.
de n sity of sowing,
control of weeds and insects, etc. However, in spite of
these problems, the farmers realized that the development of the soybeans was
excellent even on land that was drained for wheat and sunflowers. Soybeans had
good tolerance for drought periods, and the blooming and filling of the hulls
coincided with the period when the moisture was most plentiful.
In the early 1970s, the price and the demand for soybeans increased tremendously
and the dissemination of this crop was spectacular. During that decade, the
area under cultivation was duplicated year by year, going from practically zero
to 2,000,000 ha. Eighty percent of the area was sown to soybeans in a doublecropping system with wheat, replacing sunflower and millet entirely. The spread
of the double cropping practice contributed to the increase of the area planted
in wheat and diminished that of corn.
Present Situation

The present area under the double-crop system, wheat-soybeans, covers the south
of Santa Fe province, southeast of Cordova and north of Buenos Aires. This
system is practiced toward the south, extending to the 35th latitude, toward
the west until the region of 800 mm rainfall, toward the east to the Parana
River and toward the north (where the wheat is sown) to approximately 30
latitude.
In these regions, more than 90% of the wheat stubble is sown to soybeans. A few
years ago, this area comprised 80% of the total area for soybean; however, there
is a slight declining tendency at the present because of lower yields obtained
in both crops from lack of moisture.
Generally, management of the double-cropping system is done at a good technical
level, as far as preparation of the soil, planting time, harvest and pest
control. The wheat is seeded at the proper time during June-July, reaching
harvest toward the end of November and the beginning of December. With
favorable weather conditions, the harvest is completed quickly, , and at the same
time, the seed bed is prepared for soybeans. This operation takes from one day
to two weeks, depending on the size of the farms. The traditional plowing
system includes: moldboard plow, sledge and rod. Normally, seeding takes place
during December. This means "a delay of fifteen to twenty days compared to the
planting of soybeans after fallow; however, there has not been a significant
yield loss. The lack of rain could postpone the planting until January, causing
a marked decrease in the yield. This problem is being solved with the use of
minimum tillage and direct seed planting methods which avoid rapid drying of the
seed bed. New planters of greater capacity are improving the efficiency of this
operation.
Weeds are controlled by cultural practices complemented by post-emerging
herbicides. The use of pre-emerging herbicides has been reduced.
Soybeans are harvested in April and May, and harvest could be extended to the
beginning of June, depending on weather conditions.
Between the soybean and wheat crops there is a period of 1-2 months to prepare
the soil. The stubble of soybean, which has been broken into pieces and
dispersed during harvest, is very easy to till using a moldboard plow and disk
chisels. The latter two tools, along with the cultivators and rototillers are

being highly accepted and replacing the moldboard
with conventional equipment.

plow. The wheat is seeded

Under normal conditions, an average yield of 2-2.5 t/ha of wheat and 2, 2-2-2-6
t/ha of soybeans are obtained. Under very favorable conditions, yields of 3-4
t/ha of wheat and 3-4 t/ha of soybean could be reached, while under very
unfavorable conditions, the yields can go down to 1-1.5 t/ha of wheat and 1.21.8t/ha of soybeans. The yields fluctuate depending on the amount of moisture
available.
Crop Sequences for Wheat and Soybean
One of the most important natural limitations for the crops of the region is
water; therefore, the sequence of the crops and their management must respond to
the maximum efficient use of this element. The average annual rainfall in the
zone of the double-cropping system varies from 800 to 900 mm with a springsummer-autumn distribution. The wheat yield depends on the water stored in the
soil at the time of seeding, while the summer crops depend mainly on rainfall
during their cycle.
The efficiency of the summer-autumn fallow system to store water for wheat is
relatively low, around 20%, because of the high temperatures during this period
and the slow infiltration rate of the soil. Thus, the rainfall is more
effective if it is utilized immediately by a growing crop.
Based on the above facts, it can be inferred that wheat as the only annual crop
is not the most efficient sequence. The continuous double-cropping system,
wheat-soybean, would be the other extreme. This system makes excellent use of
the rainfall throughout the whole year; however, it does not allow sufficient
replenishment of the subsoil moisture necessary for the crops to tolerate
occasional water deficiencies. This type of rainfall distribution makes this
effect worse for wheat than for soybeans. This fact is also responsible for the
determination of the western limit for the double-cropping system which is based
more on the water deficiency for wheat rather than for soybeans.
Considering this situation, and taking into account yield levels and harvest
security, it can be concluded that the most adequate sequence is not continuous
double cultivation, but rather less intense combinations. One of them is wheatsoybean-corn. In this case, three crops are grown every two years, allowing a
long winter fallow between soybean and corn and a shorter 2-3 months fallow
during the fall between corn and wheat. This allows a replenishment of moisture
in the soil that stimulates the growth of wheat. Another similar alternative is
wheat-soybean-soybean, w hich is recommended in low nitrogen soils since wheat
after corn shows more deficiency of nitrogen t han after soybean. Both sequences
can be united in one of six crops every four years: wheat-soybean-corn-wheatsoybean–soybean with a greater crop diversification and less risks. These
observations have been tested in a rotation trial conducted at the SERA of
Marcos Juarez since 1975. In this trial it can be observed that the yield of
wheat has been higher in the sequences of corn-wheat, sorghum-wheat, cornsoybean-wheat and corn-wheat-soybean, compared to wheat-soybean. When wheat
follows corn or sorghum, it shows a clear response to nitro g en fertilization.
In addition to the water deficit, another unfavorable aspect of the continuous
double-cropping system of wheat-soybean is the increase of annual and perennial

weeds in both crops. A similar effect is also ex pected with the diseases.
It has also been observed that in the sequence of wheat-soybean-corn, soybeans
after wheat yielded 200-300 Kg/ha more than soybeans in wheat-continuous
soybeans; at the same time, corn after soybeans yielded more than corn after
corn.
Aspects to Improve in Wheat-Soybean Production
The development of sets of techniques for the management of wheat and soybeans
offers the possibility of improving the production of both crops as well as the
conservation and good utilization of the natural resources.
Tillage Methods: Frequently, the seeding of soybeans is delayed excessively
because of the lack of moisture in the seed bed. The use of minimum tillage and
direct seeding methods have proven more efficient in avoiding fast superficial
desiccation of the soil, seeding earlier, avoiding soil crusting, reducing
water loss from leaching, and controlling erosion.
These methods are spreading with new plowing and seeding equipment, yet it is
necessary to solve some remaining problems of weed control, soil compaction and
stubble management.
Wheat Varieties of Earlier Maturation: This is fundamental to extend the
double-cropping system to he south of 35 degrees south latitude.
Early Wheat Harvest: This would allow more time for the preparation of the soil
for the soybean crop which could be planted more timely.
Weed Control: An efficient control of annual and perennial weeds in both crops
would permit the improvement of water use, encourage minimum tillage, facilitate
soil management using surface residues and diminish the cost of production. All
of these would result in greater productivity and profitability.
Future Perspectives
In the described region, wheat and soybeans will continue to be produced. The
proportion of the continuous double-cropping system will diminish in favor of
the less intense sequences with the inclusion of corn or sorghum.
In the subhumid regions, soybean after wheat is an occasional transition crop to
move from wheat to summer cultivation in different types of sequences.
In the humid regions to the north of 30 degrees South latitude, the doublecropping system will be used when the wheat area increases. In the humid
regions to the south of 35 degrees South latitude, the double-cropping system
presents little possibility because of the late maturity of wheat prohibiting
the planting of soybeans.
The proportion of double-cropping will be closely linked to the relation ;o
prices among the crops of the region: wheat, soybeans, and corn.

CONSERVATION TILLAGE PRACTICES FOR WHEAT PRODUCTION
IN THE HUMID PAMPEAN REGION IN ARGENTINA
Oscar Hansen

Many scientists and farmers are concerned about maintaining good levels of wheat
production in Argentina. We know that soils subjected to continuous cropping,
excessive and sometimes inopportune cultural practices can easily be degraded.
This degradation occurs by the formation of hard pans and superficial
incrustation after intense rains. This creates an increased volume of run-off
water on slopes and in low areas. Drainage and evaporation are the most
imp ortant means of water loss in the soils of this region.
Considering that one of the main factors influencing variability of crop yields
in the area is the fluctuation of precipitation, it is easier to understand the
importance of research related to the best use of rain water.
The wheat crop statistics show some years (1951, 1960, 1966, 1969, and 1981)
when production has been severely affected by the lack of rainfall. A stud y of
the probability of water deficiencies and excesses in the re gion of Pergamino,
Rebelle and Zeljkovich established two major seasons of the year when
deficiencies or excesses are most common (Graph 1) . Considering the water
balance, it can be expected that in one out of every two years (50% probability)
there may be two periods during the wheat-growing season with water deficiencies
in which the potential evapotranspiration is greater than the precipitation.
Lack of moisture in the early development stages is of little magnitude
coinciding with the wheat planting and tillering time. The supply of moisture
in the topsoil must be carefully handled during this period, especially in later
planting dates, toward the end of July. Failures of proper stand establishment
and reduced growth rate are frequently observed because of the lack of moisture
in _the topsoil. This first period of water deficiency can last until the end of
September, affecting the development of the organelles of the wheat plant.
The second period of water deficiency begins during mid-October, coinciding with
the flowering phase of the wheat crop. Since the amount of precipitation during
this time is not adequate, the success of the crop will depend to a great extent
on the supply of stored moisture.
Considering present technology, management of the water suppl y is the most
limiting factor in the production of crops. One of our priorities is to search
for higher water use efficiency which means achieving maximum potential yield
based on the available water of the area. Conservation tillage practices,
fertilizers and weed control are techniques that can increase the efficienc y of
water use. During the last four years, different tillage systems have been
evaluated in long-term trials at the INTA Pergamino Experiment Station. These
tillage systems have been imposed in the wheat-soybean-corn sequence with two
levels of nitrogen, 0 and 80 kg/hectare, applied on wheat and corn. The main
objective of these trials is to study the effects of tillage on soil
characteristics and productivity. The trial sites were located on a typical
Argiudol soil Pergamino series which has a silty loam topsoil. The tillage
practices included in the trials were conventional--moldboard plow, disking,
chiseling and direct seeding. The soil measurements taken were organic water

content, pH, soil temperature, humidity, apparent density, and infiltration
rate. Data
such as plant density, growth analysis (wheat and corn), and yields
and their components were also recorded. The management of the residues of
crops previous to wheat began by crushing the stubble to improve the performance
of tillage implements of vertical cut and to better mix the topsoil with straw.
In addition to cutting the stubble, in most cases it is also necessary to use
planters adapted for seeding wheat in soil with straw mulch. In this situation,
a conventional planter can be used, one that is equipped with blades to cut the
residue and avoid obstruction. On the other hand, an experimental machine
developed by the INTA of Castelar can be used for direct seed of wheat. This
machine has a serrated edged blade activated by the tractor's PTO that cuts the
residue. Emergence has not been hindered by the residue. Significant
differences have not been shown for the number of plants in the different
treatments. Experiments have been conducted to show the effect of four tillage
systems and two levels of nitrogen on the yields of wheat during the three
agricultural seasons, 1980, 1981 and 1982 (Graph 2). There was a general
variability of yield from one year to the next. The tested systems did not
sufficiently balance the negative effect of water deficiencies; hence, climate
was the factor determining the yields reached for each year.
The results indicate that wheat, seeded after a summer corn crop employing
different tillage methods, can reach yields similar to the conventional plow
method, as long as the nitrogen requirement is satisfied. Water use efficiency
of a wheat crop has also been evaluated when subjected to different tillage
methods (Table 1). The real evapo-transpiration was not very different among
the different treatments. There was, however, a higher water use efficiency in
the conventional tilling treatment without nitrogen fertilization. A comparison
was made of the total available water supply and the percentage of maximum water
available in the soil's profile (0-1,5m) at planting and harvest time for two
tillage methods in a wheat crop (Table 2). The water available at the time of
planting wheat for the no-till method was 15 mm higher than for the conventional
tillage system. This difference, however, becomes greater at harvest time.
This is especially important for the soybean crop.
The most significant results after four years of trials were the following:
On the soil:
- Lower soil temperature in direct seeding.
- Topsoil densification (high density in direct seeding) and hard layer
formation (in superficial tillage).
- Higher stability of soil structure (in direct seeding).
Higher organic matter content in the 0-5 cm level of depth (direct seeding up
3.7% and moldboard plow 3.0%). In the layer from 0-20 cm depth there were no
differences.
- The pH was not modified by the tillage practices, but by the fertilizers.
- The P content (0-5 cm) was higher in those treatments where the residue was
handled in the topsoil (DS=20 ppm and CT = 15 ppm).

- Less water use efficiency in direct seeding when the N requirements were not
satisfied.
On the crop:
- There were no differences in plant density related to the treatments.
Lower initial growth in direct seeding treatment.
- Lower wheat yield in direct seeding. In direct seeding plus N applications,
the yields were similar to the conventional system.
In summary, based on the discussion above, we can conclude that minimum tillage
and especially no-till are not very attractive systems for use with the wheat.
Their interruption, however, with a conventional tilling could cancel the
positive effects that the minimum tillage systems may have in time over the
production of the summer crop. In addition, the no-till method could be an
excellent tool for basic investigation in the field of agronomy. By using notill in trials, the actual need of soil management practices established an
environment free of weeds. All of the research completed on no-till methods can
serve as a source of information for the elaboration of models for prediction of
the effects of tilling the soil.
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Graph 1. Probabilities to 25, 50, and 75%
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Table

Consumption and Water Use Efficiency of the Double Crop Wheat-Soybean

with Two'Tillaae Systems
Ra%111
Year

1980

1981

1982

Tillage

Wheat Soybean

Conventional
Direct Seeding

327

Conventional
Direct Seeding

190

Conventional
Direct Seeding

Source:

Total

326

576

582

309

ETR (mm) ETR

Yield(kg/ha)

E.U.A.(kg/mm)

W

S

W

W

348

573

921

2.690

2.670

7.7

4.7

355

589

944

2.310

2.590

6.5

4.4

298

538

836

2.040

2.180

6.8

4.1

279

487

766

1.760

2.620

6.3

5.4

385

326

711

4.660',

750

12.1

2.3

374

356

730

3.120

2.000

8.4

5.6

Total

S

903

772

635

Ing Agr L.Totis V.Zeljkovich, L.Blotta y 0.Hansen. 1NTA. PERGAMINO.

Table 2. Total Available Water Supply at Planting and Maturation Time
of the Wheat Crop

Year

Tillage

Available H 0
at seedin

Difference

Available H 0
at maturation

Difference

H°

H'

mm- .... . --------

Conventional

196

175

Direct Seeding

201

176

Conventional

156

48

Direct Seeding

178

Conventional

123

Direct Seeding

141

----, --*.------

1980
• 1.0

1981
+22

90

+42.0

64

1982

Source:

S

+18

95

L. Toth, V..2eljkovIch, 1.81otta y 0.Hansen. INTA. PERGAMINO.

+31.0

WHEAT AGRONOMY IN THE SOUTHERN CONE OF LATIN AMERICA
M. A. McMahon
When we speak of the growing conditions of wheat in the Southern Cone, they are
varied. Wheat is now being grown from 15 degrees south latitude in Brazil to 42
degrees south in Chile. As can be seen in Table 1, the greater part of this
wheat is grown under rainfed conditions, Chile being the only country with a
sizable area under irrigation. Therefore, the majority of the area depends on
the vagaries of rainfall along with its interactions with other factors which
affect yield. Usually when agronomists speak about crop production and
rainfall, we are inclined to think more on water deficits. However, rainfall
affects production in many ways because of its interaction with other factors,
mainly disease. Timing of rainfall is important in the manifestation of such
diseases as Septoria and Gibberella. This is a problem in most of the Southern
Cone. In some parts of Chile, yields are lower in wetter years. This is
probably caused by a greater manifestation of Gaumannomyces spp. in wetter years
and saturated conditions during the period of root elongation. Heavy rain early
in the season may increase leaching and thereby reduce nitrogen uptake and
subsequent yield. Timing of rainfall we cannot control, but the total amount of
moisture available to the crop we can control to a certain extent through
cultural practices. Again, two distinct problems come to mind which in some
areas may be mutually exclusive.
First, we have to have enough moisture in the seedbed to make sure of stand
establishment. This is extremely important in certain areas of Argentina where
sowing is followed by a long dry period and where root establishment is
important to exploit soil moisture during this period. In these areas where
early root growth is limited, the yield potential of the crop is fixed early on
in the cycle and the losses then encountered cannot be recuperated.
Moisture at sowing time is also extremely important to establish sowing date in
areas with intermittent rainfall. An important wheat-growing area in the
Southern Cone which has this problem in the State of Parana in Brazil. Because
of intermittent rainfall and insufficient moisture control sowing, the date
varies much from year to year and gives extra instability to wheat yields. It
also complicates the life of the plant breeder because it is extremely difficult
to develop good germplasm when the sowing date is so variable. This lack of
moisture control also means that date of sowing varies from farm to farm within
the same area within the same year. This means that within any one area, you
many find wheat at many different growth stages. When this happens, disease is
transmitted from the older crops to the younger crops at a very early growth
stage of the latter. Such early disease attacks can have quite dramatic
effects.
The other aspects of moisture is the control of total moisture available to the
crop in semi-arid areas. This is usually achieved through fallowing or other
cultural practices. The importance of moisture and its interaction with
fertilizer is illustrated with data from INTA (Argentina) in Table 2. This
shows that with small differences in moisture availability, yield potential can
be reduced dramatically.

The Role of Variety
There have been spectacular increases in wheat yields in different parts of the
world over the last twenty years. When this phenomenon is discussed, the most
cited factor is the change in the yield potential of the varieties grown. This
change in yield potential was brought about by breeding a shorter plant with a
higher harvest index, therefore, giving more grain per unit of total dry matter
yield.
These dwarf varieties are being grown widely in all countries in the Southern
Cone of Latin America with the biggest adoption rate in Argentina. The
introduction of these short season varieties in Argentina also facilitated the
increase in doublecropping wheat and soybeans. In 1974, Argentina produced
50,000 tons of soybeans and in 1980 this figure was raised to four million tons.
Eighty percent of these soybeans are doublecropped with wheat. The evolution of
the Argentinian soybean area is shown in Figure 1.
Fertilizer
Probably the most important factor in any production package is fertilizer.
World fertilizer consumption has risen above 100 million tons of nutrient per
year. A quarter of this is in developing countries. This amount is still
insufficient to produce adequate food. Despite the energy crisis there should
be no disagreement about the urgency of sustaining rapid growth in fertilizer
consumption in the developing world. Population pressure on land, growing food
deficits, depleted soil fertility and the complementarity between high yielding
varieties and a high level of fertilizer application all point up its,
importance. Thus, the real question concerning the developing world is not
whether, but how to maintain rapid growth in fertilizer consumption.
Fertilizer use varies greatly from country to country. The consumption of
fertilizer in Argentina is very low at 2 Kg/ha. This does not mean that
Argentina does not need to fertilize. Table 3 shows the fertilizer responses
over a number of sites in the Pampa Humeda in 1982-83. These are presented as
response efficiency data (Kg grain response/Kg nutrient applied) at various
combinations of N and P fertilizer. As can be seen, fertilizer response in
Argentina can be very spectacular.
Weeds and Herbicides
Weeds rank as one of the most limiting factors to wheat yields in every
environment in which the crop is grown. The weed problem is not peculiar to
poor farming situations. In fact, grass weeds become much more abundant under
conditions of high fertility and intensive agriculture. Herbicides have
provided us with many solutions to the weed problems we find in production.
most cases, the recommendations for the herbicides are available for the
different areas in the Southern Cone.

TABLE

WHEAT STATISTICS FOR FOUR SOUTHERN CONE COUNTRIES,

(SOURCE

CIMMYT, 1981)
STATISTIC

ARGENTINA

1961-65 (000 HA)
AVERAGE 1978-80 (000 HA)
AVERAGE

%

IRRIGATED

BRAZIL

URUGUAY

14916

812

753

453

4702

3221

562
29
71

218
0

0

0

% WELL WATERED

47

% SEMI-ARID

53

50
50

% SPRING BREAD

95
0
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0

% WINTER DREAD

HILP

100
0

86

100
0

DURUM
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YIELD

78-80. (TON/HA)
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PROD,

78-80 (000 T N)

1,7
7848

1961-80 (% PER YEAR)
YIELD 1961-80 (%PER YEAR)
AREA

PROD,

0,5
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TOTAL CALORIES FROM WHEAT

2924
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AVERAGE YIELD (KG/HA) AND RESPONSE LEVELES OF VARIOUS TRE
ATMENTS IN THREE
DIFFERENT RAINFALL ZONES. ARGENTINA 1980-81 (SOURCE: INTA,
PERGAMINO)
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N° OF
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LOCATIONS
OF CHECK
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TO TILLERING (MM)
TREATMENT

INCREASE
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ALONE
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EVOLUTiO', OF SOYBEAN AREA, ARGENTINA 1970 -1982.
(SOURCE INTA)
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TABLE 3. Average response efficiency (kg grain/kg nutrient) for various
combinations of N and P 20 5 . Pergamino 1982-83 (n

18)

5
{kg /ha)
N
20

(kg/ha)

40

60

3.08
30
60

20.08
14.78

90

120

1.30
14.58

14.54
14.29

9. 84

80

11.20
12.00

10.94

9.13

CEREAL PRODUCTION TECHNIQUES UNDER SEMI-ARID CLIMATIC CONDITIONS
Floyd E. Bolton
Introduction
Cereal production under semi-arid or dryland conditions throu g hout the
world is generally characterized by at least two climatic conditions: (1)
limited or low rainfall which restricts the production potential and (2)
widely variable rainfall and temperature conditions from season to season.
There are two more factors or conditions which also must be recognized if a
cereal production researcher is to be successful; i.e., the local cereal
farmer is probably producing reasonably close to his potential based on:
(1) his present knowledge of cereal production techniques and (2) within
the limits of his current resources.
Therefore, to increase cereal production under dryland conditions, the
program must include: (1) cropping techniques that make the maximum
efficient use of a limited water supply; (2) the cropping system must be
adaptable to variable climatic conditions; (3) the information and
techniques must be transferred and demonstrated to the local farmers; (4)
the farmer-cereal producer must have access to the resources required
(varieties, fertilizers, herbicides, equipment, etc.) to apply the improved
practices.
Potential Yield and Actual Yield
Each environment has a certain potential yield, depending upon the climatic
and topographic features that are present. There is little one can do to
change the potential yield under dryland conditions. However, in most
situations in both developed and developing countries, the "actual yield"
is well below the "potential yield." It is this "yield gap" that concerns
the cereal farmer and researcher. Before proceeding further, we should
define the terms "potential yield," and "yield gap" more precisely as
follows: Potential Yield: The maximum yield of a crop that is technically
feasible within reasonable economic limits in a given environment. Actual
Yield": The yield of a crop that is determined by the interaction of its
genetic characteristics with the environment in which, it is subjected. The
yield is limited by the production techniques. Yield Gap: The difference
between potential yield and actual yield. This difference may be due to
both biophysical constraints (missing inputs) and socio-economic
constraints (inputs available, but not used or inputs not available).
From the above definitions, it is apparent that the "yield gap" is the
aspect that concerns the constraints in cereal production. Socio-economic
constraints are a major part of the yield gap and unless these constraints
are removed, the agronomic constraints will probably not be removed either.
The combination of socio-economic and agronomic into a single production
system will greatly narrow the gap between "actual" and potential" yield.
An important concept in determining yield constraints was developed over
one hundred years a go by Justus von Liebig and is still applicable today.

