
to identify the most promising parental combinations which will have the

highest frequency of desired segregates. Furthermore it is more difficult

to identify the highest yielding plants in subsequent early segregating

populations. Thus a d i fferent strategy must be deve l oped in breeding and

selecting for maximum grain yield. Frequently sel ection must be delayed

until the F5 or F6 when frequently replicated trials can be established

to assess the role of the environment.

One approach to breeding for maximum yield has been to look at the

components of yield; such as kernel weight, kernel number per spike, tiller

number per plant and even plant height. It has been thought that perhaps

the uniculm plant might represent a desired plant type, however others feel

that the ability of the wheat or barley plant to tiller is an adaptive

mechanism which is very useful particularly under stress environments.

Certainly the development of semi-dwarf wheats has been a major factor in

increasing yield productivity. Many plant breeders feel that perhaps the

spike is the key to increasing productivity, both in terms of a more fer-

tile spike which means more kernels per spikelet or more kernels per spike

and kernel weight. One of the disadvantages in looking at the components

of yield is that when using a stepwise regression such as a pathcoefficient

analysis, negative indirect associations may be observed between some

components such as kernel number and kernel weight. This means as the

plant breeder selects for kernel number, kernel weight might be reduced

thus making zero progress in terms of increasing grain yield.

Still another approach using both the components of yield as well as

grain yield per se, has been the use of various biometrical models in an

effort to determine the nature of the genetic variability controlling a

particular trait. Here the nature of the genetic variation can be parti-

tioned into genes which are additive and those which behave in a non-additive

manner for a specific trait. Since the breeder of self-pollinating species

can only utilize the additive portion of the total genetic variance in selec

tion, it is important to know what proportion of the total genetic variation

is due to additive type gene action. This in turn will tell how effective

he will be in his selection procedure. There are many different biometrical

models available for the plant breeder to utilize in partition of genetic

variances. However one which will be suggested here involves the use of

combining ability analysis. With this method one is able to partition the



genetic variation for a particular trait into either the General Combining

Ability (GCA) or Specific Combining Ability (SCA). It is generally regarded

that GCA is a measure of additive genetic variance whereas the SCA reflects

more those genetic factors which behave in a nonadditive manner. Since the

P l ant breeder of self-pollinating s pecies is mainly concerned with the

additive portion, estimates of GCA are the most meani ngful. With the combining

ability analysis, it is, not only possible to partition then the genetic

variances into the additive or nonadditive portion for the specific trait

but one can also develop and identify the relative contributions of each

parental line in terms of its contribution to the GCA and SCA effect for a

particular trait. Generally a diallel cross is utilized in this approach.

Since it does take a great deal of time in developing diallel crosses, one

can also use testers which have been shown to have good GCA, thus avoiding

having to make as many crosses. It has been found that in sin gle and three-

and four-way crosses, that the use of GCA is a way of identifying parents

which when crossed in appropriate combination give rise to a high proportion

of desired segregates. For example, when two parents which both have high

GCA effects are crossed, subsequent generations will have a higher propor-

tion of high yielding progeny than when two parents have medium or low GCA

effects. Likewise, when making three-way crosses, it has been found that

the third parent when crossed with the Fl should be the one with the highest

GCA effect. Therefore, it would appear that GCA may be a very useful means

of both identifying the most promising parental lines for quantitatively

inherited traits like grain Yield.

One of the concerns that has been raised is if there is enough genetic

variability present in wheat or barley to make further increases in grain

yield or have yield plateaus been reached. Several approaches are being

investigated to increase the amount of useable genetic variability. One

involves the systematic crossing of winter x spring wheats. This program

involving the International Maize and Wheat Improvement Center (CIMMYT)

and Oregon State University (OSU) directs its efforts in probing the gene

pool between spring wheats and winter wheats in a very systematic manner.

In CIMMYT/Mexico the initial winter x spring crosses are made and subse

-quent F1s divided between Mexico and OSU. Scientists in Mexico then will

cross their F1s back to the spring type wheats thereby transferring the

good genetic factors from the winter wheats into the spring background.



