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STELLINGEN

I

Het verdient aanbeveling om de in dit proefschrift toegepaste methode van
onderzoek voor de graanoogst te gebruiken voor de optimalisatie van de
oogst en de verwerking van andere gewassen,

11

Bij de optimalisatic van een oogstsysteem is het noodzakelijk de verliezen
aan produkt die bij de alternatieve systemen optreden in de kostenbereke-
ningen te betrekken.

111

Het verdient aanbeveling om loonwerktarieven voor maaidorsen te diffe-
rentiéren op basis van het korrelvochtgehalte en het rijpheidsstadinm van het
gewas.

v

De optimale situatie van vliegvelden ten behoeve van werkzaamheden in
de land- en bosbouw kan worden bepaald naar analogie van de in dit
proefschrift toegepaste methode voor situering van graanverwerkingsinstal-

laties.
GROENEWOLT, W. J., 1968. Landbouwk. Tijdschrift, 80:357-361.

v

De door o.a. BELDEROK gegeven beschrijving van het meest gunsﬁge
rijpheidsstadium van tarwe voor maaidorsen is gezien zijn beperktheid
onbtruikbaar voor de optimalisatie van de organisatie van de tarweoogst.

BELDEROK, B., 1965, Zeitschr. fiir Acker- und Pflanzen-
bau, 4: p. 299.

VI

De frequentieverdeling van het korrelvochtgehalte tijdens de ocogstperiode
vormt een te beperkt nitgangspunt voor de simulatie van de graanocogst ter
bepaling van de optimale dors- en droogcapaciteit.

DowaLbpson, G. F., 1968, Am. Journ. of Agr. Econ,
50; 24-40.
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- VII

Yoor de beslissing inzake aankoop van een landbouwwerktuig zijn de
resultaten van vergelijkende capaciteitsmetingen van geringe betekenis te
achten in vergelijking met andere informatie zoals die betreffende bedrijfs-
zekerheid en service.

VIII

De toenemende mechanisatie van de werkzaamheden in de landbouw heeft
tot gevolg dat bij de organisatic daarvan in bijzondere mate rekening moet
worden gehouden met de weersomstandigheden. Dit maakt meer inzicht
noodzakelijk in de relatie tussen plant, ¢.q. grond en machinale bewerking
bij verschillende weersomstandigheden.

IX

Het verdient aanbeveling om bij het tot stand brengen van een proef-
schrift gebruik te maken van netwerkplanning. '

X

Het valt te betreuren dat in Nederland voor het veranderen van een
geslachtsnaam, welke als onwelvoeglijk of bespottelijk is aan te merken
en waarvan in het maatschappelijk verkeer hinder wordt ondervonden,
de financiéle eisen belemmerend kunnen werken.
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1 INTRODUCTION

In the last two decades techniques of agricultural production have changed
considerably, in general resulting in a substitution of labour by machinery.
Another trend in recent vears is the decline in margins; i.e. the cost of the
inputs has tended to rise relative to the price of the products. The net effect
of these changes is that farming and farm management in developed countries
change from a craft and a way of life towards a business requiring the disci-
pline of business management to ensure a profit. This places a heavy burden
on the farmers decision making function regarding the selection of farm
equipment (MORRIS and GROENEWALD, 1968).

The sum of labour and machinery constitutes approximately 509, of the
production costs on a modern arable farm in the centre of the Netherlands
(ANON, 196849). Therefore, with a given cropping program, an efficient
selection and utilization of these means of production can contribute sub-
stantially to maximization of the profit. Although considerable research
has already been done on systems design and equipment selection in crop
production, mostly by cost minimizing, in many cases a clear cut model for
these decisions is still lacking.

The objective of this thesis is:
1 Development of an operational model for grain harvesting

2 Application of the model to determine an optimal grain harvesting
system i.e. number of combines, transport equipment and number, size
and location of plants for drying and temporary storage. This is done
by minimizing the sum of the costs of labour, equipment and product
loss due to any of the selected systems (total harvest costs).

The optimal system depends on the climate and other conditions prevailing
in a certain region. In this case the model is applied to 4 farm located in the
centre of the Netherlands (52¢ 30" N, 5¢ 37" E).

The climate in the Netherlands is a maritime one with cool summers and ! ooy {eidt .

mild winters. The weather during harvest is in general rather unfavourable)
for grain harvesting operations (precipitation 93 mm/month, temperature
16.8° C, relative humidity 86 %). The moisture content of the threshed grain
is in general such that part or all of it has to be dried artificially before it can

1



be stored safely. Thus the weather affects the drying capacity, the available
working hours for combining and the combine performance; it also affects
the field losses. As a consequence the rate at which the harvest proceeds
and the total harvest costs vary from year to year. With a known probable
pattern of the weather during the harvest the criterion becomes the mini-
mization of the average annual total harvest costs for a given cropping
program over a large number of years. Assuming that the pattern of the
weather will not change or that the change of weather can be predicted, the
results may be used for the future,

The field losses and the harvest costs (labour and equipment) are affected
by the scheduled duration of the harvest period in an opposite way. The
longer the duration of the scheduled harvest period the higher the field
losses but the lower the harvest costs because less equipment and less
personnel are required. The relationships between the various factors involved
in grain harvesting operations are shown in figure 1.

The field loss consists of dry matter loss, shatter loss and loss caused by
the header of the combine (cutterbar and recl). Both field loss and decline
in guality increase with time delay in harvesting after maturity. :

The weather affects the crop moisture conditions, as indicated by kernel
moisture content, and therefore the number of available combine hours, i.e.
the hours that crop conditions allow combining during the scheduled dura-
tion of the harvest period.

The available combine hours together with the kernel moisture content
during those hours determine the combine, drying and ventilated storage
capacities required. The hourly combine capacity, the capacity of the com-
bines while working on the field, is also affected by the level of separating
loss from the rear of the combine; the higher the level permitted the higher
the combine capacity. Further the combine capacity is positively correlated
with the grain straw ratio which is determined by the height of cutting. The
ventilated storage capacity is the space required for temporary storage of the
moist grain to be dried, which is brought in at irregular intervals depending
on the kernel moisture content. As shown in the diagram these three com-
ponents are interrelated. For example a low drying capacity will necessitate
a larger combine capacity and/or ventilated storage capacity. Conversely
a large drying capacity will result in a smaller combine capacity andfor
ventilated storage capacity.

The hourly combine capacity determines the conveying capacity required
in the drying plant and affects the transport capacity required. The transport
capacity and the number of drying plants are negatively correlated; the
smaller the number of plants the higher the transport capacity required.
The relationships between the kernel moisture content of colza, barley,
oats and wheat and the weather have been investigated during the harvest
seasons 1963—1967. Then the kernel moisture content of the crops in the
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Fig. 1. Process diagram of the grain harvest.

period 1931—1967 were computed. Simultancously measurements were
made of the combine performance under influence of the crop moisture
content, the level of separating loss and the grain straw ratio (height of
cutting).

Also the harvesting organization has been studied; a system was developed
to provide minimum costs of the separate components viz. combining,
transport, drying and storage with a view to the minimum costs of the
harvesting system as a whole. Selecting a harvesting system with minimum
costs is only warranted when considering the place of the system in the work
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organization of a particular farm as a whole; i.e. the work to be carried out
before and after the harvest with the machinery and personnel required.
Also the conditions prevailing on that farm must be taken into account.
In this case, the system has been used to minimize the total harvest costs
of a 20,000 ha grain farm under actual weather conditions occurring during
the harvest periods of the years 1931.—1967.

The farm is a part of the reclamation activiiies of the Yssel Lake polders
Development Project. As a resuit the location of the farm within the Yssel
Lake area is being moved at regular intervals causing complications related
to the transport distance and the location of the drying plants; these pro-
blems are discussed in this study.

The thesis has been developed as follows:
chapter

Phas¢ A Description of the farm .. .. .. .. .. .. .. .. 2

Phase B Development of an operational model for grain harvesting
B.1 Colza, barley, oats and wheat as affected by the
weather
maturity dates ..
field losses . e
kernel and straw mcusture content S %
B. 2 Development of a grain harvesting system
combine performance as affected by crop moisture
conditions, the organization and the work method .. .. 7
development of a transport system ..
drying and storage of the grain

Lh Lo

o oo

Phase C Application of the operational model to the penod 1931—
1967 to determine the optimal harvesting system
C.1 Available combine hours in the period 1931—1967. . 6
C.2 Costs of the harvest components and limitations
imposed by some variables related to the regular moving of

the farm .. .. 10
C. 3 Minimization of the total harvest costs dunng the
period 1931—19%67 .. .. .. .. .. .. .. .. .. 11



2 CHARACTERISTICS OF THE FARM

2.1 INTRODUCTION

The large-scale farm is a part of a land reclamation enterprise which is
managed by the ,,Rijjksdienst voor de IJsselmeerpolders” (Yssel Lake
polders Development Authority), a board responsible for the integral
development of the polders in the Yssel Lake.

According to the Zuyderzee Reclamation Act of 14 June 1918, the Yssel
Lake Project includes the drainage of five polders totalling 220,000 ha. The
location of the polders is shown in figure 2. The first, the Wieringermeer,
was drained in 1930, followed by the North-Easiern Polder in 1942,
Eastern Flevoland in 1957 and Southern Flevoland in 1968. According to
the present planning the Markerwaard polder is to be drained in 1980.
In 1968 the project was roughly halfway to completion.

In each of the polders the responsibility of the Authority is for a limited
period only; it begins as soon as the polder is drained and it ends as soon as
the polder, or a part of it, has been made suitable for the land use planned
and developed to a certain level. Before the Development Authority staris
its work another Government Service, the ,,Dienst der Zuiderzeewerken™
(Zuyderzee Project Authority), constructs dykes, pumping stations, canals
and roads. It also digs the canals,

Als a general rule the development work involved in each polder has the
following sequence of operations:
building of dykes and pumping stations
draining of the polder
building of roads and construction of the field drainage system
preparation of the land for agriculture, i.e. the transformation of the mud
into good agricultural soil by means of appropriate land development
measures
provisions necessary to make the land suitable for the purposes for which
it is planned
building of houses, shops and farmbuildings
creation of employment by attracting agricultural and other business
attraction of population and providers of basic services
organization of public services.

For a detailed description of the various development works see ANON
{1959).



B temporary farm

#ren,

e NORTH ™,

drained 1942
48.000 ha

MARKERWAARD
to be drained 1880 EASTERN

80.000 ha FLEVOLAND
drained 1957

SOUTHE
FLEVOLAND
drainad 1958

Amsterdam 44,000 ha

10 20 30

Fig. 2. Yssel Lake project and location of the farm




2.2 RECLAMATION OPERATIONS

The Authority enterprise referred to is responsible for preparing the land
for cultivation and for making it suitable for the purpose planned. The
work involved can be summed up as follows: .

preparation for cultivation:

sowing reeds: reed seeds are sown from the air immediately after the polder
has been drained; reeds help to keep weed growth down and to lower
the soil moisture content. The reed vegetation is maintained until the area
is reclaimed

killing reeds: destruction of the reeds by mechanical or chemical means on
the annual area to be reclaimed

field drainage: the construction of a temporary field drainage system '
(open ditches), which is later replaced by a permanent subsurface drairage
system

levelling: most of the reclaimed land is fairly flat, but spoil banks from the
ditches and canals have to be levelled

profile improvement: deep ploughing, profile mixing and breaking up of
hard layers

temporary farming: the land cannot be allocated to private farmers as it
is at this stage of development owing to the low bearing capacity of the
soil and other inconveniences. Through these difficulties the choice of
crops is limited and special machinery has to be used. The low bearing
capacity is due to the high moisture content of the soil. The water, bound
to the soil particles has to be removed from the soil through the growing
of plants. Consequently temporary farming by the Authority is usually
neccessary for at least five years before the virgin soil is transformed into
a good agricultural soil. A good agricultural soil is here supposed to be
a soil that can be worked with normal farming equipment and that is
fit for the crops commonly grown in the area: grains, potatoes, sugarbeets,
vegetables and fruits

Surther preparation

forestation, planting of trees and shrubs along roads and in farm yards,
the laying out of shrubbery in areas planned for buildings and playing
fields. The shrubbery and playing fields laid out are cared for up to the
time of their being handed over to the communities which will be respon-
sible for them in the new settlements

The acreage to be reclaimed each year is determined by the date set
for the draining of the next polder to be developed (in this case the Marker-
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waard polder). At present the average area to be reclaimed- each year in
Eastern and Southern Flevoland amounts to some 3,800 ha. This area
fixes the annual program of other work, such as field drainage, profile
improvement, forestation and temporary farming. Table 1 gives a summary
of the program for 1967.

TABLE 1. Operations schedule for the Government enterprise in 1967.

Reclamation © Temporary farm
killing reeds 3,910 ha colza 3,655 ha
deep ploughing 500 ., barley * 3,460 ,,
profile mixing 500 ,, oats 1,078 ,,
levelling spoil banks 250 km . wheat ! 5,400 ,,
ditching 750 ,, _—
subsurface drainage 2,100 ,, T 13,592,
alfalfa 1,950 ,,
flax, misc. 3,383 ,,
18,926 ha
Forestry
planting woods 350 ha
farm yards 140 ,,
roadside trees 10 km
maintenance woods 2,800 ha

! Only spring barley and winter wheat are grown, in the text they will be referred to as
bariey and wheat.

This work, which is very varied in nature, time and location, is largely
carried out by farm personnel (about 780 men) using a considerable amount
of machinery. Where possible and where rates are competitive, jobs are let
completely or in part to contractors e.g, subsurface drainage, soil improve-
ment and spraying. Part of the land is rented for flax production; alfalfa
and straw are sold in the field. Figure 3 shows the type of operations carried
out by farm personeel in 1967. It demonstrates the relatively large number
of personnel required for the agricultural operation, and the relationship
between the agricultural and the reclamation work. The agricultural work
has two distinct peaks: sowing and harvesting. Between sowing and har-
vesting, from April until July, personnel and equipment are engaged in
reclamation work. Then the weather is also most favourable for this highly
mechanized work. The Maintenance Department takes care of repair and
maintenance of the machinery. The Central Store Department is responsible
for drying and storage of the harvested products and the delivery of materials
like fertilizers, seeds and drainpipes.

Table 2 lists the machinery used. It shows that nearly 40%, of the capital



Fig. 3. Labour diagram of the work
carried out in 1967.
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is invested in harvesting equipment (drying plants included). About 309
is invested in crawler and wheeled tractors, 259 of which are employed in
harvesting work.

Taste 2. Equipment in 1967,

Hours/ Investment *
Type Number year/

machine . x f2 1,000,000 in %
Crawler tractors 150 9200 8.0 26.7
Wheeled tractors 140 8001000 25 8.3
Swath mowers 50 70 1.0 3.3
Combines 20 200 2.8 9.3
Grain wagons 280 1.7 57
Drying plants 3 6.0 20.0
Reclamation tools 3.0 10.0
Miscellaneous 5.0 16.7
Total 30.0 100.0

11967 réplaccment value
2 f = Dutch guilders



The extent of the temporary farming operation is determined by the five
vear soil development period already mentioned. Therefore 5 x 3,800 ha =
19,000 ha will be farmed if the area reclaimed each year is equal to that
handed over to farmers and communities. Characteristic features of this
farming operation are the limited cropping program and the gradual change
in location.

2.3 THE TEMPORARY FTARM

2.3.1 Cropping program

The following factors establish the choice of crops grown on the temporary
farm:

a. the low bearing capacity of the soil and the tillage problem, that make
root crops impractical to harvest

b. crop rotation requirements and the fact that reeds are the first ,,crop™
¢. the requirement that the virgin soil is transformed in good farm land
d. within the described limits the economic consideration to achieve the
highest possible net return.

As a result of these considerations the following crops have been selected:
colza, barley, oats, wheat, alfalfa and flax. The colza and grains are sown,
cultivated and harvested by own personnel, except the straw that is sold
in the windrow. Flax, alfalfa and miscellaneous crops are contracted out
either by renting the land or by selling the crop. The crop rotation and
operating scheme can be demonstrated as follows:

annual arga to be reclaimed (constant): A
area under cultivation : F=5A
annual area to be allocated to others : U = A

The following crops feature in the rotation scheme:

Crop Acreage
reeds (reclamation) A
colza X,
barley X,
oats X,
wheat .
alfalfa Xa
flax and miscellancous ' X¢

different crops (after allocation to others) U

10 ' s



where x, + 5, + X, + X, + X, + X +A+U=TA=F+2A {21)
The acreages sown with the different crops are then broadly speaking
determined by the following conditions:
Colza is well suited as the first crop after reeds so:

X, = A (2.2)
The crops to be harvested by farm personnel ripen in the following order:
colza, barley, wheat and oats. Based on the scheduled duration of the harvest
of each crop (see 3.3) the farm management decided for ihe following
ratios:

X = X, 23

X, + %, = 1L8%, (2.4)
The acreage to be sown with the crops harvested by own personnel then
follows from 2.2, 2.3 and 2.4:

X + X + X, + X =38A (2.5)

The acreage available for alfalfa, flax and miscellaneous then follows from
2.1 and 2.3:

L, +tx=F—-38A=12A (2.6
In view of the contracts with purchasers the acreage for alfalfa is constant at:
x, =05A 2.7

The acreage available for flax and miscellan¢ous can then be deduced from
2.6 and 2.7;

x=12A—-05A=07A (2.8)

For selecting a crop rotation due account must be taken of certain basic
agronomic requirements. One of the most important on these newly reclaim-
ed soils is caused by the high incidence of Ophicbolus graminis Sacc.,
the origin of the take-all disease. Therefore a close rotation of barley and
wheat in the first years often results in heavy losses in these crops, especially
in wheat (BosMa, 1962). After some years there is a decline of Ophiobolus
(GERLACH, 1968). Then, as in other parts of the Netherlands, Cercosporella
Herpotrichoides, causing eyespot of wheat, has to be observed more than
Ophiobolus in rotations dominated by cereals, Oats is regarded a favourable
rotation crop with other cereals, the only drawback is that it is the least
profitable crop. Therefore the acreage under oats is kept at the minimom
necessary for a good crop rotation.

On the basis of these requirements, the cropping schedule shown in
figure 4 has been developed. For various reasons this schedule is not followed
strictly. For instance the acreage of flax has been reduced in recent years
owing to the inability of flax to control the development of reeds and the
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year

i reclamation barley

d colza flax, miscellanaous aliocated to farmers

wheat oats

Fig. 4. Crop rotation scheme of the temporary farm.
&

reduction in flax quality when reeds are present; this resulted in a larger
acreage of oats. Further, at present a small acreage of alfaifa is sown as the
first crop after reclamation because of the better results compared with
sowing under barley; the result of this is that colza is now sown on an equal
acreage after barley. Also the duration of the temporary farming is some-
times longer or shorter than five years,

In general the crop rotation scheme has sufficient flexibility for these
deviations not to affect the overall plan, Over recent years the farm area
has been some 19,000 ha, about 14,000 ha of which have been used for cereals
and colza harvested by farm personnel.

2.3.2 Trends of prices and costs on the farm during the period 1960—1969

The farm’s management has introduced the profit element as a measure for
the efficiency of the work on the farm. The objective is therefore to achieve
the highest possible net return within the technical limitations described
above. In recent years this policy had to deal with two important external
factors affecting the net return: the sharp rise of the labour costs and the
relatively small rise of the prices received for the products, Both trends
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demonstrated in figure 5 show the wide divergence since 1964, It was
therefore decided to avoid a possible decline in margin by speeding up the
substitution of labour by machinery.

Some of the results of this policy are shown in figure 5. The line represent-
ing the cost of harvesting (approximately 25 % of the total cost of production)
shows that the increase of labour cost did not cause a rise in the cost of
harvesting. This is also valid for the cost of combine harvesting which was
kept at the same level by the use of larger combines agd by the improvement
of the organization. The overall result of this polic¥®was that the required
labour decreased with approximately 409 while the fet return increased
with approximately 100%. It should be mentioned that the rise of the net
return was not only caused by the substitution of labour by machinery but
also partly by an average increase in yield of 300 kg/ha during the period
1960—1969. :

The lines representing the net return, the cost of harvesting and the cost of
combining serve only to demonstrate the trends of these yardsticks. Theycan-
not be used for comparison with the results of other farm$ or with costs men-
tioned in this thesis because the calculation methods used are not the same.

2.4 HARVESTING

The crop is threshed either from swath (colza) or directly (grains) by com-
bines. The colza has to be swathed in order to prevent seed losses caused
by pods springing open. Swathing has also been tried out for grain crops
(vaN KAMPEN, 1959). However, the resulfs were not such as to warrant
making it standard practice, chiefly because under our weather conditions
grain crops in swaths dry very slowly after wetting, often resulting in sprouting.
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Fig. 6. Sequence of grain harvesting operations,

The threshed grain is discharged from the combine grain tanks into grain
wagons. The loaded wagons, coupled in pairs, are hauled on to the metalled
road by crawler tractors. From there wheeled tractors transport the wagons
to the three transshipment (drying) plants located in different places. These
plants dry the grain to a moisture content which is sufficiently low to permit
safe shipment to storage installations eisewhere in the country. Colza, barley
and oats are shipped to rented storage facilities where they are further dried.
They are then gradually put on the market. Most of the wheat is sent directly
to the flour mills. A small part is stored in the transshipment plants as a
profitable means of utilizing the space after the harvest is finished. '

The harvest as a whole is a chain of operations, the duration and extent of
which have to be planned so that each phase fits in with the next in such a
way that the work can proceed without delay. The operations can be sum-
marized as follows (figure 6): combining - transfer into grain wagons -
transport on the field - transport on the road - weighing - unloading - pre-
liminary cleaning - temporary ventilated wet storage - drying - cleaning -
temporary dry storage - shipment - final storage.

A complication arising during the harvest period of two months is the
very irregular progress made due to the effect of the weather. Combining
can in fact not be carried out before the moisture content of the standing
crop has dropped below a certain level, as the combines cannot handle a
crop with a moisture content above that level, Below this level in question
the actual moisture content will determine whether drying is needed before
shipment and storage. A rough classification for wheat can be made based
on the kernel moisture content (see also 7 and 9):

14



unloading
conveying

and cleaning  storags of drying and cleaning storage of convaying shipment
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a. moisture content > 28%,: crop too wet for combining

b. moisture content 17—28 9 : drying necessary after threshing and before
storage; the following two intermediate situations can occur:

by. moisture content 19—28%: temporary ventilated storage possible,
drying necessary before shipment

b.. moisture content 17--199%;: shipping possible but drying neccessary
before final storage

¢. moisture content < 179/ shipping and storage possibie without drying.

In the case of colza, barley and oats similar situations occur but at diffeient
moisture contents.

A further complication is due to the regular movement of the farm through
the polders. This means that the average distance to the transshipment
plants gradually increases, so that after a certain period of time these have
to be moved or the transport capacity has to be increased.

The equipment and personnel required in 1967 tor harvesting work
and the capital investment per hectare are summarized in table 3. Of the
fifteen workers needed per 1,000 ha or 4,000 tons of grain, twelve are
involved in combining and transport and three in drying and shipment.

2.5 SUMMARY

The large-scale farming and land reclamation enterprise is part of the Yssel
Lake polders Development Authority. The land in the polders cannot be
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TabLE 3. Equipment and personnel for harvesting 14,000 ha of grains and colza (55,000
m. tons) and the capital investment per hectare in 1967, Swathing excluded.

Investment/

Type Number  Description Personnel ! hectare 2
Combines 80 36—54m 85 f 200
Grain wagons 80 8 m? . 120
Grain wagons 200 45 » '
Crawler tractors ‘ 15 70 hp 16
Wheeled tractors 20 100 » 21 } . 3073
Wheeled tractors 40 S0 . 43
Drying plants 3 drying cap.:

60 tons h—1 4 29 ,» 430

conveying cap.:

280 tons h1

ship loading:

140 tons h-! 10

storage:

13,000 m?
Total 204 f780%

1 6% reserve included

2 1967 replacement value

3 20%; charged to the harvest (see 10)

4 capacities for drying, conveying and ship loading are based on requirements for wheat
{in m. tons)

5 Dutch guilders

allocated to individual farmers immediately after reclamation owing to
the low bearing capacity of the soil. Hence a period of at least five years of
farming by the Authority is necessary to transform the mud into good farm
land. At present this enterprise has 19,000 ha under cultivation. Because of
different limiting factors the following crops are grown: colza, barley,
oats, wheat, alfalfa and flax. The first four of these crops are managed with
farm personnel and equipment; alfalfa and flax are managed by others.
The cropping program and crop rotation are shown in figure 4. Trends of
prices (wheat) and costs {(labour) demonstrated together with the trends of
some yardsticks used for measuring the efficiency of the operations (1960—
1969, figure 5) show the results of managements strategy.

The harvesting of the grain is done with combines, transport equipment
and transshipment plants (table 3). The chain of operations (figure 6) and
the progress of the harvesting depend to a great extent on the kernel moisture
content. The different situations that can arise are described.
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3 MATURITY DATES AND FIELD LOSSES
OF THE VARIOUS CROPS

3] INTRODUCTION

In agriculture certain data relating to field work are needed: for the planning
of the work, to determine the machinery required and for the construction of
meodels useful in farm and machinery management. These data, for example
the probable starting time, the available period, and the available time
(see 7.3) vary for different operations. They depend on a complex of factors
of which the weather is the most important.

In the Netherlands PosTMA and vaN ELDEREN (1963) and Postma (1966)
provided a catalogue of work requirement data. These data are used for
estimates of the required labour; the influence of the weather is allowed
for by adding an estimated percentage . The percentage varies between
10 and 45 dependent on the type of work to be done; for example the per-
centage for the grain harvest is 40%;,. KREHER e7 al (1963) and LERMER (1961,
1963) in Germany studied the variation in the available hours due to the
variation in weather. As rainfall was found to be a dominating factor, it
proved to be possible to establish the annual variation with the aid of
precipitation data for a number of years. For planning purposes they based
their calculations on a probability of 80.%,. Above authors obtained the
data from records kept on a large number of farms and from surveys.

HesseLBACH (1964) draws attention to the following shortcomings of these
methods:

the data are greatly influenced by the knowledge of the farmer

the intensity of machine utilization, the work schedule and the management
of the farm have a considerable influence

the available hours depend greatly on the method (machine) used and they
are rarcly clearly defined.

As a consequence their results are of a limited value. These problems
can be approached in a more fundamental way by first determining the
relations between weather, crop and machine. Then an impression of the
variation can be gained with the aid of the relevant weather data over a
number of years. STAPLETON et al(1965) state this problem clearly for a harvest
schedule design as they bring in the costs and returns: ,,an effective harvest
schedule design must optimize net return from harvest; for this design
knowledge of the crop and crop machine functions with time and weather
are tequired before machine selection can be considered”.

Examples of studies using this approach are the following. VoiGgT (1955)
studied the moisture content of cereal crops under influence of the saturation
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deficit of the air at 2 p.m., the rainfall and the dew. With the relationships
found and with the aid of meteorological data it was then possible to estimate
the kernel moisture content during a harvest period of 50 days. The results
are given as the numbers of hours when the kernel moisture content is below
209, for the different regions in Germany in the period 1946—1954. The
results are often nsed to calculate the combine capacity required on farms
in the various regions. LINK {1964) presents the development of a mathe-
matical model for predicting the effects on a system of farm field machinery
of possible adverse weather and crop conditions. He applies the model to
a farm in Iowa (U.S.A.) where a single crop (maize) is grown. The basic
concepts are drawn from PERT (program evaluation and review technique).
The seasonal sequences of jobs required of the machinery system are the
organizational framework on which the model is based. The uncertainty,
at the beginning of a crop season, of future weather and crop conditions
leads to the use of probabilities in the model. Probabilities of occurrence
of various weather and crop conditions are combined in the model with
the specifications of the machinery system. The resuits of the calculations
give an indication of the probability of completion of the various jobs as a
function of time. STAPLETON ef al (1965) studied the harvesting schedule
for the cotton harvest with special respect to defoliation experiments. They
developed a harvesting schedule which provides combinations of crop
quality and yield producing the greatest return. As a basis for this schedule
they studied four vears of cotton production and cotton machine functions
in relation to time and weather. After assigning numerical values to the crop
related functions a model has been developed for providing Figuies of
Merit (representing the loss in yield and quality as the harvest is delayed)
for numerical comparison of the results of cotton harvest scheduling. This
method quantifies the subjective system used by the farmer and assigns
numerical values to the relationships he uses in a ,,hunch” estimate. They
conclude that the use of numerical values gives management a tool for
improving net return. YoN BARGEN (1965) reports on systems analysis in
hay harvesting. He uses the ,,open haying day” criteria developed in Mis-
souri for planning hay harvesting operations. With the aid of probability
data on the number and lengths of periods of consecutive open haying
days the operating capabilities of alternative hay harvesting systems are
computed. DONALDSON (1968) analyzed a farm management decision on the
optimum capacity system for harvesting various acreages of cereal grains.
He attempted a simulation approach using Monte Carlo techniques to
assess the variables, Criteria used to determine the kernel moisture content
were rain-free days and the average distribution of moisture content levels
durting these days. With the aid of the rain-free days during a 40 year period
the patterns of kernel moisture content were represented in the form of
cumulative time at successive moisture levels. The variables used were:
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drying capacity, size of combines and acreage to be harvested. He then
calculated the total of fixed and variable costs for drying and combining.

In this chapter we estimate maturity dates, scheduled harvesting period
and field losses of colza, barley, oats and wheat. In chapters 4 and 6 we
then proceed to estimate the available hours for the harvesting.

3.2 MATURITY DATES OF THE CROPS
31.2.1 Definition of maturity

In general two types of maturity can be distingnished: morphological
maturity and technological maturity. Both are related to a certain stage
of development of the kernel. A number of authors have described the
development of kernels of cereals: HARLAN (1923): barley; FREY, RUAN
and WiGGANs (1958) and MouLE (1960): oats; BRENCHLEY and HALL (1908),
GESLIN {1944), GesLIN and JoNarRD (1948); PaqQuer (1964): wheat. No
data are available on the development of the colza kernel. The development
of the wheat, barley and oat kernels show the same general pattern with
some minor differences. GesLIN (1944), GEsLiN and JoNaRD (1948), MOULE
(1960) and PaquET (1964) demonstrated that the development of the wheat
and oat kernels after heading is related to a factor K.

K=t R 3.1)
where:
t° = average daily temperature in °C, R = total daily radiation in cal.
The development of the kernel then can be described with:
P=) K
where: !
n, = date of heading, n, = date of maturity,

Figure 7 according to GesLIN and JONARD (1948) shows the development
of the wheat kernel in relation to the sum of the daily factor K. Using the de-
velopment of the kernel as illustrated in figure 7 two types of maturity can be
seen — morphological and technological maturity.

Morphological maturity

Morphological maturity is the stage at which the increase in dry matter
has come to an end. For wheat this stage is reached when the moisture
content is about 499 *. After this stage the moisture content drops gradually

1 For commercial purposes the moisture content of the kernel is recorded on a wet basis,
for research on a dry basis. The connection between the two is as follows: 2097 wet basis

=) — 25% dry basis.

When not indicated the moisture content is expressed on wet basis.
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Fig. 7. Devclopment of the wheat kernel (GesLin and JoNarD, 1948).
1. weight of 1000 grains-wet
2. weight of 1000 grains-dry
3. moisture content

while the amount of dry matter remains constant, The lowest moisture con-
tent ultimately reached depends on the climate; 7% in an arid climate and
15% in a maritime climate.

Technological maturity

Technological maturity is reached when the crop can be harvested while
the reduction in dry matter yield and quality remain within the standards
set during cutting, threshing, drying and storage.
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From this definition follows that technological maturity depends on the; f
purpose for which the crop is grown and on the harvesting system used!
In general two types of technological maturity are observed: binder ripe
and combine ripe. For wheat these stages are described by BELDEROK (1965)
using the FEEKES scale that distinguishes consecutively: milk-ripeness,
mealy-ripeness, full-ripeness and dead-ripeness. For wheat the stage of
full-ripeness is the most favourable stage for harvesting with the binder;
the kernel is hard (difficult to dent with the thumb nail) and the straw is
entirely dead. The dead-ripe stage is the most favourable stage for harvesting
with the combine; the kernel is very hard (can be broken with the finger
nail), the moisture content is between 12 and 159 and the straw desinte-
grates readily during combining.

This description of binder and combine ripeness cannot be used for

the purpose of this study as it does not meet the definition of technological
maturity. Also, owing to weather during the harvest in the Netherlands,
moisture content and hardness of the kernel cannot be used as the only
measures of ripeness, as both show considerable variations as a result of
precipitation and dew. Therefore the colour of the straw is usually the
most important yardstick for assessing the degree of ripeness. The stages
can be described as follows. Wheat is binder ripe when the stalk and the
leaves are vellow and the nodes are still green, the moisture content then
declines steadily as ripening continues. Wheat is combine ripe when the
nodes of the stalks have turned brown, the moisture content of the kernels
is then more or less in balance with the prevailing weather conditions. On
the basis of this distinction the average time between binder and combine
ripeness is about seven days. This assessment is fairly subjective : if, however,
the assessment is made by one person the maximum possible error amounts
to two days according to BELDEROK (1965).
_ However, the application of these standards to barley and oats is more
difficult, as the straw frequently ripens at a slower rate than the kernel.
Thus the kernel can be combine ripe when the straw is not; in that case the
assessment must be based on colour and hardness of the kernel. In the case
of colza the binder ripe stage is indicated by a brown colour of the kerngls;
the stalk and leaves are still green. In shis stage the colza is swathed because
of the considerable losses which can occur through pods springing open if
the crop is left standing. About ten days have to elapse before the swathed
crop can be threshed, _

In the following, maturity is taken to be the stage of combine ripeness
as described for these various crops.

3.2.2 Maturity dates

The maturity date of a crop is determined by a large nuniber of factors.
The most imporiant factors are weather, type of soil, variety, time of
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sowing and rate of nitrogen applied. If we take the type of soil (clay 35%
< 2 ) and nitrogen application as constant, the time of sowing and the
weather remain as the two main factors affecting the maturity date. The
influence of these factors on the maturity date has been investigated using
data from trial fields which have been laid out in the Yssel Lake polders
since 1942.

a. Influence of the date of sowing on the date of ripening

Sowing should be done during a specific period; the scheduled time span is
determined by minimizing the total costs i.e. the sum of the cost of sowing
and the value of the decline in yield caused by sowing too early or too late.
If colza and wheat are sown too early the crop will be too far advanced
before winter, causing a considerable risk of frost damage; for wheat also
the chance of damage by root diseases is enhanced. Sowing too late usually
leads to lower yields. Colza can be sown in the second half of August
without decline in yield; sowing in the first half of September leads to an
average decline in yield of 1%, for each day colza is sown later than Sep-
tember 1'. For wheat, the date of sowing in the period October 1 — No-
vember 30 hardly affects the yield, sowing in December leads to an average
decline in yield of 0.2 % for each day wheat is sown later than November 30.
The decline depends on the variety; the larger the cold requirement the
higher the decline in yield (DE Jong, 1961).

In the case of spring crops sowing is started as soon as the condition of the
soil permits preparatory tillage operations which is usually in March. Delay
in sowing leads to lower yields: for barley delay in sowing in the period
March 15 — April 20 results in an average reduction in yield of 0.25%; for
each day barley is sown later than March 15; for oats the average reduction
is 0.7% per day for the same period {DE JONG, 1966).

With the equipment and personnel available the crops are sown as follows:
Colza: August 15 to September 1, frequently extending to September 15
Wheat: October 1 to November 15, occasionally to December 1
Barly and oats: March 1 to April §, frequently extending to April 15 as
precipitation delays preparatory tillage operations,

The influence of the date of sowing on the maturity date has been evaloa-
ted from the results of the above mentioned trial fields. The results are
shown in figure 8 in which the lines connecting the points have not been
fitted statistically. In the case of colza the sowing date has little effect;
a delay of sowing of 30 days results in ripening about 3 days later. For
wheat, sown 45 days later, ripening is delayed 7 days, while barley and
oats ripen 12 days later if the date of sowing is 45 days later.

1 Personal communication DE JONG.
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Fig. 8. Maturity date as affected by the date of sowing. Retardation in days compared
with the earliest date of sowingi.e. for: colza: August 15 (A), wheat: October
1 (B), oats: March 1 (C), barley: March 1 (D).

b. Effect of the weather on the maturity date

Various empirical methods and formulae have been proposed as a means
to correlate the growth rate and the development of plants with some of
the major agrometeorological elements, NutTonson (1953) and KRAMER
(1954) both review the literature on the various methods,

One of the methods is the remainder index system. According to this
system a given stage in the development of any plant is reached when that
plant has received a certain amount of heat regardless of the time required.
The heat requirement of the plant is usually expressed in degree-days;
a degree-day being the daily mean temperature above a certain base tempera-
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ture. For example if a base temperature of 5 °C is used the summation for
one day having a mean temperature of 20°C would be 15 degree-days.
Similarly the summation for three days, each having an average daily
temperature of 20 °C would be 15 times 3 or 45 degree-days.