Liebig used this principle to illustrate yield limits from nutrient
deficiencies but it applies equally well to cereal practices.
Principle of Limiting Factors: The level of crop production can be no
greater than that allowed by, the most limiting of the essential plant
growth factors.
If one can determine the most limiting factor in a cropping system and then
the next, and so on, then it removes the hazard of introducing a new
practice that fails to give a yield increase. This requires an extensive
and carefully planned field research program.
Water Use Efficiency (W.U.E.) in Dryland Farming Systems
Dryland farming systems revolve around the principle that water is the main
limiting factor and to increase or maintain an adequate yield level one
must maximize the water use efficiency for crop production.
There, are two things that must occur to utilize the limited moisture supply
to achieve increased crop production: (1) increase the amount of water
stored in the soil and reduce losses from evaporation and transpiration;
(2) make maximum use of the stored water and subsequent precipitation by
management of cropping practices geared to the prevalent climatic
conditions. The former is related to tillage and moisture conservation
practices and the latter is concerned with crop management practices
specifically tailored to fit the available and anticipated moisture supply
to achieve maximum economic crop production.
Fallow-Crop vs. Annual Cropping Systems
The use of fallow-crop rotations as a farming system is widely practiced
throughout the world in low rainfall regions. This method has not been
without its critics because of the supposed inefficiency of soil moisture
storage during the fallow period. The storage efficiency usually ranges
between 15 and 35 percent of the total precipitation that occurs during the
fallow period. The critics point out that this is a terrible waste of a
much limited resource. However, the fallow system is a time-honored method
of producing grain in the subhumid and semi-arid areas of the Middle East.
The method seems to have been regularly employed in the Tigris-Euphrates
delta as far back as 2400 B.C.
In more recent times, the fallow-crop rotation for producing cereal grains
in the United States has become widespread. In 1900, there were about 2
million acres of fallow land in the United States. The area steadily
increased, until in the 1970s, there were more than 40 million acres in
fallow, mostly in the 17 Western States (Haas, et al., 1974). At present,
in semi-arid regions, fallow-crop rotations constitute the major cropping
system for cereal production. The practice is still controversial, mostly
among professionals, because of the inefficiency in soil-water storage and
some of the wind and water erosion problems associated with fal l ow . The
fallow system in low rainfall zones continues to be used extensively
despite its critics. Recent innovations in stubble-mulch tillage has
alleviated some of the erosion problems and increased moisture storage.
The widespread and persistent use of the fallow-crop rotation throughout

the world, and particularly in the ICARDA region, re q uires that this
farming practice receive serious attention in the future farm in g systems
research programs.
Examples of the increase in grain yields, and consequently increased
W.U.E., are shown in Table 1. The Central Great Plains region is
characterized by a spring-summer rainfall pattern and moderate
temperatures, as contrasted with the Pacific Northwest climate with a
winter-spring rainfall pattern and moderate summer temperatures. The
difference in p reci p itation patterns and season temperatures is reflected
in the W.U.E. values of the two regions. It should be noted that the
W.U.E. was greater in every location under the fallow-croP rotation.
Improved soil and crop management techniques and better adapted varieties
have shown even greater increases in W.U.E. during the last 20 years (Table
1). Greb et al. (1974) indicated four probable reasons for the increased
yield and W.U.E. for the Central Great Plains regions: (a) increased soil
water storage in fallow resulting f rom improved stubble-mulch management
and weed control; (b) improved planting equipment that permits deeper
penetration to adequate seedbed water, even under relatively dry surface
conditions of 8-10 cm depth; (c) improved wheat varieties; and (d)
increased use of commercial fertilizers on those soils known to be
deficient in nitrogen and phosphorus. Professional a g ronomists and cereal
breeders in this region estimated the credit for the yield increases to be
as follows: Improved water storage in fallow, 40 percent; improved wheat
varieties, 40 percent; improved planting equipment, 10 percent; use of
nitrogen and phosphorus, 10 percent.
One of the advantages in the fallow system is the release and accumulation
of nitrate nitrogen which greatly reduces the need for supplemental
fertilizers (Olson et al., 1953). The use of nitrogen fertilizers can
substantially reduce the yield advantage of fallow vs. annual cropping
sy stems as shown in Table 2. However, in terms of W.U.E. and the economics
of producing cereals in this region, the fallow-crop system still holds the
advantages.
It is estimated that a fallow-crop rotation needs only to produce 170% of
the annual cropping system to be economically equal in terms of profit
margin. In regions with less than 500 mm annual precipitation, the yield
difference under a well managed fallow system is usually greater than 170%
of the annual cropping system.
Another important factor to be considered is the stability of a cropping
system. Small, poor farmers cannot afford a c rop failure. Smika (1970),
in a study comparing 27 years (1940-1967) of fallow -wheat under semi-arid
conditions, showed the fallow system did not have a crop failure, whereas
continuous wheat failed more than 30% of the time. The average W.U.E. was
80% greater for t h e fallow System when the annual precipitation was between
246 and 430 mm. At least 580 mm of annual precipitation was required
before annual wheat with nitrogen fertilizer used water as efficiently as
fallow-wheat without added nitrogen.
Smika (1970) also showed that in this semi-arid region, average ,fallow
wheat yields without added nitrogen were 2.6 times greater than annual

wheat yields with nitrogen. He concluded from this long term study that,
in all aspects, the fallow wi nte r wheat c ro pping sy stem was much superior
to an annual winter wheat cropping system and was necessary for stable
winter wheat production under semi-arid conditions in the Great Plains of
the United States.
Advantages and Disadvantages of Fallow
The advantages and disadvantages of fallow vs. annual cereals in the United
States may not al way s a pply to other wheat-growin g areas of the world. In
areas with relatively mild winters and long periods of high, temperatures
during the spring, and summer, it may not respond as readily as described
above. In the spring wheat-growing areas of the Northern Great Plains of
the United States, the fallow system does not show as great an advantage.
For example, the winter wheat fallow period is only 14 months, the stubble
is upright during the single winter and by the next spring, rains tend to
keep fallow fields from wind-eroding, although some water erosion may
occur. For spring wheat, however, the fallow period is 18-21 months, with
two winters and little or no soil protection during the second winter. It
is during the second winter and spring of fallow that the erosion potential
of spring wheat reaches its maximum.
The advantages of winter wheat fallow are: (a) increases soil water
storage; (b) has a stabilizing influence on grain yields; (c) increases
W.U.E.; (d) releases nutrients (especially nitrogen) by mineralization,
requires less fertilizer; (e) allows for more timely cultivation; (f) fewer
field operations per unit of grain produced; and (g) allows a higher net
profit per unit area.
Disadvantages include: (a) may enhance erosion; (b) tends to deplete
organic matter and reduce overall fertility level; (c) may intensify
leaching of some nutrients below root zone (only in higher rainfall sites).
The advantages far outweigh the disadvantages in areas where fallow for
winter wheat production is used properly.
Soil Management for Moisture Conservation
Even though fallow-crop rotations have been used in the Middle East region
since ancient times, the grain yields in many areas are well below the
potential. The adoption of a particular cropping system, whether it be an
annual or fallow-crop rotation, does not guarantee success. The
conservation of soil moisture requires close attention to management of the
land from harvest to harvest. The traditional use of fallow land as
"weedy" pasture during the non-crop period is widespread. The value of the
crop aftermath, volunteer cereals and weeds as forage for animals is
difficult to assess. However, if the farmer's goal is increased grain
production, then changes in the traditional use of the fallow are required.
In the Anatolian Plateau of Turkey, soil management trials during the
fallow conducted during the past decade (Bolton, 1973; Hepworth, et al.
1975; Guler, et al. 1978) have shown, it is possible to substantially
increase yields of winter cereals by improved methods. The trials included
several types of implements such as moldboard plow, disk plow, sweep-chisel

plow for initial til la ge, and sweep plow and harrow and rodweeders for
secondary tillage operations. None of the particular tillage implement
combinations showed an advantage in yield over another when used in a
proper and timely manner. However, those implements which leave most of
the crop afte rm ath on the soil surface reduced wind and water erosion
hazards. The main effect on grain yields as compared to farmers fields,
was the timeliness of tillage operations, particularly initial spring
tillage, weed control, and seedbed preparation.
In adaptive research trials conducted on farmers' fields at several
locations for 4 years, the grain yields were 80 to 90% higher than the
adjacent fields. The methods used in adaptive research trials were not
radically different from the former methods with regard to implement used
or number of tillage operations, except in time and manner of operations.
This fact led to relatively rapid adoption of the improved tillage methods.
Improved soil management that increases soil water storage and reduces
evaporation will not of itself increase grain yields. If not followed by
good crop management techniques, the advantage of increased moisture
supplies is often lost. In the trials mentioned above, the best available
information gained from crop management trials was used to make maximum use
of the moisture supply.
Crop Management and Water Use Efficiency
Yield potential in dryland areas is limited by the moisture supply, but the
actual yield level obtained is limited by the production techniques. Yield
levels in the dryland cereal regions of the world in both the developed and
developing nations can be substantially increased if more efficient use is
made of the admittedly limited moisture supply. Some of the more critical
crop management factors that affect the efficient use of limited moisture
supplies are: (1) Weed control; (2) stand establishment; (3) plant
nutrient-moisture balance; (4) adapted varieties; (5) plant populations and
spacings.
Weed Control and Water Use Efficiency
Although control of weeds is not directly related to management factors
affecting water use efficiency of the crop plant, such as variety, stand
establishment, and moisture-fertilizer balance, it certainly has an
important role in water availability. Any living organism that uses water
(and all do!) and under conditions of limited moisture supply, will reduce
the economic yield in direct proportion to the amount of water use d. Under
adequate moisture levels or irrigation where water is not the ma j or factor
limiting the yield potential, some weeds may be tolerated without loss of
economic yield.
Generally speaking, the more limited the moisture supply, the more critical
adequate weed control becomes. Hepworth et al. (1975) has shown that even
under poor soil and crop management, timely chemical weed control resulted
in large yield increases. With improved crop management and good weed
control practices, the increase in grain yield averaged about 33 percent
(Figure 1).

Weed control alone increased the grain yields about 64%, but at a yield of
only 1.54 MT/ha at a low level of management. Under good soil and crop
management, a certain amount of cultural weed control is achieved so that
the addition of chemical control during the crop growth period did not show
as great a yield, increase. However, in total yield, increases from weed
control under improved management averaged 0.8 MT/ha as compared to about
0.5 MT/ha yield increases under poor management.
Stand Established and Water Use Efficiency
The, term "stand establishment" is used in this paper in preference to the
commonly used terms such as seeding date, planting date, or date-ofseeding. These latter terms describe the actual time the seeds are placed
in the soil, but do not necessarily insure that the following events result
in an established stand. Too often a date-of-seeding trial is presented in
the literature with no reference to time of emergence, crown root
development or the appearance of tillers. All the above events must occur
before one can accurately state that a stand has been established.
Time of Stand Establishment
In dryland cereal-producing areas with a winter precipitation pattern,
optimum 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. The data in Figure
2, which are averages of many trials over a period of years, show the
optimum range for stand establishment in eastern Oregon. A number of the
early trials reviewed showed no differences in yield because of planting
date. Closer inspection of the data showed that in many cases the seeds
were placed in dry soil for several dates before a significant amount of
precipitation occurred. In these cases, the date of seeding may have
differed by 2 to 4 weeks but the time of emergence was the same. Since the
introduction of deep-furrow drills and the placement of seeds into moist
soil from the previous fallow, the data have been more consistent and
represented different dates of emergence.
Long-term observations (Bolton, 1976, unpublished data) of precipitation in
relation, to grain yields at 3 locations in the Pacific Northwest, have
shown that whenever significant rainfall occurred during the period of
optimum stand, established (September 15 - October 15) grain yields were
significantly higher. This apparently was the result of adequate soil
moisture for emergence and subsequent plant development before low winter
temperatures occurred. As soil moisture conservation practices improved
and deep-furrow drills were introduced, the seeding into residual moisture
became a standard practice. However, there are still seasons when the
moisture level for seeding is at too great a depth even for the deep-furrow
drill. Often, the time of seeding is delayed beyond the optimum range,
waiting for adequate rainfall. In most instances, this results in reduced
yields because the plants are not adequately developed before cold weather
begins. Pehlivanturk (1975) showed that time from emergence (after
adequate moisture was present) to crown root development and tillering was
greatly increased after soil temperatures reached a certain range. A
critical soil temperature-plant development situation occurs when the mean
soil, temperature reaches a certain level. This study indicated that when

the mean soil temperature at seeding depth dropped below 10 C, the length
of time for seedling development of crown roots and/or tillers was
dramatically increased. The number of days`' from emergence to tillering
were 28, 51, and 125 from October 1, October 15, and November 1,
respectively. The mean soil temperatures at seeding depth for these
planting dates were 16, 9, and 5 C, respectively.
Seeding into dry soil is risky and presents problems with crusting after
rains and sometimes weed control. However, reductions in yield and late
stand establishment are well documented and consistent. The risk in
reduced yields from crusting or weeds is not predictable. It would seem
that timely seeding under dry soil conditions outweigh any advantages in
waiting for adequate moisture to wet the seed zone.
Moisture-Fertilizer Balance and Water Use Efficiency
In areas of limited precipitation, a balance nutrient supply enables the
crop to make more efficient use of the available moisture supply (Arnon,
1975, 1972; Olson, et al., 1964). The recommended use of fertilizers is
the most economical way of increasing crop water use efficiency (Viets,
1962, 1967, 1971, 1972). It has been demonstrated that a nutrient
deficient plant, even though it is not growing or growing slowly, is using
water at about the same rate as a nutritionally balanced plant, yet will
produce considerably less yield (Asana, 1962; Aspinall et al., 1964; Brown,
1972; Leggett, 1959). Some recent information by Aktan (1976) has
confirmed these findings and indicates that different levels of soil
moisture at seeding require different levels of applied nitrogen to balance
the moisture-nitrogen supply for maximum water use efficiency. An example
of this study is shown in Figure 3. These data show that water use
efficiency can be decreased markedly by both a deficiency or an over-suPPlY
of nitrogen. It is also shown that a barley crop uses both water and
nitrogen more efficiently than wheat, at least in this region.
The highly variable moisture conditions that are typical of dryland regions
require that fertilizer requirements be tailored to the prevailing moisture
supply if the best efficient use of water is to be accomplished. In
addition, different soil management methods, such as bare fallow, stubble
mulch minimum tillage or no-till (chemical fallow) systems may require
different levels of nitrogen to reference the proper moisture-fertilizer
balance (Brown et al., 1960; Greb et al., 1967; Koehler et al., 1967;
Oveson and Appleby, 1971). The amount of plant residues left on the soil
surface or mixed in the upper few centimeters can have a large influence on
the amount of nitrogen available to the crop plant (Leggett et al., 1974;
Smika et al., 1969; Smika 1970). Generally, the more surface residues
present, the more nitrogen is required to balance fertilizer needs with the
moisture supply.
Even though nitrogenous fertilizers receive the ma j or emphasis, other
fertilizer elements play an important role in increasing the water use
efficiency. Phosphorous, potassium, sulphur, and the other minor elements
required for plant growth and development, must be present in the proper
available amounts or yield levels are reduced (Brown et al., 1960; Brown,
1972; Gardner, 1964). These other fertilizer elements are not as dependent
on the moisture supply as is ni tro g en, but unless present in the proper

available form and amount, will have a profound effect on the water use
efficiency.
Adapted Varieties for Dryland Cereal Production
A key element in increasing the W.U.E., thereby increasing economic yield,
is the use of the best adapted variety which is presently available. All
cereal breeding programs have similar goals, i.e., increasing yield
potential and quality, maintaining resistance to pest (insects and
diseases), lodging, shattering, and other agronomic characters. Resistance
or tolerance to drought and heat is sometimes included among the breeding
goals, but is much more difficult to select for.
The selection for varieties with high yielding potential and resistance to
the prevalent crop pests has been very successful in the past two decades.
In many cases, the potential for yield under adequate moisture levels
greatly exceeds the moisture availability in the dryland cereal regions.
Many of the varieties with high-yielding potential under adequate moisture
levels have also produced higher yields under limited moisture conditions.
Breeders have long recognized that selection for drought tolerance or heat
resistance is extremely difficult because there are no suitable selection
criteria available. Selection in early generation material under dryland
conditions is very risky because of the extreme variability from season to
season (Hurd, 1971). As a consequence, many breeders have resorted to
testing larger numbers of later generation lines in the dryland areas,
hoping to isolate types that are better adapted to drought conditions.
This approach has been generally quite successful in the Pacific Northwest
of the United States.
An example of the progress made in varietal improvement for dryland
conditions is shown in Table 3 and Figure 4. These data represent grain
yields from standard variety trials grown under a fallow-crop rotation in
which the variety Kharkof was present as the long-term check variety. The
trials were conducted on the Lind Dryland Research Unit, Lind, Washington,
and the Columbia Basin Agricultural Research Center, where the annual
rainfall averages about 240 and 400 mm, respectively. A standard
meteorological station is located at each experimental site. Since
improved varieties are constantly changing over a period of years, the
grain yields represent those varieties which were the most widely grown
commercially during each period of time. For example, at Lind, Washington,
during the period 1931 to 1952, the varieties grown commercially in this
region were Turkey, Rio, Rex, and Elgin. During the period 1953 to 1974,
the most widely grown varieties were Omar, Moro, Gaines, and Nugaines.
At the Lind site, the increase in W.U.E. for grain yield averaged about 99%
for the past 22 years when compared to the previous 22-year period. This
increase can be separated into three categories: (1) Increase from
improved varieties (17%); (2) increase from improved soil and crop
management (69%); and (3) the increase from the interaction of improved
varieties and improved soil and crop management (13%). This region is the
lowest rainfall region for cereal production in the United States. The
value of improved varieties does not show as great an influence on grain
Yields as improved crop management, when considered alone. However, when
the influence of improved varieties is added to improved crop management

(17% + 13%), an overall increase of 30% in W.U.E. is achieved. In the more
arid cereal-producing regions, it appears that crop management plays a more
dominant role than improved varieties. However, to gain maximum benefit,
both elements must be incorporated in the p ro d uction system.
As the precipitation increases, the roles of improved varieties and
improved crop management shift in emphasis as shown by the data in Table 3
and Figure 4 for the Pendleton location. The increase in W.U.E. from
improved varieties is almost twice (32% vs. 17%) that shown for the Lind
location. In addition, the effect of improved crop management is less than
half (69% vs. 28%) that of the lower rainfall zone at Lind. This indicates
that varietal improvement plays a larger role in W.U.E. under more
favorable climatic conditions. The interaction between improved varieties
and improved crop management shows about a 9% increase in W.U.E. as
compared to a 13% increase in W.U.E. at the Lind location.
The overall W.U.E. in terms of grain produced per unit volume of water
received was about the same for both locations, i.e., 5.20 and 5.16 kg/hamm for Pendleton and Lind, respectively. This indicates that both
locations are producing at about the same level of W.U.E. but at different
yield levels because of the large difference in precipitation. The
advantage of using the best adapted varieties for maximum W.U.W. and
increased grain yield level is clearly indicated in these data.
Plant Population and Stand Establishment
The optimum number of plants per unit area to obtain maximum economic
production varies widely in different environments. Under well-watered or
irrigated conditions, the plant population per unit area above a certain
minimum number seems to have little or no effect on the subsequent yield
(Donald, 1963). With limited moisture conditions, the plant population and
distribution can exhibit substantial influence on the water use efficiency
and subsequent grain yield (Harper, 1961).
In cereal crops, adjustments in plant populations and distribution, because
of the methods of seeding and nature of the crops, must be made either
within rows or between rows. Increasing the distance between plants within
the rows and reducing the distance between rows to achieve a more uniform
distribution over a unit area may defeat its purpose under limited moisture
conditions. Brown and Shrader (1959) showed that plants with little
competition in the seedling stage tend to produce excessive vegetative
growth and deplete soil moisture that could be used for grain production at
a later date. Larson and Willis (1957) concluded that to gain maximum
benefit of a limited moisture, the intra-row population should be at a
level great enou g h to provide adequate competition in seedling stages to
prevent excessive growth and moisture use and that the inter-row spaces be
adjusted to fit the moisture supply. This proposal is generally contrary
to the usual practice in many dryland areas of the world, including both
developed and developing countries. Seeding rates and row s p ac ing s have
been traditionally used for two purposes which are not actually related to
the best plant population for maximum yield. (1) Seeding rates within the
row are usually greater than necessary to provide ground cover for wind and
wate r erosion control. (2) Close row spacings are often preferred to
provide greater competition for weeds that may grow between the rows.

These concepts may have been partially successful in their purposes, but
undoubtedly contribute to reduced grain yields in many seasons. The work
of Arnon (1972) and Arnon and Blum (1964) suggests that better use of a
limited moisture supply is possible with more careful attention to the
plant population and distribution in dryland regions.
Many studies conducted in several 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; Buler, 1975; Wilson, 1969). Reasons for not using more
carefully adjusted seeding rates and row spacings are many and varied but
none seem to be related to more efficient use of moisture. There is
considerable evidence that varieties differ in their response to seeding
rates and row spacing in different climatic zones (Gluer, 1975). He found
that some varieties had different optimum plant population numbers at each
location, while other varieties responded about the same at a given seeding
rate over several locations.
Summary
To optimize the use of water and nitrogen under rainfed conditions with a
limited moisture supply, primary attention must be given to the efficient
use of water. This may be accomplished in two ways: (1) Increase the
supply available by storing the maximum amount in the soil profile by
improved tillage and moisture conservation practices, (2) make maximum
efficient use of the stored water and subsequent precipitation through
improved crop management practices.
As the water use efficiency increases, the response to nitrogen fertilizers
will improve and be reflected in higher crop yields. Variation in seasonal
precipitation typical of semi-arid, rainfed regions requires that
fertilizer applications be based on current moisture supplies rather than
long-term averages.
Rainfed crop production has been most successful when the "package of
practices" approach has been used. This means that the best combinations
of tillage for moisture conservation and seedbed preparation, selection of
adapted varieties, optimum planting and rates and dates, fertilizers
applied at the proper rates and times in relation to moisture supplies,
timely weed control in both fallow and crop seasons and harvesting methods
are used. The timing and application of the various components of the
package is very important and may, vary from one locality to another. The
proper package of practices must be determined by extensive, applied field
research conducted over relatively long periods of time. Each element in
the production package must be done in the right sequence or the advantage
of other elements is often lost. For example, if an improved variety is
introduced without the addition of weed control or fertilizers or better
seedbed preparation, oftentimes the old, local variety will still yield as
well or better. If fertilizers are introduced as an improved practice and
weeds left uncontrolled, the weeds may respond more to the increased
fertility level than the crop, and may in some cases actually reduce
yields. If improved initial tillage practices are introduced, but
secondary tillage for weed control and seedbed preparation are neglected,
the end result may be worse then the traditional method.
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Table 1. Water Use Efficiency
Yield and water-use efficiency of winter wheat grown continuously and after fallow at three locations
Central Great Plains and in a fallow-crop rotation at three locations in the Pacific Northwest
Average annual Continuous
wheat
precipitation
(kg/ha)
(mm)

Fallow-wheat
(kg/ha)

W.U.E.1
Continuous wheat
(kg/ha/mm)

419
377

498
549

1426
1818

1.2
1.5

470
512

626
731

1318
1673

1.3
1.4

495
505

834
684

2146
2747

1.7
1.4

Pendleton, Oregon
46-yr average
1954-76

404
403

1259
-- 2

3590
4270

3.1

Moro, Oregon
65-yr average
1954-76

290
283

781

2006
2410

2.7
--

Lind, Washington
55-yr average
1954-76

241
235

875

1760
2450

3.6

2

W.U.E. on a harvest-to-harvest precipitation basis.
Data not available.

Table 2. Grain yields of winter wheat grown in fallow-crop or annual rotation, with and without nitrogen
fertilizer in the Central Great Plains and the Pacific Northwest of the United States

Annual
precipitation

Nitrogey
Applied
(kg/ha)

Grain Yield
Annual wheat
Fallow-wheat
(kg/ha)
(kg/ha)

Percent yield
Fallow vs Annual
(%)

Location

(mm)

Central Great Plains
Northea st Colorado
1956-70

457

0
45

1886
1818

741
1145

254
159

Northwest Nebraska
1956-70

445

0
45

1886
2222

875
1347

216
165

Pacific Northwest
Pullman, Washington
1922-45

516

0
67

2970
3037

1347
2094

220
145

Pendleton, Oregon
1931-50

406

0
67

2 997
3219

815
1710

368
188

Ritzville, Washington
1953-57

287

0
22

1414
1616

741
875

191
185

Harrington, Washington
1953-57

295

0
34

2761
3098

808
1549

342
200

When nitrogen was applied, the rate reported gave optimum yields.