In contrast the same Fl populations grown in Oregon are crossed back to

winter type wheats. Here they are evaluated for those traits desired for

varieties produced under winter conditions. After the most promising

materials have been identified, they are sent to various cooperators

through the distribution of international nurseries. Thus spring germPlasm

is disseminated by CIMMYT and winter material by OSU.

Another approach which is being utilized is the development of

Facilitated Recurrence Selection populations using both dominant and

recessive male sterile genes. Using this technique, it is now possible

to develop a high degree of outcrossing within normally self-pollinating

species. Thus by utilizing these male sterile genes and using a recurrent

selection a pproach, the opportunity to bring together more favorable

genetic recombinations is possible.

Still another approach to increase genetic variability has been the

development of hybrid wheats. Unfortunately since the discovery in 1960

of restoring mechanism hybrid wheat still has not been a major factor in

wheat production. This has been due in part to the sensitivity of the

restoring gene to various environmental x genotypic interaction and the

progress made in developing high yielding cultivars through conventional

methods. Recently it has been found that two additional sources of

cytoplasm namely Aegilops kotschyi and Aegilops variabilis cytoplasm are

less specific than say the Triticum timopheevii cytoplasm which was pre-

viously utilized. Thus it would appear that there may be renewed

interest in the development of hybrid wheat based on these cytoplasms.

Also there is a great deal of interest in the development of chemical

gametocides which would enable the plant breeder to avoid having to

develop cytoplasmic male sterile and restoring lines. Whether hybrid

wheat will be a reality or not still has not been determined. It

would allow the breeder of self-pollinating species to utilize both the

additive as well as the nonadditive total genetic variance, if successful

hybrids could be developed.

The use of wide crosses offers new genetic sources. The development

of triticale, which represents a cross between wheat and rye, is a classic

example of how one can use wide crosses. It has now been possible to

cross rice and wheat, barley with wheat and perhaps some day even soybeans

with wheat with the idea of transferring over nitrogen fixation. However



when one looks at the energy required by the plant in the case of the

soybean in fixating nitrogen, and a number of other limiting factors, one

must really question if it is feasible to develop a wheat or barley

species which can fix atmospheric nitrogen. However the use of wide crosses

to increase the amount of genetic variability will continue to be extremely

important.

Another area that the plant breeder must be concerned with involves

the development of different types of genetic resistance to various pathogens.

It has been suggested that when many different physiological races of

particular disease are present there is a need for horizontal or generalized

or more durable type resistance. Historically the plant breeder has been

concerned with major gene sources of resistance which are generally termed

as being vertical. One of the difficulties in utilizing generalized resis-

tance is the difficulty in selecting the desired types in segregating

populations. Another approach in developing tolerance to diseases involves

nongenetic approaches. In the case of Take-all.(Gaeumannomyces [Ophibolus]

graminis) where no known sources of genetic resistance has been identified,

it has been found that the chloride ion does give the plant tolerance to

this disease. This tolerance appears to be associated with a better uptake

of moisture. Similarly with this same disease there is the term Take-all

decline. This decline has been associated with the build up of certain

bacteria which appears to reduce the inoculum of the fungus. It has been

suggested that perhaps in the future it will be possible to pre-inoculate

wheat seed with the desired strain of bacteria thus reducing the amount

of inoculum of a particular disease. This, of course, is a very exciting

and intriguing approach to biological disease control.

Other approaches which are available to the plant breeder include

1) anther culture, 2) somatic hybridization, 3) tissue culture and 4) DNA

recombination. We must recognize that plant breeding is in fact a game

of numbers. All productive programs do make many crosses and grow large

segregating populations. One approach has been to use pollen culture

or anther culture however despite substantial efforts utilizing this

technique of doubling the pollen grain and reaching homozygosity immediately,

very few examples can be cited where the method has proven satisfactory.



