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Preface

The papers presented here are intended to give a general idea of the kind of inves-
tigations carried out during the past ten years by the ‘Instituut voor Cultuurtechniek
en Waterhuishouding’, Wageningen, The Netherlands.

Although the Institute was founded by the Netherlands Government in the last
months of 1955, our research activities did give their first results in the beginning of
1957. The period considered therefore practically spans the life of our Institute.

Our moving in December 1967 to a new building, of which one wing was specially
constructed to meet our research requirements, did seem to us the right time not only
to look back but also to give an inkling of the research on hydrology, plant-soil-water
relationships, soil improvement and land consolidation to be carried out in the near
future.

Tt is typical for our kind of research that it always has had a close relationship with
the practical problems of organizations executing land and water management works.
The investigations are intended to give reliable solutions to the problems they encoun-
ter, bringing with it, however, that the research in many cases has to be extended to
fundamental principles.

It is also interesting to see how our research even within such a short period as ten
years, did shift to a fair extent to problems of overall improvement of agricultural
areas and how the solving of non-agricultural problems within such areas had to be
incorporated in it.

We express the hope that the following pages will give a better insight into the
work done by the Institute and that they will further our many good relations with
other organizations and scientists, elsewhere engaged in the improvement of agricul-
ture.

Dr. Ir. C. vaN DEN BERG
Director of the Institute
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Impulses to the rescarch on land and water management in the
Netherlands

C. VAN DEN BERG

INTRODUCTION

In the Netherlands land improvement works, either on a small or a larger scale, have
been continuously executed throughout the past centuries. In every period, however,
there have been particular impulses for such measures. Although every such an impulse
was apparently an economic one, the basic causes were either of a more physical or a
more social nature, Generally speaking, mostly a growth in population and the ensuing
increase in the demand for food were responsible for periods of increased land improve-
ment activities.

Due to the physical environment of the Low Countries — situated in the Rhine-
Meuse delta and having a climate with a fairly high rainfall — the measures, beginning
as far back as the Middle Ages, took initially the form of land drainage and reclama-
tion of coastal land. In those early days the variation in the extent of drainage and
reclamation works was directly connected with the change in population growth.
Since this impulse built up slowly, the adaptation to the new conditions was also only
gradually achieved.

Today and in the future a variety of improvements of the rural areas in the Nether-
lands is still required, since by no means an optimum condition exists. The land is still
in danger by floods and droughts, still suffers from fragmented holdings, an inheritance
from the past, and still the many only moderately fertile soils have limitations in their
use. At the present time, however, economic and social! changes occur much meore
rapidly than was formerly the case and much swifter reactions are therefore necessary.

The supply of food has in our country become a less important problem than the
efficient use of labour and capital, to which more attention is now to be paid. More-
over, the interrelation between land use for agricultural and non-agricultural purposes
has become considerably stronger in this densely populated country. Asa result, drain-
age and reclamation alone have not been able to meet any longer the requirements,
a much more intricate program of land improvement measures must now be used.

The Netherlands Government has, particularly after the Second World War, stim-
ulated and supported such programs of ‘rural reconstruction’. The first example of this
was the complete physical reconstruction of the isle of Walcheren, having been flooded
by the sea at the end of the war,

However complicated land improvement has become, unchanged is the fact that
impulses of an economic or social nature still influence the definite form of improve-
ment or reconstruction that is executed in a certain period. The same impetuses that
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influenced the agencies carrying out land improvement works, gave a momentum to
certain research activities at our Institute. In fact this reflects the close relationship that
exists between our research and the practice of land improvement. This is as it should
be, for the existence of an agricultural research institute must find its justification in the
possibility to apply its results.

In this chapter a general survey will be given of the kind of research carried out at
the Institute for Land and Water Management Research, but seen against the back-
ground of stimulating economic, social and climatologic influences. For even in the
first decade of its existence, one can point to many connections between research
projects of the Institute and developments in the national or international sphere.

The outside influences that have had the most impact on recent land and water
management research in the Netherlands have been:

— the changes in economic and social development;
— the changes in agricultural economy;

- the flood disaster of 1953;

— the change in annual rainfall in the last decennia,

Some of these developments started before the foundation of the Institute in 1955,
For a clear understanding the following will in such cases cover the period from 1945
to 1955 as well.

