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3 Abstract

An evaluation and comparison of tﬁe flow of geochemicals through
three systems of farm management is made, using Vieta faba L; as a crop
phytometer, Organic manures form the only nutrient addition to one system
(Organic), arfificial fertilizers alone are épplied to tﬁe second (Stockleéé),
and the third system receives a.mixture of the two nutrient sources (Mixed).
The influence of the farm management upon each of the main components of
the agriégltural ecosystem 1is determined; and tﬁese are discussed separately
in the five main sectioné of the text. Crude balance sheets are constructed
to demonstrate the magnitude of the annual flow of geochemicals through each
system. - -
Thg soil of the three farms is compared by chemical analysis.
It -is shown that where Ofganic manures have been used; the content of
avéilablé plant nutrients is signifiéaﬁtly higher than in the soils whefe
only inorganic fertilizers have been applied.

+The flow of water through the ecosystem is determined by the use
‘of lysimeters. A study of thé chemical composition of the leachate shows
that the system receiving both manures and fertilizefé provides the greatest
threat of eutrophication. The maximum loss of plant nutrients from the soil
is shown to occur during the season of the greatest rainfall,

The rate of the fixation of energy into the system is detefmined
by a study of the growth and yield of the crop phytometer. It is found
.that the long-term practice of growing separate‘stocks of seed on each farm,
(imprinting), does not cause any physiological evolution to occur by which
each plant type could become better éuited to its own farm type. It is
:demonstrated that the magnitude of the growth of the bean plants does not
sﬁow any significant effect of farm management, despite the differences in

nutrient availability from the three soils. It is suggested that this lack
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of growth response is dué to the high background level of nutrients in

all the soils. The only effect of nutrient.availability is shown by

the size of the bean seed yield, but this effect is seen to be drastically
modified by weed competition.

The flow of geochemicals into the standing crop is investigated
by.detailed chemical analysis of the plants thrﬂughout the season.
Corresponding to the lack of growth response to the farm management, no
significant effect of soil treatment can be shown to be influencing the
" chemical composition of the crop. There is no evidence to show any
eutrophication of the crop by nitrates, but a marked death reaction is
demonstrated to be causing high concentrations of lead in the bean seeds. .
Due to a greater biomass on the Mixed section, it was this management which
incurred the greatest flow of geochemicals into the standing crop.

The phenomenon of symbiotic nitrogen fixation by the phytometer
is iﬁvestigatedﬁ A close relafionship between the rate of fixation, the
extent of nodulation and the ayailability of soil nitrogen is determined.
The former two characteristics are shown to provide an accurate assay of
the level of nitrogen in the soil.  Calculation of the probable annual
fixation éf nitrogen shows that this is maximal on the farm where no
organic manures are supplied.

From the construction of the balance sheets, and the discussion in
the text, it is indicated that the management system, which is the most geo-
chemically and economicélly viable, is the Mixed system. This farm produces
the highest yield of bean séeds, and permits a feasonable level of nitrogen
fixation by the legume, but also poses the most serious threat of eutrophic—
_ation to other ecosystems. Even so, the concentration of nitrates in the

leachate never exceeded the maximum safe limit suggested by the World Health

Organization.
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Conventions followed in the thesis

Measurements :

All measurements were made in SI units according to the metric scale.
Where reference figures are quoted from the literature, all values

are converted to the metric scale. The abbreviations used :

g or jgm = microgramme

mg or mgm = milligramme mn = millimetres
kg = kilogrémme cm = centimetres
m = metres
ha = hectares

Numbering :

- Tables and Graphs - Sebtiqn number - sequential number for that
section
ie :.4‘f9 = the ninth graph in Section 4.
- Text - paragraphé ﬁuﬁbered according to the Universal Decimal

Classification. ‘eg Section number :1.1.2-3(1)

Abbreviations :

- where several elements are mentioned together in the text, and in

all the tables they are listed by symbols (according to the Periodic

Table)
- Farm management and imprint types : 0 = Organic
M = Mixed
S = Stockless
C = Commercial
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- Vieia faba L. varieties : Tic

Thro, Throw = Throws

No fertilizer

- Plot treatment : 1971 Field Trial : NF

3F = 375 Kg fertilizer/ha

6F

625 Kg fertilizer/ha

1972 Field Trial : NFLys = Normal fertilizer lysimeter

S+ = HFLys = High fertilizer lysimeter

1973 Field Trial :

PPKK = double normal rate of phosphorus and potassium
NNPPKK = double normal rate nitrogen, phosphorus and

” potassium

NNPK = double normal nitrogeh added to normal rate

phosphorus and potassium

4, Description of geochemicals

- In the text and tables the terms "ions", "nutrients" and

"geochemicals" are used synonomously.

- Total geochemicals eg Total K = total quantity of geochemical
which is extracted from the sample by concentrated acid
extraction. Includes structural, exchangeable and

water soluble fractions.

- Available and exchangeable : ﬁhroughout the text and tables both
these terms infer that the quantities described are available to
the growing plants, although they have been.determined by chemigal
‘methods. Stfictly :

K available = the fraction of soil geochemicals available to.a
growing plant, identified by analysis of plants.
exchangeable = the fraction of soil geochemicals which are
chemicaily exchangeéble, identified by analysis

of the soil.
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5. Nitrogen fixation :

- Throughbut Section 5, all measurements of potential nitrogen
fixgtion are expressed in the volumes of nitrogen fixed, but were
actually oné third of the volumes of ethylene produced by the
reductién of acetylene, which had compétitively inhibited the

fixation of nitrogen.
6. Statistics :

- In all sections of the text, except in Seétion 3 where polynomial
fegressions of ;he growth parameters were utilized, the test used.
to determine the significance of the difference between sets of
values was Bailey's d test (Bailey 1959). This is designed to
be used where the variances are not equal. In the tables showing
tﬁe results of this statistical test, a large number of abbieviations

have been used :-

L3

df. or d. of f. = degrees of freedom
d = calculated values of d.
P = probability vaiue
~p vdlues : NS = No significant difference ie p = >0.1
" 0.05 - 0.1 = No significance, but may indicate a trend.
*or <0.05 = 957 confidence level - lowest level of probability
considered to show a significant difference.
. **of <0,01 = 997 confidence level - difference highly
significaht.
R = in some tagles where the difference is shown to be
éignificént, the relationship between the treatments
'is indicated, ie X > Y
SD ‘_ = Standard Deviation
SE _ = Standard Error._' The bars shown on some gf the

graphs are values of standard errors.

e
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Introduction

I remember the time when the stable would yield,
Whatsoever was needed to fatten the field,

But chemistry now into tillage we lugs,

And we drenches the earth with a parcel of drugs,

All we poisons, I hopes, is the slugs.

~(Punch 1846, published at the advent of the
industrial production of inorganic fertilizers).

The Biosphere

The biosphere may be defined as that part of the Earth in which
life exists, and undergoes active metabolism (Hutchinson 1970); or as the
region in which liquid water can exist and which receives an ample supply
éf eneréy from an external source (Penﬁan 1970). The energetics of the
biosphere depend upon the utilization of solar energy for the phéto—
synthetice reduction of carbon dioxide by autotrophic plants, to produce
organic compounds and molecular oxygen. Thus the geochemical result of
photosynthgsis is to produce an oxidized part of the biosphere - atmosphere
and water - and a reduced part - organisms and their organic decomposition
products. The maintenance of the biospﬁere requires a cyclical flow of
the biologically important materials, which are re-used at the expense of
solar energy. The movement of such materials is largely controlled by the
vector of water, carrying dissolved and particulate substances through the
system. As Leonardo da Vinci said : 'Water is the driver of nature'.
Thus the detailed knowledge of the mechanisms of the geochemical cycling of
each element in the water, in the terrestrial ecosystem, particularly con-
cerning the processesvby which the solid-liquid interface is crossed, is

of enormous biological importance.




The Ecosystem

Within the biosphere there are many ecosystems, each of which has
evolved to contain a diversity of species, which interact to exploit to a
maximum the potential benefit from the incident energy. A natural eco-
system is controlled by a number of homeostatic mechanisms, which serve to
regulate the development of the individual constituent populations of

organisms. The ultimate structure of the ecosystem will depend upon the

rate and magnitude of the flow of energy, and recycling of the mineral
nutrientsvthrough the food chains. In terrestrial ecosystems, no matter how
comple# these chains may be, from green plants ~ herbivores - carnivéres,
most of the energy will be dissipated as heat, and eventually the contained
organic material will beﬁreturned to the substrate. fhere it will undergo
physical,-chemical, and bacterial, decomposition to ultimately form humus.
This becomes integrated with the mineral substrate particles which aggregate
togethér to form soil, both fractions being a source of nutrients for future
generations of plants.. The structure of the soil will depend upon the
o:igin aﬁd size of the mineral-particles, and the proportion of decomposed
organic remains, which will, in turn, influence thé availability of air,
water énd dissolved mineral; to the plants. Organic matter is one of the
majof factors influencing the productivity of the soil (Bruin 1965). It
contriButes to nutrient availability through decomposition and by acting as
a chelating agent - the cation exchange capacity of a soil is largely
dependent upon its organic matter content.

An ecosystem will tend to evolve towards a climax state - during

the seral stages the loss of energy from the system in respiration will be

less than the gross production, so that the fixed erergy can be stored in
an increasing biomass. The climax ecosystems represent the most efficient
way of using the resources of an area to sustain life, with the minimum

impact upon other ecosystems - all the energy captured in unit time is lost




during the metabolism required to maintain the status quo of the biomass.
This allows no net annual storage, and the nutrient gains from the sub-

strate are balanced by the nutrient losses.

The development of Agriculture

During the first two million years bf his existence, man was a
destructive predator upon his environment, which consequently was able to
support only a low population of individuals. About ten thousand years
ago, man began to adapt the biosphere, in particular the terrestrial eco-
systems, to fulfil the needs of food production, by the domestication of
plant and animal species, and cultivation of the land. This initiated.the
spiral by whicﬁ a gfeater food supply eﬁabled the development of a larger
population, which then required a further inérease in food supply. The
spiral has become steadily more acute as the advances in agricultural
technoldéy_have been outstripped by thé world_populatioq growth. Hence.
we have an accelerating impact upon the biosphere, tending towards the mass
disruptioa of ecosystems, as an increasing fraction of the solar energy
fixed by green plants, and the mineral nutrients extracted from the earth,
become integrated into the biomass of Homo sapﬁens.

Within a natural terrestrial ecosystem the main factors controlling
the rate of the flow of energy are the climate and the availability of the
main raw materials of metabolism, which are nitrogen, phosphorus and pot-
assium, The fertility of the soil is maintained by the weathering of bed-
rock aﬁd soil minerals into forms available fo.the plants, and the return of
the organic material to the soil to maintain its étructure.

Until the mid-19th century in Britain,agricultural management
closely mimicked .the situation found in a natural ecosystem;' ‘Species
“diversity waé maintained so as to efficiently exploit the different fractions
of the soil minerais, by the use of crop rotations. These commonly included

a year of a cereal, then a root crop, a legume, another cereal, gnd then leys




supporting 1ivestock for several years, The fertility of the soil was
preserved by the return of organic materials in the form of straw, vegetable
waste and animal manure, and by a low annual removal of nutrients in the
small yields gained. ~ If one area of land became nﬁtritionally depleted,
fallowing was often employed, and new land areas were cultivated for food
production. This system was very labour-intensive, but did not require
the importation of nutrients and fixed énergy from outside the system.

Due to the increased growth in the numbers of people to be fed,
and a decreasing availability of new areas for agricultural expansion,
farming has become increasingly intensive on a smaller area of land. For

example, in the United States, according to Viets (1971) :

.in 1944 353 x 106 acres were used for agriculture
in 1963 287 x 106 " " " " " , but this
reduced area produced twice the quantity of yieids

as found in 1944,

Nutrient and Energy input

When the upper lay;r of thé'regolith is intens{vely cultivated,
the mineral aﬂd organic constituents are rapidly depleted - in the last
three decades, the use of crop rotations and manure has been largely dis-
continued in the industrialized countries because, in the short term, greater
productivity can be gained from the application of inorganic salts alone,
" which represent large importationé of energy into the system. An understand-
ing of‘genetics has enabled the breeding of impréved high yielding strains of
‘crops; but these often require verynhigh levels of available nutrients in the
soil, especially .the "super-cereals" of the '"green revolution", which has

resulted in their discontinuation by the poorer countries.




As more labour has left the land, farm management has become
increasingly energy-intensive - in the form of fertilizers, pesticides,

herbicides and mechanization - which has resulted in greater environmental

stresses., At present, about 107 of the total world land surface is
utilized for agriculture, of which 66% is devoted to cereals. - Since the
innovation of fertilizer manufacture in the mid-19th century (Lawes -
supetbhosPhate), the farm management practised in Britain has become success-
ively further removed from the situation found in ﬁature. The species di-
versity has beeﬁ;drastically reduced, with monocultural practises becoming
.preddminant, and the use of animél manures as a.nutrient source and struct-
uring agent has been abandoned on most of the commefcial faris. Much of
the plant residues are Bﬁrned,_or used for fédder for animals outside the
producing system, and the high yields extraéted annually, rapidly déplete

~ the soil of ifs nutfients. " Intensive mechanization with large machines
encourages soil compaction, especially when cultivation of heavy soil is
required in wet weather. All the modern practices tend towards a loss of

" the soil structure and the inherent fertility.

Due to the management techniques practised, an increésing.amount
'bf artificial inorganic feftilizers have to be afplied to the land. As
thé soil loses its structure, and theﬁce the nutrient-binding ability, high
crop yiel&s can only be maintaiﬁed_if thg rate of application is enlarged;
the ﬁigher'the réte,'the more inefficient the use of the nutrients. Net
annual prodﬁction can attain a level of 6-10 Kg dry organic matter/square
mefre/year, but most systems average only 1-3 Kg of méterial. This product-

ivity is bought at the expense of stored energy in the form of fossil fuels,

which are used extensively in the manufacture of agrochemicals, and in the
mechanization of farm activities.

fhe,most important plént”ﬁutrients Whichvare applied in inorganic
fertilizers ére nitfogen; phosphorus énd potaésiqu All tﬁree were orig-

ally mined; sodium nitrate from Chile, rock phosphate from N. Africa, and




potash from Canada. The reserves of the latter two, although their
occurrence is geogréphically restricted, andlrequire costly importation

and pre-treatment, should survive the world demand for several decades.
However,yuntil.the early 20th centﬁry when the method of industrial

fixation of nitrogen was discovered, which had been predictéd to be essential
. by Lawes (1847) and Crookes (1896), the Chilean deposits of nitrate and the
by-products of the coal gas indﬁstry were quite inadequate to supply
sufficient nitrogen for world agriculture. During the first half éf this
century the use of fertilizers in the U.K. increased dramatically, espec-

ially for nitrate and potash production :

in thousands of tons :’ Date N P205 KZO
1900 16 110 7
1939 60 170 75

1956 291 386 305

This increase was partly necessary because of the increased loss of nutrients

from the farmed land : in Kg/ha/year

N PO K,O

2°5 2
Four year rotation 57 .. 18 7
Modern system. ' 390 128 435 (Cooke 1954)

Eutrophication

Unfortﬁnately the imported inorganic nutrients do not remain within
the agricultural ecosystem, but leak out through the water systems, causing
eﬁtroPhicétion of rivers, lakes and oceans. Eutrophication may be defined
as the enrichment of an ecosystem by geoéhemical nutrients from outside the
system. If these nutrients could be contained within the farms, such
eutrophication might be an advantage to the continual production of high

yielding crops. But, just as N, P and K are the most important elements




for the nutrition of terrestrial plants, so they strongly influence the
growth of algae and aquatic macroflora, which may choke eutrophic waterways.
When these organisms die, the water frequently becomes deoxygenétéd, result-
ing in fish-kills, and a loss bf the amenity value of the water. Thus
eutrophication has taken the popular connotapion of over-enrichment,

equivalent to pollutiom.
Nitrogen

The supply of food is limited more by the availability of fixed
nitrogen than by any other plant nutrient (Delwiche 1970). Thus, in
modern agriculture, the most serious intervention into the natural bio-
geochemical cycles operafing in terrestrial systems has been the industrial
fixation of nitrogen.  Since 1950, this artificial fixation has increased
5~-fold, and now exéeeds, by about 107, the total amount naturally fixed by
all terrestrial ecosystemé Before the advent of modern agriculture. 1In
1968, the total world production of industrially-fixed nitrogen was 30
million tons, and since then this quantity has been doubling, once every
six years., This energy—intensive process has recéntly become very
expensive, due to the rise En oil prices, for it requires 6000 K calories
of energy to fix one Kilogramme of nitrogen.

Before industrial fixation, the amount of nitrogen fixed naturally
by microorganisms was balanced by those denitrifying the system, but the
full consequences of a much higher fixation rate, than denitrification,
over a long period, is not known. One effect which is becoming evident
in the regions of the world where intensive systéms operate is the high
concentration of nitrate in the drinking water supplies. The main source
of this_increaséd concentration is assumed to be agricultural run-off. For
example, in 1968 Wadleigh estimated that in tﬁe USA; of the.7 million tons

of nitrogen fertilizer added to the soil, at least 3 million tons of nitrate




entered the waterways. This very soluble ion leaches rapidly from soils,
and once present in thé.water is very difficult to remove, The only
economical process which has been used to overcome this problem has been the
dilution of the eutrophic water with purer supplies from non-agricultural
regions. High nitrate levels in the-driﬁkihg water can bring about the

" condition of methaemoglobinemia in young children and animals, which may

result in the death of the victims.

Eutrophication of crop plants has also been demonstrated by
Thorne (1957) and Ackerson (1963), who found free crystals of potassium
nitrate in turnip and maize leaves respectively, where the plants were
receiving high rates of pitrogen fertilizers. It is possible that if this
concentrating effect occurs in the parts of’crop-plants used for human
cqnsumption, this source might also prove to be a dangerous result of the
‘over—application of artificial fertilizers.

Thus the production of increased food yields necessary for the
survival of man, is itself causing a pollution of the environment which may
reduce the numbers-of our species. The accumulation of toxic and non-
degradable agrochemical wastes, and high concentrations of essential nutrients,
is tending to reduce the_étability and the complexit& of ecosystem sfructuré,
shortening food chainé, and favouring decomposition and decay. Woodwell
(1970) stated that the eutrophication of the environment encourages the
simplification of the biota, and increases the interaction between the mineral
cycles in the terrestrial and aquatic ecosystems - the long-term trend of
evoiution towards stable, complex and largely autonomic systems is being
reversed. In 1968, Odum suggested that such pollution of the environment
should not bé regarded as completely detrimental, as it may provide new
opportunities for the evolution of organisms and ecosystems, but as so many

of the pollutants cause widespread death and decay, it is difficult to see

how this state could form the basis of an evolutionary advance (Hutchinson

1970).




Agriculture has thus become an anti-seral development, whereby
the stored energy of the system becomes progressively depleted, the whole
only being able to continue to operate if increasing amounts of energy and

nutrients are added to it by man.

Organic manures versus Inorganic Fertilizers

Since the 1840s there has been a continuing controversy concerning
the benefits and disadvantages of the farm management methods which utilize
animal manures as the main source of plant nutrients. The German
agricultural chemists, such as Liebig (1840), showed that plants were méde
up of C, H, N, and O, which they reasoned originated fromlthe atmosphere,
and P, K, Mg, and Ca, originating from the substrate. When calculating the
formulae of the necessary nutrient applications for crops, they assumed that
any suﬁgtance discovered in the plant was serving a uéeful purpose, Because
farmyard manure contained very low levels of the macronutrients, proportional
_to its bulk, ' they decided that it was more effective and economical to
supply these in the form of simplé salts from which the nutrients were
speedily available to the crops. This view was controverted by.Lawes and
Cilbert at Rothamsted who reasoned that most of the nitrogen originated from
the soil, and that when nutrients were added in organic manures, supplemented
by the inorganic salts, this application was more equivalent to the nutrient
recyciing found in nature. The applied manures underwent gradual decomp=
ésition, making the contained nutrients available as the crop plants grew,
and the humus improved/maintained the good structure of the soil.  The sound
nature éf their beliefs can be seen from the results of the 130 year exper-
iment .on Broadbalk field at Rothamsted.

In the 1971 Ministry of Agriculture Advisory Leaflet (No. 435),
the offiéiallrecommendation was that the use of farmyard manure 'being the

solid and liquid excreta of cattle/pigs,mixed with their litter,improved the
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nutrient content and structure of the soil, enabling it to retain more
moisture, and to provide easier cultivation.'"  The area most likely to

benefit from this treatment was suggested to be East Anglia. However, they

further reiterated the German agrochemists' views that''to obtain economic
returns under present-day intensive conditions it is necessary to greatly
increase the amount of plant nutrients supplied to crops. As the quantity
of farmyard manure is limited, this means that an extra addition of inorganic
fertilisers should be made." Because livestock are now also raised intensive-
1&, fed on high protein concentrates, there may be a vast surplusage of slurry
and manure in manyvlocalizea areas, but no supplies of manure in others.
Therefore the main problem today is that of the distribution and storagé of
this natural resource. '

‘In 1970, the Strutt report stated that the use of artificial
fertilisers had caused no loss of soil-fertility, and that thefe was no
evidence that orgénic manures from leys, and the farmyard, were a better
source of nutrients. = However, it did note that a low organic matter content

>
of the soil could be serious, where there was a complete absence of livestock

and a continuous monoculture of one cereal crop, especially in the areas of

the country where light soils are cultivated.

The Research Project

In order to elucidate, and compare, the flow of nutrients found
under "natural' organic farming conditions, with those where only artificial
fertilizers are used as a nutrient source, the.agricultural ecosystems found
at the Haughlef Research Farm were investigated. The creed of the Soil
Association, whiéh was responsible for the running of the farm for most of
its existence, was that the real ends of agricultural science should be to
achieve high crop yields by the best utilization of the natural processes of
" nutrient recycling; and natural crop resistance, to produce a stable, non-

polluting, self-generating and inexpensive, closed system., The initial
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‘founding of this research farm waé the work of Lady Eve Balfour; through
much of the farm's life additional income was provided by the selling of
Organic 'Health' foods.

The Haughley Research farm is .situated in E. Suffolk at a height
of 200 feet above sea-level. The farm is more or less flat, and is sub-—

, divided by hedges and deep ditches into small fields of 2.5 - 3.2 hectares.
In 1941 the farm was divided into three sections '"for the purposes of
comparing, from the health point of view, three systems of farm management,
based on the different conceptions of the nature of crop nutrition." Two

of thé.farm sections, each of 30 hectares, carried livestock, and the remain-
ing 13 hectares were to remain without stock of any kind; - The fertility of
one of the stock-bearing sections (Organic) was to depend entirely upon the
crop residues and animal manures produced upon that section - no manufactured
agrochemicals were to be used. The second stockbearing section (Mixed) was
to receive a supplementafy application of chemical fertiliéers, in addition
‘to the crop residues and manures produéed within that section.  The Stockless
section receivéd crop residues and chemical fertilizers, with organic manures
and leys excluded. Only on the Mixed and Stockless sections was thé use of
pesticides and herbicides permitted. - The éerial view of the experimental
farm is shown on Plate 1, and this also indicates the plan of the different
field types.

This research project was undertaken to attempt to evaluate the
agricultural ecosystems at Haughley, to determine the long-term results of
theﬁthree systems of farm management upon the crop environment, to determine
which system produced the most economic return in crop yield for the input

of nutrients and energy, and to determine which system posed the most serious

threat to the possible eutrophication of the terrestrial and aquatic eco-

- systems.
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Tﬁe complexity of even a partially man-made ecosystem is Very
great, and this precludes any simple, single factor analysis to_provide an
accurate evaluation of the system.  However, because of the central role
of energy in maintaining the life of organisms, an examination of the
fixation of this energy (expressed as plant growth and yield), and the
quantification of the flow of nutrients through the plant, soil, soil-
water system, enables a more thorough comprehension of the.dynamics of the
ecosystem'(WOodweli 1970). " These ecqlbgical parameters formed the basis
of the evaluation of the three farm systems at Haughley, where the phytometer
chosen was Viecia faba L.  The bean seeds produced by this plant contain
25-27% crude protein (dry weight), and have recently become a most important
source of high protein fiour, for human consumption. The choice of a
legume also allowed an estimation to be made of the‘impact of these three

forms of farm management, upon the natural symbiotic fixation of nitrogen.
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Overall aims of the Research Project

_'In order to assess the long-term effects of the three systems of

farm management upon the crop environment at Haughley, five methods of

approach were adopted :

1. To determine the status quo of the plant nutrient supply in the

three soils - the'crop‘template.

Regular analyées of the plough~depth of top soil, and occasional
samgling of the sub-soil, for the total geochemical content of a broad
spectrum of elements Qere to be performed, throughoup three years of field
trials. The "plant-available" (chemically exchangeable) quantities of
nitrogen, phosphorus and potassium in the top soil were also to be determined.
It.was planned that the nutrient content of the iﬁorganic fertilizers and
the orgénic manures should be defined &o enable fhe calculation of the annual
addition of nutrients to the three systems.

*As no information conecerning the geochemistry éf this particular
ehvirohment was available, a Broad épectrum approach was chosern. The
quantification of a wide range of nutrients was required in order to identify
‘whether or not the farm ﬁanagement had altered the soil's potential for

producing healthy, high-yielding crops.

2. To determine the rate, and magnitude, of the flow of geochemicals

through the three farm systems in the water vector.

Monthly collections of rainfall and field drainage water were to
be made for chemical analysis, and their volumes recorded, to enable the

- caleulation of the annual addition to, and loss from, the system for the

geochemicals considered.

Because the automatic monitoring of the flow of water from the

existing field tile drains was anticipated to bde prohibitively expensive,
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the installation of lysimeters was planned to be implementéd for the
second year's field trial. This would enable the measurement of the volume
of water, and the weight of geochemicals, lost by percolation through the

soil.

3. To determine the influence of the farm management systems upon

the growth.performance of the crop phytometer.,

‘The farm management systems were to be evaluated, using one of
the’crops_which had been included in the normal rotation at Héughley since
the beginning of the experimént in-1941. The crop selected for the
phytometer was the field bean - Vicia faba L. var Tic and var Throws.
During the thirty-year périod of the ﬁaughley experiment, each of the three
systems had been planted only with fhe bean sgeds:whigh had been previously
produéed’on.that section - this process is herevcalled imprinting.

The first aim was to determine, by analysis of the growth and -
yiéid'data, whether the process of imprinting had adapted any of the imprints

o

to be able to grow better on its own management regime, rather than on

another type.

The second aim was to compare the growth pgrformaﬁce of a single
seed type under the three ménagement systems, and varying levels of
fertilizer application on the Stockless section, to sth how the method of
nutrient input influeﬁced the crop growth'dynamics.

An initial pilot project in a greenhouse, during the winter months
preceding the first field trial, was té be used fo provide growth data with
thch to test the proposed method of polynomial regression analyéis (Hughes
and Freeman 1967)." Following this, field trials were planned in order
that. the hypothesisAconcgrning the effect of imprinting,‘and the effect of

management, could be investigated under normal agricultural conditions.
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4. To determine the uptake of nutrients by the crop phytometer.

The crop plants were to be analysed for a broad range of geo-

_chemicals, corresponding to those studied in the soil, in order to determine

the pattern of the uptake of nutrients from the three regimens of farming.

The plants which were to be sampled for growth measurement would be sub-

jected to chemical analysis, so that the flow of nutrients into the standing

crop could be estimated. It was hoped to compare the effect of the different
farm managements upon the chemical composition of the crop at the times of

the growth maxima discovered by the previous analysis of growth. The poss-
ibility of the eutrophication of the plants by free nitrate (sensu Thorne
1957), especially in the seeds, which are used for human conéumption, was

to be explored.

5. To determine the influence of farm management upon the

symbiotic nitrogen fixation by the crop phytometer.

Using the phenomenon of symbiotic nitrogen fixation for which
legumes are renowned, it was intended that an investigation should be made
into'thevpossibility of using the rate of nitrogen fixation, and the degree
of root nodulation, as biological assays of the soil nitrogen status. This
study would also provide an estimation of the potential natural input of

nitrogen.into the agricultural ecosystem.

A plan of the chronological arrangement of the research, which

fulfilled these aims; is shown overleaf,

The theme‘running through the five methods of approach for the
assessment of the farm systems was to enumerate the magnitude of the
mineral input, and output, of the agricultural ecosystem. From the results

it was anticipated that overall tables could be constructed. to show the
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approximate magnitude, and rate, of the flow of nutrients through the
plant - soil - soil water system. This would demonstrate the effect
of the farm management upon mineral cycling, which will ultimately control

the agricultural productivity.




The Chronological Arrangement of the Haughley Researéh Project

Research processes used, with dates

1941-1970 :

1969-1970 :

1970 :

1.

1970-1971 :

Imprinting

Imprinting

Research project initiated

Comparison of seed weights, to

determine the effect of imprinting

(Text section 3)

Comparison of seed germination,

to

determine the effect of imprinting

and soil type
(Text section 3)

Greenhouse Trial

To determine the effect of imprinting and

soil type during a period of ten weeks, on :

“"Plant material used

Vieia faba var Tic

Vieta faba var Throws

Tic O, Tic M, Tic S

Throws 0, Throws M,
Throws S

Tic 0, Tic M, Tic S

Tic 0, Tic M, Tic S

1. Crop growth - measurements of dry weight,

2.

leaf area — calculation of LAR, RGR, NAR

(Text section 3)

Crop geochemistry (Section 4)

1971 : Field Trial

To determine the effect of imprinting, soil
type and fertilizer application rate upon :

1. Crop growth - analysis as for Greenhouse

1972

trial .
(Section 3)

Crop .geochemistry - comparisons of geo-
chemical concentrations at the times of
growth maxima, in separate plent parts

(Section 4)

Soil - physical analysis
- chemical analysis for tot

exchangeable geochemicals

(Section 1)

: Field Trial

al and

Tic 0, Tic M, Tic S

Throws 0, Throws M,
Throws §

To determine the effect of farm management upon :

1.
2.

3.

4,

5.

Crop growth (Section 3)
Crop geochemistry (Section &)
Soil analysis (Section 1)

Water - analysis of raim, draina

ge and

lysimeter leachate (Section 2)

Nitrogen fixation (Section 5)

1973 : Field Trial

Commercially obtained
Vieta faba var Throus

To determine the effect of farm management upon :

1.
2.
3.

Crop geochemistry (Section 4)
Soil analysis (Section 1)
Nitrogen fixation (Saction 5)

Commercially obtained
Vieta faeba var Throws

* Treatments
Organic - Mixed - Stockless
farm farm farm

Petri- dish - water

- Kl\O3

Flower pots - Organic soil
- Stockless soil

Organic soil
Stockless soil

"Organic soil

Stockless soil
- no fertilizer
- 375 Kg fertilizer/ha
- 625 Kg fertilizer/ha

Field and lysimeters
- Organic

- Mixed

- Stockless

- Stockless - high fertilizer

Fields :
~ Organic
~ Mixed

- Stockless
- Cowmercial




SECTION 1,

SOTIL ANALYSIS
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Section 1. SOIL

1:1 Background

:1.1 The ﬁajor difference between the farm ﬁanagement methods
employgd on the three farm sections at Haughley concerned the manner
of the application of addifional nutrients to ‘the soil, in the form
of organic manures and/or artificial fertilizers. In 1847 Lawes
defined agriculture as "the production of food for man or other
animals on a sﬁace of ground incapable of supporting them in the
natural state'" . . E§er since, research.has been actively pursued in
many countries to determine the most efficient form in which nutrients
should be added to the'soil>to maintain ifs fertility whilst
producing food.

:1.2 Tﬁe.fraditional Vay of.maintaining tﬁe productivity of
arable soils in NW Europe has been through the application of farmyard
manure, but since the initiation of the industrial production of
chemical fertilizérs, organic manures have become progressively more
expensive to produée and.distribute, whilst fertilizer; have become
much more economical. Although as the industrial production of
fertilizérs, especially that of nitrates, is very energy intensive,
since the massive rise in oil prices, the cost differential between
the use of artificial and natural nutrient sources has diminished.

In many present inténsive agricultural systems the practice of
applying organic ‘manures and using temporary leys in crop rotations _
has often beeﬁ abandoned in favour of monocultural crops dependent
entirely upon heavy applications of artificial fertilizers. In
.1961 Williams and Cooke sLated that many British soils could continue

to produce good arable yields for several years without needing any
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appliéatién of organic materials to improve the soil structure,

but in some areas soils so treated would lose their organic matter
causing degradation of structure, difficult cultivation and a loss

of yield.

:1.3 - It has been confirmed by many agricultural scientists

over the last oﬁe hundred years that the main controlling factor in
the maintenance of good soil structure is the organic matter content,
and the structure inlturn strongly influences the growth of the plants,
Whereas the épplication of chemical fertilizers to the soil provides
immediately available plant nutrients which may be leached through
the soil before they can be utilized by the crop, the use of organic
manures provides nutrients slowly and improves the soil structure.

As organic farmyard manure is originally dérived from plants,it tends
to contain most of the required plant nutrients which are held in an
available form, for several years, being slowly released during the
growth -of the plants (McIntosh and Varney 1973). Organic matter is
not essential for plant growth as normal, healthy plants can be grown
in water/sand culture without a trace of humus,\but under normal
cropping and farm éonditioﬁs it influences nutrient, air and water
supply to the plants. The decomposition of organic matter promotes
the formation of a stable crumb structure (aggregation) and it acts
as a reélenishing reserve for the release and immobilization of
nutrieht ions, and as a chelating agent (Schatz et al.l1964). The
main part of the humus resulting from this decomposition of organic
matter ié in. the form of a gelatinous film on the surface of small
séil particles,'and a direct relationshiplcan be observed between

tﬁe degree of humus accumulation, and the water holding capacity

and water permeability of the soil (Inal 1973).
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:1.4 Despite the often observed correlation, between the leve}
of organic matter in the soil and the resulting fertility; the
official Government Report from the Agricultural Advisory Council in
1970 stated that there was "no evidéﬁce that the disappearance of
livestock from certain areas and the replacemént of ley farming and
farmyard manures by chemical fertilizers, has led to any loss of
inhérent soil fertility -- nor is there any evidence that organic
matter is intrinsically a better source of nutrients." Thus.the
first approach to the quantification of the farming systems at Haughley
waslto consider the template upon which the growth of crops depends,
namely the status of the soil nutrients within each management type.
As has been stated, these types differ in their management through
the method of nutrient addition; there follows a basic description
of each Qanagement practice.

:1.5 Management of farm sections

.5.1 Organic section’

The soil fertility depends upon the addition of organic
~manufes which are supplied twice within a ten-year rotation, plus a
ploughing under of the annual crop residues. Originally it was
planned that all the manure used should be home-produced on this
section but due to the intrinsic loss of soil nutrients, falling
étqcking rates and increased labour costs, prodﬁction fell, so pig
and poultry muck produced elsewherg have been iﬁtroduced into the
system. The rotations practised have been changed several times

since the experiment bégan, but the one in operation at the time of

this research study was :
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oats : barley : lucerne/beans : wheat : oats : 1ley : ley : ley : ley

Manure Manure

with farmyardbmanure applied at the times indicated at the rate of 12,500
- S0,000 Kg/ha (5-20 fons/acre). This section has not been treated with
any herbicides nor artificial fertilizers since 1941, although Calseamin
has been applied at rates of 1,250 Kg/ha, but not to any of the fields used
in this study. One field in the section had received sewage sludge at the
rate of 62,500 Kg/ha, but this area was avoided.

.5.2 'Mixed Section

The soil fertility depends upon the addition of organic manures
applied as described for the organic section, plus an annual supplement of
artificial NPK fertilizer applied at the rate of 375 - 1,250 Kg/ha,
depending on the crop,_in the form of Shell No. 3 o£ 5, and Nitrashell on
the ley, plus a ploughing under of ‘the annual crop residue.. The rotation

followed on this section was

wheat : roots : barley : beans : oats : ley : ley : ley : ley

Manure Manure

On some fields within.the section, slurry was applied during the ley period.
In additién, the herbicidés Shell M25 and Gramoxoﬁe were applied to the
bariey énd bean crops at the rate éf 6.3 1/ha and 3.1 1/ha respectively.

It was considered that at these rates of application any constituent elements
ﬁould appear at negligible concentrations in thé growing crop, soil and soil
water, and therefore these compounds were not analysed. The bean seeds
were not dressed prior to drilling.

.5.3 'Stockless Section

The soil fertility depends upon the annual application of NPK
fertilizers in the form of Fisons 52 and 53 at the rates of 188 - 1,000 Kg/ha,

depending upon the cfop, plus the ploughing under of the annual crop

residues.
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No leys were utilized in the rotation on this section, and there was no
application of any form of organic manures. The rotation followed had

a five-year span :
wheat : barley/sugarbeet : barley : beans : barley

As for the Mixed section, only PK fertilizers were applied to the
leguminous crops. The sprays used during the rotation were Phenoxylene
Plus and Carbyne,-at the rate of 6.3 1/ha or Simadex at 2.5 Kg/ha.

.5.4 'Commercial Section

This section was only sampled in 1973 for the comparative
analysis of the crop geochemistry., Additives to this section comprised
a different one of the following,appliedrevery year ,at the rate shownlin
brackets : Humber Fish No. 4 (310 Kg/ha) : Pig muck (41,250 Kg/ha) :
Poultry ﬁanure (12,500 Kg/haj_: Farmya%d manure (37,500 Kg/ha)

Sewage sludge (62,500 Kg/ha): The differences in terms of nutrient
addition tv the systems were defined scientifically by the detéiled
chemical analysis of the manures and ferti}izers used during the research

study. This allowed an accurate estimation of the input of the contained

. elements into the field ecosystem.
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1:2 Analysis of Manures and Fertilizers

1?2.1 Aim To chemically analyse the manures and fertilizers used at
Haughley, to enable determinations of the addition of nutrients to the
farm sections toAbe made.
1:2.2 Methods

Table 1-1 lists the concentrations of total and available
geochemicals in the manures and fertilizers used in the fields and
é#périmenfal plots during the research project. |

:2.2,1 ‘Total geocliemicals ~ The figures on Table 1-1(l) are expressed in

terms of grammes of the ‘ﬂgeochemical/Kilogramme fresh manure,as this was
the form in which it was abplied to the fields concerned. In the actual
déterminatiqns, that for total nitrogen was.conducted upon fresh manure
due to the 1os§ of ammonia-nitrogen when drying this material, but the
remainder of the analyses employéd manure dried at 105°C for 48 hours

prior to wet digestion. The total Nitrogen figures are derived from the

addition of Kjeldahl Organic nitrogen . to the separately determined values for

Nitrate-nitrogen. The methods of analyses used appear in the Appendix.
The mean water content of the fresh manures was :  Organic FYM - 767 water;

Mixed FYM = 70% water; Poultry muck - 61.77 water.

:2.2.2° 'Exchangeable.'g‘eo’c‘he‘niiéals’ ‘(Table '1-1(2)) - Although some loss of

ammonia occurred when the fresh manure was dried, even at room temperature,

it was found impracticable to use the fresh material for the estimation of

the NHa—N and NO3

sulphate (see Appendix). Therefore for the analysis of available nitrogen

-N by cold distillation with magnesium oxide and titanous

and phosphorué (sodium bicarbonate extraction) the manures and fertilizers
were dried at simulated room temperature (30°C in forced air draught for
5 days). It was discovered that even this extent of drying markedly

increased the quantity of available potassium,aé determined by the ammonium
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acetate extraction method to almost the total contained potassium level,
therefore fresh manure had to be used for this element.

Fertilizers were found to give levels of available nitrogen and
phosphorus almost equivalent to the total geochemical content of these
elements and tended to so swamp the methods cﬁosen for soil analysis that
frequently figures for the available ion.would be above that derived by
acid digestion. The alternative to using these concentrated dried forms
was to employ massive dilution éf the fertilizer, but this also introduced
large errors. It has therefore been assumed that the actual available/
exchangeable quantities of nitrogen and phosphorus in the fertilizers were
about 907 of the totals indicated by acid digestion,

:2.3 Discussion of resilts

:2.3.1 ‘Concentration of geochemicals — The main difference in terms of

total ions between the three forms of manure employed was that the poultry
manure contained significantly more phospﬁorus, calcium, magnesium,
aluminium, iron, copper, zinc and lead than either of the farmyard manures.
On a weight for weight basis the chief difference iﬁ cheﬁical content
between fertilizers and manu;es was the very much higher concentrations of
phosphorus and potassium and slightly higher concentrations of nitrogen in
the former compound. - For this reason the weight application of manures,
where used, was of necessity much greater per unit area than that of

chemical fertilizers. Despite a total extractable nitrogen figure for

poultry manure between that of the two farmyard manures, this had a

significantly higher value for available nitrogen (mainly as ammonium),

than either of the other forms. Otherwise, the pattern shown for the
concentration of total geochemical ions in these three manures wasmaintained
for the available ions, with the poultry manure having the highest level of

phosphorus, but the lowest level of potassium..
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:2.3.2 Addition of geochemicals to the farm system

«3.2,1 Table 1-2 depicté the addition of geochemicals to the fields
during the nine months preceding the field trials, based on the total
geochemical analyses. This table indicates one of the problems of
conducting research under normally operating field conditions. Due to
the pre-existence of certain rotatiomns, which did not at any one time
coincide between the three management sections, both the Organic fields
studied in 1972 and 1973 received manure applications immediately prior
to the experiment, whereas neither of the Mixed fields did. Thus any
differences observed between the sections in the énalysis of the soil,
and the. growth of the crop plants, may be caused either by the stage
attained in the fotation, or by the management pattern itself.

In addition, separate fields within any one section tended to
receive different treatments during each particular year. Thus in 1973
Nappers field receiQed double the quantity of manure applied to Oxer field
although both were within the Orgagic section. Similarly, on the Stockless
section, PK fertilizer application in 1972 was at the rate of 250 Kg/ha,
whereas in 1973 this rate répged from 188-375 Kg/ha.  These basic
differences in the supply of nutrients to the soil must be remembered when
evaluating any observations and measurements of the growth and yield of

the crop plants.

.3.2.2 Table 1-3 lists the addition of nutrients to the individual trial

. plots used over the three year project. The treatments are discussed

below, but complete information regarding the lysimeters will be found in

Section 2 on Water chemistry, and concerning the 1973 Special fertilizer

_Tfeatment in Section 5 on Nitrogen fixation.

.3.2.2-1" 1971 In order to compare the growth of bean seeds on the Organic

and Stockless soil 1.22 metre square plots were arranged in random blocks on
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Lower Wassicks South and Road fields'(see.Section 3 on Crop Growth).

The organic field had been treated two years previously with manure
brought in from outside the system, apart from on a wide strip in the
centre of the field, The plots used for this trial were chosen from
within the untreated strip so as to measure the effect of the soil
nutrient status of the original managemeént system. Unfortunatel? this
meant thaf no estimation of the addition of nutrients to these plots could
be made. On the Stockless field two levels of fertilizers were applied

to the plots :-

" 42,2-1(1) No fertilizer application'in the year of study.

.2.2-1(2) Fertilizer rate of 375 Kg/ha Shellstar No. 3 - a 10:25:25
fertilizer added as a top_dressing after the bean seeds had been sown.
.2,2-1(3) Fertilizer rate of 625 Kg/ha Shellstar No. 3 applied as a top
dressing. In addition, the crop residues from the previous crop of wheat
had been ploughed into the séil but no estimafe of the extent of this
nutrient source could be made. The addition of nutrients to these plots
is shown in Table 1-3(1).

.2.2-2 1972 Sixteen lysimeters were constructed with the aim of

g

evaluating the quantity of nutrients leached'out by rainfall during the

i

course of the year. On each of the Organic and Mixed sections four

lysimeters were made, two deep (0.108 sq. metre surface area) and two

-shallow (1.44 sq. metres) and on the Stockless section two sets of four

- were dug to allow two levels of fertilizer to be applied. The Organic

field (Nappers)hadhad no manure application since.August 1970 when poultry
manure had been applied at the rate of 15,000 Kg/ﬁa, of which some would
be remaining for the 1972 crop. The figures on Table 1-3(2) give the
values for total nutrients which would have been applied in 1970 - the
actual amount remaining cannot be estimated. The Mixed field SCottage)

wé§ treated with 250 Kg/ha nitrochalk and 125 Kg/ha single super-phosphate
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in September 1971 and with 250 Kg/ha Top Yield No. 5 20:14:14 Ffertilizer
in April 1972.  Both these treatments were designed for the barley crop
grown in ‘the remainder of the field and consequently provided much higher
levels of nitrogen than would normally be applied to the bean crop. To
all the lysimeters.in the Stockle;s field @ittle)’ZSO'Kg/ha Top Yield No.5
fertilizer was applied, and one set of four lysimeters had an additional
application of 960 Kg/ha of 10:24:24 fértilizer. The total nutrient
additions to the lysimeters appear in Table 1-3(2) expressed in grammes/
lysimeter and thevequivalent Kg/ha. In addition, the crop residues on
all sections would have been ploughed. back into the soil before the

lysimeters were constructed.

«2.2-3° 1973 The only experimental plots were the special fertilizer

treatments on Chestnut Tree East field (Stockless section). The field
was sown to field beans and therefore 37.5 Kg/ha potassium and the same
quantity of phosphorus had already been applied. Three weéks after sowing,
the following supplementary applications weré made as top dressings :
.2,2-3(1) PPKK - Normél fertilizer plus an additional 37.5 Kg/ha of
potassium and phosphorus
.2.2=-3(2) NNPPKK - Normal fertilizer plus 37.5 Kg/ha potassium
| 37.5 Kg/ha phosphorus
135 Kg/ha nitrogen in the form
of ammonium nitrate
.2.2=-3(3) NNPK - Normal fertilizer plus 135 Kg/ha nitrogen.
1:2.4:'Conc1usions |
It has been demonstrated that if short term evaluations are to be
performed on pre-existing farm systems, the control of the variables,
especiéliy with respect to those of nutrient addi;ions to_thg system, is
severely limited. The bean plants.grown rarely had the precise levels of

nitrogén, phosphorus and potassium which would be normally applied to this
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crop, as experimental plots had to be situated in the most convenient
fields rather than in those designed for growing beans. It proved
impdssiblé to use fields on the different sections which were all at the
same stage in the crop rotation. ThusAwhere in the following sections
the effect of the Organic management appears significantly different from
'thét of the.Mixéd, tﬁis may be entirely due to the fact that the latter
had not received organic manure for at least two years preceding the
experiment, whereas the Organic fields selected had had manures applied
immediately prior to the trials. It was considered that a meaningful
comparison  of the three systems could still be made, provided that these
1imitatiqns were recognized prior to associating particular differences
- observed, to be due to management patterns alone,

The fields'utilized in the research project were carefully
selected from those available for geological uniformity. Therefore as
far as was possible fields.belonging to a single soil phase were used
throughout the three years (seg Appendix). At the beginning of the 1972
season, three.soil pits were dug, one on each section} and the observations
are incorporated into the Appenaix. The chemical analysis of the soil

layers is shown in the'texp in the appropriate section.
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1:3° Soil ‘Analysis
" Aim  To compare the status quo of the soils from the three farm.sections
and to determine whether changes have been brought about by the different
management practices. This assumes that within each soil phase the soil

(to plough depth) on all fields was very similar before the experiment

began in 1941,
1:3.1 PHYSICAL

:3.1.1 'Loss of weight on ignition

"Aim  To determine whether the addition of organic matter to the Organic
and Mixed sections has increased the fraction which is lost on ignition
of these soils, and to show any variation in the weight loss during the

season.

" 'Method  Soils which had been previousl& dried at 105°C for 48 hours and
sieved to pass a 1 mm gauge.were ignited at 550°C in an electric furnace
for 24 hours. The results are shown in Table 1-4 where the figures are
expressed as the percentage weight loss from oven dry soil through the

-season of 1972.

“Rééults The table shoWs that there was no significant change in the loss
of weight on ignition during the season, nor were there any significant
.differenCes in this ériterion between the layers 0-10 cm and 10-20 cm.
Thé effect of soil depth is demonstrated by the decfease for 31/3/72
which is most marked on the Organic section. When the seasonal means of
thevthree sections aré statistically compéred it is evident that O > S and

M > S although 0 = M.

"Conclusions ‘Howard (1965), using the conditions described above, explained
that although this temperature did not cause decomposition of calcium

carbonate, some loss of weight on ignition may have been due to the release




SOIL ANALYSIS

TABLE 1-4 Loss of weight on ignition, using soil from
the three farm systems 1972.

Expressed as percentage weight loss.

Depth . .
Date (cms) Organic Mixed Stockless
N 0-24 5.9 6.1 4.7
21/3/72 . 25-35 1.5 2.7 3.5
PR 36+ 1.7 2.6 2.0
0-10 © - 4.7 5.2 4.4
125/6/72 11-20 5.7 5.2 4.2
- 0-10 5.1 6.1 4.3
10/7/72 11-20 6.4 5.0 4.3
: 0-10 6.8 6.0 4.8
19/8/72 11-20 6.5 5.9 4.5
: 0-10 6.5 5.3 3.7
20/9/72_ 11-20 5.9 5.5 4.2
0-10 6.7 6.4 4.8
6/11/72 11-20 6.8 6-.1 4.9
Mean *+ SE 0-10 5.9 * 0.31 5.8 + 0.17 4.4 + 0.15

N ’ 0.81- » 0.45 0-1_3.9 .

Mean # SE  11-20 6.1 * 0,16 5.6 * 0.16 4.4 = 0,27

' SD 0.42 0.43 0.10
Statistical comparison of means
v (using Bailevy's d test)
Soil O-M 0-S M-S
depth af 4 p 4Af 4 p af 4a p
(cms) ' , :

0-10 9.4 0.29 NS 8.6 4.41 <0.01  11.7 6.09 <0.001
11-20 12.0 2.17 Ns 6.7 10.63 <0.001L 6.7 7.06 <0.001
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of bound water which was not removed by prior drying at 105°c.  He
suggested that the actual levels of oréanic carbon present were about 507
of the loss on ignition figures. The figures suggest that the application
of organic manures to the Organic and Mixed sections, but not to the
Stockless section, results in a significantlyllower content of organic
matter on this latter soil.‘ McSheehy and Rawlings (1973) analysed the
top 15 cms of soil, from all three sections at Haughley, for the organic

matter content, using the potassium dichromate digestion method (Tinsley) :-

Mean values of organic matter Standard
Section as 7 of dry weight Error
Organic - 3.38% 0.08
Mixed 3.347 ) 0.03
Stockless ' 2.81% 0.05

The pattern shown by these figures closely resembles that shown
by the ioSs of ‘weight on ignition with 0 = M and O > S M > S significant,
The correlation between these results shows thét the loss on ignition
method is valid for use in comparisons where absolute figures are not
required, and that the fifty perceﬁt figure shown by Howard does

approximately relate the value to the organic carbon content.

:3.1.2 'Moisture content
""Aim  To determine whether the pattern observed for variation in organic

matter. content of the soils is reflected by the moisture content of the

soil, as measured through the growing season of 1973,

‘Method Soil cores were transported whole in plastic bags from the field
to the laboratory and were weighed before and after drying at 105°C for
48 hours.

"‘Results The results of this study are presented in Table 1-5. Although

the same trends are indicated as were shown for the loss of weight on




SOIL ANALYSIS

TABLE 1 -5 DMoisture content of soils from

the three farm systems 1973,
Precipitation
: (in mm) during . .
Date previous 3 Organic Mixed Stockless
days
27/2/173 0.50 23.34 £ 1.33 21,95 * 0.71 20.12 * 1.15
2.66 1.43 | 2.29
7/3/73 5.50 19.20 + 0,10 21.25 * 0.53 19.25 % 0.17
0.20 1.06 0.34
14/4/73. 0.00 22.10 20.3 16.4
21/5/73 5.00 21,10 £ 0.15 17.50 * 0.70 16,6 = 0.60
0.30 1.40 1.20
8/6/173 0.00 17.8 14.6 11.6
5/9/73 2.00 12.3 14.4 13.9
6/11/73 6.50 20.9 18.3 18.4
Méan + SE- 19.5 =+ 1.4  18.3 = 1.2  16.6 = 1.1
SD 3.7 3.0 3.0
. Statistical comparison of annual means
(using Bailey's d test)_
0-M 0-S M-S
dat d P df d P daf p
27/2/73 4.7 0.92 NS 5.8 1.83 NS ;3_6,4;.2.39° NS
7/3/73 3.3 3.80 <0.05 4.8 0.25 NS 3.6 '3.57 <0.05
21/5/73 3.2 5.0 <0.02 3.4 7.3 <0.01 5.9 0.98 NS
Seasonal 13 5 5,67 N5  11.4 1.61 NS 12.0 1.06 NS
Mean .

Samples taken from top 20 cm of soil.

Moisture content expressed as w/w % of fresh soil.




ignition, the comparison of the seasonal means show no significant
diffefences between the management sections. Only when the soil samples
from individual dates are considered, are some significant differences
shown, e.g. March 1973 M >0 and M > S significant to >9SZ léQel

May 1973 0 >Mand O > S " " >987 level

‘Conclusions  The trends shown in the determination of organic matter and

loss of weight on ignition are maintained in the soil moisture content.
This suggests that the organic matter content of the soil does affect the
supply of water to the crop plants due to an improvement of soil structure
(Cooke and Garmer 1954; Anderson and Peterson 1973). It is postulated
that this has been broﬁght about as a result of the management practised
on the Organic and Mixed sections over the past 30 yearé.

However there does not appear to be any correlation between the
amount of rainfall in the preceding three days with the level of moisture

in the soil from any section.
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1:3:2 CHEMICAL

:3.2.1 'Total ‘extractable geochemicals

«2.1.1" 'Aim To determine the total extractable concentrations of a broad
range of geochemicals in the soil to assess how season, farm management

and soil depth affect these concentrations.‘.

.2.1.2 ‘Method Soil is an exceedingly heterogeneous material and therefore

it is difficult to obtain truly representative results when sampling large
areas of land without using a prohibitively large ﬁumber of samples.
However, within the man-made ecosystem of a farm at least a small degree
of homogenization of soil witﬁin each field will have resulted from the
annual cultivationf In-1971 Webster and Beckett suggested that the
variability between samplés often increases with the size of the area
sampled. - Therefore it was decided that the most efficient method of
sampling was to select at random a small site (20 m square) within the
centre of each field ffom which soil cores could be Qithdrawn on the dates
required. This method was suggested to give representative results by
Vallis (1973).

B At monthly intervals during the course of two seasons, cylindrical
cores to the depth of the ploughed layer (20-25 cm) were removed from the
selected sites in eéch field, were transporfed to the laboratory where they
were homogénized and dried at 105°C for 43 hours, prior to sieving'to pass
a 1 mm gauze, and wet digestion of the sub-samples. In 1972 five soil
céres'from each field were bulked and later sub-sampled five times, and in
1973 fifteen soil cores were bulked and sub-sampled five times. The
methods of chemical analysis used appear in detail in the Appendix.

Total Nitrogen - Kjeldahl - detected by alkaline phenol sodium nitroprusside
' (Allen and Whitfield 1965)
Total Phospﬂorus - Aéid digestion - detected by vanadamolybdate method

Total cations of potassium, calcium, magnesium, sodium, aluminium, ironm,
manganese, lead, copper and zinc — Acid digestion - detected by atomic

absorption spectrophotometer.
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Results
+2.1.3 1972 Season

Table 1-6 shows the total concentrations (expressed in grammes/
Kilogramme oven dry soil) of the tweive geochemicals measured through the
season of 1972, in the soil from the three farm systems, together with the
' seasonal means which are then used to statistically compare the sections in

Table 1-7. Table 1-8 presents :-

(1) The effect of depth in the soil profile on geochemical

concentrations.,

(2) A visual comparison of the geochemical concentrations in the
field soil with that from the shallow lysimeter previous mentioned.  This
was used as a check that the status of soil nutrients within the lysimeters
had not significantly changed, as a result of their construction, from the
situation existing in the field, |

All these tables have been corrected for the ihterference
exerted by the alkaline earths upon the atomic absorption spectrophotometer
readings of the heavy metals (see Appendix). The fields used for sampling
in 1972 were Lower Wéséicks South (0), Seven Acres- (M) and Chestnut Tree
West (S)’, Those used for lysimetry were Nappers (0), Cottage (M) and

Little (S). All these fields belonged to phase 2 soil type except Seven

Acres which was in phase 1 (see Appendix).
" 'Discussion

e2.1.3-1 'Effect of season

Within Table 1-6 there are no marked seasonal trends of change in
the concentration of any of the geochemicals considered during the growing
éeason._ As the major part of the total ioms will be complexed into.
unavailable forms, or form the s;ructural'lattice, it would not be expected

that cropping should significantly change these concentratjons (Lawes and
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Gilbert 1864). Of those elements comprising macronutrients to the plants,
the proportion of available ions will be very small when compared to the
total present. Nevertheless certain patterns of change were observed to

occur on all sections as outlined below.

.3-1(1) Total nitrogen and phosphorus = the Eoncentfations.of both these
‘elements'decreasea between Maréh and September, but after the crop had been
harvested tended to increase again. It is suggested that the decrease
during cropping.is due to planf uptake and leaching, especially of the

nitrogen mineralized from the organic matter.

.3-1(2) Total potassium tended to show a significant net increase between
the beginning and end of the growing season, but after harvesting a
subsequent decrease. It is poséible that more potassium is released from
the organic matter and chemical fertilizer than can be utilized by the crop,

and after the disturbance and uncovering of the.soil at harvest these levels

are then reduced by leaching.

+3-1(3) Calcium and magnesium concentrations were extremely variable,
probably due to the structural nature of these two elements in the chalky
boulder clay with fragments of puré chalk scattered through the profile.

The levels appeared to fali on the Mixed and Stockless sections and rise

or stabilize on ﬁhe Organic séction, but due to the high internal variability,

especially of calcium, no significance can be attached to these changes.

.3-1(4) Sodium and aluminium - the concentrations of these elements are
synergic and correlate inversely with the calcium changes observed. On
the Organic section they decreased during crop growth, but increased after

harvest, whereas on the Mixed and Stockless sections the concentrations

decreased during crop growth and increased after harvest.

.3-1(5) Iron - concentrations fluctuated widely over the season, and did

not appear to correlate with time nor any of the other elements.
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Table 1-7.

SOIL ANALYSIS

Statistical comparison of the 1972 seasonal means
of concentration of total geochemicals in the soils
of the three farm systems.

Element 0-M 0-S _ M-S
daf o af d P af d P
N 5.5 1.06 NS 4.4 6.56 <0.01 5.3 6.67 <0.01
9.6 1.70 NS 12.0 1.67 NS 9.4 0.33 NS
K 8.7 3.70 ¢0.01 8.5 2.95 ¢0.02  12.0 0.49 NS
ca 9.4 4,56 ¢0.01 11.6 4.82 ¢0.001L 10.3 1.06 NS
Mg 10.7 1.66 NS 9.8 4.43 <0.01 8.1 1.56 NS
Na 10.0 1.81 NS  10.0 3.64 <0.01 ~ 12.0 1.43 NS
al 9.3 1.06 NS 8.7 1.46 - NS 12.0 0.40 NS
Fe -10.8 0.22 NS 11.5 3.29 <0.01 11.8 2.57 <0.05
Mn 11.6 1.36 NS 10.3 3.70 <0.01 7.4 5.42 <0.001
cu 9.6 1.33 NS  11.8.0.88 NS 9.1 0.14 NS
Zn 7.2 0.89 NS 9.2 1.73 NS 9.1 0.14 NS
Pb 10.5 0.57 NS  10.6 0.18 NS 7.7 0.63 NS
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.3-1(6) Manganese, copper,.lead, ziné = the concentrations of total heavy
met;ls tended to decrease élightly with season, or to remain at the initial
levels. Most of thése elements will be firmly complexed to the organic
matter or structural minerals of the soil, with a very small plant uptake
indeed.

The cﬁanges of concentration oﬁtlined aﬁove may have been due to
factors completely separate from the effect of the grﬁwing crop such as
weatheriﬁg of soil minerals, 1eaching,Avolafilizatibn, mechanical
decomposition, or entirely'due to insufficient sampling of a very hetero-

geneous medium,

Summarizing the results of the statistical comparison of the
annual means of the total geochemical concentrations on Table 1-7, the

significant differences to >95% confidence level were :-

0> M) S >0) N M>8S for N
) for Ca, K ) for Fe, Mn

0>38) S > M) .0 >S5S for N, Mg, Na

&

and there were no significant differences between sections :-
0=M=S for P, Al, Pb, Cu, Zn.

23-2(1) The calcium level in the soil in the brganic section was
significantly greater than that of the Mixed section despite a heavy
application of éalcium in the form of dolomite in March 1972 to the latter
field. From the soil pit dug on the Organic sectign the very high level
of calcium at 20 cm  can be observed (Table 1-8) and it is assumed that

this was the cause of the significantly higher concentration of calcium.

when compared with the other two sections.,

.3-2(2)  The Organic field contained a higher annual mean concentration

of potassium than in either the Mixed or Stockless field. Prior to the

1972 season a heavy application of poultry manure was made to this field,
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providing 607 more potassium per unit area than supplied in fertilizers
to the other two fields, The Mixed field, (Seven Acres)had not received
organic manures since the autumn of 1969 and therefore was on an equal

footing with the Stockless field concerning potassium.

«3-2(3) .The Organic and Mixed sections possgssed_significantly higher
" annual mean concentrations of total nifrogen than the Stockless section,
showing that even on the Mixed Section, where manure had not been dpplied
for a few years, there was a significant effect of nitrogen immobilized

in the organic matter within the ploughed depth.

