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An aerial view of interspersed dryland cereal crorping and
rangeland in the central region of the U.S. State of Oregon.
Fallow land, cropped fields with stubble rows, and chaff
piles are visible. The circular mounds in the interspersed,
uncultivated rangelands are geologic formations.

Photo taken by Thomas Nordblom, agricultural economist,
Oregon State University.
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PREFACE

The Program

Oregon State University and the state's agricultural experi-
ment station have devoted major effort over many years to develop-
ing technology and practices to improve dryland agricultural produc-
tion. A primary thrust has been conservation and beneficial utili-
zation of available moisture. Numerous disciplines have partici-
pated in the ongoing effort. As a result, a significant body of in-
formation and experience has accumulated concerning dryland agricul-
tural production dependent on winter precipitation.

0SU staff members participated in internetional programs in
Turkey and Jordan aimed at increasing cereal production and expand-
ing cereal production research and extension. These programs, plus
the interest and experience of OSU in dryland agricultural develop-
ment, led to discussions with the U.S. Agency for Internmational
Development (AID) and, ultimately, resulted in AID awarding a five-
year 211(d) grant to OSU to marshall and expand its expertise and to
develop a center of excellence in dryland agriculture that could be
harnessed for application to developing countries. The grant, en-
titled Moisture Corservation and Utilization in Low Winter Rainfall
Areas of LDCs, was launched in mid-1975.

A Technical Commi’tee (Techcom) was selectea from OSU staff
members of the crop science, range, soils, agricultural engineering,
and agricultural and resource economics departments, plus a repre-
sentative from the usU library. The Techcom became the nucleus and
operating arm of the grant. Meetings were held weekly tc assess
progress and determine direction. The Techcom also undertook study
trips to the Middle Ecst, North Africa, and Australia.

The SOTA

One of the Techcom's fundamental responsibilities involved dis-
tilling available information and knowledge into a single document
that would attempt to portray the status of the technical arts
(SOTA), knowledge from the scientific community focused on conser-
vation and utilization of moisture in the production of crops and
livestock. The SOTA refers to conditions in semi-arid regions
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receiving moisture, sometimes as snow, during winter months of the
year.

Dryland agriculture, as it's practiced around the world, ranges
from basic and casual to sophisticated and tightly managed. But,
overall, weather and .oisture availability intrude as the overriding
constraints. Identifying the levels of technology and relating them
to the social, economic, institutional, and political forces at work
ranks as a task no single dccument can accomplish in totality.

The material that follows, however, touches on numerous aspects
of the drylands--the problems, the limiting factors, the opportuni-
ties and potentials. Perhaps the single most significant complexity,
and one the Techcom believes has encouraging potential, lies in the
inter-relationship of interfaced livestock and drylard agriculture.

The SOTA addresses this important facet after presenting chap-
ters devoted to the various elements--physical, social, economic--
that bear upon dryland agriculture. Each chapter strives to con-
struct an overview based on contemporary knowledge. A list of ref-
erences plus a list of additional information sources accompanies
£ach chapter, thereby providing rich opportunity for additional
reading.

An overall summary precedes the subject matter chapters.



SUMMARY

Drylands are more than exclusively cereal producing regions.
Farmers grow both cereals and forage for livestock with the mix de-
pendent upon relative prices and values of cereals and livestock, as
well as cost and availability of production inputs. Relatively abun-
dant and cheap labor may tilt the balance in favor of livestock pro-

duction.

Viewed in another way, technologies and crop rotations which
assign importance to forage and livestock production may stand a
better chance of succeeding because they will employ more of the
available resources than alternatives which concentrate on cereal
production to the exclusion of livestock. Furthermore, combined
operations can be expected to benefit smaller farms where labor

tends to be most abundant.

Little evidence exists for the profitability of new, mocno-crop
cereal production packages, and the information that is available
presents mixed results, especially when weather-related variability
is taken into account. Furthermore, none of the studies reviewed in
researching the SOTA takes account of all impacts of cereal produc-

tion practices on feed for livestock. In other words, returns were
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not reduced to reflect any loss in forage availability. Such calcu-
lacions could only serve to reduce the expected viability of the

packages.

It is suggested that future work in developing dryland farming
efforts concentrate on strategies which provide an explicit role for
inter-related forage and livestock production and on strategies de-
signed to mitigate weather-related risk. The two needs may be

highly compatible.
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. INTRODUCTION

The world's arable crop land comprises an estimated 1.4 billion
hectares. Only about 10 percent is irrigatec; the remainder depends
on annual rainfall., Nearly 0.6 billion rainfed hectares are con-
sidered semi-arid to arid, i.e., receive less than 500 mm of annual
precipitation. However, these low rainfall zones produce a major
portion of the world's cereal crops. Approximetely 450 million
people inhabit low rainfall areas of developing countries, a popula-
tion expected to increase to 550 million by 1980.

These same lands also constitute an important resource for im-
proving agricultural production internationally through improved
conservation and utilization of available moisture.

Emphasis on increasing dryland production (and concurrently re-
ducing degrzdation--overgrazing and erosion) has become evident re-
cently in many developing regions. Few successes of major yield in-
creases arc available. Turkey stands as an exception. With the
bulk of its cereal production occuring under dryland conditions, the
Turkish government has been pursuing dryland improvement programs
for over a decade. Turkey has ceased to be a net importer of grain
and presently has large potentially exportable surpluses.

Programs to improve dryland production, to be successful, re-
quire trained, competent nationals. Relatively few individuals from
developing regions have been exposed to training in dryland crop or
livestock production techniques. Without a strong cadre of local
personnel to conduct research and extension activities, there is
little chance of a sustained increase in dryland crop production.

Production technologies, as well as training, need to be
adapted to local conditions. For dryland crop production, the "pack-
age of practices" has enjoyed some success, particularly in Turkey.
A package combines tillage for moisture conservation and seedbed
Preparation, attention to planting adapted varieties at optimum rates
and dates, carefully timing and applying fertilizers in relation to
moisture supplies, practicing timely weed controi in both fallow and
Crop seasons, and harvesting in an appropriate manner. Timing and
sequence are critical; failure to perform elements on time and in
order can nullify tne advantage of the other elements. Introducing
an improved variety without concurrent weed control, or fertilizer,
or improved seedbed can produce yields only equal to--or worse than—-
local varieties. Applying fertilizer and leaving weeds uncontrolled
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may cause an upsurge in weed growth and a severely diminished crop
yield.

Economically and agronomically effective producticn packages re-
quire extensive appli=d field research conducted over relatively long
time periods. Site specificity in tuning the package to local condi-
tions is necessary. The basic climate and soils data needed to de-
sign a program often ar: not available in developing regions. or, if
the information can be obtained, perscnnel with capability to inter-
pret and apply it canr»t be found.

The development cf a complete production package for the dry-
lands in developing countries does not appear feasible for the imme-
diate future. Numerous resources (seed, fertilizer, herbicides,
equipmen®, etc.) are either unavailable, beyond economic range, or
too risky for most (small) operators. But certain elements do have
immediate applicability in many instances. The key to increases in
dryland crop yields involves sorting out those practices which gener-
ate the greatest benefits and which best fit local traditional sys-
tems. As new resources become available and as additional field re-
search is conducted, the other elements of the production package can
be investigated for applicability.

Farms in the world's dryland zones generally produce both cere-
als and livestock. Extensive research and development has focused on
increasing the cereal production on these farms. Tar less is known
about the roles of livestock and forage in the total farm organiza-
tion as well as the potential presented by expanded aress of compli-
mentarity between cereal and livestock.

Rangeland-animal systems in developing dryland areas, in order
to improve, also face many interwoven, complex problems:

~Heterogeneous climates and soils;

-Dete.~iorated rangelands condition with deterioration increasing
at an accelerated rate;

-Emphasis on sheep production (primarily fat-tailed breeds) with
minimal attention to cattle and goat production;

-Transportation problems for marketing animals produced;

~-Few Facilities or equipment for haying or storing forage;

~Essentially no facilities for stored or frozen meats;

~Emphasis on number of animals, with little regard for quality,
of the animals owned;

~Poorly defined property righis both for land and arimals.

The underlying physical and economic relationship between cereal
and livestocik enterprises needs to be investigated and clarified for
several reasons. Tmproved livestock production has significant poten-
tial for utilizing seasonally underemployed labor in cereal produc-
tion zones. Therein lies an opportunity for increasing incomes of
small farms which tend to have relatively more available labor than
land. Ineidental forage penduction (as crop residue and weeds) on
these farms also constitutes an important feed source for range live-
stock during periods of reduced vrange forage availability. The eco-
nomic trade-offs between forage-livestock production and cereal pro-
duction are important since certain techniques often advocated for
increasing cereal production-such as clean fallowing--reduce supplies
of forage for grazing.

16



Il. SEMI-ARID CLIM

\ F] .

ATES AND DRJLAND AGRICULTURE

A, Defining Semi-aridity

A 1974 symposium, "Frontiers of the Semi~Aricd World: An Inter-
national Symposium," had, among its announced goals, defining semi-
aridity (Conselman, 1977). The goal was not realized as each invited
specialist established his own criteria to discuss semi-aridity.

F.B. Conselman, symposium proceedings editor. in an attempt to
summarize, ventured his own definition: "As a starter, semi-aridity
might be deemed to include the band between 50 and 100 inches (1250
and 2500 mm) net annual evaporation rate, these figures to be ad-
justed empirically on the basis of existing 'understanding'.” Net
evaporation includes the effects of precipitation, wind, radiation,
temperature, humidity, and seasons.

The definition, however, lacks simplicity. The following
thorgh less rigorous definition will be used in this text. Arid
area., will be defined as commonly having 100-250 mm annual precipi-
tation, though rainfall may be higher when it occurs predominantly
during the summer months. Semi-arid areas normally receive between
250-500 mm of moisture with the larger amount charac*teristic of a
summer or hot months rainfall regime.

Uncertainty of agricultural production generally increases as
moisture declines, and may be the greatest impediment to farming in
semi-arid environments. A 1931 to 1976 study of the effects of rain-
fall variability and crop yield in central Washington, a dryland re-
gion of the U.S., revealed that the standard deviation of yield was
692 kg/ha with an average of 1593 kg/ha. The study considered only
a wheat-fallow rotation which tends to reduce variability. The vari-
ability of annual cropping would have been much higher.

As a mechanism for reducing economic risk, farmers in semi-arid
enviromments often produce both cereals and livestock, particularly
where adjacent or' nearby nontillable land is available for pasture.
Areas of complementarity exist, especially in the utilization of
labor but competition also exists for land and capital inputs.
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B. Semi-arid Regions*

Regions considered semi-arid usually lie between regions of arid
and humid climates. Those on a continent's wes* coast generally have
dry summers and cool, moist winters. Areas to the east experience
higher temperatures with rainfall that increasingly occurs during the
growing season or the summer months.

Winter rainfall zones, the primary focus of the status of the
technical arts, can be classified into 1) Mediterranean-type clima‘*es
and 2)interior dry climgtes. gediterranean climates generally -»ccur
between latitudes of 30" to 40~ and on a continent's west far-. In
summer, when winds and high pressure belts moye northward, dry re-
gions extend to higher latitudes, or up to 407; dry summers charac-
terize the Mediterranear climate. As the sun moves south in the win-
ter, the region receives occasional precipitation.

The Mediterranean types of climates, in addition to bordering
the Mediterranean Sea, are found in southern, central coastal, and
interior sectors of California, in central Chile, along scuthwest
Africa's coastal plain, and in some areas of Australia. The climate
generally produces mild winters and hot-~though not excessively hot--
summers. Rainfall is usually moderate, but occasionally occurs in
short, high volume bursts. Frosts are rarec.

Interior lands east of the Mediterranean zone, but west of the
summer rainfall regions, experience cold winters and have essential-
ly winter precipitation. Rainfall efficiency tends to be low; these
areas have intense sunshine with strong winds. Summer temperatures
may be very high with high surface wind velocities. Distance from
an ocean (and its associated influences) and presence of mountain
barriers are factors that establish the existence of semi-arid areas.
The world's major semi-arid zones with cold, rainy winters occur in
norihern Africa, the middle latitude dry climates of Eurasia includ-
ing Iraq, Syria, most of Asiatic Turkey, and the Tranian Plateau, as
well as northwestern North Amcrica (Figures 2, 3, and 4).

The North American semi-arid winter precipitation zone extends
westward from the Rocky Mountains. The semi-arid Pacific valleys of
North America receive rainfall during the winter months, but vary
from more humid areas in the north to extremely arid areas in the
south. Baja California, midway between northern and southern ex-
tremes of the region, has the lowest rainfall.

The inter-mountain area east. of the Sierra Nevada-Cascade moun-
tain ranges exhibits warm summer temperatures and cold winters. The
region roughly divides into two areas: the northern cool desert,
often called the sagebrush zones: and the southern warm desert, or
creosote-brush zone. Precipitation patterns in the southern part
are biannual having two distinct peaks, one occurring during winter
and one during the warm season. Winter rainfall is more pronounced
in the north.

The sagebrush, or northern zone, has two major subdivisions:

*Material in the following two sections largely has been summarized
from Crop Production in Dry Regions by I. Arnon.
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the Colombia Basin in the north and the Great Basin in the center.
The former, a medium altitude dry plateau, stands as one of North
America's major winter wheat regions. The Great Basin is typical
high altitude range country with extensive grazing and extremely
sparse settlement, except where ample water is available for irri-
gation.

South America's arid zone (Figure 5) forms a long narrow strip
along the western coast between the sea and the Andes mountain range.
The region east of the Andes is semi-arid; it extends inland and in-
cludes the Argentinian Great Pampas. Most precipitation in South
Arerica falls during the summer months and often occurs in a torren-
tial manner which can create the appearance of a tropical climate in
a very short time span.

Australia (Figure 6) is almost exclusively an arid and semi-
arid continent excepting portions in the northeast and small por-
tions in the south. Central Australia has hot desert climates with
mild to hot winters. However, sub-tropical belts and semi-arid
areas surround the desert. In most dry areas rainfall volume nor-
mally decreases in relation to distance inland. Rain occurs in the
north mainly during the summer; for the south, winter precipitation
predominates.

C. Arid Agriculture

In the semi-arid areas of the Near East and North Africa, tra-
ditional agriculture is based dominantly on the production of win-
ter cereals, with wheat grown in the higher rainfall zones and on
deeper soils possessing greater moisture storage capacity. Barley
is grown in areas with less rainfall and on shallower soils limited
by storage of subsoil moisture from the summer fallow period. Win-
ter cereals are sown generally on poorly maintained, or "weedy,"
fallow. As rainfall decreases, the fallow period is increased with
some areas producing a crop once out of three years. In some areas,
the land might lay fallow for an undetermined number of years until
favorable rainfall conditions occur that provide enough stored soil
moisture to produce a cereal crop. Weeds are a major problem with
this system of cropping and the weed cover restores itself quickly
after harvest.

In the past, those soils with better crop production potential,
from a combination of higher rairfzll and greater soil moisture
storage, have been cultivated. In recent years, many marginal areas
have been used for cereal production. Cultivation has been extended
up the slope to steeper areas with shallower soils producing accel-
erated soil erosion with more frequent crop failures.

Forage legumes, primarily vetch, subterranean clover, medicago
species, and edible legumes, such as chick peas and faba beans, are
produced under dryland conditions throughout developing areas.
These nitrogen-fixing legumes make a contribution towards improving
soil fertility, as well as supplying forage for livestock and a
better protein component in human diets.

Two critical factors for determing the boundaries between
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dryland production and arid grazin;, are the amount and reliability
of annual rainfall. A mean annual rainfall of 240 mm, with a vari-
ability of 33 percent, was found to be virtually the minimal re-
quirement for regular dryland farming. However, where variability
was greater, so was the amount of rainfall required.

Dryland cropping in Australia can be found in semi-arid re-
gions with 250 to 500 mm rainfall. Extensive land areas originally
had to be cleared of trees and shrubs. Average crop yields cn
cleared land declined over time as the soil nutrients--initially
low--were reduced further. In the South Australian winter rainfall
area, yields averaged only 255 kg/ha; crop failures were quite fre-
quent. As yields decreased, continuous cropping tc wheat was re-
placed by summer fallow systems which allowed for scme storage of
soil moisture, and provided a period when soil humus could decompose
to improve the supply of nitrogen, phosphorus, and sulfur for the
procaction of the following crop. The summer fallow system of farm-
ing resulted in accelerated erosion and a decrease in already low
levels of nitrogen, phosphorus, and sulfur present in +he soil; the
number of crop failures increased.

The problem of deterloratlng soil productivity was eventually
solved through a system of ley® wheat rotation farming. This system
included the introduction of n1trogen—f1x1ng legumes fertilized with
phosphorus and sulfur to gain maximum production of the legume and
to contribute nitrogen to the cereal crop that followed. Two major
rotation systems were developed. One employ medics while the other
relies on subterranean clover. The annual medics have been domi-
nantly used in the areas where the soil pH was neutral or higher,
which frequently coincides with areas of some summer rainfall. The
hard seeds of the anaual medics can be managed for regeneration of
the legume in a two-year, wheat-legume rotation. In other areas
where the soils were moderately acid, subterranean clover was the
dominant legume species introduced. A three to four year production
of subterranean clover was followed by two to three years of a cere-
al crop before the subterranean clover was reseeded.

In both systems, the legumes provide pasture and hay for sheep
and improve the nitrogen supply for the cereal crops. Approx1mate1y
one-third of the current total sheep production of Australia is
maintained on wheat farms that make use of wheat- ~-legume rotation
cropping systems.

D. Soil Moisture Conservation

1. Various approaches

Availability of moisture controls crop production in semi-arid
regions. logic argues that moisture needs to be conserved to in-
crease its usefulness and availability to crop plants.

Over the years, agrlcultural researchers have developed numer-
ous theories and practices for moisture conservation--and discarded
most of them. During the early 1900's, a U.S. researcher, Hardy W.

*ley: arable land used temporarily for hay or pasture.
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Campbell, proposed that the top layer of soil be worked to form a
dust mulch (in the fallow system) to break capillary connections and
prevent loss of moisture from the soil surface (Hargreaves, 1948).
The basis was a belief that water rose from moist subsoil to the
soil surface by capillary movement. Investigators found that capil-
lary movement of water upwards, except as carried by plant roots,
was practically nonexistent in dryland areas where no shallow water
table existed. The fallacy of dust mulching was proved before 1915
(Chilcote, 1912). The Dust Bowl drought that occurred during the
1930's in the Great Plains of the United States was testament to the
devastation of blowing soil. The finely pulverized surface of a
dust mulch was not only prone to wind erosion, it increased water
run-off (Lockeretz, 1978).

Another concept held that extremely deep plowing or subsoiling
would permit more water to enter, and be retained by, the soil as
well as increase the zone where crop roots could develop freely.
Deep plowing and subsoiling practices were discarded because of high
costs and failure tc cors.rve additicral moisture. The loose, open
soil increased water loss by evaporation. Cultivation depth was
found to have little effect on root development. Crop roots ex-
tended well below the disturbed area, but occupied only the moist
soil area. Crop growth was sufficient to exhaust the available
water in most seasons.

2. Sumer fallow

A common practice has evolved that tends to balance cost and
effectiveness of retaining moisture. Stubble from a previous Ccrop
remains on the land through winter, retaining snow and checking run-
off and erosion. Spring plowing follows to control weeds that usurp
valuable water. This operation ordinarily occurs in early spring to
avoid prolonged weed growth or moisture loss from plowing in hoc
weather. Thereafter, cultivation keeps the land weed-free during
the summer. The land rests during the normal growing season; it is
in fallow. Fallowing in the U.S. Pacific Northwest has the primary
function of conserving soil moisture during the summer and providing
a period of time for nitrogen to be released from soil organic
matter,

Fallow is only effective in conserving soil moisture when the
weed and volunteer growth is carefully controlled. Ordinarily, all
moisture in the upper 20 cm of soil will be lost during fallow. A
series of small rainstorms normally does not provide additional
stored moisture under the fallow system unless moisture penetrates
beyond the upper 20 cm. Most of the precipitation from a large num~
ber of light rainfalls is lost. However, even with the best prac-
tices, fallow is not absolutely efficienr in storing moisture. In
the North American Great Plains, the averape amount of moisture con-
served may not exceed 20 percent, while in the Pacific Northwest the
figure has been estimated as high as 25 percent. In areas with 350-
400 mm or more of rain, the release of nutrients during the fallow
period may contribute as much to the increased yield of the immediate
succeeding crop as the conservation of water.

Though the fallow system may lack efficiency, the additional
small amount of moisture it stores in the soil has significant impact
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on succeeding crops. A two-fold increase is not requi.ed to make
the system economically acceptable since costs are substantially re-
duced. Cost reduction stems from a single harvest, planting, and
period of plant care and fertilization. Generally, in a winter
rainfall area receiving over 400 mm of rain, the fallow-cereal sys-
tem 1s not recommended. Instead, a system of wheat/legume rotation
may provide more satisfactory results.

In areas where rainfall is adequate to insure a crop each year
with limited risk of crop failure, annual cropping may provide
higher total production with marked reduction in soil erosion and
better long term maintenance of soil productivity. Adequate use of
nitrogen fertilizers, combined with adequate phosphorus and sulfur,
become an essential part of any annual cropping systems developed.
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lll. THE CHALLENGE FOR RAINFED AGRICULTURE IN NORTH AFRICA AND
THE MIDDLE EAST

Some countries rely heavily on semi-arid winter rainfall zones
for their grain and meat supplies. This is particularly true of de-
veloping countries in North Africa and the Middle East. 1In these
nations grain production has barely been keeping pace with increased
demand due to growth in population and income. Meat production, in
contrast, has lagged far behind demand growth. To close the meat
supply gap while continuing to provide cheap cereals for growing
populations represents a serious challenge to agriculture in the
rainfed zones.

A. Populatic~, Income, and Growing Demand for Cereals and Meat

pryland cereal and livestock production will play an important
role in feeding the rapidly growing populations of North African and
Middle Eastern countries. Table 1 presents population statistics
for eight countries, selected because of heavy dependence on dryland
farming. On the average, population in these countries grew 2.9 per-
cent annually, from 1962 to 1976, compared to a worldwide growth
rate of 1.9 percent. Table 2 illustrates that per capita gross do-
mestic product--a measure of income--averaged 4.1 percent increase
yearly for these same nations during the last half the sixties.
Taken together, population and income growth determine the expected
rate of increased demand for food, including cereal and livestock.

Assuming an income elasticity of 0.2 in the demand for cereals,
and an elasticity of 1.3 for meat# cereal demand would have grown at
an estimated 3.7 percent annually in the later sixties and early
seventies, compared to 8.2 percent growth in demand for meat. To
avoid pressure for increased prices, or imports, production would
have had to maintain these same growth rates.

* These are the estimated elasticities for Africa (excluding S.
Africa) and the Near East, cited by John Mellor, The Economics of
Agricultural Development, Ithaca, New York: Cornell U. Press,
1966. Mellor extracted his estimates from UN Food and Agriculture
Organization, Agricultural Commodities--Projections for 1970, FAO
Commodity Review Supplement, Rome, 1960.
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Table 1 - POPULATION

Population Statistics for eight selected countries with extensive dependence
on winter rainfall agriculture.

Percent annual rate Percent of popu-

Population of population growth lation in agri-
1962 1976 (1962-1976) culture in 1976
(millions)
Algeria 11.2 17.3 3.1 54
Morocco 12.4 18.0 2.8 53
Tunisia 4.0 5.9 2.9 44
Iran 22.7 34.0 2.9 42
Jordan 1.8 2.8 3.2 29
Lebanon 2.2 3.0 2.4 14
Syria 4.8 7.5 3.2 49
Turkey 28.9 40.9 2.5 60
All 8 countries 85.9 129.4 2.9 50
World 3099.6 4043.3 1.9 47

Source: FAO Production Yearbook, v. 30, (1976).

Table 2 - INCOMES: GROSS DOMESTIC PRODUCT PER CAPITA

Per capita gross damestic product for eight selected countries, given in
1970 constant market prices, U.S. Dollars

Average Annual

Country 1965 1970 Rate of Change
(Percent)
Algeria $260 $287 2.0
Morocoo 211 233 2.0
Tunisia 235 239 0.3
Iran 282 385 6.4
Jordan 291 305 0.9
Lebanon 536 594 2.1
Syria 194 238 4.2
Turkey 359 447 4.5
All 8 Countries 294 359 4.1

Source: Arid Lands Agricultural Development Program, Selected Agricultural
Statistics in Ranked Order for Countries of the Near East Region, Ford
Foundation, Beirut, 1975 (mimeo).