CHANGES IN ECONOMIC AND SOCIAL DEVELOPMENT

In the first years after the Second World War the Netherlands were in a poor

economic condition as a result of’:

- a standstill, respectively slowdown, of economic development after 1930;

- the heavy war damage;

— a fast growing population, resulting in considerable unemployment, hidden un-
employment in farm families included.

An extensive Government program for industrialization was so successful that
unemployment disappeared within six years after the war. For agriculture, industrial-
ization meant an exodus of farm workers and a need for substitution of hand labour by
machinery, this in its turn gave a sharp increase in the requests of farmers for land
consolidation projects, in which now about two-thirds of the cultivated area in the
Netherlands is involved.

The impact of these factors on research in land and water management will be
described under the headings ‘influences of industriglization’ and ‘influences of
increased population and prosperity’.

a. Influences of industrialization

The increasing scarcety in labour immediately led to the need for larger land units
and the consolidation of fragmented holdings, as only in this way an increase in farm
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Impulses to the research

mechanization could economically be achieved. Because of this, research was partic-
ularly directed towards the effects of lot size and farm layout on labour requirements.
Investigations were also aimed at determining border losses and transport require-
ments, as a reduction of these factors is one of the principal benefits of the reallotment
of the scattered lots belonging to one farm. Next, with the aid of traffic count and
analyses of the composition of rural traffic and its relation to farm activities, valuable
indications were obtained on the efficient layout of a road network in rural areas.

Since for drainage purposes the small existing lots are often surrounded by ditches,
the problem of obiaining earth to fill them is directly connected with the execution of
lot enlargements. Preferably the earth has to be taken from the subsoil without disturb-
ing the existing productivity level. Several methods came into use, in which heavy
machinery like draglines, deep-plows and bulldozers play an important role. It has
been the task of the division of soil improvement in the Instifute to study the results of
such work, always with the view of maintaining or preferably improving soil fertility.
The latter may for instance be achieved when topsoils have unfavourable properties.
Deep-plowing then has an improving effect while at the same time the subsoil will
become available for ditch-filling. In this context close attention has also been given
to the soil compaction effect of heavy machinery.

The results of these investigations have led to the formulation of a set of conditions,
required for work of high quality.

The filling of ditches disturbs the existing drainage systems and it therefore has to
be complemented by tile drainage of the newly formed lots. Consequently also research-
work on tile drainage has greatly been stimulated by this type of soil improvement
measures.

As industry developed plastic pipes for drainage, research in the Institute is now
concerned with the hydrological effects and hydraulic properties of plastic tiles too.
The many existing types are tested as well in the laboratory as in trials under different
field conditions.

The increased industrialization in all countries in Western Europe did have a
profound influence on the pollution of the river Rhine. Among the waste products
discharged in this river belongs also a huge amount of salts, In the Netherlands, Rhine
water is used for domestic purposes, but also serves to flush canals and ditches in the
glasshouse districts of the western part of the country. Here salt water intrusion from
the North Sea causes a ‘natural’ salt content in the open water which is used forirriga-
tion of horticultural crops as legumes and fruit grown in glasshouses. As long as the
Rhine water was of good quality it could fulfil satisfactorily the task of pushing back
the brackish water in canals and ditches. But 15 years after the war, the salt content of
the river water had in summer periods increased to 1000 mg per liter (of which about
300 mg C1), thus making it less effective in freshening the brackish water in the glass-
house districts.

Apart from international deliberation, leading to a certain limitation of salt
discharges in countries along the river Rhine, in the Institute renewed investigations of
salt-effects on the main garden crops were started.
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The danger for salinization of surface water did not only arise from pollution by
other European countries but could also be increased by extensive harbour devel-
opments in and near Rotterdam. Therefore, recently a regional research project on
waler and salt movement in the central western part of the Netherlands has been
started to analyze precisely the sources of salinization and to find means to reduce their
activity.

b. Influences of increased population and prosperity

The Netherlands not only belong to the most densely populated countries of the
world, but for a modern country its growth in population after the Second World
War has been relatively rapid. The building of living quarters, industries and main
traffic roads, necessarily leads to a considerable loss in agricultural land, which up to
pnow could be compensated by reclamation of sea bottom land in the former Zuiderzee
(IJssel Lake). On the ‘old land’, however, the allotting of land for the different uses
has become quite a problem. The solution for agriculture is often found in a land
consolidation scheme and transfer of a number of farmers to the new land in the
polders of the IJssel Lake. The interrelations between agricultural and non-agricultural
use are many, the layout of fields and farms often influences non-agricultural devel-
opment and vice versa, Physical planning is therefore an important item in the Nether-
lands and a section in the Institute has devoted itself to studies intended to throw light
on the question how a land consolidation scheme can also serve non-agricultural
developments in rural districts.

