CIRCLES OF LIFE




Overview

Irrigation Technology

Importance of Irrigation
Modernization and the Environment
AboutValmont

Appendix

CONTENTS__

B i e

Front Cover: Sugar cane field in South Africa.
Below: Columbia River Basin near Washington-Oregon border.
With an arid to semi-arid climate, this desert blooms under pivots.
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OVERVIEW

Growing more food with less water is becoming a critical challenge for agriculture across the world in the 21st century. Rising
populations and increasing water scarcity are creating dual burdens on agriculture. First, a larger population needs more food and
fiber. Second, agriculture has a diminishing supply of irrigation water to meet these rising demands.

Improving how water is delivered to farms and put to use in fields is essential for meeting the changing needs of global populations.
Improved water usage can enhance both food security and human nutrition. Tremendous inefficiencies in global irrigation methods
are numerous and difficult to manage. Addressing these problems creates many opportunities for progress and economic growth,
especially in the developing world.

Some environmental problems have been attributed to irrigation. Overuse of water can indeed cause shortages in river basins or
deplete an underground water supply. Overwatering and lack of proper drainage can load soils with salt, damaging the land's
productive capacity. Improperly applied crop chemicals can also leach into groundwater or pollute surface water.

Irrigated agriculture is becoming more and more important, as the nutritional needs of the world grow with our population. Yet,
irrigated agriculture faces many formidable challenges. However, with modern irrigation management, advanced agronomic
practices, and more refined decision-making systems, countries facing these challenges can create a more productive and
profitable agricultural base. Societies that capitalize on these opportunities will meet the nutritional needs of their populations and
at the same time they can become more competitive in the global marketplace.



At the most basic level, the way that people take care of water must change before they can realize other benefits of enhanced
agriculture. To grow more food, the water farmers use must be managed more carefully.

Mechanized irrigation saves more energy and uses less water and labor than other forms of irrigation. By using irrigation equipment
that is more durable and efficient, farmers are able to increase their revenue, their crop yields, and even the land area they farm.
Mechanized irrigation can also help solve other problems, such as waterlogged soils, salinity, and water contamination. Modernizing
irrigation practices, then, has both economic and environmental benefits. Mechanized irrigation is an excellent place to begin as
countries seek ways to grow more food with less water and human toil.

Above left: Many varieties of flowers are well suited for pivot irrigation, whether grown in East Africa, Ecuador, or France —as in this photo.
Above right: Different crops can be grown under a single pivot by dividing the crop circle into segments as in this field in Kenya.



IRRIGATION TECHNOLOGY

To gain perspective on the irrigation methods available to farmers today, it will be useful to
trace the historical development of irrigation. Egypt provides a nice case, since Egyptian civilization understands itself truly as the
gift of the River Nile.'

The natural inundation and recession of the Nile waters determined the seasonal rhythms of ancient Egypt, and provided the
opportunity for farmers to sow their seed on the wet soil immediately after the river waters receded. In this 'eotechnic' model of
natural irrigation growers do not control the inflow or outflow of water.

An image of the so-called 'Scorpion' King (ca. 3100 BCE) performing the ceremonial digging of an irrigation ditch or levee is the
first evidence of artificial irrigation in Egypt. When aflood was unusually low, ancient Egyptian farmers would cut sluices into the
levees; when a flood was unusually high, they would reinforce the levees. The farmers also divided one natural flood basin into
several artificial basins by building transverse earthen dikes. Canals connected one basin to another, thus allowing a high level of
control: irrigators could optimize their water usage by fully irrigating one artificial basin before sending the water on to the next
basin.This 'paleotechnic' method of irrigation thus compensated for floods that were insufficient and protected from floods that
were overabundant.

It should be noted that in Pharaonic Egypt, irrigation was not administrated by some high official who implemented a rational
public policy, as a modern-day Minister of Water might. Ancient Egyptian government lacked the necessary local infrastructure
outside of the capital for the pharaoh to impose his directives throughout the country. In fact, from Greek and Roman times
through the nineteenth century, irrigation in Egypt was organized and maintained locally.