B. Cereal and Livestock Production

Cereal production experienced a very uneven pattern among the
eight countries represented in Table 3. Jordan and Lebanon endured
net declines in cereal production between 1961-65 and 1974-75% with

* . o e
Averages over several years were used for comparison, to eliminate
the effects of annual weather fluctuations.
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Table 3 - MID-EAST CEREAL PRODUCTION

wheat and barley production in eight selected countries

Average Annual Area Cropped (1,000 Ha,)

vheat Average Barley Average
Annual Rate Annual Rate
Country 1961-65 1974~-76 of Change 1961-565 1974~-76 of Change
Algeria 1,971 2,133f -0.6 811 758+ -0.5
Morocco 1,578 1,840 1.3 1,627 1,991 1.7
Tunisia 1,002 1,108f 0.8 307 358* -2.3
Iran 3,580 5,333f 3.8 990 l,43lf 3.4
Jordan 249 1597+ -2.8 85 405 -4,1
Lebanon 68 57* -1.2 13 7 -3.6
Syria 1,396 1,606 1.2 740 960 2,3
Turkey 7,959 8,906 0.9 2,791 2,621 -0.5
All 8 countries 17,803 21,142 1.4 7,564 8,166 0.6

Average Annual Yields (kg/ha.)

Wheat Average Barley A
Annual Rate Annual Rate
1961--65 1974-76 of Change 1961-65 1974-76 of Change
Algeria 636 794 1.9 587 718 1.7
Morocco 847 1,015 1.5 808 1,134 3.1
Tunisia 494 798 4.7 286 624 9.1
Iran 802 1,012 2.0 800 873 -0.7
Jordan 721 673 ~0.5 735 501 ~2.5
Lebanon 939 1,101 1.3 968 1,007 0.3
Syria 782 1,034 2.47 877 615 2.3
Turkey 1,079 1,590 3.6 1,235 1,640 2.5
All 8 countries 892 1,222 2.8 913 1,155 2.0
Average Total Annual Production (1,000 metric tons)
wheat Average Barley Average
Annual Rate Annual Rate
1961-65 1974-76 of Change 1961-65 1974-76 of Charge

Algeria 1,254 1,713 2.8 476 558 1.3
Morocco 1,337 1,873 3.1 1,315 2,279 5.6
Tunisia 495 880 6.0 145 220 4.0
Iran 2,871 5,394 6.8 792 1,263 4.6
Jordan 180 120 -2.6 62 22 -5.0
Lebanon €4 62 -0.2 13 8 -3.0
Syria 1,093 1,657 . 4.0 656 T11 1.3
Turkey 8,588 14,137 4.9 3,447 4,310 1.9
All 8 countries 15,883 25,836 4.8 6,906 9,431 2.8

f = FAO estimate
* = unofficial figure

Source: Food and Agriculture Organization, Production Yearbook, v. 30, 1976.
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the heaviest declines occurring in barley; both area and yield de-
clired. Yield slumps could mean that cereal production was pushed
onto more marginal lands, whereas area declines resulted (in some
cases) when cereal lands were switched to irrigation or higher
valued crops. War and social unrest undoubtedly had a hand in
these trends. TFor the eight country group, however, cereal produc-
tion increased at an overall annual rate of 3.{ percent with wheat
outdistancing barley (Table 4). Yields rose much faster than crop
area. Comparing the 3.8 rate of growth in output to the 3.7 rate of
growth expected from changes in population and income, cereal pro-
duction can be seen to have barely kept pace.

Table 4 - MID-EAST GROWTH

Average annual percentage rates of growth in population and income and 12/
demand and production of cereals and meats, for eight selected countries=

Average Annual Percentage Rates of Growth in:

Cereal Meat Cereal Meat
Country Population Incomes Demand Demand Production Production
Algeria 3.1 2.0 3. R.7 2.5 3.8
Morocco 2.8 2.0 3.2 5.4 3.8 2.8
Tunisia 2.9 0.3 3.0 3.3 4.9 7.7
Iran 2.9 6.4 4.2 11.2 6.2 6.8
Jordan 3.2 0.9 3.4 4.4 -3.3 0.5
Lebanon 2.4 2.1 2.8 5.1 -1.5 -0.8
Syria 3.2 4.2 4.0 8.7 2.9 3.8
Turkey 2.5 4.5 3.4 8.4 3.4 3.6
All 8 Countries 2.9 4.1 3.7 8.2 3.8 2.7

E/Population figures are taken from Table 1 and cover the period 1962-1973.
Income growth rates are from Table 2 and are based on averages for 1965 to
1970. Meat and cereal production growth rates are based on average changes
between average annual production in 1961-65 and 1974-76, as shown in Table 3
Demand growth rates are calculated on the assumption of a 0.2 income elastic-
ity of demand for cereals, and 1.3 for meats.

In contrast, the central dryland cereal production zones of the
U.S. state of Oregon during the 10 years of 1964-66/1974-76 regis-
tered an average annual 9.5 percent increase in wheat production.
However, the bulk of increase was due to release of acreage from
acreage reserves. While yield rose 2.8 percent annually (Table 5),
a rate of growth comparable to that for yields in North African and
Middle Eastern countries, the 1974-76 average Oregon yield amounted
to more than twice that of the eight developing Near East countries.

Livestock production performance for the same Near East develop-
ing countries is shown in Table 6. Again, substantial variation oc-
currs among countries. Overall, however, meat production from cattle
increased at an estimated rate of 3.1 percent per annum, while sheep
and goat meat output increased at a lower 2.7 percent. These rates
fall lower than the estimated 8.7 percent overall rate in growth of
demand for meat.

A comparison between the statistics on the average rate of meat
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Table 5 - OREGON WHEAT PRODUCTION

Average wheat production in six selected counties of Central Oregon

Production Yield

Hectares (metric tons) (kg/ha)

1964-66 223,701 454,150 2,030

1974-76 339,936 885, 756 2,605
avg. annual

rate of change 5.2% 9.5% 2.8%

Source: Compiled by Extension Economic Information Office, Oregon State
University.

of ftakes® for the eight selected dryland countries (Table 6), and
those for the U.S. and Australia (Table 7) requires caution. The
U.S. cattle herd is managed to efficiently produce beef under rela-
tively luxuriant conditions with extensive fecdlot finishing and a
majority of the cattle raised in the higher rainfall, temperate re-
gions. Similarly, sheep in the U.S. are managed for profitable meat
and wool production under conditions generally less harsh than in
the eight selected countries.

In contrast, sheep in Australia are managed chiefly for wool
production, and the meat offtake rate is low in comparison to the
eight selected countries. The meat offtake rate for Australian
cattle has been about half that for the U.S., but more than double
that experienced by seven of the eight selected countries. It
should be noted that recent offtake rates in lebanon, for cattle
meat, have been almost as high as those of Australia.

C. Trade in Cereal and Meat Products

There are several methods of balancing differences between pro-
duction and demand levels. Buffer stocks are, of course, one way
to meet differences associated with annual fluctuations in produc-
tion, but storage cannot solve problem= arising from sustained or
growing shortfalls. Prices can be increased or some form of ration-
ing or non-price allocation can be established. In most cases, how-
ever, countries rely on a combination of changed prices and trade to
bridge would-be gaps in the longer run balance of production and de-
mand. .

International trade in cereals and livestocks exerts a great
influence on the marketing of agricultural commodities and inputs
in the dryland areas. Table 8 reveals that this trade has expanded
substantially over the past decade or more. These data highlight
the dichotomy between livestock and cereals. Net imports of cereals
exploded between the early sixties and the early seventies, wlereas
meat trade (for the group of selected countries) shifted from an
even balance to a slight net export position. Add to the production
and demand data presented earlier--figures indicating that cereal
outputs and increases in demand from growth of population and income

*Of ftake: meac produced per head in indigenous herds.
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Table 6 ~ HERDS AND MEAT PRODUCTION

Herd sizes and meat production in eight selected countries

Average Herd Sizes (1000 Head)

Total Chttley Average Total Sheep & Goats Average
Anmmual Rate Amual Rate
Country 1961-65 1974-76 of Change 1961-65 1974-76 of Charge
(pexrcent)
Algeria 810 1,245t a.1 8,130 11,520 3.2
Moroco 2,793 3,473f 1.9 17,445 22,867 2.4
Tunisia 562 860f 4.1 3,738 4,255 1.1
Iran 5,499 6,583f -2.8 43,416 48,867 1.0
Jordan 61 39f -2.8 1,344 1,252 -0.5
Lebanon 100 84 =1.2 656 562 -1.1
Syria 456 547 1.5 4,703 6,517 3.0
Turkey 13,783 14,490 0.4 55,528 59,403 0.5
All 8 countries 24,127 27,321 1.0 134,960 155,243 1.2
Average Total lMeat Produced Annually From Indigenous Animals (1000 metric tons)
Catt.’h&a/ Average Sheep & Goats Average
Annual Rate Annual Rate
1961-65 1974-76 of Change 1961-65 1974-76 of Change
(percent)
Algeria 17 28t 5.0 37 54 3.5
Morocco 68 90f 2.5 55 'Mf 2.7
Tunisia 13 24f 6.5 22 37f 5.2
Iran 64 112f 5.8 150 209f 3.0
Jordan 1 1f 0.0 6 7f 1.3
Lebanon 2 4f 7.7 5 7f 3.1
Syria 13 12f -~0.6 41 57f 3.0
Turkey 180 230 2.1 297 380 2,1
All 8 countries 358 501 3.1 613 825 2.7

Average Annual Rate of Offtake - Meat Produced per Head in Indigenous Herd

(Kg/Head)P-/
Cattlei/ Average Sheep & Goaty Average
Annual Rate Annual Rate
1961~65 1974-76 of Change 1961-65 1974-76 of Change
(pexcent)
Algeria 21.0 22.5 0.5 4.6 4.7 0.2
Morocco 24.3 25.9 0.5 3.2 3.3 0.2
Tunisia 23.1 27.9 1.6 5.9 8.6 3.5
Iran 11.6 17.0 3.6 3.5 4,3 1.8
Jordan 16.4 25.6 4.3 4.5 5.9 2.4
Lebanon 20.0 43,7 9.1 7.6 12.5 5.0
Syria 28.5 21.9 -1.8 8.7 8.8 0.1
Turkey 13.1 15.9 1.6 5.3 6.4 1.6
All 8 countries 14.8 18.3 1.8 4.5 5.3 1.4

f = FRO estimate

* = unofficial figure

a/= in case of Turkey and Syria, figures include small numbers of buffaloes which are aggregated
with cattle

b/= computed from data given above

Source: Food and Agriculture Organization, Production Yearbook, v. 30, 1976.
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Taple 7 - U.S. AND AUSTRALIAN MEAT PRODUCTION

Average annual rate of offtake*

(kg/head)é/
Cattle Sheep
Ave. Annual Ave. Annual
rate of rate of
1961-65 1974-76 change 1961-65 1974~76 change

(percent) (percent)
U.S. 77.9 88.2 10.2 11..8 12.8 0.6
Australia 48.0 47.7 0 3.7 3.6 -0.2
E/Based on data from FAO Production Yearbook, vol. 30, 1976.
*Of ftake: meat produced per head in indigenous herds.
Table 8 - MEAT, CEREAL IMPORTS
Meat and cereal imports of sevené/selected countries

Average Annual Net Imports ($1000)

Live Animals, Meat and Cereals and
Meat Preparations Cereal Preparations

Country 1962-64 1972-74 1962-64 1972-74
Morocco -10 -2,428 90 109,197
Tunisia 6 6,567 69 37,614
Iran ~-18 -6,181 180 368,535
Jordan 63 9,570 137 40,722
Lebanon 228 21,975 252 54,555
Syria -28 4,510 -233 42,107
Turkey 164 -40,439 352 80,614
All 7 countries 77 -6,426 847 733,344

2-/Data not available for Algeria.

Source:

Based on Food and Agriculture Organization, Trade Yearbook v. 29
(1975) and v. 19 (1965).

are increasing at roughly similar rates while population and income
related meat demand increases are far outstripping increases in meat
output-~the fact that meat imports have not increased, and it can be
deduced that strong upward pressures must have been exerted on meat
prices.

Why do countries tend to import cereals and not livestock prod-
ucts? Why are cereal prices held at relatively low levels while
livestock prices are allowed to rise? Answers to these questions
are only speculative. On the one hand, live animals are relatively
bulky and difficult to transport over long distances, especially
where sea travel is involved. On the other hand, meat per se is
hlghly perishable and requires expen31ve storage and handling facil-
ities which are often not available in developing countries. Grains
are cheaper and easier to ship and store. Furthermore, 1mport1ng of
grains often has been greatly facilitated by the concessionary com-
modity import programs which the more advanced countries offer to
develcping countries. Finally, there is the political factor. Upon
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gaining independence or undergoing populist revolutions, developing
countries in the Near East, as elsewhere, have placed a high prior-
ity on feeding their less advantaged multitudes. ‘'They have chosen
to do this by keeping wheat and bread available in good supply, with
prices low. Meat, which is generally perceived to be a luxury, has
not received such favored treatment.
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IV. THE ECONOMIC FACTOR

A, The Famer as Decision Maker

The primary decision-maker in dryland agriculture is the farmer.
It i, the farmer who has to change basic dryland farming practices
to lecome more productive. This requires adoption of new techniques.
Why is it that farmers in many dryland areas do not change their
farming methods? Is it that they adhere blindly to tradition?
Economists are inclined to believe that "traditional" farmers do not
adopt new techniques and practices because it is not profitable to
do so (T.W. Schultz, 1964). Others have observed that profit-seeking
behavior may receive a lower priority than the avoidance of risk and
uncertainty (Netting, 1974; Wolgin, 1975; Wiens, 1976). Also, gov-
ernment policies and institutions often distort the structure of in-
centives which determine what is and is not profitable.

Anthropologists and sociologists have identified a variety of
ways in which non-profit-related factors and motives help explain
traditional farmers' reluctance to adopt more productive practices
(Cancian, 19723 Johnson, 1971; Salisbury, 1973). Some of these we-
late specifically to the drylands. For example, livestock raising
may be valued as a way of life, in spite of characteristically low
returns. Status and wealth may be gauged by the number of livestock
owned, which, in turn, may explain why herd numbers are larger and
individual animals smaller than strict attention to profitability
would seem to dictate (Campbell, et al, 1976).

Traditional village societies may be quite powerful in terms of
exacting compliance with established values and customs, such as
egalitarianism and reciprocity (Brewster, 1967). Thus, new prac-
tices that are inconsistent with such values and customs may not be
socially acceptable even though they are profitable on an individual
basis. Furthermore, new practices typically imply inputs of both
knowledge and production materials from the outside. This requires
reliance on broadened exchange mechanisms, such as markets. Markets,
however, can be difficult to develop in dryland areas due, among
other factors, to relatively sparse populations and limited volumes
of trade. In areas where markets are not well developed, profit-
ability may provide only limited incentives. Land tenure institu-
tions can also serve to modify the incentives which individual
farmers and livestock producers face.
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Cattle are held as a store of wealth (an end in themselves) by
traditional societies in Swaziland, not only as a means of generat-
ing further income. The failure to recognize this has led to imple-
mentation of production-oriented livestock development programs,
which may worsen the already serious overgrazing problem in that
country (Doran, Low, and Kemp, 1979).

There are numerous reasons why it is not satisfactory to view
profitability as the sole motivation for behavior. Nevertheless,
time and again, profitability, wealth, and factors related to them
have been shown to influence behavior. These are taken here as a
starting place for explaining why farmers in the drylands behave as
they do.

B. The Decision-Making Process

Although there is a common tendency to view him as just a cere-
als producer, the dryland farmer typically produces both cereal and
forage crops. Even the cultivator who owns no livestock and who ad-
heres strictly to the wheat-fallow rotation has wheat stubble which
may be sold for grazing. Straw from grain crops also can be of con-
siderable value for bedding, construction, fuel, and other purposes.
In a recent study of Turkish wheat producers, for example, Somel
found that straw was valued at about one-third the price of an equal
weight of wheat (Somel, 1977). This relationship can be expected to
vary among countries and between seasons. The cultivator also may
choose to rotate forage and grain crops rather than to keep land
fallow for a year between grain crops, or he even might decide on
permanent pasture. As shown in Figure 1, he has a spectrum of grain
and forage production possibilities from which to choose.

Consider a farmer with a fixed amount of land. Figure 7 de-
picts some of the trade-offs he may face in terms of various combi-
nations of cereal and forage he could produce with his limited re-
sources. At one extreme, hypothetically, he could produce forage
for grazing and no other crop. At the other extreme, he may choose
to produce only cereal crops and not allcw the resulting stubble to
be grazed. Numerous ossibilities exist between the extremes for
producing both forage and cereals.

The relative amounts of cereal and forage that a given piece
of land can produce will differ among the various dryland sub-
climates, soil conditions, and terrains. In essence, diiferent en-
vironments will cause the Figure 7 trade-off curve to be shaped
and/or positioned differently. For example, temperatures in the
Anatolian plateau of Turkey are probably too cool for extensive
forage production during the winter months, while summers are mild
enough and soils deep enough to carry over significant amounts of
moisture into the fall wheat planting period, when land is summer
fallowed. Hence, the curve for Anatolia would be positioned further
outward on the cereal axis. In North Africa, on the other hand,
hotter summers limit significant moisture carry-over from one crop
year to the next. Since many forage crops grow well in the milder
North African winters, it may make more sense to grow forage rather
than to summer fallow in rotation with wheat. Thus, what is tech-
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Figure 7 - PRODUCTION POSSIBILITES

-~
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Hypothetical Farmer with a Given Set of Resources
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= Cereal-clean fallow, with stubble grazing

Cereal-fallow, grazing on stubble and on weeds during
fallow period

= (Cereal-forage crop rotation

@® e

= Continuous forage crop (permanent pasture)
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nically possible and what is profitable both vary among geographi-
cal areas.

While technical considerations may rule out ceitain production
alternatives, there is often a wide variety of crop management
choices within any geographical area. Options rdng: between tl.»
so-called weedy fallow and clean fallow systems to choices among al-
ternative cereal and forage species. Choices also encompass deci-
sions on purchase of machinery, farm chemicals, or other inputs.
These are typically cases where economics and considerations of
profitability must be used in deciding vhich technique is optimal.

Studies conducted in Eastern Washington state (U.S.) by Weeks
and Branson (1967) and Eastern Oregon (Gee and Stippler, 1967), ex-
amined some key aspects of combined livestock grazing and wheat
farming. These studies each considered wheat farms of different
sizes associated with rangeland of different sizes and cow herds of
different sizes. Results indicated that tha relative prices of
wheat and cattle strongly influence the degree of complementarity of
these two types of enterprises.

Other things peing equal, an upward shift in the livestock-to-
cereal price ratio favors production of more forage and less grain.
A recent study (Gee 1973) examined trade-offs which would occur be-
tween forage and grain production (as the relative prices of calves,
wheat, and barley change) in order to maximize profit for a 1600
acre wheat-livestock farm in the intermountain region of the Western
U.S. Figure 8 illustrates how land would be allocated between wheat,
barley, fallow, and pasture, depending upon their relative prices.
Barley prices are assumed to be constant. In sector A on the chart
(low calf and wheat prices) all land is devoted to a barley-fallow
rotation. High calf prices depicted in sector C cause a complete
shift to pasture. In sector D, with calf and wheat prices both high,
wheat and pasture are produced, and wheat stubble is used for grazing.

In Figure 8 all factors except wheat and calf prices are held
constant. Gee also developed a series of nomographs which permitted
the incorporation of the effects of production cost changes and pas-
ture productivity changes. Such a nomograph is shown in Figure 9.
It takes a calf-wheat price combination lying above and to the left
of any given pasture yield line before permanent pasture will replace
wheat-fallow. In the example illustrated, with wheat at US$1.80 per
bushel, calf prices of US$54.00 per hundred weight would be neces-
sary before permanent pasture could profitably replace wheat, assum-
ing a pasture TDN yield of 4.C cwt per acre. At 7.0 cwt TDN pasture
yield, substitution could occur at a much lower calf price of
USS42.80. Side scales permit a shifting of the basic trade-off
lines to account for the effect of changes in production costs. For
example, if the cost of a beef cow is reduced by US$11.10 per head
(3 units on side-scale A) a calf price of only US$50 per hundred
weight would be needed before a shift to permanent pasture would in-
crease the farmer's profits.
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Figure 8 - WHEAT AND PASTURE

Price map for wheat and pasture on a 1600-acre dryland farm intermountain area
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Gee's analysis is designed for'a particular dryland area of the

Nevertheless, the basic principles apply to the dry-
different grain and forage-

livestock combinations become optimal as the relative prices of
Furthermore, different farming systems

are used to produce grain and forage as the prices vary.

livestock and cereals change.
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Figure 9 - DRYLAND FARM WHEAT

Nomograph for wheat on dryland farms in the intermountain
area, total shift to pasture, wheat yield 25 bushels.

Deviation from assumed wheat cost/acre

5.0 5.0 5.0 0 -5.0 -5.0 -5.0 -5.0

Calf
price/cwt

60 -

Scale: -
1 unit = §3.70

Assumptions
wheat cost/acre $19.59

Cow cost/head $112.65-
Pasture yield, cwt
TDN/acre ()

:. JCWI Fl T T Gl T T )
T 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
T Wheat price/bushel

Deviation from cow cost/head, increasing cost

Source: Gee (1973)

44



Other influences being equal, tarmers can be expected to in-
crease production of those poods {or which priccs increase. Tvi-
dence indicates that livestock prices are increasing more rapidly
than cereal prices in the deyland countreies.  tor example, Forder
reported thisz to be the case in Turkey during the <ixties, as shown
in Table 9. Fecent reports from Tunisia indicate that forage crop
and livestock prices are both increasing relative to cereal prices
in that country tco¥

Table 9 - PRICE INDEXES, TURKEY

Price indexes for animals, animal products and cereals in Turkey, 1964 to 1970

Animal

Year Animals Products Cereals
1964 111.1 102.1 100.9

1965 116.7 111.9 111.9

1966 126.5 121.7 114.7

1967 152.8 138.1 114.0

1968 148.3 133.6 119.3

1969 155.3 141.6 128.4

1970 179.1 150.0 131.1

Source: Forker, 0.D. (1971b)

Reasons for increased livestock prices relative to those of
wheat were mentioned in Chapter III. The implication for farmers
is relatively clec: Conditions would favor his shifting to more
intensive livestock production.

Product prices suggest only a partial explanation of the far-
mer's incentives, however. Input prices and resultant costs of pro-
duction also play a role in determining which combination of prod-
ucts and farming systems a grower chooses.

Resource availability and costs vary from country to country
and even among regions within a country. Low prices for a given
input will favor the production of those products that are heavy
users of that input. Livestock-forage production appears to be far
more labor intensive than production of cereals. A recent survey
of Australian livestock producers supports this contention. Farms
in the low rainfall, pastoral zone attributed 33 percent of their
production costs to labor, whereas those in the intermediate rain-
fall, wheat-sheep zone, reported labor as only 21 percent of total
costs (see Table 10).

The same study demonstrated that farms in the high rainfall
zones, where cattle tend to be confined in fenced pasture units,
were not as labor intensive. Thus, farmers in the developing
countries, where labor is more abundant and less expensive, are

* Personal communications with All Ben Said Selmi, Tunisian National
Agricultural Institute, October 1976.
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Table 10 - INCOME AND LABOR

Farm Incame Sources and Labor Intensity in Three Agro-Climatic Zones in Australia

Percent of Farm Percent of Total

a/ Receipts Attributable to Farm Costs Attri-

Zone~ Cattle Sheep Crops Other butable to Labor
Pastoral 41 48 10 1 33
Wheat-Sheep 18 41 36 5 21
High Rainfall 40 42 11 7 24

E/Roughly speaking, the pastoral zone in Australia is considered to have less
than 200 to 250 mm of rainfall per annum, the wheat-sheep zone receives
between 250-500 mm, and the high rainfall zone more than 500 mm.

Source: Bureau of Agricultural Economics, The Australian Beef Cattle Industry,
Industry Economics Monograph No. 13, Canberra: Australian Gov't Pub.
Service. 1975.

expected to place more emphasis on range livestock and forage produc-
tion than dryland farmers in the advanced countries do, because of
the relative labor cost advantage.

Livestock production becomes a means for small farmers to use
low cost, surplus labor to generate income during slack periods of
crop production. Perhaps more important, grazing livestock may rep-
resent the only means a farmer has of exploiting certain available
resources such as common pastures, roadside weeds, and cereal after-
math.