.3-2(4) The Organic section contained significantly higher concentrations
of magnesium and sodium than the Stockless soil due to the relatively high

proportion of these elements supplied by the poultry manure the previous

autumn.

.3—2(5)‘ Iron and manganese -were found in higher concentrations where
artificiél fertilizer Wasapplied; although this effect was modified Where
remains of organic manures were present too.  This occurréd in spite of

the fact that more total iroﬁ was supplied in the manure than in the
fertilizer applicétions.' .

';3—2(6) _ The seasonal mean concéntrétion of total phosphorus, aluminium,
lead, copper and zinc in the soils of the three farm sections were unaffected

by the farm management type.

The most interesting feature was the lack of difference between the
farm sections in phosphorus concentration, despitg the fact that the amount
of this eleﬁent'applied.in the poultry manure on the Organic section was 50%
greaﬁef per unit area than found in the chemical fertilizer. Part of this
lack of difference was due to the calculation of a séaéonal mean for the.

 ¢omparison of the three sectioﬁs which ﬁasked some of the variation between

fields on individual dates. It is known from the water chemistry studies
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(see Section 2) that very little phosphorus was leached through the soil
on any section. Upon the application of phosphate to the soil there are
two stages of fixation (Olsen and Watanabe 1957) - a rapid initial
reaction attributed to an exchange adsorption of phosphate ions for
hydroxyl ions on surfaces of soil particles, the phosphate attaching to
calcium, irbn and aluminium ions.  This may occur within as short a time
period as ten days after initial application of fertilizer (Huffmaﬁ 1962)
and will be followed by a slower reaction whereby there is a gradual
increase in crystal size of the precipitated phosphate. Due to the high
chalk content of the clay at Haughley it is probable’that most phosphorus
applied to the soil, which is not immediately taken up by the crop, wili
be immobilized into an insoluble form such as octocalcium phosphate
(Aslyng 1954). It has been shown in this research étudy (lysimét;y and
special fertilizer treatments) that where high levels of phosphate are
applied to the soil in Spring, high levels tend to remain at the end of
the growing season.  Oknina 1973 showed that this was especially true on
fgrtilizef treatments as opposed to manurial ones, particularly in dry years.
It is postulated that each year an appreciable amount of the phosphate
applied as fertilizer accumulates in insoluble forms until the levels

attained on all sections are equal due to a saturation of exchange sites.

.3-3 " Effect of depth of .soil sample

Soil samples were removed from the three soil pits dug to examine
the soil profileé on each section im March 1972, The patterns of change
in céﬁcentrations of the total geochemicals with depth are shown in Table
1-8(1), and outlined below - it is probable that most of those changes

~were directly attributable to the soil horizons described in the Appeﬁdix,

and therefore only relevant for the particular fields in which the soil

pits were sited.
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.3f3(1) ‘Nitrogen and phosphorus concentrations on all sections decreased
with soil depth, and this was particularly marked in the nitrogen levels
which élosely followed the pattern found in the investigation of the loss
of soil weight on ignition, demonstrating the association between total

soil nitrogen and the organic matter.

«+3-3(2) | Potassium, aluminium and sodium - the syneréic relationship
suggested previously for aluminium and sodium was maintained through the
soil profile.  Concentrations of all three elements decreased with depth
on the Organic section, increased on the Mixed section and showed little

change on the Stockless section.

.3-3(3) A dramatic increase in the concentration of calcium (to over
10Z dry weight of soil) at 20 cm on the Organic section explained why
higher levels of this element were recorded on this section during the
monthly sampling. The Stockless soil concentrationlof calcium also
increased significantly below 50 cm, but decreased in the Mixed section

to a level very significantly below that of the other two sections.

.3-3(4) On all three sections the concentrations of magnesium and
manganese ions fluctuated without any consistent pattern, except on the
Stockless section where manganese concentrates were unvarying through the
profile. |

.3-3(5) Iron and zinc concentrations tended to fluétuaté together; they
decreased with depth on the Organic and Stockless sections, but increased

on the third field type.

«3-3(6) Lead and copper concentrations vary with depth according to the

location of the field sampled.




38

The figures listed on Table 1-8(2) demonstrate the close
relationship between concentrations of total geochemicals in the soil of
lysimeter and field. The ohly elements which the excavation and back-

filling of soil in the lysimeters significantly affected were :~

.3-4(1) Organic nitrogen - the fail_registered in the concentration in
the soil over the growing season was greater in the disturbed soil of the
lysimeter than in the undisturbed field. It is suggested that the de-
structuring of the soil increased aeration, enabling greater mineralization
of organic matter and consequent leaching out. This correlates with the
information gained in the-water chemistry studies (see Section 2) where it
was shown that lysimeter leachate contained significantly greater-cqncen—

trations of nitrogen than in the drainage water from the field.

3-4(2) Calcium - the decrease in concentration on the Mixed and Stockless
sections during the growing season was greater in the field than in the
lysimeterét On the Organic section the soil levels apparently increased
more in the cropped lysimeter, but less in fhe fallow one than in the field.
It haé already been suggested that the analysis of samples of chalky

boulder clay for this element is likely to give very variable results, so
the observations here may either be due to soil disturbance or due to the

natural background variations in the soil,

.3.4(3) Iron - concentrations in the soil of the Mixed and Stockless
sections were found to increase in the field but decrease in the lysimeter,

possibly due to the greater leaching in the latter situation.

It is considered that the degree of similarity of changes in the
‘total geochemical concentration of all elements considered, except as

described above, indicates that the conditions within the lysimeters were




comparable with those in the open field and that despite the recognised
limitations, lysimetry does fulfil a useful role in the determination of
the flow of nutrients through an agricultural ecosystem.

When a comparison is made between the fallow and cropped lysimeters
for the values on Table 1-8(2) there is little pattern to the changes
observed to be the result of cropping the soil, in terms of total geo-
‘chemical concentrations. Values for iron, manganesekand copper tended
to change over the season equally in fallow and cropped soil on all
sections, or the latter lost more than the former. Changes in concentration
of sodium were equal whether plants were present or not. The values for
the concentrations of all the other elements measured,changed over the

season in a manner which varied from section to section,and element to

element.

‘Conclusions from 1972

The results indicate that despite crude -sampling methods,the
seasonai means of geochemical concentrations in the soil did show a
positive correlation with the farm management type which had been practiseq
‘over the previous thirty years. The presence of organic manures in the
soil has a controiling effect upon the total nitrogen, potassium, magnesium and
sodium concéntrations, whilst chemical fertilizer similarly affects iron
and manganese concentrationms.
.2.1.4 *'1973 Season

As few definite seasonal trénds were shown by the monthly sampling
and analysis of soils for the total geochemicals in 1972, this analysis was
repeated in 1973 only at the beginning and end of the growing season.
Table 1—9Alists the results of these analyses and indicatesiwhere a sig-

nificant change has occurred due to the season, and the direction of this

change., Tabie 1-10 depicts a statistical comparison of the geochemical
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concentrations in the soils from the three sections in April and September,
and the significant differences are discussed below. Table 1-11 shows the
results of the chemical analysis of the soils from the special fértilizer
treatments designed for the nitrogen fixation experiments. The field was
analysed for the same twelve geochemicals as the other sections in order to
further determine whether increasing the application of nitrogen, phosphorus
and potaséium altered the concentrations of the other ions. fhe fields
sampled in 1973 were Nappers (0), Gypsey (M), Little (S) and Chestnut Tree
East (E‘- special fertilizer treatment) - which all lay in the zone of

soil phase 2 except the latter field which was sited in phase 1.

“‘Discussion

.2.1.4-1 " Effect of sdason
In general it was found that despite the use of different

fields within the three sections from those sampled in 1972,the results

gained from the second year's sampling confirmed those of the first, as

shown in Table 1-9, and briefly mentioned below.

.4=1(1) The fall in the soil concentration of nitrogen and phosphorus

found in 1972 was significant on all sections in 1973, except for

nitrogen on the Stockless section.

.4=1(2) The increase in total potassium concentration during the season
of 1972 was repeated although it was only statistically significant on
the Stockless section.

.4=1(3) Calcium and magnesium - as found previously at Haughley great

variation of total calcium concentration occurs on all sections and in 1973

' there was no significant change over the season. Unlike the earlier lack

of pattern of change in the magnesium concentrations, levels on all farm

sections increased during the season although this was not significant on

the Organic section.
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.4-1(4) The earlier suggestion of a -synergism between sodium and
aluminium was not borne out by the 1973 analyées. The levels of sodium
increased on the Mixed and Stockless sections as found in 1972, but neither

these changes nor those of aluminium proved to be statistically significant.

.4-1(5) Iron and manganese — in 1973 the concentrations of both these
elements decreased with the passing of the season but the change was only
significant on the Organic and Stockless sections. Previously neither of

these elements showed consistent patterns of change.

+4=1(6) Lead, copper and zinc - in 1972 none of these elements showed
significant changes in concentration with the season, but in the second
year all showed a decreasée in lead which was significant,for lead on the

Organic section, copper on all sections, and zinc on the Stockless section.

Summarizing the results of the statistical comparison of the
values at ghe.start and end of the season, shown on Table 1-10, the

significant differences valid to .>957 level of confidence were :-

M >0 for AL, K. M>0) - M > ) 4
B } ) for Fe, Mn ) for N, Mg
M > S for Al, K,P S > 0) - 0>5)

0 > M for Ca
and there were no significant differences between sections :-

.S for Na, Pb, Cu, Zn and O = S for P

0= M
Where:the gésults of 1973 corroborated those found in 1972 it was
considered that real phenomena indicating differences caused by the
ﬁarticular férm management had been measured,which were not simply due to
éampling methods or.individual-fiéld pharacteristics. Where data conflicted
between fhe two years' saﬁpling, measurements may be defining the properties
of individual fields which will vary with the geology, or may indicate

sampling errors.
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.4f2(1) The calcium level in tﬁe Organic field waé égain found to be
significantly greater than that of the Mixed section. vIt had been
considered in 1972 that this was purely the result of varying depths of
geological horizons, but as the Organic fields sampled for the two years

are spatially disjunct in the farm, the repetitioh of this result might

suggest that the greater concentration of this element was genuinely

caused by massive application of poultry manure which does contain a

high proportion of this element.

4=2(2) The Ievel.of potassium in the soil of the Mixed section is greater
than that of either of the other two sections dgspite the heavy application
per unit area of.this element in the poultry manure on the Organic field.

As these results directly oppose those of 1972 where the Organic field had
the highest potassium vaiﬁe, the 1973 findings indicate that either
saﬁpling errors weré involved, or thé Gypsey field contained a higher back-
ground level of potassium in the soil. As found previousl?, the lowest
potassium concentfations-occur on the Stockless soil, which may have been
the result of more raéid 1¢aching of this ion into the sﬁbsoil (in the soil
conﬁaining least organic matter), as has béen shown in the Broadbalk

experiment'(Johnston 196850

.4~2(3)  As defined by the 1972 data, and as has been shown by the vefy
long term Rothamsted experiments, the main effect of the application of
organic manures to the soil was to increase the organic nitrogen content
of.the Organic and Mixed section fields, and again in 1973 the difference
from the lévels in the Stockless soil was highly significant. In addition,

both fields receiving manures showed significantly greater concentrations

~ of magnesium confirming the O > S pattern for this element,due to the

appreciable levels in the poultry manure,
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A4=2(4) 'Whereas no significant differences in the total phosphorus
concentrations were found between any section in 1972, in the second year
the Mixed section hadasignificantly greater soil concentration of this ion

than the Stockless soil,at the end of the season. Repeating the 1972

results, there was no significant difference between the two most opposite
farm management types (0 = S) in soil concentrations of phosphate (see

possible explanation in 1972 discussion).

.4-2(5) As previously found, the total concentration of iron and
manganese was significantly greater on the sections receiving artificial

fertilizers.

o4=2(6) In 1973 where the variation between April and September was not
: masked.by the comparison of sections by seasonal means, the Mixed section
had significantly higher soil concentrations of aluminium than either of
the othef two sections., In 1972 no Significant differences were found,
This may have been due to the application of both fertilizers and manures
to this section over several years, but as this feéture did not appear in
1972,the field concerned here ma& have had a higher background 1evé1 of

aluminium, as it may have had for potassium.

4-2(7) No significant differences were found in the soils from any
section for the concentrations of lead,-copper, zinc or sodium which
confirms the‘1972 results (except that O > S for sodium in 1972). The
levels of these ﬁeavy metal iéns were observed to change very little with
season and as the annual input by manures; fertilizers and rainfall are
negligible and removal by crops very small, it is suggested that the
similarity of the soil concentrations of these ions indicate that prior

to the Haughley farm management experiment,the scils of the three sections

were all of the same chemical type.
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.2.1.4-3 " 'Effect of high rates of NPK application

The results of analysing the soils from the special fertilizer
treatments on Chestnut Tree East field appear on Table 1-11 and are

discussed below.

Effect of season - the changes observed to occur on the OMS

'sections in 1972 and 1973 were repeated on all three treatments PPKK,

NNPPKK and NNPK, whereby the soil concentrations of nitrogen, phosphorus,
calcium, magnesium, aluminium, iron, manganese, copper, zinc and lead all
showed a significant decrease (with the exception of lead) and those of
potassium and sodium showed a significant increase-between-April and

September, -

“"Effect of rate of fertilizer application - gained by statistically

comparing the concentrations of geochemical ions of the three treatments

at the end of the 1973 season,

.4-3(1) Nitrogen - when significantly differing rates of nitrogen were
applied in the form of chemical fertilizer to separate plots at the beginning
of the gfowing seéson, due to crop uptake and leaching, there_were no
significant differences in total nitrogen concentration in the soil of the

plots at the end of the growing season.

«4-3(2) Phosphorus and potassium - after high application rates of these
elements in the form of artificial fertilizers in the spring, tﬁe concent-
rations in the soil remain at higher levels throughout the growing season
thanFWhere application rates were low., Thus NNPPKK > NNPK significant

to >957 confidence level, but although PPKK >NNPK this was not significant,

probably due to low replicate numbers.

.4-3(3) Doubling the PK rate apparently significantly increased the
concentration of calcium in the soil at the end of the season, but the
addition of nitrogen has no modifying effect, so PPKK > NNPK )significant

NNPPKK > NNPK )
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to »95% confidence limit, but that may have been a sampling anomaly.

+4-3(4)  The addition of nitrogen increases the concentration of iron
remaining in the soil at the end of the season so that NNPPKK > PPKK

NNPK > PPKK

are significant,

«4=3(5) The rate of application of fertilizer does not significantly

affect the concentration of magnesium, sodium, aluminium, lead, copper
or zinc in the soil.
The results outlined in paragraphs (1) - (5) above also apply

fully to the application of high fertilizer rates in the lysimetry study.

«2.1.5 Conclusion

Despite the fact that most of the geocﬁemicals present in the
soil will be in a form unavailable to the plants, significant seasonal
changes were found to occur in the concentrations of most of the elements
studied. These were especially marked for nitrogen and phosphorus where
the concentrations decreased during the season, and potassium, for which

there was a significant net increase.

Most of the differences observed in total geochemical concentrations

between farm management sections can be directly correlated with the supply

of these nutrients in the manures or fertilizers.




1:3.2.2 ~Exchangeable nitrogen, phosphorus and potassium
2.2,1 "BACKGROUND

It has long been argued as to whether or not chemical analysis
(acting by exchange) is able to define the proportion of the total geo-
chemical ions in the soil which are available to growing plants. Many
extractanté for'each element have been proposed to elute the available
fraction from the soil, but the crop fesponse rarely fulfils the

predictions from such methods due to other factors which also limit growth.

The actual amount of each element available for uptake by the plant will
depend upon many factors such as the plant species, growth requirement,
soil type.and soil moisture, and it is difficult té evaluate these
variableé by a chemical tést. Since the days of Lawes and Gilbert (1864)
it has been recognised that the quantity of any element extracted by
chemical means will depend primérily upon the nature and strength of the
extractant. Ideally, no major change in the chemical composition of the
soil should be induced by the extraction (Hislop and Cooke 1968), as for

. (1951)
example, Williams/describes where plants were found to be able to take up
more phosphate from the soil once it had been treated with dilute acetic
acid to remove the "available phosphate", hence the use of anion exchange
'résins have become popular for the estimation of available phosphorus.

It has been demonstrated that certain tests do indicate results
which correlate-fairly well with the actual growth of plants upon the
soils in question (Russell 1931; BlaciifééS). Thus in addition to the
analysis éf soils fér the total geochemical concentrations, the soils
from the three farm sections were analysed for the exchangeability of
‘the three most important macronutrients, nitrogen, phosphorus and potassium.

In thé literature the terms "available" and "exchangeable" are
freely interchanged, although their meanings differ. The chemical methods

used to measure the exchangeability of an ion = the amount which is free to

" exchange with the cations of a salt solution added to the soil, but the




LT

results are used to predict the availaEility of an element = the amount
which exists in the soil in a form which the growing plant can use.
Throughout the thesis the term "exchangeable" is used to describe the
quantities of nitrogen, phosphorus and potassium measured in the |

laboratory but inferred to be available to the Vicia faba crop growing

"in the Haughley soils.

22.2,2. Aim  To analyse the soils from the three farm sections for the
concentrations of exchangeable nitrogen, phosphorus and potassium, to
determine the way in which these change with the season and to evaluate

the effect of the farm management upon them.

«2.2,3 ""Méthod During the course of two seasons cylindrical soil cores
to the depth of the ploughed layer were removed from selected areas of
the three field types, were transported to the laboratory where they were

homogenized, and were dried in a forced-draught oven at 30°C for five days

© 7 “to simulate air drying, prior to sieving and sub-sampling. In 1972 the

three distinct soil horizons in each section were analysed for available
potassium and phosphorus, and enough samples from the main plough depth
were collected to enable the, calculation and comparison of seasonal means.
In that first year only two sub-samples were analysed on each occasion for
potassium and phosphorus in each soil. 1In 1973‘the analysis for available
nitrate-nitrogen and ammonium—nit:égen were included in addition to that for
potassium and phosphorus,using fifteen replicates_per soil type on four
occasions throughout the year. In addition to fhe analysis of the soils
from the OMS sections, the soil from the special fertilizer treatments was

studied in order to discover how the addition of extra quantities of NPK

affectéd the exchangeability of these ioms in the soil. The methods of

analysis employed are shown below and they are discussed in detail in

the Appendix :-
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Available nitrogen - extracted by neutral 2N sodium chloride (Bremner 1965)
- Nitrite-nitrogen - Griess-Ilosvay method (Barnes and Folkard 1951)
- Nitrate-nitrogen ) Semi micro determination method - modifications
) of Conway procedure (Etherington and Morrey 1967
- Ammonium-nitrogen) and Bremner 1960) °
Available phosphorus - extracted by sodium bicarbonate (Olsen et al. 1954)
~ detected by ammonium molybdate and stannous chloride

Available potassium - extracted by ammonium acetate (Pratt 1965)

- detected by atomic absorption spectrophotometer

02.2.4 Results The results found from the above analyses are discussed
by element, for both seasons and four treatments. For each element the
results are tabulated and-statistically compared, and the seasonal changes

are depicted graphically.
02.4-1 NITROGEN

This eleﬁent is of such major importance in crop rbtation that the
exchangeable fraction was described in three parts° _The most important
forms of exchangeable nitrogen in the soil are ammonium-nitrogen, nitrate-
nitrogen and nitrite-nitrogen, all of which may‘be utilized by plants, but
one form or another may be preferentially absofbed by different plant species

depending upon the environmental conditions.

.4=1(1) Nitrite=nitrogen = the least important form of nitrogen for .

higher plants due to very small quantities present in most soils.  The
extracting solution for nitrogen was selected to enable the determination
of all three forms from one extraction. The results of the analysis

conducted in April 1973 appear below :-

" 'Section " 'Organic " 'Mixed  Stockléss
Mean NOZ_N Oo 36 0025 O. 29 )
Standard Deviation _ 0.07 0.03 0.13
Standard Error .0003 0,02  0.06

Values expressed in u gm NOZ-N/gm air dry soil




Table 1-12(1)

SOIL ANALYSIS

Available Nitrate-Nitrogen in the Soil of the three
farm systems 1973. :

Expressed as microgrammes NO3~N/gm air dry soil.
Each reading a mean from 15 soil cores.

Date Organic Mixed Stockless
Mean SD . SE Mean SD SE Mean SD SE
14/4/73 48.5 20.3 5.6 14.9 4,8 1.3 9,2 4,3 1.2
- 21/5/73 37.9 20.3 6.5 23.0 11.7 3.1 11.4 7.8 2.2
24/7/73 ~18.3 12.9 3.6 11.2 8.1 2.1 8.9 12.3 3.3
5/9/73 14.4 8.8 2.3 6.9 3.3 0.9 6.1 3.3 1.1
Mean over .5 g 16.2 8.1  14.0 6.8 3.4 8.9 2.2 1.1
season
Statistical Comparison of Treatments
(using Bailey's d test)
(a) Treatments
, 0-M 0-S M-S
Date @€ d - p af  d p af d p
14/4/73 15.6 6.22 ¢0.001 15.3 7.30 ¢0.001 27.4 3,35 ¢0.01
21/5/73 22.3 2.44 <0.05 18,1 4.73 <0.001 24,6 3,22 <0,01
24/7/73 23.7 1.82 NS . 27.8 2.04 NS 24,1 0.61 NS
5/9/73 17.9 3.13 <0.01 17.9 3.46 <0.01 28,0 0.67 NS
Seasonal 4 0 4.39 ¢0.02 3.1 5.11 <0.02 4.8 2.59 <0.05
Mean -

(b) Change over season

Dates Organic Mixed Stockless
14/4/- | : ,
" o L] .6 2.4 <0.05 21.6 0.96 NS
oiysrsy 280 1.43 NS 18 49
21/5/- 537 3.16 <0.01 25.1 3.19 <0.0l 23.8 0.66 NS
24/7/73

24/7/= 5497 0.97 NS  18.5 1.90 NS  16.0 0.85 NS

5/9/73
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Statistical comparison

‘Samples compared d.f, d P

dif, R
0-M . 5.4 0.3 0.1 NS
0-5 6.1 0.4 0.1 NS
M-85 b 0.7 0.1. NS

The amount of exchangeable nitrogen in the form of nitrite was
exceedingly small in all three soil types, and there were no significant
differences in concentrations between sections. Due to these very low

concentrations the determination was not repeated.

.4-1(2) 'Nitrate-nitrogen The most important form of exchangeable

‘nitrogen in the soil, especially in a farm ecosystem where it is the main
form of nitrogen in chemical fertilizers., The results of the analysis for

nitrate-nitrogen in the soil of the three sections are shown in Table 1-12(1)
and are depicted on Graph 1-1(1)

" 'Effect of season

The graph demonstrates‘the marked change in the exchangeability
6f the nitrate—nitrogen in the soil during the seasén. There was a
significant decrease on alllkhree sections, but this was greatest in the
Organié_seqtibn soil which also had the highest conceﬂtration of nitrogen

in this form. The detailed results of the statistical comparison of the

change in concentration with the season are shown below.

14/4/73 - 21/5/73 : Significant increase on Mixed section

21/5/73 - 24/7/73 : Significant decrease on Organic and Mixed sections

24/7/73 = 5/9/73 Change not significant on any section

The increase on the Mixed section indicates the movement of the
nitrate fertilizer into.the soil, which had been applied as top dressings
in April., This increase, which is greater than that shown on the Stockless

section, could also be accounted for by an increase in the rate of mineral-
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ization of some of the remaining organic matter, which has been shown to
be stimulated by the addition of nitrdgen fertilizer (Kundler 1970), but
Gadet and_Soubiées (1972) found mineralization to be depressed under these

conditions, It will be noted that none of the individual decreases on

.the Stockless section were significant,although the graph shows there was

‘a significant net fall over the whole season. The magnitude of loss of

exchangeable nitrate~-nitrogen from the soil during the season is directly
proportional to the concentration of this form of nitrogen in the soil.
The internal variation of replicate readings within each section also
followed the pattern O > M > § as it is much easier to ensure an even
distribution of nutrients over the field when they are applied in the form

of dry fertilizer granules than when in the form of wet lumps of manure.

“'Effect of farm mdnagement.

The highly significant effect of farm management upon the nitrate-

' nitrogen concentration in the soil is clearly demonstrated in Graph 1-1(0

which indicates the extent to which the exchangeable ﬁitrogen content of
the Organic soil was . . greater than in the soils of the other sections.
The detailed results of the statistical comparison of the concentration
appear below :-

14/4/73 0> M 0>S8 M>S significant to $9§2 level

21/5/73 0>M 0>S M>S Mmoo mo 5957

24/7/73 0>M 0> S M > S trend only significant to 997 level

579/73 0>M 0>S5 - significant to >997 level
Séasonali 0>M 0>S M>S " ©o"o>957 "
Mean :

Thus the soil which received an application of poultry manure in

the previous dutumn consistently maintained a higher level of nitrate-

nitrogen in the soil throughout the season when compared with the sections

 which received applications of nitrate fertilizer in the spring of 1973,




Graph 1-1.
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Table 1-12(2) SOIL _ANALYSIS

~ Available Ammonia-Nitrogen in the soil of the three
farm systems in 1973.

Expressed as microgrammes NH3—N/gm air dry s01l
Each reading a mean from 15 soil cores.

Dat Organic A Mixed Stockless
, rate Mean = SD  SE Mean SD  SE Mean SD SE
14/4/73 9,0 3.3 1.0 7.6 2.1 0.5 9.0 0.9 0.3
21/5/73 5.7 4.5 1.4 2.6 3.1 0.9 2.1 1.2 0.3
24/7/73 34.4 33.1 9.2 27.0 29.3 7.6 3,0 3.7 0.9
5/9/73. 7.7 4.2 1.1 6.9 3.3 0.9 5.3 2.3 0.7
Mean over

14,2 13.5 6.8 11.0 10.9 5.4 4.9 3.1 1.5
season _

Statistical Comparison of Treatments
(using Bailey's d test)

(a) Treatments

—0-M , 0-5 M-S
Déte af  d p a  d p afF a4  p
' 14/4/73  23.7 1.40 NS  16.1 0.0 NS 24.5 2.03 NS

21/5/73 24.9 2,20 <0.05 16.0 3.00 <0.01 18.1 0.58 NS
24/17/73 27.6 0.65 NS 14.3 3.65 <0.01 °~ 14.4 3.16 <0.0l1

5/9/73 26.3 0.57 NS _ 21.7 1.85 NS 25.0 1.54 NS
Seasonal 5.7 0.70 NS 3.3 3.49 0.05 3.5 2.18 NS
Mean -

(b)' Change gver season

Dates Organic Mixed Stockless
14/4/- |

25.7 2.29 <0. 24.4 5.21 <0.001 25.3 18.2 <0.00l
5157 5.7 2.29 <0.05 <0
21/5/~ 14.5 3.34 <0.01 14.3 3.21 <0.01  17.0 0.90 NS
24/7/73
24/7/~- 14.5 3.10 <0.01 14.3 2.65 <0.02  23.5 2.05 NS

5/9/73
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The considerablé differences'between the Organic and Mixed sections
demonstrate how quickly the exchangeable nitrate-nitrogen supplied in
manures disappears from the plough depth of soil. Several years after
the application of manure (Mixed section 1970) the concentrations of this
form of nitrogen are closer to those in the Stockless. soil than that of
the Organic soil. It is suggested-théf the nitrate is quickly taken up
by the crop plant, or being highiy soluble will be leached out in the

drainage water, or immobilized in the soil organic matter.,

.4-1(3) Ammonium-nitrogen A form of nitrogen which is important in the

soil, particularly as an intermediate form between organic nitrogen and .
nitrate; Despite the hundreds of papers written on the subject of nitrogen
dptake by plants, it is not known in which particular form nitrogen is
absorbed from the soil by each plant species. The results of the analyses
of soil éamples for exchangeable ammoniﬁm—nitrogen are shown in Table 1-12(2)

and are depicted on Graph 1-1(2)

Effect of “season

The graph demonstrates the marked variation in the exchangeability
of ammonium-nitrogen during the season, particularly with reference to the
Organic and Mixed sections. The results of the statistical comparison of

the change with season is shown below :-

14/4)73 - 21/5/73  Significant decrease on all sections
21/5/73 - 24/7/73 Significant increase on Organic and Mixed sections

24/7/73 = 5/9/73 Significant increase on Organic and Mixed sections

The initial decrease on all sections may have been caused by the
volatilization of the ammonium-nitrogen prior to the incorporation of the
fertilizer into the soils. It i§ interesting to note that only on the
Stqckless section is there a net 1oés of NH,~-N over the gfowing season.

Despite great fluctuations in the levels of exchangeability of this ion
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in the Organic and Mixed section,the state of equilibrium in the soils
was maintained for the following season. This is an example of one of
the possible ﬁutritional benefits of using organic manures instead of
artificial fertilizers,in that the supply of nitrogen from the manure
was naturally maintained to the plants throughout the most active part
of the growing season, whilst the supply from the fertilizer was much

lower.

Effect of farm management

The graph shows how much closer the levels of exchangeable
NH, -N were in the soils of the Organic and Mixed sections compared with
those in the Stockless soil - a clear effect of the application of organic

. manures to the system. The detailed results of the statistical comparison

from Table 1-12(2) are shown below.

14/4/73 - no significant difference between any section

21/5/73 O>M ~0>8 Significant to >957 level

24/7/73 - 0>S8 M > S Significant to >99% level
5/9/73 = no significant differences

Seasonal -~ 0 >S5 Significant to >957% level
mean

Thus although there were significant fluctuations of concentrations
within the season, there were no significant differences between the sections
at the beginning or the end of the crop growing season. Where differences
did occur, the concentrations of NHA—N were always lowest on the Stockless
soil where there were few organic remains. Whereas for nitrate-nitrogen
the figures for-the Organic and Mixed sections were always significantly
different, in this form there was a greater degree of similarity, suggesting
that in both sections,nitrogen in the femaining, cr newly added, organic
matter was mineralized to the NHA—N form'during May, June and July. This was

‘then lost by conversion.to nitrate, leaching, volatilization, crop uptake
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or remineralization during the subsequent months. The consistently low
values for the Stdckless section indicate very low reserves of nitrogen
in organic¢ matter form for that soil type.

Graph 1-1 (3) depicts the comﬁination of exchangeable NO3~N and
NH4—N figures to show the to;al nitrogen available to the plant as measured
by this extraction procedure. The significant effect of the manure which
maintains a high level of available nitrogen to the plants throughout the
éroﬁing season on the Organic and Mixed sections is cléarly demonstrated.
There.was a significant net loss of nitrogen during the season on all three
sections, which correlateswith the decreases observed for the total organic
nitrogen concentrations previously described. However, it should be noted

that these concentrations of available forms of nitrogen constitute only

2-3% of the total nitrogen concentrations measured.

.4=1(4) Nitrate-nitrogen and Ammonium nitrogen on the special

“fertilizer treatments

The results of the soil analysis and the comparison of nitrogen
concentrations in thé soil of treatments NNPPKK and PPKK appear on Table 1-13.
The treatments of NNPK and PPKK are not compared, due to the complicating
feature of the phosphate and potassium application rates. The top dressing
of ammonium nitrate was applied to the expefimental plots at thé beginning
of'May 1973 and the effect can clearly be seen by the massive increase in

both forms of nitrogen registered on 21/5/73.

'Nitrate-nitrogen

The level of nitrate-nitrogen on the PPKK treatment increased in
.May,'but not significantly so, which may have been caused by some mineral- -
- ization of the nétural'organic matter in the field. The concentrations
then decreased rapidly to a constant'value. Where high nitrogen is applied
to the PPKK plot, the decrease in exchangeable nitrogen is much more rapid

than where applied. to the single PK plot. It is postulated that where the




Table 1-13 . SOIL ANALYSIS

Available Nitrate-Nitrogen and Ammonia-~Nitrogen in
Special Fertilizer Treatment on Chestnut Tree East
Field in 1973.

Expressed as pgm/gm air dry soil.
Each reading a mean of four samples.

‘Nitrate-Nitrogen

~ PPRK , NNPPKK ' NNPK
Date Mean SD SE Mean SD SE  Mean SD SE

- 14/4/73 7.7 4.5 1.3 - - - - - -

(TOP . _

DRESSING)

21/5/73 9.8 1.0 0.5 49.4 2.7 1.4 51.3 - 4.4 2.2
24/7/73 2.1 0.50.3 11.1 6.7 3.4 33.217.3 8.7
5/9/73 2.4 0.7 0.3 3.8 2.0 0.9 7.9 4.1 2.1
Ammonié—Nitrogen

14/4/73 7.8 2.0 0.6 - - - - - -
21/5/73 1.3 0.7 0.5 111.7 25.9 14.9 36.0 23.8 13.7
24/7/73 + 26,41.9 1.1 53.6 17.4 8.7 55.3 29.6 14.8
5/9/73 3.4 1.2 0.5 3.1 0.7 0.3 6.4 1.9 1.1

‘Statistical Comparison of PPKK with NNPPKK
(using Bailevy's d test) ‘

Nitrate-Nitrogen Ammonia-Nitrogen
Date d.of £. d P Date d.of £. - d P
21/5/73 3.8 27.5 <0.001L - 21/5/73 3.0 8.5 <0.01
24/7/73 3.0 2.68 NS 24/7/173 3.1 3.1 NS

5/9/73 3.7 1.32 NS 5/9/73 4.8 0.43 NS
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levels of phosphorus and potassium are also high, these stimulated plant
and microorganism growth so that the loss of nitrogen was more marked than
where the phosphate and potassium application rates were lower. The com+
parison of NNPPKK >-PPKK‘is only siénificant immediately after application,
probably due to low nﬁmbers of replicétes in ‘July, and due to the drastic

loss, as already described, by September.

Ammonium-nitrogen

The level of exchangeable ammonium-nitrogen on the PPKK treatment
fluctuated greatly between the four occasions of sampling during the season.
The only explanation Put forward for the great increase in NH4-N in late
- July is tha; possibly the samples were taken from the soil where localized
release of fixed nitrogeh from the decaying bean root nodules was occurring.
This effect; if genuing, would not be so marked on the sections where
" nitrogen had been applied, due to.the partial inhibition of nitrogen

fixation on these treétments. It is not known why the ammonium-nitrogen
figures fgr_NNPPKK and NNPK should be so different from each other on the

May sampling. .This anomaly may have resulted from the uneven spread of

the nitrogen fertilizer which was broadcast by hand after the bean plants
' had germinated. It is suggested that the apparent increase in exchangeable
ammdnium—nitrogen shown by the figures for NNPK in July was not truly rep-
resentative of an increase, but rather a decrease from the level expected

-in May. As for the nitrate-nitrogen, there was a dramatic increase in
_the concentration of exchangeable nitrogen where this fertilizer was

applied dﬁring the season. It is suggested that the NNPPKK.> PPKK only in May,
- was - due to low replicate numbefs,and an increase in the concentration of N
on PPKK in July,buurdue to genuinely low vélues for September, on all
sections, due to the loss of nitrogen by volatilization aqd leaching of

the highly soluble émmdnium nitrate. This loss of nitrecgen where it

was applied,to give no significant decreases between the high and low
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application rates at the end of the season, correlates well with the

results described for the total organic nitrogen seasonal changes.

.2.4=2 PHOSPHORUS

Method  Since Daubeny (1845), many chemiéal methods have been assumed to
measure plant—available phosphorus, but these have frequently produced
conflicting results to observed growth‘of the plants ﬁecause different
species vary in their ability to take up phosphorus from the soil,
depending on species, rate of growth and soil conditions (Nelson et al.1953).
However, AieXander and Woodham (1958)-demonstrated that the measurement of
plant available phosphorus for VieiZa faba (Tic variety) by use of a sodium
.bicarbonate extractant (disen et al. 1954), produced values which correlated
well with the growth response of this species.  This method is particularly
applicable to Haughley soils as its.efficiency is not influenced by high
levels of calcium carbonate. It is probable that most phosphorus is
taken up.as H2PO4 ions in soils of pH range 4 - 9; but may also gain entry

N

indirectly,bound to one of the cations required by the plant, depending on

the form of phosphate in the particﬁlar soil.

Results -

L4-2(1) 1972 Table 1-14 (1) shows how the concentration of exchangeable
phosphorus was found to vary according to soil depth, season and

management type.

Effect of depth of soil

The decrease in exchangeable phosphorus with increasing depth
of soil Qas particularly marked in the Organic soil profile, slightly more
gradual in the Stockless soil, and only changed abruptly in the Mixed
section below 50 cm. Thus almost all the plant avgilable phosphorus in-
.the Organic and Stockless seétions was'confined to the ploughed depthﬂqf

soil, whereas it was spread fairly evenly to 50 cm in the Mixed section.




Table ]—]40) SOII, ANALYSIS

Available Phosphorus in soil from the three farm
systems 1972, (Expressed in micrograms P/gm air dry soil).

(1) Availability according to soil depth:

. Depth . .

(cms.) Organic o Mixed Stockless
0-20  20.3 33.1 - 47.5
20-50" 0.3 23.6 4.1
50+ 0.0 . 6.5 | 4.3

(2) Seasonal variation in availability (0-20 cm):

Date Organic : Mixed ' Stockless

21/3/72 20.3 - 33,1 ©47.5

1/5/72 20.0 58.0 | 79.5

20/9/72 | 20.9 ~ 49.1 : 39.9
ieggonal mean 5.4 + 0.3 46,72 7.3 55.6 + 12.1
so 10.46 12.6 21.0

Statistical comparison of seasonal mean:-

sample . d. of £. d P
0-M 4.0 3.60 <0.05
0-5 4.0 2.91 <0.05

M-S 6.6 .~ 0.63 NS
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This pattern correlated well with the variation with depth in calcium
content shown in Table 1-8, because the higher the content, the more

phosphate will be bound in an unavailable form.

Effect of season

The seasonal variation of the phosphorué concentrations showed
the impact of adding phosphate fertilizer to the system on the Mixed and
Stockless sections at the end of March 1972, which caused an immediate
increase in the exchangeable levels. These sections showed a decrease
bétween Mayband September, but the final values achieved were still
sigﬁificantly above those found on the Organic section. The phosphorus
level in the Organic soil—remained remarkably constant throughout the
season due to the stabilizing effect of the organic manure. It is
‘postulated that the presence‘of organic manure-remains on the Mixeéd section
enabled the final concentration teached in September to remain above that
§f fhe Stockless section, It has been shown by many research workers

that organic matter has an important controlling influence on the levels

of phosphate available to plants (Huffman 1962; Johnston and Warren 1964;

When the seasonal means are compared for the three farm sections :
M >0 and S > 0 are significant at the 957 level, bﬁt this was not due
entirely to the addition of phosphate fertilizer in the year of study.
Before the application of fertilizers S > M > 0, and it is suggested that
~the availability of phosphorus was already significantly greater on the two
sections S and M due to the retention of some.of the fertilizers which were

vapplied during the previous years.

.4-2(2) '1973  The results of the soil analysis for exchangeable phosphorus

in 1973 appear in Table 1-14(2), together with the statistical comparison




>T
of the management types and season effects, which are depicted on

Graph 1- 2.(1),

In general, the results indicated by the cursory study

of 1972 were confirmed.-

As previously found, there was a lack of variation in the

concentration of exchangeable phosphorus in the Organic soil,where there
were no significant differences shown at any time during the season, neither
between individual data samples, nor betweeﬁ’the beginning and end of the
season, although thé latter did show a slight decrease, The most variation
with season occurred in the levels of exchangeable phosphorus on the Mixed
section where there was a significant net increase in the values between
April and Septemﬁer. On both sections where phosphate fertilizers were

supplied, there was a significant increase at the beginning of the season

due to the incorporation of the fertilizer into the soil, and an almost

‘equal decrease at the end of the season due to a combination of plant

uptake and phosphate immobilization. The significant differences found

were :-
14/4/73 - 21/5/73 Significant increase on Mixed and Stockless sections

21/5/73 - 24/7/73 No significant changes on any section

24/2/73 - 5/3/73 Significant decrease on Mixed and Stockless sections

"Effect‘of'farm'management

The statistical analysis of the 1973 data on Table 1-14(2) shows
that for most of the season there were no significant differences in the
concentrations of exchangeable phosphorus on the three farm management

sections., The only significant differences were :-

1474773 0>M 0 >S significant to >997 confidence level

Seasonal mean 0 > M




~ Table 1-14(2)

SOIL ANALYSIS

Available Phosphorus in the soil from the three
_farm systems 1973.

Expressed as microgrammes P/gm air dry soil.
Each reading a mean of 15 separate soil cores.

5/9/173

NS

: Organic Mixed Stockless
Date Mean SD  SE Mean SD- SE Mean SD  SE
14/4/73 46.8 26.1 7.0 26.4 6.3 1.6  37.4 8.3 2.2
21/5/73 . 43,6 16.7 5.6 44.2 14.1 3.8 48.2 16.3 4.2
24/7/73 48,6 19.0 5.5 54.2 23.5 6.3 52.7 15.4 4.0
5/9/73 38.7 18.1 4.8 33.0 11l.6 3.0 29.6 9.3 2.9
Mean over ., o .4 3,2 39,5 12.3 6.1  42.0 10.5 5.2
season ,
Statistical Comparison of Treatments
-(using Bailey's d test)
(a) Treatments A
. 0-M 0-8 M-S

Date af d p af d p af a p
14/4/73 15.7 2.96 <0.01 16.8 1.30 NS 26.2 4.07 <0.001
21/5/73 27.4 0.11 NS 28.1 0.80 NS 27.4 0.71 NS
24/7/73 26.7 0.70 NS 27.1 0.65 NS 24.2 0.21 NS
5/9/73 23.9 0.02 NS 21.0 1.72 NS 26.9 0.90 NS
Seasonal 21.4 3.03 <0.01l 23.0 1.81 NS 27.3 1l.21 NS
Mean '
(b) Changeover season

Dates Organic Mixed Stockless

1a/4/- 23.8 0.40 NS  19.5 4.45 <0.00lL 20.8 2.30 <0.05

21/5/73 .
21/5/~ 27.3 0.77 NS  23.1 1.41 NS 27.8 0.78 NS
24/7/73 _
24/7/= 8.2 1.46 20.4 3.12  ¢0.01 23.6 4.92 ¢0.001




" Graph1-2

The Seasonal Variation in the Level of Exchanqea.ble

Phosphorus in the Soil.
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Thus where differences did occur, the section receiving manure
alone provided more plant—available phosphorus to the crop piants, as
measured by this method, than did either of those sections suéplied with
artificial fertilizers. - These findings are in direct contradiction to
those found in 1972 where the Orgénic section had the lowest levels of
‘this form of phosphorus, but that may have been entirely'due to tﬁe
insufficient replication of sampling in the first year of soil studies.
However, due to the consistént_levels recorded for tﬁe organic sections
within each year, iﬁ is more likely that this difference was a real
phenomenon which can be explained by consideration of the amount of
phosphorus supplied to the fields concerned, as shown in Table 1-2.

If the figures of the mean .seasonal exchangeable phosphorus for 1972

and 1973 are compared :-

Section Organic Mixed Stockless
1972 20,4 + 0.3 46.7 £ 7.3 55.6 + 12.1
1973 46.9 + 3.2 29.5 + 6.1 - 42.0 £ 5.2

Expressed in y gms phosphorus/gm air dry soil.

"It is seen that the Mixed and Stockless sections show no
significant differences of concentration of phosphorus between the two
years despite the investigation of different fields, because similar
quantities of artificial fertilizers had been supplied tc both.  However,
on the Organic section the difference is significéntly twice as high in
1973'thanv1972. From Table 1-2 the application of poultry manure to the
1972 field at the rate of 12,500 Kg/ha was exactly half that applied to the
Qrganic_field in 1973, 25,000 Kg/ha. These differences correlate well
with the exchangeable phosphorus concentrations observed in the fields
during the following growing season, and explain the differences observed

between the two fields within the same management type.
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The overall constraint of the variation of the exchangeable
phosphorus levels within narrow limits, the direct relationship between
the amount of totallphosphorus applied and that exchangeable, and the
absence of net change between the beginning and end of the season, agree
well with the data described for the total soil phosphorus concentrations,
showing fhis element to be rélatively immobile in the soil. The exchange-
able fraction of thevtotal phosphorus content of the soil has been shown

to be about 8% by this study.

Table 1-14(3) shows the éoncentrations of exchangeable-phosphorus
in'the soils of the special fertilizer treatment in 1973 whereAtwo rates
of phosphate fertilizer were applied. The concentrations indicated for
NNPK should indicate the magnitude of the exchangeability of this element
in the remainder of this Stockless field. The reason that these figures
are lower than those found in the main Stockless field described for 19?3

was due to different application rates of fertilizer.

" Effect of season

The graph 1- 2(2) depicts'the net fall which occurred in the
exchangeability of phosphorus on all tﬁree treétments,,but this was
significént only for NNPK. This indicates that the doubling of the
phosphateArate meant that there was a more than adequate supply of this
element to the plants. The pattern of seasonal change shown in the graph
was éhe same as that demonstrated for the Stockless field in graph 1-2(1)

with little variation in exchangeability with the passage of time,

" "Effect of treatment

As was anticipated, the comparison of NNPPKK with PPKK showed no
significanf differences in the amount of exchangeable phosphorus due to the

identical supply of phosphate fertilizer to those treatments. When NNPPKK




SOIL. ANALYSIS

Table 1 - 14(3)

Available Phosphorus
treatments on

in soil from the special fertilizer
Chestnut Tree East field. 1973.

Expressed as micrograms P/gm air dry soil.
Each reading a mean of 4 separate soil cores.

: ‘ PPKK NNPPKK NNPK
' Date ' CT
Mean SD SE Mean SD SE Mean SD SE
14/4/73 2.6 7.1 1.9 - - - - - -
21/5/73 30.6 4.7 2.3 31l.1 3.9 2.3 26,6 5.4 3.1
24/7/73 26.4 5,1 2.6 31.0 10.9 5.5 26.2 4.2 2.1
5/9/73 19.2 8.9 4.0 18.5 3.8 1.7 12.2 2.8 1.4

Statistical comparison of NNPPKK and NNPK. No significant-
differences between. NNPPKK and PPKK,

Date d. of f. da he
21/5/73 5.4 ©1.35 NS
24/7/73 3.9 0.83 NS
5/9/73 5.5 2.63 <0.05

Available Potassium in special fertilizer treatment soils
on Chestnut Tree East Field in 1973.

Expressed as micrograms K/gm air dry soil.
Each reading a mean of 4 separate soil cores.

PPKK NNPPKK NNPK
Date : : ,
Mean SD SE Mean SD SE Mean SD SE
14/4/73 202.7 31.4 8.1 - - - - - -
- 21/5/73 l0l1.3 12.5 6.3 95.0 1.4 0.8 70.0 0.5 0.1
24/7/73 73.9 8.6 4.3 71.2 10.1 5.1 52.8 0.3 0.1
5/9/73 69.0 14.4 6.5 69.5 15.3 6.8 50.0 5.4 2.7
Statistical comparison of PPKK and NNPK. No significance
differences between PPKK and NNPPKK.
Date d. of f. 4 P
21/5/73
24/7/73

5/9/73
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was compared with NNPK the differences were found to be non-significant
due to the lack of replicéte samples until the end of the season when

NNPPKK > NNPK.
v2.4~3 " 'POTASSTUM

" ‘Method The most universally employed index to potassium availability
in soils is the sum of the exchangeabie,and water soluble,potassium as
extracted by neutral IL.ON ammonium acetate solution (Pratt 1965). This
provides an index of the amounts of the element exchangeable at the time
of analysis, but cannot indicate the rate of release of potassium from
non-exchangeable forms during the cropping périod.

" Unfortunately in most soils the exchangeable potassium changes
with drying. When the exchangeable potassium levels are high, as after
application of potassium fertilizer, there is likely to be fixation (or a
decrease) on drying, whereas when the soil is low in this form of the
element there will be a release of potassium from non-exchangeable forms
upon drying. Thus a variable error was built into the methods used in
this research study when the soils were air dried; but the soils from all

sections were treated equally.

" "Results

.4=3(1) 1972 The results of the 1972 analysis for the concentrations

of exchangeable potassium in the soil from the three farm sections appear
in Table 1-15.

Effect of soil ‘depth

‘As found for the decrease ih the level of exchangeable phosphorus,
the concentrétion of exchangeable potasgium significantly décreased with
'increééing depth, especially below the(ploughed‘layer (0-20 cm). In the
top soil layer the concentration of this element is much higher in the

Organic and Stockless sections, but at lower horizoms it is the Mixed
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section which maintains the highest level. It is possible that both
organic manures and artificial fertilizers leave appreciable quantities

of potassium in the ploughed tilth, but it is necessary to have both

forms of supply present if a more even distribution of the element through
the soil profile is to be obtained. As the two most contrasting management
types had an equal distribution of potassium, this effect may Be due more

to geological horizons.

'EffeCt’of'SeaSOn

Although there was considerable fluctuation during the season
the geﬁeral trend in the change of the magnitude of the exchangeable
potassium was for the concentrations in the soils receiving artificial
fertilizers to decrease during the growing season, whilst those on the
Organic section increased. The figures given for the soil analyses in
 May showéd only slight increases on the.Mixed and Stockless sections
despite the prévious aﬁpliéation of potassium fertilizers, which may have

been due o the drying error as previously explained.

‘Effect of farm management

The broad equality in concentrations'found-on the Organic and
Stockless sections in March continued to be evident until June, after which
time the level on the former section increased, whilst that on the latter
decreased to 1e§els equivalent to those of the Mixed section.  Throughout
the season the concentration of exchéngeable potassium tended to remain
highest on the.Organic section where the application in the manure the
previous autumn supplied 707 more total potassium than found in the
Thus when the seasonal

fertilizer, when compared on a unit area basis.

means are statistically compared :

O0>M and 0 > S to >957 level of

confidence.




Table 1-15 SOIL ANALYSIS.

Available Potassium in soil from the three
farm systems 1972. (Expressed in micrograms K/gm air dry soil.)

(1) Availability according to soil depth (March 1972):

. bepth

(cms.) Organic Mixed Stockless
0-20 . 352.8 268.8 o 386.4
20-50 151.2 - 168.0 ~168.0

50+ 117.6  168.0 117.6

(2) Seasonal variation in availability (0-20 cm):

Date _ Organic Mixed Stockless
21/3/72 352.8 268.8 386.4
1/5/72 ' 420.0 285.6 386.4
25/6/72 : 361.2 294.0 361.2
10/7/72 . 386.4 ' 243.6 201.6
19/8/72 420.0 235.2 268.8
20/9/72 Ny 470.4 : 218.4 | 268.8
- fegzonal mEAN T 401.8 * 17.9 257.6 + 12.2 312.2 = 31.3
SD - .~ 43.9 0 29.9 ' 76.7

Statistical comparison of seasonal mean:-

Sample d. of f£. 4 p
o-M . 6.4 - 6.65 <0.001
0-s 8.0 . 2.48  ¢0.05

M-S 6.5 1.63 NS




Table 1-16 SOIL ANALYSIS

Change over season in availability of P and K in soil
of lysimeters, and comparison with changes in availa-
bility in soil of fields. 1972,

(pgm/gm air dry soil).

1. Available P

Date . Site . Organic Mixed Stockless
' Field

21/3/72 . Igsimeter 20.3 33.1 .47.5
20/9/72 Field 20.9 49.1 . 39.9

20/9/72 Lysimeter S
' Cropped 20.9 24.4 NF. 34.4
Fallow 25.5 27.4 " 44 .5
20/9/172 ) Cropped HF. 116.6
' Fallow " 41.0

2. Available K

Date Site Organic _Mixed : Stockless
| Field '
: 2. 268.8 386.4
21/3/72 Lysimeter 352.8
20/9/72 - Field 470.4 ' 218.4 268.8
| » Lysimeter '
Cropped ©470.4 235.2 NF. 352.8
_ Fallow 487.2 - 268.8 A 386.4
20/9/72 . Cropped. HF. 453.6

Fallow 352.8
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Table 1-16 lists the exchangeability of phosphorus and potassium
as found in field and lysimeter soils at the end of the 1972 season.

On the Organic section conditions in the field and lysimeter
were closely equivalent>in terms of exchangeable.phosphorus and potassium
" concentrations. For both eiements the figures were ideﬁtical in the field
and cropped lysimeters, but under the fallow conditions the concentrations
rose more than where the soii was cropped.

On the Mixed section the exchangeable phosphorus concentrations
differed markedly between the field and lysimetér readings, there being
a significant decrease in the latter, but an increase in the former. For
exchangeable éotassium thére was a close correlation within the two
situations.

On the Stockless section for both elements the exchangeability
" levels in the field and lysimeter closely resembled each other, éxcept that
the net seasonal fall.in the concentration of phosphorus was greater in the
lysimeters than in the field, whilst that of potassium was less than in the
field.

Under high fertilizer application rates the concentrationiof both
eleménts was ﬁaintained at a high level where cropped, but where soil was

fallow the concentrations fell to levels below that found where normal
fertilizer rates were used.

With the exception of the concentrations of exchangeable phosphorus
in tﬂe Mixed section, the nutrient'status in terms of these two elements are
equivalent in the open field and in the disturbed conditions found within
_the lysimeter. Under- all three farm managements where normal nutrieﬁt
levels were applied, the concentrations of these elements remained higher
under fallow conditions than where éfopped. For exchangeable potassium

on the Mixed and Stockless sections, the final concentration in the fallow
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soil was identical to that of the (field and lysimeter) soil at the
vbeginning of the season, suggesting that most loss of exchangeable

potassium was due to crop uptake.

».443(2)"1973 The results and statistical'comparison of the soil analysis
for available potassium in 1973 appear in Table 1-17 and are depicted

on Graph 1-3(1). .

“'Effect of season

From the graph it can be seen that there was a decrease in the
level of available potassium on all three farm sections, and this fall in

concentration was significant as shown below :-

14/4 --21/5/73 Significant decrease M and S sections to >99.97 C level

247 - 5/9/73 n "o, Mand S " " 99,97 C level

~ Although the.concentrétions increased slightl& on all three
sections in July, this change was not statistically significant. The
change with.season was most marked on the Stockless section, and most
~gradual on the Organic, but all showed very sudden decreases between the ,

end of July and the begiﬁning of September.

" 'Effect of farm management

The effect of the application of manure to the Organic section in
the autumn of 1972 was very marked, upon the potential levels of available
potassium iﬁ the soil of that section, for throughout the season the
concéntrations there were considerably higher than in the soil of either

of the two sections which received artificial fertilizer. These differences

were statistically significant as' shown below :-—

S>M Significant to >95% level of confidence

14/4/73 -0 > M 0>S

21/5/73 0> M 0>S M>S - " " >9§zA T "
2447773 0 > M 0>8S - _ " u >99;92 " " n
5/9773 0>S§S M > S " "o599,97 " M n
Seasonal 0 >8S M > S " " 5957 " " "

neans




Table 1-17 SOIL ANALYSIS

Available Potassium in the soil of the three farm
systems 1973,

Expressed as microgrammes K/gm air dry soil.
Each reading a mean from 15 soil cores. .

Organic - Mixed : Stockless

Date
Mean SD SE Mean SD SE Mean ‘SD . SE

3 310.2 46.6 12.0
.1 200.,5 28.0 7.2
6 229.,6 65.3 16.9
3 141.1 19.7 6.2

14/4/73 378.0 93.1 24.9 269.9 32.0 8
.21/5/73 317.5 78.6 24.9 224.0 35.2 9
24/7/73 348.0 73.2 19.6 240.8 41.0 10.
5/9/73 194.9 42,0 10.9 178.1 16.6 4

Mean over

_ 309.6 80.4 40.2° 228.2 38.4 19.2 220.4 70.3 35.2
season

Statistical Comparison of Treatments
(using Bailey's d test)

(a) Treatments

o-M .0-S M-S

Dat
are af  d p A a4 P aE  a p

l4/4/73 - 17.3 4.26 <0.001 20.5 2.52 ¢0.05 24.8 2,76 ¢0.,02
21/5/73 J9.2 4.22 <0.001 17.4 5.44 <0.001 26.6 2.03 <0.01
24/7/73 22.0 4.94 (0.001 27.8 4,68 <¢0.001 23.4 0.56 NS

5/9/73 18.1 1.44 NS 19.9 4.49 <0.001 27.5 5.55 <0.001
Seasonal -, 3 3 65 ¢0.05 5.9 3.34'<0.02 4.7 0.39 NS
Mean ,

(b) Changeover season

Dates Organic Mixed Stockless
14/4/- - .
.11, 27.6 3.73 ¢0.001 23.1 7.84 <0.001

2175773 27.11.92 NS 7.6 3.73 <0.0 <
21/5/- .96 1.10 NS 27.6 1.20 NS 19.0 1.59 NS
24/7/173 . .
24/7/- g ' '

22.3 7.02 <0.001 18.5 5.50 <0.001 16.4 5.03 <0.00l

5/9/73
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These-clearly demonstrate that the levels of available.potassium
in the Organic seéction soil were at all times greater than those in the
Stockless soil,_and for the early part of the season greater than those
in the Mixed soil too. Although initially the concentrations on § > M
due to a higher application rate of fertilizer to the Stockless section,
for most of the season the levels on the Mixed soil were greater than
those in the Stockless soil. As in 1972, the application~of total
potassium to the Organic section in tﬁe form of manure was much greater
(130%) than that applied in the forﬁ of artificial fertilizers to the
other sections.

If the concentrations of available potassium in the soils of thé
different sections are coﬁpared for 1972 and 1973 it will be seen that on
.the Mixed and Stockless sections, when allowance has been made for the
slightly differing application_rates of ‘fertilizer, the values are within
the same order of magnitude despite the use of different fields for study.
However, as was noted in the explanation of available phosphorus levels

N ,
which differed between the two years on the Organic section due to the
higher rates of manufé application in 1973, for potassium this higher

rate has caused lower levels of available potassium at all. times, except

at the beginning of the season.

.4-3(3) Special ‘Fertilizer Treatment

Table 1—14(3) and Graph 1-363 show the results-of soil analysis
for available potassium in the. special fertilizér treatments on Chestnut
Tree Fast ﬁiela in 1973. Throughout the season there was no significant
difference in concentration of this form of potassium between PPKK and
NNPPKK, so.the presence/absence of double nitrogen did not affect the
a?ailability of this ion. On all three treatments the level of potassium
decreased in the soil,with the progression of the season, and throughout

this time the.level where the normal rate of fertilizer had been applied

‘
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was lower. This difference was significant :-

21/5/73  PPKK > NNPK Significant to >99.97 confidence level

24/7/73  PPKK > NNPK " " >95%

It is probgble that only the small number of replicates used
herelprevented the differences in September from being éignificant too.
Thus where high rates of total potassium are applied in fertilizer or
manure,so are the available potassium concentrations in the soil higher

throughout the season.

.2.2.5 ‘Conclusions The analysis of the soils showed significant

effeéts of season and farm management upon the concentrations of

exchangeable nitrogen phosphorus and potassium. The results indicated
that if organic manures were supplied to a soil system every year, more
nutrients would be available than from fertilizer treatments. However,

where manures are only applied twice in ten year, this beneficial effect

is soon lost.




SECTION 2, WATER CHEMISTRY
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Section 2. WATER CHEMISTRY

2:1 Introduction

2:1.1 One of the main aspects of the growing concern about environ-

mental pollution has been that of nutrient enrichment (eutrophication)

of natural waters. Three main sources of nutrients have been identified

(Kolenbrander 1972) :-

:1.1-1 Atmosphere - particles carried by wind and precipitation.
1-2 Soil - drainage and runoff-water carrying dissolved and
particulate matter from soil and applied fertilizers.

.1-3 Urban populatien - domestic and industrial effluent.

:1.2 It is known that the eutrophication of waters with nitrogen and
phospho;us‘tends to enhance the growth of algae and the macrof;ore;eahé
upon their death, deoxygenation of the water and fish-gills eftenAresult.

A more serious factor brought about by high nitrate concentrations in
drinking water is human infant,and animal,mortality from methaemoglobinemia
(internal asphyxiation). Prior to 1970 most human deaths from this cause
were'SEOWn'fo have resulted from the use of shallow sewage-contaminated
wells, but in that year several cases of methaemoglobinemia in Lincolnshire
occurred as e result of ingestion of the public water supply, derived from
an intensively'agricultufal region (Tomlinson 1971). Due to this toxic
effect of nitrates, the World Health Organization has defined a maximum
safe limit of 22.6 mg N03—N/1itre,with a preferred limit of 11.3 mg N03—
N/litre. Té dete}the only economical measure for maintaining concent-
rations in the public water supply in Britain below this limit, has been

to employ massive dilution with purer water.
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:1.3 - It has been &emonstrated that eutrophication of the water tends
to increase proportionately with the size of population (Kolenbrander 1972)
‘but there is considerable controversy as to whether the runoff from
agricultural land, or urban-éewage,_is chiefly to blame. As the two most
limiting nutrients fof plant growth are nitrogen and phosphorus, aftention
has been mainly focussed upoﬁ,the possible s;urces of these two elements.
It is suggested in the literature .that the main source.of nitfate is runpff
from the heavy applications of artificial fertilizers in intensive farming
systems (Owens 1970), but fhat almost all the phosphate is derived from the

domestic and industrial use of detergents (Bernhardt,1969; Pleisch 1970).

