NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHOR

THE ADVISORY SYSTEM FOR FERTILIZER
APPLICATION IN THE GERMAN DEMOCRATIC
REPUBLIC EMPHASIZING THE MINIMIZATION
OF NITROGEN POLLUTION

K. Beer
H. Ansorge
H. G8rlitz

November 1980
CP-80-34

Collaborative Papers report work which has not been
performed solely at the International Institute for
Applied Systems Analysis and which has received only
limited review. Views or opinions expressed herein
do not necessarily represent those of the Institute,
its National Member Organizations, or other organi-
zations supporting the work.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria







PREFACE

This paper describes one of three operafional state computer
systems used to give advice on agricultural problems in the GDR.
The system, employed nationwide, is oriented to providing advice
about fertilizer application on farms or even single fields. Of
the other two computer systems, one is described in IIASA CP-79-18,
"Environmental Problems of Agriculture II: Pest and Weed Manage-
ment: Monitoring and Forecasting in the German Democratic Re-
public." The remaining operational system is applied to irriga-
tion.

At IIASA's request, the present paper emphasizes the meth-
ods of the system for determining the optimal amount of fertilizer
to apply which allows for maximum agricultural production without
wasting resources or harming the environment. The paper thus
offers another contribution to the solution of nonpoint source
chemical pcllution problems which have been intensively studied
at IIASA both in-house and in cooperation with other institutions.

Genady N. Golubevw
Task Leader
Environmental Problems of Agriculture
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THE ADVISORY SYSTEM FOR FERTILIZER APPLICATION IN THE
GERMAN DEMOCRATIC REPUBLIC EMPHASIZING THE MINIMIZATION
OF NITROGEN POLLUTION

By K. BEER, H. ANSCRGE, d. 2URLITZ

Institut fiir Dingungsforschung Leipzig-Potsdam der ikadenie
der Landwirtschaftswissenschaften der Deutschen Demokrati-
schen Republik

(Institute of rertilization Research Leipzig-Potsdam of the
Acadenmy of Agricultural Sciences of the German Democratic
Republic)

1. Introduction

Agriculture in the German Democratic Republic (GDR) faces
the task to coatinuously supply high-quality food to the
population and raw materials to the manufacturing industry.
To fulfill this task, agricultural production has to be
further intensified, Among the intensification factors,
extensive chemicalization is of great impcrtance. For this
reason, special attention has to be given to the

effective use of the available amounts of nitrogen fer-
tilizers.

‘hereas the share of nitrocen effectiveness in farm-ecale
dispersed trials on loamy sands and very sandy loams at a
fertilization level of 100 kg li/ha under the condition in
the GDR comes up to 25, 40, and 22 ,4 in winter wheat, winter
rye, and potato, respectively, it totals 66 % in field

orass at a fertilization level of 16C kg li/ha (SCHLED, il.,
1976). Thus nitrogen takes an important part in yield
formation, On light soils, however, it is not to be excluded
that fertilizer nitrogen and nitrogen origcinating from
mineralization of organic matter in the soil will penetrate
into ground and surface watewx In unfavorable cases, the
nitrate content in the weter may exceed tae limit of tox-
icological safeness. Hence, science is obliged to attend
still more carefully to the elaboration of environmentzlly




acceptable and protective solutions.

Consequently, the use of nitrogen fertilizer is azimed not
only at reaching high yields per unit area but also at im-
proving the utility value of the crop products and at mini-
mizing nitrogen pollution. The realization of thnese

aims will render the application of fertilizers, particularly
of nitrogen fertilizers, highly effective.

To have the environment impaired as little as possible
when carrying out fertilization operations, numerous meas-
ures to protect environment have been tzken and will be
taken in the GDR.

The state, society and each citizen in the GDR are obliged

to protect nature and its resources. This obligation is laid
down in the Constitution of this country. Therefore, state
management and agricultural research bodies have been concerned
with introducing, parallel to the application of increased
amounts of mineral and organic fertilizers,a variety of measures
contributing to a risein soil fertility and, thus, to further
improve the 'kidney function' the soil has in nature (RUBENSAM, E.,
1979) as well as continuously complete the scientific
fundamentals of fertilizer use. Furthermore, it is not only a
matter of balancing energy spent on the production, transport,
handling, treatment, and spreading of mineral fertilizers by a
high energy gain througn plant yield, but of increasing this
energy gain., It is started out from the fact taat the use of
large quantities of mineral fertilizers and organic manures
constitutes an essential precondition for raising agricultural
production and improving soil fertility. At the same time,

the possible effects on environment, on the one nand, and the
demands in the field of water manacemrent and environment
protection, on the other hand, expand. Such effects nave to

be differentiated as direct and indirect ones.,

The direct effects are insignificant after spring application



of uaitrocen fertiiizers at the start of the growiry sazson
as, if done properly, the nitrogen generally will not be
translocated to the subsoil. Experiments with small lysi-
meters on five sites between 1965 and 1972 revealed the

N leaching to vary between 8.8 and 16.7 kg N/ha and year
(below 1 m). Of these only 10 to 15 per cent accounted for
fertilizer mitrogen. A certain exeption are sandy soils
where nitrogen'may be washed out eventually in spring

if root and tuber crop are cultivated and high precipi-
tatiom occurs in the period when the plants do not yet take
up nutrients or do omly to a small degree. The same holds
true of high quantities of supplemental water from sprimkler
irrigation. High rates of organic manure applied im autumn,
however, may result in N tramslocation to deeper soil layers,
particularly when slurry is used.