The livestock/cereal studies mentioned above lend some valuable
insights on questions of why production in the drylands is organized
in the variety of ways that are observed. But, there are some ques-
tions which cannot be answered with the static models that were used.
For example: with high levels of variation in prices for both grain
and livestock, what would be the effects, over time of following one
production strategy or another? Add to this the uncertainties of
grain yields and animal performance due to highly variable weather
conditions affecting crops and forages from year to vear. The anal-
ysis of such a dynamic set of problems can be extremely complex.

Varied are the risks faced by the dryland farmers and herders
in these complex environments. Yet most of the several million
such people not only survive from year to year but pass down viable
traditions for doing so.

There is a growing body of literature which integrates the
knowledge of biologists, ecologists, and economists under the heading
of systems analysis. Dynamic processes of system behavior are mod-
eled explicitly, and the gaps in existing knowledge stand out more
clearly than when viewed from the perspective of any particular dis-
cipline (See: Dent and Anderson, 1971; Spedding, 1976; Arnold and
deWit, 1976; and Innis, 1978).
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C. Strategies for Technical Change

Hayami and Futtan's /oricultural Development: An Interna‘ional
Perspective, stands as one of the most influcntlal works in recent
times focusing on the economics of v icultural development. It is
dedicated to Investigating the hype'.wnis that, in order 1o be suc-
cessful, a new technology must utilize abundant resources and con-
serve those recources which are scarce. The authors amass a con-
vincing set of evidence. Tor instance, Japan and Taiwan, histori-
cally labor abundant--with land and capital relatively scarce--both
predicated successiul development programs on bilo-chemical technol-
ogies requiring increased labor inputs, but not massive amounts of
large-scale capital equipment. However, both nations were quite
successful at developing small-scale machinery (Johnston and Kilby,
1975). Techniques that use abundant--and therefore cheap--inputs
and avoid use of scarce--and therefore expensive--inputs are natu-
rally more profitable.

1. Mechanization

Tractor mechanization as a truly appropriate technical strategy
for dryland farming continues to be the subject of debate. Oppo-
nents point to government policies which give preferential terms for
importing tractors and soft credit terms to finance tractor pur-
chases. They claim that tractor mechanization may be efficient,
from a producer's viewpoint, only in the artificial economic environ-
ment created by such policies.

Proponents of tractors contend that they permit more thorough
and timely farming operations than animal-drawn equipment, leading
to a payoff in higher profitability. However, a thorough-going
economic evaluation has yet to be conducted comparing the relative
merits of various size tractors versus animal-draft cultivation in
the drylands. A useful study would need to evaluate tractors and
related equipment of various scales or sizes as well as improved
animal-draft machinery; it also would need to incorporate prices
corrected for exchange and interest-rate distortions.

Efficiency of resource use and profitability are only two con-
siderations in technology-development strategies. Equitable treat-
ment for all segments of society constitutes another important fac-
tor. Tractor mechanization may be seen as favoring large farmers,
while causing small farmers to be further marginalized. Success
with custom operation of tractors and combines in both Turkey and
Iran counters this concern.* 21 landowner-farmers often are
able to hire tractor services; in other cases, small farmers have
been able to purchase tractors and help pay for them by hiring out
thgir services. Nevertheless, the possibility of big farm bias re-
mains a continuing concern.

A country's mechanization strategy for agriculture can exert
ripple effects throughout its entire economy. Not only are big

* For comments on custom hiring in Turkey, see Aresvik (1975) and
Kapil (1973). For information on custom-hiring of combine ser-
vices in Iran, see Izadi (1974).
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machines capital intensive from the ownership point of view, but
their manufacture tends to require far more capital intensive indus-
trial facilities than does the manufacture of small scale and animal
draft equipment. This, in tuwrn, leads to the likelihood that larger
scale equipment will have to be imported, thus creating an addition-
al drain on scarce foreign exchange.* The need to import expensive
fuel is also of concern to most countries. Thus, capital and for-
eign exchange requirements from aggressive mechanization strategies
tend to multiply and can have negative ripple effects. Smaller
scale mechanization can have beneficial ripple effects. There is
more likeiihood that small scale machinery can be manufactured in-
country thus creating local jobs and reducing burdensome foreign ex-
change, for example. Small scale mathinery tends to have less big
farmer bias.

2. Famming systems

Selecting dryland farming systems poses several questions.
Iow rainfall areas, important for production of both cereals and
forage-livestock, manifest two distinct strategies. Integrated farm-
ing emphasizing development of crops and livestock-forage within the
same farming unit contrasts with programs that place more emphasis
on specialized cereals and specialized livestock production units.

Oram (1956) emphasized the need to "...develop arable rotations
which provide more fodder without detriment to cereal production...".
At the same time he acknowledged that, "statistics clearly show how
limited the success so far achieved in this direction has been."
Spearhead for the current effort in the integrated farming approach
is the CIMMYT (International Corn and Wheat Improvement Center, Mex-
ico) program for introduction of medicago and subterranean clover
varieties as forage in rotation with cereals in North Africa (Breth,
1975). Results from this approach have yet to be analyzed in eco-
nomic terms, though preliminary data indicate that the system may
not function as smoothly in North Africa as it does in southern
Australia where it originated.

Management requirements for the system appear to be high in
terms of both production control on the forage legumes themselves,
and in controlling the animals grazing the legumes.®* In Australia,
the farmer planting the legume crop also owns and controls the
sheep grazing it. That establishes an incentive not to overgraze
since the farmer himself will bear the consequences. Furthermore,
he maintains direct control of when sheep will be available for
grazing, which can be extremely crucial in timing the flowering
and seeding of the legume. In the North Africa situation, sheep
often belong to nomadic tribesmen rather than the farmer, making
it far more difficult for the farmer to control the extent and
timing of grazing and the resulting effects.

Syria also has displayed active interest in developing

* For a full description of this process, together with case stud-
ies from Pakistan and Taiwan, see Johnston and Kilby (1975).

**To overcome the management problem many farmers in Australia re-
seed annually rather than depending and managing for natural re-
seeding.
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cereal-forage rotations in some of its drier zones. A recent plan-
ning study for the Kamishly -rea in northern Syria, conducted by
Washington State Universitv (1976), provides some rough estimates of
output value from various alternative rotations. Forage needs in
these rotations would be met by vetch-cereal hay or possibly by clover
or winter pea hay. The study indicated that a wheat-hay rotation
would produce an average value of S.L. (Syrian pounds) 1136 per ha,
compared to S.L. 1018 for wheat-fallow, for example. On the other
hand, a wheat-lentil rotation would produce an average value of S.L.
2095 per ha. Unfortunately, cost data were not available for inclu-
sion in the study, nor was it possible to account for any differences
among the rotations in the value of stubble and crop aftermath for

grazing.

3. Varieties and adoption

During the past decade, considerable emphasis has been placed
on improving cereal production through introduction of high-yielding
varieties. One line of reasoning behind this strategy appears to be
that if yields are raised substantially, some land could eventually
be released from cereals to shift back into forage production and
permanent pasture for livestock. But adoption of new varieties has
been slow, especially in the drier ar<az (Pwrvis, 19733 Aresvik,
1975; Demir, 1976; Gafsi, 19763 Perrin and Winkelman, 1976). Even
the adoption of clean fallowing, mulching, and other improved tech-
niques designed to raise yields of ordinary varieties has been far
from universal (Wright, 1976).

The bulk of new cereal production technology currently being
packaged for introduction in developing country drylands combines
improved management practices, such as clean fallowing and more
timely planting, with chemical and biological inputs such as fer-
tilizers, herbicides, and genetically improved seeds. Programs in
Turkey, Tunisia, and Jordar hold special interest. Adoption studies
have been conducted in Turkey (Aresvik, 1975; Demir, 1976) and
Tunisia (Gafsi, 1976). These reveal that high-yielding varieties
adoption rates were substantial in some higher-rainfall coastal
provinces of Turkey--in the neighborhood of 60 percent--but far less
impressive for th~ drier Anatolian Plateau. Mann (1977a) recently
documented encouraging increases in wheat yields for Turkey as a
whole, but evidently these are not caused by any single technologi-
cal element such as new varieties. Adoption in Tunisia also has
been relatively slow, with only 31 percent of the farmers surveyed
having adopted by 1972-73, some four years after the country's cere-
al improvement program began. While no figures are available for
Jordan, adoption rates are apparent_y quite low.

According to Perrin and Winkelmann, these and other recent
adoption studies demonstrate that:

. the most pervasive explanation of why some
farmers don't adopt new varieties and fertilizer
while others do, 1s that the expected increase
in yield for some farmers is small or nil, while
for others it is significant, due to differences
(sometimes subtle) in soils, climate, water
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availability, and other biological factors
(1976, p. 10).

In essence new technologies may not be productive o, profitable in
every situation where they are introduced. Both the Demir and
Gafsi studies support the contention that lack of adaptability to
local environs hampers adoption. Both found valley farmers much
more likely to adopt than hillside farmers.

A general observation hinged on the fact that most new crop
varieties introduced in the dryland area of Turkey were bred under
irrigated conditions and were spring varieties generally lacking
winter hardiness for survival on the Anatolian Plateau.® Adoption
rates were higher in coastal (campared to Anatolian) Turkey, where
rainfall is abundant and Mexican wheat varieties prosper. Bezostaya,
a high-yielding Russian variety, was adopted in the colder regions
of Thrace and South Marmara where growing conditions did not suit
the Mexican wheats.

Other factors were found to significantly affect adoption.
Difficulty in obtaining new seed apparently limited adoption in both
Turkey and Tunisia. Constraints on fertilizer availability cur-
tailed its use in Turkey. Access to credit helped explain why some
farmers failed to adopt high-yielding durum wheat in Tunisia. Adop-
tion rates in Turkey were linked to education, whereas farming ex-
perience played a role in Tunisia.

Some of the disparity in findings of the Turkey and Tunisia
studies by Demir and Gafsi arise because the same explanatory vari-
ables were not used in their regression analyses. Demir did not
use a variable for experience, for example. Failures to establish
the statistical significance of certain expected relationships in
the two studies are as interesting as the cases where significant
ties were found. For instance while using multivariate analysis
which permitted the simultaneous control of many factors, neither
study found a significantly positive association between farm size
and rates of adoption. Yet, simple two-way classification of vari-
ables indicated that such an association existed in the Tunisian
case. Gafsi's Tunisian study failed to establish any significant
relationship between tractor cultivation and adoption of improved .
seeds, although in an earlier study of the Tunisian experience
Purvis (1973) concluded that mechanization might be a prerequisite
to success with new varieties.®*

Adoption studies provide only circumstantial evidence concern~
ing profitability although some direct evidence of the new cereals
packages' profitability has been collected. Data from a 1967-68
study conducted by the Turkish Ministry of Agriculture (presented
by Aresvik) compares net income from native wheats to those from
Mexican wheats which were being introduced in Denisli province
(1975, p. 167). Results showed that, on the average, net returns
to land and management per hectare increased almost two and one-

* This situation is changing as new varieties are released from
plant breeding programs in Turkey, Tunisia, and other countries.

**In his study of Turkey, Demir (1976) found tractor use to be a
significant factor in new seed adoption in one of the three re-
gions analyzed.
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half times by utilizing Mexican seed and recommended practices asso-
ciated with it.

A more recent study by Mann (1975a) compared farmers utilizing
a package of recommended practices (fertilizer, herbicide, clean
fallowing, and, in most cases, improved seed) with farmers utiliz-
ing more traditional pracvices in the Ankara area of the Anatolian
Plateau. In this research net returns per hectare were almost dou-
bled by utilizing the improved package.

Still unanswered is the question of why new practices--espe-
cially new varieties-~have not been as rapidly adopted on the Ana-
tolian Plateau as in Turkey's coastal provinces, given (apparently)
comparable rates of profitability. One answer relates to the two
studies not being directly comparable since they were conducted in
Separate years with differing cost and price structures. Also, the
package of practices now advocated for the Anatolian Plateau by
both the Ministry of Agriculture and Rockefeller Wheat Research and
Training Center was unavailable in the region when the Coastal prov-
inces started to adopt Mexican wheat. Mann's study may be an indi-
cator that success is imminent.

A second study of new practices profitability on the Anatolian
Plateau was conducted in 1975-76 by Somel and Mann, the year follow-
ing Mann's initial study. Results of this later, more elaborate
survey were reported in Somel's Ph.D. dissertation (1977). Sampled
farmers were grouped into those using new practices and those not.
Utilizing profit function analysis--quite a different procedure
from the cost-return budgeting used in the earlier studies cited
above--Somel could detect no significant difference in the profit-
ability of the new practices versus the profitability of the old.

The contradicting studies present a quandry as to the adoption
of new practices in Anatolia. Several possible explanations exist.
In several ways, the later survey was more sophisticated. Sample
farmers were chosen at random, rather than using data from a pre-
selected group of demonstration farms. Profit function analysis
allowed for more variability in farmers' choice of inputs, as well
as for variation in prices and costs. Nevertheless, Somel felt
the need to specify a criterion to identify farmers using the new
practices; he used early plowing of fallow, perhaps an ineffective
identifier.* Finally, it is possible that there was a climatic
difference between the years surveyed. Weather, very favorable in
Turkey during both years, was truly exceptional in 1975-76, the
period of Somel's survey. This led Somel to suggest that perhaps
true differences in new practices could be fully detected only in
a normal year since many of the new practices--especially more
timely plowing, clean fallowing, and weed control--are designed to
conserve moisture.®* Thus, their advantages would show up in years

* A more recent paper by Mann (1977b) shows that only 60 percent of
fields which were plowed early received spring fertilizer and
only 20 percent were planted with improved varieties. Thus,
early plowing does not appear to be a very good proxy for the
"new package" of practices as a whole.

**It is curious, however, that Mann's study (1977a) of trends in
Turkish wheat yields concludes that the new practices have their
greatest impacts in good weather years.
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when moisture conservation becomes important.

None of the cited studies considers the interaction of forage-
livestock and cereal production in determining the profitability of
new cereal production practices. That omission could be a major
shortcoming, based on the values of stubble and weedy fallow graz-
ing. In general, new cereal technology packages ignore the need
for forage and livestock production, a glaring weakness, especially
in the case of small and medium-sized farms. Cereals alone fail to
exploit all the resources (including labor and forage) available on
these farms during certain times of the year.

The strategy for improving livestock production appears to be
concentrated in introducing improved strains and crossbred cattle.
In Syria, for example, a team from Washington State University re-
cently observed:

Now a significant change is beginning to take place
with most of the growth in the livestock sector being
composed of high production European breeds of cattle
imported for dairy and meat production plus imported
breeds of poultry for both broiler and egg production.
These new livestock enterprises are generating a to-
tally unprecedented growth in the demand for produced
concentvate and forage (1976, p. 40, emphasis added).

The data in Table 6, which shows the relative improvement in cattle
offtake relative to offtake from sheep and goat herds, coincides
with this observation. Current strategies have overlooked the need
to improve sheep and goat productivity, the livestock mainstay of
drier areas, and to resolve the problems associated with traditional
grazing of these animals on range and crop aftermath excusively.

D. Weather Variability, Profits, and Decisions

Differences in agro-climatic environment, subtle though they
may be, need to be considered. Year to year variability in climate,
especially rainfall, remains the single most distinguishing feature
of dryland farming in the winter rainfall zone. It is this vari-
ability which determines, in large measure, the risks dryland farm-
ers must take--risks above and beyond the price variability faced
by all farmers (Bostwick, 1963).

Forker conducted a revealing analysis of variations in income
from wheat production in Anatolia, versus that in the Turkish
coastal zone. Table 11 summarizes his findings, and shows that a
much greater proportion of variation in income can be attributed
to yield fluctuations in the drier Anatolian region, compared with
the coast. Furthermore, overall income variability runs much
higher in Anatolia. The drier region, therefore, constitutes a
more uncertain environment; the main uncertainty stems from yield
variability influenced by meteorclogical variability, particularly
rainfall.
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Table 11 — INCOME VARIATION

Sources of variation in income per hectare fram wheat production in selected
areas of Turkey, 1950-1969.

Percent of Variationé/
Attributable to Changes in Gross Real Income y.
Region Price Yields Average Variation~
(TL/ha) (Percent)

Anatolian Plateau Regions

Central North 30 70 810 57

South East 20 80 688 54

Central South 22 78 754 42
Coastal Regions

Aegean 60 40 878 15

Mediterranean 51 49 906 24
Turkey 41 59 777 30

Source: Forker, O0.D. (1971la)

a/

— Effects of time trends have been removed, and thus the figures estimate the
relative importance of scurces of year to year variance.

b/

=~ This figure represents two standard deviations in variation, taken as a
percentage of the overall mean income during the time period.

L. Land Tenure

Land tenure institutions determine who has the various rights
and who makes the decisions associated with land. While these insti-
tutions vary considerably from country to country in the Middle East,
a general pattern emerges.

Common ownership, property owned by nobody, but available to be
used in any manner by everybody, has been a normal tenure form for a
large share of the region's land. Ownership in common harks back to
eras of abundant land in relation to very sparce populations. Where
crop cultivation was concerned, an individual could take possession
temporarily, but the land reverted to the common following harvest.
This vivification of dead land was often the only way an individual
was acknowledged to possess land (Campbell, 1977, p. 156).

In various countries, including Morocco, Tunisia, and Turkey,
some lands eventually have come under group ownership and control Ly
the extended family, nomadic tribe or clan, or by the village (Camp-
bell, 1977; Carter, 1974; Aresvik, 1975). Other lands in many of
these same countries have come under outrigh! private freehold.

Tosituarions wheo oo, uneontrol led range exists--in cases
of tribal or village (ire hip--and the land is merely vivified for
use in ~ropping, roconree use inefficiencies are likely to develop

53



because of associated externality problems.* Rangeland may be over-
stocked with livestock because the individual herder-owner is not
forced to recognize the costs he imposes on others--greater dis-
tances to travel for forage, decreases in weight gain of their live-
stock--when he adds another animal to his herd and to the range.
These costs are external to him since the other users have no right
or basis to charge him for their loss.

In Turkey, village land management is a case in point. Village
pastures are grazed in common by a herd composed of all livestock
owned by village farmers. Common ownership leads to overstocking
and overgrazing (Edwards and Conklin, 1973). Crop land, however, is
owned privately by farmers, but it reverts to common grazing usage
when not being cropped. If the grazing cattle cause weed problems--
weeds perpetuated through livestock grazing can reinfest the next
grain crop, use up soil moisture, and reduce the following crop's
yield--the costs are bornme by the owner of the field. Incentive to
control cropland grazing evaporates, though crops may suffer a nega-
tive effect (externality).

Aresvik contends that fallow crop land used for grazing requires
all fields in the immediate area be cropped in similar rotation so
that they are available for grazing simultaneously. He claims this
precludes individual farmers from introducing superior crop cycles
since they would then violate the village flock's common grazing
right (Aresvik, 1965, p. 132). However, Somel's 1977 study of farm-
ing in Ankara province discovered that farmers who plowed their
lands early and removed a source of common grazing were not criti-
cized by the rest of the community.

The trend in North Africa indicates gradual conversion of lands
from common and tribally-held common range to privately owned crop-
land. In Morocco, Campbell found lands being continuocusly used
(vivified) for cropping by the same individuals. "Subsequently,
through a series of sales or legal transactions, the land acquired
new legal status of melk (freehold) property," (1977, p. 157).

Land devoted to permanent crops (such as olives) in Tunisia becomes
recognized as private freehold.

Conversion to private property provides farmers with the incen-
tives needed to improve land and with the security often needed to
invest in machinery. However, conversion may impose external costs
on stockmen who lose use of the land for grazing.

F. Marketing

Marketing institutions play a multifaceted role in dryland
zones, areas prone to fluctuations of abundance and scarcity, both
from year to year as well as during the annual cycle. These fluc-
tuations result from variability of rainfall and yields from year
to year, and from the periods of relative abundance and scarcity of
moisture within the year. The natural function of a marketing

*For example, see H. Demsetz (1967).
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system, then, is to help level these relative peaks and dips in food
availability. The system includes: storage, trom periods when com-
modities are abundant and thus relatively cheap, to times when they
are scarce and thus relatively expensive; and, transportation from
areas where food is abundant to areas where it is scarce.

Markets that function efficiently can significantly add to the
overall performance of ar economic system. Facilitating both the
spatial and temporal exchange of goods increases the aggregate value
of production. Goods transported to where they are relatively
scarce become more valuable; the same applies when goods are stored
until times of scarcity. Both grains and livestock experience spa-
tial aid temporal exchange in the drylands. Grains are stored and
transported, both nationally and internationally, as are livestock,
the latter being, to a great extent, self-transporting. The animals
themselves store products of one season until the next. They also
serve as a store of wealth in regions of undeveloped financial insti-
tutions.

Domestic trade and exchange of goods are old institutions among
the farmers and herders of North Africa and the Middle East. Even
thoish exchange may have taken the form of bartering rather than
cash sale, forms of marketing have been significant to the life of
the region; the subsistence farmer who grows virtually everything
for his own needs has become rare, if not extinct.

Production specialization has, to some extent, been a necessary
part of existence in the dryland areas. Extremely diy regions sup-
port only livestock production. Only oases or higher rainfall lit-
torals can produce certain fruits and vegetables. Trading centers,
ksur's, sprang up in North Africa as points of exchange between
specialized producers. At the ksur, grains were exchanged for meat,
meat for dates and olives, and so forth. The ksurs served not only
as tradirg points for goods from distant locations but also as
plazes for storing product from one season of the year to another.

Dryland trade has a natural periodicity and spatial movement
that follows the weather. Roughly, the cycle operates as follows:
in winter, when rainfall is occurring, crops are grown and range
forage nomes back to life after the dry summer. Herders move their
flocks *o more remote range areas for grazing. Crops and meat are
generally in shorter supply and sell at higher prices. As summer
approaches, crops are harvested and marketed, and grain prices drop.
Range forage begins to disappear and herds move back toward more
populated agricultural and urban centers where animals can graze on
crop aftermath and also be marketed. Crop and livestock prices
typically drop at harvest and with the onset of the dry season. An
analogous cycle has been described by Shapiro (1976) (and is being
documented) in summer-rainfall dryland areas of West Africa.

According to Jones (1977), there are three distinct indicators
of how efficiently a market functions: 1.) Where markets are
functioning smoothly, the spread between farm price and retail price
should not be much greater than the sum of the costs of transporting
and handling the crop as it moves from farm to consumer; 2.) The
price of a commodlty that has been held in storage for several
months should also increase by about the cost of storage, but not
much more; and, 3.) A third measure of performance is the extent to
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which prices differ between markets and the extent to which they
move together as conditions of supply and demand change. Jones also
specifies the conditions which enable markets to function efficient-
ly. These include adequate transportation and storage facilities;
places where buyers and sellers can meet; information about quanti-
ties available, quantities needed, and when and where they are avail-
able and needed; and access to the market and its services on the
same terms to all. Moderate costs of storage, shipment, and handling
thus tend to fa~ilitate efficient market operation.

Few, if any, studies exist which specifically measure the per-
formance of markets in dryland areas. Shapiro's (1976) study of
West African livestock marketing, for example, found surprisingly
little evidence of arbitrage in cattle markets in two relatively
close bush towns, thus indicating a low level of efficiency. He
interpreted this as a sign of lacking marketing information. In a
similar vein, the same study reported evidence of extremely high
rates of return to investment in the cattle trade. Similar informa-
tion for the winter rainfall areas would help assess marketing effi-
ciency.

As noted previously, low marketing costs indicate efficiency.
In contrast, marketing operations in the drylands can be expected to
be relatively high cost. Long distances result in both high trans-
portation costs and costs of information. Sparse populations suggest
high road building costs. Finally, marketing facilities frequently
will not be large enough to enjoy significant economies of scale.
Comparative studies are needed to discern the effects of these in-
fluences on market efficiencies from area to area in dryland regions
with winter rainfall.

G. National Policies

Governmental policies play a prominent role in the decision-
making of dryland farmers. Governments control cereal prices in vir-
tually every country. Livestock and meat prices also are controlled
frequently, as are prices of key farm inputs. Controls undoubtedly
distort incentives of farmers. In Tunisia, as an example, Gafsi
(1976) found that the restrictiveness of controlled wheat prices had
a significant negative impact on adoption of new varieties, since
government channels represented the sole means of marketing new vari-
eties. Gotsch (1976) showed that there was a relative decline in
(controlled) wheat prices with respect to fertilizer prices in Jordan
just as the new technology package (which included fertilizer) was
being promoted. In his opinion the lowered wheat price had a direct
bearing on farmers' failure to adopt the new package. Both Jordan
and Tunisia have to contend with demands of relatively large urban
and non-agricultural populations, which may help explain these na-
tions' cereals pricing policies.