Some authors have suggested improvements on the remainder index
system as more factors are involved in the development of the plant. SCHNEI-
DER (1952) takes into account the tendency of the amount of required
degree-days for a certain period of growth to become proportionally smaller
when the starting date of the period is later than the average. KRAMER (1954)
demonstrates that the results obtained for wheat are improved when the
radiation is also taken into account.

However, the remainder index system has so far attained the widest
acclaim and use, owing both to its simplicity and to the rather satisfactory
results it yields (NUTTONSON, 1953). He obtained good results in calculating
the maturity dates of winter wheat in Czechoslovakia with the remainder
index system. He selects 5°C as the base temperature and concludes that
in predicting the date of maturity of winter wheat March 1 is a satisfactory
starting point.

Whether the maturity dates of the crops concerned can be estimated
with the remainder index system has been checked with the maturity dates
of the trial fields over the period 1946—1966 and the degree-days. The
varieties were those most commonly grown in those years and the sowing
periods were as stated. Differences in variety were found to be slight and
have accordingly been ignored. March 1 has been taken as stariing date for
colza and wheat; April 1 for barley and oats and 5°C has been selected as
the base temperature. The summation of degree-days calculated in this way
are given in table 4. Plotting the data on probability graph paper established
that the summations were normally distributed.

TaBLE 4, Average sums of degree-days on the maturity dates of colza and grains (base
temperature 5 °C, starting date for wheat and colza March 1, for barley and oats April 1).

Crop Average of al
degree-days

Colza 935°C + 50

Barley 1070 °C 4 53

Qats 1198 oC + 77

Wheat 1210°C + 59

! o = standard deviation,

The standard deviations shown in table 4 suggest that the summations of
degree-days calculated in this way can be used to estimate the maturity
dates in years for which no field trial data are available.
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The maturity dates of the trial fields made it also possible to estimate the
periods available between the maturity dates of the successive crops. The
average and the standard deviation of these data are summarized in table 5.

TaBLE 5. Maturity dates and available periods for harvesting the successive crops.

Crop Maturity date Crop Available period
&1 gl
Average (days) Average (days)
Colza 227 + 8§ Colza-barley 15 4+ 35
Barley 7—8 + 7 Barley-wheat 10 +7
Oats 17—8 + 10 Colza-wheat 25 + 5
Wheat 17—8 + 10

! g = standard deviation.

The high standard deviations shown in table 5 suggest that the weather
greatly affects the available periods as well as the maturity dates. Both data
follow a normal distribution; the confidence limits of the maturity dates
and the available periods at 709, probability are shown in figure 9. It
should be pointed out that these data are based on the sowing periods
already stated. On the farm wheat and colza will usually be sown on schedule.
However, the sowing of spring crops may be retarded considerably on
account of precipitation during the sowing time. For example in 1966 the
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Fig. 9. Maturity dates (A) and the length of the periods between the maturity dates (B)
as affected by the weather in seven of ten years.

spring sowing on the farm was delayed until the end of April owing to
precipitation; consequently barley and wheat matured practically simul-
taneously. However, in trial fields in the same year the barley matured
fourieen days before wheat, because, unlike what happened on the farm
barley was sown in the middle of March. Consequently the periods shown
in table 5 for colza-barley tend to be longer and for barley-wheat tend to
be shorter in practice.
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3.3 SCHEDULED DURATION OF THE HARVESTING PERIOD

The start of the harvest is the date on which the colza is mature, It should
be noted that the work preceding this — reclamation — does not affect
the beginning of the harvest, as reclamation work is not tied to any particular
period. After harvesting, different operations must be carried out. They have
to be finished before December 7 because after this date soil conditions in
general do not allow large-scale tillage operations any more. The main
sequential operations after the harvest are shown in figure 10,

ploughing, sowing wheat
. f. "
fallowing of stubble 16 7
- 7
31 spraying weeds 4 / | ploughing
clearing straw ’ /
£ —

2/ ploughing, sowing colza 5

H-

Il' harvest _'//1'

L 1 L Il Il 1 J
Tuly August Septémber October November December

i, OPELALIONE

——-1__ . dymmy activity indicating that an operation mnst be
wmpkyﬁed before the following operation may be started

Fig. 10. Diagram of sequential operations after start of the harvest.

On the reclaimed area the preparatory tillage operations for sowing colza
start at the end of July, sowing starts on August 15 and lasts until September
15. The tillage operations for colza to be sown after flax or barley can start
after the land has been cleared by the middle of August (1).

Immediately after the first ficlds are harvested the straw is baled by
contractors from the windrows and hauled to the road (2). When green
matter is present in the straw, baling has to be retarded until the green
matter has dried sufficiently to permit baling,

After clearing the straw a start can be made with the following operations
(3): spraying of weeds and fallowing of the stubble fields. Spraying is done
on fields contaminated with weeds; the effect of spraying decreases at a
later date. It is in general zero after September 15. Fields not sprayed
by that time may yield less in the next year. Fallowing is carried out for
two reasons: preparation of the land for ploughing and killing of weeds.
On fields with few weeds fallowing starts after clearing the straw (3). On
fields sprayed the fallowing cannot start earlier than three weeks after
spraying (4), an earlier start would diminish the effect of spraying. Fallowing
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continues until the beginning of October, fields not fallowed by that time
are dropped from the fallowing program. For these fields this often results
in higher costs and lower quality of the subsequent ploughing operations.

The ploughing and subsequent sowing of wheat is scheduled for the period
October 1 — November 15. Actually these operations can only start on a
sufficient scale after personnel and tractors used for harvesting (5), sowing
colza (5) and fallowing (6} become available. This is usually 7—14 days -
after the end of these operations due to holidays of the operators.

The ploughing operations for the spring crops start at the beginning of
November when personnel and equipment used for sowing wheat become
available (7). Also during the fall other operations like subsurface drainage,
ditch cleaning and tree planting must be carried out. Consequently personnel
and tractors are fully employed during fall.

On account of aforementioned the end of the harvest is scheduled at
the middle of September or at least October 1. Within this period the mini-
mization of the total harvest costs must be carried out. It has to be admitted
that the scheduled end of the harvest is rather arbitrary as it depends on the
present organization of the harvesting and tillage operations that is not
necessarily the optimal organization. If for example the end of the harvest
period was scheduled for October 15, this would cause a smaller harvesting
capacity and a bigger tillage capacity being needed. However, the optimi-
zation of the joint harvesting and tillage operations is outside the scope of
this study. Therefore the scheduled end of the harvest is fixed on October 1.
The existing uncertainty is taken into account by assessing different penalties
because of untimely operations (see 11.2.1).

The harvest is divided into three phases — colza, barley, wheat and oais.
An attempt is made to keep the acreages of colza and barley at such a
minimum level that harvesting of these crops is not completed before
the following ones — barley and wheat respectively — are ripe. This is
done to prevent equipment standing idle while it waits for the next crop to
ripen. At the moment a ratio of 1 : 1 ; 1.8 for colza, barley and wheat plus
oats is uswal. This is not a firm rule, because economic considerations and
crop rotation requirements also play a part in planning the cropping pro-
gram. In this study we shall try to verify whether the ratio is a correct one
to permit the harvesting work to continue without interruption (see 11.3.d).

3.4 FIELD LOSSES AND DECLINE IN QUALITY OF GRAIN
IN THE MATURE CROP

The main factors affecting the harvesting capacity required are the field
losses and the deterioration of grain quality in the mature crop, together
constituling the ,harvest risk”. Quantitative data on these factors as the
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harvest progresses are generally lacking because they have been studied
very little. Consequently this ,harvest risk™ is a subjective concept. The
assessment of this risk by farmers is closely tied up with, inter alia, the
relative value of the crop, the experience in the previous year or elseir
recently disastrous year and above all the attitude of the farmer (VERVELDE,
1962). In this paragraph the ,,harvest risk” will be discussed for the grains.
*No data are known for colza.

a. Field losses

The sources of field losses are: dry matter losses, shatter losses and combine
header losses (cutterbar and reel). Dry matter losses are caused by leaching
and oxidation. Shatter losses are caused by wind, birds and wildlife. The
header losses of the combine are caused by cutterbar and reel. Header
losses are influenced by the kernel moisture content as shown by JOHNSON
(1959) for wheat and Goss ef al (1958) for barley; the lower the moisture
content the higher the header losses.

The field losses have been investigated by Jornson (1959) in Ohio, U.S.A.
for wheat, by DE JONG and ZELHORST (1967, 1968) in the Netherlands (Yssel
Lake polders) for barley, oats and wheat, and by FEIFFER (1962) in Germany
for wheat. FATERsSON and KRANTZ (1965) studied in Sweden the losses caused
by shattering in winter and spring wheat (1952—1965). In addition the yields
from trial fields with various varieties in the Yssel Lake polders that were
harvested at varying times (1-—13 days after comnbine ripeness) provide some
information on the losses involved.

Figure 11 (A, B) summarizes for wheat results of JoHNsSON (1959), DE
JoNG and zELHORST (1967, 1968). JOHNSON's results were obtained over a
five year period with Seneca soft wheat; those of DE JoNG and ZELHORST
during two years with Flevina and Sylvia, both soft wheat varieties with
a high resistance to shatter losses (ANoN, 1966). The results in figure 11
should be interpreted as a range of values since the variability between the
years studied is great. Both resuits indicate that the field loss increases expo-
nentially as the harvest date progresses, the main cause being the shatter loss.

The wheat losses on the farm were estimated during some years (VENEMA,

1961—1967). They vary between 0.25 and 0.50%, per day taking a 25-day
harvest period as an average and correspond faily well with the losses
shown in figure 11. FeIFrer (1962) concludes that over a certain, not defined
period, the shatter loss of some wheat varieties varies from 50 to 600 kg
per ha. He stresses the importance of breeding varieties with a high resistance
to shatter loss. FAJERSSON and KRANTZ (1965) show that the losses of wheat
due to shattering vary considerably from one variety to another, and because
of wcather effects, from one year to another. For varieties with a high
resistance to shattering the average losses were approximately 10 kg per day
during a 35-day period,
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Fig. 11. Sources of field losses of wheat, barley and cats as the harvest date progredses.

A. according to JoHNsON (1959) 1. dry matter loss
B, C, D. according to DE JoNG 2. shatter loss
and ZELHORST {1967, 1968) 3. combine header loss

Figure 11 (C, D) summarizes the results of DE JONG and ZELHORST (1968)
for barley and oats. The results were obtained during one year with Delisa
barley and Astor oats. For both crops the field losses are higher than for
wheat. They increase exponentially as the harvest date progresses, In barley
the increase in field loss is mainly caused by the combine header, i.e. the
cutting of hanging ears; in oats both shatter and combine header cause the
increase in field loss. In earlier field trials the dry matter and shatter losses
were measured in barley (variety Minerva) and oats (variety Marne). For
barley the results correspond with the losses shown here; the losses in oats
were higher resulting in a field loss of 1% per day.
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The results of pe JoNG and ZeLHorst (1967, 1968) are summarized in
table 6. They are represented as average daily losses assuming average yields.

TaBLE 6. Daily field loss in various crops after combine ripeness (DE JONG and ZELHORST,
1967, 1968).

Unit Wheat Barley Oats

Average yvicld kg/ha - 4,900 4,000 5,000
Period - days 44 16 38
Field loss %4 of yield 0.3 04 0.5
n kg/ha 15 16 25
Shatter loss % of field loss 56 16 50
Combine header mow w m 16 50 34
Dry matter loss oo 28 34 16

b. Decline in quality of the grain

The characterization of grain quality and the financial consequences of a
reduction in grain quality depend on the utilization of the grain. The crops
on the farm are at present utilized as follows. Barley and oats are mainly
sold for feedstuffs, wheat is sold for food and colza for the extraction of oil.
For this utilization the description of the European standard quality and
the price discounts (ANoK, 1968) provide a basis by which the grain is
marketed. For the purposg u?f; this study the main characteristics of grain
quality to be applied are test vcvefé‘flt t and % sprouting. According to the
present market structure the following is the relationship of these charac-
teristics and price discounts for 100 kg of wheat (Anon, 1968). Test weight:
74—76 kg hI* no discount, 73 — £ 0.18 discount, 72 — £0.36, 71 — £ 0.54;
sprouting: 4% — £0.27 discount, 6% — f0.63, 8% — £0.98, above 8%
wheat cannot be used for food and it has to be sold for teedstuffs at a dis-
count ot f 10 — [ 15. The discount for colza is mainly based on oil content.

For the purpose of this study the decline in quality of wheat, barley and
oats is considered during the period the mature crop stands in the field.
No data are known for colza.

5. 1 Wheat

JoHNsON (1959} reported in his earlier mentioned study on the quality of
wheat during a twenty day period following the date of maturity. He
observes a slight decline in kernel quality: 69, reduction in test weight,
4% reduction in germination and a small reduction in milling quality.
Quality for baking seemed unchanged. He concludes: ,,in general, the time
grain stands in the field does not significantly alter the quality as long -
as grain is handled well during and after harvest™. Observations on the farm

! Test weight is a weight per unit volume; here expressed as kg hl-1,
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during two years (1967, 1968) showed an average reduction in test weight
of 49 during a period of 20 days. Sprouting can cause considerable damage
to the quality. In the Netherlands BELDEROK (1965) investigated the tend-
ency for wheat to sprout in the ear. He proves that in any particular wheat
varicty the tendency to sprout depends on the temperature sum (days x
excess of temperature beyond the level of 12.5 °C) during the stage of mealy-
ripeness. These results make it possible to warn farmers when the tendency
to sprout, due to warm weather in the mealy-ripe stage, is increased with
certain varieties. The farmer then can make proper arrangements to keep
sprouting damage within reasonable limits. Up to the present the sprouting
damage in wheat has been slight on our farm. Since the introduction of
combines in 1948 serious damage in wheat happened only in one year (1960).
In that year almost the entire wheat crop had to be sold for feed. The main
cause of this damage was that, owing to yellow rust calamities in the prece-
ding years, only varieties susceptible to sprouting were available. The
adverse effects could not have been prevented even with a considerably
higher harvesting capacity because sprouting developed right at the beginning
of the wheat harvest. DE JoNG and ZELHORST (1967, 1968) in their above
mentioned studies and in the trial fields of 1968 *, using varicties with a
high resistance to sprouting, did not observe incidence of sprouting before
the beginning of October. At present the warning system together with the
availability of varieties with a high resistance to sprouting are useful tools
for the farmer to prevent severe damage in wheat from sprouting.

b. 2 Barley and oats

Observations on the farm during two years did not show a reduction
in test weight during a period of 16 days. DE JoNG and ZELHORST (1968)
in their above mentioned study and in the trial fields of 1968 ! did not observe
incidence of sprouting.

From the above it can be concluded that the losses caused by reduction
in grain quality are probably negligible in comparison with the field losses.
Only if the harvest is prolonged sprouting may cause considerable losses,
especially in wheat. Therefore, the losses by decline in quality of the grain
will be ignored. The high losses caused by sprouting will be taken into
account by the introduction of a time limit for harvesting and then counting
grain not harvested at that date as a complete loss (11.2.1.d).

35 SUMMARY

The maturity dates, available periods and field losses of colza, barley, oats
and wheat are estimated. The order of maturing of the crops grown is colza,

1 Personal communication DE JONG.
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barley, wheat and oats. The maturity date (combine ripeness) of the crops
grown on the farm is chiefly determined by the date of sowing and by the
weather during the growing season. The influence of the date of sowing has
been investigated using trial field data. The results are shown in figure 8.
The infinence of the weather has been investigated with the results of field
trials and with the aid of the remainder index system. The results are shown
in tables 4 and 5.

Two factors determine the available period for harvesting, i.e. the work
that has to be done next and the field losses of the mature crops. The harvest
is followed immediately by tillage operations that have to be finished before
December 7 (figure 10). With the tillage capacity presently available efforts
are made to finish the harvest by the middle of September or at least October
1. Based on the average maturity dates the average periods available for
combining colza and barley are seventeen and ten days respectively. In
practice the period for colza is likely to be longer and that for barley shorter
as sowing of barley is sometimes retarded. The standard deviations of the
data indicate that considerable deviations from the averages can occur
between various years,

In the mature crop both field losses and deterioration of grain quality
occur, The field losses, caused by dry matter losses, shatter losses and com-
bine losses are shown for wheat, barley and oats in figure 11. The average
daily field header are summarized in table 6. No data are known for colza.
The losses caused by the deterioration of the grain quality are probably
negligible in comparison with the field losses.
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4 KERNEL MOISTURE CONTENT AS AFFECTED
BY THE WEATHER

4.1 INTRODUCTION

The crop moisture content considerably affects the capacities required of
the sequential grain harvesting operations: threshing, transport, drying

and wet storage. The moisture content of the kernel is of great importance -

for the relationship between the combine capacity and the drying capacity;

the moisture content of the straw has an appreciable influence on the number !

of available hours for combining.

The crop moisture content varies under influence of the weather on both
a daily and a seasonal basis. Knowledge of the crop moisture contents
during the harvest period over a number of years will accordingly help
towards optimal capacity selection of the sequential harvesting operations.
This chapter describes the results of a study to determine the quantitative
relationship between the kernel moisture content of colza, barley, oats,
wheat and various meteorological factors.

A limited amount of research has been done on the kernel moisture con-
tent under the influence of the weather compared with the considerable
attention which has been devoted to the kernel moisture content during
artificial drying and storage. BERG and OTToSSON (1949) studied the kernel
moisture content of barley, oats and wheat as affected by the wearther.
They conclude that the moisture content of the oat kernel increases and
declines more rapidly as a consequence of weather influences than that of
the wheat kernel, the reaction of the barley kernel is somewhere in between.
Voier (1955) studied the quantitative effect of the saturation deficit at
2 p.m., the duration of rainfall and dew on the kernel moisture content of
certain, not specified, grains. GeLs (1959) carried out a similar study,
however, without mentioning the meteorological factors used. By means
of an inquiry on farms DE WILJES (1965) established a relationship between
the hours with a kernel moisture content below 20% and the rainfall.
BrUCK (1967) described the daily moisture content of wheat utilizing
similar meteorological factors as VoIGT. The relationships found by VoIGT
(1955) and BRUCK (1967) are based on grain samples taken directly from
the ears; the kernel moisture contents found in this way are lower than the
actual moisture contents after combining as the kernel moisture content
increases during threshing (5.3).

4.2 WEATHER DURING HARVEST TIME

The climate in the Netherlands is a maritime one with cool, wet summers . -

A i atit

and mild winters. During the summer months the weather is chiefly governed
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by westerly winds blowing inland from the sea. The average monthly data
for the central part of the Netherlands are for August, the main harvest
month, as follows (De Bilt, 1931-—1960): temperature 16.8 °C, precipitation
93 mm, relative humidity 86%;.

The average data for other parts of the country are slightly different.
In general during summer along the coast the number of hours of sun-
shine is greater and the precipitation a little Jess than more inland. For
the purpose of this study it is important that during the summer the weather
at Wageningen and De Bilt (from both places meteorological data for
the period 1931—1964 were obtained) is practically the same as that of the
region under consideration, though the rainfall is different in some years
(Prins and REESINCK; 1948, vaN KAMPEN and ZUIDEMA, 1966;.

The annual variation of the summer weather in the Netherlands has
been described by vAN DER HaM (1957) and TEN KATE (1966). Some meteoro-
logical data of the period studied are shown in table 7.

TasLE 7. Precipitation and ,,summer*” days in the summers (June-August) of the period
1911—1966 (TEN KATE, 1966).

Period Rainfall (mm) ! Summer days ?
1911—1920 216 16.3
1921—1930 202 153
1931—1940 194 215
1941—1950 207 224
1951—1960 242 12.2
1961—1966 253 8.5
! Average.

2 Average, ,,summer day” is a day with maximum temperature > 25°C.

The data show that the summers of the period 1951—1960 were exceptionally
wet with few summer days, the summers of the period 1961—1966 were even
worse. As so far little is known about the causes of these variations, no
forecasts can be made regarding the type of summers to be expected in
the immediate future. For the purpose of the present study it has been
assumed that the summer weather in the period 1931-—1967 is indicative of
what may be expected in coming summers.

4.3 MEASUREMENTS OF KERNEL AND STRAW MOISTURE CONTENTS
AND METEOROLOGICAL DATA

From 1964 to 1967 various observations were carried out during the harvest,
Samples were taken hourly from 6 a.m. to 7 p.m. * to determine:

' All times in Central European Time.
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the kernel moisture content before threshing (1964)

the kernel moisture content after threshing (1964—1967), sampling was
also continued during some nights

the straw moisture content after threshing (1965).

The grain samples were taken from the tanks of a group of three to six
combines. The straw samples were taken from the swaths, The kernel mois-
ture contents of barley, oats and wheat were established by means of drying
in a desiccator for 1.5 hours at 130°C, those of colza by drying for one
hour at 130 °C.

The meteorological cbservations were carried out with the following
Instruments:
rain gauge, later replaced by a pluviograph
Bellani pyranometer (from Physikalisches-Meteorologisches Observatorium
Davos)
relative humidity recorder
anemometer
thermometer.

Except for the anemometer, which was set up 25 km away from the trial
area at Lelystad, the instruments were located in such a way that the com-
bines were less than three kilometers distant. The instruments were position-
ed (figure 12) in an open space in the wheat crop *.

The Bellani pyranometer, set up 1.8 m above the ground, measures the
circumglobal radiation, i.e. the short wave radiation from sun, sky and
earth. This radiation is measured in cal cm—? globe surface day~!. The
principle of the instrument consists of the conversion of radiation into
heat, which results in the distillation of alcohol from an irradiated spherical
receiver into a cylinder. This pyranometer, which is being used increasingly
in meteorological and ecological research, is less accurate than the Moil-
Gorczynski pyranometer. The Moll-Gorezynski pyranometer with a
potentiometer indicates the total global radiation on a horizontal plane
in cal cm—2 min—"*, Both instruments, described in greater detail by STEUBING
{1965) have been in use for many years at two places in the Netherlands:
the Moll-Gorezynski pyranometer at Wageningen since 1931 and at De
Bilt since 1957, the Bellani pyranometer at De Bilt since 1957. The two
types have been compared by MONTEITH and Szgicz (1960) in Britain
and by DE BoeR (1960) in the Netherlands.

MonteITH and Szeicz (1960) conclude that the Bellani pyranometer is
suitable for use in agricultural and ecological research for eight months

! Positions as advised by WoupenBerG of the Royal Netherlands Meteorological
Institute, De Bilt.
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Fig. 12, Position of instruments.
1. Bellani pyranometer
2. pluviograph
3, relative humidity meter (self recording)
4. thermometer

of the year in climates similar to that of the British Isles. DE Boer (1960)
finds during the summer months a distinct linear connection between the
daily circumglobal radiation totals as measured with the Bellani pyrano-
meter and the global radiation totals as measured with the Moll-Gorczynski
pyranometer. He provides a regression equation for each month (see 5.1.q)
which can be used to compuie the global radiation if the circumglobal radia-
tion is known (from 8 a.m. to 8 a.m.). This equation can also be used to
convert the global radiation measured since 1931 at Wageningen into
circumglobal radiation. In view of this possibility and the simplicity of
operation of the Bellani pyranometer it has been used for the measurement
of the daily circumglobal radiation.

4.4 DRYING OF THE GRAIN

4.4.1 Introduction

The research done so far on the drying of grains can be split into studies of
the equilibrium conditions and work on the more complicated dynamic
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processes involved in artificial drying. The equilibrium moisture contents of
grains are usually expressed in isobars having a sigmoid form (BasBITT,
1949 ; BECKER and SALLANS, 1956; KREYGER, 1964 ).

The artificial drying of solids has been described by LENIGER (1957) and
VAN DER HELD (1957). Artificial drying is the evaporation of water from
the solid and the removal of the water vapour by a current of the drying
agent, in this case air. The heatl necessary for evaporation is also brought
in by the air. The drying process, consisting of mass-transfer, is a diffusion
process; it only takes place when there is a difference in vapour pressure
between the air and the surface to be dried. In drying a distinction is made
between the constant-rate period and the falling-rate period. During the
constant-rate period the material being dried behaves as a wet body, the
evaporation being equal to that from a free water surface. The rate of
drying, which is dependent on wet-bulb depression, air velocity and tempe-
rature, can be calculated with quitc a considerable degree of accuracy.
During the falling-rate period the diffusion of water or vapour to the surface
of the material cannot keep up with the rate of evaporation; consequently
the rate of drying declines. The point at which the censtant-rate period
changes in the falling-rate period can vary for a given material since it
depends largely on the drying conditions. Since the artificial drying of
grains occurs as a rule in the falling-rate period, the calculation of the drying
rate is rendered quite difficult and bulk grain drying is accordingly an
essentially empirical operation.

In the field the grain will dry under the influence of the weather. Numerous
methods have been developed for calculating the evaporation from the
earth’s surface. LEVINE (1959) and UnHricH (1954} provide comparative sur-
veys of a number of methods. Many of these are based on empirical correla-
tions with climatological data such as the mean temperature and the length
of the day (THORNTHWAITE, 1948) or the saturation deficit (HAUDE, 1955).
PENMAN (1948) has approached the evaporation from a free water surface
by taking into account the energy available and the rate of diffusion of
vapour as affected by wind velocity and relative humidity. For the calculation
of the evaporation from a plant cover an empirically determined reduction
factor is introduced.

The evaporation calculations are generally made to cover fairly long per-
iods (months); for periods of some days the results can be quite inaccurate,

The factors determining the drying rate of the kernel are:

a. the speed with which the vapour formed is removed from the air layer
adjoining the evaporating surface

b. the rate of diffusion of water or vapour to the evaporating surface of
the grain kernel
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¢. the quantity of energy available at the evaporating surface per vnit
of time

Each of these factors can have a restrictive influence on the drying rate
of the grain kernel.

a. The speed of removal of the vapour formed

Two layers are distinguished in the removal of water vapour: the laminar
boundary layer and the turbulent layer. The transport of water vapour
through the laminar layer takes place by molecular diffusion, while in the
turbulent layer it occurs by means of irregularly eddying air currents.
Water vapour transport in the turbulent layer will probably not have a
restrictive effect, since the wind speed over the treeless area practically
never falls below 2 m sec! and the amount of water evaporated from the
ripe crop will not exceed about 0.1 — 0.2 mm day—*. The transport in the
laminar layer depends largely on the thickness of the layer, which depends
in turn on the wind speed. However, no data are available on the velocity
of the air movement around the grains in the ear.

The observations provided no indication that wind speed affects the
drying rate, thereby confirming VoIGT's (1955) conclusion that the drying
rate is not affected by the wind velocity.

b. The rate of diffusion within the kernel

As already stated, the rate of diffusion of water and vapour in the kernel
is determinative for the drving rate during the falling-rate period. The
drying rate is then governed almost entirely by the temperature, since the
temperature determines the internal diffusion rate. BECKER and SALLANS
(1956) show that in the case of artificial drying of wheat the falling-rate
period occurs at moisture contents of 15—27%4. They alsoc demonstrate that
the drying rate declines when the moisture is irregularly distributed: inside
the kernel.

The drying rate resulting from natural drying is about 10—20%, of the
drying rate usual during artificial drying. As a consequence the point at,
which the constant-rate period changes into the falling-rate period during
natural drying will be at a lower moisture content than during artificial.
drying,

¢. The available energy

Many of the relationships between physics of atmosphere and the physiology
of crops are dominated by the effects of radiation (MoNTEITH, 1965).
In respect of the drying of grain the most important feature of the radiation
climate is the intensity, or the amount of energy received by unit surface
in unit time; it is usually quoted in cal cm—2 min—!.
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Radiation as an important part of the energy balance of atmosphere and
earth is described by ScroLTE UBING (1959) and MoNTEITH (1965). At the
outer limit of the earth’s atmosphere the mean intensity of solar radiation
on a surface that is perpendicular to the solar beam is 2.0 cal em~2 min !,
a value known as the solar constant. As the solar beam traverses the atmos-
phere, radiation is absorbed by gases and is scattered by gas molecules and
by dust. These losses decrease the maximum intensity of radiation at sea
level to approximately 1.3 cal em~2 min~! at noon when the sun is 50°
above the horizon.

When sunlight is intercepted by clouds, radiation is scattered in all
directions. On average 34%/ of the radiation incident on clouds is transmitted
to the surface below. Thus the actual insolation in the Netherlands between
May and August is 300—400 cal cm~2 day~' (DE Vrizss, 1955).

Solar and short-wave radiation absorbed by atmospheric gases and by
clouds is reemitted as long-wave radiation at wave lengths between 3 and
100 g. Over Europe the monthly longwave income in summer does not
exceed 800 cal cm~2 day 1.

Radiation losses occur by reflection, transmission and emission. The
reflection coefficient depends on the earth’s surface. In ripe grainficlds the
reflection coefficient for solar elevation 40—60° amounts to approximately
0.26 (ScHoLTE UBING, 1959; MONTEITH, 1965). Transmission of solar radia-
tion in a field crop is the part of the radiation that filters between the leaves
and reaches the soil in the form of sunflecks. SZEICZ et al (1964) measured
the transmission in barley and kale at different heights. They report that
in nearly ripe barley the transmission varies from 129 at soil surface to
909, at nearly the top of the barley plant.

The crop absorbs and emits long-wave radiation like a black body. When
the sky is cloudless, the income of long-wave radiation is usually about
70%, of the emitted long-wave radiation; when the sky is overcast with
low clouds, the upward and downward fluxes of long-wave radiation are
almost equal.

The net amount of radiation absorbed by a crop is the difference between
radiation gained from the sun and the atmosphere, and that lost by reflection,
transmission and emission. To satisfy the conservation of energy, the inten-
sity of net radiation must be exactly equal to the rate at which the vegetation
dissipates heat by convection and evaporation and stores heat.

‘When transmission is negligible the empirical equation for the dependence
of net radiation on short-wave radiation under clear skies can be written
(MonTeiTH and Szeicz, 1962):

R=(—a)8— (L, — L)
1 —

= (ﬁ__;) S +1L, > 0) (4.1)
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The unit of radiation is cal cm—2 per minute, hour or day; further:

net radiation for all wave-lengths
reflection coefficient for short-wave radidtion
= heating coefficient defined as the increase in net long-wave loss
{Ls—L,) per unit increase of R
= incoming short-wave radiation from sun and sky
o = downward long-wave radiation from the atmosphere
L, = upward long-wave radiation from the surface
L, = net incoming long-wave radiation, when S = O then R = L.

R

o
p
5
L

Values of p range in Britain from 0.41 for bare soil to 0.15 for vegetation
completely covering the ground and never short of water (MONTEITH and
Szricz, 1962). For ripe crops the value of B will range between these
values because of higher surface temperatures in comparison with freely
transpiring crops. Further f§ probably depends on wind and on crop struc-
ture; for example the normal spacing of a cereal allows free air movement
below the crop canopy and in given weather the effective surface tempera-
ture (and hence B) may be less than for a densely growing crop.

The mean reflection coefficient (o)) for grain fields is approximately 0.26.
On the diurnal variation of reflection coeflicients is reported by MoNTEITH
and Szeicz, (1961); refiection is least at mid-day and increases almost
linearly with decreasing solar elevation. After rain and dew the reflection
is enhanced. Surface heating (B) and reflection (&) are equally important
discriminants in the radiation balance of natural surfaces,combining to
give a range of 4 189 in net radiation at given short-wave income (MonN-
TEITH and Szeicz, 1962).

The incoming short-wave radiation from sun and sky (S) can be represen-
ted by a curve which is symmetrical to mid-day (pe VRIES, 1955; Mon-
TEITH and Szricz, 1961). For example in August the hourly radiation
rises from 4 a.m. until the maximum of 40—50 cal cm~2 h—* is reached at
mid-day, then it gradually drops to zero at 7 p.m.

Net radiation (R) shows on clear days a similar pattern as the incoming
short-wave radiation in August, it is positive between one hour after sunrise
and one hour before sunset. On a daily basis the ratio R/S varies for cloud-
less days from 0.37 over a bare soil to 0.46 for a tall crop (MonTEITH and
Szeicz, 1962). In cloudy weather these ratios will be higher because
long-wave loss decreases more rapidly than solar radiation income. Mon-
TEITH (1965) concludes that the ratio R/S changes very little during summer:
the average ratio was approximately 0.55 over a freely transpiring vegetation
in a temperate climate. On an hourly basis the ratio R/S is always smaller
in the afternoon than in the morning because of higher afternoon surface
temperatures. This effect is most pronounced over a bare soil.

No data on the radiation balance for mature cereals are available; it is
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likely that the above mentioned will also be valid for mature cereals though
at other quantitative values.
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Fig. 13, Kernel moisture content of colza, barley, oats and wheat on some cloudless days.

A, 13-8-1966, circ, glob. rad.: 274 cal day- 1. colza

B, 16-8-1966, ,, .. » 250, 2. barley |

C. 30-8-1966, ,, ,, . 154, 3. oats

D. 1-9-1966, ,, . » 204, 4, wheat i
5. rel. humidity
6 .air temperature
7. wind velocity
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4.4.2 Discussion of the results

The results of the measurements in wheat in 1964 and 1965 have been dis-
cussed by vaN KaMPEN and ZUIDEMA {1966) and BERGER and vAN KAMPEN
{1965). They found on clear days that the kernel moisture content declines
nearly rectilinearly from about 7 a.m. to 5 p.m. The gradient of the line
depends on the initial moisture content, and is steeper with higher moisture
contents.

In 1966 simultaneous measurements were made for a number of days in
colza, barley, oats and wheat in order to check the behaviour under com-
parable weather conditions. Some results obtained on clear days are given
in figure 13, showing the kernel moisture content, the air temperature,
the relative humidity and the wind velocity. Colza and oats dry at a faster
rate than barley and wheat, with barley drying at a slightly faster rate than
wheat. The drying occurs in the period between 6—7 a.m. and 5—6 p.m.
The circumglobal radiation is given as a daily total; reliable hourly values
cannot be obtained with the Bellani pyranometer on account of the slowness
of the instrument (DE Boer, 1960).

7 moisture content { % dry basis )

" Fig. 14. Kernel moisture content (dry basis)
- of wheat on some cloudless days.
- Sl 1. 14-8-1964 circ. glob. rad. :250 cal day -*
™, 2, 1581964 ,, ,, , 250,
LN 3. 13-8-1966 ,, , ., 274, .
50 '\.-\ 4. 168-1966 ,, ., . 250, .,
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Figure 14 presents the drying of the wheat kernels on a number of clear
days with approximately the same amount of daily radiation. This shows
that the lower the initial moisture content of the kernel the greater is
the energy needed to evaporate a certain amount of water. There is no
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indication that the diurnal variation of the radiation affects the drying rate,
even in the case of wet wheat (moisture content dry basis 709} which has
to be considered as a wet body as far as evaporation is concerned. This
presumably arises from the non-uniform distribution of the moisture in the
kernel as a result of the wetting by dew or precipitation prior to drying and
from the higher afternoon kernel temperatures.

Comparison of the daily observations at different initial moisture contents
reveals that the drying process follows an exponential course. Assuming
that the daily radiation and the initial kernel moisture content are the two
factors mainly determining the rate of drying, the exponential decrease of
the moisture content has been plotted against the cumulative circumglobal
radiation with the aid of data obtained on dry days.

Let the final moisture content be y, the initial moisture content x, and
the radiation x, then:

y = f(x4, x5) 4.2
On the basis of the results found and what is known of the drying process,
the equation can be represented by the exponential function
y=x 870 (4.3)
where b is a constant indicating the curvature of the line.
In4.3 y can assume all values = 0. For the case in which the final moisture
content cannot drop below a certain level (value a); 4.3 can be written as
follows:

(y—a)=(x —a)e ™™ (4.4)
on the assumption that x, and x, are normally distributed.

The function fits in best with the data if the sum of the square of the
deviations:

26 —a) - ((x —a)e P

is as small as possible.