While properly applied mineral fertilizers generally do not
have any direct influence on nutrient translocation, a direct
effect may be caused at high fertilization level by 'nutrient
residues' left after too high fertilizer applications or very
low crop yields. This nitrogen is found in the soil in form
of nitrate and, thus, is mobile.

The chance of ni%rogen being built up in the scil is due to
another indirect relatiomship with fertilization. The inten-
sification of crop production and the increasing use of min-
eral fertilizers as well as of ever higher amounts of organic
manures lead to a site-specific level of soil orgenic matter,
which is an important characteristic of soil fertility.
Organic manuring and soil organic matter are known to have

a positive effect because they do exert a most favorable
influence on the soil's physical, chemical, and biological
properties. The same holds true of the cleaning efficiency,
the 'kidney function' of the soil for contaminants to the

environment.




As in 1377/73 129 kg N, 66.1 kg P2O5 and 63.4 kg K, were
applied on average per 1 ha of farmland area in the GDR
(according to Statistisches Jahrbuch der DDR 1979, economic
year), fertilization has to be organized im such a way that
crop yield and quality are strongly influemced snd environ-
ment is impaired as little as possible. To meet these demands
EDP programs have been established to an increasing extent
since 1971 for the use of macronutrients (N, P, K, g, Ca) and
micronutrients (B, Cu, Mm, o, Zn) ard orgamic manures
and have been put at the disposal of the GDR farms for crop
production as decision aids for the plamming and applicatiom
of fertilizers and manures (Table 1 - Applicatiom ramge of
the EDP~project 'Fertilizatiom' and of plant anmalysis, in per
cent related to the area attended to by the Agrochemical Analysis
and Advisory Service of the GDR; BEER, K. and KCLBB, G., 1978).

The computation of recommendations is based orn EDP programs
including a variety of parameters from which decisions are
derived by logical linkage of facts during the computing op-
eration. It is possible by changing parameters and computing
operations to have new scientific findings and experience of
outstanding farms immediately introduced to 2 broad range of
farms.

Por mineral fertilizers and organic manures recommendations
are given on quantity, splitting, time, fertilizer form, and
application technique related to the respective crop in the
field and the meadows and pastures, respectively. rurther-
more, calculations of organic manure production and accounts
of fertilizer requirements by quantity and assortment are made
for planring purposes under consideration of the temporal
demand of sections and departments of a2 farm as well as of
the whole farm. Simultaneously these recommendatioms are
further summarized and then serve the state management as
fundamental material for planring the fertilizer requireme.:ts
and the regional distribution of the total amount of minerzl
fertilizers to counties and districts as well as agrochemical



centers (.LCC) thet acve been founded as inter-farm estab-
lishnents by the farmes for crop production and mostly per-
form the spreadinc of mineral fertilizers. The rapid crowth
of the GDR agricultural production, the results obtained in
research work, and the evaluetion of numerous proposals of
experienced workers as well as the ever increasing informa-
tion demand rendered it necessary to review and improve the
computing techniques and parameters of the existing LDP fer-
tilization programs along with the current program  work.

2. oDP fertilization project DS 73

The new fertilization project DS 79, programned in t1 1
languace for the LDP unit Robotron ES 1040 allowed to link
the individual sub=-programs (macronutrients, amicronutrients,
orcanic manuring). The latter may be computed in combination
or separately. i survey of the structure of the EDI project
'Fertilization' is given in Fjigcure 1 'Scaene of the fertili-
zation system' (BLER, K. et al., 1978).

The fertilizatiop project consists of the following linked
sub-programmes:

- organic manuring

- mineral fertilization - mecronutrients

- mineral fertilization - rnicronutrients

s for reasons of planiing and as a basis for decisions

on PK advance fertilization and liming, the fertilization
recommendations must be computed already in the sumi.er of the
preceding year; the operational adaptation of nitrocen
fertilization to the actual meteorological conditions forms
another integral part of the fertilization project. The

exact deternination of the L fertilization is based on soil
analyses for plent-available nitrosen content in ecarly

spring (fopical ~dvice on rertilization) as to the first




N dressing, and on plant analysis as to the 2nd N dressing
to winter cereals. The technological run of working out
EDP fertilization recommendations is shown in Figure 2,

Figure 2 Organizatiom of data collectiom, computatior and

output of fertilization recommendatious

Data collection amd provision as well as the fillimg in of
the input documents are done under the supervision of coop-
erators of the Agrochemical Amalysis and Advisory Service

of the GDR (ACUB). ACUB belongs to the Institute of Plant
Nutrition, Jena, of the Academy of Agricultural Sciemces of
the GDR. It has divisioms im Jena, Halle, Bergholz-Rehbrlicke,
Dresden and Hostock. The staff members of these service
divisioms are responsible for advising the farms for crop
production im their regiom., The samples of soil and/or plants
as well as manures are analyzed in specialized laboratories
in Jena, Rostock and Halle. The staff members of ACUB check
the input documents filled in, All input data are punched

in the Dresden division of ACUB.