Due to the success of industrialization in the Netherlands not only sufficient job
opportunities for the growing population were created, but the national income per
head increased considerably. This prosperity, together with a reduction in the number
of working hours, promoted enormously the demand for recreational opportunities.
This demand has been answered with for example the creation of artificial lakes in
several land consolidation schemes. To fill ditches, earth is then obtained by means of
suction dredgers, and the resulting lake is shaped in such a way that it can be used for
swimming, boating and fishing.

In 1966 it was decided that the Institute should take part in investigations in
the recreational requirements as far as they are influenced by land improvement
schemes. The investigations will cover a survey of existing recreation projects, the
optimum site of the projects within rural areas, the required road system and the
recreational facilities as far as they are related to soil, water and plant cover.

CHANGES IN AGRICULTURAL ECONOMY
In the first years after the Second World War agriculture did strive to increase
production to end the food shortage. As already said, labour saving methods in agri-

culture were needed at that time to compensate for an external influence : the exodus of
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farm workers to the flourishing industry. But gradually food supply began 1o surpass
demand, resulting in a serious fall in prices. At that moment internal circumstances
made it a must to lower agricultural production costs. Instead of production per unit
of land, production per man became the criterion for efficient farming. This transition
again stimulated the demand for land consoclidation schemes. At the same time
economists evaluated more critically the land improvement plans, as they require high
Government investments.

These tendencies led, already before the Institute started its work, to a general
survey of the overall requirement for land consolidation in the Netherlands. An
inventory was made of the imperfections related to soil, water and land of about 700
districts and the benefits and costs of improvement of each district were estimated.

The research of the Institute also reflects these economic considerations, the more
80 as it became clear that agriculture had definitely reached a structurally weak posi-
tion.

As one of the studies, supplying a background for the planning of complex consol-
idation schemes, the research into future farm sizes should be mentioned first. With the
aid of linear programming, extensive investigations are carried out in order to fix the
desirable future size of different types of holdings on which the most modern type of
machinery will be used. Frxom elaborate models it has been found that in some arable
areas farm sizes of 120 ha (1 ha = 2.47 acre) with 3 farm workers (or a combination of
3 one-man farms of 40 ha) can use modern machinery most efficiently, In grassland
districts it has been found that the size to be tended by one man should be about 30 ha
with about 30 to 40 cows. In the actual situation farm sizes are much smaller and have
only about one half to one third of the desirable size. Studies like these learn, that
land consolidation schemes should account for a future growth in farm size and that
in the layout of roads, water courses and farmbuildings future developments should
as much as possible be reckoned with,

The need to limit labour requirement and transport has led to research for the need
of re-siting farmbuildings, now often concentrated in villages. Theoretical elaborations,
applied to actual situations, make it possible to show the saving of labour in depen-
dence of the number of re-sited farmbuildings, as well as giving the most suitable
site for each of these buildings. Comparison of costs and benefits then permits to
select the most efficient re-siting scheme.

The more stringent requirements to keep the costs of consolidation schemes as low
as possible has greatly stimulated the comparing of alternative solutions. In most
research projects, whether related to water management, to soil improvement or other
parts of consolidation projects, this comparison is now common practice. It has found
its culmination in integrated studies of specific consolidation schemes considered for
execution by the Government Service for Land and Water Use. In such regional re-
search projects, in most cases representative for considerable areas, it is tried to find
the optimum solution for the whole project, including the layout of roads and water
courses, the water management system, the re-siting of farmbuildings, the sizes of
r.ew lots and the methods of soilimprovement.
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During these regional investigations it soon became apparent that detailed data on
the parcellation of land were needed in order to characterize the prevailing conditions,
to convey research results and to decide on the type of improvement. As many of such
data are also valuable in planning land consolidation schemes in practice, it was
decided to make for the whole of the Netherlands a survey and inventory of all
facets of the division of an area that are of importance to farming. With the aid of
computer technigues it is possible to get quick information about the district, about
every village area, as well as on the characteristic data of individual farms. It is
highly probably that these data will as well be useful as a background for regional
physical planning and economic evaluations.