2:2 Background to Methods

2:2.1 It was decided that it wbuld be useful to eluéidate the
contribution to the eutrophication of thé ground water by nutrients leached
from the soil on each of fhe three farm management sections at Haughley.
This would determine the relative threat of each type of system used, to
the eutroﬁhication of the water dfaining from fhe land, and would givg a
guide to the efficiency of plant uptake and spil immobilization of the

macronutrients added to the system.

:2.2 | In many parts of Bfitain,land used for agriculture overlies
impervious layers of clay, where téAspeed drainage of water,tile~drains may
: bé installed at a deptﬂ of about 75-100 cms. .Several research workers have
analyzed the effluent frém such drains to determine the loss of nutrients
from the land (Johnston et al. 1965; Bolton et al. 1970; Hood 1973).
Although this haé eﬁabled calculation of nutrient loss under actual -
prevailing conditions in modern agriculture, there are several disadyantgges

of using such methods :-

:2.2-~1  The proportion of the total water draining through the soil,
which is collected Ey the tile system, cannot be calculated, and will vary

from season to season as the subsoil drainage channels vary in capacity in
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dry and wet years (Williams 1970). The amount lost between the tile

drains depends on the height of the water table.

:2,2-2- In most fields it is difficult to determine the precise area of
land served by the tile-drain system, and frequently runoff occurs from

one field onto another.

12,2-3 It is difficult and expensive to monitor continuously the large
outflow of water from a tile-drain system serving a whole field.

:2.3 To overcome these disadvantages many researchers have utilized

1ysimeters to study the percolation of water through the soil. - The first
recorded use of 1y31metry was by De la Hire in 168§P Egllowed by Dalton
(1819), Way (1850), and Lawes and Gilbert (1882). Despite several major
1imitati6n$ whéreby the conditions measured may not be directly comparable
‘with those experienced in the open field, lysimetry has remained the most

practical method for monitoring nutrient flow through terrestrial eco-

systems. There are three main types of lysimeter construction :-

" (1) Undisturbed monoliths - may be mechanically impracticable/
expensive.
(2) Filled tanks - natural soil structure destroyed.

. (3) Tension lysimeters - total percolate volume not measurable.

:2.4 The main limitations involved in the use of lysimeters have been
defined by Lipman and Conybeare (1936), Kohnke et al. (1940), Pratt and

Chapman (1961), Low and Armitage (1970) :-—

12,41 Unnatural restriction of lateral water movement and root
development.
.4-2  Development of shrinkage cracks, especially along walls,

causing high drainage rates.

A3 Impédence of drainage by soil/air interface at base of
container.
 .4—4‘4: Plant roots in shallow lysimeters are able to use ponded

wvater and nutrients.




69

.4=~5 Destruction of natural soil structure which increases the
“surface area of particles exposed to the solvent action of
rainfall, resulting in exaggerated nutrient leaching.

+4-6 Difficult.to allow and measure natural runoff water.

Despite these limitations it was considered that the use of
lysimeters at Haughley would enable a comparison of the long term effects
of farm management upon soil water retention, rate of leachate flow, and

the leaching of macronutrients from different agricultural additives on

a single soil type.
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2:3 Aim To determine whether the farm management practised over thirty
years had altered the ability of the soil to retain water, and to compare

the loss of nutrients in the soil leachate from the three sections.

2:4 Method Over a period of twelve months from April 1972 - March 1973
the quantity of rainfall at Haughley was conéinuously monitored. On seven
océasions»the rainwater was analysed for mitrogen, potassium, phosphorus,
sodium, calcium and magnesium so that-estimates of the addition of these
nutrients to the system, from the atmoéphere, could be calculated. A
series of filled, shaliow and deep, lysimeters were constructed (see
Appendix for details of construction) with one fallow and one cropped
container of each depth on each farm section. The shallow 1ysimete;s were
1.44 sq. metres- in surface area, the deep ones 0.108 sq. metres in area.

On the %tockless section two groups of_lysimetérs were made to allow two
'rétes of fertilizer application to be given. The fallow lysimeters were
~maintained free of weeds throughout the year, whilst the cropped areas were
planted at the normal .cropping density with Vieia faba which were harvested
;at the same time as those plants in the field.  The volume of leachate
flowing out of each lysimeter was measured at monthly intervals and was
analysed for the six elements previously mentioned (see Appendix for
methods of analysis).  Throughout the year, samples of tile-drain effluent
were collected'from all the fields on each section. For those fields under
specific study, individual samples of drainage watervwere analysed. The
water samples from the remainder of the fields ﬁere bulked together to
provide a mean chemical analysis for each management type. Due to the
expense of automatic monitoring systems it was not possible to measure the
volume of tile-drainage effluent, but the results of the chemical analysis

of this water were used to show how comparable the conditions within the

lysimeters were with those of the open field. ' .




WATER ANALYSIS

Table 2-1 Concentration of geochemicals in rainwater
(Concentrations in mg/litre)

Date of Org Total ,
collection N NO3~-N N ‘K Na ca Mg
11/4-1/5 1.50 0.84 2.34 3.00 4.20 7.00 2.50

2/5-22/5 0.70  0.22 0.92 1.80 2.00 1.80 0.40
23/5-22/6 1.50 0.14 1.64 3.50 7.20 3.80 0.75
23/6-25/7 1.50  0.22 1.72  0.50 0.90 3.00 0.31
26/7-19/8  1.50  0.20 1.70  0.30 0.90 1.10 0.25
20/8-19/9 0.50 0.90 1.40 1.10 0.60 8.30 7.30
20/9-10/12 5.10 0.84 5.94  4.00 6.00 7.00 9.00

Mean 1.76  0.48 2.24  2.03 3.11 4,57 2.93
S.E. 0.58 0.13 0.64 0.56 1.02 1.08 1.39
Other metals: Al Fe Cu . Zn Pb

Means 0.070 0.230 0.012 0.050 0.020
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Discussion of Results

2:5 Addition to the system

(The input of nutrients in fertilizers and manures, and from

symbiotic nitrogen fixation, is discussed in Sections 1 and 5 respectively).

:5.1 - Table 2-1 demonstrates how variable the concentrations of.the

. . . . . Ewelue .
macronutrients in the rain water were during the twleve months considered.
On each occasion the water was analysed for phosphate, but concentrations
were always below the level of accurate determination (0.05 mg/l).  The
mean concentrations of Organic nitrogen, (assumed to be mainly NHA—N) and
NO.-N, fell within the range found elsewhere in the literature, but no

3

concentration figures were found for the other elements which were

determined :-

NO,~N mg/1 ' NH,-N mg/1
e.g. Haughley 0.48 Haughley 1.76
Berkshire 0.40 (Hood 1975) Berkshire 0.70
Rothamsted 1.50 (Cooke and

Williams 1970)

New York 0.10 (Collison and New York 1.01
Mensching 1932) -

Israel 0.03-2.00 (Feth 1966) Israel 0.4-2.2

The highest concentration of nitrogen occurred in the period of
greatest rainfall, which coincides with the findings of Hood (1975). It
has been suggested that nitrate-, and ammonium-, nitrogen in rainfall is
derived almost entirely from the dissolution of gaseous oxides of nitrogen
and ammonia (Gambell and Fisher 1964), -but that lightning may be partly

responsible too (Viemeister 1960).  Junge and Manson (1961) state that

there is a constant fallout of nitrogen compounds from the stratosphere,

which will be dissolved in precipitation, whilst Hutchinson (1954) suggests
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that the nitrate in rainfall is derived from atmospheric ammonia by photo-
chemical oxidatién. | However, none of these explanétions account for an
increase in the concentration of nitrogen with increased rainfall. It

is probable that most of the elements detected in the rainfall in this
agricultural region originated chiefly from wind eroded soil particles
which had Been.cafrigd up. into fhe atmospheré. " The fact thé; most of the
ﬁigher concentratidﬁsffor all eléments conéidered occurred at, or immediately
after, the timés of maximum mechanical soi; distufbance (seed drilling -
March, cropbharvest - September) tends. to confirm this probability.  This,
and fhe figuyes found for Haughley, would also explain why Junge (1958)
found that rainfall ovér increasingly alkaline soils contained greater
concentrations of NH4-N,“a1thqugh it is not:knOWn how local this effect 1is

likely to be in Suffolk.

:5.2 Table 2—2(1) shows the actual rainfall recorded each month,
together with the calculated addition of macroelements to each lysimeter,
and the total addition in mg/year (April 72 - March 73). The second table
2-2(2) presents the total annual addition of these elements to the field in
Kilogfammes/hectare, using the mean rainfall analysis figures obtained for
1972-3.  Again for ﬁitrogen, tﬁe figures for total annual addition té the
farm system fall within the range suggested in the literature, although the

quantity will depend upon the total annual rainfall :-

‘Haughley (1972) 9.4 - 10.4 Kg N/ha/year
Allen et al. (1968) 8.7 - 19.0 " "
Van Schreven (1970) 8.5 " "

3 Voﬁ Krzysch (1958) 10.0. " "

"Low and Armitage (1970) 12.5 f“

The total addition of the other elements measured, also agrees with figures

found in. the literature, although the information is very scarce; e.g. Low
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and Armitage (1970) K : 9.6 Kg/ha/year, Ca : 19.0 Kg/ha/year. It
must be noted that the total annual rainfall during the three years of
research in Suffolk of 42 - 46 cms (17 - 19") was well below the average

expected for East Anglia.

2:6 Loss from system

2:6.1 Loss of water

One of the aims of the lysimeter study was to discover whether
or not the farm management type influenced the.retention of water by the
soil. Tables :6.1-1, 1-2 and 1-3 present the results of thiS'study,
showing volume of lysimeter leachate, volume of water taken up by the
growing bean crop, and volume of water lost by evaporation respectively,

on the three farm sections.

:6.1~1 Volume of lysimeter leachate (litreS)(FuH details on Table 2-3 overleaf)

‘Treatment, April-September,1972 Growing Season "‘April 1972-March 1973

Lysimeter Shallow Deep Shallow | Deep
type ‘ .
. Cropped Fallow Cropped Fallow Cropped Fallow Cropped Fallow
0 11.5 21.3 3.5 5.0 26.3 39.9 10.8 12.7
M - 12.2 25.5 0.6 ‘5.0 30.2 44,1 9.8 (5.0)
SNF 121 238 1.6 6.7 29.1  28.7 9.6  15.6
S—-HF (8.0) 19.6 1.7 7.8 23.0 38.7 11.5 16.5
Total rainfall 343.8 25.8 |  s28.4 39.6
Key : (5.0) = Some water-logging, impeded drainage
‘S—NF = Normal fertilizér treatment
S-HF = High " n

There appeared to be no consistent correlation for any lysimeter

type or farm management section, between the volumes of leachate and




Table 2-3

Volumes of leachate lost from the Lysimeter April 1972 - March 1973

Shallow Lysimeters (leachate in litres)

Period of , Organic Mixed Stockless Stockless +
Collection ' C F C F C F C F
11/4 = 1/5/72 0.4 3.0 5.0 5.0 4.9 4.5 1.0 2.7
. 2/5 - 22/]5 0.6 2.3 0.2 2.7 0.4 2.0 0.4 1.1
23/5 - 22/6 2.4 4.8 0.9 5.0 1.0 5.0 2.2 4.9
23/6 - 25/7 3.9 1.8 0.0 4.1 0.0 3.4 0.0 4.9
26/7 - 19/8 1.4 4.7 1.6 4.9 . 3.0 4.9 1.6 4.9
20/8 - 19/9 2.8 4.6 4.5 3.9 2.8 4.0 2.8 1.1
20/9 - 10/12 3.9 4.6 4.6 4.1 4.5 49 4.9 4.5
11/12- 6/1/73 3.7 4.6 4.6 4.1 44 0.0 2.9 4.9
7/1 - 26/2 3.9 4.7 4.5 4.8 41 0.0 4.7 4.9
27/2 - 6/3 3.3 4.8 4,2 5,1 4,0 0.0 2.4 4.8
TOTAL . 26.3.39.9 . 30.2 44.1 . 29.1 28.7  23.0 38.7

Deep Lysimeters (leachate in litres)

11/4 - 1/5/72 0.6 0.2 0.3 0.3 0.4 0.4 0.4 0.6
2/5 - 22/5 0.8 0.6 0.0 0.5 0.6 0.5 0.3 0.6
23/5 - 22/6 - 1.6 0.8 0.0 1.0 0.6 1.3 °~ 0.0 1.4
23/6 - 25/7 0.2 0.8 0.0 1.4 0.0 1.2 0.0 2.6
26/7 -19/8 0.0 1.0 0.0 0.9 0.0 1.5 0.0 0.9
20/8 - 19/9 0.4 1.6 0.3 0.9 0.0 1.8 1.0 1.7
20/9 - 10/12 3.1 4.7 3.7 0.0 3.5 4.0 - 3.7 4.0

11/12- 6/1/73 1.1 0.0 1.0 0.0 1.1 1.3 2.5 1.3

7/1 - 16/2 2.4 0.5 3.6 0.0 2.6 2.8 2.9 2.7
27/2 - 6/3 »
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précipitation, espe;iéily on the fallow:soils. This agreed Qith the
findings éf Dreibelbis (1946).

| | The individual monthly leachate volumes are presented'on Table 2-3.
It is noted that although the deep lysimeters included soil from thé semi-
pervious chalky clay horizon, the volume of leachate in proportion to the
tqtal rainfall volumé available Qas much greater from the deep lysimeters,
especially in the falloﬁ gonditions. It is probable that the soil moisture
content in the deep lysimeters was initially much higher than found in the
plough depth‘alone, (shallow lysimeters) and evaporation less, due to greater
depth. Therefore the amount of rainféll requiredlto produce an outflow of

leachate would be much less for the deep lysimeters compared to the shallow,

even when the difference in their surface area is taken into account. The

figures for the deep lySimetefs'were in close agreement with Low and

Armitage's (1970) results, showing that 20-30% of the precipitation drains

| through cropped arable soil. Unfortunétely it was not feasible to build

replicaﬁe lysimeters in each field, and therefore a certain amount of internal
variability within a single‘ménaggment type, must be expected to reduce the
significance of differences between.management tyﬁes.,

Thus the differeéces.observed between the leachate volumes from
S-NF aﬁd S-HF; which were adjacent within the same field, wefe sometimes
greater than those betwéen fieid types. The bracketed figures in these
tables indicate that,‘when the lysimeters were dismantled at the end of the

experiment, blocked outflow pipes were found to have impeded the drainage of

‘'water from the containers, which explained the low leachate volumes

collected.
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16.1-2 Differences between cropped and fallow lysimeter leachate

volumes during the growing season (litres) - uptake by plants

Treatment Shallow lysimeters Deep lysiﬁeters
Volume Plant Volume Volume Plant Volume
| difference number /plant difference number /plant
o 9.8 35  0.28 1.5 3 0.50
M 13.3 55 0.24 4.4 7 0.63
SNF 1.7 40 0.29 5.1 9 0.57

S-HF 11.6 40  0.29 6.1 9  0.68

For the cropped lyéimeters, water loss will be mainly due to
transpiration, but will include some e&aporation from the soil surface
until the crop gives complete shade. The loss of water from fallow
lysimeters, after subtraction of leachaté, was assumed to be entifely by
evaporation.from the soil surface. Ideally the same number of plants
should have been grown on each lysimeter type : 35-40 on shallow and
3-5 on deep (for normal field density), but due to exagéerated edge
‘effects in-the smaller surface afea of the latter type, mbre plants were
-sown., The problem was further complicated by plant mortality.

TableA:6.1-2 shows the result of-dividing the difference in
'1éa;ha£é.§olume between cropped and fallow lysimeters, by the number of
plants grown, which is then the value of the minimum transpiration loss per
plant during the season. It is likely that this quantity was greatly
supplemented by the amounf 6f water apparently‘lost by evaporation, as shown in
Table :6.1-3, but the actual water loss due to evaporation alone was not
measured. It is suggested that the figures derived from the deep lysimeters
| "Qéré_largeiy.dué to an initially greater storagerf sqil water in the lower
soil horizons. Thus when these considerations afe taken into account, so

as to remove the varying plant density effect, there was very‘litple

difference between the farm management types.
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It is suggested that most of the observed water loss was thé
result of-evaporation from the soil surface. It was found that the mean:
soll water content during the growing season was 18va/w. ' Thﬁs in tﬁe;:
total soil volume of 360 litres in the shallow lysimeters,vand 36.1 lit}es

in the deep lysimeters, only 64.8 litres and-6.5 litres of water would“be

- required respectively, to maintain the observed water content. Yhe

remainder of the water would have been lost by evaporation, ©T would have

been potentially available for tramnspiration in the cropped lysimeters.

:6.1-3 Volume of water evaporated from the soil surface

or potentially available to plants (litres)

Treatment April 1972 - September 1972 April 1972 = April 1973
Shallow Deep ‘ Shallow Deép

0 o 257.7 14.3 423.7 - 20.4

M - 253.5 14.3 . 419.5 (28.1)
S-NF 255.2 12.6 (434.9) 17.5
 S-HF 259.4 115 4269 o 16.6

Conclusions concerning Water Loss.

"As would be expected, the evaporation from three fields within

the same local region was found to be very similar on the three farm

sections. Thus despite small significant différences observed in soil
moisture between the sections during the growing season (See Soil section
Page. 30), the overall conclusion must be that the farm management type

practised had not substantially changed the ability of the soil to retain

" water in a form available for plant growth, when figureé are considered for

an entire growing seasom. It is probéble that any differences in soil

structure, brought about by the higher organic matter content shown to exist

" on the Organic and Mixed sections, would be negated by the soil disturbance

necessary to- construct the lysimeters, and consequently the expected

differenées in water holding capacity lost.
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2:6.2 Loss of Geochemicals

Presentation of Results

:6.2.1 Concentrations of geochemicals in lysimeter leachate

and field drainage water

Tables Al(1) and (2) Full details of the monthly concentrations of the
major geochemicals in the lysimeter leachate, expressed in
milligrammes/litre , plus the calculated annual mean values.

Table A1(3) Concentrations of five micronutrients in the 1§éimeter
leachate af the beginning and end of the growing season.

Tables A2(1) and (2) Results bf chemical analysis of field‘drainage water
collected at intervals throughout the year, individually from the
fields under special study, and bulked samples from all the other
fields in each section.

Table 2-4 o A summary of Tables Al - A2,

Table 2-5% A statistical comparison of the concentrations of
geochemicals in the lysiméter leachate with that of field
drainage water.

Table 2-6 : ‘ A statistical comparison of the concentrations of

geochemicals in the lysimeter leachate from the three farm

management sections.

16.2.2. Loss of geochemicals from the lysimeters

Tables A3(1) - (3) The monthly loss of geochemicals from the lysimeters,
expressed in milligrammes/lysimeter, and the calculated total
annual loss from each of the four treatments. -

Tables A4(1)=(3) . “Monthly losses expressed in Kg/hectare -
Histogram 2-1 ‘te'2-3 Histograms of the monthly loss of six geochemicals

from the shallow lysimeters.
' Hiétogram 2-4 : The total annual loss of geochemicals from .

lysimeters expressed as grammes/lystmeter, shown as a histogram.




1

Hispogram 2-95 The total annual loss of geochemicals from
lysimeters expressed as kilogrammes/hectare equivalent,

shown as a histogram.

6.2.1 Concentrations of geochemicals in lysimeter leachate and

field drainage water

Discussion of results

Lysimeter leachate

.2.1.1 From the full result tables of the concentrations of geochemicals
in the lysimeter leachate Tables A1(1)jjﬂ3)» certain conclusions can be

drawn. :~

.2.1.1-1 The highest concentration occurring at any one time, and the
largest range of concentrations during the season, occurred on the Organic
field for most of the elements measured :-

Orgénic - highest conéentrations of N, NO3, K, Na, Al, Zn

Mixed - " _ " Mg, Ca, Cu

Stockless = " | " ©  Fe and Pb

(High Fertilizer)

These. findings correlate well with the chemical analysis of

the soils (see Section 1.

.2.1.1-2 Thellowest concentration ranges tended to occur on the Mixed

section for most elements (no manure supplied to these Mixed fields for

two yéars):— |

| Mixed - lowest concentrations of N, NO,, K, Na, Al, Zn, Pb
Stockless ' 7 " " Fe

Stockless " " - " Ca, Mg, Cu
(High Fertilizer)




19

.2.1.1-3 " The month at which the maximum concentrations of each element

occurred are shown below :-

Element _ ' Lysimeter type
Shallow Shallow Deep " Deep
“Cropped Fallow ‘Cropped Fallow
Organic N - May ... May Apr-May May
NO3—N e o,M Seprec 0,M . _July-Aug Sep-Dec  O,M July-Aug
+
5,5 Apr-June S,S+ Apr-May S May
S+ Sep-Dec
K 0 Apr-May - June-Sep 0,M Aug-Sep O,M Apr-May
+ + +
M,S,S Aug-Sep S,S Apr-May S,S Aug-Sep
Na Apr-May 0 Aug-Sep 'O,S+ Apr-May Apr-July
+ ‘ \
M,S,S Apr-May M,S Sep-Dec
Ca 0,M Feb-Mar . June-Sep 0 Jan-Feb G Apr-May
S Aug-Sep M - Aug-Sep M  June-July
+
s* May-June ¢ s,s* Sep-Dec  §,5' Aug-Sep
Mg 0,5 May-June 0,M,S+»June—July 0 June-July July-Sep
M,S Aug-Sep S .Sep-Dec M,S,S+ Sep-Dec

Many of the high concentrations occurred within the first four
months after the application of fertilizer (April - July) during the main
period of crop growth. ' This was the period for high leachate concentrations
on the Organic section,even though manures had not been applied since the
_previous autumn. It is suggested therefore, that nutrient loss was enhanced’
by the disturbance of soil structure which occurred during the comstruction

of the lysimeters, which allowed greater leaching than was possible in the
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undisturBed soil, Even'so,'thé mobile ion of nitrate did not leach out

to give maximum concentrations until September - December on cropped Organic
and Mixed shallow lysimeters, nor on any of the four types of deep cropped .
lysimeters. During the period April - July rainfall was low, and except
for the shallow fallow lysimeters, total leachate volume tended to be low too.
" Thus any leaching of the soil during that time of maximum availability of
nutrients from the fertilizer application would result in high loads of

geochemicals, per unit of water outflow.  This explains the high concentr-

ations of most elements observed early in the season. Despite a greater
depth of soil through which the water had to flow before being collected,

the maximum concentrations of most elements in the leachate from the deep

lysimeters also occurred at the same time of year as for the shallow

containers.

.é;1.1-4 The lysimeter leachate was analysed for phosphate on several
occasions, buf the 1eveis were at all times below those measurable, using
the methods chosen (see Appendixj. The negligible amount of phosphate in
the lysimeter leachate agrées with the findings of Maschhaupt (1941),
Stauffer (1942), Allison (1955), Pfaff (1963); Cooke and Williams (1970),
all of whom found fhat the removal of phosphate by dissolution in the soil
percolate was often too low to be measurable. Because of the rapidity by
which added phosphorus is precipitated as insoluble forms, particularly in
alkaline soil, the movemeﬁt of phosphorus through the soil profile is very
slow, - For example, Cooke and Williéms found that phosphorus moved down
through 1 cm per 5-8 years, in the soil below the ploughed layer. Any
phosphorus which is lost from the soil system is usually associated with
suspénded soil particles, and is therefore more frequently lost by erosion

runoff from the soil surface.
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.2.1.2 Field drainage

From the full result tables of the concentrations of geochemicals

in the field drainage water Tables A2(1)(2) certain conclusions can be

drawn :-

.2.1.2-1 The highest concentration of almost all the elements measured
was found on the Mixed section. The only exception was that the Organic
fields produced the highest concentrations of organic nitrogen, copper and

lead._

.2.1.2-2 The maximum range of concentrations of geochemicals in the
drainage water also occurred on the Mixed section, whilst the minimum range
‘of concentrations was found on the Stockless section fields,which agrees
with the soil chemical analysis :-

Organic fields ' - maximum range of N, Cu

minimum range NO3, Ca, Mg, Zn

Mixed fields . - maximum range P, K, Ca, Mg, Al, Fe

minimum range N, Pb

Stockless fields - maximum range of NOB’ Zn, Pb

minimum range P, K, Na, Al, Fe, Cu

These two conclusions do not contradict the findings from the lysimeter
experiment,where the Mixed section tended to produce the lowest concentr-
ations of geochemicéls in tﬁe leachate, if the rotation stages are considered.
On the Mixed fields studied by lysimetry, due to‘the particular stage reached
in the pre-existing rotation, no organic manure had been supplied for two

, years} In effect, therefore, most of the immediately leachable geochemiéals
were derived from the artificial fertilizer appliéation alone. But of the
fields éonsidered for the drainagé—watéf_chemistry, several had had manures
added immediately prior to fhe season sfudied, and were therefore supplying

- .leached geochemicals from both manure and fertilizers (see Introduction -

Soil Section).
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+2.1.2-3 The timing of the maximum concentrations of geochemicals in the
field drainage water depended upon the farm management type praétised.
Thus on the Organic and Mixed sections, where manure had been apﬁlied in
November, maxima occurred either immediafely or during early Spring; on
the Mixed and Stockless sectipns, where fertilizer had been applied in
- March, most leaching occurred in early summer.
Thus, by‘element : N, NOB’ Cu, Zn - maxima occurred in
November or April
: P, K, Na, Ca, Mg, Pb, Fe - maxima occurred

February - May

.2.1.2-4' If the annual mean concentrations of geochemicals in the field

drainage water from the three farm sections are statistically compared,

there are no significant differences for any of the elements measured.
Thus apparently the differences in farm management showed no effect upon
the drainage effluent from the tile drains. However it is suggested that

these results were probably gained for several reasons :-

.2-4(1)  Within each management section, each field was given a different

treatment of manure and/or fertilizer, depending on the stage attained in

the existing rotation. Thus the internal variability of the composition

of effluent between fields w1th1n each section, when the dralnage water was
<0 c.\ﬂo_,m\ o

bulked together, would provide a wide range of geoehme&eaé concentrations

and reduce the differences between sections.

.2—4(2) The concentrations of geochemicals in fhe drainage water
fluctuated Wi£h season, so that although figures for individual months of
‘the year may have shown significant differences between sections, the calcul-
ationvof annual meanS‘reduced the overall variability of concentrations.

Due to the infréquenéy of running &rains during'the-dry year of study, and

‘to the time required for chemical analysis of the water, samples were
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bulked, which prevented the calculation of standard errors for each
month, and hence no statistical comparisons through the year could

be made.

.2-4(3) In many of the fields sampled, drainage water from the outlets
in one field would have originated from several fields, not necessarily

all of the same management type.

.2.1.3 Comparison of lysimeter leachate with field drainage water

Table 2-4 summarizes the full details of the concentration of
 geochemicals in the lysimeter leachate and the field drainage water.
Table 2-5 depicts the results of a statistical comparison of their annual

means.

L2.1.3-1 -The‘results of the comparison show.that although for orgamic -
nitﬁogen;the lysimeter method gave an accurate guide to the amount lost by
leaching of the soil into the field drains, the concentrations of all the
other elements measuréd differed to a varying extent between the two
methods of water collection. The two elements showing a most consistent

difference were :-

.;3—1(1) _ Nitfaté-nitpogen - the disturbance of the soil structure
incurred iﬁ the construction of the lysimeters, exposed more soil-particle
surface area to the solvent action of rainfall (Kohnke and Dreibelbis 1§40)
" so that the loss of this very soluble ion was significantly greater from
all lysimeter types than from the field drains; This effect was particul-
.arly ﬁarked on the Organic and Mixed sectioms, the soil of which had

possessed more structure before its disturbance.

.3-1(2) Sodium - on all types of lysimeters the leaching of this element
was significantly less than from any of the tile drains on all three farm

sections.
.2.1.3-2 1In addition, for some 1yéimeters on some sections, the concentr-

ations of potassium, calcium, and magnesium, were less in the leachate from

L




- 8L

the lysimeters than from the normél field drainage. This effect was

found mainly in the shallow 1ysimetérs'and only on the Mixed and Stockless
sections. The discrepancies between field and lysimeter drainage geo-
chemical concentrations,of all four alkaline earth elements,can be simply
explained by considering the soil profiles described in the Soil Section 1..
In the Mixed and Stockless fields, the soil horizon with the highest con-
centrations of these elements was below 50 cms, which was therefore below
the level leachable in both the shallow and deep lysimeters, but above the

tile drains (75 cms). Thus the water percolating through the Mixed and

Stockless lysimeters passed through less of the alkaline-earth-rich
horizons than fhe water entering the lower tilg drains - this effect woﬁld
have_been particularly m;rked in the shallow lysimeters which were only

25 cms deep. This effect was not shown to produce discrepancies on the
Organic section (except witﬁ reference-to sodium), because the ﬁain strata

rich in all these elements was well above 50 cms, within the constructed

lysimeters.
[ ]

.2.1.3-3 Despite these differences between lysimeter leachate and field

drainage, it was considered valid to use a comparison of the lysimeter
leachate results,to evaluate the effect of soil use (fallow or cropped),

and farm management, upon the eutrophication of the ground water. The
chemical anélysisAof the contained soils at the beginning and end of the
1972 growing séason (see Soil Section 1) showed that for most elements the
situation.within the lysimeters was broadly equiyalent to the conditions of .
soil in the épen field. The main serioﬁs error which would result from
predicting the loss of geochemicals from the field drains, by extrapolation

of the lysimeter leachate results,would be an overestimate for nitrate loss,

and an underestimate for sédium.
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.2.1.3-4 Most of the references to the concentration of geochemicals
lost in lysimeter leachate and field drainage water,in the literature,
refer to the levels expected for n;trogen. The reported concentrations
are very variable, depending upon the volume of rainfall, soil type and
crop, amount of fertilizer or manure used, aﬁd method of collection and
analysis of. the percolate.

| The range found is 1.8 - 91.5 mg N/litre of water, but the mean

expected concentrations are :-

2.7 mg NO3—N/1itre -  Sylvester (1961)
510 " " " - Cooke and Williams (1970)
8-12~7 W " - Tomlinson (1970) .
5-14 . " " " - Bolton et al. (1970)
10-30 " " " - _Hood (1975)
2-63 " total N/litre - Johnston et al. (1965)

46-53 " " " - Fischbach et al. (1973)

L

Thus the range of mean annual concentrations found at Haughley, of 32-44
mg N/litre and 1.6 - 9.3'mg NOB—N/Iitre, do fall within the range of figures
collected from the literature. It is not known why both the leachate and
field drainage water from all maﬂagement sections showed greater concentr-
ations of orgaqic nitrogen, and less of nitrate-nitrogen, whereas most
‘authors have found that most nitrogen is lost in the nitrate form.
 Although no phosphorus could be detgcted in the lysimeter leachate,
the field drainage water showed annual mean' concentrations of 0.29 - 0.63
mg/litre, which were within the same order of ﬁagnitude as concentrations
reported in the literature e.g. 0.05 - 0.27 by Johnston et al. (1970).
Very few references to the concentrations.of potassium, sodium, calcium

and magnesium expected in drainage water were found, but those available

agreed with the Haughley results, viz :—
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Haughley “Literature

Potassium : 0.8 - 6.5 mg K/1 Bolton et al. 0.9 - 1.7 mg/1

Cooke and Williams 0.4 - 5.2 mg/l

. , *
Sodium : 5.5 = 20.7 mg Na/l Cooke and Williams 7.4 -44.8 mg/l

Mean of 19.0 mg/1

Calcium : 62 116 mg Ca/l Cooke and Williams 62 - 246 mg/l

Magnesium : 2.3 5.6 mg Mg/l Cooke and Willigms— 0.8 -28.8 mg/1

Note = This further demonstrated that the levels of sodium in the

lysimeter leachate were very low.

214 Effect of 1ysimeter‘type'on'ieachate geochemical corcentration

Within a single managément section the variation in the mean
annual Iéachate concentration of geochémicals between the fallo@ and cropped
condition, the shallow and deep form, did not follow any consistent pattern.
There wefg no significant differences between lysimeter typeé_at the 957

level of confidence. The only trends found wére i

“.2.1.4-1 Concentration of potassium was higher from the shallow

lysimeters on all management sections.

2.1.4-2 Concentrations of potassium, sodium and magnesium on the
Stockless scil,were greater from the fallow lysimeters than

from the cropped containers.

.2.1.5 . Effect of farm management upor the corceritration of

~geochiemicals in lysimeter léachate

The results of the chemical analysis of lysimeter leachate from
each farm management section were statistically compared and the results are
shown on Table 2-6. Out of 144 pairs used for comparison to demonstrate

effect of farm management, only 38 pairs.showed any significant difference.
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Summarizing the results by element (the figures in brackets

indicate the number of times the differences were shown) :-

.2.1.5-1. Organic nitrogen.- the only geochemical which showed no significant
difference between any management section or lysimeter type, correlating

well with the evidence from the field drainage analyses.

.5-2 Nitrate-nitrogen - some differences occurred in all four
lysimeter types. There were :- 0>8(1) M> 51(3) M > S+(1)
showing the influence of adding organic manures to the O and M sectionms,

either directly by nutrient content, or indirectly improving drainage rates

' through the soil.

.53 Potassium — the main differences occurred in the shallow

lysimeters, but the overall significant differences were :-—

0>M (2) 0>5 Q) 0>s ()
S > M (2) | s> s (1)
* s M ()
Thus although the recent application of organic manure caused the greatest

concentration of potassium to be leached from the Organic section, high and

" normal fertilizer rates applied to the Stockless section leached out

pdtassium_more-rapidly than from Mixed soil, where fertilizers were applied
each Spring. it is possible that the application of organic manure to the
Mixed section two years earlier had lost most of its own potassium before

this experiment, but that the organic remains left prevented rapid leaching

of the fertilizer K.

54 Sodium - there were.no differences between the Mixed and Stockless
sections, but in many comparisons the concentration of sodium leached from
the Organic section was significantly greater,because the upper soil layer

in that field was much richer in this element than in the other sections,




88

(see Soil Section 1.). Thus O >M (3) 0>8(3) 0> (4)

.2.1.5-5 Calcium - the only»significant differences occurred on the deep
fallow lysimeters, and all iﬁ?olved the lack of calcium flowing from the

high fertilizer treatment. It is not known why this should have occurred.

.2.1.5-6 Magnesium — both fields which had received organic manures leached

; greater concentrations of magnesium than from the Stockless field.

Thus 0>M (1) 0>5 (1) 0> st (3)
M>S (1) > s (2)
s> st @

Again there was a lack of magnesium in the leachate on the high fertilizer

treatment, especially in the deep lysimeter type.

.2.1.6 Conclusions concerning concentration of ‘gedchiemicals in farm

soil percolate
.2.1.6-1 Lysimeters

.1.6-1(1) Due to the recent application of Qfganic manure prior to the
experiment, the Organic field tested by lysimetry, leached out geochemicals

iﬁ greater concentrations than from the other management types.

(2) The highest concentrations of geochemicals occurred during the

growing season,when the flow of percolate volumes through the soil was low.

(3) 'The lowest concentration of geochemicals leached from the soil
was found on the Mixed section,where manure had not been applied for two

years. The phosphate being leached out of lysimeters on all farm sections
was found to be negligible.
(4) Although the situation was complicated by the disturbance of

soil incurred in lysimeter construction, and by the different depths of

soil layers in the profile-of each field, some differences in concentration
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of geochemicals in lysimeter leachate could be attributed to farm
management,  The concentrations of geochemicals determined in the leachate,
fall within the range quoted from the literature, even though the leaching

of sodium at Haughley was lower than'expected.
.2.1.6-2 Drains

;1.6 2(1) Due to a wide variety of treétments between fields ﬁithin each
>section, to the use of bulked water sampleé, and to fluctuating seasonal
geochemical concentrations, no significant effect of the farm management
was demonstrable. However the trend found, wasfor the highest concentr-
ations of almost all elements measured to occur on the Mixed section,.due
to the application of both organic manures and artificial fertilizers in

the year of study.

(2) Only for organic nitrogen was there a consistently close
correlation between the field drainage and lysimeter leachate results.
However whilst automatic weirs for the continuous monitoring of the outflow
from field drains remain so expensive,and subject to practicai problems,
lysimetrvaill continue to be used to estimate the loss of nuﬁrients from
the ecosystem.

(3) The annual mean conéentration for nitrate—nitrogeﬁ in the
dfainage water was well below the WHO limit referred to at the beginning of
this section. Even in the water from the lysimeters, where soil distprbancg
had significantly increased the leaching of this ion, the danger limit of

-N/1 was not exceeded on any farm section.

11.3 mg NO3

2:6.2.2 Loss of geochemicals from lysimeters

Tables A3(1) - (3) in the Appendix record the actual monthly loss
of geochémicals from each lysimeter-during the 1972~-3 period. The losses

of six of the macronutrients from the shallow lysimeters are presented in
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histogram form in the text to demonstrate visually the differences in the
magnitude of loss (Histogram 2-1t.2-3), ... Two further histograms
illustrate the total annual loss of geochemicals expressed in grammes/

lysimeter and Kilogrammes/hectare equivalents (Histograms 2-4,2-=5)

Discussion of Results

The following conclusions can be drawn from the results :-

.2.2.1 The largest single monthly loss of geochemicals occurred on

_differenﬁvfarm sections, depending on the lysimeter type :-

Treatment Cropped shallow Cropped deep =~ Fallow shallow Fallow deep
0 N, Na, Mg, K N, K N03, K, Na, Mg N, Na, Ca
M -NOB’ Ca Na ' Ca
S ' Ca, Mg - ' : K, Mg
+ . . . . .
S ' | NO3 N NO3

The maximum loss of nitrogen and nitrate occurred on s* because
of ;he more immediétely,available nature of~thé nitrogen,in the high rate
of applidation of4fertilizé} supplied to this lysimeter type. Even so,
where croppedAin the shallow depth, losses were greater from the sections

‘which had previously received organic manures, because of the higher

quantities of these geochemicals supplied.

02.2.2 The histograms of monthly 1psses‘show that the most striking
différenée-between the farm management types was for nitrate-nitrogen,vhere
the effeét of organic manures in the soil was clearly demonstrable in
providing this ion for leaching,by mineralization throughout the'year.
Tbmlinson (1971) suggests that at least 30-60 kg N/ha/yr is mineralized
from organic mattér in BritishAsoils, énd that the'amount is significantly

greater where organic manures are supplied.
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.2.2.3 The annual loss of geochemicals was significantly greater from
the déep lysimeters on all treatments. This is evident from the Histogram
2-5  only, because the surface area of the deep 1ysimetérs was but 1/13
that of the shallow containers. Despite the smaller surface area, and a
total volume only'1/10 that of the shallow 1§simeters, the loss of leachate
volume proportional to the total rainfall availablé,was greater from the

- deep¢lysimeters than from the shallow. . This was probably due to less
evaporafion per unit volume of soil,due to greater depths.. It is suggested
that the greater loss of ions observed was due.to the inclusion of the lower
soil horizons in the deep lysimeters,which were rich in several geoghemicals
due to geological layering, and where many'geochemicals leached from the
surface layers, previous to this experiment, may have been redeposited.

The possession of these deeper layers would have thus enabled greater leach-
'ing losses to be recorded for the deep 1ysimeters,-despite their smaller
volume. ' ' A

2.2.4 The greatest leaching of the geocheﬁicals was found from the
fallow lysimeters where there had been no competition from plant hptake and
no protection of the soil surface from the rainfall. The only exceptions -
to this rule were found where partial blockage of the outflow pipe caused
waterlogging of the.lysimeter,and restricted 1eacha§e volumes (M - deep,-

. . + .
“all geochemicals; S - shallow, organic-nitrogen; S - shallow, nitrate).

02.2.5 The total annual loss of geochemicals, as shown in Histogram
2-4;2-—5 , demonstrates the following pattern, showing the effect of farm

management to be complex :-




Graph 2-4

a
Qo
@ .
. D ® '
‘©
z 3
s J s s ;
2 . !
g = S g |
XO 8 ‘ g; .
.o 3 Q;“ |
] = °3 £ |
; = ST ® 32
£ - ° QW -
3 o w nn i
> B O ~
} a>>" i
0. : o - ) ~ - ° ! ;
a
. L el
2
Q ¢ & !
g [ﬁw [:Eéw ’
| . ‘ |
N L Yn o
@ ’ e ® 3
2 o a o
g . as ST S ® o
‘®
> 4 8O .
- o — 8 '
> + Z
o »
£ ‘ : :
2 .

o 2 ° =
= = | s z |
. 5 - E— R "
®

3 N 5 s o e
g « o+« T T =z
Q
. 0
)
Ol .
S
5]
j= %
2 g
8z °
‘©
3 ©
g =z
g <«
- O
©f ©« 2
-t o :
3 3 !
| : : |
) s £
(1]
< =
- o
S
o




21

z
-
<
= o =
o]
- 2
8 eJwn o INSEO)
\ - 2
o Zw -
S .
Q o] O
@ _ A
< g ozt oz oz oC 23 s ¢ 3
m . '- .
X
o
e
©
=
& ¥
@ - SO
o R 1)) EEERETT o)
-
w {0 o ASSITIETERSY 10
4 2
o
= s0
‘0
a Z o
[}] ',, rennl
£l o )
. 2
) %] ;_ 7))
© -
Q S = =
= n
& _
o]
-5 o} %
O wn w n
Q 2 3 3 = ° i
Ol
b
=)
2
4 2 @
— EmEr——s 0
5 ©
c =z T SR ST
c <« .
a5 X
=| @
% o
-
o
L
—
("] (-] “ - 3 Ll
~ © ' L -

Fallow

a
]

TWO types equa|




. 92

Summary Table ' 4 Lysimeter type

Element Shallow cropped Shallow fallow Deep cropped Deep fallow

N s>M>0>8 o0>s">M>s o0>s">s>M s=s">0>M
+ : ot :

NO N 0o=M>8>s5 M>0>s8">s .st>sz0>M st>05>55M
+ + + +

_K O>M>8 >M 0>8>S >M O>M=8 =8 §>S8S >0>M

Na o>M>s>st o0o>mM>sts>s o0>s=M>s 0>s" ss5M

: + o +
Ca M>S8>0>S8 O>M>S8 > 8§ §>S8S >M>0 S$>0>S§5 >M
Mg 0>M>S>S'+, o>M>8z8" o=zmM=s*'>s s>s zo0>nM

From this summary table,several conclusions can be drawn :-

.2.2.5-1 In the shallow lysimeters where the ground was fallow, the greatest
total annual loss of all the geochémicals; apart from nitrate, occurred on
the Organic section, least being lost from the nofmal fertilizer treatment
on the Stockless section. The loss of most elements from the Organic
section é;en exceeded that from the high fertilizer treatment s*.  The

total volume of leachate collected from this type of lysimeter showed that
the relétionship between the treatments was : M>0>S5 >SS which
_exact1y~exp1aiﬁed the relationship between treatments for the loss of
nitrate;nitrogen. The differences in total leachate volumes also

elucidated the relative losses from the Organic and Stockless treatments,

which were O > s* > s for all geochemicals measured in the shallow

fallow lysimeter leachate.

.2.2.5-2 1In the deep fallow lysiﬁeters least loss of geochemicals occurred
~on the Mixed sectién, whilst most was lost from the Stockless soil. This
relationship can again be explained by ;onsidering the total leachate
volume-ldst during-the year which followed the pattern S+ >8§>0>M

(see Table 2-3).
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.2.2.5-3 Where the lysimeters were cropped, the relationship between the
~losses from the different treatments is less easy to explain. From both

the sh;llow and deep containers,the most potassium, sodium and magnesium

was leached out of the Organic section, partly due to the geological
layering previously mentioned, and partly dué to the addition of geochemicals
to the three sections in the manures and fertilizers;at the Beginninngf the’
season. If the.relationship betwegn‘thé'four treatments, for the initial
addition of nutrients, is extrécted from Table 1-3 in the Soils Section 1,
the magnitude of loss from several lysimeter types can be explained.  Thus,
in the Spring of 1972, the addition of nutrients in manure and fertilizers

to the lysimeters followed the pattern :-

N ‘0>st>s>M Ca 0>M>8=§"
K st >05>M=8. Mg o>M=8zs
Na 0>M=z=8>s

These patterns correlated with the total annual loss of geochemicals from
. :

the lysimeters as follows :-

: N - Complete correlation deep cropped, partial correlation deep
+
— falilow S, § M
partial correlation shallow

‘fallow O S', S
: Na, Mg - " " " shallow cropped, shallow fallow
: Ca - " shallow fallow lysimeter

There was no correlation shown between the rate of addition,and rate of

loss of potassium,for any lysimeter type.

.2.2.5-4 The loss of most geochemicals through'leaching was low from the
shallow cropped lysimeter on the high fertilizer treatment, because of the
small application of sodium, calcium and. magnesium, coupled with a low

. +
total annual leachate volume M = S > 0>5.
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02.2.6 If the total quanﬁity of each geochemical added to the lyéimeters
-in the rainfall (Table 2-2(1», during the period April 1972 to March 1973,

is compared with the total quantity leached out during thét time, (Table 2-6
and Histogram 2-4) it can be seeﬁ-that for several geochemicals, on most
management sections, there was a net gain over the year., If the supply of
nutrients from the fertilizers and manures, and the loss of nutrients into

the crop plants are ignored :-

: K and Mg - large net gain on all ménagement sections and lysimeter types
: Na - " " " meooo " " except on Organic in
the deep fallow
¢ N and Ca - slight net gain on shallow cropped O, S, S+, but no.change'
on M
- " " " " " fallow M
- large net losses on shallow fallow O, S, S+ and deep

lysimeters on all sections.

>

The mean quantities lost and gained over the 12 month period are shown

below (Kg/ha) :-

Element Addition in Loss, shallow Loss, deep
~ . .rainfall . lysimeters .. lysimeters

N 103 10.0 . 48.0

K 8.5 0.8 1.5

Na 13.1 2.0 : 7.8

Ca 18.5 19.0 99.0

Mg 1%.7 - 0.8 | 3.4

It is probable that the loss from the deep lysimeters was closer
to the actual loss of geochemicals from the field drains over the year,than
was that from the shallow containers, due to the inclusion of the lower soil

layers which influence the composition of the percolate. It must be
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remembered that the concentrations of geochemicals lost in the deep

lysimeter leachate and field drainage water mainly differed in the 1e§els

. of nitrate (L > D) and sodium (D > L), In addition; D > L for potassium

on fhe Stockless field. Thus the annual losses of geochemicals shown to
occur from the deep lysimeters will probaﬁly,be a slight underestimate for
potassium and sodium, but may be equivalent to the field.loss for nitrogen,
(nitrate-nitrogen é very small proportién éf the total) calcium and magnesium.
In the absence of the field drainage volume data, it is suggested therefore
that the annual loss of nitrogen and calcium from the fields would be greater
than the addition in the rainfall, but that the loss of potassium and
magnesium would have been less. The results for potassium, calcium and
~nitrogen agree with the fesearch results of Low and Armitage (1970) who
 found that the rainfall supplied more potassium, but less calcium and
nitrogen, than was lost by leaching. ﬂowever,‘they also found that more
magnesium was leacﬁed than was supplied in the rainfall, which disagreed
with fhe resuitsvfrom Haughley. A full balance sheet, including all sources
and- sinks of these geochemicalé in the farm ecosystem, is shown in the final

Discussion at the end of the thesis.

a

$2.2.7 The losses of geochemicals estimated in terms of Kilogrammes lost/
hectére-of land, which are reported in the literature, vary over a very broad
range, as do their concentrations (previously déscribed). Again, most
information concerns the loss of nitrogen,for which the range of 1§ss

reported is 11 -.186 Kg N/ha/year.

.2.2.7-1 The losses tend to be greater from fertilized fallow land than

from areas cropped, except where the crop concerned is a legume which supplies
nitrogen to the soil. through symbiotic nitrogen fixation. (Vicia faba at
Haughley fixed 120~520 Kg N/ha/year depending on the farm management section
used. See main Discussion for inclusion of this nitrogen source into an
"ovérall balance sheet at Haughley.) A considerable. amount of nitrogen is
ipst by leaching, even from unfertilized 1aﬁd, due to the minéralization of

nitrogen held in the organic matter. Thus :-

s
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Land use KgN lost . " "Source
/ha/year
- Unfertilized fallow : 17 - 20 Lawes et al. (1882)
arable soil 25 Kolenbrander (1972)
34 Allison et al. (1955)

38 Hall and Russell (1919)

Normal fertilizer appliéation 68 - 78 Lawes‘ef'al. (1882)

Fallow : 89 - Low and Armitage (1970)
" Normal fertilizer application 33 Kolenbrander (1972)
Cropped : - : .13 - 111 Johnston'gg;gl (1965)
legume : 30 - 130 Tomlinson (1971)
legumeﬁ: 43 - 186 Sylvester (1961)

Thus the mean loss of 49 KgN/ha/yr observed from the deep
lysimeters, which is suggested to be the probable mean loss of nitrogen
from the three farm sections at Haughley, was well within the range

reported in the literature.

.2.2.7-2 The loss of phosphorus at Haughley was not calculable due to the
absence of the element in the lysimeter leachate, and the absence of

volumetric data on the loss of drainage water from the drains.

.2.2.7-3._The mean loss of potassium at Haughley which was suggested to be
slightly underestimated by the loss from the deep lysimeters, of 1.5 Xg/ha,
falls very near to the range of losses expected by Low and Armitage (1970)
of 2.0 - 8.0 Kg/ha, which is still below the level of the potassium

supplied in the rainfall.

;2.2.7-4 The only reference to the loss of calcium from a farm system was

again found to'be in the paper by Low and Armitage (1970), who found
58 - 112 Kg/ha/yr to be leached out from fallow ground, but only 15/Kg/ha/yr

from beneath clover. Thus the .quantity 1each°d from the deep lysimeters at

Haughley of 99 Kg/ha/yr was by no means excessive.
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.2.2.8 The magnitude of the relative losses of the geochemicals from the
field systems at Haughley followed the pattern Ca >N > Na > Mg >K > P
which corresponds fairly closely to the relative addition of éeochemicals

in the rainfall Ca > Na > Mg > N > K > P.  All the investigators who have

reported upon the relative losses of these geochemicals from the farm soils

have shown this pattern to exist :-

e.g. Lawes EE.EE: (1882) Ca >Na>N>Mg>K>P
| Kohnke and Dreibeiﬁié“‘ A
(1940) Ca > Mg > K > Na
Dreibelbis (1946) Ca > Mg > K > P
Kilmer_gg-él. (1944) Ca > Mg > K >P
Bolton‘gggél. (1970) Ca > Mg >N>K>P

Despite slight variations of the pattern, the greatest loss is always that

of calcium, and least leaching loss of potassium and phosphorus. This tends:

to confirm the suggestion made at the beginning of the Water Chemistry section,

that very little phosphate in the rivers is likely to have originated from

agricultural land.

.2.2.9 . The months when the maximum.loss of geochemicals.occurred were
drawn up into a table to be compared with that for the months of maximum
geochemical cénéentrations in the lysimeter leachate. In the table, all
manaéements aré grouped together where possible, thus it shows the degree
of similarity/aifference of the effect of the management type upon the

“leaching loss :-

' . o, . . . .
(The asterisks indicate the points at which the maximum loss,

correlated with the maximum leachate concentration, for each geochemical

considered.)
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Element Lysimeter type
Shallow cropped - Shallow fallow Déep cropped Deep fallow
. _
Org N Sep—-Jan. 0,M May . Sep-Dec Sep~Dec
+ . '
S,S5 Sep-Dec
% % *
N03—N . Q,M: Sep-Dec - - May-Aug -Sep-Dec Sep-Dec
S, S *May-June
. + + + +
K 0,S *Jan-Feb 0,8 #June-July 0,5 Sep-~Dec 0,S Sep-Dec
M,S *Aug-Sep M, S *Aug-Sep M,S  Sep-Feb M, S Jan-Feb
Na . 0,5,S Sep-Jan O?S,S Sep-Dec . Sep~-Dec 0,S5,S Aug-Dec
M  Aug-Sep M June M (July)
+ .
Ca - 0,M,8 Jan-Feb *June-Sep  *0,M,S’ Jan-Feb Sep-Dec
- S° May . E . s *Sep-Dec
A . o
Mg 0,S Jan-Feb 0,M *June 0 *June 0 Sep-Dec
M,S Sep-Dec S *Sep-Dec M,S *Sep-Dec M,S+ *June-July
' +
st Aug-Sep s*  Jan-Feb S *Aug-Sep
.2.2.9-1 Although the farm management and lysimeter type did modify the

‘date of maximum loss by leaching of somé geochemicals, most leaching occurréd
during September—becember. During that time the deep lysimeters showed
maximum volume of leachate on all management sections (except for M which had
becdme-permanently.blocked), but generally low concentrations of geochemicals
in the water. Although the leacﬁate volumes from the shallow lysimeters were
also high at fhat time, they were not at their maximum. This timing of
maximum loss correlates to a much better degree with the total rainfall,which
was at the highest in the Autumn months concerned. - In the cropped lysimeters
the séil was disturbed in Septéﬁber during the harvesting of the Vicid faba

plants, and the flow of nutrients in these soils would then be reversed down-

‘wards by the Autumn rains.

O —
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.2.2.9-2. Where the soil was fallow, and the lysiméters shallow, the loss
of . several geochemicals was at a maximum during the‘Summer months May-
August, during the second highest rainfall period of the year. This
periéd was also the time of high outflow 0of leachate volume, and high
concentrations of geochemicals_in the water (see asterisks). However the
‘flow from the deep fallow lysimeters was low during that time, due to the
longer period of time required to percolate tﬁrqugﬁ the less pefvious
deeper sdil'layers, and the maximum loss of>geochemicals was delayed until

September-December.

.9-3 UWhere the soil was cropped, the maximum leaching of most geo-
chemicals occurred after harvest, except for the rapid removal of nitrate-
nitrogen from the fertilized plots on the Stockless field in May. However
in the deep lysimeters S and st thié maximum loss was again deléyed_until

the period of heaviest fainfall, and high volume of leachate (Sep-Dec).

.9;4 Where fertilizer had been applied, potassium leached out from the
M and S sections during August—September desbite low rainfall, correlating
- with high concentrations of this element in the watexr, but this did not occur
on the treatments of O and s*.  This can be explained by the much lower

leachate volumes from the latter two treatments.

:9-5 " The number of geochemicals for which the individual management
+ . s _ ' .
letters (O M S S') are listed on the table indicates that for most lysimeter
types there was a dependence upon the farm management type,for the timing

of the maximum leaching loss.

' .9-6 The lack of asterisks (except on the shallow fallow lysimeter
column)-shows that for most geochemicals and lysimeter types, the maximum
loss occurred at the time of maximum rainfall and leachate volume outflow,

' not when the concentration in the leachate was at a maximum.
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2:7 Overall Conclusions

7.1 | Tﬁe total annual loss of nutrients from the farm systems at
Haughley ﬁas shown to depend upon soil use and depth considered, rainfall
volﬁme, volume of drainage.water, the form and quantity of nutrients
applied to the soil at the beginning of the season, and the concentratidn

of geochemicals in the water outflow,

:7.2 .The outflow of most nutrients tended to be greater from the land
supplied with organic manures than where aftificial fertilizers alone were
supplied, as shown by the higher concentrations in thé draiﬁage from
Organic lysimeters and Mixed fields. As was found by this researgh,

Lawes éE.El: (1882) demopstrafed that the application of farmyard manures
caused high losses of nitrate thrqughouf the year in thé drainage water,
and Wiiiiams (1970); that farmyard manure supplied more nitrate to the
ground water éystem than did inorganic fertilizers. Héwevef Kolenbrandér
' (1972) showed that because more than twice as much nitrogen must be supplied
vto'a farm system in organic manures,as given ip inorganic fgrtilizer form,
to give the séme-croﬁ yield, for a given rate of nitrogen in Kg/ha, farm-
yard manures actually leached out less nitrogen than from the fertilizers,
corroborating the evidence of Raney (1960). If the relative additions and
losses of nitrogen at Haughley are compared, it is seen that the total amount
of nitrogen supplied to the Organic section lysimeters was 10 times that
applied in the normal fertilizer rate on the Stockless section, and 5 times
thaf applied to the high fertilizer tfeatment. Despite this, the total
annuél loss of nitrogen was actuallf slightly greater from both fallow and
cropped iysimeters on both the Stockless treatments, because of the depend-
:ence of annual 1oss‘upon drainage flow rate rather than upon the concentr-
ations of nitrogen in drainage water alone.  Thus, considered on a "per

unit of nitrogen supplied basis", organic manures pose less of a threat to
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the nitrogen' eutrophication of ground waters than artificial fertilizers,
but when manures are applied in quantities of up to 25,000 Kg manure/

hectare it is likely that this relationship will be réversed.

:7.3 No evidence was found from any of the farm management sections
at Haughléy of levels of nitrate nitrogen which even approached the WHO
limit of 11.3 mg NOB—N/l. McCarthy et al. (1967) stated that in their view

the greater use of fertilizer was contributing greatly to the changes of

nitrogen and phosphorus levels in surface water supplies, yet Tomlinson

- (1970), in his survey of eighteen river systems in Britain, showed that
during the period of 1953-1967 there had been no increase in the concentr-
ation of nitrates, despite a four-fold increase in the use of nitrogen
‘fertilizer during that time.  From the results of this study it is con-
cluded that the agricultural contribution to the eutrophication of rivers

by phosphorus is negligible, and that despite the use of high levels of

artificial fertilizers, which leach more nitrogen per unit nitrogen applied
than do organic manures, the quantities of nitrogen lost do not alone account

®
for the high levels of nitrates in some rivers in the south of England.

7.4 Déspite the limitations of lysimetry, Kolenbrander (1972) demon-
strated a close correlation between the losses from lysimeters on clay arable
.land in the Netherlands,with the.discharge of nitrogen into the river system
(33.Kg_N/ha/yr). The results described for the total annual loss of nutrients
| at Haughley correspond well with the findings of other research workers,
using both lysimetry and tilevdrainage systems, as quoted in the literature,
especially from the deep containers Whefe the soil depth was roughly
equivalent to that served by the field drains. The results showed that
more potassium, magnesium and sodium were added to the soil in the rainfall
than was lost frém the fields in the leachate, even where large qﬁantities
of potassium fertilizer had been applied in the Spring.  Thus the

atmosPhére contributes more of
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in the rainfall, than is likely to be lost from the most intensive
arable agricultural system. This ;onclusion was reached despite the
findings of White et al. (19715 which suggested that 50-75% of the ions
entering the soil from the atmosphere did so as a dry deposit, and
therefore the addition of nutrients to the soil system in the rainfall

AA was only a small fraction of the total.




SECTION 3. "ANALYSIS OF CROP GROWTH
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Section 3. ANALYSIS OF CROP GROWTH

3:1 Introduction

:1.1 During the first twenty years of this century many people
researching.into the growth of plants were aitempting to define the
observed progression of development in mathematical terms, in order that
the growth and yield under different treatments could be accurately
comparéd. | Many of the formulae so produced included ambiguous variables
associated with the influence of the immediate environment, or with the
differeﬁt stages.in the life of the plant (Gressler 1907; Robertson 1908;
Balls énd Holton 1915; Reed and Hollaﬁd 1919; Mitscherlich 1919). In
all these papers, measurements of dry weight, shoot length, leaf area, |
leaf weight, and'seea yield weight were used as standard parameters, but
the relaﬁionships between them were expressed in different ways. In 1919
Blackman likened the growth of an annual plantAto the ﬁechanisms of
compound interest, whereby the,increése in dry weight during any interval
of time was .added to the "capital' for further increase by growth in later
1ife; He suggested that the production of dry matter by a plant will be
totally dependent upon the initial weight of the seed and the length of
the growing period, and that comparative investigations should be made on

this basis.

:1.2 The most important advances in the standardization of the quant-
itative analysis of plant growth were ma&e by Briggs, Kidd and West (1920).
They stated that the compariéon of plant growth on different treatments
should be made, using the relative growth rate (RGR), which they defined as
the increase in dry weight, per unit dry weigﬁt, per unit of time.  This

" was an expression of the efficiency of the plant to produce dry matter and
they recognised that this would be affected by light intensity, temperature,

and the mineral and water supply to the plant. As 80-90% of the dry weight

ompounds,

increase was determined to be due to the accumulation of carbon ¢
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through photosynthesis, they further suggested that the rate of assimil-
"ation per unit dry weight would be a function of the amount of leaf area

per unit dry weight.

:1.3 The relative growth rate is the result of a complex integration
of metabolic reactions and therefore in itself it has no direct physiological

significance, but it can be resolved into two components :-

(1) Unit Leaf Rate - increase in dry weight of the plant per unit of leaf
area. This was defined as the Net Assimilation Rate

>by Gregory (1917) and this name is adopted here.

leaf area t = time

NAR = Net Assimilation Rate = 1/A., dW/dt where A

W

dry weight of plant

(2) Leaf Area Ratio - the fraction of the plant responsible for producing

new material,
LAR = Leaf Area Ratio = A/W
These two expressions together form the index of relative growth rate

LAR x NAR = RGR or A/W x 1/A . dW/dt = 1/W . dW/dt

t

Thué a concept for comparing the growth of plants under different
treatments by the use of an expression which was relevant to the whole
growth period had been determined, By the use of the easily measured
parameters - leaf area and dry-weight - recorded upon a number of occasions
during a set growth period, accurate statistical analysis could be utilized,

to determine where significant differences in the growth of plants . had
occurred.
:1.4 . Subsequently many results of work performed before 1920, which

. it had not been possible to analyse accurately, were subjected to comparison,

using the calculated relative growth rate (Ballard and Petrie 1936).
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Extensivé research has since been completed, which was based from the start
upon the'Briggs et al. (1920) concept, particularly for elucidating the
response of crop plants to various agricultural conditions - Williams (1936),
who studied the variation in growth indices as affected by the‘supply of
phosphorus - Watson (1947) who investigated the effect of temperature upon
.Net Assimilation Rate -~ Blackman ana Wilson (1951) who studied the relation-
ship between NAR and light intensity,to demonstrate the effect of shading

in the growth of arable crops.