In the case of somatic hybridization the cell walls are removed from two

different diverse species and fused. Unfortunately it is often found in

subsequent generations that chromosomes may be lost making it difficult

to stabilize such material. Tissue culture is receiving a great deal

of attention. In our laboratory we have been able to regenerate wheat

plants from scutellar callus tissue obtained from embryos. T he callus

tissue is grown on a nutrient solution in the presence of a hormone like

2,4-0. When the 2,4-D is removed differentiation takes place with roots

and shoots developing. Of interest has been the amount of genetic

variation that appears when callus tissue is obtained from a previously

homozygous variety. Cytological analysis of the pollen mother cells have

identified that a number of chromosome aberrations have been induced as

a result of this treatment. This does appear promising in terms of being

able again to subject large numbers of individual cells to possible

environmental stresses or other limiting factors. For example, it may

be possible to grow callus tissue on media deficiencies for lysine and

identify those cells which are able to produce lysine. One can identify

a number of other factors where selection pressure might be applied in

the media such as is now being done with microorganisms. However it must

be recognized when one talks about such things as drought tolerance or

herbicide tolerance that there are many other factors involved so perhaps

such a technique might be limited to specific attributes. There is a great

deal of excitement now in DNA recombinant work. Several advantages have

been cited where it could be used in plant breeding. One is the incorpora-

tion of a new gene without having segregation for other desired traits

already fixed in the genotype. Secondly only one generation would be

required to fix the desired genotype. Thirdly, one could easily

develop isogenic lines in a very short period of time. Finally, such a

technique might be very suitable for genetic studies. For example, one

might identify a species which does have resistance to Take-all root

rot disease which was previously identified where no genetic resistance

has been found in wheat. Utilizing restrictive enzymes, it would be

possible then to cleavage and isolate that portion of the DNA or gene

which does convey this resistance. Then to transfer this gene for

resistance into some form of vector, for example, a bacteria plasmid.

Bacterium then could be used to infect the wheat plant which result in

say some form of a tumor or crown gall where the gene for



resistance would become attached to the chromosome within the cells of

the gall. Then one can isolate callus from this gall formation and

utilizing tissue culture to regenerate whole plants. All the cells would

now carry the gene for resistance. This system has been found to work

in the case of dicots, in particular the tomato, where the Agrobacterium 

tumefaciens has been utilized as the vector. U nfortunatel y , in the

case of the grasses, no such mechanism yet exists; however, there are a

number of approaches being tried. There new approaches in plant breeding

must be evaluated: however increases in food production in the near future

will result from conventional breeding programs and improved management

practices.

A concern that all plant breeders must realize involves genetic

erosion. It has been found that many of our old land varieties have

been replaced by our newer higher yielding cultivars. The irony of this

situation is that these land varieties have in fact been used to give rise

to these varieties which are now replacing them. Thus, we have narrowed

down our genetic base. Also, breeders are more reluctant to use the older

varieties particularly as yield levels have increased because they simply

cannot afford to cross into materials where there will be a number of

undesireable genetic factors as well. We also find that very valuable

genetic stocks are being discarded in breeding programs because they do

not fit the objectives of the breeding program.

Another area which needs to be explored further is the area of

plant physiology and plant breeding. In fact, very little is known of

the chain between biochemical and physiological events between the gene

and the phenotype. Unless the plant breeder is going to be confined

to playing the game of numbers, it is necessary to learn more about the

physiology of the wheat plant.

When it is realized that each year, 70 million more people join us

for breakfast, it is imperative then that the plant breeder utilize all

the tools at his command. The challenge to the plant breeder and all

agriculturalists is very clearly identified. We have an obligation to

meet this challenge as the alternatives are unacceptable if there is ever

to be world peace.



CEREAL IMPROVEMENT PROGRAM OF THE

NATIONAL AGRONOMIC RESEARCH INSTITUTE OF TUNISIA

(Durum wheat, Bread wheat, Triticale and Oats)

M. Deghais and A. R. Maamouri

INTRODUCTION

The activities of the Genetic laboratory of the National

Agronomic Research Institute of Tunisia

- durum wheat

- bread wheat

- barley

- triticale

- and oats

We will cover here the work on the improvement of all these

species except barley which will be the subject of another paper.

Our program consists of three parts:

- the introduction of genetic material

- the realization of crossings between Tunisian

varieties and selected issues from diverse nurseries

- regional yield trials.

Several observations have been carried out during the current

program.

Up until last year the majority of our trials and nurseries

were planted at Beja and only advanced-yield trials were planted

in other regions (Mateur, Krib, Bou Salem, Bou Riba, and Le Kef).

