








Figure 4: Typical State-Of-The-ArtAmmoniation-GranulatiOn Plant 
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Figure 5: Cyclone Gas Velocity Control 
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Figure 6: Fabric-Type Dust Collector, Cleaned by Vibrator 
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Figure 7: Fabric-Type Dust Collector With Multiple Sections 
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Figure 8: Fabric-Type Dust Collector With Continuous Air Cleaner 
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Figure 11.' High Energy Ventury Scrubber 
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Nitrogen Fertilizer and the 
Environment: The Role of Crop 

Modelling in Management and Impact 
Assessment 
Philip K Thornton 

International Fertilizer Development 
Center 

Despite the fact that we are often described as 
living in the "information age", a critical bottle
neck in development and technology transfer is 
the provision of useful information that can help 
decision-makers make better decisions. When it 
comes to a consideration of the environment, facts 
are often clouded by emotions and perceptions. 
The onus is clearly on technical specialists and 
researchers to provide sound, objective informa
tion to those who need it to make informed deci
sions. One of the ways in which this can be done 
is through the use of appropriate modelling tech
niques, where "what if ... " questions concerning 
complex and risky processes can be answered rap
idly. This paper discusses some of the models cur
rently available and outlines applications of crop 
modelling techniques that start to answer ques
tions relating to the use of fertilizers and their 
impact at the farm and regional levels. Much work 
is required before the full potential of modelling 
techniques is realized, but they represent a tool of 
considerable power for decision-makers in the 
agricultural sector. In the final analysis, there are 
few other ways in which the complexities of envi
ronmental issues can be integrated in the search 
for solutions to the important agricultural and re
source problems that affect all segments of soci
ety. 

Introduction1 

The provision of pertinent information to de
cision makers in the agricultural sector on issues 
related to the environment and sustainability is, 
in many ways, one of the defining problems of 
the age. "The information age" is something of a 
misnomer; the pessimist would argue that there is 
little evidence, except at the trivial level, that we 
are a great deal more objectively informed than 
our ancestors, nor is there much to suggest that 

the current glut of information is actually used to 
make decisions that are any better, either for soci
ety at large or for the environment. The challenge 
is to provide knowledge and information that will 
be used to make more informed decisions con
cerning issues that affect society. Recent concerns 
about food security and mankind's impact on the 
environment, and public perception of farming 
practices and the real or imagined effects on hu
man welfare, have cast this issue in an entirely 
new light, and has long- and short-term conse
quences on our ability to maintain food produc
tion, conserve natural resources, and protect the 
environment. 

Description and prescription, the fundamental 
tasks associated with any scientific endeavor, are 
carried out using models of many different types, 
because we all necessarily have to deal in repre
sentations of reality (which is all that a model is). 
Models may be simple or complex; empirical or 
process based; verbal or mathematical. We use 
models all the time, built up from our own experi
ence, and most people's models for many every
day occurrences are likely to be very similar. For 
complex biophysical processes, which often in
volve considerable interactions, mental or verbal 
models are not sufficient. Instead, we generally 
frame these processes in mathematical terms, be
cause a great deal of information can be neatly 
summarized in algebraic form. The standard sta
tistical analyses of a field trial using analysis of 
variance is nothing but a particular type of model. 
The analysis is designed to allow conclusions to 
be drawn concerning the precision of the experi
ment as well as the significance of the response 
obtained. Of course, more complex models can 
be used, such as fitting a response surface to the 
results of a N by P experiment, whereby we can 
use the fitted surface to predict outcomes (yield 
as a function of Nand P levels) that were not nec
essarily obtained in the original design of the ex
periment. 

t This is a modified version of a paper originally presented at 
the International Workshop "Nitric Acid-Based Fertilizers and the 
Environment" in Brussels, Belgium, June 14-18, 1993, organized by the 
International Fertilizer Development Center (IFDC) in cooperation with 
the European Fertilizer Manufacturers' Association (EFMA) and the 
International Fertilizer Industry Association (IFA). 
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Such statistical mode 1St while being the bread 
and butter of data analysis for research, have their 
drawbacks, howevert chief among which is that it 
is difficult to extrapolate through space and time 
the results of the experiment. Simply because at 
location X in year 1 we obtained a particular re
sponse to N, there is no guarantee that in year 2 
we will get the same response (although we 
might); nor may the response to N at location Y 
be the same as at location X. Without an under
standing of the processes involved that make up 
the response, it is difficult, if not impossible, to 
say much about response in general. Now of course 
researchers have built up many such response sur
faces over time, through replication across years 
and across sites, and we do know much about the 
particular processes involved. Indeed, from a de
tailed study of the abundant literature, agronomists 
can build up good verbal models of what will hap
pen on soil type A with climate of type B when 
urea is added to maize, for example. 

