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ABSTRACT 

This research assisted the Yuma, Arizona citrus orchard manager 

in his strategic planning for achieving a low-cost position in a 

focused segment of the citrus industry. Citrus growers in the Yuma 

district are faced with major changes in their competitive environment 

and must adopt new strategic plans in order to continue to compete 

effectively in what has recently become a global industry. Since the 

planning horizon for new citrus orchards is in excess of 20 years, a 

long range planning model was developed to aid in evaluating 

alternative operating strategies. 

This research established the interrelatedness of water, 

nltrogen, and phosphorous relative to the yields of Valencia Oranges, 

Lisbon Lemons, and Redblush Grapefruit on Rough Lemon, Sour Orange, and 

Troyer rootstocks. A computer simulation model was used to evaluate 

optimal operating policies for a variety of resource prices and market 

conditions. The methodology utilized in development of the simulation 

model was unique in that it emulates individual tree performance from 

the time of planting until maturation. 

Four operating strategies were investigated and the profit 

maximizing and cost minimizing strategies were found to be significant. 

Evaluation of market selling prices indicated that the profit 

maximizing strategy was optimal except at very low market prices where 

the cost minimization strategy was optimal. 

xi 



Price sensitivity for water and fertilizer resources was 

investigated. Operating strategies were not affected by water price 

increases over the foreseeable future, however, price changes in 

nitrogen and phosphorous were found to affect the optimal operating 

strategy primarily through the substitution of manure in the system. 

xii 

EXisting horticultural practices in the Yuma growing area were 

confirmed by the research. Additional optimal operating strategies 

were suggested relative to market prices. The long run policy decision 

making process for orchard managers was enhanced. 



CHAPTER 1 

INTRODUCTION 

The purpose of this research project is to find a solution to 

one of the major issues of strategic planning for the Yuma, Arizona, 

citrus industry. The solution is to achieve a low-cost position in a 

focused segment of the citrus industry (See M.E. Porter, 1980, pp. 38-

39). 

Growers in the Yuma district are faced with major changes in 

their competitive environment and must adopt new strategic plans to 

continue to compete effectively in what has r~cently become a global 

citrus industry. This industry now has world-wide competition in 

supply as well as a worldwide market. Yuma growers are also 

drastically affected by changes in the demand for land and changes in 

land usage in the Southwest of the United States. Government 

regulation of the availability of water and the political, rather than 

economic, basis for the allocation of water resources among competing 

users of this scarce resource add to the pressure on growers in the 

Yuma District to find answers to their strategic decisions. 

These environmental pressures have changed the scenario and 

setting for Yuma growers and now require modifications in their 

strategic plans and planning. Orchard management is a difficult task. 

1 



It provides an apt example of the formulation and administration of 

business strategy because of the long-run nature (a twenty year time 

horizon) of the management decisions and the need to make strategic 

choices in an uncertain environment which has political, legal, 

technological and societal dimensions (See Newman and Yavitz, 1982). 
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Within the framework of what is now conceived as a general 

process of strategy formulation (see Hofer and Schendel, 1978, Chapter 

1, 2, 5, 6), this research project focuses on the specific issue of the 

attainment of one of these common generic strategies--achieving a low

cost position in order to establish a competitive advantage in the 

citrus industry. The contribution of the research is seen to be 

twofold: first, the explication of a to-date-unrealized major element 

in a strategic plan for a Yuma district citrus orchard and second, 

methodology for decision making which is transferable to other 

agricultural businesses (See Newman and Logan, 1985, Chapter 5). 

The contribution of this research to citrus orchard strategic 

pl~nning is (1) the understanding of the critical citrus orchard 

variables, (2) the interrelatedness of these va~iables, (3) the 

development of a citrus orchard simulation model as a policy decision 

making tool, and (4) an efficient Yuma, Arizona citrus orchard 

management operating policy. The following sections describe the 

Arizona citrus industry at the time of the study. They are included to 

establish a base for application of the project. 



Arizona Citrus Industry 

Citrus orchards in Arizona produced approximately $50 million 

of fruit in 1979-80 which was approximately 3.5 percent of the total 

United States citrus revenues. Approximately half of the Arizona 

citrus income is from lemons and this constitutes approximately 20 

percent of the total United States lemon revenues. 

The Growth Period 1960-1975 

3 

During the period from 1960 to 1975 Arizona citrus production 

increased almost 300 percent. Beginning in the early 1960's the 

bearing acres of citrus increased dramatically and more than doubled by 

1975. The growth during this period was stimulated primarily by tax 

shelter investments of nonresident owners. Citrus orchards and other 

groves were treated very favorably by the Arizona tax laws which 

provide depreciation tax shelters for investors in new as well as 

existing orchards. Also it was recognized that land investments were 

an excellent hedge against inflation, particularly in California and 

Arizona. Due to the population shifts to the sunbelt since 1980 it was 

anticipated that land values in these states would increase in value at 

a rate faster than in the rest of the nation. Absentee-owners 

speculated that they could enjoy a sizeable capital gain on their land 

investment while sheltering their other income with tree depreciation. 

Any revenue generated from the orchard operation was considered a bonus 

in the overall financial considerations. A survey in 1964 (Spears, 
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1966) examined the accounts of citrus orchard management companies 

which controlled a little less than 50 percent of the Arizona acreage. 

It was found that over 75 percent of the management company clients 

resided outside the State of Arizona. Spears also found that 93 

percent of the citrus acreage managed by these companies was planted 

since 1954. The absentee-owners were attracted to the newly planted 

orchards by the operating losses associated with new bearing orchards 

and their high depreciation charges. 

The Stable to Declining Period 1976-1983 

During the period from 1976 to 1983 Arizona citrus production 

became much more stable at a level of about 450,000 short tons. An 

indicator that production of citrus plateaued is provided by the 

bearing acreage of Arizona-California oranges. After an increase of 

more than 50 percent in the growth years, the region's orange-bearing 

acreage declined by over 10 percent after 1975. Between 1978 and 1979, 

Arizona experienced a 4.6 percent decline in citrus acreage, from 

52,650 acres to 50,240 acres. Almost one-half of the decline was in 

lemon acreage and one-fifth in Valencia oranges. The remaining 

decreases were divided between white grapefruit and tangerines. 

The new orchard-planting patterns for the Arizona citrus 

growing counties (Yuma and Maricopa) have also changed markedly between 

1976 and 1983. Instead of leveling large blocks of land and planting 

large acreage of new trees, growers either replanted single trees to 

replace dead stock or planted small blocks of land that were part of 
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existing orchards. Most of the new plantings were of the same variety 

as the existing orchard trees with some new blocks of land allocated to 

lemons. In 1980, the Yuma County nurseries estimated that 

approximately 300,000 trees were on order but most of them were either 

for replanting in existing orchards, or for orchards in other states. 

Maricopa County originally developed as the first major citrus 

production area in Arizona. However, from the 1978-79 bearing acreage 

report, it was evident that Yuma County had d~veloped as the major 

center for the Arizona citrus industry with Maricopa County playing a 

much smaller role. In 1980, Maricopa County extension agent Lowell 

True reported; 

There is little interest in new plantings here, even in 
the outlying areas where most of our earlier expansion 
took place. Even if there was some interest it no longer 
seems economical. The urban sprawl of Phoenix has taken 
over most of the older areas and there has been a 
hopscotch development which has also reached some of the 
so-called new citrus areas. This combination along with 
the coming Central Arizona Project has pushed land values 
to the point where further investment in Maricopa citrus 
groves seems unlikely. (Citrograph, Oct. 1980, p. 338) 

Any future expansion of the Arizona citrus industry will 

probably be in lemon trees. As was expressed by Terry Mikel, Yuma 

County extension agent; 



Growers here are becoming more and more convinced that 
their Valencias cannot compete with California Navels in 
the fresh market and their returns from the products 
process market are not going to be enough to offset 
costs. The Yuma growers are gradually phasing out 
acreage. Mu~h of our grapefruit is old and there is a 
problem holding it on the tree until the competition in 
Florida and Texas is out of the way. However, most 
growers feel that a good lemon grove can still be 
profitable. We have a late summer and fall domestic 
fresh market and we get a good part of the export market. 
Also, lemon products prices have recovered well. As long 
as we can keep the quality and yields up, lemons should 
be a good investment. (Citrograph, Oct. 1980, p. 338) 

Another problem facing Arizona citrus growers was disease in 

6 

trees. The traditional lemon rootstock has been rough lemon and many 

of the Arizona orchards were planted with this stock. Twenty to thirty 

years late~, problems developed with the rough lemon as was pointed out 

by Vince Smith of S & S Nursery in Yuma: 

It has become apparent that trees are not going to have 
the long life we once expected. Our old rootstock, rough 
lemon, has had a lot of problems and many of the original 
groves are already gone. Even the other rootstocks are 
not holding up as well as they do in California and a lot 
of the growers are gOing to replant programs. This is 
especially true on the Yuma Mesa, where the soils are not 
suitable for many other crops. In the Yuma Valley area, 
trees which were pulled out have gone to field crops. 
But on the Mesa, the land that was left when the groves 
were pulled out will undoubtedly go back into citrus 
because other crops will not do well there. (Citrograph, 
Oct. 1980, p. 338) 

Based on the recent trends in the Arizona citrus industry, it 

was concluded by the author that additional research in citrus orchard 

management might be of benefit to the industry and individual growers. 

This need for research stimulated the interest and provided impetus for 

the application of management science techniques to the Arizona citrus 

industry problems. 



Advantages for Arizona Citrus Growers 

Arizona citrus growers have enjoyed some important advantages 

over their neighboring citrus producers. These advantages have been 

evident in many phases of the production pest control system but are 

especially obvious in the areas of water, taxes, and insect control. 
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At the time of the research almost all of Arizona's more than 

51,000 acres of citrus were served at moderate costs with gravity water 

from irrigation districts. On the Yuma Mesa it was estimated that 

water costs (including labor) were approximately $70 per acre. In 

Maricopa County water costs were higher but were still less than $125 

per acre including labor. The California-Arizona Citrus League (CACL) 

estimated typical lemon orchard irrigation costs to be $72 for labor 

and $95 for water per acre. This low-cost water was also used for 

frost protection by Arizona growers but was not as effective in the 

desert regions as in other areas, such as California. One contributing 

factor was that the surface water is already cool when it is run in the 

orchard while well water is somewhat warmer. Also, a typical freeze in 

the desert is usually part of a low humidity weather system and water 

evaporation cools the orchard air somewhat more. However, most Arizona 

citrus growers still used water for frost protection because research 

has demonstrated that citrus trees can withstand colder temperatures 

without damage when they are not water distressed. 

When the study was conducted, Arizona citrus growers also 

enjoyed lower taxes than their California neighbors. It was estimated 
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that Yuma Mesa citrus orchards were taxed approximately $18 per acre 

during the development years (first five years) and then an additional 

$14 per acre after the fifth year. The CACL estimated the taxes on 

California lemon orchards to be between $15 and $150 per acre with an 

average of $50 per acre. Under Arizona tax law, land was taxed on the 

basis ·of its usage. Also a special provision forgave the taxes on the 

investment for the trees until after the fifth year when they typically 

came into bearing and also started to depreciate. The specific tax 

rates were somewhat dependent on local assessments but were generally 

low for citrus land and trees throughout all of Arizona. 

Pest control costs in Arizona were lower than California 

because some of the serious problems of the California citrus growers 

have been kept out of Arizona through inspection programs, quarantines, 

and eradication programs. Infestations of red mites were only sporadic 

in Arizona orchards and chemical treatment well established. Red scale 

from California was kept out of Arizona citrus orchards through an 

intensive quarantine, eradication program, and inspection program. The 

pest most often intercepted and confiscated at the Yuma inspection 

station was red scale. The total cost for chemicals to control pests 

and weed was approximately $150 per acre in all of Arizona. This 

compared with a CACL estimate of $180 per acre for California lemon 

pest control and an additional $55 per acre for weed control. 

All things considered, the Arizona citrus grower enjoyed a 

decided advantage over his California neighbor in citrus production 
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costs. It has been estimated that Arizona enjoys the lowest citrus 

production cost in the industry at about $800 to $850 per acre in 1983, 

approximately one-half the average cost for a California citrus grower 

and a much smaller fraction of the costs for some California growers. 

If lower production costs, and the superior quality in color and finish 

of the desert fruit are maintained, the Arizona citrus industry should 

continue to compete effectively with their California neighbor. 

Arizona Citrus Orchard Management 

Through the years and to the present, management of Arizona 

citrus orchards loosely classified into two categories: a) owner-

operators and b) management companies (with absentee owners). The 

objectives of the owner-operators who are actively engaged in the day-
..... 

to-day management of their orchards "a~~ somewhat different than those 

of the hired manager and the absentee/owner. First they derived a 

major part of their income from thelr citrus orchard and consequently 

are more concerned about the performance of the orchard system. 'fhe 

owner-operator is more concerned w1.th the short-run performance of the 

trees although the long run performance is also of importance. In 

contrast, the objectives of management companies who are hired by 

absentee owners to manage their investment in the citrus orchard are 

somewhat different in emphasis. Absentee owners usually see their 

orchard only once a year, during the winter vacation season. Their 

objectives are primarily to maximize the tax advantages and land 

appreciation associated with their investment. Consequently, 
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management companies are paid a management fee which is unrelated to 

the performance of the orchard. Therefore their concern is much more 

with the long run as compared to the short run. The overall 

profitability of the orchard on a year-to-year basis is somewhat less 

important as long as adequate cash is generated to support the 

operations. A survey by Spears (1966) in 1964 found that management 

companies represented a large portion of the Arizona citrus acreage. 

In Yuma County 71 percent of the citrus acreage was under the 

supervision of management companies. For the whole state of Arizona 

the figure was somewhat less, approximately 50 percent. Therefore, any 

research programs dealing with improvements in management methods in 

citrus orchards must be aware of these differences in management and 

ownership because of the possible effect on the objectives of the 

supervisor. 

Problems in Citrus Orchard Management 

One of the problems associated with Arizona citrus orchards, as 

well as other types of orchards, is the scarcity of management tools to 

assist 'the growers in short-run and long-run decision making. Orchards 

are somewhat unique agricultural production systems in that they depend 

on trees that have a long life and are difficult to modify. Management 

decisions concerning rootstock, scion, fruit variety, etc. have long

reaching consequences. As market demand shifts and as increased 

competition changes the pricing structure, the grower is essentially 

"locked in" to his previous selections. As Arizona citrus growers face 
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increased competition in the orange market from California Navels and 

foreign imports as well as grapefruit from Florida and Texas, shifts in 

citrus variety while highly desirable are difficult. 

Another associated problem in Arizona citrus orchards is the 

complexity, interrelatedness, long lead times for results, and high 

degree of uncertainty of the operating variables faced by the orchard 

manager. The relationship among many of the operating decisions may 

not be fully understood by the orchard manager and consequently he must 

rely on historically proven approaches. As new technology is 

developed, the high degree of uncertainty associated with its adoption 

often has taken the form of resistance to change. When changes in 

orchard management practices are made it is not unusual for the full 

impact of the changes to be three to five years in the future. If the 

changes prove unsuccessful and the yield of the orchard declines, the 

economic loss can be fatal. There are examples of unsuccessful changes 

in orchard management practices for every operating variable the 

orchard manager must deal with. 

One of the most costly changes of recent years was the 

introduction of the Macrophylla rootstock. This rootstock initially 

demonstrated superior vigor and yields and consequently considerable 

new acreage was planted. However, after 12 to 15 years they suffered 

"quick decline" and the orchards has to be removed. Currently there is 

research information available for the use of phosphoric acid to supply 

trees with the needed phosphorus. The long run effects of this 

treatment is not known. Pruning techniques are also known to affect 
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tree yields in both the short run and the long run. Little change in 

Yuma pruning methods has resulted from that research. As a result of 

this dissertation, the relationship between water, nitrogen, and 

phosphorus in affecting yields is better understood. Utilization of 

this information to "fine tune" the orchard managment practices in the 

Yuma area may never occur. 

An additional problem is the complexity of the modern orchard 

management system. A well-prepared orchard manager must be in part an 

entomologist to effectively manage an integrated pest control program; 

a pomologist to regulate tree growth and fruit set; a horticulurist to 

manage the cultivation, irrigation, and fertilization programs; an 

engineer to design buildings and equipment modifications; a mechanic to 

keep the equipment running; a supervisor to use his labor efficiently; 

a business executive to negotiate the best material prices as well as 

the best fruit selling prices; and a banker-financier to arrange for 

and manage his money. Some assistance is available for the orchard 

manager from the agricultural extension service. However, making good 

decisions related to each operating variable, based on the latest, up

to-date technology is difficult, espeCially with the current 

advancements in orchard management techniques and orchard technology. 

Definition of Terms 

Because this dissertation is interdisciplinary in nature, 

terminology familiar to individuals in the agriculture' discipline seems 

unfamiliar to individuals from the business management discipline and 
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vice versa. Also, certain words and phrases used repeatedly throughout 

the dissertation have very specific meanings for this study and these 

meanings need to be defined. The following sections seek to clarify 

such words and phrases. 

Typical Orchard 

Due to the large variation in size, complexity, and efficiency 

of Arizona citrus orchards, a synthesized orchard was used for the 

research in this dissertation. The actual citrus orchard variety mix, 

variety acreages, operational parameters, etc. were arrived at through 

analysis of the Arizona citrus industry and the recommendations of 

recognized experts in the field. 

A typical Arizona citrus orchard in this study consists of 

some combination of citrus variables in order to spread the risk of 

crop or market failure and to distribute the harvest requirements over 

a longer period of time. The citrus varieties to be selected are 

somewhat dependent on the geographical location such as the Yuma or 

Maricopa growing regions. The varieties usually grown are pink 

grapefruit, lemons, tangerines, tangelos, navel oranges, Valencia 

oranges and Kinnow mandarin oranges. 

The tree planting arrangement for a typical Arizona citrus 

orchard is a function of pollination requirements and replacement or 

expansion requirements. Consequently an orchard is made up of several 

blocks of trees. Each block has one particular variety of citrus trees 

which were all planted at the same time. The orchard then consists of 
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a fairly large number of tree blocks, some of which must be managed in 

one way and some in a different way. 

Operating Variables 

The operating variables referred to in this dissertation will 

be those factors over which the orchard manager has control during the 

normal operating year. Generally they may be classified into the 

following nine groups. 

(1) Planting. The planting operations consist of surveyin~, 

leveling, chiseling, finish leveling, and disking the soil in 

preparation for planting of the trees. The grafted trees are then 

staked, planted (or replanted for those which die), wrapped and listed. 

(2) Cultivation. Cultivation in an Arizona citrus orchard consists 

primarily of weed control which is usually done chemically with 

herbicides, although occasionally it is done by disking. 

(3) Irrigation. The irrigation operations in an Arizona citrus 

orchard which uses border-flood method consists of making borders, 

irrigating, knocking borders, disking ends, and bucking rows. Those 

orchards using other methods of irrigation such as basin, trickle, or 

sprinkle, will have a different sequence of irrigation operations. 

(4) Pruning. The pruning operations in an Arizona citrus orchard 

consists of suckering, pruning (and/or hedging and topping) and brush 

removal. 
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(5) Frost Protection. Frost protection operations vary in Arizona 

citrus orchards depending on the system used. Some growers use 

permanently installed wind machines which move the air in the orchard. 

Others use smudge pots which must be set out, filled with fuel oil, and 

maintained throughout the night. Others use irrigation flooding to 

keep the temperature above freezing. 

(6) Fertilization. Fertilization operations in Arizona citrus 

orchards consist of hand applying fertilizer (Nitrogen and Phosphorus) 

on young trees and water-run fertilizer on mature trees. Application 

rates and nutrient treatments depend on tree growth rate, soil 

salinity, and tree nutrient utilization which is determined by leaf 

analysis. 

(7) Spray Programs. Spray programs in Arizona citrus orchards 

consist of applying minor elements for nutrient balance, applying 

insecticides, and spraying herbicides for weed control. 

(8) Harvesting. Harvesting operations in Arizona citrus orchards 

consist of preharvest in distribution, picking by hand or by mechanical 

harvester, hauling out of the orchard to the packing house, and 

postharvest orchard clean-up. 

(9) Overhead. Overhead costs associated with the orchard operation 

are taxes, insurance, housing, interest, electricity, vehicles, general 

maintenance, buildings, association dues, accounting services, 

management services, etc. 
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'on~-run Variables 

The long run variables referred to in this proposal are those 

factors over which the orchard manager has some control. However, once 

he has made a decision, he must either endure the consequences of that 

decision for the life of the orchard or he may change his mind only 

with some significant penalty to the net income of his orchard 

operation. The variables which fall into this category are listed 

below. 

(1) Citrus Varip.ty. Once a particular variety of citrus is 

selected it is fixed throughout the life of the orchard; the variety 

decision can be rescinded only by destroying the orchard. 

(2) Rootstock. The'rootstock selection, like variety, is fixed 

throughout the life of the orchard. 

(3) Planting Density. Planting density of the trees is somewhat 

dependent on the rootstock selected for the particular variety of 

fruit. Once a planting density is selected, it can only be modified by 

either tree removal with subsequent loss of production or by additional 

tree planting with subsequent tree crowding which affects fruit quality 

and tree yields. 

(4) Fresh or Process Market. The varieties of citrus used in the 

fresh market are often not very compatible with the varieties used in 

the process market (e.g., orange and grapefruit juice and fruit 

sections) and vice versa. Although there is switching between the 

markets (usually from the fresh market to the process market) depending 

on market conditions and pricing, the most efficient orchards will grow 
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fruit for a particular market. The Arizona-California citrus growers 

primarily would like to sell to the fresh market because of the higher 

returns and only sell to the processors when the fresh market is 

glutted. 

Environmental Variables 

The environmental variables are those exogenous factors over 

which the orchard manager has no control. The grower may seek ways to 

soften the impact of these variables on his operation net income but he 

cannot control them directly. Th0se factors are categorized as listed 

below. 

(1) Weather. If freezing temperatures occur during the blooming 

season, the entire crop may be affected. If the freeze affects only 

the maturing fruit, then some of the crop may be saved. Temperature 

control in an orchard is only effective at the marginal freezing range 

of 26 to 32 degrees fahrenheit. In the event of a severe freeze, not 

only is the crop lost but permanent tree damage may be substantial. 

(2) Competition. Present and potential competition for the Arizona 

citrus grower comes primarily from Mexico, Brazil, and Cuba. As these 

developing countries expand their citrus orchards and capitalize on 

their large pool of cheap labor, they may become an even more serious 

threat. 

(3) Substitution. As the price structure chang~s in the fresh 

fruit industry, Arizona citrus growers face a possible shift in 

consumer preference. The most notable shift to date has been the rapid 
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growth in orange juice consumption in comparison with the growth in 

consumption of fresh citrus. Also in the short-run, and perhaps even 

in the long-run, consumers may opt for fresh fruits other than citrus. 

In 1980 the Washington apple crop was at an all-time record high; 

consequently apple prices became so depressed that consumers favored 

apples over the more expensive oranges and tangerines. 

(4) Marketing Orders. Currently Arizona fresh citrus producers 

sell oranges and lemons in a federally regulated market. When the 

Arizona-California market becomes glutted, the packing houses and 

producers must keep the fruit off the market by holding it in cold 

storage or disposing of it in the field or through non-regulated 

markets. The federal marketing order program has been challenged by 

the Reagan administration and all marketing orders are now under 

review. 

(5) Pricing Structure. The pricing of the fruit is usually not set 

by the growers but rather by the packing houses or the juice 

processors. Only if a grower belongs to a cooperative such as Sunkist 

can he have some say in the price he will receive for his crop. 

However, even in a cooperative the growers have little control of 

prices on an individual basis. 

Decision Variables 

Whenever the term decision variables is used in this proposal 

it refers to all the foregoing variables with the exception of the 

environmental variables. 



Long-run and Short-run 

Whenever reference is made to long-run considerations it is 

intended basic information and terminology used in the study to imply 

ten years or more. Whenever reference is made to short-run 

considerations it is intended to imply one year or less. 
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This chapter has attempted to establish the need for this 

dissertation and the basis for the research. It is intended that 

orchard managers be assisted in achieving a clear competitive advantage 

in the citrus market place through achievement of a low-cost position 

and, that the strategic planning methodology herein described would 

assist in maintaining that competitive advantage. 



CHAPTER 2 

DESCRIPTION OF THE RESEARCH 

This chapter describes the research undertaken for this 

dissertation. First objectives of the dissertation are presented. 

Then questions asked about this research topic are presented with the 

resulting hypotheses posed. The importance of the research is 

reemphasized. The methodology used in the dissertation is summarized 

briefly, with a more detailed methodology presented in Chapter 4. 

Finally, the limitations, assumptions, and possible contributions of 

this research are stated. 

Objectives of the Dissertation 

The objective of this dissertation is to contribute to the 

strategic planning of citrus orchard decision makers by finding a method 

to allow the achievement of a low-cost position in one segment of the 

world-wide citrus industry. A further objective is to add to the 

current state of knowledge about strategic planning by demonstrating in 

practice the derivation of one of four generic strategies (see Porter, 

1980, Chapter 2), that have been postulated as leading to competitive 

success. 

The assistance to citrus orchard strategic planning is through 

a contribution of the understanding of: a) the relative importance of 

each of the key operating variables in determining the net income 
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strategy for the orchard, b) the relative importance of all of the key 

operating variables acting together in determining the net income 

strategy for the orchard, c) the extent to which the key operating 

variables influence the optimal orchard net income strategy over the 

long~run and d) the effect on optimal orchards net income of 

alternative operating strategies. 

Questions About the Research Topic 

The following questions relate to the objectives of this 

research and to the problems of Arizona citrus orchard management 

previously described in Chapter 1. 

Individual Operating Variables 

Can the net income of a Yuma Arizona citrus orchard be improved 

through changes in selected individual operating variables? 

Can changes in the irrigation methods and/or water application 

rates affect the net income of an orchard when the effects on yields 

are taken into account? 

Can a change in fertilization methods and/or rates affect the 

net income of an orchard when the effects on tree development, and 

yield are taken into consideration? 

Can changes in the overhead factors affect the net income of 

the orchard? 
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All Operating Variables 

Can the greatest net income of a Yuma Arizona citrus orchard be 

achieved through changes in some selected set of operating variables? 

Can interactions of operating variables (positively or 

adversely) affect the overall contribution of a selected group of 

operating variables to the net income of the orchard? 

Long-run Operating Variables 

Can the long-run net income of a Yuma Arizona citrus orchard be 

improved more by some individual operating variables than by others? 

Is there some set of operating variables that will have a 

greater effect on the net income of the orchard than the best set of 

short-run variables? 

Understanding the Operating Variables 

Can a manager of a Yuma Arizona citrus orchard achieve a better 

understanding of the relationship between net income and the operating 

variables through computer simulation? 

Will studying the relationship between the operating variables 

in a Yuma Arizona citrus orchard through use of simulation models which 

includes the latest orchard technology, be of value to the citrus 

orchard manager? 

Can demonstrated improvements in the net income of a typical 

Arizona citrus orchard, through manipulation of the operating 

variables, improve the understanding of these variables and their 

importance to the orchard manager? 
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Hypotheses 

Based on the previous questions concerning the problems of the 

Arizona citrus orchard manager, the following hypotheses were 

formulated. The null hypothesis from these statements are the ones to 

be tested as a result of this research. 

H. 1 • 

H. 2. 

The optimal short-run and long-run net income of a Yuma 

Arizona citrus orchard will be significantly affected by 

alternative operating strategies. 

The optimal net income operating strategy of a Yuma 

Arizona citrus orchard will be affected by changes in 

fixed operating costs and market price 

operating variables. 

Importance of the Research 

The USDA's Crop Reporting Board issues two annual reports of 

value to this research project: Farm Production Expenditure Survey and 

Agricultural Prices. Both reports indicate that, as of May, 1981, 

American farmers were engaged in a severe cost-price squeeze. Although 

the Arizona-California citrus growers were enjoying a strong upswing in 

prices in 1981 due to the Florida citrus freeze, this upswing was 

expected to be of short duration. The May, 1981 index of prices 

received for all fruit was up 8.2 percent over the preceding year with 

oranges accounting for all the increase. Expenses. have continued to 

climb with the following increases over 1980 as typical: 



Fuels and energy 

Agricultural chemicals 

Fertilizers 

Autos and trucks 

Farm and motor supplies 

13.0% 

8.5 

7.3 

18.0 

9.1 
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Between 1979 and 1980 these same expenses had increased even 

more while the index for all fruit prices had declined 13 percent over 

the preceding year. The expense increases from 1979 to 1980 were as 

follows: 

Fuels and energy 

Agricultural chemicals 

Fertilizers 

Autos and trucks 

Farm and motor supplies 

38.0% 

18.0 

24.0 

6.0 

17.0 

Competition from the Mexican citrus industry was a threat to 

the Arizona-California citrus industry. A report in the February, 1980 

issue of Foreign Agriculture indicated the magnitude of this threat. 

New plantings of Valencia oranges and Dancy tangerines between 1977 and 

1979 were expected to push Mexican orange production to 2.7 million 

tons and Mexican tangerine production to 175,000 tons by 1985. 

Plantings in the early 1970's were also expected to increase Mexican 

grapefruit production to 175,000 tons by 1985. Another potential 

source of competition could be Cuba where huge increases in grapefruit 
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plantings occurred during the 1970's. In 1962 the United States banned 

all imports from Cuba. However, American citrus growers feared that 

changes in the political climate may cause the ban to be lifted. 

Mexico already exported 1 to 3 percent of its oranges, 20 

to 25 percent of its tangerines, and 10 to 15 percent of its 

grapefruit. About 60 percent of Mexico's orange exports and all 

of its tangerine exports were going to the United States. Because of 

an earlier growing season, Mexican grapefruit arrived in the United 

States market two to three weeks earlier than domestic fruits. Mexico 

is planning to capitalize on this advantage in order to maintain or 

gain market share in the United States and other markets. Also United 

States citrus fruit sectioners (packers of processed orange and 

grapefruit sections) were having a difficult time competing with 

Mexican products in both quality and price. The large labor pool 

available to the Mexican processors allowed them to produce high 

quality hand-sectioned fruit while all United States products were 

sectioned by machine. Altogether the Mexican citrus fruit industry 

posed a serious threat to United States citrus markets and particularly 

to the Arizona-California fresh citrus market. 

Productivity was another serious problem the American orchard 

managers and farmers faced. An article, "Productivity: The Sky's the 

Limit," (Agricultural Situation, April, 1979) indicated that, although 

agricultural productivity had increased only 1! percent per year from 

1960-1975, from 1975 to the present, productivity gains declined 
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further to almost zero increase. These decreases in productivity gains 

have been attributed to: a) the infrequency of new breakthrough 

technologies, and b) the resistance on the part of farmers to adopt 

such new technologies as they have become available. 

Prospects for new breakthrough technologies seemed possible at 

the time of the research, but none of these new technologies were 

expected to be operational before the early to mid 1990's. An article 

in September, 1980, "Top Contenders for Productivity Breakthroughs," 

(Farmline, v. 1, no.G), indicated that bioregulation was the most 

promising development for fruit and other crop production. 

Bioregulation uses natural chemical growth regulators to increase crop 

production and/or crop quality. Some chemicals have already 

demonstrated their ability to enhance fruit set and fruit drop, 

depending on the need of the grower. However, acceptance of their use 

has been slow due to the fear that over-application of these chemicals 

will result in a reduced crop or a total crop loss. 

New technology in agriculture usually starts out slowly because 

it may require some additional capital investment and benefits of the 

technology are uncertain. As early adopters demonstrate the advantages 

of the new technology, more and more farmers try ~t for themselves, and 

consequently productivity gains accelerate sharply. However, decades 

may pass from the first commercial introduction of a new technology 

until its wide-spread adoption in agricultural practice. This scenario 

is lengthened even further in orchard decisions due to the long life of 



the orchard tr'ees (20 to 100 years) and the delayed reaction of the 

orchard trees to changes in orchard management practices. 
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The importance of this research has been emphasized by: a) 

slowing productivity gains, b) a steadily increasing cost-price 

squeeze, c) slow development and adoption of new orchard technology, d) 

increased competition from Mexico and Brazil, and e) a decline in 

bearing acres of citrus in Arizona. If significant improvements in 

Arizona citrus orchard management practices can be demonstrated for a 

typical orchard and the improvement expressed in terms of net income 

dollars which the growers can easily understand, perhaps an important 

contribution can be made in either slowing or overcoming these adverse 

trends. 

Research Approach 

An investigation was conducted of the possible research 

approaches that could be used to test the proposed hypotheses. It was 

concluded, after the literature and prior research review, that 

simulation would be the most efficient and effective method. The 

complexities of citrus orchard operations were the primary 

consideration in this decision. The research of S. Monroe on apple 

orchard simulation and S. Hathorn on citrus orchard budgets provided 

the basis for the citrus orchard simulation. The research methodology 

and hypothesis testing is described in Chapter 4 of this dissertation. 
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Limitation of the Research 

1. This research was not intended to make recommendations or 

draw conclusions for specific Yuma Arizona citrus orchards. 

All results were to be related to a generalized Yuma Arizona 

citrus orchard. 

2. This research did not include any field experiments. It was 

not the intent of the researcher to conduct any longitudinal 

studies which would a9ply the results of this investigation. 

Field historical records were collected and used only for 

validation of the model. 

3. This research did not deal with the uncontrollable variables 

in the model. Prediction of the trends of consumer 

behavior, legislation, etc. was beyond the scope of this 

investigation. 

Assumptions 

Certain simplifying assumptions were made. 

1. All labor. material, and equipment was assumed to be readily 

available at the costs specified by the researcher. 7he model 

does not deal with shortages of any of the items necessary to 

operate the orchard. 

2. Overhead costs for electricity, phone, associated dues, 

accounting services, . and insurance were defined by the researcher 

and retain the same relationship to each other throughout the 

time period of the simulation. 
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Contributions of the Research 

The anticipated contributions from this research project were: 

1. A more complete understanding of the relationship among the key 

cost and revenue variables in Yuma Arizona citrus orchard 

operations. 

2. An indication of the potential net income improvement for a Yuma 

Arizona citrus orchard through changes in key orchard management 

practices. 

3. An indication of the critical variables for the long-run success 

of a Yuma Arizona citrus orchard. 

4. An indication of the net income possible for a Yuma Arizona 

citrus grower under conditions where an optimal set of good 

management decisions have been made. 

5. A simulation model that might be used in investigation of other 

alternative strategic decisions for orchard operations. 



CHAPTER 3 

POLICYMAKING AND COMPUTER SIMULATION 

This research project was conceived of as interdisciplinary in 

nature in as much as it required the gathering and application of 

research data and information from the areas of: a) agricultural 

science, b) management science, c) computer simulation, and d) business 

policymaking. This somewhat unusual combination of topics grew 

directly out of the investigator's previous involvement in each of 

these areas. As research studies were published relating to 

understanding the complexities of the chief executive officer's duties, 

the author became interested in applications of computer simulations to 

the difficult and complex strategic decision-making area. 

In private industry, one of the writer's job assignments was as 

general manager of 5,000 acres of apple and cherry orchards in south 

central Pennsylvania. During this work it became obvious that policy 

decision-making in orchard operations was a very complex activity. It 

was concluded that orchard managers, rather than relying on current 

historically proven data, should have access to more sophisticated 

management techniques for policy decision-making. An apple orchard 

computer simulation model was therefore developed in conjunction with 

the Agricultural Economics Department of Pennsylvania State University. 

This simulation was applied to long-run policy decisions in a typical 
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Pennsylvania apple orchard. The application of a computer simulation 

model to Arizona citrus orchards was a natural outgrowth of the apple 

orchard experience of the author. 

This chapter traces business policy decision-making from its 

early foundations to a currently popular policy decision-making model. 

Next the relationship between this current policy model and various 

management science techniques for analysis is established. And 

finally, the use of computer simulation is reviewed and salient 

publications relations to this dissertation are cited. 

Business Policy 

Business Policy is a name for a field of study that examines 

strategic planning for organizations and the integration of the 

specialized work in an organization into a unified whole. The most 

commonly accepted point of reference is that of the chief executive 

officer (CEO) of a business enterprise. During the last 20 years there 

has been a marked increase in the examination of what is variously 

called strategic management, strategic planning, long-range planning, 

policymaking, or policy decision making. This evolution has been the 

result of attempts to establish a theoretical base for policymaking for 

the purposes of generalizing, theorizing and prescribing the activities 

of the CEO's office. Only recently has Business Policy been recognized 

as a separate area of management study and expertise (See Mintzberg, 

1977). Even so, professors teaching in business policy are still 

considered as generalists with a minimal theoretical basis upon which 
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to structure their discipline. It is worthy of note, however, that, as 

thin as its theoretical base may be, Business Policy has been recently 

recognized as a practical base for the study of agribusiness. Harvard 

University's Graduate School of Business Administration made the 

following comments concerning its agribusiness studies. 

The purpose of the School's agribusiness program is to 
improve the perspectives of private and public managers 
in agribusiness as they carry out their decision-making 
responsibilities. The conceptual tools that have been 
developed relate most closely to the field of business 
policy; the approach developed is a commodity-systems 
approach to decision-making (Publications of the Harvard 
Business School, Research 1979-1980, p. 32). 

Decision Making 

The activities of the CEO have always been a complex 

conglomeration of duties that have been very much dependent on the 

personality of the executive officer and the nature of the particular 

organization over which he presides. However, beginning with the work 

of Herbert Simon (for which he was later awarded the Nobel Prize in 

economics), a number of authors have attempted to rationalize specific 

aspects of the various functions performed by the CEO. Simon (1976, p. 

244) drew a distinction between the CEO's decisions and the decisions 

made by those lower in the hierarchy by pointing out that the CEO's 

decision dealt more with ultimate purposes and general processes. The 

lower administrator's purposes Simon considered as the CEO's processes. 

In relation to the rational behavior of the CEO, Simon (1976, pp. 

xxviii-xxix) pointed out that economic man maximizes his decisions by 

selecting the best alternative from all that are available, while the 
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administrative man satisfices by looking for a solution that is "good 

enough." Also, the economic man tries to deal with the world in all 

its complexity, while the administrative man contents himself with a 

·grossly simplified world because he believes that most of the facts 

from the real world have little or no relevance to his particular 

situation. 

The significance of Simon's proposal is that first, 

administrative man can satisfice by making decisions without having all 

of the possible alternatives to select from, and second, because 

administrative man ignores much of the interrelatedness of the real 

world, he makes decisions with relatively simple rules of thumb that do 

not require much thought. This description of administrative man is 

important to this dissertation because it describes the decision 

situation for many of the typical orchard managers in the United 

States and Arizona. This dissertation is an attempt to improve, by 

making it more rational, the strategic planning in orchard management. 

Braybrooke and Lindblom (1963) proposed an incremental change 

model of policymaking based on their observation of government decison 

making. They contended that the pure-rationality model is impossible 

to implement and that alternatives for policy changes should consist of 

only small exploratory alterations in existing policy. This approach 

reduces costs and risk in that the cost of alternative analysis is kept 

to a minimum, the consequences of a policy change will be easily 

foreseen, and the new policies will generally be acceptable to 

subordinates and hence will be more readily implemented. J.B. Quinn 
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(1980) extended this analysis to strategic planning for business firms. 

This approach to policy decisions is espoused by many orchard managers 

as is evident by their resistance to adopt new technology as it is 

developed. 

Business Policy Decision Model 

A generally accepted model of the policy decision-making 

process was originally developed through the milestone work of Hofer 

and Schendel, and Galbraith and Nathanson, both in 1978. 

Later authors (See Stanford, 1984; Glueck, 1984) formalized these 

original concepts into a six step process as follows: 

1. Goals or objectives description 

2. Exogenous trends description 

3. Endogenous analysis of resources 

4. Invention, evaluation and selection of alternatives 

5. Implementation of selected policy alternative 

6. Evaluation of policy changes. 

These steps are listed in the order of normal progression in a 

business policy decision situation; however, it is not uncommon for a 

great deal of backtracking to take place in the policymaking process. 

To help clarify the content of each of these six steps, a series of 

questions are listed for each step as well as the typical decision 

tools that are generally associated with each step (See Figure 1 on the 

following page). A discussion of all six of these tools is 

inappropriate at this point; however, the tools used in the inv@ntion, 



evaluation, and selection of policy alternatives (step 4) are of 

particular importance to this research and need to be elaborated. 
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The invention of alternatives for policy decisions primarily 

depends on a broad understanding of the problems and processes facing 

the policymaker. This understanding includes not only an understanding 

of the variables associated with a particular policy decision but also 

the relationship between the multiple objectives that a policy change 

may affect. There are few tools that will significantly assist in this 

phase of the policymaking process except for the use of models and 

similar techniques. The use of models to study policy problems often 

results in the suggestion of additional policy alternatives, 

alternatives that do not normally come to mind when intuition alone is 

relied on. 

A variety of analytical mathematical models are currently in 

use by industry and a few large agribusinesses to assist in policy 

decision making. This group of tools is generally referred to as 

Operations Research or its approximate synonym, Management Science. In 

these approaches, the problem (usually specific in type such as a 

production problem) is defined in mathematical terms from which an 

explicit numerical solution is derived. The types of models included 

in this category are linear programming, non-linear programming, 

integer programming, dynamic programming, waiting-line models, 

inventory models, CPM and PERT scheduling modes, Markov chain models, 

and computer simulation. 



Policymaking Tasks Methodological Tools 

-Goal Clarification 
What are ultimate policy 
goals? 
What are preferred future 
states? 
What are the possible 
future states? 

-Trend Description 
Have past and recent events 
approximated preferred 
future indicators? 
What discrepancies between 
goals and current states 
exist? 
What is magnitude of 
discrepancies? 
Have discrepancies been 
increasing or decreasing? 

-Analysis of Conditions 
What factors caused recent 

trends? 
What is relative importance 
of factors? 

How have factors been 
changing in importance? 

-Projection of Developments 
Wnat are possible future 
states current policies 
are continued? 

What are projected 
discrepancies from 
preferred future states? 

Are projected discrepancies 
increasing or decreasing? 

-Invention, Evaluation, and 
Selection of Alternatives 
What short term objectives 

will promote goal reali
zation? 

What are relative resource 
costs of alternatives? 

What strategy will optimize 
future goal realization? 

Individual expert opinion 
Consensus expert opinion 

Public opinion 

Technological forecasting 

Statistical comparison 
Time series analysis 
Social and performance states? 
Inequality measure 

R&gression and correlation 
analysis 

Cluster analysis 
Analysis of variance 

Matrix methods 
Curve extrapolations 
Simple probability models 

Cost-benefit analysis 
Analytical mathematical 

model 
Gaming simulation 
Computer simulation 

FIGURE 1. Policy making tasks and the methodological tools 
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Another management science and financial analysis tool is called 

cost-benefit analysis and is employed by some orchard managers to 

evaluate alternative investments. In this approach the costs and 

benefits of specific alternatives are developed in a pro forma 

statement over some period of time. The dollar amounts associated with 

each time period are then discounted back to the current period to 

determine the net present value of the alternative in current dollar 

amounts. The largest benefit value of "bottom line" contribution to 

profits is used as the decision criteria for selection of the best 

alternative. 

Braverman (1980, pp. 21-40) identified a number of the most 

current methods used in decision making. Braverman pointed out that 

the most difficult decisions faced by a typical manager are those which 

are not routine, the one-of-a-kind types of decisions such as those 

long-run decisions made by orchard managers. Some of the models 

suggested to be used to assist in these types of decisions are formal 

intuitive decision processes, checklisting, rating or priority systems, 

morphological analysis, brainstorming, synectic, the delphi method, 

kepner-tregoe, Bayesian decision theory, decision trees, cost-benefit 

analYSis, payoff tables, statistical analysiS, mathematical modeling, 

game simulation, and computer simulation. 

The following section describes computer simulation in detail 

since this mathematical technique for policy decision making is the one 

used in this dissertation. 
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computer Simulation 

Although computer simulation is looked on with some disdain by 

pure mathematicians as being a brute force method of problem solving, 

research studies have shown that it is widely used for long-range 

planning problems and management science problems that cannot be 

readily handled by traditional mathematical techniques. (See Ishikawa 

and Stein, 1976, p. 171; Chase and Aquilano, 1981, p. 369, stet.) 

Shannon (Stet. 1976, p. 9) listed the following six conditions 

under anyone of which simulation could be used. 

1. When a complete mathematical formulation of the 
problem does not exist or analytical methods of 
solving the mathematical model have not yet been 
developed. Many waiting line (queueing) models are 
in this category. 

2. When analytical methods are available, but the 
simplifying assumptions required for their 
application negate much of the true envirnoment of 
the problem. 

3. When analytical methods are theoretically available 
but the mathematical procedures are so complex and 
arduous that simulation provides a simpler method of 
solution. 

4. When it is desired to observe a simulated history of 
the process over a period of time in addition to 
estimating certain parameters. 

5. When simulation may be the only possibility because 
of the difficulty in conducting experiments in their 
actual environment, e.g., studies of space vehicles 
in interplanetary flight. 

6. When time compression may be required for systems or 
processes with long time frames. Simulation affords 
complete control over time, since phenomena may be 
sped up or slowed down at will. Analysis of urban 
problems is in this category. 
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Computer simulations are useful for a large number of business 

problems but they are particularly useful for policy-oriented decision 

problems because they are able to handle complexities in a more 

comprehensive manner than any other methodology. As pointed out by 

Mintzberg (1977, p. 93), "Management Policy phenomena involve a great 

many variaples which are difficult to measure; as a result, the theory 

has been slow to develop." Simulation is consequently used in a number 

of industrial and agricultural situations and especially in situations 

where it would be helpful to determine "what if?" outcomes for existing 

systems or outcomes for systems that exist only in the minds of 

planners and engineers. Examples of some of these applications are 

presented in the following sections. 

Industrial Applications of Simulation 

Computer simulation models, particularly corporate planning 

models using management science techniques for strategic planning, have 

been rapidly developed over the last 20 years. A survey by Gershefski 

(1969), indicated that 63 of the 323 responses (19.5 percent) had 

planning simulation models or were developing planning simulation 

models, all but one of which had been conceived since 1959. A 

replication of tae 1969 survey in 1975 using a new questionnaire and ~ 

different sample, indicated that 119 of the 163 responses (73 percent) 

had planning simulation models or were developing them. This finding 

indicated a more than three-fold increase in simulation use in just 6 

years (See Ishikawa and Stein, 1976, pp. 171-182). 
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tt has become obvious after a survey of the current literature 

relating to applications of computer simulations, that most of the 

models being developed or utilized are in the private sector. 

Moreover, the actual number of utilized models is unknown since reports 

of the problems and successes of these applications appear infrequently 

in the literature. The following reports summarize a few of the 

published applications that are pertinent to this research. 

Addison, Litchfield, and Hanson (1975, pp. 105-13) 

reported on the implementation of a computerized dynamic systems model 

of the R&D operations of Battelle, Pacific Northwest Laboratories. 