As a consequence of the need to evaluate economic short and long term effects of
consolidation projects, general economics, as far as related to land improvement, has
been included in the Institute’s research program. Models of economic growth in
improved and non-improved regions have been developed and are now tested in some
areas. [Factors considered are savings, investments, migration of farm workers and
farm income as influenced by land improvement schemes.

The regression in agriculture did not affect all types of farming to the same degree.
In particular high quality vegetables and flowers did profit from the increasing prosper-

Glasshouse district ‘ Het Westland’ in a polder near the sea coast
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ity in Europe and showed a regularly growing demand. This resulted among other
things in a continuous enlargement of the area covered with glasshouses, mainly
heated ones. The area of glasshouses in the Netherlands is now at least 6000 ha, the
annual production value amounts to more than 500 million guilders. Also bulbgrow-
ing and growing early horticultural crops in the open remained a paying business. The
horticultural regions themselves, however, show many defects in the layout of fields,
the drainage system and the transport facilities. In some cases the fields can only be
reached by boat. Gradually, market gardeners asked for consolidation schemes and
particularly for new road systems, for the improvement of drainage and for better
workable soils. In connection with the economic importance of horticulture, the
Institute devoted part of its research especially 1o it.

Several investigations on water supply of horticultural crops were carried out,
together with the research on water quality which has been mentioned before. The
reaction of several horticultural crops on different groundwater levels was investigated
in an already existing experimental field.

As in most horticuitural consolidation projects considerable quantities of earth will
have to be moved for ditch-filling, the effects of movingearth, deep-plowingand deep-
mixing on yield and quality of horticultural crops have become research projects. On
clay soils experiments were carried out to improve the workability of the topsoil by
mixing the heavy toplayer with sand. Planned are investigations for the improvement
of soils for flower growing in glasshouses.

Finally, integrated regional studies were also undertaken in horticultural districts
in order to develop a systematic planning of land consolidation schemes for horti-
culture. To this end, more detailed investigations were devoted to labour requirements
under different conditions of farm layout, means of transport and sizes of horticul-
tural farms,

This horticulturally oriented research is carried out in close co-operation with
specialized horticultural experimental stations, all situated in the West-Netherlands.

Three scientists of the Institute have been seconded to these stations to carry out
research and to promote a quick flow of the obtained results to the horticultural ex-
tension services and to organizations involved in land consolidation and improvement
in these regions.

THE FLOOD DISASTER OF 1953

In the night of January 31 on February 1 1953, a gale as heavy as never experienced
here before hit, at the time of high water, the coast of the southwestern Netherlands.
The toll of that night was: 187 km of seadikes destroyed or heavily damaged, area
encroached by the sea 150,000 ha, 1835 people killed or missing, 100,000 people to be
evacuated, estimated total material damage 1000 million Dutch guilders.

The abrupt interruption of normal life led to a number of decisions by the Govern-
ment, which in the end greatly influenced the research of the Institute.
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After the flood

The first decision was to reconstruct the broken dikes, to drain the flooded land
and to restore land and buildings. Secondly, it was decided to combine land consolida-
tion plans with the reclamation of the land. Thirdly, the decision was taken to protect
these areas against any flood in the future. In this well-known Delta-plan the main
estuaries between the islands in the southwest will be closed by large dams.

In this same region, the isle of Walcheren had already been flooded in the last year ot
the war and favourable experience had been gained with such a consolidation scheme,
in which reallotment of land, soil improvement, road construction, farmbuilding
re-siting and new drainage systems were all combined. Theinvestigationsaccompanying
the execution of this work were a stimulus to organize in the new Institute a division
for soil improvement and a division for integrated land improvement project studies.
Further, the Institute immediately after its foundation started in close co-operation
with the Ministry of Public Works, with investigations in the Delta-area.

The research was concentrated on the salt and water balances of the ‘Lake Zeeland’,
to be formed after closing the estuaries. This led among other things to a comparison
of several methods to determine the salt water intrusion into the land under the
existing conditions, as well as the fresh water intrusion from the lake in the future
situation. Of particular interest became the geo-hydrological investigations of specific
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parts of the deita and the statistical analyses of groundwater levels, by means of which
a water balance could be formulated. Later these investigations were completed by
analyses of discharges of pumping stations.