Above Left: Sprinkler packages should be customized to fit terrain and soil conditions. Rotating sprinkler heads, as in this pivot
in the Pacific Northwest United States, are well-suited to hilly terrains and heavy soils, which have a slow infiltration capacity.
Above Right: Since they began irrigating the Nile Valley over 5,000 years ago, Egyptians have made major contributions to the
development of irrigation technology.






Besides the water conveyance network of levees, dikes, sluices, and canals, two other irrigation technologies in ancient Egypt
deserve mention —the shaduf and the sagiya. The shaduf, which originated in Mesopotamia, is a lever with a water bucket tied to
the end of a long pole, which the user pulls down to lift water up, and out of a pond or river. This machine is better than a mere
bucket, but it is still very labor-intensive and inefficient. Using a shaduf, three men could only water a quarter-hectare in a day. The
saqiya is a more advanced machine also from Mesopotamia which uses animals to pull up from a well or river a belt of ropes with
water-filled jugs. In one day, a sagiya could irrigate eight to ten hectares.

The kanat system of hand-dug wells also deserves mention, as it has been used since time immemorial up to the present time,
although not in Egypt. These chains of wells would be dug in a line up a hillside. The bases of the wells are connected by a tunnel
which provides a continuous channel from deep within the hill to the fields near the bottom of the hill. The 'mother well," near the
top of the hill, taps the underground water table and in some cases is hundreds of meters deep. Perhaps as many as 30,000 kanats
have been dug in Iran, and it is estimated that over 20,000 of them are still operational.? (See illustration of kanat below.)

This brief treatment of ancient irrigation should give some idea of the complexity and effectiveness of ancient methods. In fact,
irrigation predates recorded history, and developed not only in ancient Egypt but also in ancient China, Peru, Persia, and India. The
methods described above are just a few of the most important traditional means by which innovative farmers brought water to
their fields.

Across much of today's world, irrigation methods are similar to techniques used as far back as 6,000 years ago. Some farm
families still move water by hand, conveying it through earthworks, down furrows, and across the surface of small plots of land.
Although innovative in ancient times, when compared to modern irrigation technologies, traditional irrigation uses far more
water and human resources than is necessary. Employing appropriate modern irrigation technology in developing countries is
the way for progress: increasing agricultural yields, improving national economies, and empowering farm workers to become
more productive with their work time.

1 Butzer, KarlW. “Irrigation,” in The Oxford Encyclopedia of Ancient Egypt.

Vol.2, ed. Donald B. Redford (Oxford: University Press, 2001), 183-188. ILLUSTRATION OF KANAT SYSTEM

2 Cantor, Leonard M. A World Geography of Irrigation.

(Edinburgh: Oliver and Boyd, 1967), 14-18. hillside
well bases

irrigated valley

water table
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Below: This photo illustrates the straight rows of a field irrigated by
aValley linear move system. Linears are especially suited to farms
where land prices are particularly high.
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Population Growth and Food Supplies__ The world population is projected to grow to 7 billion by 2010, up from 5.3 billion in 1990.
Thisis an increase of 32% in 20 years. (Table 2.)

Table 2. Population estimates and projections

Region Population and Its Density
1990 2000 2010
million Inhabitants/km* ~ million Inhabitants/km*  million

Northern Africa* 143 17 178 22 215
Sub-Saharan Africa 489 22 653 30 853
Asia’ 3,120 113 3,659 132 4,175
Europe 499 102 511 105 513
Former USSR 288 13 296 13 305
South America 293 16 346 19 397
North & Central America 424 19 484 21 538
Australia 17 2 19 2 21
Oceania 10 12 1 14 13
World 5,283 39 6,158 46 7,031

*Northern Africa includes Algeria, Egypt, Libya, Morocco, Sudan, Tunisia.
' Asia includes Near East countries
Source: United Nations World Population Prospects: The 1994 Revision
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“Unless progress with agricultural yields remains very
strong, the next century will experience sheer human
misery that, on a numerical scale, will exceed the
worst of everything that has come before.”