While price controls may be the most common agricultural poli-
cies, there is a wide variety of other national policies that impact
on the farmer's decision to produce, on his decisior to use productiv-
ity-increasing technology, and on the type of technology he chooses.
If control prices are set at a level below equilibrium, they may act
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both to discourage production and reduce the incentive to purchase
new inputs. Wheat and bread being key staples in a nation's diet,
the political pressure to control wheat prices is often strong.
Price controls can benefit the farmer if floor levels are built in
to prevent prices from dropping to damaging lows in years of good
harvest. This is one means which governments can use to .educe pro-
duction risks.

In many countries, governments intervene in key staples markets
to the point that the government becomes the sole purchaser of the
farmer's crop. Wheat stands as a case in point. Government pur-
chasing may take advantage of a monopolistic position in the market
and resort to noncompetitive purchasing procedures resulting in
lower prices and reduced incentive to the producer.

Governments frequently manipulate foreign exchange rates in at-
tempts to increase dwindling foreign exchange reserves. Many coun-
tries have tended to over-value their currencies relative to the

Table 12 -~ GOVERNMENT INVOLVEMENT, AGRICULTURAL QUTPUTS

Governmment Involvement in the Pricing and Marketing of Agricultural Products, Turkey

Municipality 1
Goverrment Procures from sets ceiling ¥
Comodity Supports Purchase __ Fammer _Damesgtic Sales prices SEE &
Price SEE ODOP Private SEE COOP Private for consumers COOPS  Privave
Wheat X X X X X X Bread X
Other cereals X X X X X X
Pulses 2/ Xy Xﬁ/ X xiV X xi/ X
Tobacco~ X X X X X X
Potatoes . / X X X
Sugar Beets™ X X X X
Cotton X, X X X X X X
0il Seeds g 4 X X 4y x X 4 X
Opium Gum X X 5/ X S/ X 5/
Vegetables 6/ X X 6, X
Fruits [ X X 3/ X
Grapes & x X X X g/ X
Citrus & X X X X & X
Other X X X X X
Hazelnuts X X X X X X X
Pistachios X X X X X X X
Dried Figs X X X X X X X
Raigins X X X X X X X
Olive Oil X X X X X X X
Livestock X . X X X X X
Meat NA NA X X X X X
vbo} / X X X
Tea~ X X X X X
1/

= All exports/imports are subject to some degres of control. A license must be obtained from the
appropriate government agency.

Y Tobacco and tea purchases and sales ars made by the Stete Monopoly.

£ The sugar company is a state economic enterprise that has the exclusive right to purchase, sell ani
export/import sugar beets and sugar.

Yy It is planned that the Soils Product Office will expand activities in pulses, oil seeds and livestock
faed.
é/Illegal private sector trade does probably exist.

& Procurement for export is now made by MEPA, a stite supported enterprise, since 1969.

SOURCE: Forker (1971b)
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dollar, or other international standards, resulting in reduced in-
centive for foreigners to demand the country's exports. Over-
valuation acts as both a disincentive to domestic production and an
incentive to import foreign goods. At times, imports of capital
goods, such as tractors and other largs machinery, are subsidized.
Prices become distorted in favor of labor-displacing techniques
which may be successfully adopted only by large, wealthier land-
owners.

Land reform and associated national policies may constitute
disincentives to produce. Ceilings placed on size of land holdings
after reform may be so low that efficient size production units be-
come impossible. Typically, reforms are difficult to organize and
administer, resulting in an extended time period for activation.
Farmers with large or intermediate-sized holdings may wait years
under the shadow of reform, not knowing if and when it will reach
their property. Tncentive to maintain former levels of investment
and land improvement suffers in the face of uncertainty, ultimately
cutting production as a result.

Ideologies may spawn reforms that attempt to establish new
institutions. Difficulty in stimulating production is not an un-
common result. For example, Saleh (1975) observes that, when
Tunisia eliminated its policy of requiring cooperative farming or-
ganizations between 1969 and 1973, the country's index of per capi-
ta agricultural production increased from 76 to 117.

Forker compiled a more detailed analysis of government involve-
ment in pricing and marketing in Turkey. Table 1?2 shows the extent
of government participation in commodity pricing whereas Table 13
depicts intervention in agricultural inputs.

Table 13 - GOVERNMENT INVOLVEMENT, AGRICULTURAL INPUTS

Govermment Involvement in the Pricing, Manufacture and Distribution of Agricul-
tural Inputs, Turkey

Govermment
Sets Production ar 1/
Selling Manufacture Distribution Imports—

Price Public Private Public Private PublicC Private
Fertilizer X X X X X X 2/
Compound Fertilizer X X X
Certified Seeds X X X X X
Pesticides X X X X
Tractors X X X X X X X
Combines X X X X
Other Farm Machinery X X X X
Feeds X "X X X X
1/

— All imports are subject to some degree of control. A license must be obtained
from the appropriate government agency. The purpose is to control the flow of
currency.

2/

="Until 1971, private sector was permitted to import.

Source: Forker (1971b).
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Rural credit policies frequently exhibit an anti-small farmer
bias, a condition which both tends to reduce their incentives to
produce and purchase new inputs, and to enhance the comparative ad-
vantage of large production units. Gafsi (1976) found that credit
availability deficiencies in Tunisia reduced the rate of adoption of
new varieties.

Table 14, taken from a recent study by Saleh (1975), presents
a summary of policies currently in effect for Middle Eastern coun-
tries. Two countries surveyed have both price controls and import
subsidies on wheat.

Oram (1977), in his keynote address to an international symposi-
um on rainfed agriculture in semi-arid regions, stressed the vital
role of incentives for innovation:

'...Farmers must be provided with the incentives
to innovate. This is particularly important in
high risk environments, and in addition to manipu-
lating production technologies and price ratios,
consideration may need to be given to hazard in-
surance for small farmers or other guarantees
against loss from adopting innovative methods.

The link between technical research, micro-econcric
farm level 'constraints' type of studies, and
policy making at the national level is often

not strong enough to ensure that national
planners are provided with the right signals

on which to base decisions. This is essential

if the undoubted opportunities for increased
agricultural production in the semi-arid re-
gions are to be realized."

The incentive structures and other features of the decision en-
vironments of small farmers, in development contexts, are cacching
the attention of more scholars. Focusing on these problems, two ex-
cellent compendia of papers have recently been published bty the Towa
State University Press: Tradition and Dynamics in Small raxnlAgrl—
culture, edited by R.D. Stevens (1977)3; and, Econamics &nd the Design
of Small-Farmer Technology, edited by A Valdes, G.M. Soobie, and
J.L. Dillon (1979).

Anderson, Dillon and Hardaker (1977, p. 312) note that "formu-
lators of agrlcultural policy will generally suffer 'fewer surprlses'
in program results if their economic models of farmer behavior in-
clude an adequate recognition of farming risks and farmers atti-
tudes toward them."

H. Farmers and Risk

Farmers' behavior toward risk falls into two general categories.
Risk averters act to avoid or minimize risk by shunning activities
perceived to have highly variable and uncertain results. For them
the danger of p0331b1e loss looms larger than the benefit of possible

gain. Risk takers in the opposite camp seek out high, but uncertain,
gains.
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Table 14 -~ PRODUCTION DISINCENTIVES

Disincentives to Agricultural Production by Commodity and Country

Disincentives to agricultural production

Restric- Restric-

Controls Controls Non- tions on tions on
Country on on competi- credit & movement
and producer consumer tive Export Import land of agri.
comodity prices prices buying control subsidies tenure products
IRAN ’
Wheat X X X
Rice X X X
Oilseeds & veg.
oil X X
Livestock, meat
& milk X X X
JORDAN
Wheat flour X X
SYRIA
Seed cotton X X X X
Wheat and barley X X X
TURKEY
Wheat X X X X X
Cotton
Tobacco
Livestock X X X X X

Source: Saleh, Abdullah A., "Disincentives to Agricultural Production in Developing Countries: A Policy
Survey," in Foreign Agriculture (special supplement) March, 1975.




Attitudes toward risk vary with income, age, and cultural en-
vironment., All small farmers or traditional farmers cannot be ac-
curately stereotyped as being risk-averse. But logic supports the
belief that small, low income farmers will tend to be more risk-
averse since, living at or near subsistence level, they can ill af-
ford the consequences of any losses.

Anderson (1974), and Anderson, Dillon and Hardaker (1977) have
demonstrated the usefulness of "stochastic efficiency analysis" in
aiding the identification of technologies that are not only more
profitable on the average but are also less prone to low outcomes
under unfavorable conditions.

Risk averters in a variable environment can be expected to pro-
duce at lower levels of output than under conditions of certainty
(Whittlesey and Colyar, 1968). They also shy away from higher risk
crops (Wolgin, 1975). In this vein, the mixture of traditional vari-
eties in Tunisian wheat production provokes thought. Hyslop and Dahl
(1970) show that durums occupied more than five times the area of
bread wheats in Tunisia from 1949 to 1969, despite the fact that
bread wheats out-yielded durums by over 50 percent (670 kg/ha versus
400). Several factors could help shed light on this phenomenon.
Purums, as the key ingredient of couscous, are vital to the Tunisi-
an diet. Also, Hyslop and Dahl discovered that the coefficient of
variation for durum yields was only 22 percent, compared to 38 per-
cent for bread wheats. The lower risk of producing durum may be
why farmers opt to produce more durum and less bread wheat.

If risk averters shy away from crops perceived to have higher
yield variability, they may understandably be more hesitant to a-
dopt new technologies involving additional uncertainty due to lack
of familiarity and past experience. Perhaps a lower anticipated
variability, based on experience with traditional durum varieties,
partly explains why Gafsi found Tunisian farmers adopting improved
durums rather than bread wheats. Demir, in his adoption study for
Turkey, found that new varieties were less likely to be adopted by
farmers who felt they faced high weather risks.

Schmisseur (1976) conducted an analysis for several years_of
dryland farming project demonstration plots in Jordan. Yields™from
fields receiving recommended herbicide and fertilizer applications
were compared to check plots. Test plots (only) were seeded with a
grain drill and clean fallowed, while both test and check plots re-
ceived the same seed. Yields increased an average 61 to 75 percent
in three regions, over a four-year period starting in 1968-69. -
Yield increases for some of the years and regions ranged from nil to
over 200 percent. Schmisseur observed that an adopting farmer would
incur losses--adoption costs greater than returns--two out of four
years in one province, and one out of four years in the other two
regions. He concluded that many small farmers would find it diffi-
cult to take such risks.

Gotsch (1976) subsequently analyzed similar data fram higher
rainfall annual cropping areas of the same three Jordanian provinces.
In this case, both test and check plots were drill-seeded and atten-
tion to tillage practices was not emphasized; thus, the improved
practices package consisted only of chemical weed control and fer-
tilizer. Gotsch felt that the vay check plots were managed--utiliz-
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ing some modern practices--would reduce favorable results from the
new technology compared with crop-fallow demonstrations in drier
areas. Instead, his data indicated that unacceptably low returns
occurred in only three out of sixteen cases in the higher rainfall
areas. He concluded that these results demonstrated the greater
environmental suitability of improved technology for higher rain-
fall areas.

New technology can be made less risky by being simplified.

The package approach, with interrelated practices and inputs, be-
comes a bundle of uncertainties for farmers to assess. There are
cases where new technologies have been introduced piecemeal fashion.
Mann (1975b) examined chemical weed control as a separate practice
on the Anatolian Plateau. The increased yield value was more than
four times control cost. He concluded that, "A large scale weed
control program could provide the 'leading edge' for a ign p
moting use of the full package." More recently Mann (1977b) argued
that new technology should be introduced in clusters of practices,
with initial clusters being relatively simple and later clusters
proceeding to more and more new inputs and more complex practices.

Returning *to the success of durum production in Tunisia, Gafsi
found that improved durum seeds caused a neutral upward production
function shift, whereas the shift associated with new bread wheat
varieties was not neutral. Benefits could occur from use of new
durun seeds alone; benefits from improved bread wheat seed had to
be accompanied by increases in other production inputs. Durum seeds
represented a sinpler and less uncertain package.

Two classic strategies for dealing with risk involve insurance
and diversification. Farmers in developing countries typically do
not have access to formal insurance policies. However, animals
frequently play an insurance-like role by serving as a fall-back re-
serve in the event of crop failure (Netting, 1974; Gray and Plath,
1957; Holst and Schmisseur, 1979).

Diversification is a fancy word for putting eggs in more than
one basket. Farmers diversify through a mixture of crops, seed
varieties, and farming activities. Weather seldom affects two dif-
ferent crops identically; one crop will usually survive when another
fails-~-all the better if price or yield fluctuations of one crop
negatively correlate with fluctuations for the other. Wiens (1976)
showed that negative correlations helped explain cropping patterns
of Chinese peasant dryland farmers.

Producing both crops and livestock in the drylands also repre-
sents diversification. There is good reason to believe that in
poor crop years stubble and aftermath may be more nutritious for
grazing as more nitrogen available to the cereal plant collects in
the leaves and stems. When cereal crops fail entirely animal graz-
ing represents virtually the only means of recouping some of the
loss (Noy-Meir and Orshan, 1977).
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|
V. SOIL, WATER, AND PLANT GROWTH

Moisture availability stands as a critical factor for successful
dryland cropping. Moisture in the form of precipitation needs to be
captured, stored, and conserved for use by crop plants during their
growth cycle. The land--soil--becomes a moisture reservoir. Xnowing
some basic characteristics of the soil-plant-moisture relationship
can lead to more effective dryland management levels.

A, Soil Particles

Particles, their size and manner of arrangement to form the soil
matrix, determine the behavior of water in the soil. The primary
particles composing soil range from a size of less than 0.002 mm to
well over 2.0 mm along their largest, longest axis. The relative
proportion of various size particles in a scil is usually reported
according to the Intermational Soil Science Society (ISSS) recom-
mended classification. The ISSS system (Table 16) stems from a much
earlier, rather arbitrary classification, but now has become the
basis for all agronomic use, research, and development of soils.

Table 15 ~ SOIL CLASSIFICATION

Textural classification of soil fractions according to particle diameter

Range in diameter (mm) Designation
> 2.0 gravel
0.2 - 2.0 coarse sand
0.02 - 0.2 fine sand
0.002 ~ 0.02 silt
< 0.002 clay

Analyzing soil physical and chemical properties begins by pass-
ing samples through a 2 mm sieve to remove larger diameter particles,
referred to as stones.

The Atterberg system of soil classification (as adopted by ISSS)
distinguishes between truly wet sand of 0.02 mm diameter and rela-
tively dry sand of 2.0 mm diameter. This boundary was chosen to
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separate coarse sand and fine sand. Particles with a diameter
smaller than 0.02 mm can not be seen with the naked eye, and plant
root hairs are not able to penetrate pores in soil material composed
entirely of this size, or smaller, particles. This boundary was
chosen to separate sand and silt. Colloidal particles with diames=
ters smaller than 0.002 mm are subject to Brownian motion and form
the lowest boundary to separate silt from clay. The ISSS scale is
used for reporting percentages of sand, silt, and clay in a soil
sample, data that help define physical and chemical characteristics.

B. The Soil Matrix

The soil particles are wedged together to form a tight fitting
arrangement referred to as the soil matrix. Groups of primary soil
particles may be joined together to form aggregates. Air spaces
between the particles, the voids between the particles, are termed
pores or pore spaces. Pore size distribution and spatial arrangement
affects physical and chemical processes occurring in soils including
water movement, root growth, exchange of gases between the soil and
the atmosphere, and microbial activity.

In large pores, water is free to move downward by gravitational
forces. These pores are important in soil drainage. Smaller pores
retain water by capillary forces (making it less easily moved).

Soil retained water and the degree of retention relate to the avail-
ability of water for plant growth.

Several soil characteristics can be measured easily and used in
predicting soil behavior. These characteristics, labeled physical
properties of soils, include particle density, bulk density, poros-
ity, water content, degree of saturation, and soil water potential.

Density of a substance is defined as the mass per unit volume
and usually relates to a homogenous substance. However, when deal-
ing with soils, the term density describes the mass of solids in a
given soil volume in its natural state. Air spaces are included in
this volume. The density provides an indication of the degree of
packing of soil particles. The greater the bulk density, the less
air space there is in a given volume of soil.

The total soil volume includes the volume of solid matter plus
void spaces. Soil density information derives from the proportions
of solids and air in the total volume. Porosity, the term most fre-
quently used to describe pore space, is defined as the ratio of voids
volume to the total volume of the undisturbed soil.

C. Water

1. Properties of water

Water ranks as one of the most remarkable substances found in
nature. It supports all life; no organism can live without water.
Water's unusual and important properties derive from its molecular
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structure.

A water molecule forms when two hydrogen atoms and one oxygen
atom join together. Each water molecule becomes a dipole which re-
acts as a bar magnet. The positively charged hydrogens of water
molecules are electrostatically attracted to the negatively charged
oxygens in neighboring water molecules. Water molecules affinity to
each other due to electrostatic forces, the hydrogen bond, produces
a certain degree of oider in the water. Water molecules join with
each other to create a latticework providing water (as a liquid)
some of its important properties. Because water molecules are not
free to move totally independent of one another, water has a high
viscosity. Water surface tension is also very high.

Water is nearly a universal solvent. Almost all inorganic sub-
stances dissolve in water and about half of all known elements are
found dissolved in water. Without this ability to dissolve foreign
matter, nutrition of plants could not occur. The roots of plants
could not absorb nutrients from the soil.

The attraction between water molecules described as the hydro-
gen bond is also referred to as cohesion. A similar interaction
exists between water molecules and the molecules of other substances,
or adhesion. Water molecules can attach themselves to the molecules
of substances such as soil particles. Almost any solid that has oxy-
gen molecules in it attracts the hydrogen molecules of the water.

The nature of the attraction is similar to the hydrogen bond.

Capillary phenomena occur in the cell walls of plant leaves,
stems, and roots, as well as in soil pore spaces. This provides a
continuous path of water from soil to leaf. The attraction of the
water molecules for each other sustains the capillary colums. Cap-
illary rise of water occurs in some pores when there is free liquid
water within a few feet below. This does not occur in semi-arid
soils which become moist to depths usually less than one or two
meters; the underlying soil remains dry.

2. Soil retained water

The total amount of water in the soil exceeds the amount avail-
able for plant growth. A high clay content soil withholds more
water from plants than a sandy soil. Water tends to move from sandy
to clay soils if the two are in close contact and at the same water
content. Since the soil water content is not a direct measure of
the amount available to plants, another parameter, soil water poten-
tial, is used.

Soil research utilizes this index (soil water potential) to
identify how strongly water is retained by soil at various water
contents. At a water content of 20 percent, soil water potential
often equals 0.19 bars or maximum availability in fine sandy soils,
but might approach 15 bars or wilting in a clay soil. Thus, water
in the sandy soil, but not in the clay soil, is available for plant
growth.

Plants utilize suction to obtain soil water. When the soil re-
tention suction--soil water potential--overcomes plant suction, water

n



ceases to move into the plant and wilting results. At the stage
where plants wilt permanently, water content of the soil is said to
have reached the permanent wilting point. The permanent wilting
point percentage can be defined as: the percent of water present
in soil when permanent wilting occurs.

Permanent wilting usually takes place at a soil water potential
of 15 bars. However, permanent wilting, an estimate of average soil
water content surrounding the plant roots, can occur when soil suc-
tions some distance from the roots exceed 15 bars.

Soil field capacity refers to the amount of water remalnlng in
soil after gravitational water has drained away and the water's
downward movement rate has become very slow. The field capacity
concept came about as a measure of the upper limit of water avails
able in the soil for plant growth.

D, Moisture Storage

Shallow soils (less than 75 cm deep) limit moisture storage,
especially in areas with long, dry summers (over 100 days) %nd
daily average maximum temperatures that generally exceed 30°C. This
limitation is critical in selectlng a cropping system. In most win-
ter rainfall areas where moisture is limiting, 75 percent or more of
the rain falling during the winter following a crop can be stored in
the soil if storage capacity is adequate, if infiltration rates
match or exceed precipitation rates, and if the soil is not frozen
during snow-melt runoff.

During the second year, a smaller percentage of the moisture
that falls becomes stored soil water; this limits the efficiency of
the summer fallow system. For environrents in which the advanLages
of summer fallow, such as earlier emergence of fall wheat planted in
moist soil, and the percentage of total moisture requ1red for crop
maturity are minimized, annual cropping systems permit a larger per-
centage of soil m01sture to be used by plants.

Regardless of amounts of stored soil moisture following the
winter season, there is continual moisture loss through evaporation
durlng the sumer. Rate and amount of loss depend on the evapora-
tion gradient and length of the summer dry period. A long, hot, dry
summer allows relatively little moisture to be stored in shallow
soils (less than 7% an) underlaid by an impervious soil or rock
layer regardless of the amount present in the soil as the growing
Season starts.

Optimum storage of soil moisture with the summer fallow system
of farming occurs where soils are over 1 m deep, preferably 1.5 to
2.0 m; where there is a limited number of daxs during the summer,
or fallow, season with temperatures above 30 °C; and where there is
not enough rainfall to fill the soil moisture storage capacity with
one winters' rainfall. Little advantage in soil moisture storage
is achieved in areas where the normal is achieved in areas where the
normal winter rainfall and infiltration rates are greater than the
capacity of the soil to store moisture.
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There are situations where maintaining moisture in the seedbed
so that a stand can be established with the use of a deep furrow
drill before the fall rains justifies a summer fallow operation.
However, Othis cannot be done in areas with extended periods of hot,
above 30°C, dry summer weather.

Soil erosion is a more serious problem and more difficult to
control with the swmer fallow system of farming. Growing a crop
each year provides ground cover for a greater percentage of the time
and adds crop residue each fall as the winter rainy season approaches.
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VI SOIL FERTILITY

Arable land in North Africa and the Near East has been farmed
for centuries. Sloping land has suffered varying degrees of erosion.
Crop residues needed to maintain desirable soil organic matter lev-
els have been utilized for livestock feed. Depleted soils and the
lack of fertilizer rate as two major factors limiting crop yields in
many dryland regions. By contrast, fertilizer usage has made signi-
ficant concributions to yields in more developed dryland areas.

Initial fertilizer costs plus fees for transportation from sea-
ports to inland farming regions generate a drain on credit require-
ments and balance of payments. Ewell (1974) and Hauser (1974) have
emphasized that costs and availability often cause fertilizer use to
be one of the last items adopted in packages of new practices to im-~
prove crop yields.

A, Major Nutrient Needs

Nitrogen (N) and phosphorus (P) have been identified (Ahn,
19775 Wright, 1977) as the most important nutrients limiting yields
throughout North Africa and the Near East.

Ammonium sulfate (24 percent S) and single super phosphate (10
percent S) have been used as sources of nutrients in many of the
earlier fertilizer experiments so that S deficiencies have not been
identified in all areas where low S could be a problem for plant
growth. Ann (1977) pointed out that S deficiency became evident in
many areas of the Sahel when use of N and P fertilizers carrying S
was reduced or discontinued. Sulfur deficiency is widespread
(Beaton and Few, 1971) throughout countries with intensively devel-
oped agriculture where S-carrying fertilizers are not applied and
where S from industrial fumes is not added to soils in rainwater.

Rates of S required are relatively low for cereals; an N/S
ratio of approximately 14/1 serves adequately for many crops
(Beaton and Fox, 1971). Reductions in yield from applying more S
than the crop needs are almost never observed. Thus, the cost of
including S in the fertilizer program is low. Essentially, there
are no risks of yield reductions in dry years. The possibility of
S deficiency should be recognized wherever N-P fertilizers are used
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that do not carry any sulfur.

Heavy metal micronutrients--zinc (Zn), manganese (Mn), and iron
(Fe)--undoubtedly will be insufficient in many soils when crops that
are susceptible to these deficie-cies are produced. The Turkish
Soils and Fertilizer Research Institute has identified these deficien-
cies for many citrus plantings in Turkey. However, these deficiencies
are not likely to occur on wheat or barley until the major nutrient
deficiencies are eliminated and higher levels of management are a-
chieved. Zinc, Mn, and Fe deficiency could be a more immediate prob-
lem for corn or sorghum crops.

B. Current Dryland Practices

Information available in 1976 for North Africa, Turkey, and
Iran indicated that very little P, or other fertilizer, has been
used for production of dryland cereal crops in Morocco, Algeria,
Syria, Iran, and Jordan. However, use of P and N-P fertilizers has
increased in Turkey and Tunisia, especially on the larger farms
where more capital has been available to adopt improved management
practices.

1l. Fertilizer use

Habib* indicated that fertilizer experiments must be located on
the smaller farms in Tunisia to be sure of measuring responses from
P. Soil tests for F indicate (Ulgen*) that large responses from P
are not anticipated for wheat grown on some fields of state farms
and adjacent village lands on the Anatolian Plateau of Turkey where
fertilizer use has been accepted for some time. Ahn (1977) has
noted that residual carry-over of P is evident in Sahel zone field
work.