CHANGE IN ANNUAL RAINFALL IN THE LAST DECADES

Climatic conditions in the Netherlands are fairly stable, but there are periodical
variations which have considerable influence on agriculture. So for instance the rain-
fail from April to September during 1940 to 1950 averaged 350 mm, whereas the
average reached 455 mm from 1957 to 1966.

In the period 1940 to 1950 the dry summers of 1947 and 1949 in particular under-
lined the existence of a water shortage on the sandy soils of the Netherlands, which
cover about half of the total cultivated area. Ideas on water supply were developed
and several scientists investigated problems of plant water use and soil conditions as
influenced by a limited availability of water and a limited water supply.

When these research workers were brought together in 1956 in our Institute, the
work of the water management division still reflected the ‘dry’ aspect of plant-water-
soil relationships. In this connection the water in the non-saturated zone of the soil
became an important subject of research. In the laboratory determinations of moisture
characteristics of different soils were correlated with other soil physical properties
like texture and humus content. In the field gypsum blocks and particularly nylon
elements, were used to check soil moisture tension. For experiments in glasshouses,
where water supply is fully artificial and a high soil moisture condition must be
maintained, tensiometers came into use. In normal practice the instrument has now
become quite popular among market gardeners. In later years, moisture measurements
in our research were also made with neutron and gamma radiation equipment.

The reaction of plants on available soil moisture continves to be an important
research item. In pot experiments in glasshouses several important horticultural crops
were tested on their productivity in relation to soil moisture conditions,

Since the meteorological conditons play often a decisive role in plant production, the
study of evapotranspiration and the probability of a given precipitation deficit became
research projects, mesting considerable interest, both in and outside the Institute.

In several regions of the country sprinkler experiments were carried out on the main
crops grown on sandy soils. Where regional conditions seemed promising for supple-
mental irrigation soon the question arose where the water needed had to come from.
River water could be made available, but its transport costs seemed prohibitive in
many cases. Groundwater could be pumped up easily enough but might lead to a
lowering of the groundwater table in land where hitherto this water had by capillary
rise contributed to plant growth,

To solve such questions, one of our first regional geo-hydrological investigations
was devoted to the study of a watershed on sandy soils with a high transmissibility.
The movement of groundwater in such soils and the changes in level as a result
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of eventual groundwater withdrawal were the subject of elaborate investigations.

In this context the rising research interest in unsaturated flow, particularly capiilary
rise, can also be mentioned. It seemed surprising that this field of research had almost
been neglected in the Netherlands, as an estimate learns that at least one third of our
cultivated arca consists of low lying grasslands, where a high water table gives consid-
erable capillary rise in dry periods. Moreover, on most of these lands, systems to
maintain a high water level in ditches throughout the year have been in operation for
centuries. The experience gained must have been satisfying, since on the average no
serious problems arose with this form of subsurface irrigation.

In addition to the determination of suction characteristics, unsaturated flow mea-
surements were included in the Institute’s program. The capillary conductivity, in
undisturbed soil samples up to a length of one meter, can now be determined in the
laboratory in the wet range of unsaturated soils, whereas its determination in the dry
range is expected to be successful before long. From the relation of this capillary con-
ductivity to soil water suction, the delivery of capillary water to the root zone can be
calculated.

Another research project, greatly stimulated by the above mentioned relatively dry
period, is the evolving of evaporation formulas. In lysimeter studies the relation be-
tween meteorological conditions and evapotranspiration of short crops as found by
Penman was confirmed for the Netherlands. Later, however, the plant resistance and
the crop roughness were added to the existing formula, factors important when
dealing with long crops. A formula based on a combined water and energy balance
approach was tested on grass in the Netherlands as well as on alfalfa growing in
Tunisia and it is hoped that it will be of value when designing irrigation projects
under any given climatological condition,

As regards the ‘wet’ side of plant-water relationships, the Netherlands have always
been famous for its age-old drainage systems. Research on this subject, however, only
started after 1930, when the well-known hydrologist Hooghoudt started to develop his
drainage formulas and the field method of hydraulic conductivity determination. Later,
investigations followed on the desirable depth of the groundwater table. But till up to
around 1950 the subject of drainage, although the earlier research findings were
applied to tile drainage on a routine scale, did not get a share of research equivalent
with its importance.