Table 3. Grain yield, precipitation, and water use efficiency at two locations in the fallow
crop rotation area of the Pacific Northwest
Dates

Span
Yield
Years Tons/Ha (Bu/Ac)

Total Precipitation
Mm
(Inches)

Water Use Efficiency
Kg/Ha-Mm (Bu/Ac-in)

Lind, Washington

1922-1974
Kharkov

54

1931-1952
Kharkov
Improved variety

22

1953-1974
Kharkov
Improved Variety

22

Improved variety

1.58
1.71

(23.5)
(25.5)

477
477

(18.8)
(18.8)

3.31
3.58

(1.25)
(1.35)

1.35
1.35

(20.1)
(20.1)

518
518

(20.4)
(20.4)

2.60
2.60

(0.98)
(0.98)

2.01
2.36

(29.9)
(35.1)

457
457

(18.0)
(18.0)

4.39
5.16

(1.66)
(1.95)

Pendleton, Oregon

1931-1974
Kharkov
Improved Variety

44

1931-1952
Kharkov
Improved Variety

22

1953-1974
Kharkov
Improved Variety

22

3.03
3.51

(42.3)
(52.3)

805
805

(31.7)
(31.7)

3.76
4.36

(1.33)
(1.64)

2.53

(37.6)
(42.4)

820
820

(3 2. 3)

3.08

3.46

(1.16)
(1.31)

(47.0)
(61.9)

800
800

(31.5)
(31.5)

3.93
5.20

(1.49)
(1.96)

2.84

3.15
4.16

(32.3)

LOW LEVEL

HIGH LEVEL

MANAGEMENT

MANAGEMENT

WITHOUT CHEMICAL

WITH CHEMICAL

WEED CONTROL

WEED CONTROL

Figure 1. Effect of Weed Control and Management on Yield
of Winter Wheat in Turkel', 1974-1975

Figure 2. Effect of Stand Establishment and Grain
Yield in Eastern Oregon (Long Term Average)

Figure 3. Effect of Nitrogen Fertilizer on W.U:E. and Grain
Yield (cross bar) of Winter Wheat and Winter Barley at Moro,
Oregon, 1975

Figure 4. 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

KHARKOV
11111

1931-1952

1953-1974

1931-1952

LIND

1953-1974
PENDLETON

Percent increase due to: *improved varieties; **improved management;
***interaction of improved varieties and management
Kharkov: long-term, standard check variety
Improved Variety: variety most widely grown during the indicated period

IMPROVED
VARIETY

OF WHEAT IN AR GENTINA
A. Bianchi and R. Rossi
In the large Argentinian wheat region there are, of cou r se , ecological
differences that, in addition to the peculiar management practices and cropping
systems of each location, determine different production activities.
Consequently, weed infestation and its incidence also have definite regional
characteristics. It is convenient to divide the entire wheat production region
into two ma j or areas, the humid pampa region and the semi-arid pampa region, to
present an overview of the weed problems.
Humid Pampa Region

This large area, having an annual rainfall average of 700 to 900 mm , is a
traditional wheat region practicing continued agriculture. Continuous cropping
influences the incidence of some weed species that are difficult to control and
thus, the most serious limiting factors for the production of the wheat crop.
Among the most important weed species that commonly appear are: Poligonum
ariculere, Polygonum convolvulus, Chenopodium album, shepherd's purse (Capsella
bursa-past6F517a5amile (Anthemis cotula) a6U -Trinaga (Ammi viznaga).
It is interesting to point out that in this region wild oat (Aveno fatua) is
becoming increasingly more serious because of its vegetative ThiaFiCTEFiTticS.
There is need to pay immediate attention to this weed.
Several aspects of weed competition should be considered in wheat; production.
One of these is the direct yield loss of wheat caused by competition for light,
moisture, and nutrition by the weed species. Results of comparative trials
between controlled and uncontrolled weeds in wheat plots have shown average
losses between 10 and 15 percent.
Another important aspect is the indirect damage caused by the interference with
the harvesting operations. Some weed infested fields require additional
herbicide treatments before harvest. There is also a reduction in the quality
of harvested grain and increased humidity and contamination.
In addition, in the wheat-soybean rotation which is very important and widely
utilized, the weeds in the stubble hinder and delay the preparation and planting
of the second crop.
In general, the incidence of weeds in wheat has decreased because of the
application of selective hormonal herbicides. Use of herbicides has augmented
the distribution of the new semi-dwarf varieties.
Semi-arid Pampa Region

This area of approximately 2,300,000 planted hectares includes the region under
the supervision of the EERA Anguil and EEA Bordenave. It is in the ecological
subregion V South.
The most significant weeds are: quinoa (Chenopodium album), annual vine
(Polygonum aviculare), brunnette (Rochia scoparia), russian thistle (Salsola

kali) and lar ge areas are also being invaded b y wil d oats (Avena fatua) and
ryegrass (Lolium sp.).
Global figures that may provide the magnitude of the losses caused by weeds at
the regional level are not available in most cases. In locations where the
farmer does not use the best available technology or where the weed problems are
such that this technology is inadequate, the estimated yield reduction
oscillates between 30% and 50%. Losses in yield from wild oats are highest when
emergence of the oats occurs simultaneously with the wheat crop. The yield
decrease may be from 20% to 70% depending on infestation level. This weed is
one of the typical cases where the farmer directly and clearly observes the
damage produced by competition and the decrease of the product's commercial
value.
Research Activities of INTA
There has been a diversity of activities in previous years on the INTA
Experimental Stations including topics related to weed control as well as to
bioecology.
The trials conducted on different herbicide efficiency have included the
evaluation of rates of the chemical, volume of water and application time for
the different weed varieties. Within this group, the herbicides for the control
of the wild oat (Avena fatua) have received special attention in the semi-arid
pampa regions. VTETE general evaluation of the herbicides, the different
application systems have been observed, especially the equipment used for
controlled drops.
Studies of the phytotoxicity of the herbicides involved two phases: (a) to
determine the period in which hormonal herbicides have no effect on the wheat
crop and (b) to establish the susceptibility of the varieties (especially those
of Mexican germplasm) to the different products.
In general, the herbicides 2,4-D MCPA, Picloram and Dicamba (the most commonly
used) do not affect the crop if they are applied to the wheat plant from the 4-5
leaf stage of the tiller until the first node becomes visible. If application
is made out-of-season, deformations in the spike, height decrease and yield loss
are observed.
Results of experiments to establish the sensitivity of different wheat varieties
showed no affect to crop's development or yield when herbicide applications were
made, during the tillering period.
Since the wheat-soybean rotation is a general practice in the humid pampa
re g ion, the possible residual effects of herbicides applied in one crop on the
other have been studied. Most of the research was done to determine the effect
of Picloram on soybeans. The results showed that the recommended dose and time
of application of Picloram did not affect yield. Other herbicides such as
Chlorsulferon are subject to similar studies.
Research is also being conducted on the ecology of weeds, especially on wild oat
(Avena fatua), to determine seed longevity and performance, as well as the
daTilitIVIT-05f damage at different infestation levels.

At present, new pre-emergence and post-emergence herbicides continue to be
evaluated with regards to efficiency of control, application time, phytotoxicity
and residue.
Outlines of Future Activities
A review of the present weed problems on crop production and evaluation of
available information leads to a consideration of future research on the
following subjects:
- Continued surveys to determine the distribution and relative importance o
the different weed species throughout the wheat production region.
- Basic studies on the ecophysiology of the weeds and their seeds (evolution of
the weed competition in different production systems, determination of the mode
of emergence of the species of greatest importance, etc.).
- Continue to evaluate the susceptibility of advanced wheat lines to different
herbicides.
- Evaluate new herbicides for efficiency, application volume
environmental conditions, phytotoxicity and residue.

Pressure,

- Evaluate related management practices of the crop such as: rotations, tilling
systems, length of the fallow period, planting systems, fertil ity and planting
density.
The work presented is a summary of the information provided by the following
research scientists:
Agr.
Agr.
Agr.
Agr.
Agr.
Agr.

Ing.
Ing.
Ing.
Ing.
Ing.
Ing.

Raul Rossi (EERA Pergamino)
Jorge Brassesco (EERA Parana)
Juan Lopez (EERA Rafaela)
Nicasio Rodriguez (EERA Anguil)
Ricardo Lopez (EERA Bordenave)
Alberto Bianchi (EERA Marcos Juarez)

WEED CONTROL IN CEREAL PRODUCTION IN
Jean H. Dawson and Arnold P. Appleby

Cereals, especially wheat, are grown in three distinct areas in the Pacific
Northwest. These are: (1) the areas near the Pacific coast with mild
temperatures, dry summers, and heavy rainfall during the winter, (2) the
irrigated interior desert valleys, and (3) the semi-arid interior areas
without irrigation. Each area has weeds adapted to the local environment
that cause serious problems if not controlled.
The physiology of weed plants is similar to that of crop plants. Both
require the same resources from the environment for growth and development.
Whenever one or more resources is in limited supply, then weeds deprive the
crop plant of an adequate supply. Such competition reduces crop yields.
Water, fertilizer elements (principally N), and light are the environmental
resources most commonly limited by weed competition. When light is the
principal limiting factor (as is often the case in heavily fertilized,
irrigated fields), the crop can often tolerate weed competition for several
weeks after emergence, because the weeds do not injure the crop plants
severely until they are large enough to shade them. In contrast, permanent
effects can begin early when water or N is limiting, as would commonly be
the case in non-irrigated cereal production in semi-arid areas.
In addition, some weeds can harm crop plants directly through the
production and release of chemical substances that-inhibit the crop plants.
This process is called allelopathy. Weeds must be controlled to prevent
crop loss from competition and allelopathy as well as to prevent other
secondary problems, such as reduction in quality of the harvested crop from
contamination by weeds, and interference with the harvesting operation.
There are at least four major methods of controlling weeds in small grains.
An integrated weed management system (IWMS) that applies more than one of
these methods, is usually better than relying on a single control method.
1. Mechanical weed control. Mechanical tillage that kills emerged weeds
before seeding cereals can be an important part of an IWMS. Tillage is the
most important means of preparing a good seedbed which favors uniform
emergence and growth of the crop and helps the crop plants compete with
weeds. Sometimes tillage can be delayed to give weeds time to emerge, then
they are killed by tillage just before the crop is planted. It is
important that the crop be planted as soon, as seedbed preparation tillage
is completed. Otherwise, weed seed will begin to germinate before the crop
seed, and weed seedlings will emerge early and gain a competitive advantage
over the crop.
Mechanical weed control is also important after harvest. During the
favorable growing conditions after harvest and before cold weather comes,
weeds can be killed very effectively by tillage. Tillage is also important
during a year of summer fallow when all plant growth is prevented so that
water from rainfall can accumulate for the next year's crop without being
wasted by weeds.

2. Cultural control. In general , any cultural practice that favors
vigorous growth and uniform stand of the crop helps to control weeds
because the crop is better able to compete with weeds. Occasionally weeds
respond more than the crop plants to improved environmental conditions
resulting from certain cultural practices. Table 1 illustrates a situation
where N fertilizer favored the weed (Lolium multiflorum) more than the
crop.
Table 1
Interaction between control of Lolium multiflorum
and N fertilizer on the yield of wheat

N level
k /ha

Wheat Yield
Weeds Controlled Weedy
k./ha

0

4860

4860

40

6100

5010

80

6530

5300

120

6680

4860

Yield Reduction
from Weed Competition

Weed competition did not reduce wheat yield when N was lacking. Appl yin g N
increased wheat yields only when weeds were controlled. Without weed
control, the increased N stimulated competitive weed growth so that wheat
yields remained about the same. In another situation (Table 2),
application of N fertilizer actually reduced wheat yields when Lolium was
not controlled. The greater competitive ability of a tall cultivar
compared to a shorter one was also evident.
Table 2
Competitive effect of Lolium multiflorum on yield of
two winter wheat cultivars at three nitrogen levels

Cultivar
NUGAINES
(semi-dwarf)

DRUCHAMP
(tall)

N Level
(kg/ha)
50

Wheat Yield
Weeds Controlled Weedy
(kg/ha)
1920
3070

Yield Reduction
from Weed Competition
(%)
38

100

3570

2000

44

150

3450

1720

50

50

3680

2960

19

100

3990

3180

20

150

4150

2840

32

In an effective IWMS, all the benefits of good cultural practices aid the
crop plants rather than the weeds, because weeds are controlled.

430

One of the most effective methods of cultural weed control is crop
rotation. By rotating from an autumn-sown crop to one planted in the
spring, the life cycles of many weeds are interrupted. Furthermore, crop
rotation favors rotation of herbicides as well, which helps maintain
control pressure against all weed species in the area. Crop rotation is
especially helpful in suppressing Bromus tectorum and in preventing the
selection of herbicide-tolerant weed biotypes.
3. Manual control. In countries where labor is plentiful and the weeds
can be used for food or livestock feed, it can be practical to hand weed
cereals. Cereals are not hand weeded in the Pacific Northwest, except that
rye (Secale cereale) is removed from wheat by hand. Because rye reduces
the viTUF-Ut wheat, scattered rye plants are commonly removed by hand to
Prevent contamination of the harvested wheat by rye seeds.
4. Chemical control. There are at least 48 herbicides registered in the
world tor selective control of weeds in small grains (Table 3). Not all of
these are used in the Pacific Northwest, but it is evident that many
chemicals are available for controlling weeds in cereals. Appropriate
herbicides can be combined with other weed control methods to make an
effective IWMS for most small grain production situations.
Table 3
Herbicides registered for use on
wheat or barley someplace in the world
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

barban
benazolin
benzoylprop ethyl
bromofenoxim
bromoxynil
chlorbromuron
chlorfenprop methyl
chlortoluron
clofop isobutyl
cyanazine
diallate
dicamba
dichlorprop
diclofop methyl
difenzoquat
dinoseb

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

dinoterb
dinoseb acetate
diuron
flamprop isopropyl
1-flamprop isopropyl
flamprop methyl
ioxynil
isomethiozin
isoproturon
lenacil
linuron
MCPA
MCPB
mecoprop
methabenzthiazuron
methaprotryne

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

metoxuron
metribuzin
monolinuron
neburon
paraquat
phenothiol
picloram
propanil
terbuthylazine
terbutryn
triallate
trifluralin
trimeturon
2,4-D
2,4,5-T
2,4-DB

Two new herbicides have been tested extensively in the Pacific Northwest,
and farmers are now using them successfully on a commercial basis. They
have potential throughout the world. One of these is diclofop-methyl
(trade-name Hoelon, Hoegrass, or Iloxan). This herbicide is effective
against certain grass weeds such as Avena fatua, Lolium spp., Phlaris
minor, Echinochloa crus-galli, and Setaria spp.. Diclotop is extremely
use u- 1 In western Oregon where Avena and Lolium are abundant. In 21
experiments in Western Oregon F.1571975 to 19/9, applications of diclofopmethyl increased yields an average of 2,500 kg/ha (Table 4).

Table 4
Influence of diclofop-methyl applications
on winter wheat yields
at 21 locations in western Oregon
Year

Number of
Location

Average Wheat Yield
Diclofop
Untreated Check
(kg/ha)

1975

6

6500

3400

1976

4

6100

2500

1977

4

5200

3000

1978

3

4000

2500

1979

4

8500

7100

6200

3700

Average

A newer herbicide has been under test for several, years. This is
chlorsulfuron (DPX 4189, trade-name Glean), which is highly effective
against many broadleaf weeds at very low dosages (15 to 3 5 g/ha). The
herbicide also will inhibit several small annual grass weeds such as
Lolium. Chlorsulforon is moderately persistent in soil. Certain crops
TWs sugarbeets are especially sensitive to chlorsulfuron and may be
injured if grown in rotation with chlorsulfuron-treated crops.
Chlorsulfuron is more persistent in soils with a pH of 7.5 or higher than
in more acid soils. Fortunately, alkaline soils tend to be those of semiarid areas where wheat is not rotated with sensitive crops. Chlorsulfuron
fits in well in areas with a two-year rotation of wheat or barley and
summer fallow.
Following are examples of several important weed problems in
Pacific Northwest and herbicides used for their control.
Broadleaf weeds. For many important broadleaf weeds in all areas of
Production, 2,4-D or MCPA remains the standard herbicide. 2,4-D cannot be
applied safely until the wheat has formed several tillers and must not be
applied from the time the ligule of the last leaf is visible (just before
the boot stage) until the soft dough stage. Application at the soft dough
stage or later can knock down weeds to facilitate harvest. MCPA injures
wheat somewhat less than 2,4-D does and can therefore be applied somewhat
earlier than 2,4-D. MCPA is less potent that 2,4-D on certain weeds,
including members of the Boraginaceae family.
Dicamba (trade-name Banvel) controls some important broadleaf weeds that
2,4-D or MCPA do not control, such as members of the Polygonaceae. Proper
timing of application is critical for crop safety. Dicamba can be mixed
with 2,4-D or MCPA to broaden the spectrum of species controlled,

Bromorynil (trade-name Brom inal and Buctril) controls many broadleaf weeds
including several that are resistant to 2,4-D, such as Amsinckia,
Lithospermum, and Polygonum. Bromoxymil can be, applied earlier than 2,4-D
without injuring the crop. This is valuable because weeds can be treated
when they are small and easy to kill and before they have had time to
compete appreciably with the crop. Bromoxynil is often mixed with MCPA.
Chlorsulfuron (trade-name Glean) is the newest herbicide applied
postemergence in wheat and barley. It controls many species of broadleaf
weed when applied to small seedlings.
Dinoseb amine (trade-name Premerge 3) applied when wheat has 3 to 6 leaves,
controls many broadleaf weeds, especially those with wide, soft leaves
growing under moist conditions.
Several herbicides that are active both through the soil and through the
foliage of seedling weeds can be applied to control broadleaf weeds under
certain conditions. These include diuron (trade-name Karmex), metribuzin
(trade-name Lexone and Sericor), and terbutryn (trade-name Igran).

Avena fatua. Several herbicides are available to help combat this
extremely competitive annual grass. Some are applied to the soil before
the weeds or the crop plants emerge, while others are applied
postemergence.
Triallate (trade-name Far-Go) is incorporated into the surface 2 to 4 cm of
soil immediately after seeding the wheat at a depth of 5 to 8 an.
Barban (trade-name Carbyne), defenzoquat (trade-name Avenge), and diclofop
(trade-name Hoelon) are applied postemergence to wild oats. Each must be
applied during a rather restrictive stage of growth of the wild oat for
effective control.

Bromus tectorum. This extremely competitive and adaptable winter annual
grass is the major weed problem in much of the semi-arid area. Crop
rotation is very important for preventing a serious B. tectorum problem.
Certain herbicides are also useful.
Paraquat (trade-names Gramoxone, Ortho Paraquat) and glyphosate (trade-name
Roundup) can be applied if B. tectorum emerges before the crop. Careful
timing is critical because emerged wheat seedlings would be injured. (A
very low rate of paraquat (0.16 kg/ha) is semi-selective in Wheat and can
be applied as a salvage treatment if B. tectorum has escaped more effective
control measures. This treatment would reduce the yield of weed-free
wheat, but the yield loss would usually be less than that from uncontrolled
B. tectorum.)
Trifluralin (trade-name Treflan) can be incorporated into the surface 3 to
5 cm of soil before or after seeding wheat. The crop seed must be located
below the treated soil. Metribuzin (already mentioned for broadleaf weed
control) also controls B. tectorum. Diclofop can control B. tectorum if
applied to the soil and lightly incorporated.

Other annual grasses. During the past ten years, Aegilops cylindrica has
become a serious problem in winter wheat in the semi-arid areas. It is a
close relative of wheat (sometimes named Triticum cylindricum), and cannot
be controlled selectively in wheat with herbicides. Present control is
based on crop rotation. By growing a spring cereal rather than winter,
wheat, the weed is at a disadvantage. Common rye (Secale cereale)
continues to be a problem in wheat. It usually occurs as scattered plants
that are more harmful as producers of rye grain than contaminates and
lowers the value of wheat than as competitors with the wheat plants. These
scattered rye plants were traditionally removed by hand-pulling. The rye
plants usually grow taller than the wheat plants. Consequently, glyphosate
can be applied selectively to the rye with the rope-wick weed wipers.
Perennial weeds. Perennial broadleaf weeds and grasses re qui re a
concentrated effort based on detailed plans carefully carried out over
several years. Chemical, mechanical, and cultural methods must be combined
in a manner that keeps constant pressure against the perennial weeds, both
within the growing crops, in the non-cropped part of the year, and in the
fallow year in the semi-arid area. Glypbosate has proved to be a valuable
herbicide to be applied whenever there is abundant foliage of the perennial
weeds at a time when the crop is not growing.
In the semi-arid area where wheat is rotated with a year of fallow, there
is much interest in substituting herbicides in all or part of the
traditional tillage used to eliminate plant growth in the fallow year.
Propham plus an inhibitor of microbial decomposition (trade-name of this
combination, Chemhoe 135) is applied in the fall after wheat harvest to
control B. tectorum, volunteer cereals, and other annual grasses.
Cyanazine (trade-name Bladex), atrazine (trade-name Aatrex), and metribuzin
are used for general annual weed control. Paraquat and glyphosate can be
applied to kill emerged weeds. Various combinations of these materials are
effective.
With good management practices and the careful use of new and old
herbicides, integrated weed management systems can be devised for all
locations and situations where small grains are grown.

WHEAT PRODUCTION IN THE FEDERAL REPUBLIC OF GERMANY
A. Bramm

1.

Introduction

In 1982, the agricultural area of the Federal Republic of Germany totaled
up to 12.2 million ha. Some 7.26 million ha (approximately 60%) were used
as arable land and 4.7 million ha (approximately 38%) as pasture. Of the
7.26 million ha arable land 4.9 million ha are cultivated with cereals.
With 1.63 million ha crop area the wheat production comprises some 31% of
the cereal production.
Since the average farm size in the Federal Republic of Germany is very
small with 15.5 ha per farm, a high level of intensity of production is
required. The prices for agricultural products are fixed by the European
Community; they are far above the level of the world market. Hence the
farmer is pushed into the position to regulate the input of production
means, based on the yield expectations, to achieve optimum profit per acre.
Beside crop rotation, soil cultivation and plant density, this includes
especially the controlled input of sprinkler irrigation water, fertilizer
and plant protection products. This report should give a small outline of
the wheat production techniques in the Federal Republic of Germany.

2. The production technique
a. Demands of wheat on the soil
Wheat thrives best in deep soils enriched with nutrients and good water
volume. The highest and most consistent grain yields have been achieved in
areas with the soil composition of loam (Figure 1), with the soil types
Silty Loam and Brown Forest Soil (Figure 2), with a pH value of 6.6-7.0,
with a content of organic matter of 2% to 3%.
By intensifying cereal irrigation during the last few years, the wheat
production has extended successfully on light soils as well.

Figure 1: Influence of the soil composition on the g rain yields
{t/ha) in winter wheat during an a verage of seven
years (1972-1978).