When the calculation is carried out in this way it becomes clear that for
the crops studied it is preferable to have a = 0, i.e. that the kernel moisture
content should in principle be able to fall to zero. The constant b is also
fixed for the kernels. This is the basis on which the exponential functions
shown in figure 15 have been calculated. The t criterion has been used to
indicate the 959 reliability range.

colza: y = x, ¢~ 0030 (4.5)
y =19+ 5.13

barley: y = x, e~ *-00115% (4.6)
y =9+ 3.83
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—0.00203x2

oats: y=x,e 4.7)
y=¥%+623

wheat: y = x, e”000!1x (4.8)
v =§ + 255

The deviation of the results around the curve is particularly marked in the
case of oats and colza; in the case of wheat it is much less. Some of the ten-
dencies known from the artificial drying process agree with the above equa-
tions. Oats dry more quickly than wheat, barley dries at about the same
rate as wheat. Colza dries a little quicker than oats; though the difference is
less than reported by KREYGER (1964).
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Fig. 15. Relationship between cumulative daily circumglobal radiation and drying of the
kernels of:
A. colza B. barley C, oats D, wheat

The daily drying rate can be read off from figure 15 if the initial moisture
content and daily circumglobal radiation arc known. For instance if the
initial moisture content of wheat is 30% and the radiation measured is 300
cal, then the moisture content at the end of the day will be 21%.

44

i

-,



!

4.5 INCREASE OF THE KERNEL MOISTURE CONTENT UNDER
INFLUENCE OF THE WEATHER

4.5.1 Introduction

The kernel moisture content can be increased in two ways: through
contact with water and through absorption of water vapour. BRADBURY
et al (1960) summarize the research carried out on the wetting of the wheat
kernel, this reveals that the kernel moisture content will rise in both cases
through diffusion under the influence of a concentration gradient. In nature
it is chiefly water in the form of precipitation and dew which causes the rise
in moisture content, since absorption of water vapour is a slow process
(DiLLmaNn, 1930). Factors affecting the rate of entrance of water into the
kernel are: the concentration gradient, the temperature of the water, the
time of immersion, the size of the kernel and internal fissuring. JoNEs (1949)
distinguishes three stages of absorption by a wheat kernel during immersion
viz. a rapid initial pick-up of 4—5 percent water, immediately followed by
a fairly short period (2-—12 min) during which the rate of pick-up is falling
and a long period of much slower but relatively steadily maintained absorp-
tion. In this last period the relation between pick-up and time of immersion
is nearly linear. The rapid pick-up during the first stage is the result of water
entering the wheat kernel chiefly through the germ, with mellowing of the
endosperm occurring first near the germ. In the following stages the water
spreads gradually towards the beard. The water is absorbed in smaller
amounts and more slowly through the surface of the kernel as a whole.
According to SimmonDs et al (1953) the rate of moisture uptake by the
wheat kernel during immersion at 10°C can be described by the equation:

log (815 — W) = —0.02335T 4+ 1.7745 - . 4.9
where W = moisture content dry basis and T is time of soaking in hours.

4.5.2 Rise in moisture content under influence of dew

When the temperature of the carth’s surface and of the lower air layers
falls at night owing to loss of heat by radiation, water vapour from the
atmosphere can condense as dew on the surface. Dew can only occur under
certain atmospheric conditions. HOFMANN (1955) calculated for Central
Europe a maximum dew of 0.07 mm per hour. MONTEITH (1957) observed
a mazimum condensation of approximately 0.035 mm per hour overnight
in Britain under extremely favourable conditions for dewfall. Voigt (1955)
observed that dew occurred in a grain crop in thirteen out of twenty-two
nights during harvest time in Germany, the average rise in kernel mois-
ture content during thirteen nights being 1.3%]. VAN KAMPEN and ZUIDEMA
{1966) showed that in the trial field the moisture content of the wheat kernel
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during the night rose on the average with 2%, (s + 0.9) which corresponds
with approximately 0,01 mm of dew.
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Fig. 16. Kernel moisture content of colza, barley, oats and wheat during some nights

(1966).
A, 5/6 -8-1966 1. colza
B. 18/19-8-1966 2. barley
C. 24/25-8-1966 3. ocats
D. 30/31-8-1966 4, wheat
5. rel. humidity

The grain moisture content was measured during a number of nights
in 1966. The results (figure 16) show that the moisture content rises from
around 7 p.m. to 6—7 a.m., i.e. from about one hour before sunset to about
half an hour after sunrise. The moisture uptake of barley (figure 16B, C)
is appreciably greater than that of wheat, but drying starts about two
hours later in wheat than in barley. This presumably results from the fact
that the wheat ear is of a less open type. The moisture uptake of oats
(figure 16D) is also higher than that of wheat; in this case the natural rise
by dew was interrupted by precipitation at 4 a.m. The rise in the moisture
content of colza (figure 16A) is considerably more pronounced than that
observed in grains. )

Since dew occurs on most nights during the harvest season — although
admittedly in varying quantities — an approximate vaiue for the influence
of the dew on the kernel moisture content of a particular crop can be
obtained by using the length of the nights and the initial moisture contents
as the main factors affecting the rate of uptake of water.

With the rises in moisture during rainless nights it is possible — as in the
case of radiation — to plot the nightly increase in moisture content against
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Fig. 17. Relationship between the cumulative nightly hours and incrcase in moisture
content of the kernels of:
A. colza B. barley C. oats D. wheat

the cumulative night hours. The night hours being the hours between one
hour before sunset and half an hour after sunrise.

This relationship can be expressed by:

(a—y)=(@—-x)e™™ (4.10)
where: .

a = maximum of the moisture content

= the final moisture content

= the initial moisture content

= the number of nightly hours

= constant, depending on the type of seed

g oM

The quantities a and b are then estimated in the same way as for the radia-
tion. The results are given below; see also figure 17.
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colza: (44 — y) = (44 — x) e 000645 4.11)

y=¥§ 1260

barley: (37 —y) = (37 — x) e 01727 (4.12)
y=9%+315

oats: (44 — y) = (44 — x) e~ 001266 _ (4.13)
y=9+255

wheat: (30 — y) = (30 — x) e~ 0022% (4.14)
y=¥§+ 147

The moisture contents of colza and oats increase more than those of
barly and wheat, the rise is least in the case of wheat. The maxima also
decrease in the same order.

4.5.3 Moisture content as affected by precipitation

The interception of precipitation by a particular crop highly depends
on the amount and duration of the precipitation and on the wind velocity
(CLARrk, 1940). His measurements with oats and wheat indicate that the
interception is positively correlated with the amount and duration of the
precipitation and negatively correlated with the wind velocity.

A part of the precipitation will be absorbed by the kernels, as a consequence
of which the kernel moisture content will rise. The extent to which the
kernels of the crops intercept precipitation is not known.

Throughout one harvest season samples were taken every half hour from
the beginning of precipitation up to two hours after it stopped. In two other
harvest seasons the samples were taken hourly. The moisture contents at the
beginning and at the end of the precipitation were estimated with the aid of
the moisture contents of these samples. An exponential relationship has
been established between the rise in the moisture content and the product
of the precipitation duration in minutes (t) and the square root of the mean
intensity in mm per minute (i).

This exponential relationship is as follows:
@-y=(@-xe™ : (4.15)

Since t is expressed in minutes and i in mm per minute, 4.15 can be
written as follows:

(a—y)=(a—-x) g”bvm _ (4.16)
where:

a = maximum moisture content
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moisture content one hour afier the end of the precipitation *
= moisture content at the start of the precipitation

constant, depending on the crop

precipitation in mm

duration of precipitation in minutes.

1

- IE=
I

The unknown parameters a and b are ¢stimated in the same way as for
the radiation, The relationships found, shown in graph form in figure 18,
are as follows:

colza: (44 — y) = (44 — x) e~ 001330V m @D
y=9§ £ 3.60

barley: (34 — y) = (34 — x) ¢~ 003995 Vit (4.18)
y=%1640

oats: (51 — y) = (51 — x) e~ 201652 /me 4.19)
y=9%+695

wheat: (60 — y) = (60 — x) ¢~ 2-00605 vmi (4.20)
y=9+229

In the case of wheat the relationship found in this way is reasonable. ; "
With the other crops the degree of uncertainty is rather high, probably dw ™ *
because the number of data is rather small compared with wheat. Another
cause may be that these crops react more quickly to wetting and drying
than wheat.

Compared with the influence of dew, the calculated limits to which the
kernel moisture contents can rise through precipitation are by and large in
agreement except for wheat. The calculated limit of 609, for wheat seems
rather high in comparison with the limit of 30% in 4.14 and the limit of
459 arrived at by SiMmoNDs et ai (1953) with formula 4.9.

4.6 SUMMARY

The climate in the Netherlands is a maritime one, with cool, wet summers
and mild winters. Consequently the kernel moisture content of the grains
varies during the harvest period on both a daily and an annual basis.

1 The kernel moisture content increases during a certain period (for wheat during
approximately one hour) after the end of the precipitation. This is due to water attached
to the kernel. The length of this period varies and depends on the rate of evaporation and
the amount of water attached to the kernel. Less water is attached to colza, barley and
oats than to wheat, thus this period is for those crops in general shorter than for wheat.
For the computations the period is fixed at one hour for all crops.
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Knowledge of the kernel moisture content during the harvest period over a
number of years can be made wseful for optimal capacity selection of the
sequential harvesting operations. From 1964—1967 various meteorological
observations were carried out during the harvest. Grain samples were taken
hourly from the graintanks of a group of combines. The crops studied were
colza, barley, oats and wheat.

Drying of the kernel takes place between 7 am. and 5 p.m.; the daily
drying is determined by the energy input in the form of solar radiation and
the initial moisture content. As a general rule, the higher the initial moisture
content of the seed, the lower the energy input required to evaporate a
certain amount of moisture (figures 13 and 14), There are differences between
the seeds involved.: colza and oats dry at a faster rate than barley and wheat.
For all seeds exponential relationships have been established between the
drying rate and the cumulative daily circumglobal radiation (figure 15).

The moisture content of the kernel rises under the influence of dew and
precipitation. The rise in the case of dew usualily begins around sunset after
the moisture content remained practically constant in the two previous hours.
The moisture content generally ceases to rise at one hour after sunrise.
The increase in moisture content depends on the initial moisture content
and the quantity of dew. The increase is proportionally higher at a lower
initial moisture content. Dew occurs practically every night during the
harvest period; the quantity of dew during the night can vary, however,
since it is influenced by atmosferic conditions. A number of nocturnal
observations showed that the rise in moisture content during the night has
a nearly linear character (figure 16). Exponential relationships have been
found between the rise in moisture content overnight and the cumulative
nightly hours (figure 17). They show that under the influence of dew the
moisture contents of colza and oats increase more than those of barley and
wheat.

The rise in kernel moisture content resulting from precipitation has been
found to depend on the initial moisture content, the amount and duration
of the precipitation. Exponential relationships have been established between
the increase in moisture content and the square root of the product of the
amount and the duration of the precipitation (figure 18).
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5 STRAW MOISTURE CONTENT

5.1 INTRODUCTION

The daily pattern of variation in the straw moisture content has to be
considered as another factor determining the number of available hours
as well as the combine capacity. The higher the straw moisture content the
fower will be the combine capacity as a general rule. If the straw moisture
content rises above a certain level the crop can no longer be combined
(see 7.3). The moisture content of the straw also affects the kernel moisture
content since during threshing some moisture often is transferred from the
straw to the kernel. As a consequence, kernel moisture content in such cases
is higher after threshing than before.

As with the kernel, the daily variations in moisture content of the straw
are primarily governed by the weather. Other factors that affect the moisture
content of the straw are the degree of ripeness, the cutting height and the
amount of weeds. The height of cutting significantly affects the straw
moisture content, as is apparent from table 8 (van DER KaNT, 1962).

TaeLE 8. Distribution of moisture and dry matter in wheat straw, variety Felix, kernel
moisture content 1877 (vAN DER KAnT, 1962).

Height above Dry matter Moisture content
ground level (cm) (% of total) %)
100—110 74 14.0
90---100 1.9 144
80—90 8.1 14.8
70—80 8.5 16.8_
60—70 9.0 200
50—60 10.0 24.0
40—350 11.2 28.1 -
30—40 12.3 323
20—30 13.2 36.8
10—20 124 443
Total  100.0 Average 28.0

The marked effect of the stubble height on both the quantity of straw to be
handled by the combine and its moisture content is evident. If large quan-
tities of green weeds and undersown crops are mixed with the straw, the
moisture content of the straw will be much higher than it would be otherwise.
The straw of barley and oats frequently ripens later than the kernel;
hence when the crop is combined with only the kernel ripe the moisture
content of the straw is bound to be high. The influence of the weather on the
daily changes in straw moisture content will then be less important. It will
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therefore be apparent that the moisture content of crops to be combined
can be considerably modified by the stubble height and any green vegetation
which enters the combine. Some idea of the daily pattern of the moisture
content of the straw is nevertheless important, since the combine capacity
is closely linked with it. . ‘

5.2 RELATIONSHIP BETWEEN THE STRAW MOISTURE CONTENT
AND THE KERNEL MOISTURE CONTENT

No publications are available on the influence of the weather on the straw
moisture content. In 1964 the moisture content of wheat straw was measured
during some days in conjunction with the study of the kernel moisture
content as discussed in 4. Samples were taken from the swaths left by a
combine cutting at a height of 20 ¢m; the crops concerned were all combine
ripe and free from weeds. The straw and grain moisture contents of wheat
over a period without rain are shown in figure 19, These data, which are
similar to the other observations, reveal that during a night without rainfall
the straw moisture content rose from 15 to 27%. It then fell rapidly between
6 am. and 8 a. m., after which it followed the same pattern as the kernel
moisture content. This nocturnal rise in the moisture content of the straw
is primarily the result of dew. The hygroscopic properties of the straw pro-
bably play a subordinate role in this process since the establishment of an
equilibrium occurs gradually. This has been demonstrated by placing samples
of straw in contact with air of varying temperature and relative bumidity
for periods of five and ten hours in the laboratory (table 9).

TaBLE 9, Straw moisture content of wheat straw as affected by relative humidity and
temperature.

Rel. humidity (%) Temp. (°C)  Straw moisture content (24)

at start after 5 hours after 10 hours
89 89 91 12.6 14.2
82 1.1 2.1 12.8 14.9
96 10.6 17.1 18.2 19.4
87 17.0 171 17.0 18.7

The same pattern as during the night is followed during and after rainfall;
the straw moisture content can then rise to 60%. If the energy input is small
after wetting, the straw moisture content will fall less quickly to the level of
the kernel than is indicated by figure 19; the time taken for this level to be
reached may be as long as four to five hours.

The fact that the moisture contents of straw and kernel follow practically
identical patterns during a large part of the day indicates that a relationship
can probably be found between the kernel and the straw moisture contents.
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Fig. 19. Straw moisture content and kernel moisture content of wheat during the night
and during the following cloudless day (1-9-1964).

1. straw moisture content 2. kernel moisture content

kernal moisture content{ % wot basis )

50
40 ot
e
i »
o .
. 1
Y /:"/ il
el /,/_ _' ’/’/
f L
" e i /../’ . /
" 3 ’ L] ‘,o‘/
L
10
b y-ﬂ.ﬂ:+8.77
=¥ 6.3
0
D 8 16 24 32 40 48 86

strawmoisture content { % wet basis )

Fig. 20. Relationship between kernel and straw moisture content of wheat,

This relationship is shown for wheat in figure 20 where the average grain
moisture content of three-hourly periods (from 7 a.m. to 7 p.m.) is plotted

against the corresponding straw moisture content measured in the same
manner.
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The relationship is of the form

y=ax+b
where:
y = grain moisture content
X = straw moisture content
and a and b are constants with estimated values of 0.49 and 8.77 respectively.
So the relationship can be expressed as:

_y=049x +877 (5.1)

The 95%, confidence interval of the observations has been calculated
according to y = § £ 6.3. The considerable scatter evident is due to the
difficulty in obtaining representative straw samples and the fact that the
straw moisture content is high initially after dew or rain.

No observations were carried out for colza. Those made for barley and
oats provided no indication of any relationship because the straw was not
yet ripe. With these crops the degree of ripeness of the straw is in many
cases the chief factor determining the straw moisture content.

5.3 INCREASE OF THE KERNEL MOISTURE CONTENT DURING
COMBINING

The kernel comes into close contact with the straw during the threshing
process. In many cases moisture is transferred from straw to kernel, the
actual quantity transferred depending on the initial moisture contents
of the two. VoN HiLST (1957) notes an increase in kernel moisture of 2%
in wheat. The greatest increase occurs in wheat with 129 moisture. When the
moisture level of the kernel is higher, less moisture is absorbed, despite the
fact that the moisture level of straw is also higher. FEIFFER (1958) notes a
rise in kernel moisture content of 0.5 to 1.0% in wheat with a straw moisture
content of approximately 15%;.

In 1964 work was also done as part of the present study to determine the
extent to which the kernel moisture content rose as a result of the threshing
process. This revealed (ZUIDEMA, 19654) that the rise in the moisture content
of the wheat kernel was greater when the straw moisture content was higher;
for example the rise was 0.1 and 0.8%{ at straw maoisture contents of 20 and
40%, respectively. The increase in kernel moisture content of colza was
higher: 1.0% and 3.0% at straw moisture contents of 20 and 50%;.

A previous study (van DER KANT, 1958} showed that the rise in kernel
moisture content of barley following threshing can be considerable if the
straw is not ripe. In this case a straw moisture content of 50 %, resulted in
an increase of 3%, in the kernel moisture content.

No data have been reported for oats. However, here also considerable
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increases in kernel moisture content will have to be taken into consideration
at times since the straw matures slower than the kernel,

5.4 SUMMARY

The straw moisture content influences the combine capacity, it also affects
the kernel moisture content during threshing. Therefore some idea of the
straw moisture content as influenced by the weather is important. However,
the straw moisture content is highly irregular owing to other factors involved:
the degree of ripeness, the cutting height and the amount of weeds present.

For wheat it is shown that the moisture content of straw and kernel
follow nearly identical patterns during a large part of the day (figure 19).
The relationship between the moisture content of straw and kernel is shown
for wheat (figure 20). For barley and oats no relationship could be found.
With these crops the ripeness of the straw is the chief factor determining
" the straw moisture content.

During the threshing process moisture is transferred from straw to
kernel, the actval quantity depending on the initial moisture content of
kernel and straw and on the degree of ripeness of the straw. The increase
in kernel moisture content varies between 0.1% and 3.0%;,
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6 DETERMINATION OF THE NUMBER OF AVAILABLE
COMBINE HOURS FOR THE PERIOD 1931—1967

6.1 CALCULATION METHOD

In chapter 4 the influence of circumglobal radiation, dew and rainfall on
the kernel moisture content of colza, barley, oats and wheat was investiga-
ted. The relationships are now used to compute the kernel moisture contents
and the available combine hours during the harvest seasons of the period
1931—1967. _

The daily global radiation has been measured at Wageningen ' since
1931. The rainfall (quantity, starting time and duration) has been recorded
at De Bilt ? over the same period. These data have been used to calculate
the kernel moisture content for the period 1931 —1964 assuming that
rainfall and radiation were exactly the same for Wageningen and De Bilt.
Own meteorological observations have been used for the period 1964—1967.

The proceduare for the computations is as follows.

_ & ua
a. Radiation g ﬁ

The radiation during hours (8 a.m. — 7 p.m.) with rainfall has been sub-
tracted from the daily global radiation. In addition, the daily radiation has
been divided into radiation before and after rainfall. This deduction and
division has been estimated using the diurnal variation of the global radia-
tion (DE VRIEs, 1955). Next the global radiation has been converted into
circumglobal radiation by means of the regression lines established by
DE BoEr (1960). The regression equations used are:

July: y = 1.787x — 4.8
August: y = 1.688x — 5.7
September: y = 1.465x + 8.0

where y = global radiation and x = circumglobal radiation.

b. Dew

The amount of dew has been calculated on the basis of the number of
nightly hours. The length of the nights has been set at 13 hours (7 p.m.—
8 a.m.) from July 20 to September 15, and at 17 hours (5 p.m. — 10 a.m.)
from September 15 to October 1. The influence of the dew has not been
calculated during nightly hours with rainfall.

! Department of Physics and Meteorology, Agricultural University, Wageningen, the
Netherlands.

2 Royal Netherlands Meteorological Institute, De Bilt, the Netherlands.
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¢. Rain
The influence of rain has been calculated with the duration and amount of

' ' precipitation.

d. Starting date, initial moisture content and time limit .?~-"{§"ff

As starting date for each crop the average maturity date as given in 3.2.2
has been taken. As the actual moisture content at the maturity date is not
known it has been assumed to be 139/ for colza and 19, 18 and 20%; for
barley, oats and wheat respectively. These moisture levels are the probable
levels of combine ripe crops without interference of rain or dew. However,
the actual moisture content might have been higher or lower due to the
weather in the preceding days. As rainfall is of primary influence it has been
tried to reduce this influence by starting the calculations only on that day
or a later day if the preceding 24 hours had been without rainfall. The
calculations were carried out until the time limits mentioned in 11.2.1.4.

e. Processing of the data

The kernel moisture contents of the crops during the harvest periods have
been calculated with the aid of a computer using the above mentioned
meteorological data and the formulae in 4. The kernel moisture content
after each of the three meteorclogical factors has been plotted by the com-
puter on a time axis as a bar graph. In this way the kernel moisture content
at any desired time can be approximated by rectilinear interpolation. For
the processing of the data the kernel moisture contents have been split into
three moisture ranges:

grain: < 19%;; 19—23%7; 23—28%;

colza: < 10%;; 10—149%;; 14—18%;

This classification is closely in line with the situations referred to in 2.4 as
likely to occur during the harvesting of grains on account of the kernel mois-
ture content. It also takes into account the fact that during artificial drying
not more than 4% of the moisture is removed during each pass through the
dryer, as a rule,

f. Available combine hours

In view of the form in which the results are presented the definition of avai-
lable hours in 7.3 is of importance. Available combine hours are taken as
the hours without rainfall in which the kernel moisture content of grain
is below 289 (colza 18%(). As a result of the conditions of employment of
the combine operators the available hours are only recorded from Monday
to Friday between 2 a.m. and 7 p.m. and on Saturday between 9 a.m. and
4 p.m. The number of available combine hours within a particular moisture
range can then be approximated from the calculated kernel moisture contents.
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g. Test of the computations

With the above method for computing kernel moisture contents a number
of inaccuracies are introduced through which the calculated moisture con-
tents may differ from the actual ones. To estimate the resulting differences
between calculated and measured kernel moisture contents some tests
were carried out in 1967.

g. 1 Comparison of the calculated and measured kernel moisture contents

The actual moisture contents were measured in samples taken from the
combines hourly. The calculated moisture contents were determined in the
manner described previously. They arc based on meteorological observa-
tions made on the spot. As the kernel moisture content at the starting date
was taken the measured kernel moisture content. The results, represented as
available combine hours in the particular moisture range are shown in
table 10.

TABLE 10. Measured (a) and calculated (b) available combine hours in three moisture
ranges (1967).

Moisture ranges

Crop Period Colza < 10%; 10—149%; 14—18%; Total
Grain < 19% 19—23% 23—28Y%

a b a b a b a b
Colza 17/7—25;7 58 56 14 10 5 6 77 12
Barley 28/7—14/8 29 13 16 22 26 33 71 68
Wheat 16/8— 3/9 56 58 36 29 11 13 103 100
Qats 24/8—29/8 40 43 7 4 0 0 47 47
Total 183 170 73 65 42 52 298 287

This table shows that the computed available hours correspond quite well
with the measured available hours. However, some divergencies exist be-
tween the hours shown in the various moisture ranges. Particularly in the
lowest moisture range of barley there is quite a difference between the

number of measured and calculated hours, A possible cause could be that .

the barley was in the dead-ripe stage with dry straw during combining in
1967 resulting in less moisture transfer from straw to kernel during threshing.

g. 2 Influence of the kernel moisture content at the starting date

As already stated, the kernel moisture content of a crop at the starting date
is unknown, In order to check the influence of the initial moisture content,
the kernel moisture content for the period 1959—1964 has been computed
for wheat on the basis of initial moisture contents of 15, 20, 25 and 30%.
These calculations showed that the kernel moisture contents differed by
less than 19 after three to four days. BRUCK (1967) reached a similar
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conclusion for wheat, With the already taken precaution of a rainless period
of 24 hours preceding the starting date it may accordingly be justified to
assume that the moisture content at the starting date has very little effect
on the further moisture variation pattern. The moisture contents have
accordingly been set at 13%; for colza and 19, 18 and 209, for barley, oats
and wheat respectively.

6.2 CALCULATED -AVAILABLE COMBINE HOURS FOR THE PERIOD
1931—1967

Appendix I gives the available hours by moisture range per year; a summary
of the data is given in table 11. For colza and barley the available hours are
stated within the time span between the average date of maturity and the
average maturity date of the following crop. For oats a period of two
decades has been taken, while for wheat arbitrarily two alternative periods
haven been taken: two (II) and three (III) decades.

From the large standard deviations shown in this table it is evident that
the total number of available hours per year for a particular crop can vary
appreciably. As is apparent from the detailed data provided in Appendix I,
this pronounced variation is largely due to the variable harvest weather
during the period 1950—1967. The annual variation in the number of
available hours in the years up to 1950 is much less.

TaBLE 11, Number of available combine hours in three moisture ranges for colza, barley,
cats and wheat, Average of 36 years (1931—1967).

Moisture range

Crop Period Colza < 10% 10--14% 14—28%  Total g
Grain < 19% 19--239% 23—28Y%

Colza 22/7— 7/8 56 20 13- 8% £ 21
Barley 7/8—17/8 _ 16 14 14- 4 4+ 2
Oats 17/8— 6/9 75 17 20 112 + 33
Wheat 11 17/8— 6/9 56. 34 27 117 £ 24
Wheat 111 17/8—16/9 78 54 44 176 + 41
Total (oats and wheat 1T excluded) 150 88 71 309 + 55

The averape total number of available hours from July 22 to September 16
is 309, During roughly half of this time colza and grain in the lowest moisture
range can be combined: i.e. artificial drying is not strictly necessary. The
colza and grain in the remaining 159 hours can only be combined if sufficient
drying capacity is available. This shows that the annual harvesting capacity
of one combine is nearly doubled if the required drying capacity is available. -
It should be pointed out that the data in tabel 11 are valid for crops that ‘ 2
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are not_fodged and without sprouting. Especiafly if sprouting occurs the
kernel moisture contents will tend to be higher than those computed here,
resulting in a relative increase of the availabie hours in the higher moisture
ranges. No data are available on the influence of sprouting on the kernel
moisture content as affected by the weather.

6.3 SUMMARY

The kernel moisture contents of the crops have been calculated for the
harvest periods of the years 1931—1967. The results are presented as avai-
Iable combine hours in three moisture ranges within certain time spans.
For the calculations the daily measurements of global radiation and the
rainfall measurements at two meteorological stations, Wageningen and
De Bilt, have been used. The amount of dew has been calculated on the
basis of the number of night hours.

Two tests on the reliability of the calculations have been carried out in
1967. The results show that the measured available combine hours corres-
pond quite well with the available combine hours computed with local
meteorological observations (table 10). Further it was found that the
influence of the initial kernel moisture content on the results is negligible.

The results of the calculations per year are shown in Appendix I and
summarized in table 11. The large annual variation in available combine
hours is due to the variable weather during the harvesting season. The
average number of available hours from July 22 until September 16 is 309.
Approximately 509 is in the moisture range where no immediate artificial
drying is necessary.
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7 COMBINE PERFORMANCE

7.1 INTRODUCTION

The performance of agricultural machinery is measured by the rate at which
the operations are accomplished and by the quality of the work. The rate
of machine performance, the -machine capacity, is expressed in terms of
guantity per unit of time. With most machinery the capacity is expressed
in ha per hour ; harvesting-machine capacity is quoted per hour as the weight
of harvested material or as the weight of material handled, the throughput.
The throughput of the combine therefore comprises the total weight of
grain, chaff, straw and weeds that enter the header. In this chapter the
combine capacity is expressed in weight of harvested grain (kg or ton ).
This should be accompanied by the moisture content of the grain and straw
and the grain straw ratio. Different time or work elements can be distinguish-
ed when a combine is harvesting:

Effective time: the time the combine is performing cutting and threshing
operations; the combine capacity during this time element is the ,effective
capacity”

Net working time: the time the combine is working on the field; the combine
capacity during this time element is the , net capacity”. In 7.3 a detailed
specification of the net working time is given

Available time: the time that soil moisture conditions and crop moisture
conditions allow combining less the time when rain is falling '

Time efficiency: the ratio of the net working time to the available time
expressed as a percentage

Field efficiency: the ratio of the effective time to the net working time
expressed as a percentage

Factors aﬁ'écting these ratios are: the work organization, the size and
shape of the fields, the combine characteristics, the work method and the
conditions of crop and soil; they will be discussed on the following pages.

7.2 THE WORK ORGANIZATION AND THE SIZE AND SHAPE OF
THE FIELDS

On the farm a number of 80 seif-propelled combines are used for harvesting;
technical specifications are presented in table 14. A team consisting of the
heads of the grain sales and drying departments meets daily to decide the
daily output. This decision affects the fields where the combines are to
operate, the transport of the grain to the drying plants, the shipping from
the drying plants and the maximum amount to be combined if the grain has

! metric ton (1000 kg).
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Fig. 21. Field pattern of combines on fields of 30 ha with subsurface drainage system (A)
and temporary ditches (B).

to be dried. Important factors affecting this decision are: the moisture con-
tent of the grain, the weather forecast, the priorities for fields with weeds
or with lodged crops, the market situation for certain crops and the available
drying and storage capacity. As a result the field managers, each in charge
of an area of approximately 1,500 ha, receive daily instructions on the quan-
tity of the grain to be harvested and on the drying plant to which it has to
be delivered.

The combines operate in groups of six on one field. The fields are 300 m
wide and 1,000 m long (figure 21), they are situated in parallel strips on
either side of a metalled farm road. Behind the ficlds is a main drainage
canal; ditches run from the road to the canal down the length of the field.
Two different drainage systems are found on the fields. One is a system of
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small open ditches with spacing at distances of 8 to 48 m across the field;
these ditches are generally used for a few years after killing the reeds. The
other is a subsurface drainage system that replaces the open ditches after
the soil has dried sufficiently. Consequently there are two patterns of field
operations which are shown in figure 21, In both cases headlands 12—-15m
wide are first cut all round the field. The six combines work simultaneously
on one sub-area. They unload into two grainwagons with a total volume of
16 m?, standing on one of the headlands. The size of the sub-area depends
on the pattern of combining, the yield per ha and on the capacity of the
wagons. For example, with a system of open ditches, a yield per ha of
4,900 kg (wheat) and two grainwagons with a total volume of 16 m?* the
size of the sub-area is approximately 2.5 ha, with a width of 90 m and a
length of 280 m.

7.3 ANALYSIS OF TIME ELEMENTS ASSOCIATED WITH COMBINE
HARVESTING

The time elements spent in combine harvesting operations and the definitions
used are shown in table 12. The definitions are mainly based on the recom-
mandations of an O.E.C.D. report (ANon, 1965).

TasLe 12, Time elements in combine harvesting.

a. Machine preparations before and after the harvest
b. Repairs during harvesting

¢. Operator off duty

d. Daily servicing of the machine

fgle:twe {e“ Machine is cutting and threshing at an optimum
: Net (effective forward speed
Available ]| working | capacity) £, Turning
time Y time £. Discharging *
(net 1 k. Control and inspection by the operator (chain and
capacity) belt tightening, other adjustments) *
L Travel (on the field and from one field to another)
k. Waiting (because of shortage of grainwagons)

! Waiting (due to shortage of drying or storage
capacity)

1 Including rest allowance.

Not all of the time elements are commonly charged against combine
operations and combine capacities are often termed differently. HUNT (1965)
defines the effective capacity as the capacity during the time elements b, e,
e
b+te+f+g+h

f, g and h; the field efficiency is the ratio of the elements:
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Dricot and PAUWELS (1960) define the ,,rendement global du chantier” as

e+h
Fre+y PosTMA and vaN ELDEREN (1963)

and MoENs {1959) use the internationally adopted framework for a present-
ation of work requirement data as proposed in the O.E.C.D. report. They
define ,task-time”, expressed in manhours, as the gross time for a certain
amount of work; they charge the elements ¢, ¢, f, g, h, j and k against the
combine operations. A report (ANON, 1967) on comparative tests with
combines charges the elements ¢, f, g, and h against combine operations;
the combine capacity during these time elements is referred to as ,,gross
capacity”. All writers charge the elements b through k in whole or in part
to the combine operations. The element a, for preparations before and after
the harvest, is usually ignored.

For the purpose of this study and for computations of machine capacities
in general, the time elements b through k have to be known in connection
with the available time, only then the time efficiency can be determined.

the ratio of the time elements:

The available time

As seen from the definition, the available hours are limited by soil and crop
moisture conditions, The numerical values of these limiting conditions will
now be considered. Soil conditions can stop combine operations if the moi-
sture content becomes so high that the rolling resistance of the soil increases
to a point where the combine can no longer move forward. This, however,
occurs 50 seldom on this farm that this influence on the available time need
not be considered. *

The condition of the crop can also stop combine operations when the
moisture content rises above a certain level. VoigT (1955), FEIFFer (1962)
and GeLs (1959) advise that a combine should only operate in cereals if
the grain moisture content is below 20%,. Their opinion is based on the
diminishing combine capacity and on the consequence of artificial drying
of the grain when threshed with a higher moisture content. Actually from
our experience the straw moisture content is the limiting factor for combine
operation. When the straw moisture content reaches a certain level the
threshing cylinder gets stuck and the separating and cleaning mechanisms
stop functioning.

ZumEema (1965) investigated throughout oné season the influence of
the straw and grain moisture content on the rate and quality of combine
harvesting of a wheat crop with few weeds. He reported a diminishing
effective combine capacity as the straw and grain moisture content in-
creased, kernel losses remaining the same. He concluded that the combine
can operate with a reduced capacity up to a straw moisture content of
approximately 40%;,. Combine harvesting above this level is hardly possible
as the clogging of the threshing and separating mechanisms causes a sharp

65



increase of the losses and of the number of breakdowns. The level of 409
is only valid when the straw is ripe and a small amount of green matter
(weeds, undersown crops) is present. When the straw is not ripe and/or
green matter is present the level will be lower; it will be higher when the
straw is dead ripe and no green matter is present.

On account of the linear relationship between the grain and straw moisture
content (figure 20) this upper limit can also be expressed as corresponding
to a grain moisture content of 285/ *. This linear relationship does not hold
during the hours after sunrise and before sunset, when the straw moisture
content is higher than that predicted from the linear relationship in figure
20. Therefore the beginning and the end of the available time cannot be
determined by the grain moisture content during these hours. Daily obser-
vations concerning these times were carried out by some combine operators
in August, 1966, for wheat after nights without rainfall. Combine harvesting
was judged possible when no clogging of the threshing cylinder occurred
during combine harvesting. These observations showed that the beginning
varied between 8 a.m,. and 10 a.m., while the end varied between 6.30 p.m.
and 8 p.m. Consequently the beginning and end of the available time in
July and Angust have been fixed for this study at 9 a.m. and 7 p.m. respec-
tively. In September the available time will be shorter which is caused by
the lengthening of the nights. Therefore from September 15 on, the beginning
and end of the available time have been fixed at 10 a.m. and 5 p.m. respectively.

In determining the available hours, the quality of the threshed grain
has also to be considered. The quality of threshed grain as affected by
combine harvesting is usually reported in terms of damaged kernels, test
weight, germination and germinative energy. The effect of kernel moisture
content on the quality of combine harvested grain has been investigated by:
MIrTcHELL ef al (1955, 1955a) who investigated the quality of barley and
wheat as affected by moisture content, cylinder speed and concave clearance;
THIELEBEIN and FISCHNICH (1957) who investigated the quality of rye as
affected by moisture content, cylinder speed and different cylinder bars;
JounsoN (1959) who investigated the quality of wheat as affected by moi-
sture content and different cylinder and concave types; our own investi-
gations concerned the amount of split kernels in wheat as affected by moi-
sture content (ZUIDEMA, 19654).

The effect of mechanical treatment can be summarized as follows. The
effect of cylinder speed is for germination and germinative energy to fall
with an increase in cylinder speed from 1,000 r.p.m. to 1,500 r.p.m. while
the visual damage tends to increase. Up to about 255, moisture content the
effect is small; above this level, however, the effect of increasing cylinder

! The transshipment plant (conveying equipment and dryer) can also limit harvesting.
It was observed that the drying plant cannot handle wheat with a higher moisture content
than 307 on account of clogging (Personal communication, Bies).
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speed becomes more marked. The effect of the concave setting is not so
marked as that of cylinder speed, although the germination tends to decrease
the closer the concave is set. .

Some of the results for wheat obtained with optimum combine setting
are presented in figure 22. The results are similar except for the increase
in kernel damage with a higher moisture content as reported by JoOHNSON.
The reason for this difference is not clear as JoHNsoN did not succeed in
minimizing the kernel damage with different cylinder and concave types
while TeIELEBEIN and FiscHNICH report that a decrease in kernel damage of
rye can be obtained with rubber cylinder bars. From these data it appears
that below 16%, moisture content a marked increase in the number of
visibly damaged kernels occurs although this takes place without any
outstanding reduction in germination. Above 229/ moisture content a
pronounced decline of germination begins.