This model was designed to be applied in an interactive (man and model) 

environment for the purpose of improving management planning and 

policy-making. The model forecasted future resource demands under 

various operating assumptions, provided a framework to analyze and 

discuss the impact of management policies and decisions and provided a 

basis for increased understanding of the structure and dynamics of the 

organization. These results in turn caused managers to reexamine their 

own intuitive models and ask searching questions about the function of 

certain system components and parts of the structure itself. 

In 1980, Duersch, Meenan, and Shu (pp. 109-15) presented a 

paper which described a simulation model that could be used to examine 

the plans for manufacturing, marketing, and distributing products of an 

assembly line. The simulation was developed at the General Electric 

Research Development Center. It permitted an economic evaluation of 
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alternatives relating to manufacturing, marketing, and financial 

resources and allowed selection of the most appropriate response to 

changes in demand fur the products. As a result of~this model, 

manufacturing and marketing managers were able to adjust production 

schedules and inventory guidelines with significant savings in 

manufacturing and inventory costs. In addition to the cost savings 

realized, the simulation model also provided two additional benefits. 

First, current records of all production schedules and inventory levels 

were quickly available to the user, reducing errors from old or 

inaccurate data. Second, decision criteria and "what if?" types of 

questions could be readily evaluated and the problems and results 

openly discussed and resolved. 

There are numerous other examples of the use of computer 

simulations in both private and public organizations. A review of 

additional simulation applications in the non-agricultural areas is 

beyond the scope of this research. The following section will review 

representative agricultural applications of computer simulation from 

its early beginnings until the present. 

Agricultural Applications of Simulation 

Simulation models are usually most successful when the models 

are developed for a relatively specific application. However, in the 

agricultural field there have been several attempts to construct 

general simulation models which can be applied in more than one 
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operation. The United States Department of Agriculture has developed 

extremely complex agricultural industry simulations which are used to 

forecast supply and price of commodities as well as their trends. The 

total cost for development of these simulations is far in excess of the 

financial capabilities of even the largest private agricultural· 

businesses. Dobson (1970) reported that interviews with eight large 

agribusiness firms revealed that linear program models and small 

computer simulation models were in common use but that the use of 

large, more complex, simulation programs were limited. Officials of 

the eight agribusiness companies indicated that the large agricultural 

computer simulation models developed by the government and universities 

were of little use to them because of the high cost of modifying the 

programs to fit their specific applications. Some of the objections to 

these models were: a) they were not sufficiently flexible to meet the 

specific requirements of an individual company; b) they were too 

complex for the programmers, operators, and users to understand; c) 

their output was not sufficiently tested or verified; and d) they 

required excessive computer memory for their compilation and execution. 

General Agricultural Simulation 

In 1976, Peart and Barrett of Purdue University presented a paper 

on the simulation of crop ecosystem management. This paper outlined the 

important factors that must be taken into consideration when designing a 

dynamic crop-management simulation model. The authors concluded that 
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computer simulation would have a prominent place in the future of crop

management systems analysis, since simulation was the best tool for 

integration of all the variables associated with a farming operation. 

Also it provided a predictive system so that a farm manager could obtain 

estimates of likely results from alternative management practices. 

Probably the most active group in use of computer simulation 

models for specific agricultural applications is the Australian 

Department of Agriculture. In December, 1980, the Australian Journal of 

Agricultural Economics published two articles on the use of computer 

simulation models in their agricultural industries. Kingma, Longmire, 

and Stoeckel (1980) published a review of three research programs in 

quantitative modeling in the Bureau of Agricultural Economics. They 

summarized the essential elements of the research programs and the use of 

quantitative methods in the models. They also noted that use of 

quantitative methods had increased dramatically in response to the need 

for analytical work to formulate improvement in rural policy. 

Agricultural Processing Industries 

Glickstein (1962) developed one of the first computer 

simulations in agricultural economics for production control in an 

Indiana cheese plant. The relative success of this project in 

demonstrating the feasibility of using computer simulation as a 

decision-making tool encouraged further development of simulation 

models in agricultural applications. 



Halter has also done considerable work in the development of 

computer simulations in the field of agriculture. He was a 
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member of the team at Oregon State University that developed a computer 

simulation model of the United States softwood plywood industry 

(Manetsch, 1964). This model was used at the firm level to study the 

effects of production control and to investigate the firm's policy 

toward production and marketing. At the macrueconomic level, the model 

was used to assess the impact of alternative United States Forest 

Service logging policies on the plywood industry. 

Agricultural Animal Management 

Robert Hutton (1964) developed a dairy-farm computer simulator 

designed to represent the farmer's experience with a dairy herd over a 

period of years. Although the dairy simulator was designed to provide 

informatioa on a variety of dairy herd problems, Hutton specifically 

used the simulation for information on policies determining the number 

of replacements, purchasing of the replacements, and the costs of 

raising the replacements. Hutton also investigated the effects of feed 

program changes on the production of milk, the income of the dairy 

farm, and the growth of the dairy herd. 

Halter and Dean (1965) developed a simulation model of a 

California range-feedlot operation. The purpose of the simulation was 

to improve the managerial policies and decisions on a large California 

cattle ranch. The major emphasis of the study was to evaluate 

alternative criteria for purchasing feeder cattle for their feedlot 

based on different pricing structures and weather conditions. 
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Miller and Longworth (1975) reported on the application of 

computer simulation for the budgeting of sheep enterprises. The 

initial application of the model was for educational purposes at 

University of Queensland in Australia. Students used the simulation to 

analyze the sheep operations of a much larger farm management game. At 

the time of the publication, application of the model in the 

agricultural sector had not been successful. 

Worthington (1979) developed a computer simulation model for 

management evaluation of individual animals in a breeding herd of beef 

cattle. The simulation aided management of a registered beef cattle 

herd to evaluate animals on a number of significant characteristics 

rather than the previously used visual evaluation with one or more 

recorded traits. The simulation projected improvement in the herd by 

25 to 40 percent over the next 25 years. 

Agricultural Education 

Emerson Babb and Ludwig Eisgruber (1965) both of Purdue 

University, are well known in the field of computer simulation models 

for agricultural appli~ations. Babb was one of the original four-man 

team working with Glickstein on the Indiana cheese plant simulation. 

In 1966 they collaborated in publication of a set of agricultural 

management games for a general farm, a dairy-processing plant, a farm

supply business, and a supermarket. Their individual and collective 

work in the field of teaching and management games as well as 

agricultural management is a benchmark in the field. 
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Agricultural Planning 

Simulation was used as a tool for analysis by Zusman and Amiad 

(1965) to determine the optimal organization and management policies 

for farming conditions characterized by low and unstable rainfall. The 

farm analyzed was a cooperative operation (kibbutz) located in the 

northwestern part of Negev, an arid region in the southern part of 

Israel. In this area, flexible organization and managerial policies 

were found to be a prerequisite for operation of a successful farm. 

Halter and Miller (1966) reported on their simulation for 

river-basin planning. The objective of this simulation was to evaluate 

water-resource development projects relative to alternative resource 

management policies. 

Halter, Mayega, and Manetsch (1970) reported on their efforts 

to simulate a developing agricultural economy. The simulation modeled 

the agricultural economy of Nigeria and primarily concerned itself with 

designing a tool for use in long-range planning. The results of this 

effort were reported as: a) a clearer understanding of the important 

components and interactions within the Nigerian economy; b) acquisition 

of relevant information in an "instant recall" model; and c) a 

diagnostic tool capable of pointing out likely undesirable (or 

desirable) economic results before the implementation of planning 

policies. 

Etherington (1977) reported on the development of a stochastic 

model for the optimal replacement of rubber trees. The natural-rubber 

industry was troubled by replanting decisions for its vast area (10 



47 

million hectares), small owner operations, widely fluctuat.ing prices, 

and continuously changing technology. The normal replanting cycle for 

rubber trees was 30 years. The research found little justification for 

the extensive and complex calculations of the optimizing simulation 

model to ensure the optimal cycle length for tree replacement. 

However, it ~~s found to be economical to modify the automatic removal 

date (usually a 30 year cycle) by the present-price situation and the 

expected future conditions in the industry. Also, the extended cycles 

(greater than 30 years) of the smaller, less efficient tree holders, 

were found to be uneconomical. 

Agricultural Orchard Management 

Graham, Kennedy, and Marshall (1978) reported on the 

development of a multi-period orchard management model for British 

Columbia. 

Davis and Thiele (1978) presented a paper on simulation 

modeling for a typical Australian pome fruit (apple) orchard of the 

20th International Horticultral Congress. 

The main routine of the model calculates annual orchard 

profitability and sub-routines generate optimum tree replacement age 

and stochastic variability due to hail and drought. Trees were 

replaced with either the existing production system (270 trees/ha) or 

the semiintensive system (715 trees/ha). The semi-intensive system 

allowed the orchard to sustain wider cost, price and yield 

fluctuations. Under average price and yield conditions, converting the 
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existing standard orchard to semi-intensive production gave an average 

annual improvement in after tax profit of approximately $13,000 in a 

100 year simulation period. The existing trees were replaced at 

approximately 31 years of age and thereafter recycled at approximately 

46 y~arly intervals. The provision of irrigation with the semi

intensive system further improved profitability by $7,000 per annum. 

Replacement age ·varies inversely with price and yield levels and 

proportionally with interest rate. Significant interactions occurred 

between price, cost, yield and orchard profitability with price being 

the most sensitive parameter. The model could be modified for other 

perennial crops providing a readily comprehensible and practical means 

of examining the effects of varying economic conditions and management 

strategies in horticultural businesses. 

In 1978 a computerized apple-orchard simulation was developed 

by S. Monroe for use in evaluating long-range decisions for 

Pennsylvania apple orchards. This simUlation generated detailed cost 

and revenue data for each specific orchard input and output. An entire 

orchard was evaluated based on accumulated data from each block of 

trees. Alternative strategies could be evaluated for any specific 

orchard parameters over any length of time desired. The results of 

this research were never utilized as the model became too complex for 

other orchard managers to adopt. Also, the data used in validation of 

the model were not totally representative of the entire region since 

the data was drawn from a private corporation which operated somewhat 

differently than an individual grower. 
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Orange Industry Simulation 

G. Rausser (1971) completed a dynamic econometric model of the 

California-Arizona orange industry. This model simulated the entire 

regional market in an attempt to maximize the returns to the growers in 

the region by a more complete understanding of the interactions in the 

marketplace. The results of this research were somewhat obscure in 

that the area of study was extremely complex and validation of the 

completed model was not possible. The author recommended that 

additional work be done to validate the model before any application of 

it could be made. 

Alston, Freebairn, and Quilkey (1980) published an article on 

the modeling of supply responses in the Australian orange-growing 

industry. This research developed a computer simulation model of the 

Australian orange industry to explain changes in plantings, removals, 

and the number, age and composition of trees in orange production. It 

was found that most of the variation in plantings is explained by 

expected profitability of the orange groves, the current stock of 

bearing and trees, and removal of trees in the previous year. 

Estimates of the elasticities of response of plantings and production 

to price changes were low, and long-time lags were found. Future 

applications of the model for alternative price assumptions were 

suggested. This research was similar to the previously cited work of 

Rausser in that they both have approached the modeling problem from a 

macro (industry) point-of-view. The citrus orchard simulation 
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developed through this research is primarily from a micro (individual 

grower) point-of-view. 

An extensive literature search concerning other applications of 

modeling or simulations to orchards or citrus was not fruitful. It was 

concluded that the previously cited articles include all the published 

efforts in the area of this dissertation. 

Citrus Research 

A computer literature search of all types of citrus and orchard 

management research found over 300 worldwide citations within the past 

10 years. These included numerous citrus orchard longitudinal studies 

of fruit varieties, tree stocks, irrigation, fertilization, pest 

control, and harvesting methods. Most of these studies were conducted 

at experimental and commercial citrus orchards in Florida, Texas, 

California, and Arizona. These studies have been of· assistance to 

citrus-orchard managers through informing them of new technology as it 

has been developed. However, all too often the full economic impact of 

the new technology is not readily apparent from reading the research 

report. As an example, two recent stUdies investigated the use of 

alternative irrigation systems in new and mature citrus orchards. The 

reports indicated that several of the systems could significantly 

reduce the water used and the nitrogen fertilizer applied. However, 

the research did not interpret the results for the reader as to the 

cost of the system per acre and the expected cost savings per year per 

acre. It would seem to be important for the orchard manager to have 
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financial data as well as technical information when trying to make 

decisions concerning operating variables. 

Research Topics 

In December of 1978 a citrus report was published by 

Cooperative Extension Service of the University of Arizona summarizing 

the citrus research conducted in Arizona. This report contained the 

following topics: 

DISEASES 

Black Rot of Citrus 
Naturally Infected Hosts of Spiroplasmas in Arizona 

SOIL FERTILITY 

INSECTS 

Fertility Requirements of Mature Oranges Using Spray 
Irrigation 

Orthophosphoric Acid as a Phosphorus Fertilizer in Trickle 
Irrigation 

Citrus Red Mite control on Lemons, 1978 
Citrus Red Mite Control with NC 13292, 1978 
Citrus Red Mite Control with Acaricldes, 1978 
Control of Texas Citrus Mite with Acaricides 
Control of Citrus Thrips on Oranges 1977 
Mite and Thrips Control with Zolone, 1978 
Supracide for Brown Soft Scale, 1978 
Eradication of Red Scale in Yuma County 

INTERSTOCKS 

Effect of Interstock on Fruit Growth, Tree Size, and Yield of 
Redblush Grapefruit 



IRRIGATION 

Citrus Responses to Irrigation Methods 
Comparison of Irrigation Methods, Rootstocks, and Fertilizer 

Elements on Valencia Orange Trees 
Converting Mature Orange Trees to Pressurized Irrigation 
Systems 
Effect of Converting Mature Grapefruit Trees to Trickle 

Irrigation 
Trickle Irrigation of Mature Citrus: Amount"'and Geometry 

POLLINATION 

Pollination Requirements of Fremont and Fairchild Tangerines 

ROOTSTOCKS 

Rootstocks for Redblush Grapefruit 

WEEDS 

Citrus Weed Control 

Operating Budgets 

Annual operating budgets are the most popular method used by 
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agricultural extension services to communicate the economics of typical 

orchard management practices. All of the major citrus growing regions 

in the United States publish budgets to show growers what costs and 

revenues should be for an acre of citrus orchard with a specific 

variety of fruit. 

A budget study of importance to this dissertation was published 

in the spring of 1980 by S. Hathorn of the University of Arizona. A 

series of Arizona citrus crop budgets were developed based on average 

costs for each orchard input depending on: a) tree age; b) fruit type; 

c) fruit variety; and d) orchard geographical location. Orchard 

revenues were calculated using an expected yield per acre and gross 
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revenue per box. A gross return was then calculated based on total 

gross revenue and total annual cost. These budgets are very useful to 

the Arizona citrus grower as a benchmark for measurement of his own 

orchard performance. 

The Arizona Agricultural Extension Service also publishes 

research bulletins which address specific topics for the reference of 

the Arizona Citrus Growers. A listing of the current bulletins is 

available through the Agriculture Extension Service ~ibrary at the 

University of Arizona, Tucson, Arizona. 

Use of Computer Simulation for Arizona Citrus Orchards 

As previously expressed, computer simulations are of particular 

usefulness when the problem to be analyzed is extremely complex. 

Wagner, (1969, p. 889) expressed this view when he said simulation was 

particularly well suited to studying problems that exhibit 

the combined effects of uncertainty, the dynamic 
interactions between decisions and subsequent events, the 
complex interdependencies among the variables in the 
system, and, in some instances, the need to use finely 
divided time intervals. Such total system problems are 
too big and too intricate to handle with linear and 
dynamic programming models, or standard probabilistic 
models. 

Based on the above observation of Wagner concerning the 

application of computer simulation modeling, it is concluded that this 

method is the appropriate one for studying the operation of Arizona 

citrus orchards •. As previously discussed, citrus orchards have a large 

number of interacting endogenous variables which are dramatically 
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influenced by uncontrollable exogenous variables. Also, orchards have 

long time frames over which certain of the operating variables change. 

The Arizona citrus-orchard study appears to be an ideal situation for 

use of computer simulation. 

Simulation studies are generally undertaken for one or more of 

the following purposes (See Shannon, 1976, p. 10). 

1. Evaluation - determination of how well a proposed or 
existing system performs in relation to some 
specific evaluation criteria. 

2. Comparison - for comparison of alternative operating 
policies and/or procedures, or comparison of 
competitive systems providing the same function. 

3. Prediction - forecasting the performance of a 
spe~ific system under a deterministic or stochastic 
set of parameters. 

4. Sensitivity analysis - determination of which of 
many factors are the most significant in 
affecting the overall performance of the system. 

5. Optimization - determination of what combination 
of factors will produce the optimal performance 
of the system being studied. 

6. Functional relations - more clearly establishing 
the nature of the operating relationships among 
one or more of the system's Significant factors 
and the system's relative response. 

As was presented in the Hypotheses section of Chapter 2, this 

research applies all of these purposes to Arizona citrus orchards in 

the Yuma area. 



CHAPTER 4 

RESEARCH METHODOLOGY 

This chapter describes (1) the research approach used by the 

author to investigate the previously described problem, (2) the data 

base used for determination of the significant variable relationships, 

and (3) the simulation model developed for analysis of the significant 

variables in a Yuma, Arizona citrus orchard. Each of these research 

steps are described in detail to assist the reader in fully 

understanding the basis for the results of this research. This 

research methodology is particularly important in establishing the 

overall validity of the simulation model and the subsequent results 

described in chapters 5 and 6. 

Research Approach 

It was determined that a mathematical simulation model of a 

typical Yuma Arizona citrus orchard would be the most effective tool 

for making policy decisions. The author's approach for development of 

this tool was as follows: 

1. All written research studies relevant to the effect on citrus 

tree yields of rootstock, water nitrogen, phosphorus, manure, 

freezing, heat, alternative bearing, pruning, growth 

regulators, etc. were collected. The longitudinal studies of 

55 



56 

primary importance were the numerous plots of citrus orchard 

trees at the Yuma Citrus Research Station and the Tempe Citrus 

Research Station. Also the research conducted at Riverside 

California, Texas, and Florida were found to be important. In 

addition studies undertaken in Israel and other world wide 

citrus growing locations were collected. The citrus budgets of 

Dr. Scott Hathorn of the University of Arizona were included. 

2. All citrus research studies dealing with oranges, lemons, and 

grapefruit were catalogued by fruit variety and were further 

cross referenced by the effects of irrigation and fertilizers 

on tree yield. 

3. It was determined through discussion with the Yuma 

horticultural extension agent, Dr. Ross Rodney, and review of 

the research, that the major effects on the productivity of 

citrus orchards were caused by citrus variety, tree rootstock, 

irrigation practice and fertilizer treatment. However, 

although numerous studies had been conducted, there were no 

interrelationships clearly established between all these 

critical factors. Consequently, the task was undertaken to 

establish these relationships. 

4. The major longitudinal studies conducted at Yuma for oranges, 

lemons, and grapefruit were used as the basis for study. A 

detailed description of these studies and their results are 

included in Appendix A of this report. In addition, the 

results of similar studies conducted at the Mesa, Arizona 
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citrus research station were compared with the Yuma studies. 

Further, studies in California, Florida, and Israel were also 

compared with the Yuma studies. Because of the effect of the 

different types of soil and rootstocks, the other studies were 

used as secondary sources of data rather than primary sources. 

5. Analysis of Variance was used to investigate the strengths of 

factor relations with tree yield and factor interactions. The 

results of the ANOVA analysis were then used to point the 

direction for establishing the factor relationships through the 

use of modeling techniques. 

6. Exogenous variables impacting the research studies such as 

weather factors were also investigated through the use of 

regression techniques for variance reduction. 

7. Maximum and minimum yield curves as related to the age of the 

tree were established based on all published research data. 

These were then sent to Dr. Ross Rodney to determine their 

validity based on his experience with local growers and Yuma 

experimental farms. 

8. The yield-per-tree relationships were then established by using 

the previous yield curves variable relations. Mathematical 

expressions were then derived using curve fitting techniques. 

A detailed explanation of these relationships is included in 

the description of the model in the following section of this 

chapter. 



Description of the Model 

The following sections describe the development of the 

indogenous and exogenous parameters for use in the citrus model. A 

detailed description of the methodology to develop each parameter is 

provided. Those variables which were investigated and not used are 

also described. 

Indogenous Variables - Valencia Oranges 
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A review of the literature and operating budgets of Yuma citrus 

growers indicated that there were numerous operating variables which 

could affect the performance of the orchard. However, after evaluating 

the impact of each variable on the profitability of the orchard it 

became obvious that the yields of the orchard trees were by far the 

most significant variable. Therefore the researcher narrowed the scope 

of this investigation to include only those factors which had 

significant impact on orchard yield. For the purposes of the 

simulation model, all other operating variables were treated as fixed 

variables which were only affected by the age of the orchard trees. It 

was also determined that the indogenous variables accounted for only 

30% of the yield variance, indicating that exogenous factors were also 

very critical to orchard yields. 

Irrigation and Nitrogen Treatments for Valencia Oranges. A 

thirteen year experimentally designed study of irrigation at three 

levels and nitrogen at four levels was used as the primary source to 

determine the water and nitrogen interactions. The description of this 

experiment is included in Appendix A of this report. Previous 



59 

statistical analysis of this data had not satisfactorily demonstrated 

that there were any statistically significant interaction effects 

between variables. There were only statistically significant 

differences between mean yields for only the extreme nitrogen 

treatments.. Plotting of the yields as a time series indicated that 

there were definite shifts in the yields during three distinct time 

periods. When all thirteen years of data were pooled, almost all 

treatment effects were masked by the extreme variance between time 

periods. The impact of these time period shifts was investigated 

through the use of indicator variables in a regression model. This 

analysis indicated that there was a significant shift in the mean 

yields in the three time periods of approximately 100 pounds per tree. 

An explanation of this shift was sought through Dr. Ross Rodney. The 

only apparent reasoning for the yield shifts was a possible nematode 

buildup in the soil during the experiment. A serious nematode 

infestation was discovered and treated in 1975 which was 2 years 

following the termination of this experiment. No other explanation was 

found to be satisfactory. Consequently, the third time period data (3 

years) was eliminated from the calculations for the final model. 

Further analysis of the data was still not providing 

satisfactory results, so additional statistical investigations were 

undertaken. Analysis of variance (ANOVA) testing between the three 

replications in the experiment indicated that there was a significant 

difference at the .0000 level between the three replications. An 

F-test for pooling of the data indicated that the data for the 3 
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replications could not be pooled. The pooling analysis indicated that 

A and B replications could be pooled and Band C replications could be 

pooled but A and C replications could not be pooled. Again, Dr. Ross 

Rodney was consulted as to an explanation of the difference between the 

replications. After some thought it was determined that the A 

replication of the experiment was in the end of the field which was 

irrigated with Colorado River water before the river dams were built. 

Consequently, the river water silt buildup in the A replication end of 

the field was significantly greater than in the C replication end of 

the field. When the replications were treated separately, the 

nitrogen and irrigation independent and interaction effects became 

statistically significant. ANOVA comparisons pooling A and B 

replications and Band C replications indicated that the Band C 

replications were the most alike in that they did not mask the 

irrigation effects. Therefore they were used to determine the 

irrigation, nitrogen and interaction effect. Irrigation effects were 

found to be significant at the .005 level and nitrogen effects were 

found to be significant at the .0000 level. The interaction effects 

between irrigation and nitrogen were not found to be significant with 

an F probability of .177. 

Further analysis of the data indicated that when the irrigation 

rates were controlled at the 7 acre feet or 8 acre feet levels, then 

there was a significant difference between the 1 pound per tree 

application rate. At the 9 acre feet irrigation rate there were no 

significant differences in the nitrogen application rates. And 
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conversely, when nitrogen was controlled at the 1 pound per tree 

application rate there was a significant difference in the 8 acre feet 

and 9 acre feet irrigation rates. At the 2.3 and 4 pound per tree 

application rates for nitrogen there was no significant difference in 

the irrigation rates. As a result of this analysis, it was decided 

that there were irrigation and nitrogen interactions but they were 

being masked by other factors. 

The next approach in determining the interaction effects was to 

plot the 10 year mean yields for the three levels of irrigation and the 

4 levels of nitrogen treatment. The final results from these plots are 

shown in Figure 2 on the following page. It was obvious that 

interaction effects were present due to close grouping of the mean 

yields at the 9 acre feet irrigation rate versus the 7 acre feet rate. 

The slightly concave curves were simplified by fitting a least-squares 

straight line through the three data pOints on the assumption that 

there was enough variance caused by the other factors in this orchard 

system to cause the apparent non linearity. Further the data was 

extrapolated to the lower limit of 4 acre feet of water which is the 

minimum level of irrigation for the tree to survive in Yuma (Allen D. 

Haldeman, 1973). The results of these plots and extrapolations are 

shown in Figure 2 on the following page. The r~asoning behind the 

extrapolation was that Yuma experimental data was not available for 

flood irrigation and nitrogen effects, however, sprinkler irrigation 

data at the lower rates with nitrogen treatments was available in the 

experiment done by R.L. Roth (1979). Also the research conducted at 
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the Tempe Arizona Citrus station by R.H. Hilgeman, et ale (1969) and 

(1970) and the research by C.H.M. Van Bavel, et ale (1965) at the 

University of California, Riverside was used to confirm the response of 

orange trees to lower irrigation treatments than those used in the Yuma 

experiments. 

The previously described linear relationships between 

irrigation notes and orange yields were then transformed to nitrogen

versus-yield curves and fitted using a polynomial curve fitting program 

from BMDP statistical package. Mathematical equations for the family 

of curves were generated which expresses the irrigation and nitrogen 

effects in concert with all other significant variables in the system. 

The results of these transformations are shown in Figure 3 on the 

following page. The resulting relationships were included in the model 

as polynomial equations and are shown in the final model section at the 

end of this chapter. 

As an additional check of the fit of the family of curves to 

the original data, a polynomial fit for the three irrigation rates was 

made. The resulting curves were of the same shape as those generated 

by the researcher and they had an R2 between .14 and .17. The 

saturation of the irrigation-nitrogen curves at the 3 and 4 pound of 

nitrogen application rate is explained'by the apparent inability of 

orange trees to utilize higher rates of nitrogen. 

The convergence of the curves at the 3 pound per tree rate is 

explained by the leaching effect of the higher irrigation rates. This 

conclusion concerning the utilization of nitrogen is also supported by 
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the research of Sharples and Hilgeman (1969) at the University of 

Arizona Tempe Citrus station. Also the research of Jones and Embleton 

(1967) at the University of California Citrus Research Center, 

Riverside, indicated that Washington navel orange trees were unable to 

utilize more than 3 pounds of nitrogen per tree. 

It was also noted that the leaching effect of flood irrigation 

was confirmed by the leaf analysis of nitrogen content in experimental 

blocks of grapefruit in Yuma. The experiment conducted by R.L. Roth 

(1979) demonstrated that even though all trees received 3 pounds of 

nitrogen per year, the trees irrigated by flood at a rate of 8 acre 

feet per year had less nitrogen in the leaves than those irrigated by 

trickle irrigation at a rate of 4 and 5 acre feet per year. 

Phosphorous Effect on Yield of Valencia Oranges. The Nutrient 

Experiment conducted by Roth, et ale (1979 p. 86), experimented with 

the phosphorous effects on orange tree yields in combination with 

nitrogen. The result of this 5 year study concluded that phosphorus 

acts much like a catalyst in orange tree utilization of nitrogen. The 

application of 0.25 pounds of phosphorus per tree per year with at 

least 1.5 pounds of nitrogen increased the yield per tree by 

approximately 30 pounds of fruit. This shift in the mean yield per 

tree was Significant at the .05 level. The result of this experiment 

indicated that an adeauate level of phosphorus must be available in the 

leaves of the tree, however, addition of more phosphorus beyond this 

adequate level does not affect the yield of the tree. If the 

phosphorus level in the leaves falls below the adequate level, then the 
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yield of the tree is adversely affected. This conclusion was also 

supported by the research of T.W. Embleton, et ale (1956) at the 

University of California Citrus experimental station at Riverside and 

the research of Walter Reuther, et ale (1949) at the U.S. 

Department of Agriculture, Orlando, Florida. The California research 

showed approximately a 50 pounds per tree difference in yield 

significant at the .01 level from the application of phosphorus and the 

Florida experiment showed approximately a 25 pounds per tree difference 

in yield. The major difference between these three experiments was the 

phosphorus application rate required to provide an adequate level of 

phosphorus in the tree leaves. The Florida experiment used 

superphosphate (45% P205) and applied it at the rate of 0.0, 0.5, 1.5 

and 3.5 pound per tree. The change in yield occured between the 1.5 

and 3.5 (0.7-1.6 pounds P205) application rate. The California 

experiment applied 0.0 and 20.0 pounds of treble superphosphate 

(48% P205) per tree in order to obtain the 50 pounds per tree shift in 

yields. Another experiment by A. Bar-Akiva, et ale (1968) in Bet 

Dagan, Israel on March Seedless Grapefruit trees showed approximately a 

100 pounds per tree change in yield significant at the .001 level by 

application of 0.66 pounds of phosphorus (P205) per tree per year. 

Based on this information, it was concluded that the Yuma Valencia 

orange trees will increase their yield per tree by approximately 30 
, 
pounds per tree through the application of 0.5 pounds of phosphorus 

(P205) per tree. If superphosphate is used to supply the necessary 

phosphorus then 1.1 pounds per tree would be applied. 
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Rootstock selection for Valencia Oranges. One of the easiest 

ways to improve the performance of citrus trees is by changing the 

basic rootstock on which a scion grows. Historically the three 

rootstocks in common use in the Yuma area were (1) Rough Lemon, (2) 

Sour Orange, and (3) Troyer. During the 1960's it was thought that 

Macrophylla rootstock was the most desirable replacement for Sour 

Orange and Rough Lemon Rootstocks with Valencia Orange Scion. 

Consequently, a number of orchards were planted using Macrophylla 

because of the tree vigor nearly equal to Rough Lemon but with better 

fruit quality. However, 12 to 15 years after planting the trees on 

Macrophylla rootstock they developed rapid orchard production decline 

due to the virus Tristeza (Quick Decline). Consequently, this 

rootstock is no longer used in the Yuma Mesa orchards. The rootstocks 

remaining for use with Valencia Oranges are Rough Lemon (lower fruit 

quality), Sour Orange (high fruit quality but lower in vigor) and 

Troyer (a compromise between Rough Lemon and Sour Orange). 

An article published by D.R. Rodney and R.H. Hilgeman (1970) 

discusses the 10 major rootstocks that can be considered for use in 

Arizona. The comparative performance evaluations from the article are 

shown in Table 1 and Table 2 on the following pages. This study does 

not take fruit quality into consideration. However, the study model 

does adjust the yield estimates downward according to the previously 

discussed experiment if Sour Orange or Troyer rootstock is used in the 

orchard. The results of the Yuma rootstock experiment were verified by 

rootstock experiments at Tempe Arizona Citrus Experimental Station and 



TABLE 1. Comparative Performance of Rootstocks with Valencia Orange 
and Lisbon Scions in Arizona 

Rough Lemon 

Rangpur Lime 

Citrus a 
Macrophylls 

Sour Orange 

Cleopatra 
Mandarin 

Willowleaf 
Mandarin 

Sacaton 
Citrumelo 

Troyer 
Citrange 

Sweet Orange 

Grapefruit 

Tree and 
. a 

Sandy Soil 
Orange Lemon 

1 

1 

I 

3 

3 

2 

2 

3 

I 

I 

I 

2 

2 

3 

2 

3 

Fruit, Growth 

loam Soila 

Orange 
I 

1 

I 

2 

3 

I 

2 

3 

3 

LeI:lon 
I 

I 

I 

I 

I 

2 

2 

& Yietclli 

Frui~ 
Size 

L 

M 

M 

M 

S 

L 

M 

M 

Total 
Soluble 
Solidsc 

1 

L 

L 

H 

H 

H 

M 

M 

H 

H 

aSandy soil-Yuma Mesa and Welton Mesa; sandy loam-Salt River 
Valley and Yuma Vall~y: 1 = large tree or yield, 4 = small 
tree or yield. 

bL = Large M = Medium S = Small 

<it = High M = Medium L = Low 

dR =. Resistant; lvID. = Modernately Resistant; 

~ptake from high calcium soils I = ade~uate; 
3 = inade~uate 

fUptake under high concentrations 
3 = high 

1 = low; 

S = Susceptible 

2 = intermediate; 

2 = intermediate; 

Insufficient evidence on which to base judgment is indicated by -
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TABLE 2. Comparative Performance of Rootstocks with Valencia Orange 
and Lisbon Scions in Arizona 

Disease Toleranced Nutrition 

Tristeza Xyloporosis Exocortis Phytophthora Deficiencye 

(Quick Decline) (Cachexia) (Scaly Butt) (Foot Rot) Iron Zinc 

R HR R S 2 I 
R S S S 2 I 
S S R MR 1 2 
S R R R I 2 
R HR R MR 2 I 
R R R MR· 2 1 
R R S R 2 2 
S R S MR 2 3 
R R R S 3 
S R R MR 3 

aSapdy soil-Yuma Mesa and Welton Mesa; sandy loam-Salt River Valley and Yuma Valley: 

I = large tree or yield, 4 ~ small tree or yield. 

bL = Large M ::I Medium S :0 Small 

cH = High M ::: Medium L = Low 

dR = Resistant; HR = Modernately Resistant; S CI Susceptible 

eUptake from high calcium soils I = adequate; 2 - intermediate; 3 - inadequate 

fUptake under high concentrations L ~ low; 2 D intermediate; 
Insufficient evidence on which to base judgment is indicated by 

3 - high 

Excess f 

Chlorine Boron 

2 2 
I 2 
2 1 
2 2 
1 3 
1 3 
2 2 
3 2 
2 2 
3 2 

0-
\0 
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the 1977 through 1980 Florida registered nursery trees. The Tempe 

experiments were by R.H. Hilgeman (1970) and G.C. Sharples and R.H. 

Hllgeman (1972). The Florida registrations were reported in 

Citrograph, Vol. 66, No.8, June, 1981. 

A seven year experiment with 10 different rootstocks planted in 

1961-62 was concluded in 1982 with the results shown in Table 3 on the 

following page. 

Since all other rootstocks except Rough Lemon, Sour Orange, and 

Troyer had generally been eliminated for the Yuma growing area, as 

previously discussed, a comparison between only these three rootstocks 

was made. The effect of the multiple years time series was eliminated 

by calculating the yearly deviations of the 3 rootstock yields from the 

yearly mean yield for all 3 rootstocks. The rootstock deviation means 

and standard deviations were then calculated. ANOVA was used to 

calculate the sum of the squares for total (SSTO), between rootstocks 

(SSA) and error (SSE). An F-test at the .01 level was used to 

determine if there was a difference between the rootstocks and was 

found to be significant. The Tukey family procedure (see Neter and 

Wasserman, 1974, pg. 473) was then used to construct family confidence 

intervals at the .01 level of significance. The results of this 

analysis indicated that there was no significant difference in yield 

between Rough Lemon and Troyer rootstocks, but that Sour Orange is 

significantly lower in yield. 



TABLE 3. Valencia Orange Rootstock Experiment 

(Campbell NU.) planted in 1961-62 
Valencia Orange - Aug. Yields 25 1bs./tree 

Bloom 
Yr. A B C D E F G H J 

CARR. CITRUM CLEO ROE. MACRO RANG R.L. 5.0. TROY. YUMA 

1976 206 188 141 158 218 216 281 143 2JJ 151 

1977 262 192 162 203 210 209 256 203 252~. 198 

1978 238 199 153 179 226 204 2!)9 199 238 183 

1979 241 245 198 200 262 280 309 211 248 221 

1980 1S7 187 142 138 185 199 195 155 198 176 

1981 237 203 187 203 189 217 219 180 228 204 

1982 301 266 206 213 238 296 352 261 343 282 

Mean 239 211 169 185 218 2J~ 267 193 249 202 
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Indogenous Variables - Lemons 

The indogenous variables which have a significant impact on 

lemon tree yield were considered to be the same as those for Valencia 

Oranges. The primary source for Yuma Mesa Lemon yields and the 

nitrogen, phosphorus, and manure effects was the Block 23 experiment 

described in the data Appendix A. 

Nitrogen, Phosphorus, and Manure Treatments for Lemons. 

Analysis of the 7 years of data from the Block 23 experiment indicated 

that Lisbon Lemon trees respond the same as Valencia Orange trees with 

respect to nitrogen and phosphorus applications. An analysis of 

variance (ANOVA) was conducted with the data from this lemon 

experiment. A pooling test was made to determine if the two 

replications of the treatments could be considered to be the same and 

the F-test indicated that they were from the same universe. The ANOVA 

of the pooled data indicated that nitrogen effects were significant at 

the .000 level, the phosphorus effects were significant at the .01 

level, and the manure effects were significant at the .000 level. Also 

of interest was the significance at the .01 level of the phosphorus and 

manure interaction effects. This interaction effect is discussed in 

more detail in the following section. The results of this experiment 

are shown in Figure 4 on the following page. As can be seen from the 

data, when there is not any phosphorus applied, the utilization of 

nitrogen peaks out at approximately 3 pounds per tree. 
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However, if 2 pounds of P205 is applied the tree is able to continue to 

utilize the nitrogen to increase yields. The phosphorus effects on 

lemon trees was confirmed by an experiment by T.W. Embleton, et ale 

(1967) at the Riverside, California citrus research station. 

Of particular interest is the effect of manure applications on 

the yields of Lisbon Lemon trees. The yields of manure treated trees 

are not affected by the application of phosphorus primarily due to the 

2+ pound of P205 provided in the manure applied at the 222 pounds per 

tree rate. However, since manure was applied in combination with the 

three levels of Nitrogen treatment, the Nitrogen content of the manure 

is additive to those treatments. Since the chemical composition of the 

manure was not reported or tested, it is difficult to know the exact 

amount of Nitrogen which is supplied by the application. However, if 

the manure is dried commercial steer manure, it will contribute at 

least 20 pounds of nitrogen per ton or 2.2 pounds per tree. (Western 

Fertilizer Handbook, 6 ed. 1980, p. 25). If the manure yield curves 

are shifted to the right in the amount of 3 pounds of nitrogen per 

tree, then the manure yield curves would be an extension of the 

phosphorous treatment yield curve. Consequently, it would appear that 

the Lisbon Lemon on Rough Lemon rootstock can continue to utilize 

additional nitrogen to produce even higher yields. The nitrogen effect 

on lemon yields demonstrated in the Yuma experiment was also confirmed 

in an experiment by Jones, et ale (1970) at Riverside, California 

citrus research station. In this experiment, prior Lisbon Lemons were 



treated with up to 5 pounds of nitrogen per tree with significantly 

increasing yields and no loss of fruit quality. Therefore, for the 

purposes of the model, it was assumed that the increasing nitrogen 

with increasing yield relationship was valid for Lisbon Lemons. 
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Irrigation and Nitrogen Treatments for Lisbon Lemons. Since 

there were not any irrigation experiments conducted at the Yuma Citrus 

research station with lemon trees, the author was at a loss as to how 

to describe this relationship for the model. A search of the citrus 

literature was not successful in finding any published research dealing 

with the irrigation effects on lemons. Discussion with Dr. Ross Rodney 

concluded that Lisbon Lemons on Rough Lemon rootstock would behave the 

same as Valencia Oranges on Rough Lemon rootstock with the exception 

that the Lisbon Lemons may be a little more vigorous. Therefore, as a 

basis for irrigation effect, the lemon yield results for the previously 

described experiment in Block 28 (Appendix A) were plotted at the 

experimental 10 acre feet irrigation rate. The irrigation-yield linear 

relationships for lower irrigation rates were then estimated based on 

the relationships developed for the Valencia Oranges. The results of 

these estimates are shown in Figure 5 on the following page. 

The linear relationships between irrigation rates and lemon 

yields were then transformed to nitrogen versus yield curves. These 

curves were then converted to a series of mathematical equations using 

the polynomial curve fitting program from BMDP Statistical package. 

The results of these transformations are shown in Figure 6 on the 

following page. The resulting mathematical equations were then 



··400 

300 

o. 
6 

O=RESEARCH DATA 
.1 =ESTL'1ATES 

IRRIGATION-ACRE FT. WATER/YEAR 

FIGURE 5. Lisbon Lemon Irrigation-Fertilizer Estimates 

76 

10 



• 0 

z:c: 
o~ i 
1::. W -1 

77 

t----r---,. ---·r···---r--·,.-·--·,-·-r-·-· t-·---,-· ---r--r··---r--., 
1.00 2.00 3.00 1.00 5.00 6.00 

. N I TROGEN- POUNDS/TREE 
_--2~.1 •• ,U6 ____ .ISS ____ .1.9, 

FIGURE 6. Lisbon Lemon Yields for Irrigation-Fertilizer with 
Adequate Phosphorus 

_._.~a 



78 

adjusted downward through the use of a constant multiplier in order to 

generate a second family of curves reflecting inadequate phosphorus. 

These transformations are shown in Figure 7 on the following page. 

The resulting two families of relationships were then included in the 

model as polynomial equations. These equations are shown in the final 

model section at the end of this chapter. 

Rootstock Selection for Lisbon Lemons. A 12 year experiment in 

Block 26 with 10 different rootstocks planted in 1961-62 was concluded 

in 1978 with the results shown in Table 4 on the following page. 

Since all other rootstocks except Rough Lemon, Sour Orange, and 

Troyer had generally been eliminated for the Yuma growing area, as 

previously discussed, a comparison between only these three rootstocks 

was made. The effect of the multiple years times series was eliminated 

by calculating the yearly deviations of the 3 rootstock yields from the 

yearly mean yield for all 3 rootstocks. The rootstock deviation means 

and standard deviations were then calculated. ANOVA was used to 

calculate the sum of the squares for total (SSTO), between rootstocks 

(SSA) and error (SSE). An F-test at the .01 level was used to 

determine if there was a difference between the rootstocks and was 

found to be significant. The Tukey family procedure was then used to 

construct family confidence intervals at the .01 level of significance. 

The results of this analysis indicated that there was no significant 

difference in yield between Sour Orange and Troyer rootstocks, but that 

Rough Lemon is significantly higher in yield. 
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TABLE 4. Lemon Yields (lbs/tree) Block 26 

1966 1967 1968 1969 1970 

Macrophy11s 105 505 602 373 460 

Rough Lemon 89 353 510 295 379 

Rangpur Lime 73 290 354 334 291 

Troyer Citrange 41 ·290 352 253 339 

Sour Orange 42 280 301 245 274 

Carrizo Citrange 66 2/.7 293 232 220 

Cleopatra 22 194 285 231 230 

Yuma Citrange 19 185 261 227 229 

Citrumel0 12 141 220 164 .202 

Koethen Sweet 6 148 203 120 109 

1971 1972 1973 1974 1975 

539 452 686 671 

50S 302 419 770 

394 208 362 551 

380 146 396 573 

272 158 323 679 

345 147 317 469 

308 213 306 508 

330 146 345 476 

275 161 343 443 

232 III 191 431 

1976 1977 

348 535 

763 554 

477 486 

506 377 

648 499 

402 359 

500 432 

486 474 

539 486 

342 232 

1978 

241 

187 

279 

201 

306 

104 

278 

240 

294 

218 

% 
Avg 

492 

453 

366 

346 

362 

390 

317 

309 

297 

217 

co 
o 
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Tndogenous Variables - Grapefruit 

The indogenous variables which have a significant impact on 

grapefruit trees were considered to be the same as those for Valencia 

Oranges. The primary source for Yuma Mesa Redblush grapefruit yields 

was the rootstock experiment partially reported in the data Appendix A. 

This experiment was started in 1966 and the yields recorded from 1970 

through 1980. There we~e four nitrogen treatment levels for the four 

rootstock replications. The other experiment of importance to the 

grapefruit yields was the trickle irigation experiment on mature 

grapefruit trees which was also described in the data Appendix A. 

Nitrogen Treatments for Redblush Grapefruit. Analysis of the 

eleven years of data for the rootstock-nitrogen experiment indicated 

that Redblush grapefruit on various rootstocks behave in the same 

manner as Lisbon Lemons in respect to their response to nitrogen and 

phosphorus treatments. 

An analysis of variance CANOVA) was conducted with the data 

from the grapefruit experiment. The rootstocks were significant at the 

.00 level as was the nitrogen treatments. As a result of this 

analysis, it was determined that the Rough Lemon rootstock would be 

used as the basis for the nitrogen effects and the Sour Orange and 

Troyer rootstocks would be adjusted as was done for Valencia Oranges 

and Lisbon Lemons. A two-sample comparison using a T-test for 

significance was made for the four nitrogen treatment levels for Rough 

Lemon rootstock trees. There was not a significant difference between 

the 1 pound per tree treatment and the 2 pound per tree treatment, 
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however both the 3 pound treatment and the 4 pound treatment results 

were significantly different from the 1 pound treatment at the .01 

level. There was a significant difference between the 2 pound 

treatment and the 3 pound treatment and the 4 pound treatment at the 

.04 and the .07 level respectively. There was no significant 

difference between the 3 pound treatment and the 4 pound treatment. 

This result was similar to that shown on nitrogen treatments for 

Valencia Oranges. Since this experiment did not include any variation 

in the irrigation treatment (it was constant at 10 acre feet per year), 

it was not possible to determine any irrigation and nitrogen 

interaction effects. Since it was demonstrated that such effects are 

present for Valencia Oranges, it was assumed that such effects were 

also present in Grapefruit trees. Determination of these interaction 

effects is the topic of the next section. 

Irrigation Treatments for Redblush Grapefruit. The experiment 

of converting mature White and Redblush Grapefruit trees to trickle 

irrigation was used to determine the irrigation response for 

Grapefruit. The four year experiment compared yield results from the 

standard flood irrigation for three years preceding the experiment on 

all plots with a flood irrigation control plot with two different 

levels of trickle irrigation. Yield data was reported for each 

treatment. The irrigation treatments for trickle irrigation were at 4 

acre feet rate and 5 acre feet rate per year. The 5 acre feet rate of 

trickle irrigation experimental plot out performed all other 

treatments, including the flood irrigation of the same plot prior to 
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its conversion. Since there was not enough raw data available, the 

statistical significance of the difference could not be determined, 

however, the average yield per tree was 453 pounds versus 418 pounds 

for flood and 347 pounds for the 4 acre feet trickle irrigation rate. 

The nitrogen treatment for this experiment was constant for all trees 

at 3 pounds per tree per year. 

An additional source of information used to determine the 

irrigation effects on grapefruit, was the experiment reported by 

Y. Levy, et al. (1978) which covered a 14 year trial of different 

irrigation rates on March Seedless Grapefruit on Sour Orange rootstock. 

The results of this study in Israel were plotted and used as a 

comparison for the Yuma experiment. Although the yields of these trees 

were significantly higher than any reported yields in Yuma, the 

irrigation requirements were approximately the same. Comparison of the 

two experiments resulted in the basic assumptions made for Yuma 

Grapefruit irrigation effects used in the model. 