Checking of the punched input data, running of the EDP
program, and printing of the fertilization recommendations
are carried out in the computer centre of the Mimistry of
Agriculture, Forestry and Food. Then the staff members of
ACUB check the EDP fertilization recommendations, hand them
to the farms and agrochemical centers, and give the necessary
explanations.

To ensure a wide application range of the program, it was
laid out for 207 crop species and utilization types. The
crops are included in the computation as crop to be fertil-
ized and for their propcrties as first and second preced-
ing crops or catch crop. Table 2 gives a survey of the crop
groups to be included.

Table 2 Crop species and utilization types covered by the
BDP project '"Fertilization' DS 79 (ANSURGE, H., 1978)



The cropping form,and im several crops also the varietal
type grownyas well as the intended use; are considered to
further specify the fertilization recommendations.

The intended use of the harvested crops is required to
consider in fertilizer application the influence of fer-
tilization on the quality of the harvested crops.

The following uses are included:

- industrial processing of the harvested crops (e. g. malt-
ing barley, starch potato, manufacture of baby food from
vegetables) _

- feed and bread graim with increased crude proteim content

- whole-plant harvest

- artificial drying of forage

~ hay-makimg and feeding of fregh forage or pasturing,
regpectively

- ensgilage

~ immediate consumption of vegetables and potatoes

- storage of vegetables and potatoes

- multiplication

The effect and the dynamics of the nutrients supplied are
strongly influenced by the site conditions. Therefore, the
dif. erent soil properties and the climate are largely con-
sidered when computing fertilization recommendations within
DS 79« In this context, it is not only the soil nutrient
content being systematically determined in the GDR since
1952 on the basis of respective lawa, that plays a&n impor-
tant role, Table 3 shows the soil groups for arable land
included in DS 79.

Table 3 Soil croups DS 79 =~ arable land (AlISORGE, H., 1979)

The first ficure of the soil goes for the texture of the
topeoil, the second fisure for hydraulic conductivity and




waterlozging (water level), Excepted are chernozem soils
(s0il eroup 4.4), half-bog soils (soil sroup 6.1), and bog
solls (soil group 6.2).

To be able to consider the differcnt influences of the
climate on the level and effect of nutrient sup:sly, it was
necessary to define four macroclimatic zones for the farm-
land area in the GDR.

Climatic zone 1 = Lowlands under meritime influence in the
north and the hilly country with humrid,
mild climate in the south of the GDR

Cilimatic zone 2 = Dry region end marginal areas in the middle
eand the southern parts of the GDR

Climatic zone 3 = Transitional region between the hilly
country and the foothills up to the
medium=-altitude elevations of the low
mountain rance of the GDR

clinctic zone 4 = Llevations of the low mountains of the ZDR,
exceedinzg 5.0 m avove sez lavel .

The re—ionzl distribution of the climatic zones to the ZDn
counties is shown in Iizure 3.

Fi-ure 3 <Climetic zones - 55 79

'ne delimitation of the climatic zones is based on aeteorologi-
cal limits (lable 4).

Table 4 .eteorolo-ical limits of the climatic zones - DS 73

This .;ecroclimatic approach nrecesseorily includes iniluences
of the uicro- and local climates, which are the reasons ror
exceeding the limits quoted., These influences snould dbe con-
sidered by assirnins them to the respective cli.ztic zone in

accordance with the reteorologicsl limits.



ror the exact determination of the fertilization periods
in the different GDR recions in dependence on climate and
weather, four phenological zones are differentiated:

Fhenological zone 1 Recion witi normal start of veceta-

tive period

Thenological zone 2 = Region with slightly late start of
vegetative period

Phenological zone 3 = Region with normal start of vegeta-
tive period and very early grain
karvest (early thresning)

fnenologcical zone 4 = Region with very late start of vegeta-
tive period

The structure of the flow chart of the sub-programs accord~-
ing to the unit assembly principle znd an exact adaptation of
the respective input and output information ellow in DS 79 to
compute separately and in combinztion the sub-programmes
mentioned in igure 1. Therefrom result the following possible
computation systems (Table 5).