The evidence suggests that, from the standpoint of the resulting grain
quality, the optimum moisture content range in which to harvest wheat
is between 16 and 22%;. This result is also valid for barley (MITCHELL et al,
19554), no data are known for oats and colza.

The quality requirements for the threshed wheat as discussed in 3.4
show that the reduction in grain quality caused by threshing at moisture
contents up to 289 need not be a limiting factor for combine harvesting.
Thus the available time for harvesting wheat can be defined as that part
of the time between 9 a.m. and 7 p.m. when the grain moisture content is
below 289 less the time when rain is falling. Based on some observations
in 1968 concerned with combine harvesting at different straw moisture
contents in barley, oats and colza it is assumed that a similar definition
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of the available time will hold for these crops, with the exception that for
colza the maximum moisture level is 189,

Net working time and effective time

By definition, the net working time is the available time less time losses
due to daily servicing, repairs, the operator’s off duty time and waiting time.

The daily servicing includes lubrication, refueling and cleaning of the
separating mechanisms; this requires about two man hours a day. As
work starts at 7 a.m., daily servicing will be finished by 9 a.m. ; thus the time
for daily servicing is outside the available time and need not be considered
as a time loss.

Time losses due to repairs are affected by the reliability of the particular
make and model of combine, the condition of the crop and the availability
of a repair crew. The factors were investigated for three consecutive seasons
with a group of 30 combines under conditions prevailing at the farm;
DE JONG (1965) reported that the average time loss due to repairs amounted
to 4%, of the available time. )

Time losses caused by operator’s off duty time are governed by the condi-
tions of employment. During the harvesting season working hours are from
7 a.m. to 7.30 p.m. from Monday to Friday, including two hours overtime.
Work on Saturday is overtime, but the harvest continues from 7 a.m. to
4 p.m. if the weather is favourable. No work is done on Sunday. Three
breaks of 20 minutes each are included each day from Monday to Friday
and two on Saturdays. Consequently, from 9 a.m. Monday to 4 p.m.
Saturday the combine does not operate for 119 of the available time assu-
ming that these time losses are proportional to the available time.

The sum of these factors causes a total time loss of 4 -+ 11 = 159%,. Thus
the time efficiency is 85%,. Here the waiting time (k table 12) is ignored.

The following time elements are associated with the net working time
(table 12):

e. Effective time

J- Turning time

g. Discharging time _

4. Time for control and inspection by the operator
~ J- Travel time

k. Waiting time

The relative importance of these time elements is affected by the following
factors:

a. Forward speed of the combine
The relative value of the effective time decreases as this increases.
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b. Size and shape of the fields

These factors affect the turning time and the travel time. FLEMING (1960),
FiL (1963), RiGHOLT (1962) and vAN ELDEREN (1966) have investigated their
effect. They concluded that they can be ignored in rectangular ficlds larger ]
than 10 ha,

¢. Pattern of combining

This factor affects the turning time and the travel time on the field;
it concerns the division of the field into sub-areas, the headland pattern,
the routing and the different ways of cutting at corners. The effect of this
factor is extensively discussed by FLEMING (1960) and HUNT (1965).

d. Position of the grain wagons
The greater the load capacity of the wagons the farther apart they should
stand on the headland, consequently the turning time will increase.

e. Soil and crop conditions (yield, lodging)

These factors affect the effective time and the turning time. The relative
value of these factors increases with high yields and a rough surface.

f. Organization

This factor affects the waiting time and the travel time. It mainly depends
on the number of combines working together on each sub-area and the
order in which the ficlds are worked.

A description of the factors under b, ¢, d and f is given under 7.2. As
they are on the average fairly constant on the farm it is assumed that their
relative values do not vary much. The time elements were measured over
periods of 10 days in 1966 and 1967 in wheat and barley, standing crops,

TabLE 13. The average time elements of the net working time of a combine.

Time eclements % of net working time minutes
e. Effective time ‘ 65.1 2.3 min/100 m
J. Turning time
on headland without
grain wagon 31 0.6 min each
on headland with } 10.7
grain wagon 7.6 14 , .,
£. Discharging 7.4 14 ,
h. Servicing by operator 6.0 32.4 min per day !
J. Travel time 7.8 21 , . »
k. Waiting time
unloading 1.4 } 3.0 T6 w » »
for grain wagon 1.6 86 ., ., »
Net working time 100.0

‘9 a.m. — 7 p.m.
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with yields between 5,000 and 6,000 kg per ha, grain moisture content
approximately 209, 5.4-m combines, drainage system with open ditches
or with subsurface drainage. The resulis are shown in table 13.

Field efficiency of the combine is 65.1%. The turning time, at 10.7%, is
rather high, This is due to the average distance of 90 m between the pairs
of grain wagons (total volume 16 m?®) and to the fact that sometimes the
grain wagons are not stationed in the right place or are not fully loaded
after harvesting of the sub-area. In this case a combine sometimes has to
travel back from another sub-area to finish filling the wagons.

The waiting time amounts to 3% ; nearly half of this is due to the concen-
tration of six combines in one sub-area of approximately 2.5 ha. Though
two combines can unload simultaneously into a pair of grain wagons, it
sometimes happens that a third combine has to wait.

The travel time includes travelling to and from the work (on the field)
moving on to the next sub-arca and moving from field to field. Both travel
time and turning time will decline between 30 and 40%; of the present value
in the near future when the width of the fields is increased from the present
300 m to 500 m; this will raise the ficld efficiency to 7094.

Time losses due to incidental factors such as sudden absence of the opera-
tor (illness), travelling to distant fields and adjusting the combine for a
next crop have not been measured. The time losses due to these factors
have been arbitrarily fixed at approximately 5%;. Thus under these circum-
stances the field efficiency of the combine is approximately 60%/.

7.4 EFFECTIVE COMBINE CAPACITY

7.4.1 Effective combine capacity and separating loss

The effective capacity is expressed in kg grain per hour. The term separat-
ing loss as used here denotes the kernel losses from straw walkers and shoe
at the rear of the combine. The optimum travel speed and the optimum
setting of the combine are primarily determined by the separating losses
from the rear of the machine. Therefore the separating losses are the domi-
nant criteria of combine performance. Sometimes other factors can be the
dominant criteria: roughness of the field, a low yielding crop or a lodged
crop; these factors will not be considered here.

The mechanism of the combine performs five operations: cutting, feeding,
threshing, separating and cleaning, The flow of material into the combine is
as follows. Grain and straw are fed into the cylinder where threshing takes
place. Up to 90Y, of the threshed grain penetrates the concave and concave
extension; the remainder is discharged on to the straw walkers with the
straw. At higher feed rates more kernels are dumped onto the straw rack
along with a greater amount of straw. The losses over the straw walkers
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Fig. 23. Sepai'ating loss curves of a combine in various countries under different conditi-
ons {wheat). Modified data of MARK (1963), losses and capacities at 209, wet

basis.
grain straw ratio straw and kernel moist. cont. (%, wet basis)
1. Italy 0.85:1 7.5 9.2
2. England 1.14:1 13.0 15.5
3. France 1.21:1 2.7 11.5
4, Germany 1.05:1 16.0 16.5
5. U.S.A, (Idaho) 1.42:1 8.0 9.2

increase rapidly at a higher feed rate as the bed of straw over the grid
prevents the kernels from falling through. Losses also increase with a lower
grain straw ratio {at a given feed rate) and with a higher moisture content,
as shown by JoHnsoN (1959), VAN DER KANT (1962), ZumbeMA (1965) and
WIGCHERING (1966). MARK et al (1963) report that shoe losses rise if the
load to the sieve becomes excessive; this happens with dry, mature straw
(moisture content less than 10 %), which desintegrates readily. In this region,
with relatively high moisture contents and a low grain straw ratio, the kernel
losses over the straw walkers form the major part of the separating losses;
with grains the shoe losses can generally be avoided.

The characteristic pattern of the separating loss curves is similar for
combines operating in different regions of the world but differs in quan-
titative values, as MaRK et al (1963) show. The results, reproduced in
figure 23 demonstrate that the losses increase rapidly with increasing
feed rates.
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Combine size is generally expressed by the width of the cutter bar. It is
cbvious from the foregoing that this indication is not altogether adequate
as the effective combine capacity is limited primarily by the threshing and
separating mechanisms. A technical specification of two types of combines
on the farm is therefore given in table 14. They were used in the various
investigations regarding the effective combine capacity. In the text they
are indicated by the width of the cutter bar: 3.6-m and 5.4-m respectively.

TasLe 14, Specifications of the combines on the farm.

Unit

Cutter bar m 3.6 54 ‘
Engine power (DIN) hp 80 105
Cylinder

diameter cm 60 60

width - 100 128
Straw walkers

Iength » 314 360

width ”» 100 129
Sieve area m? 2.06 2.89
Tank volume m? 20 2.8

The characteristic loss patterns of the 3.6-m combines were investigated
during one season uuder conditions prevailing in the region (VAN DER
KANT, 1965), The loss curves are shown in figure 24. Also shown are three
lines representing losses of 25, 50 and 100 kg per ha respectively. The data
were obtained in wheat, the straw and grain moisture contents being appro-
ximately 20%4. The various feed rates were obtained by using different travel
speeds with optimum setting of the combine for each speed; the variation
in grain straw ratios was obtained by cutting at different heights. The curves
in figure 24 show that the losses increase with an increase in feed rate. The
increase, however, is much less with higher grain straw ratios. The main
reasons for this are the smaller amount of straw in relation to the amount
of grain and a lower straw moisture content because of the unequal distri-
bution of the moisture in the straw (table 8). The effect of the level of losses
on the effective combine capacity can also be shown. For example, the
effective combine capacity will amount to 6,000 kg with a stubble of 18 cm
and losses at 25 kg; this capacity can be increased to approximately 6,700 kg
with losses at 50 kg and to approximately 7,500 kg with losses at 100 kg.

It should be noted that the possibility of leaving a higher stubble applies
in practice only to wheat as this crop usually does not lodge. Barley and
oats usually have to be cut at a height of approximately 20 cm on account
of lodging.

The effective combine capacity is thus greatly affected by the grain straw
ratio (the stubble height) and the level of losses permitted. The instructions
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Fig. 24. Separating loss in wheat as affected by effective combine capacity and grain
straw ratio. Pata of 3.6-m combines, losses and capacities at 209, wet basis,
(vaN DER KANT, 1965).
1. stubble height 4+ 18 cm (grain straw ratio: 1.07 : 1)
2., »w E£3Bcm . w :140:1)

3. » 3 i 45 cm L] * 11 1200 l)

4. permitted losses per hour based on a loss of 100 kg per ha
5' ” i L ” L L1 3y 8 *” » 50 kg pcl.- ha
6' 2 3 Edd El g rr LI 44 »r »» 25 kg per ha

effoctiva combina capacity { kg h~1,13 % wet basis)

7,000 A

6,500 _ J .

£,000 TR . X! .

5,500 : o 3 b

4,500 ’ M R B\ N i

4,000 S CH T ) S

3,500 ¢ .\.-. ol
u{ :

a I 9 12 15 18 21 24 2 30 33 I 3 4 45 43 5
straw moisture conteat { % wet bagis )

Fig. 25, Effective combine capacity (3.6-m combine} as affected by straw moisture con-
tent {(wheat) (Zuinema, 1965}
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in force on the farm are such that stubble height and permitted losses are at
the minimum levels which can be attained reasonably in practice: 20 ¢cm
and 0.5% of the yield. These instructions raise the farm’s gross income as
this stubble height permits to sell the straw from swath and this level of
losses keeps the losses at a minimum. With a higher stubble the straw cannot
be sold and the remaining straw and stubble must be destroyed by burning
or by chopping. However, these instructions lower the combine capacity
thereby raising the costs of combining. Whether the instructions are justified
i.e. whether the extra costs for combining are offset by the extra income will
be discussed in 11.3.5.

Comparative tests in wheat with 5.4-m combines showed similar losses
with effective hourly capacities of 2,500 to 3,500 kg higher than with 3.6-m
combines (vaAN DER KanT, 1962).

7.4.2 Effective combine capacity under influence of crop moisture conditions

The moisture content of the crop, including weeds, greatly affects the com-
bine capacity. ZUDEMA (1965) reported on the influence of the straw and
grain moisture content on the effective combine capacity. Measurements
were made during one season with a group of six 3.6-m combines operating
in barley, oats and wheat. As the straw of barley and oats was not ripe the
straw moisture content hardly varied during the investigation, so the influen-
ce of this factor on the combine capacity could not be established. The data
for wheat were obtained between 8 a.m. and 6 p.m. in a ripe crop; yields
were 4,900 kg grain and 5,000 kg straw per ha, stubble height approximately
20 cm and kernel losses not exceeding 25 kg per ha. The results given in
figure 25 show that the points are widely scattered which is largely dug to
the difficulty in obtaining reliable straw samples from the swath. A line has
been drawn through the scattered points, assuming an exponential relation-

ship between the straw moisture content and the effective capacity in this -

moisture range. From this line can be estimated that on the average the
effective capacity decreases by approximately 100 kg for each unit percent
rise in straw moisture content.

It is however necessary to relate the effective capacity to the kernel
moisture content as this figure is more easLy available, The linear relation-
ship between straw and kernel moisture contents shown in figure 20 can
be used for this purpose. From this figure we may conclude that the effective
capacity decreases by approximately 200 kg for each percent increase in
kernel moisture content.

No data are available for colza, barley and oats; it is assumed that the
decrease, expressed as a percentage of the effective capacity in the lowest
moisture range, for these crops will be similar. The same also holds for the
5.4-m combines.
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7.4.3 Effective combine capacity under average crop conditions

Crop conditions, such as grain straw ratio, yield, straw maturity, presence
of weeds and lodging show a wide variation and, consequently, the effective
combine capacity also varies, Capacity ratings should therefore be valid for
the average crop conditions in the field. The effective capacities of 3.6-m
and 5.4-m combines were measured during two seasons. The average crop
and moisture conditions were as follows: grain moisture content 199
(colza 10%,), few weeds (mostly reeds), little lodging, mature straw, separat-
ing losses not exceeding 0.5% of the yield, stubble height 20 cm. The results
are presented in table 15 together with the average grain yields. Also the
effective capacities at different grain moisture contents are shown and, for
wheat also with a stubble of 45 c¢m. These figures have been computed
from the data given under 7.4,1 and 7.4.2. The results shown can be used to
compute the net capacities (60% of effective capacity).

TaBLE 15. Effective capacities (kg h-1) of 3.6-m and 5.4-m combines for three grain
moisture ranges and two stubble heights (wheat only).

Crop Colza Barley Oats Wheat
Stubble height (cm) 40 (swath) 20 20 20 45
Grain yicld (kg/ha) 2700 40001 50001 49001
Moisture range (%)
Colza Grain
<10 <19 3,000 5,900 5,800 6,000 8,800
10—14 1923 2,800 5,506 5,400 5,600 8,200 } 3.6-m
1418 2328 2,400 4,700 4,600 4,800 7,000 | combine
<10 <19 4,200 8,300 8,200 8,400 12,500
10—14 19—23 3,900 7,700 7,600 7,800 11,600 } 5.4-m
14—18 2328 3,400 6,600 6,600 6,700 10,000 ) combine

! Yields at moisture contents 10% and 199 for colza and grain respectively.

7.5 SUMMARY

Combine performance is measured by the travel speed and efficiency with
which the operations are accomplished. The rate of combine performance,
the combine capacily, is expressed in kg or ton grain per hour. The terms
used are as follows: '

Available time: that part of the time between 9 a.m. and 7 p.m. that the
grain moisture content is less than 28 % (colza 18 %) and no rain is falling.
Below this moisture content the effect of combining on the grain quality
can probably be neglected at the level of quality required at present.

Net working time: the available time between Monday 9 a.m. and Saturday
4 p.m. less time for repairs and operator’s off duty time. The net working
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time averages 859 of the available time (time efficiency). Capacity during
this time is the net capacity. '

Effective time: the time during which the machine is cutting and threshing
at an optimum forward speed under average crop conditions. The effective
time is 60%, of the net working time (field efficiency). Capacity during this
time is the effective combine capacity.

Separating loss, the loss from shoes and walkers, is the principal criterion
of effective combine capacity. It increases with higher feed rates. Graphically
this relation may be expressed by a loss curve. The quantitative values of
the loss curves of wheat are primarily affected by the grain straw ratio
{figure 24) and the straw moisture content (figure 25). The effective combine
capacity increases with an increase in grain straw ratio and with a higher
level of separating losses (figure 24). For each percent rise in straw moisture
content the effective combine capacity decreases by approximately 100 kg
(figure 25), or 200 kg for each percent rise in kernel moisture content (figure
20). It is assumed that this effect is also valid for colza, barley and oats.
The effective capacities of 3.6-m and 5.4-m combines have been calculated
with these data and with the data on effective capacities under average crop
conditions and prevailing instructions (table 15).
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8 TRANSPORT AND CONVEYING OF THE GRAIN

8.1 INTRODUCTION

The transport of the threshed material from the field to the drying plant is
a part of the harvesting process consisting of threshing — transport —
unloading — conveying — drying and temporary storage. The total net
capacity of the combines is the main factor determining the required capacity
of each of the subsequent links in the chain. The hauling distance is an
additional factor to be taken into account when determining the transport
capacity required. Since the net combine capacity is expressed in kg or ton
per hour while the distance is stated in km, the transport capacity is usually
expressed in ton.km h—'. In addition the transport capacity is also expressed
as the number of transport units needed, for which the capacity (m?® or tons)
and the speed (km h—"') should be known. The latter method of expression,
number of transport units, will be used.

On the field the combine transfers the threshed product into a container
for transport. For the subsequent transport from the field to the drying
plant, road or water transport may be used, the choice being determined
primarily by the cost. This, in turn, depends mainly on the fact whether
access to the field and the drying plant is easier by road or by water and on
the distances to be covered. Since all fields of this farm are on metalled
roads and only a few on navigable canals, it is assumed, partly from the
cost calculations for paddy transport !, that road transport is to be preferred
owing to the lower cost.

For the calculation of the required transport capacity in combination
with various harvesting machines transportformula¢ have been developed
and discussed by TiscHLER (1959, 1960), REICHENHEIM (1960) and others.
Using one of these formulae Szesny (1963) calculated the transport equip-
ment needed for a large farm. BOONMAN (1966) used the formula of TISCHLER
to describe the transport organization on a family farm in the Netherlands
during the harvesting of grains and potatoes. VAN DUIN and LINTHORST
(1962) developed and applied a similar formaula to investigate the influence
of the distance over which excavated earth has to be moved on the choice
of the means of transport. VAN ELDEREN (19664) and HARTLOPER (1967)
programmed a number of models of harvest transport systems in order to
find the optimum wagon type for a family farm. ZIMMERMAN (1967) described
large wagons used on some wheat farms in the U.S.A.

1 A cost calculation for alternative transport by road or canal was carried out for paddy
transport in the Wageningen Polder in Surinam, All fields had direct access to both roads
and navigable canals. At a distance of about 15 km the cost of the two methods proved
to be the same (ANON, 1967a).
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So far as noticed from the recent literature, the optimization of the trans-
port on a large-scale farm as influenced by harvest organization and size of
transport equipment has received little attention. In this chapter the results
are given of the investigations into this problem under the circumstances
prevailing on the farm.

8.2 SELECTION OF THE TRANSPORT EQUIPMENT

8.2.1 Possibilities and limitations

For transport three systems were considered which are used presently in
agriculture for field to plant transportation of products:

I. Wagons hauled by wheeled tractors from the field to the plant; this
system is applied for relatively short distances (maximum 10--15 km)

II. Trucks or self propelled wagons from the field to the plant; this is
applied for medium and long distances (more than 10—15 km), a prerequi-
site is that the trucks must be able to travel in the field

ITI. A combination of above two methods, i.e. grain wagons for transport
in the field and trucks for transport on the road; this is applied for long
distances (more than 20 km) when soil conditions do not permit trucks
travelling in the field

Within technical and other limitations, the selection of the system is
determined by the cost. The limitations are:

a. Soil trafficability

b. Access to the fields

¢. Hauling distance

d. Type of material hauled

e. Government regulations on the use of agricultural vehicles on the roads
Jf. Alternative use of transport equipment at other times of the year

a. Soil trafficability

There are no metalled tracks on the fields. Soil trafficability depends to a
great extent on the bearing capacity of the clay soil (35% < 2u). The bearing
capacity as used here is to denote the maximum contact pressure of vehicle
tires, above which limit the vehicle is apt to sink. The bearing capacity of
the clay soils under weather conditions during harvest time depends mainly
on the time since draining. Immediately after draining the polder it is very
low (50 gr cm—%), then it increases gradually through evaporation and
construction of a field drainage system. After approximately 5 years the
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bearing capacity varies between 500 and 800 gr cm—2 (vaN KAMPEN, 1964).
Therefore the contact pressure of the transport equipment must be such
that the minimum limit is not exceeded. This limit should be observed
strictly since owing to the short time the soil has had to ripen the bearing
capacity is lower in the deeper layers. In view of this limitation, transport
of grain by trucks in the field is eliminated. This means that transport in
the field has to be carried out with grain wagons,

b. Access to the fields

The fields (figure 21) are all on metalled roads; an earth dam 10 m wide
connects the fields with the roads. The metalled road is 3.5 m wide; with a
permissible load of 10,000 kg per axle it is adequate for heavy trucks. The
verges on either side of the metal are about 5 m wide.

¢. Hauling distance

If distances are short, the cost of transport by wagons direct from combine
to drying plant is less than when the grain is transferred into trucks, since
it is not possible to take full advantage of the larger capacity and speed of
the trucks. The difference in cost becomes less as distances increase; after
the break-even point the cost with transfer into trucks becomes less than of
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Fig. 26. Costs of grain transport (in guilders per ton wheat) as affected by distance and

transport system. Computed with formulae 8.6, 8.9 and 8.10.

1, wagons, tractors (as in 2) and trucks (trailers, vol 25 m®); loading at transfer
centres; average distance from field to transfer centre 5 km; speed 40 kmh-!;
cost per harvest season, driver included, { 8,000

2. wagons, medium tractors (tractors 50 pk; wagons vol 4.5 m?); speed 20
km h-'; cost of tractor, operator included, and wagon per harvest season
f 4,200 and f 500 respectively

3. optimal wagons and tractors (tractors 100 pk; wagons vol 8m?); speed 25 kmh-!
cost of tractor, operator included, and wagon per harvest secason f 5,000 and
£ 1,100 respectively.
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direct transport with wagons. A comparative cost calculation for both
systems (figure 26, 1 and 3} shows that the break-even point is reached at
a distance of about 40 km. Since distances larger than 40 km do not occur
on the farm, a transport system with transfer into trucks has been eliminated.

d. Type of material hauled

Grain is a granular material that can be transported in bulk. A factor of
importance for unloading is that the minimum tipping angle for unloading
grain with a moisture content of 28%/ is about 45°. At lower moisture content
the angle required is smaller.

e. Government regulations on the use of agricultural vehicles on the roads

Because of the special circumstances relating to this farm a number of
exemptions from the national traffic regulations have been granted. However,
in due time the same safety measures may be introduced, so the national
regulations should be taken into account when designing a transport system.
The most important regulations applied in the Netherlands in 1967 are:

Maximum speed: 16 km h~', provided both tractor and trailer are fitted
with brakes. The braking capacity has to be atleast 1 msec—2 which amounts
to a stopping distance of 9.85 m. The speed limit will presumably be
raised to 25 km h! in the future: if the braking capacity is then kept
at 1 m sec~2 this will amount to a stopping distance of 24 m

Maximum width: 3 m

Maximum length: 18 m

Maximum number of wagons that may be towed by a tractor: 2

Maximum wheel load: 2,400 kg

A tractor may therefore tow two four wheeled wagons of 9,600 kg each
and the stopping distance should be a maximum of 9.85 m.at a speed of
16 km h1,

f. Alternative use of transport equipment at other times of the year

Other possible uses on the farm for the equipment selected should also be
considered. In the first place other materials to be transported are limited to
the spring time transport of 6,000 tons of fertilizers, which is only 9%, of
the annuval grain tonnage. Secondly, the selection may be infiuenced by
other work to be done. This relates primarily to the tractors, that are used
for other farm operations.

Crawler tractors are, owing to their small ground pressure, required
for the reclamation of the soils and for fall tillage operations during the
years that the soil bearing capacity does not allow tillage operations with
wheeled tractors. The resulting peak which determines the number of
crawler tractors required is shown in figure 27. Specifications of the crawler
tractors at present available on the farm are reported in table 16.
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Fig. 27. Work diagram of tractors on the farm in average tractor working hours per
month (1967).
A, wheeled tractor ,,medium™ 1. miscellaneous (mostly transport)
B. wheeled tractor ,.large™ 2. tillage operations (farm)
C. crawler tractor 3, tillage operations (reclamation)

Wheeled tractors are required for transport, application of fertilizer,
spraying, mowing and other operations requiring relatively high speeds.
Until a few years ago only medium size tractors (50 hp) were available in
the Netherlands. These tractors could not compete in the cost and quality
of tillage operations with the crawler tractors; therefore, they were not used
for large-scale tillage operations. The large wheeled tractors (100 hp) that
have become available have proved to be competitive with crawler tractors
in tillage operations on soils with a sufficient high bearing capacity (> 500
gr cm~2; BERKERS and VAN DER KANT, 1965). These large wheeled tractors
have substituted some of the crawler tractors for part of the tillage operations.
This can be seen from the workdiagrams of the medium and the large
tractors on the farm as shown in figure 27.

Technical details and some data on drawbar pull of the tractors (BERKERS
and vAN DER KANT, 1965) are reported in table 16.

From the discussion of the factors a to # follows that it is desirable to use
special-purpose wagons for hauling the grain from the field to the plant.
In designing this special-purpose wagon the above described limitations
should be observed.
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TaeLE 16. Specifications of the tractors present on the farm in 1968.

Unit Crawler Wheeled tractors
tractors Mediuvm Large
Power (power take-off) hp 60 50 100
Weight kg 6,400 2,300 4,100
‘Fracks
length (on ground) cm 184 — m
width ,, 61 — —
Tyres (rear) 1430 15.5—38
Ground pressure g cm™2 280 —_ —
Drawbar pull ! kg 5,000 1,700 2,600
and speed km h-t 22 33 29
Drawbar puli 2 kg 3,000 700 1,500
and speed B km h-t 2.2 33 29

! First gear, dry soil.
2 First gear, soil condition stated as ,,poor” during harvesting.

At present even larger tractors (140 hp) are available. They are however
too heavy for these soils.

Trucks (5 ton) are only required to a limited extent on the farm for
transporting light equipment, seed and fertilizers.

8.2.2 The optimal size and design of the grain wagon

The optimal design of a grain wagon is determined by the cost of transport;
the design is optimal when the costs of transport are minimum. The many
factors involved in designing an optimal wagon for transport of harvested
products on a family farm have been programmed by vaN ELDEREN (19664).
With this program the transport costs can be calculated for different values
of the factors involved.

In developing an optimal grain wagon for the farm, calculations of
transport costs have been omitted. It was arbitrarily assumed that the mini-
mum costs of transport are obtained with the largest load capacity possible
within the above mentioned limitations. The limiting factors are: bearing
capacity of the soil, tractive power of the tractors and traffic regulations on
the use of agricultural vehicles.

Two types of wagons have been designed with a load capacity of 8 m?®
(figure 28, table 17) and 10 m? respectively. Both wagons have a hopper-
type container, the angles of inclination of the hopper sides vary between
45° and 60°, When the flap valve in the bottom of the hopper is opened the
wagon can be emptied in one minute.

A number of tests have been carried out comparing these wagons with
the 4.5 m? ones already in use on the farm. Stopping distances were measured
on the road with pairs of wagons towed by a 100-hp wheeled tractor. Draft
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3750 mm— -+

Fig. 28, Grain wagon with a volume of 8 m3.
A. vertical section
B. transport unit; two wagons and a large tractor

and sinkage were measured in the field under different soil conditions with
pairs of loaded grain wagons drawn by a crawler tractor. Table 17 gives
the technical data and test results for the wagons of 10 m?, 8 m? and 4.5 m®
capacity. It is evident that the 10 m*® wagon cannot be used on the field
on account of sinkage (20 cm) and high tractive power required. The wagon
is too heavy with the standard tyres presently available, though the present
construction of the wagon would not allow the use of oversize tyres. The

83




tractive power required in the field is greater for the 8 m® wagons than
for the 4.5 m* ones but remains below the 3,000 kg which can be exerted
at maximum by the specified crawler tractor (table 16) under poor conditi-
ons. If the soil conditions are extremely difficult, which they may be during
the first few years after the polder has been drained, the wagons can be
hauled on to the road one by one.

TaeLE 17. Technical specifications and data on tractive power, sinkage and stopping
distance of grain wagons of 10 m3, 8 m3 and 4.5 m3 capacity.

Specifications and test results Unit

Volume m? 10 8 4.5
Weight, empty kg 2,800 2,500 1,050
Total weight

fully loaded (wheat) ' 10,300 8,500 4,550
Tyre size 16—20 16—20 9—16
Overrunning brake yes yes no
Brake-drum mm 400x 100 400%x100 —
Overall length " 6,760 6,030 5,570
Qverall width » 2,500 2,500 2,000
Wheel base : » 3,560 3,250 2,370
Tractive power required

(two loaded wagons) * kg 3,500 2,100 1,500
Sinkage

(two loaded wagons) ! cm 20 11 9
Stopping distance at a speed of #:

16 kmh1 m 9 4 13

20 km h-1 » 12 11 26

25 km h-1 » 20 13 35
Wheeled tractor 3: large large medium

! Average of tests on a number of fields with moderate soil conditions, speeds varying
between 3 and 5 km h1.

2 Braking tests on a wet clean asphalt road surface.

3 See table 16.

The stopping distances are shorter for the 8 m® wagon than for the 4.5 m*
wagon. The 8 m?® wagon meets easily the legal requirements set at speeds
of 16 km h~'. It meets also the presumed future requirements: a stopping
distance of 24 m at a speed of 25 km h—*,

8.3 THE LOADING AND UNLOADING OF THE GRAIN WAGON

8.3.1 Loading

The positioning systems used for the prain wagons are shown in figure
21. To shorten the loading time of the wagons, concentration of the com-
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bines is desirable. The degree of concentration is however limited by the
increasing time losses of the combines: the waiting time at the unloading
point and the travel time, Table 13 shows that, for a group of six combines,

- the waiting time and the travel time are 1.4% and 7.8%/ of the net working
time. Trials with a group of nine combines showed an increase of both time
elements with 300%. Therefore it seems that a concentration of six combines
loading into one pair of wagons is the maximum.

The grain wagons are loaded and transported in the fields in pairs. This
method has drawbacks for the combines as the time needed for travelling
on the headlands would be less if the wagons were handled separately.
In that case they would have to be hooked together on the road for
transport to the drying plant. However, the coupling of these wagons with
their wide tyres is such a difficult job that it is preferable to have coupled
wagons standing on the headlands.

A crawler tractor is used for transport from the field to the road, it is in
use for only 50% of the time. Recent studies showed that in the future the
entire transport on both the field and the road can perhaps be done with large
four-wheel-drive wheeled tractors, which can exert a tractive force of some
3,000 kg on the field. In that case the costs for transport in the field will be
reduced.

Before a wheeled tractor hauls the wagons to a drying plant the foreman
puts a threshing ticket in the pouch on one of the wagons. On the ticket are
recorded: number of the field, numbers of the wagons and the crop varicty.

8.3.2 Unloading

The wagons are unloaded over the pits in the reception area. The conveying
capacity of the drying plant is of considerable importance for the organi-
zation of the transpori. The following possibilities can be defined:

a. Conveying capacity smaller than the total net capacity of the combines

In this case a large number of grain wagons will be required in part to act
as temporary storage of the threshed grain if the combining is to continue
unhindered. These wagons are then brought to the reception points outside
the combining hours. They consequently form a mobile wagon reserve
which can be used for the grain transport ouiside the combining hours.
This situation prevailed on the farm up to a few years ago. For each ton
of net combine capacity, there was 0.7 ton conveying capacity and 6 tons
(wheat) of wagon capacity assuming a transport distance of 7 km. The
organization has been studied by WokeL and vaNn KaMPEN (1964). Some
results are presented in table 18, they are comparable with the data on the
present organization in tables 19 and 21.

The waiting time for the wagons is high, showing inefficient use of this
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equipment. Especially the waiting time in the reception area is long; it also
varies widely (0—400 min). Consequently foremen do not know when
to expect empty wagons back in the field. To be on the safe side foremen
collect more wagons than allotted, resulting in an additional wagon shortage
and thus combines standing idle elsewhere on the farm.

The high loading time is caused by combines operating in small groups
of 1—4 combines; the loading time was decreased in 1963 by concentrating
the combines in groups of six. Tractor waiting time in the reception area is
due to the order from the foremen not to return to the field without empty
WAgons,

Summarizing it can be concluded that efficient use of the transport equip-
ment is impossible unless the conveying capacity is equal to the total net
combine capacity. It was accordingly decided to increase the conveying capa-
city of the plants to this capacity. This resulted, as can be computed from
figure 32 in a decrease of wagon capacity required from 6 to about 3 tons
per ton net combine capacity.

TABLE 18, Standard times and other data related to grain wagons and wheeled tractors
for wheat transport in 1962, (WurEL and van KaMPEN, 1964).

Unit Two wagons  Tractors

(medium)
In field
effective load capacity * kg 6,700
loading min 63
waiting (empty and full) " 60
transport (empty and full) " 14
On road
(un)hitching " 3 3
waiting (empty and full) " 40 14
transport km h~1 20 20
In reception area
weighing and transport to full-wagon park min 4 4
waiting (empty and full) " 160 17
(un)hitching, moving to -
empty wagon park " 6
unioading - " 9
transport " 3

! As loaded in the field; effective load capacity is approximately 969 of load capacity
(fulty loaded),

b. Conveying capacity equal to the total net capacity of the combines

The conveying capacity, the Jayout and the equipment of the reception
area must be such as to minimize tractor and wagon waiting times. Some
waiting is unavoidable, as different numbers of pairs of wagons can be
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brought in simultaneously. In order to limit the waiting time of the tractors
a shuttle service is used, having a separate driver on duty in the reception
area. The layout of the reception area of the drying plant from figure 33
is shown in figure 29. This drying plant, designed for 24 combines (5.4-m),
has a conveying capacity of 120 tons h™'.

The reception area is organized as follows. The transport driver brings
the two wagons on to the weighbridge, gets off the tractor, takes the threshing
ticket from the pouch on one of the wagons and inserts it into the weight
printer, which prints the weight of the grain on the ticket. He puts the ticket
back in the pouch. Then mounts the tractor and parks the two wagons in
the full-wagon park (1), unhitches the tractor, moves to the empty-wagon
park (2) and hitches to the empty wagons. The shuttle driver using a tractor
with an automatic hitch tows the two loaded wagons from the park (1)
to one of the two reception pits, unhitches the tractor, dismounts, takes the
threshing ticket from the pouch and opens the flap valves of the wagons,
whereupon the grain flows into the pit. The driver hitches the tractor to the
preceding wagons which have been emptied at the next pit and brings
them to the empty-wagon park (2), he then hauls two other loaded wagons
from the park and takes them to the pit.

The two reception pits have a capacity of 6 tons each; about 3—4 tons
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of this capacity is utilized with this method of unloading from hopper-
type wagons. In fact no more space is required than that needed for the
quantity of grain required to keep the conveyor operating at capacity for the
time when no wagons are over one pit (2 min). As the conveying capacity
of each pit is one ton min—!, the minimum amounts to: 2 X 1 = 2 tons.
However, since it is necessary to unload two wagons simultaneously, the
pits must be nine meters long. Therefore their capacity could not be made
less than 6 tons.

8.4 THE NUMBER OF TRANSPORT UNITS REQUIRED

The number of transport units needed for the transport of harvested material
is equal to the ratio of the duration of the entire transport cycle of one unit
to the loading time of this unit (at a constant rate of flow of threshed materi-
al). The duration of the transport cycle includes the time for unloading,
loading, (un)hitching, transport and delays. On this basis TisCHLER (1959)
established a formula for the calculation of the number of wagons required
to work with one harvesting machine.

TISCHLER's formula is:
- tII-'.i + tul + tt + thw

SYOEXME @b
where:
A = number of transport units
t,, = loading time of the transport unit
ty = time for unloading of the transport unit
t, = time for transport
tyw = time for waiting, hitching and unhitching
o volume wagon (s)

~ volume grain tank
time for filling the grain tank
ut time for unloading the grain tank into the transport unit.

|

I

For the organization on the farm formula 8.1 can be written as follows:

thw = th + W . (8.2)
where:
t, = time for hitching and unhitching
W = the time that the transport unit, empty or full, is waiting.