Figure 2: Comparison of yields of winter wheat (t/ha) based on
the soil type

4,37
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Aspects of the crop rotation
Compared with other cereals, wheat is sensitive to an unfavorable preceding
crop, and is quite susceptible to foot rot diseases. Moreover, it is not
as self-compatible as other cereal crops. Preferably wheat should follow
foliage plants, whereby the best preceding crops are field fodder and rape
before rapeseed and corn, because they leave the soil in a good tilth,
permit an early sowing and do not transmit crop rotation diseases. Wheat
cultivation following wheat or barley should be avoided. In a cereal crop
rotation wheat should follow rye or oats. The proportion of repeated wheat
cultivation year after year is decreasing. Even the insertion of
intermediate crops and fungicide treatments do not prevent yield declines
which are mostly caused by infestations with foot diseases.
It has been observed that on farm sites with the practice of growing
continuous wheat in the crop rotation, a yield decline in the first few
years was followed by a yield increase after an anti-phytopathogenic
potentional had been built up in the soil (decline effect). Still, yields
obtained in these crop rotations in the long run on these sites will never
be as high as in the crop rotations listed below. Generally, a more
diverse crop rotation, which preserves the soil fertility and the health of
the soil, is preferred. Some typical crop rotations which are commonly
used in agricultural practice are:
sugar beet, wheat, barley, intermediate crop
corn, wheat, barley, intermediate crop
potatoes, wheat, barley, intermediate crop
sugar beet, (corn), oats, wheat, barley, intermediate crop
rape, oats, wheat, barley.
c. Soil cultivation
The aim of soil cultivation is to produce the most favorable physical,
biological and chemcial state of soil by technical means. The soil
cultivation starts immediately after harvesting the preceding crop with the
following aims:
- to save water by interrupting the evaporation and by taking up
precipitation,
- to create suitable conditions for the germination of shattered
grains, weeds, and intermediate crops,
- to mix the soil intensively with crop residues and straw, so that the
decaying process can start.
These generally valid aims of stubble cultivation are to be achieved at
relatively dry soil conditions by cultivation with mixing implements
(working depth 8 cm - 12 cm).
For soil cultivation and seed bed preparation for wheat a ploughed furrow
with the following working steps are generally necessary with the aims:
- to mix soil particles, which have been moved to lower levels in
the soil, and nutrients in the whole depth of the top soil,
- to produce a pliable and nutrient rich top soil to the depth of
about 25 cm to 35 cm,
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to prepare the soil surface in a way that the sowing implements
do not block, i.e. the incorporation of all organic residues into
deeper top soil layers,
to prepare the seed bed in a way that it is firm downwards and loose
on top, to assure a seed depth of 2 cm to 4 cm for the wheat.
In addition to these measures, which are widespread in agricultural
practice, scientists have recently been investigating to what degree the
methods of conservation tillage can be transmitted to cereal crops (wheat).
The drilling of wheat into mulch, following a rotary hoe or a heavy
cultivator is, because of technical reasons, not yet ready for agricultural
practice. Experiments on farm sites indicated that the wheat yields
generally increase with an increasing working depth; however, different
soil types show different yield curves in relation to the working depth
(Figure 3).
Figure 3. The influence of the depth of soil conservation
grain yield on different soil types (n.1618).
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d. Choice of variety and sowing
Varieties cultivated today are highly specific in their susceptibility to
herbicides, vegetative rhythm, their characters of resistance and in their
demands on environmental conditions which require that suitable production
techniques be developed. In spite of that, varieties with a wide
ecological distribution are of great importance in agricultural practice.
When choosing a variety, consider the experience and advice of the regional
advisory services, which are based on variety trials conducted by state
authorities. According to their baking quality, the wheat varieties can be
classified into the following classes: A: good baking quality, B: mean
baking quality and C: low baking quality.
Of the varieties being cultivated, 52% are of the mean baking quality
followed by varieties with good baking quality (about 43%). Only seed
sources of high quality should be sown, i.e., certified seed. When the
farmer's source of wheat seed is cultivated in the second or third
consecutive years, yield reductions of 4% (second generation) and 6% (third

generation) are to be expected, resulting in more expense for the farm than
using certified seed.
To determine the desired wheat population for high yield potential, the
sowing density is not measured in kg/ha but in percent4ge of germinable
seeds. For a plant density of 450 to 600 spikes per m , about 350 to 450
plants are necessary. The necessity of adding or subtracting from these
plant numbers is based on:

-

soil conditions (add plant numbers on cold sites or for unfavorable
soil conditions),
preceding crop (add numbers for wheat after wheat),
sowing time,
tillering capacity of the variety.

Experiments indicate that the best row spacing for wheat should be chosen
as narrow as possible (10 cm to 16 cm). The following speaks in favor of
these row spacings:

-

an evenly wide space for the single plant,
earlier shading of the ground and, therefore, a better effect of
competition against weeds,
a better use of nutrients and soil moisture.

e. The process of yield development
The grain yield of a wheat area depends on:
-

number of stems carrying ears per m2 (plant density)
number of grains per ears,
thousand seed weight.

During the process of development of wheat plants these three factors,
which determine the yield structure, develop at different times. The
process of tillers per area is described in Figure 4. After emergence of
the seed, the number of seedlings achieved represents the germination
density. With the beg4nning of tillering, the wheat population shows 1,400
to 2,000 tillers per m
Then a reduction of the produced secondary
tillers follows. At the stage of flowering, the final number of stems
carrying ears, the plant density has been achieved.
Figure 4. Process of yield development in cereals.
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The development of ear primordium has already started during tillering, as
is shown in Figure 4. Normally, by the time of one-third stem elongation
(second node stage) this process has terminated. From this time to the
stage of flowering, the number of potential developing grains is reduced,
but the ear primordium that develops up to the anthesis is normall y capable
of fertilization resulting in grains. After ear emergence, the upper
leaves and the ear produce reserves which are transported to the grains and
are stored there. This process has an effect on the thousand seed weight
(Figure 4). More than half the grain weight is produced by the fla g leaf
(Figure 5 and Figure 6). The ear and the second highest leaf contribute to
the development of the grain.
Figure 5. Formation of matter after the flowering of wheat.
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f. Fertilization
All fertilizer rates are chosen with the object of producing an optimum
seed yield. The basis for fertilizer application is the nutrient uptake
the plants during the vegetation period (Figure 7).

by

Figure 7. Nutrient uptake and, growth (dry matter development)
in winter wheat during the growth period.
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Nutrient uptake precedes the dry matter production. During the time of
Stem elongation, the plants take up 70% of potassium, about 60% of
phosphorus and 40% of nitrogen, and during the same time about 70% of the,
total dry matter production takes place.
Table 1 shows the ranges of nutrients uptake (kg/N), dependent on different
grain yield levels.
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Beside nutrient uptake, other factors have to be considered,
- available nutrient reserve in the soil
mineralization during the vegetation period
- long-term use of the applied nutrients: Phosphorus
Potassium
Nitrogen

125 - 175
35 -

150 - 210

70

100 - 125

42 -

84

120 - 150

Table 2: Classes of nutrient content in soils and fertilizer needs.

potassium

Phosphorus
fertilizer
needs
mg P20 5 /
Wa g (kg/ha P 2 0 5 )

sand

mg K 0/100 g soil
2
sandy
loamy
sand
loam

A (low)

<11

130-150

B (mean)

11-20

75-100

6-10

8-14

C (high)

21-30

40- 60

11-15

D (very high)

31-40

- 30

E (extremely

>40

clayey
(kg/ha K20)
loam
<11

200-250

9-16

11-20

100-150

15-21

17-24

21-30

80-100

16-20

22-28

25-32

31-40

0- 50

>20

>28

>32

>40

0

high)

- nutrient losses b

fertilizer
needs

denitrification (N)
fixation (N, P, K)
leaching (NN, K, Mg)

0

The amount of phosphorus and potassium fertilizer, applicated before
sowing, has to be high enough that the wheat plant has sufficient supply
for high yields. Soil analyses provide the amount of available nutrients,
and the farmer has to decide upon the amount of fertilizers to apply (Table
2 gives some help). Besides this, the farmer has to determine the pH value
of the soil, the optimum being between 5.5 - 6.5 on sandy soils and between
6 and 7 on heavier soils. Especially on light, sandy soils, it is possible
that the content of a available micronutrients boron, manganese, copper and
sometimes zinc will be too low. In these cases, special micronutrient
fertilizers must be applicated, together with P and potassium or as foliar
application (Table 3).
Table 3. Micronutrient uptake by winter wheat and

critical contents in soil.

Critical contents in soil

Uptake by plants

(mg/1000 g soil)

(g/ha . a)

boron (b)
manganese (Mg)

sand

loam

60

< 0.4

< 0.6

700

< 70

< 70

pH

7: 80-140

pH

7: 80-140

copper (Cu)

100

< 3

4.5

zinc (Zn)

400

< 2.4

2.4

Nitrogen is said to be the engine of plant growth. Especially for wheat
production, nitrogen is one of the most important nutrients. The nitrogen
supply affects all factors which are important for high grain yield and
good grain quality.
Low nitrogen supply will have the following negative influences:
- At the time of tillering, the number of ears pv m2 will be decreased;
- At the time of stem elongation, the ears per m ` and the number of grains
per ear will be negatively influenced;
- At the time of ear emergence, the number of grains per ear, the thousand
seed weight, and the protein content of the grain will be lower.
Therefore, it is necessary to have a good nitrogen supply during the period
of wheat growth, and in most cases the yield will be lower when nitrogen
fertilizer is applicated only once (Fig. 8).
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Figure 8: Winter wheat: Nitrogen uptake during the growing stages.
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The first important date to apply nitrogen is early spring. Field
experiments have shown that the best results can be obtained when the
amount of 120 kg N/ha is available for the wheat plant. The difference
between 120 kg n and the available nitrogen in the soil (measured by soil
analyses) has to be supplemented by fertilizers.
The second growing stage, when nitrogen should be applied in combination
with growth regulators (CCC), herbicides or fungicides, is the stage of
stem elongation. Especially on light sandy soils with the danger of
nitrogen leaching and in case of a poor development of the plants, nitrogen
fertilization will be helpful because positive effects on the regulation of
plant density are to be expected.
Finally, the stage of ear emergence is of great importance because Nfertilization will reduce the natural decline of flowers. Other positive
effects are the increased number of grains per ear and thousand seed
weight.
If one adds all nitrogen applications during the crop season, the result
will be that in West Germany, the grower uses between 120 and 240 kg N/ha
(Table 4).

Table

Winter wheat: Nitrogen application in kg N/ha - recommendations.
1st application

2nd application

3rd application

early in spring

time of stem-

time of ear

elongation

emergence

light soils
medium to heavy

80 - 120

20 - 40

60 - 80

80

0 - 30

40 - 80

60 -

soils

The light soils have to be fertilized more intensively because the content
of organic matter is low and the danger of nitrogen leaching is great.
Table 5 shows the efficiency of nitrogen application at the time of ear
emergence: increasing N-application from 0 to 40, 60, 80 kg N/ha the grain
yield increases; the protein content and the protein yield will increase
too.
Table 5: Efficiency of nitrogen fertilization at the time
of ear emergence.
Nitrogen fertilization (kg N/ha)
60 - 80

early in spring

0

60 - 80

60 - 80

60 - 80

time of stem elongation

0

40

40

40

40

time of ear emergence

0

0

40

60

80

3.8

5.0

5.3

5.3

5.4

12.6

13.7

14.4

14.9

15.2

grain yield (t/ha)
protein content (%)
protein yield (t/ha)

g.

0.59

0.41

0.65

0.68

0.71

Influence of water management on the yield production

The cereal grain yield has to be regarded as the result of multiple effects
involving ecological and physiological complexes which are connected
together. This means that factors influencing plant production such as
fertilization, protection from disease, or sprinkler irrigation can only be
effective when they can, as existing minimum factors, add harmonically to
the other influencing factors. Therefore, the time when the production
factors and existing ecological growth factors become effective plays a
part in the development of phenological and physiological characters of the
cereal. Figure 9 shows that in each stage of cereal development, a dry
matter increase takes place. In addition to other factors, the moisture
(F), i.e., the water availability, is of importance, because the water
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supply has a deciding influence on the characters wich determine yield.
Some of these characters are: ear carrying stems/m ` , grain number/ear and
thousand seed weight. From the time of emergence of the plant up to the 3leaf stage, water is used in small quantities only for vegetative growth of
the crop. The first stage of development in which the water supply is of
importance is the stage of tillering, because during tillering, t e number
of tillers per plant is determined and thus the number of stems/m' carrying
ears. Different water supply at the time of tillering has no effect on the
development of the vegetation cone (ear primordium) as investigations with
light microscopes have shown.
Figure 9: Dependence of the final yield on environmental factors.
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Figure 10 indicates the vegetation cone (ear primordium) of a wheat plant
at the beginning of tillering with good water supply;(` = 50 cm, left
picture) and with poor water supply (is= 600 cm, right picture). The leafPrimordia are partly developed, yet there are no differences in development
between the water supply treatments, neither at this stage nor at the end
of tillering, when--with the double rin g stage--a change from the
vegetative to the generative phase takes place (Fig. 11).

Vegetation cone of 'a wheat plant at the beginning
of tillering, depending on the water supply.

Figure 11: Vegetation cone of a wheat plant at the end of
tillering, depending on the water supply.

The second important stage of development when the water supply is of

importance is the stem elongation stage. At this stage, there is not only
an enormous growth of dry matter in the plant, but also, at the beginning
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of the stem elongation stage, the generative flower primordia are developedat the base of the ea r s. At this stage of development, the number of
spikelets per ear and the number of grains per ear respectively are
determined. The influence of water supply at this stage of development is
shown in Figure 12.
Figure 12: Development of flower primordia at the base of the ear
of a wheat plant during stem elongation stage.

This figure indicates that the development speed of the generative organs
is influenced by the water s upply. While a differentiat i on of the
spikelets of the plants during moist treatment is recognizable, t h e flowers
of the apical spikelets of the plant during the dry treatme n t are being
developed and the awns become visible. At this growth stage, the
development is already recognizable, which later on in the agricultural
practice is called premature ripening.
Water deficiency at the beginning of flowering has a negative influence
the development of flower primordia at the top and middle of the ears.
Accordingly, this has a negative effect on the number of grains per ear.
In the first half of the grain developing stage, the produced assimilates
are transported from the place of production to the storage organs. At
this stage of development, the formation of an assimilation area as big as
possible is of special significance. With increasing assimilation area,
the sterility of the spikelets decreased, i.e. the fertility increases, so
that more grains are fo rmed. Increasing water supply in the first half of
the grain production stage has a positive influence on the yield
components, grain number per ear, and thousand seed weight. In the second
half of the grain production stage, from about yellow ripeness to premature
ripening, the most important yield influencing environmental factor is the
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temperature which can still have an effect on the thousand seed weight. At
this stage, the water content of the grain is decreasing. A high humidity
has an unfavorable effect on the maturing process. A comprehensive summary
showing the influence of the water supply on the yield production of
cereals is given in Table 6.
Table 6: Influence of water deficiency on the development of cereal plant

parts at different growth stages.
Water deficiency at the

Affected plant parts

Reduced yield
component

stage of
tillering

tillers/plant

ear/plant

stem elongation (first internode)

generative primordia

spikelet/ear

shortly before ear emergence

flower primordia at the
basis of the ear

number of grains/ear

begin of flowering

flower primordia at the
top of the ear and at
the middle of the ear

number of grains/ear

yellow ripeness

grains

thousand seed weight

h. Crop Protection
Crop protection measures are used to ensure the yield and should be applied
in close connection with the farm site, the variety, and other production
factors including fertilization and yield expectation. Crop production has
to be flexible enough that application can be considered based on the
present situation. In order to facilitate the decision as to which crop
protection measures should be undertaken, two instruments have been
developed by advisory services and science:
- forecast
- economical threshold value of damage.
The forecast renders it possible to judge whether a disease or a pest can
spread and to what extent it can spread. The more close-meshed the
observation net, the easier it is to determine the extent of damage in time
and space.
The term "economical threshold value of damage" is defined as the number of
pathogenic agents, weeds, or diseases which impose yield losses without
protection measures that are equivalent to the expense for the protection
measures. The threshold value of damage of one field cannot be transmitted
to another field without problems. Yield expectation, variety, plant
density, nutrient and water supply are only some factors which influence
the threshold value of damage.
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It would be too much to discuss here all crop protection measures or the
chemical means used. Table 7 gives a short summary of the crop protection
measures in winter wheat.
Table 7. Crop

protection in winter wheat.

Crop pests

Pro ilactically

Depending on the economical point of loss

Control measures
should start

Seed treatment
snow mould,
common wheat bunt

without limits

wheat bulb fly,
frit fly, Tipula

only in infested
areas
in the first 4 years
following a ploughing
up

wireworm
Weed control
weeds (Gram'neae)

on heavily infested
areas as a preemergence treatment

on slightly infested
fields as a postemergence treatment

Galium aparine
weeds

ca. 30 - 100 plants
per m 2 (except wild
oats in multiplying
plots)
0,1 Plants/m 2 , 9-20
% of total cover by
weeds '+ Alopecurus
agrestis

Treatment against foot-, leaf- and ear diseases
cereal eyespot

only after two healthy preceding crops
no treatment

in infested areas and

downy mildew on
l eave s

in susceptible varieties after the appearance of the first
pustules
in infested areas and
in susceptible varieties after the appearance of the first
pustules

yellow rust of
whea t, brown
rust o f wheat

Septoria tritici

downy mildew on
the e
ears
ar

1 % infestation

in infested areas
and in susceptible
varieties
in infested areas and
in susceptible varieties, especially when
the upper leaves are
already infested

Treatments against insect pests
when 40 % of the ears
are visible at the
side

1 female per ear

orange-red gall
midge
mi

when 80 % of the ears
are visible at the
side

I female per
ear
P

aphids

at the beginning of
flowering

yel
yellow
gal midge
gall

5 aphids per ear
(needs investiggation)

. Wheat yields in the Federal Republic of Germany
Between 1951 and 1980, the grain yields of winter wheat increased from 2.88
t/ha to 5 t/ha in average of the total wheat-growing area (Fig. 13). This
is an increase of about 70 kg/ha per year. We know that the varieties we
use have the potential to produce 13 to 14 t/ha; 10 to 11 t/ha are
harvested in an area in north Germany, which has extremely good soil and
climatical conditions.
The high grain yields are the concern on one side, and the necessary high
chemical inputs are the factor on the other side. We can stabilize our
crop rotation systems only with chemicals, resulting in environmental
problems. Therefore, it would perhaps be better to reduce the production
intensity, but this problem has to be solved by political decisions.

Figure 13: Yield-development of wheat in the Federal Republic
of Germany.

DISTRIBUTION, EVALUATION, AND USE OF DIVERSE
W. L. McCuistion
Wheat is produced in more diverse climatic zones throughout the world than any
other crop species. There are many regions where wheat and barley are the only
crops suited to the topography and environment. Man's efforts to screen
available germplasm and develop additional variability to adapt to the varied
environments have created a wealth of diverse genotypes. Many of our
predecessors wisely collected and maintained this diversity for our use in
adapting wheat to local environmental conditions. In spite of a number of large
wheat collections being maintained in the world, there is need to further
broaden the genetic base to develop superior cultivars for the ever changing
environmental and biological stresses.
Germplasm Collection
The International Wheat Research Program at Oregon State University (OSU) was
established on a strong ongoing domestic research project involved in developing
soft white winter wheat, triticale, and winter and spring barley varieties, for
the Pacific Northwest region. This base collection has been expanded to a
present working germplasm collection of 6500 cultivars and advanced experimental
selections that have been obtained from facultative and winter wheat-growing
areas of the world. The term "working collection" means that new accessions
will have been evaluated at one or more experimental sites and included for
strengths of certain characters. Information collected is catalogued for such
attributes as vernalization and photoperiod response, stand establishment,
winter and frost tolerance, disease and insect reactions, maturity, nutritional
quality, etc. Data obtained will be summarized and sent to cooperators on an
annual basis.
Germplasm Enhancement
The OSU international program enjoys a close linkage with the International
Maize and Wheat Improvement Center (CIMMYT) in creating a wealth of, new
genetically diverse germplasm. Scientists from each research center travel to
the cooperating center just before harvest to evaluate and select entries for
use in future germplasm enhancement.
The bulked progenies from segregating populations are placed in preliminary
yield trials for evaluation at three experimental sites in Oregon. Observation
nurseries containing these entries are also evaluated in Toluca, Mexico; Kansas
State University, USA, and three locations in Turkey. Entries in the
International Winter X Spring Wheat Screening Nursery (IWSWSN) are selected
based on the combined data from these locations.
Germplasm Distribution
Wheat research activities within developing and developed countries range from
technicians recording observations on international nurseries to well-staffed
and well-financed research institutes actively contributing improved cultivars
and germplasm. It is essential that the genetic material be available to all
programs interested in production of wheat. The CIMMYT philosophy has been to

freely provide wheat germplasm upon request to countries throughout the world.
They have given priority to the developing countries, secondly, to public
institutions and thirdly, to the private sector. The OSU international nursery
distribution follows, the same policy. The types, numbers of entries and numbers
of cooperators for each nursery distributed from OSU are listed in Table 1.

Table 1

International Winter X Spring Nurseries Distributed from
Oregon State University

Nursery

No. of
Entries

No. of
Cooperators

F2 Masa
2

100

30

IWSWSN

200

112

FWSWYT

25

20

The nurseries are distributed to the southern hemisphere on January 1 of each
Year and planting dates range from March to July. Harvest has normally been
completed by the end of December. The northern hemisphere nurseries are sent in
early June and are sown from September through November. Harvest begins in May
at some locations and the latest location is in September.
It is necessary to coordinate the distribution of nurseries to provide the type
of genetic variation required for each location. Close communication between
OSU and CIMMYT has been valuable in coordination and dissemination of-nurseries.
The world can be divided roughly into the spring wheat zone ranging from 0 to
30-35 N and S latitude and the winter wheat zone continuing to the north and
south of 30-35° N and S latitude. Exceptions for spring wheat are regions where
temperatures are too cold for winter wheat. Exceptions for winter wheat are
regions of high altitude where freezing and late frost are common. The IWSWSN
is presently sent to 13 locations in South America as follows: Argentina-4,
Brazil-3, Chile-3, Columbia-1, Ecuador-1, and Peru-1. Priorities for the
nursery at these locations differ from winterhardiness and frost tolerance to
specific sources of disease resistance (stripe rust, stem rust or Septoria
tritici).
Summarization of Data
The continued excellent return of data on a number of plant characters by
cooperators throughout the winter wheat zones of the world permits OSU to
evaluate each character over a number of locations. Losses to one or a
combination of the three rusts are a common occurrence in most areas of the
world where wheat is cultivated. An acceptable level of resistance to the three
species in a single cultivar would be optimal. The entries noted in Table 2 had
acceptable levels of resistance to the three rust species based on the locations
reporting. The disease observations represent the highest reaction recorded by
those cooperators returning data. Several cooperators that normally report high
incidence of stripe and/or stem rust experienced dry spring conditions
prohibiting normal infections. The cultivar ASP (Aspen) originating in Chile,
occurs in two entries in Table 2. The pedigree of this cultivar is
HN4/4/KT54A/N108//KT54B/3/NAR. The winter wheat cultivar Heine IV (HN 4) has
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expressed good stripe rust resistance. Varieties containing resistance genes
for stem rust from Kenya such an Kentana 54 (KT54) and Kenya Farmer (KF) occur
as parents in the pedigrees.
Early fall and winter infections of Septoria sp. and Erysiphe graminis tritici
(Powdery Mildew) are common in humid reglons; –fiTiWever their persistence in the
spring depends on the proper combination of moisture and temperature. These
conditions existed for the 9 and 15 locations reporting observations for
Septoria and Powdery M ild ew, respectively, in Table 2. Observations from 0 to 5
are considered to be good resistance to these diseases. It is interesting to
note that there is at least one Argentine parent with known resistance to
Septoria in each pedigree in Table 2. The parents noted are: Tezanos Pinto
Precoz (TZPP), Paloma (PL) containing PATO, Calidad (CAL) containing TZPP, and
Tobari containing TZPP.

Table 2. Entries Selected for Resistance to Disease from the
Results - 1982
Entry No.
No.
Pedigree
19
106

113

132

Stripe
Rust

Leaf
Rust

ASP/3/TZPP/PL//7C

5MS

5MS

TH*6/KF//LEE*6/KF/
3/CAL/4/ALD S

5MS

5MS

RBS/ANZA/3/KVZ/
HYS//YMH/TOB
ASP/3/7C//TOB/NPO

Number of locations

10MS

20S

5R

10S

5

13

6

Reporting Results
The screening nursery is planted in short observation rows to evaluate the
important agronomic characteristics and disease incidence at each distinct
location. Observations on the same entries from a number of diverse locations
provide an indication of the potential for production and/or a parent in further
varietal development. Comparisons of four selected entries and the local check
varieties from results of the Ninth IWSWSN are reported for several locations in
Table 3.