Dr. Norman Borlaug
Nobel Prize Laureate
Importance of Irrigation

IMPORTANCE OF IRRIGATION

CropYields and Food Security_ According to the United Nations Food
and Agriculture Organization, 30%-40% of worldwide food production
comes from an estimated 260 million hectares of irrigated lands—only
one-sixth of the world’s farmland. Irrigated farms have 50% to 200 % higher
yields for most crops. Water clearly plays a critical role in food production
and this resource is central to major food security concerns, such as:

Ever increasing human population;
Concomitant increasing food needs;
Finite natural resources;
Degradation of natural resources.
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Left: Sugar cane fields.

The impact of population growth on food supply and nutrition will be greatest in countries already challenged by poverty and
inadequate nutrition. Even though food supplies have increased substantially over the past 30 years, more than 800 million people still
do not have enough food to meet their basic nutritional needs.

For the world as a whole, agricultural production will slow from average annual growth of 2.3% during the 1970-1990 period to
1.8% during the 1990-2010 period. (Table 3.)

Table 3. Growth rates of gross agricultural production in percentage per annum

Region Production

Total Per capita

1970 -1990 1990 -2010 1970-1990 1990-2010
World 2.3 1.8 0.5 0.2
93 Developing Countries 39 2.6 1.1 0.8
Sub-Saharan Africa 19 3.0 -1 0.2
Near East/North Africa 3.1 2.7 0.3 0.3
East Asia 4.1 2.7 2.4 15
South Asia 3.1 2.6 0.7 0.6
Latin America & Carribean 29 2.3 06 0.6
Developed Countries 14 0.7 06 0.2
Ex-CPE's 1.2 0.4 0.4 -0.1
Other Developed Countries 15 08 08 04

Source: FAO 1995 (a)



Slower Growth in Irrigation__ Over the past four decades, human civilization has grown more food and fiber by expanding its
irrigated agricultural base. In the 1970s, this growth tracked at about 2.5% per year, and then began to fall to the current level of
roughly 1% growth per year. That slow growth will apparently continue: some projections foresee 0.6% annual increases in irrigated
agriculture from now to 2020.

Investment in new large-scale irrigation projects has fallen off over the past 20 years, and there is little change in that trend, with
some exceptions such as the Toshka mega-project in Egypt. Higher project costs, lower lending levels, and low commaodity prices are
often cited as reasons for reduced investment in irrigation.

Rather than building new irrigation projects, some countries are modernizing their existing irrigation base to become more efficient
and productive. Countries that develop vibrant irrigated agricultural segments will position their economies to capture new
opportunities from these trends.

Slower growth in irrigated agriculture, compounded by the rising populations and demand for water by the domestic and industrial
sectors, poses a major threat to world food production. To grow more food, the current base of irrigated land will become even more
important. Currently, about 2.4 billion people depend on irrigated agriculture for food and jobs, and it is clear that many more will
depend on this production system in the future.

Role of Water in Food Production__ Irrigated farmlands are inherently more productive than rainfed farming systems. Leveraging
this productivity, according to FAQO specialists, will be critical in bridging the gap between food production and food demand. Some
key points that underline this reality follow:

> Crop production increased at a rate of 2.3% from 1970 to 1990. About two-thirds of that gain came from improved
yields —mainly of irrigated wheat, rice, and maize. Only one-third of the food production gain came from farmland expansion.
Irrigation increased both the yield per harvest and the number of harvests.

> One of the key advantages offered by modern irrigation is that it can ensure reliable production under erratic rainfall. Drought
lowers crop yields, and also causes a plethora of other social and environmental costs from poor nutrition, natural resource
damage, and risk-avoiding behavior of farmers. These costs of drought are also substantial, though they go frequently unmeasured.

> |n general, farmers who irrigate are relatively more prosperous than their counterparts who rely on natural rain alone. Irrigation
thus generates a suite of secondary economic activities. A study in Malaysia showed that each US $1.00 of value directly added
by irrigation was accompanied by an additional US $0.80 of secondary economic value.

