10 August.

4.2.3 Results

Although there were the expected differences in the water
content of the crust associated with the different water regimes, there
was no significant difference (P = 0.05) in the water content of the
crust from different pots maintained at the same water regime as shown
in Table 4.16. The same table shows that maximum penetrometer resistance
occurred with aggregates < 2 mm in diameter irrespective of the water
content of the soil. As might be expected, penetrometer resistance
increased with decreasing water content of the soil. Under the wet and
intermediate water regime, P.V.A. treatment did not significantly affect
penetrometer resistance. However, under the dry water regime, penetrometer
resistance of the large (4 - 8 mm) aggregates was notably higher where
they were treated with P.V.A. than where untreated.

The emergence of wheat seedlings was significantly earlier
(P = 0.05) in the wetter than in the drier pots (Table 4.17). The
intermediate and dry water regimes of aggregates 4 - 8 mm diameter treated
with P.V.A. allowed the plants to emerge earlier than in pots with
untreated aggregates. Table 4.17 shows that the maximum percentage
emergence was obtained in pots with aggregates 4 - 8 and 2 - 4 mm diameter
irrespective of the water regime.

In the wet pots, plant emergence was not affected by P.V.A.
treatment of the soil, but with the intermediate water content- of the
soil, plant emergence was significantly higher in pots containing
aggregates 4 -~ 8 mm treated with P.V.A. than in pots containing the same

size range of aggregates untreated with P.V.A. The reverse occurred in
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TABLE 4.16. Effect of aggregate size, P:V/A.' treatment and water regime

on the water content of the crust and penetrometer
resistance of the soil.

Aggregate size (mm) 4-8 2-4 <2
P;VJA{ (%) 0 0.2 0 0.2 0 0.2
Water Content of the Crust (%) L.S.D.
P=0.05
Water Wet 19.4 | 17.4 19.0| 17.0 19.84 19.0
Regime Int. 7.6 8.9 12.5| 11.2 10.90 9.0 5.4
Dry 2.2 2.0 3.2 3.0 3.2 3.0
Penetrometer resistance (kPa)
Water Wet 20 21 21 20 44 51
Regime Int. 50 41 41 50 7?0 94 10.4
Dry 250 [274 274|266 330 | 341

TABLE 4.17. Effect of aggregate size, P.V.A. treatment and water regime,

on mean day of emergence, total emergence, and dry matter

production.
Aggregate size (mm) 4-8 2-4 <2
P.V.A. (%) 0 0.2 0 0.2 0 0.2
Mean day of emergence L.S.D.
P=0.05
Water Wet 8.4 | 8.7 7.8 | 8.5 8.4 | 8.3
Regime Int. 14.5 9.0 10.8 |[10.2 10.2 | 10.2 0.59
Dry 12.0 | 10.8 10.8 9.4 9.5 -
Total emergence (%)
Water Wet 85 75 65 70 70 60
Regime Int. 20 90 70 80 50 30 18.0
Dry 50 65 45 20 10 0
Dry matter production (g/pot)
Water Wet 0.14 0.16 0.13] 0.16 0.15| 0.13
Regime Int. 0.12| 0.14 0.11] 0.13 0.08| 0.09 0.02
Dry 0.071 0.11 0.07| 0.06 - -
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pols containing aggregates < 2 mm diameter (Table 4.17). When the soil

was dry significantly higher (P = 0.05) plants emerged in pots containing
aggregates 2 - 4 mm diameter treated with P.V.A. than when untreated with
P.V.A.. P.V.A. treatment did not affect plant emergence in pots containing
aggregates 4 - 8 and < 2 mm diameter. Dry matter production decreased

with decreasing water content of the soil as might be expected (Table
4.17). Aggregate size and P.V.A. treatment did not affect dry matter

production.