In developing countries, most of the fertilizer applied is in
the ammonium (NH,) form. Ammonium sulfate, urea, ammonium phosphates,
and ammonium nitrate are the most widely used sources. Ammonium form
of nitrogen offers certain advantages and disadvantages.

Ammonium nitrogen forms are not subject to leaching or denitrifi-
cation. Therefore, the following year's nitrogen requirement can be
agplied during late fall in areas with cold winter temperatures (below
7°C) thereby reducing biological conversion of ammonium to nitrate
nitrogen and consequent leaching. A disadvantage for these materials
is that they supply the ammonium form of nitrogen which volatilizes
when broadcast (and left) on calcareous soil surfaces. Urea presents
a more serious ammonia volatilization problem than other nitrogen
sources. Volatilization of nitrogen from any ammonium nitrogen source
on the surface of calcareous soils occurs as:

NH1++ ammonium + H20 + CH‘—»(NHH)ZCO3 (ammonium carbonate)
(NH,4)2C03 —>NH3 + NHHHCO3 (ammonium bicarbonate) or

2 NH3 + CO2 + H20

*Personal communication
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Ammonium carbonate is unstable and reacts to form volatile ammonia
(NH3) and ammoniun bicarbonate.

Ammonia (Nﬁ3) volatilization can be a serious problem throughout
North Africa, Turkey, and the Near East where essentially all soils
are calcareous and where ammonium or urea forms of nitrogen are used.

2. Crop residue effect on nitrogen requirements

The use of crop residues is an important part of soil management
practices in dryland wheat producing areas. Crop residues act as a
mechanical. barrier to reduce soil erosion from both wind and water.
Incorporation of crop residues into soil and the decomposition that
follows maintains levels of soil humus (Hoermer, 1960), aids soil ag-
gregation, and improves physical condition. However, the decomposi-
tion of cereal crop residues by soil microorganisms generally uses
some nitrogen that would have been available to produce the next
crop. This is especially true when the crop residue is undergoing
decomposition while the crop is growing. An estimated 1 kg of nitro-
gen from soil or added crop residue is used by the microorganisms in
converting 100 kg of crop residue to humus.

This phenomena explains the initial increase in nitrogen re-
quirements frequently observed as new soil management practices are
adopted. After a few years of increased fertilizer and crop residue
use, the nutrients released from humus, plus residual carry over,
can be expected to offset this nitrogen requirement (Brady, 1974;
Broadbent, Bartholomew, 1965; Pesek et al., 1971; Russell, 1973; and
Tisdale and Nelson, 1975).

C. Fertilizer Needs

There are four major methods for identifying individual nutri-
ent deficiencies: grower application of fertilizers followed by
visually observed deficiency symptoms; field research experiments
and demonstrations; soil analyses for individual nutrients where
field calibration data is available; and, chemical analyses of plant
samples to evaluate levels of individual nutrients present in plants.

Identifying fertilizer needs logically begins with observation
of results from grower application of fertilizers. Where fertilizers
have been used, growers can provide an assessment of the economic
benefit received for the money invested in fertilizer. Growers may
not be able to identify an optimum rate or combination of nutrients,
but almost always know if a given material has increased yields with
the method of application used.

Scientifically designed field experiments and demonstrations
with different nutrient rates constitute reliable tools to identify
fertilizer response and essential components of any agricultural im-
provement program. Field research and demonstration programs provide
response data that establish the relationship between response from
individual nutrients, such as phosphorus, and a soil analyses value
for phosphorus. For example, response data nbtained in Turkey and
Tunisia indicates a wide range of phosphorus response from areas with
previous fertilizer use. Under these conditions a soil test most
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efficiently extends fertilizer experiment data to fields that cover
a range of previous phosphorus fertilizer history or a difference in
original phosphorus level.

Preliminary calibration data (relationship between a soil test
value and response from a nutrient) can be obtained from field ex-
periments in the U.S. and Canada where soils have similar clay min-
erals and soil pH levels. However, some refinement and adaptation
of this information to prevailing conditions must be made under
local environmental conditions.

Chemical analyses of plant samples can provide a sound basis for
evaluating and identifying soil fertility and plant nutrition prob-
lems (Martin and Matocha, 1973). 1In fact, this technique may surpass
soil analyses for accurately assessing the level of all nutrients re-
lated to plant growth. Critical nutrient levels established for
plant samples are relatively constant over a wide range of climatic
conditions for a specific crop. Therefore, this technique can be
used in development programs over a wider range of conditions than
soil test values. A specific plant part, i.e., a leaf blade, must
be sampled at a designated stage of maturity to obtain information
that can be compared with results from other experiments. Also, a
complete plant analysis that includes all nutrients affecting plant
growth should be completed since extreme levels of one nutrient can
have marked effects on uptake of other nutrients.

D. Soil Testing

Experiences in Turkey and Tunisia emphasize that, as fertilizer
use increases, soil testing programs will need to be established to
measure residual P and nitrate N mineralized during summer fallow.
Moreover, soil testing and soil chemistry training should be an es-
sential part of training programs.

Development projects in South America sponsored by the U.S.
Agency for International Development and staffed by North Carolina
State University have shown the practicality of establishing soil
testing laboratories in developing countries (Fitts, 1976).

Research programs throughout the world have used procedures for
extracting nitrate (NO,) nitrogen from soils with water or a weak
salt solution. RelatiVely uncomplicated techniques exist for measur-
ing nitrate nitrogen or total nitrogen in such solutions. It is
known (Bremner, 1965) that other salts, especially chlorides, can
cause errors in colorimetric measurement of nitrate nitrogen. Con-
version of nitrate nitrogen to ammonium nitrogen by a measuring this
form of nitrogen by a standard Kjeldahl procedure takes more time,
but is less subject to errors. In either procedure, accumulations
or very low levels of "available" or nitrate nitrogen can be identi-
fied and used as a basis for adjusting nitrogen fertilizer recommen-
dations.

Calcareous soils throughout most of the Near Fast and North

Africa reduce the solubility of soil phosphorus by formation of di-
and tri-calcium phosphorus. The sodium bicarbonate procedure
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developed by Olsen et al. (1354) is widely used (Thomas and Peaslee,
1973) to extract phosphorus from calcareous soils. The solubility
of phosphorus, and thus, its availability to plants, is dominated
more by the chemistry of carbonates in calcareous soils than by the
clay minerals present. This simplifies extracting a phosphorus
fraction from calcareous soils that can be related to phosphorus
response in field work.

The widespread use of these two soil test procedures provides a
basis for starting a soil testing program in regions of marked defi-
ciencies, or where moderate levels of soil phosphorus availability
can be identified with a minimum of field calibration experiments.
Extension-demonstration field programs with a limited number of fer-
tilizer treatments can extend and confirm calibration information
developed in other areas. More sophisticated soil chemistry and
soil fertility research projects can follow as agricultural develop-
ment and other research programs advance.

E. Application

Experiments and demonstrations should be conducted for various
soil depths and rainfall regimes to establish optimum nitrogen and
phosphorus application rates. Optimum nitrogen application is crit-
ical in dryland wheat production. Under normal conditions, approxi-
mately 4 kg of nitrogen will produce 100 kg of grain yield. However,
excessive nitrogen may stimulate vegetative growth and delayed ma-
turity of wheat overtaxing the available moisture supply. Yield can
level off or even be reduced. Nitrogen applications must be geared
to available soil moisture.

One model has been developed in the U.S. Pacific Northwest
(Leggett, 1959) that relates nitrogen fertilizer requirements to
available moisture and yield potential. Similar relationships have
been established for other climatic areas (USDA Soil Scientist, 1974).
Two equations have been developed, one for moisture and one for N:

With -
y = yield in kg/ha
N = nitrogen in kg/ha
M = moisture in mm/ha
SM = available soil moisture April lst
X = yield produced from N during grcwing season
R = anticipated rainfall from April 1lst to crop maturity

Y from moisture = 1 metric T/ha (SM + R - 100 mm rainfall)/
65 rainfall or moisture
Y from N = 21 kg/ha (soil nitrate N + fertilizer N in kg/ha)

The 100 is subtracted to compensate for moisture, about 100 mm
required to develop a plant with the potential to head. Wright
(1977) has estimated that 135 mm of water is required for a
wheat plant to produce heads in central Turkey.

The model was refined to show differences between stored
soil moisture and late spring, or early summer rainfall:
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Y in metric T/ha (from moisture) =
(1 metric T/ha/70 mm Sm + 1 metric T/ha/54 mm rainfall)
Metric T/ha (moisture) = 1 metric T/ha/70-10 + 1 metric
T/ha/54 mm rainfall)

This equation shows greater yield potential derived from growing
season rainfall than from stored soil moisture. The cooler wea-
ther associated with rainfall during the growing season probably
contributes to the greater efficiency from growing season rain-
fall.

There are at least three factors that affect the amount of yield
produced from a specified amount of water under different climatic
conditions: evapotranspiration rates during the growing season ob-
viously affect efficiency; percentage of crop-used moisture that oc-
curs as rainfall during the growing season affects efficiency; and,
period during growth of the wheat when moisture and temperature
Stress occurs. Moisture stress has greater adverse affect if grain
is in the milk or soft dough stage of maturity. Yield can be either
improved or destroyed during the short period of the plant cycle when
hot winds and moisture stress have a critical impact.

If yield potential from moisture can be determined with reason-
able accuracy, the nitrogen and other nutrients required to produce
that yield potential can be estimated. Calculating yield potential
from moisture is the most critical part of this model. Abundant
moisture (unless there is flooding or abnormally heavy rainfall) will
not reduce yield. However, if yield potential from moisture is over-
estimated (e.g., when growing season rainfall does not occur) and ex-
cessive nitrogen applied, the problems mentioned earlier will occur;
the crop "hays off" and yields are reduced. The risk of yield reduc-
tions in years with below normal rainfall has caused many farmers not
to gamble and add nitrogen to maximize moisture in normal years.

For wheat plants, there are three nitrogen sources available
that must be considered in the nitrogen yield equation (Y = X + 0.35
(soil NO,-N + fertilizers)). The first (N;) is residual, or nitrate
nitrogen released during the summer fallow period, that is available
at the time of planting the winter wheat; the second (N,) is nitro-
gen released during the growing season; and the third ( 3) is nitro-
gen as fertilizer.

Agronomists recognize that weed-free summer fallow has two pri-
mary functions: storing moisture for the following crop, and pro-
viding an incubation period for breakdown of soil organic matter
(humus) by microorganisms and release of N, and to some degree S and
P. There can be residual carryover of N from previous crops in ad-
dition to the N released from soil organic matter during summer
fallow.

In areas with 350 mm of rainfall or less, nitrogen leaching or
denitrification seldom presents a problem; ammonia volatilization
can be avoided by applying nitrogen fertilizer at, or before, plant-
ing and mixing it into the soil to minimize these losses.

In heavier rainfall zonez, or where precipitation is more con-
centrated in three or four winter months, late winter applications
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of urea during cool temperatures can utilize rain to carry the urea
into the soil and out of volatilization range. Because urea is
quite soluble and endowed with a very weak charge before hydrolysis,
it can be moved into the soil by rainfall before the hydrolysis oc-
curs.

The ideal time to apply nitrogen varies with nitrogen source,
winter rainfall amount, winter temperatures, and soil pH.

Adequate P will insure optimum yields, maximum root system de-
velopment, soll moisture uptake, and early maturity. One to two
week earlier maturity may allow the crop to escape some moisture
stress that will occur during dry summer weather.

The possibility of reducing winter wheat or barley yields by P
fertilization has been discussed among research workers from Austra-
lia, Canada, and the United States.* Apparently there are very few
situations where yields of dryland wheat or barley have been de-
creased by adding moderate to moderately high rates of P. Thus, un-
like N, the risk from adding excessive P is minimal even in dry years.

Fertilizer application of N, P, or any nutrient, requires the
farmer to gamble that yield increases can be marketed at a price that
covers costs and provides a profit. However, yield increases from
fertilizer application are not assured. Growers do not have positive
means of identifying fields for which fertilizer will increase
yields, nor is there data to indicate the optimum application rates
to achieve possible yield increases. Testing soil for N and P can
reduce uncertainty and identify individual fields that probabl, will
not respond to these nutrients. Alluvial soils, soils with less
erosion, fields with previous P application, and the few cases
where animal manures have been applied can result in adequate soil
levels of P. Since P is relatively immobile in soils, P fertilizer
not used by the crop in years with low rainfall remains in place to
increase future crop yields.

All phosphorus fertilizers should be applied at pr before
planting when they can be mixed into the soil or layed down as bands
close to the crop seed. Phosphorus broadcast after planting remains
on the soil surface where plant roots take up limited amounts of
nutrients.

Experiments (Allred and Ohlrogge, 1964; Grunes, 1959; Fine,
1955; Haddock et al., 1959; and Robertson et al., 1958) have shown
that banding phosphorus and nitrogen-phosphorus mixtures near the
seed at planting has improved phosphorus response. Mono-ammonium
phosphate, or mixtures of mono-calcium phosphate and ammonium sul-
fate at rates required for optimum seedling vigor--20 kg nitrogen
plus 15 to 30 kg phosphorus (P) per hectare--can be applied with the
seed at planting time without seedling damage.

Experiments by Smith et al., (1973) and others (Brage et al.,
19603 Mortvedt, 1976) have shown that banding di-ammonium phosphate
(DAP), or mixtures of DAP and urea, can result in serious seedling
damage from ammonia released during initial soil reactions. These

W o ——— . .
“Personal communication
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problems are more serious for calcareous soils and situations in
which fertilizer is applied with equipment that leaves seed and fer-
tilizer in contact. Some deep-furrow, hoe-type seed drills distrib-
ute seed and fertilizer over an area 5-7 amn wide. This can be an
important factor minimizing ammonia damage from banding DAP or urea
near the seed. In contrast, standard double disc drill openers and
HZ Zimmerman deep furrow drills cause seed and fertilizer to be in
contact.

Ammonia damage to seedlings caused by banding urea and DAP
close to the seed at planting is more severe on calcareous soils and
when planting into marginal levels of soil moisture (Smith et al.,
19795 Mortvedt, 1976). Good soil moisture with rains during seed-
ling germination and development will reduce or eliminate this prob-
lem at the moderate rates of nitrogen and phosphorus application re-
quired for optimum seeding vigor.
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Vil. DRYLAND CROP PRODUCTION

A. The Dryland Characteristic

The dryland concept varies from region to region. It may mean
the edge of the desert (Morocco and Tunisia), all of certain similar
areas (the Anatolian Plateau of Turkey), or all non-irrigated farm
land (Pakistan). The operating definition used here refers to areas
that receive 200-500 mm annual rainfall, predominantly during the
cool or cold winter season, and experience a two or three month sum-
mer drought. Further, in dryland areas non-irrigated crops depend
on stored soil moisture and untilled rangeland intermingles with crop
land.

Present low crop production levels in developing region drylands
is generally believed due solely to insufficient moisture. In real-
ity, crop management--or the lack of it--can be blamed for the pre-
vailing inefficient use of water and low yields. Present crop yields
could be improved substantially in both developed and developing na-
tions through more effective use of (the admittedly) limited water
supply. Improper tillage, low soil fertility, and weeds all act to
reduce yields and, thereby, water use efficiency (W.U.E.). Converse-
ly, crop management that increases production also raises W.U.E.

Any cultural practice that conserves moisture which subsequently be-- .
comes available to the crop increases yield. During any given crop
or fallow season, any moisture lost to weeds, run-off, or evaporation
reduces yields. General awareness of the value of any moisture con-
served, as a factor in increasing crop yields, seems to be lacking
among administrative and technical personnel throughout developing
regions.

Effective farming practices developed over the years are geared
to efficiently use the limited and variable moisture supplies char-
acter.stic of dryland regions. Moisture supply fluctuation not only
occurs in annual precipitation, but also in seasonal precipitation.
The total moisture supply varies greatly from area to area, somewhat
altering soil and crop management practices (Figure 10).

Dryland moisture variations have caused dramatic year-to-year
grain production extremes in the past. In many instances, however,
even annual and seasonal precipitation variations do not fully ex-
plain crop yield instability because of shorter term drought periods.
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Figure 10- ACCUMULATED PRECIPITATION
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Table 16 - VARIATIONS, PENDLETON, OR / USA

Variations in precipitation and grain yield at Pendleton, Oregon (Columbia Basin Agricultural Research Center)

Precipitation - Seasonal averages and extremes - millimeters

Fallow (14 mo.) Crop (10 mo.)

Annual caiendar year Aug.-Sept. Oct.=July Total (24 mo.)
maximuam 1950 555 1949 cxop 625 1948 crop 584 1943 crop 1051
46-year avg. 405 428 379 808
minimum 1939 268 1947 crop 298 1973 crop 230 1968 crop 633

Precipitation - Monthly averages and extremes
Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
year (max.) 1970 1940 1932 1974 1956 1937 1948 1956 1940 1950 1973 1964
millimeters 133 101 87 92 111 88 44 34 59 107 149 113
46-year ave. 49 38 41 38 34 33 8 8 17 35 49 55

year (min.) 1949 1967 1965 1956 1964 1940 (8 yrs) (11 yrs) (5 yrs) 1936 1939 1965
millimeters 9 8 5 3 4 2 0 (> 0 3 8 11

Grain yield - Averages and extremes - kg/ha
Kharkov Improved varieties
maximum 1942 3982 1974-Ryslop 6154
46-year average 2852 3592
minimum 1940 1715 1940-Rex ML 1601




Tables 16, 17, and 18 present data on precipitation and crop varia-
tions at three sites in the U.S.

To stabilize yields, farmers in certain precipitation zones
have traditionally used a fallow-crop management system. Fallow-
crop rotation generally is used in the U.S. Pacific Northwest areas
receiving less than 350 mm of annual moisture precipitation. Areas
receiving 350-450 mm of annual precipitation are transitional to
annual cropping, and peas are grown in alternate years with occa-
sional fallow periods to store soil moisture and insure a grain crop.
In the Columbia Plateau's more humid zones (greater than 450 mm an-
nual precipitation) annual cropping of cereal grains (wheat, and bar-
ley) and peas is practiced, occasionally in rotation with alfalfa or
fallow. .

Time sequences for tillage and cropping operations under fallow-

crop, wheat-pea, and annual grain management systems in the Pacific
Northwest appear in Table 19.

B. Water Use Efficiency

In the states composing the Pacific Northwest there are approxi-
mately 951,000 ha of fallow land in Washington; 386,000 ha in Oregon;
362,000 ha in Idaho; and 51,000 ha in the Utah panhandle. The fallow
land acreage in the region has not varied greatly from year to year
since the mid-1930's.

Dryland regions in the mid-western U.S. have a different set of
climatic conditions. Generally, a unit of grain requires more annual
precipitation to produce in the U.S. Central and Northerm Great
Plains than in the Pacific Northwest. The data in Table 20 indicate
the W.U.E. differences between the two regions.

Considerable progress in soil and crop management, along with
variety development, has improved W.U.E. during the past 20 years in
the Northwest as shown in Table 21. Grain yield increase at Pendle-
ton, Moro, and Lind was 1.74, 0.92, and 2.56 Kg/mm/ha respectively.
No single input was responsible for this increase, but undoubtedly a
combination of, and interaction between, improved soil management,
better varieties, use of fertilizers, weed control and other agro-
nomic practices contriputed.

At the Lind site the increase in W.U.E. for grain yield aver-
aged about 99 percent for the past 22 years when compared to the
previous 22 year period. This is the lowest rainfall cereal produc-
tion region in the U.S. The value of improved varieties does not
show as great an influence on grain yields as improved crop manage-
ment, when considered alone. However, when the influence of im-
proved varieties is added to improved crop management an overall
increase of 30 percent in W.U.E. is achieved. Crop management in
more arid cereal producing regions appears to play a more dominant
role than improved varieties. However, to gain maximum benefit,
both elements must be incorporated into a production system.

As precipitation increases, the roles of improved varieties and
improved crop management shift in emphasis as shown by data for the

100



c0l

Table 18 - VARIATIONS, LIND, WA / USA

Variations in precipitation and grain yield at Lind, Washington (Dry lLand Research Unit)

Precipitation - Seasonal averages and extremes - millimeters

Fallow (14 mo.) Crop (10 mo.)

Annual calendar year Aug.-Sept. Oct.-Sept. Total (24 mo.)
maximum 1948 574 1949 crop 595 1948 crop 537 1948 crop T 784
S55-year avg. 241 261 220 481
minimm 1930 122 1931 crop 139 1930 crop 121 1930 crop 271

Precipitation - Monthly averages and extremes
Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
year (max.) 1970 1940 1938 1944 1948 1923 1948 1969 1927 1947 1973 1973
millimetews 73 109 42 46 149 94 52 34 75 100 85 77
S55-~year ave. 27 22 19 16 19 23 6 8 13 23 31 33
year (min.) 1949 1967 1965 1949 1966 1949 (14 yrs) (10 yrs) 1976 1975 1936 1927
millimeters 2 3 1 1 1 1 0 0 0 1 1 4
Grain yield - Averages and extremes - kg/ha
Kharkov Improved varieties
maxirmum 1942 3350 1967-Moro 3733
55-year average 1594 1762

minimm 1936 276 1936-Rio 269



101

Table 17 — VARIATIONS, MORO, OR / USA

Variations in precipitation and grain yield at Moro, Oregon (Sherman Cxperiment Ztation)

Precipitation - Seasonal averages and extremes - millimeters

Fallow (14 mo.) Crop (10 mo.)

Annhual calendar year Aug. -Sept. Oct.-Sept. Total (24 mo.) °
maximam 1953 440 1349 crop 483 1951 crop 422 1943 crop 757
65-year avyg. 290 311 268 580
minimm 1967 154 1969 crop 190 1968 crop 137 1968 crop 394

Precipitation - Monthly averages and extremes
Month Jan. Feb. Mar, Apr. May June July Aug. Sept. Oct. Nov. Dec.
year (max.) 1953 1940 1957 1940 1913 1937 1923 1968 1911 1950 1942 1964
millimeters 124 86 85 55 58 67 38 39 102 S0 110 155
65-year ave, 43 30 24 19 20 18 5 6 16 24 43 43
year (min.) 1962 1967 1926 1956 1966 (2 yrs) (23 yrs) (17 yrs) (3 yrs) (2 yrs) 1939 1946
millimeters 6 1 3 0 1 0 0 0 0 0 1 11
Grain yield - Averages and extremes - kg/ha
Kharkov Improved varieties

maxirmm 1916 3518 1975-Hyslop 3841

46-year average 1809 2058

minimm 1973 666 1932-Hybrid 128 619



Table 19 - CROPPING SPQUENCE

Cropping operations sequence for three precipitation ranges

Time

Field operations or conditions

Fallow-¢rop (350 mm precipitation)

July

Early Septerber

September to mid-April

Mid April

Mid-April to nid-September
Mid to late September

Late Septamber to late June

Harvest grain

Fall chisel

Uncultivated wheat stubble
Initial tillage

Cultivate fallow

Plant grain

Growth of crop

Wheat-peas rotation (350~450 mm precipitation)

July

Late July to mid-September
Mid-September

Mid-September to early April
Early April

Late June-early July

Early August

Early August to late September
Late Septerber

Late September to July

Harvest grain
Uncultivated wheat stubble
Plow

Bare

Plant peas

Harvest peas (green for
canning or freezing)

Plow

Bare

Plant grain
Growth of cxrop

Annual grain (450 mm precipitation)

July
Iate July-early August
Early August--mid-October

Mid-October
Mid-October to July
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Harvest grain
Plow stubble

Cultivate fallow and prepare
seed bed

Plant grain
Growth of crop
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Table 20 — WATER USE EFFICIENCY

Yield and water-use efficiency of winter wheat grown continwusly and after fallow at three locations in the
Central Great Plains and in a fallow-crop rotation at three locations in the Pacific Northwest

Average annual Continwus W.U.E.i/
precipitacion wheat Fallow-wheat Continuoils wheat Fallow-wheat
Iocation mm (kg/ha) (kg/ha) (kg/ha/mm) (kg/ha/mm)
Akron, Colorado
60 yr. average 419 498 1426 1.2 1.72
Colby, Kansas
49 yr. average 470 626 1318 1.3 1.4
North Platte,
Nebraska
56 yr. average 495 834 2146 1.7 2,2
Pendleton, Oregon 2/
44 yr. average 403 — 3518 - 4.4
Moro, Oregon 2/
63 yr. average 289 —t 2004 - 3.5
Lind, Washington 2/
54 yr. average 239 - 1715 - 3.6
1/
;/W.U.E. on a harvest to harvest precipitation basis

" Data not available



Table 21 - YIELD INCREASES

Grain yield, precipitation and water use efficiency at three locations in the
Pacific Northwest

Dates No. years Yield Total moisture Water \se efficiency
(tons/ha) (mm) (k )

Pendleton
1931-1974 44
Kharkov 3.03 805 3.76
Improved variety 3.51 805 4.36
1931-1952 22
Kharkov 2.53 820 3.08
Improved variety 2.84 820 3.46
1953-19% 22
Kharkov 3.15 800 3.93
Impr wwea variety 4.16 800 5.20
Moro
1912-1974 63 1.81 579 3.12
Improved variety 2.00 579 3.45
1931-1952 22
Kharkov 1.68 581 2.89
Improved variety 1.82 581 3.13
1953~1974 22
Kharkov 1.81 569 3.18
Improved variety 2,31 569 4.05
Lind
1922-1974 54
Kharkov 1.58 477 3.31
Improved variety 1.711 477 3.58
1931-1952 22
Kharkov 1.35 518 2.60
Improved variety 1.35 518 2.60
1953-1974 22
Kharkov 2.01 457 4.39
Improved variety 2.36 457 5.16
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Pendleton location (Table 21). The increase in W.U.E. due to im-
proved varieties is almost twice that shown for the Lind location,
while the improved crop management effect is less than half that of
the lower rainfall zone at Lind. The data suggest that varietal
improvement has a greater impact on W.U.E. under more favorable
climatic conditions. The interaction between improved varieties
and improved crop management indicates about 9 percent increase in
W.U.E. at Pendleton compared to 13 percent at lind.