Table 5 Survey of the computation systems of the DS 73
prosran  (ALSORGE, H. et al., 1973)

computation systems 1 and 2 ere those most frequeistly used
by tae farms for crop production. Computation system 1
'iinerzl fertilizction (Macro- and Licronutrients)' serves
to compute crop- and field-related recomnendations for
fertilization with macronutrients (N, r, K, g, Ca) and if
results from soil analysis for micronutrients are available
zleo for fertilization with micronutrients (B, Cu, . n, Lo,
Zu), in terms of quantity, splitting, time, fertilizer form,
and fertilization tecanique. If micronutrients zre required,
feedback takes places to tae use of macronutrient fertilizers
contaeining nicronutrients. Site conditions, economic fac-
tors, and the influence on the quality of the crop products
cre considered in the computation. '



The farms have to provide data on the intended orsanic
manuring to enable the integration of the nutrients supplied
by the orecanic manuring and the computation of the balaace
for the reproduction of goil or~anic matter.

Computation system 2 'Crganic .eanuring' is used to compute
the availability of the dirfferent organic manures in terms
of quantity and time, and their distribution to crops and
.fields under coneideration of factors of agronomy and culti-
vation, demands of environmental ecology zs well as aspects
of labour organization and econony. These data may also
serve as input data for computing mineral fertilization.
furtnermore, balances are established for the quantity and
use of straw and reproduction of soil orgznic matter.

Of the remaining computation systems, system 6 'liitrocen
fertilization in Spring' is of special importance for con-
sidering the problems of environment., It is intended to ad-
ditioneally compute recommnendations for nitrogen fertiliza-
tion within a short time in spring. It serves to correct
changes in the cropping plan znd the use of organic manures,
which particularly influence nitrogen fertilization of the
fields. iloreover, nitrogen fertilization is adjucsted to the
conditions of the preceding year (crop yield, nitrogen ex-
traction and nitrogen regidueeg in soil) and to nitrogen
dynz:nics in soil during the winter months. Thus the amounts
of increanic nitrogen compounds (Nin = RHI-N and NOB--N)
available in tiae soils in early spring are considered.

The fertilization recommendations are computed by fields for
the respective crop species or utilization type. The fer-
tilizer zmounts required to reach tine planned yields are

printed out.

The level of Ii fertilization is computed by mcans of production
functions (polynomisls of 2and order) representing the relations
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between N fertilizgtion and crcp yileld. In a special
program, the yield increments reached per kg N at the
regspective yield level are viewed against the additional
expenditures for fertilization (techunological costs for
N, P, and K), taking the harvesting costs for the yield
increment into account. The optimum is reached when the
returns for the yield increment come up to the costs for
the additional expenditures required for its production.
rhe optimal N rate (N opt.) is calculated by means of the
optimal yield (Y opt.) (RUBENSAM, H.; KUNDLER, P.; WIEN-
RICH, B., 1972).

PN b°
(Py =y - =R , Pp . 2E | pr)2 . 4c e
AD Ak
5 i
_ _=b - b = . & Y opt
N opt. = —=z— T2¢ c * c

In this context, the symbols mean:

a, b, ¢ = partial regression coefficients of the production

function
PN - technological costs of N tfertilization
by - price of crop products iu M/100 kg
My - harvesting costs in Li/100 kg
Ep - P uptake by plant in kg/100 kg of yield
Ap - site-~-dependent P utilization coefficient
Pp - technological costs of P fertvilization
Ek - K uptake by plant in kg/100 kg of yield
Ak ~ site-~-dependent K utilization coefficient
Pk - technological costs of K fertilization

By correctving the optimum N rates it is possible to system-

atically influence the crop yields and especially vthe qualiuy

a
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of the crop products from certzin species if there is the
respective demand in national ecenomy. The optimal I rates
are not calculated from year to year, but are included as
table values in the DS 79 computer program.

Crop species grown to a smaller extent are not optimized
through production functions. In such cases, tables were
worked out on the basis of experimental results.

Due to the strongly varying yields, the level of K fertilizatiom
to vegetables is investigated by wey of balancing, the planned
yields being included (GEISSLER, TH.; GEYZR, B., 1376).

N kg/ha = E * a * A + b vwhere

b) is planned yield in 100 kg/ha

a is I untake by plant in kg/100 kg

A is factor for crop-and site-specific assimilation
capacity

b is addition deperding on vegetables species and

fertilization group

The Tasic value of optimal nitrogen fertilization relating
to cereals as precediig crop, noramal :teteorological condi-
tions, and absent organic manuring is further precsented by
additions and subtractions for:

~ yield level

- preceding crop znd position in the crop rotation

- use of the crop procducts

- cultivation form

- nutrient sup-ly by oresenic reiuring to the crop or
residuces from the fertilization of the first crop or
preceding growth

- residuel effect of organic wcnuring to the preceding
cTrops

- variety in vegectables, cercal plznts, potatoes, and
seed crowing crops

~ application of culm stzbilizers.
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The additional computation of nitrogzen fertilization in the
gepring of the crop year includes furthermore:

nitrogen uptake by the preceding crop in dependence on
the yield level
level of I fertilization to the preceding crog

nitrogen residues from the preceding year, and

i translocation during the winter months.

Considering these factors of influence on the level of the
overall nitrogen requirements allows an almost full adapta-~
tion to the rcspective production conditions so that it is
possible in almost every case to avoid damages from over-
dressing and stronger Ii translocations into the ground-water
even on low-sorption soils during the growing season.