The long period of wet years starting in 1950 and even lasting now, only interrupted
by the dry summer and autumn of the year 1939, gave an intensification of investiga-
tions on the desirable groundwater level in specially conducted field experiments and
the renewed interest of research in problems of excess water in the soil and of drainage
manifested itself in several ways in the Institute.

In the first place the attention was focussed on watershed hydrology in the slightly
sloping and undulating sandy regions of the country. The mutual relations between
precipitation surplus, drainage flow and groundwater table depth, the validity of
hydraulic flow formulae, the development of new equipment for flow measurements
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and the economics of different methods of cleaning water courses did receive attention
in our research projects. A factor of importance in watershed hydrology is the accuracy
with which rainfalt distribution is measured. Mathematical studies of rainfall distribu-
tion data have therefore become a complemental research project.

In the second place more research has gradually been devoted to aeration of the
soil and its consequences for plant growth. Investigations on the components of soil
air under varying conditions of aeraticn have been introduced and air supply to plant
roots as related to groundwater level is being studied.

In the third place the influence of excess water on farm management became an
important item. These studies gave an insight in the damage done and at the same
time in the benefits to be expected from drainage improvement of the watershed.

A particular harmful aspect of excess water on farm management became gradually
apparent in extensive areas of permanent grasslands on peat soil: the trampling of the
grass sod by cattle under conditions of heavy rainfall and high water tables, the latter
being normal for these peatlands.

The first investigations dealing with these problems were carried out on shallow
peat soils overlying sandy layers. The solution against trampling could be found here
in deep-plowing, thus covering the peat with subsoil sand in a layer of 10 to 15 cm,
Later, soils with thick peat layers where no sand could be plowed to the surface, were
studied. After determining the relation between humus content, density of the top-
layer and water content, it was possible to indicate the correct water table depth for
any given peaty soil. As, however, a deep water table in peatland may cause alowering
of the surface of the land, field experiments are now conducted to find the accurate
management of the water table during the course of the year to prevent this.

Taken all together, it is believed that now not only all components of the water
balance, but also their repercussions on agriculture receive an adequate attention in the
Institute.

THE FINAL GOAL OF LAND IMPROVEMENT RESEARCH

The gradual growth of the number of research projects, as stimulated by the changes
in agricultural conditions, has led to a conglomerate of activities, permitting the
30 scientists of the Institute to go deeply into a variety of physical and economic
problems.

Practical improvement work, however, no longer concentrates on the single tile
drainage case, the soil profile improvement of an individual farm or the reconstruction
of a single rural road, but it aims at the integrated improvement of the physical
structure of rural areas.

In the first place attention is focussed on the improvement of agricultural economy
which, as land drainage, soil improvement, re-siting of farmbuildings, road construc-
tion, etc. are involved, leads in itself already to multipurpose projects.
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But the complexity of the projects still increases by the need to take general physical
planning into account, in the way it arises from the expansion of towns, the construction
of highways, the exploitation of groundwater for domestic purposes and so on. It
goes without saying that including recreational constructions further complicates the
planning.

Research will have to adapt itself to these demands and must look for solutions in
which the results of a variety of detailed investigations are integrated and economic
optima are approximated. This must be considered as the most difficult problem to
solve and its solution is far from being complete.

In some cases solutions are available for the integration of problems of a more
limited nature. This is for instance the case with the water balance. Written as an
equation, the unknown component may be found after detailed investigations of the
other components. Another example is the calculation of optimum farm layout, when
some data like farm size, labour units and main crops are given, but farm labour,
transport, border losses, etc. are variables to be found by investigations and elaborate
calculations. Usually, however, solutions only refer to parts of the project and their
further integration remains necessary.,

The approach of such problems, gradually developing in the research of the In-
stitute, is to concentrate several specialized investigations on a number of case studies
in different regions of the country. Within larger regions, generally a representative
area is chosen for elaborate investigations by a team of specialized research workers,
who are aware of the required integration of their results into the whole of the project
and who have to adapt their research to this purpose.

An example is the investigation of a watershed in a sandy region of the Fast-
Netherlands, where watersupply companies and industries are much interested in
groundwater withdrawal, but a lowering of the groundwater table may considerably
diminish the groundwater contribution to the moisture available for crops during
summer. It is characteristic for this type of research that the optimum solution mostly
must be found in the comparison of alternatives, whether by varying the intensity of
one type of solution or by comparing different types of solution. In the case of the
given example, one might try to spread withdrawal of groundwater as much as possible,
think of possibilities of storing water from winter rains or infiltrate river water into
the area.