New expansions were made possible this year with the creation

of a new research center at Boulifa in Le Kef. Also, with a concern

for developing varieties adapted to different principal cereal

producing regions, a nursery combining all our lines in durum

wheat trials, and bread wheat trials has been installed in localities
other than those of the trials (Le Fahs, Tajerouine, Le Sers, Mateur,

and Hindi Zitoun).
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II. OBJECTIVES AND RESULTS

The objectives of our program

- to increase productivity

- and the improvement

A. Increasing Production 

Adaptation 

The production-of a given variety of cereal depends among

other factors upon its adaptation to the climatical conditions

which are, prevalent in the agricultural region. Research on

varieties which possess the type of development appropriate to the

principal bioclimates constitutes one of our objectives-

High-yielding varieties of wheat that have been developed

here are, for the most part, adapted to the northern region

where agro-climatic conditions are favorable.

Tables No. 1 and 2 present the average yields

durum wheat varieties and bread wheat varieties and the increase

of yields achieved by other varieties (INRAT 69 and Ariana 66).

We note that:

For durum wheats:

- in Beja, Mateur et Bou Salem, Maghrebi 72 outproduced

the 3 other older varieties (INRAT 69, Bedri and

Amel 72)

- in Krib, Amel 72 seems to be the best adapted

- from the newer varieties, Ben Bechir 79 and Karim 80

outproduced the other varieties in all locations.

- that Karim 80 was superior to Ben Bechir 79 in Beja,

Mateur and Bou Salem and was equal to it in Krib.

For, bread wheats:

- in Beja and Mateur, Dougga 74 outproduced the older

varieties and was just barely inferior to Tanit 80
- in Krib, Dougga 74 and Ariana 66 were equivalent

- that Tanit 80 outproduced all varieties in Krib

the same as Salambo 80 in Bou Salem



TABLE No. 1

Average Yields of 4 years of Experimentation (76/77 - 79/80)

Durum Wheat

INRAT 69 Bedri Amel 72 Magh.7 e' B 79chir Karim 80

Beja 36.75 27.80 38.70 44.39 49.48 53.34

Mateur 31.48 29.13 31.56 36.49 41.23 44.58

Krib 33.14 31.14 35.74 33.62 9.58 39.31

Bou Salem 34.51 32.45 36.42 37.76 9.11 42.49

Averages 33.97 33.04 35.60 38.06 2.35 44.93

100% 97.2% 104.8% 112% 124.6% 132.2%

Average Yields of 5 years of Experimentation

(76/77 - 80/81) of Varieties of Soft Wheat

F A Ariana
66

Carthage
74

I
Dougga

74
Salambo

80
Tanit

80

Beja 34.91 46.0 46.13 50.99 49.19 51.80

Mateur 31.48 34.78 36.07 41.82 39.99 42.70

Krib 31.81 37.15 35.65 37.31 40.77 42.59

Bou Salem 32.18 33.52 40.51 39.45 46.71 43.96

Moyenne 32.59 37.86 39.59 42.39 44.16 45.26

86.1% 100% 104.5% 111.9% 116.6% 119.5%



Improvements in Disease Resistance 

Rust (black r., brown r., yellow r.), foot rots, fusarium,

smuts, bunt, and septoria (s. tritici) are the most important

diseases of wheat. Also, powdery mildew.

Efforts continue to be used to develop varieties resistant

to these parasites with the exception of carbon and "carie" (bunt)

which are combatted by chemically treating the seeds. Even so,

outbreaks are not regular in our nurseries and mistakes by personnel

and means that we cannot control sometime cause contamination.

We put into our collections disease resistant strains (rusts,

septoria, powdery mildew) and we never cease to enter into

collaboration with foreign institutions to diversify and reinforce

our program.

Improvement of Lodging Resistance

The older varieties of wheat (Mahmoudi, Chili, Roussia,

Florence-Aurore, etc) are very high in lodging resistance with

good agricultural practices and fortified with nitrogen fertilizer.