4,2.4 Discussion

Results in Table 4.16 show that aggregates 4 - 8 mm diameter
dry slightly more quickly than aggregates 2 - 4 mm or aggregates < 2 mm
diameter although the differences were not significant at P < 0.05.
Braunack (1979) found that loss of water through evaporation from Urrbrae
loam was the highest for aggregates > 4 mm and the lowest for aggregates
2 - 4 mm diameter. Larger aggregates allow greater water loss through
soil drying because of better penetration of turbulent air currents into
the inter-aggregate cavities (Hanks and Woodruff 1965; Farrell et al.
1966; Hillel and Hadas 1972; Braunack 1979). Penetrometer resistance of

the soil increased as the water content decreased. These results agree

‘with those of Bennett et al. (1964); Lemos and Lutz (1957), Braunack

(1979). P.V.A. treatment which was used to prevent crust formation by
stabilizing the surface of the aggregates has an effect contrary to the
one expected especially at dry water regime where the penetrometer
resistance of the soil was higher when aggregates were treated with P.V.A.
This may have been due to the fact that water content of the crust was
slightly but not significantly higher when aggregates were not treated
with P.V.A. than when aggregates were treated with P.V.A.. Hanks and Thorp
(1957), Lemos and Lutz (1957), Braunack (1979) observed that the capacity

of plants to penetrate the crust is related to crust water content.



82.

It appears from the data in Tables 4.16 and 4.17 that a good
relationship between seedling emergence and penetrometer resistance
exists for aggregates < 2 mm in diameter, bﬁt overall the relationship
between seedling emergence, penetrometer resistance and water content of
the crust is not very clear.

A regression equation was developed to determine the relationship
of penetrometer resistance P and water content C to total plant emergence
EM.

EM = 23.91 - 0.0120P + 2.4361C
The equation shows that emergence is directly related to water content
of the soil and inversely related to the penetrometer resistance, as
might be expected. The percentage of variance for water content C and
penetrometer resistance was 39.2 and 31.4 respectively. Hanks and Thorp
(1956) found that crusts (as measured by the modulus of rupture) of
140 kPa inhibited emergence of wheat plants. This figure is below the
values which diminished or inhibited wheat plant emergence in the current
experiment. However it may not be valid to relate directly emergence to
crust strength as the emergence force exerted by plants is controlled by
factors such as temperature (Williams 1963; Jensen et al. 1972; Braunack
1979) .and water status of the plants (Hadas and Stibbe 1977). In the
current experiment, poor emergence in dry soil may have been due in part
to crust strength and in part to the fact that the plants suffered from
water shortage as reflected in the low dry matter yields (Table 4.16).
Where plants are water stressed they are unable to exert their emergence
force during emergence.

The MDE was related to penetrometer P resistance and soil water
content C as follows

MDE = 12.97 - 0.0089P + 0.1947C
Surprisingly the effects of both water content of the crust C and

penetrometer resistance P on MDE are small (percentage of variance
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accounted for = 14.2). MDE is more relatcd to water content of the
crust and marginally related to penetrometer resistance. In the case
of this experiment rate of emergence may aiso have been influenced by
the differential soil/seed contact in different treatments. Soil/seed
contact was presumably the poorest in large aggregates especially those
treated with P.V.A., hence a late emergence in this treatment (Table
4.17). It is also possible that emergence was delayed in the treatment
4 - 8 mm aggregate size range treated with P.V.A. because the plants were
suffering water stress, as this size range of aggregates was found to dry
more quickly than other treatments. This supports the results found by
Hadas (1975) and Braunack (1979).

Dry matter (D.M.) production was related to the water content
of the crust C and penetrometer resistance P as follows

D.M. = 0.124 - 0.0003P + 0.0013C

As might be expected dry matter increased with increasing water content
and decreased with increasing penetrometer resistance of the soil. The
percentage of variance accounted for water content C and penetrometer P
resistance was 58.1 and 67.5 respectively.