Irrigation and Nitrogen Interaction for Grapefruit. In order 

to determine the interaction effects of the irrigation and nitrogen 

treatments it was assumed that they would be similar to those observed 

for Valencia Oranges. To establish what the Grapefruit nitrogen-yield 

family of curves would look like, all the yield data from the 

Grapefruit fertilizer and irrigation experiments were plotted at their 

respective irrig~tion and fertilization rates. The trickle irrigation 

rates of treatment were converted to their equivalent flood irrigation 



rates through the multiplier of 1.84 which was developed by Roth's 

Irrigation Experiment (1979 p. 28). 
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A series of linear irrigation-yield relationships were then 

developed similar to those used for Valencia oranges and Lisbon lemons. 

The results of these estimates are shown in Figure 8 on the following 

page. The linear relationships between irrigation rates and grapefruit 

yields were then transformed to nitrogen-versus-yield curves. These 

curves were then converted to a series of mathematical equations using 

the polynomial curve fitting program from BMDP statistical package. 

The results of these transformations are shown in Figure 9 on the 

following page. The resulting family of irrigation and nitrogen-yield 

curves are used in the model for grapefuit as polynomial equations. 

These equations are shown in the final model section at the end of this 

chapter. It was also interesting to note that the leaching effect of 

nitrogen when flood irrigation is used was confirmed through the leaf 

analysis of nitrogen in the trickle irrigation plots versus the flood 

irrigation plots in this experiment. 

Phosphorous Effects for Grapefruit. The phosphorous effect on 

Yuma grapefruit was difficult to determine in a very precise manner 

because there was not any experimental data available. One Arizona 

research study reported by A. F. Kinnison (1935) indicated that there 

was a 21% increase in yields by application of phosphorus in the form 

of 10 pounds of super phosphate (4.5 pound P205 per tree). Another 

study conducted in Israel by A., Bar-Akiva (1968) indicated a 46% change 
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in Grapefruit yields through the use of chicken manure which 

contributed .67 pound per tree of nitrogen and .36 pound of phosphorus 

per tree. The 46% change in yields could be attributed totally to the 

effect of the phosphorus due to the experimental design. Consequently, 

it was concluded that the Phosphorous effect in Grapefruit was very 

pronounced and that for the purpose of the model a 30% increase in 

yield would be realized if the application of phosphorus was at least 2 

pounds per tree. 

Rootstock Selection for Redblush Grapefruit. As previously 

discussed, the primary source of data for the Yuma Grapefruit yields 

was the rootstock experiment. A two-sample T-test comparison was made 

between the three rootstocks at all four levels of nitrogen treatment. 

The results of this comparison were that Rough Lemon and Sour Orange 

were consistently the highest or second highest yielding rootstocks. 

Statistically, there was not a significant difference in yields of 

Rough Lemon and Sour Orange at any level of nitrogen treatment. The 

Troyer rootstock was consistently lower in yield than Rough Lemon and 

Sour Orange. In all cases the Troyer difference was significant at 

least at the 0.5 level. Consequently, for the purposes of the model, 

the yield curves were developed using Rough Lemon and/or Sour Orange 

rootstock. If Troyer rootstock issued the yields are down rated by 

approximately 100 pounds per adult tree or twenty per cent. 
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Indogenous Variables - Yield Estimates 

The previously described yield curves for irrigation and 

nitrogen interaction effects and the Phosphorous and rootstock factors 

were then used in a regression curvilinear model for each variety of 

citrus. The indogenous variables model was then compared with the 

experimental data previously described through the use of regression 

techniques. This initial attempt to fit the data resulted in a 

coefficient of determination (R2) between .1 and .2 indicating that 

between 10% and 20% of the variance in the citrus yields were explained 

by these indogenous variables. The researcher then sought the 

exogenous variables that were significant in the yields of citrus trees 

in the Yuma Mesa region of Arizona. This investigation is described in 

the next section. 

Exogenous Variables 

Through a review of the literature and the previously 

described Yuma citrus experiments, it was determined that the 

following exogenous variables could have significant effect on all the 

citrus tree yields. Some of these variables were weather related and 

some were related to the physiology of the tree. 

Tree age. It is obvious that the age of the tree would have a 

major impact on the yields until the tree reached maturity. It is 

generally agreed that most citrus trees reach maturity somewhere 

between 12 to 15 years after planting. Normally, the citrus tree will 

come into commercial bearing approximately the fifth year after 
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planting and then experience a very rapid increase in yields during the 

next seven years. After this very rapid increase in yields the 

production capacity of the citrus trees begins to saturate and 

eventually stabilizes at a given level. Consequently the tree age was 

considered as a major variable for the model. 

Freezing Temperatures. Occasionally the air temperatures in 

Yuma, Arizona fall significantly below freezing which can result in 

damage to the trees and the resulting crop yields. Considerable 

research has been conducted on methods of frost protection as well as 

the effects of subfreezing temperatures on citrus trees and crop 

yields. See the research of Hendershot (1966); Hilgeman et al. (1964); 

and Hilgeman & Everling (1962). Based on this research it was 

concluded that the temperature must drop below 27 degrees Farenheit in 

order for damage to take place. If normal frost protection steps are 

taken, then the temperature must drop even lower to approximately 24 

degrees F. However, since the increase in energy costs, most growers 

in Yuma use only irrigation water for frost protection and sometimes 

they make no effort to protect the orchards. In order to determine the 

effect of this factor on the yields of the experimental data, 

temperature readings for the Yuma Mesa were searched for the years 

1958 through 1982 and all days in which the reading was below 28 

degrees F. were recorded. From this data, Freeze factor was developed 

to reflect the number of days of freezing temperatures below 27 degrees 

F. and the number of degrees below 27 that the temperature fell. This 

freeze factor was then input as an independent variable for the years 



in which freezing occurred. It was noted by Hilgeman of the Tempe 

citrus research station, that there seemed to be an increase in the 

yields of the citrus trees in the year following a freeze although 

there was not a statistically significant difference. Consequently, 

the research generated a second freeze factor which was lagged year 

from the crop year in which the freeze occurred. 
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Heat. It has long been known that high temperatures above 100 

degrees F. during the 50 days following the citrus tree bloom will 

cause above normal June drop which reduces the tree yield for that 

season. This was confirmed by Hilgeman et ale (1970 p. 741) and the 

research study of Jones (1965). In the Riverside California study by 

Jones, it was found that Washington Navel yields were reduced an 

average of 8.53 pounds degree over 95 degrees F. per day between May 10 

and June 30. Therefore, a heat factor was developed by the research by 

collecting the April, May and June Yuma temperatures from 1958 through 

1982 and then calculating a factor value based on the following 

formula. (April & May n days = 1000 F or greater.) The reasoning behind 

this formula was that not only is yield affected by high temperatures 

following bloom but in addition a string of high temperature days will 

have an additional effect. See Hilgeman, Dunlap & Sharp, (pg. 109, 

1967). This factor was then used as an independent input variable for 

predicting citrus yields in Yuma. 

Growing Temperatures. Research by Hilgeman, Tucker and Hales 

(1959) indicated that the temperatures experienced by the citrus tree 

during the fruit growing season had an effect on fruit size and 
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consequently the yield of the tree. The researcher investigated 

several methods to generate an index that would reflect the growing 

season temperature patterns and finally decided that all measures were 

highly correlated with the yearly mean temperature. Consequently, a 

mean temperature index was generated which was the bloom year mean 

temperature above 70 F. This factor was then used as an independent 

input variable for prediction of the citrus yields in Yuma. 

Alternate Bearing. During the review of Citrus Research 

stUdies previously cited, it was noted that it is common to experience 

alternate bearing cycles in citrus trees. Consequently, an alternate 

bearing indicator variable was generated in order to account for this 

factor in the' research data. It is interesting to note that time of 

harvest has a Significant effect on the fruit set and subsequent yield 

for the year following. Therefore harvest time can be used as an 

effective method of controlling the alternative bearing cycle in citrus 

trees. See Hilgeman, Dunlap & Sharp (1967) and Hodgson, Cameron, and 

Eggers (1941). 

Exogenous Variables - Yield Estimates 

Inclusion of the above discussed exogenous variables in the 

yield model for each variety of Yuma citrus significantly increased the 

predictive power of the models. The Valencia Orange model coefficient 

of determiniation (R2) increased to .59. The Lisbon Lemon Model R2 

increased to .78, and the Redblush Grapefruit model R2 increased to 

.74. It was also found .that not all of the exogenous variables were 

important to the Yuma mesa growing region, based on their ability to 
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explain variance in yields of the experimental data. This is discussed 

in more detail in the following chapter. 

Yield Curves 

The researchers investigation of Citrus yields, were 

unsuccessful in finding any longitudinal yield curves for various 

varieties of citrus. Most of the longitudinal experiments were dealing 

with specific effects of treatments with no attempt to relate the 

results to an overall life of the tree yield pattern. Consequently the 

researchers undertook the task of generating yield curves for Valencia 

Oranges, Lisbon Lemons, and Redblush Grapefruit grown on the Yuma, 

Arizona Mesa. These curves indicated the maximum and minimum level of 

yields that could be expected from a specific variety of citrus on a 

Rough Lemon, Sour Orange or Troyer rootstock. 

The approach to generating these yield curves was to plot all 

available data mean yields by tree age. After all of the data was 

plotted, then envelope curves were fit by hand to enclose the extremes 

(except in the case of very low yields caused by freezing). When there 

was not any data available to give specific direction, the curves were 

smoothed to approach the theoretical reality and fit based on field 

experience. 

The curves were then sent to Dr. Ross Rodney at the Yuma Citrus 

Experimental Station for his review and comment. After reviewing the 

yield curves, several adjustments were made in their shape over the 

long run (years = 25) but otherwise they appeared to fit with their 

experience at the research station and with the experience of the 
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surrounding commercial growers. These yield curves were then used as 

the basis for developing the final yield models for the varieties and 

rootstocks included in this study. See Figures 19 through 27 in the 

Appendix B for copies of the developed yield curves. 

Final Model Development 

The approach used for the final model development was the same 

for all varieties of citrus and their different rootstocks. The model 

which included the indogenous and exogenous variables previously 

discussed was plotted on the appropriate yield curve. The fit of the 

model curve was compared to the developed yield curve and evaluated for 

appropriateness. Where data was missing from the experimental data, 

usually at the early and late years of the tree life, data was 

generated by extending the experimental data model curve in accordance 

with the yield curves developed. The generated data was added to the 

experimental data and the best fit of the data was made using the best 

subset regression routine from BMDP statistical package. The reasoning 

in using the best subset routine was the flexibility to determine the 

necessary exponential power of years necessary to maximize the R2 for 

the data. Also the exogenous varibles would be evaluated as to their 

relative importance in the total model. The resulting best set 

variables (maximum R2) with their coefficients were used for the final 

model. The following section describes the final model developed for 

each variety and rootstock. 
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Final Model - Valencia Oranges 

The irrigation-nitrogen interaction equations used in the final 

model are as follows. 

If «IGAI.GE.48). and. (IGAI.LE.65»)Then 

IGNIT=93.+76.4*NIT-9.5*NIT**2 

ELSE IF«IGAI.GE.66).AND.(IGAI.LE.77»THEN 

IGNIT=160+96.6*NIT-11.7*NIT**2 

ELSE IF«IGAI.GE.78).AND.(IGAI.LE.89»THEN 

IGNIT=207.+89.2*NIT-11.2*NIT·*2 

ELSE IF( (IGAI. GE.1 02) .AND. (IGAJ.LE .126) )THEN 

IGNIT=290+62.8*NIT-9.7*NIT**2 

YIGNIT=MAX«(0.9+RNDN4*0.1)*IGNIT) ,0.0) 

GE=greater or equal 

LE=less or equal 

*= multiplication 

**=exponent 

IAI=irrigation acre inches water 

NIT=nitrogen applied pounds per tree 

IGNIT=tree yield in pounds due to irrigation and 

YIGNIT=total tree yield in pounds due to irrigation and 

nitrogen (regression) 

The above equations were then used in a "All possible sets 

regression routine" with the best set being determined by the maximum 

R 
2 Data was added tJ the original experimental data for years ° 



through 5 and years 14 through 25 because there was not any data 

available for those time periods. The model predicted yield values 

were referenced to the Valencia Orange yield curves previously 

described. The resulting best set equation was determined to be as 

follows: 

-247 - 6.53*HEAT + 64.*(treage-4) - 3.*(treage-4)2 + 

.043* (treage-4)3 = one of the above IGNIT values *0.9 

The total yield for a given tree uses the above yield estimate plus a 

Phosphorous effect and a rootstock effect. The Phosphorous effect is 

calculated as follows: 

PIGNIT = IGNIT*O.3 
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The Rootstock effect is calculated by multiplying the total predicted 

yield for Valencia Oranges on rough lemon rootstock by a constant 

factor of .750 for Valencia Oranges on Sour Oranges of a factor of .90 

for Valencia Oranges on Troyer. These relative yields were determined 

from the previously described rootstock experiments. The ending yield 

calculation is the predicted yield for the specific orchard conditions 

under study. 

Final Model - Lisbon Lemons 

The irrigation-nitrogen interaction equations used in the final 

model are as follows. This set of equations is for Lemons with at 

least 2 pounds of phosphorus applied per year. 



tF(PHOS.LT.LEPSOF)THEN 

IF «IGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 

IGNIT = -52.+76.4*NIT-9.5*NIT**2 

ELSE IF «IGAI .GE.66) .AND. (IGAI .LE. 77» THEN 

IGNIT = .15.+96.6*NIT-11.7*NIT**2 

ELSE IF «IGAI .GE.78) .AND. (IGAI .LE. 89» THEN 

IGNIT = 62.+89.2*NIT-11.2*NIT**2 

ELSE IF «IGAI .GE.90) .AND. (IGAI .LE. 101» THEN 

IGNIT = 103.+76.3*NIT-10.5*NIT**2 

ELSE IF «IGAI .GB. 102) .AND. (IGAI .LE. 126» THEN 

IGNIT = 145.+62.8*NIT-9.7*NIT**2 
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From the experimental data it was determined that the irrigation

fertilizer intercept for 0.0 pound nitrogen and 10 acre feet of water was 

145 pounds per tree. Also it was determined that if 2.5 pounds of 

nitrogen was applied at this irrigation rate that the yield per tree 

increased to 239 pounds per tree. Fitting the Valencia Orange irrigation 

nitrogen interaction curve to these data points by reducing the intercept 

from 290 to 145 resulted in an excellent prediction of the experimental 

data result. Consequently, it was assumed that the Lemon trees responded 

essentially the same way that the Valencia Oranges trees do when there is 

not any phosphorus applied. The adjusted Valencia Orange curves were 

used in the Lemon tree model where phosphorus was not applied. If the 

phosphorus levels are inadequate then the following set of irrigation

nitrogen interaction equations must be used. 



IF(PHOS.GE.LEPOSF)THEN 

IF«IGAI.GE.48).AND.(IGAI.LE.77»THEN 

IGNIT =10.9+75.*NIT-5.6*NIT**2 

ELSE IF( (IGAI'.GE. 78) .AND. (IGAI.LE.89) )THEN 

IGNIT = 77.4+73.2*NIT-5.4*NIT**2 

ELSE IF «IGAI .GE. 78) .AND.(IGAI.LE.89» THEN 

IGNIT = 116. + 64.0*NIT-4.8*NIT**2 

ELSE IF «IGAI .GE.90) .AND. (IGAI .LE. 101» THEN 

IGNIT =155. =55.*NIT-4.3*NIT**2 

ELSE IF «IGAI .GE. 102) .AND. CIGAI .LE. 113» THEN 

IGNIT = 197. + 44.4*NIT-3.4*NIT**2 

ELSE IF «IGAI .GE. 114) .AND. (IGAI .LE. 137» THEN 

IGNIT = 238. + 33.6*NITk-2.7*NIT**2 

YIGNIT = MAX«(1.35+RNDN4*0.22)*IGNIT),0.0) 
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The final equations (with phosphorus and without) for 10 acre 

feet irrigation water were used in a "All possible sets regression 

routine" with the best set being determined by the maximum R2. Data was 

added to the original Rough Lemon rootstock experimental data for years 0 

thru 4 and years 11 thru 25 because there was not any fertilizer 

treatment data available for these times. However, the Lemon rootstock 

experiment did run through 16 years and this data was used to confirm the 

plugged additional data. The resulting best set equation was determined 

to be as follows: 

-300 -5.7*HEAT + 33.*(Treage-4) -0.013*CTreage-4)3 + One of the 

above IGNIT values *1.35 or 1.55. 
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The total yield for rough lemon rootstock was then adjusted for Sour 

Orange or Troyer rootstocks by a constant multiplier of 0.8 and 0.78 

respectively. These relative yields were determined from the previously 

described rootstock experiments. The resulting yield calcualtion is the 

predicted yield for the specific orchard conditions under study. 

Final Model - Redblush Grapefruit 

The irrigation nitrogen interaction equations used for the final 

model are as follows. These equations were developed the limited 

rootstock-nitrogen experimental data previously described. 

IF «IGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 

IGNIT = 45.+55.5'NIT-4.1'NIT"2 

ELSE IF «IGAI .GE. 66) .AND. (IGAI .LE. 77» THEN 

IGMIT = 109.+90.*NIT-6.7*NIT**2 

ELSE IF (IGAI .GE. 78) .AND. (IGAI .LE. 890» THEN 

IGNIT = 185.102.*NIT-8.*NIT**2 

ELSE IF «IGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 

IGNIT = 259.=1-3.*NIT-8.4*NIT**2 

ELSE IF «IGAI .GE. 102) .AND. (IGAI .LE. 113»THEN 

IGNIT =321.+96.*NIT-8.5*NIT**2 

ELSE IF «IGAI .GE. 114) .AND. (IGAI .LE. 133» THEN 

IGNIT + 340.+94.*NIT-8.5*NIT*'2 

END IF 

YIGNIT = MAX «(O.26+RNDN4*0.16)*IGNIT),0.0) 
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The above equations were then used in a "All possible sets 

regression routine" with the best set being determined by the maximum R2. 

Data was added to the original experimental data for the years 0 thru 3 

and 15 thru 25 because there was not any data available for those time 

periods. Some additional yield data was available from the Grapefruit 

experiment in Israel for the years 26 thru 30 and this was used as a 

guide for the 15 thru 25 year data added. The data values added were 

also referenced to the Redblush Grapefruit yield curves previously 

described. The resulting best set equation was determined to be as 

follows: 

-201. +2.5*HEAT + 93*(TREAGE-4) -4.0*(TREAGE-4)2 + 0.05*(TREAGE-

4)3 + One of the above IGNIT values * 0.26 

The total yield for a given tree uses the above yield estimate plus a 

Phosphorous effect and a Rootstock effect. The Phosphorous effect is 

calculated as follows: 

PIGNIT = IGNIT * 0.4 

The rootstock effect was calculated by multiplying the total predicted 

yield for the rough lemon rootstock by a constant factor. The Sour 

Orange factor and the Troyer factor for Grapefruit were found to be 1.1 

and 1.0 respectively. The ending yield calculation is the predicted 

yield for the specific orchard conditions under study. 

The final FORTRAN computer model is shown in Appendix G. This 

model is user friendly in that the program asks the user a series of 

questions in order to gather the necessary data. 



CHAPTER 5 

RESEARCH RESULTS 

This chapter describes the results of the research condu~ted 

through manipulation of the Yuma Citrus Simulation Model parameters. 

As with most simulation models, it was difficult to determine when to 

stop adding additional model capabilities to investigate interesting 

interactions and relationships. The model described in Chapter 4 was 

finally considered to be sufficient. A description of the validation 

method used to determine if the outputs of the model were 

representative of the research data used to build the model, as well as 

the "real world" practices of Yuma growers follows. Next, the testing 

of the proposed hypotheses is described and significant results are 

reported. 

Validation of the Model Outputs 

Validation of the simulation model outputs is one of the more 

important steps in model development. The three basic questions that 

the model builder must answer are as follows. (1) Does the simulation 

model behave in the manner that the builder believes the modeled system 

behaves? (2) Does the model simulation represent the system well 

enough to meet the objectives for which it was developed? (3) Does the 

simulation model builder and users have a degree of confidence in the 

model's result? Answering the first question is usually described 

wa 
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by most authors as verification and the second question is in fact 

validation. There are no known procedures or specific techniques which 

can be used to develop user confidence in the model except the test of 

time. Consequently, the major effort for this model was made on 

verification and validation. 

Model Verification 

Model verification consists of model flow charting and model 

process flow verification, and the Yuma Citrus Simulation Model 

fulfilled all the verification expectations of the builder. The 

original model design considerations proposed in Chapter 2 were met. 

The logical flow and calculations of 'the model were verified through 

hand calculation of examples. The model was programmed correctly in 

order to process the input data and to eliminate any accumulation of 

errors that would make the results inaccurate. Therefore it was 

concluded by the researcher that the Yuma Citrus Simulation Model was 

verified. 

Model Validation 

This section describes the methods used in validation of the 

Yuma Citrus Simulation Model as each relates to the theoretical 

approaches described in the literature. 

Face Value. The face value methodology was used throughout the 

development of the model as well as the evaluation of the final 

simulation results. The Yuma Citrus Experimental Station experts Dr. 
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D.R. Rodney, R.L. Roth, and B.R. Gardner were consulted on each step of 

the model development previously described. The final model outputs 

were reviewed with these individuals and were found to be reasonable. 

Also the model results were reviewed with data from a major independent 

citrus grower and were found to be reasonable. That is to say, for 

given inputs of irrigation water, nitrogen, phosphorus, and manure the 

resulting outputs were believable. 

Traces. The traces methodology was applied to the model for 

each major parameter in the model. Hand calculations were made for 

combinations of the parameters used in the model to verify that each 

combination was being calculated correctly. After errors in the 

programming were corrected, the model was demonstrated to have internal 

integrity. 

Rationalism, Empiricism, and Positive Economics. Naylor and 

Finger (1967) suggested that the above three methods be combined into a 

validation method consisting of: (1) developing the model's assumptions 

on theory, observations, general knowledge, and intuition; (2) 

validating the model's assumptions where possible by empirically 

testing them; and (3) comparing and testing the input-output 

relationships to the real world. This approach was adopted for all 

phases of the model validation. The relationships between the model 

parameters were all developed from empirical evidence previously 

described. Also knowledgeable experts at the Yuma Citrus Experimental 

Station and Dr. Scott Hathorn at the University of Arizona were used to 



develop the theory and explain the empirical relationships that were 

apparent from the longitudinal studies previously cited. The 

researcher's previous operational experience with apple orchards in 

Pennsylvania also provided insight to the agricultural system under 

study. 
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The model's assumptions were compared with all available 

empirical evidence including published research reports from all parts 

of the world. Due to the long duration of agricultural experiments, 

empirical testing of the internal relationships and the predicted 

effect of the model parameters was not feasible. 

The input-output relationships developed for the model were 

compared with the historical records of commercial growers in the Yuma 

Mesa growing area and were found to be reasonable. It was difficult to 

emulate the exact growing conditions and treatments in the simulation 

model, however, the relationship between parameters was sustained. 

Consequently, it was determined that the model would not precisely 

emulate the historical field data but was valid for formulating 

operating strategies and relative fertilizer and irrigation application 

rates. 

Internal Validity. The internal validity of the model was 

evaluated with numerous stochastic runs to determine the amount of 

stochastic variance in the model at different operating conditions. 

These resulting yields were plotted on the previously discussed yield 

curves. The resulting variance was not unreasonable in comparison to 



the research data used to originally generate the yield curves. All 

standard deviations used in the model were empirically derived from 

research data and are apparently interacting in a manner to give the 

model a strong relationship to the experimental systems used to 

generate the model. 
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Parameter Variability-Sensitivity Analysis. The input and 

internal parameters of the model were changed in order to determine the 

sensitivity of those parameters on optimal profits per pound. The 

results of this analysis are discussed in detail in the following 

sections. The analysis results were completely predictable and/or 

explainable relative to the real world and to the theoretical response 

relationships in the model. 

Verification and Validation Summary 

It was concluded by the researcher that the Yuma Citrus 

Simulation Model was verified and validated. Statistical comparisons 

between the model ruld real world situations were not practical due to 

the form of the historical records available and the time necessary to 

compile the related data. Future research in this area by those 

experimenting with the Yuma citrus system could be used to add 

additional validity to the model. 



Optimization Strategies in the Model 
Deterministic Mode 
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It was determined by the researcher that the model could easily 

be optimized on a discrete basis by using the "brute force" approach of 

computer computational power. The model was designed to consider all 

possible cases and select a set of the best cases from those. In order 

to accomplish this efficiently, discrete steps as well as a specific 

range were designed for each variable. Irrigation rates varied from 48 

inches of water to 120 inches of water in 12 inch increments. Manure 

varied from 0.0 tons per acre to 20 tons per acre in 1 ton increments. 

Treble Super Phosphate varied from 0.0 tons per acre to 0.3 tons per 

acre in 0.05 ton increments. Uran 32 (liquid nitrogen at 32% N) varied 

from 0.0 tons per acre to 1 ton per acre in 0.1 ton increments. The 

range and increments for these variables were selected based on the 

known maximum ranges of the variables within the model and practical 

application rates in the field. 

Profit Maximization Strategy 

The researcher determined that the most likely strategy that 

would be followed by a typical grower would be one of trying to 

maximize profit per tree. Profit per tree was used as one of the case 

selection criteria using the deterministic mode of the model. An 

ordered set of optimal profit cases was generated for the 5 to 25 year 

life of a tree in 5 year increments for all variety and rootstock 

combinations at the 1972-1983 average price/box. The results of these 

case selections by variety and rootstock are shown in Appendix C. In 
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some cases, it was noted that the orchard was not profitable in the 

fifth year so an additional set of 1 year incremental case selections 

was made to determine the predicted point of orchard profitability. 

In all cases the optimal profit per tree combination of water, 

nitrogen, phosphorus, and manure was established by the tenth year and 

did not change. The optimal profit/tree cases by variety and rootstock 

are summarized in Table 5 on the following page. 

The profit per tree varied by the age of the tree and increased 

as the tree matured. This was a result of more efficient conversion of 

the nutrients into fruit. The profit per tree was found to be directly 

related to the market price of the fruit. Since these optimal cases 

were generated under deterministic relationships, the price 

fluctuations normally experienced in this industry were not evident. 

The current market price was determined by a mean price from 1972 

through 1983. Also, it should be noted that the profit per tree was 

affected by the number of trees per acre for the different varieties 

because the fixed cost per acre for all other orchard costs is 

allocated per tree. The maximum profit per tree is shown in the 

seventh column of Table 5. One should note that these profits per tree 

are not necessarily representative of a grower's actual total profit 

but are a relative measure of profitability. 

The reader should also note that the difference in profit per 

tree between varieties is valid based on the average market price. The 

dramatic differences become less significant when the number of trees 



TABLE 5. Profit Maximizing Cases 

VARIETY MAX 20YR. MAX 20YR •. 20 YR. 20 YR. 
ROOTSTOCK IRRIG T-URAN T-TSP T-MAN YIELD PROFIT/T COST/To COStIn 

ORANGE-R 108 .5 .3 0.0 572.1 30.3 4.04 .0071 

ORANGE-S 108 .5 .3 0.0 419.0 21.7 4.04 .0094 

ORANGE-T 108 .5 .3 0.0 515.0 26.8 4.04 .0078 

LEMON-R 120 .4 .15 0.0 838.0 30.3 7.44 .0089 

LENON-S 120 .4 .15 0.0 670.5 22.7 7.44 .0111 

LEMON-T 120 .4 .15 0.0 653.7 21.9 7.44 .0114 

GRAPEF-R 120 .7 .25 0.0 698.5 20.8 5.38 .0077" 

GRAPEF-S 120 .7 .25 0.0 768.3 23.4 5.38 .0072 

GRAPEF-T 120 .7 .25 0.0 698.5 20.8 5.38 .0077 

TREES/ACRE: ORANGE = 114 LEMON = 55 GRAPEFRUIT = 90 

...... 
o 
--.s 
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per acre are taken into consideration. The bottom of Table 5 shows the 

trees per acre used in the model. In actual field conditions tree/acre 

is an arbitrary value determined by the horticultural practices at the 

time of the orchard planting. A decrease in the number of trees per 

acre will increase the cost per tree and decrease the profit per tree 

due to the assumption that all other costs are fixed and are not 

directly dependent on the number of trees per acre. A more realistic 

measure for comparison of varieties and rootstocks would be profit per 

acre. 

In addition, two other values were calculated for each case 

solution. These were cost per tree and cost per pound of fruit. These 

measures were to be used as alternative units of measure for the 

orchard performance. The cost per tree did not change once the optimal 

nutrient balance was reached. The cost per pound did change as the 

yield of tne tree changed relative to the tree age. The use of cost 

and yield measures of performance are discussed in the following 

sections. 

Yield Maximization Strategy 

A second operating strategy that could be followed by a 

grower in a highly unstable marketplace would be that of 

maximizing yields. This strategy was investigated by using yield 

per tree as the case selection criteria for the deterministic 

mode of the model. An ordered set of yield optimal cases was 
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generated for the 5 to 25 year life of a tree in 5 year increments 

for all variety and rootstock combinations. The results of these case 

selections by variety and rootstock are shown in Appendix D. In most 

cases it was noted that the orchard did not reach maximum yield until 

year twenty. In all cases the optimal yield per tree combination of 

water, nitrogen, phosphorus and manure was established by the tenth 

year and did not change. The optimal yields by variety and rootstock 

are summarized in Table 6 on the following page. 

When selecting the optimal yield cases, there were several 

combinations of nutrients that would give the same yield per tree. 

However, since cost or profit was not one of the selection criteria, 

some alternatives were higher than others. The most prevalant example 

of such a case was for oranges where the use of manure, a relatively 

expensive fertilizer, actually increased the profit per tree slightly, 

indicating that the maximum yield cases do not approach the maximum 

profit cases. 

The yield per tree varied by the age of the tree and increased 

as the tree matured. The maximum yield of the tree was reached at 

approximately 20 years of age and then declined at a slow rate. A 

comparison of the profit per tree of the maximum yield strategy with 

those cases selected for the optimal profit strategy indicates that the 

differences are very small. The optimal yield strategy cases have 

slightly higher quantities of nitrogen and consequently slightly lower 

profits per tree. 



TABLE 6. Yield Maximizing Cases 

VARIETY & IRRIG T-TSP 
ROOTSTOCK T-URAN T-MAN 

ORANGE-RL 108 .60 .30 0.0 

ORANGE-TR 108 .60 .30 0.0 

ORANGE-SO 108 .60 .30 0.0 

LEMON-RL 120 .50 .15 0.0 

LEMON-TR 120 .50 .15 0.0 

LElJ!lN-SO 120 .50 .15 0.0 

GRAPEF-RL 120 •. 70 .20 0.0 

GRAPEF-TR 120 .70 .20 0.0 

GRAPEF-SO 120 .70 .20 1.0 

\lAX MAX 
YIELD PROFIT/T 

573.3 30.2 

'15.9 26.76 

429.9 21.64 

844.82 JO.26 

658.95 21. 89 

675.86 22.65 

699.14 20.68 

699.14 20.68 

769.05 23.30 

COST/To 

4.19 

4.19 

4.19 

7.76 

7.76 

7.76 

5.53 

5.53 

5.53 

cosTIn 

.0073 

.0081 

.0098 

.0092 

.0118 

.0115 

.0079 

.OQ79 

.0072 

..... ..... 
o 
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It was concluded by the researcher that both of these 

strategies, optimal profit and optimal yield, are very nearly the same. 

Therefore, additional strategies on the cost side of the problem were 

researched. These strategies are discussed in the following sections. 

Cost Minimization Strategy 

Since the Yuma Arizona citrus market has been depressed from 

1978 through 1983 and growers had a difficult time trying to stay 

profitable, a cost minimization strategy was investigated to conserve 

operating cash. In this strategy, the grower would attempt to reduce 

the operating costs of the orchard to a minimum which would mean that 

only the essential operations would take place and all other operating 

activities would be terminated. In order to simulate this type of 

operating strategy, minimum cost per tree was used as the case 

selection criteria for the deterministic parameters in the model. An 

ordered set of minimum cost cases was generated for the 5 to 25 year 

life of a tree in 5 year increments for each variety and rootstock 

combination. The results of these case selections by variety and 

rootstock are shown in Appendix E. In all cases the minimum cost case 

was at the water irrigation level of 48 inches and no other nutrients. 

The model indicated to o~erate at the level where the tree just stay 

alive. However, since the Yuma Mesa Irrigation District marketed their 

water in a minimum unit of 9 acre feet per year, th~ prudent grower 

would apply at least 9 acre feet of water per acre. The model ordered 

the cases by the application rate of irrigation water. Therefore it 

was concluded by the researcher that the 9 acre foot level of 
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irrigation was the minimum cost case for operation. In all cases the 

minimum operating cost was determined on the same basis, regardless of 

tree age. The following case list by variety and rootstock summarizes 

these results in Table 7 on the following page. 

The cost per tree between varieties was influenced by the fixed 

costs per acre which was allocated to each tree on the basis of the 

number of trees per acre. Therefore the profit per tree was also 

affected by this same allocation of fixed cost. If the operator of an 

orchard was able to reduce his fixed costs per acre in addition to the 

nutrient costs, then the opportunity for additional savings was 

present. 

The Orange yields per tree were reduced by about 40% from the 

maximum yield model with an equivalent reduction in profit per tree. 

The Lemon yields per tree were reduced by approximately 28% from the 

maximum yield model with a 28% reduction in profit per tree. The 

Grapefruit yields per tree were reduced by approximately 45% from the 

maximum yield model with an equivalent reduction in profit per tree. 

This operating strategy was therefore determined to be marginal because 

of the severe reduction in profitability. 

Cost/Pound Minimization Strategy 

A variation on the minimum cost strategy previously discussed 

was the minimum cost per pound strategy. Intuitively, this operating 

strategy would be the same as the maximum profit strategy except that 

the relationships between the v~riables were not linear. In this 

strategy the grower would operate at that point where the cost 



TABLE 7. Cost Minimizing Cases 

VARIETY & IRRIG T-TSP MAX MAX 
ROOTSTOCK T-URAN T-MAN YIELD PROFIT/T COST/To COST/# 

ORANGE-RL 108 0.0 0.0 0.0 365.1 22.89 2.67 .0073 
, 

ORANGE-TR 108 0.0 0.0 0.0 328.6 17.05 2.67 .0081 

ORANGE-SO 108 0.0 0.0 0.0 273.8 13.76 2.67 .0097 
: 

LEl-DN-RL 108 0.0 0.0 0.0 607.8 21.82 5.53 .0096 

LEMON-TR 108 0.0 0.0 0.0 474.1 15.80 5.53 .0117 

LEMJN-SO 108 0.0 0.0 0.0 '486.3 16.35 5.53 .0114 

GRAPEF-RL 108 0.0 0.0 0.0 387.2 11.14 3.38 .0087 

GRAPEF-TR 108 0.0 0.0 0.0 387.2 11.14 3.38 .0087 

GRAPEF-SO 108 0.0 0.0 0.0 426.0 12.59 3.38 .0079 
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per pound of fruit produced would be lowest and therefore he would be 

the low cost producer. This strategy differs from the previous minimum 

cost strategy in that there could be economies of production through 

the use of water and nutrients that would more than offset their cost 

of application. Cost per pound was used as the case selection 

criteria with the deterministic parameters in the model. An ordered 

set of minimum costs per pound was generated for the 5 to 25 year life 

of a tree in 5 year increments for each variety and rootstock 

combination. The results of these selections are shown in Appendix F. 

In all cases the minimum cost per pound combination of water, 

nitrogen, phosphorus, and manure was established in the tenth year and 

did not change. The minimum cost per pound cases by variety and 

rootstock are summarized in Table 8 on the following page. 

As is evidenced in the table, the cost per pound of fruit is 

most influenced by the rootstock selection. The more vigorous 

rootstocks produce more fruit per tree at a lower cost per pound. 

Consequently, the profit per tree is likewise affected by the rootstock 

differences since the cost per tree is constant within a given variety. 

Comparison of the minimum cost per pound case selections with 

the maximum profit per tree selections shows only slight variations in 

irrigation treatments (the cost difference between 108 and 120 acre 

inches of water is approximately $.50/acre) and nitrogen treatments. 

The difference in cost per pound between the operating strategies (when 

there was a difference) was .04 cents per pound to .06 cents per pound. 



TABLE 8. Minimum Cost per Pound Cases 

VARIETY & IRRIG T-TSP 
ROOTSTOCK T-URAN . 'T-t:t{N 

ORANGE-RL 10E, ~3 .3 q.O 
ORANGE-TR 108 .3 .3 0.0 

ORANGE-SO 108 ~3 .3 0.0 

LEMON-RL 108 .20 0.0 0.0 

LEMON-TR 180 .20 0.0 0.0 

LEMON-SO 108 .20 0.0 0.0 

GRAPEF-RL 120 .40 .25 0.0 

GRAPEF-TR 120 .40 .25 0.'0 

GRAPEF-SO 120 .40 .25 0.0 

MAX MAX 
YIELD PROFIT/T 

546.9 29.1 

492.2 25.8 

410.2 20.9 

755.6- 27.74 

587.8 20.28 

602.8 20.96 

661.5 20.0 

661.5 20.0 

727.7 22.5 

COST/To 

3.74 

3.74 

3.74 

6.17 

6.17 

6.17 

4.8 

4.8 

4.8 

COST/# 

.0068 

.0076 

.0091 

.0082 

.0105 

.0102 

.0072 

.0072 

.0066 

...... ...... 
I.J1 
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The cost per tree difference between minimum cost/pound strategy and 

maximum profit strategy was 8% ($.30) for oranges, 17% ($1.27) for 

lemons and 11% ($0.58) for grapefruit. The minimum cost per pound 

strategy reduced the cost per tree in a substantial manner. However, 

the profit per tree was decreased 4% ($1.20) for oranges, 8% ($2.56) 

for lemons, and 4% ($0.80) for grapefruit. Therefore there was a major 

tradeoff between water and nutrient costs and profit per tree. 

Optimization Results Summary 

The Yuma Citrus Model was used to determine the operating 

characteristics under four different optimization strategies. It was 

concluded that the maximum profit and maximum yield strategies were 

essentially the same in terms of potential net income to the grower. 

The minimum cost strategy was not attractive because of the severe 

trade off of profit per tree relative to the reduction in cost per 

tree. The minimum cost per pound strategy was more nearly equivalent 

to the maximum profit strategy. The long term importance of these 

differences is discussed in the following section. 

Optimization Strategies - Short Run 
Stochastic Mode 

After using the deterministic mode to evaluate alternative 

operating strategies in the short run (one year planning horizon with 

price certainty), a stochastic simulation experiment was designed to 

evaluate these same strategies. It was decided to evaluate the year 

twenty of the tree life since it was at or near the peak maturity of 

the tree. It was also determined that the simulation model was very 
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stable at this tree age and would give relatively consistent results in 

the stochastic mode. 

Fifty replications of each optimal strategy were run for each 

variety on each rootstock. The results of these experiments are shown 

in Table 9 on the following page. The criteria for selection of the 

most attractive strategy was the mean profit per tree. Means and 

standard deviations were calculated for the profit per tree and yields 

per tree. A test of significance for two sample means was used 

assuming the universal standard deviation was not known. The 

resulting Itt" statistic was then compared with the t distribution for a 

one tailed test to determine if there was a significant difference 

between the two sample mean profits. All significant differences are 

noted on Table 9. 

Stochastic Results - Oranges (Short-run) 

The highest mean profit for all orange rootstocks was generated 

for the maximum profit strategy which was not significantly different 

than the maximum yield and minimum cost per pound strategies. The 

minimum cost strategy was significantly lower in mean profit than the 

other three strategies. The top three strategies were relatively 

closely grouped indicating that orange profits per tree were not 

sensitive to the differences in these strategies over the short run. 

The yields for the three top profit strategies were also not 

significantly different. 
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TABLE 9. Short Run Strategy Comparisons 

STRATEGY }.!AX PROFIT MAX YIELD MIN COST/LB MIN COST 

ORANGE-R PROFIT 3B.4*a 37.7a IB.9 38.8a 
(17.7) (18.4) ( 11.0) (23.6) 

ORANGE-S PROFIT 2B.Oa 26.7a 15.7 26.6a 
(17.S) (15.4) ( cL46) ( 16.1) 

ORANGE-T PROFIT 34.4a 31.7a lS.S 33.2a 
(16.0) (19.5) (11.4) (17.5) 

ORANGE-R YIELD 555.3a 552.8a 364.6 563.3a 

(99.9) ( 102.9) (94.3) (102.9) 

ORANGE-S YIELD 450.2b 434.5ab 274.3 421.2a 
( 71.4) (65.7) (66.1) (76.5) 

ORANGE-T YIELD 499.7a 514.6a. 316.5 517.1a 
(99.1) ( 94.1) (93.7) (84.9) 

LEMON-R PROFIT 30.1a 3O.6a 25.0 26.4a 
(21.7). (21.9) (15.4 ) (22.~ ) , I. .. 

LE1IlON-S PROFIT 22.7a 23.6a 16.8 23.1a 
19.4 (20.2) ( 11.0) (15.8) 

LE1-DN-T PROFIT 21.Sa 23.9a 15.0 20.2a 
(15.0) (lS.4 ) (11. 3) (17.1) 

LEMJN-R YIELD 811.9a 824.8a 593.2 723.1 
(130.1) (12S.2 ) (117.5) (150.9) 

LEMON-S YIELD 648.4a 677 .Oa 467.6 578.9 
(100.3) (100.7) ( 83.9) ( 99.4) 

LEMON-T YIELD 577.1a 577.1a 648.0 446.8 
( 116.1) (115.3) (55.4 ) (97.7) 

GRAPEFRUIT-R J4.5a 29.6b 13.1 31.8a 
PROFIT (27.8) ( 33.5) (14.3) (27.2) 

GRAPEFRUIT-S 33.3a 32.3a 16.0 38.1a 
PROFIT (29.5 ) (]4.6) (16.3) ( 33.1) 

GRAPEFRUIT-T 32.1a 37.6a 16.6 29.2a 
PROFIT ( 30.0) (30.3) (16.3) ( 26.4) 

GRAPEFRUIT-R 758.9a 769.4a 373.6 . 67.5.2 
YIELD (147.6) (157.4) (115.5) (161.5 ) 

GRAPEFRUIT-S 829.3a 845.1a 404.3 763.2 
YIELD ( 161.8) (169.0) (157.3) (143.0) 

GRAPEFRUIT-T 748.0a 753.9a 384.4 7l0.4a 
YIELD (152.0 ) (143.5 ) (121.5 ) (138.1 ) 

( ) = STANDARD DEVIATION 

* 1.1EANS FOLLOWED BY 'IRE SAME LEITER ARE NOT SIGNIFICANTLY 

DIFFEREUT AT THE 5% LEVEL. 
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Stochastic Results - Lemons (Short-run) 

The highest mean profit for all lemon rootstock was generated 

by the maximum yield strategy which was not statistically different 

than the maximum profit and the minimum cost per pound strategies. The 

minimum cost strategy was significantly lower in mean profit/tree than 

the other three strategies. The top three strategies were closely 

grouped indicating that lemon profits per tl'ee were not sensitive to 

the differences in these strategies over the short run. Some of the 

yields for the top three profit/tree strategies were significantly 

different. The minimum cost strategy yields were all significantly 

different. 

Stochastic Results - Grapefruit (Short-run) 

The highest mean profit per tree for grapefruit was generated 

by the maximum yield strategy which was not statistically different 

from the maximum profit strategy and the minimum cost per pound 

strategy. The minimum cost strategy was significantly lower in mean 

profit/tree than the other three strategies except for rough lemon 

rootstock. The top three strategies were closely grouped indicating 

that grapefruit profits per tree were not sensitive to the differences 

in these strategies over the short run. Some of the yields for the top 

three profit/tree strategies were significantly different for 

grapefruit. The minimum cost strategy yields were all significantly 

different from the top three strategies. 



Optimization Strategies - Long Run 
Stochastic Mode 

After using the deterministic mode to evaluate alternative 
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operating strategies in the short run (one year planning horizon with 

price a certainty), a stochastic experiment was designed to evaluate 

the same strategies over the long run. Two ten year periods of a 

typical orchard life were selected for evaluation. The first period 

was from 5 years to 14 years. This starting year was selected because 

it was the earliest year in which most trees bear a commercial crop. 

The ten year period was arbitrarily selected for the statistical 

methodology. The second period evaluated was from 15 years to 24 

years. This period was selected because it centrally included the peak 

bearing years of all citrus trees. This period represented a more flat 

yield response period for the tree in contrast to the increasing yield 

period for the first experiment. 

Ten replications of each experimental period were made for each 

variety on each rootstock. The results of these experiments are shown 

in Tables 10 and 11 on the following two pages. The criteria for 

selection of the most attractive strategy was the mean profit per tree. 