A furtier measure for eliminating nitrogen overdressing and
leaching consists in splitting N fertilization and observing
optimal application dates. Thus, it is recommended to split
I fertilization into two dressings for cereal crops and
sugar beet and two to four dressings for almost all vege-
tables, perennial forage plante (including grassland) and
seed growing crops. In this way, damages from overdressing
will be avoided, the quality of the crop products will be
improved and strong ii translocations will not occur even
after heavier precipitations.

The farms for crop production receive recommendations on
the optimal application dates for all fertilizer dressings
(including split dressings). They are given in form of
print-outs ou the time spans indicated in 10-day periods
and mounths and the respective stage of plant develorment,
Thus it is gurrantced that even in a year vhen the meteor-
ological conditions deviate much from the standard, i fer-
tilization will be carried out at the time wiien the nutrients
are needed and due to a rapid uptake by the plant will not
be washed out to a greater extent. Recommendations on
auturn Ii dressings of 30 ke/ha are only given for the cul-
tivation of winter rape grown after cereals in order to
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ensure a sufficient juvenile developnent of the plants
before winter, sutumn Ii dressings are not recommended for
other crop species, nor for winter cereals and after straw
manuring, to prevent stronger N translocation to lower soil
layers, which may become possible particularly during mild
winter months with heavy precipitation.

Calculation of P, K, and g fertilization is done within
nutrient balancing where nutrient uptakes by the crops

are viewed against nutrient supply by mineral fertiliza-
tion and organic manuring under consideration of nutrient
utilization and nutrient status of the soils.

At an excessive nutrient content of soil, it is recommended
not to apply mineral P or K fertilization. The field will
even be excluded from orsanic manuring supplying a high
amount of nutrients, when the range of toxic action (e. =,

in potassium) is reacned. Soil analysis thus has a reculating
function in the calculation to eventuelly compensate for
errors occurring in oelencing (e. g. errors caused by
several-year deviations of the actual yield from the planned
vield).

On the basis of cnalytical results on the lime status of
g0il the level of liming is determined in dependence on the
goil class, humus content and tiie crop species as well ss
utilization type. The lime guenities are fixed to reach
optimal soil response,

‘The ED:X program for computing recommendations on wicro-
nutrierts is structured in such a way thnat a2ll influencing
factors aitherto known from fertilization trials and preac-
tice, such as level, technique, time, and form of fertiliza-
tion with micronutrieats cre considered.

In this context, a vzluation is wade of the individual fac-
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tors exerting a cdifferently strong influence., Special atten-
tion is peid to both the different micronutrient reguire-
ments of the individual crop species and the supply of the
soil with the respective micronutrient.

The calculation of organic manuring indicates the available
amounte of the organic manures and then defines their dis-
tribution to crop species and fields. The available amounts
of organic manures are determined on the basis of the given
quantities or the givén livestock in dependence on the type
and size of livestock manaegement during the year, housing

of the animals, and storage of the organic mznures. The exist-
ing stocks, supply from other farms and delivery to other
farms are taken into account.

Requirements of ervironmental ecology have to be considered
in planning the use of orgeanic menures, particularly of
slurry. rfor this rezson, the conditions of environmental
ecology and tae specific farm conditions are taiking a
special position amongst the coaplex of factors cousidered
for the recomuendations on fertilizer use (Teble 6).

Table 6 Factors for fertilization recommendation on
orzanic manuring

To have them included for each field, the following limita-

tions may be given:

- exclusion of any organic manuring,

-~ coufinement to solid orcanic manures (exclusion of liquid
organic maanures),

- temporary prohibition of slurry spreading during the year,

- limitation of application rates in kg/ha of total nitrogen
by solid and/or liguid orrenic manures in various levels

(1C0 and 200 kg N/ha, respectively)

The combination of these possibilities allows to include
all relevant conditions of water mancgement with respect
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10 water protection zones, ground water level, inclination of
slope, management, and the like in fertilization recommendations.

Fertilization recommendations are given on the basis of the
. quantity and time of organic manure production

. Btorage capacity

. field data

. given transport distances, and

« parameters for the use of organic manures

The fields are selected by rank order (GORLITZ, H., 1978).

The recommendation of fertilizer use starts out from the opti-
mal time spans for the individual crops. In how far it is
necessary to recommend manure spreading beyond thess time
spans, depends, first of all, on the area available for ap-
plication (cropping pattern and removal of the preceding crop)
and the existing storage capacity. These problems are impor-
tant in connection with factors of labour organization, par-
ticularly in case of slurry application, as partially it has
not yet been possible to sufficiently coordinate cropping
pattern, crop rotation, storage capacity, and spreading ca-
pacities to the quantity of slurry available.