The key point is that for many processes, a great 
deal of infonnation already exists. Increasingly, 
technical specialists are being asked to face issues 
such as sustainability and the environment where 
knowledge is limited, either because of the com
plexity of the processes involved and their inter
actions, or because we know little about some of 
the key component processes themselves. What 
is to be done in such a situation? We need better 
models. 

The Ideal Crop Simulation Model 

the short as well as the long tenn. What are some 
of the features of this ideal model? Assume we 
are interested in a simulation model of the growth t 

development, and yield of maize. First, we can 
say that it is based on processes, rather than on 
empirical relationships. Thus instead of saying that 
crop yield is a function of Nand P applied, for 
example, we will say that yield is a function of 
crop growth and development t based on the inter
ception of sunlight by the plant; the dry matter 
produced on any day is partitioned to the plant 
parts growing at the time, and Nand P stresses 
are incorporated at the process level. The object 
of the simulation model is to isolate the processes 
that are applicable to the plant in general, in what
ever environment, with whatever variety of maize, 
and then to describe these in as simple a math
ematical fonn as possible. In this way, it is hoped, 
growth and development processes can be univer
sally described and will function correctly in any 
environment. It then becomes possible to simu
late the growth of the plant in any environment 
that we care to specify; the same basic processes 
occur, and provided that the processes are prop
erly described in the model, we will be able to 
simulate maize growth on a highly weathered t 

acidic, low fertility soil in the Latin American trop
ics as well as on a younger soil of high organic 
matter content in the temperate regions of central 
Europe. Besides universal applicability, the other 
advantage of a process-based model is that the 
model will produce outputs that can be directly 
checked against field data. If the model does not 
simulate grain yields or other measurable outputs 

The models discussed in the remainder of this very accurately for a particular location, then this 
paper are of a particular type: they are mathemati- gives us the opportunity to fmd the reasons for 
cal computer simulation models. Such a model can the disparity: perhaps biomass accretion occurs 
be thought of as a black box; we feed it inputs too rapidly in the model, or leaf area index is simu-
(infonnation on conditions), press the button, and lated to reach higher levels than are actually ob-
it simulates what would occur in the real world served in the field. In these cases adjustments to 
with the same inputs, a feature solely of the struc- the relevant components of the model can be made 
ture of the model and its input conditions. Out- without having to respecify the entire model. 
puts (prediction of outcomes) are produced, and Second, the model should have reasonable data 
these can be compared with real-world observa- requirements, in the sense that input data should 
tions; once this has been done a few times, and be readily measurable and not burdensome to col-
the comparisons are favorable, the model is pro- leer. The level of detail at which modelling is car-
nounced valid for these general conditions, and ried out is detennined largely by this consider-
we can, with care, use it for extrapolation through ation. A highly detailed model at the biochemical 
time and space. level may be a very good model for yield predic-

We can imagine an ideal model that is used to tion, but it may be very difficult to collect the data 
study management and environmental effects over necessary to run it. A less detailed model, built 
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around relationships at a higher level of aggrega
tion than the biochemical level, may produce yield 
predictions that are nearly as good but make use 
of input data that are much easier to collect, such 
as could be gathered from almost any agronomic 
field trial. The trade-off between the level of de
tail and input data requirements is a critical one. 

Third, the model should be capable of simulat
ing what happens over long periods of time. This 
is another facet of the level-of-detail question de
scribed above. Many biochemical processes oc
cur with a time frame of a few seconds; for many 
crops, growth occurs over one or two hundred 
days; soil erosion may be studied over a period of 
10 years; while classic rotation experiments may 
be studied for scores of years. For a management
orientated model, we may dispense with time pe
riods as short as a few seconds, because there are 
no management interventions that we can reason
ably make on the basis of such short time periods; 
but we would certainly want to evaluate what hap
pens over tens of years. 