Standard errors were calculated for the variance between the mean 

yield and profit for each 10 year replication. The ending mean profit 

and yield was the mean of the ten year iteration means. A test of 

significance for two sample means was used assuming the universal 

standard deviation was not known. The resulting T statistic was then 

compared with the T distribution one tailed test to determine if there 
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TABLE 10. Long Run Strategy Comparisons Experiment #1 

STRATEGY MAX PROFIT MAX YIELD MIN COST/LB MIN COST 
ORANGE-R PROFIT 23.3a 20.7a 21.9a 10.4 

(4.2) (3.8) (3.5) ( 2.1) 
ORANGE-S PROFIT 18.2a 18.5a 17.1 a 8.7 

(3. 1 ) (3.4) (2.9) (2.0) 
ORANGE-T PROFIT 21.8a 21.7a 20.1a 10.2 '.'. (3.0) (2.9) (2.1) (2.1) 
ORANGE-R YIELD 383.3 383.8a 385.5a 185.5 

(19.1) (27.4) . (24.0) (19.8) 
ORANGE-S YIELD 307.9a 294.3a 288.8a 157.2 

(14.3) (20.0) (14.3) (16.0) 
ORANGE-T YIELD 349.8a 355.2a 324.4a 171.4a 

(26.7) (26.0) (25.0) . f23: n 
LEMON-R PROFIT 17.2a 15.3a 14.6a 9.3 

(6.2) (3.6) (4. 1 ) (4.2) 
LEMON-S PROFIT 11.2a 12.2a 10.7a 5.5 

(4.8) (4.5) (2.7) (3.2) 
LEMON-T PROFIT 12.2a 12.3a 9.5a 6.2 

(3.8) (4.0) (4.2) (2.2) 
LEMON-R YIELD 538.9a 536.9a 470.9a 321.4 

(41.5) (41.8) (29.3) (33.9) 
LEMON-S YIELD 445.1 a 444.1 a 349.6 265.5 

(34.2) (34.2) (33.3) (26.5) 
. LEMON-T YIELD 428.1a 448.6a 359.6 251.5 

(30.6) (23.2) (24.5) (25.0) 
GRAPEFRUIT-R 16.6a 16.3a 14.2a 2.9 

PROFIT (6.4) (6.2) (5.7) (2.9) 
GRAPEFRUIT-S 20.1 a 19.6a 19.1 a 2.0 

PROFIT (6.4) (5.8) (3.2) (2.5) 
GRAPEFRUIT-T 19.4a 21.4a 16.7a 3.5 

PROFIT (7.3) (7. 0) (4.3) (3.1 ) 
GRAPEFRUIT-R 452.3a 466.6a 412.2a 130.9 

YfELD (42.4) (50.9) (50.5) (28.6) 
GRAPEFRUIT-S 498.7a 535.6a 462.2a 156.5 

YIELD (53.4) (50.0) (20.2) (SO.O) 
GRAPEFRUIT-T 465.8a 471. 7a 408.3a 133.5 

YIELD (53.2) (37.2) (30.5) (30.9) 
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TABLE 11. Long Run Strategy Comparisons Experiment #2 

STRATEGY MAX PROFIT HAX YIELD MIN COST/LB r~IN COST 

ORANGE-R PROFIT 37.8a 35.0a 34.2a 22.6 
(5.5) (6.1) (6.5) (3.6) 

ORANGE-S PROFIT 29.4a 27.2a 24.7a 14.8 
(4.3) (4.2) (4.0) (2.7) 

ORANGE-T PROFIT 34.3a 34.1 a 32.2a 20.7 
(3.8) (4.2) (6.2) (1. 6) 

ORANGE-R YIELD 552.8 560.4 537.9 350.2 
(20.6) (47.5) (26.4) (24.0) 

ORANGE-S YIELD 439.6 419.0 401.6 263.0 
(14.8) (24.8) (23.9) (32.2) 

ORANGE-T YIELD 503.8 521.1 481.4 318.0 
(26.8) (14.3) (21.0) (29.0) 

LEMON-R PROFIT 30.6a 28.2a 28.1a 21.9 
(7.2) (7.0) (7.1) (3.9) 

LEMON-S PROFIT 23.3a 21.6a 20.3ab 16.7b 
(4.2) (S.2) (5.4) (4.6) 

LEMON-T PROFIT 22.8a 24.2a 21.3a 15.9 
(5.9) . (4.4) (3.1) (3.0) 

LEMON-R YIELD 793.1 817.1 710.7 568.1 
(26.1) (46.0) (16.8) (40.9) 

LEMON-S YIELD 639.0 648.7 582.9 463.4 
(34.5) (33.1) (34.9) (16.6) 

LEMON-T YIELD 634.7 629.1 555.0 443.1 
(12.4) (28.2) (23.7) (32.0) 

'GRAPEFRUIT -R 31.9a 30.4a 3l.5a 15.7 
. PROFIT (9.2) (6.44) (8.3) (6.6) 

GRAPEFRUIT -S 34.8a 33.9a 35.Sa 14.9 
PROFIT (11 9) (l O. 5) (8.3) (7.1) 

GRAPEFRUIT-T 36.1a 3S.7a 29.0a 15.6 
PROFIT (l O. 3) (l0.6) (l0.8) (S.6) 

GRAPEFRUIT-R 733'.0 730.8 687.3 367.3 
YIELD (40.0) (46.4) (32.3) (40. 1 ) 

GRAPEFRUIT -S 819.0 820.4 714.4 422.4 
YIELD (5S.2) (49.4) (56.2) (37.4) 

GRAPEFRUIT -T 742.S 780.7 671.1 377.2 
YIELD (52.S) (39. 1 ) (40. 1 ) (40.7) 
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was a significant difference between the largest strategy mean profit 

and the other strategy means. All significant differences are noted in 

the tables. 

Long-run Stochastic Results - Oranges, Lemons, & Grapefruit 

Experiment #1. (5 to 14 years). The highest mean profit for 

oranges, lemons, and grapefruit was generated by the maximum profit 

strategy which was not significantly different from the mean profit for 

the maximum yield and minimum cost per pound strategies. The minimum 

cost strategy was significantly lower than the other top three 

strategles. The yields for the top three strategies were relatively 

closely grouped and were not statistically different. The minimum cost 

strategy yields were significantly different from all other strategy 

yields. 

Experiment #2. (15 to 24 years). The results of this 

experiment were identical to the results of experiment #1 relative to 

the significant differences. Consequently, no new information was 

generated for oranges with this second long-run simulation experiment. 

Summary of Stochastic Results 

As noted in the previous discussions, there was not any 

significant differences between the maximum profit, maximum yield and 

minimum cost per pound strategies for oranges, lemons and grapefruit. 

In all cases the minimum cost strategy was significantly lower in 

profit per tree. 
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The only differences between experiment #1 and experiment #2 

were the larger profits and yields from experiment #2 due to the more 

mature tree age. Comparison of the experiment #2 results with the 

short-run stochastic results (age=20) showed no significant difference 

between any of the results. 

Again, it should be noted that the results were all predic~ted 

on the average prices for oranges, lemons, and grapefruit over the 

1972 through 1983 growing seasons. The standard deviations used for 

prices were generated from this same period. Changes in average prices 

have an influence on the above results and will be discussed in the 

next section. 

Price Sensitivity Analysis 
for Optimal Nutrient Solutions 

As previously noted, all deterministic and stochastic 

simulation experiments were conducted with the 1972 through 1983 mean 

prices and standard deviations for Arizona oranges, lemons, and 

grapefruit. From 1979 to 1984, lemon prices severely eroded. The 1984 

prices dropped to appproximately $.60 per box after their initial 

higher price. These price declines were the result of a glutted market 

primarily due to the heavy plantings in Arizona and California. 

Orange and grapefruit prices did not erode nearly as severely 

as lemons and therefore were not under the same market pressure. 

However, there have been past market gluts which have caused the prices 

of these fruits to severely erode. As a result of these price 

variations caused by overproduction, the researcher undertook an 
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investigation for the effect of price on the optimal application rates 

of irrigation water, nitrogen, and phosphorus. The marginal trade off 

points between market field price and nutrient application rates were 

determined at the 1984 nutrient prices. As the prices for nutrients 

increase or decrease the following results would change. An 

investigation of the effect of nutrient price changes on the optimal 

application rates was beyond the scope of this investigation. 

Irrigation Water Application Rates. 

In all variety and rootstock combinations, the model 

recommended that the minimum amount of water be applied at a market 

price of $0.00 per field box. However, the first price increment of 

$.05 per box raised the recommended water application rate to its 

optimal level. No additional increases in the optimal irrigation rates 

were indicated over the full range of the prices investigated. Prices 

were increased until the maximum yield strategy optimal application 

rates were established. Irrigation water was therefore determined to 

have the lowest cost and maximum effect on the optimal maximum profit 

strategy for oranges, lemons and grapefruit. The results of the 

irrigation investigation are shown in the figures for each of the 

following sections. 

Oranges on Rough Lemon Rootstock 

The results of this investigation are shown in Figure 10 on the 

following page. URAN 32 first entered the solution at a field price of 

$.30 at a rate of 3.5 pounds per tree and further increased to 7.00 
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pounds per tree at a price of $.50. At $.90 the URAN application rate 

increased to 8.75 pounds per tree. This URAN application rate 

remained constant until the field price per box reached $5.00 where 

URAN application increased to 10.5 pounds per tree. No further 

increases in URAN were possible since this was the maximum yield 

application rate for oranges on Rough Lemon Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.30 and at an 

application rate of 5.25 pounds per tree. Since phosphorus acts as a 

catalyst for nitrogen utilization the application rate did not 

increase fUrther over the price range investigated. 

Oranges on Sour Orange Rootstock 

The results of this investigation are shown in Figure 11 on the 

following page. URAN 32 first entered this solution at a field price 

of $.35 at a rate of 1.75 pounds per tree. ~40 URAN 

increased to 3.5 pounds per tree and further increased to 5.25 pounds 

per tree at a price of $.45. The next increase in URAN occurred at a 

price of $.65 per box to an application rate increase to 8.75 pounds 

per tree. This URAN application rate remained constant until the field 

price per box reached $6.60 where the URAN application rate increased 

to 10.5 pounds per tree. No further increases in URAN were possible 

since this was the maximum yield application rate for Oranges on Sour 

Orange Rootstock. 
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Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.40 at an application 

rate of 5.25 pounds per tree. Since phosphorus acts as a catalyst for 

nitrogen utilization, this application rate did not change over the 

price range investigated. 

Oranges on Troyer Rootstock 

The results of this investigation are shown in Figure 12. URAN 

32 first entered this solution at a field price of $.30 at a rate of 

1.75 pounds per tree. At a price of $.35 URAN increased to 3.5 pounds 

per tree and further increased to 5.25 pounds per tree at a price of 

$.40. The next increase in URAN occurred at a price of $.55 per box to 

an application rate of 7.0 pounds per tree. At a price of $1.05 the 

URAN application rate increased to 8.75 pounds per tree. This URAN 

application rate remained constant until the field price per box 

reached $5.50 where the URAN application rate increased to 10.5 pounds 

per tree. No further increases in URAN were possible since this was 

the maximum yield application rate for Oranges on Troyer Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.35 at an application 

rate of 5.25 pounds per tree. Since phosphorus acts as a catalyst for 

nitrogen utilization, this application rate did not change over the 

price range investigated. 
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Lemons on Rough Lemon Rootstock 

The results of this investigation are shown in Figure 13 on the 

following page. URAN 32 first entered this solution at a field price 

of $.25 at an application rate of 3.65 pounds per tree. At a price of 

$.40 URAN increased to 7.3 pounds per tree and further increased to 

10.9 pounds per tree at a price of $.90. The next increase in URAN 

occurred at a price of $1.05 per field box to an application rate of 

14.5 pounds per tree. This URAN application rate remained constant 

until the field price per box reached $2.85 where the URAN application 

rate increased to 18.1 pounds per tree. No further increases in URAN 

were possible since this was the maximum yield application rate for 

Lemons on Rough Lemon Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.90 at an application 

rate of 5.45 pounds per tree. Since phosphorus acts as a catalyst for 

nitrogen utilization, this application rate did not change the price 

range of the investigation. 

Lemons on Sour Orange Rootstock 

The results of this investigation are shown in Figure 14 on the 

following page. URAN 32 first entered this solution at a field price 

of $.30 at an application rate of 3.65 pounds per tree. At a price of 

$.50 URAN increased to 7.3 pounds per tree and further increased to 

10.9 pounds per tree at a price of $1.10. The next increase in URAN 

occurred at a price of $1.30 per field box to an application rate of 
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14v5 pounds per tree. This URAN application rate remained constant 

until the field price per box reached $3.55 where the URAN application 

rate increased to 18.1 pounds per tree. No further increases in URAN 

were possible since this was the maximum yield application rate for 

Lemons on Sour Orange Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $1.10 at an 

application rate of 5.5 pounds per tree. Since phosphorus acts as a 

catalyst for nitrogen utilization, this application rate did not change 

the price range of the investigation. 

Lemons on Troyer Rootstock 

The results of this investigation are shown in Figure 15 on the 

following page. URAN 32 first entered this solution at a field price 

of $.30 at an application rate of 3.65 pounds per tree. At a price of 

$.50 URAN increased to 7.3 pounds per tree and further increased to 

10.9 pounds per tree at a price of $1.15. The next increase in URAN 

occurred at a price of $1.30 per field box to an application rate of 

14.5 pounds per tree. This URAN application rate remained constant 

until the field price per box reached $3.60 where the URAN application 

rate increased to 18.1 pounds per tree. No further increases in URAN 

were possible since this was the maximum yield application rate for 

Lemons on Troyer Rootstock. 
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Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $1.15 at an 

application rate of 5.45 pounds per tree. Since phosphorus acts as a 

catalyst for nitrogen utilization, this application rate did not change 

the price range of the investigation. 

Grapefruit on Rough Lemon Rootstock 

The results of this investigation are shown in Figure 16 on the 

following page. URAN 32 first entered this solution at a field price 

of $.20 at a rate of 2.2 pounds per tree. At a price of $.25 URAN 

increased to 4.4 pounds per tree and further increased to 6.7 pounds 

per tree at a price of $.30. URAN again increased to 8.9 pounds per 

tree at a price of $.35 per field box. The next increase in URAN 

occurred at a price of $.45 per box to an application rate of 11.1 

pounds per tree. At a price of $.65 the URAN application rate 

increased to 13.3 pounds per tree and again increased to 15.5 pounds 

per tree at a price of $1.35. This URAN application rate then remained 

constant until the field price per box reached $9.10 where the URAN 

application rate increased to 17.8 pounds per tree. No further 

increases in URAN were possible since this was the maximum yield 

application rate for Grapefruit on Rough Lemon Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.20 at an application 

rate of 5.5 pounds per tree. Since phosphorus acts as a catalyst for 

nitrogen utilization, this application rate did not change over the 

price range investigated. 
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Grapefruit on Sour Orange Rootstock 

The results of this investigation are shown in Figure 17 on the 

following page. URAN 32 first entered this solution at a field price 

of $.20 at a rate of 4.4 pounds per tree. At a price of $.25 URAN 

increased to 6.7 pounds per tree and further increased to 8.9 pounds 

per tree at a price of $.30. The next increase in URAN occurred at a 

price of $.40 per box to an application rate of 11.1 pounds per tree. 

At a price of $.60 the URAN application rate increased to 13.3 pounds 

per tree and again increased to 15.5 pounds per tree at a price of 

$1.20. This URAN application rate then remained constant until the 

field price per box reached $8.30 where the URAN application rate 

increased to 17.8 pounds per tree. No further increases in URAN were 

possible since this was the maximum yield application rate for 

Grapefruit on Sour Orange Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.20 at an application 

rate of 5.5 pounds per tree. Since phosphorus acts as a catalyst for 

nitrogen utilization, this application rate did not change over the 

price range investigated. 

Grapefruit on Troyer Rootstock 

The results of this investigation are shown in Figure 18 on the 

following page. URAN 32 first entered this solution at a field price 

of $.20 at a rate of 2.2 pounds per tree. At a price of $.25 URAN 

increased to 4.4 pounds per tree and further increased to 6.7 pounds 
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per tree at a price of $.30. URAN again increased to 8.9 pounds per 

tree at a price of $.35 per field box. The next increase in URAN 

occurred at a price of $.45 per box to an application rate of 11.1 

pounds per tree. At a price of $.65 the URAN application rate 

increased to 13.3 pounds per tree and again increased to 15.5 pounds 

per tree at a price of $1.35. This URAN application rate then remained 

constant until the field price per box reached $9.10 where the URAN 

application rate increased to 17.8 pounds per tree. No further 

increases in URAN were possible since this was the maximum yield 

application rate for Grapefruit on Troyer Rootstock. 

Phosphorus in the form of Treble Superphosphate (TSP) first 

entered the solution at a field price per box of $.20 at an application 

rate of 5.5 pounds per tree. Since phosphorus acts as a oatalyst for 

nitrogen utilization, this application rate did not change over the 

prioe range investigated. 

Sensitivity Analysis for Other 
Model Variables 

Each model parameter was significantly varied in order to 

determine the sensitivity of the Yuma Citrus orchard model to changes 

in the optimal levels of the parameters over the short run and the long 

run. It was proposed to determine the effects of variations in model 

parameters from the "typical" Yuma Citrus Orchard, however, since it 

was possible to optimize the model, it was decided to use the 

deterministic maximum profit model for the most vigorous rootstock case 

as the "typical" Yuma Citrus Orchard. 



Short Run. 

The simulation mode of the model was used to investigate the 

effects on profits and yields of individual changes in nitrogen, 

phosphorus, irrigation and manure. The optimal level of performance 

was established by entering the profit maximizing values of nitrogen, 

phosphorus, irrigation and manure into the simulator and then running 

50 iterations of that model in the stochastic mode. These values 

established the base from which comparisons could be made as to the 

changes caused by making changes in individual parameters. The results 

of these simulations are shown in the following Table 12. 

Increasing the nitrogen to its maximum level of 1 ton of URAN 

32 per acre significantly reduced the profits and yields in all cases. 

In oranges the nitrogen increase caused a 13% reduction in orange 

yields but a 24% decrease in profits. In lemons the nitrogen increase 

caused a 14% decrease in yields but a 28% decrease in profits per tree. 

A decrease in nitrogen to the zero levels also had interesting 

effects in the short run. Orange yields went down 19% but profits per 

tree decreased 30%. Lemon yields decreased by 13% but the profits 

decreased by 38%. Grapefruit yields decreased by 24% however profit 

per tree decreased by 41%. 

Reducing the phosphorus to zero had the following effects on 

yields and profits. Oranges had a 23% reduction in yield and a 32% 

reduction in profits per tree. Lemons had a 13% reduction in yield but 

an 8% decrease in profits per tree. Grapefruit had 15% reduction in 

yield and a 20% reduction in profit per tree. 



TABLE 12. Short Run Variable Effects 

NIT=O PHOS=O 
NIT.=10 NIT.=O.O PHOS.=O.O IRRIG=48 MNUR=20t 

ORANGE-R PROFIT 38.5 24i. 38.5 30% 38.5 32% 38.5 39% ' 38.5 8% 29.4 26.9 26.1 23.5 35.5 

ORANGE-R YIELD 565 13i. 565 19% 565 23% 565 35% 565 5% 492 460 434 365 537 

LEMON-R PROFIT 30.1 28% 30.1 38% 30.1 8i. 30.1 19i. 30.1 19% 
21.8 18.8 27.7 24.4 29.7 0 

LEMON-R YIELD 818 
14% 

818 
13% 

818 
13% 

818 
16% 

818 
8% 700 708 711 686 756 

GRAPEFRUIT-S 33.3 
Ii. 

33.3 
41i. 

33.3 
20% 

33.3 
23i. 33.3 11% 

PROFIT 33.6 19.5 26.8 25.6 29.7 0 

GRAPEFRUIT-S 827 4% 827 24% 827 15% 827 37% 827 Ii. YIELD 796 628 ;02 522 822 
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Irrigation levels were reduced to 48 acre inches per year to 

determine the individual effect on the trees. Nitrogen and phosphorus 

levels were not changed from the deterministic optimal. Orange yields 

decreased by 35%, however, profits per tree decreased by 39%. Lemon 

yields decreased by 16% and profits decreased by 19%. Grapefruit 

yields decreased by 37% and the profit per tree decreased by 23%. 

The last short term simulation replaced the nitrogen and 

phosphorus required by the optimal deterministic solution with acre, 

which is approximately the amount required to replace the nitrogen 

required. Orange yields decreased by only 5% but the profits decreased 

by 84%. Lemon yields decreased by 8% and the profits decreased by 1%. 

Grapefruit yields decreased by only 1%, however, the profit decreased 

by 11%. 

Long Run. 

The simulation model was used to investigate the long run (10 

years -ages 15 thru 24) effects of the same changes in nitrogen, 

phosphorus, irrigation and manure as described in the preceding short 

run section. The deterministic optimal model used as the basis for 

comparison was simulated over ten years with ten iterations. The 

changed levels of the parameters models were also simulated over ten 

years with ten iterations. The results of these simulations are shown 

in Table 13 on the following page. 

Increasing the nitrogen to its maximum level of 1 ton of URAN 

32 per acre significantly reduced the profits and yields in all cases. 

Orange yields decreased by 17% compared to 13% for the short-run and 



TABLE 13. Long Run Variable Effects 

NIT=O PHOS=O 
NIT.=10 NIT.=O.O PHOS.=O.O IRRIG=48 MNUR=20t 

ORANGE-R PROFIT 36,4 15% 36.4 20% 36.4 26% 36.4 38% 36.4 5% 
30.8 29.1 26.8 27.7 34.4 

ORANGE-R YIELD 553 17% 553 20% 553 19% 553 33% 553 7% 450 440 447 370 513 

LEMON-R PROFIT 30.7 27% 30.7 24% 30.7 24% 30.7 
21% 30.7 

9% 22.5 23.6 23.4 24.2 28.1 

LEMON-R YIELD 796 12% 796 16% 796 12% 796 14% 796 9% 
701 671 701 687 725 

GRAPEFRUIT-S 38.7 9% 38.7 27% 38.7 32% 38.7 47% 38.7 1% 
PROFIT 35.3 28~2 26.5 20.4 38.3 

GRAPEFRUIT-S 847 
7% 

847 
29% 

847 
22% 

847 
38% 

847 
5% YIELD 787 602 661 521 808 



profits decreased by 15% as compared to 24% for the short run. Lemon 

yields decreased by 123% compared to 14% in the short run and profits 

decreased by 27% as compared to the short run decrease of 28%. 

Grapefruit yields decreased by 7% as compared to 4% in the short run 

model and profits per tree decreased by 9% as compared to 1% in the 

short run model. 

M6 

A decrease in nitrogen to the zero level decreased the orange 

yield 20% as compared to 19% in the short run model. Orange profits 

decreasd by 20% as compared to 30% in the short run model. Lemon 

yields decreased by 16%, as compared to 13% for the short run model, 

however, profits decreased by 24% as compared to 38% in the short run 

model. Grapefruit yield decreased by 29% as compared to 24% in the 

short run model and profit per tree decreased by 27% as compared to 41% 

in the short run model. 

Reducing the phosphorus had the following effects in the long 

run model. Orange yield decreased by 19% as compared to 23% in the 

short run model and orange profits per tree reduced by only 26% as 

compared to 32% in the short run model. Lemon yield decreased 12% 

compared to 13% in the short run and lemon profits decreased 24% 

compared to 8% in the short run model. Grapefruit yield decreased by 

22% as compared to 15% in the short run model and profits decreased by 

32% as compared to 20% in the short run model. 

Irrigation levels were reduced to the 48 acre inch level to 

determine the individual effects on the trees. Orange yields dropped 

33%, as compared to 35% for the short run model and the profit 
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decreased on 38% as compared to 39% in the short run model. Lemon 

yields dropped 14% as compared to 16% in the short run model and lemon 

profits per tree dropped 21% as compared to 23% in the short run 

simulation. Grapefruit decreased 47% as compared to 23% in the short 

run model yield and profits dropped 38% as compared to 37% in the short 

run. 

The last long-run simulation investigation replaced the 

nitrogen and phosphorus required in the optimal deterministic solution 

with 20 tons per acre of manure. Orange yields decreased 7% compared 

to 5% as compared to 18% in the short run. Lemon yields dropped 9% in 

the long run as compared to 8% in the short run and the lemon profits 

decreased by 9% as compared to a 8% drop in the short run. Grapefruit 

yields decreased 5% in the long-run as compared to 10% in the short-run 

model and grapefruit profits decreased only 1% as compared to an 11% 

decrease in the short-run simulation. 

Price Sensitivity Analysis for Water and Nutrients 

Irrigation Water Prices. An analysis of water prices was 

conducted using the deterministic optimization model. Water prices 

were increased on each variety with its most vigorous rootstock until 

the model indicated that the optimal amount of water was decreased. 

The results of this experiment indicated that lemons are the most 

sensitive to water prices. The optimal amount of water for a twenty 

year old lemon tree was reduced from 120 acre inches to 108 acre inches 

when the water price reached $.65 per acre inch ($7.80 per acre foot). 
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Grapefruit trees were the next most sensitive to water prices. 

The optimal water requirements for a twenty year old grapefruit tree 

was reduced from 120 acre inches to 108 acre inches when the water 

price reached $2.45 acre inch ($29.40 per acre foot). 

Orange trees were the least sensitive to water prices. The 

optimal water reqUirements for a twenty year old orange tree were 

reduced from 108 acre inches to 96 acre inches when the water price 

reached $3.90 per acre inch ($46.80 per acre foot). 

These results were confirmed by a previous study by Bolster and 

Martin (1977). However, since the Colorado River water prices from the 

Yuma Mesa Irrigation District were approximately $.04 per acre inch 

($.48 per acre foot) it was not anticipated that the price of the water 

will be a factor in the near future. More likely, the amount of water 

available to the Yuma citrus growers will be severely reduced through 

political means rather than the dramatic price increases. 

Manure Substitution. Topical application of phosphorus in the 

form of Treble SuperPhosphate or Ammonium Phosphate has not been 

completely successful. There is a poor utilization rate by the citrus 

trees in Yuma due to the locking up of the phosphorus in a chemical 

form that cannot be utilized by the tree. In order to solve this 

problem, some Yuma citrus growers have applied chicken and/or steer 

manure to their orchards which not only provided phosphorus 

(approximately 2%) to the trees but also contributed approximately 1~% 

nitrogen (N) and 1% potassium (K). The current price for sun dried 
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chicken manure of relatively low quality was a minimum of $25.00 per 

ton applied. The current price for URAN 32 (liquid nitrogen at 32% N) 

was $175.00 per ton and the current price for Treble SuperPhosphate 

(48% P) was $230.00 per ton. 

An experiment was conducted using the optimization model to 

determine at what price manure would be substituted for URAN and TSP 

for Grapefruit trees. Grapefruit trees were selected because they are 

the highest potential users of nitrogen and previous analysis indicated 

that their maginal rate of substitution for manure was the lowest of 

the three varieties. When the manure price decreased to $15.00 per 

ton, the optimal application rate for manure increased from 0.0 to 1.0 

tons per acre for grapefruit trees on sour orange rootstock. The other 

varietie3 were not investigated due to the extremely low manure price 

required before substitution occurred. 

A second experiment was conducted to determine the price of 

URAN and TSP at which $25.00 per ton manure would be utilized in the 

optimal nutrient balance. Grapefruit trees were found to be the most 

sensitive to nutrient costs and manure was substituted at the rate of 1 

ton per acre when URAN was at $235 per ton and TSP was a $315 per ton. 

Orange trees were the next least sensitive but almost the same as 

grapefruit. Manure was substituted at the rate of 1 ton per acre when 

URAN 32 was at $265 per ton and TSP was at $345 per ton. Lemons were 

the least sensitive to the nutrient costs. Manure was substituted at 

the rate of 1 ton per acre at a URAN price of $330 per ton and a TSP 

price of $410 per ton. 
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A third experiment was conducted to determine if the model 

would utilize manure to supply the required phosphorus if TSP were not 

available. TSP was eliminated from the model by making it very 

expensive ($999.00 per ton). The model used manure to replace the 

phosphorus normally supplied by the TSP and also reduced the nitrogen 

requirements to compensate for the nitrogen supplied by the manure. 

The profitability per tree was reduced due to the increased nutrient 

costs when manure was utilized in the optimal solution. 

A fourth experiment was conducted to determine if the model 

would use manure to supply both phosphorus and nitrogen when the cost 

of nitrogen became very high. The price of URAN was increased by 

$500.00 per ton and it was found that manure was utilized to supply all 

of the phosphorus and approximately 85% of the nitrogen requirements. 

Hypothesis Testing 

Hypothesis #1. 

It was hypothesized that the optimal short run and the long run 

net income of a Yuma Arizona citrus orchard would be significantly 

affected by alternative operating strategies. This hypothesis was 

tested by proposing four alternative operating strategies which were 

(1) maximum profit/tree, (2) maximum yield/tree, (3) minimum cost/tree, 

and (4) minimum cost per pound. All of these operating strategies were 

tested over the short run and the long run of the orchard system using 

the stochastic simulation model. Table 14 on the following page 



TABLE 14. Hypothesis #1 Test Results - Short Run and Long Run 
Decisions 

MAX YIELD MIN COST/LB. MIN COST 

SlIORT RUN PROFIT 
ORANGE - RL REJECTED 

LONG RUN PROFIT 
ORANGE - RL REJECTED 

SUORT RUN PROFIT 
LEMON - RL REJECTED 

LONG RUN PROFIT 
LENON - RL REJECTED 

SnORT RUN PROFIT 
GRAPEFRUIT - SO REJECTED 

LONG RUN PROFIT 
GRAPEFRUIT - SO REJECTED 

REJECTED ACCEPTED (-) 

REJECTED ACCEPTED (-) 

REJECTED . ACCEPTED (-) 

REJECTED ACCEPTED (-) 

REJECTED ACCEPTED (-) 

REJECTED ACCEPTED (-) 

*( ) INDICATES THE DIRECTION OF PROFIT DIFFERENCE FROM 'l1lE 
BASE STRATEGY. THE HYPOTHESIS WAS ACCEPTED AT TIlE .05 
LEVEL OR GREATER. 

I-' 
VI 
I-' 



152 

summarizes the results of these simulation experiments relative to this 

hypothesis. See Table 15 for the means, standard deviations and 

standard errors for these alternative strategies. 

Hypothesis #2. 

It was hypothesized that the optimal net income operating 

strategy of a Yuma Arizona citrus orchard would be significantly 

affected by changes in the fixed operating costs of the orchard and the 

market price of the fruit. The first part of this hypothesis was 

tested by increasing the fixed operating costs of the orchard for 

oranges, lemons and grapefruit from $200 per acre to $400 per acre in 

$50.00 increments. The second part of this hypothesis was tested by 

incrementing the market price of the fruit for all rootstocks of 

oranges, lemons and grapefruits from $0.0 to $10.00 in $.05 steps. 

Table 16 on the following page summarizes the results of the simulation 

experiments relative' to this hypothesis. See Figures 10 through 18 in 

this chapter for the results of the second experiment with market 

price. 



TABLE 15. Hypothesis #1 Test Means and Standard Deviation 

STRATEGY MAX PROFIT MAX YIELD MIN COST/LB MIN COST 
SHORT RUN 38.4a* 37.7a 38.8a 18.9 
PROFIT ORANGE-RL (17.7) (18.4) (23.6) . (11.0) 
LONG RUN 37.8a 35.0a 34.2a 22.6 
PROFIT ORANGE-RLo (5.5) (6.1) (6.5) (3.6) 
SHORT RUN 30.1a 30.6a 26.4a 25.0 
PROFIT LEMON-RL (21. 7) (21. 9) (22.2) (15.4 ) 
LONG RUN 30.6a 28.2a 28.1 a 21.9 
PROFIT LEMON-RL (7.2) (7.0) (7.l) (3.9) 
SHORT RUN 33.3a 32.3a 38.1a 16.0 
PROFIT GRAPEF-SO (29.5) (34.6) ( 33.l) (16.3) 
LONG RUN 34.8a 33.9a . 35. Sa 14.9 
PROFIT GRAPEF-SO (11 .9) (10.5) (8.3) (7.1 ) 

( ) = Standard Deviation 
* means followed by the same letter are not significantly different 

at the 5% level. 



TABLE 16. Hypothesis 82 Test Results 

VARIETY & ROOTSTOCK FIXED COST $200 to $400 

ORANGE - R - 5 - T REJECTED 

LEMON - R ~ 5 - T REJECTED 

GRAPEFRUIT - R - S - T REJECTED 

SELLING PRICE/BOX· 
$0.0 to $10.00 

ACCEPTED 

ACCEPTED 

ACCEPTED 



CHAPTER 6 

ANALYSIS OF RESULTS 

This chapter discusses the importance of the major results from 

this study. Since the original study was undertaken to investigate two 

specific hypotheses, the impact of the testing of each is discussed 

first. Then the researcher addresses some of the other interesting 

investigations that were peripheral to the central hypotheses of the 

study. 

Hypothesis Testing 

Hypothesis fl:1 

The optimal short-run and long-run net income of a Yuma Arizona 

citrus orchard will be significantly affected by alternative operating 

strategies. 

Testing of hypothesis fl:1 for all varieties and rootstocks over 

both the short-run and the long-run provided the same results. Of the 

four strategies tested, maximum profit per tree, maximum 

yield per tree, and minimum cost per pound of fruit were found to not 

be significantly different relative to the profit per tree. The 

minimum cost strategy was found to significantly reduce the profit per 

155 
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tree in all cases. Therefore the minimum cost operating strategy would 

be the only one which would affect the operating perfor~nce of a Yuma 

citrus orchard. 

Hypothesis #2 

The optimal net income operating strategy of a Yuma Arizona 

citrus orchard will be affected by changes in fixed operating costs and 

market prices operating variables. 

Testing of hypothesis #2 indicated that the fixed operating 

cost of an orchard would not affect the particular operating strategy 

for a Yuma Arizona citrus orchard. Increases or decreases in the fixed 

cost per acre had no effect on the optimal water and nutrient 

combinations. The only effect of the fixed cost was on the 

profitability per tree and consequently the profitability of the 

orchard. 

Testing for the effect of market price on the operating 

strategies for a Yuma Arizona citrus orchard indicated that the optimal 

water and nutrient combinations were directly dependent on the market 

price, i.e. the market price significantly affected the optimal net 

income operating strategy. See the discussion of these experiments in 

Chapter 5. At a market price of 0.0, the optimal operating strategy is 

to apply the minimal amount of water only. As the market price 

increases, the optimal profit strategies for all varieties and 

rootstocks changed until the optimal maximum yield strategy water and 

nutrient combination was reached at a relatively high market price. 
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Irrigation Water Prices 

The low market prices for lemons relative to production costs 

make them the most sensitive to changes in water prices. Consequently 

as water resources become more scarce in Yuma, growers must seriously 

consider the long range impact on variety selection for new or 

replacement plantings. 

Grapefruit market prices are the next most severely depressed 

relative to production co~ts. Both lemons and grapefruit optimally 

require 120 acre inches of water annually. However water is reduced on 

lemons at a price of $.65 per acre inch versus $2.95 per acre inch for 

grapefruit. This 3.75 increase in water prices for grapefruit over 

lemons is a direct function of the yield reduction from restricted 

water and fruit market price. 

Orange market prices are strongest of the citrus industry. The 

spread between production costs and market prices is far greater than 

those for lemons or grapefruit. Consequently the model reduced the 

water requirements for Oranges from 108 acre inches to 96 acre inches 

at a water cost of $3.90 per acre inch as compared to $.65 per acre 

inch for lemons. This 6.0 increase in water prices for oranges over 

lemons is a direct function of the yield reductions from restricted 

water and fruit market price. 

As previously discussed in Chapter 5, it is not likely 

that water costs in Yuma will increase sufficiently to curtail usage. 

The most likely happening will be the tighter relocation of the water 

by the water district. Therefore, the long range planning for Yuma 
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orchards will be only slightly affected by water prices but rather the 

market prices for the fruit produced. 

Manure Substitution 

It has long been the practice of some Yuma citrus growers to 

use chicken or steer manure on their orchard for fertilization. As 

described in Chapter 5, manure prices would have to decline to at least 

$15 per ton before it would be economical to use it to replace TSP and 

nitrogen sources. Since a reduction in the price of manure is highly 

unlikely, price increases in URAN and TSP were investigated. All 

simulations of the substitution rates indicated that prices of URAN and 

TSP would have to increase at least 40% before manure would become an 

attractive alternative. 

However, since TSP has not been readily available to the Yuma 

citrus growers, some other source of phosphorus has been required. The 

synthetic fertilizer sources are by far the most economical, relative 

to their impact on yields in the orchard, but the organic contribution 

of manure to the sandy Yuma soil has some overriding appeal. It is 

claimed by some researchers and growers that the availability of the 

phosphorus to the tree and the dissipation rate from manure sources is 

superior to the synthetic fertilizer sources. The model was not able 

to completely evaluate the efficacy of those arguments, but the 

economic cost to the orchard was readily apparent. Consequently, in a 

period of low market prices, the utilization of manure for Yuma citrus 

orchards cannot be recommended except as a last resort source of 

phosphorus. 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

As a result of this research, it is recommended that citrus 

growers in the Yuma region of Arizona reevaluate their operating 

strategy relative to irrigation and fertilizer. The results of this 

study would recommend that in order to accomplish the object of Profit 

Maximization, growers should follow the following optimal strategies 

for each variety and rootstock combination at average market prices per 

field box of $3.50 for Oranges, $2.70 for Lemons, and $2.00 for 

Grapefruit. 

TABLE 17. Optimal Operating Strategies - Average Market Prices 

Mature Orchards Over 10 years old 

Variety Roots Irrig. Acre -1HL UP UManure 

Inches Tree Tree Tree 

ORANGE RL 108 2.8 2.5 0.0 

ORANGE TR 108 2.8 2.5 0.0 

ORANGE SO 108 2.8 2.5 0.0 

LEMON RL 120 4.65 2.5 0.0 

LEMON TR 120 4.65 2.5 0.0 

LEMON SO 120 4.65 2.5 0.0 

GRAPEFR RL 120 5.0 2.5 0.0 

GRAPEFR TR 120 5.0 2.5 0.0 

GRAPEFR SO 120 5.0 2.5 0.0 

159 
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It is realized that the above recommendations are for average 

market prices which may not be the current market situation. For the 4 

years prior to this study the market for lemons and grapefruit were 

severely depressed, therefore, a set of alternative operating 

strategies for lemons at $.60 per box and grapefruit at $1.00 per box 

would be as follows: 

TABLE 18. Optimal Operating Strategies - Low Market Prices 

Variety 

LEMON 

LEMON 

LEMON 

GRAPEFRUIT 

GRAPEFRUIT 

GRAPEFRUIT 

Roots 

RL 

TR 

SO 

RL 

TR 

SO 

Irrig. Acre ~ UP #Manure 

Inches 

108 

108 

108 

120 

120 

120 

Tree 

2.32 

2.32 

2.32 

4.25 

4.25 

4.25 

Tree 

0.0 

0.0 

0.0 

2.~ 

2.5 

2.5 

Tree 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

However, since this model does not take into consideration the 

"quality" of the fruit, the above recommendations must be tempered with 

field experiences. For example, the grapefruit quality at the 

recommended nitrogen rates would probably not be marketable as a fresh 

product because of fruit size. Lemons at the recommended nitrogen 

rates may produce an undesirable fruit finish, etc. Fruit quality is 

an area for future research as discussed in a later section of this 

chapter. 
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In addition, the model did not simulate sudden market price 

fluctuations which could result from freezes, pests, etc. 

Consequently, when growers forecast next year's market price in order 

to determine the operating strategy for this growing year, they cannot 

foresee the sudden market change and may forecast a low market price. 

A low market price would then call for a reduced yield operating 

strategy. Therefore, when, or if, the market price was unusually high 

the grower would be sitting with a reduced crop. As a result, some 

growers may always opt to produce maximum yield crops in order to hit 

the peak price. 

Implementations of the Research 

The management implications of this research relative to 

implementing the findings in a field situation are also important. The 

relationships between water, nitrogen, and phosphorus described in this 

study are relatively accurate. Therefore management needs to access 

their operating objectives and then respond accordingly. Certainly 

field experience must be used to temper the recommendations previously 

discussed, however, thoughtful reflection on reality will confirm the 

value of this data. 

Unquestionably, market conditions such as demand and price are 

the overriding factors relative to production. However, management 

should be able to utilize the results of this research to access their 

current operating practices and to determine what changes in their 
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current operating strategy will increase achievement of their short run 

and long run objectives. The utilization of the simulation model to 

answer "what if" questions associated with orchard management could 

also be beneficial in giving direction for future long run decisions. 

Contributions of the Research 

The contributions of the research have been threefold. The 

first contribution is the development of a mathematical simulation 

model which reasonably emulates the Yuma citrus tree responses to water 

and nutrients. The development of this model required the extensive 

review of the past research at Yuma and other citrus experimental 

stations and the synthesizing of the interaction effects between water 

and nitrogen. This research in itself is a major contribution to the 

field in that it has added to the understanding of the relationships 

between citrus trees and their exogenous and indogenous variables. The 

statistical evaluation of multiple factors which could be affecting the 

yields of citrus trees in Yuma has clearly established the significant 

factors that must be considered by growers. 

Second, this research has applied the Yuma citrus simulator to 

selection of optimal orchard management strategies. This research has 

established that such simulation models can be of significant help to 

orchard managers in determining the most profitable set of operating 

criteria. Although much knowledge has been gained over the years 

through research and practical field experience, this additional 



management tool will make it possible to simulate numerous operating 

decisions in a matter of hours rather than years. 
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Third, this research has developed and refined the methodology 

for utilization of mathematical simulation modeling for management 

policy decisions in orchard operations. This methodology is unique in 

that it is applied to a long term, maturing, naturally occurring 

production system. This methodology can be applied to other 

geographical areas which have orchard industries as well as to other 

long term (not annual) agricultural crops. 

Suggested Future Research 

It is suggested that this model be further refined to include 

additional information that was either ignored or handled as a 

constant. The first area of improvement would be the addition of 

variable cultivation practices. Although these have only minor effects 

on yields, they have a rather significant effect on the overall 

operating costs of the orchard. 

The second area of improvement for the model would be to 

include a better variable description of the citrus market. The 

researcher is aware that one of the packing houses in Yuma is 

developing a model to forecast the citrus market demand and prices. 

Incorporation of this type of model along with the production model 

would add a whole new dimension to being able to optimize production 

strategies. 
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The third area of improvement would be to include in the model 

some measure of the differences in quality of the fruit as it is 

related to the various yield rates of the citrus trees. It was 

realized by the researcher that there are some changes in quality of 

the fruit as the yields increase. However, there is no research data 

available ~elative to this problem. Additional research in this area 

would then allow the yields to be differentiated by market (fresh, 

process) and by the percentage of yield by grade. 

A fourth area of research would be to investigate other 

relationships that may be relevant in the model. Although they are not 

readily apparent at this writing, it would seem possible that with 

additional thought other interesting results could be found. One of 

the great strengths of a simulation model is its flexibility and 

efficiency in researching the "what if" considerations of the user. 

The fifth area of development would be to modify the eXisting 

model as to be available on computer at the extension office in Yuma. 

Not only would it provide a research tool for that office but it could 

also be a tool to help answer grower questions relative to their 

orchard management practices. 
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APPENDIX A1 

Gardner, B.R.; Roth, R.L.; and Rodney, D.R. Fertility Requirments of 
Mature Oranges using Spray Irrigation, University of Arizona 
College of Agriculture Report, Series P-44, p. 4, December, 
1978. 

The fertility requirements of mature orange trees that are 
irrigated by the spray irrigation method are being investigated. The 
experimental area was located near Tacna on a commercial grove of 
Valencia orange trees of Campbell Nucellar budgwood on Rough Lemon 
rootstocks planted in the fall of 1963 on a 22 x 16-foot spacing. The 
trees were flood irrigated until 1975 when they were converted to the 
spray irrigation method. This method of irrigation consists of two 0.2 
gallon-per-minute spray heads located under the tree canopy. About 80% 
of the area under the tree canopy is wetted by this system. The 
application rate is less than infiltration and no runoff occurs. The 
irrigation system is operated weekly and a total of 6 feet of water is 
applied annually. 

are: 
Ten nutrient treatments are imposed in this experiment. They 

1. 0.75 lb. N/tree/yr. 
2. 1.5 lb. N/tree/yr. 
3. 3.0 lb. N/tree/yr. 
4. 0.75 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
5. 1.5 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
6.' 3.0 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
7. 0.75 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
8. 12.5 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
9. 3.0 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
10. Manure at a rate of 10 T/acre every two years plus 1.5 

lbs. N/tree/yr. 

The phosphorus and micronutrients are injected separately into the area 
wetted by the irrigation system at six different locations around each 
tree. The rates and types of micronutrients added are: 

1. Iron chelate ~lb./tree/yr. 
2. Zinc chelate ! lb./tree/yr. 
3. Mangenese chelate ¢ lb./tree/yr. 
4. Copper chelate ¢ lb./tree/yr. 
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The chelate materials used were donated by the Ciba-Geigy Company. 
Each chelate was injected into the soil in the wetted area at a 
different location from either the P or other chelates. Phosphorus is 
applied at a rate of ~ lb./tree per year in the form of treble 
phosphate (0-44-0). Steer manure was applied March 1975 and November 
1976 at a rate of 10 tons per acre. Starting in November 1976, 1.5 
pounds of nitrogen per tree per year was applied to supplement the 
nitrogen in the manure treatment, because the .nitrogen levels in the 
leaves were very low. The nitrogen fertilizer is injected weekly into 
the irrigation water starting in November and ending in June. Liquid 
ammonium nitrate (2q-0-0) is used as the nitrogen source. 

SUMMARY 

The first year after converting from flood to the spray method 
of irrigation the trees required between 2 and 3 pounds of nitrogen per 
tree per year. It now appears that an application of 1.5 pounds of 
nitrogen per tr~e is adequate for the conditions of this experiment. 
The third year after conversion there was an increase in yield and in 
phosphorus levels found in the leaves even though the levels were still 
below the adequate range. Increase in leaf levels of copper and 
manganese were obtained from applications of micronutrients. The 
levels of iron and zinc were not increased by these applications. 
Increases in fruit yield have not been detected due to micronutrient 
applications. The effects of fertilizer treatments on the factors 
relating to fruit quality are as follows: Application of phosphorus 
and of manure tend to increase the solid to acid ratio. Increased 
levels of nitrogen increases the peel thickness when compared with peel 
thickness of the fruit when nitrogen alone was applied. Micronutrient 
effects have not been detected on fruit quality. 



APPENDIX A2 

Rodney, D.R. Citrus Responses to Irrigation Methods University of 
Arizona, College of Agriculture Report, Series P-44 pp. 31-34 
December, 1978. 

Four irrigation methods and 2 rootstocks were compared on a 10-
acre block of 'Campbell Valencia' orange trees planted in 1971, in soil 
classified as Superst~tion sand. The irrigation methods were border
flood, sprinkler, basin, and trickler. The rootstocks were Citrus 
macrophylla and Troyer citrange. In the first 5 years of the 
experiment, the trees irrigated by the trickle and basin methods made 
greater growth than those irrigated by sprinkler and the border-flood 
methods, while the amounts of water applied per tree in the trickle and 
basin methods were significantly less than the amounts applied by the 
other methods. 

Total tree growth was greater for macrophylla rootstocks for 
all irrigation systems. However, trees grown with trickler irrigation 
on Troyer rootstocks made greater growth in the 4th and 5th years. 
Yields in the 6th year after planting were significantly greater for 
trees irrigated by the trickle and basin methods as compared with trees 
irrigated by border-flood and sprinkler methods. Also, yields from 
trees on C. macrophylla were significantly greater than yields from 
trees on Troyer. 

The calculated consumntive use by Valencia orange trees is 40 
inches of water annually. However, with the border-flood method of 
irrigation on the Supersititon sand of the Yuma Mesa, 96 inches or more 
are usually applied. 

An experiment was established in 1971 comparing border-flood 
irrigation with some more-efficient irrigation methods in order to 
learn what the effect would be on tree growth, yields and fruit quality 
as well as on the amount of water applied. 

Materials and Methods 

A 10-acre block of 'Campbell' Valencia orange trees were 
planted on a square spacing of 22' in May 1971 for the purpose of 
comparing irrigation methods. 
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Four irrigation methods were selected for comparison and were 
assigned randomly to complete rows of 13 trees each, with guard rows 
between treatments where desirable. One half of each row was planted 
with trees having Troyer citrange as a rootstock, and the other half of 
Citrus macrophylla. 