Farmyard manuring is carried out according to the known
crop-specific parameters. Due to the high proportion of sol-
uble nitrogen content, the rate of slurry application must
be in accordance with the nitrogen requirements

of the plant stands. It, therefors, results from the N
requirements of the plant stands, the N content of the slurry,
and the mineral fertilizer equivalents.(The mineral fertilizer
equivalents allow the comparison between the nutrients of
slurry and those of mineral fertilizers.)

A special problem arises in that the slurry must be spread
over the whole year, that means in the autumn and winter
months, too, as for economic reasons the storage capacity
cannot have any dimensions desired and spring spreading cannot
be performed within a short time for reasons of labour
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organization in view of the large animal houses and, hence,
the high quantity of slurry produced.

To keep the N leaching as low as possible, it is recommended
to mainly apply slurry on the better soils of the farm in
autumn. Furthermore, the application date in the autumn months
is fixed as late as possible in dependence on the storage
capacity. At the same time, it is attempted to combine it with
catch cropping or straw mgnuring. The decline in N leaching
due to straw manuring is caused by an immobilization of the
soil nitrogen (Table 7).

Table 7 Leaching losses after slurry manuring at various
spreading dates an a Sand-Rost-Erde soil (8 5 D 20/18),
1 September, 1971, until 31 August, 1972 (potato)

Thus, straw manuring in general must be stressed as a meas-
ure to reduce N leaching attributable to nitrogen residues
from fertilization or mineralization of soil organic matter.
Catch cropping particularly effects a reduction of the perco-
lation water rate through the water uptake by the plants and
the N uptake from slurry application and soil (Table 7).

To reduce N leachting after autumn application of slurry,
investigations have been made during the last years into

tha use of nitrificides. The addition of N-Serve or Cyano-
guanidin to slurry inhibited the nitrification of the

slurry nitrogen in incubation experiments (loamy sand, 20 OC,
50 per cent water capacity) and field trials.

3 Operational nitrogen fertilization recommendations
3.1. Topical advice on the 1st N dressing to winter cereals

As for reasons of planning and as a basis for deciding on
PK advance fertilization and liming the fertilization recom-
mendations must be computed already in the summer of

the preceding year, it is only computation system 6
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'"Nitrogen Fertilization in Spring' which includes the
meteorological conditions of the preceding year and winter.
But in this case, too, it is not possible to include into
the calculations the actual meteorological conditions
during the growing season and their influence on fertiliza-
tion. It is, therefore, necessary to adapt the N fertiliza-
tion to the actual meteorological conditions later on.

Starting out from the necessity of considering the different
contents of inorganic nitrogen in the soils (Nin = NOB-N and
NH4 -N) in N fertilization to winter cereals, comprehensive
investigations in this field have been carried out in the

GDR since 1972. It appesars that an essential factor of influ-
ence on the yield is covered when including the Nin content
in the dimensioning of the first N dressing to cereals, and
hence the relations between N fertilization and yield are
described in a better way.

The N contents in soils summarized for the soil groups of

the DS 79 programme in'Table 8 show a marked dependence of
these contents on soil, weather and the crop yield in the

preceding year.

''able 8 Amounts of inorganic N (kg/ha) in the 0-60 cm layer
of the 5 main soil groups in the DS 79 programme of
the GDR between 1973 and 1979

To give an sxample it shall be stated that as compared with
the average of the years, the Nin quantities were higher in
1977 due to the low crop yields of the preceding year, than
in 1975 when heavy precipitations occurred in winter.

Since 1973, concrete comments have been made in 'Topical
Advice on Fertilization' in early spring on the exact deter-
mination of the first N dressing to winter cereals under
consideration of the inorganic N quantities in soil.
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These comments on the correction of N fertilization are
given in kg Ili/ha as additions to or subtractions from the
first I+ dressings recommended in the print-outs on
fertilization which are handed to the farms for crop
production and the agrochemical centres. They are worked
out for 21 climatic zones of the soil and all the soil groups
occuming there (altogether 52 correction values). These
correction values are based on the comtents of nitrate and
ammonium nitrogen determined every year in late autumn and
early spring in a total of 1,600 soil samples from 0-30 and
31-60 cm (partially also 61-100C cm) depth in 5 fields per
agrochemical centre.

As also the leaching losses after autumn application of slurry
do not only depend on the soil class but decisively on the
meteorological conditions in auturm and winter, these values
have to be equally considered in the correction of mineral
nitrogen fertilization. Thus the nutrient supply will be
sufficient and the residues kept in limits. Greztest variations
in ﬂin content are found on medium soils as or sandy soil the
nitrate nitrogen is almost completely washed out by normal
precipitations, whereas on heavy soils with high water capacity
nitrogen translocation is low even after heavy precipitations.
The annual differences may reach considerable values (Table 9).