It may be concluded that at low water content of the soil,
the effect of aggregate size and crust strength on plagt emergence 1is
related to the water content of the crust. Emergence of wheat plants
is seriously diminished or completely stopped when crust strength as
measured with penetrometer resistance increased from 90 to 340 kPa.
However the conclusions drawn here must be viewed in the light of the
facts that specific environmental conditions maintained around the pots
and that no water was added to the soil after the experiment was started.
The ability of the plants to emerge may have been decreased by water

stress.
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SECTION 5. GENERAL DISCUSSION AND CONCLUSIONS

The objective of the study was to examine the effects of the
size and stability of aggregates on growth of wheat with a view of
defining optimum structural conditions in the seed-bed. - In particular
it set out

a) to obtain a quantitative description of the structure of the
seed-bed and changes of the structure with time;

b) to examine the effects of the size and stability of aggregates in
stratified seed-beds on water potential and temperature of the
soil; and

c¢) to examine the effects of the conditions in the seed-bed on
germination, emergence, establisﬁment and yield of wheat.

In this study, sieved aggregates were used to make the seed-beds.
Seed-beds prepared in this manner have a narrow size-range distribution
and are not directly comparable to those formed by tillage implements
which produce a wide range of aggregate sizes. The method also necessitates
the use of small plots which tend to minimise the differences between
treatments and increase variability in the later stages of growth as a
result of the edge effect. Nevertheless, the use of sieved aggregates
enables seed-beds with a well defined and reproducible structure to be
made, and it provides a means by which geed-beds can be compared
quantatively in space and in time.

The criteria used to evaluate the suitability of the various
seed-beds for cereals were germination, date of emergence, total emergence
and yield of wheat. In the early stages of plant growth, the date of
emergence was the only factor affected by the aggregate size treatments.
Plants emerged earlier in finer seed-beds (2 - 4/< 2 mm, and unsorted
aggregates < 8 mm of which 60 % were < 2 mm). These results agree with

those of Edwards (1957a), who found that barley and oats emerged earlier
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in finer seed-beds than in coarse ones. Taylor (1974) and Braunack (1979)
obtained similar results for sorghum and wheat respectively. However there
is a large variability in the size of aggregates found to be optimum for
total plant emergence. With cereals for example Russell (1962), Greenland
(1971) reported that aggregates 1 - 5 mm were desirable for a satisfactory
plant emergence, while Edwards (1957a) found that smaller aggregates i.e.
< 1 mm were more suitable for early growth of cereals. In other cases,
larger aggregates allowed greater emergenee. For ex;mple, Yoder * (1937),
Jain and Agrawal (1970) found that the emergence of cotton and sugar cane
respectively was higher in seed-beds méde of aggregates 4 -~ 8 mm diameter.
The differences in results obtained by various authors may be due to
differences in plant species and/or to differences in the soil and the
conditions under which the different experiments were carried out. However
most of the reports cited above are incomplete in that little information
is provided on the conditions under which the experiments were carried

out particularly with respect to water, ﬁemperature and aeration in the
seed-beds and the extent to which these were determined by meteorological
factors. In the present study it was found that be?ween sowing and
emergence, temperature at 4 cm depth (seed level) and 8 cm depth were not
affected by aggregate size or aggregate stability, but soil water
potential at 4 cm depth was higher (less negative) in seed-beds made of
smaller aggregates (2 - 4/< 2 mm) than larger aggregates (4 - 8/2 - 4 mm
and 4 - 8/< 2 mm). Temperature and water potential in seed-beds as
influenced by meteorological factors can have a large effect on subsequent
plant growth (Hay 1977; Hadas and Stibbe 197T7; Braunack 1979). Although
meteorological factors are most important, aggregate size and aggregate
stability can have greater influence on soil environment than observed