The 4 irrigation methods were border-flood, sprinkler, basin 
and trickle. In the border-flood method, the area irrigated was 
approximately 10' wide and running the full length of the row. The 
sprinkler method consisted of a spinner-type sprinkler located 4' from 
each tree, wetting an area approximately 12' in diameter. The basin 
method consisted of a circular dike approximately 5' in diameter around 
each tree, with a bubbler inside the dike designed to deliver 1 gallon 
per minute to each tree. The trickle method was designed to deliver 2 
gallons per hour to each tree by means of two 1-gal./hr. emitters 
inline on each side of the tree about 4' apart. Later (1976) 2 
additional emitters per tree were added; so that each tree would 
receive 4 gals./hr. 

The trickle irrigation system was operated daily with the 
length of ~peration being governed by weather and need of the trees as 
indicated by soil tensionmeters. Trees in the basin and sprinkler 
methods were irrigated weekly. The flood irrigated trees were 
irrigated every 2 weeks except in cool weather when tensionmeters 
indicated that the intervals could be extended. 

Each key row was equipped with a meter which measured the water 
applied to that row and readings were made weekly. Yields were 
recorded as number of fruit per tree, and fruit quality determinations 
were made of the fruit produced in the 6th year. Root distribution 
data were obtained by removing cores of soil from 20 locations around a 
tree and separating the roots from the soil. The roots of 1.5 mm 
diameter and smaller were washed, dried, and weighed. The larger roots 
were discarded. At each sampling location the 2.5" diameter cores were 
removed in 12" increments to a depth of 48". 

SUMMARY 

In summary, young 'Valencia' orange trees responded to trickle 
and basin irrigation with increased growth and yields as compared to 
trees irrigated by flood or sprinkler irrigation, while the amounts of 
water applied to the trickle and basin methods were only 11% and 13% 
respectively, of the amount applied to the conventional flood method. 



APPENDIX A3 

Gardner, B. R.; Roth, R.L.; and Rodney, D.R. Comparison of Irrigation 
Methods, Rootstocks, and Fertilizer Elements on Valencia Orange 
Trees University of Arizona, College of Agriculture Report, 
Series P-44, pp. 35-49, December, 1978. 

Increasing demands on water resources throughout the world are 
requiring that irrigation waters be used more efficiently. This is 
particularly true of the Colorado River system in the Southwest, 
U.S.A., where all water in the River is allocated and used. To ease 
the burden of agriculture water use on the Colorado River, more 
efficient use of the water must be made. 

One area where more efficient use of irrigation water appears 
feasible is on the Yuma Mesa soils near Yuma, Arizona. The primary 
crop in the area is citrus and about 10 feet of irrigation water is 
applied annually. Consumptive use of citrus in this area is estimated 
to be approximately 4 feet. Because of the high infiltration rate, 
around 3 inches per hours, the current border irrigation method does 
not easily lend itself to efficient use of irrigation water. 

The soil on the Yuma Mesa is classified as Superstition sand, 
containing 95% sand and 5% silt and clay. The climate is characterized 
as hot and dry. Summer temperatures reach 105-110 F and average annual 
rainfall is 3 inches. The general topography of the Yuma Mesa is 
nearly level and vegetation is sparce. 

TREATMENTS 

A 10 acre block of 'Campbell' Valencia orange trees was planted 
on a square spacing of 22 feet in May 1971. Each tree row was 286 feet 
long and contained 13 trees. The rootstock seed was planted in March, 
1970, and budded in November, 1970. 

Five irrigation methods were selected and randomly assigned to 
a test tree row. Each irrigation method was replicated four times. 
The irrigation water applied to each test row was metered individually. 
The five irrigation methods were border, full-coverage sprinklers, 
limited-coverage sprinklers, basin, and trickle (drip). The border 
method was used because it was the traditional method of applying 
irrigation water on the Yuma Mesa and served as a control. For young 
trees, borders were approximately 10 feet wide which reduced the area 
wetted. In 1978 the borders from adjacent tree rows joined and the 
entire area was wetted. Approximately 20 irrigations are made each 
year, once a month during the winter months and every two weeks during 
the summer. 
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The full-coverage sprinkler method was designed to wet a circle 
of 24 feet diameter. The spinner-type sprinkler was located along the 
tree row midway between trees. The limited-coverage sprinkler method 
was designed to wet a circle of approximately 12 feet diameter. The 
same spinner-type sprinkler used in the full-coverage method was used 
in the limited-coverage method. The sprinkler was located 
approximately 4 feet from the tree. The basin (bubbler) method was 
designed to deliver 1 gallon-per-minute to each tree. A circular dike 
approximately 5 feet diameter was constructed around each tree to 
collect the irrigation water. Irrigations were made once a week for 
the basin, limited-coverage sprinkler and full-coverage sprinkler 
irrigation methods. The trickle (drip) method delivered 2 gallons-per
hour to each tree. This was accomplished by placing a one gallon-per
hour emitter in line on each side of the tree about 4 feet apart. In 
1975, 2 more on gallon-per-hour emitters were added to increase the 
volume of soil wetted. These emitters were placed at right angles to 
the existing emitters and in line with the tree trunk. No ponding 
occurred with this method because of the high infiltration rate. 

The full-coverage sprinklers were converted to limited-coverage 
sprinklers in February 1973 because of retarded tree growth that 
occurred during the summer months of 1972. The retarded tree growth 
was due to a salt accumulation on the leaves. Because of the hot 
summer breezes, This 
could possibly have been prevented if the irrigations could have been 
rescheduled to early morning hours when the wind and evaporation were 
at a minimum. 

The full-coverage sprinkler irrigated trees that were converted 
to limited-coverage sprinkler irrigation were again converted in 1974. 
This last oonversion was to a drip irrigation system. There is no 
difference between this sytem and the trickle system. The name 
difference is used only to distinguish between them. 

Two types of rootstocks were planted in each tree row, 'Troyer' 
citrange and Citrus Macrophylla. The rootstocks were randomly assigned 
so that the first six trees in each row were one rootstock and the 
remaining seven trees were the other rootstock. 

All trees received equal amounts of nitrogen fertilizer. The 
nitrogen fertilizer for all the pressurized irrigation methods was 
applied in the irrigation water weekly. The flood method nitrogen 
fertilizer was broadcast on a monthly schedule. One-half of the trees 
in each test row received a"preplant phosphorus fertilizer treatment 
and also received 0.25 pounds of phosphorus each year. Four additional 
rows of full coverage sprinkler and four rows of border irrigation 
methods were added to investigate the effect of the micronutrients. 
iron, Zinc, and manganese chelates. 
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WATER APPLICATION 

The amount of irrigation water applied per tree for the growing 
seasons 1972-1978 was determined by use of tensionmeters ~nd weather 
conditions. A growing season is defined as the months of March through 
February. March is selected as the first month of the growing season 
because this is when the temperatures start warming and the new flush 
of growth begins. The flood irrigation method is irrigated according 
to traditional irrigation scheduling. Annual precipitatin does not 
affect the irrigation scheduling. In fact the pressurized methods of 
irrigation should be operated during rains of less than one-inch to 
keep the accumulated salts from leaching into the root areas. 

The amount of water applied to each irrigation treatment has 
been recorded by use of water meters. The average amount of water 
applied annually to each tree since March, 1972 is presented io Table 
19. As is noted in the Table the trickle and basin irrigation 
treatments have had a lesser amount of water applied per tree than the 
sprinkler and flood treatments for the first four growing seasons. 
This was mainly due to volume of soil wetted. However, the wetted soil 
volume will be increased to meet the increased root volume. During the 
last two growing seasons similar amounts of water were applied to all 
pressurized irrigation methods. Initially the basin and trickle 
methods showed 90% savings in water compared to flood. The current 
savings is about 60% compared to flood 

~UMMARY 

The trees irrigated by the trickle, basin, and sprinkler 
irrigation systems have had about 80% less water applied for each 
growing season compared to the traditional flood method. This water 
savings is expected to reduce in the following years as the trees 
mature and the pressurized irrigation systems will have to apply more 
water to meet the tree's demand. Overall the trees irrigated by the 
basin method have grown more than trees irrigated by any of the other 
methods. The trees irrigated by the flood method have grown the least. 
Trees on either rootstock have made equal growth when irrigated by 
basin or trickle. Trees on macrophylla rootstock have made greater 
growth than the trees on 'Troyer' rootstocks when irrigated by the 
sprinkler or flood methods. 



TABLE 19. Water Applied for Last 6 Growing Seasons 

MAR. 72 - FEB. 73 
IRRIGATION No. OF 
TREATMENT GAl/TREE INCHES* IRRIGATIONS GAl·llREE 

Trickle 2.440 8 366 1.320 
Basin 3.030 10 52 1,630 
Sprinkler 25.520 85 55 8.830 
Flood 34.400 114 43 29.140 

MAR. 74 - FEB. 75 
Trickle 1.700 6 365 3.080 
Basin 2.460 8 44 3.650 
Sprinkler 2.900 10 45 5.280 
Flood 20.000 66 19 18.080 

MAR. 76 - FEB. 77 
Trickle 5.150 17 365 5.860 
Basin 4.250 14 53 6.000 
Sprinkler 4.650 15 53 5.880 
Flood 20,300 67 20 20.020 

*Assumes water was applied to entire area allocated to each tree. 

MAR. 73 - FEB. 74 

INCHES* 

4 
5 

29 
97 

MAR. 7S - FEB. 76 
10 
12 
17 
60 

MAR. 77 - FEB. 78 
19 
20 
19 
66 

NO. OF 
IRRIGATIONS 

365 
46 
46 
35 

366 
46 
46 
18 

365 
52 
52 
20 

l-' 
...... 
w 
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Nitrogen levels are highest in those leaves from trees 
irrigated by one of the pressurized irrigation systems. The leaves 
from trees on macrophylla rootstock have higher nitrogen levels 
compared to leaves from trees on 'Troyer' rootstocks. Some increase 
of micronutrient concentrations in the leaves has been observed for 
those trees which received micronutrients. Phosphorus levels in the 
leaves have been adequate. It appears that the phosphorus levels are 
highest when the nitrogen levels are low; and conversely with high 
levels of nitrogen low levels of phosphorus in the leaves are found. 

Some difference of fruit quality has been measured. Fruit from 
trees irrigated by the flood method had the highest ratio of solid to 
acid. Fruit from trees on macrophylla rootstock have a greater peel 
thickness than fruit from trees on 'Troyer' rootstock. Also the fruit 
from trees that are trickle irrigated had the greatest peel thickness. 

The fruit yields for the last three growing seasons were not 
great enough to be economical, but the differences between the 
treatments are significant. The trees on macrophylla rootstock 
produced more than those on 'Troyer' rootstock. The trees irrigated by 
trickle and basin irrigation methods produced more fruit than those 
irrigated by sprinkler and flood irrigation methods. 

The total soluble salts in the soil profile is least under the 
flood irrigation method. This is because more water is applied to 
leach the salts compared to the pressurized irrigation systems. 
Overall the soil profiles under basin and sprinkler irrigation methods 
have about equal salt concentrations while the soil profile under 
trickle irrigation has the highest salt concentration. No harmful 
effects have been observed to date of the increased soil salinity under 
the pressurized irrigation systems. 

The difference in required cultivation between the irrigation 
methods was quite noticeable. Since rainfall was very minimal, very 
few weeds germinated unless the surface was wetted. Thus the trickle 
method required less effort to control weeds. Where weeds grew they 
were controlled by weedicide spray in all but the border irrigated 
trees. These trees required a periodic cultivation using a rototiller. 



APPENDIX A4 

Gardner, B.R.; Roth R.L.; and Rodney, D.R. Converting Mature Orange 
T~ees to Pressurized Irrigation Systems, University of Arizona, 
College of Agriculture Report, Series P-44, pp. 50-56, 
December, 1978. 

The effects of converting mature citrus trees that had been 
flood irrigated since planting to a pressurized irrigation system has 
been investigated from March 1975 to December, 1983. The experimental 
area is located near Tacna in a grove of commercial Valencia orange 
trees of Campbell Nucellar budgwood on Rough Lemon rootstock planted in 
the fall of 1963 on a 22 x 16 foot spacing. Six irrigation treatments 
are included in this study. They are: 

Trickle 

Basin 

Spray 

Sprinkler 

Combination 
Sprinkler and 
Spray 

Flood 

Six one-gallon-per-hour emitters per tree are spaced 
equally under the tree canopy. The irrigations are 
scheduled daily. 

A one-gallon-per-minute bubbler head is located under 
the tree canopy. A dike is built near the outer tree 
canopy to contain the irrigation water. The irrigations 
are scheduled weekly. 

Two 0.2 gallon-per-minute spray heads are located under 
the tree canopy and are operated weekly. No dike around 
the tree canopy is required to contain the irrigation 
water because the application rate is less than 
infiltration. Approximately 80% of the area under the 
tree canopy is wetted by the water from the spray heads. 

Spinner-type sprinkler heads are located between the 
tree rows and are ope~ated weekly. The area wetted by 
this method is outside the tree canopy. 

This is a combination of both methods that have been 
previously defined. The spray method is used to apply 
water to the tree and the sprinkler method applies water 
outside the tree canopy. 

Water is applied to the total ~rea on the same interval 
and amount according to the commercial grower practice. 
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WATER APPLICATION 

Six feet of water are applied annually be each of the 
pressurized irrigation systems according to the consumptive use curve. 
(Erie, L.J., O.F. F~ench, and K. Harris. Consumptive Use of Water by 
Crops in Arizona. Tech. Bull. 169. 1965). Erie's consumptive use 
curve for navel oranges was increased by 185% from the annual 
application rate of 39 to'72 inches of water to apply an ample amount 
of water. Other experiments are ongoing to determine the effects of 
applying lesser amounts of water. The trees in the flood irrigation 
treatment were irrigated according to the grove manager's irrigation 
schedule and at a volume that is applied to a similar block bordering 
these trees. The amount of flood water applied for the past three 
growing seasons has been 9.1, 8.7, and 7.9 feet, respectively. The 
reduction of 1 foot of water during the experimental growing season was 
because of the unusual amount of rain during the winter months. Water 
savings were obtained by using pressurized irrigation systems compared 
to flood is about 33%. 

SUMMARY 

Overall it appears that mature orange trees can be converted 
from flood irrigation to a pressurized system without affecting fruit 
yield or Quality. By converting to a pressurized irrigation system it 
is possible to be more efficient with water and nitrogen fertilizer. 
Normal commercial application for flood irrigated trees is about 3 
pounds of nitrogen per tree per year. This could probably be reduced 
to 2 pounds of nitrogen. 
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Roth, R.L.; Gardner, B.R.; Rodney, D.R. The effect of Converting Mature 
Grapefruit Trees to Trickle Irrigation University of Arizona, 
College of Agriculture Report, Series P-44, pp. 57-63, December 
1978. 

One acre of mature grapefruit trees located on The University 
of Arizona Agricultural Experiment Station, Yuma Mesa Branch Station 
were converted to trickle irrigation May 13, 1974. Trees of either 
White or Redblush varieties were randomly planted in the spring of 
1957. There appears to be no difference in tree growth or production 
between these two varieties. 

The trees had been flood irrigated until the conversion to 
trickle irrigation for this study. The soil has 6 to 8 inches of silt 
overlying sand. This silt layer is typical of those lands irrigated 
prior to the construction of the network of dams on the Colorado River 
which has since reduced the silt carried by the irrigation waters. 

The objectives of this experiment are to observe tree growth 
and production, and to detect variables that need futher investigation. 
The design uses two trickle irrigation regimes operated daily, one is 
irrigated at consumptive use (C.U.) and the other is irrigated at 1.25 
times consumptive use (C.U.). Consumptive use for grapefruit was 
assumed to be 48 inches (Erie, L.J., O.F. French, and K. Harris. 
consumptive Use of Water by Crops in Arizona. Tech. Bull. 169. 1965). 
The trickle irrigation system is designed with 4 one-gallon-per-hour 
emitters per tree. Part of the grove was left in flood irrigation and 
is irrigated about 20 times annually, every two weeks during the summer 
and monthly during the winter. 

SUMMARY 

It is too early in this experiment to draw any conclusions. 
However, it does appear that fruit size distribution may be affected by 
the treatments that are imposed in this experiment. Fruit quality is 
not affected as much. It is not known what changes in fruit size 
distribution would result if the distribution of water applied was 
changed. For instance, if the 100%, C.U. treatment was adjusted to 
apply more water during the summer months and less during the winter 
months, but still totaling 48 inches per year. 
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It mayor may not be advantageous to control fruit size 
distribution. The economic returns on fruit sales is dependent on 
market demands of certain fruit sizes. It could be advantageous to 
have the fruit reach a required size at a later date. This could put 
the fruit on the market at a time when saled are much higher thus 
giving a higher return. More data will need to be collected before any 
conclusions can be made. 



APPENDIX A6 

Gardner, B.R.; Roth, R.L.; and Rodney, D.R. Trickle Irrigation of 
Mature Citrus: Amount and Geometry University of Arizona, 
College of Agriculture Report, Series P-44, pp. 64-69, 
December, 1978. 

The number of emitters and the amount of water applied to 
mature citrus trees has been a topic discussed for sometime. To help 
answer some of these questions an experiment was designed to evaluate 
the number of emitters per tree and the amount of water applied. The 
experimental block is located on the University of Arizona Yuma Mesa 
Experiment Station. Approximately 5 acres of Valencia orange trees on 
Rough Lemon rootstock are utilized in this experiment. These trees 
were planted in 1950 on a 23 x 23 foot grid and had been flood 
irrigated until March, 1975 when this research was initiated. 

TREATMENTS 

Nine treatments are being investigated. They include three (3) 
emitter geometries; 4, 6, or 8 one-gallon-per-hour emitters per tree, 
and 3 application amounts for each of the geometries. The application 
amunt to each tree is equivalent to 30, 40, or 50 inches of water 
applied through the trickle irrigatin system. These three application 
amounts are equivalent to 75%, 100% and 125% consumpti~e use (C.U.) for 
navel oranges in Phoenix, Arizona area (Erie, L.J., O.F. French and K. 
Harris. Consumptive Use of Water by Crops in Arizona. Tech. Bull. 
169. 1965). The geometry portion of this experiment was designed to 
place an equal number of emitters on opposite sides of each tree, 
spaced equally along the canopy of the tree. Irrigations are applied 
daily. Normally rainfall is neglected, however, after a 4.29 inch-rain 
on August 16, 1977, it was assumed that 1-inch or 300 gallons per tree 
had been added to the root zone. 
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Rodney, D.R. Rootstocks for Redblush Grapefruit University of Arizona, 
College of Agriculture Report, Series P-44, pgs. 71-72, 
December, 1978. 

In 1966, Redblush grapefruit trees on 12 different rootstocks 
were planted on the Yuma Mesa Station in an old block where silt is 
mixed with the upper 8 inches of sand. Previous comparisons in this 
block have been made on the basis of total yields, internal fruit 
quality and resistance to phytophthora. The rootstocks with the 
highest toal yields included Rough lemon and Palestine lime, which are 
undersirable because of being susceptible to phytophtora, and 
Macrophylla and Volkameriana which are undesirable because they produce 
fruit which has a low % solids in the juice. Therefore, Sour orange 
and Troyer citrange have been considered the best rootstocks for 
grapefruit. 

During the 1975-76 and 1976-77 seasons the fruit from this 
block were graded for external quality so that yields can be expressed 
as Packable Fruit. The rootstocks with the highest yield of packable 
fruit per tree are Volkameriana, Palestine lime, Sour orange, Carrizo 
citrange and Troyer citrange. Again Volkameriana (low solids) and 
Palestine lime (susceptible to phytophthora) should be dropped from 
consideration, leaving Sour orange, Carrizo and Troyer. 

Taking into account tree size and the number of trees that can 
be planted per acre, packable fruit as tons per acre can be calculated. 
The grading of fruit for external quality was mainly on the basis of 
shape; elongated or "sheep-nosed" fruit were eliminated as culls. In 
the 1975 bloom year, grapefruit in this block were of unusally high 
quality with packable fruit on the 12 rootstocks ranging from 92 to 97% 
of the total yields. The 1976 bloom year was very different, with the 
percentage of "sheep-nosed" fruit ranging from 16 to 42%. Therefore 
the data presented in Table 1 are an average of very good external 
quality combined with a year of rather poor quality.' On this basis the 
most preferred rootstocks for grapefruit appeared to be Sour orange, 
Troyer citrange, Cleopatra mandarin and Citrumelo 4475, all of which 
produc~ fruit of very high internal quality (Table 2). The two latter 
rootstocks were quite low producing until the trees were 9 years of 
age, but since that age, they have been in the high producing group. 
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Oklawaha Sour orange, Troyer citrange, Cleopatra mandarin and 
Citrumelo 4475 rate high as rootstocks for Redblush grapefruit when 
comparisons are made on the basis of 

1. yields of packable fruit (external fruit quality) 
2. internal fruit quality and 
3. resistance to phytophthora. 
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Roth, Robert L.,; et. ale Irrigation Methods, Nutrient Requirements, 
and Cultural Practices for Mature Orange Trees Converted to 
Pressurized Irrigation Methods on the Sandy Mesa Soils in 
Southwestern Arizona, The University of Arizona, Yuma 
Agricultural Experimental Station, Final Report To U.S. 
Salinity Laboratory SEA-Ar, December, 1979. 

NUTRIENT EXPERIMENT 

DESIGN 

The Nutrient Experiment utilized the spray irrigation method 
and consisted of 9 nutrient treatments, replicated 10 times in 6 tree 
blocks in a split plot-design. A plot layout is shown in Figure 3-1. 
A tenth treatment was added in a randomized design to observe the 
effects of manure as a nutrient source. The treatments were as folows: 

1 • 0.75 lb. N/tree/yr. 
2. 1.50 lb. N/tree/yr. 
3. 3.00 lb. N/tree/yr. 
4. 0.75 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
5. 1.50 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
6. 3.00 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. 
7. 0.75 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
B. 1.50 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
9. 3.00 lb. N/tree/yr. plus 0.25 lb. P/tree/yr. plus 

micronutrients. 
10. Manure at a rate of 10 T/acre every two years. 

The nitrogen was injected into the irrigation system weekly 
during each irrigation starting in November and ending in June. The 
phosphorus and micronutrients were placed separately into the area 
wetted by the irrigation sy·stem at six different locations around each 
tree at a depth of about 6 inches. The rates and types of 
micronutrients added were: 

1. Iron chelate 1/4 lb./tree/yr. 
2. Zinc chelate 1/2 lb./tree/yr. 
3. Manganese chelate 1/4 lb./tree/yr. 
4. Copper chelate 1/4 lb./tree/yr., 
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The two-year supply of manure was applied to the wetted area in 
. 1975. No additional nitrogen was added during this growing season. 

However 1.5 pounds of nitrogen per tree per year were injected into the 
irrigation water from 1976-79 because nitrogen levels in the leaves 
were low. A second application of manure was made in 1977. 

The irrigation method used in this experiment was the spray 
method which was described in the Methods Experiment. The mode of 
operations and amount of water applied were the same as the spray 
method described previously. 

SUMMARY 

The trees receiving 3.0 pounds of nitrogen per tree per year 
grew more than those trees receiving 0.75 pounds of nitrogen per tree 
per year. There was a stepwise increase in the nitrogen content in the 
leaves with each increment of nitrogen applied for all periods of 
measurement. Levels of nitrogen in the leaves from trees receiving 
0.75 pounds of nitrogen per year were below the adequate range. No 
phosphorus or iron responses were measured in the tree leaves when 
these nutrients were added to the soil. Manganese, zinc, and copper 
all showed responses in the. tree leaves when these nutrients were 
applied to the soil. Nitrogen levels in the tree leaves increased for 
the first two years of the experiment for the same levels of nitrogen. 
This suggests that higher levels of nitrogen should be applied 
initially after conversion and that the application of nitrogen can be 
decreased with time as the roots redistribute to become more efficient 
at taking up nitrogen. 

Increased applications of nitrogen resulted in a decreased 
solid-acid ratio. This suggests that higher levels of nitrogen cause a 
delay in harvest. Increased nitrogen levels increased the peel 
thickness of the fruit while additional amounts of phosphorus tended to 
decrease the peel thickness. Total yield and total fruit culled per 
tree were increased with increased amounts of nitrogen, but marketable 
fruit remained constant. The application of phosphorus to the soil 
showed that marketable fruit yields were increased over trees where it 
was not applied. This suggests that to maximize marketable fruit 
yields, phosphorus should be applied and lower levels of nitrogen 
applied. 

Higher total soluble salts and soluble nitrate concentrations 
occurred at the higher rates of nitrogen compared to the lower rates of 
nitrogen. No adverse effects due to salt concentration levels were 
observed. 



APPENDIX A9 

Rodney, D.R.; Sharples, G.e. Responses of Lisbon Lemon Trees to 
Applications of Nitrogen, Phosphate. and Manure, University of 
Arizona, Yuma Agricultural Experiment Station Technical Paper 
No. 628, January, 1961. 

Note: Additional data was collected through 1964 and was used 
in developing the model relationships. 

The trees used in this experiment were planted in 1954 on 
virgin Superstition sand, which analyzes about 90% sand (8) and has a 
low water holding capacity. The moisture content 24 hours after 
irrigation is 6 to 9%, necessitating the use of 6 to 8 acre feet of 
irrigation water per acre per year. 

The experiment was a 3 x 2 x 2 factorial in randomized blocks 
with 3 rates of N (1, 2l, and 4 lbs. of N/tree/year applied as ammonium 
sulfate), 2 rates of Phosphate (0 an 2 pounds of P205/tree/year applied 
as treble superphosphate) and 2 rates of manure (0 and 10 tons/acre, or 
222 pounds/tree/year). There were 10 replications of 1-tree plots, 
with no guard trees between plots. 

Differential treatments were started in 1955, and in that year 
and in 1956, the N was broadcast around the tree, approximately in the 
root area, in 8 equal applications. In all subsequent years, it was 
applied in 4 equal applications in December, February, April, and July. 
Eight-inch-deep furrows were plowed on 2 sides of the trees in February 
of each year. Phosphate and manure, for those plots receiving them, 
were placed in the furrows and covered. 

Each crop was harvested at one time in November, and all fruit 
was counted. In 1959, the first year a commercial crop was produced, 
fruit counts per field box (60 pounds fruit/box) also were obtained. 

Leaf samples, consisting of 25 leaves from each tree, were 
collected in July of each year from non-fruiting shoots of the current 
year's spring flush. Samples were sent by motor transport to Mesa, 
Arizona so that they reached the laboratory on the day after they were 
collected. 
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Leaves were washed in tap water and rinsed in distilled water 
briefly to remove soil and at the same time minimize the danger of 
leaching constituents. They were then dried at 750 C. overnight, 
ground to pass a 40-mesh screen and dried again to constant weight 
before analysis. N was determined by the micro-Kjeldahl method (9), P 
by molybdate-vanadate clorimetry (10), and K by flame photometry. In 
1959, wet ashing was a routine procedure. Dry ashing, with or without 
magnesium nitrate ignition, was found to give inconsistent and usually 
higher P results, depending upon the amount of silica present in the 
tissue. 



APPENDIX B: 

YIELD CURVES 

186 



a 
o 
• o 
~ 

o 
CI 

• 

187 

~ t---'--r--r 1 r ,---,--.---.----� 1 -~--r---,I..----. 
1.00 ... 00 S.DD \2.00 U;.OO ZD.OD 24.00 zs.oo 

YEARS 
__ --J-166. D~ 

FIGURE 19. Orange Yield on Rough Lemon 
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FIGURE 21. Orange Yield on Troyer 
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FIGURE 22. Lemon Yield on Rough Lemon 
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FIGURE 25. Grapefruit Yield on Rough Lemon 
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DECISION BASIS: 0, 
' .. 

TREE AGE= 5.000000 
VAFHETY 0 ROOTSTOCK R'· 
PI:;:()FIT HUG-AI T-Lm{~N T-TSP", T-MNUR YIELD/T COST/T COST/LB 

0.020 108~00 .50 • :~O .00 201.0430 4.0423 .020107 
0.016 120.00 • ~,o • ~~o " .00 201.0430 4.0465 .020127 
7.974 100.00 • t:i() .25 

. 
1.00 202.2430 4.1607 .0205"73 

7.970 120.00 .50 '1&::" .... '-1 1.00 202.2430 4.1649 .020594 
7.939 108.00 .60 .30 .00 202.2430 4.1958 .02()746 

DECISION BASIS: F' 
TRE!:: I~GE::: 10.00000 
VAfnETY 0 f\()OTSTOCI";': I';: 

YIELD/T COST/T COST/LB 
P~-::()F"IT If\ IG--AI T"-W::I~~N T--TSP T-MNUR 

4.0423 .009505 • :30 .00 425.287'} 21.4"75 108.()0 .50 
425.2B79 4.0465 • O()'}:i 15 

21.471 120.00 .50 • :50 .00 
4.11.)07 .()09756 1.00 426.4BBO 21. 429 108.00 .50 .25 
4.1l)49 .009766 .25 1.00 426.4880 21.424 120.00 .50 

426.4880 4.1958 .0()9838 
21.393 108.00 .60 .30 .00 

DECISION BASIS: P 
n~EE AGE= 1~5. 00000 
VAf~IETY 0 ROOTSTOCt;: R 
PfWFIT IIUG-AI T -I.JF\r-ll~ l-'TSP T-MNtJJ~ YIELD/T COST/T COST/LB 2L~. 2::=i2 lOB.OO • ~:j 0 .30 .00 538.232') 4.0423 .007510 20.247 120.00 • t")() • :50 .00 538.2329 4.0465 .007518 2B.2()5 100.00 .5() '10:.- 1.00 539.4330 4.1607 .007713 .... ,;J 

20.201 1.20.00 .50 'J C" 1.00 539.4330 4.1649 .007721 • ~.t.J • 
2B .170 10B.()0 .60 .30 .00 53(}.4330 4.1958 .007778 

........ 
~ 
-...J 



DECISION BASIS: p 
TREE AGE= 20.00000 
VARIETY 0 ROOTSTDCt, .~ 
P.~OFIT lIUG-AI T-t.H'~IN T-TSP T-MNUR YIELD/T COST/T COST/LB 
30.285 108.00 .~W • =~O .00 572.1279 4.0423 .0()7065 
30.2B1 120.00 .50 .30 .00 572.1279 4.0·165 .007073 
~50. 239 108.00 .50 1")'::"' • .:... .... 1 1.00 573.3280 4.1607 .007257 
30.235 120.00 .:=;O .25 1.00 573.3280 4.1649 .007264 
:50.204 108.00 .60 .30 .00 573.3280 4.1958 .007318 

DECISION BASIS: P 
n~EE AGE= 25.00000 
VAI~IETY () ROOTSTOCt, R 
F'f-:OFIT II~IG-AI T-tJf::AN T·~TSP T-MNUR YIELD/T C(}ST/T COST/LB 
29.~'i11 108.()0 • :50 • =50 .00 559.222(7 4.0423 • .0072213 
29.507 120.00 .:=)O .30 .00 559. 2:~2(i 4.0465 .0072:36 
2 17.465 108.00 • ~'iO .25 1.00 5,-S0.4230 4.1607 .007424 
29.460 120.00 • :jO .25 1.00 560. 42=~O 4.1649 .007432 
29.430 108.00 .60 .30 .00 560.4230 4.1958 .0()7487 
END OF HUN 

[lECIGION BASIS: F' 
TREE AGE= :7i.OO()O()O 
VARIETY 0 r.:OOTSTOCK T' 
F'f-:OFIT lIUG-'AI T-UI~:(.IN T-TSP T-MNUR YIELD/T' COST/T COST/LfI 
6.814 108.00 • :i () .30 .00 18().9387 4.()423 .022341 
6.810 120.00 .50 .30 .00 100.9:3B7 4.0465 • ()2~!:~64 
6.760 108.()() .50 .25 1.00 182.011J7 4.16()7 • 022l1~5(/ 
6.756 120.()() . ~:;() .25 1.00 182.01.07 4.1649 • 022B(j:·.~ 
(,.725 10B.()() .60 .30 .00 182.0:LB7 4.1 17~iO • 0230~::;:L 

...... 
\0 
co 



DECISION BASIS: F' 
Tr~EE AGE:::: 10.00000 
VARIETY 0 ROOTSTOCI( T 
PROFIT IRIG-I~I T-Uf;:AN T-TSP T-MNUR YIE.LIIIT COST/T COST/LB 
18.923 108.00 .50 .30 .00 382.75(J2 4.0423 .010561 
18.919 120.00 .50 .30 .00 382.7592 4.0465 .010572 
18.870 108.00 .50 .25 1.00 383.8392 4.1607 • ()10840 
18.B65 120.00 .50 .25 1.00 383.8392 4.1649 .010851 
18.8:5!:-; 1()S.OO .6() .3() .00 383.83(72 4.1958 .010931 

DECISION BASIS: F' 
TREE AGE= 15.00000 
VARIETY 0 ~-;:OOTSTOCI< T 
Pf,OFIT If, I G·-AI T-W::I~N T--TSF' T-MNUR YIElD/T COST/T COST/lB 
25. O:~2· 108.00 • ~;O • ~50 .00 484.4096 4.0423 .008345 
25.0lEl 120.()() .50 • :5() .00 484.4096 4.0465 • ()()B:~53 
24. ()69 108.()0 .50 #")C:-

• •.. ..J 1.00 485.4897 4 .1607 .008570 
24. 96~~ 120.00 • ~.;o r)C" 

• ... ,J 1.00 485.4897 4.1649 .008579 
24.934 108.00 .1.>0 .30 .00 485.4897 4.1958 .008642 

DECISION BASIS: p 
H~EE ,)GE= 20.00000 
VAf,lETY 0 HOOTSTOCI\ T 
pr~OFIT HUG-AI T-lm'~IN T--TSP T-MNUR YIElD/T COST/T COST/LB 
26.853 108.00 .t.)O .30 .00 514.(J152 4.0423 .007850 
21.>.84El 120.00 • ~.:;O .30 .00 514.9152 4.0465 • ()()7859 
26.799 108.00 · ~:;() .25 1.00 515.9952 4.1607 .OOO()63 
26.795 120.00 .50 .25 1.00 515.9952 4.1649 .0000'72 
26.764 108.()O .1.>0 • :50 .00 515.9952 4.1958 • 0081~51 



DECISION £lASIS: P 
Tf.:EE AGE= 25.00000 

VARIETY 0 f~OOTST()CI< T 
F'fWFIT IRIG--AI T-lmAN 
26.156 108.00 • ::;0 
2tJ .152 120.00 • ~5() 
26.102 108.()0 • ~5() 
26.()98 120.00 .50 
26.067 100.00 .60 

DECISION BASIB: p 
TF:EE AGE= 5.00000() 
VARIETY 0 FWOTSTClC!, f:) 
PfWFIT IRIG-AI T-Ur':I~N 

5.00::; 108.00 • ~j() 
5.()()O 120.00 .50 
4.940 108.00 • :';;0 
4.936 120.()0 • ~)O 
4.905 108.00 .60 

DECISION BASIS: P 
TREE AGE= 10.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
15.096 1()O.00 .50 
15.091 120.00 .:,:)0 
15.031 100.00 • ~H) 
15.()27 120.()0 • ~jO 
14.99<'.> 108.()0 .6() 

T-TSP 
.30 
.30 
.25 
.25 
.30 

T··-TSP · :~() 
.3() 
• :~5 
.25 
• ~~O 

T····TSP 
• ~~O 
• :5() 

"'/C:-
• ",,; .. ,J 

'")1.:.-· ,.'-~ 
• ~50 

T-MNUR YIELD/T . COST IT COST/LB 
.00 50~-S .3007 4.0423 .008032 

.00 503.3()07 4.0465 .()08040 

1.00 504.3B07 4.1607 .()OB249 

1.00 504.3807 4.164'} .008257 

.00 504.3807 4.1958 .008:519 

T-MNUR YIELD/T COST/T COST/LB 
.00 150.7822 4.0423 .02680'j) 
.00 150.7822 4. 046~j .026B37 

1.00 151.6822 4.1607 .()27430 

1.00 151.6822 4.1649 .027451:1 
.00 151.6822 4.1958 .027662 

T-MNIJR YIELD/T COSTIT COST/Lf.! 
.00 ~~ tEl. 9t)59 4.0423 .012673 

.00 318.96):59 4.0465 .()12bB6 

1.00 319.0660 4.1<'.>07 .013()On 
1.00 319.8660 4 .1c!)49 .01:5021 

.00 319.8660 4. 19!:j8 .013117 

N 
0 
0 



DECISION BASIS: F' 
TREE AGE= 15.00000 
VAf,IETY 0 fWOTST{)CK S 
f-'ROFIT H~IG-AI T-UF\~IN 
20.178 108.00 .50 
20.174 120.()0 .50 
20.114 1013.00 .50 
20.110 12().00 .50 
20.()79 108.00 .6() 

DECISION BASIS: p 
TREE AGE:::: 20.00000 
VAF.:IETY 0 ROOTSTO(;t, .... 

;:) 

F'FWFIT IFnG-~lI T -t.JF~AN 
21.703 10i3.00 · ~:;() 
21.699 120.()0 .50 
21.639 108.00 • ~j() 
21. 6~~!,:j 120.00 • :=':j() 
21.604 100.00 .6() 

DECISI()N BASIS: p 
Tf';:EE I~GE:::: 2~j • OOOO() 
VAfnETY () FWOTSTOCI< f' 

~., 

F'F,OFIT IIUG-AI T-URAN 
21.123 10B.OO • ~50 
21.119 120.00 .50 
21.()58 108.00 .50 
21.054 12().()() • :'.'iO 
21.023 101:l.00 .60 

T-TSP T-MNUR 
.30 .00 
.30. .00 

I") c:-.... -~ 1.00 
r)1::" 

• .:...;;J 1.00 
• ~~O .00 

T-TSF' T-MNUR 
.30 .00 
.30 .00 
.25 1.00 
.25 1.00 
.30 .00 

T--TSP T-MNUR 
• ~~O .00 
.3() .00 

")1::· 
• .:....1 1.00 

'")C:" 
..... ,.J 1.00 
.3() .00 

YIELD/T 
403.6747 
403.6747 
404.5747 
404.5747 
404.5747 

YIELD/T 
42(l.09~j9 

429. ()9!7j9 
429.9960 
429.9960 
429.99/JO 

YIELD/T 
419.4172 
419.4172 
420.3172 
420.3172 
420.3172 

COST/T 
4.0423 
4.0465 
4.1607 
4.164(} 
4.1958 

COST/T 
4.0423 
4.()465 
4.1607 
4.1649 
4.1958 

COST/T 
4.0423 
4.0465 
4.1607 
4.164(; 
4.1 (758 

COST/LB 
.010014 
.010024 
.0102B4 
.010295 
.()10371 

COST/LB 
.O()'}420 
.00'14:)() 
.009671.) 
.009686 
.009758 

C(JST/LB 
.0096:313 
.009640 
.O()9B';Ij> 
.00990(j> 
• ()09982 

N 
o 
I-' 



DE(;ISION BASIS: f' 
TREE AGE= 5.000000 
Vt.rUElY L ROOTSTOCK T 
PROFIT IRIG--AI T-UI:;:AN 

.000 .00 .00 

.000 .00 .00 

.000 .00 .00 

.000 .00 .00 

.000 .00 .00 

DECISION BASIS .;". F' 
TREE AGE= 10 •. 0000 
VARIE1·Y L ROOTSTOCK T 
Pf< n I~ :CI 11;: I G·- A IT·-Ufo: A N 

':, (", ( . . .. , './ ] :'iJ • ()O .20 
r)f \ 120.00 .20 • " ~J 

.9~m 120.00 .30 

.H07 120.00 .2() 

.877 120.00 • ·10 

DECISION BASIS: P 
TREE AGE= 15.00000 
VARIETY L ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
3.534 lOO.OO .20 
3.526 120.00 .20 
3.4/6 120.00 .30 
3.425 120.00 .20 
3.415 120.00 .40 

T-TSP T-MNUR 'fIELD/T COST/T COST/LB 
~oO .00 .()OOO .0000 .000000 
.00 • '.;0 .0000 .0000 .000000 
.00 .00 .0000 .0000 .000000 
.00 .00 .0000 .0000 .OOOO()O 
• (: 0 .00 .0000 .0000 .000000 

T-TSP T-MNUR YIELD/T COST IT COST/LEI 
.00 .00 409.4766 6.1695 .015067 
.00 .00 409.4766 6.1782 .015088 

le" . ~ .00 460.6-"146 7.1236 .015464 
.15 .00 439.5846 6. 80~55 .015482 

le" . .., .00 475.3866 7.4418 .015654 

T--TSP T-MNUR YIELD/T COST/T COST/LB 
.00 .00 554.4900 6.169:7; .011.126 
.00 .00 554.4900 6.1702 .011142 
• J 5 .00 605.6660 7.1236 .0117t)2 
.15 .00 584.6()60 6.8055 .011641 
.15 .00 620.4001 7.4418 .011995 

N 
0 
N 



DECISION BASIS: F' 
TREE AGE:: 20.00000 
l)AFUETY L RODTSTOCK T 
PROFIT IRIG-AI T-Ur,AN T-TSP T-~1NUR YIELII/T COST/T COST/LB 

4.117 1013.00 .20 .00 .00 587.7846 6.1695 .010496 

4.100 120.00 .20 .00 .00 587.7846 6.1782 .010511 

4.058 120.00 .30 .15 .00 638.9526 7.1236 .011149 

4.008 120.00 .20 • 1 ~j .00 617.8926 6. BO~j5 .O11()14 

=5.99B 120.()O .40 .15 .00 653.1.>941.) 7. 44l.f.1 .()113B4 

DECISION BASIS: F' 
n::EE AGE= 25.000()() 
VARIETY L rWOTSTOL!, T 

PROFIT n:lG-AI T-URAN T-TSP T-MNUR YIELD/T COST IT COST/LB 

3./16 10B.OO .20 .00 .00 564.9111 6.1695 .010921 

3.70[1 120.00 .20 .00 .00 564.9111 6.1782 .010937 

:5. <!15B 120.00 .30 1&:" .00 616.0791 7.12:56 .011563 · ;:} 

3.607 120.00 .20 1a:- .00 595.0191 6.8055 .011437 · .., 
:5 • ~)S>B 120.00 • -'10 .15 .00 630.82:1.0 7.4418 .011797 

DECISION BASIS: p 
Tf.:EE AGE:: 5.000000 
VMUETY L FWOTSTOCK S 
PROFIT IRIG·-AI T -1Jf~I~N T-TSP T-MNUR YIELD/T COST/T COST/LB 

.OO() .00 tOO .00 .00 .0000 .0000 .000000 

.000 .00 .00 .00 .00 .0000 • ()()OO .OO()OOO 

.000 .00 .00 .00 .00 .O()OO .0000 .OO()()()O 

.000 .00 .00 .()O .00 .()OOO • ()()()O .O()()O()() 

.OO() .00 .00 .00 .00 .0000 .0000 .O()()()()O N 
.::> 
LV 



DECISION BASIS: p 
THEE AGE:: 10.00000 
VAr.:IETY L FWOTSTOCI< S 
PROF-IT IRIG-AI T-lIRAN T-TSP T-MNUR YIELD/T COST/T COST/LB 

1.100 10ll.00 .20 .00 .00 41(}.9760 6.1695 .014690 
1.171 120.00 .2() .00 .00 419.9760 6.1702 .014711 
1.144 120.00 .30 .1~ .00 472.4!:-;60 7.1236 .015070 
1.091 120.00 .40 .15 .00 487.5760 7.4418 .015263 
1.005 120.00 .20 1'::-• .J .00 450.8560 6.8055 .015095 

DECISION BASIS: F' 
TF.:EE AGE= l~i. 00000 
VAIUETY L fWOTSTOCI< S 
PROFIT IfnG-AI T-Uf~AN T-TSP T-MNUR YIELD/T COST IT COST/LB 3.783 100.00 .20 .00 .00 568.7159 6.1695 .0108'18 ~5. 77·1 120.00 .20 .00 .00 568.7159 6.1782 .010863 3.747 120.00 .30 .15 .00 621.1960 7.1236 .011468 3.694 120.00 .40 .15 .00 636.3159 7.4418 .011695 3.687 120.00 • :z~O 11:" .00 599.5959 6.8055 .()lL~50 

• ..J 

DECISION BASIS: p 
Tr.:EE AGE:: 20.00000 
VARIElY L HOOTSTDCI< S 
I·-ROFIT HUG-AI T-·Uf~AN T-TSF' T-MNUR YIELDIT COST/T COST/LB 

4.301 1()8.00 .20 .00 .00 602.8560 6.1695 .010234 
·1.372 120.()() .2() .00 .00 602. !3~.)60 6.1782 .01()248 
4.34!:,i 120.()O .,"5() .15 .00 655. 3:~6() 7.1236 .()1()870 
4.291 120.()() .4\) .15 .00 670.4:i6() 7.4418 .0111()0 N 

0 
4 • 20:~i :L20.()0 .2() .15 .00 633.7360 {).8055 .010739 ~ 



DECISION IMSIS: F' 
THEE AGE= 25.00000 
VAfaETY L ROOTSTOCK S 
PROFIT IRIG-AI T-ur~AN T~TSP T-MNUR YIELD/T COST/T COST/LB 

3.970 108.00 .20 .00 .00 579.3960 6.1695 .010648 

3.961 120.00 .20 .00 .00 579.3960 6.1782 .010663 

3.934 120.00 • :50 .15 .00 631. S0759 7.1236 .011274 

3.881 120 .. 00 .40 .15 .00 646.9(/59 7.4418 .011502 

3.874 120.00 .2() .1t; .00 610.2760 6. 80~i5 .0111~jl 

DECISION B~.SIS : p 
Tf\[E AGE:: 5.000000 
VAfUEry L Fo:OOTSTOCK [( 

Pf,()FIT U(IGo-t.I T-UHAN T-TSP T-MNtJR YIELD/T COST/T COST/LIt 
.000 .00 .00 .00 .00 .0000 .0000 • ()OOOOO 
.000 .00 .00 .00 .00 .0000 .0000 .000000 
.000 .00 .00 .00 .00 .0000 .0000 .OOOO()O 
.000 .00 .00 .00 .00 .0000 .0000 .000000 
.000 .00 .00 .00 .0 00 • ()()OO .OO()O .OOO()()O 

DECISION BASIS: p 
Tf(EE AGE= 10.00000 
VMnETY L I:::OOTSTOI.:I, I~ 

F'f(OF IT IfnG-oAI T-UI~AN T-TSP T-MNUR YIELD/T COST/T COST/LEe 
3.224 120.()0 .40 .15 .00 609.47()0 7.4418 .012210 
3.211 120.00 · ::~() .15 .00 590.57()() 7.1236 .012062 
:5. 091 10B.()0 .40 1&:" .00 601.37()O 7. 4:5~H .01.2;°560 • .:J 

~~ • 057 120.()() .20 .15 .00 563. ~5700 6.8055 .012076 
~5. 024 120.00 · :::;() 11:" .00 616.22()0 7.7600 .012~)93 N • W 0 

'Ul 



DECISION BASIS: p 
TREE AGE::: 15.00000 
VAFUETY L FWOTSTOCt, R 
PROFIT HaG-AI T-tmAN 

6.478 120.00 .40 
6.465 120.00 .30 
6.345 108.00 .40 
6.311 120.00 .20 
6.278 120.()0 • ~j(} 

DECISION BASIS: F' 
TREE AGE= 20.00000 

. VAFnETY L ROOTSTOCK R 
F'I~()FI T Ifn G--AI T-Uf~AN 

7.224 12().()0 .4() 
7. :~1::~ 120.00 · ~~o 
7.091 108.00 .40 
7.058 120.()0 .20 
7.024 120.00 • :'.'jO 

DECISION BASIS: P 
TREE AGE= 25.00000 
VARIETY L ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 

6.711 120.00 .'to 
6 .. ':.')9 120.00 .3() 
6.570 10[;1.00 .40 
1.>. :544 120,()() • :"~o 

T-TSf' T-MNUR 
.15 .00 
.15 .00 

10:" • o:J .00 
.15 .00 
.15 .00 

T-TSf' T-MNUR 
.1.5 .00 
.15 .00 

11:" • o:J .00 
.15 .00 
.15 .00 

T--TSf' T-MNUR 
.15 .00 
.15 .00 
.:1.5 .00 
• l~) .00 

YIELD/T COST/T 
795.3950 7.4418 
776.4950 7.1236 
787.2950 7.4331 
749.4950 6.8055 
802.1450 7.7600 

YIELD/T COST/T 
838.0'700 7.4418 
81(].1700 7.1236 
829.9700 7.4331 
792.1700 6.8055 
844.8200 7.7600 

YIELD/T COST/T 
B08.74!':iO 7 • .441U 
789.84:7iO 7.1236 
800.6450 7.43:31 
762. 84~:jO 6 • 8()~":j~:; 

COST/LIe 
.009356 
.009174 
.009441 
.00(»080 
.009674 

COST/LB 
.008880 
.008696 
.008956 
.()08591 
.009185 

COST/LB 
.009202 
.0()9()19 
.009:"'/1·1 
.OO:!'i:'! N 

a 
(j\ 



DECISION BASIS: p 
TREE AGE= 5.000000 
VARIETY G ROOTSTOCK R 
PROFIT IRIG-AI T-UR{~N 

.000 .00 .00 

.000 .00 .00 

.()OO .00 .00 

.()OO .00 .00 

.000 .00 .00 

DECISION BASIS: p 

TREE AGE= 10.00000 
VARIETY G- ROOTSTOCI< R 
PROFIT IRIG-AI T-UHAN 
11.656 120.00 .70 
11.62f:l 120.00 • bO 
11.602 120.00 .60 
11.531 120.0() .7() 
11 .52(7 120.00 .70 

DECISION BASIS: P 
TREE AGE= 15.00000 
VARIETY G ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 
18.434 120.00 .70 
18.4()6 120.00 .bO 
18.380 120.00 .60 

\ HI. ~509 - 120. ()O .70 
18.307 120.()0 .70 

T-TSP T-MNUR YIELD/T COST/T COST/LB 
.00 .00 .0000 .0000 .000000 
.00 .00 .0000 .0000 .000000 
.00 .00 .0000 .0000 .000000 
.00 .00 .0000 .0000 .OO()OO() 
.00 .00 .0000 .0000 .000000 

T-MNUf< YIELD/T COST IT COST/LEt T-TSP 
.011852 '")1::" .00 454.4BOO 5.3867 

• .:..~.J 
',)a:: • .00 448.54()0 5.1922. .0115·16 · .. ~,., 

1.00 451.8400 5.3422 .011823 .20 
455.1400 5.5367 .0121.65 .20 1.00 

.012134 454.4fJOO 5.5144 .30 .00 

T-TSP T-MNUR YIELD/T COST IT COST/LB 
r)a;;O 

• ... ,,1 .00 635.2300 5.3867 .OOf:l480 
'")C· · .;..,., .00 629.2900 5.1922 • ()OB2~j 1. 