Fourth, the model estimates external effects on 
the environment, such as nitrate leaching below 
the root zone, organic matter depletion, and N re
maining the soil for the next crop, for example. 
The model is sensitive not only to the environ
ment but also to N, P, K, and organic matter man
agement. Growth and yield in the model is also 
sensitive to the effects of pests, weeds, and dis
eases. It successfully simulates crop growth and 
yield in all the environments where the crop is 
grown, as a function of environment (soil and 
weather, and pest, weed, and disease burden), va
rietal differences, and management. 

We can say with 
certainty that the 

Crop 

CERES Model. 

Maize 
Wheat 
Sorghum 
Pearl Millet 
Barley 
Rice 

GRO Model. 

Soybean 
Peanut 
phaseglus Bean 

Other Model. 

that such a model would be of immense value. An 
endless stream of "what if ... " questions could be 
asked and answered, such as, what are the opti
mal fertilizer amounts and timings for this crop in 
this region if I want to obtain a particular level of 
output in this particular season type (wet, dry, or 
average rainfall, for instance)? What are the mini
mum inputs of fertilizer required if I want to main
tain yields of maize and soybeans in rotation over 
20 years? If I borrow money at a particular rate of 
interest to purchase fertilizer, what is the risk that 
monetary returns to fertilizer use are negative in 
my highly variable environment? 

Models For Management & 
Environmental Assessment 

A number of models have been developed that 
are capable of providing quantitative estimates of 
crop performance under a wide range of soil, 
weather, and management conditions, including 
various aspects of nutrient cycling, nutrient losses, 
and soil erosion (some of these are briefly de
scribed in Bowen et at, 1993). IFDC has been in
timately involved with the development, testing, 
and application of a set of crop models under the 
auspices of the International Benchmark Sites 
Network for Agrotechnology Transfer (IBSNAT) 
project, a multi-national collaborative initiative 
based at the University of Hawaii. The project has 
fostered the development of the CERES and GRO 
models, which allow the quantitative determina
tion of growth and yield of a number of important 
food crops (Table 1). All these models share much 
in common, notably the same input and output 

Model 

CERES-Maize V2.1 
CERES-Wheat V2.1 
CERES-Sorghum V2.1 
CERES-Millet V2.1 
CERES-Barley V2.1 
CERES-Rice V2.1 

SOVGRO V5.42 
PNUTGRO Vl.02 
BEANGRO V1.01 

Ref'erence 

Ritchie et a1., 1989 
Godwin et al., 1989 
Singh et a1., 1988 
Singh et al., 1988 
Singh et a1., 1988 
Singh et al., 1993 

~ones at al., 1989 
Boote et al., 1989 
Hoogenboom et al •• 1990 

ideal model de
scribed above does 
not exist, and it may 
be a long time before 
even a reasonably 
close approximation 
to it does exist. How
ever, models with 
some of these ideal 
characteristics have 
been built, and are 
becoming better year 
by year. It is clear 

Taro and Taniar SUBSTOR-Aroid Vl.O Singh et a1., 1992 
Griffin at al., 1993 Potato SUBSTOR-Potato V2.00 

Ca •• ava OSSAT-Cassava V1.DO R B Matthews, L A Hunt. 
P W Wilkins, W T Bowen 
(in preparation) 

Table 1 IBSNAT Crop Growth and Development Simulation Models 
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files, and comparable levels of detail. The growth 
of the crop is simulated with a ~aily time ~tep f~om 
sowing to maturity on the basIS of phYSIOlogIcal 
processes as determined by the crop's response to 
soil and aerial environmental conditions. 