Table

Entry
No.'

Data for Entries Selected from Several Locations
Reporting Results of the Ninth IWSWSN - 1982
Location
No.'

Test Wt. or
1000 KW

kg/HL or
gms
41

49

4
5
6
7
95

Plant
Ht.

(cms)

34
45

80

Days to
Flower

65
60
75
68
100

291
288
270
290
134

10 MR

60
55
70
74
100

293
292
273
290
134

20 MR

291
270
287
250
134

10 MR
10

5 MR

35
42

4
6
7
12
95

36
79
33
81

60
75
74
70
95

61

4
7
12
95

24
79
28
81

45
71
70
85

290
290
259
133

Local
Check

4
5
6
7
12
95

34
40

70
70
80
75
95
93

302
300
287
297
255
144

57

81
35
77

Sept.

(from Jan.1)

4
5
6
7
95

78
81

LR

5 MS

10

4

30 M
50S

3

1 Pedigrees of entries chosen for comparison with the local check were: Entry 41
= RSK/CON,F 1 /4/F 1 ,NS732)3/CC/INIAUCAL; Entry 49 = JUP/4/CLLF/3/II1453/0DINHCI13431; Entry 57 = LR64/RSK; and Entry 61 = ZZS/KLAT.
2 Locations were 4 = Balcarce, Argentina, 5 = Bordenave, Argentina, 6 = Marcos
Juarez, Argentina, 7 = Criadero Buck, Argentina, 12 = Passo Fundo, Brazil, and
95 = Corvallis, Oregon.
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Local checks by location were:
Balcarce, Argentina
Bordenave, Argentina
Marcos Juarez, Argentina
Criadero Buck, Argentina

Passo Fundo, Brazil
Corvallis, Oregon

San Augustin-INTA
Chasico-INTA
Chaqueno-INTA
Buck Pucara
Buck Nandu
Cargill T.800
Jacui
Stephens

The six locations chosen for comparison consisted of fou r sites in
Argentina representing the major cereal regions, Passo Fundo in Brazil
and Corvallis, Oregon. Observations for the local checks presented in
Table 3 show a preference at these locations for medium to early
heading date (day to flowering ), semi-dwarf height and good test
weight or 1000 kernel weight. The four entries being compared to the
local checks were generally earlier in heading date, shorter in height
but inconsistent in grain weight among locations. These entries also
expressed adequate levels of resistance to leaf rust and Septoria with
the exception of Entry 61 for Septoria tritici disease in Brazil.
This confirms the wide adaptation existing in the winter x spring
germplasm. Of course, there are many, entries that express specific
adaptation to low, intermediate, or high rainfall regions, extremes in
temperatures, and various disease complexes. The International Winter
X Spring Wheat Yield Trial includes 25 entries and check varieties
selected from the IWSWSN. This replicated nursery is being evaluated
at 15 to 20 selected sites in the winter wheat regions of the world
and results from this nursery will provide a better evaluation of the
overall performance of the selections. Several selections chosen for
their superior agronomic performance in, replicated yield trials are
listed in Table 4.
Table 4. Selections for Superior Agronomic
Yield Trials
Pedigree
AN//SN64/SS2
BEZ/ERA
BEZ/TOB
BEZ/108//8156
CLLF/PCH//P101/VGAF
FN/TH//K58/N/3/MY54/N10B//AN S/4/RFN/CLLF
Developing Communication Linkages
There are a large number of international centers, governmental
agencies, philanthropic foundations, universities, and research
institutes throughout the world that contain expertise and facilities.
For these resources to be effectively utilized, linkages among these
agencies and developing countries must be established through a
multitude of coordinated efforts. One such cooperative effort was the
development of the Winter x Spring Wheat Research and Training
Program. USAID, CIMMYT, OSU, and the International Center for

Agricultural Research in the Dry Areas (ICARDA) have contributed their
expertise in using wheat improvement as the vehicle to develop
meaningful and responsive agricultural programs in certain developing
countries.
Dissemination of information is an important component of
communication. Timely distribution of the results of international
nurseries should be helpful to the plant breeders. Attempts to
standardize our methods of evaluating and reporting data allow us to
better understand the results. Distribution of the Wheat Cultivar
Abbreviations list should provide better understanding of the
parentage of wheat genetic materials. Wide distribution of
publications such as "Probing the Gene Pool" and others from CIMMYT
increase communication among cooperators.
Personal visits of scientists from international programs to the
country research institutes and reciprocal visits from the country to
the centers are extremely informative.

THE COMPUTER - AN AGRONOMIST'S ASSISTANT
N. A. Scott

Abstract
Space age technology has made possible many innovative advances in electronic dataprocessing equipment and the computer has become a valuable assistant
to the agronomist.
As a clerical assistant, the computer can relieve the agronomist of such
tedious chores as record-keeping and list-making. Computer software was developed
to update and print pedigree lists for field books, pedigrees tags for field
identification and labels to be used on harvest sacks. Pedigrees of new crosses
are generated from source numbers of parental lines and numbers of selections
made in each population are recorded for, future use. Transcription errors are
greatly reduced and pedigrees are standardized to facilitate computer searches
for various parental sources.
Miniaturization and improved electronic circuit ry have made the computer
available as a field assistant. A fast method of weighing grain samples and
analyzing yield data immediately in the field was devised. Analysis of harvest
data is instantaneous and decisions can be made in the field as to what material
should be advanced for further testing.
When the analytical and memory capabilities of the computer are harnessed,
it becomes a valuable research assistant. In the summarization of data of the
International Winter X Spring Wheat Screening Nursery, over 250,0 00 bits of
information contributed from approximately 100 locations ar e sorted, catalogued
and summarized. The cooperator then has information available to him before
his next crossing season describing the adaptability, disease resistance and
yield potential of the 250 lines comprising the screening nursery. The computer
is also used for data storage and retrieval. Information concerning the agronomic
performance of advanced lines is stored so that a catalog of that information
over several years can be retrieved and used in identifying promising new lines
and, parental sources.
The agronomist can realize increased accuracy and efficiency when the
computer is utilized effectively as an assistant rather than the dictator of
research goals.

In the last ten years, the computer has come of age in our world of technology. Computer-aided advances in space technology or in the field of medicine
are perhaps more spectacular, but the computer has also become an efficient
tool in agricultural research. The cereal breeding program at Oregon State
University has benefited significantly from the use of the computer in clerical and research applications as well as for in-field data analysis.
In plant breeding programs where each year new El plant populations are
created through hybridization, it can become a logistics, problem to keep track

of the hundreds of crosses that are made. This problem can become especially
large when individual plants are selected in each succeeding generation and
lines are bulked in later generations for yield tests. At any given point in
time, the plant breeder, has literally thousands of individual plants, rows, and
plots, each unique and a potential varietal candidate.
To efficiently keep track of the experimental material, the computer has
proven itself to be a valuable clerical assistant. A record is created for each
new Fl and the computer updates the selection number through each cycle of
selection. As a result, gummed labels which are used to identify the sacks of
harvested seed can be printed. This clerical process used to take several
people over a month to rewrite pedigrees each year. Now the computer can print
the information overnight and transcription errors have been considerably reduced.
Standardization of pedigrees and cultivar abbreviations has also facilitated the
use of the computer to search for the frequency that particular parental sources
have been used in hybrid combinations. Aided by such information, the plant
breeder can more effectively plan and direct the breeding program to solve the
more pressing problems limiting further genetic advance.
The selection number, which is updated each year by the computer and is
unique for each line, can be a wealth of valuable information to the plant breeder.
The number alone can tell the breeder the year the cross was made, the current
generation, how the cross was made, the environmental and disease stresses the
line has been subjected to throughout the selection cycle and at what generation it was first put under yield tests. The selection number can easily
facilitate a computer search to determine the number of lines originating from
a particular cross indicating to the breeder those crosses which appear to give
the highest number of desirable progeny.
The computer can also be useful in cataloguing genetic differences found
in the breeding material such as height, winterhardiness, disease resistance,
quality characteristics and many other traits. By utilizing the computer as a
memory bank, the breeder is able to handle more parental material and effectively
utilize greater genetic diversity. With this type of information coupled with
how many times a particular parent has been used,the number of progeny still
remaining in the breeding program, he can plant more intelligently with less
wasted effort on unproductive parental combinations.
It should be stressed that the computer will never take the place of the
breeder in the field nor can it substitute for his knowledge and familiarity
with the parental material. There are many nebulous characteristics that cannot be reduced to the elementary level necessary for computer cataloguing, so
a good plant breeding program will always require the trained "artistic" eye
of a plant breeder who is very familiar with the attributes of his parental
lines. The computer's greatest contribution is realized when it is used as a
memory bank from which pertinent information can be recalled for use by the
plant breeder.
At Oregon State University, the computer is utilized to analyze the results
of the International Winter X Spring Wheat Screening Nursery which is sent to
over 100 locations throughout the winter wheat growing areas of the world. At
each site cooperators collect data concerning heights, lodging, winterhardiness,
earliness, disease resistance, and grain yield. The information, over 250,000
readings,is loaded into the, computer for analysis.
Because the goal of the nursery is one of screening material, the lines
are not sent out in replications so standard analysis of variance statistical
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procedures cannot be used. A form of parametric statistics is employed.
First the nursery at each location is analyzed individually. The information
on each trait reported is ranked for all lines in the nursery from the most
desirable reading to the least desirable. The highest ranked read ing receives
a score of 250, the next highest a score of 249, etc. Each line is thus assigned
a score for each trait reported at a single location. These individual trait
scores are then used to compute a weighted composite score for each line based
on the following weighted percentages:
Tl
T2
T3
T4
T5
T6
T7
T8
T9

Yield
Earliness
Winterhardiness
Lodging
Disease resistance
Puccinia striiformis
Puccinia recondita
Puccinia qraminis tritici
Septoria tritici or nodorum
Erysiphe graminis

P1
P2
P3
P4
P5

.15
.30
.24
.01
.30
.06
.06
.06
.06
.06

The percentages are assigned to the traits based on the goals of the
winter x spring wheat breeding program. Earliness, winterhardiness and disease
resistance weight more heavily than yield because of the nature of the nursery
and the limited amount of seed provided.
So that the scores from all locations can be similarly compared independent
of the number of traits reported by each cooperator, equalizer variable A is
calculated:
A = P1 + P2 + P3 + P4 + P5
where P1, P2, ... P5 are the weighted percentages for each trait reported. If
a particular trait is not reported P(n) becomes zero. The value of P5 is .30
even if only one disease is reported. Relative weighted percentages, are
calculated for each disease reported by the following formula:
B = .30/number of diseases reported
A weighted composite score (WCS) for each line is then com p ut ed by the formula:
WSC = P1xT1 + P2xT2 + P3xT3 + P4xT4 + BxT5 + BxT6 + BxT7 + BxTB + BxT9
A
where P1, P2 ... P5 are the weighted percentages for each trait, Tl, T2 ... T9
are the scores for each ranked reading, B is the relative weighted percentage
for the diseases reported, and A is the equalizer variable calculated above.
Once the scores are computed for each line at each location the.) , can be
sorted and ranked giving tables of the superior lines at each location, the most
promising lines for overall agronomic potential in low, intermediate and high
rainfall zones.
The computer is able to sort, rank, and calculate scores utilizing hundreds
of thousands of bits of information in less than one hour. Thus it is possible
to print data summary booklets which are returned to each cooperator prior to the
subsequent crossing season. This information is then available to aid the international cooperator in planning parental combinations the following year. Not
only does he have data concerning the lines at his location, but he is also able
to benefit from information returned on the material from all of the ma j o r winter
wheat-growing areas, of the world.

Finally, the computer has become a valuable field assistant for the
agronomist at harvest time. A small programmable calculator (Hewlett-Packard
Model 9815) is interfaced to an electronic balance (Mettler PS15). A small
gasoline-driven generator (Honda EM400) provides the electrical power so the
complete system is portable and can be used directly in the field.
The calculator is programmed to prompt the user for certain necessary
information making it possible to use the system without having any knowledge
of computer programming or logic. As plots are harvested, the bags of grain
are placed on the scale and the entry number and replication number are keyed
into the calculator. In less than three seconds, the weight of the bag is
transferred electronically to the calculator, printed on a paper tape and
stored on a small magnetic tape cassette for later statistical analysis.
Bags can be weighed in any order, but time is saved if nurseries are not
mixed together.
Certain operating safeguards have been, built in the calculator program.
The user will not be allowed to enter an entry number or replication number
which exceeds the limits of the nursery entered initially. If identifying
numbers are entered for an entry for which a weight is already recorded, the
calculator prints the weight that is recorded and asks the user if he wishes
to record over the data. The electronic connection can be bypassed if desired
and weights can be entered manually.
Upon completion of the weighing process, the calculator will search the tape
and print identity numbers for any plots where yield data are missing. A printed
list of all desired entries can be obtained. Then the calculator performs an
analysis of variance for the yield nursery printing several useful statistical
parameters such as the standard deviation, coefficient of variation, mean and
least significant difference. When prompted by the calculator, the user enters
the minimum yield he feels is acceptable. The calculator searches the tape
and prints the entry number and average yield of each entry in the nursery which
exceeds this level. Finally, the calculator ranks the yield of all entries in
a nursery listing the entry number, rank, and yield.
Since the statistical analysis is made immediately in the field after
harvest, unpromising material can be discarded at the site and only the best
retained for further testing. Once back at the main station, yield data are
transferred electronically to a large computer and merged with other agronomic
data such as maturity, disease reactions, height and data from previous years
enabling the plant breeder to more effectively identify high yielding, stable,
disease resistant cultivars which can be released to the producer.
Modern technology has made possible many innovative and useful applications of the computer, but the field is only in its infancy. Many exciting
challenges lie ahead. We are limited only by our imagination.
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In the last several decades, we have witnessed a dramatic computer revolution.
Modern technology has placed at our fingertips computing power that was
previously reserved for large institutions that could afford to buy a main-frame
computer. First generation computers of the 1950s were composed of vacuum tubes
and occupied an entire large room. They were very cumbersome machines which
required a cadre of experts to operate them. One computer might typically cost
three million dollars. Today, computers are available with twice the computing
power for under three thousand dollars. The central processing unit is
concentrated on a thin chip no bigger than the tip of your little finger.
Programs have been made so "user friendly" that anyone can take advantage of the
computing and processing power to free man's mind from many of the routine,
repetitive tasks.
This mysterious box that we call a computer is really a very simple machine. It
is nothing more than a vast collection of switches. It does not have the
ability to think or reason and can only do what programmers tell it to de.
Since the computer is a collection of switches, it must store and work with data
in a binary system. Any number can be represented by a series of switch
patterns, 1 meaning "on', 0 meaning "off". For example, the number 125 in base
10 would be represented as 1111101 in base 2. All numbers and instructions are
reduced to this binary system and manipulated through electric circuits within
the machine.
There are four basic hardware components of a computer: 1) an input device, 2)
an output device, 3) memory, and 4) the Central Processing Unit or CPU. In a
microcomputer system the input device is usually a typewriter-like keyboard
which provides a means for the user to communicate with the CPU. Some systems
might employ a light pen or a "mouse", devices which activate certain
instructions simply by pointing to a particular choice on a menu. The output
device may be a CRT video screen or a printer. Usually you would want both:H
the video monitor for speed and verification and the printer for "hard copy
The size of the memory of a computer is measured in kilobytes or 'K for short.
To understand this nomenclature, let us consider again that the computer works
with a binary system of only two digits, 0 and 1. A binary digit is referred to
as a bit. Eight bits form a byte. It takes one byte to represent one decimal
digit or 95e letter or symbol. One kilobyte (1K) is roughly 1000 bytes or
(1024) bytes. For most business applications, a minimum of 48K is
exactly 2
recommended. This main memory is divided into two basic parts: ROM, read only
memory, and RAM, random access memory. ROM is the portion of memory with its
information content built in. It is not volatile, that is, it is not lost when
the power is turned off. Usually the ROM contains the set of instructions to
make the computer operational and to produce a screen display when you turn the
computer on. Instructions in ROM are fixed and cannot be altered. The RAM, or
random access memory, is actually the working memory of the computer. Its
contents are volatile and may be changed, erased, or overwritten. This is the
portion which contains the applications program and any data which are being
processed so it is the size of the RAM which is crucial. Random access simply
means that data and instructions are stored in addressed locations similar to
mail sorting slots. To retrieve data in slot 120, for e xample , it is not

necessary to e xami n e the contents of slots 1-119. You would go directly to slot
120 to retrieve the data. This makes processing much faster. Random access is
in contrast to sequential access which is characteristic of magnetic tape. To
get to a particular piece of data on the tape, you must read everything that
preceeds it.
The fourth component, the CPU, is the heart of the computer. The CPU is the
conductor of the data processing symphony. It controls the function and
interaction of all the other computer components and resides on a single chip no
bigger than the tip of your little finger.
We have described the physical machine, the "hardware", but it is just a fancy,
useless machine without the "software" to make it do what we want. Humans
communicate with computers through programming languages. It is important to
realize, though, that for most applications, software has been written, so it is
not necessary to learn a computer language to be able to use a computer.
As we have seen earlier, the computer only understands "1" and "0" so the lowest
level language, machine language, is strictly this binary representation. The
instruction to add, for example, would be coded as a series of is and Os. While
this might be simple for the machine to understand, it certainly is a headache
for the human. Fortunately, translation programs, called compilers and
interpreters, have been written to break higher level programming languages
which are more closely related to human language down into instructions in
machine language. When you purchase a language for a computer, you are actually
buying the compiler or interpreter.
microcomputers are BASIC, COBOL,
The most popular higher level languages on microcomputers
All-Purpose
FORTRAN, and PASCAL. Each has its strong points.
Symbolic Instruction Code", BASIC", is the usual language for microcomputers.
revision, MBASIC, was especially adapted for use on microcomputers. BASIC is
easy to learn and the commands and code are easy to understand. In that sense,
BASIC is a simple language but it is capable of handling as complex a task as
any other higher level language. It might require more code or more processing
time, but the outcome is no different. FORTRAN which stands for"Formula
Translation" was designed to give engineers and scientists access to the
computer. It permitted these professionals to think in terms of their
algorithms and formulas. Computation and complicated algebraic equations are
simpler to set up in FORTRAN because it was designed for that purpose. "Common
Business-Oriented Language", COBOL, is used frequently in business applications.
Its strength is in data processing rather than computation and is used in
applications which require sorting, printing, and data management. Because the
compiler for COBOL is rather complex and occupies a large portion of memory, its
use on microcomputers is limited. PASCAL is a relatively new language that was
designed to combine some of the ease-of-use or ease-of-learning features of
BASIC with some of the"power" and directness of FORTRAN. The name PASCAL is
not an acronym. It was named for the 17th century French philosopher and
mathematician, Blaise Pascal. The language that you choose for your
microcomputer will be dictated by the software that you select, but if you plan
to write any programs yourself, it is important to understand your choices.
There are basically two types of software for a computer: 1) systems software
and 2) applications programs. Systems software are the utility programs which
take care of routine tasks such as copying one file to another or displaying

text on the screen. Most of the time the operating system is completely
transparent to the user. It is important to be literate about the operating
system, though, because compilers for higher level languages are wr i tten around
the operating system. Therefore, certain commercial software will only run
under a particular operating system. One of the most popular operating systems
is CP/M (Control Programs, Microcomputer)•
Applications programs are the ones that work directly for you and they will be
written either in batch mode or interactive mode. Batch mode is the original,
old-fashioned way of doing things, but it is still useful for large volumes of
data that have to be processed routinely. You will probably also be interested
in interactive software. You and your staff will handle data in smaller sets
and will want the results immediately. An interactive program actually
converses with you, asking questions and giving prompts.
Some of the applications software which might be useful in a plant breeding
environment are : 1) word-processing, 2) data-base management, 3) spread-sheet
analysis, 4) graphics, and 5) statistical design and analysis. There are
numerous, excellent commercially available software packages relating to the
first four applications. Word processing is a very cost-effective use of a
computer. It is invaluable in writing technical papers for publication because
corrections and revisions are so simple. A large portion of data processing in
plant breeding is a form of data base management. For example, you may have
several, thousand breeding lines in a germplasm bank which are catalogued for
various strengths and traits. With a computer and a good data base management
system it is easy to retrieve information on lines with a particular strength,
trait, or parentage. Spread-sheet analysis programs are useful in preparing
budgets, a necessary evil even in, plant breeding programs. They can also be
used effectively in trying out various "what-if scenarios". For example , if
yield of a crop can be defined in terms of a formula or model, a spread sheet
analysis program could be used to easily see the effect of changing one or more
of the variables either one at a time or simultaneously. A good graphics system
is a helpful application in a plant breeding program, particularly if the
software is compatible to the data base management program or the statistical
design and analysis system. It is often much easier to grasp concepts and
relationships when they are represented graphically. There are a few sy stems on
the market today which can handle statistical design and analysis. One of
these, MSTAT from Michigan State University, was written specifically for plant
breeding programs and deals with other applications such as the printing of
field books and plot tags.
Undoubtedly, there will be other applications that you may identify for which no
commercial software is available. You will have to have a pro g rammer write
these specific applications for you. However, as a rule of thumb, it is usually
better to buy commercial software if at all possible. Programming is quite
expensive and when you must pay the entire bill, you might question the costeffectiveness of the application. Also, commercial programs have been tested on
a much wider scale so most of the program "bugs" would have been worked out. In
accepting commercial software, however, you usually have to compromise on many
"tailor-made" features that you would like. You must make the decision on what
is most important to you.