in the experiment described in Section 3 (Johnson and Henry 1964; Farrell

et al. 1966; Gumbs and Warkentin 1975).
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As noted by Braunack (1979), most workers apparcntly uascd
stable aggregates and little mention was made of aggregate breakdown
and the formation of éoil crusts. The effects of variation in seasonal
conditions on soil crusting and the consequences for plant emergence can
be illustrated by the results obtained by Braunack (1979) and those
obtained in the present experiment (Section 3). Both experiments used
the same soil (Urrbrae loam), which is prone to crusting. Braunack (1979)
found that the surface of seed-beds made of small aggregates (< 1 mm)
readily formed a crust which significantly decreased the total emergence
of wheat. However in the field experiment described in Section 3 crust
formation and crust strength did not affect total emergence of the wheat.
The difference in results obtained in these two cases may be attributed
to the variation in seasonal conditioné particularly rainfall which
affected the strenghh of the crust. Rainfall was 206.9 mm of which 2 mm
fell between sowing and emergence during the season Braunack (1979)
conducted his experiment and 732 mm of which 30.6 mm fell between sowing
and emergence during the season the present experiment (Section 3) was
conducted. In the latter case the crust which formed remained soft and
was easily penetrated by plants. Crust strength as measured by
penetrometer resistance was 22 - 35 kPa compared with 40 - 50 kPa in
Braunack's experiment. Crusts of strength between 50 and 140 kPa, as
measured by modulus of rupture, have been found by other workers to
decrease the emergence of wheat (Hanks and Thorp 1956, 1957). However
the values obtained by these two methods of measuring crust strength are
not equal. Braunack (1979) observed that, in general, crust strength as
determined by modulus of rupture are smaller than that determined by hand
penetrometer. Seedling emergence may not always be related to crust
strength since so many other factors such as plant species, soil
temperature and soil water can influence plant growth (Williams 1971;

Jensen et al. i972). Jensen et al. (1972) and Hadas and Stibbe (1977)
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found that water stress decreased the ability of seedlings to exert
forces strong enough to break through the crust. It is likely that both
water stress and crust strength influenced the emergence of wheat in the
glasshouse experiment reported in Section 4.

While crust formation may not always be of great importance in
determining total plant emergence, it is an undesirable feature of
seed-beds, in that it can decrease water infiltration and it may lead to
surface run-off and soil erosion (Oades 1976). It was shown in Section 4
that percolation of water through the soil was significantly decreased by
the presence of the crust which formed at the surface of beds made of
aggregates untreated with P.V.A. The presence of stable aggregates at
the surface of the seed-beds permits satisfactory rates of water
infiltration to be maintained because stable aggregates are more able to

adequate
keep an open structure with(macroporosity (Mazurelk and Mosher 1970; Ojeniyi
1978). 1In the field experiment (Section 3) the proportions of pores > 1,
> 2, > 4 and > 8 mm intercepted length wére significantly (P = 0.05)
higher at all times of sampling where aggregates were stabilised by
treatment with P.%.A. than where the soil was untreaﬁed. Treated aggregates
4 - 8 and 2 - 4 mm diameter could withstand rainfall for a longer time than
untreated aggregates of the same size range. This can be of great
importance as far as run-off and soil erosion are concerned. However,
the distribution and intensity of rainfall (Fig. 5) during the season
in which the experiment was carried out was such that the no run-off
occurred, even where P.V.A. was not applied.

Other properties of seed-beds can influence plant growth. The
availability of nutrients may be affected by the characteristics of
different sized aggregates such as their organic matter and clay content
(which, in the study present here was similar for all aggregates) or by

differences in the environmental conditions which they produce in the

seed-beds (Hagin 1952, 1956; Larson 1964; Tabatabai and Hanway 1968b;
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Hillel and Hadas 1972). There was cvidence that N availability to the
plants in the field experiment (Section 3) was affected by both the size
and stability of aggregates. The concentration and total content of N

in the plants at tillering and harvest was higher in plants from ﬁlots
made of aggregates 2 - 4/< 2 mm than in plants from plots made of
aggregates 4 - 8/2 - 4 mm and 4 - 8/< 2 mm and the difference in N