The time for which the graim wagon has to remain stationary during
the essential ,,loading, unloading and (un)hitching™ operations is stated as
follows:
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ettty +ty="L (8.3)
and further:

T _
A+ =g (8:4)
where
T = effective load capacity of one transport unit in tons.
C = net combine capacity in tons h!
Further
2D
tt = T (8.5)
where .
D = distance in km
V = speed in km h—!
After substitution of 8.2-—8.5 in 8.1 the following equation is obtained:
- C . 2D .1
A—Tr— (T+W+L) (8.6}
where
A = number of transport units
C = net capacity of the combine(s) in tons h~!
T = effective load capacity of transport units in tons
D = distance in km
V = speed in km h™!
W = waiting time in hours
L = time for loading (t,), unloading (t,)) and for (un)hitching (t,) in

hours.

Both the number of wagons and the number of wheeled tractors can be
calculated using 8.6. The waiting time is clearly indicated as the yardstick
for evaluating efficiency of the transport organization at the same time.
It should be noted in this connection that the transport organization has
to be evaluated as a component of the harvest organization as a whole,
involving the combines and the grain reception arrangements as well. As the
ratios of the annual operating costs (operator included) of a 5.4-m combine,
a 100 hp wheeled tractor and an 8 m> grain wagon can be approximately
expressed as 13 : 5: 1 (table 26), it will be evident that minimization of
the waiting times should be sought in that order.

For the calculation of the number of transport units needed the para-
meters of 8.6 have to be known. A number of time measurements have been
carried out during the harvesting of wheat and with the loading and unload-
ing organization as described under 8.3.5. They are summarized in table 19
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(omitting waiting times) and can be used with the data on utilization and
net capacities (grain moisture content < 19%) given for the 5.4-m
combine in tables 13 and 15. For other crops these data will be different
on account of the net combine capacities in these crops (table 15) and the
test weights (in kg hi~!: wheat, 75; barley, 66; oats, 52; colza, 60). This
results in different numbers of transport units being required for each
crop: for oats 239, more and for colza 409 less than for wheat and barley.
Owing to the large area sown with barley and wheat in comparison with
oats, the results in wheat are used for computing the transport capacity
required. Thereby the higher transport capacity required for oats is ignored.

TaBLE 19, Standard times and other data related to 8§ m3 grain wagons and 100 hp
wheeled tractors for transport of wheat harvested by a group of six 5.4-m combines.

Unit Two wagons Tractors
In field
effective load capacity kg 11,600
loading min 23
transport
{(empty and full) " 10
On road
(un)hitching » 1.5 1.5
transport km h-? 25 25
In reception area
weighing and transport to full-wagon park min 23 23
unhitching, moving to
empty-wagon park, hitching » 2.0
unloading . 11.0
transport » 3.0

The data in table 19 can be used to calculate the unavoidable waiting times
of grain wagons and wheeled tractors, these times being the result of both
the difference in cycle times for the wagons and tractors and the fact that
integer quantities of equipment must be used. The number of wheeled
tractors A, needed for hauling the grain from the field can be worked out
by dividing the tractor cycle time 0, by the loading time t,, for a pair of
wagons:

_0
t]o
As soon as the cycle time becomes an integer number of the loading

time t;, an integer number of wheeled tractors is required, then they are

fully employed. From the data in table 19 and formula 8.7 it can be deduced
that one, two, three and four tractors are needed at distances of 3.5, 8.3,

A, 3.7
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Fig. 30. Theoretical transport scheme for the transport of the grain threshed by six
5.4-m combines (total net cap. 30 tons h-*, wheat) and cycle times for two wheeled
tractors and 5 » 2 grain wagons. Transport distance 8.3 km.
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13.1 and 17.9 km respectively. At other distances the tractors would not be
fully employed and consequently waiting times would result.

The above also applies mutatis mutandis for the number of grain wagons
A, calculated by dividing the cycle time 0, by the loading time t,,:

A, = 8.8)
tln

From formula 8.8 and the data of table 19 it can be deduced that three,
four, five and six pairs of wagons are needed at distances of 4.4, 5.2, 14.0
and 18.8 km respectively.

Owing to the difference in cycle times of tractors and wagons, waiting
times are unavoidable for one of them. Since the annual operating costs of
wheeled tractors and grain wagons are in a ratio of 5 : 1, minimization of
tractor waiting time should be one of the major concerns when allocating
and calculating the transport equipment required.

The waiting times of tractors and wagons are calculated on this basis
with the model transport organization given in figure 30. This has been
worked out around a ninehour working day and a transport distance of
8.3 km. At this distance exactly two tractors are needed, since the ratio of
cycle time to loading time comes to two. At time 0 the loading of the first
pair of wagons is started, after 23 minutes the wagons are full and are then
brought up to the road in 5 minutes by the crawler tractor. Wheeled tractor 1
then brings this pair of wagons to the reception point where they are weighed
and parked, the total time for this being 23 minutes. The tractor then travels
back to the field. .

In the reception area (figure 29) a pair of wagons is unloaded and moved
into the empty-wagon park in 14 minutes by the wheeled tractor working
there. After waiting 9 minutes these empty wagons are taken back to the
field by wheeled tractor 2 which has arrived at the area in the meantime;
once back on the field the crawler tractor takes them up to the loading point,
where they will have to wait 13 minutes since loading of wagon pair 5 has
been started 10 minutes earlier. This scheme calls for five pairs of grain
wagons in addition to the two wheeled tractors. Using this equipment
twenty-one loads can be moved over 8.3 km between the loading point and
the reception area in each nine-hour working day. The cycle times of the
wheeled tractors and grain wagons are 46 and 115 minutes respectively,
with a waiting time of 22 minutes for the grain wagons only.

However, the model transport scheme will not be realized in practice.
For example the wagons are exchanged in the reception area with those from
other combine groups. This will result in shorter waiting times after un-
loading, as is shown by table 21 where the average waiting time after
unloading is 6 minutes. The same table shows that the average waiting time
before unloading is 8 minutes due to the occasional arrival of two or more
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pairs of wagons simultaneously. As a consequence the total average waiting
time of a pair of wagons in the reception area is increased to 8 + 6 = 14
minutes. This is five minutes more than it should be according to the model.
In addition, waiting time is also unavoidable on the roadside where the
exchange between road transport and field transport is effected. The waiting
time available before loading is 8 minutes (22—14), which is not sufficient
for the variation in loading times 1.

In practice it will be wise to increase the margin of safety by allocating
an extra pair of wagons to each combine group which increases the calcu-
lated waiting time per wagon cycle by 23 minutes to 22 - 23 = 45 minutes.
This also applies for transport distances of 3.5, 13.1 and 17.9 km, for which
one, three and four wheeled tractors and five, seven and eight pairs of grain
wagons will then be needed respectively.

It may be assumed that the actual transport distances are regularly
distributed between the above distances where the tractor cycle time is
a full multiple of the loading time. The number of transport units needed
for such intermediate distances, e.g. 6 km, is equal to the number required
for the next longest distances for which a full number of tractors is needed,
in this case 8.3 km. The equipment arrangements are accordingly based
on distances grouped as shown in table 20.

Tarie 20. The numbers of wheeled tractors and grain wagons required at different
transport distances for the transport of the wheat delivered by six 5.4-m combines. The
total net combine capacity is 30 tons h-1.

Distance ’ Wheeled tractors Grain wagons
< 3.5km 1 S§x2
3.5— 83 ,, 2 6 x2
8.3—131 ,, 3 7x2
13.1—17.9 ,, 4 8 x2

The equipment arrangements as shown in table 20 result in an increase in
average waiting times on the entire farm. Figure 31 gives the cycle times of
wheeled tractors and grain wagons; they show that with an even distribution
of the distances the average waiting times of wheeled tractor and grain
wagons per cycle will be 12 minutes and 45 + 12 = 57 minutes respec-
tively. _

The calculated waiting times have been verified by measuring the actual
waiting times at a distance of 5 km. The results are summarized in table 21.

1 Net working time includes some time losses as daily averages (table 13, 4 and j)
that are not necessarily spread uniformly over the net working time. Therefore the total
net capacity of a group of 6 combines may occasionally be 14 9 higher.
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Fig, 31. Cycle times and waiting times of wheeled tractors and grain wagons at different
transport distances.
A. wheeled tractors
B. grain wagons

TasLE 21. Average measured and calculated waiting times of tractors and wagons for a
distance of 5 km (min).

Place Grain wagons Wheeled tractor
On roadside and field 9

empty n

full 12

In reception area

before unloading into pit 8 8

after unloading into pit 6

Measured total waiting time 57 o:4+29 17 c:49
Calculated total waiting time 58 16

It can be seen from table 21 that the calculated and measured waiting
times are in close agreement. However, the standard deviations of the
waiting times, which show a normal distribution, are rather large. This is
caused primarily by the fact that the wagons are sometimes loaded in a
different order. This occurs when the wheeled tractors bring empty wagons
on to the headland and there are no full wagons ready on the roadside.
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The time spent by the wheeled tractors in the field is included in the waiting
times measured, as the transport of empty wagons could have been done by
the crawler tractor. Despite the large standard deviations the average wait-
ing times will be used for the calculation of the number of transport units
needed.

Two other factors must still be taken into account: capacity lost due to
repairs of the transport equipment and the variation in the average daily
transport distances. ‘

Capacity loss due to repairs has been estimated from farm records;
they show that during the harvesting season 4% of the wheeled tractors
and 2% of the wagons is not available due to repairs.

The influence of the variation in daily transport distances is estimated
as follows. The theoretical transport distance is the distance using a sequence
of harvesting the various fields that is most favourable for the transport
organization. It has been compared with the actual daily average transport
distances measured in 1967 for barley, oats and wheat. The results are
reported in table 22.

TaBLE 22. The theoretical transport distance in comparison with the daily average tran-
sport distances as observed in 1967 (km).

Theoretical Actual daily transport distance
Crop . transpott
’ distance Average
Barley 8.7 8.5 + 23
Qats/wheat 9.4 9.7 + 2.0

The data show that the theoretical distance corresponds fairly well with the
average of the actual daily distance. The daily variations in the actual tran-
sport distances, showing a normal distribution, are large as is indicated by
the standard deviations, These variations are largely caused by the priority
which is given to the harvesting of certain fields, for example fields for seed
production or with risky crops. This procedure and the resulting increase
in the transport distance have been accepted as unavoidable. Assuming that
the transport capacity has to be adequate in 95% of the situations arising,
the transport distance that determines the transport capacity for wheat
(the actual transport distance) is 1.65 x 2.0 = 3.3 km greater than the
theoretical distance. This is valid for a theoretical transport distance of
9.4 km; it is assumed that the distance to be added (3.3 km) is the same for
other theoretical transport distances. The error introduced in this way is
small and will be neglected.

Allowing for these two factors and inserting the measured times of tables
19 and 21 in formula 8.6, it can be used for the calculation of the required
number of tractors and grain wagons.
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The number of wheeled tractors A, is obtained from:

_ 104 C [2(D+33)  6+12] C(2D + 14)
A= 906 116 { %5 T e } =3 39
The number of grain wagons A, is obtained from:
_ 102 C |2(D+33) 23+ 10+ 14 + 57| _
AW‘mxzxn.s{ %5 T 60 }‘
_ C(6D + 150)
= (8.10)
where:
C = total net combine capacity in tons h—! (wheat)
D = theoretical transport distance in km; i.e. the distance determined

using a harvesting sequence of the fields most favourable for the transport
organization.

130 number of wheeled tracturs 290 number of grainwagons
120 A_"M 360 B B
) & 33
100 ) ,/3’ 300 L » 2
90 yd 210 " ,/
N Ie = A 2 ] s )
1 il | A o " |l I o
6 | //-/ » V4 : | » " |
50 A A L~ 150 L~
10 //’ ‘/ L ol 120/ ,// ..---"‘"L
2] pd // ] wl” | e
wl ] sl
o 30

0 0

0 3 6 & 12 15 18 21 24 27 30 0 3 6 9§ 12 6 18 21 24 27 %0

theorstical transport distance { ke }

Fig. 32. Numbers of wheeled tractors (A) and grain wagons (B) required as affected by
transport distance and total net combine capacity for wheat.

1. 200 tons h ¢
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 Figure 32 is based on formulae 8.9 and 8.10. It can be used to find the
numbers of wheeled tractors and grain wagons required for different
transport distances and total net combine capacities.
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8.5 SUMMARY

The organization of the grain transport is closely bound up with the load
capacity of the equipment, the number of combines working in a group
and the conveying capacity of the drying plants as they affect the times
required for loading and unloading.

In view of the prevailing limitations and conditions the choice of the
transport equipment is restricted to grain wagons pulled by crawler tractors
and wheeled tractors in the field and on the road respectively. Within the
limits set by soil trafficability, available tractors and traffic regulations
governing agricultural vehicles on the road a grain wagon with a volume of
8 m® discharging at the bottom has been developed (figure 28 and table 17)
for use in pairs. The units are loaded on the headlands by the six combines
of each group and they are brought to the road by crawler tractors. Large
(100 hp) wheeled tractors bring the wagons in a shuttle service to the drying
plants. Unloading has been organized in such a way that the waiting times
of the tractors are minimum (figure 29).

The conveying capacity of the drying plant is of considerable importance
for the organization of the transport. The conveying capacity could be
either lower or equal to the total net combine capacity. The effect on the
transport organization has been investigated. It is concluded that an efficient
transport organization is only possible when the conveying capacity is at
least equal to the total net combine capacity.

For the calculation of the required numbers of wheeled tractors and wa-
gons a formula adapted from TiscHLER (8.6) is used. In this formula the
waiting time of the equipment is indicated separately; it is the yardstick
for ¢valuating the organization. Delays are, however, unavoidable owing to
the difference in wagon and tractor cycle times and the indivisibility of the
equipment. With the aid of a theoretical transport scheme (figure 30)
based on the standard times of table 19 (for wheat and barley) the unavoi-
dable delays have been calculated. They have been verified by observation
of the actual waiting times (table 21). With the measured parameters and
taking into account two factors: losses due to repairs and the difference
between theoretical and actual transport distance (table 22), formula 8.6
can be written as formulae 8.9 and 8.10 for wheeled tractors and grain
wagons respectively. In figure 32 are shown the required numbers of wheeled
tractors and grain wagons for different theoretical transport distances and
total net combine capacities.
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9 DRYING AND STORAGE OF THE GRAIN

9.1 INTRODUCTION

Most of the combined grain must be dried before it can be safely stored.
The whole of postharvest treatment is organized in relation to the prevailing
marketing policy and the facilities available for drying and storage. The
following points must be kept in mind:

a. The amount of grain harvested is:
Colza 9,500 tons

Barley 14,000 .,
Qats 4,500
Wheat 27,000

Total 55,000 .,

The utilization of the crops is as follows: colza is sold for the extraction
of oil, barley and oats are mostly used as feedstuffs and wheat is solely for
human consumption. Some of the grain is saved for seed to be used on the
farm. The average amounts kept back for this purpose in recent years have
been:

Colza 13 tons
Barley 130 .,
Qats 100 ,,

Wheat 270 .

The quality requirements for colza, barley and oats therefore are not very
exacting.

b. Marketing policy requires that colza, barley and oats have to be deli-
vered over the period August to May in order to minimize disturbance of
the market (DE GROENE, 1964); this means that the crops must be stored
until marketed. Wheat, which is disposed of entirely at the fixed prices of
the bread grain market, is shipped direct to the flourmills at a moisture
content that prevents deterioration during shipment. The wheat harvested
last is, however, stored for a time in the silos of the drying plants in order to
qualify for the storage preminm.

9.2 SYSTEMS FOR DRYING AND STORING OF GRAIN

KRrEYGER (1964} describes the ways in which grain can be dried and stored
in central facilities. He distinguishes the following extremes:

transshipment centre, in which 10—209%; of the grain handled is stored; here
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the emphasis is on equipment for handling, filling and unloading; consi-
derable drying capacity is required

storage centre, in which 50—80¢ of the grain handled is stored; emphasis
here is on storage facilities and to a lesser extent on equipment for handling.
Compared with the transshipment centre the drying capacity needed is
small since the period available for drying is appreciably greater

As already mentioned, to comply with the marketing policy, storage
facilities for colza, barley and oats are essential. Therefore, a storage capa-
city of some 28,000 tons must be available. The choice of drying and storage
systems is then reduced to the following two alternatives:

a. farm storage centre capable of taking 55,000 tons of grain and storing -
28,000 tons.

b. farm transshipment centre with a rented storage for 28,000 tons of
colza, barley and oats elsewhere.

The choice is chiefly based on the costs, including the unavoidable cost
of periodically moving these centres (10.2). When combines with grain tanks
came into use the decision was taken to construct three transshipment
centres and to rent storage facilities elsewhere. The procedure followed under
this system is described first; then briefly a possible method using central
storage facilities.

a. Grain handling with transshipment centres

A prerequisite with this system is that rented storage facilities must be
available within a reasonable distance. This requirement is met by the
proximity of the ports of Amsterdam and Rotterdam, 60 and 120 km away
respectively, where storage space can be rented. An advantage is that this
storage is at the waterside and has drying equipment. Since the canals in the
polders are navigable for ships of up to 600 tons, the wheat and the other
grains are transported by water to the flour mills and the storage respectively.

TasBLE 23. Moisture contents considered safe for shipment compared with data on storage
without and with ventilation according to KREYGER (1964).

Crop Maximum moisture  Estimated maximum Estimated maximum time
content ! for time of storage in days, of ventilated storage
shipment temp 200 C (30 m3m-3 grain per hour)

moist. cont. ! days moist. cont. ! days

Colza 10—12 12 35 — —

Barley 18—19 19 17 24 10

Oats 17—19 19 14 24 9

Wheat 19—20 19 10 24 3

1 % wet basis.
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The grain has to be loaded into the ships with a moisture content that is
low enough to ensure that no deterioration can occur during transit, which
may on occasions last several days, including waiting days. The maximum
safe moisture content also depends on the temperature of the grain and of
the air. Experience to date indicates that with transport by ship the ranges
of moisture content shown in table 23 give a minimum risk of deterioration.
Also given in table 23 are some data on safe storage of the crops by KREYGER
(1964).

The capacity of the transshipment centres — which can work round the
clock — therefore has to be such that grain brought in at irregular intervals
with varying moisture contents, can be reduced to a suitable moisture con-
tent for shipment without holding up harvesting. During harvest there is
generally more than enough shipping available, so that this is not a source
of delay.

The sequence of operations in a transshipment centre is as follows
(figure 6): unloading - preliminary cleaning - temporary ventilated storage
of wet grain - drying - cleaning - temporary storage of dry grain - shipment.
The preliminary cleaning is done with a separator that separates the heavy
coarse parts from the grain. Then the wet grain is brought into ventilated
cells from which it passes into the dryer. If necessary it is then dried, the
moisture content being reduced as a rule by about 4% ecach time it passes
through the dryer. After drying, the grain is cleaned and then stored for a
brief period before shipment. If the moisture content of the grain brought
in from the field is below the maximum set for shipment it is sometimes
loaded directly into the waiting ship only passing through the separator.

TaBLE 24, Some data related to the transshipment centre shown in figure 33.

Type Capacity Comments

Dryer* cascade dryer 202 tons h! 4% reduction in
moisture content from
22—18%, for wheat

Reception belt convevors 120 2 ” the three handling
Dispatching » . 60 2 " } systems are completely
To and from dryer chain conveyor 0z, separate
Storage 12 gravity- 330 m3 each cell  all cells are ventilated;

discharging cells 30 m?® m—3 grain h-1
Staffing two per shift, hence 3 x 2 = 6

one tractor driver for reception (one shift) 1

one supervisor (on¢ shifc} 1

one controller for shiploading (three shifts) 3

Total m

! Available hours: 22 h day-!.
2 Capacities based on requirements for wheat.
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Fig, 33. Transshipment plant.
A. vertical section

B. photograph

1, pits for unloading
2. conveyors

3. cleaning installations
4. drying installation

5. storage space for wet and dry grain
6. weighing machine
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The storage space for wet and dry grain has two purposes: to maintain
a stock of wet grain for drying and a stock of dry grain for shipment. The
size of this store depends primarily on the rate of delivery, on the moisture
content of the grain and also the means by which it is removed from the centre.
Figure 33 shows a photograph and a vertical section of a transshipment cen-
tre of this type established in 1966. The components are described in table 24,

b. Grain handling by storage centres

The harvested grain can also be dried and stored on the farm. With this
system the drying capacity required is undoubtedly smaller than when
utilizing transshipment centres, since the ventilated storage can be large.
Consequently the wet grain brought in can be kept in good condition uatil
after the harvest and the dryer can be used for a greater number of hours.
On the other hand the costs involved in moving to other places will be
higher than for the transshipment system.

The possible forms of storage centres are legion; however, as soon as
the requirement is introduced that they should be easy to move, the choice
is limited to ,,bins”, in which the grain can both be kept ventilated and dried
(for centres smaller than 10,000 tons). A diagram of a storage centre based
on bins is given in figure 34. These bins are filled and emptied by means of
movable augers or belts, Drying is effected in situ in one or more silos by
blowing heated air under the perforated floors. The maximum thickness
of the grain layer on these floors depends on the grain moisture content.
Experience with this system on a small scale over recent years has been
satisfactory (COOLMAN et af, 1966). The cost of removing storage centres
erected on this pattern is presumably lower than of other types.

9.3 RELATIONSHIP BETWEEN NUMBER AND FREQUENCY OF
MOVING OF THE DRYING PLANTS AND THE TRANSPORT DISTANCE

The diagram of the Eastern and Southern Flevoland polders shown in figure
35A indicates the actual position of the polders, the farm, the land under
reclamation and the three drying plants in 1967; this has been used as a
basis for calculation. The basic data assumed are the following (figure 35B):
the area reclaimed each year forms a rectangle of 4,000 ha, 20 km long and
2 km wide

the area turned over to farmers each year is of the same size and shape, so
the farm moves 2 km every year

the farm is consequently rectangular with an area of 20,000 ha and sides
of 20 and 10 km

the area sown with a certain crop is not located in one or two blocks but
scattered throughout the entire arca of the farm
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Fig. 34. Plant for storage and drying of grain.

A, vertical section 1. elevator with cleaning installation
B, horizontal section 2. pit with auger conveyor

3, 4. conveyors (belt or auger)

5. chafi wagon
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the transport involved is only lengthwise or crosswise
the position of the drying plants is not restricted by roads or canals.

Figure 35B shows the model with three drying plants in a situation which
can occur if each plant is removed once every ten years. Plant no 1 has
here been moved to the farthest boundary of the farm for the harvest of the
year concerned. If each plant handles the grain harvested in the block in
which it lies the mean transport distance D is made up from the mean
cross-wise distance b and the mean lengthwise distance d to x plants, where x
is the number of plants: '

D=3 o)+ ¥ @)
X X
D=b+d S 9.0)

The crosswise distance b is the same for each block at the symmetrical
position assumed for the plant:

B
b=%
= B

b is accordingly constant each year if the number of plants remains the same.

For the mean lengthwise distance:

d=Y (d;...»
S . .

X

9.3)

The distance d to the plant concerned (figure 35B) varies each year
because of the annual movement of the farm (a = 2 km) and the frequency
of moving the plant.

For instance in figure 35B plant no 1 has been moved right up to the
farthest limit of the farm in year t; the transport distance to this plant in
subsequent years is shown in table 25.

TasLE 25. The lengthwise transport distance d to a plant in the years after it has been
moved, a = annual movement of farm in km, t = year of removal.

Year t +1 +2 +3 +4 +5 +6 +7 .- .f;‘i
PN,

Transport )

distanced 252 17a 13a 1.3a 172 235a 35a 45 ...1max
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The plant remains inside or on the boundary of the farm for six years,
after which the transport distance increases each year by ,,a” until d,,,
has been reached. Accordingly d.,, is determined by the frequency of
removing. Similar series can be prepared for all the plants, with movements
distributed as regularly as possible. For each year the mean lengthwise
distance d to the plants can be determined with 9.3. Calculation of these
series indicates that the mean transport distance varies from year to year
and reaches its maximum in several years. Using these maxima we then
find:

Jonax = Z (d;...)max . (5.4
1

X

9.1 may therefore be written as follows:

-2 + ¥ (d;...,) max (9.5)
4x 1

X

D is similar to the theoretical transport distance D in formulae 8.9 and
8.10.
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The graph shown in figure 36 has been constructed with formula 9.5.
This graph reveals that the mean theoretical transport distances become
greater with decreasing removal frequencies; the increase becomes propor-
tionately less as x becomes greater. It can further be seen that at a certain
frequency of removal the influence of x decreases as x becomes greater,
Finally, the graph can also be used to find how a certain transport distance
can be obtained: for example a theoretical distance of 10 km can be obtained
using two, three or five plants with removing frequencies of once per nine,
eleven and thirteen years, respectively. 4

The question arises whether the conclusions drawn from the model have
any practical value since the model incorporates stringent restrictions. The
deviations from the model are:

a. the plants cannot be placed everywhere, since they have to be on a
canal, while the actual pattern of reclamation and of allocation to farmers
and consequently also the shape of the farm is far less regular than that
assumed

b. it has been assumed that each plant only receives the products from
its own block: in reality, however, products will also be brought in from
adjoining blocks since the transport distance is reduced by so doing

c. the regular distribution assumed for a given crop over the entire area
will not occur in practice, since the distribution of the crops is closely
related to the position of the area reclaimed cach year

In view of these major deviations from the model, the results have been
checked with the results obtained for the actual organization with three
plants (van KAMPEN, 1965). It was found that the theoretical transport :
distance agrees with figure 36; it will increase by about 1 km per year.
At a removal frequency of once every ten years the theoretical transport
distance would be about9 km. This indicates that, despite the many restrict-
ions introduced, the results of the model calculations are valid for the
actual situation.

9.4 SUMMARY

Approximately 55,000 tons of colza, barley, oats and wheat are harvested
annually. Colza is sold for the extraction of oil; barley and oats mostly
as feedstuffs and wheat for human consumption. Marketing policy requires
that colza, barley and oats must be stored from August to May. Wheat is
shipped directly to the flour mills.

The present system is described; three transshipment plants dry the grain,
if necessary, to the moisture content required for shipment. One of the trans-
shipment plants is described (figure 33, table 24). Another possibility for
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grain handling by storage is briefly discussed (figure 34), This system was
chosen because the cost of removal is presumably lower than for other
systems.

The relation between number and frequency of removing of the drying
plants and the theoretical transport distance is computed from the model
in figure 35. Results are shown in figure 36.
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10 COSTS OF THE HARVEST COMPONENTS AND
REDUCTION OF THE VARIABLE FACTORS

10.1 INTRODUCTION

The operating costs of the components have to be known before minimiza-
tion of the total harvest costs can be carried out. The costs, computed
according to HORRING (1948) !, are based on farm records. If only inade-
quate data are available, costs are based on the most accurate estimates
possible. The latter was the case, for instance with the costs of the large
wheeled tractors and the removal of the drying plants.

The annual operating costs of specific harvesting equipment such as
combines, grain wagons and drying plants, can be charged completely to
the harvest. This cannot be done for the tractors or for the personnel as
these are employed on the farm the year round. In such cases the annual
costs have been prorated and charged to the harvest, with the harvest
requiring 200 working hours for the tractors and two months for the per-
sonnel. However, the area to be worked by a machine or by a worker per
harvest affects the operating costs as the number of hours varies with the
area. The variable costs of a machine and the cost of a worker charged against
the harvest are lower or higher when the harvest lasts less or more than
200 hours respectively. The error introduced in this way is small and is
consequently ignored. '

All costs are based on 1967 price levels; overhead (26%) is not included ’
because this is considered to be a constant which is independent of the
size of the harvesting operation.

10.2 PERSONNEL AND EQUIPMENT

a. Personnel

The total annuval cost of a worker (working 2,400 hours) is { 12,000. The
fraction of this to be charged to the harvest has been estimated as follows.
Every effort is made to distribute the work as uniformly as possible through-
out the year; this is rather well attained except in the months of December,

t Assuming no variation in yearly capacities, the average annual operating costs of
equipment are computed with:
A—R

A 4+ +R

and2,=i——— — n
n 2

KngA-—-R+ZI,,+EC.

where K, = average annual operating costs, A = purchase value, R = residual value,
21, = total cost of interest in n years, £C, — total variable costs (fucl, repairs) in n
years, n = number of years used, i = rate of interest.
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January and February, when the weather together with the lack of sufficient
work leaves only a small amount of productive work. The total annual
labour costs are divided equally over nine months, the monthly cost per man
being: f 129,000
month harvest period is accordingly 2 x 1,330 = f2,660. To this has to

be added the cost of overtime (f 340) and of a 6% personnel reserve for
illness, leave, etc. These bring the annual cost per worker employed in har-
vesting to f 3,200. The cost of labour thus computed will be termed ,,medium
labour costs™. This sum will tend to be higher if during part of the remaining
seven months insufficient productive work is available for full employment
of the labour force. It will, however, tend to be lower if sufficient work is
available during the months Decemnber, January and Febrnary. Therefore

in the cost minimization program the following alternative possibilities
for labour costs will be considered:

= £ 1,330. The cost of wages for a worker during the two-

a. 1 High labour costs

Outside the harvest season the amount of productive work available is
only sufficient for the labour force required to operate a number of e.g.
50 combines and the associated transport. Thus when working with more
combines the total annual cost of each extra worker has to be charged in
total to the harvest. This amounts to f 13,060 for each worker. e

P Tome ornets

TABLE 26. Average operating costs per harvest period of combines, tractors and grain
Wagons.

Unit Combine Crawler Wheeled  Grain
tractor tractor wagon
(5.4-m) (70 hp) (100hp) (B8 m?)
1. Purchase price f 34,000 50,000 35,000 6,300
2. Residual value " 8,000 5,000 4,000 500
3. Life years 6 13 10 10
4, Life hours 1,200 12,000 10,000 2,000
5. Hours used/year " 200 900 1,000 200
6. Interest/year f 1,380 1,710 1,260 3,4 201
7. Repairs/year » 3,380 3,090 2,410 177
8. Maintenance, N 400 450 500 100
housing/year
9. Fuel/year ” 400 1,170 1,750
10. Costs/year N 9,890 9,760 9,920 1,064
11. Costs/harvest peried ., 9,890 2,170 1,984 1,064
12. 11 plus surcharge ! " 2,387
13. 12 plus operator " 13,090 5,590 5,180 1,064

11075 allowance for time lost due to repairs for crawler tractors
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a. 2 Low labour costs

Irrespective of the number of workers required for harvesting it is assumed

that ample employment on the farm is available outside the harvest season.

In. this case only the man hours directly connected with harvesting operations

are to be charged against the harvest. The cost per worker during the harvest
200 x 13,060 - 14 oo 6% + 30

then amounts to: 3400 = f 1,080.

b. Equipment
The breakdown of the annual operating costs is given in table 26, the total
average costs per harvest season including the operator’s costs are shown

in line 13. Later (11) the value of the separating loss of the combine (table 31)
is added to the cost of combining,

¢, Transshipment centres

The average annual operating costs (K) of the transshipment centres as

described in 9.2 consist of: average depreciation (A), average cost of interest

(R), average cost of maintenance (T), average cost of energy (E} and average:

cost of labour (B) minus the average gain obtained by storing wheat after
the harvest (N).

K=A+R+T+E+B-N (10.1)

This formula is used to compute the annual operating costs as affected

by the variables: number of centres (x), frequency of removing (f), drying
capacity (d) and storage capacity (w).

¢. 1 Depreciation (A)
Let the cost of building one centre of a certain capacity be S, and the costs
of building x centres jointly representing the same capacity be S,. It is assu-;
med that for a certain capacity the building costs rise proportionately with |
the number of units. The building costs of x units will then be:
5,=8+C{Ex-1) ‘ (10.2)
where C is a constant
In this special case study the depreuatlon is closely linked with the frequen-
cy of removing the centres; it is estimated that:
(1} 509 of the sum invested is re-utilizable at the first move
(2} 25% of the sum originally invested is re-utilizable at the second and
third moves.
The annual depreciation is made up as follows.
5, +Cx—-1)
1x2f
where f is the number of years after which the centre is moved.

Usable once: (10.3)
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Sl + C,(x - 1)

Usable twice: 3% 4F (10.4)
. . Sl + C! (X - 1)
Usable three times: W— (10.5)

The residual value at end is assumed to be zero. The mean annual deprecia-
tion is found by adding 10.3, 10.4 and 10.5:
Sy + C.(x — 1)}

A= 8.5{ 1

(10.6)
¢. 2 Interest (R)

The rate of interest is 6%; the average annual 111terest charges will,
slightly simplified, amount to:

R =003{S +C,(x — 1)} (10.7)

¢. 3 Maintenance (T)
Maintenance is at 19 of the initial cost of building:

T =001{S, + C,(x — 1)) (10.8)

¢. 4 Energy (E) _

Smaller centres consume relatively more energy than large ones, a linear

relationship is assumed between the number of plants and the energy con-

sumption. The energy costs per ton product then may be estimated by:
E=E +C,(x-1) (10.9)

where E; represents the energy costs per ton product for one plant and

C, is a constant.

¢. 5 Labour (B)
Relatively more labour is required with smaller plants than with large
ones. Assuming a linear relationship again, the cost of labour works out
at:

B=B, +C,(x—~1) (10.10)
where B, represents the labour costs of one plant and C, is a constant.

¢. 6 Storage of wheat (N)
The gain from the storage of wheat works out at:
75 W

T 100

where P is the average price increase per ton, R, is the interest charge on
stored wheat, w is the storage space (m®) and 75 is the test weight of wheat.

= (P - R,) (10.11)
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¢. 7 Annual operating costs
By inserting formulae 10.6, 10.7 and 10.8 in 10.1 we obtain:

K = (0.04 + %) S, +E+B—N (10.12)

S., E, B and N are determined as follows:

¢. 7.1 Building costs (S,)

These costs are based on given capacities for both drying and storage.
As these two can vary independently, the building costs can be written:

S5;=C+e.d+e,. w+C,(x—-1) (10.13)
where:
C = the constant part of the building cost, which is practically independent
of d and w
es = the building costs for one ton h—" drying capacity

d the drying capacity in tons h—!
e, = the building costs for one m? of storage
w = the total storage capacity in m3.

The parameters of 10.13 are calculated using the estimated building
costs of one and of ten plants, both representing a total drying capacity
of 60 tons h—! and a storage of 12,000 m3. The costs are shown. in table 27.

TaBLE 27, Total building costs of one and of ten transshipment centres (drying capacity
60 tons h1 and storage of 12,000 m3).

One centre Ten centres
Component Number Cost Number Cost
(x {1,000)! {x f1,000)

Pits 4 200 10 1,000

Dryers 3 300 10 500

Conveyor system 160 200
Storage, ventilated,

gravity discharging 12,000 m3 2,700 12,000 m3 3,000

Exira cost for movability 500 800

Weighbridge 1 35 10 350

Access road (metalling) 75 500

Earth work, fendering 300 1,500

4,860 7,850

Supervision, (10% of design) 486 785

Total 5,346 8,635
! Dutch guilders
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The relationship between e, and e, and the number of plants x, can be
clearly seen in this case:
atx = 1:e; = 5,500 and e, = f 248 (including 10% supervision)
atx = 10: ¢y = £9,166 and e, = 275 (including 10%; supervision)

Assuming that e, and e,, increase linearly with x; e, and e,, will therefore
increase by [ 407 and f 3 respectively for each unit increase in x.

So e; = 5,500 4 407 (x — 1)
ande, = 248 3(x—1)

From these data C, and C can be determined. The building costs of one
plant, excluding the cost of dryers and storage and the proportional part of
the supervision costs, amount to f 5,340,000 — (2,700,000 4 300,000) x 1.10
= f 2,040,000.

For ten plants the cost on a similar basis amounts to f 4,780,000.

So C, = 4,780,000; 2,040,000 — £305,000

and C = £2,040,000.
Inserting the values for ey, e, C,and C in 10.13 gives
S, = 2,040,000 + d {(5,500 + 407 (x — )} +
+ w {248 + 3(x — 1)} + 305,000(x — 1) (10.14)

¢. 7.2 Costs of energy (E)

The energy consumption is calculated using real data from centres of
different sizes under conditions and working methods currently in use on
the farm. For one centre the cost of energy consumption amounts to £0.90
per ton grain when 85%, of the grain is dried (f0.45 for electricity and
f0.45 for fuel). This gives an annual energy cost of approximately f 50,000
for the handling and drying of 55,000 tons of grain. For each additional
extra centre the annual cost of energy rises with f3,000. Consequently
10.9 becomes:

E = 50,000 + 3,000 (x — 1) (10.15)

In practice the cost of energy (especially of fuel) varies with the amount
of grain to be dried; however, this influence will be ignored.