We have looked at the computer and how it works and have seen a few of the many
applications of computers in the agricultural sciences. But how would one
choose a microcomputer system among the many available today. A systematic
procedure to arrive at that choice is usually the best way:
I. Identify your applications
2. Search for the software
3. Identify and specify the hardware
4. Purchase from a reputable manufacturer and dealer
5. Determine how you will handle human engineering problems
It may seem a bit backward not to buy the hardware first, but since some of the
software you might wish to use is machine dependent or at least operating system
dependent, it is best not to limit your choices so severly initially. First you
should list your applications specifically and then search for the software
which addresses those applications. The best place to begin is to logically
define the input and output of the application, define what kind of data the
program will have available to it, the kind of data or output it is supposed to
produce, and the format in which the output should appear. If the particular
program deals with a data base, be very careful at this step. Don't leave
something out of the data base that might be needed later even if your initial
application does not actually make use of it. In choosing software, flexibility
should be a major consideration. A flexible program uses variables instead of
specific quantities so that you can change data easier. Be sure that the
software does what you, want it to do. Ask for a demonstration and look at the
documentation. The documentation is your guide to using the software and it is
very important. Poor documentation can make an otherwise good program useless.
It is a good idea to do a literature search for software. By actively reading
the microcomputer magazines and newspapers, you will regularly see software and
reviews. This will give you a good idea of what is available and what the
different packages will do.
Once you have pinpointed a software package that does what you want, you may
have already limited your hardware options. The software will generally dictate
how much RAM is used, how many floppy disk drives are required and what type of
peripherals are needed. You also want to be sure that the computer has the
proper input/output interface to accommodate the keyboard and any other
peripheral devices you may want.
Usually it is best to purchase from one of the larger, more well-known
manufacturers. Because of their higher volume, greater size, and reputation for
quality, you will more likely get a reliable, high-quality system and repair
facilities make the larger manufacturers even more attractive. While you may
pay a little more for a system from a larger, more reputable manufacturer, this
extra cost is offset by enhanced service and support. Your choice of a dealer
or computer store is also important. Look for one that has a good service
record who will service the equipment they sell. A larger, well-known store is
less likely to go out of business and they usually have more people and greater
in-depth technical talent to help you.
Finally, an important part of your decision making should revolve around
ergonomics--that is, how the equipment relates to the people who will be
operating it. Even if the equipment you choose seems ideal for your
applications, it will ultimately fail to serve your needs if it cannot be
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operated comfortably and easily.
Computers have become an integral part of our daily lives. When used as a tool
they can be a valuable resource in making our work more effective and efficient.
There are many innovative and useful applications, but particularly in
agricultural sciences, the field is only in its infancy. Many exciting
challenges lie ahead. We are limited only by our imagination.
Software references:
MSTAT - A microcomputer software package with capabilities of experimental
design generation, statistical analysis and data management.
Address:
MSTAT
Dr. Virgil W. Small
Department of Crop and Soil
Michigan State University
East Lansing, MI 48824
USA
STATPRO - A comprehensive statistics and graphics database program.
Address:
Wadsworth Electronic Publishing Company
20 Park Plaza
Boston, MA 02116
USA
Computer programs for the Cornell Small Grains Breeding Program
Address:
Dr. Mark E. Sorrells
Assistant Professor of Plant Breeding
Cornell University
Department of Plant Breeding a nd Biometry
252 Emerson Hall
Ithaca, NY 14853
USA

Word
applications programs

Software that works directly for you to
accomplish a specific task or application.
"SOFTWARE" QUE NOS PERMITE REALIZAR UNA
TAREA 0 UNA APLICACION ESPECIFICA.

assembl y language

A low-level language one step away from
machine language which replaces the direct
binary code with mnemonic symbols.
LENGUAJE DE NIVEL INFERIOR, PERO SUPERIO
R AL LENGUAJE DE LA MAQUINA, QUE REEMPLAZA
EL CODIGO BINARIO DIRECTO POR SIMBOLOS
"MNEMONICOS".

baud rate

A communications transmission rate.
A baud is roughly defined as "one bit
per second".
LA CAPACIDAD DE TRANSMITIR COMUNICACION.
UN "BAUD" SE DEFINE APROXIMADAMENTE COMO
"UN BIT POR SEGUNDO".

bit

A "one" or "zero" in a binary number
system. The smallest unit of computer data.
UN "UNO" 0 UN "CERO". EN EL SISTEMA DE
NUMERACION BINARIO. ES LA MENOR UNIDAD
DE INFORMACION DE UNA COMPUTADORA.

bus'

A scheme of wiring for a computer-- a
standard protocol of how all its
components are connected together. The
bus allows the major portions of a
computer to communicate with one another.
SISTEMA DE COMUNICACION INTERNO DE UNA
COMPUTADORA MEDIANTE EL CUAL LOS DISTINTOS
COMPONENTES SE CONECTAN ENTRE SI. EL "BUS"
PERMITE LAS PRINCIPALES PARTES DE LA
COMPUTADORA COMUNICARSE ENTRE SI.
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byte

A unit of computer memory composed o
eight bits.
UNIDAD DE MEMORIA DE UNA COMPUTADORA COM
PUESTA DE OCHO BITS.

compiler

S pecialized software which translates an
entire program into machine language
at one time.
"SOFTWARE" ESPECIALIZADO ENTRADUCIR UN
PROGRAMA COMPLETO AL LENGUAJE DE LA MAQUINA.

CP/M

Control Programs for Microcomputers. A
popular operating system around which
much software has been written.
"PROGRAMA PARA EL CONTROL DE MINICOMPUTA
DORAS". ES UN SISTEMA OPERATIVO MUY
POPULAR EN BASE AL COAL MUCHOS
"SOFTWARE" HAN SIDO ESCRITOS.

CPU

Central Processing Unit - does the
actual computation or processing and
controls communication between physical
devices.
"UNIDAD CENTRAL DE PROCESAMIENTO". ES
LA ENCARGADA DE REALIZAR LOS COMPUTOS 0
EL PROCESAMIENTO DE LA INFORMACION,
ADEMAS DE CONTROLAR LA COMUNIC AC ION ENTRE
LOS DISTINTOS COMPONENTES FISICOS.

CRT

Cathode Ray Tube display units which
resemble television screens and function
to show the user both input and output data.
u TUBO DE RAYOS CATODICOS" QUE SE ASEMEJA
A LA PANTALLA DE TELEVISION Y QUE SIRVE
PAR A MOSTRAR AL 0 PERADOR LA INFORMACION
INTRODUCIDA EN LA MAQUINA ("INPUT") Y
LAS RESPUESTAS DE LA COMPUTADORA ("OUTPUT")

ergonomics

How the computer equipment relates to
the people who will be using it.
COMO SE RELACIONA EL EQUIPO DE COMPUTACION
CON LA GENIE QUE HA DE UTILIZARLO.

floppy disk

A mass storage medium made of flexible
plastic treated with <a magnetic coating.
Data stored on a floppy disk can be
accessed rapidly and randomly and is
not lost when the power is turned off.
MEDIO DE ALMACENAMIENTO DE INFORMACION
CONSTRUIDO DE PLASTICO FLEXIBLE Y TRATADO
CON UNA COBERTURA MAGNETICA. LA INFORMACION
ALMACENADA EN UN "FLOPPY DISK" PUEDE
CONSULTARSE RAPIDAMENTE Y AL AZAR. NO SE
PIERDE CUANDO SE DESCONECTA EL EQUIPO.

hard disk

Also called "fixed disk". A random access
mass storage medium which is sealed in an
air tight unit and cannot be removed from
its device.
TAMBIEN LLAMADO "FIXED DISK". MEDIO DE
ALMACENAMIENTO DE INFORMACION DE ACCESO
ALEATORIZADO QUE ESTA SELLADO AL VACIO
DENTRO DE UNA UNIDAD DE LA CUAL NO
PUEDE RETIRARSE.

hardware

The physical tangible device - the visible
system
EL APARATO EN SI - EL SISTEMA QUE TENEMOS
A LA VISTA.

high level language

Programming languages such as BASIC, COBOL,
FORTRAN, or PASCAL which more closely
resemble human languages.
LENGUAJES PARA PROGRAMACION COMO BASIC,
COBOL, FORTRAN, Y PASCAL. SE ASEMEJAN
ALLENGUAJE HUMANO.

interactive

Software written to "converse" with the
and prompts.
user through questions, menus
"SOFTWARE" ESCRITO PARA "CONVERSAR" CON
EL OPERADOR MEDIANTE EL USO DE PREGUNTAS,
MENUES Y ORDENES.

interface

A circuit that enables the computer to
communicate with some input or output device.
CIRCUITO QUE PERMITS A LA COMPUTADORA
COMUNICARSE CON COMPONENTES ACCESORIOS
A LA MISMA.
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interpreter

Specialized software which translates
one instruction at a time into machine
language.
"SOFTWARE" ESPECIALIZADO EN TRADUCIR UNA
INSTRUCCION POR VEZ AL LENGUAJE DE LA
COMPUTADORA.
Abbreviation for kilobytes which is a
measure of`computer memor y . 1K is equal
to 1024 bytes or 2 to the 10th power.
ABREVIATURA DE KILOBYTE QUE ES UNA MEDID
A DE LA MEMORIA DE UNA COMPUTADORA.
1K EQUIVALE A 1024 BYTES (2 ELEVADO
A LA DECIMA).

machine language

A low-level language with a very narrow
code which is usually binary. Every
machine language is machine or CPU specific.
LENGUAJE DE NIVEL INTERIOR CON UN CODIGO
MUY REDUCIDO (GENERALMENTE ES EL SISTEMA
BINARIO). CADA LENGUAJE ES ESPECIFICO
PARA UNA DETERMINADA MAQUINA 0 PARA UN
DETERMINADO "CPU".

mass storage

External memory usually on fixed disk,
floppy disk or magnetic tape.
MEMORIA EXTERIOR. NORMALMENTE, EN FORMA
DE "FIXED DISK", "FLOPPY DISK" 0 CINTAS
MAGNETICAS.

modem

A device for connecting a computer with
a communications line, typically a
telephone line.
MECANISMO QUE PERMITE CONECTAR UNA
COMPUTADORA CON UN SISTEMA DE
COMUNICACION EXTERNO, GENERAL
MENTE CON UNA LINEA TELEFONICA.
The software which operates the computer
and controls communication between the
CPU and Peripherals. Usually it is
transparent to the user.
"SOFTWARE" ENCARGADO DE "MANEJAR" LA
COMPUTADORA Y CONTROLAR LA COMUNICACION
ENTRE EL "CPU" Y LOS COMPONENTES
PERIFERICOS., NORMALMENTE ES
TRANSPARENTE PARA EL OPERADOR.
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parallel interface

A circuit which transmits a bit of
information along a separate wire
so that several bits can be transmitted
at once in parallel.
CIRCUITO QUE TRANSMITE UN "BIT" DE
INFORMACION POR CABLES SEPARADOS DE
TAL FORMA QUE SE PUEDEN TRANSMITIR VARIOS
"BITS" SIMULTANEAMENTE EN PARALELO.
Random Access Memory - Volatile memory
which can be changed and overwritten
and is lost when the power is
disconnected.

RAM

MEMORIA DE ACCESO ALEATORIZADO MEMORIA
"VOLATIL" QUE PUEDE SER ALTERADA Y
VUELTA A ESCRIBIR Y QUE SE PIERDE
EN EL MOMENTO DE DESCONECTAR LA MAQUINA.
random access Information is retrieved using an address
so that any item can be retrieved without
going through all the items that prec eeded it.
LA INFORMACION SE LOCALIZA POR MEDIO DE
SENAL DE LLAMADA. CUALQUIER ITEM PUEDE
SER LOCALIZADO IMMEDIATAMENTE SIN
NECESIDAD DE REVISAR TODOS LOS DEMAS.
ROM

.

R ead Only Memory - the portion of memory
with its information content built in. The
content will not disappear even if the power
is turned off but the content cannot be
changed. ROM is also called "firmware".
LA PARTE DE LA MEMORIA DE LA MAQUINA, CON
SU CORRESPONDIENTE INFORMACION, QUE NO
DESAPARECE AUN CUANDO SE DESCONECTA EL
APARATO EL CONTENIDO DE "ROM" NO PUEDE
ALTERARSE. TAMBIEN LLAMADO "FIRMWARE".

serial interface

A circuit which transmits data one bit
at a time along the same wire.
CIRCUITO QUE TRANSMITE UN BIT DE
INFORMACION POR VEZ SOBRE EL MISMO CABLE.

software

A set of instructions that tell the hardware specifically what to do.
GRUPO DE INSTRUCCIONES QUE LE INDICAN AL
"HARDWARE" LA TAREA QUE ESPECIFICAMENTE
DEBE REALIZAR.
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A major component of the Oregon State Universit y (OSU), United States Agency for
International Development (USAID) and the International Maize and Wheat
Improvement Center (CIMMYT) wheat germplasm enhancement program, is the training
of dedicated and gifted young scientists. This aspect of the international
program addresses the basic need found in many countries and that is the lack of
a critical mass of trained people to develop and extend the necessary
appropriate technology to increase food production. This graduate program
leading to the M.S. and Ph.D. degrees has as its basic philosophy illustrated by
an old Chinese proverb, "If you give a person a fish, he will nourish himself
for a day; but if you teach a person to fish, he will nourish himself for a
lifetime'.
To date, more than 60 persons representing 21 countries have completed their
graduate work as members of this research team. Their subsequent contributions
as agricultural leaders in their respective countries are truly outstanding and
the pride of all of those associated with the program. Several of the former
students are now cooperators in the germplasm enhancement and evaluation phase
of the program.
Oregon State University is in a unique position to provide a meaningful
educational experience in many areas of cereal improvement with special emphasis
in plant breeding and genetics. All students in the program receive a broad
academic background which involves other disciplines such as plant pathology,
soils, botany, and extension methods, to mention a few . The great environmental
diversity found within the State of Oregon provides an excellent laboratory
where nearly every biological stress influencin g cereal production can be found.
Likewise, the international wheat germplasm enhancement program in cooperation
with 54 countries provides an effective vehicle in which to train students in
interdisciplinary research. The program at OSU also complements the nondegree
practical training available at CIMMYT and other international centers.
The graduate program is designed to provide future scientists with the most upto-date and appropriate training possible. Should additional proficiency in
English be desired, there is an English Language Institute locate d on campus.
There is sufficient flexibility in the coursework to design programs to meet the
needs of each student. This, is also true in developing a research pro j ect for
the thesis. Researchable problems are selected in keeping with the appropriate
needs of one's own country. Where possible, students can do their thesis
research in their own countries or at one of the international centers.
Currently, one student is doing his research in Colombia, while other students
have completed their research at CIMMYT or the International Rice Institute
(IRRI).
Each student is also assigned some aspect of the international germplasm
enhancement program. In this way, they become familiar with the germplasm and
breeding methods employed. It is not the intent of the program to emphasize one
breeding strategy, but rather to provide the student with a program upon which
they can compare and subsequently modify based on the conditions which prevail
in their own countries. Every student is expected to work in the program and

share in all phases of the program from crossing, note taking , selecting,
harvesting and preparing materials for planting. Usually during the student's
final years in the program, they are occupied primarily with their own thesis
research.
The development of a professional attitude is established by stressing the
scientific approach to solving researchable problems, the importance of
scientific integrity in reporting results and the discipline and dedication
necessary if one is to make the necessary contributions. Since these students
will become leaders, it is also important to develop leadership skills. This is
accomplished by having students serve as moderators or chairpersons in seminars,
presenting papers at various professional meetings, or visiting with farmer
groups during field days or directing various aspects of the cereal research
program. Also, the team concept of conducting research, where people from
different disciplines interact while working on a common problem is featured.
A fundamental learning experience is that there is dignity in working in the
field and to sweat and get one's hands dirty. Here, the professors work right
beside the students in an environment which is very conducive to learning how to
breed plants. Since many of these students upon returning home will be required
not only, to develop new technology through research, but also to disseminate
appropriate information at the grass roots, the philosophies and techniques of
the extension system are stressed. This is done by visiting with farmers and
learning of their concerns and how to communicate with them in the most
effective manner.
A significant feature of the program is the interpersonal relations between
students and between the students and staff. Each team member is vitally
concerned with the well-being of his or her colleagues whether it be in or
outside the classroom or perhaps in conducting their respective thesis research.
Again, emphasizing the importance of the "espirit de corps" among the team
members. As a result of the wheat improvement program, staff members from OSU
travel to many countries each year, thus having the opportunity to interact with
former students on a continuing basis.
One of the major goals involves institutional building and training within
developing countries. Here it is critical to develop a critical mass of
scientists and extension specialists to be effective. A very successful effort
in this regard was the wheat improvement program in Turkey. As a part of this
program, 15 very dedicated and outstanding young scientists were trained at OSU
with several others receiving degrees from other universities. Together they
formed a team so that when scientists from OSU, CIMMYT, and the Rockefeller
Foundation left Turkey, a nucleus of valuable scientists were in place. Today,
Turkey has one of the best cereal research teams found anywhere, and wheat
production continues to raise from 7 million metric tons in 1968 to nearly 17
million metric tons today.
The regional or in-country seminars which is another component of the total
international wheat improvement program is also used to assist former students
in establishing strong and aggressive research and extension programs in their
own countries.

Plant breeders are very much concerned about the quality of their germplasm. So
it is with the graduate training program. The success of this program lies in
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the fact that excellent genetic diversity has been available in the form of very
outstanding y oung people. Those at OSU consider it an honor and a privilege to
be associated with those who come for graduate training. It is an assumed
obligation that they should receive the most meaningful educational experience
as possible, an obligation the staff readily accepts. This perhaps can be found
in another saying which ty pifies the program. "If you are planning for tomorrow
- plant a seed; if, you are planning for a generation - plant a tree; if you are
planning for a lifetime - plant an idea." It is our goal to plant an idea so
that sufficient food can be produced and distributed in such a way that everyone
on this earth will have a better life.

THE WHEAT EXTENSION PROGRAM
C. Baque
The extension activities on wheat throughout the country are based on a program
started in 1977. This program also includes other products (grains, oil seeds,
beef, milk, etc.) and social topics of importance in the area as they relate to
each of the participating agencies.
Programming has been based on a study of situations conducted
extension agencies including the following aspects:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

by

all the

Geographical location
Climate
Population
Institutions
Services
Company (business) distribution/unit area
Company distribution according to tenancy
Natural resource analysis
Analysis of the life conditions of the rural family
Agricultural production analysis
Livestock analysis
Production commercialization

The factors limiting productivity of each topic area arose from the agricultural
and livestock analysis. These were grouped into two types of problems: 1)
those for which there was information available, and 2) those for which no
solution was known,
The first group were the obvious problems that had to be faced through an
extension action and the remaining problems needed to be submitted for
consideration to the experimental stations. According to their importance, they
might or might not give origin to research projects.
This analysis stage was carried out by extension personnel and researchers in a
genuinely integrated action and that, without a doubt, was of great advantage
for the development of the activities to date.
The problems with known solutions were order by priority, considering several
factors such as: 1) quantity and quality of information available, 2) quantity
of affected people, 3) economical importance, 4) farmer attitude (degree of
acceptance of possible solutions), 5) regional and national importance, 6)
The existing limitations for the application of the
urgency, among others.
available solutions were also considered.
As a result of this process, each extension agency made its extension program.
The major goal of these programs was the improvement of the standard of life in
the rural population. The extension programs included partial objectives
considering each of the improvement products of the area. It also included
partial objectives of social aspects that are aimed toward the improvement of
housing, health and nutrition of the rural family, among others.
The regional extension program is composed of all programs of the extension
agencies. Wheat is present in the extension program and 98 extension agencies
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include wheat as a partial objective in their programs.
Characteristics of the Wheat Extension Program
General Objective - Improvement of efficiency in the production of wheat
EE participants 18; AER participants 98
Each partial objective has been divided
evaluation. These topics are:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Soil selection and preparation
Fertilization
Cultivars
Planting
Crop management
Insect pests
Diseases
Weeds
Harvest and handling of the production

Each work theme also has a variable number of specific objectives that define
with precision the technique to be disseminated (distributed).
Methodologies for the development of the program
The wheat extension program has been developed through the traditional method of
individual contact which involves consultation and visits, by group methods of
meetings with or without demonstrations and by using the media, radio,
newspapers, pamphlets and to a lesser degree, television.
It should be emphasized that the extension programs carried out last year
involved professionals of the official and private sectors who participated in
Actualization. Meetings (Jornandas de Actualizacion) organized by the
experimental and extension agencies. It also should be mentioned that the
extension agencies organized groups of information exchange.
These activities attempt to enhance the distribution of technical information.
Deserving special mention is the integration of research and extension
activities involving trials and demonstrations in fields of participating farms.
This approach provides local information for those areas that have ecological
differences with the experiment station locations. For such areas, the
information obtained on experimental stations is less trustworthy.
These types of trials were conducted on several experimental stations, outlining
the work done at Balcarce, Marcos Juarez and Pergamino. It is important to
point out the active participation of the farmers, agricultural institutions and
commercial organizations in the development of a network of experimental plots
and trials. Their participation also includes offering the fields for
experimental trials, financial contributions and loans of machinery and labor.
The encouraging results of this integrated work are: knowledge of the
possibility to increase wheat production through the use of nitrogen and
phosphorous fertilizers, the adjustment techniques for determination of

phosphorous in soil an a ly ses, the determination of the minimum phosphorous and
nitrogen levels under which responses to fertilization begin, fallow and
previous crop influence in fertilizer use efficiency, crop response to different
planting seasons, adjustments of the plant densities and new planting systems.
These activities noticeably widened the quantity and quality of available
information on growing wheat in a vast region of the country. Not only does it
open new possibilities for the crop but also contributes to training
participating professionals. In all cases, the experimental plots and trials
were used for visits with farmers, professionals, and managers.
Production Contests
The production contest conducted in some parts of the country such as in Tres
Arroyos and 9 de Julio should also be mentioned. The results obtained at these
locations verifies the advantages in spreading production technology such as it
was observed for two consecutive years in corn at the location of Carabellas .
Activities Developed by the Wheat Extension Agencies
At the same time the extension program that developed, a system was initiated to
record activities monthly at the regional level. At the national level, the
information is recorded by computers. Since 1981/82, the information has been
sent directly by the extension agencies to the data computation service.
Following is information corresponding to the last four wheat seasons:
PERCENTAGE OF CONTACTED FARMERS

EE
Participants

1979/80
1980/81
1981/82
1982/83

*

11
12
12
12

AER
Participants

Potential Audience **
Contacted
Audience

51,664
61,237
62,500
62,500

85
91
98
98

8,976
9,301
10,440
15,081

17.4
15.18
16.70
24.60

Estimated number of farmers who grow wheat

** Number of farmers who had one contact with Extension
It should also be pointed out that in addition to the farmers, there are other
categories, as listed in the following table, showing the consultations and
visits computed in the period 1979/80 to 1982/83.
Regarding the professionals contacted by extension, the numbers reached 1,413
for 1981/82 and 2,309 for 1982/83.
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Visits

Consul tants
82/83

79/80

80/81

81/82

82/83

11,092
256
350
544

12,518
293
266
522

2,293
129
465
663

4,131
119
574
829

3,941
130
378
514

5,331
174
297
565

1,367

738

815

642

1,165

1,215

1,404

1,350
2,054

1,766
2,084

1,843
2,109

258
78

638
668

974
536

1,222
670

16,830

18,640

5,168

8,134

7,688

9,689

79/80

80/81

81/82

Farmers
Youth
Demonstrators
Collaborators
Farming and
Li vestock
Organizations
Other
Organizations
Professional s

6,413
410
318
901

11,948
540
469
800

779
579
140

TOTAL

9,540 18,528

GROUP ACTIVITIES

79/80

80/81

81/82

82/83

With demonstration
Without demonstration

62
107

70
289

108
614

137
856

TOTAL

169

359

722

993

81/82

82/83

Number of Meetings

GROUP ACTIVITIES AUDIENCE
79/80

80/81

Producers
Youth
Demonstrators
Col laborators
Farming and Li vestock
Organizations
Other Organizations
Professional s

1,888
420
74
267

4,634
1,369
68
264

7,117
935
188
435

8,791
1,615
163
474

87
42
133

162
168
720

480
640
1,557

547
728
1,664

TOTAL

2,926

7,385

11,385

13,033
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Results
Even though there have been no systematic evaluations of the results arising
from extension activities from 1978 to the present there are estimated values
which have been calculated every year by each extension agency. These estimates
show the existing tendency to adopt the recommended practice. The practices
having the most positive tendency for adoption in each region are:
Anguil:
Bordenave:
Balcarce:
Famailla:
Marcos Juarez:
San Luis:
Manfredi:
Parana:
Pergamino:
Saenz Pena:
Rafaela:

field selection-fallow-recommended cultivar-season and
plant density, weed control
weed control
fallow-fertilization-cultivars-planting season
cultivars-pest control
soil preparation-rotations-fertilization-cultivarspest control and weed control
cultivars-planting density-pests
weeds-pest control
cultivars-pest and weed control
fallow-rotations-cultivars-fertilization-plant
density, pest and weed control
fallow-cultivars-plant density-fertilization-pest and
weed control-field and planting time selection
fallow-fertilization-cultivars-pest control, and
planting season

The yields of the farmers who apply the package of techniques available for
wheat are noticeably different from the averages for each area. This difference
has-been over 100% in many areas. This means that there is an extremely wide
gap between the highest and the lowest yields, providing a challenge for the
professionals in extension. However, it is also important to emphasize that
wheat registered a yield increase of 19.9 kg/ha per year from the 1960-61 to
1981-83 seasons. It is obvious that in addition to the newly available
technology, the extension action has also made an important contribution.
Previous reference was made to the importance of integrated extension and
research activities making it possible to conduct experimental plots and trials
in farmers' fields. The demonstration activities on the use of fertilizer that
have been conducted for the last four years in the area of the EERA Pergamino
are showing positive results in the present season (1983/84). The practices are
being accepted (dissemination). More than 899.500 hectares were planted by
18,520 farmers and approximately 18% of these farmers have fertilized about 19%
of the total area. Likewise, 13% of the farmers carried out soil analysis. In
the areas of Chivilcoy, Bragado, May 25 and July 9, where the practice of
fertilization was almost unknown three years ago, approximately 15% of the area
was fertilized during the 1982/83 crop season. Eleven percent of the farmers
have fertilized and, a similar percentage of farmers have used soil analysis.
It should be noted that the extension specialist believed that these numbers
could have been higher had it not been for financial problems, lack of product
supply, and low availability of machinery to apply fertilizers.
On the other hand, there is total agreement that the level of trial adoption has
been very favorable. This is because of effective demonstration based on
experimental trials conducted in previous years..
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Finally, it s h ould be pointed out that an intensive campaign has been initiated
for the present year, an intensive campaign to spread the wheat technology. Its
goal is to improve the quality of production.
The campaign has developed satisfactorily and the number of participants in the
extension activity from June to August are as follows:
AUDIENCE ASSESSED IN DIRECT FORM
June

July-August

Producers
Youth
Demonstrators
Collaborators
Farming and Livestock
Organizations
Other Organizations
Professionals
Others

3,633
226
61
14.5

4,141
237
87
195

247
384
574
12

655
333
603
35

TOTAL

5,282

6,286

Producers
Youth
Demonstrators
Collaborators
Farming and Livestock
Organizations
Other Organizations
Professionals
Other

Attendance at meetings:
Producers
Youth
Demonstrators
Collaborators
Professionals
Farming and Livestock
Organizations
Other Organizations
Others

3,616
349
26
126
726

TOTAL

5,324

217
238
24

The activities during, the last part of the crop cycle have not yet been
recorded. The demonstration meetings will take place in the production fields
and plots, as organized in the majority of the extension agencies.
To close this brief review of the activities in wheat, a reference to mass media
must be made. Each extension agency has made use of the mass communication
media available within its jurisdiction depending on its access to them. The
radio programs, as well as the farm and livestock supplements, agencies
bulletins, etc., have contributed to disseminate the information.
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REGIONAL ACTIVITIES OF EXTENSION IN WHEAT
E. A. Fonseca

CREA (Regional Consortium of Agricultural Experimentation) are groups of farmers
from the same region who form a society (consortium) to improve their production
techniques and their training. Currently, there are 138 CREA groups
(definitive) in the Argentine Republic. They are distributed in different
areas; however, they are more concentrated in the areas of high production
potential. The distribution and concentration of the groups can be observed on
the following map.