Phasic development in the CERES models, for 
example, quantifies the physiological age of the 
plant and describes the duration of nine growth 
stages. The crop growth submodel deals with leaf 
area development, dry matter production, assimi
late partitioning, and tiller growth and develop
ment. Potential growth is dependent on photosyn
thetically active radiation and its interception as 
influenced by leaf area index, row spacing, plant 
population, and photosynthetic conversion effi
ciency of the crop. Actual biomass production is 
constrained by factors such as suboptimal tem
peratures, soil water deficits, and nitrogen and 
phosphorus deficiencies. The crop's development 
phase dictates assimilate partitioning on a per-plant 
basis for the growth of roots, leaves, stems, 
panicles ( ears), and grain. 

The soil water balance, the nitrogen balance, 
and the phosphorus balance submodels operate on 
the basis of soil layers. The soil water balance 
component simulates surface runoff, evaporation, 
drainage, irrigation, and water extraction by the 
plant. The nitrogen submodel simulates the pro
cesses of turnover of organic matter with the as
sociated mineralization and/or immobilization of 
N, nitrification, denitrification, hydrolysis of urea, 
and ammonia volatilization. Fluxes of nitrate and 
urea associated with water movement are also 
simulated. The N submodel of CERES-Rice simu
lates floodwater and paddy soil transformations 
affecting the supply of N to the plant. The effects 
of nitrogen deficiency on plant processes are also 
simulated. Nitrogen transformations from differ
ent N sources can be handled, including chemical 
fertilizers, green manure, and other organic N 
sources. The phosphorus component, under de
velopment at IFDC, simulates the processes of 
adsorption and desorption of P, organic P turn
over, and the dissolution of rock and fertilizer 
phosphate. The model also simulates P uptake and 
the effects of P deficiency on plant growth pro
cesses. 

The models produce estimates of water balance, 
soil and plant N balance, soil and plant P, and crop 
growth and development. 1Ypical field observa
tions can be used to test the model, such as crop 

phenological observations and growth and nutri
ent uptake data. The wheat and maize models have 
been extensively tested in diverse environments 
in many parts of the world, while the sorghum, 
millet, rice, and barley models have been subjected 
to more limited testing. 

Some Example Applications of Crop 
Models 

The models described above, as well as others 
not mentioned, represent the state of the art for 
simulating management effects on long-term soil 
and crop productivity. Each has its advantages and 
disadvantages, and none has all the components 
that were described for the ideal model. However, 
with such models, we can already begin to explore 
the consequences of certain crop management 
practices, and, in time, we will improve our knowl
edge so that more comprehensive and accurate 
descriptions of the soil-plant-atmosphere con
tinuum can be incorporated into the models. Some 
examples of their application follow. 

(i) Nitrogen Use Efficiency in Cropping Sys
tems 

Nutrient losses associated with the application 
of fertilizer to cropping systems vary enormously, 
depending on a host of factors, but in developing 
countries the nutrient use efficiency of typical field 
crops is often of the order of only 30 to 40 per
cent. Simulated nitrogen losses obtained using 
CERES-Maize due to leaching on loamy sand soils 
in upland rice systems in South-East Asia may 
amount to 140 kg N ha-l in very wet years. Simi
larly, simulations with CERES-Rice in wetland 
systems in the Philippines suggest that up to 40 
percent of the nitrogen applied as urea may be lost 
due to ammonia volatilization within 10 days of 
application, if the urea is simply broadcast in the 
floodwater. By contrast, volatilization losses de
clined with increasing degree of incorporation of 
the urea in the soil, and were negligible when urea 
was deep-point placed. Details on both these stud
ies may be found in Singh and Thornton (1990). 

Crop simulation models have a role to play not 
only at the field level but also at the regional level. 
Work carried out at IFDC in collaboration with 
researchers in Central Malawi has involved the 
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integration of a crop simulation model with a Geo
graphic Information System (GIS). The GIS pro
vides spatial databases that describe a region '8 

soils, climate, and topography. The simulation 
model can then be run for various locations using 
data from the GIS database. Simulated results from 
the crop models can be stored and presented in 
map form. In the example from Malawi, there was 
considerable simulated regional variability of 
maize yields, a combination of soil and climatic 
effects. Certain soil types were also more prone 
to N loss, while other soil types exhibited sub
stantial N use efficiency, in terms of comparatively 
large increases in maize grain yield for small ad
ditions of fertilizer N. The maps produced can 
provide a graphic visualization of the areas that 
would benefit most from fertilizer use in terms of 
kilograms of grain produced per kilogram of fer
tilizer applied. In situations where only limited 
supplies of fertilizer are available, such informa
tion could help to indicate where scarce resources 
should be allocated. By taking account of the price 
of maize grain and the cost of fertilizer and other 
production costs, estimates of the relative profit
ability of fertilizer use can be obtained. Such in
formation is an important input to any analysis 
that attempts to determine the most economically 
optimum rate of farm-level fertilizer application 
rates, for example. 