The production of INRAT 60 (durum wheat) and Ariana 66 (soft

wheat) which passed one meter in height consituted a big improvement

during the 1960's. Some varieties of hard wheat developed later

(Amel 72 and Maghrebi 72) are very productive but present the

inconvenience of not supporting competition from weeds.

In view of this experiment, we have oriented our program

toward the research of varieties of average size (90 to 95 cm)

of types like Bedri, Carthage 74, and Dougga 74.

Four new varieties, Karim 80 and Ben Bechir 79 (durum wheats),

Tanit 80,and Salambo 80 (soft wheats),are satisfactory from this

point of view.

B. Improvement of Technical Qualities 

For us, at this time, the most important critera of quality



For durum wheats:

- yellowberry

- protein content

- coloration

- the weight of 1000 kernels

- specific weight

soft wheats:

- gluten content, particularly W.

- protein content

- weight of 1000 kernels

- specific weight

Samples of 500 grams, taken from

trials , are analyzed at the technical

the Institute (INRAT).

With the exception of a visual selection at the laboratory

for shrivelling in the F2 , our means don't yet permit us to under-

take the micro-tests used to identify exactly the crossing with

a high technical value.

Efforts are used to improve the quality of older Tunisian

varieties of hard wheat especially the coloration. Although very

good for macaroni, our durum wheats produce couscous and macaroni

products with a light color. A cross breeding program is in

course using pedigrees from Argentina and North Dakota to increase

the yellow coloring in our varieties and lines the most promising

from the point of view of yield.

For soft wheats, Florence-Aurore, Dougga 74, Carthage 74, the

Fathline,and other foreign lines constitute the base of quality

improvement in our program.

Tables 3 and 4 show the

varieties of durum wheat and

registered.

average technical characteristics of

soft wheat and varieties newly



* Average values at the Beja and Mateur Experiment stations,
for the year of 80/81.

TECHNICAL CHARACTERISTICS OF DURUM WHEATS *

Specific
eight

Weight of
1000 k.

Yellow-
berry

%
Protein

Coloring
(p.P.m)

INRAT 69 81.5 44.76 0 14.54 7.93

Bedri 82.87 49.29 0.1 15.29 3.17

Ante' 72 81.87 50.37 2.12 13.53 5.67

Maghrebi 72 79.37 39.08 1.19 14.42 5.55

B. B6chir 7 80.62 49.66 1.12 14.14 7

Karim 80 84.12 50.22 2.69 12.38 6.16



* Average values of experiment stations at Beja, Krib,
Mateur, and Bou Salem, 80/81 season.

TABLE No. 4

TECHNICAL CHARACTERISTICS OF SOFT WHEAT*

Specific
Weight

Weight of
1000 k.

Protein
Content

,,T

4"

Florence-
Aurore 84.25 45.40 341 14.09 2.21 

Ariana 66 84.75 44.63 206 12.87 0.61

Carthage 7Z 85.25 37.43 344 14.03 1.83

Dougga 74 84.0 37.96 356 12.76 2.32

Salambo 80 82.87 38.21 203 12.60 0.94

80

I

Tanit 82.50 40.08 265 13.0 1.73

,



3. IMPROVEMENT OF TRITICALES

Experimentation with this new species

ermits us to conclude:

the high productivity of several lines

The results reported in Table 5 show that the yields

certain lines of triticales are superior to those of

Dougga 74 and Maghrebi 72 but inferior to Karim 80.

their resistance to diseases and lodging

the specific weight is inferior to that of wheat

the weight of 1000 kernels and the protein content

certain lines surpasses that of certain varieties of

wheat.

With all these considerations, we think we will see:

- the utilization of triticales (seeds, forage, and
ensilage) for feeding animals

and the utilization of mixtures of triticale flour
and soft wheat flours in bread-making.

4. IMPROVEMENT OF OATS

The oat improvement program, pursued since 1975 in collaboration

with the University of Wisconsin and a pilot farm at Fritissa,

is still embryonic. Nevertheless, it has resulted in the procure-

ment of three varieties (Av 3, Av 8, and Av 14) which are already

being multiplied and will shortly be proposed for registering.

5. CONCLUSION

For the realization of this program, the INRAT genetic laboratory
for cereals collaborates with the Office of Cereals, ICARDA, CIMMYT

and INAT.