Eight to twelve farmers constitute one CREA. They meet once a month on one of
the farms. During these meetings, they analyze the plans and development of
production programs, exchange experiences and study the application of new
cultural practices, evaluating the economic and technical feasibility of the
techiques. Each CREA has a technical advisor who visits the farms every month
and participates in the meetings.
The totality of the CREA groups constitute AACREA (Argentine Association of
CREA). This association consists of a:
-Board of Directors
-Institutional Department
-Department of Studies
-Department of Economy
-Media Department
-Administrative Department
Each of these departments helps the groups, in their respective areas.
Contributions from the farmers and grants from cooperative projects with
different institutions constitute the source of finance for CREA and AACREA.
AACREA has cooperative projects with official institutions; however, most of
them involve technical cooperation.
Source of Technical Information
Technical information used, analyzed and disseminated by CREA comes from
different sources. The sources most frequently used are INTA (National
Institute of Agricultural Technology), the universities, the Regional Research
Centers and its own information. CREA has two ways of developing technical
information: survey and experimentation. In the particular case of wheat,
farmers from the most important wheat regions fill out papers with detailed
information of each of their cultivated fields each year. This information is
later processed and conclusions are drawn concerning harvested areas, yield,
performance and participation of the differerent varieties, and reaction to
different cultural practices such as herbicides, fertilizers, soil management,
etc. From the information arising from the surveys, and according to the
farmers' interests, trials to test new cultural practices are conducted.
Dissemination Methods
One of the principal goals of CREA is to disseminate the adopted techniques
among the farmers of its area. CREA uses different methods such as periodical
publications (every month or every two months) and special publications.
Technical meetings which the farmers and professionals attend are organized to
exchange ideas and knowledge. Many such meetings are "field days" including
tours of the crops and discussions about the technology used.
Wheat Production
I would, like to make some personal observations about extension activities and
the possibilities of advancement in the area of wheat production. As is true in
other crops, advances in wheat yield have not occurred continuously, but rather
in peaks and plateaus. The last important peaks were caused by the introduction
of Mexican germplasm and the increase of cultivated area from the extension of
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the soy bean-wheat system in the areas north of Buenos Aires and south Santa Fe
provinces, which consequently lowered the corn acreage in these areas.
Technologic improvement always results in more income for the farmers;
therefore, these techniques are generally adopted more easily by the farmer.
If this new technology leads to a large difference in production and economics
for the farmer, then the technology will be accepted much faster. The farmers
are always ready to accept new techni q ues if they, understand clearly that they
will be more profitable. Imposing technology through legislation only limits
the acceptance of the new technology. Education rather than legislation is the
way to promote technologic development. Extension as p art of education must be
based on the transmission of complicated knowledge in the form of explanations
that farmers can easily comprehend. These explanations must be related to the
belief that the technology will bring success and technologic advances. One
approach to success is to periodically revise goals and plans to be sure of the
value of the steps to follow. Under the present situation, the increase in
wheat production in Argentina will be related to yield increase. This yield
increase is also influenced by genetic advances and crop management techniques.
Considering the genetic advances, I believe that some concepts should be
reviewed considering the possibility of diversifying the quality of our wheat.
The diversification of quality should be related to the a pp ro p riate handling of
wheat production to avoid a global quality deterioration of Argentine
production. The yield increase by the improvement of crop management techniques
is closely related to the improvement of the crop nutrition level. This
improvement should arise not only from more intense use of fertilizer but also
from better rotation and tillage practices. It should be kept in mind that to
maintain the fertility level of the soil is a basic responsibility.
Iam convinced that communication is the most effective way to achieve an
increase inn production. Good communication channels will allow the fastest
spread of new techniques. Also, a ppro pri a te communication among researchers in
different fields and among people in production will speed advances and the
reality of being able to feed more people.

EVOLUTION OF THE WHEAT CROP IN THE LAST TWENTY YEARS IN THE AREA OF THE REGIONAL
EXPERIMENT STATION AT MARCOS JUAREZ
Miguel A. Peretti

I. INTRODUCTION
The area influenced by the station of Marcos Juarez, INTA is in the center of
the Argentinian Republic. The various departments are in the southern provinces
of Cordoba and Sante Fe (Figure 1). The farming and animal husbandry area of
this region con s i sts of 3,943,000 hectares distributed among 18,573 established
farms. The average area of 212 hectares for an individual farming business
would be classified as small and medium in size and this is typical as shown in
the following table:

Classification

0-25

26-100

Number of farms
Percentage of total
farms

2009

7429
40%

11%

Hectares
100-400
7377

>400
1758

40%

9%

The tenure system that prevails is one of propriatorship. Approximately 82% of
the farms are managed by owners of the entire farm (62%) or part of the acreage
(20%).
The region described is not homogeneous as regards its natural conditions (soil,
climate, etc.). It has been divided into 5 large homogeneous ecological zones
(Figure 1):

5
6
7
8
9

Subhumid plain
Salty lowlands
Humid undulated pampa
Plain with sandy loam soil
Plain having sandy soils with dunes

The conditions for agriculture are very favorable in zone 7 and then gradually
become more unfavorable toward the southwest (zone 9).
The majority of the farms operate mixed production systems combining
agricultural and livestock activities.
The main agricultural crops of the region are: wheat, soybeans, corn, and grain
sorghum. These crops have covered 90.6% of the area dedicated to agriculture in
the last triennium 1979/82.
As regards livestock, the most important activity is the production of beef
cattle (3,187,400 head) and to a lesser extent, swine production (595,325 head)
and dairy production (393,951 milking cows and calves) according to a 1977
census.
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GIONAL EXPERIMENTAL STATION OF
REZ AND ITS LOCATION IN ARGENTINA
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REFERENCES:
------- PROVINCE LIMITS
S. K.-h,

— DEPARTMENT LIMITS
CITY LIMITS
LIMITS OF THE E.E.R.A.
NATURAL LIMITS
— EXTENSION AGENCY LIMITS
LOCATION OF THE E.E.R.A.
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II. Evolution of wheat
Wheat has been one of the most important crops throughout the entire area of the
It is cultivated on approximately 80% of the
EERA Marcos Juarez (Table 1).
18,600 farms of the region.
Table 1 shows the area cultivated in wheat for the region and its proportion of
the total agricultural area for the years considered.
The two periods, 1960/63-1970/73 and 1970/73-1979/82, were very different from
the remaining years in the evolution of the crop.
The regressions of the triennial averages of the cultivated area for the main
crops of the region are shown in Table 2 ang Figure 2. The observed' tendencies
are very clear (except for grain sorghum -R`=35.8- in the period 1970/731979/82) and can be summarized as follows:
Period 1960/63-1970/73
Wheat
Corn
Grain sorghum
Remaining crops
Livestock

-45.973 ha/year
+15.459
A +17.576

A
A

A

+12.983 ha/year

Period 1970/73.1979/82
Wheat
Soybean (la)
Soybean (2a)
Corn
Grain sorghum
Remaining crops
Livestock

+44.359 ha/year
11
+10.000
A +47.694
A -23.620
A .7.412
A

• -"="A

23.327 ha/year

The 1960s were characterized by the following:
1.
2.
3.
4.

Stagnation of wheat yields with an average of 1,300 kg/ha.
Improvement of corn production per hectare (introduction of
hybrid corn which was generally adopted during this period).
Introduction of the cultivation of grain sorghum.
Favorable cycle in the prices of livestock.

These facts produced a spectacular reduction in the area cultivated with wheat
during this period to such a point that if this tendency had continued, wheat
would have disappeared from the region by 1980.
In the 1970/73 triennium, wheat decreased to its lowest acreage in the area and
during the following period, two factors totally transferred the tendencies and
activities in the production system.
The first factor was the introduction of soybeans, a new crop to the area. This
crop quickly spread during the second period 1970/73-1979/82 (22,451 cultivated
hectares in 1970/73; 510,093 hectares in 1979/82).
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Table 1: Land Use in the E.E. R.A. Marcos Juarez Area

Wheat (1)

Corn (1)

Years
Hectares

Hectares

Grain-Sorghum
(1)
Hectares

Soybean (1)
Hectares

190 / 1963

740.700
(57,9 %)

395.200

69.600

1970 / 1973

331.200
(28,0 ,)

539.400

213.100

6.400
- 21.300 -

1 1 79 / 1982

711.600

389.400

146.200

99.400
-497.000 -

(49, 6 1, )

(1)
(2)
(3)
(4)
(5)
(6)

Area With
Cattle (5)
Hectares .

Total
Area (6)
Hectares

Harvested
Sunflower, (2)
Millet, & 0th.
Area
Hectares
Hectares (3)

Planted
Area (4)
Hectares

111.000
— 185.000 —

1.316.500
—1. 1 90.500—

1.548.800
(39,3 1 )

2.394.200
V0,7 :',)

309J3. 00r

111.000
- 185.000 -

1.201.300
1.290.200-

1.413.300
(35,8 q

2.529.700
(64,2 '4,)

3.911."'

111.000
- 185.000

1.480.600

10721.6C0

2.221.100
(56,3 ",)

1.(111,ccc

-1.952.200-

(43,7 ;',,)

Our own analysis of the annual data from the "Servicio de Estimaciones Agrop. de la Soc. de Agric. y Gan. de la Nacion".
The1960-80 avera g e was tak en as a constant value for all the small crops of the region.
Addition of the previous columns.
Calculations based on the average non-harvested area from the "SEAGN".
The difference between 6 and 4.
Total agrarian area of the region according to the last Agrarian National Census

Table 2: Tendencies of the harvested area in the region of the E.E.R.A. Marcos Juarez in the last 20 years

Period

Period
1960/63 — 1970/73
Wheat ScT

ScT

872.206 — 45.973 X

306.222 + 44.359 X

ScSi a

374.809 + 15.459 x

G. Sorghum ScSg

(R2

ScM

— 92.343

57.694 X

(n
ScSg =

( 132 84,25)

93,52)
2

(R

95,21)

2

556.095 — 23.620 X

8)21)

9.782 + 17.57 6 X

, 2

0

(R2
R 91)83)

Soybeans

Corn ScM

1970/73 — 1979/82

84125)

251.752 — 7.412 X
(`' 39,53)
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The soybean crop was introduced by the farmers basically as a double crop after
wheat. (Approximately 78 to 82% of the cultivated area of soybeans was planted
after wheat in this decade.)
The introduction of the soybean crop produced -a reversal of al recent tendencies
and the wheat crop reverted to a similar area as it had experienced in the
previous decade.
The second factor occurring, after the 1970/73 triennium was the appearance in
the area of the first wheats with Mexican germplasm. This germplasm had high
yield potential and with this available genetic material, the program of wheat
research was initiated with INTA. The widespread acceptance of the new
varieties among the farmers of the region made possible increased wheat yields
per hectare (mean yield 1960/63-1970-73: 1,319 Kg/ha and 1970/73-1979/82: 1,826
Kg/ha). This contributed to a revision of the tendency of the crop's cultivated
area during the past decade.
III. Economical aspects of the change in the tendencies.
The high relationship that exists between the recuperation of the wheat area and
the spread of soybeans can be verified by the regression of the increased area
cultivated to wheat as a function of the area in soybeans during the period
1970/73-1979/82:
Sc T = 76.129 + 0.85 Sc S; (R
2 81.09)
The fundamental cause of the adaptation of the double crop wheat-soybeans has
been of an economic nature.
The tables that are further presented correspond to the homogeneous ecological
zone 7 of the EERA Marcos Juarez (Figure 1).
The yields, prices, and production and commercialization costs of the main crops
of area 7 enable us to calculate the average gross margin per hectare in past
years.
The average yields of the 1977/82 quintennium for the main crops were
Wheat
Corn
Grain sorghum
Soybeans (first)
Soybeans (second)

2,050 Kg/ha
"
4,150
3,950
2,600
1,900
11
11

If

Ecological homogeneous zone 7 close to + 25 Kg.
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The average prices for the same period measured in permanent currency (deflated
by the index of non-farming/livestock wholesale prices) were:
Dollars (in millions)
from 1960/100 Kg.

Crop

290.00
222.00
475.00
185.00

Wheat
Corn
Soybeans
Grain sorghum

The production cost per hectare of the above mentioned crops and the crop and
marketing costs as percentage over the product value have been averaged to
constant currency. The operative costs include labor, fuel and oil, spare
parts, tractor and equipment replacements and repairs, tractor and equipment
depreciation, seed, inoculants and agrochemicals of the technological packet
used in each crop by the average farmer of the area.
The harvest costs include the lease of machinery. Leasing is the method most
commonly used by the farmers of this area. The contractor's tariffs oscillate
between 8-10% of the harvested crops' market value.
The marketing costs expressed in percentage of the product value include:
transportation, administration, loading and unloading, direct taxes, and drying
expenses in the case of corn and soybeans.
Table 3. Operation, harvest and marketing costs X 1977/82

Cultivar
Wheat
Corn
Soybeans (la)
Soybeans (2a)
Sorghum

*

Average Operation
Cost $ 1960 per Ha.
15.79
15.87
28.29
22.57
13.28

Market and Harvest Cost in
% of the Product's Price
Market% Harvest% Total%
16
22
14

8
8
10

24

8

Source: Department of Economics and Statistics annual cost information
of the EERA Marcos Juarez

Based on the average data for the yields, prices, and costs presented up to this
point, the grain margins per hectare for the crops of the region are presented
in Table 4 and the production alterations are listed in decreasing order in
accordance to their gross margin per hectare in Table 5.

Table 4. Gross Margins per Hectare (31977/82) for
the EERA Marcos Juarez (ZEH 7)
Soybean(lst)

Soybean(2nd)

Sorghum

41.50

26.00

19.00

39.50

59.45

92.13

123.50

90.25

73.08

15.79

15.87

28.29

22.57

13.28

14.27

27.64

29.64

21.66

23.39

5 Grain margin
($/Ha)/100

29.39

48.62

65.57

46.02

36.41

6 Margin/reversed
weight

186%

306%

232%

204%

Index

Wheat

Corn

20.50

1 Mean yield (Q/Ha)
2 Grain revenue
($/Ha)/100
3 Operation cost
($/Ha)/100
4 Market and
harvest
($/Ha)/100

274%

(1) G.R. = (1) x Rosario part market price
(3) from Table 3
(2)-(3)-(4)
(5) Gli
x
100
(6)
(3)
Table 5. Comparative Gross Margin per Hectare for Yields and Average Prices
1977/1982 (ZEH 7)

Crop
Soybean/wheat
1st Soybean
Corn
Grain sorghum
Wheat

Yield
2050/1900
2600
4150
3950
2050

Gross Margin per Hectare
$ as of Nov. 1983
$ m/n of 1960
4,600.00
4,000.00
2,966.00
2,221.00
1,793.00

7,451.00
6,556.00
4,862.00
3,641.00
2,939.00

Index
100
87
64'
48
39

The values of Tables 4 and 5 clearly show the comparative advantage of the double cror
wheat/soybean alternative over the other crops.
The results of Tables 4 and 5 represent average margins for the area in the last five
years. However, there are fundamental differences depending on the productivity and
the market prices of the different products.
These results clearly explain the large expansion of the soybean crop in the area and
the resurgence of wheat from the early 1970s to the present.
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DRYLAND CEREAL PRODUCTION FROM A PRODUCER'S VIEWPOINT
Larry Kaseberg

My name is Larry Kaseberg. I live on a 1,600 hectare wheat and cattle ranch in
North Central Oregon. It has been in the family for four generations. My wife,
Sherry, and I attended Oregon State University where I graduated in the School
of Agriculture. We live on the farm with two of our sons, daughter-in-law and a
grandson. Two of our sons have completed four years of college having studied
business, agriculture and metal and wood construction skills. The other two
sons are attendin g universities in Oregon and Washington. We also have one
hired man full-time on the ranch.
Our farm is a wheat-fallow rotation operation with an average annual rainfall of
250 mm (10") mostly coming in the fall and winter months. Our soil is a deep
sandy silt loam with excellent water-holding capabilities. Unfortunately, it is
susceptible to wind and water erosion. We have 800 hectares (2000 acres) of
wheat each year in the rotation with fallow which collects and conserves
moisture for the next year. There are 600 hectares (1500 acres) of range
pasture for our livestock, normally 80 cow/calf pairs, 100 yearlings on feed and
60 head of sheep.
The management practices are varied and are determined by weather, available
moisture, soil conditions and recent research data. Farm decision-making is
increasingly complex. Our universities, through research and extension, supply
the farming community with up-to-date information and improved varieties to
facilitate cost effective decision making. Oregon State University crop and
soil scientists, working closely with wheat growers in the Pacific Northwest,
With this in mind, I will
accumulate research results to benefit the producer.
describe our own farming operation which utilizes the results of research from
many sources. In reviewing the operation, let's start immediately after harvest
in August.
The standing wheat stubble is cut to about 15 cm (6") for ease in cultivation
and faster deterioration of straw. The finer straw mulch from this chopping
process is important throughout the cultivation and planting process. Stubble
mulch is the most important part of our farming practice because it preserves as
much available moisture as possible and it is closer to the soil surface for the
fall wheat seeding. The mulch also holds the soil thus reducing wind and water
erosion, allows for filtering and aeration of the soil and provides a cover to
reflect sunlight that dries the soil.
After the stubble is cut in the fall, we cultivate with a tillage implement
designed to cut straw with colter discs in front and heavy curved shanks behind
tilling 25-37 cm (10-15") deep and 55 cm (22") apart. This breaks up, any "hard
pan" and provides a trench to catch water, allowing deep percolation in the
soil. This implement is pulled on the contour of the hills to reduce erosion.
Since most of our moisture occurs in the winter in the form of rain and snow,
this type of cultivation reduces runoff thus allowing for more moisture to be
stored in the soil.
We disk the stubble as early in the spring as we

A heavy 7.5 meter (25') wide tandem disk operating at approximately 15 cm (6")
depth which further chops straw, mixes the top soil with straw and kills
unwanted grasses and weeds. Weed control in fields, pastures, roadsides and
ditch banks is essential. University scientists, weed control districts funded
by farmers, local chemical companies and dealers cooperate with farmers in
finding the most effective forms of controlling weeds. Our major weed problem
is cheatgrass (Bromus tectorum). Without proper management practices, this weed
can seriously reduce wheat yields. To date, no effective herbicides have been
identified to control this weed.
mplements
implementsare used to prepare a seedbed for the crop to be planted in
the fall. We prefer a stubble mulch method of sweep plowing with a cultivator
II
having 40 cm (16") v-type sweeps operating about 15-20 cm (6-8 ) in dePth. This
lifts the soil, mixes it with the remaining straw, uproots weeds and grasses and
lets the soil fall back into place. A tined harrow attached to the back of this
cultivator stirs the soil, dislodges any plant growth, levels and seals the soil
surface to reduce moisture loss.
In the late spring, after the initial tillage operations, we apply nitrogen
fertilizer in the form of anhydrous ammonia gas with a specially designed
cultivator applicator. To determine the proper amount of nitrogen for
application, we consider soil type, depth of soil, available and anticipated
moisture, wheat variety, amount of crop residue and the present nitrogen
content. Soil tests made by the extension agent or the fertilizer dealer help
determine the proper amount of fertilizer to be applied.
Nitrogen is the most needed element in wheat production, increasing our yields
by 50%. For the last three years we have applied 60 kilograms/hectare (53.4
lbs/Ac) of N at a cost of about U.S. $15 per hectare. Our average yield was
4500 kilograms/hectare (67 bu/A) in this three year span.
After fertilization, the summer-fallow is maintained free of weeds by one to
four operations with a rod weeder. It is a simple machine consisting of a frame
mounted on wheels that has a square or round rod the full length of the
implement. The rod turns opposite the direction of implement movement, cutting
the weed roots and placing the plant on top of the soil surface. The rodweeder
also smooths and reseals the soil surface to preserve moisture. Straw cover is
essential.
With the seedbed ready for fall planting we turn our attention to harvest in
July. It is the "final exam" of our business, the net result of labor,
research, sound decision making and weather. Our harvest takes about three
weeks and involves our whole family. We operate two John Deere 6602 hillside
combines with 6.0 meter (21') headers, each capable of harvesting about 24
hectares (60 acres) each day, weather and machinery cooperating. We haul the
wheat from the fields to our own grain storage facility in two tandem axle
trucks which each hold about 11 tons. By using the larger trucks, thus making
fewer trips, soil compaction on the fields is reduced. The longest distance
from the field to storage is 5 kilometers° 3 miles). The wheat is stored in bins
to separate varieties and preserve identity for sale or seed.
When the wheat is sold to a nearby grain company, it is transported in our
trucks to a cooperative farm grain storage facility on the Columbia River where
it will be shipped by train or river barge to an export terminal about 200
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kilometers (125 miles) away. Having farm storage affords us
advantages:
1. Maintaining our own wheat identity.
Easy availability for immediate delivery when market price is most
2
favorable.
3. No outside storage costs.
4. Freedom from worry of sales by the elevator company without receiving
payment.
We harvest our own seed wheat, selecting the variety and quality while it is

still uncut. It is stored separately to allow cleaning, sizing and treating in
our own seed plant adjoining the storage bins. This gives us control over,
quality and proper cleanliness.
Early fall rains (late August or early September) are desired for adequate
moisture for seeding. The rains also, start weed growth and after allowing the
ground to settle a few days, we cultivate with 23 cm (9") sweeps operating 8-12
cms (3"-5") depth to kill the sprouting weeds and grasses which would rob us of
essential moisture if left growing.
Timing of seeding is critical! Seeding is an important event on the ranch,
new beginning and certainly is symbolic of the hope and optimism of farmers.
Years and years of wheat breeding have continually provided farmers with new and
better varieties as old ones succumb to disease.
Fall seeding normally begins around September 10, depending on the weather,
wheat variety and soil conditions. We seed with four deep-furrow drills
operating in series totalling 15 meters (50') in width with 25 cm (10")
spacings, planting the seed about 4 cm (1.5") deep. By cultivating ahead of
seeding, we eliminate the most recent weed growth; however, it further
pulverizes the soil causing the furrows to cover the wheat too deep. We must
have good growing conditions and no moisture to crust the surface until the
seedlings emerge.
Wheat is seeded at a rate of 65 kilos/ha (58 lbsiAc). We seed north and south
at right angles to our predominate winds for erosion control. More importantly,
the furrows catch the winter snow as it blows resulting in blanketing the wheat
with a protective insulation. An additional benefit in the north-south drill
rows is that water running downhill in the furrows causes less erosion than if
it were running across the furrows.
This fall I seeded wheat before a rain which caused some crusting of the soil
surface. The sprouting wheat had difficulty penetrating the surface crust and
we are seeing about 25% loss in this field, therefore, we did reseed portions of
it. In areas where there is excellent surface straw mulch, there was less soil
crusting and emergence was more successful.
In our areas, farmers are experimenting with minimum tillage and no-till
practices. On-going research is being conducted by the chemical companies and
Oregon State University. This practice will require new approaches for the use
of tillage and seeding implements, fertilization and herbicide application.
Oregon State University research is linked to the farmers and the communities

throughout Oregon by extension agents assigned to each county. This provides
the farmer access to the latest information. Additionally, Oregon State
University, weed control districts and chemical and fertilizer companies
maintain trial plots on their research stations and cooperating farms to obtain
results showing the way to the high production without crop damage using
appropriate chemicals. The array of chemicals necessary to control weeds is
vast and farmers depend upon these sources for continued research. As new weeds
appear, the application of chemicals must change and so must the information to
the farmer.
The Oregon Wheat Growers League is a self-help group, which was formed 57 years
ago, in the county where I live, to facilitate the cooperative efforts of farmers
and others. The League is an excellent, productive grass roots organization
funded by and for wheat growers. Oregon's group led the way for a national
organization which includes all the wheat-growing states in a most effective
unit. It allows farmers to participate in the decision-making process of the
organization from the local to the national level thus influencing political
decisions which may vary from how a producer can farm to the marketing of the
crop.
The Oregon Wheat Commission was formed a few years later by the Oregon
legislature to provide a legal body for receiving and distributing a memberassessed tax on each bushel of wheat sold. These funds are used to support
marketing, education, and research in the wheat industry and the community or
region.
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VISITS AND FIELD TOURS