The overall W.U.E. for grain produced per unit volume of water
received was nearly similar for both Pendleton and Lind (5.20 and
5.16 kg/ha-mm respectively). Therefore, both locations are produc-
ing at equal W.U.E. levels, but at different yield levels because of
large precipitation differences. The benefit of using the best
adapted varieties for maximm W.U.E. and increased grain vield can
be seen clearly.

Certain climatic and environmental factors, among the many that
affect W.U.E. in the production of dryland cereal crops, are beyond
control. These include, in addition to a limited moisture supply,
distribution and intensity of precipitation, temperature, relative
humidity, light intensity, wind velocity, soil type, soil texture,
soil depth, and topography of the land. These elements need to be
considered and dealt with in production systems, but essentially
they are uncontrollable. There are, however, other, controllable
practices tc aid in efficient use of a limited moisture supply.
Those directly related to plant management include: adapted (seed)
varieties, stand establishment, plant nutrient-moisture balance, and
pest control (weeds, insects, and diseases).

Potential exists for further W.U.E. improvements, particularly
through better soil profile moisture storage during the fallow peri-
od, and more timely stand establishment during the beginning of the
cropping period.

C. Stand Establishment

The most important single factor affecting crop yields under
dryland conditions, many observers believe, is stand establishment,
a term preferable to other commonly used terms, such as seeding date,
Planting date, or date-of-seeding. Describing the actual time the
seeds are placed in the soil does not necessarily insure time of
emergence, crown root development, or the appearance of tillers, all
of which must occur before a stand can be said to be established.

1. Time of stand establishment

In dryland cereal producing areas with winter precipitation, op-
timum time of stand establishment may have a considerable effect on
water use efficiency (in relation to economic yield) by ensuring that
the growth of the crop is adjusted to the available soil moisture.
Data in Figure 11, averages of many trials over a period of years,
shows the optimum time range for stand established in Eastern Oregon.
A number of early trials reviewed indicated no differences in yield
due to planting date. Closer inspection of the data revealed that,
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Figure 11- STAND ESTABLISHMENT

Effect of stand estanlishment timing and grain
yield in Eastern Oregon (long term average)
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in many cases, grain seeds were placed in dry soil and several days
elapsed before a significant amount of precipitation occurred; the
date of seeding could have differed by 2-4 weeks, but the time of
emergence was the same. Since introduction of deep-furrow drills

and the placement of seeds into moist soil (from the previous fallow),
data have been more consistent and represented truly different dates
of emergence.

Iong-term observations (Bolton, 1976, wunpublished data) of pre-
cipitation in relation to grain yields at three Pacific Northwest
locations indicate that whenever significant rainfall occurred during
the period of optimum stand establishment (September 15-October 15)
grain yields were significantly higher. Apparently adequate soil
moisture stimilated emergence and subsequent plant development before
low winter temperatures occurred.

As soil moisture conservation practices improved and deep-furrow
drills were introduced, seeding into residual moisture became a stan-
dara practice. However, seasons still occur when moisture levels for
seeding are too far below the soil surface for even the deep-furrow
drill. Seeding may be delayed beyond the optimum date while waiting
for adequate rainfall, often resulting in reduced yields due to in-
adequate plant development prior to cold weather.

Pehlivanturk (1976) showed that time from emergence (after ade-
quate moisture was present) to crown root development and tillering
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was greatly increased after soil temperatures droppea to a certain
range. A critical soil temperature-plant development relationship
occurs when the mean soil temperature decreases. This study indi-
cated Bhat when mean soil temperature at seeding depth dropped be-
low 107C, elapsed time for seedling development of crown roots and/
or tillers increased dramatically. Hmergence to tillering required
28, 51, and 125 days from October 1, October 15, and November 1, re-
spectively. Mean soil t rature at seeding depth for these plant-
ing dates was 16, 9, and 5°C, respectively.

Seedii g in dry soil is riskv; problems may arise due to either
surface crusting following rains, or (sometimes) weed control. How-
ever, yield reductions due to late stand establishment are well docu-
mented and consistent. The risk in recduced yields from crusting or
weeds is not predictable. Even under dry soil conditions timely
seeding provides advantages over waiting for adequate moisture to
wet the seed zone.

2. Plant population

The optimum number of plants grown per unit area to obtain maxi-
mum economic production varies widely for different environments.
Under well-watered or irrigated conditions, plant population pes unit
area above a certain number seems to have little or no effect on sub-
sequent yield (Donald, 1963). When limited moisture conditions exist,
plant population and distribution can exhibit substantial influence
on water use efficiency and subsequent grain yield (Harper, 1961),
provided that the seeding rate is adequate.

For cereal crops planted in rows, adjustments in plant popila-
tions and distribution are made either within rows op between rows.
Increasing distance between individual plants in the row and reduc-
ing the distance between rows to achieve a more uniform distribution
over a unit area may defeat its purpose under limited moisture con-
ditions. Brown and Shrader (1959) showed that plants facing minimal
competicion during the seedling stage tend to produce excessive vege-
tative growth and deplete soil moisture that could be reserved for
grain production at a later date. larson and Willis (1957) concluded
that, to gain maximum benefit from limited moisture, the intra-row
population should be great enough to generate adequate seedling stage
competition and thereby prevent excessive growth and moisture consump-
tion. The inter-row spaces should be adjusted to fit the moisture
supply.

This proposal generally runc contrary to usual practices in many
dryland areas worldwide, both developed and developing. Seeding
rates (in the row) and row spacings traditionally have been used for
two purposes, neither actually related to the best plant population
for maximum yield. Greater than optimum seeding rates are employed
to provide ground cover for wind and water erosion control. Close
row spacings are often preferred to create increased competition for
weeds that may grow between the rows. While these concepts may have
been partially successful, they undcubtedly contribute to reduced
grain yields in many seasons. The work of Arnon (1972) and Arnon
and 3lum (1964) suggests that improved use of limited moisture supply
is possible through greater attention to plant population and distri-
bution in dryland regions.
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Several studies conducted in different dryland regions of the
world have shown that seeding rates can be reduced and row spacings
increased without reducing (and many times increasing) grain yields
(Alessi et al., 1971; Bolton, 1973; Guler, 1975; Wilson, 1969).
Reasons for not using more carefully adjusted seeding rates and row
spacings are many and varied, but rone seem to be related to more
efficient use of moisture. One study developed results indicating
that varieties differ in their response to seeding ratec and row
spacing in different climatic zones; Guler (1975) found some vari-
eties had differing optimum plant population numbers at each loca-
tion, while other varieties responded uniformly at a given seeding
rate in several locations.

3.  Cxop varieties

A key to increasing W.U.E., thereby increasing economic yield,
stems from planting the most highly adapted variety available. The
combination of soil, crop, and pest management practices that con-
serves moisture for crop growth can only benefit yields if a well
adapted crop variety is grown that has adequate yield potential.

Cereal breeding programs generally have similar goals: in-
creasing yield potential and quality, maintaining resistance to
pests (insects and diseases), overcoming lodglng and shattering,
and building in or ellnunatlng other agronomic characteristics.
Resistance to, or tolerance of, drouth and heat may be included
among breeding goals; but these abilities are much more difficult
to capture. Breeders have 1035 recognized that selection for
drouth tolerance or heat resistance is extremely difficult because
Pelatlvely few suitable selection criteria exist presently. Selec-
tion in early generation material under dryland conditions is very
risky because of extreme variability from season to season (Hurd,
1971). As a consequence, many breeders have resorted to testing
larger numbers of later generation lines in dryland areas hoping
to isolate types that are better adapted to drouth conditions. This
approach has been generally quite successful in the U.S. Pacific
Northwest. Many of the varieties with high-yielding potential under
adequate moisture conditions have also produced higher yields when
moisture is limited. Figure 12 prevides an example of the progress
made in varietal improvement for dryland conditions.

To verify yield potential, crop varieties need to be carefully
tested under the partlcular climatic, soil, and management conditions
that will prevail in the field. Con51deratlon should be given to
varieties that exhibit ability to yield well under a variety of ad-
verse conditions. Dryland crop production involves numerous variable
factors. Varieties intended for the drylands should have an inherent
ability to thrive under changing conditions.

D. Tillage and Soil Management Practices

Soil management practlces may reflect varying climatic and soil
conditions in different regions, but basic principles remain un-
changed. Dryland tillage practices are uged to: conserve the maxi-
mum amount of moisture in the soil profile during the fallow period
for use by a succeeding crop; prepare a suitable seedbed so that the
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Figure 12- IMPROVED VARIETIES

Effect of improved varieties and crop management of water use efficiency and grain yield
(cross bar) of winter wheat in two locations in the Pacific Northwest
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crop can be established at the optimum time to efficiently use the
limited moisture supply. Rough, cloddy seedbeds are all too preva-
lent in dryland areas. The condition produces a thin stand of
poorly~developed plants which never seem to fully recover during
the season.

Tillage operations during fallow usually occur in fall, spring,
and summer. Where sufficient precipitation is available for annual
cropping, tillage only is used to prepare a suitable seedbed as
there is generally no moisture to conserve after an annual grain
crop.

1. Fall tillage

In a fallow-grain rotation tillage may occur anytime immediately
after harvest until late fall.

Deep chiseling (25-30 cm), or subsoiling (30-41 cm) breaks up
hard layers in the soil profile caused by previous tillage operations
and aids infiltration of water unto the soil profile. This is espe-
cially true where frozen soils are common during the winter season.
Increases in yield and additional soil profile moisture storage only
occur during those seasons when the precipitation is great enough to
cause run-off or when there are frozen soils covered with snow that
melts while the soils are still frozen. Since these climatic condi-
tions are difficult, if not impossible, to predict, the results from
chiseling or subsoiling operations are highly variable. The profit-
ability of any fall tillage in a fallow-crop rotation is questionable
at the present time. The practice appears to be location-specific
and cannot be recommended over large areas without previous trials
in that region.

In some instances. a fall tillage operation helps control grassy
weeds during later fallow tillage operations. The question remains,
however, whether a less expensive tillage operation might not Accom-
plish the same purpose. At the moment, any fzll tillage operation
remains the individual farmer's choice without specific recommenda-
tions based on research trials.

In grain-pea rotations, fall cillage using a heavy disc or mold-
board plow prepares a seedbed Ior a spring-planted pea crop. Most,
or all, of the previous crop's residue is thoroughly mixed or turned
under so that spring seeding operations are not hampered by crop
trash. These operations usually occur in early fall before winter
rains begin.

2. Spring tillage

Initial spring tillage operations utilize three basic types of
machine: those that completely invert the tilled soil layer, such
as the moldboard plow; those that stir and mix the soil but do not
invert the soil layer, such as various types of disc plows; those
that cut beneath the soil surface without inverting the soil layer
or mixing the surface residues, such as the various types of sweep
plow or field cultivators. All three types are widely used, some-
times for specific situations, but often due to an individual far-
mer's preference.
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The inverted layer type tillage (moldboard plow) is generally
used where grassy weeds are a problem or heavy surface residues
make summer operations difficult. Because it leaves the soil sur-
face bare and without protection, it is not widely used on soils
that are subject to heavy wind and water erosion.

The disc and one-way disc plows are intermediate between the
mold-board plow and the sweep plow. These implements, if properly
used, will leave some residues on or near the surface to reduce
wind or water erosion. They may be used when heavy surface resi-
dues from the previous crop are present.

The sweep plow is generally used in the stubble-mulch system,
whereby the grower aims to leave as much of the previous crop resi-
due on the soil surface as possible. It approaches the ideal till-
age system for soil conservation and erosion control. However,
heavy surface residues and presence of large populations of grassy
weeds make the stubble-mulch system impractical in many instances.
If adequate chemical control of grassy weeds were possible, this
system would be practiced more extensively.

Early initial spring tillage helps conserve soil moisture pre-
viously stored in the soil profile. Many studies have shown that
early spring tillage is preferable to late spring tillage because
it destroys weeds and volunteer grain that would use s0)' moisture.
Data for most dryland areas with a winter rainfall pattern irdicate
that precipitation received after the first week in April adds _7:.
little, if any, additional moisture to the soil profile. Vegetative
growth of volunteer grain and weeds, if present, will remove more
moisture than will be stored from precipitation.

All three initial spring tillage methods have been successfully
used in fallow moisture conservation management programs. Fach
method has its own benefits and disadvantages in a given area, ex-
tensive field research trials have generally shown which system is
particularly adapted. Often each season's climatic conditions will
dictate the system to be used. U.S. dryland farmers commonly have
an array of tillage equipment for initial spring tillage and use
only the machines that suit the prevailing conditions.

In grain-pea rotation areas, the initial spring operation in-
volves preparing a seedbed for planting peas. A variety of imple-
ments may be needed, but generally discing and harrowing are used
to prepare a relatively smooth seedbed. Operations have to be con-
ducted promptly since optimum pea planting time is relatively short.
Most peas are grown under contract to be harvested green for canning
or freezing. Some may be allowed to mature for harvest as dry peas.

3. Sumer tillage

Tillage operations conducted during late spring and throughout
the summer have three primary purposes: control weeds; maintain a
soil-residue mulch that will conserve moisture stored in the soil
profile; and, prepare an adequate seedbed for planting the crop,
that is, hold residual moisture close enough to the soil surface so
that seeding operations can be conducted at the optimum time as
nearly as possible.
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In recent years the most widely used implement for these pur-
poses has been the rodweeder. This implement, when properly used
in previously well-prepared fallow, fulfills the purposes of summer
tillage in an economical manner. The inarket offers numerous varia=.
tions of the rodweeder to fit different soil conditions throughout
dryland areas. Some combine sweep cultivation with rodweeder opera-
tions for use where the particular condition requires it. Heavier
soils usually require more drastic tillage action to maintain proper
soil particle size and mulch depth to conserve fallow moisture. A
sweep or field cultivator teamed with one of several types of harrows
may be used early in the summer tillage operations followed by the
rodweeder in late sumer or early fall.

E. Seeding

Dryland cereals planted in fall are subject to a variety of
winter climatic conditions that ultimately determine yield. A poor-
ly developed plant facing a cold winter uses more (limited) moisture
supply for recovering during spring than a healthy, well-developed
plant. Good fallow practices include both conservation of total
moisture in the soil profile, as well as seed zone moisture. The
latter is critical for crop germination and emergence.

Seeding into residual moisture can be accomplished best by a
properly adjusted deep-furrow grain drill. The predetermined number
of seed per meter of row must be placed under 2.5-5 cm of moist,
firmed soil. Seeding equipment should preserve as much residue as
possible and securely anchor the residue in the ridges, leaving a
rough, cloddy surface.

When subnormal or poorly distributed precipitation occurs, even
the most progressive farmer may be unable to maintain soil profile
moisture close enough to the surface to seed at the optimum date.
Under these circumstances seed should be placed at a shallow depth
so that rainfall can trigger germination and emergence. Data clear-
ly demonstrate that as few as five to seven days earlier emergence
in fall can produce a significant positive effect in crop yield.

F. Plant Nutrition

In areas of limited precipitation, a balanced nutrient supply
enables a crop--at all stages of growth--to use the available mois-
ture supply with greater efficiency (Arnon, 1975, 1972; Olson, et
al., 1964; Viets, 1962, 1971, 1972). A nutrient deficient plant,
even when not growing, or growing slowly, uses water at about the
same rate as a nutritionally balanced plant, yet produces consider-
ably less yield (Asana, 1962; Aspinall, et al., 1964; Brown, 1970;
Leggett, 1959). Recent information by Aktan (1976) confirmed these
findings and indicated that differing soil moisture levels at seed-
ing require different amounts of nitrogen for a balanced moisture-
nitr~gen supply and maximum W.U.E. An example from this study (Fig-
ure 13) reveals that W.U.E. can be decreased markedly by either a
nitrogen deficiency or excess.
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Figure 13- NITROGEN AND W.U.E.

Effect of nitrogen fertilizer on W.U.E. and grain yield (cross bar)
of winter wheat and barley at Moro, Oregon, 1975.
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Highly variable moisture conditions typical of dryland regions
tie fertilizer requirements to the prevailing moisture supply when
efficient use of water is the goal. Moreover, various soil manage-
ment methods--bare fallow, stubble mulch, minimum tillage, or no-
till (chemical fallow) systems--may require different levels of ni-
trogen to achieve the proper moisture-fertilizer balance (Brown, et
al, 1960; Greb, et al, 1967; Koehler, et al, 1967; Ovesci and
Appleby, 1971). The quantity of plant residues left on the soil
surface or mixed in the upper few centimeters can significantly in-
fluence the amount of nitrogen available to the crop plant (Leggett,
et al, 1974; Smika, et al, 1969; Smika, 1970). Generally, the more
surface residue present, the more nitrogen required to balance fer-
tilizer needs with the moisture supply.

Olson, et al, (1964) found that nitrogenous fertilizers stimu-
Lated excessive initial vegetative growth if the total nitrogen re-
quired for the growth was applied in a readily available form at
seedingz. Applying fertilizers sparingly at seeding led to desired
seedl.g pleiit development devoid of excessive vegetative growth.
Current information suggests that increased attention be given to
"starter" type fertilizers that are nutritionally balanced for sup-
perting stand establishment of winter cereal crops. Additional
nitrogen could be added later at an appropriate growth stage.

In the Pacific Northwest, where most nitrogen fertilizer is in-
jected into the soil (20-25 cm deep) in a gaseous or liquid form
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several months prior to seeding, the zone of nitrogen accumulation
appears to be well below the seedling root zone. This practice
causes an apparent nitrogen deficiency in the early growth stage
which gradually disappears as plant roots reach the accumulation
zone. The nitrogen deficiency period may last a few weeks or sev-
eral months depending on the soil temperature. Consequently plant
development is retarded prior to cold weather and stimulated during
spring warm periods. The result can be--and often is—-excessive
moisture use that could have been avoided with proper nutritional
balance during stand establishment.

Even though nitrogenous fertilizers receive major emphasis,
other fertilizer elements play an important role in increasing dry-
land W.U.E. Phosphorus, potassium, sulphur, and the other minor
elements required for plant growth and development must be avail-
able in the proper amounts or yields will suffer (Brown, et al,
1960; Gardner, 1964). These other fertilizer elements, while not
as dependent on the moisture supply as nitrogen, are needed to avoid
a profound negative effect on the W.U.E.

Knowledge of the soil's nutrient status is essential for pro-
ducing crops under dryland conditions. laximum efficient use of
available water supply controls successful dryland crop production,
and this can be achieved only when nutrient deficiencies are cor-
rected. However, fertilizer usage, even though in proper am unts
and balances, without attention to other cultural practices such as
seedbed preparation or weed control, oftan does not increase yields.

G. Crop Protection

Factors that slow or block crop growth and development warrant
full attention and correction, where possible. Control of insects
and diseases under virtually any conditions enhances crop yields.
Control is particularly essential for dryland farming because
limited moisture supplies may preclude recovery of a pest-injured
crop. Under high rainfall or irrigated conditions, a damaged or
weakened crop may have a chance of recovery. With limited moisture
conditions yields are irretrievably reduced.

Although control of weeds is not directly related to management
factors affecting crop plant water use efficiency such as variety,
stand establishment and moisture-fertilizer balance, it is no less
important. In fact, application of other improved cultural prac-
tices (high yielding varieties, fertilizers, improved tillage meth-
ods or better seedbed preparation) without adequate weed control
will generally lead to disappointing yield results. Timely, effec-
tive weed control is the first step toward reducing water loss and
thereby improving yields in the drylands. Fach increment of water
used by weeds reduces moisture available to a crop. Weeds need to
be controlled in the early stages of crop growth. Numerous studies
document early competition between weeds and crops--for nutrients
and light as well as moisture--as the most damaging.

Generally speaking, the more limited the moisture supply, the
more critical adequate weed control becomes. Hepworth et al.,
(1975) showed that even with poor soil and crop management, timely
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chemical weed control delivered sizable yield increases. Weed con-
trol coupled with improved crop management practices increased grain
yield 2R percent (Figure 14).

Figure 14- WEED CONTROL

Effect of weed control and management on yield of
winter wheat in Turkey, 1974 - 1975.
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Chemical weed control plus traditional management increased
grain yields about 64 percent, but at a yield of only 1.54 mt/ha.
A certain amount of cultural weed control is achieved under im-
proved soil and crop management. Hence, addition of chemical con-
trol during the crop growth period caused a less impressive yield
increase. However, total yield increases due to weed control under
improved management averaged 0.8 mt/ha compared to about 0.5 mt/ha
under poor management.

Heavy weed infestations in both cropped and fallow lands are
common throughout the LDC's. Even when weed control is practiced,
often it is nci correctly timed and a substantial yield loss still
occurs. :

Many available herbicides control most broadleaf weeds. Addi-
tional control measures--chemical, cultural, and combinations--may
be required to control several species of weedy grasses. Extensive
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research in process will hopefully help solve the problem of weedy
grasses that plague cereal crops worldwide.
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VIil. DRYLAND FARMING EQUIPMENT

The success of dryland farming systems depends on making maxi-
mun use of a limited soil moisture supply. These systems involve
conserving as nuch moisture as possible from rainfall and snow,
storing it in the soil, selecting a suitable crop, and using cul-
tural practices that provide maximum utilization of the available
stored moisture for crop production (Burrows, 1970).

The size of dryland farms vary from less than a hectare to many
thousands of hectares. For the most part, land tends to be steep
and rocky with poor, shallow soils. Current farming practices range
from primitive hand methods developed in ancient times to completely
mechanized systems involving compler machines and sophisticated
management techniques. lLocal climatic, soil, social, and economic
conditions influence which production systems are used in a particu-
lar region. As yet, no single crop production system has been de-
vised that can be applied advantageously to all dryland regions of
the world. However, adoption of some improved practices could sub-
stantially increase production in many areas.

Dryland farming in developed countries has embraced a high de-
gree of mechanization. Mechanization may be defined as: scientific
application of mechanical aids to increase production and preserva-
tion of food and fiber crops with decreased drudgery and greater ef--
ficiency compared to primitive methods. Mechanization can increase
crop yields through: increased control of soil and moisture losses;
improved seedbed preparation; more timely seeding and more accurate
seed placement; more effective weed, insect, and disease control;
and better harvesting, processing, and storage practices.

Timeliness of farming operations is critical in maximizing
yields and efficiently using available crop land (Esmay and Hall,
1973). Mechanization, perhaps more than any other benefit, has
given dryland farmers greater control over the timing of their
operations.

Of course, mechanization requires additional capital investment
in equipment, mastery of increased knowledge and different skills by
the farmer, access to supporting activities and services, and usz of
improved management practices. To be successful, mechanization must
involve more than just "tractorization." The equipment and methods
selected need to be appropriate for the area where they are to be
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used. The maximum benefit of mechanization hinges on proper train-
ing and education of the involved workers and management personnel.

A, Tilling

Tillage is a fundamental crop production practice. Its primary
objective often is limited to creating a seedbed with favorable soil
conditions for seed germination and subsequent plant growth. Mois-
ture conservation becomes an equally important tillage objective for
dryland farming where limited moisture affects crop production.