.20 1.00 632. ~i9()() 5. :5422 .()OB445 

.20 1.00 635.89()0 5.5367 .00B707 

.30 .00 635.2300 5.5144 .OO8MH 
N 
0 
....... 



DECISION BASIS: F' 
TREE AGE= 20.00000 
VAf.:IElY G ROOTSTOCK R 
F'I~()FIT Ir\IG-AI T-IJRAN 
20.806 120.00 .70 
20.778 120.00 .60 
20.752 120.00 .60 
20.601 120.00 .70 
20.679 120.00 .70 

DECISION BASIS: F' 
TREE AGE:::: 25.00000 
VARIETY G f\OOTSTOCt, R 
PROFIT HUG-AI T-tJl:;:AN 
20.178 120.00 .70 
20.150 120.00 .60 
20.124 120.00 .6() 
20.053 120.00 .70 
20. ()~:;O 120.00 .70 

DECISION BASIS: F' 
TREE AGE= 5.000000 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 

.000 .00 .00 

.000 .00 .00 

.000 .00 .00 

T-TSF' T-MNLIR 
.25 .00 
.25 .00 
020 1.00 
.20 1.00 
.30 .00 

T-TSF' T-MNUR 
.25 .00 
.25 .00 
.20 1.00 
.20 1.00 
• :50 .00 

T-~TSF' T-MNUR 
.00 .00 
.00 .00 
.00 .00 

YIELD/T 
690.4800 
692.5400 
695.8400 
699.1400 
698.4800 

YIELD/T 
681.7300 
675.79()0 
679.09()0 
682.3900 
681.7300 

YIELD/T 
.0000 
.0000 
.0000 

COST/T 
5.3867 -
5.1922 
5.3422 
5.5367 
5.5144 

COST/T 
5.3867 
5.1922 
5.3422 
5.5367 
5.5144 

COST/T 
.0000 
.0000 
.0000 

COST/LB 
.007712 
.0074<17 
.007677 
.007919 
.007895 

COST/LB 
.007901 
.007683 
.007867 
.008114 
.008089 

COST/LB 
.000000 
.000000 
.()OOOOO 

N 
o 
co 



DECISION BASIS: P 
TREE AGE= 10.00000 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
11.656 
11.628 
11. 602 

120.00 
120.00 
120.00 

DECISION BASIS: P 

.70 

.60 

.60 

TREE AGE= 15.00000 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
18.434 120.00 .70 
18.406 120.00 .60 
18.380 120.00 .60 

DECISION BASIS: P 
TREE AGE= 20.00000 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
20.806 120.00 .70 
20.778 120.00 .60 
20.752 120.00 .60 

T-TSP T-MNUF~ 
.25 .00 
.25 .00 
• :~O 1.00 

T-TSP T-MNUR 
.25 .00 

")1:' 
.~,.J .00 
.20 1.00 

T-TSP, 'T-MNUR 
")0::' 

• .:...J 
") L"' 

• .:- .. J 

.20 

.00 

.00 
1.00 

YIELDIT 
454.4800 
448.5400 
451.8400 

YIElD/T 
635.2300 
629.2900 
632.5900 

YIELDIT 
698.4800 
692.5400 
695.8400 

COSTIT 
5.,3867 
5.1922 
5.3422 

COSTIT 
5.3867 
5.1922 
5.3422 

COSTIT 
5.3067 
5.1922 
5.3422 

COST/lB 
.011852 
.()11~j76 

.()lln:'] 

COST/lB 
.008480 
.008251 
.008445 

COST/lB 
.007712 
.007497 
.007677 

N 
o 
\.0 



DECISION BASIS: P 
TREE AGE= 25.00000 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
20.178 120.00 .70 
20.150 120.00 .60 
20.124 120.00 .60 

DECISION BASIS: F' 
TREE AGE= 5.000000 
VAFnETY G ROOTSTOCK S 
pr,()FIT IRIG-AI T-UR~IN 

.000 .00 .00 

.()OO .00 tOO 

.000 .00 .00 

DECISION BASIS: P 
TREE AGEe 10.00000 
VARIETY G ROOTSTOCK 5 
PROFIT IRIG-AI T-URAN 
13.3~1 120.00 .70 
13.310 120.00 .60 
13.296 120.00 .60 

T-TSP T-MNUR 
.25 

'")""~ 
• ~:_ .... I 

.20 

T--TSP 
.00 
.00 
.00 

T·_·TSP 
.25 
.25 
.20 

.00 

.00 
1.00 

T..;.MNUR 
.00 
.00 
.00 

T-MNlJR 
.00 
.00 

1.00 

YIELD/T 
681.7300 
675.7900 
679.0900 

YIELD/T 
.0000 
.0000 
.0000 

YIELD/T 
499.9200 
4(]3.3940 
497.0240 

COST/T 
5.3867 
5.1922 
5.3422 

COST/T 
.0000 
.0000 
.0000 

COST/T 
5.3067 
5.1922 
5.3422 

COST/LB 
.007901 
.007l)03 
.007867 

COST/LEe 
.000000 
.000000 
.000000 

COST/LB 
.010775 
.010523 
.010740 

N 
...... 
0 



DECISION BASIS: P 
TREE AGE= 15.00000 
VARIETY G ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
20.817 120.00 .70 
20.766 120.00 .60 
20.752 120.00 .60 

DECISION BASIS: P 
TREE AGE= 20.00000 
VARIETY G ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
2: ... 426 
23.375 
23.361 

120.()0 
120.00 
120.00 

DECISION BASIS: P 

.70 

.60 

.60 

TREE AGE= 25.00000 
VARIETY G ROOTSTOCK S 
PRUFIT IRIG-AI T-URAN 
22.735 120.00 .70 
22.684 120.00 .60 
22.670 120.00 .60 

T-TSP T-MNUR 
.25 .00 

'")C" 
.~~ .00 
.20 1.00 

T-TSP T-MNUR 
• :~5 .00 
.25 .00 
.20 1.00 

T-TSF' T-MNUR 
.25 .00 
.25 .00 
.20 1.00 

YIELD/T COST/T 
698.7530 5.3867 
692.2190 5.1922 
.695.8490 5.3422 

YIELD/T COST/T 
768.3280 5.3B67 
761.7940 5.1922 
765.4240 5.3422 

YIELD/T COST/T 
749.9030 5.3867 
743.3690 5.1922 
746.9990 5.3422 

COST/LB 
.007709 
.007501 
.007677 

COST/LB 
.007011 
.006B16 
.006979 

COST/LB 
.007183 
• 00698~5 . 
.()07152 

N 
I-' 
I-' 
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DECISION BASIS: y 

TREE AGE= 5.000000 
VARIETY 0 fWOTSTOCK r~ 

F'f~OF I T IRIG-AI T -t.lF~rIN 
7.939 108.00 .6() 
7.974 108.00 .50 

DECISION BASIS: Y 
TREE AGE::: 1().00000 
VAr~IETY 0 r.:DOTSTOC" R 
PROFIT IIUG-AI T-URAN 
21.3(13 10B.00 .60 
21. .42(1 108.00 .50 

DECISION 
r-". 

BASIS:' Y j 
TF,EE AGE= 15.()OOOO 
VAE:IETY 0 ROOTSTOCI, R 
PfWFIT IRIG-AI T-Lmi)N 
20.170 108.00 .60 
2B.205 100.00 .50 

DECISION BASIS: Y 
TREE AGE~ 20.00000 
VARIETY 0 ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 
30.204 108.00 .60 
30.239 108.00 .50 

T-TSP T-MNUR 
.30 .00 
.25 1.00 

T-TSP T-MNUR 
.30 .00 
.25 1.00 

T-TSP T-MNUR 
.30' .00 
.25 1.00 

T-TSP T-MNUR 
.30 .00 

1.00 

YIELD/T 
202.2430 
202.2430 

·YIELD/T 
426.4080 
426.4880 

YIELD/T 
539.4330 
539.4330 

YIELD/T 
573.3200 
573.32UO 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4~1607 

COST/LB 
.020746 
.020573 

COST/LB 
.009838 
• ()09756 

COST/LEI 
.007778 
.()07713 

COST/LEt 
.007318 
• ()07~:,.' 



DECISION BASIS: Y .. 

TREE AGE= 25.00000 
VARIETY 0 ROOTSTOCK r~ 

PROFIT IRIG-AI T-URr-.N T-TSP T-MNUR YIELD/T COST/T COST/LB. 

29.430 108.00 .6() .30 .00 560.4230 4.1958 .007487 

29.465 108.00 .50 .25 1.00 560.423.0 4.1607 .007424 

DECISION BASIS: Y 
Tr~EE AGE= 5.000000 
VAfnETY 0 HOOTSTOCf\: T 
F'f~OFIT IRIG-AI T-UF~~IN T··TSP T-MNtJR YIELD/T COST/T COST/LB 
6.725 108.00 .6() .3() .00 182.0187 4.1958 .023()51 
6.760 108.00 • ~jO ?~~ 

... .:J 1.00 18200187 4.1607 .022859 

DECISION BASIS: Y 
TREE AGE::: 10.00000 
VAfnETY. 0 fWOTSTOCt, T 
PF.:ClFIT IRIG-AI T-l.mAN T-TSP T-MNUR YIELD/T COST/T COST/LB 

10.835 100.00 .60 .30 .00 383.83cJ2 4.1 Ct~~8 .Ol()931 

113.070 108.00 .50 .25 1.00 383.8392 4.1607 .010840 

DECISION ItASIS: Y 
TREE AGE= 15.00000 
VAf.:lETY 0 FWOTSTOCK T 
F'FWFIT IIUG-AI T-Ur~~.N T-TSP T-MNUR YIELD/T COST/T COST/LIt 
24.934 108.00 .6() .30 .00 485.4897 4.1958 .()OB642 

24.969 10B.00 .50 .25 1.00 485.4897 4.1607 .008570 

N ..... 
po. 



DECISION BASIS: Y 
TREE AGE= 20.00000 
VARIETY 0 ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
26.764 108.00 .60 
26.799 108.00 .50 

DECISION BASIS: Y 
TREE AGE= 25.00000 
VARIETY 0 ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
26.067 108.00 .60 
26.102 108.00 .50 

DECISION BASIS: Y 
TREE AGE= 5.000000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
4.905 108.00 .60 
4.940 108.00 .~O 

DECISION BASIS: Y 
TREE AGE~ 10.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
14.996 108.00 .60 
1~.031 108.00 .50 

T-TSP T-MNUR 
.30 .00 
.25 1.00 

T-TSP T-MNUR 
• :~O .00 
• 25 ~. ~.9 I, 

T-TSP T-MNUR 
.3() .00 

1.00 
I I ..' II 

T-~TSF' T-MNUR 
• :30 .00 
• :~5 1.00 

YIELD/T 
515.9952 
515.9952 

YIELD/T 
504.3807 
504.3807 

YIELD/T. 
151.6822 
151.6822 

YIELD/T 
319.8660 
319.8660 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4.1607 

COST IT 
4.1958 
4.1607 

COST/T 
4.19:7j8 
4.1607 

COST/LB 
.008131 

.• 000063 

COST/LB 
.008319 
.008249 

COST/LB 
.027662 
.027430 

COST/LEe 
.()13117 
• ()1 ~~()08 



DECISION BASIS: Y 
TREE AGE::: 15.00000 
VAr,IETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-lmtaN 
20.079 108.00 .60 
20.11·1 108.00 .50 

DECISION BASIS: Y 
TREE AGE; 20.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
21.604 108.00 .60 
21.639 108.00 .50 

DECISION BASIS: Y 
TREE AGE= 25.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-UR~N 
21.023 108.00 .60 
21.058 108.00 .50 

T-TSP T-MNUR 
• ~50 .00 
.25 1.00 

T-TSP T-MNUR 
.30 .00 
.25 1.00 

T-rsp T-MNUR 
.3() .00 
• 2:'5 1.00 

YIELD/T 
404.5747 
404.5747 

YIELB/T 
42(1.9960 
429.9960 

YIELD/T 
420.3172 
420.3172 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4.1607 

COST/T 
4.1958 
4.1t',07 

COST/LB 
.010371 
.010284 

COST/LB 
.009758 
.009676 

COST/LE< 
.009982 
.O()9899· 

N 
...... 
0"\ 



DECISION BASIS: Y 
TREE AGE:: 5.000000 
VAfHETY L rWOTSTOCt, S 
F'F,OF I T HUG-AI T-W-::AN T-TSF' T-MNUR YIELD/T COST/T COST/LB 
-4. T~9 120.00 .50 10::" .00 172.6360 7.7600 .044950 . ~ 
-4.948 120.00 .50 .20 .00 172.6360 7.9691 .046161 

-~i. 157 120.00 .50 ')0::" .00 172.6360 8.1782 .047372 .f: 
..... ".1 

-5. :~66 120.()0 .50 .3() .00 172.636() 8.3873 .()48584 

-5.193 120.00 • ~jO d.5 1.()0 172.6360 8.2145 .047583 

DECISION BASIS: Y 
TREE AGE:: 10.00000 
VAf.:IETY L ~i:()OTSTOCK c' 0 

PROFIT nUG-AI T-W-::AN T-TSF' T-MNUR YIELD/T COST IT COST/LB 
.867 120.()0 • ~50 .15 .00 492.9760 7.7C)OO .015741 
• 6~58 120.()0 .50 .20 .00 492.9760 7.9691 .016165 
.449 12().OO • :':i () • 2~i .00 492.9760· 8.:1.782 .01658<] 
.240 120.00 .50 • ~~o .00 492.9760 8.3873 .017014 
.413 120.00 .50 .1::'i 1.00 492.9760 8.2145 .016663 

DECISION BASIS: Y 
TREE AGE:: 15.00000 
VARIETY L ROOTSTOCK S 
PHOFIT nnG-AI T -LJf~t-IN T-TSP T-MNUR. YIELTI/T COST/T COST/LB 

3.470 1. 2() • 00 .50 1"'· · .~ .00 641.7159 7.7600 .()12093 
3.261 120.0() .5() .20 .00 641.7:1.59 7.9691 .():l.2418 
:3. ()52 12().()0 .50 .25 .00 641.7:1.59 8.1782 .012744 
2.843 120.00 .50 .30 .00 641.7159 8.3873 .013070 
3.01ti 120.00 .50 Ie' 

• OJ 
1.()0 641.7159 8.2145 .()12801 

N 
I-' 

" 



DECISION BASIS: Y 
TF.:EE AGE:: 20.00000 
VAIUETY L ROOTSTOCK S 
Pf-:(IFIT rF,IG-AI T-l.IRAN 

4.()b7 120.()() .50 
3. 8 !':, 8 120.00 .50 
3.64(1 120.00 .50 
3.440 120.00 .50 
3.613 120.00 .50 

DECISION BASIS: Y 
-- TF,EE AGE= 25.00000 

tJAIUETY L f,OOTSTOCI\ S 
PF.:DFIT IRIG-AI T-ur~,~N -
3.657 _120.00 .50 
3.448 120.00 .50 
3.2:39 120.00 .50 
3.030 120.00 .50 
3.202 120.00 • ~iO 

DECISION BASIS: Y 
Tf,EE AGE= 5.000000 
VARIETY L FWOTSTOCI, T 
F'~-;:OF I T rf.:IG-AI T"-W;:AN 
-4.0:1.4 12().OO .50 
-5.023 120.()() .~)() 
-5. 23:~ 120.00 .50 

T-TSP T-MNtJR YIELII/T 
.15 .00 675.8560 
.20 .00 675.8560 
.25 .00 675.8560 
.30 .00 675.8560 

1C' • ;:J 1.00 675.8560 

T-TSP T-MNUR YIELD/T 
1 c.~ • ;:J .00 652.3960 

.20 .00 652.39bO 

.25 -.00 652.3960 

.30 .00 652.3960 

.15 1.00 652.3960 

T-TSP T-MNUR YIELD/T 
.15 .00 168.32()1 
.20 .00 168.3201. 

'")C" . .:...~ .00 168.3201. 

COST/T 
7.7600 
7.9691 
8.1782 
8.3873 
8.2145 

COST/T 
7.7600 
7.9691 
8.1782 
8.3873 
8.2145 . 

COST/T 
7.7600 
7.9691 
8.1782 

COST/LB 
.011482 
.()11791 
.0121()0 
~01241() 

.012154 

C;OST/LB 
.011895 
.012215 
.012~.'i36 
• 0128~:;(.) 
.012591 

COST/LB 
.04610:3 
.047345 
.048587 

N 
I-' 
co 



DECISION BASIS: Y 
TREE AGE= 10.00000 
VARIETY L f.:DOTSTOCK T 
PI~OFIT IRIG-AI T-lIRAN T-TSP T-MNUR YIELD/T COST/T COST/LB 

.,-S51 120.00 .50 .15 .00 480.6516 7.7600 .016145 

.442 120.00 .50 .20 .00 480.6516 7.9691 .016580 

.233 120.()0 .50 .25 .00 480.6516 8.1782 .017015 

DECISION BASIS: Y 
TREE AGE:: 1~;. 00000 
VARI£TY L FWOTSTOCI\ T 
PROFIT IfnG-AI T-Uf':AN T-TSP T-MNUR YIELD/T COST/T COST/LB 
3.189 120.00 .50 .15 .00 625. 67~H 7.7600 .012403 
2.900 12().00 • ~so .20 .00 625.6731 7.9691 .012737 
2.771 120.00 .50 .25 .00 625.6731 8.1'782 .013071 

DECISION BASIS: Y 
TI:;:EE AGE= 20.00000 
VARIETY L FWOTSTOCt;: T 
Pf.:DFIT IRIG-AI T -1.11";: (.'1 N T-TSP T-MNLJR YIELD/T COST/T COST/LB 
3.772 120.()O • tiO .15 .00 658.9596 ,7.7600 .011776 
3.563 120.()0 .5() .20 .00 658.9596 7.9691 .012093 
3. ~554 120.00 • ~5() .25 .00 658.9596 8.1782 .012411 

DECISION BASIS: Y 
T I:;: I::: [ AGE::: 25.00000 
VAI~IETY L ~~OOTSTOCI\ T 
PI~()FIT IIUG"-AI T-lIF~~IN T-·TSP T-MNUR YIELD/T :L372 COST/T COST/LB 120.00 .50 .15 .00 636.0861 7.7600 3.162 120.()0 .0122()() .50 .20 .00 636.0861 7.9691 :;.~ • 9~)3 12().00 • ~'jO 1')1:' .00 636.081.)1 

.012528 
•• :.OJ 8.1782 • ()1:~857 

N 

tb 



DECISION BASIS: Y 
TF\EE AGE= 5.000000 
VARIETY L ROOTSTOCK R 
F'I:;:OFIT IRIG-AI T-Uf,AN 
-3.984 120.00 • ~50 
-4.1 (J3 120.00 ,50 
-4. 'l02 120.00 .50 

DECISION BASIS: Y 
TREE AGE= 1b.ooooo 
VARIETY L ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 

3.024 120.00 .50 
2.815 120.00 .50 
2.606 120.00 .50 

DECISION BASIS: Y 
TREE AGE= 15.00000 
VARIETY L ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 
6.278 120.00 .50 
6.068 120.00 .50 
5.859 120.00 .50 

T-TSP 
.15 
.20 
.25 

T-~TSP 
1 ,-· ..., 

.20 
r)~ 

• ..... J 

T--TSP 
.15 
.20 
')~ • .'.;J 

T-MNUR 
.00 
.00 
.00 

T-MNUR 
.00 
.00 
.00 

T-MNUR 
.00 
.00 
.00 

YIELD/T 
215.7950 
215.7950 
215.7950 

YIELDIT 
616.2200 
616.2200 
616.2200 

YIELD/T 
802.1450 
802.143() 
802 .14~jO 

COST/T 
7.7600 
7.9691 
8.1782 

COST/T 
7.7600 
7.9691 
8.1782 

COST/T 
7.7600 
7.9691 
0.1782 

COST/LIt 
.035960 
.036929 
.037898 

COST/LEe 
.012593 
.0129:32 
.013272 

COST/LIc 
.009674 
.009(J35 
.010195 

N 
N 
o 



DECISION BASIS: Y 
TREE AGE= 20.00000 
VARIETY L ROOTSTOCK R 
PI:;:OFIT IRIG-AI T-Uf~AN 

7.024 120.00 .50 
b.815 120.()0 • ~50 
6.606 120.00 .50 

DECISION BASIS: Y 
TREE AGE= 25.00000 
VARIETY L ROOTSTOCK R 
PROFIT IRIG-AI T-URAN 

6.511 120.00 .50 
6.302 120.00 .50 
6.()93 120.00 .50 

T-TSP T-MNUR 
.15 .00 
.20 .00 

r)C" 
.... ,J .00 

T-TSP T-MNUR 
.15 .00 
.20 .00 

'")"'" . .:..~ .00 
I 

YIELII/T COST/T 
844.8200 7.7600 
844.8200 7.9691 
844.8200 8.1782 

YIELD/T COST/T 
815.4950 7.7600 
815.4950 7.9691 
815.4950 8.1782 

COST/LB 
.009185 
.009433 
.009680 

COST/LB 
.009516 
.009772 
.010028 

N 
N 
t-' 



DECISION BASIS: Y 
TREE AGE= 5.000000 
VAf,IETY G f.:OOTSTOCK R . 
PI~OFIT If,IG-AI T-Uf.:AN T-TSP T-MNUR YIELD/T COST/T COST/LB 

-1.060 120.00 .70 .20 1.00 119.3900 5.5367 .046375 

-1.187 120.00 .70 .25 1.00 119.3900 5.6644 .047445 

-1.315 120.00 .70 .30 1.00 119.3900 5.7922 .048515 

DECISION BASIS: Y 
n-;:EE AGE:: 10.00000 
VARIETY G ROOTSTOCK I~ 

PFWFIT IRIG-AI T-LH~AN T--TSP T-MNUR YIELD/T COST/T COST/LB 

11.531 120.00 .70 .20 1.00 455.1400 5.5367 .012165 

:1.1 .403 120.00 .70 ""}'::- 1.00 455.1400 5.6644 .012445 
• .:-~J 

11.276 120.00 .70 .30 1.00 455.1400 5.7922 .012726 

DECISION BASIS: Y 
n~EE AGE::: 1~.00000 

VAFUETY G fWOTSTOC~~ I~ 

PFWFIT IHIG-AI T-UHt.N T-TSP T-MNUR YIELD/T COST IT COST/LB 
18. :W9 120.00 .70 .20 1.00 635.89()0 5.5367 .008707 
Hl.181 120.()0 .70 '")0::-.... ,J 1.00 635.8900 5.6644 .0()89()8 
18. O~;4 120.00 .70 .30 1.00 635.8900 5.7922 .()09109 

DECISION BASIS: Y 
Tf\EE AGE::: 20.00()()0 
VAI:;;IETY G FWOTSTOCI, f, 
PF,()FIT IRIG--AI T-LmAN T-TBP T-MNUR YIELD/T COBT/T COST/LfJ 
20.681 120.()0 .7() .20 1.00 699.1400 5.5367 .007919 
20. ~5t):!' 120.00 .70 'II::" 1.()() 699.1400 ...... ,) 5.61.)44 
20.426 120.()0 

• ()()81()2 
.70 • :~O 1.00 699.1400 5.7922 • ()0828~) 

N 
hJ 
N 



DECISION BASIS: Y 
TREE AGE= 25.00000 
VARIETY G f.:OOTSTOCK R 
PROFIT IRIG-AI T-UF:AN T--TSP T-MNUR YIELD/T COST/T COST/LB 
20.053 120.00 .70 .20 1.00 682.3900 5.5367 .008114 
19.925 120.00 .70 .25 1.00 °682.3900 5.6644 .008301 
19.797 120.00 .70 .30 1.00 682.3900 5.7922 .008488 

IIECISION BASIS: Y 
Tf,EE AGE= 5.000000 
VAFnETY G ROOTSTOCK T 
pr,OfIT HUG-AI T-Uf.:AN T--TSP T-MNUR YIELD/T COST/T COST/LB 
-1.060 120.00 .70 .20 1.00 119.3900 5.5367 .046375 

-1.187 120.00 .70 .25 1.00 119.3900 5.6644 .047445 

-1.315 120.00 .70 .30 1.00 119.3900 5.7922 .()48515 

DECISION BASIS: Y 
TREE AGE= 10.00000 
VAf,IETY G f,OOTSTOCK T 
PROFIT IRIG-AI T-UfMN T-ooTSP T-MNUR YIELD/T COST/T COST/LB 
11. 531 120.00 .70 .20 1.00 455.1400 5.5367 .012165 
11. 403 120.()0 .70 .25 1.00 455.1400 5.6644 .012445 
11.276 120.00 .70 .30 1.00 455.1400 5.7922 .012726 

DECISION BASIS: Y 
TREE AGE= 1 ~5 • 00000 
V(iRIETY G F\DOTSTOCK T 
PF.:OFIT IRIG-AI T-U;~t~N T-TSP T-MNlJR YIELB/T COST/T COST/LEt 
18.3()9 120.00 .70 .2() 1.()0 635.8C]OO 5.5:367 .008707 
Hl.1Bl 120.00 .70 ").~ 1.00 635.8(100 5.6644 .00B90B . ~"" 
1 B. 0~54 120.0() .70 .30 1.00 635.8c100 

/'..) 

5.7922 .()0910 C1 N 
VJ 



DECISION BASIS: Y 
Tf~EE AGE::: 20.00000 
VARIETY G ROOTSTOCK T YIELD/T COST/T COST/LEe 

IR.IG-AI T-Ur\I~N T-TSP T-MNUR .007919 F'F,()FIT .20 1.00 699.1400 5.5367 
20.681 120.00 .70 699.1400 5.6644 .000102 
20.553 120.00 .70 .25 1.00 

5.7922 .000285 
20.426 120.00 .70 .30 1.00 699.1400 

DECISION BASIS: Y 
TF.:EE rIGE::: 25.00000. 
VARIETY G fWOTSTOCK T COST/T COST/LEe 
Pf.:()F I T IRIG-AI T-UF.:AN T-TSF' T-MNlJR YIELD/T 

120.00 .70 .20 1.00 682.3900 5.5367 .008114 
20.053 .00B301 

120.00 .70 .25 1.00 682.3900 5.6644 
19.925 .OOB4B8 
19.797 120.00 .70 .30 1.00 682.~900 5.7922 

[lECISI()N BASIS: Y 
n~EE f~GE::: 5.000000 
VAfnETY G fWOTSTOCI\ S 
PfWFIT HUG-AI T-UF.:AN T-TSP T-MNUR YIELII/T COST/T COST/LEe 
-.612 120.00 .70 .20 1.00 131.3290 5.5367 .042159 
-.740 120.00 .70 .25 1.00 131.3290 5.6644 .043132 
-.867 12().00 .70 .30 1.00 131.3290 5.7922 .044105 . 

DECISI()N Bt-ISIS: Y 
TREE AGE::: 10.00000 
VAr.:IETY G F.:()OTSTOCK c ..., 
PFWFIT HUG-AI T-W~AN T·-TSP T-MNUR YIELD/T COBT/T COST/LB 
13.238 120.00 .70 .20 1.00 500.6540 5.5367 .011059 
13.110 120.()O .70 ':)'"- 1.00 500.6540 5.6644 .011314 • ':"' ... 1 tv 

12.902 120.00 .70 .30 1.00 500.6540 5.7922 .011569 tv 
~ 



DECISION BASIS: Y 
TREE AGE= 15.00000 
VAr.:IETY G ROOTSTOCI': S 
PROFIT nnG-AI T-LJI;:,~N 

20.694 120.00 .70 
20.56t) 120.00 .70 
20.438 120.00 .70 

DECISION BASIS: Y 
TREE AGE= 20.00000 
VARIETY G ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
23.303 120.00 .70 
23.175 120.00 .70 
23.047 120.00 .70 

DECISION BASIS: Y 
TREE AGE~ 25.00000 
VARIETY G ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
22.612 120.00 .70 
22.484 120.00 .70 
22.356 120.00 .70 

T-TSP T-MNUR 
.20 1.00 

'")&::" 
• .:.. ... 1 1.00 
.30 1.00 

T-TSP T-MNlIR 
• 20 1000 
.25 '1.00 
.30 1.00 

T-TSP T-MNlIR 
.20 . 1.00 
.25 1.00 
.30 1.00 

YIELD/T 
699.4790 
699.4790 
699.4790 

YIELD/T 
769.0540 . 
769.0540 
769.0540 

YIELD/T 
750.6290 
750.6290 
750.6290 

COST/T 
5.5367 
5.6t)44 
5.7922 

COST/T 
5.5367 
5.6644 
5.7922 

COST/T 
5.5367 
5.6644 
5.7922 

COST/LB 
.007915 
.008098 
.008281 

COST ILl' 
.007199 
.-007365 
.007532 

COST/LB 
.007376-
.007546 
.007716 

N 
N 
LI1 



APPENDIX E: 

TOTAL COST MINIMIZING CASE SELECTIONS 

226 



DECISION BASIS: C 
TREE AGE=: 5.000000 
VAFnETY 0 f~OOTSTOCJ< T 
PfWFIT IRIG-AI T-t.JF~I~N 
-2.648 48.00 .00 
-2. 6~)3 60.00 .00 
-2.657 72.00 .00 
·-2. t)61 84.00 .00 
-2.665 9t).00 .00 
-2.669 108.()() .O() 
--~!. 674 120.00 .00 
-2 t fs02 4B.00 .10 

DECISION BASIS: C 
TF~EE AGE= 10.00000 
VMUETY 0 ROOTSTOCI, T 
PROFIT IRIG-AI T-UFa:\N 

-.4:-S!,"j .liD. 00 .00 
-.43'1 {,O.()O .00 
2.813 72.00 .00 
5.0'73 B4.00 .00 
7.130 (/6.00 .00 
9.1Hl 10B.OO .00 
9.114 120.00 tOO 
1.404 48.00 .10 

T-TSP T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

T-TS? T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

YIELD/T 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.OO()O 

YIELD/T 
36.8892 
36.fJB92 
91.1592 

129.2~~92 
163.2492 
196. 4~i92 
196. 459:~ 
70(0992 

COST/T COST/LB 
2.6484*********** 
2.6526*********** 
ti.656B*********** 
2.6611*********** 
2.6653******~**** 
2.6695*********** 
2.6737*********** 
2.8019*********** 

COST/T COST/LB 
2.6484 .0717'14 
2.6526 .071908 
2.6568 .029145 
2.6611 • ()~!()592 
2.6653 .01t)326 
2.6695 • ()13~:j8B . 
2.6737 .()13609 
2.0019 • ()39(,r71 

N 
N 
-....J 



DECISION BASIS: C 
Tf,EE AGE= 15.00000 
VARIETY 0 ROOTSTOCK T 
PI~OFIT IRIG-AI T-tJf~i1N T-TSF' T-MNUR 
5.664 48.00 .00 .00 .00 
5.660 60.00 .00 .00 .00 
8.'712 72.00 .00 .00 .00 

11.192 84.00 .00 .00 .00 
13.229 96.00 .00 .00 .00 
15.217 108.00 .00 .00 .00 
15.213 120.()O .00 .00 .00 
7.503 4B.00 .10 .00 .00 

DECISION BASIS: C 
TREE AGE= 20.00000 
VARIETY 0 ROOTSTOCK T 
PROFIT If,IG-AI T-lm,~N T--TSF' T-MNUR 

7.494 48.()0 .00 .00 .00 
7.490 bO.OO .00 .()O .00 

10.742 72.00 .00 .00 .00 
13.022 84.00 .00 .00 .00 
.15. 0~.'j9 96.00 .00 .00 .00 
17.047 108.00 .00 .00 .00 
17.043 120.00 .()O .00 .00 

9.3:'13 48.00 .10 .00 .00 

YIELIVT COST IT 
138.5397 2.6484 
138.5397 2.6526 
192.8097 2.6568 
230.8-797 2.6b:L1 
264.8997 -2.61.)53 
298.1096 2.6tl95 
298.1096 2.6737 
171.7497 2.8019 

YIELD/T COST/T 
16'7.0452 2.64134 
169.0452 2.6526 
223.31~j2 2.6568 
261. 38~;2 2.6611-
295.40:':;2 2. 6b5~5 
328.tl151 2.6695 
328.61~:;:L 2.6737 
202.2552 2. 80:L 9 

COST/LEe 
.019117 
.019147 
.013-780 
.011526 
.010061 
• 0()B95~j 
.00896'1 
.016314 

COST/LEt 
.015667 
.015692 
.()11897 
.01018:L 
.009022 
.0()8123 
• OOi31;-~6 
.O1385~5 

N 
N 
OJ 



DECISION BASIS: C 
TREE AGE= 25.00000 
VARIETY 0 ROOTSTOCK T 
F'r.:oFIT IRIG-AI T-W~AN T-TSP T-MNUR YIELD/T COST IT COST/LB 

6.7<J7 40.00 .00 .00 .00 157.4307 2.6484 .016823 
6.793 60.00 .00 .00 .00 157.4307 2.l)526 .016B:iO 

10.045 72.00 .00 .00 .00 211.7007 2. 6~i68 .012550 
12.325 84.00 .00 .00 .00 249.7707 2.6611 • ()1 0654 
14.362 96.00 .00 .00 .00 283.7907 2.6653 .O{)9:-)92 
16.351 108.00 .00 .00 .00 317.0006 2.6695 .008421 
16.346 12Q.00 .00 .00 .00 317.0006 2.6°737. .008434 

8.6:37 48.00 .lO .00 .00 190.6407 2.8019 .014697 

DECISION BASIS: C 
TREE AGE= 5.000000 
VARIETY 0. ROOTSTOCK S 
PRUFIT If\1G-AI T-Ur.:AN T-TSP T-MNlJR YIELD/T COST/T COST/LB -2.648 48.()O .00 .00 .00 .00()o 2.6484*********** -2.653 .sO.OO .00 .00 .00 .0000 2.6526*********** -2.657 72.00 .00 .00 .00 .0000 2.6568*********** -2.661 84.00 .00 .00 .00 .OO()() 2.6611**_******** -2.6cI5 96.00 .00 .00 .00 .0000 2.6653*********** -2.669 l08.00 .00 .00 .00 .0000 2.6695*********** -2.674 120.00 .00 .00 .00 .0000 2.6737*********** 



DECISION BASIS: C 
TREE AGE= 10.00000 
VAf,IETY 0 f,OOTSTOCK S 
Pf,OFIT If\IG-AI T-lmAN 
-.004 48.00 .00 
-.800· 60.00 .00 
1.901 72.00 .00 
3.800 84.00 .00 
5.497 96.00 .00 
7.153 108.00 .00 
7.149 120.00 .00 

DECISION BASIS: C 
Tr,EE· AGE= 15.00000 
VAFaETY 0 RDOTSTOCt, S 
PROFIT IraG-AI T-Uf,AN 
4.279 40.00 tOO 
4.274 60.00 .00 
6.<JB4 72.00 . ()() 
0.8133 84.00 .00 

10.500 96.00· .00 
12.23{) 100.()0 .00 
12.232 120.00 .00 

: I 

T-TSP T-MNUR YIElII/T 
.00 .00 30.741() 
.00 .00 ·30.7410 
.O() .00 75.9660 
.00 .00 107.6910 
.00 .o() 136.0410 
.00 .00 163.7160 
.00 .00 163.7160 

T-TSP T-MNIJR YIElD/T 
.00 tOO 115.4497 
.()O .00 115.4497 
.00 .00 160.6747 
.00 .00 192.3997 
.00 .00 220.7497 
.00 .00 248.4247 
.00 .00 248.4247 

COST/T 
2.6484 
2.6526 
2.6568 
2.6t111 
2.6653 
2.66'15 
2.6737 

COST IT 
2.6484 
2.6526 
2.6568 
2.6611 
2.6653 
2.6695 
2.6737 

caST/lB 
.086153 
.0062'10 
.0:54974 
.()24710 
.O:L95<J2 
.016306 
.(>16331 

COST/LB 
.022940 
.022977 
.016536 
.013KU 
.012()74 
.010746 
• ()1()76:5 

N 
W 
o 



DECISION BASIS: C 
TF,EE AGE= 20.00000 
VARIETY "0 FWOTSTOCK S 
PROFIT HnO-AI T-LHMN 
5.804 48.00 .00 
5.800 60.00 .00 
8.509 72.00 .00 

10.408 84.00 .00 
12.105 96.00 .00 
13."761 100.00 .00 
13.757 120.00 .00 

DECISION BASIS: C 
Tf\EE AGE= 25.00000 
VARIETY 0 F\OOTSTOCK S 
PROFIT IRIG-AI T-Uf".;{iN 
~5. 223 48.00 .00 
5.219 60.00 • (iO 
7.928 72.00 .00 
9.827 84.00 .00 

11.524 96.00 .00 
13.181 108.00 .o() 
13.176 120.00 .00 

T--TSP T-MNUR YIELD/T 
.00 .00 140.8710 
.00 .00 140.8710 
.00 .00 186.0960 
.00 .00 217.8210 
.00 .00 246.1710 
.00 .00 273.8459 
tOO .00 273.8459 

T-TSF' T-MNIJR YIELD/T 
.00 .()O 131.1922 
to() .00 131.1922 
.00 .()O 176.4172 
.00 .00 208.1422 
.00 .00 236.4922 
.00 .00 264.1672 
.00 .00 264.1672 

COST IT 
2.6484 
2.6526) 
2.6568 
2.6611 
2.66:7i3 
2.66'»5 
2.6737 

COST/T 
2.6484 
2.6526 
2.6568 
2.6611 
2. 6b5:~ 
2.6695 
2.6737 

COST/LB 
.018800 
• 0188:~0 
.014277 
.()12217 
• ()10827 
.009748 
.009763 

COST/LB 
.020187 
.()20219 
• <>.t:::i060 
.0127B5 
.011270 
• OlO10~:j 
.()10121 

N 
Vol 
...... 