(ii) Simulation of Long-Term Field Experi
ments 

Current preoccupations with sustain ability is
sues highlight the importance of taking account 
of the longer-term effects of management prac
tices on the viability and performance of agricul
tural systems. The crop models outlined above 
have been linked together to allow crop rotations 
to be simulated; in effect, the outputs from one 
crop model run form the inputs for the next model 
run, allowing the carry-over of soil, water and 
nutrient balances across long periods of simulated 
time. In one example, the feasibility of growing 
shortduration leguminous green manures in a con
tinuous maize system in the acid savannas of cen
tral Brazil was examined, together with the effects 
on crop yield and N leaching (Bowen et al., 1993). 
The primary purpose of the legume was to pro
vide an N source for the subsequent maize crop. 

The lack of either upward or downward trends in 
simulated biomass and N in the short-duration le
gume over periods of 10 years indicated that the 
wet season at the site was probably of sufficient 
length for planting both the green manure and the 
maize in the same season. Such a system would 
be expected to provide a sustainable source of N 
for maize. The use of the short-duration legume 
also resulted in less N leaching than the system 
dependent on annual fertilizer N applications of 
100 kg ha-t • 

(iii) Nutrient Balances 

Nutrient balances, on a continental and regional 
scale, are becoming increasingly important as 
broad-brush indicators of long-term viability of 
farming practices. For example, Stoorvogel et a1. 
(1993) estimated nutrient inputs (mineral fertiliz
ers, animal manure, wet and dry deposition from 
the atmosphere, biological nitrogen fixation, and 
input from sedimentation) and outputs (export of 
nutrients in the harvested product and in crop resi
dues, leaching losses, gaseous losses, and erosion 
losses) from dominant cropping systems in M
rica. The results of this comparatively simple 
model are alarming for the 38 countries in sub
Saharan Mrica: on average, each country has a 
negative nutrient balance in the amounts of 22 kg 
N, 2.5 kg P, and 15 kg K ha-1 yrl for the period 
1982-1984, and these negative balances are pro
jected to decrease by some 20 percent by the year 
2000. A model such as CERES could be used for 
estimating some of these inputs and outputs at a 
local level and as a function of yearly weather, for 
example, thus helping to identify those areas that 
are being mined to the greatest extent. Adding soil 
erosion routines to crop management models such 
as CERES has high priority for future work. 

(iv) Fertilizer Recommendation Systems 

Crop management models offer a convenient 
framework for helping to formulate nitrogen fer
tilizer recommendation systems that can be used 
by extension personnel. In some parts of the world, 
particularly the semiarid regions where rainfall is 
highly variable, the response of the crop to fertil
izer additions is itself highly variable, depending 
largely on available soil water. In such locations, 
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fertilizer additions may increase year-to-year vari
ability in gross margins, to the extent that fertil
izer additions will be wasted in some years. For 
some environments, there are good possibilities 
for constructing simple forecasting models, for 
example by correlating the start of the rains to to
tal season rainfall; season types could then be de
fined so that fertilizer recommendations were not 
only site-specific but also season specific (e.g., in 
a year in which the rains start late, and where his
torical records show that late rains mean low total 
rainfall, much lower N fertilizer rates will be eco
nomically optimal). Work is also being done on 
constructing expert or rule-based systems so that 
recommendations at the farm level can be pro
duced, based on answers to simple questions con
cerning cropping history for the field in question 
to establish residual fertility levels, coupled with 
simulations with the crop model. 