Approved tillage practices contribute to increased crop yields,
higher net income per unit land area, and lower unit cost of crop
produced. Poor tillage practices, on the other hand, can be very
detrimental. This holds particularly true for dryland farming where
a high risk exists even under the best of conditions. Incorrect
tillage can drastically reduce stored soil moisture. Exposing moist
soil to air and sunlight accelerates evaporation rates. Improper
tillage can also contribute to increased wind and water erosion by
destroying soil structure and removing vegetative cover from the
soil surface (Jensen and Weiser, 1969).

Generally, dryland crop production will be enhanced if the till-
age practices used involve: controlling weeds that use water; leav-
ing crop residues on the land surface to promote moisture retention
and erosion control; maintaining a high infiltration rate potentialj
maintaining a high percentage of surface clods for erosion control;
avoiding tillage practices that loosen or turn up moist soil and ex-
pose it to rapid drying; and, developing a firm, mellow seedbed
(Fenster, 1973).

Tillage implements can be classified several ways. They can be
listed in categories of power sources required for their operation:
hand-operated, animal-drawn, and tractor-drawn. They also may be
c.assified according to the nature of the soil manipulating opera-
tions performed: breaking and stirring without inversion of the
tilled soil layer, breaking and cutting, turning or inverting the
soll layer, and cutting and turning (Hopfen, 1969). A third system
groups implements according to whether they are used for primary or
secondary tillage operations. Primary tillage is usually the deep~
est and most aggressive of tillage operaticns performed. Secondary
tillage involves weed control and seedbed refinement operations
which are performed after primary tillage. All three classification
systems will be used to describe the wide variety of tillage tools
used in dryland farming throughout the world.

1. Hand tools and animal traction

Spading and digging hoes are still used for primary tillage
operations in parts of Africa, Furope, the Middle East, the Far East,
and in the Andes region of latin America. Because man is a limited
source of power, hand tillage methods are slow and arduous. The
physical condition of the individual, the nature of the task, the
length of the work period, and the effectiveness of the tools used
help determine the amount of work that can be accomplished. Typical
work rates might vary between applying a 50 N force with a velocity
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of 1.1 m/s to a hand-operated lever, to a 625 N force at 0.15 m/s
when operating a water ladder. These translate as power outputs of
approximately 0.3 W for a short period to 0.08 W for a sustained
period (Hopfen and Biesalski, 1953; Van Cott and Kinkade, 1972).
Consequently, the performance rate for hand tillage is quite slow.
In the Anatolia region of Turkey, for example, workers can spade
approximately 0.4 ha/day/man (Karpat, 1960). Only small areas of
land can be tilled by hand due to the need for timely tillage.

Animal power for draft purposes began several thousand years
B.C. and increased man's productivity in terms of both the amount
and quality of work accomplished per unit time. Many animal-drawn
tillage implements doubtlessly evolved as adaptations of hand tools.
One of these is the ard, generally regarded as forerunner of the mod-
ern plow.

Ards are usually made of wood; some may have metal points or
shares. Ard forms are peculiar to different geographlcal areas.
Beam ards incorporate a curved tilling beam, the main structural
member of the implement, to which the handle and soil engaging ele-
ment are attached. Beam erds are used in Ethiopia, Northern Tunisia,
Chile, Central and Southwestern Iraq, Syria, lLebanon, Jordan, Iran,
parts of Turkey, and Eastern India.

Body ards are probably the most widespread style being found in
Morocco, Algeria, Afghanistan, India, Syria, Iraq, the Balkan Penin-
sula countries, the Far East, and in many latin American countries.
They are characterized by a main body member; one end is the pointed
soil engaging unit while the other inclines upward and tapers off to
form the handle. The pulling beam attaches to the body. The body
ard, sturdiest and heaviest of the ard groups, is suitable for deeper
tillage.

More recently, an ard has been developed with a horizontal sole
body sliding on the ground. The handle and pulling beam are fitted
to the sole body. These are light weight, shallow tlllage implements
used extensively in dry zones. Sole ards are found in many countries
including Tunisia, Libya, Algeria, Morocco, the Arab Republic of
FEgypt, the Eastern Balkans, Turkey, Iran, Iraq, Afghanistan, and Pak-
istan (Hopfen, 1969).

While construction details may vary, the ard's basic soil man-
ipulating function is the same. They are primarily breaking and
dlgglng or breaking and cutting 1mplements Very little soil inver-
sion takes place; the soil surface is left with a ridged configura-
tion and most vegetation present remains on the tilled surface (Hop-
fen, 1969). Ards are not effective implements for weed control and
moisture conservation. In Eastern Anatolia, for example, tillage
operations occur in late spring or early summer, often after the
weeds have wasted extensive stored soil m01sture Many weeds survive
initial tlllage and continue to grow and use moisture. A subsequent
tillage operation may be required in late summer to allow the sun to
"burn and purify the soil." As a result, soil moisture becomes de-
pleted down to the subsoil (Ross, 1967).

Other animal-drawn primary tillage tools commonly used in

123



dryland regions include the moldboard plow, the disk* plow, and, to
a lesser extent, the chisel plow. While the operating principles

of these implements are similar to their tractor-drawn counterparts,
the size and construction are not. Animal-drawn tools are usually
lighter weight units designed for animal-paced operating speeds that
are slower than feasible with most tractors. Indiscriminately pull-
ing animal-drawn implemencs behind a tractor can result in damage to
the equipment, poor operating characteristics, and undesirable re-
sults.

2. Primary tillage

Tractors and modern equipmrent have been responsible for substan-
tial changes in dry region tillage practices. The tractor's in-
creased pulling capacity, coupled with heavier equipment, permitted
cultivation of dry, hard soils that defied hand and animal-pulled
tillage methods.

Implements used with tractors are available as mounted or inte-
gral, semi-mounted or semi-integral, and trailed or pull-type units.
The designation defines the implement-tractor relationship when the
implement is in the transport position. Tractors carry the entire
weight of a mounted or integral machine. The implement may have one
or more wheels and still fall in the mounted category. A mounted
moldboard plow, for example, may have a gauge wheel which is in con-
tact with the ground during plowing, but does not support any imple-
ment welght when the plow is lifted out of the ground. Semi-mounted
implements split their weight between the tractor drawbar and their
own wheels. Trailed implements have their own running gear that
supports the total implement weight.

The moldboard plow is the world's most universally used tillage
tool. Its soll engaging unit--or "Lottom'--is essentially a three-
sided wedge. Forward movement causes the wedge to slice and invert
a strip of soil. The amunt of inversion and degree of soil pulver-
ization achieved Jdepend on a number of factors, some related to the
soil and others related to the plow itself. The former include soil
type and moisture content, previous cropping and tillage, as well as
type <nd amounl of vegetation. Plow related factors are moldboard
curvature, travel speed, attachments used with the plow, plow ad-
justment, and the general mechanical condition of the plow.

Seedbed preparation and weed control stand as two important
moldboard plow uses. In fact, some moldboard plowing may have a
positive effect on crop yield. During adoptive tillage research in
Turkey, moldboard plowed plots out-produced plots in which other
primary tillage methods were used (Bolton, el al., 1971a). Invert-
ing the furrow slice effectively controls many weeds. Infrequent
moldboard plowing is recommended in the Pacific Northwest for con-
trolling cheatgrass (Bromus tectorum).

The world market offers mounted, semi-mounted, or trailed
moldboard plows with from one to twelve bottoms, depending on style.
Standard bottom sizes range from 254 mm to 560 mm wide. Attachments
commonly associated with moldboard are jointers, rolling coulters,

*Disk (also spelled disc) has been adopted in this study.
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trash boards, and moldboard extensions. Jointers and trash boards
increase crop residue coverage or burial. Rolling coulters reduce
draft by helping to cut the furrow slice free in the vertical plane
and in cutting through crop residues. Notched and ripple coulters
are used in heavy residue conditions. The moldboard extension pro-
vides additional control of the furrow slice during the inversion
process. A spike-tooth harrow or other soil pulverizing device may
be pulled behind the plow to break up clods and begin formation of
the soil mulch that is instrumental in reducing evaporation losses.

In spite of wide usage, the moldbocxrd plow has disadvantages
for dryland fanmidng. The plow's inverting action exposes moist soil
and accelerates evaporation losses. It also buries nearly all crop
residue which severely reduces wind and water erosion protection.

(A conventional moldboard plow can be converted into a stubble mulch
implement by replacing the moldboards with plates 100 mm wide; the
soil surface after plowing has a rough and cloddy condition with
most of the crcp residue left on the ground surface or lightly mixed
with the surface soil (Horning and Oveson, 1962). The moldboard
plow is a high draft implement with equivalent power requirements.
Approximately 150 t/ha of soil are moved and turned for every 10-mm
of plowing depth. Plowing deeper than necessary for seedbed prepara-
tion, weed control, or compacted sole breakup materially adds to
tillage costs (Arnon, 1972a).

Another tillage implement widely used in the world's dryland
farming regions is the disk plow. It may be used for either pri-
mary or secondary tillage operations depending upon its size and de-
sign. Minimal crop residue burial occurs due to soil pulverization
by the cutting and lifting action of rolling, concave blades rather
than complete soil inversion. Soil penetration by the disk blades
depends on: implement weight, disk blade diameter, angle between
the disk blade and both the soil surface and the direction of travel,
and operating speed.

Disk plows have a distinct advantage over the moldboard plow
under several field conditions. Disk plows can operate in soils too
dry and hard for the moldboard plow to penetrate, in highly abrasive
soils that cause excessive weAar to moldboard plow bottoms, in stickly
soils that do not scour well, and in soils containing rocks and other
obstructions that could cause mechanical damage to a moldboard plow
bottom. Disk plow power requirements essentially equal those of
moldboard plows operating at the same depth.

Machines are classified as a standard disk plow or a vertical
disk plow depending on blade mounting. Each standard disk plow
blade is individually supported by a structural member called a stan-
dard. A vertical disk plow carries all its blades on a common arbor
or gang bolt. Its individual blades turn in a plane that is always
vertical to the ground. Disk plows are manufactured in mounted,
semi-mounted, and trailed models.

Standard disk plows are more versatile because the angle their
disk biades make with both soil surface and direction of travel can
be adjusted to accommodate field conditions. These primary tillage
machines are noted for their heavy construction. Implement weights
range from 180 to 540 kg per disk blade (Kepner, et al., 1978).
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Additional weight can be added to the plow frame to achieve desired
depth of penetration in hard soils.

Standard disk plows have one to six blades, generally ranging
from 610 mn to 710 mm in diameter. At least one manufacturer pro-
duces a machine with 1.27 m diameter blades. Large disk blades,
wide standard spacing, and high under-beam clearance produce an im-
plement well suited for use in heavy stubble. Plowing depth helps
determine crop residue amounts remaining on the soil surface. In
tests conducted in the U.S. at Pendleton, Oregon, in a field with
5.6 t/ha of straw on the ground, 50 percent remained on the soil
surface after plowing (Horning and Oveson, 1962).

Generally, vertical disk plows have lighter construction,
smaller disks, and closer disk spacings than standard disk plows.
They are used mostly for relatively shallow tillage. Typical imple-
ment weights range from 45 to 90 kg per disk blade. Disk diameters
are usually 610 to 710 mm with 200 to 250 mm spacing (Buckingham,
19763 Kepner, et al., 1978; Stone and Gulvin, 1977). Although
small mounted disk plows are available, the majority are trailed
type units having 2 to 6 m cut widths. The width of cut can be ad-
Justed to match field conditions and available tractor péwer. This
can be accomplished by adjusting the hiteh linkage to change the
argle between the disk bla. .3 and the direction of travel. Mul-
tiple hitches allow hooking two units topether for use behind lar-
ger tractors.

Vertical disk plows offectively incorporate excessive crop res-
idues into the soil. A5 with standard disk plows, the deeper the
tillage, the greater the reduction in the crop residue remaining on
the surface (Horning and Oveson, 1967). large units can till bigger
areas 1n relatively short periods of time. Tor erample, a typical
vertical disk plow used in the U.S. Great Plains region may have
thirty 500 mm diameter disk blades spaced 200 mm apart and, when
pulled by a 110 kKW tractor at 8 km/h, can cover approximately 4 ha/h
(Arnon, 1972b). The vertical disk plow 1s also referred to as
wheatland plow, disk tiller, harrow plow, one-way disk, or cylinder
plow.

Chisel plows and sweep plows fit within a group ot subsurface
tillage implements that find favor in U.S., Turkish, and other dry-
land regions. These machines loosen and pulverize the soil without
inverting it. Consequently, crop residuce remain predominantly on
the soil surface providing protection against wind and water erosion
(Oschwald, 1973; Burrows, 1970; Bolton, et al., 1971a); Horning and
Oveson, 19623 USAID/OSU, 1975). Chisel plows exhibit sturdy con-
struction. Manufacturers offer mounted or trailed units in 2.5 to
12.5 m widths. Heavy flexible or spring-cushioned shanks support
the soil engaging units which may be straight or twisted shovels,
spikes, or sweeps, depending on tillage objectives. A chisel plow
should have high under-frame clearance, as well as shanks staggered
in two or three ranks if operated in heavy residue conditions.

Chisel plow draft falls substantially below that of a mold-
board plow having an equal width of cut because the chisels dis-
place approximately half as much soil of moldboards. Consequently,
a tractor can till more land with a chisel plow than with a mold-
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board plow in the same field (Buckingham, 1976).

Chiseling generaliy implies breaking through and shattering
compacted or otherwise impervious layers to improve soil infiltra-
tion characteristics. Best results from chiseling occur when the
soil is dry (Kepner et. al., 1978). Substantial benefits have
been realized in areas where the soil freezes in the winter. The
rough surface left by the chisel plow traps snow. Water from melt-
ing snow enters the soil through the chisel gaps. One U.S. study
found that chisel plowed land stored 30 percent more moisture than
unchiseled land (Leggitt et al, 1974). Chiseling deeper than 400
mm is usually referred to as subsoiling (Oschwald, 1973).

Subsurface tillage may be performed at various depths depending
upon the desired result. An initial tillage operation might involve
using 38-75 mm wide shovels operating 150-250 mm deep. Twisted sho-
vels--having a slight side-throw action--are recommended for use in
heavy residue conditions, whereas straight shovels are used under
ordinary conditions (Pumphrey, 1975; Horning and Oveson, 1962).

The sweep plow, a subsurface tillage tool, mounts one or more
V-shaped blades on standards attached to a frame. Some units, how-
ever, employ straight blades. Except in the space immediately ad-
jacent to the standard, there is relatively little disturbance of
the surface soil except some breakage (Buckingham, 19763 Pumphrey,
1375; Horning and Oveson, 1963). Sweep plows, like chisel plows,
are ruggedly built. They also require high under-frame clearance
to operate in heavy residue conditions.

Units with from one to five V-shaped blades, each ranging in
width from 1.5 to 2.4 m, have been operated successfully in unmulched
stubble and crop residue up to 4.9 t/ha, and in up to 6.74 t/ha of
mulched stubble (Horning and Oveson, 1962). Proper adjustment of a
Sweep plow is important. Blades need to be level to avoid excessive
implement draft, uneven blade wear, nonuniform tillage depth, and
varying amounts of soil displacement (Horning and Oveson, 1962).

Numerous locally developed machines supplement commercially
available tillage equipment. One such indigenous machine, the "Arab
Plow," is used extensively in tebanon and Syria. It is a tractor-
mounted, multiple purpose version of the beam ard. It is employed
for both primary and secondary tillage, covering broadcast seeds,
incorporating broadcast fertilizers, cultivating, weed control, and
digging potatoes (Henderson and Sorush, 19723 Henderson and Siddiqui,
1969).

3. Secondary tillage

Seedbed preparation and refinement, covering broadcast seeds,
weed control on fallowed land, crop residue management, breaking up
rain-formed crusts, and establishment and refinement of soil mulches
for moisture conservation are all secondary tillage procedures. A
wide variety ot manual, animal-drawn, and tractor-drawn implements
are used for these purposes. Hand-operated tools include hoes,
rakes, and hand cultivetors for preparing seedbeds and controlling
weeds. Animal-drawn implements in use include wooden brush (limbs
or small trees), peg or spiked-tooth harrows, spring-tooth harrows,
clod mashers and rollers, and disc harrows (Hopfen, 1969). Limited
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man and animal power outputs impose limitations on secondary till-
age operations similar to primary tillage.

The field cultivator appears similar to a, slimmed down, lighter
weight chisel plow. Field cultivators are secondary tillage imple-
ments primarily used for weed control and seedbed preparation (Buck-
ingham, 19765 Kepner, Bainer and Barger, 1978). They are also used
frequently to reduce straw length to facilitate seeding operations,
to create a cloddy soil surfuce for wind erosion control, and to re-
new a surface mulch that has been puddled by a heavy rain (Leggett
et al, 1974). Shovels, spikes, and sweeps are also used on field
cultivators. Field cultivators may be either mounted or trailed.
Typical widths for mounted field cultivators range from 2.7 to 7.3 m.
Trailed units up to 18.3 m wide are offered.

After an initial tillage, the shovels of a chisel plow are nor-
mally replaced by sweeps for seedbed preparation and weed control.
Sweeps 300 to 500 mm wide, sometimes referred to as "duckfeet," are
commonly used. Tillage using sweeps occurs at depths of 75 to 125
rm performed in either a perpendicular or diagonal direction to the
first operation. Changing directions insures uniform depth of till-
age and reduces ridging effects. Uniformly tilled soil helps con-
serve moisture and facilitate rod weeding later in the season
(Horning and Oveson, 1962).

Disk harrows, in some instances used for primary tillage, gen-
erally operate as secondary tillage tools for seedbed preparation
and weed control. Under some dryland conditions, disk harrows have
been found less satisfactory than machines employing sweeps. Disked
soil may be too finely pulverized and not sufficiently packed to
provide an ideal seedbed. The desired seedbed firmness can be
achieved, however, by pulling a spike-tooth harrow behind a disk
harrow. Disk harrow-tilled soil also may experience wind and water
erosion as crop residues are more extensively incorporated into the
soil than when sweeps are used (Pumphrey, 1975). Disk harrows have
been used in adoptive tillage trials in Turkey and Jordan (Goetze,
19703 Bolton, 1973; Bolton et al., 197la). Both mounted and pull-
type disk harrows are available.

A disk harrow consists of two or more gangs of concave or cone-
shaped dishks or blades. Several disks are mounted on a common axle
or gang bolt. Disk harrow blades usually are smaller diameter and
spaced closer together than those of a disk plow. Blade diameters
range from 406 to 660 mm and blade spacings from 178 to 254 mm.

Disk blade edges may be either smooth or notched, the latter config-
uration being most effective for cutting through heavy crop residues.
Gangs are designated as right hand or left hand depending on the
direction that they move soil. Disk harrows can be either single-
acting or double-acting implements. Single-acting models have two
gangs of disks, placed end to end. .hich throw soil in opposite di=-
rections. Animal-drawn disk harrows and small tractor-drawn units
tend to be this type. Double-acting versions have the gangs ar-
ranged in a manner that tills the soil twice with each pass and
leaves it more nearly level (Purphrey, 1975; Kepner et al, 1978).

The gang arrangement of double-acting disk harrows classifies
them as either tandem or offset. A tandem disk harrow has four
gangs; the two front gangs move soil cutward from the center of the
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tilled strip, the back two gangs throw the soil back. Tandem Qisk
harrows are referred to frequently as double disks and plain disks.

Of fset disk harrows display heavier construction than tandem
units, thus making them more suitable for deep primary tillage oper-
ation. An offset has a front or right hand gang and a rear gang or
left hand gang. Larger diameter blades and wider blade spacing
characterize offset disk harrows. Offset dis% harrows get their
name from the fact that by changing gang angles, with respect to the
direction of travel, the implement's center of draft shifts or "off-
sets" from the center of the tilled strip (Kepner et al., 1978).
These machines are also referred to as orchard disks and cover crop
disks.

Disk harrow weight, blade size, gang angle with respect to the
direction of travel, and operating speed influence tillage depth
achieved. The gang angle may be fixed or adjustable. Some units
are equipped with wheels to control tillage depth and facilitate
out of field travel. Effective cutting widths range from 1.8 to
7.3 m.

Spike-tooth harrows, also known as peg tooth harrows, drag
harrows, section harrows, and smoothing harrows, principally smooth
and level the soil after some other tillage operation, refining seed-
beds by breaking clods, compacting the soil in a lcose seedbed prior
to planting, and covering broadcast seeds. Pulling a spike tooth
harrow behind a plow is recommended practice in Turkey and Jordan
(Goetze, 19703 Pumphrey, 1975). The spike-tooth harrow has been used
in conjunction with other implements, such as chisel plow, sweep plow,
disk harrow, and rod weeder in adoptive tillage trials in Turkey and
Jordan (Bolton, 1973; Bolton et al., 1971a; Zinn, 1975; Bolton et al.,
1971b).

The spike-tooth harrow has rigid teeth resembling long spikes.
High carbon steel teeth having a 16 X 22 mm diamond-shaped cross sec-
tion are commonly used. Tooth angle may be fixed or adjustable de-
pending upon a particular unit. Spike-tooth harrows are relatively
light draft implements.

Tine-tooth harrows were developed relatively recently. They
are similar in construction to a spike-tooth harrow except for hav-
ing flexible spring steel tines, approximately 8 mm in diameter,
instead of rigid teeth. Tine-tooth harrows effectively break up
clods and smooth seedbeds. Some growers consider tine-tooth harrows
to be more effective in distributing crop residues than spike-tooth
units. Tine-tooth harrows may be pulled behind other implements--
moldboard plow, chisel plow, sweep plow, or disk harrow--or ussd in-
dependently. These machines, also referred to as mulchers, weeder-
mulchers, and clod breakers, are available in a wide range of sizes.

Rotary hoes have a series of curved-tine wheels or spiders
mounted on a common axle. The wheels rotate in a vertical plane
parellel to direction of travel. Primarily, rotary hoes destroy
weeds and grass around young plants or break up hard crusts (that
hinder the emergence of small seedings) formed after a rain. In
dryland farming, rotary hoes are found to be effective in breaking
up clods and distributing bunches of straw. A rotary hoe pulled
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backwards becomes useful as a subsurface packer or treader to tread
down heavy stubble (Smith and Wilkes, 1976). The rotary hoe, either
mounted or trailed, is a high speed implement usually operated be-
tween 8 and 13 km/h.

The skew treader is, in reality, a heavy duty rotary hoe with
the gangs angled, or "skewed," much like gangs of an offset disk
harrow. Like the rotary hoe, reversing the travel airection changes
the tillage action obtained. Skew treaders were introduced into the
U.S. Pacific Northwest in 1949 and have become important tools in
trashy fallow tillage systems. They can be used for mulching stubble,
spreading bunched crop residue, controlling weeds, and compacting
seedbeds (Horning and Oveson, 1962).

Rod weeders have long been used in the U.S. and Canada for' con-
trolling weeds on summer fallow lands. The machine's soil engaging
element, a rod, rotates just beneath, and parallel to, the soil sur-
face as the unit moves through the field. Rods 22 to 25 mm square,
or 25 mm diameter round rods, are used commonly. The direction of
rod rotation, opposite to wheel rotation, brings clods ana weeds to
the surface where weed roots will be exposed to desication by air and
sunlight. Rod rotation also helps firm loose seedbeds. Rod weeders
effectively create a surface mulch and smooth the field. Rod weeders
are considered a secondary tillage implement.

Early rod weeder models were driven by power applied at one end
of the rod; newer models have center drive. Research in the U.S.
suggests that end-drive rod weeders cannot be used satisfactorily
when urmulched crop residue exceeds 1.7 t/ha. Center-drive units
were used successfully in unmulched stubble up to 4.5 t/ha (Horning
and Oveson, 1962). Ground or PTO-driven models are offered along
with at least one hydraulic drive version.

Rod weeders are available as mounted or trailed implements.
Gauge wheels control working depth of the rod. Best results with
mounted rod weeders will be obtained when fitted with depth gauge
wheels. "Bolt on" rod weeder attachments are available for chisel
plows and field cultivators.

Repeated rod weedings can cause soil compaction interfering
with the desirable tillage depth in subsequent operations. Under
these conditions, shovels attached to a rigid bar mounted behind the
revolving rod may be used. The shovels extend in front of the rod.
This arrangement permits rod weeder operation in compacted soil or
where subsurface ridges from previous tillage operations tend to
1ift the rod out of the ground (Horning and Oveson, 1962).

Rod weeders introduced in Turkey and other dryland farming
areas are being widely used (Belton, 1973; Bolton et al., 1971a;
Hepworth et al., 1975). Rod weeder use should be restricted to
relatively light soils. To reduce water runoff and wind erosion,
rod weeders should be operated across slopes or at right angles to
prevailing winds.