DECISION BASIS: C 
TREE AGE= 5.000000 
VARIETY L ROOTSTOCK R 
PROFIT rfHG-AI T-URAN 
-5.489 48.00 .00 
-5.49El 60.00 .00 
-5. ~)O7 i'2.00 .O\) 
-5.516 84.00 .00 
-5.524 (l6.00 .00 
-5. 5:5~5 108.00 .00 
-5.542 120.00 .00 

DECISION BASIS: C 
TREE AGE= 10.00000 
VAf.:IETY L ROOTSTOCK R 
F'I:':OFIT IRIG-AI T-URAN 
-2.1'135 48.00 .00 
-2.794 60.00 .00 
-2.396 72.00 .00 
-1.130 84.00 .00 
-.026 96.00 .00 
l.10·'l 1013.00 .00 
1.095 120.00 .00 

T-TSP T-MNUR 
.00 .00 
.00 • .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

T-TSP T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

YIELD/T 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

YIELII/T 
154.5200 
154.5200 
177.7700 
250.6200 
314.1700 
379.2700 
379.2700 

COST/T COST/LB 
5.4895*********** 
5.4982*********** 
5.5069*********** 
5.5156*********** 
5.5244*********** 
5.5331*********** 
5.5418*********** 

COST/T COST/LI-t 
5.4895 .035526 
5.4982 .035582 
5.5069 .030978 
5.5156 .022008 
5.5244 .017584 
5.5331 • 014~i8(l 
5.5418 .014612 

N 
W 
N 



DECISION BASIS: C 
TREE AGE= 15.00000 
VAr~IETY L ROOTSTOCI\ R 
PROFIT IHIG-AI T-lIr~I~N 

.460 48.00 .00 

.460 60.00 .00 

.850 72.00 .00 
2.124 84.00 .00 
3.227 96.00 .00 
4.358 108.00 .00 
4.349 120.00 .00 

DECISION BASIS: C 
TREE AGE= 20.00000 
VARIETY L r~()OTSTOCK R 
PFWFIT If.:IG-AI T-URAN 

1.215 48.00 .00 
1..206 60.00 .00 
1..605 72.00 .00 
2.871 84.00 . ()() 
3.974 (16.00 .00 
5.105 100.00 . ()() 

5.09c) 120.00 .()O 

T-TSP T-MNUR YIELD/T 
.00 .00 340.4450 
.00 .00 340.4450 
.00 .00 363.6949 
.00 .00 436.5450 
.00 .00 500.0950 
.00 .00 565.1949 
.00 .00 565.194<J 

T-TSP T-MNLJR YIELD/T 
.00 .00 383.1200 
.00 .00 383.1200 
.00 .00 40{).3700 
.00 .00 479.2200 
.00 .00 542.7700 
.00 .00 607.B70() 
.00 .00 607.8700 

COST/T 
5. 4B9~; 
5.4982 
5.5Q69 
5.5156 
5.5244 
5.5331 
5.5418 

COST/T 
5.4895 
5.4982 
5.506() 
5.5156 
5.5244 
5.5331 
5.5418 

COST/LB 
.()16124 

.• 016150 
.015142 
• 0126~55 
.011047 
.00(}790 
.009005 

COST/LB 
.014328 
.014351 
.013551 

.• 011510 
.01()178 
.009102 
.009117 

N 
W 
W 



DECISION-BASIS: C 
TREE AGE= 25.00000 
VARIETY L ROOTSTOCK R 
f'FWFIT Ir.:IG-AI T-l.Il-;:AN T-TSP T-MNLm YIELD/T COST/T COST/LIe 

.702 48.00 .00 .00 .00 353.7950 5.4895 .015516 

.6(}3 60.00 .00 .00 .00 353. 79~'j0 5.4']82 .015541 
1.091 72.()O .00 .00 .00 377.04:':iO 5.5069 .01460S 
2.358 84.00 .00 .00 .00 449.8950 5.~j156 .012260 
3.461 96.00 .00 .00 .00 513.4450 5.5244 .010759 
4.5(71 108.00 .00 .00 .00 578.54::'iO 5.5331 .009564 
4.503 120.00 .00 .00 .00 578.54::'iO 5.5418 .009579 

DECISION BASIS: C 
'JT.:EE AGE= 5.000000 
VAf, .rETY L ROOTSTOCK T 
f'ROFI"f IHIG-AI T-IJrMN T-'TSP T-MNUR YIELD/T .COST/T COST/LIe 
-5.489 48.(){) .00 .00 .00 .0000 5.4895*********** 
-::'i.490 60.0() .00 .00 .00 .0000 5.4982*********** -5.507 72.00 .00 .00 .00 .0000 5.5069*********** -5.516 B4.0() .• O() .00 .00 .0000 5.5156*********** -5. 5:~4 96.00 .00 .00 .00 .OOO() 5.5244*********** -5 . ~:j:53 108.00 .00 .00 .00 .0000 5.5331*********** -5.542 120.00 .00 .00 .00 .0000 5.5418*********** 



flECISIoN BASIS: C 
TREE AGE;:; 10.00000 
VARIETY L ROOTSTOCK T 
F'1~oFIT IRIG-'AI T-URAN 
-3.380 48.00 .00 
-3. ~589 60.00 .00 
-3.080 72.00 .00 
-2.09:j 84.00 .00 
-1.236 96.00 .00 
-.356 108.()0 .00 
-.365 t20.()0 .00 

DECISION BASIS: C 
TREE ~IGE= 15.00000 
VArUETY L f.:l10TSTOCK T 
F'I~()F J T If.:IG-AI T-W~AN 

--.842 48.0() .00 
-.851 60.()0 .00 
-.,542 72.00 .00 

.443 84.00 .00 
1.3()2 96.()() .00 
2.1132 108.0() .o() 
2.173 120.00 .00 

T-TSP T-MNUR YIELD/T 
.00 .00 120.5256 
.00 .00 120.5256 
.00 .00 138.6606 
.00 .00 ·195.40:56 
.00 .00 245.0526 
.00 .00 295.8306 
.00 .00 295.8306 

T-TSP T-MNLJR YIELD/T 
.00 .00 265.5471 
.00 .00 265.5471 
.00 .00 2B3.b021 
.00 .00 " - :;;(~!'j 1 
.00 .00 ,,:;'1 c..J. \)/··11 

.00 .00 440.0:':;21 

.00 .00 440.8521 

CoST/T 
5.4895 
5.4982 
5.5069 
5.5t!,:jf., 
5.5244 
5.5331 
5.5418 

COST/T 
5.4895 
5.4982 
5.5069 
5.51~j6 

5.5244 
~i. 5;331 
5.5410 

COST/LB 
.045546 
.045618 
.039715 
.028215 
.022!,"j44 
.018704 
.018733 

CoST/LB 
.02()672 
.020705 
.019412 
.()16198 
.014162 
.012551· 
.012571 

N 
Vol 
V1 



D[CISION BASIS: C 
"rT,EE AGE= 20.00000 
VMi:IETY L f~OOTSTOCK T 
PROFIT HUG-AI T-Ur,tIN 
-.260 48.00 .00 
-.269 f,O.OO .00 

.040 72.()O .00 
1.026 84.00 .00 
1.884 9/J.OO .00 
2.764 108.00 .00 
2.756 120.00 .00 

DECISION BASIS: C 
TREE AGE= 25.00000 
VARIETY L f\oOTSTOCK T 
PFWFIT IRIG-""AI T-l.lRAN 
-.660 48.00 .00 
-.669 60.00 .00 
- • :5/JO 72.00 .00 

.625 84".00 .()O 
1.484 96.00 .00 
2.364 108.00 .00 
r) -l'-C.-
.:.. • ,J~',",I 120.00 .00 

T-TSP T-MNUR YIELII/T 
.00 .00 298.8336 
.00 .00 2'78.8336 
.00 .00 316.'7686 
.00 .00 373.7(716 
.00 .00 423. ;"l/J06 
.00 .00 474.1386 
.00 .00 474.1386 

T-TSP T-MNllR YIELD/T 
.00 .00 275.9601 
.00 .00 275.9601 
.00 .00 294.0951 
.00 .00 350.91U1 
.00 .00 400.4871 
.00 .00 451.2b51 
.00 .00 451.2651 

COST/T 
5.4895 
5.49B2 
5.5069 
5.515{) 
5.5244 
5.5331 
5.5418 

COST/T 
5.4895 
5.4982 
5.50b9 
5.5156 
5.5244 
~j. 5331 
5.5418 

COST/LB 
.018370 
.018399 
.017374 
t014756 
.01304rl 
.0116"70 
.011688 

COST/LB 
.019892 
.019924 
.018725 
.015718 
.013794 
.012261" 
.012281 

N 
W 
(J"\ 



DECISION BASIS: C 
TREE AGE= 5.000000 
VAfnETY L fWOTSTOCK S 
F'rWFI T IfnG-AI T-·Uf':I'-'N 
-::i.4B9 48.00 .00 
·-·5.4(J(l 60.00 .00 
-::i.507 72.()O .00 
-5.5:1.6 04.00 .00 
-5.524 96.00 .00 
-5. 5:~3 108.00 .00 
-5.542 120.00 .00 

DECISION BASIS: C 
TI::EE AGE:: 10.00000 
VAIUETY L FWOTSTOCK S 
PIWFIT IIUG-AI T-LH~AN 

-~~. 326 4B.OO .00 
-3.335 60.00 .00 
-3.018 72.00 .00 
-2.()07 84.00 .00 
-1.126 96.00 .00 
-.223 108.00 .00 
-. 2~52 120.00 .00 

T-TSP T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

T--TSP ·T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

YIELD/T 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

YIELD/,. 
123.6160 
·123.616() 
142.2160 
200.49t10 
251. 3~360 
303.4160 
303.4160 

COST/T COST/LEi 
5.4895*********** 
5.4982*********** 
5.5069*********** 
5.5156*********** 
5.5244*********** 
5.5331*********** 
5.5418*********** 

COST/T COST/LB 
5.4895 .044407 
5.4982 .044478 
5.5()69 .()38722 
5.5156 .027510 
5.5244 .021980 
5.5331 .018236 
5.5418 .0182t.>5 

N 
W 
--.J 



DECISION BASIS: C 
TREE AGE= 15.00000 
VI~RIETY L f\QOTSTOC!'< S 
PROFIT IRIG-AI T-Llr~AN 
-.723 48.00 .00 
-.732 fIO.OO .00 
-. 'U5 72.()0 .00 

.596 84.00 .00 
1.477 9l).OO .00 
2. :580 10B.OO .00 
2.371 120.00 .00 

DECISION BASIS: C 
TREE AGE:: 20.00000 
VARIETY L fWOTSTOCK S 
PFWFIT U:::rG--AI T-ur~AN 

- .12{) 48.()O .00 
-.135 60.00 .00 

.182 72.00 .00 
1.193 84.00 .00 
2'()74 96.()0 .00 
2.977 1()8.00 .00 
2.968 120.00 .00 

T-TSP T-MNUR YIELD/T 
.00 .00 272.3560 
.00 .00 272.3560 
.00 .00 290.9!:,j60 
.00- .00 349.2360 
.00 .00 400;07,-S0 
.00 .00 452.1559 
.00 .00 452.1559 

T--TSP T-MNlJR YIELD/T 
.00 .00 306.49bO 
.00 .00 306.4960 
.00 .00 325.0960 
.00 .00 383.37bO 
.00 .00 434.2160 
.00 .00 486.2';>60 
.00 .00 486.2960 

COST/T 
5.4895 
5.4982 
5.5069 
5.51~i6 

5.5244 
5.5331 
5.5418 

COST/T 
5.4895 
5.4982 
5.50l)'] 
5.5156 
5.5244 
5. 53~51 
5.5418 

COST/LB 
.020155 
.020187 
• 0189:~7 
• () 1579~5 
.0131301) 
.012237 
.012256 

COST/LH 
.017910 
.01793(} 
.016939 
.014387 
.012723 
.0113"lO 
.011396 

N 
W 
00 



DECISION BASIS: C 
TREE AGE::: 25.00000 
VAFHETY L f\OOTSTOCI, S 
PI:::OFIT tFHG-AI T-l.mAN T-TSP T-MNUR YIELD/T COST/T COST/LB 
-.53b 48.00 .00 .00 .00 283.0360 5.48cjl5 .019395 
-'. 54~j 60.00 .00 .00 .00 283.0360 5. 4c~82 .019426 
-.22B 72.()0 .00 .• 00 .00 301.6360 5.5069 .018257 

.783 84.00 .00 .00 .00 3~j9.9160 5.5156 .015325 
1.664 96.00 .00 .00 .00 410.7560 5.5244 • ()1 :5449 
2.56'7 108.00 .00 .00 .00 462.8360 5. !=:i331 .011955 
2.55£1 120.00 .00 .00 .00 462.8360 5.5418 .011974 



DECISION BASIS: C 
TREE AGE= 5.000000 
VAf\IETY G f\OOTSTOCt\ F: 
Pf::OFIT IF\IG-AI T-lJl;:i:ltN 
-3.355 48.00 .00 
-3.360 60.00 .00 
-3.365 72.00 .00 
-3.371 84.00 .00 
-3.376 96.00 .00 
-3. ~581 108.00 .00 
-3.387 120.00 tOO 

DECISION BASIS: C 
n~EE AGE= 10.00000 
Vflf\IETY G I:WOTSTOCI\ R 
PROFIT H-:IG-AI T-lJr\AN 
-.673 48.00 .00 
-.679 60.00 .00 
-.060 72.00 .00 

.676 84.()0 .00 
1. :592 96.00 . ()() 
1.991 10B.OO .00 
2.171 120.()0 .00 

T-TSf' T-MNUR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
~OO .00 
.00 .00 

T-TSP. T-MNtJR 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

YIELD/T 
.0000 
.0000 
.0000 
.0000 
.0000 
.OO()() 
.0000 

YIELIt/T 
71.5000 
71.5000 
88.1400 

107.9000 
127.1400 
143.2600 
148.2000 

COST/T COST/LB 
3.3547*********** 
3.3600*********** 
3.3653*********** 
3.3707*********** 
3.3760*********** 
3.3813*********** 
3.3867*********** 

COST/T COST/LB 
3.3547 .046918 
3.3600 .046993 
3.3653 .038182 
3.3707 .()31239 
3.3760 .026::-"j53 
3.381.3 .023603" 
3.3867 • 0228~)2 

N 
~ 
c 



[lECISION BASIS: C 
TREE AGE= 15.00000 
VAtUETY G FWOTSTOCI\ f( 
prWFIT If.:IG-'AI T·-UI;:f..N T-TSP T-MNUR YIELII/T COST/T COST/LB 

6.105 40.00 .00 .00 .00 252.2500 3.354'7 .013299 
l.l.O99 60.00 .00 .00 .00 252.2500 3.3600 .013320 
6.7lEl 72.00 .00 .00 .00 268.8900 3. 365~5 .012516 
7.454 84.00 .00 .00 .00 288.6500 3.3707 .0111177 
0.170 96.00 .00 .00 .00 307.8900 3.~5760 .010965 
8.769 108.00 .00 .00 .00 324.0100 3.3813 .010436 
8.949 120.00 .00 .00 .00 . 328.9500 3.3867 .010295 

DECISION BASIS: C 
Tf,EE AGE= 20.00000 
VARIETY G fWOTSTOCK R 
PfWFIT If,IG--AI T-Lmt'\N T-TSP T-MNtJR YIELD/T COST IT COST/LB 
8.477 40.00 .00 .00 .00 315.5()'OO 3.3547 .010633 
8.471 60.00 .00 .00 .00 315.5000 =5. =56()O • (HOc)~:;O 
9.090 72.00 .00 .00 .00 332.1400 3.3653 .010132 
9.826 B4.00 tOO .00 .00 351.9000 3.3707 .009578 

10.542 96.00 .00 .00 .00 371.1400 3.3'760 .O()9()96 
11.141 108.00 .00 .00 .00 3B7.2600 3.31313 .O()B731· 
11.321 120.00 .00 .00 .00 392.2000 3.3067 .0()8635 



DECISION BASIS: C 
TREE ,AGE::: 25.00000 
VAFUETY G fWOTSTOCK F~ 

PROFIT If\IG-AI T-IJRI~N T--n;p T-MNUR YIELII/T COST/T COST/LIt 
7.848 48.0() .00 .00 .00 298.7500 3.3547 .011229 
7.843 60.00 .00 .00 .00 298.7500 3.3600 . .()11247 
8.462 72.00 .00 .00 .00 315.3900 3. 365~5 • ()106'70 
9.197 84.00 .00 .00 .00 335.1500 3.37()7 • ()10057 
9.914 96.00 .00 .00 .00 354.3900 3.3760 • 009~526 

10.513 108.00 .00 .00 .00 370.5100 3.3813 .O()9126 
10.693 120.00 .00 .00 .00 375.4500 3. :5867 t ()()'jl()20 

DECISION BASIS: C' 
THEE AGE::: 5.000000 
VAf\IETY G ROOTSTOCK T 
PROFIT nUG-AI T-Ur~AN T-TSP T-MNtJf< YIELD/T COST/T COST/LIe 
-3.355 48.00 .00 .00 .00 .0000 3.3547*********** 
-3.360 60.00 .00 .00 .00 .0000 3.3600*********** 
-3.365 72.()O .00 .00 .00 .0000 3.3653***~******* 
-3. :-571 84.00 .00 .00 .00 .0000 3.3707*********** 
-3.3'76 96.00 .00 .00 .00 .0000 3.3760*********** 
-3.301 108.00 .00 .00 .00 .0000 3.3813*********** 
-3.307 120.00 .00 .00 .00 .0000 3.3867*********** 



DECISION. BASIS: C 
TREE AGE= 10.00000 
VARIETY G r~OOTSTOC" T 
PROFIT IRIG-·AI T-W~AN T--TSP T-MNUR YIELD/T COST/T COST/LB 
-.673 4B.()0 .00 .00 .00 ·71.5000 3.3547 .046918 
-.679 60.00 .00 .00 .00 71.50()() 3. ~5600 .0469'13 
- • Oc,O 72.()O .00 .00 • 00 88.1400 . 3.365:5 .03B1B2 

.676 84.00 .00 .00 .00 107.9000 3.3707 .0312:59 
1.3'12 96.00 tOO .00 .00 127.1400 3 ~ :r76() .026553 
1.991 100.00 .()O .00 .00 143.2600 3.3813 .02:5c)03 
2.171 120.00 .00 .00 .00 148.2000 3.3867 .022U52 

DECISION BASIS: C 
TREE AGE::: 15.00000 
VA~UETY G ROOTSTOCK T PROFIT IRIG-AI T-Uf\I~N T-TSP T-MNUR YIELD/T COST/T C()ST/LB 6.105 48.0() .00 • 00 .O() . 252.25()0 3.3547 .013299 6.099 60.00 .00 .00 .00 252.2500 3.3600 .013320 6.718 72.()() .O() .()O .00 268.0900 3.3653 .• 012516 7.454 84.00 .00 .00 .00 288.650() 3.:57()7 .011677 8.l/.'O 96.()() .00 .00 tOO 307.8900 3.3760 .010965 8. 7\~)9 10B.OO .00 .00 .00 324.0:l.()O 3.3813 .0104:36 
8. 9~19 12().OO t()O .00 000 328.9500 3.3867 .<)10295 



DECISION BASIS: C 
TREE AGE= 20.00000 
VAFnETY G ROOTSTOCK T 

YIELII/T COST/T COST/LB PRDFIT HUG-AI T-W;:I~N T-TSP T-MNUR 
3.3547 .010633 .00 315.5000 0.477 48.00 .00 .00 

315.5000 3.360() .010650 60.00 .00 .00 tOO 
3.3653 • ()10:l.32 

B.471 
.00 332.1400 9.090 72.00 .00 .00 

351.9000 3.3707 .()O9578 .00 9.026 B4.()0 .00 .00 
371.1400 3.3760 .009096 .00 .00 10.542 96.00 .00 
387.2600 3.3013 .OOB7:H 10B.OO .00 .00 .00 

3.3867 .()08635 
11.141 

• 00 392.2000 . 11.321 120.00 .00 .00 

DECISION BASIS: C 
n;:EE AGE= 25.000()() 
VAf.:IETY G ROOTSTOCK T 
F'I~()F I T lIUG-AI T-W,:AN T-TSP T--MNUR YIELD/T COST/T COST/LB 7. B·1B 4B.()0 .00 .00 .00 298.7tiOO 3.3547 .()11229 7.843 60.0() .00 .00 .00 298.7tiOO 3. ~5600 .011247 0.462 72.0() .O() .00 .00 315.3900 3. ~565:~ • ()1 ()6 70 9.197 84.00 .00 .00 .00 33tj. 150() 3.~57()7 • ()1()()57 ~"). 914 91.).00 .00 .00 .00 354.3900 3.371.!O • ()09526 10.51.3 1()8.00 .00 .00 .00 370.5100 3~:~813 .()O(1126 10.693 120.00 .00 ~()() .00 375.4500 3.3867 .O0902()· 



", 

DECISION BASIS: C 
TREE AGE= 5.000000 
VARIETY G f~DOTSTOCK (, ... 

;:) 

F'r~{)FIT If<IG-AI T-W~AN T-TSP T-MNUR YIELIt/T COST/T COST/LB 
-3. 3~=:;5 4B.00 .00 .00 .00 .0000 3.3547*********** 
-3. :~60 60.00 .00 .00 .00 .0000 3.3600*********** 
-3.365 72.()() .00 .00 .00 .0000 3.3653*********** 
-3.3'71 B4.00 .00 .00 .00 .0000 3.3707*********** 
-3.376 96.()0 .00 .00 .00 .0000 3.376()*********** 
-3.301 108.00 .00 .00 .00 .0000 3.3813*********** 
-~~. :507 120.00 .00 .o() .00 .0000 3.3867*********** 

DECISION BASIS: C 
THEE AGE:::: 10.00000 
VAr,IETY G f\ODTSTOCK S 
F'r~()F I T IFnG-AI T-URt-.N T-T5F' T-MNUf, YIELD/T COS" /T COST/LIe 
-.405 48.00 .()O .00 .00 78.6::=iO() 3. 3~,4 i' • 0426~53 
-.411 60.()0 .00 .00 .00 78. 6t:i() 0 3.3t,()() .()42721 

.270 72.00 .00 .00 .00 91.,. 9~j·<l0 3. :~653 .():~4711 
1.0fJO 84.0() .00 .00 .00 110.6900 3. :5'707 .• ()2839'l 
1.069 96.0() .()O .00 .00 139.0:'.';40 3.3760 .024139 " 
2.528 100.00 .00 .00 .00 157.51360 3.3U13 .O214~57 
2.727 120.00 .()O .00 .00 163.0200 3.386'1 .0207'75 



DECISION BASIS: C 
Tf,EE AGE= 15.00000 
VAFn£TY G ROOTSTOCI, S 
prWFIT IFnG-AI T-t.Hi:{\N T-TSP T-MNUR YIELfI/T COST/T COST/LIc 

"7.051 48.00 .00 .00 .00 277. 47~j() 3.3547 .()12090 
7.()45 60.0() .00 .00 .00 277. 47~.:;O 3.3600 .()1~~109 

7.726 72.00 .00 .00 .00 295.77("10 3.3653 .01137B 
8.536 84.0() .00 .00 .00 3:1.7.5150 3. ~~·707 .01()616 
9.324 96.00 .00 .o(} .00 330 ./.) 71)10 3.3760 .()09968 
9.9B4 10B.OO .00 .00 .00 356.4110 3.301:5 .OO94B7 

10.183 120.0() .00 .()O .00 361.8'150 3.3867 .009359 

DECISION BASIS: C 
THEE AGE= 20.00000 
VARIETY G fWOTSTOCK S 
PFWFIT HUG-AI T-tJFMN T-TSP T-MNtJR YIELD/T COST/T COST/LIc 

9.660 48.00 .00 .()O .00 347.0500 3.3547 .009666 
9.654 60.00 .00 .00 .00 347.0500 3.3600 .009682 

10.3:55 72.00 .00 .00 .00 365.3540 3.3653 .009211 
11.145 84.00 .o() .00 .00 387.0900 3.3707 .008708 
11.9:54 96.00 .00 .00 .00 408.2540 3.3760 .O()B269 
12.593 100.00 .00 . ()() .00 425.9060 3.30 1:~ .007938 
12.792 120.0(} .()O .00 .00 431.4200 3.3067 .007850 



DECISION BASIS: C 
TREE AGE= 25.00000 
VARIETY G ROOTSTOCI( S 
PFWFIT IraG--AI T-tJfMN T-TSF-~ T-MNtJR YIELIVT COST/T COST/LIt 

8.9b'J 48.00 .00 .00 .00 320.6250 3.3547 .010208 
8.963 6().OO .00 .00 .00 328.6250 3.3600 .010224 
'J.645 72.00 .00 .00 .00 346.'J290 3.3653 .OO'J700 

10.454 84.00 .00 .00 .00 368. 66~jO 3.3707 .009143 
11. 243 96.00 .00 .00 .00 389.82(10 3.:57t')0 .OO866() 
11.<;'02 108.00 .00 .00 .00 407.5610 3.3B13 .008297 
12.101 1~!0. 00 .00 .00 .00 412.995() 3.3867 • ()082()0 
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DECISION 
I -_ 

BASISf L . 
TREE AGE= 5.000000 
VARIETY 0 ROOTSTOCK R 

COST/T COST/LB 
IRIG-AI T-llF:AN T-TSP T-MNUR YIELD/T PROFIT 4.0423 .020107 
108.00 .50 • 30 . .00 201.04~~0 8.020 4.0465 0020127 

8.01b 120.00 .50 .30 .00 201.0430 

108.00 .40 .30 000 192.6430 3.8888 .020186 
7.670 

DECISION BASIS: L 
TREE AGE::: 10.00000 
VArnETY 0 ROOTSTOCI" f~ 

Pf::DFI T HUG-AI T-llRAN T-TSF' T-MNUR YIELD/T COST/T COST/LEe 
21.125 108.00 .40 .:30 .00 416.8880 3.8888 .009328 
20.270 108.00 .30 .30 .00 400.0880 3.7353 • ()09336 
21.120 120.00 .40 .30 .00 416.8880 3.8930 .O()9338 

/ 

DECISION BASIS:' L· 
TREE AGE= 15.00000 
VAI~IETY 0 f.:OOTSTOCK f.: 
PF,OFIT If.:IG-AI T-lll=i:r-iN T-TSP T-MNUR YIELD/T COST/T COST/LB 
27.047 10l3.00 .30 . ::)() .00 513.0:32'1 3.7353 .007201 
27.043 120.00 • :~O .30 .00 513.0329 3.73'i'5 • ()()i'2U', 

25.71.10 108.00 .20 • :~O .00 489.0329 3.5818 .007324 

DECISION BASIS: L 
n~EE AGE::: 20.00000 
VARIETY () f.:OOTSTOCI\ f.: 
PfWFIT Ir,IG-AI T--l.mt,N T-TSF' T-MNUR YIELD/T C05T/T COST/LB 
29.000 1()8.()O .30 • :1() .00 546.9279 3. 73~j3 • ()068:~0 
29.076 12().()() • :5() .30 .00 546.9279 3.7395 .0()6837 
27.7'/4 108.00 .2() .30 .00 522.9279 3.5818 .()06849 N 

.po 
\D 



DECISION BASIS: L 
TREE AGE= 25.00000 
VARIETY 0 ROOTSTOCK r~ 
PROFIT IRIG-AI T-lmAN T-TSP T-MNUR YIELII/T COST/T COST/LB 
28.306 108.00 • :~O .30 .00 534.0229 3.7353 .006995 
20.302 120.00 .30 .30 .00 534.0229 3.7395 .007002 
27.020 108.00 .20 .30 .00 510.0229 3.5818 .0()7023 

I1ECIBION BASIS: L 
TREE AGE= 5.000000 
VAf.:IETY 0 f.:OOTSTOGK T 
PROFIT H.:IG-AI T-lm~\t~ T--TSP T-MNtJR YIELII/T COST IT COST/LB 

6.814 108.00 .50 . :~() .00 180.93U7 4.0423 .022341 
6.810 120.00 .50 .3() .00 180.9387 4.046::'; .022364 
6.514 108.00 .40 .30 .00 173.3787 3.8888 .02242(] 

DECISION BASIS: L 
Tf..:EE AGE= 10.00000 
VAf\IETY 0 rWOTSTOCI\ T PfWFIT HUG-AI T-LnMN T-TS? T-MNUR 18.623 108.00 YIELD/T COST/T . COST/LB .40 .30 .00 375.1992 17.869 108.00 • ~50 • :~O 3.8888 .010365 
18.619 120.00 .00 360. 079:'~ 3.7353 • 010:~73 .40 .30 .00 375.1992 3.8930 .010376 
DECIBION BASIS: L 
TF;:EE AGE;;;; 15.00000 
VAF~IETY 0 ROOTSTOCK T 
PI:;:OFIT HUG-AI T-ur~I~N T-- TSP T-MNUR YIELD/T COST/T COST/LB 
23.9t)9 10El.00 .30 .30 .00 461.7296 3.7353 .00B090 
23.964 120.00 • ~:W .30 .00 461.7296 3.7395 .008099 
22.8:U) 100.00 . ::.~ () .3() .00 440.12'/6 3.~j818 • ()()El138 

N 
Vl 
Q 



DECISION BASIS: L 
TREE AGE= 20.00000 
VArnETY 0 ROOTSTOCK T 
PROFIT Ir.:IG-AI T-W""\AN . 
25.799 10.8.00 .30 
25.795 120.00 . :~o 
24.656 108.00 .20 

. I1ECISION BASIS: L 
TREE AGE= 25.00000 
VAr.:IETY 0 ROOTSTOCt( T 
PROFIT IIUG-AI T-ur~t'lN 
25.102 108.00 .~w 

25.0'iEl 120.()0 .30 
23.959 100.00 .2() 

DECISION BASIS: L 
Tf~EE AGE= 5.000000 
VAIUETY 0 f~()OTSTClCt( S 
PROFIT If':IG-~II T-lIF~AN 
5.005 100.0() .50 
5.()00 120.00 • ~j() 

-1.700 100.()() .40 

DECISION DASIS; L 
TREE AGE= 10.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
14.871 108.00 .40 
14.269 1()8.00 .30 
1-1. Br.)7 120.00 • -1() 

T-TSP T-MNUR YIELII/T COST/T COST/LB 
.30 .00 492.2351 3.7353 .007588 
.30 .00 492.2351 3.7395 .007597 
.30 • 00 470.6352 3.5818 . .007610 

T-TSP T-MNUR YIELD/T COST/T COST/LB 
.30 .00 480.6207 3.7353 .007772 
.30 .00 480.6207 3.7395 .007781 
.30 .00 459.0207 3.5018 • ()()7B()3 

T-TSP T-MNLlR YIELD/T COST/T COST/LIt 
.30 .00 150.7822 4.0423 .02c!)80 'i 
• ;-~O .00 150.7822 4.0465 . .026037 
.30 .00 144.4822 3.SEl88 .026915 

T-·TSP T-MNLJR YIELD/T COST/T C()~n ILB 
.30 .00 312.6bbO 3.8880 .012437 
.3() .00 300.0659 3. 73~j3 .• 012440 
• :5() .00 312.666() 3.0930 .012451 

N 
VI 
t-' 



DECISION BASIS: l 
TREE AGE= 15.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
19.351 108.00 .30 
19.347 120.00 .30 
18.425 108.00 .20 

DECISION BASIS: l 
TREE AGE= 20.00000 
VARIETY 0 ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
20.876 108.00 .30 
20.872 120.00 .30 
19.950 108.00 .20 

DECISION BASIS: L 
Tm::E AGE::: 2~j. 00000 
VAF:IETY 0 .~OOTSTOCI"\ S 
PfWFIT nHG--AI T-lJF~f~!~ 
20.296 108.00 .3() 
20.292 120.()0 .30· 
19.:569 108.00 .20 

T-TSP T-MNUR 
.30 .00 
.30 .00 
.30 .00 

T--TSP T-MNUR 
• ~!,O '.00" 
• :50 .00 
• :~O .00 

T-·TSF' T-MNUf~ 
.3() .00" 
.30 .00 
.30 .00 

YIElD/T 
384.7747 
384.7747 
366.7747 

YIElII/T 
410.19{,O 
410.1960 
392.1960 

YIElII/T 
400.5172 
400.517'2 
382.5172 

COST/T 
3.7353 
3.7395 
3.5818 

COST IT 
3.7353 
3.7395 
3.5818 

COST/T 
3.735:3 
3.7395 
3.5018 

COST/LIt 
.009700 
.00971 1? 

" .009766 

COST/lB 
".009106 
.009116 
.009133 

COST/lL~ 
• ()09326 
.009337 
.009364 

N 
VI 
N 



DECISION BASIS: L 
TREE AGE= 5.000000 
VAf((ETY L ROOTSTUCK R 
PHOFIT IF~IG-·AI T-URAN 
-3.784 120.00 .40 
-:5.984 120.00 .50 
-4.022 108.0() .50 
-3. (l'l:? 120.00 .40 
-4.193 120.00 .50 

DECISION BASIS: L 
n~EE AGE= 10.00000 
VMnETY L ROOTSTOCK R 
PI';:OFIT HUG-AI T-Uf,AN 

3.0:lB 10B.OO .20 
3.009 120.00 .20 
~L211 120.00 • :~O 
3.0!":i7 120.()0 .20 
2.862 108.00 .30 

DECISION BASIS: L 
TREE AGE= 15.00000 
VARIETY L ROOTSTOCK R 
Ph:OFIT HUG-AI T-Ur~~AN 

6.271 108.00 .20 
f.). 262 120.00 .20 
5.694 10B.OO .to 
5.606 120.()O .10 
5.9()() 96.00 .2() 

T-TSP 
.15 
.15 
.15 
.20 
.20 

T-TSP 
.00 
.00 
.15 
.15 
.00 

T-TSP 
.00 
.00 
.00 
.00 
.00 

T-MNUR YIELD/T COST/T COST/LB 
.00 209.0450 7.4418 .035599 
.00 215.7950 7.7600 .035960· 
.00 213.0950 7.7513 ' .• 036375 
.00 209.0450 7.6509 .036599 
.00 215.7950 7.9691 .036929 

T-MNUR YIELD/T COST/T COST/LB 
.00 524.9700 6.1695 .011752 
.00 524.9700 6.1782 .011769 
.00 590.5700 7.1236 .012062 
tOO 563.57()0 6·.805!":; .012076 
.00 534.2700 6.4876 .012143 

T-MNIlR YIELD/T COSTIT COST/LB 
.00 710.89~:jO 6.1695 .008678 
.00 710.8950 6.1782 .008691 
.00 659.7450 5.8513 .008869 
.00 659.7450 5.B600 .008882 
.00 689.1949 6.1607 .008939 

f'..J 
U1 
LV 



DECISION BASIS: L 
T1;:[E AGE= 20.00000 
VAFUETY L fWOTSTOCI\ R 
PF,OFIT IRIG-AI T-UF':AN T-TSP T-MNUR YIELD/T COST/T COST/LB 
7.018 108.00 .20 .00 .00 753.5700 6.1695 .008187 
7.009 120.00 .20 .00 .00 753 .. 5700 6.1782 .008199 
6.441 108.00 .10 .00 .00 702.4200 5.8513 • 0()83:~0 
6.432 120.00 .10 .00 .00 702.4200 5.8600 .008343 
6.647 96.00 .20 .00 .00 731.8700 6.1607 .OOB418 

DECISION BASIS: L 
TREE AGE= 25.00000 
VARIETY L ROOTSTOCI, f, 
PROFIT IIUG-AI T-Uf':AN T-TSP T-MNUR YIELD/T COST/T COST/LIe 
6. ~:i()5 108.00 .20 .00 .00 724.2450 6.1695 .008518 
6.4'16 120.00 .20 .00 .00 724.24:':;0 6.1782 .008531 
5.928 100.00 .10 .00 .00 673.0950 5.8513 .008693 
5.919 120.00 .10 .00 .00 673.0950 5.8600 .008706 
I.) .134 (]6.00 .20 .00 .00 702.5450 6.1607 .O0876(] 

DECISION BASIS: L 
IT.;EE AGE= 5.()00000 
VAf.:IETY L fWOTSTOCI\ T F-rWFIT nnG--AI T-Ur<r,N T-TSP T-MNUR YIELD/T -4. :jBO 120.00 .4() .15 COST/T COST/LB 
-4.814 .00 163.0551 7.4418 .()45640 12().00 .50 .15 .00 168.3201 -4.843 10B.OO 7.7600 .046103 .50 .15 .00 166.2141 7.7513 -4.797 120.00 .40 .20 .00 . ll)3 • ()551 .046634 
-~~. 023 12().oo 7.6509 .046922 • ~jO .20 .00 168.3201 7.9691 .()47345 

N 
Ln 
.I:-



DECISION BASIS: L 
TREE AGE= 10.00000 
VAFUETY L. rWOTSTOCK T 
F'FWFIT IRIG-AI T-LJRt.N T-TSP T-MNUR YIELD/T COST/T COST/LB 

.996 108.00 • :~O .00 .00 409.4766 6.1695 .015067 

.988 120.00 .20 .00 .00 409.4766 6.1782 .015088 
• (j.l38 120.00 .30 .15 .00 460.6446 7.1236 .• 015464 
.887 120.00 .20 .15 .00 439.5846 6.8055 .015482 

.B05 100.00 .30 .00 .00 416.7306 6.4876 .015568 

DECISION BASIS: L 
TREE AGE= l~j. 00000 
VAfUETY L FWOTSTOCK T 
PfWFIT HUG-AI T-LJra~N T-TSP T-MNLJR YIELD/T COST/T COST/LIc 

:!,.534 108.00 .20 .00 .00 554.4980 6.1695 .()11126 
3.526 120.00 .20 .00 .00 554.4980 6.1782 .011142 
:~. 154 1013.00 .10 .00 .00 514.6010 5. 8~;1:5 .011371 
:5.146 120.()0 dO .00 . .00 514.6010 5.8600 .0113137 
:5.247 96.0() .20 .00 .00 537.5·721 6.1607 .011460 

DECISION BASIS: L 
Tf,EE AGE:: 20.00000 
,VAI~IETY L f':(]OTSTOCI, T 
F'I~OF IT II~:IG-AI T-lJF~.~N T-TSP T-MNLJR YIELD/T COST/T COST/LB 

4.117 1()B.OO .20 .()O .00 587.7846 6.16(J5 .010496 
4.100 120.00 .20 .00 .00 587.7846 6.1782 .010511 
3.7:17 1()8.00 .10 .00 .00 547.8876 5.8513 .010680 
3.720 120.00 .10 .00 .00 547.8876 5.8600 .010696 
3.B29 91.)0 O() .20 .O() .00· 570.8506 6.1607 .010792 

N 
U1 
U1 



DECISION BASIS: L 
TREE AGE= 2ti .00000 
VAFnETY L f.:OOTSTOCt, T 
F'I:WFIT HUG-AI T-W~AN T-TSP T-MNlIR YIELD/T COST/T COST/LB 
3.716 100.00 .20 .00 .00 564.9111 6.1695 .010921 
3.7()O 120.00 .:W .00 .00 564.9111 6.1782 .• 010937 
3.336 108.00 .10 .00 .00 525.0141 5.8513 .011145 
:~. 320 120.00 .10 .00 .00 525.0141 5.8600 .011162 
3.429 96.()0 .20 .00 .00 547.9850 6.1607 .()11243 

DECISION BASIS: L 
TREE AGE= 5.000000 
Vt'.fnETY L r.:DOTSTOCI\ S 
PFWFIT IRIG--AI T-UFMN T-TSP T-MNUR YIELD/T -4.515 120.()0 .40 .15 

COST/T COST/LB 
-4.739 120.00 

.00 167.2360 7.4418 .044499 .50 1~ .00 172.63c)() . ;:;} 7.7600 .044950 -4.768 108.00 .50 .15 .00 170.47c)0 -4.724 120.00 7.7513 .045468 .4() .20 .00 167.2360 7.6509 -4.940 120.00 .045749 • ~:,O .20 .00 172.6360 7.9691 .046161 

DECISION BASIS: L 
TI~EE AGE= 10.00000 
VARIETY L fWOTSTOCt\ S 
F'~-;;OF 1 T lIUG-AI T-Ur,AN T-'TSp' T-MNllR YIELD/T COST/T C()ST/LB 

1.100 10fL 00 .20 .00 .00 419.97c)0 6.1695 .()14690 
1..171 120.()O .:W .00 .00 419.9760 6.1782 .()14711 
1.144 120.()0 .30 1 "'-• , ..J .00 4'72. 45{)0 7.1236 .0150'78 
1.0B::i 120.()O .20 :I e,-

•. J .00 450.0SC)O 6.8055 .015095 
.992 100.00 • :50 .00 .00 427.4160 6.4876 .015179 



DECISION BASIS: L 
Tf.:EE AGE::: 15.00000 
VAF:IETY L ROOTSTOCI, S 
Pf\OFIT HUG-AI T-tJf\I~N T-"TSP T-MNUR YIELD/T COST/T COST/LB 
3.783 10B.OO .20 .00 .00 568.7151} 6.1695 .010848 
3.774 120.00 .20 .00 .00 568.7159 6.1782 .010863 
3. :505 108.00 .10 .00 .00 527.7960 5.8513 .0110136 
3.376 120.00 .10 .00 .00 527.7960 5.8600 .011103 
3.488 96.00 ~2() .00 .00 551.35511 6.1607 .011174 

I1ECISION BASIS: L 
n~EE AGE= 20.00000 
VAf~IETY L FWOTSTOCI, S 
PfWFIT HUG-AI T-Ut=~AN T--TSP T-MNUR YIELD/T COST/T COST/LB 
4.:~B1 10B.OO .20 .00 .00 602.8560 6.1695 .010234 
4.372 120.00 .20 .00 .00 602.8560 6.1782 .010248 
3.983 108.00 .lO .00 .00 561.9360 5.8~H3 .010413 
3.974 120.()0 .to .00 .00 561.9360 5.8600 , .010428 
4.08:i 96.00 • '20 .00 .00 585. 4951j) 6.1607 .010522 

DECISION BASIS: L 
TREE AGE::: 2:-:i.OOOOO 
VAIUETY L FWOTSTClC1\ t:' ;:) 

F'r~OFIT HnG-AI T-W~AN T-'"TSP T-MNUR YIELD/T COST IT COST/LB ~5. 970 l()O.()O .20 .00 .00 579.396() 6.1695 .010648 3.961 120.()0 .2() .00 .00 579.3960 6.1782 .0106l)3 3. ~572 10H.oo .j() .00 .00 538.4760 5.8513 .()10866 3.563 120.00 .lO .00 .00 538.4760 5.8600 .010BB3 3.6"75 9CI.()() .20 .N) .00 562. ()3l10 6. 1. 60"7 .010961 

N 
V1 
-...J 



DECHHON BASIS: L 
TREE AGE= 10.00000 
VARIETY G f\OOTSTOCK R 
F'FWFIT IFnG--AI T-ur~AN 

11.352 120.00 .50 
10.854 120.00 .40 
11.620 120.00 .60 
11.050 120.00 .40 
11.425 120.00 .50 

DECISION BASIS: L 
TF~EE AGE::: 15.00000 
VAHIETY G fWOTSTOCI< R 
PfWFIT IHIG-AI T-Uf~AN 
17.632 120.()() .40 
16.910 120.00 • ~50 
18.130 120.00 .50 
15.966 120.00 .20 
17.206 120.00 .3() 

DECISION BASIS: L 
TREE AGE= 20.00000 
VARIETY G ROOTSTOCK R 
PfWFIT H\IG-oAI T-I.JF~AN 

19.2B2 120.00 .:5() 
20.()04 120.00 .40 
18.338 120.00 .20 
18.941 108.00 .30 
19.578 120.00 .30 

T-TSP T-MNUR YIELD/T COST/T COST/LB 
")0::' 

• ... ,J .00 436.0000 4.9978 .011463 
'")0::' 

• .. _'-I .00 417.5200 4.8033 .011504 
r)a:"' .A-."'" .00 448.5400 5.1922 .011576 

.2() 1.00 426.7600 4.9533 .011607 

.20 1.00 441.9400 5.1478 .011648 

T-TSP T-MNUR YIELII/T COST IT C(JST/LB 
"')&.:'" ..... ,J .00 59S.27()0 4.S033 .00S029 

.25 .00 573.8500 4.6089 • 00SO~52 
r)r::"" . .:..~ .00 616.7500 4.9978 .OOS103 

.25 .00 543.4900 4.4144 .008122 

.20 1.00 585.7300 4.758C] .008125 

T-o·TSP T-MNtJR YIELB/T COST IT COST/LB 
r).:-:-

• ~"J .00 637.1000 4.6089 .0072:54 
'0) I::" 

.4_,} .00 661.520() 4. 803~5 .O()7261 
~..::" 

..... ..J .00 606.7400 4.4144 .O()7276 
'") ,,0 • .O_OoJ .00 627.86()() 4.6036 .()07332 · :~() 1.()0 6413.9800 4.7589 .0()7333 

N 
VI 
ex> 



DECISION BASIS: L 
Tr~EE AGE::: 25.00000 
VArnETY G ROOTSTOCK f~ 
PFWFIT IFnG-AI T-lm{"N 
18.654 120.00 .30 
19.37c!l 120.()() .40 
17.710 120.00 • ::.~O 
18.950 120.00 .30 
18.313 108.00 .30 

DECISION BASIS: L 
TREE AGE::: ~;. 000000 
VARIETY G F~OOTSTOCK T 
Pf~()FIT IfnG-tH T-W;:I~,N 

-.934 120.00 .70 
-.9H9 120.00 .60 
-.963 120.00 .60 

-1.060 120.()() .70 
-1.0cI2 12().()O .70 

DECISION BASIS: L 
TREE AGE::: 10.0()OOO 
VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
11.352 120.00 .50 
10.854 120.00 .40 
11.628 120.00 .60 
11.050 120.00 .40 
11.425 120.00 .50 

T-TSP 
'i&::" .... .;.;} 

.25 
")c-

• .:. • .:J 

.20 

.25 

T-TSP 
.25 
.20 
.25 
.20 
.30 

T-·TSP 
r).::-

• ':'."J 
"') c:-

• ... ,J 
r') ,:" 

• ",' .. \.1 

.20 

.20 

T-MNUR YIELD/T COST/T COST/LB 
.()O 620.35()0 4.6089 .0()7429 
.00 644.77()() 4.8033 ' .• 007450 
.00 589.9900 4.4144 .007482 

1.00 632.2300 4.7589 .007527 
.00 611.1100 4.6036 • ()075~55 

T-MNUR YIELD/T COST IT COST/LEe 
.00 118.73()O 5.3067 .045369 

1.00 116.0900 5.3422 .046018 
.00 112.79()O 5.1922 .046034 

1.00 119.3900 5.5:367 .()46375 
.00 118.7300 5.5144 .046445 

T-MNUr~ YIELrllT C08T/T COST/LIe 
.00 436.0000 4. (;978 .011463 
.00 41.7.52()O 4. 00~5:~ .011504 
.00 448.54()() 5.1 (i22 .()11576 

1.00 426.76()0 4.9533 .011607 
1.00 441.940() 5.147B .011640 

N 
V1 
1.0 



DECISION BASIS: L 
TREE AGE= 15.00000 
VARIETY G ROOTSTOCK T 
PfWFIT IRIG-AI T-URAN 
17. c)32 120.00 .40 
16.910 120.00 .30 
18.1:30 120.00 • ~,O 
15.96c) 120.00 .20 
17.2()6 120.00 .30 

DECISION BASIS: L 
n~EE AGE= 20.00000 
VARIETY G fWOTSTOCI": T 
PROFIT H\IG-'AI T-W;~AN 

19.282 120.00 • ~~O 
20.004 :L20.00 .• 40 
18.338 12()e()0 .2() 
18.941 10El.OO .30 
19. tl78 12().()O .30 

DECISION BASIS: L 
TREE AGE= 2~.000()0 

VARIETY G ROOTSTOCK T 
PROFIT IRIG-AI T-URAN 
18.654 12().OO .30 
19.:0c) 
17.710 
10.950 
18.313 

120.()() 
120.00 
120.00 
108.()O 

.40 

.20 
• :~O 
• ~5() 

T-TSP T-MNUR YIELD/T COST/T COST/LB 
,~.::-. .:..~ .00 598.2700 4.8033 .008029 

.25 .00 573.8500 4.6089 .008032 
"c-

• .:- ... J .00 616.7500 4.9978 ' .()08103 
.25 .00 543.4900 4.4144 .O()8122 
.20 1.00 585.73()0 4.758(J .• 008125 

T-TSP T-MNUR YIELD/T COST/T COST/LB 
.2~ .00 637.1000 4.6089 .007234 

r)&;:' 
• .:... ... .1 .00 661.5200' 4.8033 .007261 

')0::' 
• .:.. ... J .00 606.7400 4.4144 .O()7276 

')"" 
...... .,J .00 627.8600 4.6036 .007332 
.20 1.00 648.98()0 4.7589 .0073:53 

T-·TSP T-MNUF, YIELB/T COST/T CDST/LB 
.25 .00 620.35()0 4.6()8'jl .007429 .,.:. 
• A-~I .00 644.7700 4.8033 .OO745() 

r,c· 
• ........ J .00 509.99()0 4.4144 .007482 
.2() 1.()0 6:i2.2300 4.7589 • ()07527 

,)L-

• .... "J .00 611.1100 4.6()36 .007533 

[-.J 

'" 0 



DECISION BASIS: L 
TREE AGE= 5.000000 
VARIETY G ROOTSTOCK (.~ 

u 

PROFIT HUG--AI T-Uf\AN 
-.4B9 120.00 .70 
- t 5~:i4 120.00 .60 
-.540 120.00 .60 
-.612 120.()() .70 
-.617 120.00 .70 

DECISION BASIS: L 
TREE AGE= 10.00000 
VARIETY G ROOTSTOCK S 
PROFIT IRIG-AI T-URAN 
12.987 120.00 .50 
12.419 120.00 .4() 
13.310 120.00 .60 
12.651 120.00 .• 40 
13.082120.00 .50 

DECISION BASIS: L 
TREE AGE= 15.00000 
VARIETY G ROOTSTOCK S 
PFWFIT' HUG-AI T-UF':AN 
19.875 120.00 .40 
19.0l2 120.00 .30 
20.443 120.00 .50 
18.005 120.00 .20 
19.402 120.00 .30 

T-TSf' 
I")I!.~ 

.... J 

.20 
• 2~5 
.20 
.30 

T-TSf' 
r)1::' · .:.. ,., 

• 2~3 
r)c:-

• .... ,.1 

.20 

.20 

T-TSP 
"')c.' 

• .:- ... 1 
r) • .:' 

• ••.• .... 1 
"'1 co 

• .'_"J 
"')&." 

• .:. ... J 

.2{) 

T-MNUR YIELII/T COST/T ·COST /LB 
.00 130.6030 5.3867 .041245 

1.00 127.6990 5.3422 .041834 
.00 124.0690 5.1922 -• ()41849 

1.00 131.329() 5.5367 .()42159 
.00 130.6030 5.5144 • ()42223 

T-MNUR YIELD/,. COST/T COST/LB 
.00 4"79.6000 4.9978 .010421 
.00 459.2720 4.8033 .010459 
.00 493. 39·'lO 5.1922 .010523 

1.00 469.4360 4.9533 .010552 
1.()0 486.1340 5.1478 • ()10:::j89 

T-MNtJR YIELD/T COST/T COST/Ltc 
.00 658.0970 4.8033 .007299 
"00 631.2350 4.6()B9 .007301 
.00 678. 42!':iO 4.9978 .00"7367 
.00 597.839() 4.4144 • ()() "7:m 4 

1.00 644.303() 4.7589 .007386 

N 
(J\ 

t--' 



. DECISION -BASIS: L 
Tr\EE AGE= 20.00000 
VARIETY G f\DOTSTOCI< S 
PIWFIT rr\IG-AI T-UF:?'.N 
21.671 120.00 .30 
22.404 12().OO • -1(> 
20.614 120.00 .2() 
21..296 108.00 .30 
22.012 120.00 • :50 

DECISION BASIS: L 
n~£E: AGE::: 2~.00000 
VArnETY (j ROOTSTOCK S 
PfWFIT IFnG-AI T-ur~{)N 

20.901 120.00 .30 
21.79s 120.00 .40 
19.923 120.00 .20 
21.321 120.00 .30 
20.6()5 108.00 .30 
END OF RUN 

T-·TSP T-MNUR 
'") 1:--

• .... ~I .00 
,~.::"' 

• ....... J .00 
~.::-

• •.. ,J .00 
1")';:-

• ,,-oJ .00 
.2() 1.00 

T-TSP T-MNUR 
I") • .,. 