Another example concerns the investigations in a clayey region in the north-
ern Netherlands, where some land consolidation schemes are underway or in prepara-
tion. The region is characterized by winding roads and by irregular lots of about 1 ha,
surrounded by ditches and sloping on all sides to the ditches. The site of the farm-
buildings is fairly favourable. One of the main problems is, bow to fill ditches in order
to enlarge lot sizes. The degree of filling, the type of machinery to be used and the
sites for obtaining earth are some of the variables. Moreover, farm size and recreational
opportunities have to be considered. A close co-operation of soil improvement spe-
cialists with planning engineers and economists is needed here to arrive at a resuit
close to the optimum.
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The complications in such studies are many and it is often necessary to simplify
matters by using models, whether physical, mathematical or economic, depending on
the type of problem. The use of computer techniques makes it possible to investigate
with such models the effects of the many variations and makes it easier to find the
optimum solution.

Whereas much research on detailed problems remains needed, the Institute’s work
has a tendency to move in the direction of investigations of a more complex nature
and to the integration of research results of different disciplines. This seems to be in
accordance with the development of society, where the interdependence of activities
related to land use is ever increasing, particularly in a densely populated country like
the Netherlands,
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Some research techniques for multivariate land improvement
problems

W. C. VISSER

THE PROBLEMS

In the preceding ten years, research of different types has been carried out in the
Institute. In the first place a number of specific practical problems as drainage or
consumptive use have been tackled, methods of assessment of plant and soil properties
have been developed and their results, of direct practical applicability, have attracted
much interest. In the second place, however, the problem of setting up multivariate
land improvement models has also been gone into, although this has met with less
direct interest. It is, however, of equal importance to obtain reliable design results.

Land and water management problems require a comprehensive type of research,
which differs from the classic type of investigation mainly shaped for problems where
all factors can be kept constant save the one to be studied. This classic type of research
also requires that the factor to be studied has been previously indicated. Comprehen-
sive research deals with a number of factors, known and unknown, which are largely
varying without the possibility to keep them constant. Neither are the factors to be
studied previously known. Part of the problem to be solved is to indicate which
factors are limiting.

The ultimate land improvement problem is, in what order of profitability practical
measures can be taken to improve an insufficient level of land management. It is
required to specify not only the nature but also the intensity of the measures. The
complexity of the investigation not only arises from the large number of factors which
may be involved, but also from the fact that practical measures affect a number of
them generally in a complex way, in a range from beneficial to injurious. The results of
the measures taken may furthermore easily transgress the realm of land improvement
techniques and touch upon problems as the kind of farming, the crop selection or
fertilization.

As will be discussed, for the solution of these multivariate problems some research
techniques are particularly suited.

REQUIREMENTS OF COMPREHENSIVE RESEARCH TECHNIQUES
Classic research, by its specific nature, has not endeavoured to formulate a technique
for multidimensional comprehensive research. It may, however, be assumed that

within its line of thought such a technique would have embraced the determination
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of every detail and the combination in some way of the results. The number of details
would have been very large, but adding them up would not have constituted a difficulty
now that computers are available. The costs, however, of such an exhaustive investiga-
tion would have been prehibitive. Since, however, the theory of classic research
techniques has not worked out a basis for comprehensive research, fitting research
rules had to be used or evolved with which efficient comprehensive research tech-
niques could be constructed.

Comprehensive research makes at first sight contradictory demands. It should be
complete but not intricate, accurate but without unnecessary details, 1t shouid be
manageable but not superficial. Above all it should not be costly but the results should
still give sufficient information to solve intricate practical problems.

A major diiference with classic research is, that the shape and extension of the
investigations to be carried out depends to a large extent not on the importance of the
results but aiso on the costs and the possible outcome of the research technique. The
methods of comprehensive research depend not only on the problem to be solved but
also on the availability of many specialists, the research facilities and the economic
effectiveness of the scientific methods used. The manner of the investigations will
depend on the required intensity of the research to be done,

In the following pages a few techniques, used during the last ten years, will be
discussed.