:1.5 Most studies which have used the three standard growth indices
have required the use of large batch samples of plants in order to allow
statistical treétment of the data collected on each sampling occasion.

In 1967 Hughes and Freeman published the results of a growth study in which
' the emphasis was placed upon the entire growing season. A computer was
employe& to derive the standard growth.indices by a regression of results,
using frequenf.harvests of very small numbers of replicate plants within
each sample. This enabled the consideration of a large number of treat-
ments_simultaneouély,by avoiding very time-consuming measurement of large
batch samples, and it sérved to reduce the amount of iﬁformation at risk
upon any one harvest occasion. Because of the limited time and labour
available for the study of.the growth of Vicia faba plants at Haughley,
the Hugheé and Freeman approach was adopted in this study, both in the

~ greenhouse experiment and in the field trials. The method involved is

described in greater detail below.

3:2 Method of Growth Analysis

12,1 The primary data required for this method are those described
earlier : leaf éreé, total plant dry weight and times of harvesting.

_ As plants increase in size, so does their absolute variability, but




106

transformation of the primary data to logarithmic form renders the
variability more nearly homogeneous with timé. The.polynomial regression
ofjsufficient fit to the logarithms of total dry weight and leaf area on
time is determined by the Leést Squares method - this makes the sum of the

squares of the discrepancies between the observed and fitted values as

~small as possible. A cubic is considered to be adequate for both weight

and leaf area, so that two equations are derived :-

Loge W= a+ bt + ct2 + dt3 where W = dry weight
_ 2 3
Loge A=e+ ft + gt + ht A = leaf area
t = time
12,2 'The progress curves of the relative growth rate, leaf area

ratio and net assimilation rate are obtained by differentiation of the

regression equations above, according to the classical formulae shown in

3:1; thus :-
rer = 4o, W)
dt
LAR = antiloge (Loge A - Loge W)
AR = GLog, W)/dt

antiloge (LQge A - Loge W)

Thus the derived daté obtained are in ﬁhe form of smooth curves
fitted over the whole of the growth period, instead of mean Qalues for
peribds between pairs.of sampling occasions,as produced by earlier methods.
Interpretation of the results is aided by comparing the fitted values with
the 6bserved values, and by using an estimate of efror for all the fitted
values. The standard errors of the items in the regression equation, and

of the calculated values derived from them, are estimated from the residual
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sum of the squares after removal of the sum of squares due to the linear,

quadratic and cubic terms.

:2.3 The computer programme supplied by Hughés and Freeman had been
written in Algol 14 for use on an Elliot computer, but the Fortran form
Supplied by Dr Thornley of the National Vegetable Research Station was used
éfter slight modification,in the IBM360 computer in Durham. In the original
paﬁer it was stated that this method had been designed for experiments in
controlled eﬁ&ironments,'but that the system was also épplicable to glass-—
house and outdoor investigations. Dr ‘Hughes kindly agreed to fun a check
on'the results from the data of this project, through the computer at

Reading, but unfortunately he died before this could be completed.

12,4 The computer converts the dry weights and leaf areas of the
individual plants harvested to natural logarithms and arranges the harvest-

ing times in ascending order. The final computer printout reads :

:2.4.1 Equations-for_LogeW and Loge,A, standard errors of constant
terms and of linear, quadratic and cubic coefficients; partition of
variance and covariance into linear, quadratic, cubic, between-sample

residual and within-sample components.

.4.2 VLoge‘W observed, mean fitted Loge W and S.E. of fitted value

: ) " " .o " "o
4.3 Loge A | Loge A
hh For each harvesting time,the mean fitted value of RGR and its S.E.
4 5 " V " " ll_ mn - " i " A " " I.nA.R " I_I 1"
4 6 . 1" 1" ", " n 1" 1" 1" 1" 1" NAR I'I " "
32,5 The form of computation allows the number of plants taken per

sample, or the interval between harvests to be altered within any individual
treatment, without alteration of the programme being necessary. It is

suggested that three plants per sample are adequate for the described method,
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élthough this means that the standard error for the sample at any one time
will then be much larger than would be expected by the older batch-.
harvesting methods. Hughes and Freeman suggest thét this loss of accuracy
at each.point during the growing season is more than compensated for by

the increase in the number of treatments,and.ﬁaryesting times,which can

. be encompassed by this method.
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'3:3 An assessment of the ‘effect of farm management upon the growth

of Vieila faba.
'3:3.1 Background
At the beginning of the Haughley Experiment a single seed. type
for each crop was sown upon all three farm management sections. Throughout

the following thirty year period, prior to this research study, the seed

for each crop,grown within each farm section,was derived entirely from the
seed‘proddced on the same sectianthe previdus year. Thus three sets of
‘seed, of type 0, M and S were available for each crop grown on the Haughley
Farm. ‘The process of grdwing crops, from seed produced préviously on the
same farm management sectiop is here called‘imprinting, and hence the

three seed groups produced (0, M, S) are called imprint t&pes. The variety
df Vieta faba which had been subjgcted to imprinting for thirty.years was
Tic. In 1970, due to»the increasing'suscebtibility of this variety to
Chocolate Spot (Botfytis spp), a modern éommercial variety (Throws) was
introducsd, which is less susceptible to fungal attack and has less
tendency to 1odge. .Thus at fhe beginning of tﬁis study, two varieties

of Viéi& faba were available as phytometers, to assess the effect of farm
_maﬁagement; Iic; which had been imprinted every year for thirty years,

and Throws, which had been imprihted for a single year.

:3.2 Aim

2.1 | To determine‘ﬁhether the imprigting of the Vieia faba (Tic and
Throws varieties) had caused any phyéiologicai differences to be evolved
in the seeds, causing in turn the development of a dependence of each type
upon the farm management section from which it originated.

2.2 To determine whether more differengés had evolved in the Tic

(compared to the Throws) variety, due to a longer imprinting period.
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.2.3 To determine the effect of thé farm management upon>the growth
and yield of Vieia faba.
:3.3 Experiments

The experiments conducted to fulfil the aims of the research
study are described and discussed separately.below.:' The overall plan of

experiments can be seen on the flow diagram.

:3.4 - An investigation of the Vicia faba seeds produced at Haughley

:3.4.1 Seed weight 300 Tic bean seeds and 150 Throws seeds of each
imprint type were selected at random from the Haughley store. One third

of the total number of each type was used to determine each of - the dry

weight (after drying at 105°C for 24 hours) - the fresh weight (as stored)
and the imbibed weight(after soaking in distilled water for 48 hours and

blotting off).
. Results

. The results showing the mean weight of each imprint type, with
standard deviation and standard error, are presented on Table 3-1, together
with the results of the staﬁistical comparisons between the imprint types.

Where differences between impriﬁt types occurred, the most
significant trends for both variéties were according to the pattern
S >M >0, Thuys in all tﬁree categories of moisture content measured,
the seeds produced on the Stockless section (despite longer storage) were
the heaviest. Although the Throws seeds had only experienced one season
of imprinting, this variety showed more consistent differences between the
imprint types than did the Tic vafiety.

The colour of the Throws seeds from the three sections was
identical, but for the Tic variety the O seeds were yellow, the M seeds
brown, and the S seeds dark red. This difference was later shown to be

entirely due to different storage times - the colour darkens with age.




Table 3-1

Characteristics of the dry, fresh and imbibed wéights of the Viéia faba seea

produced at Haughley

. Seed Type

Tic 0 .
M.
S

Throws 0O

Statistical comparison of seed imprint weights

Mean
0.615
0.560
0.659
0.238
0;260

0.277

D
0.135
0.121
0.146
0.035
0.028

0,064

ight

Dry we

SE

0.014

0.012°

0.014
0.005

0.004

0.009

(Weights expressed in grammes) -

'SD = Standard deviation

Fresh weight

Mean
0.692
0.717
0.754
0.275
0.313

0.341

SD

-0.159

0.140
0.127
6.028
0.042

0.035

SE
0.016
0.014
0.013
0.004
0.006

© 0.005

SE =

Standard error

Imbibed weight

Mean
1.265
1.314.
1.285
0.560

'0.608

0.663

Moisture content of bean seeds as stored.

(percentage of fresh weight)

Tic O
M

S

11.1%

21.97

12.6%

Throws

Seed Type
Tic . Df

0-M 197.0

0-2 1955

M-S 192.1

0-M 9.4

0-5 "75.8.

M-S  67.5

3.06
2,22

5.21

3.67
3.90

1.72

<0.01
<0.05

£0.001

<0.001
<0,001

>b.05

73.8

98.2

87.5

5.43
11.00

3.50

0 13.57
M 16.92
S 18.87

P R

>0.1° NS

<0.01" § >

20.05 NS

<0.001 ¥ >
<0.001 § >

<0.001 § >

Df

192.6

0 198.2

198.1

0 64.5
o 8l.4 -

M 57.0

SD

0,266

1 0.228

0.240
0.054
0.027

0.086

0.88

5.33

4.23

SE
0.027
0.023
0.024
0.015
0.009

0.027

P

>0.1

>0.1

>0.1

<0,001 ¥ > O

NS
NS

NS

<0.001 § > O

<0.001 S > M




111

$3.4.2 Seed germination and ecesis

Method

A comparison of the rate of germination of the 0, M and S Tic
seeds was made,‘using (1) moist filter papers in Petri dishes in the
laboratory, and (2) soil from the top 15 cms of the fields of the Organic
and Stockless section farms, in flower pots in the greenhouse. The seedling
performance (eceéis) during the first week in the pots was investigated. In
addition, the effect of three concentrations of potassium nitrate upon
germination in the Petri dishes was determined.

A number of seeds of each type were randomly selected from the
store and were imbibed in distiiled_water for 48 hours. = Ten bean seeds
were placed on a moiét filter paper in a Petri dish, which was kept in the
dark, at rdom temperature for a week. Ten replicate dishes of each imprint
type were made, and 5 mls of. distilled water were added to the dishes once
every twb days; A further ten replicates of each imprint type were made
for each>of the three concentrétions of potassium nitrate solution. The
_imbibed seeds were placed at the rate of three seeds per 10 cm diameter
flower pot, on the surface of soil from the Organic and Stockless sections;
with nine replicates per seed type on each soil. .The pots were covered
witﬁ_black polythene sheeting in a greenhouse and were watered with distilled
water every second day. All these treatments were examined daily, when the
percentage germination, and the lengths of the radicle and plumule, were
recorded.
 Resu1ts
The results are presented in Table 3-2 and are drawn on Graphs

3-1, 3-2 and 3-3.




Table 3-2(1)

The germination of Vieia faba seeds

(1) Germination in Water - % germination (%G). Mean plumule (P) and radicle (R)
; lengths in millimetres, with

standard errors

Seed Type Tic 0 ' ‘Tie M - Tic §
Time e R P16 - R SR .26 - R P
Ways) - SR R 2R '
1 77,0 | 2.0%0.1 - 680 5.000.2 - . 60 = - =
2 98.5  6.0:0.2 - 95,5 6.0:0.2 - 42,0 4.0:0.3 -
3 99.5  11.0:0.5 - 98.5 9.0:0.6 - 745 5.0:0.3 -
4 9.5  17.0$0.8  7.0:0.7 98.5 12.080.6 6.0:0.5 78.0 6.0:0.3 © -
5 99.5  21.0£0.9 12.0:0.6 98.5 16.0:1.3 9.0:0.7 81.0 7.0:0.6  ~-
6 99.5 - 23.0¢1.0 15.0:2,0 98.5 18.0:1.1 11.0:1.2 81.0 8.0:0.4 2.0:0.4
7 99.5  28.0:1.0 19.0¢1.0 98,5 20.0:1.7 13.0¢1.4 B81.0 9.0:0.4  3.0:0.4
(2) Germination in Potassium nitrate
Seed Type _ Tic 0 : Tic M : Tic S -
Time and -
Treatweat 26, R p ;R P R 3
2 days
Water 98.5  6.00.2 - 95.5 6.0%0.2 - 42,0 4.0%0.2 -
0.1Z KNO,  93.0 ©  4.0:0.1 - 95.0 4.0%0.1 - 13.0 2.0:0.1 -
1,02 " 90,0 . 3.0:0.2 . -  95.0 3.0£0.1 - 15.0 - 2.020.1 -
10.02 " 3.0 0.0 - 10,0 1.0:0.1 - 3.0 0.0 -
‘4 days
Water 99.5  17.0:0.8 8.0+1.3 98.5 14.0¢2.2 6.0:1.1 78,0 6.0:0.7 =
0.17 KNO, . 100.0  12.0:1.6  6,0:1.9 100.0 11.0:1.3 3.0:0.7 60.0_ 5.0:0.8 -
1.0z " 100.0°  13.0¢1.4 6.0¢1.9 95.0 11.0:0.8 3.0:0.9 6£.0 7.0t0.9 = -
10.02 " . 5.0 0.0 - 13.0 4.0:0.6 - 3.0 0.0 -




Table 3-2(2)

The germination of Vieia faba seeds

(3) Germination in soil .

Seed type

Time (days)

and Soil type

0 Soil

2

‘of "7 day seedlings (weight in grammes)

88,0:8.0

Tic O - Tic M

. R p o R P

96.0 4.8%0.5 - -  96.0 . 5.0:0.6 -
100.0 48.045.0 13.0+2.0 100.0 32,0:5.0 10.03.0
100.0 96.06.0 42,0:4.0 100.0 78.0:7.0 37.0%4.0

96.0 7.0:0.6 - -  96.0 5.1%0.5 -
100.0 50.045.0 11.0£3.0 100.0 40.06.0 9.02.0
100.0 102.0#8.0 = 37.0%4.5 100.0 30.0%3.0

.(4) Dry weight

‘Seed "type

Substrate

Water
0 soil

S soil

“Tie M

“'Tic O
Dry wt. Wt. change Dry wt.
seedling in 7 days seedling -
0.696 40,081 0.652
0.543 -0.072 0.549
0.524

© 0,491

- =0.124

Wt. change

in 7 days

+0.092
-0.011

-0.036

" Tic §

37.0 1.6:0.3 -
92,0 17.0¢4,0 . -

92.0 19.0%4.0 20.0£3.0

26.0 1.90.5 -
81.0 20.03.0 -

81.0 21.0:3.0 14.0%3.0

Tic S
Dry wt.  Wt. change
seedling in 7 days
0.613 -0.046
0.680 +0.021
0.612 -0.047




Seed Germination and_Early Growth
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Discussion
v

'Text.tables (1) and (3), and graph 3-1 demonstrate thaf tﬁé fate
and percentage of germinafion of O and M seeds was much greater than that
of S segds, both in water and on O and S soil. ihe influence of soil
type showed no effect upon the success of ge;mination of 0 and M seeds,
but for S seeds a small difference was exhibited, so that the pefcentage
germination was better on O soil than'S soil, _Table (1) and Graph 3-2

show that the rate of growth of the radicle and plumule of seeds grown in

water, followed the pattern O > M > §, as shown for the percentage germ-

ination against time. The radicle and plumule of germinating O and M -

- imprint types were measurable at the same time (day O and day 3 respectively),

but those of S seeds ap?eared'l - 2 days later. On both water and soil
substraggs,the S seeds frequently became smothered with fungal hyphae ‘and
the tips of the radiclés tended to wither before the initiation of the
piumule. Thus on Table (4), O and M seeds both showed an increase in
weight in®water, but a decrease on soil, whereas S seeds lost weight -in
water and gained weight on the Organic soil due to the action of the fungus.
The greater loss Qf weight by all imprint types on the Stockless soil
correlated with the greater growth of the radicles on that soil, as shown
on Table (3). However all seeds showed the greatest rate of plumule
growth on the Organic soil. This apparent influence of soil type upon

germination is summarized in Graph 3-3, but none of the differences within

‘any imprint type were significant at the 957 level.

The germination of seeds in potassium nitrate solution was
invesfigéted because it has been suggested (McEwen 1970) that the addition
of nitrates to a‘'bean field may enhance plant yields, but that the presence
of nitrogen when sowing may reduce germination. Upon the initial applic-

ation of such fertilizer, high local concentrations of this very soluble
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ion would exist around the seeds; This test showed that only the highest
concentration (10% KNO3) significantly reduced fhe percentage of successful
germination by all séed imprint types, but that all concentrations tended
to reduce the rate of growth of the radicle and plumule. Subsequent to
this research, it was found by Welch et 'al. (1973) that high nitrogen

levels in_the'soil restricted the germination of Glycine.
Conclusions

The only differences observed were that the Tic S seeds were
darkér in colour, and exhibited poorer germination and growth in the first
- week, than the Tic O and M imprinfed seeds. These differences may have been
caused by a genuine_physiological variation between the seed imprint types,
but it was more probable that this was purely the result of a ldnger storage
time for S>éeédé; _ Garner and Sanders (1935) referred to the common practice
of using old field bean seeas for sowing. They, too, found a reduction in
the rate of germination with increasing ége, but they suggested that the
climatic conditions prevailing'at'the time of harvesting controls the sub-
sequent germination, more than seed age. The S seeds of both Tic and
Throws varieties were heavier tﬁan those imprinted on the O and M sectioms.
Although this éould have been due to the 1eng£h of-storage time for Tic
seeds, all ThroWs seeds were of the samé_storage age. Thus the difference
in Tic weights may indicaté a change brought about by imprinting.  The only
effect of the soil type on the performance of thé-seedlings was the differ-

ential rate of extension of the plumule and radicle, but this was not stat-

istically significant.-
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:3.5 Greenhouse Pot Experiment

:3.5.1 Aim
During the winter of 1970-71 a ten week pot trial was conducted

in a Dutch light greenhouse in Durham in order :-

" (1) To determine whether the imprint type, or soil used, influenced the
growth of the Vicfa faba plants over a longer period than was used
for the gefmination studies;

(2) To prﬁvide plant material for testing the proposed chemical analysis
methods;

(3) To provide growth data to test the Hughes Freeman computer programme.

:3.5.2 Method

The Tic seeds of each imprint type were sown at the rate of three
seeds pér 10 cm diameter pot, sepafately in soil ffom the'Organic and Stock-
less farms at Haughley. Fifty-four replicates of each treatment were
arranged within nine 6 x 6 Latin squares (as described in the Appendix) in
the greenhouse, where conditions of light and temperature were maintained as
 consténtiy as possible. ~ Small samples of three plantsvpér treatment were °
harvested at random, at frequent intervals, during the ten week period.
‘Measurements of Shoot iength, leaf area and total dry weight were made on
each plant prior tolchemical analysis (see Section 4).

:3.5.3 Results

The raw data shown on.Table A5 demonstrate that when there was
- Qn1y a small population of trial plants, from which small samples were drawn,
déstructive sampliﬁg, as was practised in this project, encouraged any over-
all trends to be masked by the great var1ab111ty within the population. It

was not p0851b1e to trace the development of one partlcular plant throughout

the experiment, and consequently the gradual increase in shoot length, leaf.
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area and dry weight valﬁes incorporated many fluctuétions within each
imprint type. Thus comparison between plant or soil types using only
tﬁe raw growth data would prove very difficult.

To overcome this problem'the Hughes-Freeman computer grqwth
anaiysis programme was used, which fitted curves to the changing Log Weight
and Log Area for the plants in each treatment, and hence calculated.the
v Leaf Area Ratio (LAR), Net Assimilation Rate (NAR) and the Relative Growth
Rate_(RGR). The fitted data are presented in Tables A6(1) and (2). The
stahdard errors shown in the tables, and the graphsA3~4, 3-5, 3-6 are
those calculated between the actual growth curves and the fitted curves.

The results of the growth analysis thus enabled the comparison of :-

(1) three plant types on one soil - effect of plant type on growth

(2) each plant type on two soils - effect of soil type on growth

The graphs demonstrate that the volume of soil and conditions of light were
not sufficient to ailow normal growth of the plants beyond day 65, except
for S pléats in O soil. After that time, the plants became progressively
etiolated and the leaves shrivelled, and the experiment was thus terﬁinated

at ten weeks. There were several shortcomings of the greenhouse experiment

which it was thought would limit the validity of the results with regard to

predicting performance under field conditions.  The main limitations were :-—

(1) The 1eﬁgth of the trial was very short compared with a normal field
season, thus the influence of imprinting upon plant development to
maturity,could not be estimated.

2) The'competition for water. and nutrients was greater than in the
field due to a very small permitted rooting volume.

(3). The soils were homogenized prior to the experiment which would have

" destroyed much of the natural soil structure. The soils were
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removed from the fields in November when a full year's crop had
already been grown on these sections subsequent to the application
of manure and fertilizers.

(4) The day length.and temperature could not be constantly maintained

due to several power cuts.

:3.5.4 Discussion

.4-1 From the actual raw data as measured : (where capital letters indicate
plant type, lower case soil
type)

(1) Short length Oo » Os; Mo = Ms; So < Ss

(2) Leaf area - effect of plant type — on organic soil § > M > 0
was not consistent

~ on Stockless soil M > S > O

- effect of so0il type Oo > Os; Mo < Ms; So = Ss

(3) . Dry weight - effect of plant type - on organic soil 0 = S > M

was not consistent-

- on Stockless soil S > M > 0

- effect of soil type Oo > Os; Mo < Ms; So = 8s

Although overall trends are difficult to compare of determine from
the raw growth data, within a single soil type, S or M seeds appeared to grow
better than O seeds. The effect of the soil type was that O plants grew
best on their own soil, but M and S plants grew equally well on both soils,
or slightly better on Stockless soil. The soii type affected both leaf

area and plant dry weight according to the same pattern.

.4=2 Using the fitted growth data from the computer programme

Once the raw data have been processed by the computer programme,
the fitted curves of the seed and soil types can be statistically compared.
This can be done for the whole experiment using analysis of variance on

the printed out regression equations. Additionally Hughes and Freeman (1967)
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stated that a direct comparison can be made between the fitted values at
any given time, using the calculated standard errors to test for the
significance of any difference between treatments. The degrees of freedom
are taken from the regression equations, and the figure found by dividing
the difference between any two fitted values; by the difference of their

" standard errors, can be treated as a normal deviate, i.e.

Fitted value AT Fitted Vélue_B

2 2
SEA + SEB

The fitted curves for the five parameters have been drawn on
Graphs 3-4, 3-5, 3—6.l These demonstrate well the recession of growth
thch set in at the 58tﬂ day of the experiment (except in Stockless plants
on the Organic soil), probably induced by the overcrowding of the plants in
small flower pots. The only differences which were found to be statistic-
ally significant by the above described method of éirect comparison of the
curves, appear in Table 3-3.

Due to the degree of similarity between the fitted growth curves
for most of the duration of this experiment, shown visually by the graphs
and Statisticaliy by the direct comparison method, the very computer-time-

consuming process of the analysis of variance of the printed out regression

equations was omitted.

In the discussion of the results of the statistical comparison

shown on the previous table, the value of p = <0.1 is considered to

indicate a trend towards a significant difference between treatments.

4~2(1) Effect of plant imprint type on growth

0 v M - except at the end of the ten week period when the fitted
log dry weight values were O > M, on both soils wherever there was a
significant difference in fitted growth parameters M > 0. These differ-

ences tended to occur towards the beginning of the experiment. on S soil,
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Table 3-3

Age of plants at which the differences between the growth of the imprint

Plant types
- _Compared

Growth parameter
and Soil type

F log Wt

0 soil

S soil
F Log Area

0 soil

S soil

g

0 soil

S soil

0 soil

S soil

types were significant (Greenhouse Trial)

’ (:) = no significant difference

Result considered to be significant when p = <0.1

OvM ovs§ MvS
- Age  p -Signif. Age’ P Signif, Age P Signif.
(days) Value result (days) Value result (days) value result
65-73 . <0.05 0 * M - - - 12-19 <0.1 s> M
o 65-73 <0.05 S > M’
51-54 <0.1 M>0 - - - - - -
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but towards the end of the period on the Organic soil. Differences
were rarely significant at less than p = 0.1 and therefore may have been

entirely due to the variability within a single population.

"0 v S - the only significant differences shown,concerned the leaf

area parameters where O > S significant to p = <0.05,was the main trend.

"Mv S - apart from differences of leaf area, the only significant
differences between these plant types occurred on the Organic soil, but

the trend for all growth parameters was M > S except at the end of the

experiment when S > M.

.4-2(2) Effect of soil type on growth

The growth of the three plant imprint types was more variable
upén the Organic soil, but the only'diffefences which were statistically

significant are shown below :-

0 plants on O and 'S soil - differences only occurred at age of 58-73 days

when growth on S soil > O soil for F. Log Area and LAR,but growth on O soil

> S soil for F. Log Weight (p = <0.01).

M plants on O and S soil - only significant difference was shown for F. Log

Weight where growth on S soil > 0 soil at day 65,but only to p = <0.1,

S plants on O and S soil - despite the continued growth of S plants on O soil

after day 58,the fitted curves show no statistically significant effect of

soil type,for any of the growth parameters calculated.

:3.5.5 Conclusions from the Greenhouse Trial

The use of the computer growth‘programme enabled the statistical

' comparison of the effect of various treatments upon the growth of Vieia fbba
plants, even when very small samples were harvested. The results of the
computer anaiysis agreed with the observations made upon the raw data, but

. by remdving the irregularities in the measured values, revealed the true

differences where these occurred.




119

From the results obteined, it appeared that where significant'
differences were caused by plant imprint or soil type, these were enly
evident for a short part of the ten week period. . Where differences
occurred bet&een plant imprint types, they followed the pattern M > 0 > §,
exqept towards the end of the experiment.wheh 0 > S > M,due to the greater
sensitivity of the M plants to the.poor growth conditions. The results
may indicate that some changes in the growth response had been brought
about by the imprinting of see&s during the thirty year period. 1f
impfinting was responsible for the observed differences, this would support
the_stafements made by Thompson (1937) who showed that the availability of
soil nutrients to the parent plant (Lactuca sativa) at the time of seed
maturation,affected seed yield and subsequently affected the physiological
behaviour and growth of the seeds. For several growth parameters there
were indications that the organicaliy imprinted seeds grew best on the
Organic eoil,”whilst'the Mixed and Stockless imprinted seeds grew better
on the Stockless soil, but this experiment involved too many limitations
to allow firm conclusions to be made. The experiment needed repeating on
a field scale for the duration of a whole season,to determine whether or
not these resules would be found when the crop was growing under the normal
agricultural conditions - indicating that actual phjsiological evolution

had taken place.

Where the soil type showed any significant effect, growth of all
plant types on the Organic soil tended to be more variable than on the
Stockless soil, which may have been due to the more uneven distribution of
nutrients in the former soil (see Section 1).  The soil type only exerted

influence over plén: growth towards the end of the ten week period,

especially upon the Qrgenically imprinted type.
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»3:3.6 1971 Field Trial

:3.6.1 Aims .

(1) To determine whether the differences in growth between
seed imprinﬁ typeé indicated by the greenhouse trial were exhibited under
field conditions,over an entire growing seas;n at-Haughley. This to
| determine whether imprinting had caused any physiological evolution within
Vicia faba, fitting each imprint type to optimum growth upon its own farm
management section,

(2) To de;ermine the response, as measured by the yield and the
growth parameters previously described, of each imprint type té increased
rates of artificial fertilizer.  (The accounf concerning field response

can be found in Section 3:3.9.)
:3.6.2 Method

Latin squares of small subplots 1.2 metres square were laid in

the Organic and Stockless fields (Lower Wassicks South and Road field,

respectively) as shown in the Appendix, to give a random separation of the

plant types used. In the Stockless field three blocks were used, one for

each level of fertilizer applied :-

NF : no fertilizer applied to soil
3F :- 375 Kg/ha Shellstar No. 3, a 10:25:25 NPK fertilizer
designed for field beans

6F : 625 Kg/ha Shellstar No. 3

The additional fertilizers were applied to the plots at the time
of sowing of thé seeds. The seeds used in this experiment were Vic@a faba
var. Tic¢ and var. Throws,of imprint types 0, M, S. In both fields there
were three or four replicate plots of each Tic imprint, but only one plot
for each Throws imprint. The plots-&ere sown with seed at the normal

dénsity for Vieia faba, which was 27 plants per square metre.
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The growth of the plants was determined by random sampling of
the plots at fortﬁightly intervals throughout the growing séason,
harvesting three plants for each treatment and imprinfitype. The.plénts
were washed, measured and dried as described for the greenhouse trial,
prior to chemical analysis (see Section 4)., The data were subjected to
‘the Hughes-Freeman computer growth analysis so that the fitted curves of
the six blant imprint and variety types,growing on the four nutrient levels,:

could be directly compared.
:3.6.3 Results

The coméarison of the growth of the plants growing on the Organic
and Sfockless section was made more difficult because the first sowing of
the bean seeds on the former section was completely devoured by rooks.

By the time this field has been resown, five weeks had elapsed since the
sowing of the Stockless field, Due to the later planting, growth on the
Organic section tended to be faster than normal, so that the plaﬁts of both
sections were finally harvested,bearing ripe seeds,on the same calendar date,
at the ages of 24 weeks (S) and 19 weeks (0). In addition to any differences
of growth being possiblyvc%used by natural population variability, imprint
type, or farm'management, this shortened growth cycle also had a profound
effect upon the plants' performance. A preliminary discussion considering
the raw grpwth data as measured,is followed by a description of the resuits
derived from the comﬁuter growth programme. The raw data are presented on
Table 3-4 in the text, the fitted data on Tables A7(1-3) and on Graphs 3-7
to 3-11 in the text. -

:3.6.4 Discussion

-1 Raw growth data

The treatments and plant types were compared with respect to the

age at which the maximum growth was attained, and the magnitude of the

maxima.
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(1) Tﬁe maxima of shoot length, leaf area and dry weight on Table 3-4

are underlined, and from this it can be seen that ngither the treatment
nor plant type had much influence upon the age at which these maxima
-occurred.  The most important age of fhe'plants with reference to these
criteria was week 18. The rapid senescence'after that age was evident
by the reduction of leaf area, the foreshortening of the stem due to apical
death, and the decrease in dry weight of the whole plant, despiée the
increasiﬁg weight of the developing seeds.-

(2)‘ Within the Stockless section,the maximum shoot length and dry weight
occurred at the age of 18-21 weeks for all-plant imprint types, for bdth
varieties, and at all rates of fertilizer application. Maximum leaf area
tended to occur slightly earlier. _The only apparent effect of the differ-
ent fertilizer treatments upon the timing of the maxima was found for four
plént types (Tic M, Throw O, M, S), whereby increasing the fertilizer rate
from NF to 6F enabled the attainment of maximum shoot length three weeks
earlier. Similarly for maximum leaf area, increasing the fertilizer
application rate from NF to 6F enabled Tic M, Tic S and Throws S plants to

achieve the maximum four weeks earlier.

(3) Within the Organic section there was much more variation in the timing
of the maxima, but there appeared to be no clear relationship between the age
of attainment and the imprint type. Due to a reduced growing season, the
maximum shoot length and dry weight Qere not attained until the final or

penultimate harvest.

(4) Despite the time lag between the two farm management sections, the
" maximum leaf area occurred at the same calendar time on both, although the

maxima of dry weight and shoot length occurred at different calendar times

(the same plant age).
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(5)"A11 plant types on all treatments achieved the stage of maximum
flowering at the same calendar time (18th June 1971). This agreed with
the results of Mcﬁwen.(1970) who found that flowering dates of Vieia faba
were unaffected by varying the ratéé of fertiliéer application. By an
aécelerated-growth in higher temperatures and longer photoperiods, all the
plant types on the Organic section caughtAup in development with the plants

which had been sown earlier on the Stockless section.

(6) Probably due to the shorter growing season, all the imprints on the
Organic section reached significantly lower maximum shoot lengths, leaf
areas and total dry weights,than the same imprint types on the Stockless
treatments. . The magnitude of the maxima of all three measurements for
both plant varieties waé broadly equivalent on the Stockless section, but
on the Organic section the Throws variety‘3ﬁowed much less growth than the
TiC‘variety - the former variety being-more affected by tﬁe shorter growing

sedason.

(7 ‘There was no consistent nor significant effect of imprint type upon
the growth pefformance,as measured by short length, leaf area or dry weight,

shown under any of the treatments used.

(8) There was no consistent nor significant effect of treatment upon the
growth performance of any of the plant imprint types grown, which could not

be explained by a difference in planting dates.

Conclusions from the raw growth data

Without the use of statistical analysis the trends identified

by considering the raw growth data were :-

(l) The farm ménagement origin of each plant imprint type had

not affected the growth potential of Vicia faba plants for any treatment

given,
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(2) No consistent effect of increased nutrient availability

was exhibited by the growth of any plant imprint type.

(3) The timing of the maximum leaf area and maximum flowering
were controlled by day length and temperature, whereas attainment of
maximum_shoot length and dry weight may have been determined more by the

age of the plant.

.4=2 Fitted growth data

Graphs have been drawn for the growth indices in order that a
visual comparison of the growth of plant types on the various treatments
can be made. Each point on éhe fitted curves-was then compared statistic-
ally between treatments and plant types, as previously described, in order
to determine the net effect of these on plant growth. Because of the later
sowing on fhe Organic field, the fitted growth curves of the plants on the
two éections were compared, using the age of the plants (in weeks) as the
k axis on the graphs, rather than calendar time. The effect of the twenty
four comgzﬁations of plant type and nutrient treatment are discussed in

turn,for each of the fitted growth indices.

.4=2.1 Fitted Log Dry Weight - (Log grammes) - Graph 3-7

(1) Due to the very close similarity of the fitted curves
produced by the computer analysis, for the progress of the Log Dry Weight
of the plants during the season, these can only be drawn if they are
resolved into a total of four lines. Thus one curve accurately represents
the Log Dry Weight of all six imprint types,growing under all three levels
of fertilizer application,on the étéckless field. The only divergence
occurred at the age of 3-5 weeks (significant to p = <0.05) and 21-26 weeks
(not significant) when the Tic and Throws lines differed, due to a signific-

antly lighter seed weight in the latter variety. The level of fertilizer
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applied had no significant effect upon the gain in dry weight of any
imprint type during the entire season. Similarly on the Organic field,
two curves suffice on the graph, one for each Vieta faba variety, and

again these were only significantly different at weeks 3-5 (p = <0.02).

(2) On neither farm sections used did the imprint types show any
influence upon the gain in dry weight of. the plants, with the exception of

Tic O on the Organic field at 19 weeks,where the: dry weight did not fall,

but this example was not significantly different (at the 957 confidence

level) from M and S plaﬁts.

(3) The only significant difference between the plants on the
Organic and Stockless figlds was that those on the former.section attained
a lower maximum dry weight,(ﬁo p = <0.01), than those on the latter, due to
the shorter time available for growth. ' Even so, the dry weights at the

final harvest did not differ significaﬁtly between the management types.

(4) ALl plant types on both fields tended to attain maximum

fitted dry weight at the same calendar time.

.4-2.2 TFitted Log Leaf Area - (Log square centimetres) - Graph 3-8
- In order to clarify the differences between the development Qf

leaf area of plants on the Organic and Stockless fields, the fitted curves

for these sections were drawn separately.

(1)~ Stockless field

Two fitted curves accurately represent the course of leaf

area development over the season for the 18 combinations of plant type and

fertilizer treatment. The graph demonstrates a slight difference in response

by the plant imprint types to the three levels of fertilizer, but these did
not segregate out according to variety. Curvej depicts the development of
the leaf area of the plants growing mainly on the higher levels of fertilizer,

J
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although the response to NF and 6F appeared to be idéntical for Tic M,
Throws M and Throws S. The maximum leaf area was slightly hiéher,.and
was iattained three weeks later than on the 1ower’fertilizer levels. The
difference Was-maiﬁtained throughout the latter half of the growing season.

' _Curve il showé the pattern of development followed,mainly by the
plants growiﬁg on lower levels of fertilizér, although Tic 0 followed this
course fbr:all levels of fertilizer, and Tic M was not represented at all
by tﬁis line.

Thﬁs on the Stockless field there was some indication of

differing responses by the three plantAimprint types, particularly between
Tic O and Tié M, and Throws O and Throws ﬁ, but none of these differences

were significant at the 95% confidence level.

(2) Organic field

The development of the leaf area of five imprints was
.identical, and can therefore be accurately repfesented by the single curve
III. Only Tié S diverged from this»pattern (shown by curve IV), whereby
the development to attain the maximum leaf area was much more rapid, so
that a slightly lower maximum was achieved five weeks earlier than shown
by the other piants,on the -Organic field. The curveé III and IV only

differed significantly (p = <0.05) at week 16, because Tic S demonstrated

an earlier senescence.

(3) Apart from Tic S, all imprint types achieved the same
maximum léaf area,at the same age,on both management sections. The only’
significaﬁt difference between the development of leaf area on the Organic
and Stéckless treatments was that areas were greater (p = <0.05) on the
former section, for the first sevén weeks of the experiment - due to

faster growth by later sown seeds.




127

.4-2.3 Leaf Area Ratio = increase in leaf area according to dry weight

of plant (square centimetres/gramme dry weight).

(Graph 3-9)

The pattern of development of the LAR with age,differed markedly on the two

farm sections, therefore the graphs were again drawn and discussed separately.

(1) Stockless field

- A single curve IV can be drawn to accurately represent the

progress of change of the LAR for all three Throws imprints,growing on all

fertilizer levels. For these plants, neither increasing the availability

of nﬁtrients, nor the previoué one year of imprinting, influenced the leaf
érea developed per grammé total dry weight of iﬁe plant. For most of the
seéson aksecond curve I adequately represeﬁts the pattefn of LAR for all
imprint .types of the Tic variety, but the maximum LAR achieved differed in
magnitude and .timing for each type. Thus the maxima for Tic O (I) and
Tic S (II) were very similar and occurred at week 8, whilst that for

Tic M (If&) coincided with that of the Throws plants and occurred at week 7.

The level of fertilizer applied had no influence over the LAR response by

any plant type. None of the maxima were significantly different.

(2) Organic field

.Corresponding to the difference exhibited by Tic S in terms
of fitted Log Leaf Area, the progress of LAR of this imprint type showed a
marked variation from the course exhibited by the other five types,

pérticularly with regard to the maximum achieved. The LAR variation with

time, for Tic O and Tic M, was identical, but much lower than for Tic S

excépt for weeks 3-5, 13-19, when all three followed the same course. As
on the Stockless section, the effect of imprinting on Throws O, M, S,

showed no influence at all on the LAR produced on the Organic section.
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(3) Comparing the graphs of LAR from the Organic and Stockless

‘section

The magnitude of LAR for Throws plants after week 6 showed
no differences between the sections, élthough before that age there was
great variation between the management types: The Tic variety plants had

.much higher LARS throughout the growing season on the Organic section, which
_ may have been due to the later planting. _As the Throws variety showed
little difference between management sections, it is possible that tﬁe
difference observed -in the Tic plants was due to the effect of the Organic
soil. As a fesult of later planting, or é,farm management effect, Tic
plants on the drganic sec;ion achieved maximum LAR at the same age as the
Stockless groﬁn plants, whereas Throws plants achieved their maximum five
weeks earlier, Corresponding to the same calendar time as the Stockless
plants. .Ail plant types on both sections acﬁieved one-half pre-maximum

LAR at 4-5 weeks of age, and one-half post-maximum LAR at 12-14 weeks of age.

3

.4-2.4 Net Assimilation Rate - increase in weight in grammes/square

centimetre leaf area/week (Graph 3-10)

(1) At the beginning of the season, leaf area increased more
rapidly than é;y weight, éausing a fall in the curves on the Stockless graph,
but development was so-much more rapid on the Organic section that this
stage had been passed, by the first sampling date (3 weeks of age). During
the mid-section of the growing season the dry weight and leaf area of the
plaﬁfs increased together,so that there was no net change in the value of
NAR.  After week 18,senescence rapidly caused a reduction of leaf area to
Zero, and total dry weigﬁt decreased slightly too.

The graphs of the change in NAR with season, for the Organic and

Stockless plants, were drawn separately to show the faster initial develop-

ment and earlier senescence on the former section, due to later sowing of

the seed.
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(2) On the Stockless graph,the several curves demonstrate that
the progress of NAR through the season varied slightly between weeks 3-5
and 18-24, depending on imprint type and fertilizer treatment, but these
.did not segregate out into any clear pattern. The differences exhibited
between treatmenﬁs during maximum growth at the beginning of the season,
were not the same as those existing during senescence. In an examination
of the groupings of imprint tyﬁes on the NAR graphs, it was interesting to

find that the Throws variety plants nearly always separated out in the

opposite way to the Tic variety. Thus :-

Week 3-5 NF 0zS>M 0=S<N
3F 0>M>S 0=S8S>M
6F .0>S>M 0=M=S$§

Week 18-24 NF M>0=S M<0=S8
3F M>0=S M<0=S§
6F M>0=S "M<0=S8

But the imprint types O and S,from the two most opposite farm management
treatments, tended to respond in the same way together, especially during

senescence.

(3) As previously found for other growth indices, the Tic §
plants were the only imprint type to diverge in the course of the NAR
devélopment during the season on the Organic section, but the extent of
this divergence was not significant. All five other imprint types co-

incided in their NAR values exactly.

.4-2.5 Relative Growth Rate = LAR x NAR - increase in weight

grammes/gramme/week (Graph 3-11)

(1)~ Stockless field

A single curve I can be drawn,to accurately represent the

‘calculated relative growth rate of all three Throws imprints, on all
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fertilizer levels, because although Table A7(3) indicates some slight

differences between OMS on the three treatments, these were not significant
at the 95% level of confidence. Curve II represents the growth rate of
all Tic imprint types, except Tic S on 3F during early growth, when this

showed a slower growth rate (curve III)., Maximum growth rate was achieved

by Throws plants at eight weeks of age, and by Tic plants‘at 10 weeks of

age. The differences between varieties were not significant.

(2) Organic field

The overall growth rate of plants upon this section depended
greatly upon the impfinﬁ_type and variety, hence the complex Graph 3-11(2).
Again the progress of NAk for all Throws plants can be accurately represented
by a single curve, which shows that initially the growth rate of these plants
was greater than that of the Tic variety. During the first eight weeks of
grow?h,Tic 0 and M grew equally well, but Tic S differed significantly (to
p = <6.05) becéuse the plant gfowth accelerated more rapidly than for O and
M impripts. At week 16, the rate of senescence of Tic M and S plants was
significantly greater (steeper in;line of line) to p = <0.01 than that of

Tic 0. This difference was maintained through to week 19 (p = <0.05).

(3) For all Throws and Tic imprint typeé the progress of RGR
through the first half of the season was very similar on the Organic and
Stockléss soils, all‘fending to reduce their growth rate at the same age.
The only differences in the growth of the plants between the sections
occurred after week 12, when, due to effect of calendar time, the senescence

of 0 grown plants became more rapid than that of S grown plants.

:3.6.5 Conclusions from the Growth Analysis

(1) The imprinting of Viecia faba upon the three farm management

sections was shown to have a small effect upon the growth responses of the
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resulting plants where the process had been practiéed for many years

(Tic variety), but fpr most parameters these differences were not statistic-
ally significant. .Where imprinting had only been used for one year, (Throws
variety),no differences between the seed'types were observed for any of the

growth parameters measured.

(2) The growth differences expressed by the three imprint types
of Tic bgans,were especially evident ﬁpon the Organic farm section, where
for most parameters Tic O and M segregated out together, separately from
Tic S. However, for the calculated relative growth rate whiéh-assessed
the whole response of the plants (RGR = NAR x LAR), Tic O plants showed’
slow initial growth and slow senescence, Tic M showed slow initial growth,
but rapid senescence, and Tic S plants both grew and senesced quickly.
These d%fferences may indicéte that, tq a small degree, imprinting had

caused some dependence of the imprint type upon its own farm management type.

(3) The main differences brought about by imprinting Vicia faba,
L2

tended to be exhibited in terms of the age of achieving certain growth

maxima, or the onset of senescence, rather than by the magnitude of the

parameter measured.

(4) Changing the rate of application of the artificial

fertilizers did not profoundly affect the magnitude of growth of any of the
plants, exceptifor Leaf Area and Net Assimilation Rate values. The fert-
ilizer level interacted with the imprint types,to change the timing of the
achievement of the ﬁaxima,and the onset of senescence. It has been found
by several_people,working on many different crops,that even where no change
in the magnitude of growth or yield is brought about by applic;tion of
:fertilizer, the ﬁiming'of flowering, maximum dry weight, and senescence,
.may be altered by the availability of nutrients from the soil (Borodin
t1931) - Earley; Boatwrighf'and Haas (1961) - wﬁeat; Tewari (1965) -

soybean; McEwen (1970) - field bean).




It must be assumed from the lack of growth response by the
plants te the fertilizer rates,that the level of available nutrients in
the soil, where no fertilizer had been applied, were adequate for the
growth of the bean plants, due to the retention of nutrients from the
previous crop of wheat. Steenbjerg and Jakbbs (1963) stressed that an
experiment designed to show the effect of fertilizer on growth should be
performed on a nutrient deficient soil, so that there would be no inter-
ference from integral nutrients. _However, it was evident that there were
no deficient soils at Haughley, thus the absence of any effect of increasing
the fertiliZer rates on growth could be expressed in terms of diminishing
.returns'(Liebig 1855). Even where_deficient soils have been used for
‘nutrient experiments, problems may occur due to the soil properties. Thus
Slngh et al. (1973) found that the maximum crop response to added phosphorus
dld not occur on very deficient soils,because as soon as fertlllzer was
added, the phosphate was fixed into an_unavallable form by the soil.

If the excess nitrogen epplied to the Stockless field
reduced nitrogen fixation by the root nodules. (see Seetion 5), the level of
" pitrogen in the fertilizer, must have beep suffieient to compensate for this

suppression, so that there was no net effect upon the rate of growth.

(5) The timing of the maxima of the growth parameters was
determined by a combination of treatment effect, plant variety and imprint
type. Thus for :-

(5) 1 Dry weight - for all plant imprint types, of both

" yarieties and on both farm management sections, the

timing of the maximum depended upon calendar time.

(5)-2 Leaf area - the riming of the maximum depended upon

planteage'except for Tic S where it was controlled

by calendar time.
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(5)-3 LAR - for Tic variety the occurrence of maximum
depended upon plant age.
- for Throws variety the occurrence of maximum

depended upon.célendar time,

(5)-4 NAR and RGR - achievement of maxima depended upon

plant age.

(6) For most of the grbwth parameters considered,the
differences occurring between the Organic and Stockless sections could be
fully explained by the'later planting date on the former section. Although
the maximum dfy weights achieved on the Stockless section were greater than
on the Organic section,due ﬁo a longer period of time available for growth,
the magnitude of maximum leaf areas showed no differences. For the
caiculaged growth rates and ratios, the vafiations of the fitted curves
were due to a faster early develépment,and an earlier onset to senescence,

by the plants with the shorter growing season.

»-
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3:3.7 1972 Fieid Trial

$3.7.1  Aim
| To compare the growth of a single seed type (Vﬁcia.f&ba

var. Throws, bought commerciéliy) on the three farm seCtioné at Haughley,.
to check the conciusions reached concerning Lhe effect of farm management
upon growth in 1971.

. This trial served to.moﬁitor the prég;ess of growth on the
different farm sections with reference fo'the chemical analysis tests made
(Section 4),énd the nitrogen fixation study (Section 5). It was also used
to demonstrate the differences in yiéld between the plants grown in the’
field and those in the experimental 1§simeters.

13.7.2 Method |

All the fields and lysimeters were successfully sown with
Throws seeds within the same week in March. In order to follow the farm
rotation the fields used for sampling were Lower Wassicks Sgﬁth (0) (as
used in 1971), Seven Acres (M) and Chestnut Tree West (S). Upon six
occasions during the'growing season, five plants were removed at random
from a small area in the centre of ééch field.' They Qéfe méasured for
shoOt.length, leaf area and dry weight, as previously described, prior to

chemical analysis.
:3.7.3 Results

The raw data as measured, and the fitted data from the

computér programme, are listed on Table A-8. Some of the fitted curves

are drawn. on Graph 3-12.
:3.7.4 ‘Discussion
4.1 Raw data

(1) Shoot length - there was no significant effect of farm
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managemenit upon the magnitude of the shoot length at any time during the

season, and the maxima attained occurred on the same date on all treatments.

(2) Leaf Area - the plants on .the Organic and Stockless farm
sections achieved their maximum leaf area at, the same time, but those on
. the Mixed section reached this stage five weeks later. In magnitude the

maxima followed the pattern 0 > M > 5. .

(3) Dry Weight - the plants on the.Organic and Stockless

sections achieved equal maximum dry weights at the same time, whilst those

on the Mixed section attained a greater maximum value five weeks earlier.
Thus in magnitude, the maximum dry wéights followed the pattern M > 0 = S
due to the greater weigh; of bean seeds,and pods per plant,on the Mixed
section.

By comparison, the dry ingﬁts achieved at final harvest time,
by .the plants grown in the four 1ysime£er types,were very significantly

lower than those found under natural field conditions. Whereas in the

field-grown plants, the yield of bean seeds was fe3ponsib1e for most of
the dry weight in the harvested plant, yields in the lysimeters were very
low, with the dead stems contributing most weight to the plants. In the
vlysiﬁeters, the relationship between manageﬁent sections for overall plant
dry weight was S > s* > M >0 and for bean seéd yield st >5>M> 0.
Thus the bean yield from plants grown under lysimeter conditions did not

provide a true representation of the field situation.
.4-2 Fitted data

(1) TFitted Log Weight - throughout the growing season the
dry weights of plants on the Mixed section differed from those on the Organic
and Stockless fields, where the fitted dry weights were at all times equal.
The dry weight of M was significantly (p = <0.01) lower during the early
part of the seaon, but significantly higher (p = <0.01) than O and S after

week 17 until harvest time.
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(2) Fitted Log Leaf Area and Net Assimilation Rate - the
fitted values of these parameters showed no effect of farm management type

at any time during the growing season.

(3) Leaf Area Ratio - the progress of this parameter was
very similar on all three management types,except during the initial four
»weeks whén the leaves of the S plants developed more quickly than those on
the other two sections. This difference was significant to p = <0.01 for
S>0 and S > M, After week 10 there were no significant differences

between sections.

(4) Relative Growtﬁ Rate - Graph-3-12 shows that although
the growth rate of the piants on the Organic and Stockless sections differed
slightly from each other at the beginning and end of the season, these diff-
erencésvwere not significant and, for most of tﬁe season, develépment and -
senescence rates on these two sections were equal. | However the growth
rate of plants on the Mixed section differe& significantly, for most of the
‘season,from those on the other two sections. ByAthe time of the first
sampling, the maximum rate of increase of dry weight had already been
achieved (i.e. prior to we;k 7), which corresponds well with the timing of
this_maximum.in the 1971 Field Trial (week 7). At week 7 the maximum on
M.had only just been achieved, but for the O-and S plants the rate of
increase in dry weight was already falling sharply. By week 19, when the
rate of increase on M had bégun to fall steeply, the rate of increase on
the othervtwo sections had begun to level out. Thus at weeks 7, 14, 19,

27, the growth on M was significantly different to p = <0.01 from that of

plants on O and S treatments.

+3.7.5 Conclusions

The results of the 1972 Field Trial bore out the findings of

the 1971 trial - very few significant differences in growth were found
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" between plants growing on the Organic and Stockless sections,despite the
differences in the form of nutrient supply. Thus the differences between
the Organic and Stockless sections observed in the 1971 Field Trial were
probably entirely due to the 1ater.p1anting on tﬁe former section, and not
due at all to an effect of farm mahagement. - For most parameters measured,
the growth.of plants on the Mixed section (where there was a maximum
availability of nutrients from both organic and artificial sources),
differed significantly from_thét shown on the other two farm management
types. There was a significantly higher yield of bean seeds: from the
Mixéd section plants. The lysimeter plants were not represeqtative of the

situation in the field.
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3:3.8 1973 Field Trial

:3.8.1 Aim

To conduct a very brief survey of the growth of Vieia faba var.
Throws on the three farm sections at Haughley, and on the Special Fertilizer
Treatments used for the study of nitrogen fixation,to show the effect of

additional inorganic nitrogen.

:3.8.2 Method

Ten plants were removed at random from each treatment,upon three
occasions during the 1973 season. Each plantvwas measured for its shoot

length, number of live leaflet pairs and number of~inf10resceﬁceé.
l:3.8{3 Results
V The results which.appear bélow are referred to in Section 5
(effect of additional inorganic nitrogen upon nitrogen fixation) and in

this section (effect of farm management upon yield of Vicia faba). The

table shows the mean values with standard errors.

Table 3-5 . -

Raw growth data from the 1973 Field Trial
Treatment
Growth o . '.Age :
Parameter Date  (weeks) 0 M - 8§ . PPKK NNPPKK NNPK
Mean -shoot 23/5 . 10 23,0#1.0 . 17.3¢1.4 17.7#0.9 16.3+0.6 18.5%0.6 -
height (cms) : . . ’
. 7/6 12 69.8+1.9  55.230.9 55.1#1.4 52.3%#1.,0 48.2%0.9 48.8%1.3

20/6 15 " 107,0t1.6  90.0:1.8 86.0+1.7 79.3#2.0 71.941.4 81.1%0.9
Number of 23/5 10 5.040,2 5.120.1 5.2#0.2 4.920.3 5.0:0.1 4.7:0.3
live leaflet ) -
pairs 7/6 12 6.5#0.5 10.3#0.3 10.3#0.,5 11.1#0.3 11.5#0.3 9.8%0.5

20/6 - 15 16.0+1.0  26.0+1.0 29.0:1.0 25.022.0 26.022.0 24.1%1.0

~

Inflorescences 20/6 ‘15 : 2,5+0.3 6.5+0.4 6.4%0,3 6.020.2 6.5i6.3 6,220,
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:3.8.4 Conclusions

(1) Despite a longer stem, the average plant on the Ofganic
* system had significantly fewer live leaflet pairs than the élants on the
Mixed and Stockless sections.. Much of the increased lengthening of the
internodes (Organic sectidn)-was seen to be due to light competition caused

by a heavy infestation of the field by Sinapsis arvensis,(see photograph),

which resulted in very few inflorescences per plant and consequently a low °

seed yield.
Growth on the Mixed and Stockless sections differed slightly
with longer stems on M but fewer leaflet pairs. Stockless plants were

potentially the most efficient,with shorter stems and a greater leaf area.

(2) On the Special Fertilizer Treatment,the addition of nitrogen
to the doublé PK reduced the mean shoot 1ength; but increased the number of
leaflet bairs aﬁd inflorescence. Wheﬁ'nitrogen‘was added to the normal
PK rate the effect on growth was to slightly,-but not significantly,
lengthen the totay shoot height, but to reduce the number of leaflets,
and slightly, but not significantly, increase thé number of inflorescences

per plant.
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3:3.9 Yield of seed by Viecta faba

:3.9.1 Background

Several aspects of the dynamics of the Viecia faba phytometer

have already been discuSsed to demonsﬁrate the outward expression of farm
' management in terms of the growth of the croé, but from the farmers'
position the most important parameter by which to assess the effect of a
system will be crop yield. The ultimate decision concerning the selection
of one farm management approach in preference to any other will be deter-
mined by the best economic return which can be gained from the crop yield,
in relation to the investment required for the input of seed, fertilizers,

manures and labour.
:3.9.2 Aim

To assess the farm management at Haughley by a consideration of

the characteristics of bean seed yield by the VieZa faba plants,over a

three year period.
>
:3.9.3 Method

At the final harvest of the Vicia faba crop, ten plants Wwere
removed at random from each field studied and a number of measurements were
made. These included théAnumber of pods per plant;A the number of seeds
per pod and hence per plant; the dry weight per seed, and hence of séed
yield per plant; and from these were calculated the predicted vield of
‘seed (Kg/ha). In 1971 the development of the.bean seeds over the final
six week-period was’investigated for each of the three plant imprint types
of the two varieties Tic and Throws. In 1973, in addition to the study of
the three main farm sections, measurements of plants grown on the Special
Fertilizer Treatment afea,(used for nitrogen fixation study), and the

Commercial section were included.
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:3.9.4 Results

The results from the 1971 étudy are shown in full detail on

Table 3-6, and the summarized results for all three years are presented
on Table 3-7..
:3.9.5 _Discussion

S 05.1 1971

(1) The results shown on Tables 3-6 are discussed by -considering

plants on the Organic and Stockless sections measured on the same calendar
date. Thus, according to the stage in development, plants of age 13, 16
and 19 weeks on the Organic section were considered equivalent to plants of
18, 21 and 24 weeks on the Stockless section. The final calculated mean

yield was derived from the estimate of the plant density in all fields of

27 plants/square metre,;and the mean bean seed yield per plant.

(2) From'the'table.it is evident that the measurements 6f
potentiaibyiéld made six weeks prior to final harvest proved to be-a poor
guide to the actual final yield found. During the Six week period many
pods and seeds faiied to develop beyond the initial stage. Of those which
did fully develop, many podsAdried out and dehisced, scattering their seeds
on ;he gfound before the final hérvest date. In some instanceslwhole pods
were lost due to Fhe abscission of the pedunclgs.from the dying stems.
Thus, particularly between weeks 21 and 24, the numbers of seed borne on

each plant were substantially reduced.

.(3)' The two main'charag;ers influenciﬁg the final yield of seed
harvested were ﬁhé number of pods per plant, and the dry weight per seed.
Althqugh the yield of seed'ffom all imprint types on the Organic section:
wasilowér than that produced on the Stockless section plants, this was

chiéfly due to lower numbers of pods per plant - the numbers of seeds per
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pod remained constant under both management types.

(4)- Under all four treatments, all imprint types of the
Throws variety of Vieia faba produced significantly smaller and lighter
seeds than the Tic variety plants, but this was more than compensated for

by a significantly larger number of pods per plant on the former variety.

1

(5)- From the table there do not appear to be any cléar
consistent trends of difference concerning the yield of seeds, between
the three imprint types, in either variety. In the previous discussion
on growth, certain small differences were shown to exist between the Tic
imprint types (few of these were statistically significant), but very
few were shown between Throws imprint types due, presumably, to the
shorter imprinting period. When the yields of bean seeds were considered,
the great variability between imprint types of both varieties indicated no

influence of this process- upon seed production.

(6) In order to clarify the effect of the fertilizer treatment

i

upon seed production, a summary table overleaf shows the mean Tic and

Throws yields calculated from the three imprint types. .
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Mean Yield of Pods and Seeds by Tic and Throws Plants

- Variety : Tic o Throws

—

- Treatment Organic S-NF S-3F S-6F Organic S~NF S-3F S-6F

Parameter and
Time (weeks)

Number of H~6 8" 14 11 14 6 19 23 24

pods/plant : .

H-3 7 11 12 12 11 18 20 31

H 5 7 8 7 6 13 12 17
Number of . H-6 24 42 36 46 24 70 76 96
seeds/plant ‘

: H-3 21 36 40 36 36 72 73 114

H 14 21 24 22 19 48 37 56
Dry weight H 0.49 0.61 0.56 0.63 0.29 0.35 0.34 0.35
/seed(gms) ,

Dry weight H - 6.8 12.8 13.4 13.9 5.5 17.0 12.6 19.6
seed/plant ' : '
(gms)

Yield seed H 1830 3440 3680 3730 1490 4610 3350 5240
(Kg/ha) : :

(Wherel: H = ﬁarvest time)

The earlier discussion of the growth parameters concluded that no
‘differences of growth were caused by altering the rate of application of NPK
fertilizer on the Stockless section. From this table, however, a clear
influence over yield was seen to occur, so that the yields' of Tic plants
followed the pattern 6F > 3F > NF > Organic - increasing the rate of NPK

application increased bean seed yield, égreeing with the findings of
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Mc Ewen «(1970) and Hardy et al. (1971). For the Throws variety, due to
an unexpected reduction in the number of seeds borne per plant,between H-3
and H on the mid-fertilizer level, the pattern of yield was 6F > NF > 3F >

: Organic.

(7) Both varieties suffered poor yiélds on the Organic section,
which may-have.been aue entirely to the shorter growing season on that section,
or due to treatment, or due to a combination of the two effects.. The red-
~uction in yiéld, compared with that on the three fertiliZer treatments, was
greater for the Throws variety,Where there was a severe reduction in the
numﬁer of pods per plaﬁt, and a lessening of the dry weight per seed,

whereas Tic plants suffered only the latter reduction.

.5-2 1971-1973

(1) Table 3-7 includes the figures for yields from the Throws
plants 65 the_Organic (LWS) and Stockléss fertilizer (Road) plots in 1971,
for comparison with thé seed production measured under normal field con-
ditions i@ 1972 and 1973. The figures for the Organic section confirm the
postulation that the low yiélds in 1971 were due to a shorter growing period,
rather than being truly representative of the field situation on that
management type. However, fhe yield from the 'no fertilizer' treatment
in 1971 proved to be roughly equivalent to that from the Stockless fields in
1972-3, in terms of pod and seed number, although the dry weight per seed
was greater in 1971, The Road field used for the Stockless plots in 1971
must have had a high background level of nutrients remaining from the previous

wheat crop and applied fertilizer, so that no nutrients were limiting to

grthh.