> Finally, mechanized move irrigation has the potential to transform subsistence farmers into profitable commercial farmers.
A center pivot can thus offer to subsistence farmers an exit door from the cycle of eternal poverty in which so many of them
are trapped.

Below: These citrus orchards irrigated by Valley pivots in South Africa range in size from 15 to 45 hectares.




ADDED REVENUE FROM INCREASEDYIELDS ($US/HA)
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Irrigation increases yields
compared to dryland farming.

Right: The pivot irrigating this citrus orchard is fitted
with ‘below the canopy’ sprinklers which minimize
evaporation and concentrate their spray directly over
the crop root zone.

Water Availability and Scarcity__In total, there is enough water to support a world population many times larger than the present
one. Unfortunately, water is unevenly distributed across the surface of the earth. Many regions lack access to sufficient affordable
fresh water. Competition among fresh water users in the agricultural, domestic, and industrial sectors is increasing as their water
demands grow. (Table 4.)

Table 4. Distribution of water resources by continent

Continent Area Internal Renewable Water Resources (IRWR)
Percent Volume Percent Specific (m? per person per year)
1000 km? of world (km?/year) of world discharge year year year
total total (I/sec.km?) 1990 2000 2010
Northern Africa® 8,269 6.2 85 0.2 0.3 593 475 394
Sub-Saharan Africa 21,766 16.2 3,906 8.9 5.7 7,988 5,980 4,579
Asia 217,675 20.6 10,886 24.8 12.5 3,489 2,975 2,608
Europe 4,877 3.6 2,321 1) 15.1 4,651 4,542 4,523
Former USSR 22,276 16.6 4,413 10.0 6.3 15,304 14,918 14,483
South America 17,819 188 11,760 26.8 20.9 40,137 33,988 29,622
North & Central America 22,842 17.0 8,200 18.7 1.4 19,340 16,942 15,242
Australia 7,713 5.8 348 0.8 1.4 20,606 18,104 16,287
Oceania 823 0.6 2,040 4.6 78.6 213,836 178,493 151,707
World 134,049 100.0 43,959 100.0 10.4 8,321 7,139 6,252

* Northern Africa includes Algeria, Egypt, Libya, Morocco, Sudan, Tunisia.
Sources: Ayibotele, 1992: Gleick, 1993; WRI, 1994; FAO, 1995 (d); Shiklomanov, 1996; FAO, 1997



World Bank specialists estimate that 80 countries now have water shortages serious enough to threaten food production. Agriculture
accounts for approximately 70% of human water usage today. However, the agricultural share of the water supply will decline as the
water demand of households and industry increases. (Table 5.)

Table 5.Water use by continent

Continent Water withdrawal

Agriculture% Domestic% Industries’% Total km®lyear m?/person % of IRWR

per year
Northern Africa* 87 7 6 94 658 111.0
Sub-Saharan Africa 83 12 5 56 114 1.4
Asia 86 6 8 1,531 491 14.1
Europe 33 13 54 359 719 155
Former USSR 65 7 28 358 1240 8.1
South America 59 19 23 133 454 1.1
North & Central America 49 9 42 697 1644 8.5
Australia & Oceania 34 64 2 23 870 1.0
World 1990 69 8 23 3,251 615 74
World Projection 2000 63 10 27 5,190 843 11.8

* Northern Africa includes Algeria, Egypt, Libya, Morocco, Sudan, Tunisia.
IRWR - Internal Renewable Water Resources
Sources: WRI, 1994, FAO, 1995; FAO, 1997

Hydrologists define as “water scarce” those countries where local water supplies average less than 1,000 m® per person per year.
In 1990, about 275 million people lived in 33 countries where the internal renewable water supplies were less than1,000 m® per person
per year. By 2010, more than 580 million people will live in 39 water scarce countries. In general, Africa and Asia are already showing
signs of a worsening shortage in freshwater availability, and water quality is also declining globally.

Countries and regions where water resources are under particularly strong pressure are especially good candidates for increased
food imports and irrigation modernization.

Below: Drop hoses on cotton.