Table 9 Annual differences in the soluble nitrogen content
of the soil at the start of the growing season after
autumn application of slurry on loamy sand

The evaluation of plot and farm-scale dispemed trials and
datz collection on the farm show that it is possible to reach
better yield stability and to improve utilization of the
existing yield potentizl by means of an aimed Ii supply to

winter cereals,
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3.2 Flant analysis

p—

In the GDR, plant analysis as a measure for foperationzl
fertilization advice' is being carried out in winter cereals
and shall be applied to other crop species (sugar beet,
vegetables) in future. Under the conditions of the GDR it

has been shown that the II rates required for reaching high
crop yields and maximum utilization of the yield potentials,
as a rule, should be split in two dressings because of the
disposition of the cultivated cereal crops to lodging. This
should also apply to future varieties with better resistance
to lodging. Whereas the Nin content in soil, winter precipi-
tation, and the so0il climatic region are mainly used for
exactly determining the first nitrocen dressing eaccording to
EDP fertilization recommendations, it is the plant's nitroge=n
content at the start of shooting that forms the basgis for the
exact determination of the second nitrogen dressing to winter
cereals.

Sampling takes place when the cereal plants are 2C - 40 cm
nigh and have reached FEEKES stages 4 to 7. It is jointly
vrepared and carried out by the farms for crop production
and their agrochemical centres under the supervision of the
4iCUB staff members. Attention has to be paid that sufficient
time is left between the first nitrogen dressing and plant
sampling., The optimal time for plant analysis is given with
the cereal plants reacuning a heicght of between 3C and 35 cm.

within 4 days the ACUB analyzes the samples for their nitrogen
contert and conveys the recommendation for a seccnd nitrogen
iressing to the farms for crop croduction.

The following standards are valid for the elavoration of the
fertilization recommendation on the basis of the nutritional
status of the plant:
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Very high nitrogen content
High nitrogen content
Medium nitrogen content

Low nitrogen content
Very low nitrogen content

0 kg N/ha
30 kg N/ha
N fertilization according
to EDP recommendation
11°

1"

The effectiveness of N fertilization is expected to be
highest in the low to medium range of plant nutrition.
Therefore the complete EDP rate is applied in this case.
Very low N contents indicate N deficiency calling for
immediate fertilization; an increase of the EDP rate is,
however, not necessary in general, unless the EDP rate is
very low (below 45 kg N/ha) or the first N dressing had been
higher. In this case an additiomn of 10 to 20 kg N/ha may

be advisable.

Very dry weather after the first N dressing may cause further
corrections in the following stages of nutrition.

Deviations of the mentioned scheme for fertilization recommen-
dations may also result from abnormal crop densities. If it
is noted on the data sheet that high crude protein cereals are
to be produced (without providing for a third dressing) the
second N dressing is fully applied even at high N contents.

All the other factors of influence on the N regime (soil
class, preceding crop, organic manuring to preceding crop
and main crop, the use of culm stabilizers, sprinkler irri-
gation) are considered in the optimal level of the second
dressing as is to be seen from the EDP programme, and gene-
rally need not be judged separately.

4, Fipnal remarks

The introduction of the fiertilization system allowed to plan
fertilizer use for the whole farm for crop production as well
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ags for each field of the farm and to further improve the
effectiveness of nitrégen fertilization by means of the CDF
recommendation and the operational recommendations 'Topical
Advice' and 'Plant Analysis' on nitrogen fertilizer appli-
cation to winter cereals. Further limitation of the possible
leaching of fertilizer nitrogen is one objective of this
fertilization system. 4 certain disadvantage of this system
consists in that it is necessary to proceed from long-term
mean values determined in field and farm-scale dispersed
trials in elaborating EDP fertilization recommendations, and
that it is not possible to exactly consider in advance the
meteorological conditions which have a particularly strong
influence on the effect of nitrogen fertilization. The 'op-
erational' recommendations on the application of nitrogcen
fertilizers to winter cereals and in future to further crops,
too, at the start of the growing season and in spring shall
reduce this problem.

The EDP project 'Fertilization' and the ‘'operationzl' fer-
tilization recommendations 'Tovpical Advice' and 'Flent
Aanalysis' constitute a well proved basis for decisions to

be taxzen by the heads of farms for crop production in the
management, planning, organization and control of fertilizer
use, Exteansive resezrch work has still to be done to com=-
plete the scientific character of these fundamental decision
aids particularly witin a view to overcome uncertainties re-
sulting from meteorological conditions and further minimize
the nitrogen losses, especially on licht soils. It becomes
necessary to care for the complex effect of field-related
fertilization recommendations, =DP sprinkling advice, and the
EDP system of pest control. To this end, it is advisable to
gset up optimization models for the complex intersction of

the intensification factors to be zble to make better use of
the possible combining effects taroush mathematical and
cyoernetic methods including systeas analysis and to organize
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more efiectively the production processes in their entirety
(RUDENGAL,, 1379). This will contribute to make matier
circulations in nature and the relations between man and
environment more efficient for the benefit of the population
and the protection of nature.
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Takle 2 Groups of cron species and utilizalion covered by the
EDF project 'F ertilization' DE 79
(ANSORGE, H.,, 1978)

Numker of the crop species
or utilization types included

Cereal crops 10
Leguminous crops 10
Oil crops 10
Fibre plants 2
Field vegetables 32
DPotatoes 5
Sugar beet - 5
Root crops for fodder 10
Forage plants for fodder 8¢&
Forage plants for seed 24
Tobacco 1