(2) In Table 3-6 the total predicted yield of seed was calculated,
using the figure of 27 plants/square metre density,which was found to be the
mean density throughout the season on all farm sections. Thus to predict

the total yield per hectare :-
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Table 3-~7 DYNAMICS OF CROP GROWTH-:
Summary Table of Crop Yield of Thréws Variety under Three Systems
1971/73.
Each mean calculated from 10 samples.
Field Type_ Fieid Name No. pods No. seeds Dry wt/seeds Dry wt/seeds Predicted Actual % Actual
and Date : /plant /plant (gms) £+ SE  /plant (gms) yield Kg/ha yield :predicted
* SE . :
ORGANIC ) ] ‘ .
1971 L.W.S. plot 6 19 0.290 = 0.013 5.50 = 0.5 - 1490 1490 -
1972 L.W.S. 14 - 44 0.436 = 0.022 19.18 = 1.3 5184 3510 68
1973 Oxer . 13 47 0. 40 * 0,013 11.28 = 1.5 4240 2640 62
Nappers 10 30 0.320 * 0.019 9.60 % 1.2 3480 1320 38
Mean field 12 40 0.332 £ 0,019 13.28 = 0.9 4301 2490 ‘56
MIXED ) ]
1972 *7 acres 19 63 0.359 £.0.009 22,62 = 1.8 6102 3050 50
1973 | Gypsey 19 63 0.273 * 0,009 17.20 = 1.1 6290 3490 56
Mean field 19 63 0.316 *+ 0.009 19.91 = 1.5 6196 3270 53
STOCKLESS - . .
1971 Road plot 13 48 0.350 * 0.009 17.10 + 1.0 4610 4610 -
1972 cRrw 15 55 0.333 + 0.009 18.32 = 0.8 "4941 3550 - 72
’ F. Break - - - - - 3390 -
1973 Little 11 4z - 0.295 + 0.009 12.40 =.1.2 4430 3010 68
Wetherden 10 28 0.325 = 0.016 9.09 * 0.9 3270 . 2850 87
ChTE 13 _44 0.251 £ 0.009 11.04 = 1.7 4080 - 3010 74
Special
Plots . . -
1973 PPKK 12 40 0.288 + 0.009 11.51 = 1.6 4139 4130 -
NNPPKK 13 40 0.273 + 0.013 10.92 = 1.9 4080 4080 -
. ) NNPK 11 . 33 0.266 = 0.013 8.77 £ 1.3 3160 3160 -
Mean field 12 R 43 0.301 + 0.006 12,94 * 0.6 4180 . 3162 75
COMMERCIAL )
1971 Tips B - - - - - 2920 -
1972 Church - - - - - 3640 -
1973 Hill ‘19 67 0.273 * 0.013 18,29 = 1.8 6370 2820 44
Stackyard - 22 67 0.266 + 0.006 17.8C % 1.4 6480 2850 44
Mean field ' 21 67 0.270 = 0.009 18.05 % 1.6 6425 3058 44
Abbreviations: L.W.S. = Lower Wassicks South
7 acres = Seven Acres
ChTW = Chestnut Trec West
= Chestnut Tree East.
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- Yield = Mean dry weight bean seeds per plant x 270,000 x F

ﬁhere Fvwas.tﬁeffactor fequired tO‘éoﬁverﬁ the dry weight té'the fresh
weight, as collected. The moisture content of the bean seéds at harvest
for all-sections fell in the range 24-277%,with a mean of 26.27 water.

Thus on Table 3-7,the column marked 'predicted yield' was calculated in
this way. The following column labelled 'actual yield' was the bagged

" weight %écorded by the farm after the field had been combined, the figures
sﬁowing great discrepancy from the prédicted &iélds due to several factors

" listed below :-

(2);1 The density of bean plants in the- randomly thrown one
_me;re quadrat was not trulyArepresentafive of the conditions over the whole
field,due to ‘lower densities in headlénds, in weed infested areas, in tree
shade, and Qhere local death of the crop had occufred. Thus the figure of

27 plants/square metre was the maximum density of plants in the field. .

(2).2 It is possible that the plants chpsen at harvest time,
from which the figure of the mean seed weight/plant was calculated, were not
truly_répresentative of the plants over the whole field. Although plants
were collected'at random, Eﬁose which had iodged were not included, due to

minimal bean formation.

(2).3 Whilst the stems of the bean plants were drying and the pod
caées becoming blackened, many pods dehisced and lost their contained seeds.
For many plants whole pods may fall to the ground. This was particularly
marked during combining when many thousands of bean seeds were lost in this
way. Between the field and the weighing station further losses occurred.

Thus the predicted yield is the maximum which would be expected.

- 1f there were noilosses prior to, and during, harvesting, and if there were
. no barren plants or open areas in the field. The experiﬁental plots har-
vested by handviﬁ 1971 were of uniforﬁ density and did not suffer suéh har-

.vestiné losses. For 1972, from the relationship between the actual and




146

projécted yield, it was possible to determine the number of plants/ha in
each section which would have been standing iﬁ the field if all plants had

borne the mean dry weight of seed found :-

o M 5
Projected yield ' 5,180 6,102 4,940
Kg/ha
Actual yield , 3,510 3,050 3,550
Kg/ha.
No. plants in field/ha 182,930  135,000° 193,970

bearing mean crop weight

However, it is_unlikely that there would have been as few plants

~ as these numbers in the field, becauée, as previouély stated,‘very few plants
Awill'have produced the mean seed weight/blant. Therefo?e in the Crop Geo-
chemistry (Section 4) section, the figure used to estimate the mean removal
of nutrients from the field in tﬁe whole plants at hérvést time was

270,000 plants, as this was the best approximation'to the number of plants
which could have been harvested. But when consideringblosses of nutrients
in the bean ;eeds alone, where figures are available, the actual yield of
seeds was ﬁsed;

(3)N-Tab1e 3-7 demdnstrates tﬁe»great.variability of the yield of
bean seeds within each section,from different fields, and separate years.
Even where the number of pods per plant, and the number of seeds per plant;,
remainéd constant within a section (M), there was a large variation in the

dry weightAper seed, and hence the total yield. Within the Organic section,

the considerable difference in yields in 1973 between Oxer and Nappers fields
Qas due to the very intense competition for light and moisture from the heavy
infestation of charlock in the latter field (see photogréph). It was
predictable that ailow yield would occur 6n Nappers ffom the poor inflor-

" escence fdrmation-(see 3:3.8)."-Ali-the Organic fields tendéd to suffer
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from this weed as no herbicide could be applied, but the invasion into
Nappers field was particularly marked. Hewson et al. (1973) showed that
in dry years (such as 1973), when soil moisture was at a premium, the
reduction in yield due to competition for wafer; nutrients and light could
be up to 807 for Vicia faba. The competition reduced both the number of
pods/plant and the dry weight/seed. Within.tﬁe Stockless section; where
most bean fields were sited during this research project, the varia;ionAin
yields between fields was very marked. Although the number of seeds/
pod remained fairly cénstant, the number of pods/plant énd dry weight

of individual seeds was very variable.

" (4) The yield of bean seed from the Organic, Mixed, Stockless
and Commercial fields was statistically compared (Bailey 1959) to determine
which differences between the mean yield/section were significant. The

results appear below :-

Parameter Dry weight of seed " Dry weight of seed/plant
Statistic daf - d P R df d P R

Field types .

compared :-
ovM - 45 1.23 >0.1 NS 30 5.66 <0.001 M >0
ovs . 3 2.8 <0.01 0>S5 45 0.5 >0.1 NS
Mv S 27 2.03 <0,05 M > S 22 6.53 <0.001 M > S
oveC 45  4.77 <0.001 0 > C 28 3,77 <0.001 C >0
MvC 39  4.84 <0.001 M > C 38  1.20 >0.1 N S
SvC 28 4.19 <0.001 S > C 21  4.33 <0.001 C > S

‘Irdividual seed weight - despite the great range of values found

on all sections except the Commercial fields, individual seed weight on

plants, grown on the sections receiving organic manures was greater than
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: that of plants grown on artificial fertlllsers alone. This does not agree
with the conclusions reached from the initial survey of Throws bean seeds
‘produced in 1970, at the beginning of the growth survey, but those seeds
had been in store for several months prior te investigation, and had been
.prodﬁced in a different year. For many results concerning research into
the growth of crop plants, the influence of season is more marked than any
other faetor (Alexander and Woodham 1958)., - The individual seed weight on
the Commercial section was significantly the lowest of any management in

1973. The relationship between the sections was 0 =M > S > C,

Seed‘ﬁeight per plant, "and hence yield/liéctare - due to the

similarity in numbers of seeds per plant between the Commercial and Mixed
sections, there was no significant difference in the overall yield of these
managements, but they were both significantly more productive than either
the Organic or Stockless sections.  Although the conditions of management
concerning the fotm of nutrients added te the system were very similar for
| M end C, the latter received organic.manures every year (see Soils section 1),
thus the input of nutrients was more expensive for the yield return. Thus
_the Mixed section ﬁas the most economically productive system. Although the
Organlc.seeds were significantly heavier 1nd1v1dua11y, than those produced
on the Stockless section, the 1atter plants contained more seeds per pod,
and hence no signifieaht differences in yields were.obserhed. Thus the

relationship between the sections for seed weight per plant was found to
be: CZM>O0EZ S. |

(5) Table 3-7 also records the eftect of the‘Special Fertilizer
Treatmenté.in 1973 on the yielding capacity of the plants. The effect of
adding double nitrogen to the PPKK treatment was-to lower the number of
seeds per pod to reduce the dry Welght of individual seeds and the dry
weight of seeds per plant, but none of these reductlons were statistically

significant. When the double nitrogen application was added to the normal
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level of phosphorus and potassium, the reduction effect upon all three
of these parameters was increased. Thus the depressing effect of doubie
nitrogen was‘pértly compensated for'by the higﬁer levels of PK, This
follows_the frend found concerning the effect of the nitrogen treatments
upon the nitrogen fixation by the V. faba root nédules,where (although
not significant) PPKK > NNPPKK > NNPK (see Section 5). These results
do not conflict with the findings of 1971, wﬁere incréasing fertilizer
levels altgred the yiéld of Throws plants, because different rates of

application,of different fertilizers,were used in the two seasons.

(1) The effect of imprinting Vicia faba seeds caused small
changes in the growfh of the consequent plants, but these changes were
mainly étatistically non—significant,-and did not fit any imprint type to
_ grow better on its own ménagement type - no physiological erlution was
proved td havé occurred, Eihomidi, Moursi and'Ahmed (1968) stated thaf
seed physiology and performanqe were not easily changed by nutritional,

or environmental,factors.

(2) .The field trrals demonstrated tﬁat increasing the rates of
fertilizer application affected thé datelof attainment of the maxima of
the growth parameters measured, but did not change significantly the
magnitude of growth, except with regard to yield. In 1971, increasing
the rate of NPK fgrtilizef significantly increased the yield of bean seeds,
but in 1973 this reduced the yields, although not significantly. In
agreement with Mcﬁwen (1970) and Weléh gﬁ_éif;zl973), the return in yield,
produced by the addition of nitrogen fertilizer to beans, would be

uneconomical farm management.
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(3) The greenhouse and field trials demonstrated that although
the main influence.upbn the growth of the bean plants was the type of
farﬁ management upén which they were growing at fhe time of study,
there were no significant differences in growtﬁ or yield betwéen the
Organic and Stockless systems. A significaﬁt incréase in growth and
‘yields wa$ found in plants on the Mixed and Commercial systems, with the

greatest economic return occurring on the Mixed section.




SECTION 4. = CROP GEOCHEMISTRY
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Section 4~ CROP GEOCHEMISTRY

4:1 Background

4:1.1 Under natural conditions, growing plants are subject to. an

“accretion of nutrient ions from, and loss to,.their environment; the

chemical composition of the plant is thus a net result of this bidirectional
movement. Thé main source of the nutrients for the plant is éhe rooting
medium from which minimum quantities of certain geochemicals are required, .
to maintain the growth of the plant. The uptake of ﬁutrients through the
root system is controlled by a complex of interacting factors which are

difficult to investigate accurately. The plant has only a limited ability

"to discriminate between various ions and other soluble substances in the soil,

so that some geochemicals which are unnecessary, or even toxic, to the plant

may enter the root system (Turner 1969):  The principal factors controlling

geochemical uptake are :

:1.1.1 Th® form in which the geochemical occurs in the soil, and its

concentration in the soil solution, at the active root surface (Nielsen 1972).

:1.1.2 The rate at which the reserve of each element can move from the

labile pool in the soil to the root surface e.g. nitrate very mobile,

phosphate immobile.
:1.1.3 Conversion rate of non-exchangeable to exchangeable forms by

weathering, microflora, mineralization and leaching.

:1.1.4 The efficiency of the roots to transfer the external geochemicals

to the vacuoles of the cortical and endodermal cells.

:1.1.5 The soil moisture - the dilution of the soil solution displaces the
cation exchange equilibrium so that adsorption of divalent ions increases,

and that of monoﬁalént ions decreases (Arnold 1969).
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:1.1.6 The rate of growth of the roots through the soil, and the rate

of increase of the absorbing surface area.

:1.1.7 The rate of utilization of each geochemicél, which will depend upon
the stage attained in the growth cycle (Boatwright and Haas 1961), influencing

the concentration gradients within the root, and between the root and soil.

:1.1.8 The presence of any low concentration, toxic substances acting as
specific inhibitors, or high concentrations of a normal soil component

acting as a non-specific inhibitor (Bollard and Butler 1966).

:1.1.9 The ionic balance within the plant.’

4:1.2 During the process of ion uptake, the electrochemical neutrality
within the plant must be maintained (Kirkby-l969). As plants absorb
inorganic ions at different rates, the ionic equilibrium may be controlled by

) . + . . . .
(1) the excretion of H or HCO ions into the rooting medium,

3
(2) within the plant, by accumulation of organic acids (e.g. malate),
(3) by the recombination of the metal cations to form salts, with

anions absorbed, or produced by the plants' metabolism

(Dijkshoorn 1969).

Ip this latter way-the shoftage of one cation, for example
potassium, may be partly replaced by the excess of another, e;g. sodium,
Qithout any apparent anomalies of total>i6n accumglation. Thus the growth
of a plant will be strongly influenced by the balance of cations and anions,
both in the rooting medium and within the plant. The metallic ions teﬁd
to e;ertvtheir jonic charge when within the»plant, and these must be compen-
sated for.by negatively charged nitrate, sulphate and phosphate ions.  After
. these have been used for charge neutralization, any excess of cations.over
anions will be balanced.by carboxylate ions, produced from absorbed bicarb-
onates, or released during the metaﬁolic.assimilation of nitrate (Boning

et al. 1932). Therefore a given nutrient supply will only support the
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maximum growth rate of a plant when there is an adequate amount of each
ion absorbed, to allow utilization of the ions and the maintenance of the

normal concentrations of carboxylates (de Wit et al. 1963).

- 4:1.3 Many research workers have demonstrated the complex interaction,and
antagoniém,between geochemicals in the soil-plant system,which so strongly
influences the resulting chemical composition of the plant tissues. Kirkby
and Mengel. (1967) showed that the form in which nitrogen was Supplled to the
tomato plant had a profound effect upon the uptake of several other cations.

| Thus when nitrogen was available in the ammonium form there was a reduction
in the uptake.of Ca+, Mg+ and XK' due to a confliction'of charge, whereas
nitrogen in the form of nitrate enhanced cation uptake; In agriculture, the
predominate source of nitrogen to-crop plants is in the form of nitrate.
»Where ammonium ions were applied, these were quickly converted to tﬁe
negativeiy charged ion, but where nitfifieation was inhibited; either
naturally or artificially (to redﬁce leaching losses of nitrate); a large
uptake of wmmonium ions was found to resuit in a reduction of the inorganic
cation uptake.  Thus where.NHl*+ and K are applied, especially to light

acid soils, Mg+ defieiency may result. Richards .(1956) showed that potassium
- deficiency was increased when nitrogen was>app1ied as ammonium, instead of
 nitrate.

4:1.4 Few experiments have been conducted with whole plants in a controlled
environmeﬁf, using nutrient culture, where the‘concentrations of geochemicals
were as low as is found in the soilbsolution (N&e 1969), but where this has
been done (Russell et al. 1954, Loneragan and Asher 1967), the plant uptake
was directly proportional to the supply concentration of each geochemical.

In soil, the limiting factor for the uptake of nutrient ions is the number of
ions at the root surface, which will be proportional to the concentration of
that geochemical in the soil solution (Gunary and Sutton 1968); Bécause of

the dependence of nutrient uptake by the plant on the concentration of ions
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in the soil, it has been recognised by many people that the chemical
composition of a plant can be satisfactorily used as a guide to the avail-
ability ofAﬁutrienté in the rooting medium (Greenham aﬁd White 1959, Boynton
and Oberky 1966, Wilson 1973). Hence ﬁhe use of leaf analysis hgs become
an»established method to determine deficiencies of nutrient geochemicals in
agricultural crops. Bould and Parfitt (1973) showed that the level of
phosphorus in leaves of gpple trees could be used to predict the flowering
performance and yield, and that a criticai concentration value was recognisable,

below which phosphate was limiting to maximum growth.

4:1.5 Many experiments have been conductéd in'an attempt toc elucidate the
complex relationships which control the uptake of geochemicals into the flants,
and to investigate the extent to which uptake is proportional to the avail-
-ability in the soil. In 1969, Hodgson sfated that organic complexing played
‘a vital role in the uptake of micronutrient cations; especially with refer-
enée to the heavy metals. Although interactions between cations do occur,
Anderson gg;jggf (1973) showed that the uptake of Cr, Ni and Co in oats was

. [ ’
proportional to the supply in the soil, and Dolar and Keeney (1971) demon-
strated this to be true for Cu. Broyer et al. 1972); working on Phaseolus
and barley, and Jones et al. (1973), on ryegrass, described the direct
relationship be;ﬁeen lead concéntfations>in the roots, and the available
level in the soil, but.showed how this was modified by the sulphur content of
the soil. The-degree'to which the analysis of plant material can predict

the availability of geochemicals in the soil, as determined by chemical analysis

of the soii,‘will depend upon the methods and species used.

4:1.6 In 1953 Sen and Sundara Rao; and in 1973 Kharefgﬁ;il., demonstrated
that increasing phosphate levels in the soil increased the phosphate and
caleium concentrations of the legumes grown upon it. Boatwrfght and Haas
(1961) showgd that the timiﬁg of the maximum uptake in wheat was influenced

by the particular geochemical considered, by the plant part, and by the stage
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attained in ﬁhe plant's growth cycle.. Nitrogen concentrations in the plants
were increased by the addition of nitrogen to tﬁe soilQ but the addition of
nifrogen and phosphorus decreased the nitrogen concentrations, due to the
dilution effect of increased growth. Because many plants can absorb nitrates
to an excess, over and above the amount required for metabolism, which may
accumulate in the unchanged ionic form, van Barg (1966) analysed plant tissue
for nitrate to determine whether they had an adequate supply of this geo-
chemical in the soil. Bassioni>(1973) suggested that the uptake of nitrate
in barley was strongly influenced by the uptake of the associated cation.

The higher theevalency of the cation, the greater the stimulatory effect 1i.e.
Th > Al > La > Me >Ca > K - the cations acting as -catalysts, or affecting
the formation/dissociation constant of ehe nitrate carrief complex. Tewari
and Mandel (1972) confirmed the work of Loed??%901% and Hunter (1949), show1ng
that magnesium aids the absorption and distribution of phosphorus in soybean
plants, so that phospnate uptake was' enhanced by increasing soil levels of .
magnesium, but decreased by adding calcium. Bould and Parfitt (1973)

demonstrated the intricate interdependence of five major plant nutrients :

_Concentratioﬁ_of N in leaf increased by increasing available N or P

Coacentration of K in leaf increased by increasing available K, but decreased
by increasing P or Mg

. Concentration ef-Ca, Mg in leaf. increased by increasing available P, but
decreased by increasing K

ancehtration of P in 1eaf'decfeased:by'ing;easing available N, high P

interferes with Zn and Fe translocation

4:1.7 The plant tissue cempesi;ien may also depend upon the water stress
in the plant (Nezgovorova:1957 - oats-and maize) and the age of the plant
parts analysed (Jacoby and Dagan 1969) , because once inside the plant, the
geochemicals will be tranlecated‘from one part to another, depending on

demand. Thus when growth is mainly apical, geochemicals will continue to
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move through the xylém to the lower leaves until these achieve maximum size,
when assimilates and some ions (potassium) will be exported tolotﬁer plant
parts'in.the phloem. - However,'calciﬁmlhas;hgenjshpwn'to be retained in the
vVleaves,.so thaﬁ by continuing the iﬁtaké,'thé éo;céﬁtrétion‘of this ion will
agéﬁmulaﬁe in the older leaves, pafﬁicularly in legumes. During senescence
the efficiency of the phloem decreases, and the reduced ability to export
assimilates will mean thét many compounds may accumulate in the dying leaves
(Throwet 1967 - soybean). _'Thus the composition of the leaf material will
depend.upon its position on the plént and'itsAage-(Wafd‘i964; :Kirkby and
DeK ock 1965)7 In addition, during senescence of the plant, a minimum
level of each ion required may be maintained in the actively-forming seeds
by transfer of endogenous nutrients from and?hef part of the plant; after

the external source has been depleted; or lost due to the death of the roots

(Dijkshoorn 1969).
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4:2.1 Aim

(1) To determine whether the farm management at Haughiey influenced
_the chemical composition of the V. faba plants - the discussion in section 4:1
indicates that the'qhemiqal cémposition of a plant freqﬁentiy reflects the
nutritional status of the soil upon which it is growing.

(2) To compare the plant imprint types aﬁ thg physiological level,

on the basis of their chemical composition.
4:2,2 . Method

‘The plants-uéed for the measurement of growth from tﬁe greenhousé
‘and fie1d<trials (Section 3) were subje;ted to chemical analysis, as
.deséribed'in the Appendix. = The effect of the soil treatment and the imprint
type ﬁpon the plant chemical composition was measured at frequent intervals
during eaéh experiment, by détermining the concentration qf the geochemicals

in the tissues, expressed in parts per million.
4:2.3 Results

The results of the, chemical analysis determinations are discussed
sepérétely,for each ekpéfiment, in ferms of the céncgntration of each geo~
- chemical (ugm/gm plant). The effect of the treatments and plant type upon
the‘biochemical cémpositiqn of the crop was evaluated in each trial, at tﬁe
times of the various growth maxima determinéd in Section 3. Because of the
number of treatments ﬁSed, the sampling of eaéh imprint type was not often
reblicéted - therefore, in the comparison of the composiﬁion of different
plant imprints, statistical analysis of any differences could not always bg
used. However, where fhe imprint type was shown to have no apparent effect
upon the compdsition,'witﬁin-eaqh t;eatmént; the'three.imprints of the two
AvarietiesfhaQe been considered to be-replicates of a single population, in
order to calculate thg'mean composition for the treatment - this has enabled

- the statistical comparison of the treatment effects.




'_158'

4:3 1970-1971 Greenhouse Trial

4:3.1 Aim
To provide plant material upon which to perfect the téchniques of -

chemical analysis, to enable an initial determination of the effect of the

plant imprint and soil type upon the chemical composition of the crop.

4:3.2 Method
The Vicia faba plants were grown éndAsampled as described in
Section 3. The methods of chemical analysis used are shown in the Appendix.

The plant and soil types used for this trial are shown below :-

Measurements "~ 'Plant material ' " Treatment
Crop_geOChemistry - plants Tic O Tic M Tic S Soil - from Organic farm
analysed for : 'NO3—N,HN,_ L + = from Stockless "

P, K, Ca, Mg, Na and Zn

4:3.3 Results

The full analytical déta are.shown on Tables A9 and AlO
Some of the results are'presented in the following graphs to demonstrate the
~effect of the plant imprint type; andAthap of the soil type, upon the chemical
composition of the plants; expréssed-as the.concentration of edach geochemical
per gm dry weight of.the whﬁle plant. - In this pilot project ﬁo replication
of fhe chemical analyseé Qas made, which prevented the use of statistical

analysié in the evaluation of the data produced.
4:3.4 Discussion
The salient features of the graphs are described with reference to :

(1) The influence of imprint type upon the chemical composition

2) " " .n " ogoil - 4n. |'| | " " o "
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4:3.4.1 Nitrate-nitrogen (Graph 4-1)

‘ij,"u(1)~ No consisﬁent effect of the imprint type was evident, except fhat
the Tic S plants contained the'highest maximum concentrations on
both soils.

(2) The soil type had iittle apparent effect, except that the maximum
concentrations on the Organic soil wereAHigher than on the Stockless

soil, for each imprint type.

13.4.2 Organic nitrogen (Graph 4-2)

(1) The effect of the imprint type upon the nitrogen concentration,
itself depeﬁded upon the soil type. Tﬁus on tﬁe Organic soil,
M >0 =S, but on the Stockless soil S > M > Oywhich indicated a
possible affinity between the imprint and the soil type; The
reduction in the nitrogen cqnéentrations after day 45,was also shown
by the'vaiues for the total nitrogen/plant, indicating that this wéé
a real effect of the seneécence brought about by the po&r growing
conditions, rather than due to a dilution caused by the growth of

.

the plants.

(2) The planfs‘from'the farms receiving organic manures absorbed most
nitfogen from the Organic soil, whilst tﬁe plants from the Stockless

farm absorbed most nitrogen from the Stockless soil - this may have

been an indication of an adaptation of the imprints to their own

farm management type. Plants on the Organic soil showed the greatest
range of nitrogen concentrations, correlating with the greater

'.Ahete:ogeneity of nitrogen distribution in that soil (Section 1).
13.4.3 ‘Phosphorus (Graph 4-3)

(l) On both soils the M and S imprints tended to have higher and more
.variable conceﬁtrations of phosphorus than the O imprint plants.

(2) 'For all impfints fhere ﬁere greater concentrations of phospﬁorus
~on the Stockless soil, ﬁhich correlated with the greater exchange-

abiiity of this geoéhemic;l;inlﬁhét soil (Section 1).

e
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:3.4.4 Potassium (Graph 4-4) and Caléium (Graph 4-5)

(1) For potassium,'the imprint type only infiuenced the plants'
'chemicalvcomposition during the final few days of the experiment,
but for célcium there was no imprint influence at all.

(2) The soil type showed no inflpence over the conceﬁtratioﬁ of

potassium and calcium in any of the plants. grown.
:3.4.5 Magnesium (Graph 4-6) ‘and " "Sodium (Graph 4-7) -
(1) There was no effect of imprint type upon the concentrations of
. either of these geochemicals in the plants.
(2) For both geochemicals the range was wider and concentrations

. higher on the Organic soil, which correlated with the higher total

.levels of these in that soil (Section 1).
‘:3.4;6 .Ziégh'(Graph 4-8)
'(1) The oﬁly consistent difference éttributed to tﬁe imprint type was
M >0 > S, but this only occurred on the first sampling occasion.

(2) Again the only difference between soil types occurred on the

first sampling occasion when § > O for all imprints.
"4:3.5 Conclusions
4:3.5-1 The chemical composition of the plants was found to vary between

the imprint types for several geochemicals, but only for organic nitrogen

.did the difference suggest that a physiological adaptation to the farm

management type may have taken place during ;he imprinting process. It must
be concluded that, for most geochémicals, the particular ancestry of the bean
seeds used had no influeﬁce over the chemical coﬁposition of the plants
'pfoddced.

.5-2  The soil upon which thé plants were growing dufing the trial

exerted a positive influence over the plant chemical composition as follows
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(1)‘_The greatest range and the maximum concentration values of

(2)

(3

pitratefnitrogen, organic nitrogen, magnesium and sodium tended to
be found in the plants growing on the Organic soil. This corre-
lates well with the soil chemistry data from the 1971 Field Trial
(Section 1), which showed that the econcentration of all these geo-
chemicals was significantly higher in tﬁe sqil from the Organic
systemf' |

The greatest range and the maximum concentration values for
phosphorus and zinc were found in the plants growing on the Stockless
soil - analysis of the soil showed that this system contained the
highest concentration of these geochemicals (Section 1).

The soil type showed no definite influence upon tﬁe concentration

of calcium and potassium in thevplants, despite a significantly

*greater concentration of these in the Organic soil. The uptake

from this soil type may have been reduced by the Kirkby-Mengel effect

mentioned in 4:1, where the absorption of positively charged ions
®

. + . .
from the soil can be reduced by the presence of NH4 ions. Chemical

. analysis in Section 1 showed that the levels of the ammonium ions

was significantly greater in the Organic soil.
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4:4 1971 Field Trial
4:4,1 Aims

To repeat the greenhouse trial under normal agricultural conditions
in the field, using Vieia faba var. Tic and var. Throws, to determine the

possible influence upon the chemical composition of the plants bj :

- the plant imprint type
- the farm management type

- the fertilizer application rate.
'434,2 Method -
The plants were grown and sampled as described in Section 3, and

were subjected to the chemical analysis methods shown in the Appendix. The

plant types and soil treatments used for the trial are shown below :-

. Measurements Plant ‘mateérial " Soil ‘treatments .

Crop geochemistry — plants Tic O, Tic M, Tic S Organic soil.
analysed for : NOB-N, Throws 0 . . Stockless soil:

N, P, K, Na, Ca, Mg, Al, Throws M
" , -no fertilizer

Cu, Zn, Pb v Throws .S
“—' ' -375 Kg fertilizer/ha
-625 " " "
4:4.3 Results
The chemical analysis data collected for the 24 combinations of
plant type and treatment,at frequent intervals throughout the growing season,
enabled the determination of the effect of the imprint type and farm
management as measured upon the following :
1. The composition of the bean seeds,and hence the addition of
~ geochemicals to the system in the bean seeds sowm.

2. The seasonal variation in the geochemical composition of the

plants,.and hence the mean seasonal concentrations.
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3. The distribution of the geochemicals in the separate plant parts,

determined at the age of five weeks, and'twenty—four weeks.

4. The maximum ion concentration attained during the season.

5, The chemical'composifion-of the planﬁs at the growth maxima
(Dry Wéight and Leaf Area Index).

6. The maximum flow of geochemicals into the crop biomass, and the

loss from the system in the final harvest.

‘The results are discussed under these headings on the following
pages. The geochemical composition of the plants is expressed in terms

of the weight of geochemical/gramme dry weight of plant material.

4:4.4 Discussion -

t4.4,1 Addition of geochemicals in the seéeds sown

Table 4-1 shows the_results of the chemical analyses of the bean
seeds sown on the farm in March 1971. -Several_differencesjin the composition
of the seeds of the two varieties were found, especially for the concentrations
of calcium, phosphorus,Aaluminium and éinc. The influence of the plant imprint
type was o;ly shown by the S type, of both varieties. For example :
- Concentrétionsvin Tic S plants much lower than in Tic O and
, "Tic M for Ca and Na.

- Concentrations in Throws S plants much lower than in Throws O

and Throws M‘for Na, K and Zn.

Apart from these trends there was no consistent pattern to indicate
any effect of imprinting upon the chemical composition of the seeds sown.

. The second part of the table shows the calculated addition of the

geochemicals to the ecosystem in the seeds, when they were sown at the normal

rate of 250 Kg/ha. These figures are used under the "Gain"' heading in the

main Discussion..




TABLE 4-{.

.CROP _ GEOCHEMISTRY

CONCENTRATIONS OF GEQCHEMICALS IN SEEDS USED 1971.

0.42

(1) - Concentration of ions in seeds. Expressed as mgm ion/gm dry weight seed
Seed . .
type P N NO3-N . Ca Mg  Na K al Cu 2u Pb
Tie O - 37 0.08 1.4 1.12 0.59 5.2 0.4 0.0l4 0.006 0.040
Tic M 4, 28 0.07 1.9 1.52 0.25 0.1 0.016 0.016 0.040
“Tic S 3. 47 0.05 0.4 1.47 0.03 9.7 0.2 0.009 0.009 0.040
Mean 4.0 37.3 0.07 1.2 -1.37 0.29 7.3 0.23 0.0l3 0.010 0.040
SD 0.6 2.5 0.02 0.8 0.22 0.28 2,3 0.15 0.004 0.005 0.000
Thro 0 1.3 51  0.10 4.6 0.50 0.8 0.013 0.415 0.030
Thro M . 1, 50 0.07 5.5 0.80 4. 0.7 0.020 0.420 '0.070
Thro S 1. 45 0.10 5,7. 1.1 0.05 . 0.7 0.012 0.140 0.070
Mean 1,5 48.7 0.09 . 0.45 3, 0.73 0.015 0,325 0.057
sD 0.2 3.2- 0.02 0.6 . 0.38 2. 0.06 0.004 0.160 0.023
(2) Addition of nutrient-s to field in seeds used (freshweight). Expressed .
as Kag ion/ha i )
Tic © 0.78 8.3 .0.,017 0.31 0.25 0.13 1,15 ©0.08. 0.003 0.001 O0.009
Tic M 0.94 5.5 0.014 0.38 0.30 0.05 1.39 0.02 0.003 0.008 0.008
Tic S 0.84 11.7 0.012 0.09 0.34 0.0l 2.21 0.05 0.002 0.002 0,009
Mean 0.85 8.5 0.014 0.26 0.30 0.06 '1.58 0.05 0.003 0.004 ©.009
SD /0.08- 3.1 0.003 0.15 0.05 0.06 0.56 0.03 0.001 0.004 0.00L
Thro O 0.28 11.0 .0.021 0.99 0.17 0.11 0.90 0.16 0.003 0.089 ' 0.006
Thro M 0.33 10.3 0,015 1,13 0.19 0.16 0.86 0.13 0.004 0.086 0.0l4
Thro 8 . 0.31 9.3 0.020 1.18 0.23 0.0l 0.15 0.15 0.003 0.029 0.015
Mean 0.31 10.2 0.018 1.10 0.20 0.09 0.64 0.15 0.003 0.068 0.012
"SD 0.03 0.9 0.003 0.10 0.03 0.08 0.02 0.001 ©0.034 0.005
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:4,4.2 Seasonal variation in the geochemical concentrations

The progress curves of the concentrations §f the geochemicals in
the plants during the season were plotted for each treatment. For each
geochemical there was a specific shape to the curve so produced, which was
not altered by any treatment. The only effe;t qf.tﬁe various treatments
was to alter the magnitude of the concentrations, not the way in which they
varied with the growth of fhe plant. A specimen of the charaétéristic
progress curves for each geochemical is shown in Graph 4-9.

The concentrations of phosphorus, calcium, magnesium and sodium
followed the pattern of plant growth, with low.values when tﬁe plants were
young, rising to a peak at the maximum growth rate, and then falling as the
' plants started their senescence. Organic nit:ogen; zinc; aluminium and
potassium tended to follow the same paftern as each otﬁer, although the
timing of their maxima varied slightly. The concentrations of the heavy
metals, coppér and lead, were below the detectable level for most of the
season, but iﬁcreased draﬁatically during the last three weeks of senescence
priotr to the final harvest. The cqncentration of the nitrate-nitrogen
increased gradually during the trial, to a maximum at the time of the

main extension of the bean pods.

+4.4.3 Seasonal mean of the geochemical c¢onceritrations

-(1) Using the chemical analysis data collected during the whole
seéson, the seasonal means were calculated for each of the twenty-four
treatment combinations (Table 4-2). Although some differences of composition
had been indicated in the seeds sown, there was very little apparent effect of
imprintiﬁg upon these seasonal means. Statistical analysis revealed .there to
be no significant differences between any pairs of imprints, within any of
the four treaﬁments, for any geochemicél. Because the heavy metals were only

detectable at the beginning and end of the season, they were omitted from this
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table. It is most probable that the lack of significant differences
between the seasonal means for each imprint type was due to the marked

seasonal fluctuations referred to in 4:4.4.2,

(2) In the same way, statistical comparison of the four treatment
means for each geochemical showed no significant differences between any of
them, | |

Thus any true differences between treatmenté may have been masked
by the use of the-seasonal means. Alternatively, the apparent lack of any
differences between the treatments may indicate that the flow of the geo-
chemicals'from the soil into the crop was very similar on all the experimental
plots. This possibility was supported by the lack of differenceiin the crop
growth (Section 3) between any of the'four,plet types; This'further implies

that the level of nutrients in the Stockless soil, where no fert111zer was

applled 1n the year of the trial, was adequate for crop growth and that
the additional fertilizer applied only provided an excess of nutrients which

would be 1eached through, or bound into, the sqil.

L

at the age of five weeks'from‘SOWing

Because of the possible masking effect of using the seasonal means
for the treatment and imprint comparisons, the chemical composition of the

plants was compared at a number of--times during the season.

J4-1 The first comparlson to be dlscussed was made -at the age of five
weeks, upon the separately analysed shoots,'roots and nodules. At this age

it was still possible to remove the whole root system from the soil. When

the results of the analyses were examined, it was

found that there was no consistent pattern to indicate that imprinting had

. had any effect upon the chemical composition of the bean plants.




Table 4-3

The mean geochemicdl concentrations in the stems and roots of 5 week plants

(Means calculated from six readings) SD = Standard Deviation
_ * = Significant to p = <0.05
Shoots : ) : *% = Significant to p = <0.01
: : NS = No significant difference

Treatment Dry W& P OrgN NO.-N Ca Mg Na K Al Cu Zn
(gms) mg ®mg Mg  mg mg mg mg mg ug Mg
Organic-mean © 0,65 2.5 40.3 87.5 20.0 1.9 4.7 80 1.5 19.2 36.7
SD. 0.14 0.4 4.6 11.3 2.1 0.2 2.1 1.0 0.5 6.3 40.0
S-No fertilizer 0.21 3.4 56.0 107.0 13.6 1.0 1.3 9.5 2.0 18.2 125.
SD 0.03 1.2 3.8 10.3 2.8 0.1 0.1 1.4 0.2 8.0 82.0
$-375 fertilizer  0.20 2.1 53.5 95.8. 14.0 1.0 1.4 7.6 3.2 ~14.0 95.0
SO - 0.03 0.5 6.3 19.1 2,6 0.2 0.4 1.1 0.3 1.1 21.0
© 5-625 fertilizer  0.20 2.5 54,0 83.3 13.2 1.0 1.5 8.0 3.3 26.3 175.0
S - 0.08 0.7 ~2.0 13.0 2.2 0.1 0.4 1.1 1.1 4.7 64.0
Significant 0>5 - 'N>3 5>0 - N>0 0>S 0>S 0>S N>3 N,3,6>0%% 6>3 3,6>0%
Differences *% % *%  N>H** * k% *% *  3,6>Nk% *x  6>3%
Roots
‘Organic-mean - 0.25 2.4 26.7 87.5 12.6 2.2 4.3 6.2 5.4 18.8 92.7
‘ SD 0.09 0.8 7.6 11.3 1.4 0.3 1.1 3.3 1.8 6.0 100.0
S~No fertilizer 0.23 2.9 40.0 107.C 12.7 1.6 2.4 3.5 7.3 23.7 139.0
SD 0.03 0.8 ‘6.7 10.3 2.0 0.2 0.4 1.0 1.7 7.0 150.0
§-375 fertilizer  0.22 2.5 35.8 95.8 12.0 1.4 2.4 3.8 6.6 17.2 104.0
SD 0.10 0.9 10.2 19.1 3.5 0.5 1.1 2.1 2.5 5.2 26.0
$-625 fertilizer  0.23 2.1 39.0 83.3 13.3 1.3 2.4 3.8 5.9 26.0 138.0
: SD 0.10 0.6 4.9 13.0 2.1 0.4 0.7 0.7 1.5 4.5 53.0
Significant NS NS N,6>0 N>0X NS 0>S .0>S NS NS . 6>3% NS
differences * N>6* ** % 6>0%
" Analysis of o . : } o
nodules - No fertilizer 44.0 135.0  6.2- 1.3 2.5 9.7 2.8 17.0 17.0
o 375 " 55.0 160.0 4.9 1.3 3.3 14,2 2.3 15.0 42.0
0.0 1.8 2.4 10.2 4.9 17.0 37.0

625 " 50.0 125.0 1
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«4-2 '~ Because of this apparent lack of effect of imprinting, the values
for the six imprints within each treatment were used as replicates, to enable
the statistical comparison of the concentrations of geochemicals in the plants -
from the different treatments. The means uséd, and the results of the

statistical comparison, are shown on .Table 4-3. From this table :
(1) There was an inverse relationship between the supply and the

3

(2) There was a direct relationship between the fertilizer application

uptake for P, Nb -N and K.
rate and tﬁe uptake of aluminium; copper and zinc - increasing the
application increased the concentrations of these cations,  but did
not affect the uptake of any of fhe other geocﬁemicals{

(3) The chemical composition of the shoots was more affected by the
treatment-than that of the roots; comparing the élants oﬂ the
Organic and Stockleés sections :

0>S f‘or Ca, Mg, Na '_ § >0 for NO,-N, N, Al, Cu, Zn

0]

'S for P and K

. 4 i N . ) . .
(4) The treatments did not alter the location of the main concentrations

of each geochemicél :

Stem > Root P, N, K, Pb
i Root > Stem Mg, Al
Stem = -N, Ca, Cu, Zn

Ro?t " .NOB
(5) There was no apparent effect of treatment or imprint type upon

‘the chemical composition of the root nodules.

Section 4:4.4,9 describes the distribution of the geochemicals

in the plants at the end of the growing season.

:4,4.5 Maximum geochemical Concentration

The second comparison of plant and treatment types was made at

the time of achieving the maximum concentration of each geochemical in the

plaht tissues.




TABLE 4-4.

CROP _GEQCHEMISTRY

. MAXIMUM CONCENTRATION OF GEOCHEMICALS IN WHOLE PLANTS 1971.

plant Concentrations expressed as mg ion/gm dry plant material
Type 2 N NO;-N Ca Mg Na K Al Cu Zn Pb
NO FERTILIZER -
Tic 0 5.0 56 0.13 17.2 2.0 5.3 12.9 5.8 0.47 0.28 0.76
©TPic M 4.6 64 0.12 18.9 1.8 5.8 15.4 4.2 0.80 0.49 0.17
Tic § 4.7 55 0.12 18.2° 2,0 5.9 12.9 4.1 0.32 0.33 0.1l1
Thro 0 5.1 61 0.12 18,0 2.0 5.3 16.4 3.7 0.87 0.54 0.13
Thro M - 4.1 .64 0.12 19.8 2.0 4.9 14.9 6.3 0.31 0.30 0.25
Thro S 4.0 54° 0,12 19,9 1.6 9.5 16.4 4.7 0.50.0.32 0.09
Mean 4.6 59.0 0,12 18.7 1.9 .1 14.8 4.8 0.54 0.37 0.25
SD 0.5 4.6 0,006 1.1 O. . 1.6 1.0 0.24 0.110 0.26- .
375 Kq.FERTILIZER / HECTARE. :
Tic O 4,2 53 0.17 17.9 2.0 5.5 15.4 6.8 0.44 0.38 0.13
Tic M 4.2 53 0.14 20.0 1.9 5.4 16.9 4.9 0.77 0.53 0.17
‘Tic S "4.3 61 0.11 15.4 1.8 9.5 13.4 5.3 0.69 0.41 0.l0
Thro 0 ‘4.1 59 0.14 18,2 1,6 5.6 14.9 3.6 0.93 0.57 0.12
Thro M- 4.1 55 0.2 19.4 1.7 5.3 1:4.4 6.1 0.93 0.57 0.09
Thro S 4.5 70 0.13 15.8 1.5- 5.7 14.4 2.7 0.76 0.57 0.05
Mean . 4.2 58.5 0.14 17.8 1.8 .2 14.9 4.9 0.75 0.50 0.1l1
sp 0.2 6.5 0.02 1.9 0.19 1.6 1.2 1.5 0.18 0.09 0.04
625 Kq.FERTILIZER / HECTARE.
Tic O 4.1 s51. 0.4 16.5 1.6 5.1 .13.4 4.5 0.05 0.46 0.l4
Tic M © 4.1 55 0.12 23.2 2.7 5.5 14.9 4.8 0.19 0.50 0.07
Tic S 4.5 53 0.15 16.7 ‘1.9 5.6 17.4 3.5 0.20 0.24 0.23
Thro 0 4.1 70 0.14  20.4 3.1 5.7 13.4 3.7 0.33 0.23 0.07
Thro M 4.5 53 0.12 20.7 4.3 5.6 21.9 5.0 0.24 0.23 0.66
Thro S . 4.0 61 0.11 19.4 1.9 4,7 16.9 4.1 0.13 0.29 . 0.l0
Mean’ 4.2 57,2 0.13 19.5 2.6 5.4 16.3 4.3 0.19 0.32 0.21L°
SD . 0.2 7.2 0.01 2.6 1,0 0.4 3.2 0.6 0:10 0.12 0.23
ORGANIC _
Tic O 3.1 45 0.12 18.6 1.9 5.4 13.2 2,9 0,17 0.31 0.10
Tic M 3.1 50 0.13 22.2 2.0 7.7 13.5 2,7 0.06 0.34 0.22
Tic 8 3.8 47 0.11 18.2 2.0 9.5 12.4 3.4 0.16 0.36 0.09
-Thro 0 3.8 53- 0.11 19.7 2.0 8.0 10.2 2.8 0.04 0.50 0.03°
Thro M 3.4 72 0.11 20.6 2,3 8.1 9.7 2.8 0.11 0.38 0.15
Thro S 3.4 49 0.13 19.7 1.8 8.2 11,4 2.2 0,04 0.28 0.04
Mean 3.4 52.7 0.12 19.8-2.0 7.8 11.7 2.8 0.09 0.36 O0.ll
SD 0.3 9.9 o0.01 1.4 0.17 1.3 1.6 0.4 0.06 0.08 0.07




TABLE4-5.

_CROP GEOCHEMISTRY

CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM DRY WEIGHT 1971
Expressed in mgm ion/gm dry wt. plant material.
Plant Type _ - .
& ?325) 3 O;g NOj-N Ca Mg Na K Al Cu Zn
Treatment . ] ; : : ’
" NO_FERTILIZER.

Tic. 0 18" 2.9 25 0.13 15.8 1.3 2.0 2.5 0.02 0.02 0.06
Tie M 21 1.9 25 0.08 8.8 1.1 2.3 4.7 0.10 0.02 0.0l
Tic S 18 3.0 37 0.11 "14.0- 1.8 2.7 4.4 0.04 0.02 0.02
Thro O 21 1.6 19 0.08 8.6 1.0 2.4 4.6 0.10 0.03 0.0l
Thro M 21 2.1 18 0.09 9.3 1.2 2.2 4.5 0.16 0.02 0.0l
Thro S 18 3.0 30 0.12 ‘13,5 0.8 2.1 4.5 0.08 0.03 0.02
Mean 2.4 25.7 0.10 11.7 1.2 2.3 4.2 0.08 0.02 0.02
SD 0.6 7.1 0.02 3.1 0.3 0.2 0.8 0.05 0.004 0.02
375 Kg.FERTILIZER / HECTARE, ,
Tic O 18 3.2 - 34 0.17 15.5 1.6 1.5 5,2 0.05 :0.01 0.03
Tic M 21 1.6 20 0.09 8.4 1.1 2.3 7.2 0.25 0.02 0.02
Tic § 18 2.6 27 0.11 11.2 0.6 2.4 4.3 0.05 0.02 0.0l
Thro O - 18 2.3 26 0.14 9.9 1.1 2.1 4.3 0.10 0.02 0.02
Thro M 21 1.6 25 0.06 9.4 1.2 2.0 5.6 0.33 0.02 0.02
Thro S 18 2.5 24 0.12 14.0 1.2 1.6 5.0 0.20 0.02 0.02
Mean 2.3 26,0 0.11 11.4 1.0 2.0 5.3 0.16 0.02 0.02
SD 0.6 4.6 0.04 2.8 o. .4 1.1 0.12 0.004 0.007
625 Kq.FERTILIZER / HECTARE.
Tic O 18 2.8 35 0.10 12.4 1.1 3.5 5.2 0.10 0,02- 0.02
Tic M 18 2.2 27 0.12 10.3 1.0 2.7 3.4 0.10 0.01 0.01
Tic S 18 2.5 28, 0.10 14.7 1.9 2.6 6.0 0.16 0.02 -C.02
Thro O 18 2.7 27 0.10 14.1 1.0 2.4 4.0 0.10 0.02 0.08
Thro M 21 1.7 28 0.09 9.5 1.0 2.4 4.9 0.20 0.0l 0.02
Thro S 21 2.8 15 0.09 8.0 1.0 1.5 4.9 0.42 0.0l 0.02
Mean 2.5 26.7 0.10 11.5 1.2 2.5. 4.7 0.17 0.02 0.03
SD .4 6.5 0.01 2.7 0.4 0.6 0.9 0.13 0.004 0.03
_ORGANIC , ) _ _
Tic O 19 2.5 27 0.07 7.0 0.9 2.9 4.2 0.50 0.0l 0.08
Tic M 16 2.7. 23 0.09 12,7 1.6 3.1 3.7 0.70 0.02 0.03
Tic¢ S 16 3.2 30 0.08 13.6 2.0 2.9 7.2 0.40 0.02 0.02
Thro O 19 2.3 29 0.08 8.2 1.1 3.1 3,2, 0.70 0.0l 0.02
Thro M .- 16 2.7 26 0.10 10.7 1.7 2.8 5.9 0.45 0.02 0.0l
Thro § 16 2.6 24 0.08 13.4 1.8 2.5 2.9 0.60 0.0l 0.04
Mean 2.7 27 0.08 10.9 1.5 2.9 4.5 0.55 0.02 0.03
SD 0.3 2.7 0.01 2.8 0.4 0.2 1.7 0.13 0.004 0.03
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.5-1  Table 4-4 shows the maximum éoncentration achieved during the
season for>each geochemical; This occurred at a different age of the plant
for each gebchemical considered (Graph 4-9), but; as previous stated, the
timing was unaffected by either the imprint or soil type. However, due to
the shorter grqwing season on the Organic system; tﬁe plants growing there

~achieved earlier growth and geochemical concentration maxima.

.5=2 The low standard deviations shown on Table 4-4 indicate how small
an effect the imprint type had upon the magnitude of the maximum concentration
of each geochemical. Even in the case of the heavy-metal concentrations,

where there was more variation between the imprints, no clear pattern emerged.

.5-3 Within the Stockless section, when the imprint types were used as
' replicates to calculate the treatment means, the magnitude of tﬁé maxinum
concentrations of P, Org N, NO3-N, Ca, Mg, Na, K, Al and Pb were unaffected
by the fate éfAfertiliéerdapplication. The concentrations of Cu and Zn

were affected in inverse proportion to the rate of fertilizer applied.

«5=4 When the Organic and Stockless sections were compared, the

relationship between the treatments was :

0 > S for Na - only statigtically signifiéant 0 > 6F treatment

S >.Q_ for P, K, Al, Cu and Zn

m

S for N, NO,-N, Ca, Mg, Pb

0 3

th. 6.6 Concentration of geochemicals ‘at the Maximum Dry Weight

The third comparison‘bf the chemical composition of the crops was

made at the time at which the crops achieved.Maximum'Dry.Weight.

.6-1 Table 4-5 presents the concentrations of the geochemicals recorded

at the maximum dry weight of the plants. There was a trend indicated, by

which the S and O imprints of both bean varieties contained higher concen-

but this pattern was not consistent throughout

. trations of some geochemicals,
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all treatments, nor for all geochemicals. This was the only effect of
the imprint type upon chemical composition which was evident at the

maximum dry weight.

.62 Using'the imprint types as replicates, the treatment means were
statistically compared (Bailey 1959, d test).. The results of this comparison
were : |
(1) The rate of fertiiizer application had no significant effect upon
the concentrafioﬁs of P, Org N, NO,-N, Ca, Mg, Na, K, Al, Zn;
(2) The rate of fertilizer application significantly affected Cu
by inverse propor;ion = <O;05).
(3) 0 > S for Mg, Na, Al concentrations (p = <0.01);
S>0 fqr Cﬁ and N03—N concentrations p = <O;05);

0

S for P, N, Ca, K and Zn.

.6-3 ATable.4-6 sﬁows the total weight of geochemicals per plant at the

- time of the achievement of the Maximum crop dry weight - tﬁese values were
considered ®in order to determine whgther a growth dilution factor was operating,
whereby a constant quéntity of one geochemical/plant would give a low concen-—

tration reading/gm in a large plant, but a higher reading in a small plant.

(1) The‘pfeviously'observed trend for S and O imprints to have
larger-éoncentrations than M was repeated, but‘for fewer
géocheﬁicals than before. |

(2) As for .6-2, ﬁhe only geochemical to be significantly affected
by the fertilizer application rate was Cu, in an inverse manner.

(3) Due to the greater dry weight of the Stockless plants (Section 3),
the total crop conteﬁt of all the geochemicals measured was greater
upon the Stockless sectioh, exceﬁt for Zn, wﬁere 0 = S due to the
high variability, and Al, where O > S despite the lower plant weight

on the Organic section. Hence the only two geochemicals affected




TABLE4-6. CROP GEOCHEMISTRY

;CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM DRY WEIGHT 1971.

Expressed mgm and gm ion/plant

Plant type ffbfg

N _ :
& .(gis). P N NOo;-N ca Mg | Na K Al  cu  2n
Treatment =
' NO_FERTILIZER. . : o ,
Tic O 18 ©158.4 1.36 7.1 - 865 71.0 107.8 137,7 1.1 1.33 3.43
Tic M 21 1l0l.6 1.43 4.4 831 58.9 118.9 268.8 5.4 0.83 0.42
Tic S 18 .~ 188.8 2.31 7.0 879 110.3 172.3 278.4 2.5 1.47 1.86
Thro 0 oo21 106.2 1.21 4.9 496 66.4 142.4 318.5 5.9 1.55 0.50
Thro M 21 - 121.5 1.05 4.9 491 74.0 98.7 285.0 10.5 1.21 0.54
Thro S 18 1 205.0 2.04 8.0 927 58.0 143.0 311.0 5.7 1.83 1.15
. Mean - 146.9 1.6 6.1 748 73.1 130.5 267 5.2 1.37 1.32
“sD , _43.9 0.5 1.5 200 19.3° 27.2 66 3.3 0.3 1.2°

375 Kq.FERTILIZER / HECTARE.

954 58.6 91.6 318.5

Tic 0 - 18 197.5 2.11 10.7 3.0 0.87 2.0
Tic M 21 74.7 0.91 4.0 361 53,3 100.2 338.6. 11.0 0.8 0.8
Tie 8 - 18 152.1 1.60 6.4 663 37.3 139.2 254.1 3.0 1.39 0.8
Thro 0 . . -18 iol.5 1.15 6.0 438 47.2 91.4 189.1 5.7 1.14 1.08
Thro M 21 106.1 1.69 3.7 523 73,0 106.6 390.0 17.9° 1.05 1.35
Thro S 18 140.0 1.35 6.6 788 67.0 90.0 284.0 10.9 1.25 0.82
Mean : 128.7 1.46 6.2 621 56.1 103.2 296 8.6 1.08 1.14
s 43.8 0.4 2.5 224 13.0 18.8 70 . 5.8 0.2 0.5
625 Kgq.FERTILIZER / HECTARE. _

Tic O 18 "178.2 2,23 6.1 790 67.4 220.9 332.7 7.8. 1.3 1.3
Tic M 18 97.7 1.16 5.4 448 . 45,0 118.0 148.5 5.2 0.6 0.4
Tic §° 18 133,4 1.53 5.3 795 99,3 138.6 324.2 6.3 0.95 0.8l
Thro O 18 ° 173.2 1.72 6.2 910 64.1 156.9 259.0 8.3 1.27 4.98
Thro M 21 95.0 1.65 4.6 473 58.0 115.6 292.0 10.5 0.52 0.92
Thro § 18 81.0 1.03 4.5 493 41.0 87.0 176.0 12.4 0.83 0.28
Mean “ 126.4 1.55 5.4 652 62.4 139.5 255 8.4 0.91 1.45
s e 41.9 .0.4 0.7 202 20.8 46.3 77 2.7 0.3 1.8
ORGANIC

Tic 0 - 19

Tic M 16

Tic S 16

Thro O 19

Thro M 16

Thxo S 16

Mean

SD




_ TABLE4-7.- CROP GEQOCHEMISTRY

~

" CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM LEAF AREA INDEX 1971..

. Expressed as mgm ion/gm dry wt. plant material

Plant type -
; A : .
& ge p 99 No,-N ca Mg Na K Al cu Zn
(wks) N T3 :
Treatment .

‘NO FERTILIZER.

25  .0.13 15.8 0.02 0.02 0.06

Tic 0 18 2.9 1.3. 2.0 2.5
Tic M 18 2,1 25 0.12 11.0. 1.5 3.1 2.1 0.02. 0.02 0.03
Tics - . 18 . 3.0 37 0.11 14.0 1.8 2.7 4.4 0.04 0.02 0.03
.Thro O . 18 2.2 32 0,11 18.0 1.2 3.2 4.1 0.02 0.03 0.02
Thro M 18 2.3 30 0.12 12.6 1.0 2.1 4.6 0.02 0.02 0.02
Thro s 18 3.0 30 0.12 13.5 0.8 2.1 4.5 0.08 0.03 0.02
Mean .2.6 29.8 0.12 14,2 1.3 2.5 3.7 0.03 0.02 0.03. -
SD . , 0.4 4.5 0.0l 2.5 0.4 0.5 1.1 0.02 0.004 0.02
375 Kq.FERTILIZER / HECTARE.

Tico 18 3.2 34 0,17 15.5. 1.0 1.5 5.2 0.05 0.0l 0.03
Tic M 14 4.2 30 0.14 14.0 1.2 3.8 4.9 1.0 0.03 0.03
Tic S - 18 2.6 27 0.11 11.2 0.6 2.4 4.3 0.05 0.02 0.0l
Thro O 18 . 2.3 26 0.14 9.9 1.1 2.1 4.3 0.1 ‘0.03 0.02
Thro M 18 2.7 27 0.2 13.1 1.I 1.8 3.2 0.2 0.02 0.02
Thro S 18 2.5 24 0.12 14,0 -1.2 1,6 5,0 0.2 0.02 0.02
‘Mean. : 2.9 28.0 0.13 13.0 1.0 2.2 4.5 0.3 0.02 0.02
sp ' 0.7 3.5 0.02 2.1 0.2 0.9 0.7 0.4 0.004 0.008
625_Kq.FERTILIZER / HECTARE. _ ‘

Tic 0 18 2.8 35 0.0 12.4 1.1 3.5 5.2 0.1 0.02 0.02
Tic M 14 4.1 22 0.09 . 13.0 1.2 5.5 7.5 0.3 0.04 0.06
Tic 5 . 14 4.5 30 0.10 16.0 1.5 4.6 4.3 1.0 ©0.03 0.03
Thro 0 18 2.7 27 ~o0.10 14.1 1.0 2.4 4.0 0.1 0.02 0.08
Thro M 18 2.7 28 o0.11 13.2 .1.1 1.5 6.0 0.05 0.02 0.04
Thro S | 14 4.0 3¢ 0.09 14.9 1.3 3.6 7.7 0.05 0.03 0.04
Mean . 3.5 29.3 0.l0 13.9 1.2 3.5 5.8 0.3 0.03 0.04
sp - o 0.8 4.8 0.01 1.3 0.171.4 1.6 0.4 0.006 0.02
ORGANIC ,

Tic 0 13 2.0 28 0.06 14.3 1.6 4.5 4.4 0.6 0.02 0.03
TieM 13 2.0 27 0.08 11.1 1.2 4.7 4.0 0.7 0.0l 0.08
Tic S 9 3.8 38 0.08 15.4 1.8 9.5 10.9 2.2 0.03 0.03
Thro 0 = 13 2.7 32 0.09 17.5 1.7 3.5 9.4 0.6 0.0l 0.04
Thro M- . 16 . 2.3 22 . 0.10 13.2 1.6 3.7 4.0 0.6 0.01 0.0l
Thro § - 16 2.5 23 0.08 14.3 1.8 2.5 2.7 0.6 0.02 0.03
Mean 2.6 28,3 0.08 14.3 1.6 4.7 5.9 0.9 0.02 0.04

Sb 0.7 6.0 0.01 2,1 0.2 2.5 3.4 0.6 0.007 0.02
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by the proposed dilution factors were magnesium and sodium, i.e.
- although the concentrations of these two were greatest in the
organically grown plants, there was less total weight of them in

the total standing crop, than in the Stockless field.

$4.4,7 Concentrations of geochemicals at the Maximum Leaf Area Index

The. fourth comparison bf»the geochemical concentrations was made at

the time at which the crop attained Maximum LAI. The Maximum Leaf Area Index

provides a growth parameter for the comparison of geochemical concentrations,

which is independent of the direct measurement of dry weight. Tﬁe Leaf Area
Index 1s an exﬁression of the ratio of thé leaf area of the plant to the area

of the ground shaded. The maximum LAI occurred at about 18 weeks of age on

the Stockless field, but the greater the quantity of fertilizer supplied, the
earlier this maximum was attained. On the Organic section this stage was
reached at 13 weeks of age (corresponding calendar time to tﬁat on tﬁe Stockless
section). Table 4-7 shows-the concentrations of geochemicals in the plants at

the stage of maximum LAIL,

(1) There was no clear effect of imprint type upon the concentration

LI

of any geochemical.
(2) The only geochemical concentrations which were significantly

affected by the changing fertilizer application rates were :

P, K and Zn - directly proportional ) -
) (p =<0.09
NO3—N - inversely proportional )

(3) 0> S for Mg, Na and Al (p = <0.05)

S >0 for NO,~N and Cu (p = <0.05) but not for 6F

3
S for P, N, Ca, K, Zn.

(o]
t

This pattern coincides.exactly with-that found at the maximum dry
weight, although these two growth maxima did not occur at the same age of the

plants.
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. storage

From the full analytical results o0f. the 1971 Field Trial

‘the maximum value for the 'geochemical concentration x total plant dry

weight" was determined. = Due to the seasonal‘fluctuation in concentrations

this did not alwaysucoincide with the timing of the maximum plant dry weight.