A major objective of a well managed dryland tillage system
hinges on maintaining crop residues on the soil surface to improve
infiltration and provide wind and water erosion protection. Data
in Table 23 provides a means of comparing the reduction in crop
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residues expecced with use of various tillage tools (Jenkins and
Jackson, 1970).

Selecting the proper cambinations of implements as well as tim~
ing tillage operations are critical elements in dryland production.
No single implement appears to be satisfactory for performing all
the tillage operations required in dryland wheat production. Vari-
ous combinations of implemerts and modes of operation have been
tested. Combinations will vary from region to region depending on
a host of factors.

B. Planting

The methods and equipment used for planting or seeding a crop
greatly influence the yields produced. For maximum yields, consid-
eration must be accorded factors such as planting of the seed, its
germination, seedling emergence, and plant growth. Viable seed of
a variety adapted to the particular geographical area should be
planted at an appropriate dete in a suitably prepared seedbed using
approved seeding practices. Plants need protection from severe
winter conditions Aand weeds that compete for moisture and nutrients
(Kepner et al., 1978). Seeding practices become particularly impor-
tant in regions with severely limited moisture.

Table 23 - CROP RESIDUE

Expected amount or remain-
ing residue to be covered

Type of equipment in each operation (percent)
Straight blade sweep plow, 750 mm or wider 10
Straight blade sweep plow and treader 50
V-blade sweep plow, 800 mm or wider 10
Chisel plow, shanks 300 mm apart 25
Field cultivator, shanks 220 mm or less apart 20
Field cultivator, shanks 220 to 300 mm apart 25
Vertical disk plow, 50 to 80 mm depth 30
Vertical disk plow, 150 to 180 mm depth 70
Tandem disk harrow 50
Rod weeder 5--10

Planting practices should provide for placing seed at a uniform
depth in firm, moist soil. Planting depths usually range from 30 to
70 mm for winter wheat (Breece et al., 1975). Firming soil around
the seed promotes moisture takeup by the seed and prevents seedlings
from drying out. A ridged soil surface, or one roughened by exposed
small clods and crop residues, affords plants some protection from
cold winter winds and also helps control erosion.

A diverse collection of devices has evolved in man's search for
effective ways to plant seed, insure good stand establishment, and
increase crop yields. The dibble stick, or jab planter, is an ex-
ample. In its simplest form, it is a pointed stick that is pushed
into the ground to make a depression in the scil. The seed is placed
in the hole by hand and covered, usually by foot. More sophisticated
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forms utilize hollow sticks with some sort of automatic closing

valve on the bottom to prevent the opening from becoming plugged
with soil when the dibble is pushed into the ground. Seeds placed

in the hollow stick are deposited in the ground when the stick is
withdrawn (Van Der Sar, 1977). Units having 24 wooden pegs spaced
152 mm by 228 mm apart on a wooden frame are renorted in use in
northern India. Three people are required to operate this device.
Two seeds are placed in each hole. Nearly 990 man-hours of labor are
required to seed one hectare of land with this machine. Consequently,
its use is limited to the planting of extremely small areas. An im-
proved version having hollow teeth, seed hoppers, and drop tubes from
the hoppers to the teeth requires only a two-man crew and has a field
capacity double that of the original unit (Ojha, 1964).

1. Broadcast

Present day seeding methods include manual or mechanical broad-
casting, various indigenous tools, or use of grain drills. Broadcast
seeding may be accomplished by hand or by using brcadcast seeding im-
plements. This method rvquires little or no investment in equipment
and can be performed under wet, rocky, or hilly field conditions un-
suited to power-drawn seeding equipment. However, seeding rates and
unlformlty of seed distribution are difficult to control with broad-
casting. Covering the seed requires a separate tillage operation
which might involve use of a spike-tooth harrow or disk harrow oper-
ating at a shallow depth. Under these conditions, there is no assur-
ance that seed will be covered uniformly nor placed on i, moist
soil. In most instances, higher seeding rates are needed with broad-
cast methods than with grain drills.

Broadcast seeding often associates with poor cropping practices
and consequent low yields. For example, Goetze (1970) observed
planting operations where land was moldboard or disk plowed, broad-
cast seeded, and plowed a second time to cover the seed. Hardly any
condition known to promote good stand establishment was fulfilled by
this system. However, broadcasting can be used effectively if the
seedbed has been prepared properly and contains abundant moisture.

Equipment used for broadcast seeding ranges from a cloth bag or
gourd used to carry seed while it is being distributed by the hand-
full, to mechanically-powered spin spreaders mounted oa ground ve-
hlcles or aircraft. Hand broadcasting requires a skililful operator
in order to achieve uniform seed distribution. IMore uniform distri-
bution can be obtained using hand-powered spi. seeders. A crank-
driven, hor17on+allv rotated disk scatters sced by centrifugal force.
The seed is fed onto the splnnlng disk from a bag or a hopper car-
ried by the operator. The spin seeder has an effective worklng
width of approximately 8 m. Cross sow1ng——cover1ng the land in two
perpendicular directicons and seeding with one-half the desired rate
on each pass--yields a more uniform seeding pattern than just a
single pass (Hopfen, 1969).

Tractor-powered broadcast seederg include centrifugal (spinning)
or drop-type units. They are dual purpose machines as they can dis-
tribute dry granular agri-chemicals as well as seed. Centrifugal
broadcast seeders are t actor PTO-versions of hand-operated spin
seeders. Both mounted and trailed models are available. Hopper
capacities on larger trailed units may exceed 4 m”. Seeding widths
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vary from 7 to 15 m depending on the unit and the crop seed being
planted (Breece et al., 1976). Drop-type seeders, sometimes called
full-width-feed broadcasters or end wheel spreaders, usually provide
bands 2 to 4 m wide.

2. Drilling

Drill planting involves depositing seeds in shallow furrows (cut
in the seedbed) and covering them with soil. A planting device un-
earthed at an archaeological site on the Indian subcontinent indicates
that this method was practiced in the 2300-1700 B.C. era. The machine
made 50 mm wide furiows spaced 300 mm apart (Steensberg, 1971). Simi-
lar devices are used today (Hopfen, 1969). Single-row versions of
funnel~type seeders, so-called "country plow seeders," are also in
common usage. These machines consist of a funnel and drop tube at-
tached to an ard. Seeds are dropped into open furrows and covered
by a drag device pulled behind the ard, or by soil from the furrow
slice turn when the next furrow is made (Steensberg, 1971; Yadav and
Singh, 1978).

Growers in the Lake Van region of Turkey use the TIR method of
seeding. The TIR consists of a wooden, open-bottom vee, approxi-
mately 300 mm high and 2 m long, pulled by oxen. The implement
carves a furrow about 250 mm deep depending on soil conditions.

Seeds are hand-scattered in the vee as the TIR moves through a field.
Soil closing in behind the TIR covers the seed to a depth of 80 to
100 mm. Fields planted with the TIR have produced five to seven
times more grain than broadcast seeded fields. The TIR is used pre-
domirantly in light soils due to the limitations imposed by animal
power. The animal-drawn TIR is similar to machines used in 1700 B.C.
by the Sumarian civilization.

With the advent of tractor power, the TIR underwent moderniza-
tion. Five-row, tractor-mounted versions are now used. Drop tubes
and seed metering units similar to those found on grain drills have
replaced manual scattering of the seeds. Theoretical field capaci-
ties of 1.5-2 ha/h can be achieved with opercting speeds of 6-8 m/h
(Ross, 1967).

Modern grain drills perform a series of functions by opening
proper depth furrows, metering a controlled rate of seed, placing
seed in the furrows, covering seed to the desired depth, and com-
pacting the soil around the seed (Kepner, Bainer and Barger, 1978).
Some grain drills have facilities for applying fertilizer concurrent-
ly with seed. Drill applying fertilizer at planting, besides reduc-
ing the number of trips across a field, can produce higher yields than
when fertilizer is broadcast. This is particularly true for wheat
sown in low phosphorus soils (Vavra and Bray, 1959). Grain drills do
constitute capital investment in equipment. They also generate main-
tenance and repair costs and require a power source to pull them.
Drill seeded fields, however, almost always produce higher yields than
those broadcast seeded, even under poor seedbed conditions.

Both animal-powered and tractor-powered grain drills are used
currently though the latter is increasing in use for dryland opera-
tions. Animal-powered grain drills may have one or more furrcw
openers. A single-row, pour-spout planter used in Pakistan has a
fertilizer spout behind, and to the side of, the seed spout. Some
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other animal-pulled units are equipped with a press wheel to more
accurately control planting depth and to firm soil around the seed
(CENTO, 1966). A more sophisticated machine used in India, has ad-
justable row spacing and a separate seed hopper for each furrow

" opener. A spring-loaded valve locatved at the bottom of each hopper
and activated by a ground-driven lever system meters the seed
(Parkhe, 1962).

Use of mechanical seeding devices reduces the labor required to
establish a crop. Using a bullock-drawn, three-row drill with fer-
tilizer attachment in 231 demonstrations conducted in eight Indian
discticts, an average of 17.55 man hours/ha were required to piant
wheat. Traditional seeding methods averaged 61.71 man hours/ha.

Use of the drill also required fewer hours of animal time per hec-
tare (Rastogi and Mittal, 1975).

Several types of grain drills are available, each designed for
a certain set of field conditions. Users need to evaluate these
conditions when selecting a grain drill for a particular seeding
operation. Grain drills can be classified as end wheel drills or
press drills, depending on their construction. End wheel drills
are supported by wheels at each end of the machine which also drive
the drill's seed metering system. End wheel drills are also referred
to as surface drills, regular drills, and normal drills.

Press drills derive their name from large press wheels behind
each furrow opener. Press wheels support part of the drill's weight
and also firm soil around the seed. Seed metering units on this
type of drill are normally driven by the outside press wheels. Other
names scmetimes associated with the press drill include deep furrow
drill, press wheel drill, lister drill, mulch hoe drill, and plow
press drill.

One of the aritical field conditions that affects drill selec-
tion is the distance from ground surface to moist soil at planting
time. Generally, end wheel grain drills are not used unless ample
moisture exists within 50 mm of the soil surface. However, exces-
sive crop residue on the soil surface can render an end wheel inef-
fective despite the moisture level (Breece et al., 1975).

Row spacing, another factor to consider, is determined by an-
nual precipitation, crop growth habit, amount of residue on the land,
type of opener required to place seed in moist soil, and amount of
ridging necessary to protect against winter weather and erosion.

Row spacings commonly used in end wheel drills include 152, 178, and
250 mm. Typical press drill spacings are 152, 178, 254, 305, 356,
and 406 mm. The 305 and 356 mm spacings are common in 400 mm rain-
fall areas (Horning and Oveson, 1962).

Either disks or shovels are used to open furrows to the desired
seeding depth. Choice of opener for a given condition should con-
sider depth to moist soil, soil surface residue, desired row spacing,
and the presence or absence of rocks or other obstacles (Breece et
al., 1975).

Relatively shallow planting, to a maximum depth of 100 mm below
soil surface, favors use of disk openers. The concave blade of
single disk openers suits hard or trashy soil conditions. Double
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disk openers, having two flat blades, need well prepared, residue-
free seedbeds to cperate effectively. Double disk openers plant at
more uniform depths than single disk openers, particularly at, faster
travel speeds.

Shovel-type openers are normally used for rough and rocky 501l
conditions. Often they are equipped with spring-trip or breakaway
mechanisms to protect against mechanical damage. Shovel openers
can be used for shallow planting, but are required for deep seeding
operations. Shovels from 44 to 230 mm wide are available to meet
various seedbed conditions. Disk and shovel openers may be used on
both end wheel and press drills. Wider shovels, however, are used
exclusively on press drills (Breece et al., 1975).

Seed coverage and soil compaction are important for reducing
evaporation and increasing moisture absorption. Soil that falls back
into a furrow after a furrow opener passes may or may not provide
desired conditions. Drag chains pulled behind each opener often help
cover the seed. Their use best suits moist seedbed conditions where
very little soil compaction around the seed is needed. Press wheels
behind each furrow opener create desired soil compaction under dry
seedbed conditions where drag chains are ineffective. High moisture
seedbed conditions necessitate using press wheels with care to avoid
soil over-compaction which can deter germination and emergence.

Special equipment and techniques are required for dryland seed-
ing when moist soil is well below the surface. Grain drills used
for deep seeding, often referred to as deep furrow drills, essentially
are press drills capable of operating at greater depths than ordinary
end wheel drills. Shovel openers displace surface dry soil laterally
into ridges between drill rows allowing for seed placement in moist
soil at the furrow bottom. Assuming a 100 to 150 mm deep dry soil
layer and seed placement 25 to 50 mm into the moist soil, the total
operation would be 150-200 mm below the undisturbed s il surface.

Deep furrow drills may have row spacings up to 406 mm, thereby
excerding the maximum end wheel grain drill row spacings (Breece et
al., 1975). Wider row spacing can evoke criticism from uninformed
farmers because of '"wasted space" between rows. It is not always
well understood that wider row spacings are required for deep furrow
seeding to provide sufficient space to store the displaced dry soil
(Goetze, 1971). Deep seeding with close row spacing usually causes
excessive soil to fall back into the furrow burying seed under too
much earth to realize optimum germination and emergence. Press
wheels are used to compact the soil around the seed as in regular
seeding operations. Specially shaped wheels are available which also
firm the furrow walls to reduce soil sloughing.

Two conditions must exist for deep furrow drilling to have any
significant advantage over other types of grain drilling. First,
sufficient moisture should be available at the seeding depth. Sec-
ond, planting must be performed well before winter so plants develop
sufficient root systems and become well tillered before entering win-
ter dormancy. Deep furrow drills can be operated at shallow depths
but offer no significant advantage over other drill types when seed
is placed in dry soil. The ridged soil surface, however, may help
control wind and water erosion and provide plants with some protection
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from severe winter conditions (Pumphrey et al., 1975). Deep furrow
drills have higher draft requlrements than other drill types because
a greater volume of soil is moved during seeding.

For seeding in residues, deep furrow drills equipped with shov-
el openers function admirably. Drill must meet the following spe-
cifications: 260-360 mm row spacing (wider spacing in heavy resi-
dues); 510 mm minimum clearance between opener shanks; 460 mm mini-
mum vertical clearance between frame and opener bottom; 100 mm maxi-
mun opener width; and press wheels that pack seed firmly in the soil
and anchor residues in the rldge. Many firms manufacture deep furrow
drills that meet these requirements. A drill can be fitted with a
wide variety of shovels and press wheels to meet specific soil or
climatic zone needs.

Conventional seeding (and tillage) implements may not be suffi-
ciently rugged to withstand the adverse working conditions imposed
on them by shallow, rocky soils encountered in some dryland farmlng
regions. low effectiveness, high breakage, and excessive mainten-
ance and repair costs result. Survival under these conditions re-
quires extra-heavy construction, high underframe clearance for clear-
ing cbstructions, and suitable safety trip mechanisms to reduce
breakage of implement components when an obstruction is encountered.
Hafiz (1974) observed that numerous Australian implements developed
on the "stump jump" principle are among those fulfilling these condi-
tions.

Grain drills, like any other farm implement, are designed to
perform certain functions. How effectively these functions are
carried out depends, to a large extent, upon the knowledge and skill
of the operator. Seedlng at the de81red rate and depth are possible
only if the drill is properly maintained, correctly adjusted, and
operated in a judicious manner.

C. VWeeding

Weeds tend to be both prolific and persistent. They negatively
affect crop production by 1ncrea51ng labor requirements and produc-
tion costs, subduing yields, and quite possibly reducing quality of
harvested products (Hughes, 1976). In some situations, weed root
systems and vegetative cover provide wind and water erosion protec-
tion, or serve as a source of animal feed. But for dryland farming,
where moisture conservation is paramount, weeds agressively compete
for the already limiting soil moisture and nuirient supplies and
need to be controlled. In 1973, for example, Guneyli estimated that
weeds reduced Turkey's wheat productlon by 27 percent (Pumphrey,
1975).

Weed control methods embrace a variety of techniques. Cultural,
including both manual and mechanical, chemical, and blologlcal con-
trol can be employed, depending on conditions, alone or in combina-
tion. In dryland farming, predominant control practices include
cultural——tlllage, planting weed-free seed, crop rotation, livestock
grazing, hand weeding--and chemical, the use of herblcldes.
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1. Control by tillage

Tilling the soil controls weeds by uprooting plants, thereby
separating root systems from the soil and causing desiccation. Or,
the weed stem or stalk may be severed just below the ground surface.
Covering weeds' aerial, or above-ground segments, with soil can
smother and kill plants.

Tillage can be practiced effectively on fallow land and in row
crops with sufficient room for equipment to function without damag-
ing crop plants. However, in established broadcast crops, or in
close-spaced rows, weed control via tillage is precluded.

Hand methods of weed control practiced include pulling weeds,
and using hoes or hand cultivators (Hopfen, 1969). If properly
scheduled, hand weeding can control annual and biannual weeds, but
not perennial weeds. Hand methods involve arduous physical labor
while being extremely time consuming (Pumphrey, 1975). Manual
methods also have potential for causing undesirable effects. Hoeing
can disturb fallow land soil mulch or damage the root systems of
established crops (Misra and Cixit, 1965).

Except for primary tillage, weed control normally involves
shallow tillage operations. Many of the same implements used for
shallow primary tillage and for secondary tillage also perform a
weed control function. Commonly used animal-drawn and tractor-drawn
implements include the chisel plow, sweep plow, field cultivator,
vertical disk plow, tandem disk harrow, rotary hoe, and rod weeder.
Sweep-equipped implements are used widely because of their ability
to cut off weeds while leaving the soil surface essentially undis-
turbed, thereby minimizing moisture losses.

Tillage treatments tend to be site specific. For example,
trials conducted in Nebraska (U.S.) using a stubble mulch system of
farming revealed that optimal weed control occurred when tillage
sequences included use of a vertical disk plow. The sequence of
tillage operations had greater influence in dry years than when
moisture was plentiful (Fenster et al, 1965). Disk-type implements,
because of their tendency to expose moist soil and accelerate evap~
oration losses, require judicious use. In stubble mulch farming
systems where surface residue preservation is emphasized, using
disk-type implements beyond the initial tillage operation is not
recommended if the residues are less than 2.25 t/ha (Horning and
Oveson, 1962).

land is fallowed, in dryland systems, for one main purpose:
moisture conservation. Allowing weeds to grow on fallowed land, and
"pump" water out of the soil, is self defeating. Weed control pro-
grams are required. The number of operations required will depend
on frequency and amount of rainfall following the first spring
tillage. Rod weeders and sweep-type machines are among the most
satisfactory tillage tools for weed control in the U.S. Pacific
Northwest (Horning and Oveson, 1962).

2. Control by chemicals

Herbicides add strength and flexibility to a farmer's weed con-
trol program. They expand the range of weed control methods available
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compared to cultural practices alone. Preemergence herbicides in
dryland farming help a crop to become established without competi-
tion from weeds during the initial growing stages. Chemical control
can be used to control weeds in crops where cultivation is not pos-
sible. In established crops, selective herbicides reduce the need
for weed controlling tillage operations. A chemical component can
control weeds, primarily perennials, which are difficult or impos-
sible to control with normal cultural practices.

Herbicides can be selective--only lethal to certain plants--or
nonselective, and either contact or systemic. Contact materials af-
fect only the plant parts treated while systemic compounds are ab-
sorbed by plant roots or foliage and translocated throughout the
plant. Herbicides are used as liquid sprays or dry granules. Appli-
cation patterns include banding, broadcasting, spot treatment, and
directed sprays. Depending upon the particular material, herb1c1des
may be applied before a crop is planted, after it is planted but be-
fore it emerges, or after it emerges (Hughes, 1976; Pumphrey, 1975).

Herbicides applied as liquid sprays may be in soluble, emulsi-
fiable concentrate, or wettable powder form. Each formulation re-
quires different spray equipment. Solutions are easiest to handle
because the herbicide's active ingredient is soluble in water or
other appropriate carrier. Using clean water and carefully main-
tained sprayer strainers and screens minimizes nozzle plugging and
wear. An emulsion, one liquid suspended in another llquld requires
agitation to keep the emulsified concentrate in suspension. Wettable
powders are the most difficult class of herbicides to iicndle because
they require constant agitation (to keep them suspended) and their
abrasive nature accelerates nozzle wear. The pert on applying herbi-
cides needs to know their characteristics and properties as well as
spraying equipment capabilities. Otherwise, less than desirable, or
even hazardous, conditions may result. Successful chemical weed
control depends upon using the proper herbicide in the correct amount,
at the correct time, applied to the correct target (Hughes, 1976).

A variety of equipment is used to apply liquid herbicides.
Small, hand-operated, compressed air sprayers and gasoline engine-
driven knapsack or backpack units having one or two nozzles and tank
capacities of a few liters are suitable for spot treatments and for
small areas inaccessible to larger equipment. Tractor-mounted,
trailed, and self-propelled units with multi-nozzle booms are used
for larger areas. Tractor-mounted sprayers, with tank capacities of
200 to 2,000 liters, may be used independently or in conjunction
with tillage and planting equipment. Some larger self-propelled
sprayers have 15 m booms, or longer, and tank capacities upwards of
10 kL. Aircraft-mounted sprayers are also used (Hughes, 1976) for
treating large areas. A self-propelled sprayer with high flotation
tires and 19.5 m spray boom has an effective field capacity of ap-
proximately 28 ha/h. On the same farm, aircraft applications
covered 60 to 100 ha/h (Keil, 1970).

Herbicide granules may be applied in a band(s) or broadcast.
Operator-carried units are available for either application system
and also for spot treatment. Animal-drawn equipment exists, but
the most common units for treating larger areas are tractor-nounted,
or trailed, granule applicators. A drive-and-metering system dis-
tributes the desired amount of herbicide per meter travelled from
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storage hoppers. Some granular herbicides require incorporation.

An incorporating implement has to follow the applicator, either on
the same trip or as a separate operation. Spin spreaders employ one
or two horizontal rotating disks to impart centrifugal force to
granules fed from a conical hopper. Granules are spread over the
ground surface in a semi-controlled swath.

Both cultural and chemical weed control methods have advantages
and drawbacks. Frequently, an effective dryland weed control system
includes the coordinated and integrated use of cultural practices as
well as herbicides.

D. Fertilizing

Manufactured fertilizers continue to supplant use of manure in
dryland farming regions. Where manure is available--and not a vital
source of fire fuel--spreading may take place by hand, or by use of
animal- or tractor-drawn equipment.

Some of the same kinds of spray equipment used for applying
herbicides are used for surface applications of liquid fertilizers
(as well as liquid materials for insect and disease control). Sub-
surface applications of liquid (ammonia) fertilizers, however, re-
quire a furrow opening device. Commonly these include injector
blades or knives, disks, and cultivator shovels. Liquid fertilizer
is metered into the furrow through injector tubes and the furrow
immediately closed to minimize loss of volatile materials (Hughes,
1976).

Anhydrous ammonia (NH,) and aqua ammonia (NH, CH in water) are
the two liquid N fertilizers that require subsurface applications
under all conditions to prevent direct volatilization loss of NH,.
Nitrogen fertilizers that supply the ammonium (NH, ) form of N are
subject to volatilization losses of NH, when broaécast and left on
the surface of calcareous soils. Thesé problems are more critical
with urea than with other materials. To date, little or no use has
been made of anhydrous and aqua ammonia in the LDC's.

A liquid fertilizer applicator miy use gravity, pump, or com-
pressed gas to move the liquid from its tank to the individual
openers, depending upon the type of material involved. Gravity sys-
tems are used for both surface and subsurface applications. They are
the simplest, least expensive, and also the least accurate because of
pressure changes that occur as the liquid level in the tank changes.
Urea in water would be a typical example of a material applied using
a gravity flow system. Metering orifices in standard spray nozzle
bodies are used to control the flow. In systems using engine driven
pumps, application rates are a function of the speed of travel as
well as the operating pressure. Compressed air can be used to force
liquid fertilizer material out of the tank in the same manner used
for weed sprayers. However, in the case of anhydrous ammonia, the
vapor pressure of the ammonia gas held in the head space of the tank
is used to force the liquid through the distribution system (Hughes,
1976).

Spin spreaders and drop-type distributors apply granular fer-
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tilizer in similar fashion to granular herbicides. Band applicators
place dry granules in narrow bands either on, or below, the soil sur-
face. Sub-surface application requires a furrow opening device
which may be a shovel, disk, or other placement device. This type
of dry chemical applicator is frequently used as an attachment for
some other implement such as a grain drill. Separate drop tubes for
the seed and the fertilizer permit the use of a single furrow open-
ing device, but placement of the seed and fertilizer at different
locations. Both fixed-wing aircraft and helicopters are used for
aerial broadcasting operations.
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