¢. 7.3 Costs of labour (B)

The labour costs are calculated as follows. For one centre are required 11
workers. For a small plant 6 workers (2 per shift) are sufficient, thus for
10 plants: 10 X 6 = 60 men.

As a consequence 10.10 becomes:

B = 35,200 + (x — 1) 17,400 (10.16)
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¢. 7.4 Gain from stored wheat (N)

Wheat is stored for about seven months resulting in an average price
increase of f 25 per ton. With the rate of interest at 6%, and a price of £ 370
per ton, the interest charge will be f 13. Formula 10.11 then becomes:

N=9w (10.17)

After inserting formulae 10.14—10.17 in 10.12'the following equation is
obtained:
K= (0.04 + f—;) {1,735,000 + 5,093d + 245w +
+ x(305,000 + 407d + 3w)} + 64,800 + 20,400x — 9w (10.18)

This formula can be used to compute the annual operating costs of the
transshipment centres for different values of d (drying capacity), w (storage
capacity), f (frequency of removing) and x (number of centres).

d. Storage centres

Instead of transshipment centres, storage centres as discussed in 9.2. might
be used. If it is intended to use storage on the farm, the building costs
together with the associated interest, depreciation, maintenance and remoy-
ing costs will be higher. On the other hand, the cost of (ship) transport to
storage facilities and the cost of hired storage space no longer enter the
calculation. Table 28 shows the costs for one and ten storage centres,

TaBLE 28. Building costs of one and of ten storage centres with a drying capacity of 40
tons h~1 and storage of 66,000 m3.

One centre Ten centres
Component Number Cost Number Cost
(x £1,000) (x f1,000)
Pits 4 800 10 1,000
Dryers 2 200 250
Conveyor system 100 100
Storage ventilated, 9,000 m3 1,800 9,000 m? 2,550
gravity discharging at £ 200 m—3 _
Storage (10%; ventilated) 57,000 m3 6,600 57,000 m? 8,300
atf 115 m—3
Extra cost for movability 1,445 825
Weighbridge 1 36 10 360
Access road 75 500
Earth work, fendering 300 600
11,356 14,485
Supervision cost (109 of design) 1,135 1,448
Total 12,491 15,933
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In the case of one centre one high silo is assumed, while for ten centres the
system of low silos (9.2.0) is used. Compared with the transshipment centre
of table 27 the drying capacity is lower and the ventilated storage capacity
is higher thereby lowering the operating costs of the storage centre. It is
assumed that this storage centre can handle the grain brought in at the
same rate as the transshipment centre of table 27.

Formula 10.12 can be adapted for the calculation of the annual operating
costs. In this case the storage capacity is constant. For the present the
ventilated storage and drying capacity are considered as constants. Further
C, (10.10) may be omitted because drying in situ as assumed for the ten-
centre case requires only one worker for each centre. Also a deduction must
be added because of the savings made for ship transport and storage
(f 400,000). The gain from storage applies only to the storage of wheat.

S, = 12,491,600
C, =f 384,500
B, =f 35200
E, =f 100,000
C, =f 500

Formula 10.12 then becomes:

12f
+ 5,500 x — 580,350 (10.19)

K = (ﬂ N 0,04) x (12,106,500 + 384,500 %) +

10.3 REDUCTION OF THE VARIABLE FACTORS

The number of variables to be introduced in the minimization program
can be reduced in the following way:

a. Storage or transshipment centres

The annual operating costs for storage and transshipment centres as affected
by the removing frequency and the number of centres have been calculated
with formulae 10,18 and 10.19. They are based on the comparable capacities
reported in tables 27 and 28. The operating costs are compared in figure 37.
This graph shows that the cost using transshipment is lower when f < 14
forx =10;f < 16 for x = 3 and f < 17 for x = 1, if f is larger than one
of these, the cost works out lower for storage centres.

To limit the various possibilities the cost minimization will be carried out
on the basis of transshipment centres. If it appears in a later stage of the
study that the removing frequency is larger than mentioned above or that
the drying capacity or storage space of these centres is considerably more
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Fig. 37. Annual operating costs of transshipment plants and storage plants (x = 1, 3 and
10), as affected by the removing frequency.
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than 60 tons h—! and 12,000 m3, storage centres should be chosen instead
of transshipment centres.

b. Transport costs and the cost of relocating the plants

The average transport distance can be calculated from the relationship
between the number of plants, the removing frequency of the plants and
the transport distance given in figure 36. For instance the theoretical tran-
sport distance will be 10 km. with 10 plants and a removing frequency of
once every 15 years. However, this distance can also be obtained with 3
plants removed over periods of 11 years.

By inserting the calculated removing frequency. (f) and the number of
plants (x) in formula 10.18 the minimum operating costs of the transship-
ment centres can be found for the various theoretical transport distances
(5—28 km). Figure 38 shows the result of these calculations. The operating
costs are at their minimum with the transport distances under considera-
tion if the number of plants is two or three. The costs move upward as soon
as more or fewer plants are used. In view of the almost identical costs
involved, the choice between two or three plants can be based entirely on
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the deviations from the model used as found in practice. In further calculat-
ions a number of three plants will be assumed. The total of the costs for
transport to the plant and the operating costs of the centres can now be
estimated for each value of the theoretical transport distance with the aid of:
the numbers of tractors and wagons from figure 32;

the equipment and labour costs from table 26

the operating costs of three plants as given in figure 38

annual operating costs { x £100,000 }
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Fig. 38. Relationship between annual opetating costs of the transshipment planis
(x = 1,2, 3,5, 10) and theoretical transport distances to these plants.
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2. x=2
3.x=3
4. x=235§
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Figure 39 shows the totals of transport costs and operating costs of the
centres computed for various transport distances with three centres in
operation. As the desired total combine capacity is not yet known, the theo-
retical total net combine capacities of 200, 300, 400 and 500 tons h~' have
been used in this graph. The point at which the minimum is reached depends
on the hourly production and varies from 11 km at an hourly production
of 500 tons to 19 km at 200 tons. Since the slope of the lines near the minimum
value at hourly productions < 500 tons is quite small, it is reasonable to
conclude that at the hourly levels of production considered the minimum
total costs will be achieved at a theoretical transport distance of 11 km.
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The error thus introduced is quite small; correction will only be required
if it would be found in a later stage of the study that extremely high or low
production rates are desirable. This theoretical transport distance of 11 km
(actual transport distance 14.3 km, 8.4) can be achieved with three plants
by removing each plant once every fifteen years.

For the calculations only the total drying and storage capacity of the plants
then have to be considered as variable. The operating costs of these plants
have been calculated with 10.18. They are given in table 29 for total drying
capacities of 20 to 120 tons h~! and total storage capacities of 4,000 to
20,000 m®.

TABLE 29. Annual operating costs (X f1,000) for three transshipment centres, relocated
once every 15 years, at various drying and storage capacities.

Drying capacity (tons h-1)

Storage

capacity (m3) 20 40 60 80 100 120
4,000 420 430 440 450 460 470
8,000 470 480 490 500 510 520

12,000 520 530 540 550 560 - 570

16,000 570 580 590 600 610 620

20,000 620 630 640 650 660 670
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10.4 MISCELLANEOUS

a. The annual costs for threshing and transport

1t has been shown that the minimum total costs of transport, removal and
the operation of the transshipment centres are obtained at a theoretical
transport distance of 11 km. For this transport distance table 30 gives the
costs of threshing and transport, per combine and per ton h~! capacity, in
harvesting wheat at two stubble heights. These costs are computed with:
the net combine capacity (60%; of effective capacity shown in table 15),
the numbers of wheeled tractors and grainwagons (formulac 8.9 and 8.10),
the number of crawler tractors (one per six combines) and the costs of
equipment and labour (table 26).

TasLE 30, Annual operating costs for threshing and transport (theoretical distance 11km)
for cutting wheat at a low or at a high stubble.

5.4-m combine

per combine per ton h-1
Low stubble f 20,000 f 4,000
High stubble » 23,000 » 3,100

b. The value of field losses and separating losses

The prices used and the calculated values of figld losses and separating losses
are reported in table 31,

The separating losses are taken according to the instructions at 0.39; of
the yield. To obtain the harvest costs, the value of the separating losses
must be added to the cost of combining.

The field losses of barley, oats and wheat are estimated from the data
reported in 3.4.a. For wheat two levels of losses are assumed, both will be
used in the minimization of the total harvest costs. For colza no data are
known; in this case a daily field loss of 7 kg is assumed to occur.

TasbLE 31. Price of products and values of separating losses and field losses.

Crop Price Separating losses Field losses per day
(£/100 kg) ke/ha f/ha ke/ha f/ha
Colza 70 13 9.10 7 4,90
Barley 32 20 6.40 15 4.80
Qats 29 25 7.25 50 14,50
Wheat 37 25 9.25 13 4.81
or 25 9.25

¢. Costs involved with cutting at a high stubble
If 2 high wheat stubble is left the following costs per ha must also be included:
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loss of income from sale of straw: f 70
removal of straw residue: ,» 40

Total f 110

In the cost minimization program results will also be computed for the
case that the extra costs involved with a high stubble are lower.

10.5 SUMMARY

The harvest components consist of: labour, combines, grain wagons,
crawler tractors, wheeled tractors and drying plants. The average annual
costs of the harvest components are computed with the aid of farm records
and estimates where no data are available. For tractors and for personnel
that are employed on the farm the year around a part of the annual cost
has been prorated and charged to the harvest. The harvest requiring 200
working hours for the tractors and two months for the personnel per annum.

The cost per man during the harvest is f 3,200. Two alternative costs per
man viz. ,high” and ,Jlow”, depending on the labour requirements the
year around are computed. For combines, tractors and grain wagoens the
costs per harvest period are shown in table 26.

A formula (10.18) has been developed for calculating the annual operating
costs of transshipment centres for various values of drying capacity, storage
capacity, number of centres and removing frequency. The annual operating
costs of storage centres for different values of number of centres and reloca-
tion frequency can be computed with formula 10.19. Based on both formulae
the annual operating costs of transshipment centres and storage centres
are compared (figure 37). It demonstrates that the operating costs of trans-
hipment centres are lower than those of storage centres provided that the
plants are relocated in less than 15 years and storage at the transshipment
centres is not larger than 12,000 m3.

The minimum operating costs of the transshipment centres to achieve a
desired transport distance between 6 and 28 km are obtained with two
or threc centres (figure 38).

The total of the costs of grain transport and the operating costs of three
transshipment centres are at minimum for a theoretical transport distance
of 11 km and for a total net combine capacity between 200 and 3500 tons
h—!. The plants then have to be removed once every 15 years (figure 39).

Based on this removing frequency and on three centres the annual
operating costs of transshipment centres are shown in table 29 at various
drying and storage capacities.

The annual costs for threshing and transport are reported per combing
in table 30. Further the value of separating losses, field losses and the costs
involved with high cutting are computed at present price levels (table 31,
10.4.c).
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11 MINIMIZATION OF THE TOTAL HARVEST COSTS

11.1 INTRODUCTION

The objective of this study is to minimize the total harvest costs over a
number of years allowing for the influence of the weather. For this purpose
the relationships from figure 1 have been quantified in 3—9 and the com-
ponents of the total harvest costs have been computed in 10. The independent
variables to be taken into account are:

Number of combines

Technique of operating the combines (high or low stubble)

Drying capacity of the transshipment centres

Storage capacity of the transshipment centres

Other variables as the cropping system and the maturity dates will be
introduced as constants. Then for every combination of the four variable
factors the progress of the harvesting operations and the field losses have
to be computed. As the progress of the harvest depends to a great deal on
the weather, the field losses will accordingly vary from year to year.

The sum of the computed harvest costs and the value of the field losses,
referred to as the total harvest costs, is a valuable information to compare
various harvesting systems. Both analytical and simulation techniques can
be applied to estimate the average field losses. Analytical methods for
describing the weather have been applied by WEiss (1964), who describes
sequences of wet and dry days by a Markov chain probability model and
by Warte (1966) who has calculated the wet-dry day probabilities for Iowa.
Similar methods have been employed in systems engineering in agriculture
for the cotton harvest by STAPLETON et al (1965) and by LiNk (1964) for
machinery selection.

Simulation methods have been applied by ZusMan and Amiap (1965)
for farm planning under conditions of weather uncertainty, by HALTER
and DeaN (1965) for large-scale ranch decision making in the face of
uncertainties in weather and market prices for beef and by DoNALDSON
(1968) for assessing harvest machinery capacity in cereals under influence
of the weather.

HesseLBACH (1966), LomBaERs (1967) and RockweLL (1967) discussed
the pros and cons for analytical and simulation methods. ROCKWELL
states ,,Simulation is a term used by system analysts both with reverence
and distrust. Some view it as a panacea, the exlixir of the operations resear-
cher, the only way to deal with large, complex systems. Others view simula-
tion as a poor excuse for inadequate modelling and a very expensive way
to learn what one can already logically deduce from system characteristics.
These authors conclude that simulation methods are useful when the analy-
tical approach is impossible or would involve too many complications.

122



This is normally the case with dynamic systems with stochastic non-linear
relationships. It may be considered as a major advantage of simulation
models that their use provides better user acceptance than analytical models
as he can see the reality of the simulation and thus he usually will have more
faith in the conclusions from the simulation output. Another advantage
is that interpretation of simulation methods does not usually demand a
mathematical background on his part. The differences between the two
methods are clearly pointed out by KoLLER (1966} in his definition of
simulation: ,,By simulation we understand the calculation of individual
alternative possible cases of a decision model. Unlike the analytical process,
there is no formal algorithm here which leads inevitably to an optimal
solution. In a series of calculation experiments the appropriate dependent
variable is determined each time for a given set of coefficients of independent
variables, Instead of the direct search for the ,,best™ selution as in analytical
processes the question asked is: What happens, when . . . .77,

For an analytical approach an estimate of the average annual total harvest
costs as. a function of four independent variables should be made with a
stochastic model of the weather. The average annual costs can then be
computed with the aid of the probability distribution of the number of
available hours. In this case a solution has been sought by simulation for
ease of application instead of an analytical approach,

11.2 SIMULATION OF THE HARVEST ORGANIZATION

11.2.1 Basic data and limitations

-

a, Cropping program

In using the mean numbers of available hours in each range of kernel
moisture content (Appendix I) and the combine capacities for the three
moisture ranges (table 15), the number of hectares for each crop that can
be threshed by a 5.4-m combine specified in tabie 14 has been calculated.
The results together with the available periods assumed (table 5) are shown
n table 32.

TABLE 32. Average available harvest period per crop and the average area that can be
threshed by a 5.4-m combine in this period.

Crop Available period . Area
' (ha)
Colza 22/7— 7/8 67
Barley 7/8—17/8 36
Qats 17/8— 6/9 38
Wheat (D ¢ 17/8— 6/9 40
Wheat (IT) * 17/8—16/9 iy

11, II; estimated avajlable period two and three decades respectively.
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The available periods for oats and wheat (I, II) have been arbitrarily
fixed in this table. Its effect will have to be judged from the results of the
simulation. The data reported in table 32 have been used to calculate three
cropping programs for 14,000 ha as shown in table 33.

TaBLE 33. Three cropping programs (ha),

Crop It 12 3 I
Colza 5,200 4,400 4,300
Barley 2,800 2,400 2,600
Oats 2,900 2,500 1,500
Wheat 3,100 4,700 5,600
Total 14,000 14,000 14,000

! wheat harvest in two decades
? wheat harvest in three decades
3 program for simulation

Program III is similar to program II except for the area of oats, which has
been reduced to 1,500 ha with a corresponding increase of the wheat area.
This is because wheat is a more profitable crop than oats; the 1,500 ha of
oats is the minimum area now considered essential for proper crop rotation.

b. Combines

With a few exceptions, the combine operates during all available hours.
The exceptions are:

b. 1 When harvesting of a crop is completed before the following crop is
ripe, there is an interval in which no combining is done

b. 2 When the harvest of a particular crop is finished during a day, no
combining is done for the remaining hours of that day because the combines
have to be cleaned before harvesting of the next crop can be started

b. 3 If either the drying or storage capacity is fully occupied and no
extra grain can be received

Combining of oats and wheat is started simultancously with half of the
number of combines in each crop. After the harvesting of oats is completed
all the combines work in the wheat crop.

¢. Drying, storage and shipment

¢. 1 The plant can, with three shifts, work for 22 hours per day or for
6 x 22 = 132 hours a week

¢. 2 The moist grain can be kept in good condition for an unlimited
period by ventilation during storage

¢. 3 A maximum of 90%/, of the storage space can be used

124



c. 4 If the storage is full, sufficient combines are kept operating to bring
in grain at the same rate at which is it dried and shipped

¢. 5 Grain with a moisture content in the range of 23--289%/ passes
through the dryer twice, grain with a moisture content in the range of 19—
23% is dried in one operation. The same applies for colza in other moisture
ranges

c. 6 It is assumed that dry grain can be shipped out continuously, iec.
that an unlimited number of ships is available. In practice this is true.
However, some dry grain storage is indispensable for efficient operation
of the transshipment centre and to enable the ships to be Ioaded quickly.
As ships of approximately 670 m* are used, this storage is fixed at two
shiploads or 1,340 m* per centre, making 4,000 m? for three centres

d. Field losses

d. 1 In a year the maturity dates of a particular crop vary in different
fields, This is due to the variation in the date of sowing. Therefore, it is
assumed that no field losses occur in the week after the average maturity
date of the crop '
d. 2 One week after the crop is ripe the following daily losses are assumed
to occur: colza 7 kg; barley 15 kg; cats 50 kg; wheat 13 or 25 kg (table 31).
d. 3 A time limit has been set for completing harvesting of each crop;
after this date the crop is assumed not to be harvested. The introduction
of this date in the computer program results in printing out the portion
of the crop not harvested. However, in practice the crops remaining in the
field on the time limits set will be harvested and are not lost. The introdue-
tion of the time limit, though, makes it possible to take into account the
following factors which will tend to increase the costs:
d. 3.1 After a certain period the field losses will tend to become larger
than those predicted because the daily field losses increase exponentially
d. 3.2 The reduction in grain quality
d. 3.3 The land must be available by a certain date for the work scheduled
to be carried out next
d. 3.4 Equipment and personnel are needed for other work

These factors will cause an increase of harvest costs or of other cosis
which cannot be quantified. Therefore two alternative possibilities have been
considered; the unharvested quantity at the time limit is lost for 50%; or
10094,

The following time limits have been fixed:

Colza: August 20; after colza several operations are needed to prepare
the fields for sowing of wheat

Barley: September 7; colza has sometimes to be sown on a limited acreage
after barley; this sowing must be completed before September 15
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Oats: two weeks after combining has started; this limit has been fixed
because of the susceptibility to lodging and shattering

Wheat: October 1; personnel and equipment must be available for fall
operations

11.2.2 The computer program

The program is written in ALGOL; the simulation model of combining,
drying and storing is as follows. The grain in moisture range 1 (< 19%)
is shipped immediately and need not be considered in the model. For the
description of the daily flow of the grain in the moisture ranges 2 (19-—23%;)
and 3 (23--28%,) (to be dried once and twice respectively) a special ALGoL
procedure has been developed.

The following notations are used in the description:

C; = daily supply of grain in moisture rangei,i = 1,2, 3

t = point of time during the ten hours (at maximum) that grain is
brought in from the field

vi{t) = amount of stored grain in moisture range i on time t

v(f) = total amount of stored grain on time t, v(t) = v,(1) L+ v,{t)

to = point of time when no grain of moisture range 3 is present any
more in the storage space, therefore v4(t) = 0fort > t,

t;, t3 = points of time when. the storage space should become fully occu-
pied, thereafter only a part (u) of the combines can go on working
O<p<D

t, = point of time that the amount of grain in moisture range 3 stored
at t, has been transferred by drying into moisture range 2

d =drying capacity

m = volume of storage space {909 of actual storage space)

The six important situations that can arise in the storage space are shown
in figure 40. In the sitnations 1, 2 and 3 the course of line v(t) changes on
time t,. This means that before t, the drying capacity was more than
sufficient to dry the supply of grain in moisture range 3 (0.1 Cy), the remain-
ing part of the drying capacity (d—0.1 C;) can then be used to dry the
amount of grain in moisture range 3 present at the beginning of the day

{t = 0). -
Time ty is computed with the formula
_ v3{(0)
PTFCoag, b

After t = ty, v4(t) remains zero until t = 10 (end of the day). After time
to the remaining drying capacity (d — 0.1 C;) is used to dry the amount
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of grain in moisture range 2 at ty: v,(ty). The moisture content of this
grain has only to be reduced with 29 and therefore the drying rate is twice -
as fast as the drying rate of moisture range 3. The rate of removal of this
grain into moisture range 1 is then 2 (d — 0.1 C;).

V (m3) V {m3}
m m
- 1 -
" s~
.
vialb="V(¢} } vio) | I 1
i [ | | |
' | | L
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0 g 10 t; Tlhoursl 0 1g t 0ty T{hours)
1 2
RALE LV im3)
m T m Py |
1 ~
I
“/r/ I i1
WA <TRTN P vit) P
I ! f vio) | I
1 1 1 1
o B
: i P
B tg ty tg 10 Tihours) O 10ty Tlhours)
3 4
V (md) v (m3)
m m ufl
i i I !
{t} = = {t} I .
vit vit
vio} i H vio} \
| I |
] 1 | |
1 1 |
| ] . i
i I . i
] 1 10 T{ hours } 0 ty ty 10 T1{ hours )
B ]

Fig. 40. The six situations that can arise in the storage space.
T = time during one day
O =9%am,
10 = 7 p.m.
¥V = storage space

The supply of grain in moisture range 2 consists of the amount dried
from range 3 in range 2: 0.1 C;, and the supply from the field in range 2:
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0.1 C,. The course of v(t) = v,(t) is then linear with slope 0.1 C, -+ 0.1 C,
— 2 —0.1C,y.

If the slope is positive then v{(t) increases (situations 2 and 3); if the slope
is negative then v(t) decreases (situation 1). In situation 1 the storage space
will not be filled with grain during the day. In situation 3 the storage space
will be filled at time t5; the time t; is computed with the formula:

m — v, (to)
01C,+01C, —2(d —01C,)

From time t, only a part (u) of the combines can go on working; u is
chosen in such a way that the storage space remains exactly occupied. Then
the slope of v(t) must be zero for a grain supply w (0.1 C; + 0.1 C,).
This slopeis: 0.1 p C; + 0.1 £ C3 ~—~2(d — 0.1 . C;) and it follows that:

_ 2d
H=01C, 1 030G,

In situation 4, v{t) increases linear but the storage space does not get
filled during the day. The slope of ¥(t) = 0.1 C, + 0.1 C; when the drying
capacity is not sufficient to dry the supply in range 3 (0.1 C;) into moisture
range 2; then d < 0.1 C;. The slope of v(t) = 0.1 C; + 0.1 C; also for
d>01C;, v;(0) > 0and t; > 10.

It can also happen that the slope of v(t) = 0.1 C, + 0.1 C; —2(d —
0.1 C;) viz. when v,(0) = 0. This situation is the same as situation 3 for
t, = 0. In the situations 5 and 6 the storage space is filled during the day
on time t,. Time t,; is computed with the formula:

__m-v(O
T 01C, +01GC,
In these situations the combines are stopped until time t, when the amount

of grain in moisture range 3 at time t,, v,(t,), is dried into moisture range 2.
Time t, is computed with the formula:

t3=t0+

(11.2)

(11.3)

t, (11.4)

ty=t, + 13—(1(51 (11.5)

If t, == 10 then the combines do not start working any more during that
day (situation 5). If t, < 10 then situation 6 arises. During the remaining
time 10 — t, a part u of the combines starts working when:

0lpC, +01pC—2d—01pCy)=0.
All the combines (. = 1) start working when:
01C, -01C;,—2(d—0.1C;) <0.

The decision strategy for the six situations is shown in a block scheme
(figure 41). For the six situations, the stored quantities at the end of the day,
v,(10) and v4(10), can be computed. As during the night drying is done
during 12 hours, v,(0) and v;(0) for the following day can be computed.
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l

Compute: V ) [{i}]
¥y 3(0),

Compute: ty from 11.1
ty from 14

Compute: t y from 11.4

1> 10 Y

Compute: t, from 11.5

Computa: t g from 12

Fig. 41, Block scheme showing how is decided for one of the six situations.

When v,4(10) > 12d then:
v3(0) = v — 12d and v,(0) = v,(10) + 12d.

When v4(10) < 12d then
v5(0) = 0, and v,(0) = v,(10) 4 3 v5(10) — 24d, if v,(0) < 0 then
Vz(o) = 0.
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The following limits have been set on the variables:
combines (5.4-m): 30—110 (number)

drying capacity: 20—120 (tons h™*)

ventilated storage capacity: 4,000-20,000 (m?*)
combine operation: high or low stubble

The output provides the following data for each year:
Dates of completion of combining (each crop)
Unused drying capacity for each crop
Unused combine capacity, i.e. the number of hours the combines have not
been able to work due to shortages of drying and/or moist grain storage
capacity
Field losses for each crop {for wheat at both 13 kg and 25 kg per day)
Quantities remaining in the field on the time limits set
Total value of field losses (the unharvested guantities for 50 and 1009 lost)
The same data are given as annual averages over the period 1931—1967.
Also given are the total harvest costs as annual averages for three levels
of labour costs and for clearing the straw.

11.3 DISCUSSION OF THE RESULTS

With a few exceptions the results are discussed on the basis of average data
of the period 1931—1967. To simplify the text the assumptions shown in
table 34 for three levels of field losses and labour costs are used.

TABLE 34, Assumptions on the levels of field losses and labour costs.

Level Low Medium High
Field losses [ wheat loss/day 13 kg 13 kg 25 kg
loss after time limit 50% 100% 1005,
Labour cost/worker/harvest f§,100 3,200 f 3,200 and f 13,060 !
1sce 10.2.a.1.

In judging the results it must be noted that some approximations and
simplifications have been introduced in the computer program. For that
reason the minima of the cost curves should not be considered as absolute.
The minima will in general be described as a certain range (number of
combines or drying capacity for example). The limits of the ranges have been
set as the points where the cost curves rise more than f 25,000 above the
minimum.

a. Storage capacity for grain to be dried

Deliveries of grain for drying are irregular and quantities vary. The larger
the storage capacity the easier it will be to cope with peaks in delivery and
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the more the combines can be fully employed during the available hours.
The storage capacity required is closely linked to the number of combines
on the one hand and to the drying capacity on the other. The larger the
number of combines the larger will be the rate of delivery of grain and
consequently the larger the required storage capacity. However, with a
large drying capacity the storage capacity required will be smaller, for the
grain can then be dried and be shipped out at a faster rate.

total harvest costs { % 100,000 )
H A B
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Fig. 42. Averape annual total harvest costs for 70 (A) and 90 (B) combines and various
drying- and storage capacities, Medium level of field losses and labour costs.
1. drying cap. 40 tons h -1
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2~ ”» ” 2 32
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Figure 42 illustrates the trend of the average total harvest costs for 70
and 90 combines as affected by drying and storage capacity. This shows
that when the drying capacity is increased the storage required decreases.
The location of the minima in the least cost curves (drying capacities 80—
100 tons h~') is of the greatest interest. For these curves the minima are
located at storage capacities ranging from 5,000—10,000 m® with 70 com-
bines and from 3,000—12,000 m> with 90 combines. With other numbers
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of combines the minima of the least cost curves occur in the same range,
although tending to shift towards 4,000 and 10,000 m? respectively as the
number of combines declines or increases. Because of this, further cost
comparisons may safely be based on a storage capacity of 8,000 m? irre-
spective of the combining and drying capacities.

Adding the 4,000 m® of storage required for dry grain (11.2.1.c) brings
the total storage capacity to 12,000 m>. This total does not exceed the limit .
of 12,000 m?® which has been determined (10.3.4) as the limit above which
storage plants would be preferable to transshipment plants. Therefore the
limits imposed are not exceeded and the cost calculations can be based on
transshipment plants, '

b, Stubble height

The effect of cutting wheat with a high stubble is an increase of the cost of
harvesting because of the cost of clearing the straw and the additional
transport capacity required. These costs are offset to some extent by lower
wheat losses since the wheat harvest will be completed sooner. Figure 43
presents the annual total harvest costs when cutting with low and high
stubble, assuming different costs for the extra work involved.
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Fig. 45. Average annual total harvest costs as affected by variable labour costs and field
losses. Storage cap. 12,000 m3, drying cap. 80 tons h!,

A. low level of ficld losses 1. high level of labour costs
B. high level of field losses 2. medium level of labour costs
3. low level of labour costs

The minimum of the high stubble curve, assuming no extra costs are
involved, is about [ 200,000 lower than the minimum of the low stubble
curve. These minima are obtained with 70 and 80 combines respectively.
Only allowing for the costs of additional transport, the minimum of the high
stubble curve is obtained at about the same level as that of the low stubble
curve. When the cost of clearing straw is also included, the minimum of the
high stubble curve is about f 600,000 higher than that of the low stubble
curve. At present all extra costs for a high stubble are involved. Thus there
is no advantage in cost in combining wheat with a high stubble.

In certain exceptional years, however, it may be advantageous to do so.
This was the case for instance in 1950 when the weather was extremely wet
during harvest time. With a fleet of 70 combines the quantities remaining
to be harvested on October 1 in 1950 would have been 12,000 tons for
»low” and 4,600 tons for ,high” cutting. If these quantities are regarded
as a 1009 loss, this amounts to a loss of £ 2,738,000 less for ,,high” than for
»low” cutting. The higher harvest costs involved in ,high”™ cutting are

134



[ 826,000, so in that year ,,high™ cutting would have yielded an advantage
of £2,738,000 — 826,000 = f1,912,000. However, switching over to
»high” cutting when the harvest proceeds slowly is fairly impossible as the
straw is sold on contract before the harvest has started.

¢. The average total harvest costs

Figure 44 shows the effect of the number of combines and the drying
capacity at the three levels of field losses on the cost curves for transshipment
centres with 12,000 m? storage capacity. The curves with 120 tons h—!
drying capacity are not shown because they are equal to or higher than the
curves with 100 tons h~! drying capacity. From these curves it can be
concluded that the minimum costs are obtained with drying capacities
between 80 and 100 tons h—'. With drying capacities lower than 80 tons h—!
the total costs rise substantially. The minima of the curves range from 73
combines with ,.low” losses to 83 combines with ,,high’* losses. Figure 45
illustrates the influence of the level of both labour costs and field losses on
the minimum cost curves in figure 44, With ,,low” losses the minima of
the cost curves range for ,high” and ,low” labour costs from 63 to 76
combines. With ,,high” losses these minima range from 73 to 85 combings.

The minimum cost ranges from figures 44 and 45 are summarized in
table 35.

TaBLE 35, The combine and drying capacities at the minima of the total harvest cost
curves as affected by the level of field losses and of fabour costs.

field fosses * labour costs ' 5.4-m combines  drying cap. min, total
{number) (tons h-1) harvest costs
(x f1,000)
low low 70—82 80 2,420
low medium 69—79 80 2,630
low high 60—67 80 3,000
medium medium 76—84 80~-100 2,730
high low 79—89 100 2,650
high medium 78—86 100 2,900
high high 69—176 80—100 3,480
1 gee table 34.

These data show that the harvest capacitics at the cost minima vary
between 60—67 and 79—89 combines with 80 and 100 tons h—! drying
capacities respectively.

A breakdown of the costs for medium level of field losses and labour
costs is shown in figure 46 and summarized in table 36. At minimum
cost, with about 80 combines, the annual costs of equipment and labour
account for 83.9% of the total. The combines, including operators and
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separating losses account for a large share (43.69;) of the total cost. With
70 and 90 combines the annual costs of equipment and labour are 73.4%,
and 89.4%, respectively with losses accounting for 26.6% and 10.6% of
the total.

In table 36 the level of separating losses is fixed at 0.5 per ha. If the
permitted level of losses had been fixed at 2%, per ha then the value of the
separating losses would rise with f360,000. This rise in cost would be
counteracted by the lower costs of combining as the effective combine capa-~
city would increase with approximately 25% (figure 24) causing a decline
in the number of combines required. For example 80 combines working
at a 0.5% level have the same total capacity as 64 combines working at a 27/
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level. The anmual cost of combining then decreases with 16 x 13,100 =
f 209,600; this is not sufficient to balance the rise in value (f 360,000) of
the separating losses. Therefore, in the minimum cost range combining with
permitted separating losses at 0.5% per ha is preferable to combining with
separating losses at 294,

TABLE 36. Breakdown, in %, of the total harvest costs for different numbers of combines.
With drying capacity 80 tons h-1, storage 12,000 m3 and medium level of field losses and
labour costs.

Number of combines — 60 70 80 20
Labour
drying plants 2.0 21 2.2 2.0
combines 59 7.9 94 10.5
transport 4.5 6.0 7.5 8.1
12.4 16.0 19.1 20.6
Eguipment .
drying plants 15.2 17.6 18.0 17.5
combines 18.7 249 29.8 327
separating losses 3.8 4.3 4.4 4.3
tractors 31 3.8 51 54
wagons 50 6.8 8.0 8.9
458 574 65.3 68.8
Field losses
standing crop
colza, barley 33 1.5 1.5 1.2
wheat, oats 144 13.0 10.0 6.9
after time limit 24.1 12.1 4.1 2.5
41.8 26.6 15.6 10.6
Total 100.0%; 100.0%; 100,05 100.0%
1005 = (x £1,000) f3,190 f 2,820 2,730 2,810

If for the farm under discussion both field losses and labour costs are
taken as ,,medium” the results of the simulation may be summarized as
follows. During the period 1931—1967 the minimum total harvest costs
are obtained with a fleet of 76—84 combines (5.4-m) and drying and storage
capacities of 80—100 tons h~! and 12,000 m® respectively. That is: each
5.4-m combine needs an available drying capacity of about one ton h™!,
a ventilated storage capacity of 100 m® and a dry storage capacity of 50 m>.
With the assumed cropping program one such harvesting unit can then
handle 166—184 ha per harvest season. The transshipment centres should
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be removed once in fifteen years, resulting in a mean transport distance of
11 km. With this organization the total harvest costs are made up as follows:

Drying and temporary storage: 20.2%

Transport: 20.67,
Combines: 43.6%,
Field losses: 15.6%

In reaching above conclusions the field losses have been taken at the ,,me-
dium” level. When more research into the ficld losses, including the crops
lost after the time limit, would show higher or lower losses these conclusions
can be modified with the results shown in figures 44 and 45.

It is possible though that the field losses can be diminished in the future
by the introduction of varieties with a high resistance against lodging or
shattering. Another factor that may influence the harvesting capacity
giving the minimum cost in the future years is the ratio of labour costs to
product prices. In recent years the labour costs have increased considerably
faster than the product prices (figure 5). If this trend persists in the years
to come then the optimum number of combines will tend to. decline unless
the increase of harvest costs can be balanced by a reduction in other cost
components. One possibility for a reduction in costs may be found in the
cost of combining which accounts for about 409, of the harvest costs. In
the period 1957—1967 the combine capacities have increased with approxi-
mately 35%, consequently the costs of combining could be kept at the same
level as shown in figure 5. If this trend continues the resulting lower costs
of combining may possibly counteract the increasing costs of labour.

Another possibility might be found in the use of contractors for the wheat
harvest as they finish harvesting of wheat on the private farms in the area
within 10 days after wheat has reached maturity (vaN KAMPEN, 1968).

The most important factor affecting the harvesting capacity in the years
to come will continue to be the weather. For the purpose of this study it
has been assumed that the weather will follow a similar pattern in the future.
As already shown the harvest weather during the first half of the period
1931—1967 was more favourable for harvesting operations than during the
second half of this period. To illustrate the difference in the effect of the
weather during these two periods on the optimum harvesting system, the
curves for these periods are presented in figure 47. These show clearly the
great difference in results between the two periods; in 1930—1949 the
minimum total harvest costs would have been obtained with 60—70 com-
bines (230—200 ha per combine) and a drying capacity of 80 tons h~!;
in the period 1949—1967 on the contrary 80—90 combines (175—155 ha
per combine) with a drying capacity of 100 tons h—! would have been neces-
sary to obtain the minimum costs. If this pattern of weather could be shown
to be predictable, the total harvest costs could be diminished since the har-
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vesting capacity could be adjusted to the predicted weather pattern. At

present the available harvesting capacity of the contractors in the area may
be used for this purpose.

d. The harvesting operations

Table 37 contains average data on the harvesting operations and the use
of combines and dryers.