(v) Water Quality Decision Support Systems 

A GIS-based decision support system for help
ing to address problems created by phosphorus 
runoff is described by Negahban et ala (1993). This 
system allows regional planners to alter land uses 
and management practices in the Lake 
Okeechobee basin in Florida and view the envi
ronmental and economic effects resulting from 
these changes. This body of water has seen marked 
increases in phosphorus concentrations over the 
last 15 years, and the system allows planners to 
assess various phosphorus control practices, us
ing crop simulation models and economic analy
sis modules embedded in the GIS. Similar sys
tems for investigating ways to ameliorate nitrate 
runoff in areas that are particularly prone to this 
problem have been developed (Shaffer et aI., 
1991). 

(vi) Simulation of Greenhouse Gas Emissions 
by Crops 

The contribution of agriculture to the global 
emission of greenhouse gasses such as nitrous 
oxide and methane is not large relative to carbon 
dioxide (Bouwman, 1990). However, flooded rice 
soils are a major source of methane, contributing 
some 25% of total atmospheric emissions; the at
mospheric concentration of methane increases by 

about 1 % per year. The demand for rice is pro
jected to increase by 65% by the year 2020 (Braatz 
and Hogan, 1992), so the contribution of methane 
from rice paddies is likely to increase substantially. 
Nitrous oxide is important primarily because it has 
a long residence time. For both gases, there are 
many basic research questions that need answer
ing before options for minimizing their produc
tion from agricultural activity can be identified, 
such as the plant parts responsible for gas emis
sion, the mechanisms of gas transport in plants, 
and varietal differences in emission potential. 
Despite a great deal of field measurement of ac
tual emissions, process-based models of emissions 
from crop and soil are urgently required to make 
sense of the empirical data, identify knowledge 
gaps, and direct research activity, in addition to 
helping to identify options for mitigation. 

(vii) Crop Models in a National Agricultural 
Statistics and Information System 

An example of the use of crop simulation mod
els, and one that perhaps best integrates many of 
the applications outlined above, is the role they 
are playing in a national agricultural statistics and 
information system being built in Albania. The 
agricultural sector in that country is characterised 
by (i) users, dealers, and the infrastructure for the 
storage and distribution of inputs, including fer
tilizer; (ii) newly enfranchised farmers who have 
to operate in the new market economy and must 
be served by revitalized research and extension 
activities; and (iii) the government, which has to 
ensure food security and equity for Albania's popu
lation and will have to rely on existing and ex
panded politico-economic institutions for input to 
the policy making process. 

IFDC has been involved in the country for the 
last 18 months, primarily to provide technical as
sistance to set up and support a free competitive 
fertilizer marketing system utilizing private re
sources. An area sampling frame has been con
structed to provide estimates of crop area and 
yield. IFDC Albania is monitoring fertilizer utili
zation by crop, region, and farm type, and a major 
activity is the establishment of reliable systems 
for proper and continuous utilization of the infor
mation being generated for monitoring, planning, 
forecasting, and evaluation. A management infor-
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mation system that integrates the area sampling 
frame, the survey development activities, and crop 
modelling and database systems, is being con
structed to support agribusiness and highly applied 
research and development activities. A pilot sys
tem has been constructed for three of the most 
intensive agricultural areas of the country, and this 
will be expanded to a national coverage over the 
next year. 

The information system will perform a num
ber of functions for four major groups of end-user: 

(i) The agribusiness sector, to help derive estimates 
of input use on a regional basis, the timing of 
input use, and the setting up of input distribu
tion networks, and database management sys
tems for agricultural marketing and credit sup
port. 

(ii) Regional and national government, by provid
ing a dynamic and flexible agricultural statis
tics system capable of producing yield and crop 
area forecasts and estimates of agricultural in
put use on a regional basis. 

(iii) Researchers, by providing a framework for 
collating the results of field experiments, to 
identify knowledge gaps that can subsequently 
be filled, and to pre-screen on the computer the 
multitude of management options that exist to 
identify those that are most promising. 

(iv) Extension workers, by helping to derive re
gional and temporal management recommen
dations that can be assembled into simple ex
tension information packages for delivery to the 
farmer through demonstration plots, radio and 
TV campaigns, and literature. 