• ..:..,J .00 
.2:) .00 

'")0:." 
• .:.... ,.1 .00 
.20 1.00 

",1:'-
• ... \..1 .00 

YIEL.D/T COST/T 
700.B1()() 4.6()89 
727.6720 4.8()33 
667.4140 4.4.144 
690.6460 4.6036 
713.8780 4.7589 

YIELD/T COST/T 
682.3850 4.6089 
70942470 4.8033 
648.9890 4.4144 
695.4530 4.7589 
672.2210 4.6036 

COST/LB 
.0()6577 
.006601 
.006614 
.006666 
.006666 

COST/LB 
.006754 
.0()6772 
• ()068()2 
.006843 
.006848 

N 
0' 
N 



APPENDIX G: 

FINAL MODEL AND COMPUTER PROGRAM 
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c************************************************************* 
C* CITRUS SIMULATION; AUTHOR: STUART R. MONROE * 
C* ASSISTANT DAVID R. MONROE * 
c************************************************************* 
c 
C 
C************************************************************* 
c* VARIABLE TYPE DECLARATIONS, ASSIGNMENT OF CONSTANTS * 
C******************************************************~****** 
C 

C 

INTEGER NUM,P,PS 
REAL NOAC,TRAC,WTRCST,NITCST,PHOCST,MNRCST, 

-IGAI,NIT,NITR,PHOS,PHO,MNUR,RSTKF,YBASE,YHEAT,YYRS, 
-YIELDD,YIELD,MNRNIT,MNRPHO,TRIKF,SORSFL, 
-SORSFG,SORSFO,TRYSFL,TRYSFG,LEPOSF,GRPOSF, 
-TRYSFO,RLMNSF,ORPOSF,NITF,PRICE,PROFM(20,10), 
-8ASIS,FIXCST,COSTF,COSTT,TPROF,PROFIT, 
-MYIELD,MPROF,IPRICE 

CHARACTER*1 VAR,ROOTST,OPORSM,DTORST,TRORFL, 
-RAGAIN,CHVALU,DECBAS,SAME,CHIGFR,CHPRIC 

FIXCST=300.0 
MNRNIT=O.015 
MNRPHO=O.01 
TRIKF=1.85 
TRYSFL=O.78 
TRYSFG=1.0 
TRYSFO=O.9 
SORSFL=O.8 
SORSFG=1.1 
SORSFO=O.75 
RLMNSF=1.0 
ORPOSF=2.0 
LEPOSF=2.0 
GRPOSF=2.0 
NITF=O.33 
PRICEO=3.50 
PRICEL=2.70 
PRICEG=2.00 
STDEVO=1.25 
STDEVL=1.40 
STDEVG=O.75 
BOXWTO=50.0 
BOXWTL=60.0 
BOXWTG=40.0 
RSTKF=O.O 
PHOS F=O .45 . 
RNDN11=O.19375 
RNDN21=O.41835 
RNDN31=O.29714 
RNDN41=O.44824 
RNDN51=O.36974 
RAGAIN='N' 

c************************************************************* 
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OUTPUT ASSIGNMENTS, FILE CHARACTERISTICS * 
C************************************************************* 
C 

C 

OPEN(UNIT=S,ACCESS='SEQUENTIAL',FORM='UNFORMATTEO', 
-STATUS='OLO',NAME='OUT',RECL=80) 

OPEN(UNIT=6,ACCESS='SEQUENTIAL',FORM='UNFORMATTED', 
-STATUS='OLD',NAME='SCRATCH',RECL=80) 

OPENCUNIT=7,ACCESS='SEQUENTIAL',FORM='FORMATTED', 
-STATUS='OLD',NAME='SIMOUT',RECL=80) 

C************************************************************* 
C* PRIMARY DATA INPUT SECTION * 
C************************************************************* 
C 

12 

100 

101 

99 
102 

103 

2 

98 
C 

PRINT*,'OPTIMAL PRINT LEVELCTERMINAL=*,FILE=6}' 
READ C*,99) P 
PRINT*,'SIMULATION PRINT LEVELCTERM=*,FILE=6,SIM=7}' 
READ C*,99) PS 
PRINT*,'INPUT MINIMUM TREE AGE' 
READ C*,96} TRAGIN 
IFC(TRAGIN.LT.S).OR.CTRAGIN.GT.30)}THEN 
PRINT*,'TREE AGE MUST BE >S AND <30' 
GOTO 101 
END IF 
FORMAT(BN,I3) 
PRINT*,'INPUT MAXIMUM TREE AGE' 
READ (*,96) MTRAG 
IF«MTRAG.LT.S).OR.CMTRAG.GT.30»THEN 
PRINT*,'TREE AGE MUST BE >5 AND <30' 
GOTO.102 
END IF 
PRINT*,'INPUT AGE INCREMENT' 
READ C*,96) INCAG 
IF(CINCAG.LT.1).OR.(INCAG.GT.25»THEN 
PRINT*,'INCREMENT MUST BE >=1 AND <=2S' 
GOTO 103 
END IF 
PRINT*,'INPUT FRUIT VARIETY. (LEMON,GRAPEFRUIT,ORANGE)' 
READ (*,98) VAR 
FORMAT(A1) 

C************************************************************* 
C* ASSIGN PRODUCT SELLING PRICE, POUNDS PER BOX OF * 
C* PRODUCT, AND STANDARD DEVIATION, BY PRODUCT VARIETY * 
C************************************************************* 
(; 

IF(VAR.EQ.'L') THEN 
VPRICE=PRICEL 
STDEV ::STDEVL 
BOXWT =BOXWTL 

ELSE IF(VAR.EQ.'G') THEN 
VPRICE=PRICEG 
STDeV =STDEVG 
BOXWT =80XWTG 



ELSE IF(VAR.EQ.'O') THEN 
VPRICE=PRICEO 

ELSE 

STDEV =STDEVO 
BOXWT =BOXWTO 

PRINT*,'NOT A VIABLE VARIETY, TRY AGAIN' 
GO TO 2 

END IF 
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1 PRINT*,'INPUT ROOTSTOCK. (ROUGHLEMON,TROYER,SOUR ORANGE)' 
READ (*,98) ROOTST 

C 
C***************************************************** ******** 
C* ASSIGN ROOTSTOCK PRODUCTION FACTOR BY ROOTSTOCK AND * 
C* VARIETY * 
C************************************************************* 
C 

IF(ROOTST.EQ.'T')THEN 
IF(VAR.EQ.'L')RSTKF=TRYSFL 
IF(VAR.EQ.'G')RSTKF=TRYSFG 
IF(VAR.EQ.'O')RSTKF=TRYSFO 

ELSE IF(ROOTST.EQ.'S')THEN 
IF(VAR.EQ.'L')RSTKF=SORSFL 
IF(VAR.EQ.'G')RSTKF=SORSFG 
IF(VAR.EQ.'O')RSTKF=SORSFO 

ELSE IF(ROOTST.EQ.'R')THEN 
RSTKF=RLMNSF 

ELSE 
PRINT*,'NOT A VIABLE ROOTSTOCK, TRY AGAIN' 
GO TO 1 

END IF 

PRINT*,'THE CURRENT PRICE IS :',VPRICE 
200 PRINT*,'DO YOU WANT TO CHANGE THE PRICE?' 

READ (*,98) CHPRIC . 
IFCCHPRIC.EQ.'N') THEN 
GO TO 104 
ELSE IF(CHPRIC.EQ.'Y') THEN 

201 PRINT*,'INPUT NEW PRICE' 
READ (*,97) VPRICE 

IF«VPRICE.LT.-10.0).OR.(VPRICE.GT.10.0»THEN 
PRINT*,'PRICE MUST BE>=-10 AND <=10' 
GO TO 201 
END IF 

ELSE 
PRINT*,'MUST BE YES OR NO' 
GO TO 200 
END IF 

104 PRINT*,'HOW MANY ACRES' 
READC*,97) NOAC 
IFCNOAC.LT o 1)THEN 
PRINT*,'MUST HAVE ONE OR MORE ACRES' 
GOTO 104 



END IF 
97 FORMATCF7.2) 

105 PRINT*,'HOW MANY TREES PER ACRE' 
READC*,97) TRAC 
IFCCTRAC.LT.1).OR.CTRAC.GT.500»THEN 
PRINT*,'>1 AND <500 TREES PER ACRE~ TRY AGAIN' 
GOTO 105 
END IF 

106 PRINT*,'INPUT THE COST OF WATER. C$/ACRE INCH)' 
READ(*,96) WTRCST 
IFCCWTRCST.LT.0).OR.CWTRCST.GT.5»THEN 
PRINT*,'WATER COST MUST BE >=0 AND <=5' 
GOTO 106 
END IF 

96 FORMATCF4.3) 
107 PRINT*,'WHAT IS THE COST Of URAN PER TON' 

READC*,97) NITCST 
IFCCNITCST.LT.0).OR.CNITCST.GE.1000»THEN 
PR!NT*,'URAN COST MUST BE >0 AND <1000' 
GOTO 107 
END IF 

108 PRINT*,'WHAT IS THE COST OF TSP PER TON' 
READ(*,97) PHOCST 
IFCCPHOCST.LT.0).OR.CPHOCST.GE.1000»THEN 
PRINT*,'TSP COST MUST BE >0 AND <1000' 
GOTO 108 
END IF 

109 PRINT*,'WHAT IS THE COST OF MANURE PER TON' 
REAOC*,97) MNRCST 
IFCCMNRCST.LT.0).OR.CMNRCST.GE.100»THEN 
PRINT*,'MANURE COST MUST BE >0 AND <100' 
GOTO 109 

C 

END IF 
95 PRINT*,'WOU~D YOU LIKE AN OPTIMAL OR A', 

-' SIMULATION SOLUTION' 
READC*,98) OPORSM 
IFC.NOT.(COPORSM.EQ.'O').OR.COPORSM.EQ.'S'») THEN 
PRINT*,'MUST BE 0 OR S' 
GO TO 95 
END IF 
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C************************************************************* 
C* THIS BEGINS THE SIMULATION SECTION. ALL EQUATONS AND * 
c* INPUTS IN THIS SECTION ARE USED EXCUSIVELY FOR * 
C* SIMULATION SOLUTIONS * 
C************************************************************* 
C 

21 IFCOPORSM.EQ.'S·)THEN 
c************************************************************* 
C* ON MULTIPLE SOLUTION RUNS, THIS PREVENTS TEDIOUS * 
C* REENTRY OF CONSTANT DATA * 
c************************************************************* 

IFCCSAME.EQ.'Y').OR.CCRAGAIN.EQ.'Y').AND. 
CCHVALU.EQ.'N'») THEN 



PRINT*,'RESET SIMULATION PRINT(* OR 6 OR 7) 0 

READ (*,99) PS 
RAGAIN = 'N' 
SAME = 'N' 
IF(CHIGFR.EQ.'N') THEN 
GO TO 23 
END IF 

ELSE IF(NSIM.LT.NSIMT) THEN 
GO TO 22 

END IF 

268 

C************************************************************* 
C* AODITIONAL DATA ENTRY (SIMULATION SOLUTION ONLY) * 
C************************************************************* 
111 PRINT*,'NUMBER OF SIMULATION REPLICATIONS?' 

REAO (*,99) NSIMT 
IF(NSIMT.LT.O)THEN 
PRINT*,'MUST BE >0' 
GOTO 111 
END IF 

112 PRINT*,'DETERMINISTIC OR STOCHASTIC SIMULATION' 
REAO(*,98) OTORST 

IF(.NOT.«DTORST.EQ.'O').OR.(DTORST.EQ.'S'»)THEN 
PRINT*,'MUST BE 0 OR S' 
GOTO 112 
END IF 

113 PRINT*,'DO YOU USE TRICKLE OR FLOOD IRRIGATION' 
READ(*,98) TRORFL 

IFC.NOT.(CTRORFL.EQ.'T').OR.(TRORFL.EQ.'F'»)THEN 
PRINT*,'MUST BE T OR F' 
GOTO 113 
END IF 

114 PRINT*,'HOW MANY ACRE INCHES OF WATER' 
READC*,97) IGAI 

If(CIGAI.LT.O).OR.CIGAI.GT.126»THEN 
PRINT*,'WATER MUST BE >0 AND <126' 
GOTO 114 
END IF 

IF(TRORFL.EQ.'T')IGAI=IGAI*TRIKF 
115 PRINT*,'HOW MANY TONS OF URAN PER ACRE' 

READC*,97) NITR 
IFC(NITR.LT.O).OR.CNITR.GT.10»THEN 
PRINT*,'MUST BE >=0 OR <= 10' 
GOTO 115 
END IF 

NIT=C2000*NITR)/TRAC*NITF 
116 PRINT*,'HOW MANY TONS OF TSP PER ACRE' 

READC*,97) PHO 
IF(CPHO.LT.0).OR.(PHO.GT.10»THEN 
PRINT*,'MUST BE >0 AND <10' 
GOTO 116 
END IF 

PHOS=(ZOOO*PHO)/TRAC*PHOSF 
117 PRINT*,'HOW MANY TONS OF MANURE PER ACRE' 

READ(*,97) MNUR 



IF«MNUR.LT.O).OR.(MNUR.GT.200»THEN 
PRINT*,'MUST BE >0 AND <200' 
GOTO 117 
END IF 

NIT=NIT+(MNUR*2000)/TRAC*MNRNIT 
PHOS=PHOS+(MNUR*2000)/TRAC*MNRPHO 

23 SPROF =0.0 
SPROF2=0.0 
SYIELD=O.O 
SYLD2 =0.0 
SYRS =0.0 
PROFDV=O.O 
YLDDV =0.0 
NSIM =0 

22 TPROF =0.0 
PROFIT=O.O 
TYIELD=O.O 
TYRS=O.O 
NSIM = NSIM + 1 
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C 
c************************************************************* 
C* THIS IS THE BEGINING OF THE MULTIPLE YEARS SIMULATION * 
C************************************************************* 
C 

DO S1 TRAG=TRAGIN,MTRAG,INCAG 
C************************************************************* 
C* THIS ASSIGNS RANDOM NUMBERS IN A STOCHASTIC SIMULATION * 
c************************************************************* 

IF(OTORST.EG.'S')THEN 
CALL RANDOM(RNDN11) 
RNDN1=RNDN11k4.0-2.0 
CALL RANDOM(RNDN21) 
RNDN2=RNDN21*4.0-2.0 
CALL RANOOM(RNDN31) 
RNON3=RNDN31*4.0-2.0 
CALL RANDOMCRNDN41) 
RNDN4=RNON41*4.0-2.0 
CALL RANOOM(RNDNS1) 
RNDNS=RNDNS1*4-2~0 

ELSE IF(DTORST.EQ.'D')THEN 
RNDN1=O.O 
RNDN2=0.0 
RNDN3=O.O 
RNDN4=0.O 
RNDN5=0.O 

ELSE 
PRINT*,'NOT A VALID DETRM. OR STaCH. ANSWER' 
GO TO 95 

END IF 

YIELDD=O.O 
YIELD =0.0 
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c 
c************************************************************* 
c* THIS IS THE YIELD FROM IRRIGATION AND FERTILIZER * 
C* FOR ORANGES * 
c************************************************************* 
c 

IF(VAR.EQ.'O')THEN 
YBASE=-247+RNDN1*46.0 
YHEAT=-6.S*C12.S+RNDN2*7.6) 
YYRS=(64+RNDN3*12)*(TRAG-4)-(3+R~DN3*1)* 
(TRAG-4)**2+(O.043+RNDN3*0.02S)*(TRAG-4)**3 
YPHOS=O.O 
IF«IGAI.GE.48).AND.(IGAI.LE.6S»THEN 

IGNIT=93.+76.4*NIT-9.5*NIT**2 
ELSE IF(CIGAI.GE.66).AND.(IGAI.LE.77»THEN 

IGNIT=160.+96.6*NIT-11.7*NIT**2 
ELSE IF«IGAI.GE.78).AND.(IGAI.LE.89»THEN 

IGNIT=207.+89.2*NIT-11.2*NIT**2 
ELSE IF«IGAI.GE.90).AND.(IGAI.LE.101»THEN 

IGNIT=249.+76.3*NIT-10.S*NIT**2 
ELSE IF(CIGAI.GE.102).AND.CIGAI.LE.126»THEN 

IGNIT=290.+62.8*NIT-9.7*NIT**2 
ELSE 

PRINT*,'IRRIGATION OUT OF RANGE (GT 126)' 
STOP 

END IF 
IF(PHOS.GE.ORPOSF)YPHOS=O.3*IGNIT 
YIGNIT=MAXC«O.9+RNDN4*O.1)*IGNIT),O.O) 

c 
c************************************************************* 
C* THIS CALCULATES THE YIELD FROM IRRIGATION AND * 
c* FERTILIZER FOR LEMONS, PHOSPHOROUS APPLIED * 
c************************************************************* 
C 

ELSE IF(VAR.EQ.'L')THEN 
YBASE=-300.+RNDN1*7S. 
YHEAT=-S.7*(10.2+RNDN2*7.6) 
YYRS=(118.+RNDN3*9.8)*(TRAG-4)-C6.0+RNDN3*O.9)* 

CTRAG-4)**2+(O.09+RNDN3*.01S)*(TRAG-4)**3 

YPHOS=O.O 
C************************************************************* 
C* THIS CALCULATES THE YIELD FOR IRRIGATION AND * 
C* FERTILIZER, PHOSPHOROUS INCLUDED * 
C************************************************************* 

IFCPHOS.GE.LEPOSF)THEN 
IF«IGAI.GE.48).AND.(IGAI.LE.77»THEN 
IGNIT=10.9+7S.*NIT-S.6*NIT**2 

ELSE IFC(IGAI.GE~78).AND.(IGAI.LE.89»THEN 
IGNIT = 77.4+73.2*NIT-S.4*NIT**2 

ELSE IF «IGAI .GE. 78) .AND.(IGAI.LE.89» THEN 
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IGNIT = 116. + 64.0*NIT-4.8*NIT**2 . 
ELSE IF «IGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 

IGNIT = 155. + 55.*NIT-4.3*NIT**2 
ELSE IF «IGAI .GE. 102) .AND. CIGAI .LE. 113» THEN 

IGNIT = 197. + 44.4*NIT-3.4*NIT**2 
ELSE IF «IGAI .GE. 114) .AND. (IGAI .LE. 137» THEN 

IGNIT = 238. + 33.6*NIT-2.7*NIT**2 
END IF 

VIGNIT = MAX«(1.35+RNDN4*0.22)*IGNIT),0.0) 

C************************************************************* 
C* THIS CALCULATES THE YIELD FOR IRRIGATION AND * 
C* FERTILIZER, PHOSPHOROUS NOT INCLUDED * 
C************************************************************* 

ELSE IF (PHOS .LT. LEPOSF) THEN 
IF «IGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 
IGNIT = -52.+76.4*NIT-9.5*NIT**2 

ELSE IF «IGAI .GE. 66) .AND. CIGAI .LE. 77» THEN 
IGNIT = 15.+96.6*NIT-11.7*NIT**2 

ELSE IF (CIGAI .GE. 78) .AND. CIGAI .LE. 89» THEN 
IGNIT = 62.+89.2*NIT-11.2*NIT**2 

ELSE IF CCIGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 
IGNIT = 103.+76.3*NIT-10.5*NIT**2 

ELSE IF CCIGAI .GE. 102) .AND. CIGAI .LE. 126» THEN 
IGNIT = 145.+62.8*NIT-9.7*NIT**2 

END IF 

VIGNIT=MAXC«1.55+RNDN4*0.32)*IGNIT),0.O) 
END IF 

C************************************************************* 
C* THIS CALCULATES THE YIELD FROM IRRIGATION AND * 
C* FERTILIZER FOR GRAPEFRUIT * 
C************************************************************* 

ELSE IF CVAR .EQ. 'G') THEN 
VBASE = -341.+RNON1*88 
YHEAT = -2.5*(9.7+RNDN2*9.3) 
VYRS = C93.+RNDN3*9.6)*CTRAG-4)-(4.+RNDN3*0.7)* 

(TRAG-4)**2+CO.05+RNDN3*0.013)*CTRAG-4)**3 
IF «IGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 
IGNIT = 45.+55.5*NIT-4.1*NIT**2 

ELSE IF (CIGAI .GE. 66) .AND. CIGAI .LE. 77» THEN 
IGNIT = 109.+90.*NIT-6.7*NIT**2 

ELSE IF CCIGAI .GE. 78) .AND. CIGAI .LE. 89» THEN 
IGNIT = 185.+102.*NIT-8.*NIT**2 

ELSE IF (CIGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 
IGNIT = 259.+103.*NIT-8.4*NIT**2 

ELSE IF «IGAI .GE. 102) .AND. CIGAI .LE. 113» THEN 
IGNIT = 321.+96.*NIT-8.5*NIT**2 

ELSE IF «IGAI .GE. 114) .AND. (IGAI .LE.133» THEN 
IGNIT = 340.+94.*NIT-8.5*NIT**2 

END IF 



IF (PHOS .GE. GRPOSF) YPHOS = O.5*IGNIT 
YIGNIT = MAX«(O.26+RNDN4*O.16)*IGNIT),O.O) 

END IF 
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C************************************************************* 
C* THIS CALCULATES YIELD PER TREE * 
C************************************************************* 

YIELDD=(YBASE+YHEAT+YYRS+YPHOS+YIGNIT)*RSTKF 
YIELO=MAX(YIELOO,O.000001) 

C**********************t*~************************************ 
C* THIS CALCULATES IRRi'GATION ANO FERTILIZER COSTS I TREE * 
C************************************************************* 

COSTF=WTRCST*IGAI/TRAC+NITCST*NITR/TRAC+PHOCST*PHOI 
TRAC+MNUR*MNRCST/TRAC 

C********************************************************~**** 
C* THIS CALCULATES COST PER TREE * 
C************************************************************* 

COSTT=COSTF + FIXCST/TRAC 

C************************************************************* 
C* PRICE PER BOX, PROFIT PER TREE, MEAN YIELD, ANO * 
C* MEAN PROFIT, ARE CALCULATED HERE * 
C************************************************************* 

PRICE=VPRICE+RNON5*STOEV 
PROFIT=YIELD*PRICE/BOXWT - COSTT 
TPROf=TPROf + PROFIT 
TYIELO=TYIELO + YIELD 
TYRS=TYRS + 1. 
MYIELO=TYIELD/TYRS 
MPROF =TPROF/TYRS 

PRINT(5,*),'TREE AGE ',TRAG,' VARIETY ',VAR, 
ROOTSTOCK ',ROOTST 

PRINT(S,*>,'YIELO PER TREE',YIELO,'NITROGEN',NIT, 
'PHOSPHOROUS',PHOS,'MANURE',MNUR,'IRRIGATION', 
IGAI,'YIELD PER ACRE',YIELO*TRAC,'COST PER ACRc' 
,COSTT*TRAC,'COST PER POUNO',COSTT/YIELD 

,'TREE AGE',TRAG,'PROFIT PER TREE',PROFIT, 
'MEAN YIELO',MYIELD,'MEAN PROFIT',MPROF 

,'TOTAL PROFIT',TPROF 
PRINT(5,35) 

35 FORMATe' END OF RUN',II,' NEXT RUN'/) 
PRINT(P,*),'TREE AGE ',TRAG,' VARIETY ',VAR, 

ROOTSTOCK ',ROOTST 
PRINT(P,*),'YIELD PER TREE',YIELD,'NITROGEN',NIT, 

'PHOSPHOROUS',PHOS,'MANURE',MNUR,'IRRIGATION', 
IGAI,'YIELD PER ACRE',YIELD*TRAC,'COST PER ACRE' 
,COSTT*TRAC,'COST PER POUNO',COSTT/YIELO 

,'PROFIT PER TREE',PROFIT 
,'MEAN YIELO',MYIELD,'MEAN PROFIT',MPROF 



PRINTCPS,36)TRAG,VAR,ROOTST,YIELO,MYIELO,NIT,PHOS, 
IGAI,PROFIT,MPROF,TPROF 
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36 FORMATCX,F4.0,X,2CA1,X),2CF6.2,X),2CF4.2,X),4CF802,X)) 
PRINTCPS,35) 

S1 CONTINUE 

C************************************************************* 
C* THIS SECTION CALCULATES STANOARO OEVIATONS FOR * 
c* MULTIPLE SIMULATIONS * 
C************************************************************* 

SYLD2 =SYL02. + MYIELo**2.0 
SPROF2=SPROF2 + MPROF**2.0 
SYIELO=SYIELO + MYIELO 
SYRS =SYRS + 1. 
SPROF = SPROF + MPROF 
SMPROF=SPROF/SYRS 
SMYLo =SYIELO/SYRS 
IFCOTORST.EQ.'O') GO TO 38 
PRINT*,'YEAR=',SYRS 
IFCSYRS.EQ.1.) GO TO 38 
PROFOV=«SPROF2/SYRS)-(SPROF/SYRS)**2.0)**0.S 
YLooV =(SYLo2/SYRS)-(SYIELo/SYRS)**2.0)**O.S 

38 IF(NSIM.EQ.NSIMT) PS = 7 
PRINT(PS,37),SMYLo,YLooV,SMPROF,PROFoV 

37 FORMATC9X,' YIELo=',F7.2,' YOV=',FS.1, 
PROF/T=',FS.1,' PoV=',F4.1) 

IFCNSIM.LT.NSIMT) GO TO 34 
PRINT(*,37),SMYLo,YLoDV,SMPROF,PROFDV 

34 CONTINUE 

C************************************************************* 
C* THIS IS THE OPTIMAL SOLUTION SECTION. MOST OF THE * 
C* EQUATIONS IN THIS SECTON ARE DUPLICATES OF THE ONES * 
c* IN THE SIMULATION SECTION, ESPECIALLY THOSE DEALING * 
c* WITH IRRIGATION AND FERTILIZER YIELDS. * 
c************************************************************* 
C 

EL~E IF (OPORSM .EQ. '0') THEN 

110 PRINT*,'WHAT IS THE OPTIMAL DECISION BASIS' 
PRINT*,'PROFIT' 
PRINT*,'YIELO' 
PRINT*,'COST CMIN)' 
PRINT*,'LBS (COST/LB)' 
REAO(*,98) DECBAS 
IFC.NOT.«DECBAS.EQ.'P').OR.CDECBAS.EQ.'Y').OR. 

-(DECBAS.EG.o'C').OR.(~ECBAS.EQ.'L·»)THEN 
PRINT*,'P, Y, C, L, ARE THE ONLY VIABLE INPUTS' 
GOTO 110 
END IF 
PRINT*,'HOW MANY OPTIMAL SOLUTIONS SAVED' 
READ(*,99) MSAVE 



300 PRINT*,'DO YOU WANT PRICE CHANGES?' 
READ (*,98) CHPRIC 

IF(CHPRIC.EQ.'N') THEN 
SPRICE = VPRIeE
EPRICE = VPRICE 
IPRICE = 1.0 
GO TO 310 

ELSE IF(CHPRIC.EQ.'Y') THEN 
301 PRINT*,'INPUT STARTING PRICE' 

READ (*,97) SPRICE 
IF«SPRICE.LT.0.0>.OR.(SPRICE.GT.10.0» THEN 
PRINT*,'STARTING PRICE >=0.0 AND <=10.0' 
GO TO 301 
END IF 

302 PRINT*,'INPUT ENDING PRICE' 
READ (*,97) EPRICE 

IF«EPRICE.LT.0.0).OR.(EPRICE.GT.10.0» THEN 
PRINT*,'ENDING PRICE >=0.0 AND <=10.0' 
GO TO 302 
END IF 

303 PRINT*,'INPUT PRICE INCREMENT' 
READ (*,97) IPRICE 

IF«IPRICE.LT.0.0).OR.(IPRICE.GT.1.0» THEN 
PRINT*,'INPUT PRICE >=0.0 AND <=1.0' 
GO TO 303 
END IF 

ELSE 
PRINT*,'MUST BE YES OR NO' 
GO TO 300 

END IF 

274 

C************************************************************* 
C* THIS IS THE MULTIPLE PRICES LOOP * 
C************************************************************* 

310 DO 52 PRIC = SPRICE,EPRICE,IPRICE 
VPRICE = PRIC 

C************************************************************* 
C* THIS IS THE MULTIPLE TREE AGE LOOP * 
C************************************************************* 

DO 52 TRAG=TRAGIN,MTRAG,INCAG 
C 
c************************************************************* 
C* THIS CLEARS THE STORAGE MATRIX TO 0 OR 100 * 
C*****************************~******************************* 

DO 5 1=1,20 
DO 5 J=1,8 
IF«OEC8AS.EQ.'C').OR.(DECBAS.EQ.'L'»THEN 
PROFM(I,J)=100.0 
ELSE 
PROFM(I,J)c-100.0 
END IF 
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5 CONTINUE 

C************************************************************* 
C* THESE LOOPS INCREMENT THE IRRIGATION AND FERTILIZER * 
C* FACTORS FROM ZERO TO THEIR RESPECTIVE MAXIMUMS * 
C************************************************************* 
C 

DO 10 IGAI = 48,130,12 
DO 10 MNUR = 0.0,20.0,1.0 

DO 10 PHO = 0.0,0.3,0.05 
DO 10 NITR = 0.0,1.0,0.1 

C************************************************************* 
c* THESE EQUATIONS CONVERT FERTILIZERS FROM TONS PER ACRE * 
C* TO POUNDS PER TREE, AND COMBINE MANURE AND NON-MANURE * 
c* ELEMENTS TO PRODUCE A CUMULATIVE FERTILIZER TOTAL * 
C************************************************************* 

YPHOS = 0.0 
NIT = (2000*NITR)/TRAC*NITF 
PHOS=(2000*PHO)/TRAC*PHOSF 

NIT=NIT+(MNUR*2000)/TRAC*MNRNIT 
PHOS=PHOS+(MNUR*2000)/TRAC*MNRPHO 

C************************************************************* 
C* THESE STATEMENTS ELIMINATE NON-SIGNIFICANT DATA * 
C************************************************************* 

IF«MNUR.EQ.O.O).AND.CVAR.EQ.'O').AND. 
(PHOS.LT.ORPOSF).AND.(PHO.GT.O.O» THEN 

GO TO 10 
ELSE IF(CMNUR.EQ.O.O).AND.(VAR.EQ.'L').AND. 

CPHOS.LT.LEPOSF).AND.CPHO.GT.O.O» THEN 
GO TO 1 0 

ELSE IFCCMNUR.EQ.O.O).AND.(VAR.EQ.'G').AND. 
(PHOS.LT.GRPOSF).AND.CPHO.GT.O.O» THEN 

GO TO 1 0 

END IF 

C 
c************************************************************* 
C* THIS IS THE YIELD FROM IRRIGATION AND FERTILIZER * 
C* FOR ORANGES * 
C************************************************************* 
C 

IF (VAR .EQ. '0') THEN 
YBASE = -247 
YHEAT = -81.0 
YYRS = C64.0*CTRAG-4»-(3*(TRAG-4)**2)+ 

-CO.043*CTRAG-4)**3) 

IF (CIGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 
IGNIT = 93.+76.4*NIT-9.5*NIT**2 

ELSE IF (CIGAI .GE. 66) .AND. (IGAI .LE. 77» THEN 
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IGNIT = 160.+96.6*NIT-11.7*NIT**2 
ELSE IF C(IGAI .GE. 78) .AND. (IGAI .LE. 89» THEN 

IGNIT = 207.+89.2*NIT-11.2*NIT**2 
ELSE IF (CIGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 

IGNIT = 249.+76.3*NIT-10.5*NIT**2 
ELSE IF C(IGAI .GE. 102) .AND. CIGAI .LE. 126» THEN 

IGNIT = 290.+62.8*NIT-9.7*NIT**2 
END IF 

IF CPHOS .GE. O~POSF) YPHOS = 0.3*IGNIT 
YIGNIT=MAXCCO.9*IGNIT),0.0) 

ELSE IF (VAR .EQ. ILl) THEN 
YBASE= -300 
YHEAT = -5B.0 
YYRS = C118.*(TRAG-4»-(6.0*(TRAG-4)**2)+(0.095* 

(TRAG-4)**3) 

C************************************************************* 
c* THIS CALCULATES THE YIELD FOR IRRIGATION AND * 
C* FERTILIZER, PHOSPHOROUS INCLUDED * 
C************************************************************* 

IF CPHOS .GE~ LEPOSF) THEN 
IF«IGAI .GE. 48) .AND. CIGAI .LE. 65» THEN 
IGNIT = 10.9 +75.*NIT-5.6*NIT**2 

ELSE IF «IGAI .GE. 66) .AND. (IGAI .LE. 77» THEN 
IGNIT = 77.4+73.2*NIT-5.4*NIT**2 

ELSE IF «IGAl .GE. 78) .AND.(lGAI.LE.89» THEN 
IGNlT = 116. + 64.0*NIT-4.8*NIT**2 

ELSE IF «IGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 
IGNIT = 155. + 55.*NIT-4.3*NIT**2 

ELSE If CCIGAI .GE. 102) .AND. (IGAI .LE. 113» THEN 
IGNIT = .197. + 44.4*NIT-3.4*NIT**2 

ELSE IF (CIGAI .GE. 114) .AND. (IGAI .LE. 137» THE~ 
IGNIT = 238. + 33.6*NIT-2.7*NIT**2 

END IF 

YIGNIT = MAX(C1.35*IGNIT),0.0) 

C************************************************************* 
C* THIS CALCULATES THE YIELD FOR IRRIGATION AND * 
C* FERTILIZER, PHOSPHOROUS NOT INCLUDED * 
C************************************************************* 

ELSE IF (PHOS .LT. LEPOSF) THEN 
IF CCIGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 
IGNIT = -52.+76.4*NIT-9.5*NIT**2 

ELSE IF (CIGAI .GE. 66) .AND. CIGAI .LE. 77» THEN 
IGNIT = 15.+96.6*NIT-11.7*NIT**2 

ELSE If «IGAI .GE. 78) .AND. CIGAI .LE. 89» THEN 
IGNIT = 62.+B9.2*NIT-11.2*NIT**2 

ELSE IF (CIGAI .GE. 90) .AND. CIGAI .LE. 101» THEN 
IGNIT = 103 e +76.3*NIT-10.5*NIT**2 

ELSE IF CCIGAI .GE. 102) .AND. CIGAI .LE. 126» THEN 



IGNIT = 145.+62.8*NIT-9.7*NIT**2 
EN D IF 

YIGNIT=MAX«1.SS*IGNIT),O.O) 
END IF 
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C************************************************************* 
C* THIS CALCULATES THE YIELD FROM IRRIGATION AND * 
c* FERTILIZER FOR GRAPEFRUIT * 
C************************************************************* 

ELSE IF (VAR .EQ. 'G') THEN 
YBASE = -341.0 

YHEAT=-24.0 
YYRS = (93.0*(TRAG-4»-(4.0*(TRAG-4)**2)+ 
(0.05*(TRAG-4)**3) 
IF «IGAI .GE. 48) .AND. (IGAI .LE. 65» THEN 
IGNIT = 45.+55.5*NIT-4.1*NIT**2 

ELSE IF «IGAI .GE. 66) .AND. CIGAI .LE. 77» THEN 
IGNIT = 109.+90.*NIT-6.7*NIT**2 

ELSE IF (<IGAI .GE. 78) .AND. (IGAI .LE. 89» THEN 
IGNIT = 185.+102.*NIT-8.*NIT**2 

ELSE IF «IGAI .GE. 90) .AND. (IGAI .LE. 101» THEN 
IGNIT = 259.+103.*NIT-8.4*NIT**2 

ELSE IF «IGAI .GE. 102) .AND. (IGAI .LE. 113» THEN 
IGNIT = 321.+96.*NIT-8.5*NIT**2 

ELSE IF «IGAI .GE. 114) .AND. (IGAI .LE.133» THEN 
IGNIT = 340.+94.*NIT-8.5*NIT**2 

END IF 

IF (PHOS .GE. GRPOSF) YPHOS = O.4*IGNIT 
YIGNIT = MAX«(O.26)*IGNIT),0.0) 

END IF 
C************************************************************* 
C* THIS CALCULATES YIELD PER TREE * 
C************************************************************* 

YIELDD=(YBASE+YHEAT+YYRS+YPHOS+YIGNIT)*RSTKF 
YIELD=MAX(YIELDD,0.000001) 

C************************************************************* 
C* THIS CALCULATES IP.RIGATION ANO FERTILIZER COSTS I TREE * 
C************************************************************* 

COSTF=WTRCST*IGAI/TRAC+NITCST*NITR/TRAC+PHOCST*PHOI 
-TRAC+MNUR*MNRCST/TRAC 

C************************************************************* 
C* THIS CALCULATES COST PER TREE * 
C************************************************************* 

COSTT=COSTF + FIXCST/TRAC 

C************************************************************* 
C* PRICE PER BOX, PROFIT PER TREE, MEAN YIELD, AND * 
C* MEAN PROFIT, ARE CALCULATED HERE * 
C************************************************************* 

PROFIT = YIELD*VPRICE/BOXWT-COSTT 



C************************************************************* 
C* THIS ALLOWS THE SORT ROUTINE TO SORT BY VARIOUS * 
c* FACTORS, PROFIT, YIELD PER TREE, COST PER TREE, AND * 
c* COST PER POUND * 
C************************************************************* 

IF(DECBAS.EG.'P')THEN 
BASIS=PROFIT 
NUM=1 

ELSE IF(DECBAS.EG.'Y')THEN 
BASIS=YIELD 
NUM=6 

ELSE IF(DECBAS.EQ.'C')THEN 
BAS!S=COSTT 
NUM=7 

ELSE IF(OECBAS.EQ.'L')THEN 
BASIS=COSTT/YIELD 
NUM=8 

END IF 
DO 20 I=1,MSAVE 

C************************************************************* 
C* THIS SORT ROUTINE STORES THE MSAVE(A NUMBER) BEST * 
C* SOLUTIONS * 
C************************************************************* 

IF «DECBAS.EG.'C').OR.(DECBAS.EQ.'L'» THEN 
IF(BASIS.LT.PROFM(I,NUM» THEN 

IF<I.EQ.1>THEN 
DO 46 J=MSAVE,2,-1 
DO 46 K=1,8 
PROFM(J,K)=PROFM(J-1,K) 

46 CONTINUE 
PROFM(1,1)=PROFIT 
PROFM(1,2)=IGAI 
PROFM(1,3)=NITR 
PROFM<1,4)=PHO 
PROFM(1,5)=MNUR 
PROFM(1,6)=YIELD 
PROFM(1,7)=COSTT 
PROFM(1,8)=COSTT/YIELD 
GOTO 10 

ELSE 
DO 45 J=MSAVE,I,-1 
DO 45 K =1,8 

PROFM(J,K)=PROFM(J-1,K) 
45 CONTINUE 

PROFM(I,1)=PROFIT 
PROFM(I,2)=IGAI 
PROFM<I,3)=NITR 
PROFM<I,4)=PHO 
PROFM(I,5 )=MNUR 
PROFM(I,6)=YIELD 
PROFM( 1,7>=COSTT 
PROFM(I,B)=COSTT/YIELD 

GOTO 10 



EN 0 IF 
END IF 

ELSE IF(PROFM(I,NUM).LT.BASIS)THEN 

30 

40 

END IF 
20 CONTINUE 
10 CONTINUE 

IFCI.EQ.1>THEN 
00 30 J=MSAVE,2,-1 
DO 30 K=1,8 
PROFM(J,K)=PROFMCJ-1,K) 
CONTINUE 
PROFMC1,1)=PROFIT 
PROFMC1,2)=IGAI 
PROFMC1,3)=NITR 
PROFMC1,4)=PHO 
PROFMC1,S)=MNUR 
PROFMC1,6)=YIELD 
PROFMC1,7)=COSTT 
PROFMC1,8)=COSTT/YIELD 
GOTO 10 

ELSE 
00 40 J=MSAVE,I,-1 
00 40 K =1,8 

PROFMCJ,K)=PROFMCJ-1,K) 
CONTINUE 
PROFMCI,1)=PROFIT 
PROFMCI,2)=IGAI 
PROFMCI,3)=NITR 
PROFMCI,4)=PHO 
PROfM<I,5 )=MNUR 
PROFM<I,6)=YIELD 
PROFM<I,7)=COSTT 
PROFMCI,S)=COSTT/YIELD 

GOTO 10 
END IF 
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C************************************************************* 
C* THIS OUTPUTS THE OPTIMAL SOLUTIONS * 
C****~*~*********************.*****.*.******·***************** 

PRINT(S,*),'DECISION BASIS: ',OECBAS 
PRINT(S,*)'TREE AGE= ',TRAG,' PRICE=',VPRICE 
PRINTCS,*)'VARIETY ',VAR,' ROOTSTOCK ',ROOTST 
PRINT(S,32) 

32 FORMAT(BZ,1X,'PROFIT',2X,'IRIG-AI',2X,'T-URAN',4X, 
-'T-TSP',1X,'T-MNUR',3X,'YIELD/T',3X,'COST/T', 
-4X,'COST/LB') 

PRINT(S,33)CCPROFM(I,J),J=1,8),I=1,MSAVE) 
33 FORMAT(X,F6.3,4FS~2,F11.4,F9.4,F11.6) 

PRINTCS,31) 
31 FORMATeX,' END OF RUN',II,' NEXT RUN',/) 

PRINTCP,.),'DECISION BASIS: ',DECBAS 
PRINTCP,.)'TREE AGE= ',TRAG,' PRICE=',VPRICE 
PRINTCP,*)'VARIETY ',VAR,' ROOTSTOCK ',ROOTST 



PRINTCP,32) 
PRINT(P,33)«PROFM(I,J),J=1,8),I=1,MSAVE) 
PRINHP,31 ) 

52 CONTINUE 
END IF 

IF«OPORSM.EQ.'S').AND.(NSIM.LT.NSIMT» GO TO 21 
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C************************************************************* 
C* THIS SECTION ALLOWS THE PROGRAM TO BE RUN AGAIN * 
C* CHANGING ALL, SOME OR NONE OF THE PRODUCTION FACTORS * 
C* ***THE RANDOM NUMBER GENERATOR IS NOT RESET ON RERUN * 
C************************************************************* 
118 PRINT*,'WOULD YOU LIKE TO RUN AGAIN' 

READ(*,98)RAGAIN 
If(.NOT.«RAGAIN.EQ.'Y').OR.(RAGAIN.EQ.'N'»)THEN 
PRINT*,'MUST BE YES OR NO' 
GOTO 118 
END IF 
IF(RAGAIN.EQ.'Y')THEN 

119 PRINT*,'RERUN THE SAME VALUES?' 
READ(*,98) SAME 

IF(.NOT.«SAME.EQ.'Y').OR.(SAME.EQ.'N'»)THEN 
PRINT*,'MUST BE YES OR NO' 
GOTO 119 
END IF 

IF(SAME.EQ.'Y') GO TO 21 
120 PRINT*,'CHANGE ALL VALUES?' 

READ(*,98) CHVALU 
IF(.NOT.«CHVALU.EQ.'Y').OR.(CHVALU.EQ.'N'»)THEN 
PRINT*,'MUST BE YES OR NO' 
GOTO 120 
END 1 F 

IF(CHVALU.EQ.'Y')THEN 
GOTO 12 

ELSE 
13 PRINT*,'INPUT FRUIT VARIETY. (LEMON,GRAPEFRUIT,ORANGE)' 

READ (*,98) VAR 
IF(VAR.EQ.'L') THEN 

VPRICE=PRICEL 
BOXWT =BOXWTL 

ELSE IF(VAR.EQ.'G') THEN 
VPRICE=PRICEG 
BOXWT =BOXWTG 

ELSE IF(VAR.EQ.'O') THEN 
VPRICE=PRICEO 

ELSE 
BOXWT =BOXWTO 

PRINT*,'NOT A VIABLE VARIETY, TRY AGAIN' 
GO TO 13 

END IF 
11 PRINT*,'INPUT ROOTSTOCK. (ROUGHLEMON,TROYER,SOUR ORANGE)' 

READ (*,98) ROOTST 
IF(ROOTST.EQ.'T')THEN 



IF(VAR.EQ.'L')RSTKF=TRYSFL 
IF(VAR.EQ.'G')RSTKF=TRYSFG 
IF(VAR.EQ.'O')RSTKF=TRYSFO 

ELSE IFCROOTST.EQ.'S')THEN 
IF(VAR.EQ.'L')RSTKF=SORSFL 
IF(VAR.EQ.'G')RSTKF=SORSFG 
IF(VAR.EQ.'O')RSTKF=SORSFO 

ELSE IFCROOTST.EQ.'R')THEN 
RSTKF=RLMNSF 

ELSE 
PRINT*,'NOT A VIABLE ROOTSTOCK, TRY AGAIN' 
GO TO 11 

END IF 

PRINT*,'THE CURRENT PRICE IS =',VPRICE 
19 PRINT*,'OO YOU WANT TO CHANGE THE PRICE?' 

READ (*,98) CHPRIC 
IFCCHPRIC.EQ.'N') THEN 
GO TO 15 
ELSE IF(CHPRIC.EQ.'Y') THEN 

17 PRINT*,'INPUT NEW PRICE' 
READ (*,97) VPRICE 

IF«VPRICE.LT.-10.0).ORo(VPRICE.GT.10.0»THEN 
PRINT*,'PRICE MUST BE>=-10 AND <=10' 
GO TO 17 
END IF 

ELSE 
PRINT*,'MUST BE YES OR NO' 
GO TO 19 
END IF 

15 PRINT*,'HOW MANY TREES PER ACRE' 
READC*,97) TRAC 
IFCCTRAC.LT.1).OR.CTRAC.GT.500»THEN 
PRINT*,'>1 AND <500 TREES PER ACRE, TRY AGAIN' 
GOTO 15 
END IF 

121 PRINT*,'CHANGE SIMUL,IRRIG,& FERT VALUES?' 
READ(*,98) CHIGFR 
IFC.NOT.C(CHIGFR.EQ.'Y').OR.(CHIGFR.EQ.'N'»)THEN 
PRINT*,'MUST BE YES OR NO' 
GOTO 121 
END IF 
GOTO 21 
END IF 
END IF 
STOP 
END 
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C************************************************************* 
C* THIS SUBROUTINE GENERATES RANDOM NUMBERS FOR THE * 
C* STOCHASTIC SIMULATION * 
C************************************************************* 

SUBROUTINE RANDOM(X) 
DATA K,J,M,RM/5701,3612,56692?~566927.01 



IX=INTCX*RM) 
IRAND=MOD(J*IX+K,M) 
X=(REALCIRANO)+O.S)/RM 
RETURN 
END 
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