content was greater when aggregates were tréated with P.V.A. than when
untreated. Plants with higher ni£rogeh contehtlproduced the highest dry
matter and grain yields. Oades (1976) obsérvéd that signs of N deficiency
at the 3 to 5 week old wheat plants in the field were related to treatment
of soil with P.V.A.. However dry matter and grain yield were not affected.
The leaching and incubation experiments (Section 4) were undertaken to
determine the likelihood of mineralisation and/or leaching of N being
involved in the proguction of different.yields by plants in different
seed-beds. Although loss of N by denitrification cannot be completely
discounted, denitrification was not investigated here because previous
work on this soil by Stefanson and Greenland (1970) and Stefanson (19724)
had shown that gaseous losses were low from freely drained sites.
Moreover, plants with the highest nitrogen contents in the present study
were found under conditions not likely to favour denitrification. The
results of the experiments suggest that mineralisation of N in the field
was unlikely to have been much affected by aggregate size or aggregate
stability, but increased leaching of N brought about by treatment of
aggregates with P.V.A. and increased water percolation may have been
largely responsible for lower uptake of N by plants in plots thus treated.
The likelihood of N being leached completely from the soil within the

root zone in semi-arid environments is not great. It depends on the
seasonal conditions and in particular the intensity and quanﬁity of
rainfall. Some of the nitrogen leached may move back in the topsoil,

following the upward water movement due to evaporation, and may be



89.

available for uptake by plants later in the season. This uptake will
depend on the depth at which N is localised in the soil and on the depth
and density of the plant roots (Boswell and Anderson 1970). The effect
of plants on leaching of N was not investigated here. Generally, the
presence of plants will decrease losses of N by leaching through
absorption by actively growing roots and immobilisation by associated
micro-organisms (Boswell and Anderson'1970); The presence of N fertilizer
on net mineralisation of N in the'soiliin diffefent treatments remains to
be tested. Broadbent (1965) reported that.thé presence of N fertilizer
had a stimulating effect on mineralisation of organié N in the soil.
This stimulation was attributed to the increased biological activity in
the soil when N fertilizer was added. However, in the field experiment,
N fertilizer was added to all the plots and the conclusions drawn are
likely to remain theg same. |

Stratification of seed-beds is a more realistic approach to
study seed-beds as in practice, the sorting action of implements causes
the formation of more or less stratified seed-beds with a greater
proportion of the larger aggregates near the surface and a greater
proportion of the smaller aggregates towards the bottom of the seed-bed.
The large aggregates at the surface provide an effective method of
increasing aeration as the results of soil strucfure measurements (Section 3)
have shown. When aggregates are unstable, larger aggregates at the
surface can withstand rainfall for a longer period and decrease the risk
of soil crusting. The fine aggregates in the lower layer should provide
a better seed-soil contact. However in the present study the increase of
aggregate size from < 2 mm to 2 = 4 mm in the lower layer of seed-beds did
not affect the properties of seed-beds (temperature, water potential) and
the performance of plants. But in different seasonal conditions (drier
conditions) different results may be obtained as far as germination and

plant emergence are concerned. Further investigations on stratified
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seed-beds in diff'erent seasonal conditions are required as they have
the potential for conserving water in the seed-bed by reducing evaporation
(Johnson and Buchele 1961; Hillel and Hadas 1972; Hadas 1975; Braunack
1979). The performance of plants in stratified seed-beds in different
seasonal conditions need also to be tested on the experimental level and
in practice by attempting to obtain the desired distribution or aggregates
by tillage.

In conclusion, it may be suggested that where the soil is
stable, seed-beds made of aggregates 2 - 4 mm may be the most suitable
for cereals in regions with environmental conditions similar to those
under which the experiment was conductea, where seed-beds made of
aggregates 2 - 4/< 2 mm had the highest‘water potential (less negative),
had the earliest emergence and the hiéhest dry matter production and grain
yield. However when the aggregates are unstable and the soil is prone to
crust formation, larger aggregates (4 - 8 mm) may be desirable at the
surface of seed-beds for the reasons mentioned above.
Properties of seed-beds (temperature, water potential, aeration) and their
effects on plant eﬁefgence and establishment vary with seasonal conditions
and any suggéstion on suitable seed-bed for an optimum plant performance
should be seen in the light of environmental conditions.
Stable aggregates result in a higher water.infiltration and a higher
leaching of N and that leaching of N may be severe enough to affect
plant yield.
Net mineralisation of N in Urrbrae soil unaffected by size of aggregates
between < 2 and 4 - 8 mm diameter. Treatment of the soil with P.V.A.

also had no effect on mineralisation of N.
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