MODERNIZATION ANDTHE ENVIRONMENT

FreshWater Conservation__ A recent World Bank report stated that unless current trends in water use are reversed, the world's
water crisis will worsen. The world needs a healthy and growing food-producing sector. Irrigation will provide enormous value in
terms of food security. With growing concerns over the world's fresh water supply, center pivot systems provide a sensible
alternative to inefficient forms of water application, such as surface flood irrigation. Water use in irrigation could be lowered
dramatically with no loss in food production.

Center pivot systems greatly reduce excess water use by applying precise amounts of water to crops at the right times and in the
right quantities. Modern mechanized equipment is extremely water efficient. Specialists define irrigation system efficiency as the
ratio between the water applied by an irrigation system and the water used by the plants on that field.

Traditionally, surface irrigation methods achieve efficiencies ranging from 40% to 70 %, if field runoff is collected in holding ponds
for reuse. In much of Asia, surface irrigation efficiency ranges from 25% to 40%. Losses of water in the distribution system and
in farm fields account for much of the loss.

The irrigation efficiencies achieved by center pivot and linear move systems range from 76% to 98% depending on sprinkler
package design, irrigation scheduling, and other agronomic practices, such as LEPA (Low Energy Precision Application), that can
optimize the water efficiency of mechanical move irrigation technology. Exact quantities of water are delivered to crops, and with
proper design, runoff and evaporation losses are nearly eliminated. Mechanical move irrigation technology ranks side by side with
drip irrigation as the most water-efficient forms of irrigation available today.

Another problem with surface irrigation is the lack of uniform application. Frequently, water must be over-applied on one side of
afield so it can flow to all parts of a field. This leads to waterlogging, lower yield and quality, and soil degradation. Uneven water
distribution in surface irrigation is a key cause of reduced crop quality and yields.

A center pivot or linear system can apply water at 83% to 95% uniformity, compared to 40% to 70% uniformity with surface irrigation.



Far left: Center Pivots are not limited to irrigating flatland.
Left: Desert agriculture has flourished through the widespread
use of center pivot technology.

The world has approximately 260 million hectares of irrigated land. If just 1% of this land was converted from traditional irrigation
methods to precision methods, more than 7 billion kiloliters of water could be conserved annually. These savings would make a
major contribution in solving water shortages around the world. Precise, uniform application not only conserves water, it also
increases crop yields, quality, and revenue. Modern irrigation methods can help the world grow more food with less water.

Water Quality__ Another major issue facing surface irrigation is water contamination from chemicals. Fertilizers, pesticides and
other pollutants can leach into groundwater and pollute streams, lakes, and rivers when chemical-laden irrigation water is
over-applied and flows from farm fields into other waters.

Mechanized irrigation enhances environmental safety. By applying only as much water as the soil can absorb, runoff is eliminated
or reduced significantly.

Since tillage is not needed to prepare cropland to convey water in furrows, more protective crop residue cover can be left on fields.
Most water pollution is caused by soil sediment. Increased crop residue helps keep soil in place to reduce erosion. Coincidentally,
chemical contaminants are often carried into waterways on soil particles. Controlling soil erosion thus also contributes to reduced
chemical contamination.

Using mechanized irrigation to apply crop inputs permits more precise control of irrigation rates and timing, which increases the
effectiveness of crop chemicals and fertilizer. Potential treatment needs may be reduced. Also, more effective irrigation improves
plant health. Lush crops can shade weeds and better withstand insect pressure, making some treatments unnecessary. In similar
fashion, the equipment can be used to apply growth regulators and harvest aid products on crops such as cotton.

Research has also shown that center pivot irrigation equipment can draw on groundwater that is contaminated by fertilizer and
filter that water through the crop root zone. Cleaner water is the result.

In some areas, wastewater treatment is a major challenge. Center pivots and linear move systems can apply partially treated
wastewater onto cropland. Again, crop roots filter the nutrients and clean the water. This results in major savings by avoiding
added costs for additional capacity in sewage systems.



Protecting Soil Resources__ Salinity is often a problem in surface irrigation. When soils become waterlogged, salts accumulate
in the root zone of plants and on the surface of fields. Up to 15 million hectares have incurred lower crop yields from salinization.
Yields can be reduced up to 30%. In extreme cases, the land may be removed from cultivation.