Using the estimate of 270,000 plants per hectare, the maximum flow of geo-

chemicals into the standing crop was calculated - this was used for-the fifth

comparison of the plants' chemical composition - the values are presented in
Table 4-8. These figures do not refer to the quantity of geochemicals lost
from the ecosystem, only that which is mobile within it, for leaf fall and

senescence of the root will return some of these total quantities to the soil.

.8-1 For the geochemicals where maximum flow did coincide with the
maximum plant dry weight, the earlier observed pattern of O and S imprints
having higher geochemical concentrations than M imprints occurred as a non-

significant trend. All imprint types showed some differences in the flow of

,gedchemicals into the standing crop, but not according to any consistent

pattern. Maximum flow did not coincide with the timing of the maximum plant

dry weight for Na, K, Al, Cu, Zn.

.82 As previously, the means calculated from the six plant types
within each treatment were used to statistically evaluate the treatment

effect. The conclusions drawn from this analysis were :

(1) The rate of fertilizer éppiication had no significant effect
| upon ;hE' short-term storage of P, N, NO3-N, Ca, Mg, Al or Pb
iﬁ the standing crop.
(2) _The shoft—term stofage of K was affected by the fertilizer
applicatipn rate so that 3F >NF (p = <0.05). For Na, Cu and Zn,
increasing the raté of fertilizer application decreased the

magnitude of maximum flow into the plants.




TABLE 4-8. CROP GEQCHEMISTRY

MAXIMUM FLOW OF GEOCHEMICALS FROM SOIL INTO PLANTS -
' - SHORT TERM STORAGE )

Expressed in Kg/ha (using an estimate of 270,000 plants/hectare

Plant

- Type P Org N. NO;-N Ca Mg Na - K . Al Cu Zn Pb

" NO FERTILIZER,

Tic O - 42,8 .360,5 1.91 233.6 19,2 39.4 68.3 '

, 4.1 3.6 2.2 2.0
Tie M 34,7 385.3 1.54 224.4 18.6 38.3 72.6 7.2 5.1 3.1 0.53
Tic S 51.0 622.4 1.89 237.3 29.7 46.4 75.1 5.7 2.9 1.9 0.87

- Thro 0 28.7 350.7 1.32 194.9 17.8 38.3 86.1 2.3 5.3 3.3 0.64
Thro M 32.8 428.2 1.76 18l1.4 20.0 '30.8 77.0 5.8 2.7 1.9 0.9l
Thro § 55.4 551.3 2,16 250.3 15.7 38.6 84.0 3.2 4.6 2.3 0.61
Mean " 40.9 449.7 1.76 220.3 20.2 38.6 77.2 4.7 4.0 2.45 0.93
sD° - . 10,7 112 0.3 26,6 4.9 4.9 6.8 1.8 1.1 0.6 0.5
375 Kq.FERTILIZER / HECTARE,

Tic O 53.3 570.5 2.90 257.6 15.8 24.7 93.9 5.0 3.6 2.1 0.63
Tic M - 29.7 322.4 1.67 134.7 14.4 29.4 91,5 7.1 5.9 3.6 1.18
Tic § 41.1 430.9 1.73 179.0 15.7 37.5 115.3 4.8 5.0 3.0 0.36
Thro 0 - 27.4 328.3 1.62 -118.3 12.7 24.7 77.5 4.7 5.6- 3.4 0.39
Thro M 28,7 458.2 1.27 141.2 19.7 28.9 105.3 - 6.9 9.1 5.6 0.84
Thro S 47.5 366.1 1.78 212.8 22.1 31.6 76.7 4.6 5.2 2.7 0.33

.~ Mean -~ 38.0 412.7 -1.83 173.9 16.7 29.5 93.4 5.5 5.7 3.4 0.62

s 1l.0 94.6 0.6 53,4 3.5 4.8 15.2 1.2 1.8 1.2 0.3
625 Xq.FERTILIZER / HECTARE.

Tic O  48.1 600.8 1.70 ~ 213.3 -18.2 59.6 89.8 5.1 0.41 0.35 0.82

CTic M ©33.1 313.5 1.46 132.3 29.9 44.0 91.3 5.7 1.03 1.30 0.2
Tic s . 36.1 .413.9 1.43 214.7 26.8 37.5 87.5 6.8 1.43 1.0 0.85
Thro O 46.8  464.4 1.67 245.7 17.3 42.4 77.0 10.2 3.2 1.8 0.47
Thro M '37.0 444.7 1.46 - 170.1 15.7 35.4 78.8 5.6 2.6 1.35 1.86
Thro § 50.2 278.9 1.32 133.1 16.7 23.5 82.1 6.7 1.1 0.65 0.31

' Mean - 41.9 419.4 1.51 184.9 20.8 40.4 84.4 6.7 1.6 1.08 0.77
sOD ©° -, 7.3 115 .  0.15 47.0 6.0 11.9 6.0 1.8 1.1 0.5 0.6
ORGANIC ‘

Tic O 19.9 210.4 0.58 65.6 7.8 25.4 32.3 3,7 1.30 0.65 1.04
Tic M 18.0 162.8 0.62 107.7 11.9 28.1 24.0 5.3 0.19 0.46 0.52
Tic S 32.3 308.9 0.8l 143.4 20.2 31.1 71.6 4.3 0.73 0.43 0.43
Thro O - 13.5 160.9 0.51 70.2 8.6 18.3 28.9 4.1 0.11 0.14 0.14
Thro M 15.7 153.9 0.73 .92,3 11.3 25.6 28.1 4.3 0.41 0.16 0.46
Thro S - 15.1 134.2 0.46 85.1 10.7 15.0 21.9 3.8 0.11 ©0.19 0.16

Mean . 19.1 188.5 0.62 94.1 . 11.8 -23.9 34.5 4.3 0.50 0.34 0.46

SD . 6.9 64.1 0.13 28.6 4.4 6.1 18.6 0.6 0.47 0.20 0.33
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- (3) Because of the lover plant weight on the Organic section, the
flow of P, N; NOB—N, Ca, K and Zn was greater S > 0 (p = <0.01).
(4) Despite the lower total crop biomass on the Organic section, there

were no significant differences in the magnitude of the short-term

storage of some geochemicals, between the Organic and Stockless

treatments, at some fertilizer rates :

»Mg and Na 0 = 3F but NF, 6F > 0 (p = <0.02)

<0.02)

‘Al and Cu O = 6F but NF, 3F > 0 (p

Thus, for all geochemicals considered, the maximum flow of
geochemicals thrbugh the Stockless field ecosystem was greater than through
the Organic field, despite a greater "availability" of some geochemicals in

the soil of the latter management type.

24.4.9 .Location of geochemicals in the stems, pods and seéeds

The effect of the plant imprint type and treatment upon the

- chemical composition of the stems, pod cases and seeds were investigated

during the penultimate six weeks of the crop's life. The full results.

from these analyées_are shown in Table All.

.9-1 Neither the imprint’ type nor the soil treatment affected. the main

- location of any geochemical during the final weeks in the life cycle of the

¥. faba planté.' The concentrations of each geochemical were significantly

~ greater in certain plant parts, and the difference increased as the plants

‘dried out :

(1) Concentration in stem > pod cases > seeds for Ca, Na, Al, Cu, Zn, Fb
2) " " pod cases > seed > stem for Mg, K

(3) " " seed > pod cases > stem for P, Org N

but with no particular location for the concentrations of NO3—N.

'.9-2- - The effect of the soil treatments upon the chemical composition of

the separate plant parts during the last three weeks of the season was statistic-—




Table 4-9  Results of the statistical comparisoﬁ of the effect of soil treatment
upon the concentrations of geochemicals in the dying bean plant
Time and
plant part
H-3 weeks P OrgN NO-N Ca Mg Na K Al Cu- Za B
Stem O>N,3 0>  O>N,3* O>N,3 ON,3 NS NS 0>N,3%* NS O>N -
* * 6>3 * . * 6, 3>N* * -
Pod + seed  O>N NS N>0 0>3,6 NS 03,6 3>N NS NS  6,3>N -
* Ca *k * k% - A *k
- 'Harvest
Stem O>N,3 05N "S>0 #* 0>S  0>S  053,6 NS NS 0>S  S$>0%%  $>0%
* * 6>N Kk k% * *& I>N.6%  3>6%
Pod cases 0>6 NS $>0 ** NS 0> * 05 650 * 0>5%% 530 550 NS
* 6>3,N% 6>3,N*  *% 6>3,N% 6>3,N+% * *
Seeds NS 0>S NS NS S$>0 0>§ NS 0>8%*%  N>0* N>O% 6>0
k% - *% *k 6>3%%  N>3>6% N>3>6%
Key : H-3 = 3 weeks prior to harvest * = gignificant to p = <0.05
A 4 .
. NS = No significant differences k% = " " p=<0.01
P' = Organic 3 = 375 Kg fertilizer/ha
N .- = No fertilizer (Stockless) 6 = 625 Kg fégtili;er/ha
S+ = all Stockless treatments - = no measurement nade
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ally determined from the treatment means (Table 4-9). The effect of the

soil treatments increased in severity as the plants dried out :

(1) The rate of ferﬁilizer'had no effect upon tﬁe concentrations
of P, Org N, Ca, Na in the plant tissues. Increasing thé rate
of application of fertilizers increased tﬁe plant concentrations
of NOé—N, Mg, K, Al, but decreased that of Cu,‘Pb and Zn.

2) 0> S for P, Org N, Ca, Mg, Na, Al and Cu (stem) |

S > 0 for NO-N, An, Pb, Mg (seeds), K (pods), Cu (pods),

3

These results showed almost no overlap'with the effects of the soil
treatment shown té act uﬁon the concentrations of geochemicals in the separaté
plant pafts at five weeks of age. The discussion has demonstrated how
dependent the chemical composition of the plants was, upon the particular

stage in the growth cycle at which the plants were sampled.

.9-3 The heavy metal content of_the crop was only briefly investigated
in 1971. From Table A 11 it was seen that very high concentrations of lead
were present in the dead plants at the final harvest. The mean values for

each variety were calculated from the three imprint types :

Concentrations of lead in the dead plarts Tic and Throws 1971

" "Throws

Treatment . Plant part CTic
u gm Pb/gm p gm Pb/gm
- dry plant material dry plant material
Initial seed 40,0 56,3
0 Whole plant 203.3 29.0
Pod case + stem 301.0 41.6
Seed 20.0 6.0
S Whole plant . 200.0 108.3
. Pod case + stem : 375.0 231.3
‘ Seed - 19.3 36.7
S + 375 Whole plant 95.0 93.3
' Pod case + stem 250.7 "145.0
Seed 23.0 40.0
S + 625 - Whole plant 66.6 56.7
: Pod case + stem 108.0 88.0
Seed ' _ 36.0 30.0
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Although the concentrations varied widely between the varieties
and treatments, in all plants analyged'the main concentration of lead was
found in the dead stem and pod cases. Tﬁe concentrationsAin tﬁe live seeds
were considerably lower (below the levels found in the seeds sﬁown). f
When the analysis for lead was ﬁade on tﬁe plants of 5 - 20 weeks
 ofIage, the concentrations were always below S_ﬁgm Pb/gm dry plant material.
Althoughvthere was a reduction in the total plant dry weight during the final
four weeks.of'the séason, the resulting concentration of the lead already in
the plant.tissues was not sufficient alone to expléin the high levels found
in the stems and pod cases at final harvest. These could only have resulted
from an increased uptake of lead from the soil after the death of the plant.
During the final stages of senescence, to the dry and blackened state in

which the plants were harvested, there would have been a Strong upward

movement of water through-the plant drawn by the evaporation from the dead

stem surface.




TABLE4-10. CROP GEOCHEMISTRY

REMOVAL OF GEOCHEMICALS FROM FIELD SYSTEM IN FINAL HARVEST OF
: WHOLE PLANTS 1971,

Plant _ Expressed in Kilogrammes/hectare
- Type P Org N NO3~-N cCa Mg Na - K Al Cu Zn . Pb

NO FERTILIZER.. : - .
Tic O . 16.1 202.7 0.78 37.5 6.35 8.26 36.3 2.62 3.56 2,17 2,02

Tic M 14,3 178.6 0.68 33.2 5,80 10.40 45.4 5.43 5.07 3.09 0.53
Tic S 17.9 247.8 1.00 50.1 6.50 19,7 37.7 5.67 2.87 1.00 0.87
Thro O 61.3 174.8 0.73 26.3 2.89 9.75 21.8 0.54 5,26 3.28 0.64
Thro M 24.6 199.3 0.89 26.6 3.89 19.4 . 28.1 1.19 2.68 1.90 0.9l
Thro S 17.3 263.8 1,03 42.3 3.83 17.4 28.3 2.81 4.58 2.29 0.61
Mean 17.8 211.1 0.85 36.0 4.9 14.2 ~ 32,9 3.0 ' 4.0 2.3 0.93
SD 3.6 36.6 0.14 9.3 1.5 5.2 8.5 2.1 1.1 0.8 0.6

- 375 Kq.FERTILIZER / HECTARE.

34.6 0.43 2.98 2.05 0.63

Tic O 18.7 223.4 0.76 30.7 4.37 13.7

Tic M- 18.0 180.0 0.95 37.5 4.46 13.9 34.5 0.27 5.93 3.57 1.18.

Tic § °©  21.2 244.9 0.57 12.8 5.20 5.9 35.1 0.30 5.02 2.97 0.36

Thro 0O 15.2 170.6 0.65 25.5 3.40° 6.91 19.2 0.54 5.57 3.41 0.39

Thro M 18.9 323.2 1.32 55.1 6.00 13.0 38.9 6.94 9.11 5.56 0.84 -
" Thro S i2.9 183.3 0.73 28.6 2.59 7.4  3.3° 2.84 4.27 2.65 0.33

Mean 17.5 220.9 0.83 31.7 4.3 10.1 27.6 1.9 5.5 3.4 0.62
.. 8D 3.0 58 0.3 14.1 1.2 3.8 1i3.7 2.7 2.0 1.2 0.3

o .
- 625 Kq.FERTILIZER / HECTARE. = . . .
Tic O 19.4 263.,2 1l.10 31.6 8.00 8.94 43.4 1.27 0.41 -0.32 0.82

Tic M 18.4 177.7 0.62 23.5 6.05 6.64 27.7 0.51 1.02 1.29 0.28°
Tic § 15.1 175.2 0.89 33.4 4.16 18.7 29.0 0.65 1.42 1.00. 0.85
Thro O 30.1 303.5 1.30 31.8 5.10 8.10 33.9 '2.84 3.15 1.77 0.47
Thro M 37.0 365.0 1.32 38.3 5.91 13.91 47.3 5.51 2.59 1,35 1.86
Thro S 17.0 257.6 0.92 16.3 4.70 10.20 35.2 1.30 1.05 0.65 0.31
Mean ~ 22.8 257.0 1.0 29.1 5.7 11.1 36.1 2.0 1.6 1.1 . 0.77
SD 8.7 73 0.3 7.9 1.4 4.5 7.8-1.9 1.1 0.5 0.59
ORGANIC . ‘ i

Tic O 19.2 210.4 0.60 54.5 7.30 22.7 32.3 3.70 1.28 0.64 1.04
Tic M 7.9° 103.1 0.27 26.1 3.11 12.5 12.0 1.1l 0.20 0.08 0.52
Tic S 10.7 144.2 0.38 26.8 4.83 13.5 17.2 2.30 0.73 0.42 0.43
Thro 0 13.5 160.9 0.45 46,4 6.40 17.6 18.1 4.10 0.06 0.14 0.l4
Thro M 7.13 136.9 0.30 29.8 4.35 9.3 15.6 2.32 0.40 0.16 0.46
Thro S 10.12 134.2 0.30 36.5 3.54 11.4 11.4 2.05 0.03 0.06 0.16
Mean 11.4 148.3 0.38 36.7 4.9 14,5 17.8 2.6 0.45 0.25 0.46
SD 4.4 .35.8 0.13 11.6 .1.6 4.9 7.6 1.1 0.5 0.23 0.33
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24,4,10 Loss of geochemicals from the syétem in the final harvest

.10.1 One of the.mbst important factors which will limit the product-
ivity 6f aﬁ arable farm ecosystem is tﬁe loss of the nutrient geochemicals
in thé harvested crop. . The magnitude of the loss will depend upon the total
d;y weight of the étanding crop, its chemical;COmpogition, and the harvesting
techniques, At Haughley, the beans were harﬁested by combine which left

most of the roots in the soil, but removed seed, stems and pod cases, the

latter to be burned elsewhere.

.10.2  Table 4-10 presents the values of the geochemical loss in the
whole plants from the four treatments, expressed in Kg/ha, usihg the estimate

of 270,000 plants per hectare. The imprint types showed no influence over

the loss from the system. -Therefore to determine the treatment effect,.

means were calculated from the six plant types within each treatment. The.
high-valdes of the standard deviations for the losses of heavy metal demon-

strated the great variability in tissue concentration,. between the plants

within ea%p treatment.

.10.3 The results of the statistical analysis of the losses from the

four treatments are shown below :

- Geochemical P Org N NO,-N Ca Mg Na K. Al Cu.. .. .. Zn. .. - .Pb
Significant o4  g50 >0 NS NS NS S>0 NS $>0 $>0 NS
Result

NF,3F>6F NF,3F>6F
p value * * *k ' % - *% *k

Where * p = <0.05 %% p = <0.01 NS = no significant difference

(1) Because of the significantly lighter plants on the Organic section
(p = <0.05), no'geochemical was lost in greater quantity from that

section, despite higher tissue concentrations in some of the

Organic plants. .
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(2) Because of the higher tissue concentrations in the Organic plants,
despite lower biomass in the field 0 = S loss for Ca,_Mg,'Na, Al

and Pb, but S > O loss for P, N, NO_-N, K, Cu and Zn.

3
(3) The rate of fertilizer application only showed a significant effect
' ﬁpon the loss of copper and zinc,according to the previously noted

inverse relationship.

. 434,11 Summary of results and conclusions from the 1971 Geochemical "Analysis

.1151 Effect of imprint type

»(i) The greenhouse trial showed éomé indications that eacﬁ imprint type
was able to obtain more nitrogen .-from its own farm management soil,
but this trend was not confirmed by the field trial for any geo=

. chemical. Thus.it is. concluded that there was no pﬁysiological
adaptation of'aﬁy imprint type to its own farm management section -
this correlated with the observations of‘crop growtﬁ (Section 3.

(2) The‘imprint type never significantly influenced the chemicai

cémpositioh of the bean plants at any stage in the growth cycle.

.11-2 Effect of fertilizer application rate

a

(D The location of the main concentrations of geochemicals in the plant
tiséues folloWed a set seasonal pattern, which was never signific-
anﬁly altered by the rate of fertilizer application.

(2) The apparent effect of the fertilizer application rate upon the
chemical composition of the plants depended upon the stage in'the

~ growth cyéle at which the'piants were sampled, and the plant part
considered, agreeing with the work on wﬂeat by Boatwright and Haas
(1961). A summary of the effect of increasing-the level of fert-

ilizer, upon the concentration of geochemicals in the plants, is

shown overleaf :
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Stage in the

~growth cycle P N NOB—N. Ca Mg Na K AL Cu Zn Pb -
Seasonal mean - - - o4 e e e
5 week old plants - - - - 1 Y1t r -
Maximm ion conc. e
. Maximum Dry Weight - - - L
Maximum LA Y S A e
Maximum flow - - - - o [ S| | |-
21-24 week plants - - 1 - [ T N S AR A
Harvest loss - - - T T

where 7 = increase in concentration with increasing fertilizer rates

|

" m oon " " ’ n

decrease

no effect

Thus the uptake 6f most geochemicals was unaffected for most of
the growing season by the rate of fertilizer application, except for that of
the heavy metals, copper and zinc, which were usually absorbed in inverse
proportion to the rate of the fertilizer application.

Although the growth studies (Section 3) showed that the crop yield
was strongly influencgd by the rate pf fertilizer application, this was not
found to be true for the loss of geochemicals in the final harvest. The
uptake of geochemicals from-the Stockless field did not accurately reflect the
rate of the addition of nutrients in the fertilizers. This may have been due

to an -already more than adequateAsuppiy of plant nutrients in the unfertilized

soil plots.

JA11-3 Effect of farm management

(1) The farm management never significantly altered the seasonal pattern

shown by the main locations for the concentrations of each geochemical.
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(2) WVhenever plant weight was used in the comparison of geochemical

gptake between the two sections (Max flow and harvest loss), S > O

due to the larger plants on the Stockless sectiom..

Apart from

this, the relationship between the farm management sections

depended upon each:particular geochemical as shown below :

Growth stage
' Greenho@se

Fieid :

Seasonal mean

5 week plénfs
Ma#_Ion conc
Max Dry Wt

| Max LAL
-Max.Flow ‘

. 21-24 week o

Harvest loss

$>0

S>0

$30

5>0

0>S

S5>0-

"N

0>S

~ S>>0

5>0

0>8,

$>0

NQ3—N

0>8

$>0

S>0

$>0
$>0
$>0
$>0

$>0

Ca

0>S

0>S..

$>0

0>S

Mg

0>S

0>S

0>S

0>S

0>S

5>0

',.O>S

V Na

0>S

0>8

0>s

0>S

0>S
$>0

0>S

K Al
- S0
10§ 550,
- 0>S
- 0>S
$>0 $>0
- 05
5>0 -

Cu

5>0

5>0

S$>0

$>0
$>0

$>0

5>0

Zn

$>0

S>0

$>0

5>0

$>0

S>0

Pb

$>0

Except where the patterns were confounded by the differences in

plant dry weight, the plant chemical content was directly proportional to the

supply in the soil, shown by chemical means (Section 1) e.g. for the alkaline

earths. .However, despite higher NPK content in the organic soil, the plants

grown on that system contained lower concentrations of these geochemicals,

possibly due to the Kirkby-Mendel effect.

.11-4

A death reaction was observed whereby the uptake of the héavy metals,

_especially lead, increased during senescenceé to produce very high concentrat-

ions in the dead stems and pod cases.
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4:5 1972 Field Trial

5.1 Aim

To determine the effect of the three farm management types upon
the chemical composition of V.faba var Throws (not previously imprinted)
under normal agricultural conditions, which included a more detailed study

of the heavy metal content of the plants.

¢5.2 Method

Five plants were randomly sampled from each of the Organic, Mixed
and-Stackless farms upon six occasions during the growing season. They
were dried as previously described, before being analysed for fourteen
~ geochemicals by the methods in the Appendix.’ |

The plant and soil treatments used for this trial are shown below :

Meaéurements : Plant material "Tréétﬁenf
Crop geochemistry - plants Commercially - - Organic farm - field
analysed for : P, N, NOB-N, 22&fined VLf&ba _ ' - lysimeter
NHA—N, Na, K, Ca, Mg,'Al, 'Thréws : . Mixed farm -~ field
Fe, Mn, Cu, Zn,_éb at _ o - lysimeter
intervals throughout o Stockless farm-— field
the season | : : - lysimeter

(normal fert)
. = lysimeter
(high fert)

:5.3 Results

The results are presented in graph form - Graphs 4-10 to 4-16,
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:5.4 . Discussion

:5.4.1 Seasonal changes in the geochemical Zoncéntrdtions

o4.1-1 The graphs 4-10 fo 4-13 show the pattern of the seasonal change
in the chemical composition of the 1972 plants on the three farm sections,
-expressed as the'concenfration of geochemicals/gm dry weight, and the total
concentration/plant.  When these are compared with:the 1971 results

(Graph 4-9), most geochemicals followed the same seasonal pattern in both
years. Only the graphs of nitrate—nitrogén, copper and zinc differed -

the latter two reached their maxima earlier in 1972.

.4.1-2 ~ The graphs demonstrate the effect of farm management upon the

;the.management had no sustained effect upon N, NHA—N, P, K or Ca concentrations

0 = M for tissue concentrations of N03-N, Na, Mg, Mn and Zn

0>s5 " " L " NO,~N, Na, Zn
s>0 " "o " " Mg, Al, Mn and Pb

M>0=S for tissue. " " Fe and Cu

+4.1-3 Thé graphs of the total weight of geochemicals per plant indicate
that most followed the pattern, where the total increased to a maximum at

19-22 weeks (Maximum dry Weight 22-27 weeks) and then decreased during the

o

plant chemical composition - summarizing :

final five weeks of senescence. The only exception.. to this rule was shown
" by the Organic nitrogen values - the total quantity per plant continued to
increase throughout the season on all three farm sectioms. The Organic
éystem e#hibitedAa markedly different influence over several geochemicals,
when compared with the effects seen on the other two farms. The_total
quantities of P, Ca, Mg, Mn, Cu and Pb in the organically grown plants
contipued té increase throughout the growth cycle, and that of'NOB—N and Na

showed two maximumApeaks - the second occurred after the death of the plants.
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N A Becguse of the significantly greater dry weights of ihe plants

on the Mixed section fhese showed the greatest flow of geochemicals into

tﬁe Standing'cfop,.forAéimgggfgyl the geochemicals measured. Vefy high

éoncentrations, jﬁ termé-bf mgm/plant, of Mg in the Stockless plants;

-resulted in a maximum flow of this cation into the standing crop on that

section, despite the lower dry weights of the.Stockless-grown plants.
Considering the relationship shown by the flow of geochemicals in

the other two systems :

0 > S for total plant content of K, NO3—N and Zn

S > 0 " ‘ " K " n " Ca, Mg and m
o=s " " " " " P, N, NH4—N, Na, Al, Fe, Cu and Pb
o415 The results of the chemical analysis of the plants groﬁn in the

lysimeters showed lower concentrations than found in the field-grown plants,
for a11'geocheﬁiéélé,coqsidérgd;&bﬁt the relationships between the farm
sections outlined above were maintained.

A1l the ‘geochemicals showed marked seasonal fluctuations in their
conceﬁtrations and éhérgféré ‘the statistical comparison of the seasonal means
from the tﬁree farm sections would have incurréd using large standard deviatioms,
.Which would have masked any differences between them (és illustrated for the
1971 ’t_:ria_l)... |

:5.4.3 Heavy metal andalysis

In the 1971 trial there were indications ‘that the level of lead,
copper and zinc increased in the senescing plants to give high concentration;,
particularly in the stem ana pod cases. One aim of the 1972 reséarch was to
determine, in greater detail, the magnitude of the flow of heavy metals into

the bean.plants on the three farm systems, during the whole of the growing

season.




Table 4-11

Concentrations of Copper, Zinc and Lead in the 1972 V. faba plants

sced

COPPER

Age (weeks) Dry weight Concent- Tdtal/
and plant ration plant
~plant part (gms) pem/gm pgm
drganic section
" Seed sown 0.24 15.0 - 3.6
7 weeks 0.42 22.0. 9.2
10 1.60 4,0 - 6.4
14 11.72 6.0 70.3
19 20.40 30.0 612.0
22 21.00 35.0 . - 135.0
27 36.70 38.2 11402.0
27 stem 12.60 41,0 516.6
" podcases 4,90 - 67,0 328.3
seed 19.2 29.0  556.8
Mixed section
Seed sown 0.26 15.0 3.9
7 weeks 0.34 10.0 3.4
10 0.87 5.0 : 4.4
[
14 8.07 6.0 48.4
19 37.83 152.0 ° 5750.0
22 47.90 46.0 2203.0
27 41,80 37.2 1555.0
27 stem 12.70 51.0 647.8
podcases 6.50 28.0 184.0
seed 22.60 32.0 723.2
Stockless ééction
Seed sown 0.28 15.0 4.2
7 weeks 0.49 - 14,0 6.9
10 1.28 15.0 19.2
14 10.20 3.0 30.6
19 20,70 81.0 1677.0
22 25.90 26.0 673.4
27 36.60 35.1 1285.0
27 stem 13.50 28.0 378.0
podcases 4,80 21.0 - 100.0
18.30 44,0 805.2

Concent-
ration

pen/gm

10.0
67.0

45.0°
56.0

61.0

'67.0

29.4

39.0

61.0

- 15.0

- 10.0

56.0
56.0
61.0
40.0
72.0
25.7

50.0

- 33.0

10.0

10.0
56.0

- 28.0

17.0

. 50.0

39.0
22.3

33.0
39.0

10.0

ZINC

Total/
plant

pem

2.4
28.1
72.0

656.3

1244.4

1407.0

1079.0

491.4
298.9

288.0

2.6
19.0
48.7

492.3
1513.2
3448.8
1074.2

635.0
214.5

226.0

2.8
27.4
35.8

173.4
1035.0
1010.0

816.3

445.5
187.2

183.3

LEAD
Concent- Total/
ration plant
pam/gm pem
29.0 7.0
3.3 1.4
10.2 16.3
15.3 179.3
182.5 3723.0
263.5 5534.0
256.1 9399.0
222.5 2803.5
39.2 192.6
333.5 6403.2
70.0 18.2
3.0 . 1.0
20.4 17.8
10.2 82.3
326.6 12355.3
100.5 4814.0
133.0 5559.4
60.5 768.4
121.5 789.8
142.9 3230.0
70.0 19.6
2,0 1.0
20.4 26.1
20.4 208.1
355.0 7350.0
116.5 3017.4
265.4 89714.2
84.5 1140.8
70.5 338.4
450.0 8§235.0
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. The results shown on Table 4-11 and Graph 4~13 demonstrate that
the concentrations and total quantities of copper and zinc reached a
maximum before the plant was completely'dead, but those of lead did not

attain that stage until the final harvest.

.3-1 Copper ~ The total level of copper per plant changed‘with the

season according to é pattern which differed for each farm management section.
Very high concentrations of this cation only occurred briefly, and only in
fhe Mixed section plants. At the final harvest most of the total copper/
plant was found in the beaﬁ seeds, although thé highest concentrations were
in the dead pod.cases, or stems,'on.the Organic and Mixed sections (éraph

4-14).

.3-2 Zinc On each farm section, two concentrafion maxima occurred,
one in the young plant, the second at wéek 22 after most of tﬁe leaves were
dead. The totél 1eve1_£hen decreésed as the abscission of the leaves took
place. At final harvest most of the zinc was located in the dead stéms,
with much lower quantities and concentrations found in fhe live bean seeds.
Throughdut the year, the concentrations of zinc inlthe plant tissues were
» witﬁin the range suggested to be‘normai_for cereals in Britain - 38—54ﬁgm

Zn/gmﬁdry weight by Dolar et al.(1971).

;3—3 Lead The quantity of lead present in the séed§ sown became
Mdiluted" in;o the body of the plant during the first seven weeks of growth.
Over the foilowing seven weeks thé upfake'of lead from the environment
increased at about the same rate as that of the dry weight, so that there '

was sdarcely any change in the net concentration. It was between the weeks
14—19_tha£ a massive intake of lead occurfed on all farm sections, but’
particularly on the Mixed farm where a five-fold increase in‘plant dry weight
was accompanied‘b? a more than,lOO-fbld.incfease in lead content, and a 30-fold

increase in lead concentration. - Thus at the age of 19 weeks the plants, which
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were just starting to lose more leaves through senescence than wefe being
formed-(Max LAI),_containedllead in_concentrations of 182-355 ppm dry weight.
| - On the Organic farm both tha:concentration and the total quantity
of lead in-the plants aontinuéd’ts”iad;gasg:ﬁntil'the final harvest, when
the'seeds qqnfained the very high leﬁel of 333 ppm lead. On both tﬁe other

farms, the total quantity, and tissue concentration of lead, fell during the

"?"“peripdjqﬁlmaximum leaf fall (weeks 19422), but by the final harvest, uptake

“héa:;géfﬁ iﬁcfeased. Thus, as on'the'Qrgadic section, the seeds contained
most of the laad,.with a massive level of 450 ppm on the Stockless section;
The‘individual histograms on Graph 4;14 show that in the lysimete:—grown‘
plants the relationship betweén the farm sedtions differed from the situation
in the_fieids; but the main location of lead was still in the live seeds.
"The'observation'made byVHaar (1970), that there was a great Qariability in
the lead content of biological material within a-single treatment,vapplies
here. | |
It is very diﬁficult to explain the origin of the very high conc-
entration ®f lead in the live baan seeds in the harvested V.faba plants.
The.differences:in plant tissue concentrations did not correlate with the
lead levels in the soils, which showed ﬁp significant differences between the

"~ farms. Jones et al. (1973) showed that only the lead level in the plant

'roots was proportlonal to the 3011 supply, but these were not analysed from
the field-grown plants. . The level of 20-60 ppm lead in the soil was low by
the standards of Swalne (1955) who stated that concentrations of 1 - 500 ppm
. Pb could be considered normal for arable soils. ‘ The analysis of the rain at
Haughley showed only 90 gms of lead/ha to be added annually to the soil.
From the analysis of tﬁe drainage Qater there were no significant differences
in the anndal loss of lead from the three farm'systems.

In order to check the concentratlons of lead found, several of the
samplas.exhlbltlng hlgh values were analysed 1ndependens1y at leerpool

" University - the_results found at Durham were confirmed. The high values
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were not the result of spectral interference (from the alkaline earths)

on the atomic absorption spectrophotometer, and the addition of known

quantities of lead standards to the plant digests did not result in dis-

torted readings. It is unlikely that any of the processes involved in
sample preparation fesulted in an increase in lead levels - indeed éommef
(1972) found that oven drying of fresh plant ﬁaterial reduced the lead content
By 50%. The seeds were separated into testa and endosperm, both of which
were analysed for lead to determine if any contamination of the seed surface
was producing the observed results. However, in the samples tésted, 957%
of the lead content was found in the endosperm, implying that the'lead had
been transported into the seed through the plant.

It is well doéumented that airborne dust particles contain lead,
and it is therefore possible that the concentrations found in the stem and
leaves were due to adhering particles - the plants were not.washed prior to

analysis. Day et al. (1975) found that dust could contain 85-10,000ugm

Pb/gm, although the lower levels were more common in rural areas. Patterson

(1970), Bryce-Smith (1971) and Glater (1972) all reported abundant 1ead upon

the leaf surfaces of plants due to industrial fallout, with concentrations of

- up to 5000 ppm in elm leaves due to lead smelter pollution (Little and Martin

1972). However, Haughley is situated in a predominantly agricultural region,
which'dées not suffer from high traffic densities (lead in vehicular exhausts)
nor from obvious industrial pollution, and it is unlikely that aerial poll-
ution should have been so much worse during the final weeks of crop
senescence, than at any other time of'the yeér.

It has been shown in several studies thatvthe permeability of
membraneé within the plant alters during senescence, so that in, for example,

ageing bean leaves, there is an increased export of solutes to the stem

- (Burg et al., 1964; Jacoby and Dagan 1969), although the deteriorating

condition of the phloem (Thrower 1967) will prevent leakage of all the leaf
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contents. Indeed, geochemicals such as calcium may be selectively moved
into the leaves prior‘to abscission, thus ridding the plants of various
excesses (Rieley 1967). However, none of these explanations showlwhy the
concentrations of 1ead.in the Haughlgy bean plants should have increased
during the final five weeks of the seasony; —. the total quantity in the
plants was aléo seen to increase in that period. It is possible that this
 was partly or wholly due to the effect shown by Mitchell and Reith (1966),
where the concentration of lead in the plant éhéot was increased by trans-—
location from the accumulated levels in the roots after these had died. In

all the analyses at Haughley (except for the lysimeter-grown plants), due to

. the difficulty of removing the roots from the soil, only the shoot from soil
lével upwards was u;ed. Jones et al. (1973) showed that the roots of plants
usually contained the main supplies of lead in the plants, and that during
active plant growth this did not pass intp the shoots. Thus a possible
explanation of tﬂe observed 1e?els,woﬁld be that. upon tﬁe death of the roots, -
the strbng upward translocation of water caused by fhe development of the
bean seeds and the drying out of the stem,would have carried-any accumulated
‘lead ffom the roots to the site of active metabolism. . Certainly the only
roots analysed (lysimeter plants) at the final harvest had low levels of 1ea§
within them (Grapﬁ 4-14). Upon déath, the roots Qbuld 1osevany ability to
restrict the entry of solutes and wéter.from.the soil, and thus solutes could
become concentfated in the senescing plants, as water was drawn through the
plant'to be lost by the large evaporating surface. The .soil did not céntain
_high.levels of lead, thus, as observed by Broyer et al. (1972), the lead
reco?eries in the plants exceeded the levels of fhe known supplies.
It is postulated that the levels of lead found in the V. faba

seeds at Haughley would.exceed the WHO (1972) maximum tolerable 1imit for
human adult ingeétion of 3 mg Pb/week, if usea extensively in human food.
Until 1971, most field bean seed yields were used for direct feeding to stock,

but with the awareness of the need for high protein sources for human
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consumptioh, since that date most production has been directed towards
"artificial meat" processes, and high érotein.flouf additives for sausages
and tinned meat.  However, if is not known what percentage of tﬁe lead in
the seeds produced at Haughley would have been biologically active. Haar
(1970) found that the a?erage_adult daily intake of lead was about 200ugm,
of which 5-107% only was absorbed - but lead ig an aécumulative toxin. It |
:is suggestéd thét furtﬁer research should'be conducted to determine how
Widéspread is this "death reaction" uptake of lead, especially concerning

the edible portions of crop plants.

+5.4.4 Distribution of geochemicals in the plants at final harvest

Graph 4-14 shows the results of the chemical analysié of the final
harvest plants, cénsidering the seeds,‘pod cases, stems and roots separately.
The composition of the lysimeter—grown plants reflected'tﬁe pattern found in
~ the field-grown crop, but the inclusion of root analyses of the former plaﬁts.

complicated the comparison.

A The distribution of the main coﬁcentrations of each geochemical
fhrough the plants followed a set pattern whicﬁ was unaffected by the manage-
ment type, except for copper énd zinc, Thus :
(1) P, N and Pﬂ were located mainly in the seedsA
" (2) Nﬂéfﬁ, K, Mg and-Zn in the pod cases
| (3) Na, Ca, Cu and Zn in the dead stems |
4) NO3—N, Al, Fe, Mn, Cu and Zn in the dead roots

(5) the main location of copper and zinc varied with management.

It is pdssibie that some of the Al and Fe included in the root analyses was

due to adhering soil particles.

4=2 When the effect of farm management upon the magnitude of geochemical

concentrations was investigated it was found that :
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0=M=5 forN, P, K, Fe, Mn and Cu in all plants analysed
0>M>5 for Na, Mg and Zn agreeing with the 0 > S results for 1971
S>M>0 for NH-N and Al

4

:the relationship between the farm sections for the concentrations of

NOB—N, Ca and Pb depended upom the particular plant part considered.

-$5.4.5 The loss of geochemicals in the final harvest

The histograﬁs on Graphs 4-15 and 4-16 show the loss of the geo-
chemicals in the plants at the final harvest in the bean seeds alone, and in
‘the whole plants. A detailed discussion in Section 3:3.9.5-2 explained the
: reaéon for the differences between the predicted and actual yields of seeds
from each-farm section. The solid blocks represent the loss of geochemicals
in the seeds, using the actual bagged yield per hectaré, the clear blocks

show the losses that would have occurred if the predicted yield of seeds had

been achieved.

.5-1 Loss in the bean seeds (Graph 4-15)

® . .
Considering only the losses of geochemicals in the actual yield,

the effect of the farm management upon the loss varied according to each

individual geochemical - there was no overall pattern except that the least
-influence of management was found for the three major plant nutrients, N,

P and K.

.5-2 Loss in the whole plants (Graph 4-16)

The discrepancy between the actuél and predicted seed loss can be
extrapol ated to indicate the probable minimum geochemical losses in the whole
planté (solid blocks on histogramsj. The clear blocks represent the maximum
1oss which could have occurred - the actual loss would have been between the
two levels on the histograms. Thus only where these ranges do not overlap

between farm sections can a definite effect of farm management upon loss be
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- 'postulated. As a result, the only significant effects of farm management

which could be determined were :

o
A/

M .

-N, K, Mg, Mn, Cu, Zn

S for P, N, NO,

30 “for NH4~N and Al - as found in the seed loss alone

> 8§ for Na and Ca - corresponding to the soil composition

-relationship

v

M fof_Fe and Pb
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“4:6 1973 Field Trial

6.1 Aim To survey‘all the fields used for growing beans on the Organic,
Mixed, Stockless and Commercial farms to determine the influence of farm
management upon the loss of geochémicalé from the syétem in the field harvest.
The influénce of the rate of NPK fertilizer apflication upon the loss was |

‘also investigated.

16,2 Method  Ten plants were removed at rando@ from each field at the time
of final harvest. The plants were divided iﬁto green stems, brown stems,
pod cases and seedé which were analysed separately for eleven geochemicals
‘_aS‘previoﬁsly described. |

The plant and seed treatments used for this trial were :

Measurement$ - . - Plant material . 'Treatment
Crop geoéhemistry - " Commercially obtained Organic farm
analysis - for P, N, V. faba var. Throws - Mixed farm
K, Na, Ca, Mg, Al, ' Stockless farm
Fe, Cu, Zn, Pb at ‘ - " Commercial farm

final harvest .only
;6;3 'Results
Thé results are présented in histogram form on Graphs 4-17,
4—18 énd 4-19. |
:6.4 Discussién

+6.4:1 Distribution of geochemicals ir the plants at firal harvest

.4.1-1 Graph 4-17 shows the distribution of‘geochemicals in the plants at
final hérvest which was unaffected by the farm management; hence :
(1) P, N and Pb were located mainly in the seeds__
-4(2) K was located mainly in thg-pod cases

(3) Na was located mainly in the green stems
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(4) Ca, Al and Fe mainly in the brown stems
(5) The Cu and Zn concentrations varied in location according to

the farm management. .

These results confirm exactly the pattern determined in the

1972 plants.

A4.1-2 The.histograms show that within each farm section, the concentration
variation was as great as the variatidn between farm sections. The relation-
- éhip showiﬁg the effect of soil treatment upon the chemical composition was
again different for each geochemical considered, but several generalisations

can be made :

the highest concentrations of Ca were found in the Organic grown plants
" . " 1" 1" Na 11] n " 1" Mixed 1" 1"
" " oo " N, Al, Fe, Cu, Zn " Stockless "

oo . " K, Mg, Cu, Pb " Commercial

4.1-3 Graph 4-18 depicts the distribution of geochemicals in the ﬁlantsv
at harvest which were grown on the Special Fertilizer Treatments used for
the nitrogen fixation study. The pattern of concentrations in the plants

did not follow that of the nutrients supplied to the three plots. Thus

for P, K and Al - NNPK > PPKK = NNPPKK - a low applicafion resulted
in high concenfrationslof P and K, because of the differences
in total plant weight
for N and Ca - NNPPKK >-PPKK > NNPK -‘an apéliéation of high nitrogen
gave variable results depending on the level of P and K applied
for.Né, Fe, Pb,_ﬁg, Cu and Zﬁ - PPKK > NNPPﬁK = NNPK - the addition of
nitrogen to the plots decreased the concentrations of these other'

cations, possibly by growth dilution, or by the Kirkby-Mendel

'effect.




190

+4,1-4  The second part of the graph shows the loss of geochemicals in
the harvested bean seeds from the Special Fertilizer Treatments. Considering

only the.actual yield histograms :

:the loss of phosphorus was uﬁaffected,By the rate of fertilizer
application;

¢« NNPPKK > PPKK > NNPK for N and Ca - agreei;g with the concentrations
of-ions in the &hole planfs; | |

:PPKK

1

NNPPKK > NNPK for K - doubling the supply>increased the loss
of this geochemical;
:the addition of nitrogen decreased the loss of Na, Fé, Pb, Mg, Cu

and Zn in the seeds.

Considering the losses of the geochemiéals in the actual seed
yield, considerable variation wég fbuna'£e£Wéén the fields within'the same
management section (particularly in the Stockless sectidn) due to a variation
in seed yield. .Despite this variation, cértain pattérns emerged, showing

the influence of the farm management treatment :

:the loss of all geochemicals from the Organic farm tended to be lower

than—%rdm any other farm type, mainly because of the lower
seed yiélds;
sthe loss of the;macronuﬁrients tended. to be greatest on the Mixed
or Stockless farms; |
:thé loss of the micronutrients Al, Fe, Cu, Zn wds: greatest on the
A Stockless farm;

. the loss of lead was greatest on the Commercial farm, where the soil

content was probably the highest (from application of sewage sludge).
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4:7 Overall conclusions from the Geochemistty Section

The overall aim of the crop geochemistry study was to determine
the influence of plant imprinting and soil management upon the chemical

composition of the plants.

4:7.1_ The trials showed that the plant ancestry had only a very limited
effect upon the chemical composition of the crop, over short neriods within
the growth cycle, and that this effect neverifollowed a significant pattern.
Therefore it must be concluded that the imprinting of tne bean crops on the -
same farm management syétem for'30Ayears had not caused any physiological

- adaptatlon to take place. Thus no imprint was better suited to its own

farm type in preference to any other - nio evolved dependence. -

This coincided with the findings from the study of the imprint

effect upon growth of the plants. -

4:7-2. - In each season there was.a fixed pattern of change in the geo-
chemical concentrations, closely linked to the growth cycle of the plant.

The pattern was unaffected by the farm management type or the fertilizer
application rate. Therefore the stage in the growth cycle at Wthh the
plants were sampled was very important in’determining the chemical

14

composition found.

C4:7-3. it was.shown that the location of the nein concentrations of each
. geochemical in the various_plent perts:followed a rigid pattern which was
unaffected by the soil treatment. The distribution of geOChemicals during
senescence demonstrated a marked "death reaction", by which the uptake of

large quantities of the heavy metals, especially lead, continued after the

death of the plants.

4:7-4 The rate of the fertilizer application affected only the -conc-

entration of the heavy metals in the crop plants, but the magnitude, and

the relationship, varied, depending upon the growth stage, and plant part

2
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selected ~ the uptake of the other geochemicals was rarely affected by

the fertilizer application rate.

4:7-5 Although the relationship between crop composition and‘farm
management was confounded By the effect of the soil upon the dry weight

of the plant, for many gebchemicals the_crbp content, in concentration/gm
and quantity/ha, was directly related to the ;upply in the soil, wﬁich had

been quantified by chemical means.




SECTION 5. ~ NITROGEN FIXATION
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5:1 Introduction

:1.1 One of the main reasons for including a leguminous crop in a
farm rotation is that through nitrogen fixation,the symbiotic bacteria
are able to draw upon an unlimited supply of atmospheric nitrogen, some
of which is released to enrich the soil on the death of the nodules. As
‘artificial and -natural nutrient additives for tﬁe farm ecosystem become
. \ )
more eXpensive and in shorter supply, it is considered essential to determine

the effect of agricultural management upon the natural improvement of the

'soil nitrogen, through symbiotic fixation.

:1.2 It has been régularly observed by many research workers that the
presenée.of available inorganic nitrogen in‘tﬁe soil exerts a profound
influenqg upon the fixatioﬁ‘of nitrogen by root nodule bacteria (Fred,
Baldwin énd Mc Coy 1932; Norman and Krampitz 1946; Allos and Bartholomew
1959; Gibson and Nutman 1960; Raggio EE.Ei; 1965; Moustafa, Ball and
Field 1969; Dart and Wildon 1970; Rube$ 1973); -In ail‘these reports.

it has been demonstrated thet a high level of available nitrogen in the
'rooting medium inﬁibits nodulation and depresses nitrogen fixation. It has
also been shown that small amounts of nitrogen may stimulate the fixation of
,gitngen by increasing the growth of tﬁe host plant, and hence tﬁe demand
fér nitrogen, or by increasing the number of sites available for nodule
initiation (Giobe1_1926; McConnell and Bond 1957; Burton, Allen'and Berger

'1961; Dart and Mercer 1965; Moustafa and Hastings'1973).

:1.3 There is considerable controversy concerning the mechanism by
which the soil nitrogen acts upon the plant. Orcutt and Wilson (1935) and
Cartwright (1967) suggest that the adverse effects are due to the accumulation

of nitrogen compounds and a depletion of carbohydrates within the root which
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would reduce nitrogen fixation. However Tannef and Anderson (1963) and
Raggio et al. (1965) believe that the effect is external : the high local
concentrations of nitrate in the region of the root hair interfering with

indolacetic acid production, and hence reducing nodule initiation.

_51.4 o It is clear from the literature tﬁat the specific effect of
Anitrogén upon fixation is strongly influenced by the host plant species

and growth rate (Allos and Bartholomew 1959); the bacterial strain infecting
the rpot nodules (Henzell 1962; Dart and Wildon 1970) : the form in which
the nitrogen is present iﬁ_the soil (Diatloff 1967), and the seasonal time

of nitrogen application (Paﬁe.and Dart 1961): In addition, nitrogen fik—
ation itself is confrolled by the host's environment with(particular refer-

ence to temperature (Gibson 1971; Dart and Day 1971); 1light intensity
(Butler, Greenwood and Soper 1959; Bergesen 1970); diurnal rhythm
(Wheeler 1971) and oxygen availability (Virtanen and Hausen 1935; Bergesen
-1962). The study of nitrogen fixation is further complicated because all

these factors interact, and ideally all sﬁould be measured when assessing
‘a particular environment for potential fixation;
5_.2' Aim

| vThe’chemical analysis of the soils at Haughley (see Section 1)
.sﬁowed that one of the major differenqes between the farm management sections
was the availability of nitrogen. It was decided that a biological evalu-
atidh»of the soil nitrogen status would be made by studying the phenomenon
of symbiotic ﬁitrdgen fixation. It was hoped that the study would further
‘ elucidate the differences between the soilé from the three sections and
would show how the long term addition of manures and fertilizers had
affected-the potential natural addition of nitrogen. In addition to an
' assay of nitrogen flxatlon under the normal field conditions, it was planned

to 1nvest1gate the effect of adding high levels of phosphate, potassium and

nitrate to one of the Stockless -fields (Special Fertlllzer treatments PPKK,

NNPPKK and NNPK).
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5:3 Method

:3.1 ﬁefore any attempt could be made to demonstrate the effect éf
farm management upon fixation, it was deemed necessary'to determine in

. detail the response of fixation by Vieia faba (Qar. Tﬁrows) to temperatufe
and diurnal rhythm; This was done in‘order'to prevent ascribing differ-
vences caused by these criteria to have been the resﬁlt of farm practices.
,.As the approach influences the results, thié is discussed in the tex£.
The‘maiﬁ study -of nitrogen fixation comprised a sﬁrvey'qf the developmént
and distribuﬁion of nodules on the root system through the season, and an-
estimation of nitrdgen fikétion‘by the plants, using acetylene reduction

techniques.

:3.2 Nitragen fixation was meésuréd using the acetylene reduction
teghnique discovered by Dilworth (1966) and Schollhorn and Burris (1966)

and ‘developed by Koch and Evans (1966) and ﬁardY‘éﬁ;gi}‘(l968) ? "The

validity of measuring nitrogen fixation in terms of acetylene reduction

haé Been estaBlished by extensive comparison of"tﬁese_activities, uéing
defined systems including purified nitrogenase preparations and pure cultures

of nitrogen fixing bacteria." Acetylene écts as a COmpefitive inhibitor

for nitrogen fixation, .being reduced by nitrogenase to ethylene : both

~ gases are easily détéc;ed ﬁsing gas chfomatography; With this aséay it.
becomes péssiblé and practicable to conduct compréhensi&e surveys of nitrogen
fiXationband to rapidly ‘evaluate the effécps of pultural practices and envir-
onmeﬂtal factoré upon nitrégen fixation. - Compéred-with earlig; methods,

 su¢h as_lSN2 étudies, the short incubation periods minimize the changes

| occufringlinside incubation flasks and enable measurement of short term

changes, such as. diurnal fluctuations, which wgré previpusly~very~g}fficult

to determine.
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:3.3 There has been much conflicting evidence concerning the relation-
‘ship which exists between the amount of acetylene reduced by the bacteria
and the quantity of nitrogen which would have been fixed in the absence of

acetylene. Factors quoted in the literature for other legumes include :

C.H R \ |

22 ) 2
GZyéine mazx 2.3 - 6.6 : 1
Pisum sativum 1.7 = 3.5 : : 1
Trifolium sp. - 1,5 - 3.7 : 1

. No figuresvweré found for VZeia faba, therefore the approximations
: recommended'by Hardy and Holsten (1968, 1971) and Stewart et al. (1967)
were used. These workers have reasoned that : '
1 molecule.CzH2 reduced to C2H4-réquireé 2 electrons

1 molecule Nz’redUCed tinNH3 requires 6 electrons

3 molecules C2H2.reduced = 1 molecule N2 fixed.
Thus to calculate the quantity of nitrogen fixed, the volume of ethylene

_producgd; determined by'gas'chromatdgraphy, must be divided by a factor of
three.  Throughout the discussion concerning the results of the nitrogen

:fixatibn studies aﬁ Haughley; all volumes of ethylene measured have been

divided by this factor, and are expressed as volumes of nitrogen fixed.

5:4° Developmert of Techrique

.:4.1 "A Time Course of Fixation
4,101 ‘Aim

In order to perfect field techniques, and to determine the effect
bf.pianf decapitéfion and size of incubation fiask'ﬁpon fixation, an initial
time cpufée of fixation was detefmined.' The full details of the field tech~

' nique used appear in. the Appendix.
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24,1.2 Discussion of Results:

. ' OJ\A H o f‘.\S
.1.2-1 .Despite the statement by Dart and Day[(1972), that-removing the

plant shoot has no measurable effect upon the nitrogen fixed by the root
nodules during short term assays,>Graph 5-1(1)(2) demonstrates that both.
the total amount of nitrogen, and the rate af which it was fixed, were

significantly greater for the whole plants than for the decapitated omes.

.1.2-2 As nitrogen fixation in the ?oot nodules is affected by the state
of the whole plant, it is not unexpected tﬁat a drastic action suéh as
decapitatiog should lower the rate of nitrogen fixation; Moustafa, Ball
and Field (1969), working on Trifoliun, demonstrated that decapitation

caused a reduction in fixation rates within half an hour., Hardy and Holsten

(1971) proposed that such a reaction to decapitation may be due directly to

the injury, or indirectly by removing the supplies of photosynthates which
.have bee; shown are necessary (Gibson 1966) for fixation to take place. I£
is probable that in- this sfudy the incubation periods were too short for the
lowering Qf fixation to be caused by lack of carbohydrates. It is far
more likely to have been the result of upsetting the physical balances

within the whole plant, for example, water tension.

.1.2;3 _lFor all thfee categories of plant-state'and flask size tested,
the.increase»in‘total nitrogen fixed‘was linear for three hours (Graph
5—1(1) ). Although the difference was not significant, probably due to the
small number of réplicates used, the rate at which the increase in‘total
Anitrogeﬁ fixed{approached zero was greater in the 30 ml flasks than in the
100 ml flasks. ° This effect of the incubation volume prOportionai to the
nodule volume can be explained by the semsitivity of the nodules to the

. partial préésﬁre Qf oxygen. As the incubation proceeds, the respiring

roots and nodules reduce the pO2 in the flask, and the smaller the volume

of the flask, the more quickly the level will become limiting to fixation.
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Although the actual reduction of nitrogen (or acetylene) is anaerobic,

an adequate pO, in the system is required for the production of ATP

2

which energizes the reaction.

.1.2-4 Bergesen (1971) showed tﬁat if tﬁe pO2 is too low, the lack of
ATP becomes limiting, and if the pOé is too'high; nodule respiration

" increases and electrons are diverted from the nitrogen fixing pathway.

Graph 5-1(2) demonstrates the falling rate of fixation as time progressed.
The flat?eniﬁg out of the curve on graph 5;1(1) correlétes closely with the
effect shown by Oghoghorie and Pate (1971) wheré the increase in total
nitrogen fixed by the nodulated field pea slagkened off due to pO2 depletion

after four hours. The maximum fixation rate appeérs to have taken place

30 minutes after the incubation was started, as shown by the point on line

A (Graph 5-1(2) ).

:4.1.3 Conclusions concerning technique

As a result of this initial test it was decided to improve the
techﬁique by using a'greater number of replicates qf whole plants, incubated
in larger flasks to reduce oxygen starvation. In later.studies, the nodﬁle
weight, or number, was uséd instead of the total dry weight of root, as it
was'consideréa-that these values would bear a closer relationship to the
quantities of nitrogen fixed. It.had been observed hefe that small light
roots'often bore more nodules than the larger heavier roots. The gas
samples would be removed from the incubation flasks after 1-2 hours to
ensﬁre that fixation rates were linear whén sampled, and the gas would be

stored and transported in leakproof Vacutainers (Schell and Alexander 1970).




199

5:4.2 Temperature Studies

:4.2.1"529

It was appreciated in advance tﬁat the.monitoring‘of nitrogen
fixation by .plants f;om the three farm sections would have to be carried
out in a 1aboratofy in Suffolk, where tﬁere would be no control ovér
temperature fluctuations. Therefore-to prevent fixation differences
being attributed to ménagement practicés, wﬁen they were caused merely by
variation %n'temperature,'it was necessary to make a detailed preliminary

study of the response of nitrogen fixation of VieiZa faba nodules to such ’

variations.

14.2.2 Method

_ . ot ] .
For the first temperature study, 13 week plants were transported

from the Stockless section to Durham and decapitated prior to incubation.
In order‘to confirm the results found, during fhe same season, a second
study was_performed on pot grown plants in Dutham; using both whole and
decapitated plants. Full details of these stuaies appear in the Appendix.
The results of the first and second temperature studies appear on Table 5-1

and Graph 5-2.

:4,2.3 'Discussion of Results

.2.3-1 For‘the first teﬁperature stuéy (Table 5-1(1) and Graph 5-2(1) )
a staﬁistical comparison of the effect of changing the temperature on
nitrogen fixaﬁion rates deménstrated that within the range of 1% - 22%
there was a significant decrease in the rate of fixation per root, and per
nodule, after attaining a maximum rate at_140C. Tﬁe effect of an inter-.
mediate.temperature was not possible to determine due to a malfunction of
eqﬁipment. The fixation rates at 8 - 14°C were not significantly higher

'than.the rates at 22 = 30°c. At 26°C there was a temporary rise in
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fixationvfates ﬁhich was almost- significant at the 957 level, and this
occurrence tallied with the form of graphs for Medicago truncatula and
Glycine (Merit) shown by Dart and Day (1971) and the figures far Glycine
mazx. (Hard§i1968). In these 'studies, prior to a final decrease in fix-
a;ién rates with increasing temperatures caused by enzyme denaturation,
there was a shortviived rise in the rate of fixation due to stimulation

of nitrogenase activity.

" 'Statistical comparison to demonstrate the significance

of change in the rate.of nitrogen fixation with changing

temperatures
Temperature Rate of nitrogen fixation
Compared . : _
Mean total/root p Moles .-v-. Mean Total/nodule n Moles
- Nz/hr R ' . - Nz'/hr
°c - i 4 P R I 4 p R
8.0-12.5 . 17.8 0.19 >0.1 NS © 14.9 0.92 >0.1 NS
12.5-14.0 16.8 ~ 1.13 >0.1 NS 17.9  0.35 0.1 NS
16.0-22.0 - 10.5 3.72 <0.01  Decrease  10.8 2.86 <0.02 Decrease
22.0-26.5 17.9 1.78 '>0.1 NS 15.5 0.39 >0.1 NS
26.5-29.0 - 15.5 1.29 >0.1 NS 14.8 1.06 >0.1 NS

lOn Table.S—l(l) the greathariation in nodule numbers within a single field
type was dembnstratéd.for botﬁ the main taproot and the total root system.
This Variabiiity_was'repeated even_under the much more uniform conditions
of the pot grown.plants (Table 5-1(2) ). Qn graph 5=2(1)-2 the upper line
shoﬁs the rate of fixation per nodule when only the main taproot nodule
numbers were considered (i.e.vthé fixation by lateral nodules was considered
to be zerb). The';olid line shows the rate of fixation per nodule when all
nodules'were:included.i 'The difference between the lines is attributable

to the effect of the lateral root nodules which fix less nitrogen than

those on the main tap root.
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.2.3-2  The resglts of the second temperature study statistically
compared in the table overleaf,confirm those of the first, but show

more detail within the range of 12 - ZZOC (Tablé 5-1(2) and Graph 5—2(2) ).
The shape of the graphs for decapitated plants correlated well with each
Other as the temperature increased. The sligﬁt difference between maxima
4at'14°C in‘thg'first study, and at 12°¢ in tﬁe second, can be accounted
for by the”difference iﬁ nodule age between tﬁe two studies. The rate

of fixation byvfhe bean roots in the second study was double that found

in the first. study, and the respective diffétences in fixation rates by
individual nodules was even greater; Tﬁis difference waé probably due

to the-variation in nodule age, and to the length of time incurred bétween
the removal of the plénﬁs from the soil and tﬁe initiation of incubation.
In the first study tﬁe-time lag was gbout eight'ﬁouré,‘but in the second

study it was only twenty minutes.
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Nitrogen Fixation = Temperature Study 2

' rate'6f‘fixation‘with‘Changing‘temperatures

Temperatures _ - ‘

Compared ' : : ‘Rate of nitrogen fixation

% R : Méan total root u Moles/hr Mean total/nodulé nM/hr

, ’ df 4 p R df 4 p R
Whole Plants
12.0 - 20.0 14,9 2.20 <0.05 Increase 16.9 1.47 >0.1 NS
20.0 - 25.5 14,6 0.11 >0.1 NS 15.4 0.27 >0.1 NS
12.0 - 25.5 12.3 1.59 >0.1 NS 17.2 0.95 >0.1 NS
Decapitated

7.5 -12.0 - 16.5 1.55 >0.1 NS 12.8 3.86 <0.01 Increase
12.0 - 16.0 . 14.2 2.16 <0.05 Decrease 14.3 3.80 <0.01 Decrease
16.0 - 20.0'  13.4 0.85>0.1 NS - 13.0 1.34 >0.1 NS
20.0 - 23.0_ 9.2 2.75 <0.05 Decrease 8.8 2,69 <0.05 Decrease

23.0 = 25.5 14.9 1.68 >0.1 NS - 11.7 1.91 >0.1 NS

',Cbmparison of whole plants with decapitated plants

12.0 - 18.1 0.41 >0.1 NS 11.6 1.38 >0.1 NS
20.0 | 14.7,,2.83 <0.02 W >D  18.0 4.32 <0.001 W > D
25.5 9.8 3.21 <0.01 W'D 11.4 4.31 <0.01 W > D

Key @ W= Wholé 'D = Decapitated - NS.= No significant difference

.2.3-3 Graph 5-2(1) shows that the decapitation of plants markedly increased
the susceptibility'bf root nodule bacteria to the damaging effect of increas-
ing temperature. Only at 12°¢ was the rate of fixation/decapitated plant

| slightly greater than that of fixation/whole plant, but the difference was
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- not significaqt at thé 95% level.  This bears out the earlier proposal
madé,thaf iéoiatéd rooE; are more vulnerable to cﬁanges in exterﬁal
conditioﬁé, than are whole plants, in wﬁicﬁ systems such as water tension
within xyleﬁ and phloem, are éomplete. It was interesting to discover
how tthfixation by noduies of whole plants was only marginally affe;ted
byvtemperaturg Changes; the effect only being significant per root between
12 - ZOOC, and not significant at all When éonsidering fixation per nodule.
Tﬁe maximum fafé of fixatién for whole plants was achieved at 20 - 26°C

' compared with 12 - 14°C for decapitated plants.