TABLE 37. Average and standard deviation of harvest periods of ¢rops with different threshing and drying capa-
cities and average idle capacities of combines and dryers during the harvesting period.

Duration of harvest

Date of completing Average of the
in number of days

wheat harvest not utilized
available time
in 95% dryers1 com-~
combines drying of the bines2
{number} cap. (tons  colza barley oats wheat years
h-1) before
60 80 1945 1246 11+4 2545 18—9 49 2—10 59% L5
N 80 17+5 10+6 9+ 4 2247 12—9 =£9 28— 9 68% 1.4
80 80 1545 9+6 9+£3 19+6 8—9 8 21— 9 67% 3.2
20 100 14+4 91+6 813 1746 69 18 19— 9 73% 4.0
i10 100 11 =3 7+6 744 1545 2-—9 7 14— 9 7% 6.0

1 % of available time
2 hours per combine
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This shows that with 70—80 combines the average duration of the harvest
of colza and barley is roughly equal to the average time available between
the ripening dates of colza and barley and of barly and wheat. If a larger
number of combines is employed, there is some idle combine capacity since
harvesting will be completed in a shorter time than that available between the
ripening dates of the respective crops. For example with 90 combines only
14 of the available 18 days will be utilized for the colza harvest and 9 of the
10 days for the barley harvest. From the point of view of utilization of com-
bine capacity a larger area would then have to be sown with colza at the
expense of the area with oats and wheat. Therefore, taking 70—80 combines
as the optimal number, the ratios of areas sown with colza, barley and
wheat plus oats should be 1 : 0.6 : 1.6. This means that compared to the
ratios used up till now (1 : 1 : 1.8) more colza and less barley will have to
* be sown.

Also shown are averages and the standard deviations of the final dates of
the harvest; from these data can be estimated the dates on which the wheat
harvest will be completed in 955, of the years. It should be noted, however,
that the computed final dates are affected to some extent by the time limits
assumed, especially when a small number (60) of combines is employed.
In this case the actual final dates will be a few days later than the computed
dates since harvesting will be continued after the time limit. It is apparent
that with 70 combines the harvest will be completed on average on Septem-
ber 12, while in 95%, of the years the harvest will be over before September
28. So with 70 combines the requirement that the harvest is on the average
completed before September 15 is easily met.

For the combines the not utilized available time is negligable with drying
capacities of 80 and 100 tons h—'. The idle time of the dryers is high; in
practice the idle time will be lower because the idle time will then be used to
dry the grain to a lower moisture content than required for shipping.

Table 38 contains data on the average annual losses per crop. It stands
to reason that the smaller the number of combines the bigger will be the
losses. Generally, losses of wheat expressed in tons are about twice as much
as the aggregate losses of the other crops. The table gives particulars of the
years in which the harvesting of the various crops had not yet been finished
by the time limits. Except for colza in 1941, time limits were exceeded only
after 1949. With 60 combines the date limits for wheat are exceeded in six
vears, leaving a total unharvested quantity of about 54,000 tons. By increas-
ing the fleet of combines to 70 the number of years with unharvested wheat
is halved and the quantity not harvested is reduced to less than half, i.e.
24,000 tons. If the number of combines is further increased, time limits will
hardly ever be exceeded.

In the program the average ripening dates of crops were taken as a basis
for simulation. However, as shown in 3, the actual ripening dates may differ
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considerably from these averages. So when in certain years the crops ripen
before or after the average maturity dates used for simulation, the harvesting
is completed before or after the computed terminating date. This will affect
the annual results, especially in those years that the time limit is, or nearly
1s, reached. The average results will probably not be affected, assuming that
the weather during the growing season is not related to the weather during
harvesting. To verify this assumption, the actual ripening dates were deter-
mined (from experimental fields or calculated according to the remainder |
index system) for the years that the simulated .terminating date with 70
combines was after September 15. This showed that the actual ripening dates
were proportionately distributed around the average maturity dates. There-
fore it may safely be concluded that the average results will hardly b_ej
affected by taking the average maturity dates of the crops as the starting
point for harvesting of each crop.

11.4 COMPARISON OF COMPUTED AND ACTUAL PROGRESS OF THE
HARVESTING OPERATIONS IN 1968

The harvest organization in 1968 has been simulated with the above mention-
ed computer program; the results have been compared with the results of
the actual organization in 1968. For a useful comparison the computer
program was adapted to the following actual conditions in 1968: starting
date at July 17 instead of the average date (July 22); the real areas of the :
crops (total area 14,500 ha with a yield of 60,000 tons).

Simulation was carried out for the values of the variables mentioned
in 11.2.3; the following values of the actual harvesting capacity were used
for comparison:

number of 5.4-m combines: 65 (on the farm there were 80 combines of vari-
ous capacities, the total capacity was equal to that of 65 5.4-m combines)

drying capacity: 60 tons h—!
ventilated storage capacity: 7,000 m*
dry storage capacity: 6,000 m?*

The weather in 1968 was extremely unfavourable for harvesting operations.
The number of available hours, computed with weather data measured on
the farm, was 230 i.e. 80 hours less than the average; this will occur once per
twenty years. The actual and computed progress, based on 5-day periods,
are shown in figure 48. Two lines represent the actual progress: with and
without hired combine capacity. The first case was added as additional
combine capacity was hired on September 4 because of the slow progress
of the harvest. The line representing the progress with this additional capa-
city (3,500 tons) shows that the harvest was finished on September 27 except
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Fig. 48. Actual and computed progress of the harvesting operations in 1968.

1. computed progress
2, actual progress
3. actual progress with hired combine capacity

for 100 tons of wheat. From September 27 — October 7 the weather did
not allow any combining to be done; after this date the 100 tons of wheat
were deteriorated to such an extent that they were not harvested any more.
The line representing the progress without the additional combine capa-
city shows that 3,600 tons would not have been harvested on October 1;
under the weather in 1968 they would be totally lost. The calculated progress
does not deviate greatly from the actual progress; on October I the computed _
progress is only 1000 tons less than the actual progress. Analysis of the .« /v maaersn.
actnal and simutated progress on a day to day basis shows the following
causes for some of the disparities. ~
Sometimes the actual daily progress was smaller or larger than the com-
puted progress because of the irregular distribution of the precipitation on
the farm’s area. :
Each Friday management has to decide whether the work will continue
(in overtime) on the following Saturday. On a certain Friday it was decided
not to harvest on Saturday because of the unfavourable weather forecast.
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However, the weather was actually such that the harvest could have proceed-
ed. Therefore the simulation showed that 1,300 tons were harvested on
Saturday. .

According to simulation no combining is done for the remaining hours
of a day when the harvest of a particular crop is finished during that day
(11.2.1.5). In this case simulation showed that the harvesting of barley was
finished at 10 a.m. on a certain day with in total 9 available hours; the harvest
did not proceed during the remaining hours. Actually management plans
the operations in such a way that a large part of the combines finishes har-
vesting a certain crop at the end of the day so as to minimize the time lost
for cleaning the combines. Therefore on this day the actual progress was
2,000 tons more than the simulated progress. This shows that this factor
should be taken into account in the computer program,

Allowing for above main deviations, it may safely be concluded that the
computer program is representative for the actual harvesting organization.

Above calculations were based on the real date of maturity (July 17); |
if the average date of maturity (July 22) was taken as the starting point '

then the crop not harvested on QOctober 1 would have amounted to 9,600
tons.

Simulation with other values for the independent variables in 1968 showed
that the total harvest costs would be at minimum with 80 5.4-m combines,
drying capacity 80 tons h—* and 8,000 m® ventilated storage capacity, the
harvest will then be finished on September 9. Further it was shown that
in this year a drying capacity of one ton h~! for each combine gave the lowest
costs.

11.5 SUMMARY

The total harvest costs under influence of the weather in the period 1931—
1967 have been minimized by simulation. The independent variables intro-
duced in the computer program, written in ALGOL, are:
Number of combines
Technigue of operating the combines (low or high stubble)
Drying capacity of the transshipment centres
Storage capacity of the transshipment centres

The computer output gives the annual and average data for the following:
the dates at which the harvesting of each crop is completed, the idle drying
capacity and combine capacity for each crop, the field losses for each crop
and the quantities remaining unharvested on the time limits. Average total
harvest costs are given for varying costs of labour, unharvested quantities
and clearing of the straw.

Some basic data and limitations are introduced in the simulation model.
One of the most important limitations is the cropping program shown in
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table 33. This program is based on the average available harvesting periods
and the average areas which can be threshed by a 5.4-m combine in these
periods. The data for wheat are based on three decades. The following
conclusions are drawn from the results.

The storage capacity required for grain to be dried is in the minimum
cost range approximately 8,000 m> irrespective of the threshing and drying
capacities (figure 42). Adding the 4,000 m® of storage capacity for dry grain
gives a necessary storage capacity of the transshipment plants of 12,000 m?.
When wheat is cut with a high stubble then the value of field losses will be
decreased by approximately f 200,000 a year (figure 43). If the extra costs
for clearing the straw and for the additional transportation capacity are
less than f 200,000 per year (f 36 per ha) the high stubble would be more pro-
fitable. At the present price levels, however, these extra costs are much
higher, consequently the combines should cut at a low stubble.

The average annual total harvest costs as affected by three levels of field
losses and labour costs are shown in figures 44 and 45. The harvesting capa-
cities at the minima of the total cost curves are summarized in table 35;
at the minimum costs they vary between 60—67 and 79—89 combines with
drying capacities of 80 and 100 tons h—" respectively.

Taking both crop losses and labour costs at medium level (table 34) the
minimum harvest costs are obtained when for each 5.4-m combine are
available a drying capacity of one ton h—! and a storage capacity of 150 m>.
Each combine can then handle 166—184 ha per harvest season.

The components of the total harvest cost are shown in figure 46 and table
36. With this harvesting capacity the average harvesting periods of colza
and barley are roughly equal to the periods available between the ripening
dates of colza and barley and barley and wheat. The wheat harvest will then
be completed on the average between the 8th and 12t of September. From
the point of view of the utilization of the harvesting capacity the ratios of
the acreages sown with colza, barley and wheat plus oats accordingly will
bel:0.6:1.6,

To show the effect of the period studied the average total harvest costs
are computed for two periods, viz. 1931—1949 and 1949—1967 (figure 47).
This clearly demonstrates that the results from the first period are vastly
different from those of the second period.

In 1968 the actual progress of the harvest was compared with the simula-
ted progress of the harvest, The result (figure 48) demonstrates that the
operational model of the grain harvesting system can be applied to simulate
the progress of the harvesting operations under actual weather conditions.
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SUMMARY

1. The object of this study is the optimization of the grain harvesting opera-
tions by minimizing the total harvest costs under weather conditions pre-
vailing in the centre of the Netherlands. The sequential grain harvesting
operations consist of: combining-loading of grain wagons-transport-unloa-
ding-ventilated storage-drying-dry storage.

The capacities required of the sequential operations are mainly deter-
mined by the grain moisture content and therefore by the weather. This
especially concerns the capacities of combining, drying and ventilated sto-
rage. As the weather is the key factor and varies from year to year, the
criterion becomes the minimization of the average annual total harvest costs
for a given cropping program over a large number of years. The total harvest
costs comprise the field losses of the mature crop and the costs of personnel
and harvesting equipment.

Also the harvesting organization has been studied; a system was deve-
loped to provide minimum costs of the separate components: combining,
transport, drying and storage with a view to the minimum costs of the
system as a whole. Selecting a system with minimum costs can only be
carried out with a view to the organization of a particular farm and taking
into account the conditions prevailing on that farm. Therefore, the results
found have been used to minimize the total harvest costs for a 20,000 ha
grain farm under the actual weather occurring during the harvest periods
of the years 1931—1967.

2. The farm is a part of the reclamation enterprise of the Yssel Lake
polders Development Authority which is responsible for the integral develop-
ment of the polders in the Yssel Lake,

Owing to the high moisture content of the mud, the land is not ready
for the planned land use immediately after reclamation. Hence a period
of at least five years of farming by the Authority is required to transform
the mud into a good soil. The crops grown on this temporary farm are:
colza, barley, oats, wheat, alfalfa and flax. The first four of these crops
(14,000 ha) are managed with farm personnel and equipment; alfalfa and
flax are managed by others.

The harvesting of the grain is done with combines, transport equipment
and transshipment plants. The transshipment plants dry the grain to a
moisture content which is sufficiently low to permit safe shipment to storage
installations elsewhere in the country. Based on the kernel moisture content
the following classification for wheat can be made:

a. moisture content > 28%: crop too wet for combining

b. moisture content 17—28%;: drying necessary after threshing and before
storage; the following intermediate situations can occur:
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b,. moisture content 19—28%: temporary storage possible with ventila-
tion, drying necessary before shipment

b,. moisture content 17—19%: shipping possible but drying necessary
before storage

¢. moisture content < 17%(: grain can be shipped and stored without
drying.

In the cas¢ of colza, barley and ocats similar situations occur but at
different moisture contents,

3. The order of maturing of the crops grown is colza, barley and wheat;
the oats mature practically simultaneously with the wheat. The maturity
date (combine ripeness) of the crops is chiefly determined by the weather
during the growing season. Using trial field data, both the average and stan-
dard deviation of the maturity dates have been determined. The average
maturity dates of colza, barley, oats and wheat are July 22, August 7,
August 17 and August 17 respectively. Consequently the average available
periods for colza and barley are 17 and 10 days respectively. The available
periods for oats and wheat are determined by the date before which the
work to be done next must be finished and the available capacity. The work
consisting mainly of tillage operations and the sowing of wheat has to be
finished before December 7. Based on the available capacity for these fall
operations efforts are made to finish harvesting by the middle of September
or at least October 1.

Other factors affecting the available period and therefore the harvesting
capacity required are the field losses and the deterioration of grain quality
in the mature crop. Sources of ficld losses are: shatter losses, dry matter
losses and combine losses (caused by cutterbar and reel). Investigations in
the Lake Yssel polders show that the daily field losses increase exponentially;
the following average daily field losses per ha occur during 36 days after
combine ripeness: barley 16 kg, oats 25 kg, wheat 15 kg. No data are known
for colza.

Little is known about the losses caused by reduction in grain quality;
it is shown that on this farm they can probably be neglected in comparison
with the field losses.

4. During three seasons (1964—1967), the kernel moisture contents of
colza, barley, oats and wheat, as affected by the weather have been investi-
gated. Grain samples were taken hourly from the graintanks of a group of
combines, The following meteorclogical factors have been measured:
rainfall, relative humidity, temperature, wind velocity and circumglobal
radiation.
Empirical exponential relationships have been established between:

drying of the kernel and the circumglobal radiation
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rise in kernel moisture content and the square root of the product of amount
and duration of the precipitation ,
rise in kernel moisture content (by dew) and the length of the night

In 1967 the kernel moisture contents have been calculated with the aid
of meteorological data and the relationships found. Comparison with the
measured kernel moisture contents showed that they corresponded fairly
well. With meteorological data from De Bilt and Wageningen in the years
1931—1967 the kernel moisture contents have been computed for the harvest
periods of those years. Then the available combine hours were computed.
The average total number of available combine hours from July 22 to
September 16 is 309 (o £+ 55). During roughly half of this time colza and
grain in the lowest moisture range (for wheat < 19%) can be combined;
artificial drying is then not strictly necessary. in the other half of the time
the moisture content is such that drying is necessary.

5. The available time for combining wheat is defined as that part of the
time between 9 a.m. and 7 p.m. when the kernel moisture content is below
289% less time when rain is falling. It is assumed that a similar definition
holds for barley, oats and colza, with the exception that for colza the
maximum moisture content is 18%4.

The effective time is the time during which the combine is cutting and
threshing; combine capacity during this time, the effective capacity is ex-
pressed in kg h—!. Time measurements showed that, due to different time
losses, the effective time is approximately 60%/ of the net working time and
50%; of the available time between Monday 9 a.m. and Saturday 4. p.m.

The effective combine capacity is affected by the straw moisture content,
the permitted level of separating losses and the grain straw ratio. For wheat
these relationships have been established, it is assumed that these relation-
ships also hold for colza, barley and oats. The effective capacities of com-
bines with a 5.4-m cutter bar have been measured in the crops under average
conditions.

6. In view of the prevailing limitations and conditions the choice of the
transport equipment is restricted to grain wagons pulled by crawler and
wheeled tractors in the field and on the road respectively. Within the limits
set by soil trafficability, available tractors and regulations governing agri-
cultural vehicles on the road a grain wagon discharging at the bottom with
a volume of 8 m® has been developed. These wagons are used in pairs. To
minimize the loading time they are loaded on one of the headlands by six
combines working in one group.

The conveying capacity of the plants is of considerable importance for
the organization of the transport. The investigations show that an efficient
transport organization is only possible when the conveying capacity is at
least equal to the total net combine capacity.
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For the calculation of the required numbers of wheeled tractors and wa-
gons an adapted formula of TISCHLER is used.

7. The costs of the harvest components are based on the farm records
and where there are inadequate data on the most accurate estimates possible,
All costs are based on 1967 price levels, overhead is not included. Two
possibilities for drying and storage of the grain are considered: transshipment
plants and storage plants.

A complication is due to the regular movement of the farm through the
polders. This means that the average distance to the transshipment plants
gradually increases, so that after a given time these have to be moved or
the transport capacity would have to be increased. Under certain limitations
the total of the costs of grain transport and of the removal of the centres
is at a minimum for three transshipment centres which are removed once
every 15 years. The average theoretical transport distance is then 11 km.

8. Simulation has been used for the minimization of the total harvest
costs. The independent variables taken into account are: the number of
combines, the method of operation of the combines (cutting with high or
low stubble in wheat), the drying capacity and the ventilated storage capa-
city.

Other variables as the cropping plan and the maturity dates are introduced
as constants. A time limit has been placed on harvesting of each crop, after
this date the crop will not be harvested and is considered a partial or total
loss, The introduction of the time limit makes it possible to take into account
some not yet quantified factors which will tend to increase the costs. The
most important time limit, that for wheat, is fixed at October 1. To show the
influence of some factors which may change in the future, three levels of
field losses and labour costs are introduced: low, medium and high. The
following conclusions are drawn from the computations (field losses and
labour costs medium).

The ventilated storage capacity required is approximately 8,000 m?3,
it is fairly irrespective of the combining and drying capacities. Adding
the 4,000 m? of dry storage capacity fixes the total storage capacity of the
transshipment plants at 12,000 m3.

At present price levels it is advantageous to cut the wheat at a low stubble.
Only if the extra costs involved with high cutting are less than f 36 per ha
the high cutting will be preferable.

In the minimum cost range combining with permitted separating losses
at 0.5% per ha is preferable to combining with losses at 25 per ha. The
decrease in the costs of combining at 2% loss is not sufficient to balance
the rise in value of the separating losses.

The minimum total harvest costs ar¢ obtained when for each 5.4-m
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combine are available a drying capacity of one ton h—!, a ventilated storage
capacity of 100 m? and a dry storage capacity of 50 m®. One combine can
then handle approximately 175 ha per harvest season. The harvest will then
on the average be completed on September 10,

From the point of view of the utilization of the harvesting capacity the
ratio of the acreages sown with colza, barley and wheat plus oats accordingly
must be 1:0.6: 1.6,

To show the effect of the period studied the average total harvest costs are
computed for two periods, viz. 1931—1949 and 1949—1967. In the first
period the minimum of the costs is obtained with one 5.4-m combine on
215 ha, in the second period the minimum is obtained with one 5.4-m
combine on 167 ha due to the less favourable weather during harvesting,

Comparison of the actual progress of the harvesting operations with the
simulated progress shows that the operational model may be applied for
simulation of the harvesting operations under actual weather conditions.
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PE3IOME

1. Ileas uccacaoBaHuS HANPaBAEHA HAa ONTHMAABHYIO OPTAHM3ALUIO
yDOPKHM 3epHa, T.c. HA TAKYI) OPraHU3alMIo, B YCAOBHAX KOTOPOH pac-
X04B — MHMHHMAABHBEIC., OKa3BBAIOIIHMH JPYT Ha APYyra B3auMHOC
BAMSHHME COCTABHBIME 4YacTaMu yGOpKU 3epHa sBAfIOTCA: yOGopka mpu
DoMOIIH KOMOAMHOB — 3arpysKa 3cPHONPHUUENOR — TPAHCIIOPTHPOBKA
3epHa IO TIOAKD M IO JOPOTE — TMEPErPyska — BEHTHAHPOBAHHOE
XpaHeHHE — CYIIEHHE — XPaHEHHE CYXOrO 3€pHa.

Heofxoauman gan kamAo# cOCTABHOH YacTH MOIIHOCTL OIpe-
AEAJETCA IPEXKAE BCETO B 3aBHCHMOCTH OT BA@KHOCTH 3€PHA, 4 TAKXKe
OT 1OroAst Bo BpeMda YOGOpKH. BTO OTHOCHTCA CHEUHAABHO K KOMOGaH-
HoBo#l y0oDKe, K CYLICHHIO M K BpEMCHHOMY XpaHcHuIo acpHa. B ceasu ¢
TEM, UTO JIOTOa OKA3KBAET MPeoOAa JA0IEe BAVAHKIE H ITO OHA C TOJA B
roJ B 3HAUUTEABHOH CTEIIEHH MEHAETCA, B KaUeCTBE KPHTEPHSA IPUHATA
MHMHEMaAH3aLHs 00X CpeJHEr0A0BEIX PACX00B 10 YOOPKe B TEUEHUE
HECKOABKUX A€T JAf JaHHOTO ceroofopora. Iloa momarmeM ofigux
pacxojos 1o yGopke ajech noApasyMeBaerTca CyMMa PacXO4yeMBIX Ha
CO3PEBIIYIO, BKAKUAA [IOTCPH HA IIOAE, CEABCKOXOAHCTBCHHYIO KYAb-
TYPY CPeACTB, JaAec, CPCACTB Ha COJAepKaHMe OOCAYKHBAIOILEro
HepPCOHaAa M HAa MaTePHaABHBIE cpejcTsa yoopkH. CocraBHEIE vacra
opraumsagun yOOpKH xAeba B HacTOAlee BPEMA LIOABEPralOTCH TAKIKC
HCCAC/AOBAHUIO; TIPEAAOKEHA CUCTEMA, B KOTOPOH PacxoAsl 1O. OTJe-
ABHEIM COCTaBHBIM JacTAM — B COOTBETCTBMH C PacxojaMH IO Bceil
CHCTEME — ABASIOTCA MHHHMMAABHEIMU.

Ioa6op noaxoasigeii crcTembr YOOPKH 3aBUCHT TOABKO OT TOTO, B
Kakol cTerneHu 001as opraHuaalus NpHCHocobAeHa K CIeHPUIECKAM
YCAOBHAM JAHHOI'O CEABCKOXOSAiicTBeHHOro mpejupmarui. llo srum
COOOPAKCHAAM IIOAYYCHHEIC DPESYABTATEL OBIAM IIPMMEHEHBL  JAS
MUHNMAAR3ALUHE 00IIKX PACX0A0B [0 YOOPKE B YCAORMAX TPEANPHITHS,
CHELHAANSHPOBAHHOTO Ha BBIPAIHBAHHE 3€PHOBHIX M 3aHMMAIOILErO
naoage B 20000 ra, npuanMaid BO BHUMAHKE A€HCTBUTEABHBIE YCAOBHSA
noro s B mepuo ybopku Ha mpotmxenan 1931-1967 rr.

2. JdaHHOE CEABCKOXO3AHCTBEHHOE IIPCAIIPHATHE, CHEIHANIIHPO-
BaHHOEC HA Bmpal,gpma}me 3CPHOBHX, IIpeACTABASICT COﬁOﬁ XOaﬂﬁCTBO 11O
OCBOEHMIO 3EMEAB, TToAunHenHoe 'ocyaapersennoit Cayxbe Ha TTOAB Ze-
pax DiicenMepckoro osepa. Ilpueegennmaa loccayxba sammMaeTcs
KOMIIAGKCHEIM OCBOGHHeM 03 DIICEAMEPCKOIO 03€pa BHICYLIEHHHIX
seMeAn, Oauoff M3 5THX BLHITEKAIOINX M3 AAHHOH JAcHCTBHTEARHOCTH
82429 ABAAETCA IPEEPalleHNe [IPH IOMOIIH 3EMAEUEPIATEABHEIX paboT
GOAOTHCTOM IIOYBBI B LOYBY JAA NNPEeAHAMEPEHHOTO HAa3HAYeHHA,

OaHoil 13 BaxHEHIINX COCTABHBIX HacTell A% JaHHOH ean HeobXo-
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AHMBX MEPONPHATHH IO OCBOEHHMIO 3CMEAL ABAACTCA RBpPEMEHHAA
CEABCKOXOIMUCTECHHAA SKCIAVATAIIUA Ha NPOTLKEHHM, II0 KpailHcii
Mepe, TIATH A€T, OCYMIECTRASIEMaf HA TIOAHOCTBI) BEICYIICHHOHN 3eMAe.
DTH IpeANpUATHA, CIICUAANSHPOBAHHEIC HA BHIPAIMBAHIE 3¢PHOBBIX,
3aHHAMAIOTCA PA3BCACHUEM CAEAYIOIIHX KYABTYD: parca, fIMEH:, OBCa,
TIIIEHHUIIE, AIOIIEPHE ¥ AbHA. Pamc u sepHOBEIC (MPUOAMZUTEALHO Ha
maomaan B 14000 ra) mouTH MOAHOCTEIC BRIDAIIMBAKTCA Ha COBGCT-
BeHHBIX yuacrkaX. CBAsaHHAaA C pasBeJeHHEM AIOLUCPHBI M ABHA
ACATEABHOCT: II¢pPEBCACHA HA APYIHEe CEAbCKOXOSACTBEHHBIC Npea-
IPHATHS,

Y6opka sepHa OCYILEeCTBASeTCA NpH IOMOIgH KombalfHos, sep-
HOHpHIENOR M 050pyAoBaHus AAd Neperpysku. B ycraHoBxax ans
[EPETPY3KE APOUCXOANT CYIHEHIE YOPAHHONW KYARTYPEl HA MMHUMAAB-
HYI0 BAQXHOCTb, 3 MMEHHO, A0 TaKOH CTemeHM, 4TOOBI JAHHAA KYAb-
Typa GbiAa cocofHa K [IepeBOsKe B 3ePHOXPAHHARIJA, HAXOAAINMXCA B
APYTHX MEeCTaxX N0 Bceli cTpame,

Ha ocuoBaHMM BAQXHOCTH 3€pHZ, HAIp., IIUEHWIH, OTJEABHEIC
COCTaBHBIC 9acTH YHOPKM NOAPA3ZeA€HBI CAeZYIOIIMM 00pasom:

a. BAaKHOCTE > 289 : B MOKpBIX yCAOBHAX, KOrja koMGaiiHosas
ybopka HenpuroiHa

6. BaaxmocTh 17-28%,: mocae o6MoAOTA A0 XpaHEHNA HEOOXOZUMO
[IPOUSEOAMTE HCKYCCTBEHHOE CYIIEHME S€PHA, NPUYEM CAECAYET PasAu-
9aTh ABA CAEAYIOIIHUX ITOAOKEHHA:

6,. BaammocTh 19-28% : npeacTaBALETCA BOSMOKHOCTS IPHUMEHCHH
BEHTHAMPOBAHHOIO XPAaHEHHR 3epHAa, OZHAKO, A0 HATaAA HEPEBO3KH
Heo(X0AMMO TIPOM3BCCTH CYIHCHME 3CPHA

Oz BAQNKHOCTE 17-199: 3€pHO MOXHO NCpPEBO3HTh HA JAABHUC
PACCTOAHMA; CYHIHTH 3€PHO CACAYET JO HAUaAa XpaHEeHHS

B. BAQXHOCTE < 179: MOXKHO IPOM3BOAUTL [ICDEBO3KY HAa AAAB-
HMC PACCTOAHYA U XpaHeHNe 63 MPCARAPHTCABHOIO CYNIEHUA 3¢PHAa,

Iloaobuoe nmoapaszereHue, B YCAOBMAX HMHOH BAKHOCTH, HMeCT
MECTO Y paica, f4MEHS ¥ OBCA.

3. KyasTypsl co3peBaioT B cAeayIONIeil TOCACJOBATEABHOCTH | PATIC,
AYMEHD H NUEHUYA ; OBEC CO3PEBAET IIOUTH OJHOBPEMEHHO C ITIUIEHHIEH.
lloaxoamyas Ara xomGaliHoBoll yOOPEM 3peAocTs JAHHOH KyABTYPH
ONPEAEARETCH, TAABHEIM O0PASOM, COCTOAHMEM IIOTOABL B ICPHOJ
cospepanud. IIpy moMolgn JaHHHIX, MoAydeHHBIX 0T orfopa mpob,
ONIpEJEALIOT CpejHee COCTOSHHE M BpeMma cospepamni. Bpemena
CO3pEBAHHA B CPEAHEM COCTABASIOT: ¥ pamca — 22 MIOAfl; Y AuMeHA —
“7" aBrycra; y mmedunst u osca — 17" asrycra, HaubGoree moaxo-
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Afllee B PACHOPIMKEHME AAA YOOPKM pamnca W SIMeHs HaXOAAIeecs
BDEMA COCTABAAIET, CACAOBATEARHO, 17 1 10 aneil.

Anrn yGOPKH OBCa H NIIEHH[IB B PACHOPIKECHUA HAXOAMIICCCH BPEMA
3aBUCUT Takke oT 06’ema rocaeyGopouHsx paoT U OT MMeoYIerocs
AAd JAHHOH IIeAM NepHoJa. DTH euAsl paboT 3aKAOHAIICH, B OCO-
Oennocrn, B 06paboTKe TIOYBBI U MOCEBE ILIEHMYbI: HX HEOGXOAMMO
3aKOHYWTh K Hadary gexkafps. Ha ocmosanmm pacmoaaraemoit aas
JaHHOH oOceHHelM paGoTHI MOIHOCTH CTApPAlOTCH, CAECAOBATEABHO,
saBepIMTh YGOPKY TIDHOAMSHTEABHO K CepeiuHe ceHrabpsa uam, B
KpaiiHeM caydae, A0 HaUara oKrabpsi.

OcTaAbHEC GakTOPhI, OKASHBAIOIINC BAHIHMC HA HaXOAMIEECH Al
y6OpKE B PACHOPIKEHHNU BpeMA, a TaKXKe Ha HeoOXOAMMYIO, U3 HErO
BEITCKAIOIIYIO AAH YOOPKH IPOH3BOANTEABHOCTS MALIMH, [IPCACTABASIOT
cob0# NOTEpU KYABTYDBL B IIOACBBIX YCAOBHMAX M HOHIDKEHME KAUECTBA
gepHa. IloTepr Ha TOAE COCTOAT M3 CAEAYVIOQIMX YACTel: BhlnajaHue
3epHA, DOTEPH CYXOTO BEIIECTBA H MOTEpH OT KoMbaiiHa (IPUIMHCHHEIC
KocHAKOf M MoTOBHAOM). M3 mccacaoBamma sTHX ToTeph Ha OASX
BHiceAMEPCKOro 03epa BBITCKAET, ITO €XCAHCBHEIE MOTEPH HAPACTAIOT
B BHJE SKCIIOHEHIHaAbHON PpymKimu. B ycaoBuax ‘‘rombaiinopoii”
3PCAOCTH €KCAHCBHHIE IIOTEPH Ha HpPOTSxCHAM 36 Ancii B cpeiHcM
COCTARAMIOT: y faMeHs — 16 kr, v oBca — 25 kr, y mmenngsr — 15 kr oo
rextapy. llo pamcy cBeaennit Her.

B orHOWEeHWMM TIOTePh, IPUYMHEHHEIX IIOHIDKEHHEM KAYECTBA,
M3BECTHO Maa0. IIpHBeAEHO AOKAZATEABCTBO TOIO, YTO M0 CPABHCHHIO
C TIOTEPAMH B TIOACBBIX YCAOBHMAX JAHHOTO CEABCKOXO3ANCTBEHHOIO
HOPeAlpPUATAA HA ITIOABAEpPAX DIHCEAMEPCKOTO oO3epa OHu, no Beel
BEPOATHOCTH, IpeHeGPeKUTEABHEL

4. BausHze IOroAB Ha BARXHOCTE 3€PHA Y paica, f9MeHs, OBCA U
IIHIEHHNBL IO ABEPIraAOCh HCCASJOBAHUIO HA NIPOTAKEHMH TPEX CE30HOB
(1964-1967 rT).

OrGop mpof sepHA OCYILCCTBASACE MO MCTCICHHM KAXKAOTO 9aca H3
OYHKEpOEB, 3allOAHEHHBIX KoMOalfHOM OJHOM IPYINE; 0AHOBPEMEHHO
NPOM3BOAUAKMCE CACAYIOIJHE METEOPOACTHUECKHE HM3MEPEHHH: BBIIA-
ACHHUEC OCAAKOB, OTHOCHTCABHAH BAAMKHOCTH BO3AYyXa, TCMIICDATYpA4,
CKOPOCTh BeTpa 1 obigee cuarve. [Tpu moMoIm mpuBe 4eHHBIX JaHHEIX
YCTAHOBAEHb! CAEAYIOIIHE BMIHPHYECKHE SKCIIOHEH|IHAABHBIE COOTHO-
IIEHWA .

OOHMIKECHHE BARKHOCTH 3cpHa M 00Iee CHANMC;

MOBHIICHHE BAAKHOCTH 3ePHA M KBaPATHEIN KODEHb U3 IIPOJOAXKH-
TEABHOCTH M KOAMYECTBA BBHINAZEHHBIX OCAAKOB;

IIOBRIIICHUE BAAXKHOCTH SEpHa BCACJACTBHE pOCH I KOANYCCTBA HOY-
HEIX 1aCOB.
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B 1967 r. 651A0 MPOM3REACHO N3MEPCHME BAAKHOCTH 3EPHA U CPaB-
HEHHE C BAAKHOCTBIO 3¢PHA, BRYHCAEHHOH MpH THOMOIOM HaliZeHHEIX
COOTHOMICHWH ; OHM B IIPHEMAEMON CTeleHH BaamMonpuMeHnmsr. IIpu
ITOMOIIM METEOPOAOTHUECKHX AAHHBIX u3 rop. AJde bumast m ua rop.
Baxeunmmxen mnpoussejeH, Jaree, TOACYCT BAAKHOCTH 3CPHA Ha
[POTIKeHnu Ce30HOB yoopku ot 1931 a0 1966 1. V3 sTux moacueros
BEITEKAET, ¥TO BBIAO BBIBEAEHO AAf KomOaliHOB HaxoJalieecd B pacio-
PKCHUH BpEMA B 9YACAX, TMOAPA3ACACHHOE B TPH KAACCA BAAKHOCTH.
Cpeanee umMcA0 HaxoAMIMXCA ZAA KoMmbafiHomo#i ybopkm B pacmo-
paxkeHUn wacos or ‘22”7 utoas go “16” cenrabpa coctaBaser 309
(v = 55). Ha nDpoTSxKCHMH IIOAOBMHBEI IIPHBCACHHOIO KOAMYCCTEA
2COB BAAKHOCTD S€PHA HAXOANTCS B CAMOM HH3KEM KAACCE BAAKHOCTH,
IIpHYIeM HENOCPEACTBEHHOE CYIIEHHE SePHA He ABAACTC HeOOXOAHMBIM
HA IPOTAKEHUA OCTAABHBIX YACOB BAAKHOCTH 3€PHA CTOAB BRICOKA, UTO
ero HeoGXOAUMO OAHANKAK MAW ABAKABL IIOABCPraTh CYLICHHIO,

5. Tloauepxumaercs, ato naxoasigeecs Ars xomGaiinopoit yGopkn
TIEeHMIIL B PACTIOPAKEHUH BPEMA MOXHO OTIPEJEAUTH TAKHM 06PasoM:
HatmEHAAZ ¢ 9 wac., m xonuas B 19 wac., Ha NPOTAKEHHM KOTOPOTO
BAQKHOCTh 3epHA Haxoaurca Hmke 28%, (He mpuHMMas BO BHMMaHHE
BRITAACHHE 0CaAK0B). [IpeanoAaraior, 9To JaHHOE ONIPECACHHE MMEET
MECTO TAKNKe€ JAZ AUMEHs, OBCA H paIlca; MaKCHMaAbHAfA TpaHHU[a
BAQJKHOCTH Y palica cocTaBaser 189%.