Protecting current irrigated land from further salinization will help reduce productivity losses. Reclaiming lands already affected
by salinity also should be pursued to protect the irrigated land base. Modern irrigation technology can help in both situations.

Both leading modern irrigation technologies—drip systems and mechanical move systems—apply less water than surface
irrigation, which eases problems associated with waterlogged soils and poor drainage. Also, mechanical move irrigation
systems can apply water to flush salt deposits below the crop root zone. By carefully controlling this leaching effect, salts can be
flushed from soils while avoiding waterlogging.

Research and experience with managing salinity by Valmont Irrigation shows great promise in solving this problem. Valmont has
studied this problem in the southwestern United States, where salinization has become a major concern.

The test area is characterized by hot, dry conditions. Water comes from a saline river source. The flat field had been watered with
surface irrigation and was converted to linear irrigation. This equipment was used to apply light, frequent waterings. Saline burn
to the crop was avoided, water requirements were met, and yield performance was very promising. Four crops were to be planted
in the field over a three-year period, increasing the number of harvested crops.

Salinity is a major challenge for irrigated agriculture. It can damage the land, reduce yields and interfere in the growth of food
production. Mechanized irrigation can help solve these problems.

Reduced runoff from irrigation can also help protect the productive capacity of soils. Water soaks into the soil rather than running
off the field, preventing soil erosion. With less tillage needed under center pivots, less soil will blow away in the wind. Healthy soils
are critical to farmland productivity. Mechanized irrigation helps protect them.

There are many ways that mechanized irrigation can contribute to enhanced environmental quality — using less water, reducing
runoff and potential chemical contamination, and solving soil salinization problems.

Below: Salt build-up in surface irrigated onions at salinity test site. Most irrigation techniques cause salts to build up in soils.
Center pivots can both remediate and prevent soils salinization.
Above right: Corn is one of the crops most commonly irrigated by center pivots because of its responsiveness to irrigation.




ABOUT VALMONT

Irrigation Leader__ Valmont Industries, Inc., is the world's largest manufacturer and distributor of mechanized irrigation
systems, having created the industry in 1954. Valmont's Valley brand equipment, and the international Valley dealer organization
are today known the world over as the most trusted and innovative source of irrigation equipment and service.

Valmont has established valuable relationships with other world-class companies involved in agriculture and public infrastructure.
The company has gained vast knowledge from its associations with farm equipment companies, seed, chemical and biotechnology
manufacturers, hydrology consulting organizations, public works advisory firms, and the agricultural research community.

Valmont has equipment operating in virtually every part of the world. Valmont's experiences and partnerships form a unique base
of knowledge that the company puts to work for its customers.

Ultimately, Valmont is the most successful company in mechanized irrigation because it has the greatest commitment to the
success of its customers—supplying reliable, long-lasting products, the most advanced research and innovation, and outstanding
field support and services.

International Sales__ Valmont began developing overseas markets in the early 1970s. By 1979, Valmont began to capitalize on
these opportunities as governments sought to modernize less efficient irrigation systems and develop arid regions. Over time,
Valley products were widely accepted and praised by growers in Europe, the Middle East, Africa, Australia, the People's Republic
of China, and Latin America.

Other Businesses__ Over the years, Valmont's success fostered the growth of additional business lines. Pipe and tubing were
added out of necessity. As the company's pipe markets grew, the product was extended into lighting poles.

Today, Valmont's Poles Division is the world's leader in supplying engineered metal structures, including: communication towers
and components for the cellular phone industry; lighting and traffic signal structures for public and private markets; utility poles
for energy transmission, and electrical sub-station structures. Valmont also makes tubular steel products, fasteners, and other
small items. Valmont's Coatings division is the largest galvanizer in the United States.