.2.3-4‘ Many .times in the iiterature it is stated that tﬁe particular
plant species, variet&, and strain of infécting bacteria,control the
symbiotic résponse to temperature in eacﬁ individﬁal eﬁvifonment. However
the optimum nitrogen fixation ;emperatures of 20 - 25°C for the whole Vicia
faba piahts at Haughley agree well with the figures published for other

nodulated plants :-

s Pisum sativum : - maximum 20 C (Vincent 1965)
Glycine max | - 20° - 30°C  (Hardy)
' AZnus gZutinosaA - " 20° - 25% (Hardy)
- Vieia faba. o - " 20° - '30°C - (Dart and Day
C o 1971)
it . - "
Trifolium sybterraneum | 247C (Hardy)

The.results foﬁnd at.Haughley correspénd to those found by Gibson (1971)
who.wrote in his review that high and low temperatures affect nodulation
and fixation, the effect of these on whole plants Béing less marked than
for similar temperatures on roots ‘alone. | Meyer and Anderson (1959) glso

found ghat-high temperatures of the root specifically inhibit fixation.
.2.3-5 The maintenance of maximum fixation activity by whole plants in
the temperature range 20 - 30%C is dependent upon an adequate supply of

oxygenzwhiéh enables the production of a_constant_supply of ATP (Bergesen
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.19]9):¥M:$he:p0 in an incubation flask decreases more quickly at the

2
higher temperatures due to the increasing rate of respiration by the roots
and nodulés (Nutmgn 1970). However Sprent (1971) believés that one of
the m;in factors controlling root-nodule nitrogen fixation under laboratory
and field conditions is the degree of dehydration of the roots. This
increases brOportionally to the temperature and tﬁe length of time since

'deqapitation. . She showed that once the turgidity of the nodules decreased
below 80% of the maximum fresh weigﬁt; écetyiene reduction ceased altogether.
Thus she warns.against-the extrapolation of the results of a‘single assay of
acetylene reduction to a weekly fixation figure, as daily fluctuations of
water stress in the soil will cause similér Qariation in fixation rates.

Such watef stresslalso affects respiration fate; sugar and amino acid
content,of the root sap, and pHosPhorylation. To avoid this hazard,

'several,invesﬁigators (Dart and Day 1971) ﬁave recommended the use of

| moist filter pabers in the incubation flaéks;_but due to the great solub-

ility of both aCetylené and ethylene it was considered in this study that

>
this would provide a further source of error., It would appear from the

observatiqns made on the roots used for the temperature studies, that fhose
which were decapitatéd dehydrated more qﬁickly than those of whole plants.
The severing‘from_the>stém, plﬁs‘the breaking off of distal parts of the

_ main and lateral foots, pfoduced'a faster loss of turgidity than in the

whole plants which continued active transpiration.

:4.2.4 Conclusions

The nitrogen fixation by root nodules on decapitated roots was
more sensitive to increasing temperatures than that by nodules on the whole

plants, where scarcely any significant effect was shown by increasing the

' ) . . . e s . .
temperatures from 16°C to 26 C. Due to this lack of variation 1in fixation

rates, wherever possible, when comparing rates for plants from different
- management sections, whole plants were used. Although the laboratory

temperatures could not be controlled, the fixation studies were usually

- made .within the optimum temperature range.
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5:4.3 Diurnal Study

:4.3.1 Aim

~ The aim of the diurnal study was to determine the most suitable
time of day at which a single assay of acetylene reduction could be extra-
polated to account for fixation over a twenty-four hour period, with the

minimum of inaccuracy.
:4.,3.2 Method

Ideally the diurnal study should Héve been made at a constant
temperature as'§ariétions in this have been shown to have some effect on
fixation rates, but convenient facilities were not available. It has
been demonstrated by the temperature studies tﬁat nodules on whole plants
are less susceptible to temﬁerature changes than on decapitated plants.
Therefore to q&nimize the interférence of the diurnal rhythm by temperature,
whole plants were used for thié stuay.‘ .Twelve ré@licétés of ten week old
plants were remoyed from the field (Stocklesé secfion), at intervals through-

out a 24 hour period and incubations were performed as previously described.

:4.3.3 Results

‘The results of this study appear in Table 5-2 and Graph 5-3.

A statistical comparison of the fixation rates is shown overleaf :-
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Graph 5-3
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Times Rate of nitrogen fixation u Moles N2 fixed/hour
Compared
(24 hour clock) Mean fixation/root - Mean fixation/nodule
Hours daf  d b R df. 4 p R

17.00-21.00 16.4 0.33 >0.1 NS  21.9 1.52 50.1 NS
21,0Q—Oi.20 19.6 4.66 <0.001 Decrease 22.0 . 2.64 <0.02 Decrease
01.20-06.45 22.1 0.96 >0.1 NS  21.9 0.33 >0.1 NS
06.45-11.00 21.5 3.29 <0.01 Increase 21.7 0.00 >0.1 NS

11.00-14.45 16.3 1.50 50.1 NS 17.4 2.27 <0.05 Increase

:4,3.4 Discussion

.3;4—1;' This table indicates that a significanf drop in fixation rates
per root:took place between 21.00 and 01.20; and a significant rise between
06.45 and 11.00 hours. The pattern was réflected by the rate of fixation
pef.nodule, except that_tﬁe significant increase due to the start of the
photqperiod was not exhibited until after 11.00 ﬁoﬁrs. The graph shows
the length of darkness and the variation in temperétures over the twenty
four hour period. Althqugg the temperature flﬁctuation followed approx-
imately the same diurnal pattern as that of fixation, the latter variation
ﬁgs»ﬁot due to temperature_élone. Whole plant fixation has begn_shown to
vary only.sligh;%y;ap;different temperétures, whereas the changes'in this
study-wefe 1arge-éﬁd significant. ' Alsé Bet&éen'l7.00iéﬁazéi.00 hours the
fixation rates continued to increaée despite a drop in temperature. From
~graph 5-3(2) it would appeér from the difference ﬁetween the dotted and

- solid black lines that the lateral nodules played a proportionately more

important part in fixation during the late photoperiod than at any other

time, but further investigation of this is required before firm conclusions

can be drawn.
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.3{442 The maximum fixation rate in Vieia faba occurred toward the end
of the photoperidd when maximum photosynthates were available (Virtanen,
.Moisio.and Burris 1955; Nutman 1968; Hardy'é&lgl. 1971).  Although it
.has been observed (Wheeler 1971) that translocation of photdsynthates can
occﬁf within ten minutes,df formatidﬁ, a time lag is required to allow
sufficiently large quantities of carbohydrates to be transported to the
nodules, It is probable too that the 1igﬁt intensity in the morning was
not sufficient for phdtosynthesis until about 07;00 hours, which would
explain why this time.lag is so iong; As tge light intensity decreases
in thé evening, photosynthesis will diminisﬁ, and hence a drop in the rate
éf nitrogen fixation occurs before nightfall;_ Although the diurnal '
fluctuation in fixation éf nitrogen is not caused by temperature variation,

this will add magnitude to the changes which occur in the field.

.3.4f3. Other research workers have found similar diurnal fluctuationsA

to occur in other crops studied ‘e.g. :-

Glycine - Maximum fixatién 15.00—20;00 (Hardy 1968)
- Minimum fixation 00.00-08.00
: Alnus - Maximum fixation 13.30 (Wheeler 1971)
.'Trifblium- - Maximum fixation 08;00—16;00 (Bergesén 1970)

- Minimum fixation 04.00

Nutman (1970), studying clover, vetch and soybean, showed that active
ﬁitrogen fixation.per‘nodule decreased at the beginning of the photoperiod

prior tovan.increase to maximum - this concurred with the findings for
Vieia fdaba at Haughley.
:4.3.51'Conc1usion

| A marked diurnal fluctuation in nitrogen fixation rates was
:observed.v_ Thelmean rates of fixation fér each twenty-four hour period
occurred at 23.30 and 10.00 hours. Therefore wherever possible the fixation

‘rates for field samples were measured at 09.00-11.00 hours to lend maximum
accuracy to the consequent extrapolation of the figures gained, to estimate
daily fixation. ‘ C '

e —
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5:5 Effect of farm management upon nodulation

:5.1 Aim

To conduct a survey of the development and distribution of
noduleés on the root system of Viéia faba through the growing season,
and to make a comparison of these features on plants from the three

farm management sections.

:5.2 Discussion of Results

:5.2.1 The development of the-root nodules during each season followed
a set péttern on all three farm sections stgdiéd. " The differences between
sections are described on the basis of nodﬁie numbers,on the roots used for
the nitrogen fixation study. The first nodules to form were always
situéted witﬁin 15 cm of the soil sﬁrface'on the méin tap root, with the
" largest nodules nearest to the surface (up to 5 mm in diameter). This
location was brobably due to the influence of oxygen diffusing into_the soil,
which is beéter near to the surface and encourages nodule initiation
(Lo#eday 1963). These primary nodules quickly became pink with leghaemo-
Aglobin and aétually fixed nitrogen before the development of nodules on the
1étera1 roots. ; The acetylene reduction studies showed a direct relation- °
éhiﬁ to existfbetweeh.the rate of acetylene reduction and the size and pink-
ﬁess of the nodule. This has been demonstrated by Bergesen (1969),
Schwinghamer, Evans and Dawson (1970) and Ellfolk (1973). A visual assess-—
ment of the nitrogen fixing potential of the nodules was the%efore possible
by‘éuttingvthe nodules open to obsérve the intensity of the leghaemoglobin
éélouratidn. Stérage of the roots uéed for nitrogen fixation sﬁudies,in
the deeﬁ freeze prior to the estimation pf nodule pumbers,increased the
intensity of colour which aidedAin'its‘assessment. The progress of the
developmént of nodules during 1972-3 is shown on Graph 5-4 and the statist-

ical comparison of numbers on plants- from different sections on Table 5-3.
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~Table 5-3 : ' © NITROGEN FIXATION

“Statistical comparison of nodulation through the season.

Total nodules

Management
TypesAcompargd af a Ap : R
- '2/6/72 - 0-M  15.8 0.46 0.1 NS .
0-5 15.9 0.90 0.1 NS
M-S 12.8  0.27 .1 . NS
22/6/72 0-M 10.4 0.47 50.1 NS
' 0-s 13.9 0.72 0.1 NS
M-S 10.9 1.42 0.l NS
30/4/73 0-M ©23.9  2.33  <0.05 M>0
0-5. 21.5 0.45 0.l NS
M-S 23.0 2.55 .<0.02 M>S " Main root nodules
df 4 P " R
22/5/73 0-M 12.4  1.25 >0.1 NS . - 16.0 0.21 <0.l NS
0-=s - 12,2 4.74 <¢0.00l 550 .. 8.7 4.65 0.0l $>0
M-S 14.6 3.21 <o0.0l SHM 11.2  4.07 0.0l S>M
PPKK - NNPPKK 17.3  2.61 ¢0.02 PP>NN .16.7 3.03 0.0l PP>NN
7/6/73  0-M 19.5 0.75 0.1 NS - 20.4 1.71 0.1 NS
0-s  16.9 2.30 <0.05 S50 .. 20.9 - 2.33 <0.05 S50
M-S 20.8 1.50 >0.1 NS . . 22,0 0.79: >0.1 NS
" PPKK - NNPPKK 15.2  2.34 ¢0.05- - PPONN. 18.8 2.51 ¢0.05  PP>NN
PPKK - NNPK .. 16.1 1.09 >o0.1 NS 19.7 o0.82 0.l NS
NNPK - NNPPKK ~ ~ 21.8 2.02 0.1 NS 21.9 2.14 <0.05 NNPK>PP
T N . KK
20/6/73 = 0=M 22.1 3.3 <o0.0l 0>M 18.5 3.73 <0.0l o>M
0-§ 23.3  0.49 - 0.1 NS ©22.5 1.33 0.1 NS
M-S 17.5 2.76 <0.02 S>M © 15.6  3.83 <0.01 . S>M
PPKK - NNPPKK 26.7 2.85 <0.01 PP>NN - - - -
PPKK - NNPK- 20.8 4.38 <0.001 ° PP>NN - - N - -

NNPK - NNPPKK . -20.8 0.94 >0.1 NS - - - -
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In.1972'é preiiminary survey of'nqdulation'was_carriéd out when, due to

the ;méll number of roots coliected, none of the differences between the
séctioﬁs were signifiéant at the 957 level. However at. the 907 confidence
level the trend.in June,was>¢1ear1y.S >Mand S > O with M >< O aé far.as'
nodule nﬁmbefs were concerned. In 1973; af'sevenAWeeks'after sowing,
development.pf ﬁrimary nodules was found to be most rapid on the M plants

but most efficient on the S section plants :-

Development at 7 weeks

. . - Proportion of Proportion of
. Mean number of Location of  total nodules total nodules
Section  nodules per ‘nodules ~ which were pink which were white
root . - . and > 2 mm diam and < 2 mm diam
0 - 13.2  Main root 257 - 75%
M 17.4 ~ Main root ' 29% 717
s 12.3 Main root  75% 257

The number of nodules on the M section plants were significantly greater

than on the O or S section.

15.2.2 Within the_following two weeks secondary nodules on the top 10 cm
-ofithe 1atera1.roots were iPitiated. AAt all times during the'primafy
nodulation the»lafgest and most efficient nodules were found on the tap
root, whilst nodules on the latérals'were leés efficiéﬁt and smaller
(diameter 0.5 = 2.0 mm). Roughley and Darﬁ_(l969) suggest that this is
‘bécausé the'latefai roéts receive less photosyntﬁate than the tap root.

_As mahy'of'fhe.léteral_root nodules remain ineffective, the value of the

total nodule number does not always reflect actual fixation (Gibson 1971).

:5.2.3 By the tenth week, the numbers of nodules per plant, and the
weight of nodules éer grammeAfresh weight of root, were significantly higher
on S section plants én the'tap"foot alone, and on the whole root system.
.Plants on the 0 and M_sections Shoﬁed no important differences. On the

Special Fértilizer’Treétment, the effect of adding a double quantity of
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nitrogen fertilizer to part of the PPKK trial was already evident. This
addition, which occurred after the tap root nodules had been initiated,

caused widespread death and decay of the nodules.

:5.2.4 _ At‘twglvg weeks of age, the plants on all sections achieved the
maximum numbers of root nodules, which coincided with the point in the plant
life cycle at which the maximum numbers of inflorescgnces were produced.
‘Heavy infestations of white larvae of the bean weevil Sitonia lineatus also
reached' their maximum density at this time. The larvae feed upon the root
nodules, causing widespread death and loss of nitrogen fixing ability. The
larvae were particularly abundant on the M section, but absent on the O

section.

- Development at 12 weeks

-Section_ - Mean number of nodules per root Mean number of healthy
decayed, or eaten by Sitonia nodules per root
0 0.0 55.9 * 3.3
M .. . 10.3%2.2 60.3 = 4.9
216 72.2 2 6.3

S : ‘ 6.3
' Despite the difference in larval density, the S section plants maintained
a significantly higher number of healthy root nodules than either of the
other sections.

:5.2.5 On'tﬁe Special Fertilizer Treatment the differences exhibited at
ten weeks between PPKK and NNPPKK were maintained, but there was no sig-
nificant difference between nodule numbers on PPKK and NNPK. This suggests
that the depressant effect of double nitrogen is exacerbated i1f the levels
of phosphate and poﬁassium are increased foo. This 1s supported when com-
paring nodule numbers on NNPK and NNPPKK, the value of the former being

significantly higher than on the latter, at the 907 level.
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" TABLES5-4.

Summary Table of Mean Nodule Numbers

Nodule Survey 1973,

Nodules on Tap root

Nodules on lateral roots

Nodules on

Management complete root
Size Mean ' Size . Mean : Mean
Type ] . .
“YP ) . mm diam. No.- SD SE mm diam. No. SD SE No. SD SE
" ORGANIC o 1-2 24.4 14.4 2.2 1 25.2 16.1 2.4  49.6 14.8 2.2
MIXED 2-3 32.8 10.4 1.5 1-2  20.4 11.6 1.7 53.2 18.2 2.6
STOCKLESS 1-3 34.8 9.2 1.2 1-2 17.5 13.3 1.8 52.4 17.4 2.3
" Statistical Comparison
- Management ' Tap root Lateral roots - Complete root
Types compared af a P R a  a p R af a p R
o-M 88.7 3.35 <0.01 My 88.8 1.71 >0.1 NS 95.1 1.09 >0.1 NS
- 0-§ - © 83.3 4.30 <0.001 S>0  95.1 2.61 <0.02 0»S  94.6 0.88 >0.1 NS
M-S .. 96.8 1.02 .1 NS  96.8 1.16 0.1 NS .1 XS

97.9 0.22
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:5.2.6 | The main survey comparing nodulation of plants from the three
sections was performed when the plants were at twelve weeks from sowing.
In addition to sampling the fields used_fcr the nitrogen fixation studies,
all the other bean fields within each'section were included. Fifty roots
were.remcved at random from each field and the nodules on the tap root and
1aterals:wete counted'separately. “hThetresults are listed on Table 5-4 and
_show a close correlation between the.management sections, the distribution
of the ncdules on the root system, and the nitrogen fixation rates. The
Organic plants had'the smallest nodules, the lowest number of tap root
nodnles, the highest number 6n the 1aﬁé§a1 roots, and the lowest overall
rates of fixation. The Stockless piants had the largest tange in nodule

size, the largest number of tap root nodules, the lowest number on the

lateral roots, and the highest fixation rates. The Mixed plants possessed

the largest nodules, an intermediate number of tap and lateral nodules, and

‘an intermediate nitrogen fixation rate.

$5;2.7 It is clear from these statements that the fixation rates recorded

did not denend upon the total-number of nodules on'the root system, but upon
the size and nnmber of nodules on the.tap root. The observations of nodul-
-atlon on the Organlc.sectlon f1t the statements of Munns (1968) and Dart and -
" Wildon (1970), who found that hlgh levels of available nitrogen in the soil
delayed the appearance foppxmary nodules on the main root and reduced thelr

numbers, but. d1d not affect the formation of secondary nodules on the lateral

roots, except by reduc1ng the1r size. In 1952 Nutman demonstrated that the

first nodules establlshed tend to 1nh1b1t the formation of secondary nodules
- this Would explain why the plants on the Stockless section have a large

number of tap root nodules, but less on the laterals.

:5.2.8 At the-age of fourteen weeks the nodule numbers on all sections
had decreased due to widespread death of both roots and nodules. Most
Estimates

‘were blackened and-empty, or contained buPating Sitonia larvae..
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of the actual numbers of'dead.nodulés per root was difficult as many
sloughédfoff when the roots were_extraéted from the soil. The trend shown
in;the table below continued on tap and lateral roots, so that the sig-
nificantly lowest number of live:nodules per root was found on the M section
plants. Although nodule numbers on section; 0 and S showed no significant
difference,'fixation rates were still higher on S. On all sections it was
oBserQed that a few,very small,white nodules had formed on the lateral roots.
fhese were not included in the numbers in this table, due to their dimin-

utive size.

Development at 14 weeks

"~ Section Mean number of dead Mean number of live
' nodules per root nodules per root
0 26.1 = 2.2 21.3 T 3.2
M ‘ 48.8 1.8 9.1 % 1.8
s 35.3 2 4.5 24.3 X 5.2
:5.2.9 A similar decrease in nodule numbers was observed to occur on the

Special Fertilizer Treatments. The difference seen earlier was maintained,
with nodule numbers being .significantly higher where no nitrogen had been
applied. However the previous lack of difference between PPKK and NNPK,

and the difference between NNPK and NNPPKK were not evident at this time.

This suggests that earlier indications of a possible exacerbating effect of
inéreasing phbsphate on input of nitrogen was probably a factor resulting
from too few replicates. . If guidance is sought from the nitrogen fixation
studies, it can be seen that far from increasing the effect, addition of
double PK combensates partly for the depressant effect of double nitrogen,

so that fixation on NNPPKK is higher than on NNPK.

:5.2.10 After flowering, which reached a maximum at 12 weeks, the develop-
ment of the bean pods caused a great increase in the plants' demand for

nitrogen.' Weber et al. (1972) have shown that for soybean this increase
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TABLE 5-5. Renodulation Survey 1973.

Summary Table of Mean Nodule numbers per root

Management Type . size Number . Stapdard - Standard
(mm diam,) Deviation Error
' Standard fields:- _
ORGANIC 1.4 - 28.5 18.9 4,3
MIXED 0.5 4.6 . 4.5 1.0
STOCKLESS 0.7 - 7.7 5.2 1.2
Special'Treatments:- :
PPKK | 0.5 14.2 14,4 3.2
NNPK ' 0.8 . 12.1 11.5 2,6
Statistical Comparison
Management Degrees
Types o of d . P R
Compared Freedom . '
o-Mm .- 21,1 5.56 ¢0.001 0>M
0-5 121.9 4,73 <0.001 05S
M-S 37.3 . 2.07 <0,05 S>M
PPKK~NNPPKK 24,7 1.49 0.1 NS
PPKK-NNPK 36.1 0.51 0.1 NS
NNPPKK-NNPK 27.8 1.07 0.1 NS
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in the requiremen£ for nitrogen stimulates the'nitrogen fixation of the

root nodule bacteria to a maximum for the season, between flowering and pod
expansidn._ Therefore to determine whether or not this occurred in Vieia

faba, a second nodule survey was made on the plants at 16 weeks. of age.

It was found that exténsive fenpdulation,-the initiation of which had been
seen at week 14, had taken place,to a differing e#tent under the three sections

of farm management. The results are presented in Table 5-5.

:5;2.11 | At this stage many of-the tap roots were foﬁnd to be dead, the new
l‘nodules'forming on the lateral r§ots only. - Tﬁey tended to lack legﬁaemo—
globin and had a highly developed.reticulaté surface. Aé can be seen from
the table, on renodulation, the Organic plants produced a significantly
greater hﬁmber of larger nodules than were found on either the Mixed or
Stockless sections. -As has already been discussed, Nutmén (1952) found
that primary nodulés tendéd-to restrict the growth of se;ondary nodules so
that thé Stockless plants, which previously had a larger number of nodules
than on the.Organic section, may now renodulate to a 1¢sser ekfent for this
" reason. Also_Munns (1968) showed that secondary nodules were not affected
by high nitrogen 1evels; so, that the depressant effect of high levels of
available nitrogen on the Organic sgctién ﬁould ﬂot affect renodulatién.

A comBination.of these.two ideas may explain the observations made upon

renodulation.

.:5.2.12  There were no differences in renodulation on the Special Fertilizer
Treatments which wefe significant. This may be because by'this stage in

the crop;s growth most of the added nitrogen had been utilized or leached
.vaway. The lack of difference is probably more likely to have been due to
the mésking effect éf the very high variability in nodule numbers within

| eaéh treatment, and the samples consequently»béing too small to reveal

differences. Unfortunately, due to a malfunction of equipment, it was not
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possible to measure the nitrogen fixation by the new nodules, but as the
numbers observed were much less than at maximum nodulation, it is unlikely
that the high levels of fixation recorded at that time were exceeded by the
new nodules. Thus Weber's results for soybeans were not found to relate to
renodulatlon of Vieta faba, partlcularly as the plants with the largest
‘number of new nodules (0) eventually produced the lowest bean yield and

would therefore have had the smallest increase in nitrogen demand.

5:5.3 Conclusions from nodulation studies

:5.3.1  The nodule development and distribution,Aon roots of Vieia faba,
was seen to be strongly influenced by season and by the farm management
préctices. Roughley and Dart (}970) showed that low soil temperatures,

as would 5e experienced early in the season,. encourage the slow formation
of large ﬁodules on the primary root. - Later in the year, the higher temp-
eratures encourage faster initiation of nodules on the lateral roots. These
statements fully explain the pattérn of development observed to occur at

Haughley.

:5.3.2 It was demonstrated that the most important guide'to the nitrogen

0

fixation potent1a1 of any root was the number, size and colour of the nodule
on the main tap root, during the main nodulation, The timing of the max-
imum number oftnodﬁles coincided exactly with the time at which the maximum
number of inflorescences were produced. This agreed with the findings of
Masefield (1961) who worked on Vicia faba plants. He also demonstrated
that the infestations of Sitonia larvae could be reduced by inpreasing the
"soll moisture content. ~The fact that no larvae were to be found on the
Organic sectioﬁ}”compared with heévy infestations on the other sectioms,
indicates thét possibly on the former section, a much higher soil moisture
content ekisted. This suggestion'wés 5orne out by.the studies on soil

wat

er content (see Soils section), but it is unlikely that this factor alone

would explain the absence of larvae on the Organic section.
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t5.3;3 .Each farm section influenced the rate of formation of the initial
piant nodules, the rate of their decay, and the rate of renodulation. For
each management type there was a characteristic rate for these pfocesses.
Thus the roots of plants on the Mixed section were the quickest to initiate
nodules, and also lost their nodules more rapidly than on the other sections;
the Organic plants nodulated slowly, but tended to lose tﬁeir nodules slowly

too.

:5.3.4 With reference to the findings by many research workers (see 5:1)
that a.higﬁ level of available nitrogen in the rooting medium decreases
nodulation, it is concluded that the low level of ﬁodulation on the Organic
section wés caused by this factor. It has been shown byvpther researéhers
that several geochemicals can influence the ﬁodulation of legumes, but these
factots are unlikely to have been operating at Haughley to produce the result;
oBtaineJ. l Acidity of soi1>has been shown to depress nodulétion (Loneragan
. and Dowling 1958; AMunns 1970), but all the fields at‘Haﬁghley showed pH
values ingthg range 7.0 - 7.4. '.The presénce bf.calcium_and'magnesium has

" been found to stimulate nodulation (Hellriegel 1894; Albrecht and Davis
1929; DoBereinér 1966),'bﬁt at Haﬁghléy,'where soil analysis showed the
Orgaﬁic section to have signifiqantly higﬁer concéntrations of both these
geochemicals, that section had the plants with the least nodules.  Thus

the influence of available soil nitrOgen.was the most likely cause of

poorer nodulation on the Organic section.

It was considered that the’climatological impact would have been
the same .on all fields studied. It is possible that the differences in
nodulation between sections were caused by the infection of the roots by

different bacterial strains, but this was not investigated.

:5.3.5 The number of large pink,effective tap root nodules provided a
good assay for the-availability of nitrogen in the soil, correlating by v

 ihverse_proportion to the levels of available nitrogen determined by
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chemical anaiysis. The addition of high levels of nitrate-nitrogen to

| bean plahts< which had alfeady initiated the formation of nodules, caused
iwidespreéd death and decay of the nodules, and the reduced number on these
'planté was‘maintained throughout the growing season, agreeing with the

observations of Oghbghorie'and Pate (1971).

5:6 The effect of farm management upon nitrogen fixation

$6.1 Aim
To compare the rates of nitrogen fixation by plahts from the three

farm management sections upon a number of occasions during the growing season.
:6.2 Results

The full field results are-shown on Table Al2 and an account of
the préblems encéuntgred and methods used in the field,appears with it in
.thé Appepdix. A summary of these results is presented-oﬁ Table 5-6 and
~depicted on Graphs 5-57and 5-6. A statistical comparison of.the fixation

under different farm management sections is shown in: Table 5-7.

:6.3 Discussion of Results

i3

:6;3,1' The seaSonal effect upon nitrogen fixation is clearly demonstrated
for 1972 and 1973 in Graphs 5-5and 5-6. Although the pattern of fixation
per root and flxatlon per nodule closely followed the variation in air temp-—
erature at whlch the 1ncubat10ns were performed, it was demonstrated earlier
that the response of whole plants to temperature changes between 18 - 25°C
was small. Therefbfe fhe_seasonal change in nitrogen fixation rate was
érobablj due entirely to nodule age and .the deméﬁd by the plant for nitrogen,
which will vary as it grows. The fixation rateS'reéorded for the O, M and
S sectibns at week 14 iﬁ 1972 were probably a more accuratevestimate of the
_actual rates found at week 14 in 1973 than the values shown. Due to the

‘large size of the shoot and dryness of the soil, 1973 plants at this age
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TABLE5¥6. Summary of field sampling data through

Treatment

Date

Orgaﬁic

Mixed

Stockless

' 2/6/72

22/6/72

- 30/4/73
_22/5/73

7/6/73

20/6/173
- 2/6/72
122/6/172

. 30/4/73
22/5/73

7/6/73

20/6/73

2/6/72
122/6/72

30/4/73

- 22/5/73

PPKK
NNPPKK

NNPK -

7/6/73
20/6/73-

1 22/5/73
- 7/6/73
20/6/73

22/5/73
7/6/73
20,/6/73

7/6/73
20/6/73

1972/73.

Rate of nitrogen fixation pM

14

Age }
J nodules root/hr. nod./hr.
11 + 4.2 40.0 * 4.0 1.33 + 0.13
C14 + 5.9 9.0 £ 2.9 0.25 + 0.06
7 £1.3  0.073 + 0.030 0.0l2 % 0.003
10 + 2.9 . 22.2 + 3.9 0.80 * 0.10
12 £ 3.3 12.4 + 1.3 0.23 % 0.02
14 + 3.2 4.1 = 1.4 0.16 + 0.03
10 + 4.9 30.1 * 3.3 1.33 = 0.33
13 + 2,9 30.9 * 5.5 0.97 + 0.13
7 + 1.3 0.34 = 0.08 0.023 * 0.007
10 +°4.5 29.9 % 3.2 0.93 £ 0.17
12 + 4.9 82.0 = 5.9 1.43 = 0.17
14 + 1.8 1.3 £ 0.3 0.14 + 0.02
11 + 54.7 + 10.2 1.53 = 0.23
14 + 39.9 + 4.9 1.07 = 0.17
7 + 0.51 + 0.08 0.042 + 0.009
10 * . 57.0 £ 5.3 = 1.07 £ 0.13
12 + 100.9 + 16.4 - 1.43 + 0.27
14 + 14.5 + 3.3 0.57 = 0.07
10 + 40.0 * 4.2  1.07 % 0.07
12 + 95.2 +'10.3 1.97 + 0.17
14 + 4.0 +.1.6 0.31 = 0.11
| _ ‘
10 + 30.0 £ 5.0 1.10 + 0.07
12 . + 60.1 + 6.6 1.47 + 0.20
14 + 2.2 £ 0.6 0.36 * 0.08
12 + 51.4 + 9.2 '1.10 + 0.13
+ 1.1 = 0.3 0.21 = 0.04
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Iable 5_2
' Statistical comparison of nitrogen fixation rates.

Management Rate of fixation/root/hr Rate of fixation/nodule/hr
~ty;>es compared as’ 4 p ' "R ds a p R
2/6/72. 0-M 16.8° 1.90 0.1 NS 10.1 0.00. >0.1 NS
- - 0-8 10.4 1.35 0.1 NS 13.4 0.77 0.1 NS

M-S 9.7 2.28 <0.05 SyM 13.9 0.50 0.1 NS

22/6/72 0-M 13.6 3.54 <0.01  M>0 11.2- 4.80 <0.001 M>0O

0-s 11.6  5.43 <0.001 $>0 8.3 4.56 <0.0l $>0
M-S 15.9  1.23  >0.1. NS - 14.6 ' 0.46 >0.1 NS
30/4/73. O-M 14.9  4.19 <0.001 M>0 16.3 1.84 0.1 NS
0-8 12,2 . 6.13. <0.001  S>0. 12.5 ~3.88 «<0.01 S>0
M-S 23.0 1.88 0.1 NS 20,5 2.11 <0.05 S>M
22/5/73 0-M 13.7  1.13 0.1 NS 10.0 0.68 50.1 NS
0-s 15.0 5.27 ¢0.001 S50 15.6 1.69 >0.1 NS
M-S 15.0 3.61 <o0.01 S>M 12,8 0.67 = »0.1 NS

PPKK - NNPPKK 10.6 2.27 <0.05 PP>NN 16.8 0.25 0.1 -NS

7/6/73  0-M 12.1 11.40 <0.00l . M>O 11.2  7.06 <0.001 M>C
0-8 11.1 5.36 <0.001 S>0 11.1 4.62 <0.00L S0
M-S 13.8 1.08 >0.1l NS 19.0 0.00 0.1 NS

PPKK - NNPPKK 18.8 - 2.88 <0.0l1 PP>NN - 21.3  1.85 0.1 PP>NN
PPKK - NNPK 21.9 3.20 <0.0l PPO>NN 18.4 4.35 <¢0.001  PP>NN
NNPK -~ NNPPKK 20.3 0.77 >0.1 NS 14.3  1.48 0.1 NS
20/6/73 o-M . _ 15.5 1.9 0.1 NS 26.9  0.50 0.1 NS

0-s 18.9 2.89 ¢0.01  8>0° 16.9 6.12 <0.001 §>0
M-S 14.3  4.00 <0.01  SHM 14,0 0.49 >0.1 NS

PPKK - NNPPKK 17.9  1.08 >0.1 - NS 25.3  0.39 >0.1 NS
PPKK -. NNPK 15,2 1.81 0.1 NS 19.3 0.87 _»0.1 ‘NS
NNPK - NNPPKK '19.8 . 1.57 0.1 NS 20.9 1.67 >0.1 NS




217

were decapitated and washed prior to incubation. Both these factors would

have served to depress the fixation rates, as observed earlier.

:6.3.2 .Tﬁe influence of farm management which caused differences between
fixation rates per root for Orggnic, Mixed and Stockless section plants was
effective both by causing differences in the fixation rate per nodule, and
by the modification'of root nodule numbers. Thus the significant diff-
erences sﬁown between the fixatioﬁ rates per root for Mixed and Stockless
planfs'in Graph 5-5 were due entirely to a différence in nodule numbers -
the curves on Graph 5-6 showed no significant differences except at week 7.
But the differences between S and O plants on Graph 5-5 are reflected in
5-6 due to a genuinely lower fixation rate per nodule in the latter treat-

ment, coupled with lower nodule numbers. .

6.3.3 Maximum fixation occurred at twelve weeks of age on the Mixed and

Stockleés'seqtions which coincided with the maximum nodulation, and with

maximum flowerihg, of ﬁhe bean plants. AHowever on the Qrganic section

maximum'q}tfégeﬁ fixation per root and pér noaule occurred two weeks earlier
" (two weeks prior to the achievement of maximum nodulation). It is possible
that‘iﬁ fact this edrlier maximum occurred at 11 weeks of age when no sample
was taken, as indicated b? the higher rate of fixation at this time in 1972.
This indicates that many of the ﬁodgles'on the Organic plants were ineffective
at fixing ﬂitrqgen,.which concurs with the conclusions reached in the

nodulation section.

:6.3.4° Summarising the results of the statistical comparisons of the
treatment effect upon nitrogen fixation rates by individual nodules and

whole roots in Table 5-7 - out of 36 pairs tested :-

At the 957 confidence level M >0 five times

S > 0 nine times

S > M four times
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Out'of the 18 tests in which no significant differences were found, the

lack of differences segregated as follows :-

0 not significantly different from M - seven times
M n " " n LI | " og o eight times

S. " " n ." n ll. n .O - three times

From thesé statistical tests the conclusions are that the
'Qrganic section plants had a significantiy lower ability to fix atmospheric
nitrogen thaﬁ those on either the Mixed or Stockless section, and it is
suggested that this was a direct effect of the farm management on the O
-secfion.. There was no single instance in which the fixation rate on the
Organic section was greater than that on the Stockless section, and on1§ on
three occasions out of 36 were thére.no_significant diffefences between
fhese séctions. The trend for the relationship between the Mixed section
and the ‘other two,was :-

M fixation > 0 fixation

oS " > M " although seven and eight times respectively

out of 36 comparisons, these pairs showed no significant differences.

| :6.4 Special Fertilizer Treatment Results

16.4.1 Thé measurement of nitrogen fixation by plants from the special
fertilizer treatments was first made just one week after the addition of
‘double nitrogeﬁ to part of the PPKK and PK plots. Within such a very short
time the effect of the nitrogen was to significantly reduce the nodule
numbers, and hence the fixation per root, but the fixation rate per nodule
was unaffected. After a further two weeks had elapsed, the added nitrogen
ﬁad lowered the rate of fixation per nodule significantly, on both single,
and double, phosphaté and potassium plots (NNPK and NNPPKK). Aithough’the
 fixation per nodule per hour Qas significantly PPKK > NNPPKK > NNPK, this

difference did not hold completely true for the fixation rates per plant.
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The NNPK treatment caused less death of nodules than the NNPPKK plot,

and hence there was no significant difference in the total fixation per

root between these treatments. At the end of the season there were no
differences in fixation betﬁeen any of the special fertilizer plots,
although the trend was for PPKK pléﬁts to have the highest number of
nodules.pe; root. This indicates that either the nitrogen applied had
been leached away or used up by this time, or that iﬁs effect upon fixation
wore off as the nodules aged, possibly because the secondary nodules which
are-lesé'sensitive to nitrogen became more important for the fi%ation of
nitrogen (Munns 1968).

| From Table 5-7 out of a total of‘14.pairs compared, fixation was

significaﬁtly different for :-

PPRK > NNPPKK three times
. PPKK > NNPK  twice, the remgining nine showing no differences
at the 957 level, which may have been due to the use of samples which were
too small in number. In general, the results gained from the special

fertilizet treatment were those expected from the work of Bell and Nutman

(1971); Moustafa, B&1l and Field (1969); and Vincent (1965).

"6ﬂ4.2 © Nitrogen fertilizer in the form of ammonium nitrate was applied

to the spéciéi_fertilizer plots immediately after the ﬁrimary nodules had
been iﬁitiated,rbut before fixation had started. Oghoghorie and Pate (1971)
éuggest that cémbined nitrogen supplied. to plants at this stage may well
enhance later fixation by causiﬁg greater growth of the shoot, and hence
increased nitfogen demand. This effect was not seen to occur on the trial
plots in this study,when comparing NNPK plants with the standard PK plants
on the Stockless section. It is assumed that the quantities used here

were too great, and therefore the depressant effect too long lasting, for

~ this benefit to be shown.
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:6.4.3 It is interesting to compare the maximum rate of fixation by

plants on the special fertilizer treatments with the maximum rate of those

plants on the O, M and,SAsections.

.3-1 When comparing fixation PK (S) with PPKK, the effect of doubling
the phosphate and potassium significantly enhanced the fixation potential
per ﬁodule. However the same addition so reduced the nodule numbers that
vthe resulting nitrogen fixation per plant showed no overall effect to

distinguish between the two treatments.

* .3-2 When double nitrogen was added to the PPKK plot, the effect on
nodule fixation was equiﬁélent to that found on the M and S sectioms. But
again the reduction in nodule'numbers caused the overall fixation rate per

plant to fall significantly below that of the M section plants.

.3-3 When double nitrogen was added to the PK plants, both the fixation
per nodule, and the fixation per root, were depressed below that of NNPPKK,
but this was not significant for the whole root as there was no commensurate

increase in nodule numbers.

. Thus for nodules : PPKK > NNPPKK = M =S > NNPK > O

a

and for roots + PPKK

NNPK > O

S > M > NNPPKK

Therefore even the addition of a high level of nitrate fertilizer to the
bean plénts’on the Stockless field could not depress the whole plant
fixation'to a level as low as the normal rate of fixation on the Organic

section.

16.4.4 The doubling of the applicaﬁion of phosphorus and potassium to

the Stoékless system in the special fertilizer treatments severely restricted
the formation of new nodules, but-the effect was.ﬁompensated for by a con-
siderable enhanéemént of the rate of nitrogen fixation per nodule. Addition
of_nitraté—nitrogen_in the form of a tdp dressing of fertilizer after the

jnitiation of nodules caused an immediate reduction in the number of nodules,
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followed by a reduction in the nitrogen fixing ability of each nodule.
This depressant effect by inorganic nitrogen was not as severe as was shown

by the nitrogen derived from the manurial treatment,on the Organic section.

:6.5 Estimation of nitrogen fixed/hectare/year

'?6.5.1 Although Hardy et al. (1968) extraﬁolated singlé readings of
acetylene reduction, which had been measured at‘é set time once per week,
to an estimation of the nitrogen fixed by a symbiotic legume association
per season, this can only gi§e a very rough guide,.due té the lérge number
of changing factors which influence the rate of fixation. The light
intensity, temperature, time.of day, water stress, availability of soil
nitrogen, the nutritional state of the plént, and the age and growth of
nodules and plants all interact to control nitrogen fixation by the root
nodule bacteria. As the daily fluctﬁatiéns in these factors cannot be
assessed by a single measurement of écetylene ;eduction, great care must
be exercised wheﬁ quoting the>pqtential annual nitrogen fixatipﬁ for a
particplar plant, if it is obtained in this way.. However, as these var-
iations canﬁot be_éontrolled uﬁder field conditions, ény suéh estimate may
 pr§vé usefui in the context of a nitrogen balance sheet f0r'a particular
ecosystem,  Thus, élthough the fixatibn_rates measured at Haughley were
only valid for the time and conditions of the assay, these figures have

been extrapolated to cover the fixation over the growing season.

:6.5.2  As described previously, all the acetylene reduction incubations
in Ehe71973 season were performed_betﬁeen 09.00 - 11.00 hours because this
cqincidgd with the time of the mean fixation rates over the diurnal period
studied. For the determination of the potential nitrogen fixed in 1973,

figures for the l4th week were used from 1972 so that all the means used

" would be derived from a study of whole plants.
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Calculation :-

Age of plants Number  Mean fixation rates u Moles nitrogen/root/hour
(weeks) - of days Organic Mixed Stockless
7-10 21 11.06  15.12 28.76
10-12 14 17.30 . 55.90 78.95
12 - 14 . 14 10.69 56.47 70.42
14 -155 & 9 4,49 15.47 19.97
Then :~
pem N2 fixed = Mean fixation rate x number X weight of x Number of plants

of days 1 i M Nitrogen per hectare

' The number of plants per hectare was estimated to be 270,000.
Beli and Nutman (1971) Stated ﬁhat when the nitrogen confent of a harvested
crdp is quoted as a meésurevof the total nitrogen fixed, this was seldom an
overestimate. But the figures for the annual removal of nitrogen at
Haughléy bore little resemblance to this estimation of nitrogen fixation,

except on the Mixed section. E
Special Fertilizer Treatments

Section Organic Mixed Stockless = PPKK NNPPKK
KgN, fixed/ha/season  120.6  368.4 521.6 334.0 231.7
KgN2 removed/ha/season 321.0 381.0 311.0

The estimation of values for fixation on the special fertilizer treatments
was probably an underestimate because at week 14 only the figures for
- deczpitated plants were available; but the difference between PPKK and

NNPPKK demonstrated the effect of adding inorganic nitrogen.

:6.5.3 No figures for the .annual fixation of nitrogen were found in the ..
literature to relate to field beans, but the figures calculated at Haughley

lie within the range round for other crops elsewhere :-
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Lucerne ‘A 0 - 300_KgN/ha/year~ Bell and Nutman (1971)

Soybean 30 - 120 " ™. "  Hardy (1968), Weber (1966)
Clover 150 - 600 " " "  Munro (1969), Sears et al. (1965)
:6.5.4 The assessment of nitrogen fixation for the Haughley farm sections

suggests that the dépressant-effgct of the Organic manurial treatments upon
'syﬁbiotic nitrogen fixation,resulted in the,removal-of nearly three times
as much nitrogen in the crop as was fixed by the root nodules. If further:
studies which included the measurement of ﬁitrogen fixation over the whole
.seasoh corroboréted'these results, there would be a strong indication that
the organic manaéemént system eﬁplbying expensive manures was defeating
parflof the-aim,ofvusing legumes in the farm rotation, to improve the
nitrogen status of the soil. Conversely, the Stockless syétem appeérs to
pgrmit the fixation éf much more nitrogen than is removed annually by the
_crop. The loss of nitrogen from all three systems could be lessened if
.;he>dead stems of the plants were ploughed back into the ground, instead

of being rémoVed from the_field and burned, or used.as fodder.

:6.6 Nitrogen content of the nodules

Stahdard Kjeldahl analysis of the dried and ground root nodules
was carried out through the 1973 season, to determine the organic nitrogen

content of these structures. In order to provide sufficient material for

enalysis, nodules from all three sections were homogenized together.

Date Age of plant Nz.content of nodules
(weeks) Ngm/gm dry weight
30/4/73 7 38.4
21/5/73 10 - 64.3
7/6/73 ‘ 12 . 48.2
. 24/7/73 19 49,1
2/8/73 200 413
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This'indiéates that even after -the root syétems were dead, and long after
‘fixation_had ceased, the root nodules retained their high 1évels of nitrogen,
. which would be’réleased to the soil as they gradually deéayed. The maximum
‘nitrogen_contgnt occurred at the time at which plants on the Organic section

. were undergoing maximum fixation.

36.7_ ngrall,conclﬁsions of>the Nifrogen'fixation study
.:6;7'1_ "The nitrogeﬁ fixatioﬁ by Viciq faba plants was found to be
strongly influenCéd by seééon and by the farm management pfactiées.

| ‘The seasonal effect caﬁsing variations in the rate at which
nitrogén was'fixed;acted,through day length, the Age‘of nodules, and the
éhanging demand for nitrogen by the plant as the crop matured. It is
- poésible that the greater fixation rates recorded on the Sfocklesé section
Qére due to the 1arge_demand for nitrbgen for the‘high-yield of bean seed,
‘whereas on the Ofganic section low seed yield caused, or was the éffect of,

. low nitrogen fixation rates.

:6.7.2 The effect of farm management controlled the total amount of
nitfogeﬁ fixed per plant through.thercombinatibn of two partially
independent factors i-
- by modifying the number of effective nodules initiated on
‘each root
- by altering the efficiency of_nitfogén fixation per nodule.
~_The severe depression of nitrogen fixation found on the Organic

farm section is considered to have been caused by the high levels of

- available nitrogen which had resulted from the long-term use of organic
.. manures. The response of the symbiotic legume association to the level
of available nitrogen in the soil can be used as a biological assay to

confirm or replace chemical soil analyses.
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FINAL DISCUSSION

The aim of the resgarch project conducted at Haughley was to
evaluate and compare the dynamics of the agricultural ecosystem, under three
contrasting patterns of farm managemént. In each of the five main sections
~of the_text‘the methods of investigation used to determine the rate of energy
fixation (crop growth and yieid), and the magnitude of the floﬁ of geochemicals
through the system, are descriBed, and the results discussed. = Thus the
influence of farm maﬁagemenf upon each of several individual components of

the ecosystem has been identified. The purpose of this Final Discussion is

1. To draw together the individual conclusions from the previous
sections of the text, .to provide an overall picture of the agricultural
ecosystem.

2. To emphasize the most important findings of the research
project.

‘3. To suggest future spheres of intensified .research, designed
to examine more closely some of the results of this broad-based screening

operation. - - o

1. The overall picture of the agricultural ecosystem

~ The theme of investigation in this reséarch'has been to define

" the seasonal dynamics of the flow of geochemipals through the plant-soil-
soil water system. In order to provide a basié for quantifyiﬁg most of the
sourées and sinks for plant nutrients within a finite closed system, lysim—
eters were constructed for the second year field trial. As described in

Seétion»Z'(2;2.4) the 1ysimeteré provided only a very crude approach to the

problem, for due to several limitations of construction, conditions within

them tended to be dissimilar from those operating in the open field. However,
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the use of this equipmen; enabled the inexpenéive monitoring of the rate
of outflow of the soil-water percolate — this information proved to be
vimpossible-to Eollect frbm the whole-field studies. Using the results
fromithe lysimeter study, crude.balance sheefs were constructed for the
plant macronutrients - the magnitude of the annual flow through the system
was expressed in Kilogrammes/hectare/yeg;, 

For the purpose of.thé formﬁlégion of these tables, analytical
values gained from aifferent seasons have been collated with the lysimeter
results. For example, the coﬁparative study of symbiotic nitrogen fixation

by the legume crop was performed in 1973 - the fixation values have been

inserted into the appropriate colums on the Gain sheet for the 1972
éituation. The estimate for the high fertilizer (Sf) fixation was taken
to be equivalenf to the fixation recorded on the NNPPKK plot in 1973.

" Thus a cdmposite pictﬁ#e has been ﬁroduced to show the balance of
tﬁevGain and Losé of Nutrients to, and from, the system, in which 511 the
values are necessarily on1§ very approximate, but which alléws,some comparison

of the effects of the three management patterns to be made.

(1) Gains to the system

The addition of geochemicals to each system were supplied in :

:1. the précipitation.

:2. the manures and fertilizers

:3. the seeds sown

:4, the nitrogen fixed by the 1egume-symbionts

55. fhe nitrogen fixed by the free soil microflora

(The numbers refer to those additions listed in Table D:1).

The values for the non-symbiotic fixation of ni;rogen were taken
from the results of Basahy (1974), and are inserted as a guide to the

influence of farm management upon this process. The pattern followed was




" 'FINAL BALANCE ' SHEET

Gains to the Farm Systems (Kg/ha/year)

" Totals expressed to nearest whole number

Table D:1
Geochenical Input Cropped Fallow
0 M s st 0 M s st
Nitrate-N 1 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
3 0,02 0,02 0.02 0.02
Total 2,0 2.0 2,0, .. .. 2,0 2,0 2.0. 2.0. 2.0
Organic N 1 8.3 8.3 8.3 . 8.3 8.3 8.3 8.3 ‘8.3
2 398.0 - 103.0 50.0 112.0 398.0 103.0 50.0 112.0
-3 10.2 10.2 10.2 10.2
4 "120.6 368.4 521.6 232.0
Total 537 490 590 363 406 111 58 120
5 40 26 74 50 40 26 .74 50
Org. N + NO-N  Total 579 . 518 666 415 448 139 134 172
Phosphorus 2 68.0 46.0 35.0 120.0 €8.0 46.0  35.0 120.0
. 3 0.3 0.3 0.3 0.3
Total 68 46 35 120 68 .. 46 35 120
Potassium 1 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
2 80.0 35.0 35.0 198.0 80.0 35.0 35.0 198.0
3 0.6 0.6 0.6 0.6
Total .. 89 46 b4 207 88 43 43 206
Calcium 1 18.1 18.1 18.1 18.1 18.1 18.1 18.1 18.1
2 253.0 28.0 6.0 1.7 253.0 28.0 6.0 1.7
3 1.1 1.1 1.1 1
Total 272 47 25 21 271 46 24 20
Magnesium 1 14.3 14.3 14.3 14.3 14.3 14,3  14.3 14,3
2 49.0 10.0 0.5 1.7 49.0 10.0 0.5 1.7
3 0.2 0.2 0.2 0.2
CTotal . ... ... 64 25 15 16 . 63 24 15 16
Sodium - 1 131 13,1 13.1 13.1 13.1 13.1 13.1 13.1
2 12.0 - 1.2 4.4 12.0 - 1.2 4.4
3 0.1 0.1 0.1 0.1
Total 25, . .13, 14 18 25 13 14 18
Key : Input 1 = Precipitation over one year
. 2 = Fertilizer/Manure
3 = Seed content
4 = Nitrogen fixed by legumes
5 = Nitrogen fixed by free bacteria
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similar to that found for the fixation in the legume root nodules, with
a maximum in the séii where no organic manures had been supplied (Stockless
farm) and a minimum on the Organic farm. However it is unlikely that this
level of non-symbiotic fixation would have 6écurred in the field as the
values were bnly obtained afterimassive‘enriChment of the soil with glucose.
Table D:1 depicts the situation fo; both sizes of lysimeter,
because, although these differed in their surface areas, the additions are
expressed in weight per unit area., The differences between the cropped and
fallow additiohslwere due’' to the chemical content of thé seeds sown, and to
' crop nitrogen fixation. Thus, except for nitrogen, the total gains of.
geochemicals by the cropped and fallow lysimeters were equal, I Kg/ha."
As all the values on the table are approximate, this allows further

"simplification

Total Gains of geochemicals in Kg/ha/year :

Geochemical ' Lysimeter typev 0 M S S+
. [ E » .

N + NO,-N Fallow 448 139 134 172
Cropped _ 579 518 666  4l4

P '~ Fallow + Cropped 68 . 46 35 120

K Fallow + Cropped 89 44 44 207

Ca Fallow + Cropped 272 47 25 21

Mg Fallow + Cropped 64 25 15 16

Na- Fallow + Cropped 25 13 14 - 18

~ Although the flow of a greater range of geochemicals had been
investigated during the field studies, complete nutrient balance information
was not available in a form easily related to the lysimeter situation, and

therefore only the macronutrient values have been presented in these tables.




A diagram to illustrate the eight components which were considered when

constructlng the Net Annual Geochemical Balance Sheet for the agricultural

ecosystem at Haughley.

‘(The numbers in brackets refer to the categories used on the Gain and Loss

Tables D-1 and D-2,from which figures the annual balance was calculated).
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There were two limitations which further restricted the -

_accﬁracy of the figures shown on Table D:1 :

¢ Due to the very large concentrations of nitrogen in the
fertilizers and manures the sensitive methods of analysis used for the

- plant and soil samples were swamped - no accurate estimation was possible.

Therefore all the nitrogén in these additives has been included into the

table under the one heading of Organic nitrogen.

: It was impossible to estimatg accurateiy the levél of nutrients
remaining in the Organié farm soil from the application of manure which had
been made in the.previous year., As it wés necessary to provide a figure
on the table for each geochemical considered, an arbitrary figure of 757
of the initial nutrient value (Section 1:2.3.2) of the manure supplied,was
used to represent the probable remaining level.

An indication of the beneficial value of including a Ieguminou57
| crop in the farm rotation is shown by the difference between the Gains in
Organic nitrogen,for the cfopped and fallow lysimeters. | A significant
.rélationéhip can be seen to haQe been operatiné befween the level of

nitrogen applied by man, and the resulting fixation of nitrogen by bacteria :

‘Source of nitrogen .0 M S S+
Fertilizer/Manure 398 103 50 112
Legume symbiosis 121 368 522 232

Clearly the higher the prior addition of nitrogén, the lower the fixation
rates; It is noted from Section 5 (5:6.4.3-2) that despite a massive
épélication of inorganic nitrogen to the plot NNPPKK, the resulting
'depression of fixation was still not as severe as was experienced on

the Organic farm.
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(2) Losses from the system

Althodgh.itvwas péssiblelto simplify the presentation of

the Gain'éheét (D:1) by equating the values for shallow and deep, cropped
and fallow lysimeters, no similar simplification of the Loss sheet (D:2)
cén be made - tﬁe loss of geochemicals in the leachate (6) and in the
harvested Crop (7) wefe.considerably differenp;,depending élosely upon the
lysimeter size, depth and use of éoil. With the excéption of denitrific-
ation.(figﬁres ffom Basahy 1974), thé only loss assumed to be suffered by
the fallow lysimetérs was throﬁgh leaching of the soil by the‘percolating
rainfall,

lAUIf.a comparison is made betweeﬁ the losses from the deep and
~ shallow containers, it can be seen that for all geochemicalé except phosphorus,
the leachate loss Wés greatest from the former type. Except for potassium,
which is.a relatively»immobile ion like. phosphorus (Cooke and Williams 1970),
.,the‘extent'to which the loss from Deep > Shallow differed was very large.
For the felative depth of soil, less rain fell onto the deep lysimeters, but
the lowere;vaporation rate, and the inclusion of the lower soil horizonms,
enabied the leaching of greater quantities of the alkaline earths (especially
calcium) frém‘this type. As discﬁssed in Section 2 (2:6.2.2.6), the loss
of geochemicai;‘from the deep.lysimeters was probably more closely akin to
tﬁat founa in.the field thén that shown by the shallow type. However, the.
- loss would Stili be an overestimate of the actual nitrate loss, and probably
:-:a_slight underestiméte-of the loss of the alkaline earths. )

~ Comparing the losses of geochemicals in the leachate alone,from
the cropped and fallow lysimeters, these were always greater from the latter
type, due ﬁo a combination of factors. Where there was no crop, the un-—
protected:soil surface would have been more vulnerable to leaching, and where

. plants.wére growing, some of the geochemicals otherwise available for leaching

would have been taken up into the plant biomass. The only exception to this




FINAL BALANCE SHFET

',Sodium'f

Losses from the Farm Systems (Kg/ha/year)

Output 6 = Lysimeter leachate over one year
’ 7 = Crop removal at final harvest
8 - Denitrification by soil bacteria

Table D:2
Geochemical Qutput - Shallow lysimeters Deep lysimeters
0 M s st 0 M s st
1. CROPPED
Nitrate-N 6 1.5 1.5 1.5 1.5 © 6.0 4.6 5.3 9.0
o 7 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
Total 2.0 2.0 2.0 2.0 6.0 5.0 5.0 9.0
" Organic N 6 7. 7 8 7 44 30 51 65
‘ 7 80 105 115 120 80 105 15 120
Total 87 112 . 123 127 124 135 166 185
-8 55 24 5 4 55 24 5 4
Org. N + NOé-N Total 144 138 130 133 185 164 176 198
Phosphorus 7 8 10 12 12 8 10 12 12
Potassium 6 0.7 0.3 0.6 0.7 3.0 0.9 0.9 0:9
' ' 7 37 27 45 35 37 27 - 45 35
Total 38 ©27 46 36 41 28 46 36
Calcium 6 15 18 15 9 75 84 105 99
: 7 12 20 34 25 12 20 34 25
Total .27 38 49 34 87 104 139 124
Magnesium 6 1.0 0.8 0.5 0.4 3.6 3.7 3.3 3.0
‘ 7 2.0 3.0 3.0 6.0 2.0 3.0 3.0 6.0
Total 3 4 4 6 6 7 6 9
Sodium 6 2.1 1.7 0.9 0.8 9.3 7.5 7.5 6.6
7 1.0 5.0 1.0 1.0 1.0 5.0 1.0 1.0
Total 3 7 2 2. 10 13 9 8
2. TFALLOW
Nitrate-N 6 3,0 1.8 1.5 1.5 9.0 2.8 7.5 12.0
Organic. N 6 12 9 6 12 45 12 75 86
o 8 55 24 5 & 55 24 5 4
Org. N + NO,-N  Total 70. . 35 .13 .18 109 39 . . 88 .. 102
Potassium 6 1.7 0.4 1.2 0.7 1.2 0.3 2.1 1.5
Calcium 6 30 30 15 21 126 36 150 108
. Magne§ium 6 1.3 1.0 0.7 0.7 3.8 1.1 4.8 3.5
6 3.3 2.1 1.5 L5 14 2.0 7.5 9.3
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rule was shown by the deep 1y51meters of the Mixed section where the: the
values of geochemlcal loss were greatest for the cropped soil, but this
was due entirely to an internal blockage of the outflow pipe from the fallow
contarners, effectiye from September 1972 - March 1973. Except for sodium,
pwhere the difference of loss in leachate and‘CrOp was small, the major loss
of nutrients from‘the cropped lysimeters was contained in the plant material'
 removed at_the time'ofbthe final harveet. Although the bean seed yieids

in the iyeimeters were considerebly'below thoee recorded in the field, in

' order to retain the situation found within the containers, the field data
were not eubstituted into this table. Therefore the actual field loss of
geochemicals in the plant biomass was generally above that indicated here.

(see Section 4:5.4.5).

(3) Net annual geochemical change

By subtracting the values of the annual losses from the system
(Table D:1), from the values of the annual gains to the system (fable D:2),
the net annual geochemical change id each farm system can be defined'
(Table D:3). |
As mentioned id thie diseuesion of Table D:1, the nitrate—pitrogen

figures are not truly representative of the values for the actual gains and

losses of this ion because of the exclusion of the fertilizer and manure

content. Therefore the negative values, showing a net annual loss of nitrate,

‘must be passed over, except to reiterate how much greater the loss of geo-
Acheﬁicale,was from the deep lysimeters.