Iloz sQPeKTHRHEIM BpeMeHCM TOAPA3YMEBACTCA TAKOE BPCMA, HA
NMPOTMKEHMH KOTOpPOro KoMOalfH Ipom3BoAMT yOOpKY ¥ 0GMOAOT;
sdPexTHBHOE BbIOAHEHME paGor BHIpaxaerca B kr-uac. Ms xpowo-
METPa’KA BEITEKACT, YTO B YCAOBHAX OCTATOYHOM TEXHOAOTHH (-
(ecKTHBHOE BpeMA COCTaRASCT 0KOAO 60Y, wucToro pabouero rpeMenmn.
W3 usmepennii raxxe BHITekaer, 3To 509%, HaxoZAlIeroca B pacrio-
PKEHHH BPCMCHH DACXOAYCTCA Ha BbIIOAHEHHE pPaboTHI MexJy
LOHEAEABHUKOM, HaumHad ¢ 9 gacoB ytpa, M Kondas cyBGotoit B 4
gaca JHA,

Ha sddexiupnyro npoussoMTEABHOCTE 3€pPHOBOFO KOMOalHa OKasbl-
Ba€T BAMSHHC BAAXKHOCTE COAOMBI, AOITYCTUMEIC HOTEPH Haj I‘POXOTOM
M HAa OYMCTHTEABHBIX CTaHAX, 3 TAK)XKe COOTHOIIEHMC MCXKAY 3€PHOM M
coAOMOH. Bru Tpu Qakropa y nuleHHbl OBAN TOABEPHKEHBI H3ME-
PeHuio; IpUHATO, 9TO 5TH (AKTODH UMEIOT MECTO TaKXXe y parica,
SIMEHS 11 OBCa.

DpdexTHBHAA MPOHU3BOAUTEABHOCTh 3€PHOBOrO Kombaiina, mmpuma
3aXBaT2 KOTOPOrO paBHA 5,4 M, OLpPEACACHA B CPEJHMX OOCTOHTEABCT-
BaX JAH BCEX MOWMCHOBAHHEIX PACTCHMIA.

6. HEPEBO:SKG. 3€PHA B AaHHBIX oBCcTOATEABCTBAX OCYILCCTBAAETCA
IIpH TOMOLUN ABYOCHBIX HPHQEHOB, KOTOprC HCPEBO3HTCH 1o MHOAIO
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TPaKTOPaMH Ha TYCEHUYHOM XOJY, a M0 AOPOTC — KOAECHBIMH TPaKTo-
pamu.

AAn ycaoBmit, COOTBEICIBYIOIIUX JAaHHOM KOHQUIypamMu Mecr-
HOCTH, TPAKTOPaM 1 3aKOHHHM MOCTAHOBACHUAM, GBIA CKOHCTPYHPOBAH
ABYOCHBIH sepHoupuyen of’emom B 8 xy6. METPOB; JaHHbIE IIPHIEIHI
arperaTHPyIOTCH OAMH 3a APyruM. Jas onpegeAeHH CaMOI0 KOPOTKOTO
HeOOXOAMMOTO JAf TIOTPY3KM BDEMEHM STHM JBA INIPHUEIIbI, HAKOHET,
3AIPYKAAU IPYNIOH MalIMH, COCTOAIUEH M3 IMeCTH 3epHOKoMOaiiHOB,
paforanureit B kagecTBe, IPUHATOH 3a YCAOBHYIO, €JHHMIIEL

O6’eM pasrpysku JaHHEIX 060pyJoBaHMi MMeeT GOABILIOE SHAYCHUC
AAA TIPUHATOH OPraHH3aLHM TPAHCIOPTa; LIEAECOOOPA3HOCTR IIpPHMeE-
HCHUS BCEX CPEACTB TPAHCIOPTA BO3MOMHA TOABKO B TOM CAYyHaE,
ecAn 00’eM PasrpysKH paBcH MHHHMaARHO oOigeif Herro-mpomssojm-
TEABHOCTH 3¢ PHOBBIX KOMOaHOB.

Ara pacuera HagoGHOTO TPAHCIOPTHOIO MATEPHAAd NPHMEHAIOT
HOAXOAAINAM 00pa3oM TPHUCTIOCOOAEHHYI0 GOPMYAY AAL TPAHCIOPTA
1o fan Tumnepy.

7. Pacxoasr Ha ofcayxuBalomuil nepcoHaa M MaTepHaA 10aCHu-
TaHBl 10 CeHEeCTOMMOCTH CUCTOBOJACTBA CEABCKOXOZHHCTBEHHOIO Hped-
OpPHATHA: B CAyUae HEXBATKHM YIETHOTO MaT€DPHAAd OHHM 3aBHCAT OT
AauHo# ouenxu, Boe wmagepxku ofocHoBaHBEI Ha ypobHe IleH 1967
roja; H3AEPHKHN T0 HENPOAYKTHRHON WACTH B PACYET HE BKAIOYEHBHL
Husie sosmoxkHOCTH IepepaboTKU 3epHA PACCMATPHMBANTCA B YCAOBHH
HpHMEHCHMA O0OPYJOBAHHA 0O pasrpyske M XPaHEHHIO 3€PHA.
Kommaukapua BOSHHKAET B CBAIM ¢ PCTYAAPHBIM HEPCMEILCHHEM
CEABCKOXO3AMCTBEHHOTO NpeAnpuaTid. B cooTreTcTRIE ¢ 5THM CpegHee
PACCTOAHME IEPEBOSKH K 3CPHOXPAHMAMIIAM KaK TPABHAO IIOBLI-
I2EeTCH; TIOCAE HEKOTOPOIO KOAHYCCTBA AeT HeoOX0AUMO HAM IIOBBICUTE
MOINIHOCTE TPAHCHOPTA HAH KE YCTAHOBKH HEO6X0,Z[HMO nepeMec-
THTB.

Iloguepknsaercs, 9T0 B YCAOBUAX HEKOTOPHIX OrpaHUYcHHI o0IlHe
PACX0BI TI0 TICPCBO3KE 3€PHA U M0 IEPEMEIICHHIO YCTAHOBOK ABAAIOTCA
MUHHMAABHBIMI, €CAW MMEHHO B KaT€CTRE HCXOAHOTO MOACKeHM Oy IyT
HOABEPraThCA HKCIAYATALIHN TPH CPEACTBA PA3TPYskH, TIEpeMelIente
KOTOPBIX OCYLLECTBAAETCA HA tporakennn 15 aeT oguaxawl. CpedHee
TPAHCIIOPTHOE PACCTOAHHE COCTABAZET B TAKOM caydae 1 xm.

8. C peaplo MHHMMAAM3alUMH PACXOJAOR ITPOMSBCACHA CHMYAALIES
TIPH NOMOIYK SAEKTPOHHO-BLITUCAHTEABHOM Mamunsl, Hesarucambivu
IIEPEMCHHBIMH B I[IPOTPAMME HBAMIOTCA: KOAMUECTBO KoMOaitHOB,
HHU3KKIH HMAM BHCOKWI Cpe3 NIIEHWIIH, TPOM3BOAHTEABHOCTE CYLIKH H
BEHTHAHPYEMOTO IYHKTA XPAHCHHA.
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Ocransuble nepeMeHHEE, a TAaKXe IAaH ceB0obOOpoTa M BpeMA
CO3pPEBAHNA PHHATEL B KAYECTBE OCTOAHHBIX BEAHTHH. JAd okoHuaHuA
y6OPEHN KK AOH KYABTYPSI B OTACABHOCTH YCTAHOBACH AMMNT BDEMCHH;
BCAEJCTBHE TOTO, Ha YOPaHHYW JO JAHHOTO BPEMCHH KYARTYPY B
KAa4yecTBE IIOTEPH INPUHATO IOAAraTh ONPEAEACHHBIC IIOACUUTAHHBIE
Aanseie, B cBAsu ¢ mpuMecHeHIEM A3HHOTO NpeAeAa BPEMEHH IpeACTa-
BASETCA BO3MOMKHOCTh BBEJCHHA B PacueTH HCKOTOPbIX (HaxTOpOB,
criocoSCTBYIOIUMX IOBBINEHMIO PAcXoZOB, HO OMPEACACHHE KOTOPBIX
TOAHOCTRIO He TPEACTABASCTCA BOSMOXHEBIM, BaxHeHmnuii npedca Bo
BPEMEHH JAfA [ILIEHHUIE! YCTAHOBAEH Ha ‘17 oxTabps.

Aaa Toro, uwroGsl NOAYEPKHYTE BAMAHME HEKOTODHIX (PaKTOpOB,
KOTOPBIE B Oy AYILEM B YCAOBISAX IIOAEBBIX II0TEPD M pacxojos Ha pafory
MOI'YT MOABEPraThCa H3MEHEHMIO, BREJCHBI, HAKOHCH, TPU KAACCHPH-
KAIlUM, & MMEHHO: HH3Kal, HOPMAABHAA M BBHICOKAA.

W3 pacueror BRBEAEHBI CACAYIOIUNE 3AKAIOUEHMA (ITOAEBEIE HOTEPH
U pacxoAH Ha pafoTy B “HODMaABHBIX’ YCAOBHSX).

HeobxoauMple BeHTHAMpYeMble TYHKTHI JAT XPAHEHHA JOAKHEI
uMeTs 06’ em npubauzurersHo pasHsii 8000 xyd.M: ecau HeobxogumMoe
JASl XpAaHEHUa CYXOTO 3¢PHA IPOCTPAHCTBO AOANKHO cocTaBAate 4000
Ky6. M, To 370 0b03HaUaeT, UYTO TpeSyeMblii 06’ cM CKAAAOBEIX CPEJCTR B
ofIgeM AoAxkeH COCTABAATE OKOAO 12000 ky6. Merpos.

B ycAOBHfSX HBIHEINHMX IIOAOXKHTEABHBIX COOTHOHIEHMH IIeH IIpeA-
[OYUTAIOT YOHPATh MINCHHUIY TAK, YTOGBl BEICOTA CTEPHH COCTABAZAA
npubamsureaso 20 cm. Ecam ke, 04HAKO, BCACACTBHE TOTO, 4TO
UPE3BEYANRHbIE PACXOAE! HM3-3a BBHICOKOTO CpE€sa HaxoJAarca mimke 36,-
[YABACHOB II0 TeKTapy, TO OOAee BBICOKMIH cpe3 NIICHKIE CACAYET
IpEeAIIOYHTATE.

B ycroBusx oblgux MEHMMAABHAEIX PACX0J0B no y6opKe AOIyCTHMEIE
norepu B 0,59, mo rekrapy mpu kombaiHOBoOit ybopke BcAeAcCTBHe
BBITPACAHUA ¥ THCTKH BAITOAHEE, YEM ECAH BTH ITOTEPH COCTABAFIOT 29%,.
B mocaegHeM caysac HmM3KMe pacxoiel nmo kombaliHUpoBaEMIO He
IPEBOCXOAAT IPHMBEACHHEIE BRI PacxXoihbl, CBA3AHHBIC C IOTEPAMM
UPU 9HUCTKE.

O6wmue pacxoaut mo yOOpKe ABASIOTCS MMHHMAABHBIMHE B TOM CAYYAc,
€CAT JAT KAKJ0T0 KoMbaiiHa mypHHON 3aXraTa B 5,4 M MMECIOTCH B PACIIO-
PDKEHMM yCTAHOBKA AAA CYIUEHHA 3ePHA MOIJHOCTBIO B 1 TOHHY B Hac,
BEHTHAMpYeMoe sepHOxpanuamye o6’ emom B 100 ky6. MeTpOB 1 ckAay
cyxoro 3epHa of’emoM B 30 ky6. MeTpos. Kaxawri sepropoil kombaiin,
TakuM 06pasoM, MOXKET YOpaTh B OTJAEALHOCTH 3CPHO M3 IIOAEH MAO-
waasio B 175 ra B TeueHue cesoHa; yfOpKa B TaKOM CAy9Yae SaKaHTH-
BaeTcd B cpesHeM okoao ‘107 cemrabpa. C rouku speHHR Leaecoob-
pasHoil paGoTH OOGCAYKMBAWILETO NEPCOHAAZ M IPHMEHEHMS MaTe-
pHaAa COOTHOIIEHHE MEXAY IIAOIUAJBI0 DPalca, AYMCHA W TIHEHMIIH
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IIAJOC OBCA JOAXKHO COCTaBAATH, Takum ofpasom, 1:0,6:1,6. Bansuue
PaCcCMaTPUBAEMOrO IIEPHOA4 HA BHBOAB! ORIAQ PACCUNTAHO IO AAHHEIM,
HIOAY9EHHBIM OT JBYX MEPHOJAOB BpeMeHH, a uMeHHO, 1931-1949 T, n
1949-1967 rr.

Ha nporwxenun nepuoaa 19311949 rr., skcnayatupys xombaiin
mupuHOH 3axsaTa B 5,4 M, MHHHMAABHBIE PacXOAbl IOAYHUEHHI HA
maolgazu pasHOM 215 ra, MexJy TeM Kak Ha NpormkeHun 1949-1967
IT, — Ha iIaolgagu B 167 ra; B mocacaHeM CAyuae HOHMKEHHC OBIAQ
BRLIGBAHO MAOXOI TOTOZOM. ‘

s conocrapaeRMs AefiCTBUTEABHOrO Mcxola yoopku B 1968 roay c
CHMYJ\PIPYCMI)IM BRITCKACT, 4YTC HPCMO}KCHH&H OHCPB.THBHEIH MOACAR
ybopku ypoxkas ompaBJara cebf B YCAOBMSX CHMYAAQMH HCXOAa
y60pKU ¢ HCXOA0M ITOTOABL.
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SAMENVATTING

1. Het onderzoek is gericht op een optimale organisatie van de graanoogst,
dat wil zeggen een organisatic waarbij de kosten minimaal zijn. De opeen-
volgende onderdelen van de graanoogst zijn: maaidorsen - vullen der zaad-
wagens - transport op perceel en weg - lossen - geventileerde opslag - drogen
- opslag droog graan.

De benodigde capaciteit voor ieder der opeenvolgende onderdelen wordt
voornamelijk bepaald door het vochtgehalte van het graan en dus door het
weer tijdens de oogst. Dit geldt speciaal voor de onderdelen maaidorsen,
drogen en tijdelijke geventileerde opslag. Daar het weer van overheersende
invloed is en van jaar tot jaar aanzienlijk varieert, wordt als criterium gehan-
teerd: de minimalisatie van de gemiddelde jaarlijkse totale oogstkosten
gedurende cen recks van jaren voor een bepaald bouwplan. Onder de totale
oogstkosten wordt hier verstaan de som van de verliezen in het rijpe gewas
en de kosten van personecl en materieel voor de oogst. De onderdelen
der oogstorganisatie zijn tevens onderzocht; een systeem is ontworpen waar-
bij de kosten der afzonderlijke onderdelen minimaal zijn met inachtneming
van de kosten van het gehele systeem.

De keuze van een oogstsysteem kan alleen plaatsvinden indien de gehele
organisatic van, en de omstandigheden in een specifiek bedrijf in de beschou-
wing worden betrokken. Daarom zijn de resultaten gebruikt voor de minima-
lisatie van de totale oogstkosten op een graanbedrijf van 20 000 ha onder
invloed van de werkelijke weersomstandigheden tijdens de oogstperioden
van de jaren 1931—1967.

2. Het betreffende graanbedrijf is een onderdeel van het ontginningsbedrijf
van de Rijksdienst voor de IJsselmeerpolders. Deze dienst is belast met de
integrale ontwikkeling van de drooggevallen polders in het IJsselmeer. Eén
der uit deze taakstelling voortvloeiende werkzaamheden is het transformeren
van de modder in gronden geschikt voor de uviteindelijke bestemming. Een
belangrijk onderdeel van de hiervoor benodigde ontginningsmaatregelen is
de "ten minste vijf jaar durende tijdelijke landbouwkundige exploitatie
welke op de van detailontwatering voorziene gronden wordt witgeoefend.
Op dit graanbedrijf worden de volgende gewassen verbouwd: koolzaad,
gerst, haver, tarwe, luzerne en vlas., Koolzaad en granen (4 14 000 ha) wor-
den vrijwel geheel in eigen beheer geteeld ; de werkzaamheden verbonden aan
de teelt van luzerne en vlas worden door anderen verricht.

De graanoogst wordt uitgevoerd met maaidorsers, transportmaterieel en
overslaginstallaties. In de overslaginstallaties wordt het gedorste produkt
gedroogd tot minstens een zodanig vochtgehalte dat dit produkt kan worden
verscheept naar opslaginstallaties elders in het land. Voor de onderdelen
van de oogst kan, op basis van het korrelvochtgehalte van bijv. tarwe, de
volgende indeling worden opgesteld.
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a. vochtgehalte > 28%: te nat voor maaidorsen

b. vochtgehalte 17—28%,: na het dorsen is kunstmatige droging nodig
voor opslag. De beide volgende situaties worden hierbij onderscheiden:

b,. vochtgehalte 19—28%: tijdelijk is geventileerde opslag mogelijk,
drogen nodig voor verscheping.

b,. vochtgehalte 17—19%: verscheping mogelijk, droging nodig voor
opslag

¢. vochtgehalte < 179: verscheping en opslag mogelijk zonder vooraf-
gaande droging.

Een soortgelijke indeling, bij andere vochtgehalten, geldt voor koolzaad,
gerst en haver.

3. De gewassen rijpen in de voigorde koolzaad, gerst en tarwe: haver
_rijpt vrijwel gelijktijdig met tarwe. Het tijdstip van maaidorsrijpheid der
gewassen wordt voornamelijk bepaald door het weer gedurende het groei-
seizoen. Met behulp van proefveldgegevens zijn het gemiddelde en de sprei-
ding der rijpheidsdata bepaald; de gemiddelde rijpheidsdata zijn: koolzaad,
22 juli; gerst, 7 augustus ; tarwe en haver, 17 augustus. De beschikbare
oogstperioden voor koolzaad en gerst zijn dientengevolge 17 en 10 dagen.
De beschikbare oogsttijd voor haver en tarwe wordt onder meer bepaald
door het tijdstip waarop de daaropvolgende werkzaamheden gereed moeten
zijn en de daarvoor beschikbare capaciteit. Deze werkzaamheden, voor-
namelijk bestaande uit grondbewerking en inzaai van tarwe moeten gereed
zijn voor 7 december. Op grond van de beschikbare capaciteit voor deze
najaarswerkzaamheden wordt ernaar gestreefd de oogst gemiddeld medio
september te beéindigen met een mogelijke uitloop tot begin oktober.
Andere factoren die de beschikbare oogstperiode en daarmede de benodig-
de oogstcapaciteit beinvloeden zijn de veldverliezen in het gewas en de ver-
mindering van de korrelkwaliteit. De veldverliezen bestaan uit: nitval, droge-
stofverliezen en maaidorserverliezen (veroorzaakt door maaibalk en haspel).
Onderzoek naar deze verliezen in de IJsselmeerpolders heeft aangetoond
dat de dagelijkse verliezen exponentieel toenemen. De gemiddelde dagelijkse
verliezen per ha gedurende ca. 36 dagen na maaidorsrrijpheid zijn: gerst,
16 kg; haver, 25 kg; tarwe, 15 kg. Van koolzaad zijn geen gegevens bekend.
Weinig is bekend omtrent de verliezen welke worden veroorzaakt door
de achteruitgang in kwaliteit. Aangetoond wordt dat zij voor dit bedrijf
waarschijnlijk t¢ verwaarlozen zijn in vergelijking met de veldverliezen.

4. De invloed van het weer op de korrelvochtgehalten van koolzaad,
gerst, haver en tarwe is gedurende drie seizoenen (1964—1967) onderzocht.
Zaadmonsters zijn, per uur genomen uit de graantanks van ¢en groep maai-
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dorsers; tevens zijn de volgende weerkundige metingen uvitgevoerd: regenval,
relatieve luchtvochtigheid, temperatuur, windsnelheid en circumglobale
straling. Met behulp van deze gegevens zijn de volgende empirische exponen-
ti€le relaties opgesteld:
verlaging van het korrelvochtgehalte en de circumglobale straling
verhoging van het korrelvochtgehalte en de vierkantswortel uit duur en
hoevéelheid van de neerslag
verhoging van korrelvochtgehalte door dauw en het aantal nachtelijke uren
In 1967 zijn de korrelvochtgehalten gemeten en vergeleken met de korrel-
vochtgehalten berekend met behulp van de gevonden relaties; zij bleken
redelijfk met elkaar overeen te komen, Vervolgens zijn met weerkundige
gegevens van De Bilt en Wageningen de korrelvochtgehalten berekend gedu-
rende de oogstperioden van 1931 tot 1967. Hieruit zijn daarna de beschik-
bare uren, ingedeeld naar drie vochtklassen, voor maaidorsen afgeleid.
Het gemiddeld aantal beschikbare maaidorsuren van 22 juli tot 16 september
15 309 (o 4~ 53). Gedurende de helft van dit aantal uren ligt het korrelvocht-
gehalte in de laagste vochtklasse waarbij het graan niet direct behoeft te
worden gedroogd; in de resterende uren is het vochtgehalte zodanig dat het
graan cen of twee maal moet worden gedroogd.

5. Aangetoond wordt dat de beschikbare tijd voor maaidorsen van
tarwe als volgt kan worden gedefinieerd: de tijd tussen 9 en 19 wur waarin
het korrelvochtgehalte beneden 289 is, minus de tijd met neerslag. Aan-
genomen wordt dat deze definitie ook geldt voor gerst, haver en koolzaad,
waarbij de maximum vochtgrens voor koolzaad 18%; bedraagt.

De effectieve tijd is de tijd gedurende welke de maaidorser maait en
dorst, de prestatie in deze tijd, de effectieve prestatie, wordt uitgedrukt
in kg vur-'. Uit tijdmetingen blijkt dat bij de bestaande werkwijze de
effectieve tijd ca. 609 van de netto werktijd en 505, van de beschikbare
tijd tussen maandag 9 uur en zaterdag 4 uur bedraagt.

De effectieve capaciteit der maaidorser wordt beinvloed door het stro-
vochtgehalte, de toegestane verliezen over schudders en zeven alsmede
de zaad stro verhouding. Deze relaties zijn voor tarwe gemeten ; aangenomen
wordt dat deze relaties ook gelden voor koolzaad, gerst en haver.

De effectieve capaciteit van een maaidorser met een snijbreedte van 5.4-m
is onder gemiddelde omstandigheden in alle gewassen bepaald.

6. Bij de heersende omstandigheden dient het graantransport te worden
nitgevoerd met zaadwagens welke op het perceel en op de weg worden
getrokken door respectievelijk rups- en wieltrekkers. Binnen de beperkingen
gesteld door het terrein, de beschikbare trekkers en wettelijke bepalingen is
een graanwagen met een inhoud van 8 m> ontwikkeld ; deze wagens worden
in paren gebruikt. Teneinde de laadtijd te beperken worden zij gevuld door
een groep van zes als eenheid werkende maaidorsers.
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De ontvangstcapaciteit van de installaties is van groot belang voor de
transportorganisatie; een efficiént gebruik van de transportmiddelen is alleen
mogelijk indien de ontvangstcapaciteit minstens gelijk is aan de gezamenlijke
netto capaciteit der maaidorsers.

Voor de berekening van het benodigde transportmaterieel wordt gebruik
gemaakt van een aangepaste transportformule van TiSCHLER.

7. De kosten van personeel en materieel zijn gebaseerd op de kostprijzen
der bedrijfsboekhouding; in enkele gevallen zijn zij bij gebrek aan gegevens
geschat. Alle kosten zijn gebaseerd op het prijsniveau van 1967, kosten van
overhead zijn niet ingecalculeerd,

Een tweetal mogelijkheden voor de verwerking van het graan worden
beschouwd nl. overslag- en opslaginstallaties. Een complicatie wordt ver-
oorzaakt door de regelmatige verplaatsing van het bedrijf. Hierdoor neemt
de gemiddelde transportafstand tot de installaties regelmatig toe; na een
aantal jaren moet &f de transporicapaciteit worden vergroot &f moeten de
installaties worden verplaatst.

Aangetoond wordt dat, met zekere beperkingen, de gezamenlijke kosten
voor graantransport en verplaatsing der installaties minimaal zijn indien
wordt uitgegaan van drie overslaginstallaties welke eens in de 15 jaar worden
verplaatst. De gemiddelde theoretische transportafstand bedraagt dan 11 km.

8. Voor de kostenminimalisatie is gebruik gemaakt van simulatie door
middel van een computer. De onafhankelijke variabelen in het programma -
zijn: het aantal maaidorsers, laag of hoog maaien in tarwe, de droogcapaci-
teit en de geventileerde opslagcapaciteit. Andere variabelen zoals het bouw-
plan en de rijpheidsdata zijn als constanten ingevoerd. Voor het einde van
de oogst van elk gewas is een tijdslimiet vastgesteld; het gewas dat dan nog
niet is geoogst wordt geheel of gedeeltelijk als verloren beschouwd. Door de
invoering van deze tijdslimiet is het mogelijk om bépaalde niet te kwantifi-
ceren kostenverhogende factoren in de berekeningen te betrekken. De
belangrijkste tijdslimiet, nl. die voor tarwe, is op | oktober gesteld.

Teneinde de invloed aan te tonen van enkele factoren, die in de toekomst
mogelijk zullen veranderen, zijn voor de veldverliezen en de arbeidskosten
een drietal waarden ingevoerd nl.; laag, normaal en hoog.

De volgende conclusies worden uit de berekeningen getrokken (veld-
verliezen en arbeidskosten ,,normaal™),

De benodigde geventileerde opslagcapaciteit bedraagt ca. 8 000 m®;
indien de benodigde opslagcapaciteit voor droog graan op 4 000 m® wordt
gesteld betekent dit dat de totale benodigde opslagcapaciteit der overslag-
installaties ca, 12 000 m*® moet bedragen.

Bij de huidige prijsverhoudingen is het voordelig om de tarwe op ca. 20 cm
hoogte te maaien. Pas als de extra kosten tengevolge van hoog maaien
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(45 cm) lager zijn dan f 36 per ha zal het hoog maaien van de tarwe voor-
decl bieden.

In het traject waar de totale oogstkosten minimaal zijn is het maaidorsen
met een toegestaan verlies van 0.5% per ha over schudders en zeven voor-
deliger dan met een toegestaan verlies van 29. In het laatste geval wegen
de mindere maaidorskosten (tengevolge van de hogere prestatie) niet op
tegen de extra reinigingsverliezen.

De totale oogstkosten zijn minimaal indien voor elke 3.4-m maaidorser
een droogeapaciteit van een ton per uur, een geventileerde opslagcapaciteit
van 100 m? en een droge opslagcapaciteit van 50 m? ter beschikking staan.
Per maaidorser kan dan 175 ha per seizoen worden verwerkt; hierbij eindigt
de oogst gemiddeld op 10 september. Bezien vanuit het oogpunt van een
zo efficiént mogelijk gebruik van personcel en materieel voor de oogst moet
de oppervlakteverhouding van koolzaad, gerst en tarwe plus haver dan
1:0,6: 1,6 bedragen. De invloed van de beschouwde periode op de con-
clusies is pagegaan door de berekeningen uit te voeren voor een tweetal
perioden nl. 19311949 en 1949—1967. In de eerste periode wordt het
kostenminimum bereikt bij één 5.4-m maaidorser per 215 ha, in de tweede
periode wordt het minimum bereikt bij een 5.4-m maaidorser per 167 ha
tengevolge van het minder gunstige oogstweer,

Vergelijking van het werkelijk verloop der ocogst in 1968 met het gesimu-
leerde verloop toont aan dat het ontwikkelde operationeel model van het
graanoogstsysteem geschikt is om het verloop van de ocogst onder invloed
van het weer te simuleren.
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APPENDIX 1

AVAILABLE COMBINE HOURS IN DIFFERENT MOISTURE
RANGES FOR COLZA, BARLEY, OATS AND WHEAT (1931—1967).

Available combine hours for grains are the hours that the kernel moisture content is
below 28 % less time when rain is falling; for colza the same applies when the kernel moi-
sture content is below 18%;. The hours are computed within the following time periods:

July 22 — September 15: 9 a.m. — 7 p.m. (Monday-Friday)
9 am. — 4 p.m, (Saturday)

September 15 — October I: 10 a.m. — 5 p.m. (Monday-Friday)
10 a.m. — 4 p.m. (Saturday)
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COLZA; HARVESTING PERIOD JULY 22 — AUGUST 7,

Moisture range (wet basis)

Year < 10% 10—14%; 14—18%; Total
1931 37 24 19 80
32 24 23 15 62
33 69 8 16 93
34 40 13 15 68
i5 123 9 0 132
6 413 15 13 n
37 60 25 24 109
38 84 i3 5 102
39 11 33 18 62
40 62 34 10 106
41 57 10 0 67
42 23 29 24 76
43 104 13 0 119
44 52 34 14 100
45 65 24 13 102
46 33 43 42 118
47 109 5 1 115
48 81 10 10 101
49 76 19 7 102
50 19 18 13 50
5 30 39 3 100
52 55 18 18 91
53 74 28 7 109
54 67 3 1 7
55 68 29 9 106
56 28 10 21 59
57 55 26 9 90
38 25 18 20 63
50 438 11 16 75
60 35 23 21 81
61 51 17 7 75
62 75 11 9 95
63 87 14 7 108
64 96 21 4 121
65 37 21 21 79
66 10 22 26 58
Total 2013 717 486 3216
Average 56 20 13 89
g +28 +10 +19 +21
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BARLEY; HARVESTING PERIOD AUGUST 7 — AUGUST L7,

Moisture range (wet basis)

Year <19% 19—23%, 23—28% Total
1931 8 11 19 38
32 16 43 12 71
33 40 24 7 71
34 21 10 26 57
35 32 12 17 61
36 5 27 38 70
37 19 10 18 47
38 — — — —!
39 2 26 25 53
40 17 19 39 75
41 0 0 0 0
42 15 12 14 41
43 0 10 25 35
44 72 15 0 87
45 5 24 8 37
46 8 6 15 29
47 44 13 7 64
48 0 5 22 27
49 7 22 17 46
50 36 4 17 57
51 0 0 3 3
52 8 17 16 41
53 73 1 0 74
54 0 2 7 9
55 6 15 31 52
56 17 20 5 42
57 8 14 13 35
58 1 8 4 13
59 16 9 14 39
60 6 2 ¢ 8
61 20 27 5 52
62 0 13 21 34
63 g 1 4 14
64 5 1 23 39
65 37 17 18 72
66 10 23 16 49
Total 563 473 506 1542
Average 16 14 14 44
G +18 +10 +10 +22

1 no data available.
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OATS; HARVESTING PERIOD AUGUST 17 — SEPTEMBER 6.

Moisture range (wet basis)

Year <17% <19% 19—23%  23—28%  Total
1931 59 30 34 10 124
32 73 86 13 30 129
33 62 70 23 29 122
34 99 112 8 7 127
35 62 73 30 24 127
36 126 134 2 5 138
37 62 79 17 27 123
38 — — — - —
39 111 118 8 11 137
40 37 56 33 31 120
41 31 42 31 33 106
42 49 63 33 37 133
43 59 74 17 23 114
4 91 109 11 12 132
45 38 47 10 17 74
46 3 13 36 60 109
47 164 164 0 0 164
48 90 122 22 8 152
49 101 122 14 14 150
50 10 19 31 34 84
51 10 53 2 28 103
52 74 80 3 10 93
53 40 57 31 14 102
54 7 79 9 27 115
55 153 157 - — 157
56 g 16 24 28 68
57 5 13 29 30 7
58 80 96 11 24 131
59 166 167 0 0 167
60 2 6 16 2 44
61 62 65 2 9 76
62 49 58 38 2 117
63 0 0 s 17 22
64 74 88 16 16 120
65 21 30 13 25 68
66 58 73 10 18 101
Total 2220 2618 602 701 3921
Average 63 75 17 20 112
) +44 +44 +11 +12 +33

! no data available.
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WHEAT; HARVESTING PERIODS AUG 17 —3BPT 6 AND AUG 17 —sEPT16.

Aug 17 — Sept 6 Aug 17 — Sept 16
Moisture range {wet basis) Moisture range (wet basis)
— [ ) . 3]
LF¥]
A A T A A |
<~ 3 3 8 8B g 3 & B 8 &
g8 = 2 ¥ & E = 2 2 2 &
1931 7 50 T0 12 132 7 50 9 8 187
32 28 72 34 24 130 28 T2 57 78 207
13 39 60 34 45 139 88 120 34 45 199

60 0 0 17 35 52 10 3 41 52 124

66 43 30 30 22 102 43 61 54 49 164

Total 1026 1979 1205 948 4132 1344 2647 1751 1488 5986
Average 29 56 34 27 117 40 78 54 44 176

3 +35 44 17 £15 £34 44 53 125 122 440

1 no data available.
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APPENDIX II

DEFINITIONS AND SYMBOLS

7.3

4.3

8.3.2

73

7.3

34

10.2
10.4.5

32
73

9.3

74

34.b
8.4

73

Available time for combining: in the period July 22 — September 15 that part of
the time between 9 a.m. and 7 p.m. that the grain moisture content is less than
289 {(colza 18%;) and no rain is falling. In the period September 15 — October
1 the definition holds between 10 a.m. and 5§ p.m.

Circumglobal radiation: the short wave radiation from sun, sky and earth mea-
sured with the Bellani pyranometer

Effective load capacity: of grain wagon as loaded in the field; is 96 %/ of load capa-
city (fully loaded)

Effective time: time the combine is cutting and threshing at an optimum forward
speed

Field efficiency: the ratio of the effective time to the net working time expressed
as a percentage: 609

Field loss: sum of dry matter loss, shatter loss and combine header loss {cutterbar
and reel} in the mature crop when the harvest is prolonged. In the computer
program the field loss includes also the crop not harvested on the time limit
(11.2.1.d)

Harvest costs: the annual operating costs of labour and equipment used for
harvesting; value of separating loss included

Maturiry date: the date the crop is combine ripe

Net working time: available time between Monday 2 a.m, (10 a.m. from Sept. 15)
and Saturday 4 p.m. less time for repairs and operator’s off duty time. Net
working time averages 85 %, of the available time

Removing frequency: number of years after which a plant is removed

Separating loss: the kernel losses from straw walkers and shoe at the rear of
the combine

Test weight: weight per unit volume (kg hi-1)

Theoretical transport distance: the distance using a harvesting sequence of the
fields most favourable for the transport organization

Time efficiency: the ratio of the net working time to the available time expressed
as a percentage: 859,

11.2.1.d Time limit: date after which the crop standing on the field is assumed not to be

7.1
4.3

harvested
Ton: metric ton (1,000 kg)

Total global radiation: the short wave radiation from sun and sky measured with
the Moll-Gorczynski pyranometer

Total harvest costs: the sum of the harvest costs and the value of the field losses

Transport capacity: number of transport units required
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2.3
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poa

: annual area to be reclaimed

: area under cultivation

: annual area to be allocated to others
: area sown with alfalfa

- » » barley

w = colza

” " » Hax and miscellaneous
» » s oOQts

” " ”» Wheat

: number of transport units

: number of wheeled tractors

: number of grain wagons

: total net combine capacity in tons h-! (combine capacity in wheat with

moisture content < 19%)).

: theoretical transport distance in km

; time for loading, unloading and for (un)hitching in hours

: cycle time of a wheeled tractor in minutes

: cycle time of a pair of grain wagons in minutes

: time for loading a pair of grain wagons in minutes

: effective load capacity of transport unit in tons of wheat (kernel moisture

content < 19%)

: speed in km h1
: waiting time in hours

: mean transport distance

: mean cross-wise distance

: mean length-wise distance

: number of drying plants

: annual movement of the farm

. 5 »

: drying capacity
: cost of energy
: cost of energy per ton product for one plant
; building cost for one ton h-! drying capacity
: building cost for one m? of storage

: year of removal
: removing frequency of the plants

: average annual depreciation

: cost of labour per harvest period

: labour costs of one plant per harvest period
: constant of proportionality (labour)

» o » (energy)
» (building)

removing frequency of plants

: average annual operating costs of plants

: average gain obtained by storing wheat after the harvest
: average price increase per ton of stored wheat

: average annual cost of interest

R, : interest charge on stored wheat
$1, S:: building costs of one and x centres respectively
T : average annual cost of maintenance




11.2.2

w : storage capacity
X : number of plants

1, t3

t2

vi(t)
v(t)

daily supply of grain in moisture rangei,i =1, 2,3

drying capacity

point of time during the ten hours (at maximum) that grain is brought
in from the field

point of time when no grain of moisture range 3 is present any more in
the storage space, therefore va(f) = 0fort > ¢,

points of time when the storage space should become fully occupied,
thereafter only a part () of the combines can go on working
O@>u<D

point of time that the amount of grain in moisture range 3 stored at
t, has been transferred by drying in moisture range 2

amount of stored grain in moisture range i on time t

total amount of stored grain on time t, v(t) = va(t) + vi(t)

volume of storage space (90%; of actual storage space)

part of the combines that can continue harvesting