The seminar was held at the National Institute of Agricultural Research (INTA)
near the city of Marcos Juarez. Simultaneous translators in Spanish and English
and communication facilities were good. All of the administration and staff
were very hospitable during our visit. An excellent outdoor sheltered area was
available at the institute for serving lunch and the facilities were very
comfortable for the participants.
After the seminar, the participants visited the quality laboratory and
greenhouse and field experiments. The quality laboratory, under the direction
of Mr. E. Tombetta, is in the central office building at the Marcos Juarez
Research Institute. This laboratory receives and analyzes all experimental
samples of wheat for the INTA research sites within the country. Approximately
1200 advanced lines and 10,000 selections from segregating populations are
analyzed annually. Selections in early generations (F 3 , F4 , etc.) are primarily
tested for gluten strength using the Pelshenke dough ball test. Advanced lines
from the F 6 generation have adequate bulk quantities of seed for 250-gram
samples of flour milled with the Brabender Mill binding method. Flour protein
content is determined by the UDY dye binding method and the Alveograph machine
provides a measure of loaf volume for baking quality. A national committee
requires three years of data for yield, response to pathogens and quality before
considering a new candidate of wheat for possible release as a variety.
Research activities in the glass greenhouse were centered primarily on screening
local and introduced germplasm for resistance to Fusarium (scab). Spores of the
pathogen are injected into the central florets of the spike. Several Brazilian
cultivars have appeared resistant to scab in the field but were susceptible in
the greenhouse. Resistant cultivars such as Peking 8, Klein Atlas, Las Rosas
(Cowbirds "S"), Las 1409 and Vilela Sol are being used as parents in crosses
with commercial varieties. The Marcos Juarez location had a seasonal rainfall
last year of 310 mm and high temperatures during the grain filling and harvest
period. Therefore, stress conditions do exist.
Mr. Nisi and his wheat breeding staff showed the, participants extensive
plantings of segregating populations, observation nurseries, yield trials and
demonstration blocks of all major commercial varieties grown in Argentina. In
addition to evaluation of the local and regional germplasm, this program
evaluates the International Winter 'x Spring Wheat Screening Nursery from OSU,
the International Winter Wheat Performance Nursery from the University of
Nebraska, and nine bread wheat nurseries from CIMMYT/Mexico. These nine
nurseries consist of three F 2. generations (Irrigated Spring, Dryland Spring,
Spring x Winter), four screening nurseries (IBWSN, Aluminum tolerance SN,
Drought SN, ISEPTON) and two yield trials (ISWYN, ESWYT). Many entries are
being selected from these international nurseries that express good yield
potential, good agronomic types, frost resistance, and resistance to stem and
leaf rust, and Fusarium (scab) diseases.
The agronomic trials conducted by Mr. Novello consisted of variations of seeding
date, seeding rate, fertility levels of nitrogen, phosphorus and crop rotation
systems. All experiments express a yield increase with application of nitrogen.
Although the cost of nitrogen is very high, there is interest in increasing its
utilization. Rotation studies thus far have shown wheat response to be better

following sorghum or corn than following wheat or soybeans. All experimental
fields at this location were well managed. Large fields of seed multiplication
had good weed control; however fertility levels did not appear adequate for high
yields.
INTA Centrale had arranged for their three small airplanes to transport some
participants to, visit the Buck Breeding and Seed Production Farm, INTA at
Bordenave and Balcarce. Because of extremely heavy wind and rain, it was not
possible to fly from Marcos Juarez to Necochea. Arrangements were made for the
group to drive from Marcos Juarez to Rosario and travel by commercial airlines
to Buenos Aires and Mar del Plata. Mr. Buck arranged transportation by surface
to La Dulce and Necochea. The entire visit to the breeding and agronomy
nurseries, production fields, laboratories, and large seed processing and
storage facilities was extremely interesting.
Size, scope and management of the breeding nurseries of Mr. Buck were
impressive. The plant breeders make approximately 1000 new F 1 hybrid
combinations each year. They observe approximately one million F 2 plants and
select individual plants for advancement to the F generation. Only the best F3
plant rows are chosen for advancement and 12 plants are selected at random from
each. Similar selection continues until bulking for testing in yield trials.
The International Winter X Spring Wheat Screening Nursery from OSU and four
nurseries from CIMMYT (F 2 Dryland Spring, F 2 Spring X Winter, IBWSN, and ISWYN)
are evaluated by the breeders. At present, the major commercial variety for
this regional is Buck Pucara. Several winter x spring selections that appear
very promising in advanced testing include: KAVKAZ/JARAL S, SONORA/SS2//ALONDRA
S and RIEBESEL//TOBARI S/1162-85/3/JUPATECO S.
Rainfall can be limiting at this location; however the soils have good structure
and organic matter content. There is need for approximately 60 Kg/Ha of
phosphorus fertilizer to optimize yield potential. Although it was not possible
to visit the INTA at Balcarce, which is within 200 kilometers of Necochea, the
major research objectives were reported to be similar to those of Mr. Buck for
this region IV. We were sorry to miss visiting this location.
The group was transported to Bordenave by the INTA airplanes and the field tour
was very informative. There are many similarities between the breeding and
agronomy research activities at Bordenave and the low rainfall region in Central
Oregon. Development of tillage equipment for proper management of the soil has
resulted in modifications that were of specific interest to the group.
The director of INTA at Bordenave, Mr. A. Glave, is also the research
agronomist. Mr. Glave spent six months at OSU as a visiting scientist several
years ago to study the moisture management of eastern Oregon and Washington. He
has convinced several commercial wheat producers to apply some of these tillage
practices directly and others are being further evaluated in agronomic studies.
The agronomic trials are extensive involving seed rate, seeding date, various
tillage practices, rotation systems, grazing studies, fertility rates, and times
of application. Forage for livestock and green manure crops for increased
fertility and organic matter are common in rotations with cereal crops
throughout the cereal region. Common crops in rotation are vetch, alfalfa,
clovers, soybeans, corn and perennial grasses.
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Moisture stress is a common problem during anthesis and the grain filling
period. The wheat breeder, Mr. S. Garbini, and his staff have an excellent
breeding program for this region. Diseases are not normally considered to be
major problems; however, sterility is common, for cultivars reaching anthesis too
early. In addition to the domestic breeding program, the institut e evaluates
the IWSWSN (screening nursery) and IWSYT (yield trial) from OSU, the IWWPN
(yield trial) from University of Nebraska and the 9 Dryland Spring, F 2 Spring
Winter, IBWSN, and Heat Tolerant Screening Nursery rom CIMMYT/Mexico. The
following selections from the winter x spring nurseries have been identified and
are in multiplication for possible release: ANZA/STURDY,
OR342//WRR/MN541/3/CID/MAX, SDY/3/BB/CNO//CNO S/N066 and KTZ m12/PAT0/3/BMAN/7C/CDL. Presence of the winter parentage in these winter x spring
crosses provides necessary genes for tolerance to cold temperatures, daylight
sensitivity, and growth rate which are required to fit the crop cycle at this
location. Chasico INTA, the major variety for this area, was developed at this
institute and is considered to have a long growth cycle. True spring wheats do
not generally perform well at this location.

F
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Inclement weather conditions in the region of Balcarce prohibited travel by
airplane from Bordenave, thus the group returned to Buenos Aires. In addition
to the summary session at Castelar, there was opportunity to visit the genetics
laboratories.

DISCUSSION
The final wrap-up session was held at the INTA Department of Genetics, Castelar
at the outskirts of Buenos Aires. Approximately 30 participants attended.
Mr. J. Nisi began by summarizing the objectives of the seminar, field tour, and
final session. The major objectives are presented in the Foreward. Mr. Nisi
emphasized the bilateral cooperation between OSU and local agencies in graduate
training, short term visits by individuals and organized groups.
Dr. M. Kohli explained that presentations during the seminar were not meant to
be in-depth, detailed coverage of subject areas but rather an overview. The
details are in the manuscripts included in the proceedings.
Dr. W. Kronstad stated that it is difficult to summarize in detail the local
cereal situations based on a visit of one week in one year. A large number of
local and international nurseries were observed at three very diverse sites.
There are similarities between Oregon and Argentina in cereal diseases, drought
stress, management systems for soils, and water but differences in Argentina's
need for early maturity and concern for quality (high protein). A positive
aspect is the adaptation of winter x spring germplasm to Argentina and other
cooperating countries. Systematically crossing winter x spring germplasm has
been encouraging but we are still questioning the best method of evaluation and
utilization. Early maturity in winter genotypes needs emphasis. Opportunity
for improved earliness might come from incorporation of early germplasm obtained
from Chinese institutes during visits from scientists at OSU, CIMMYT, and INTA,
Argentina.
Quality factors for bread wheats have not been strong in OSU winter X spring
material. Selection for hard red wheat quality has not been very effective in
Oregon; however, conditions are good for screening in Argentina. The
International program at OSU is responsible for developing and disseminating
germplasm as survelliance nurseries for monitoring diseases and providing new
genetic sources.
M. Kohli--Question: How is winter x spring material performing in Argentina in
the areas of a) breeding, b) agronomy, c) quality, and d) diseases'
J. Nisi - a) Breeding - Historically, introductions came from the USA, Canada,
Europe, etc., and early Argentine varieties yielded up to 2000+ Kg/Ha.
Introductions from CIMMYT provided a significant increase above local varieties.
The winter x spring crosses are now giving another significant increase in yield
and adaptation. Several crosses containing winter parents Kavkaz and Aurora and
spring parents Bluebird, Ciano/Gallo, and Bobwhite are yielding from 6000 to
8000 Kg/Ha. Winter wheat genes have increased the disease resistance and
quality potential of spring wheats. The major problems to overcome with winter
wheat crosses are prolonged grain filling and susceptibility to stem rust.
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P. Nivello - b) Agronomy - In experimental trials conducted under favorable
weather conditions there have been consistently higher yields from winter x
spring wheat lines as compared to the spring wheat check varieties. The winter
x spring lines are yielding 6000-7500 Kg/Ha vs. 4000 Kg/Ha for the check
varieties.
E. Tombetta - c) Quality - There is major concern about the fate of quality when
yields increase from 4000 to 7000 Kg/Ha. The quality laboratory has had, thus
far, only two-to-three years experience of analyzing samples of experimental
lines with higher yields. The quality generally has been good for Argentina
requirements; ho we v e r , protein must be higher for export purposes. The hope is
that the addition of winter wheat genes through winter x s p ri ng crosses will
help improve the hard red w heat q ual ity. It is proj ected that the 12 million
tons of wheat to be harvested this year in the Pampa region will be low in
protein content as was observed last year.
E. Antonelli- d) Pathology- No specific research has been implemented to compare
the winter x spring entries with either spring or winter cultivars for reaction
to leaf and stem rust. These two rusts are the primary pathogens being used in
greenhouse screening at castelar. It would be possible to test the
International Winter X Spring Nursery for leaf and stem rust in the greenhouse.
Six hundred seeds of each entry are sufficient to test 3 races of the pathogens.
M. Kohli - What bilateral exchange would you envision between OSU and the
countries of the southern cone?
J. Nisi _ The exchange of wheat
receive the F2
2 bulk populations
We need this variability in our
requested. I think it would be

germplasm is very important. We are pleased to
screening nursery, and yield trial from OSU.
programs. We agree to send germplasm to OSU as
good to exchange F2 populations.

J. Brun - In addition to germplasm, we, are interested in exchanging personnel.
This should be planned so as to be most productive for both institutes.
W. Kronstad - The student can complete all requirements for an advanced degree
at OSU or finish the coursework at the University and conduct the thesis
research either in-country or at an international center. It is po s sible for
professors from in-country institutes to be appointed to the OSU graduate
faculty and serve as a student's advisor.
J. Brun - There would need to be mutual agreement on qualifications of incountry personnel being added.
M. Kohli - In reference to wheat breeding strategy, the r e are two questions to
consider: 1) what breeding methods are available? and 2) what about the game of
numbers?
W. Kronstad - The majority of wh eat breeding programs follow the pedigree method
and approximately 90% of the effort is put into maintenance breeding. We must
be continually looking at new, innovative approaches of handling segregating
populations, such as single seed descent, modified bulk, and recurrent
selection. The OSU domestic breeding program has used the modified bulk method
with very good success for development of new varieties.

N. Scott - Numbers of selections in an aggressive breeding program become so
large that computerization is essential for timely management of data and
keeping organized records. The OSU cereal program has been computerized for
several, years and new innovations are being added as time permits. I visited
with the staff members responsible for the computer at INTA Centrale in Buenos
Aires. They showed me the program that will keep records of F l through F plant
selections storing quality, yield, and disease observations. There are other
Programs available, similar to maintaining inventories, that can be used to
collect, store, and retrieve information. This software is available for use on
microcomputers.
W. Nelson and M. Kohli - There is the complementary program of spring x winter
germplasm developed at CIMMYT, Mexico that is being heavily evaluated in
Argentina. A large number of wheat, barley, and triticale nurseries of spring
habit are evaluated within the major cereal zones throughout the southern cone
region. Several Argentine commercial wheat varieties were derived from CIMMYT
segregating populations and advanced lines in International Nurseries.
P. Fox - Is there true advantage of using winter parents such as Kavkaz
containing the 18/1R chromosome substitution in winter X spring wheat crosses?
W. McCuistion - There is definite advantage in selecting good, combining winter
parents for use in improving specific characteristics in the plant. A good
example is the winter parent Kavkaz having a piece of rye chromosome which
transmits a good level of tolerance to infections of stem rust. Many new hybrid
combinations with this or related parents have expressed comparable tolerance.
W. Kronstad - In a recent summary, of the international winter x spring wheat
screening nursery for 39 countries, the performance of some winter .x spring
wheat breeding lines was superior to the local cultivars.
E. Favret - Can we modify the long cycle of winter wheat for the southern cone?
W. McCuistion & W. Kronstad - Yes, we can significantly shorten the growth cycle
of new cultivars by crossing adapted long cycle winter wheats with new germplasm
received from China and Korea. We are selecting many early plants from these
crosses in segregating generations. The important factor is to maintain high
yield potential by selecting for good fertility in the spike and rapid grainfilling period. Also, information is becoming available as the result of winter
x spring crosses where changes in the rate and duration of the grain-filling
period can be modified.
M. Kohli - In addition to developing new varieties, we are concerned with
obtaining the highest possible production from the varieties. We had
opportunity to visit agronomic research activities at Marcos Juarez, Criadero
Buck, and Bordenave. What are the impressions of the agronomists?
P. Nivello - There are two major factors, water and soil fertility, limiting
production in Argentina. In the 500-800 mm rainfall zone, water is not the
limiting factor. Present yield levels are 5 kilograms/millimeter water;
however, fertilizer use in yield trials raises yield levels to 6-7 Kgs/mm water.
The level of natural soil fertility is decreasing and no additional nitrogen is
applied. The region northeast of Marcos Juarez is deficient in both nitrogen
and phosphorus and increased yields of 1200 to 4000 Kg/Ha are noted with
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application of fertilizer.
In low rainfall regions of the north, date of seeding is important. Early
seeding is optimal and late seeding generally causes reduced yields even with
good late moisture. The major problem in the semi-arid region is lack of water.
Low phosphorus levels are common in these areas. In the region of Bordenave,
the deep furrow system of planting is being adopted with positive results.
F. Bolton - The dry area we observed in Bordenave and from the airplane would
not be considered dry area in Oregon. The difference is in the time of
occurrence of the dry period and also the rotation c yc l eExperience in Oregon shows that the soil moisture stored produces 15 K g/Ha 0
grain/mm vs. 3-5 Kg/Ha of grain/mm from rainfall during the crop season.
Production levels in Argentina are not optimum at the present time because of
lack of imputs, such as nitrogen. When these constraints are lifted, the grower
must be ready to impose changes to reach the potential on his farm.
L. Kaseberg - Farming is a family operation and education of young family
members is necessary before they return to the farm. Our average yields in
recent years have been 4500 Kg/Ha with 250 mm annual rainfall, which is one-half
of the rainfall received in the dry area of Argentina. It would be a pleasure
to produce wheat on level land as you have in Argentina. Our land is primarily
steep hillsides. Stubble mulch with straw reflects sunlight, controls erosion,
catches moisture and helps hold it from evaporation, etc. Weed control and
surface tillage are important 'for proper preparation of the seed bed.
Controlling weeds along road sides, fence lines, etc. is important to reduce
weed populations in the field. Although weed control is expensive, resulting
increase in yield will pay the cost. Fertilizer is also a requirement for
obtaining optimum yields, even under limited annual rainfall- The addition of
60 Kg/Ha of Nitrogen on my wheat fields increases yield by 50 percent.
F. Bolton - It is important to point out that wheat production on Mr. Kaseberg's
farm is at the level of 7-8 Kg grain/mm rainfall. He stated that 60 Kg of
nitrogen/Ha are applied and an additional 60 Kg/Ha are, available in the soil.
This has been determined by soil laboratory analyses. The cost of Nitrogen in
the USA is approximately 3-4 times cheaper than in Argentina. Mr. Kaseberg's
yield increased from 2000 Kg/Ha to 4000 Kg/Ha with application of 60 Kg/Ha which
costs $42 U.S. dollars.
E. Favret - There is a major difference in water use efficiency in Argentina and
Oregon. In Oregon, the rainfall is uniform in the time it comes while in
Argentina it is very irregular in time and quantity. Also, economically, we are
trying to adopt a system of cropping for providing the fertility which is
different from the system described for low rainfall regions of the Pacific
Northwest.
In development of varieties, date of seeding is fixed for each region; however,
actual seeding normally varies by 15 days from optimum, requiring elasticity in
the varieties. I would suggest use of the modified bulk system for developing
elasticity in the varieties. We should not get embroiled in the perfect genetic
purity of varieties used in Europe which works against natural biological
conditions.

L. Kaseberg - Wheat research and extension are crucial to the growers'
operation. The Oregon Wheat Growers League (organized farmers) tax themselves
for each kilogram of wheat produced, providing money from the Wheat Commission
to promote local research and to develop international marketing. Communication
and linkages are essential for meeting the needs of the grower.
J. Dawson - You have already heard of the importance of weed control from Mr.
Kaseberg. We had an opportunity to visit several farms during the field tours
as well as observing the agronomic research. There are many different weed
species in Argentina and infestations were common on the farms; however, at this
time, control is generally acceptable for production. In observing the fields
and discussing use of herbicides, it is apparent that a number of weeds are
increasing in quantity and will be of major concern in coming years.
W. McCuistion - On behalf of OSU and CIMMYT, we wish to express our thanks for
the very informative week of formal presentations, touring the research and
production areas and discussion with participants at Castelar. Thank you for
your kind hospitality.
Brun - Appreciation is expressed to OSU and CIMMYT for helping to develop this
cereal review. One of the successes of the seminar was the collection of
disciplines (interdisciplinary). Also, the bilateral exchange developed will
help to serve needs of research, production, etc. for all agencies represented.
One of the administration's major concerns is the lack of trained people of
younger ages. A plan is being developed to train many young people and there
are a number of young scientists being evaluated for graduate training.
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SUMMARY AND CONCLUSIONS

Sincere appreciation is expressed to the National Institute of Agricultural
Research (INTA) in Marcos Juarez, Bordenave, Castelar, and the Central Office in
Buenos Aires and also to the Buck family and others in Argentina who extended
their generous hospitality during the cereal seminar. A special thank you is
extended to Mr. Jorge Nisi, INTA Coordinator of the National Wheat Program, for
his leadership in organizing and directing the seminar and field tours, and to
Dr. Mohan Kohli of CIMMYT, who played a significant role in contributing to the
success of the seminar.
The formal presentations exposed participants to a broad picture of the wheat
research and extension activities within Argentina. Visits to the laboratories
and field research including personal communication with many scientists proved
to be an excellent way of developing positive interactions between all
participants.
Results of the wheat improvement seminar identified a number of areas where
scientists in INTA and in the private sector in Argentina along with those at
OSU and CIMMYT can cooperate in a mutually beneficial manner to increase both
the quality and quantity of wheat.
Areas where such opportunities exist include the following:
1. Germplasm exchange and enhancement: Materials originating from the wheat
programs in Argentina have and can continue to contribute significantly to the
international programs by providing useful germplasm for many traits. This is
particularly true for milling and baking quality and sources of disease
resistance. Programs in Argentina can benefit from the international germplasm
exchange network established for winter and facultative-type wheats by OSU and
for spring-type wheat by CIMMYT.
2. Multi-location testing: The great diversity in growing conditions found in
Argentina, Oregon, and Mexico, with the many different biological and
environmental st re sses, provides an excellent opportunity to evaluate germplasm
for a wide array of desired attributes. Also, using two hemispheres with their
differences in latitude allows for the exchange of information and germplasm in
a most efficient and timely manner.
3. Scientific expertise: This workshop reflected the depth and, diversity which
exists in the community of scientists involved in the various programs
repesented in this seminar. It also established linkages for future
interactions to take place between individuals and various research units.
4. Educational opportunities: Exchanges of scientists between the various
programs on a national and international level would provide for additional
educational opportunities to upgrade existing staff and broaden the knowledge
base of all those involved. A major need to strengthen and maintain on-going
programs is the training of gifted young people in various disciplines. This
includes graduate training at the M.S. and Ph.D. levels and applied or shortterm short courses in specific disciplines.

5. Research and training support: The key factor for success of all
agriculture improvement programs is a strong commitment by governments or
sponsoring agencies to provide an adequate level and continuing support to such
programs. The strong endorsement made by the Director General of INTA and the
high priority placed on wheat improvement in Argentina is most encouraging.
Certainly, very few countries in the world are so blessed with the natural
resources to produce high-quality wheat as is Argentina. By, providing the
necessary support to the research and extension programs, Argentina can not only
increase wheat production, but enhance all segments of her agriculture.