It is significant that, despite a greater content of easily
exchangeable, and therefore petentially leachable, plant nutrients in the
Organie soil (Section_l:3.2.2), that system did not demonstrate a net annual
less oflany of the ﬁain geochemicals copsidered. By contrast, 511 sections
‘receiring'inorganic fertilizers showed such losses, partieularly of calcium,

.pdtassium and nitrogen, under both cropped and fallow conditions. Except




Final Balance Sheet

Table D:3 Net annual géochemicai change (Kg/ha/year)

The figures’ihdicate the net annual gain, and the net annud loss
- (with minus sign)

Geochemical . ' Shallow lysimeters ' C ﬁeep lysimeters
0 M s s+ 0 .M s s+

1. Croghed :

 Nitrate- 0.4 0.3 0.4 0.3  -h1 2.8 3.4 -2
i. organic N 450 378 467 2% 413 . 355 424 178
ii. Nitrogen 395 354 462 232 356 328 416 167

_iii: Nitrogen 435 380 536 282 . 3% s o490 217
© Phosphorus 60 36 23 108 60 36 23 108

Potassium 51  17- 2 8 16 2
Celeiwm 265 9 -2 -13 . 185 =57 -114 -103
V_ Magnesium 64 . 21 1 10 s o189 7
Sodiwm - 22 6 ~ 12 16 15 o 510

2, Fallow :

Nitrate-N -—1.i 0.1 - Q.4 0.4 -7.1  -0.9 © -5.6 -lo.1
i. brgahic N 394 102 52 108 - 361 ; .99 -17 34
'ii. Nitrogen 338 78 47 | 104 299 74 28 20

iii. Nitrogen 378 104 12i 156 . 339 -100 46 70 .
Phosphorus  68. 46 35 120 68 46 35 120
Potassium 86 43 . 42 205 87 B 41 205
Calgium 261 16 _ 9 - -1 145 10 -126 '-és
Magnesium 62 23 Y 15 .- 59 23 10 13
Sodium . 22 11 13 17 u- o1 7 9

Key : Nitrogen i. = soil fixationm, denitrification, and nitrate-nitrogen figures omitted
ii. = denitrification and nitrate included

iii. = denitrification, nitrate and soil fixation included.
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" for sodium, whefe the Mixed plants demonstrated a very high uptake, the
maximum loss (or minimum gain) of geochemicals was always found on the
Stockless section where there were no remains of organic manures to stab-
ilize the availability of the soil geochemicals. Organic material serves
.to bind certain comﬁounds into its ﬁatrix (1:1.3) and will also only
gradually de;ompose to release the initially ‘unavailable nutrients into an
available férm.‘ Iﬁ éomparison, when artificial inorganic feftilizers are
added to the soil, most of the coﬁtained nutrients are immediately available,
for plant.uptake or leaching by the percolating soil-water.

The extent of the loss of the calcium, magnesium and sodium from
the normal Stockless systeﬁ.was closely copied By that from the high fert-
ilizer treatment (S+), and the loss over the year was much greater than from
the.Organic‘and Mixed.systems. '.However, due to their relative immobility,
the levels of phosphorus and potassium, which were supplied at a greater rate
in the S+'1ysimeters, reﬁained at levels 306-500% higher than in S, through-
out the season. Thus, the use of significantly greater quantities of fert-
ilizer than is normal did not greatly increase the threat to water system
eutrophicatidn, except marginally so. for total nitrogen.

The most realistic of the nitrogen figures listed is probably ii.
which included the denitrification and nitfate-nitrogen estimates, and the
legume fixation values, but oﬁittéd the probably inflated values of the non-
symbiotic fixation figures. Using this category, it can be seen that the
most advantageous system (where most nitrogen was conserved) was the Stock-
iess system, due to the maximum level of symbiotic fixation. Most of the
gain in nitrogen‘on this system was obtained without any financial investment
by thé farmer, whereas most of theAapparently largé gain in nitrogen on the
_Organiﬁ farm originated from the heavy applicétion of expensive animal
manures. Despite a high investment in nitrogen fertilizers on the st plot,
the nét annual gain was the lowest for all systems, due té the dépression of‘

fixation. The Mixed system showed a lower net annual nitrogen gain than
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either of the other normal systems, but a greater proportion 6f the gaiﬁ
was derived from legume fixation than on the Organic system and, addition-—
ally, the Mixed farm gave the highest bean seed yields.  Thus, with the
.exception of nitrogeﬁ, the net annual gain of most geochemicals followed

the pattgrn O0>M >ls;'no matter whether the soil volume considered was deep

or shallow, cropped or fallow.

-2, The most important features of the research results

The findings shown by the construction of the balance sheets
must be considered in conjunction with the conclusions drawn from each
section of the total investigation, as many of these are not referred to

by the figures on these tables.

(1) The research was conducted .against the background of
differences found in the rooting medium, which ha& been brought about as a
result of the different farm'managemenf systems practised over a period of
thifty years. The chémical and physical analysis of the soil showed that
" the use of organic manures on the Organic and Mixed farms had improved the
lével'of‘organic matter,_énd the soil's potential ﬁOisture content. There

o

waé a close relationship between the amount of nutrients supplied to the soil
in the manuregaand fertilizers,vand the concentrations found in the soil
during the seasonj with the'maxima_of most geochemicals occurring where
orgaﬁic manures had recently been applied.

The_organic manures were shown to be a better source of exchange-
able nitrogen, ﬁhosphorus and potassium than artificial fertilizers as, in
addition to a high intrinsic nutrient content, théy encouraged soil stability,
. and the;zgradually released their own nutrients to the developing crop plants,
during the season. .In theory therefore,the Organic and Mixed farms should

have provided the best rooting medium for the healthy growth of crop plants.

It was shown that per unit weight, the organic manures actually provided




233

‘less nutrient additioﬁs to the soil than the highly concentrated inorganic
salts, but due to the massive rates of application of manures, the avail-
ability of nutrients on the Organic and Mixed farms was maximal. For this
‘reason the Organic system posed a possible threat of eutrophication to the
water draininé from the land. The most serious threat, however, came from
the Mixed farm where nutrients Qere supplied in the form of both organic
.manufes, and anﬁual artificial fertilizer applications. Even so, the WHO
preferred safe limit for nitrate-nitrogen concentrations in water,was never
exceeded, even where leaching of this ion had been artificially increased

" by the construction of 1ysimeters.

Only the coﬁcentrations of heavy metals and phosphotus in the soil
were unaffected by farm management. It has been shown that due to great
immobility, the annual addition of phosphorus to the soil of each system
tended to cause a progressive accumulation in the soil horizoms, so that
adequate supplies were available for crop growth,even where no fertilizer
was'applied in the experimental season. The loss of phosphorus by ieaching

was found to be negligible when the analysis of the percolate was made.

(2) A study of the chemical composition of the water draining
ftom the lysimeters and fields,revealed that the maximum concentrations of
1eached-geochemiCals did not occur during the same season as the maximum
total weight loss of the geochemicals from the soil. The maximum concentr-—
ations occurred during the three months followihg the application of manures
(Nevember),and fertilizers (March), but the maximum total losses occured
durlng the season of maximum rainfall (September - December), especially
“after the disturbance of the soil during the harvesting of the crop. This
seasonal pattern "of loss was independent of the farm management type ~ the
only exception was found to be the shallow fallow lysimeters where, due to
en unprotected soil surface, maximuﬁ 105s‘occurted during the sumﬁer. In

general, the magnitude of the leaching losses followed the pattern of the




23k

total volume of water dfaining through the soil, and the rate of nutrient
application to thé-soii, within the framework of Ca > Na > N > Mg > K> P,

a pattern which closeiy mimicked.that of the supply of geochemicals in the
.réinwater. Analysis of the rain showed that a greater quantity of potassium,
'magnesium and sodiqm were supplied per unit area of field, than was lost in
the drainage water, even from. areas where hiéh potash fertilizer had beeén

applied.

(3) The main evaluation of the long-term effects of the three
management systems, and varying application rates of fertilizers was made

using the crop Vicia faba L. as a phytometer. Despite the differences in

nutrient availability_bn'the three systems, the growth performance of the
bean plaﬁts showed almost no significant differences on any of the farms,at
any level of fertilizer application. It must therefore be assumed that on
all the farms the Background level ofvpiant.ndtrients was adequate for
~efficient crop growth, and that any further application of geochemicals was
"surplus to-tﬁe crop's requirements. The only apparent effect of varying
the rateAdT nutrient input was to reduce or extend the length ofitime
required for the plant to achieve its growth maxima.

The only major effect of farm management upon any‘éspect of the
performance by the phytometer was.upon its yield, wheré increasing the
.fertilizer appligation rate caused an increase in the bean seed yield. When
comparing the fields where organic manures had been applied dufing the previous

year to each of the Organic, Mixed and Commercial fields studied, the yield

followed the pattern M =C >0 S. The practice on thé Commercial fields
was to supply heavy applications of manures every year, so that although not
measured.by soil analysis, the nutrient availability on that section would
probably have Been the maximum to be found anywhere at Haughley. However,
the nutrien£ inpﬁt, and hence the financial investment, was less on the

Mixed section. 'Thﬁs the Mixed farm would be the most economically rewarding

for the farmer to use, with a lower nutrient input than on the Commercial farm,

but with the same yields.
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Before the phytometer was used to evaluate the effect of farm
management systems upon the soil, an investigation had been made into the

possible long-term-effects of imprinting the crop on each farm system.
The hypothesis was made that the continued growth of a crop (in rotation)

upon farms differing in their‘nutrient availability.might have caused a
physiological adaptation of each imprint type to be able to grow more
efficiently upon its own system. However, this hypothesis was largely dis-
proved by a greenhouse and field trial. VAlthough.there were some differences
in the growth performance of-the three imprint types, these were largely non-
significant, and could_have been purely due to natural within-populatinn
variability, which had been emphasized by the use of very small samples.
Because of the observed lack of differences in the growth of the plants on

the three farm management sectlons (referred to in the previous two para-

' graphs), 1t was probably:the hlgh background 1eve1 of plant nutrients on all

' the farms whlch prevented the process of 1mpr1nt1ng from hav1no any ‘evol-

utionary' effect upon the physiological requlrements‘of the Vieta f&ba crop.

(4) In order to investigate the flow of geochemicals from the soil
into the 'standing biomass of the crop, the plants used for the measurement

of the growth parameters were subjected to chemical analysis. Because this

study was designed to be a comparative one, and not to define the absolute
values for crop chemical composition, the main textusection did not discuss
the actual chemical concentrations excep't ‘where these were o‘f particular
interest.

It was found that neither the process of imprinting, nor the farm
management type, nor fertilizer application rate, altered the main location
of the geochemical‘eoncentrations in the plants. The treatment also showed
'no effect upon the seasonal pattern of the variation of concentrations in
veaeh separate plant part. There was no evidence of any 'eutrophication'
of any part of the plant by an accumulation of nitrates, but-a marked death

reaction occurred by which there was a dramatic increase in the uptake of
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hea?y_metals, in particular lead, after the deafh of the.;oots. »The
magnitude of the flow of lead into the plant was considered fo be at a
possibly'dangerous levei, particularly if large quantities of the bean seed
were conéumed. The accumulation of thié toxin did not appear to Ee related
to any particular farm management bractice.

‘Due to the presumed-adequate,lévél of plant nutrients in the ﬁon-
fertilized soil, the uptake of geochémicals from the various treatments on
the Stockless section did not accurately reflect the rate of addition of the
extra quantities of fertilizer. This lack of response correspohded well
with thé results found from the comparative growth studies. However, except
.in young plants, there was a direct relationship between the rate of appli-
éation‘of inorganic fertilizers and the uptake of potassium and aluminium
| By the plaﬁts. For some reason, possibly due to-complexing between the
added nutrignts and the heaﬁy metal ions in the soil, the greater the appli-
cation of fertilizer, the lower the uptake of'copper and zinc by the crop.

When the geochémiéal composition of the crop plants from the three
main ménégemént sections was compared, the concentrations of the alkaline
earth macronutrients were‘found to be directly proportional to the soil content.
Although the potential supply of the three most important plant nutrients
(N, P, K) was gregtér in the soils treated with organic manures, the conc-

entrations of these tended to be greater in the plants grown on the Stockless

farms. = This could possibly have been due to the greater initial availability
of these elements in the inorganic salts, or the uptake may ha&e been in-
fluéqced by the Kirkby-Mengel effect (4:1.3).

As soon as the plant weight.was taken into consideration, to
evaluate -the effect of férm management upon the total geochemical content of
the standing crop, the maximum content was always found on either the Mixed
or Stbckléss fields. This was due to the characteristically low dry weight
éf.the'plants 6n the Organic section, which in the open field resulted from

the great competition with the high population of weeds, especially charlock.
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_This'factof could have only been avoided within the constraints of the

Organic ménagement, by prodigious hand hoeing, as no chemical herbicides

were aliowed. - Thus weed competition reduced the potential yiela of the
otﬁefwise idgal rooting medium to a level far below that\qf the other farm
.sections. Although the chemicél compositioq of the crop on the Mixed field
was only studiéd during one field trial, it is concluded that due to a lack

of competifion ffom weeds on the Mixed and Stockless sections, the maximum
geochemical conteﬁt of the standing crop glways followed the pattern of
M>§8>0. This demonstrates that é complex of interacting factors influences

the uptake of nutrients into the plants, which cannot be predicted by the

~ chemical analysis of the soil alome.

(5) The Gain sheet (Table D:1) demonstrated the value of inclu&ing
a legume in the crop rotation - resulting in a‘great input of naturally-fixed
ﬁitfogen, benéficial to the gucceeding crops. it is well-documented in the
literature that tﬁeﬂievel of available nitrogen in the soil strongly influences
the éymbiotic fixation éf nitrdgen. This research project Eonfirmed that
high soil nitrogen inhibits the-formation of noduleg, and reduces the fixation
rates of those that do form. The responses of nit?ogen fixation.are governed
by many'factors (5:1.3) but it was considered that this phenomenon provided

- a means of biologically assaying the nitrogen levels in the soil of the three

farm sections.

’

It was found that nodulation-developmént énd distfibution on the
root_were:strongly_influenced by_seaéon, farm manageﬁent'and the rate of
application of nitrogenous fertilizers. Each pa?£icular farﬁ section
influenced the :ate of decay of the initial nodules, and the rate of re-
'hodulatioﬁ éf the bean plants according to a predictable pattern. The numBer
of Iarge pink nodules which developed upon the tap root was determined to be
a good assay of the level of available nitrogen in the soil - the results

" indicated the same relationship between the farm sections as had been found
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by che@icalvanalysis of the soils. T A strongly seasonal effect upon
nitrogthfixation was found, presumed to be due to a changing demand for
nitrogen by the developing ﬁlant, and to changiné temperature and daylength.
The timing of the maximﬁm fixation and nbdulatibn was found to coincide with
fhg time of maximuﬁ flowering, and that of renodulation with the initiation of
bean seéd formation. | |

The farm management effeét shown on Table D:1 was for an iﬁcreasing
rate of nitfogénAfixation to occur as the available nitrogéﬁ contené'of the
sbil_feil. . However, the.demahd for nitrogen by the piant also influenced

bfhe ?%te.of fix;tion - thusAthé low. bean seed yield‘on the Organic section may

" have beéﬁ'partially caused by, or .have been the effect of, low fixatién, and
3_‘vigqfvg;sé on the"Stockless section.

FZHa§ing discounted the possibility fhat_tﬁe low fixation rates on

-thé’Ofgghic section wefe'due to any other recognised factors (5:5.3.4), it
1 is,COﬁéiﬁded'that the measurement of potential nitrogen fixation provides a
ﬁofthwhile biological assay of the level of available nitrogen in the soil.

It was this character of the soil which was one of the major differences
between the farm management sectioﬁs, assumed to be_the,maiﬁ resul; of adding
organic manures to the soilever a thirty year peribd.

Nowlthat-agricultural economists are aware of the problems of the
increased éosts of farm management, it is somewhat of a contradiction to
élosely_combinelthe use of a legume crop with the applicafion of organic
manures, as the second practice:defeats part of the object of the first.

'Yét,,é; Haughley, the bean fields on the Organié section selected for the
nifrbgen fixation studies had all received heavy applications of organic
manure§ duringAthe preceding winter. This ensured the maximum level of
available soil nitrogen during the growth of the bean crop, causing a

maximum reduction in the nitrogen fixation potential of the bean root

nodules..
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FINAL CONCLUSIONS

The conclusion from the ecological evaluation of the three systems .
of farm.ﬁanagement at Haughiey, using the field bean as a phytometer, is that
the methods of management have caused changes to occur in the availability of
nutrients in the soil, whlch strongly 1nf1uence the yield and nitrogen fix-
.ation’potential of the crop. The most economical and geochemlcally viable
;system was.shown to be that of the Miied farm where both organic manures and
inorganic fertilizers were employed. Upoh this system there was a maximum
arailahiiity of soil nutrients for crop greﬁth, and hence a maximum yield of
bean'seeds. Provided that the addition_of manures to the system did not
occur within less than two years of'the'planting of‘a bean crop, an adequate
‘natural éymbiotic fixation of nitrogen was possible, which would greatly
’ _henefit the followingtcereal.crop.

The only problem which coul& be associated with the widespread
hee'of this s&stem of farm management would be that, parallel to the maximum
availability'of soil nutrients‘forAthe erOp growth{ there would be a high risk
of waterisystem eutrophication. Even so, the 1eve1s of nitrate suggested to

-be dangerous by the World Health Organlzatlon were not approached, even where
E the loss of this 1on_was artificially increased. On the basis of the results
'.7from.the lysimeter etudy, nohe-of the.systems investigated would appear to

pose a serious threat of nitrogen or. phosphorus eutrophication.
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-3, Recommendations for future research |

From the results and conclusions derived from the research project
at Haughley several recommendations can be made for more detailed research.
to be conducted, to determine how widespread the occurrence of these

phenomena are :

(1) In order to»complete thg iﬁformatioﬁ and balance sheets from
Haughley, automatic monitoring systemé of the fieldAdrainagé outflow points
should.be set up, to eﬁable a more accurate éstimation of the actual ioss of
water and geochemicals'froﬁ éach farm management system under normal field
conditions. This would indicate the poésible severity of a.eutrbphication

Te

threat from the Mixed farm system, ' ..

(2) Exhaustion studies on the soil at Haughley could be conducted

' to determine the extent to which the natural background level of nutrients is

adequate for crop growth.

(3)‘ A full inVestigafion could be made into the physical structure
of-the soil from the three farm systems to determine whether changes had been
cauéed over thé past thirty yeérs.which.éould explain the differéntial avail-
abilitonf.the major plaﬁt nqﬁrients.- It would alsb be interesting to |

further elucidate thejekactlform in which the geochemicals exist in each soil.

(4) On a wider scale it 'is considered important that a survey

should be made to determine how common the phenomenon of lead accumulation is,

. particularly in the seeds of cereals and grain legumes, where the grop is

harvested after the death of the plants. Additienal research should try to

identify the source of the lead, and the form in which it occurs in the plants

- i.e. whether or not it is biologically active, @and therefore toxic, to

~consumers.
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(5) A survey should be made of the farm management practices
used wheré legumes are inéluded in crop rotations, fo determine to what
extent‘the‘natﬁral nitrogen fixation potential of the crop is being lost
by inefficient farm systems which supbly high levels bf available nitrogen

to the soil, immediately prior to the growth of the legumes.

" (6) An inVestigation could be made into the possible sources
of the high levels of geochemicals in the rainfall which could pose problems

of eutrophication to the water systems.
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APPENDIX




So0il characteristics of the Haughley Research Farm

The Haughley Research Farm lies in gently undulatiﬁg countryside
on Kimmeridgian chalky boulder clay at an altitude of 200 feet above sea
level.™

In 1961 Williams and Cooke at Rothamstgd described a soil profile
from each farm maﬁagemeht type, and a complete soil survey of the farm was
éémpletgd by the Soil Survey of.EngLand and Wales in 1968. These reports
are.combined with observations made during the course of the current research
to determine the soil patterns in the fields used for this project.

Four local phases (1, 2, 2A, 3) of the Beccles .series (Corbett
~and Tatler 1970) are distinguishable over the area of the farm, but a
complete map has not been made due to the very complex mosaic of the phases.
All phages éhow'a-slight impedance below 25 cms to a variable degree, which
ié indicated by thé'mottled colouration of the lower horizons. All contain
calcium carbonate throughout the profile, and in the upper layers have.a
moderate organic matter coptént, though very little in the lower horizons.
The surface horizon is ;eported to be similar over all fields, consistihg
of an olive-broWn clay-loam of a consistent texture. However during the
course of this study, it was noted that the surface soil of ﬁhe Organic
secﬁion’ﬁields'had a firm structure where the crumbs were easily éetached,
_with.many earthworms, whereas that of the Stockless section fields had little
_structure,Athe clods being difficult to break épart, and with few earthworms.
The Mixed section soil was similar in structure to that of the Organic
.séction;'but had few earthworms.  The colour téo was seen to vary, the
‘Stockless soilAbeing a lighter brown than that of the Organic section.
However -these qualitative differences were only evident by observation, and

were not found to be quantifiable in scientific terms, with the exception of
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the measured variation in the organic matter content,which could account for
some of the observed structural differences. The main distinctions between

the profiles occur in the lower horizonms.

Phasevl i~ occurs as a discontinuous W - E band across the farm, and of

the fields used for this research only Oxer (Organic) and Seven Acres (Mixed)
lie fully within this soil type. - The part of Chestnut Tree East (S),used
for the inﬁeétigation of the effect of the special fertilizer treatment upon
- nitrogen fixation in 1973; also lies Qithin this phase. The soil is derived
from éalcaréous clay, the upper horizon of 25 cms of olive brown sandy clay-
-loam being sharply diétinguished from a.variable thickness (13-46 cm) of
bright yéllow—brownAsandy clay with no chalk particles. Below this lies a
pale yeliow—bfown’clay.mo&tled with grey and white due to a high proportion

- of chalk3énd intenSé gleying. Large and small partiélés of chalk occur in

this layer of prismatic structure.

Phase 2 := is the most extensive, and all the fieids (whole/in part),

used in the three year étudy, o;her than those mentioned above, occur within
 this soil fype. The parent material of»phqse 2 is also derived. from a
”calcareous clay, but -contains morgiCIay and less fine sand than phase 1.
‘The top two layers are similar to>phase 1, although the lower one is more
éonsistent in its extent (25 cms). The lowest layer is much darker than

in phase 1, but still contains abundant chalk particles;

fhase 2A :— iﬁ some fields on the farm, in the lower layers an additional
grévelly layer may be found. This occurs in'Road (S) and Gypsey (M) which
were used in 1971 and 1973 respectively, but the local areas chosen in
these fields were outside the boundaries of phase 24, so that the drainage

through.the soil profile would be similar to the other fields studied.
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‘ - L Deep lysimeters

The deep lysimeters were constructed from commerciai'plastic
dﬁstbins-which were sunk into the ground and refilled with the soil.
Brass conﬁeétqrs,with 1engths of clear ﬁolYthene tubes, drained from the
- base of_tﬁevdqstbih$ into the pdlyfhene collecting-vessels.. - The dustbins
wefe 0;35 metres in diameter at the top (surface area 0.108 square metfes)
and df47 ﬁétres dée§,
'&hé spaces between thé'lysimeters iﬁ the field wefe sown with
, bérley; to minimize the edge effects on the crop stands within the
'v':lysiméteré, and to camouflage the_isolaped bean areas from the birds.
| The diagrams below show.the cross-éections of the lysiﬁeter

"constructions;

hea?y gauge
polythene

0.25 metres
sheeting -

L

. 505 ' . e S _
-refilled - coarse gravel QE==============£========= '~ drainage pipe
soil - ' : , : R

2.Deep Lysimeters:

‘ S litre black
ivolythene collecting
. vessel
e ‘ AT,
&‘)’W - W H-

refilled soil:

~ commercial plastic
] dustbin
-upper layer

-lower layer

coarse gravel - . P . .
SEEE e drainage pipe . —~¥L1 5 litre black

polythene collecting
vessel
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" 'Collection and storage of water samples

The total volume of the lysimeter leachate draining into the
polythéne containers was measured at monthly intervals, when a sample of
125 mls of the agitated total was collected in a small polythene bottle.
These samples were filtered before being placed in the deep freeze to
" await chemical analysis.

-'Samples of water drainiﬁg out of the field tile-drains were
-collected when these were at peak flow raté, the water being similarly
filtered prior to freezing. There have been several reports concerning

the chemical alteration of water samples on storing in glass and polythene

containers (Rainwater and Thatcher 1960; Struempler 1973), due to ad-
sorption or release of compounds (particularly phoéphates)‘by the container
walls or the associated bacteria. It has been sﬁown that this can be
avoided»by the addition of small volumes of various organic compounds, or

by deép freezing the samples (Heron 1962).




| ~viii-
CROP GROWTH

1. Preliminary Growth Analysis - Greenhouse Pot Trial

The flowervpots were a?rénged in nine Latin squéres over the
benches in the’greenhouse;which meant that the slightlf.variable conditions
of light and temperature were averaged out over éll treatments. The Latin
squares-ensﬁred a maximum ordered disorder ok.the different combinations of
- the seed imprint type (Tic 0, Tic M, Tic S), and sbil type (Organic and

Stockless).

Arrangement of Latin square :-Where capital letters indicate seed type

' Vicid faba var. Tic) and lower case letters indicate soil‘types +-

Os Ms . Ss 09_- Mo Sé
Sé Oo Mo So Os Ms
Mo Ss O0s Ms Ss Oo
Ms Ss ©Oo Mo So Os
0o Mo So Os Ms Ss

S0 0s Ms Ss Oo Mo’

The lighﬁ was provided by eight Phillips 400 watt mercury ..
.-VaPour horticultural laﬁps, to give a photoperiod of 17 hours from midnight
to 5.p.m. The additional heat"p;ovided by fhesejlamps helped to prevent any
undue fall in temperature in the early morning. The temperature was main-
tained at 19 —»210C, and the relative humidity at 80Z.

The seeds were initialiy planted at the rate of three per 10 cm
pot, and ﬁere covered by black polythene for one week to stimulate germin-—
ation.  Later in the experimént this rate of planting proved too dense,
and thé,plants were thinned to one planﬁ per pot. Samples were taken twice
per week, pots being remo&ed at random from the Latin squares. The pots

were watered as evenly as possible on every second day, with a distilled

water sprinkler.
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Meéasuremert of plants

(l)A Shoot:léngth - measured by metre rule from the point at
~which the soilASurface occurred, to the base of theAyoungest leaf in the
~""'apicé-l.lishoot.

) Leéf area - measured as.described by Blade (1943), and
modified by'Blackﬁan and Wilson (1951). The leaves were removed from the
‘.'stém;gnd.were'piaced betweeﬁ two sheees of glass illuminated from below.

The outline of each leaf ﬁas drawn upon paper of uniform thickness, the
weight of which had'been"calibrated.against area (in square céntimetreg).

" The paper'léaf?pﬁtlines were cut out, and collectively weighedlfor each plant,
their afeavbeihg calculated from the calibration table. This method proved

more accurate .than the use of the leaf area meter.

(3). Dry weight - adhering soil particles were washed from the
roots with tap water, followed by distilled water. The plants were separ-
ated into leaf, shoot and root fractions which were dried at 105°C for 24

. A _

‘hours, by which time a constant weight had been attained. The samples were

cooled in a dessicator prior to weighing and chemical analysis.

. (4) Leaflet pairs - the leaves of Vicia faba are compound,
each being.composed of several elliptical leaflets arranged in pairs along
a central axis. When the number of leaves was used as a growth parameter

(1973),the results were expressed in terms of the leaflet pairs per plant.

2. 1971 Field Trial

The plots used for this field trial were shared with A.Y. Basahy
who was carrying out a similar growth study on barley under the four treat-

ments. The plan of the plots is shown overleaf - the blank plots were

used for the barley study.




1971 Field Trial Plots

Organic_Field

No fertilizef

Scale Imm.= 1lOcms.
Tic Tic Tic Throwsl
0 S M (o]
Throws Tic. Tic . Tie.
S o S M X N
Tic Tic Throws Tic
S M M (o]
Tic Throws _Tic Tic
M S (o) S
Stockless Field
-Te=Tic variety.
Th = Throws variety Scale Imm = 15cms.
Te Tc. Te Te. Tec Tc
M S M S M S.
Tc Th Tc .Th Tc Th
o] (o) 0] e 0 o] N
Tc Th Te Th Tc_ Th.
Q M [e) M [¢] M
Te Te Te Te Tc Tc
S M S M S M
Th Tc Th Tc Th Te
S . 0 S 0 S (¢]
T Te Tc Te Tc Te
G s M S M S

- 375 kg fertviliier/ha 625 kg fertilizer/ha
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3. Water - upon collection of the samples from the field drains,
lysimeter bottles and rain gauge, the water was filtered and stored for
analysis in a deep freeze. The samples were used for analysis immediately

after thawing out.

1. . Nitrogen
1:1 : Nitrate?nitrogen
“1;1.1 Phenoldisulphonic acid method - used for water, soil

and plant extracts in 1970-1972.

“Nitrate was quantitatively extracted from the ground dried
" plant materia1; and sieved, dried soil,by a short period of agitation in
Water’(Roller and Mckaig 1939). The phenoldisulphonic acid method depends
on'the,nitrationvof the acid by the nitrates in the aqueous solution.
'thder alkaline conditionsrthis results in a yellow colour, the intensity of
which is difect1y proportioﬁal to the concentration of nitrate in the sample.
The cblqur was meaSured‘at 420 mu.ip abépectrophotometer cell, The proced-
ure used was described by Johﬁéon and Ulrich (1950) and Bremner (1965).

| Disadvantages : (1) This method of nitrate analysis is subject
to interference from brganiz matter, nitrites, chlorides and the colour of
the aﬁueous extracts. ' The organic matter was successfully oxidized by the
‘usé of-po volume hydrogen peroxide. The samples from Haﬁghley contained
very small quantities of the-two main iﬁterfering anions and therefore ;hese
did not éonstitute a problem. .Tests using the decolourizing agent of act-
jvated charcoal resulted in a loss of colour; but'an increase in the nitrate
“'level of the extract. It was foun& necessary té increase the quantity of
hydrogen peroiide used when extracts were coloured, or to use the correct-
ioﬁ‘method described by Berge (1941) and recommended by Metson (1956).

| | 2) .The method'is tedious and time-consuming,

and the equipment required does not enable large numbers of samples to be

analysed simultaneously.
















XV

and no interferences from other compounds were found. Although the dist-

‘illation time was lengthy, the actual work contact—time with the samples

was very short, In samples having a low NH4—N content, but high NO3—N

content, it was shown that if one vial was used directly for the determin-

ation of nitrate + ammonia, and another was used for ammonia alone, the

‘-nitrate content could be determined by subtraction. This method reduced

the amount of time required on the wheel for each sample. However where
the ammonia content was high, the two drops of sulphuric acid on the nylon
square were insufficient to absorb all the gaéedus ammonia liberated, and

hence recoveries by .this method tended to be low.
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Extraction of samples

(1) ‘Soil - The soil was dried at 30°C in a forced.draught for

5 days to simulate air drying, prior to extraction. The drying of soil

samples simplifies their preparation for analysis, but tends to change the

ammonium and nitrate content (Cooke and Cunningham 1958; Allen and Grimshaw
1962). Storage after drylng tends to ‘increase the exchangeable nitrogen

concentratlons (Gasser 1961) even when the 30115 are stored in airtight

..contalners (Cunnlngham 1962).

Thus, where feasible, soil samples were dried and analysed within

'24_hours of collection. It has been shown that several extractants are

suitable for the determination of the exchangeable nitrogen in the soil.
The ose of-KCl or NaCl solutions was proposed by McLean and Robertson (1924),

which were acidified by HC1 By Olsen (1929), and the form of the extractant

"“l'was further modlfled by R1chardson (1938) who used K, SO acidified with

2 4
H,S _4. _As the llteratore does not prov1de clear evidence as to which of
these extraetants provides results wﬁich are the closest to the plant-
available nitrogen levels, all were tested upon the Haughley soils.
- - In order that thevextract could be used for the.analysis of

n1tr1te—n1trogen too, the non—ac1d1f1ed extractants of N KC1 and N K2804

were evaluated for their effectiveness. It was found that the intrinsic

levels of both nitrate-nitrogen. and ammonium-nitrogen in KCl were very high,

and the recovery of a known standard was only 63%. For KZSO4 the intrinsic

' nitrogen'levels were slightly lower, and the recovery was 1027 of the stand-

ard - the low SOlUblllty of the sulphate caused difficulties in the prep-
aratlon of the extractant.,

| Because of the appreciable intrihsic‘nitrogen content even in the
KéS°4’ experiments were run using 2N ﬁaCl as the extractant. It was found
that -the retovery rate of the known additions of nitrogen was'always above

907, andAusuaIly above 957, and that the nitrogen content was negligible,
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but solubility high.  Therefore throﬁghout the investigation of the levels
of exchangeable niﬁrégen in theAsoils, 2N NaCl was successfully used &s the
extractant. 5 gms of .air-dry soil were shaken with 100 mls 2N Nadl for

two hours,.and filtered through a Whatman No. 42 filter paper prior to
analysis., - The standards and blénks were aléo made up in sodium chloride
solution. As the wheel distillation had to be run overnight, the laboratory
fempgrature frequently fell.below 20°¢C. Therefore, to ensure full recovery
of the soil nitrogen, it was calculated from the time course that the dist-
illation time for ammonium nitrogen éhould be 48 hours, and that for nitrafe—

-nitrogen 72 hours. This was adopted as the standard procedure.

(2) Plant material - the plant material was prepared as previously

2304 were tried as extractants for the cold

distillation determination of nitrogen. The recovery results showed that

described. 'Water_and 0.1N H

both these were satisfactory, but that there were no significant differences
between the extracts. For simplicity, water was used, shaking 100 mg plant
material with 20 ml water for 10 minutes, before filtering the extract through

'a Whatman No. 42 filter paper.

v

1:3 Nitrite-nitrogen - used for soils 1972-1973.

Because the ZN NaCl extractant was not acidified, the extract
which was prepared.for the determination of nitrate- and amﬁonium—nitrogen
could be used fpr the analysis for nitrite nitrogen by the modified Griess-
Ilosvay ﬁethod (Griess 1879; Ilosvay 1889). The method depénds upon the
reaction of nitrite with primary aromatic amines .in acidic solution to produce
diazonium salts which react with aromatic compounds containing amino or
hyd:oxyl;gréups to form coloured azo compounds which are suitable for photo-
'; ﬁeﬁfiE:mé;surement (Snell and Smell 1949).  The diazotization is brought
éboutvﬁy sﬁlfanilamide; and the coupling reaction by N4(1—naphthyl?

ethylenediamine. The colour is measured at 520 mpy. The method used in
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After digestion, the solﬁtion was made up to 20 ml with distilled
water., 2,5 ml of'this solution was diiuted to 100 ml, and 1 ml used for
the colour reactioﬁ, 5 mls of the phenol sodium nitroprusside were added
to the 1 ml of diiuted digest, féllowed by 1 ml of-alkaline sodium hypo-
chlorite.  The coléur was developed in the dark for one hour, prior to
-reading of the colour intensity at 680 mpu A calibration curve was made by
using standards of ammonium sulphate added to blank digests. The_colour
reéction followed Beer's law up to 5 pgm NHa-N/ml, .

| " The salicylic acid and sodium thiosulphate modification
suggested by Bremmer and Shaw (1958) was experimented with, but it was found
~very difficult to use oﬁ the microscale described above, as the tube c&ntents
'tended:to frqth out. Recovery tests suggested that less than 107 of the
nitraﬁe—nitfogen, but more than 907 of the ammonium-nitrogen, in the soil and
plant samples.were recovered by the unmodified Allen method. Therefore in
" this reseafch the nitréte—nitrogen levels were anaiysed separately aﬁd were

then added to the Kjeldahl digest results to give the total nitrogen values.

2. Acid Digestion for total cations — used for plants, soil

and water, 1970-1973."

""‘ihe'technique used to digest the soil, plant material and
water for the determination of total cations was a modification of those
dé;cribed by Piper (1950) and Mackereth (1963). Initially, the digest
mixture consisted of hydrochloric acid, nitric écid and perchloric acid.
‘-If was later found that the omission of HCI1 improved the Aetermination of
: phosphorus.

‘Reagents 1;'Concentrated Analar nitr?c acid

2. Concentrated Analar perchloric acid

Plant analysis - 0.5 - 1.0 gm plant material used for

digestion.
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Solution.Z.was added to Solution 1, and made up to 1 l.with
distilled_water._ _The solution was usable for one month.
3; Standard : 4.393 gm potassium dihydrogen phosphate
made up to 1 1. contains 1000 pgm PO4—P/m1
P;ocedure 12 mls of the sample digest + 4 mls reagent, made up
to 20 mls with watef, After 10 minutes, the intensity of yellow colour

was read in an Ultraviolet spectrophotometer at 490 my wavelength.

3.2' Exéhangeable phosphorus - used for soil analysis 1972-73.

4 Phosphorusjwas extracted from the soil using 0.5 M NaHCO3 at a pH
of 8.5 and detected using ammonium molybdate and stannous chloride. The

method used was that described by Olsen et al. (1954), without modification.

3.3 Dissolved phosphorus - used for water analysis 1972-73.

" The method used required the use of ammonium molybdate, sulphuric

acid and ascorbic acid, exactly as described by Fogg and Wilkinson (1958).

4. Potassium

4.1 Total potassium - used for plant material, soil and water

samples 1970-1973.

The determination of total potassium was made upon the acid digest

using a Perkin Elmer 403 Atomic absorption spectrophotometer.

4.2 Exchangeable potassium - used for soil samples 1972-73.

The exchangeable fraction of potassium in the soils was determined
using the method described by Pratt (1965), extracting the potassium with
1 N Ammonium Acetate at pH 7.0 and reading the concentrations from the

previously calibrated Eel Flame photometer, according to the principles

outlined by Dean (1960).A
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" 'NITROGEN FIXATION

Field Technique
An initiai time course of nitrogen fixation by Vieia faba was

performed in order to“perfecf field techniques and the use of equipment.
This was'conducted upon both whole and decapitated-plants which were used
seven weeks after sowing. The plants were removed from the nearest field
to the lébofatoryAhalf an hour prior to incubation. The roots used were
‘ standardizéd to iﬁclude only the top 12 cms of tap root, and the comnected.
lateral roots up to 8 cm in length; this section of the total root sysﬁem
‘bbre 957 of the root nodules. The whole plants were incubated in 100 ml
iBﬁchner flasks, the stgm'being sealed into the'neck'of the flask at the
 junction between shoot and root, using plastidine and parafilm. The side
arm was fitted with a No. 25 suba seal to allow penetration with a syringe
neédle (see ﬁhotograph). The decapitated piants.wgre incubated in 30 ml
~ and 100.ml flasks, to determine whether inéreasing'the volume pfoportional
to that of the root system increased the length of time for which fixation
ﬁroceeded linearly, as observed by Sprent (1969). Prior to incubation,
" the soil was shaken gently from the rodts; but these were>not washed, as it
has Beén shown that a film of moisture over the nodules reduces their ability
to fix nitrbgeﬁ (Schwinghamer, Evans and Dawson 1970).

| Most'research workers using the acetylene reduction techniqug havé
evacuated the incubation vessels and then flushed with an "inert gas :
‘oxygen' mixture to remove the nitrogen present.in fhe air.- In order to
' reauce the amount of equipment to be transported to the field, no evacuation
| or flushing was done. Hardy and Holsten (1968) stated that a failure to
replace the air with argon : oxygen could resuit in a 10-20% reduction in
the acetylene conversion to ethylene. ﬁowever the affinity of nitrogenase

~ for acetylene far exceeds that for nitrogen (Dart and Day 1972), and it has
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been shown (Stewart 1971; Sprent 1971) that the error involved by having
‘Anitrbgen present is marginal during short incubation periods, especialiy
where the acetylene concentration is increased to 202 Vv, Acetylene gas
was tfaﬁ5ported to the field in footbail bladders (Waughman 1971), each
fitted with a short length of'high pressure fubing closed with a spring clip,
' from which acetylene gas was easily removed in hypodenniquyringes. Due to
a éhortage_of acetylene,'the time course was perforﬁéd using only a 107 Vi
concentration of écetylene in'the'incubatién flasks. .~ Glass beads were
included in the flaské to aid the mixing of acetylene with air.

| The neéessary volume of gas was injected into the flask, which was
then shaken,.and after two.minutes the gas mixture was equilibrated to
~atmospheric pressufe By>piercing thg seal with another needle. Four
'repiicateg of each treatment were madé, tbgether with four control flasks :
two containing decapitated robts, but not injected with écetylené,_to
detefmine whether or not'endogenous.ethyiene-was produced : two empty flasks
injected'With acetylene to determine the effect of the suba seal rubber, and
" the ;mount'of gthyleﬁe in the industrial acetylene gas. There have been
-reporté.that as ethylene is soluble in the silicone rubber, used seals may
contain édsorbgd ethyiene which will 1ater_be released, enhancing sample
reédings on fhe gas chroﬁatpgraph (Kavanagh and Postgate 1970).  This -
possiblé(error souréé was confirmedib& the present work, and therefore only '
new sgba seals were utilized for each incubation.

: The plants were incubéted for seven hours, two 1 ml samples of gas

Being wifhdfawn from each flask every hour, into disposable 1 ml syringeé.
In the first experiment, the gas samples were transported back to the
laboratory for analysis, in the syringes -~ the needles firmly lodged into a

Tubber bung (Dart and Day 1971). The acetylene itself was used as an

internal standard to detect leakage or erroneous injection. If the

acetylene reading of the sample on the gas chromatograph was more than 57







-XXV-

beiOW‘the reading of the control, the sample was discardgd. It was found
tﬁat the storage of gas in éyrihges was only satisfactory for about five
hours, after which time the leakage prevented any accurate evaluation of
‘acetylene reductién. The gas samples were analysed, using a Varian 1200
Gas Chroﬁatograph fitted with a 360 cm x 0.31 cm steel column filled with
Poropak. R, operaﬁihg at 100°C.  The carrier gas of nitrogen was used at

: a flow rate of 10 mls every 25 secpnds, and the ethylene and acetylene

_ levéls were determiﬁed byva hydrogen/air flame.ionization detector. These
settingé allowed fast reading of gas samples at 35 seconds after injection
of 1 ml gas. It was essential to test the ievels of ethylene in the
acetylene'cylindérs on every occasion of using the gas as this level varied,
depending on the partial pressure within thé cylinder. Over two yéars,
feédiﬁgs (RAP) on the gas chromafograph'of the blank control flask varied
betweén 1x2x10 to 1x32x20, which ﬁad to be subtfacted from the reading of

each sample.
" ‘Calculation
The calculation used to estimate the volume of nitrogen which

would have been fixed by the bean root nodules, if the acetylene had not

‘been present, was as follows -

RAR/M) (V /Y ) (V 3V V)

n Moles nitrogen fixed = F

where :-

RAP - Range x Attenuation x Peak height - readings taken from gas
chromatograph :

M - - Machine factor - A one ml sample of gas is injected into the gas

chroﬁatograpﬁ ffom a one litre bottle which has been injected, one hour
préviougly, with 0.5 ml sample of industrial ethylene. Using ;he gas
coﬁsfant_- one mole of gas occupying 22;4 litres at standard temperature

and pressure, and the reading above, a factor is calculated to determine
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the number of nMoles of gas in a 1 ml sample injected. Hence 1 RAP unit

is defined :

for this machine M = 25.

.VI - Volume of incubatioﬁ flask
Vs - Volume of.syringe

Vv_ - Volume of vacutainer

F -

Conversion factor of 3 (Hardy and Holsten 1968)

The calculation was further modified, when necessary, to produce values for

nitrogen fixation per unit weight of root or nodules, fixation per nodule,

or fixation per unit time. The results calculated from the initial time

‘course experiment appear in the.tab1e~below. They are presented graphically

. (Graph 5-1) and are discussed in the main text (Section 5:4.1). The figures

. o+ .
are the mean values of four replicates - Standard errors, and show Total

Nitrogen fixed, expressed in M Nz/gm roots and Rate of nitrogen fixation

expressed in'uM Nz/gm/hr.

Incub-

ation

time
(hours)

0.25
1 0.50
1.00
2,00
2.50
3.00
4.00
5.00
6.00
- 7.00

Decapitated plant

. 8.93 22,40

30 ml flask-
TotélvN Rate of
fixed fixation
10.125%0.04 0.50%0.15
1.164%0.15 2.33%0.56
2.06020.63 2.060.63
4.641%1.18 2.32%0.59
7.07 $1.80 2.36%0.60
8.06 ¥2.06 2.02%0.51
8.35 £2.19 1.67%0.44
9.13 32,46 1.52%0.41

1.28%0.34

Decapitated plant
100 ml flask

Total N2
fixed
2.92%0.51
6.13%0. 85
5.88%1.00
7.50%1.07
10.70%1.25

11.04%1.59

Rate Qf
fixation

2.9220.51

2.47%0.34

1.9770.33
1.87%0.27
2.13%0.25
1.83%0.27

Whole plant
100 ml flask
Total N Rate of
fixed fixation
4.00%1.40 6.0031.40
5.9733.21 2.99%1.61
10.6723.45 3.5621.15
13.53%4.23  3.38%1.06
15.00%5.33 3.00%1.07
15.90%5.10 2.65%0.86
17.00%6.30 2.43%0.90

The values for nitrogen fixation were based upon the dry weight

of the roots incubated.
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Having found that the safe storage time for transporting gaseé
from the field to the 1abor#tory wés ratﬁer limited, all the nitrogen -
fixatiqn studies after the construction of the time course used B-D
Vacutainers for this'purpose, as proposedvby Schell and Alexander (1970).
These pre-evacuated blood sampling tubes were found to be ideal for the

purpose (although expensive), and, using the apparatus shown in the photo-

graph, enabled collection and transport of the gases with negligible leak-
‘age.  It was discovered by other workers in the University Department that
some of the vacutainer stocks, with an increased amount of glycerine in the
'fubber septa, tended to release ethylene when samples were stored for
several weeks. This.phenomenon wés investigated, using 240 ?acutainers
injectéd with a known mixture of acétyléne/ethylene similar to levels
experienced in the nitrogen fixation gtudy. Batches of 40 tubes were

analysed each week, for five weeks.

Time (weeksj | Mean RAP readings Mean RAP readings

. Acetylene Ethylene
0  100x512x40 1x8x30
-1 _ ' x40 ~ 1x8x65

2 o x40 _ ~ 1x16x50

3 o 'x39 1x16x70

4 x38 S 1x16x96

5 f |  x38 T 696

o

A significant increase in the level of ethylene was recorded over
the first fouf weeks. Changing the'temperatﬁre for further batches'made no
difference to.the increase.  To ensure that this error source did not affect
‘the results in the research study, an oider stock of tubes with leéss glycerine .
was employed, and all samples were read on the gas chromatograph within

48 héurs of collection of gases.
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TEMPERATURE 'STUDIES

Although the conclusions made from the initial time course
experiment stated that whole plants would be used for all subsequent
fixation studiéé, it was found necessary to use decapitated plants for the
firéf temperatufe study. | To provide a wide range of temperatures, growth

cabinets without lights had to be used for some temperatures. Plants of the

age of 13 weeks from sowing were removed from the Stockless section, being
ﬁransPQrted whole to Durham, in rolls of'ﬁet neWSpaper and plastic bags.

The plantsAwere decapitated, and to standardize conditions, ten replicates

in 100 ml flasks were placed in the dark into each temperature cabinet to
equilibrate'for one hour prior to incubation. Sufficient acetylene to give
a concentration of 21.37 was injected, and the flasks incubated for ome hour,
after which gas samples were analysed on the gas chromatograph, Thé results
 .arevfébu1$ted and discussed in the text (Section 5:4.2).

. In the secénd temperature study both whole and decapitated plants
were utiiized. A mixture of OMS Throws variety seed was sown in pots con-
taining Sisoil, in open cold frames in Durham, at the end of June. This
enabled younéer and more gctive plants to be tested, and these were removed
from the soil immediately before incubation. The whole root system was
recoverablé.in'the stﬁdy, and the average length of the main tap root was
found to be ZS'cms.v All the root nodules were located within the top 12 cms
'length,'952 within the top 8 cms. This confirmed that the previous decision
to iny use~the top 12 cms of tap root in the ﬁlants remo%ed from the field,
: héd included almoét all the root nodules formed. Plants were removed from
the polsuat‘thé age of;five weeks when, due to later planting than normal,
faster groﬁth rates had enabled them ﬁo develop to a stage equivalent to
eight weeksvof growth in the field. Ien replicates for each temperature
were'uséd, as previously described. - Where lights were available, the

" activity of nodules on whole plants was estimated, using 330 ml flasks,




-xxix-

injected with 90 mls of acetylene to give a 21.37% concentration. Incub-
. ations of all plants were maintained for two hours. The results of the
second temperature study confirm those of the first, and appear in the

text - Table 5-1(2) and Graph 5-2(1).

"'FIELD COMPARISONS

Table{AlZ ;ummarizes all the meaéurements'taken during this study;
‘ the methods ﬁsed were those which have been previously described.

' On-thé first o;casioﬁ? in order to maintain the field environment
‘during incubation with acetylene, the plants were dug from thé soil and
.sealed'inté the flasks standing in the field. The flasks were replaced-in
'the‘holes from which the plants had been removed, the shoots being exposed
" to the wind and sun. This technique wés nét repetated,as excessive wilting
resulted. Also the spatial separafion,of the fields on the three farm
sections prevented simultaneous incubation of replicates from different

fields. After this experience, all incubations were performed in the

1aborato£; where humidity, temperature, light intensity and time of day
wefe.uniform for all samplés to be compared. During 1972, both incub-
'étions were performed for three hours, but‘due to egcessive wilting, which
caused variaFion in the %inearity of acetylehe reduction, this period was

cut to two hours in 1973, to minimize the effect of oxygen and water stress.

Comparison of 2 and 3 hour incubations :

Section -2 hrs incub:Fix Rate u_MNZLEE 3 hrs incub:Fix Rate uMNz/hr

/root /nodule root /nodule
o 10.4 0.3 .89 0.25
M 309 0.97 28.9 0.93

S 37.2 ©1.03 38.9 1.07
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As the diurnal study showed that the daily mean of fixation
..océurred at 23.00 and 10,00 hours, incubations were standardized for
109.00 - 11.00 hours. . Thus the rates of fixation measured at these times
may be multiplied by 24 to give the probable net fixation/day.. Whole
,'plan;s were used for incubations throughout Soth seasons until the stem
:_height became too large; at which time decapitated roots had to be used.
Table Al2 refer§~to fixation rates of "selected"-and "all" roots
On‘30/4/73. Within the replicates used for field comparison on this date,
several roots with small white nodules showed no greater reduction of
acetylene.than could be accounted for by experimental error. When the
results of these samples are included in a total ("all" roots), the gfeat
varigtibn within one treatment ;auSgs yery‘large standard deviations to
occur, The;éatterh'of fiiatién 'é'>5M;§¥6 is_fetained. Graphs 5-5
~and 5-6 use the results of the "selected" roots = comparison of the
'managemeﬂt effect being made from the foots with actively fixing nodules

only.
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'WATER ANALYSIS.

ter Leachate o

Concentrations of Geochemicals

Lysime

in

_(Cohcentration; expressed as mgm/litre)

- NORMAL FERTILIZER

STOCKLESS

5.3

3.0 3.0

TN
« e

1972

10.0 10.6
© 6.2

1

2

33.9 42.4

2.8 2,0 4.8 5.
3
5
8

54.0°
70.5
88.5
90.0
106.5

67.5
74.0
~74.0
74.0
91.0
68.0
110.5

1.
61.0
92.0
80.0

8.
87.5

3

1

4.
6
6
6
7

8.2

4.5

DO MmO
* s o o
M~ A NY

NLON
* s e
NO AN
T

N NNO
-

30.7
31.8
30.7
27.6

1.
41.3
53.0 90.1
21.2
- 21.2

53.0 90.1
26.5

42.4 44.5
.36.4 -31.8

11/4

1/5
22/5
22/6
25/7
19/8
19/9

il.s

1.3
4.5

202.5

46.0
127.0

9.4

6.2

3.5
6.1

5.0

4.5

3.3

1.1

27.4
24.3

“
o
Q
o~
-

7.5

3.8

25.4

241.5

2.1 15.4°

57.5

'93.5 184.0

6.5

6.2

1.7

47.7 42.4 58.3 49.8

10/12
1973

4.0 6.0 4.5

7.7 14.9

1.8 4.0

61.5 124.0

48.5

6.3

1.0

1.1
1.0 Q.?
1.5 .0.5

2.5

5.7
2.1

0.5

43.5 35.0 38.3
31.8

6/1"
26/2

120.0

2.5

1.8
1.8. 1.8

1.3

108.5

68.0

33.9

44.5

2.5

74

75.0

25.4

3l.s

6/3

91.9

62.0

6.2

37.7 44.0

24.4

115.7

77.1

71.9

33.5 4.1 3.0 1.2

Mean
SD

1.7-

1.9

1.3 0.6

16.5 1.1

43.3

24.7

1.8 0.8

2.3

2.0

15.3 19.0

10.0

60.1 .

2.8.

19.3

19.0

0.7

0.6 0.3

0.7

SE

0.4 0.5 0.2 0.6

1.0 0.5

HIGH FERTILIZER

STOCKLESS

12,0 11,2

79.0 53.0 46.5 2.3 3.0 2.8 2.0
83.5

45.0

7.2

8.2

5.0

2.0

2.3

1972
11/4 .

4.7

31.8 37.1

35.0

42.4

3.3 3.0 4.4 1.7

90.0 47.2

68.0

83.0

5.1

2.8 0.5 3.1.0.4

4.7

1/5  4l.3 . 33.9 28.6
61.4

- 22/5
. 22/6

92.2

77.0
- 98.0

98.5

87.5
113.5°

83.7

74.5
100.0

33.9

3.5
2.8
2.8
2.0

4.3

97.5
113.0. l04.0

7.0

6.6

5.0 0.5
3.3
0.6

0,6 .

2.6

25.4 24.4

25.4

25/7
19/8
19/9

3.5
2.8

3.0 3.3

1.8

51.5

3.9
6.1

1.1
2.3

24.4

23.3

118.0

1.8 4.5

1.8

76.5

49.5 73.5

5.0

10.4

1.3
3.3 0.9

6.5

2.4 12.4
2.4 18.8

1.8  10.6

5.9

24.3 25
56.2 42.4

24.3

24.3

67.0

52.0 105.0

43.5

5.9

1.8 1.8

14.9.

58.3 42,4

lo/12 .
1973

46,6 42.4

1.8 1.8

3.0

1.5
2.5
2.1

55.0 127.5 50.5 66,0

5.4
2.8

5.5

0.4 0.9

1.3

2.5

3.1
1.7

46.6

47.7

6/1
26/2

45.0

63.0 115.0

50.5

5.6 0.6
1.8 0.9

42.4 40,3 2,0
0.4

42.4 42.4

-18.6

2.0 1.9 1.6

51.0 56 .0

76.0

3.6

1.0 0.3

30.0 27.6

6/3

77.9 62,1 2.5 3.0 3.1 2.3
28

93.7

64.2

5.5
1.3

2,8 0.8
1.7 0.7

4.0 .1.1

5.8
5.4

36.3

42.9 37.3

Mean
SD

. 1.1 0.9 0.9 0.6

25.6

23.0

1.8 0.5

13,2 17.9 15.8

21.0

0.2

0.3 0.3 0.3

8.6

7.3

‘0.6 0.2 0.4

0.6 0.2

1.6
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" Table A7(3) S DYNAMIES OF CROP GROWTH

1971 Field Trial - Computed Data

S. Relative Growth Rate with Standard Errors.

Treat- . R
ment & - Tic O - Tie ﬂ ‘Tic § Throw O . Throw M Throw S

Age
{weeks)

STOCKLESS - NO FERTILIZER

0.021 - 0.059

3 0.035 * 0.014 0.035 * 0.014 .0.036 = 0.015 0.049 = + 0.018. 0.056 % 0.023
5. 0.047 * 0.008 0.047 = 0.008 0.046 * 0.008 0.060 = 0,012 . 0.063 * 0.011 0.061 = 0.014
7 _-0.055 % 0.004 0.054 + 0.004 ~ 0.053 %= 0.005 0.066 = 0.005 0.064 = 0.006 0.063 % 0.007
10. - 0.057 * 0.004 0.056 = 0.004 0.055 * 0.004 0.066 = 0,005 0.061 # 0.005  0.061 * 0.006
12 0.053 * 0,004 0.052 * 0.004 0.052 = 0.005 0.060 * 0.007 . 0.055 * 0.005 0.055 * 0.007
14 0.045 * 0.005 0.043 * 0.005 0.044 = 0.005 0.050 * 0.007 -~ 0.046 = 0.006 0.046 + 0.008
18 . 0.016 £ 0.003 0.013 = 0.003 0.017 * 0.003 0.0l6 = 0.005 0.018 = 0.004 0.019 * 0.005
21 . -0.019 % 0.007 -0.021 = 0.007 -0.013 = 0.007 =-0,022 * 0.010 =-0.009 * 0.008 =-0.009 * 0.0l1
24 - -0.062 * 0.014 ~0.066 = 0.014 -0.053 # 0.016 -0.070 % 0.022 -0.044 = 0,019 -0.044 = 0.024

STOCKLESS ~ 375 Kg FERTILIZER/ha
3 0.025 + 0,011 . 0.020 £ 0.020  0.005 = 0.013 0.049 * 0.020 ' 0.066 = 0.013 0.039 + 0.011
5 . 0.042 £ 0,006 . 0.037 = 0.012 0.027 * 0.008 0.060 % 0.0l1 0.068 = 0.008  0.053 = 0.006
7 0.057 % 0.003 0.052 = 0.005 0.050 * 0.003 0.067 = 0.005 - 0.066 = -0.003 0.065 = 0.003
10 0.060 * 0.003 0.056 = 0.005 0.057 # 0.003 0.067 = 0.005 ~ - 0.062 * 0.003 0.066 * 0.003
12 0.057 * 0.003 0.056 % 0.006 0.058 * 0.004 0.061 = 0.006 0.055 = 0.004 0.062 = 0.003
14 °~  0.049 % 0.004 °~ 0.049 = 0.C06 0.053 * 0.004 0.051 * 0.006 - 0.046 % 0,004 0.052 * 0.004
18 0.017 % 0.002 0.020 * 0.005 0.024 + 0.003 0.0l6 = 0.004 0.019 % 0,003 0.017 % 0.003
21 | -0.022 * 0.005 =-0.0l5 % 0.009 . -0.0l14 * 0,006 -0.022 %= 0,009 -0.008 = 0.006  =~0.023 = 0.005
24 -0.073 * 0.012 -0.062 * 0.021 ~-0.065 * 0,014 <-0.071 * 0.02%L - -0.041 = 0.014 -0.075 = 0.012

STOCKLESS - 625 Kgq FERTILIZER/ha
3 0.027 + 0.016 0.025 = 0.014 0.033 £ 0.016 0.060 = 0.018 '0.057 = 0.022 0.052 = 0.017
5 0.042 * 0.010.° 0.041 = 0,008 0.047 * 0.010 0.066 = 0.011 0.064 + 0.014 0.059 = 0.010
7 0.054 * 0.004 0.055 * 0.004 0.058 * 0.004 ©.068 = 0.005 0.068 = 0.006 . 0.064 = 0.004
10 0.057 % 0.004 0.058 * 0.004 0.059 * 0.004 0.065 * 0.005 0.065 = 0.006  0.063 = 0.005
12 0.054 * 0.005 0.055 = 0.005 0.056 * 0.005 0.059 * 0.006 - .0.060 * 0.007 . '0.058 * 0.006
14 - . 0.047 % 0.005 0.047 = 0.005 0.047 + 0.006 0.049 = 0.006 0.050 = 0.008 0.049 + 0.006
18 0.019 % 0.004 0.014 = 0.003 0.015 + 0.004 - 0.018 * 0.004 ~ 0.020 * 0.005 0.019 *= 0.004
21 -0.016 * 0.008 -0.025 = 0,007 =-0.023 * 0.008 -0.013 * 0.009 =-0.012 * 0.011 -0.0l3 * 0.008
24 -0.061 % 0.0l17 -0.076 % 0.015 -0.071 % 0.0l8- -0.053 = 0.020 -0.052 = 0.024 -0.053 % 0.018

ORGANIC '

3 0.044 * 0,010 0.033 + 0.014 0.003 % 0.010 0.059 *= 0.018 0.071 + 0.017 0.042 * 0,018
5 0.050 %= 0.005 0.049 = 0.007 0.036 * 0.005 0.06l + 0.009 . 0.069 * 0.009 0.053 = 0.009
7 0.053 % 0.003 0.057 = 0.004 0.057 = 0.003 0.060 % 0.005 °. 0.064 * 0.005 0.058 = 0.005
"9 0.051 % 0.003 0.057 = 0.004 0.065 = 0.003 0.056 * 0.005 0.056 * C.005 0.058 * 0.005
13 0.037 = 0.003 0.033 % 0.004 0.046 = 0.003 0.038 = 0.005 0.031 * 0.005 0.040 + 0.005
16 0.017 + 0.003 ~0.007 * 0.005 0.000 = 0.003 0.0l6 = 0.007 0.004 = 0.006 0.012 = 0.007
* 0.010 -0.065 %= 0.015 -0.073 % 0.010 ~0.013 % 0.01% -0.030 * 0.018 -0,030 = 0.019

19 -0.012
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