USE OF MODELS OF GENERAL VALIDITY

In comprehensive research the use of models is of well-known value. It precludes
the need of evolving time-consuming ad hoc solutions and makes it possible to com-
pute the constants which produce the best fit of the model to the observations. In
hydrology using models is becoming standard procedure, but it will be of importance
to evolve such general concepts in every branch of land improvement research. It is
in the description of plant production that models were most conspiciously lacking
and had to be constructed. The development of a crop production function will
therefore be discussed as an example of this model approach.

The production function is based on three hypotheses. First, the uptake of nutrients
works in accordance with a linear flow or diffusion function. Secondly, a healthy
growing plant takes up its nutrients in a certain optimal ratio. Thirdly, in suboptimal
growing conditions the sum of the relative deviations in uptake of the various factors
from this optimal reference ratio, is zero. This third concept in fact states, that the
level of production is such that an optimum use is made of all available nutrients.

These three concepts lead directly to a relatively simple mathematical equation
for the rate of crop growth, identical with the law of limiting factors or the growth
relations according to Blackman. Comparison of the results of the obtained formula
with data of field experiments, taken from literature, did show that the concepts of
diffusion and minimum deviation provided a correct background, not only for simple
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F16. 1. Graphical and mathematical representation of a crop production model for the depth of the ground-
water and the application of nitrogen as an instance of a rather complex growth model

cases but also for more complex ones as co-operation, substitution or antagonism of
growth factors.

An illustration of how plant and soil aspects can be dealt with — in this case the
interrelation of nitrogen application and groundwater depth — is given in fig. 1. The
yield depends in the first place on the limit set by the maximum yield, which in our
case is 51 kg/100 m?, given in the first term of the formula. The second term describes
the influence of aeration - defined as an exponential function of groundwater depth —
on the growth of the crop. The third term shows how the same aeration will influence
the amount of nitrogen made available by micro-organisms, to which the amount of
N applied as fertilizer is added. The negative quantity of 4.2 kg represents the nitrogen
lost by leaching or in some other way.

The example shows how with a model the effect of a complex process as aeration
can be solved and how with the aid of the model the constants can be assessed. The
models should be shaped in such a way that they can be used not only as a biological
growth relation but also as an economic production function. In the mentioned case
it will be clear that by writing the groundwater depth and the nitrogen application as
a function of costs and expressing the vield as a function of benefits, such a model can
be used to decide under which conditions supplemental drainage or nitrogen applica-
tion is the most profitahle way to counteract insufficient drainage.
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REDUCTION TO ONE COMMON VARIABLE

In a multivariate problem the ultimate result often depends on a number of prop-
erties which can be measured independently, but which are linked by some mutual
relation. Elaboration of the effect of such properties is hazardous, because the inter-
related property may be accounted for more than once. But even if this danger has
been overcome it is possible that, by using the relation as basis of a design, new con-
ditions are assumed which are physically impossible or improbable. This difficulty can
be eluded by reducing such properties to their mutual variable and define the im-
provements to be contemplated not as a change of the property itself, but as a change
of the constants relating the property to the common variable.

As example can be mentioned a problem dealing with the question whether land
drainage had to be based on improving the main water courses, on improving the
minor ditches or on a specific combination of both.

When making groundwater depth — discharge curves, resulis as given in fig. 2 are
generally found, indicating that at high groundwater tables the drainage flow is
directed to nearby shallow water courses. At low groundwater tables, however, the
residual drainage directs itself to deeper water courses farther away, The variation in
level of zero flow over the months shows that the water level in the main channel forces
the water back into the minor water courses.

The groundwater level, which in fig, 2 is clearly affected by drainage to two different
water course systems, can be expressed as the result of the water level in the main
channel by expressing the water level in the secondary system in terms of the level in
the primary system, The water levels in the minor system can be calculated from the
level in the main system. The groundwater level can in this way be related to the water

Q in mm/day
4

Fic. 2. A drain discharge model that
accounts for the influence of the water
level H in the main water course on
the groundwater level W and water L L
levels S and S, in the minor open o 20 40 60
drainage systems. Four water levels

in the area to be drained, related to [1 Q 1- a
the discharge, provide an insight into 8k, Dy }{ 8kzDp } =F
which drainage system Is the most in g (W-CH H_bi) & (W-GZH_bg)
need of improvement M H+by =5, QaH+bp =82

80 100 120 140
groundwater depth in ¢cm

25