Information provision and the minimization of 
dealer, banker, and producer risk, are tightly in
tertwined with the economic policy reforms pro
moted by the US Agency for Intemational Devel
opment and other international organizations in 
fostering the growth of the Albanian economy and 
reversing the adverse effects of forty years of col
lectivization. There is still much to do, but Alba
nia is offering the opportunity of doing something 
radically new in terms of information provision 
to a wide range of players in the agricultural sec
tor of this newly-opened country. 

Prospects 

The use of crop simulation models for address
ing environmental problems is in its infancy. 
Model building and application is a resource-in
tensive activity, and such activities almost always 
have to make use of as much collaboration be
tween a variety of players as possible. Modelling 
is likely to become an increasingly important tool 
for the study of environmental problems simply 
because there are few (if any) other viable ap
proaches to quantify the effects of highly interac
tive processes. Such work compliments more tra
ditional research approaches by providing a frame
work for assembling existing knowledge about 
particular processes, helping to identify knowledge 
gaps, and for assessing particular scenarios. 

This is not to say that modelling is a panacea, 
or even that all scientists believe modelling to be 
a useful activity; Philip (1991), for example, pro
vides a pungent critique of modelling. However, 
as long as the limitations of each model are clearly 
understood, and provided that the modelling ac
tivity is intimately linked with physical experimen
tation, then a model can be a tool of considerable 
utility, both for research purposes and for infor
mation delivery to technical specialists and, po
tentially, to those responsible for policy formula
tion and implementation. 

Potentially, perhaps one of the most effective 
areas of information delivery where models could 
playa role would be in the public awareness cam
paigns called for by Borlaug and Dowswell (1993). 
As these authors note, the great strides that have 
been made in crop production over the last 50 years 
have been a result of hybrid seed-fertilizer-weed 
control technologies. There is no doubt that the 
use of chemical fertilizers, judiciously applied, has 
to be expanded dramatically over the next 30 years 
if the projected global population of nearly 10 bil
lion in 2025 is to be fed. Development, especially 
in Latin America and Sub-Saharan Africa, is not a 
zero-sum game but a moral and economic impera
tive. Getting this message across to the interna
tional agencies responsible and to the public that 
can drive such agencies is one of the most diffi
cult yet most important challenges that we face. 
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Wednesday, October 27, 1993 
Session IV 

Tour of Arcadian Plant 
Organized by Byron McCarver 

At approximately 8:30 a.m., the group left the 
hotel by buses and proceeded to the ARCADIAN 
CORPORATION at Geismar, Louisiana. The 
group was received by Round Table Director 
Byron McCarver and Plant Manager Gerry Davis 
of the Arcadian Corporation. The group was es
corted by several of the Arcadian technical per
sonnel and Round Table Director David Crerar 
of Norsk Hydro through the N-H single stage, 
hemihydrate phosphoric acid plant and the co
generation unit of the ammonia plant. The Fertil
izer Industry Round Table is very grateful for the 
hospitality extended by the Arcadian Corporation 
during the plant tour and for the authentic 
Jambalaya Lunch served afterward. 
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FINANCIAL STATEMENT 
OCTOBER 22, 1992 TO OCTOBER 21, 1993 

Cash Balance October 21,1993 

Income October 22.1992 to October 21. 1993 

Registration Fees - 1992 Meeting & Cocktail 
Party & Coffee Break Receipts 

Sale of Proceedings 
Registration Fees - 1993 Meeting & Cocktail 

Party & Coffee Break Receipts 

Total Receipts October 22,1992 to October 21,1993 

Total Funds Available October 22, 1992 to October 21, 1993 

Disbursements October 22. 1992 to October 21. 1993 

1992 Meeting Expenses (Incl. Cocktail Party) 
Misc. Expenses Incl. Postage, Stationery, etc. 
1992 Proceedings 
1994 Meeting Preliminary Expense 
Directors' Meeting 
Advertising 

Total Disbursements October 22, 1992 to October 21,1993 

Cash Balance October 21,1993 

6,975.33 
1,512.27 

16,076.73 

4,346.84 
710.22 

13,121.55 
2,897.53 
1,218.74 

160.24 

Respectfully submitted, 

Meeting Attendance: 111 

Paul J. Prosser, Jr. 
Secretary\Treasurer 
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$20,314.61 

24.564.33 

$44,878.94 

22.455.12 

$22,423.82 