APPENDIX

Figure 1:

IRRIGATED AREA, BY REGION, 1961 TO 2000 THOUSAND HECTARES

@)

REGION 1961 1965 1970 1975 1980 1985 1990 1995 2000
World 138,989 | 149,976 167,803 | 188,225 209,716 | 225,138 244,306 | 261,380 | 271,689
Africa 7,410 7,795 8,483 9,010 9,491 10,331 11,235 12,380 | 12,680
Asia 90,166 97,093 109,666 | 121,565 132,377 | 141,922 155,009 180,461 | 190,083
Europe 8,324 9,225 10,355 12,296 13,979 15,479 16,744 25,208 | 24,508
North & Central America 17,949 19,525 20,938 22,831 27,593 27,464 28,905 30,657 | 31,406
Oceania 1,079 1,368 1,588 1,620 1,684 1,957 2,113 2,688 2,674
South America 4,661 5,070 5,673 6,403 7,392 8,296 9,499 9,986 | 10,338
USSR 9,400 9,900 11,100 14,500 17,200 19,689 20,800 (1) (1)
Total 138,989 149,976 167,803 188,225 209,716 225,138 244,305 261,380 | 271,689
Notes:

1. After 1990, all irrigated area in the former USSR is splitamong Europe and Asia.

2. Data from 1961 to 1995 are fromThe World's Water 2002-2003.
3.The Data for 2000 is from UN FAO, Web site at www.fao.org.
Reference: Peter Gleick, The World's Water 2002-2003
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TOTAL IRRIGATED HECTARES IN THE USA
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Figure 3: HECTARES (millions)
62.1% 55.0% 46.9% 45.0%
5 1979 | 1994 | 1999 | 2000
Low Flow 0.2 1.0 1.2 1.3
1979 1994 1999 2000 High Pressure Sprinkler 4.0 3.8 43 42
Center Pivot/Linear i 59 8.1 85
Flood High Pressure Sprinkler Flood 126 181 120 1.5
Center Pivot/Linear [ Low Flow
Total Hectares 20.3 23.8 25.6 25.5

.

1979 data: USDA statistics
1994 - 2000 data: /rrigation Journal Survey




Figure 4:
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LABOR COST PERYEAR/PER HECTARE
Asthe size of the irrigated field increases, the labor cost using flood irrigation also
dramatically increases. The labor cost of center pivot systems, on the other hand,
increases only slightly with field size, since one person can run multiple pivots,
covering thousands of hectares.
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The data in Figure 4 is based on a University of Nebraska study, "Comparison of
Irrigation Distribution Systems.”

Figure 5:

Total Water Usage 1Year h
Flood 449.7 million liters

Pivots 204.5 million liters

Savings 245.2 million liters

By irrigating with a center pivot, over a 20 year period your water savings
can amount to 4.9 billion liters.
FLOOD
4,164 liters x 60 minutes x 1800 Hours (75 Days) = 449.7 million liters
minute hour
CENTER PIVOT
2,840 liters x 60 minutes x 1200 Hours (50 Days) = 204.5 million liters
minute hour
These estimates take into account the typical practices of flood irrigating for 75 days
per season, while only 60 days of irrigation per season are typical with center pivots.

Data in Figure 5 is based on findings from a study conducted by Servi-Tech
Incorporated, the largest crop consulting organization in the United States.



Figure 6:
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CHEMICAL APPLICATION COSTS (Based on53.5 hectares and 12 applications)
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Aerial Ground Rig Pivot
APPLICATION METHODS
Using aerial or ground rig methods to apply chemicals can be extremely
expensive. With a center pivot, you can apply chemicals directly through
the pivot and save a substantial amount of money.
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Figure 7:

/Pumping Costs Electricity Diesel Fuel )
Flood $ 13,659.55 $ 13,670.57
Pivots $ 6,405.00 $ 6,363.28
Savings $ 7,254.55 $ 1,207.29

(Totals calculated over a one year period)

When using a center pivot, over a 20 year period, you can save over $144,000
in both electricity and diesel fuel costs.