Grassland 10




Takle 3 Soil groups DS 79 - arable land (ANSCRGE et al,, 1979)

Eoil Fine particles Soil class Characteristics of
group < 6 pum arakle soils
%
1.1 < 7 Sand (S) Low ground-water level
1.2 <7 Sand (S) Influenced by ground-water
2.1 8 - 15 Lightly loamed sand Low ground-water level

- loamy sand

(s1/18)
2.2 : T - 15 Lightly loamed sand Influenced by ground.-water
- loamy sand
(s1hs)
3.1 16 - 25 Very loamy sand Without waterlogging
- sandy loam
(sv/sL)
3.2 16 - 25 Very loamy sand With waterlogging
- sandy loam
(sL/sL)
4,1 26 - 3¢ Loam (L) - Wihout waterlogging
4,2 26 - 3¢ Loam (L) With wateriogging
4,4 26 - 3° Loam (L) Chernozem soils
5.1 > 39 Clay (7) Without waterlogging
5.2 > 39 Clay (7)) With waterlogging
6.1 Half-bog, 20 - 40 cm peat
shallow kogs 15 - 30 ¢ organic matter
6.2 Bog 40 cm peat

? 30 % organic matter
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' Table 5

programme

Survey of the computation systems of the DS 79
(ANSORGE, H. et al.,, 1979)

Computation system

Information

Drint-outs

(1)

(2)

(3)

(4)

(5)

(6)

Mineral fertiliza-
tion (macronut-
rients and micro-
nutrients)

Organic manuring

Organic manuring
and mineral ferti=
lization

Fertilization with
micronutrients

Production of
organic manure

Additional computa-
tion of nitrogen
fertilization in the
spring of the crop
year

Straw balance

N, P, K, Mg, Ca
fertilization

B, Cu, Mn, Mo, Zn
fertilization
Balance for repro-
duction of organic
matter

Available organic
manures
Straw balance

Use of organic ma=- -

nures
Balance for repro-
duction of organic
matter

As for systems

2 and 1

Organic manuring
is immediatly in-
cluded in mineral
fertilization

Fertilization to crop species
and fields

Summary on field and farm
level

Summary regarding labour
organization on farm level
Summary by crop species
Balance for reproduction of
organic matter

Amount of organic manures
produced, straw balance
Straw removal

"Organic manuring to crop

species and fields
Summary on field and farm
level

Summary regarding labour
organization on farm level
Summary by crop species

As for systems 2 and 1

B, Cu, Mn, Mo, Zn - Application of micronutrients

fertilization without
any fpedback to the

use of macronu-

trient fertilizers con-

taining micronu-
trients

Amount and time of

organic manure pro-

duction

- N fertilization with
special regard to
the inorganic N
content in soil

- Straw balance

to crop species and fields

Amount and time of organic
manure production in the
animal houses

N fertilization to crop species
and fields

Straw balance



Takle 6 Factors for fertilization recommendation on organic manuring

Factors of agronomy and cultivation

- Nutrient requirements and utilization by the crop species

- Organic matter requirements of soils

- Position in the crop rotation and organic manuring to preceding crops
- Soil class and nutrient losses

- Kind, nutrient content, and amount of organic manures

Demands_ of environmental ecology and water management

- Limitations regarding quantity

- Limitations regarding time

Factors of lakbour organization

- Ridability of the ground

- Special conditions for straw harvesting

- Application methods

- Transport distances

- Time of manure production, removal of preceding crop

- Storage capacity

- Suitability of crop species for fertilization

-. Given times prohibiting the application of liquid organic manure

- Kind of organic manures

SEpecific farm conditions




Table 7 Leaching losses after slurry manuring at various sonreading
dates on a Sand-Rost- Erde soil (S 5 D 20/1%), 1 September,
1971, until 31 August, 1972 (potato)

Manuring Date of slurry Nutrient losses in kg/ha
spreading

N K Ca Mg D
320 kg N/ha as slurry August 37 31 174 32 2
320 kg N/ha as slurry August 23 25 106 8 2
+ 4 t of straw/ha
320 kg N/ha as slurry August 12 2 48 7 1
+ manuring with green
winter rape
320 kg N/ha as slurry November 3= 23 144 190 2
320 kg N/ha as slurry November 28 22 77 15 1

+ 4 t straw/ha
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Figure 2

Organization of data collection, computation and output of

fertilization recommendations

Selection of computation system

Data collection Data provision

Filling in of input documents

&

Sending the input documents to ACUB 1)

'

Checking by ACUB

J

DPunching of input data by ACUB

&

Checking of input data

Computation centre Running of the programme

Drinting of the fertilization
recommendations ‘

#

Checking of the print-outs by ACUB

|

Handing over of fertilization r§3ommendations to farms
of crop production and AC?Z

1) ACUB - Agrochemical Analysis and Advisory Service

2) ACZ - agrochemical centre
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