ELECTRICITY COST - FLOOD
(1,800 hours/year) x (95.4 kilowatts*) x ($.26/liter) = $ 13,659.55
88 kilowatts

ELECTRICITY COST - PIVOT
(1.200 hours/year) x (67.1 kilowatts**) x ($.07/kilowatts-HR) = $ 6,405.00
88 kilowatts

DIESEL FUEL COST - FLOOD
(1,800 hours/year) x (95.4 kilowatts) x ($.26/liter) = $ 13,670.57
3.29 kilowatts-HR/liter

DIESEL FUEL COST - PIVOT
(1,200 hours/year) x (67.1 kilowatts) x ($.26/liter) = $ 6,363.28
3.29 kilowatts-HR/liter

*95.4 kilowatts based on 69.4 liters/second, 91.4 meters of lift,
1.38 bars discharge pressure, and 75% pump efficiency.

**67.1 kilowatts based on 47.3 liters/second, 91.4 meters of Iift,
1.72 bars discharge pressure, and 75% pump efficiency.

- /

Pumping cost and chemigation cost analysis are based on findings from a
study conducted by Servi-Tech Incorporated, the largest crop consulting
organization in the United States.







CROP VERSATILITY OF PIVOTS

Any plant that grows under rain can grow under a pivot, as long as the crop height does not exceed 5 m.

Abaca (Manila Hemp)
Agave Fibres
Almonds

Anise, Badian, Fennel
Apples

Apricots

Areca Nuts (Betel)
Artichokes
Asparagus

Avocados

Bambara Beans
Barley

Beans, Dry

Beans, Green

Berries

Blueberries

Broad Beans, Dry
Broad Beans, Green
Buckwheat
Cabbages

Canary Seed
Cantaloupes and other Melons
Carobs

Carrots

Cashewapple
Cassava

Castor Beans
Cauliflower

Cereals

Cherries

Chick-Peas

Chicory Roots

Chilies and Peppers, Green
Citrus Fruit

Cloves, Whole and Stems
Coarse Grain

Coffee, Green

Coir

Cow Peas, Dry
Cranberries
Cucumbers and Gherkins
Currants

Eggplants

Fibre Crops

Figs

Flax Fibre and Tow
Flowers

Fonio

Fruit, Fresh
FruitTropical, Fresh

Garlic

Ginger

Gooseberries
Grapefruit and Pomelo
Green Corn (Maize)
Groundnuts in Shell
Hazelnuts (Filberts)
Hemp Fibre and Tow
Hempseed

Hops

Jute

Jute-Like fibres

Kapok Fibre
Kapokseed in Shell
Karite Nuts (Sheanuts)
Kolanuts

Lemons and Limes
Lentils

Lettuce

Linseed

Lupins

Maize

Mate

Melonseed

Millet

Mixed Grain

Mustard Seed
Nutmeg, Mace, Cardamons
Nuts

Oats

Oilseeds

Okra

Olives

Onions and Shallots, Green
Onions, Dry

Oranges

Peaches and Nectarines
Pears

Peas, Dry

Peas, Green
Peppermint
Pepper,White/Long/Black
Persimmons

Pigeon Peas

Pimento, Allspice
Pineapples

Plantains

Plums

Pop Corn

Poppy Seed

Potatoes

Pulses

Pumpkins, Squash, Gourds

Pyrethrum, Dried Flowers

Quinces

Quinoa

Ramie

Rapeseed

Raspberries

Rice, Paddy

Roots and Tubers

Rye

Safflower Seed

Seed Cotton

Sesame Seed

Sisal

Sorghum

Sour Cherries

Soybeans

Spices

Spinach

Stone Fruit, Fresh

String Beans

Sugar Beets

Sugar Cane

Sugar Crops

Sunflower Seed

Sweet Potatoes

Tangerine, Manderin,
Clementine, Satsma

Taro (CocoYam)

Tea

Tobacco Leaves

Tomatoes

Vegetables Fresh

Vetches

Watermelons

Wheat

Yams

Yautia (CocoYam)

Above Right: Barley, Coffee, Apples, Pineapple, Raspberries,
Pumpkins, Green Pepper, Lemons, Carrots, Corn, Wheat,
Cauliflower, Daffodils, Rice, Oranges, Onion, Tomatoes,

Sunflowers, Garlic, Watermelon
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