We hope that our collaboration with the agriculture research

project for dry zones will be reinforced.



YIELDS AND TECHNICAL CHARACTERISTICS

OF THE MOST PROMISING LINES OF TRITICALES WITH CHECKS OF DURUM WHEATS

AND SOFT WHEATS

Variety 1979/80 80/81 Average Specific
Weight

Weight of
1000 k.

Protein
Content

T 1 Maya II Arm "S"X2802-9N-2M-3N-3M 89.82 97.91 93.83 72 46.56 13.52

T 2 II	 It	 2Y-OM
-38N-1M-7Y-3M 94.41 96.96 95.68 70.7 45.92 14.08

2Y-2M-OY
T 3 II X2832-13N-1M-3N-OM 96.50 95.27 95.88 70.7 42.90 13.03

T 4 Bacum 88.94 93.17 91.05 71 37.54 12.42

T 5 M2A II-Arm"S"-X2802-38N-3M-3N-ON 96.89 89.85 93.37 72 39.53 13.31

T 6 1A-IRA x BGL-X12257-2N-OM 96.59 91.55 94.04 70.7 45 13.34

T 7 M2A - BGL-X15490-3Y-OM 97.85 91.30 94.57 71.2 42.75 13.47

DW Karim 80 100 100 100 85 44.66 12.99
66 Qx/ha 52.3Qx/ha

DW Maghrebi 72 86.36 85.72 81.43 82.5 42.28 13.10

SW Dougga 74 88.29 85.72 87.00 82.5 42.48 13.10

SW Tanit 80 94.64 81.7 38.68 13.46
*

= Triticale DW = Durum Wheat SW = Soft Wheat

Ol



Nouvelles Varigtgs de Blg Tendrf4

(New varieties of Soft Wheat:)

Tzpp-PLx7C

CM5287-J-1Y-2M-2Y-3M-0Y(4bj-3Obj-6bj-0bj)

Salambo 80 = Pato x cc - Inia

CM1021-7mb-14bj-4bj-0bj

Nouvelles Varigtgs de Blg Dur:

(New varieties of Durum Wheat)

Karim 80  21563-AA"S" x Fg"S"

CM 9799-126M-1M-4Y

Ben Bechir 79 = Stork"S"

Avoine:

(Oats)

Av. 3 = Tam312

Av. 8 = X851

Tanit 80 

Av. 14 = 734503-1



CEREAL IMPROVEMENT IN THE SEMI-ARID

REGIONS OF TUNISIA

Amor Yahyaoui

The semi-arid regions of Tunisia cover parts of the northwest,

the center, and parts of the south (see Figure 1). In these regions

cereals are produced on a wide array of soils and under conditions

of variable amounts of precipitation. The total area under cereal

production in these regions varies considerably. This variation

is highly dependent on the annual precipitation, that occurs during

the fall and early winter. Among the major cereals, barley is by

far the most adapted to these semi-arid regions, but durum wheat

still the most cultivated cereal crop. Bread wheat covers a

relatively small area.

In Tunisia, increased food production in the next decades can

be obtained by increasing crop yields on land already under cultivation,

but a great reservoir of production capacity remains in the form of

land areas which have stresses that either keep them out of production

or make them only marginally productive. Productivity on these lands

may never be extremely high, but any production they can provide

will help to achieve self-sufficiency in cereal production.

1. Climate

The semi-arid regions

area, are characterized by extreme temperature changes, hazardous

the country, particularly the central
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torrential rains, and by frequent early spring droughts. The annual

rainfall generally varies between 150-500 mm and the distribution

is quite variable. Figure 2 shows the monthly averages of rainfall

and temperature for a period of 55 years (1901 - 1955) in the region

of Le Kef. The annual distribution over the last four years at

four different sites in the semi-arid region, is shown in Table 1.

The variation in annual rainfall within this same region can be

seen in Figure 3 in which Makthar is compared to Sbeitla based on

25 years of rainfall averages (see Figure 1 for geographical

situation).

2. The Actual Status of Cereals in the Semi-Arid Regions of Tunisia

In the semi-arid regions of Tunisia, cereals are produced on

relatively marginal soils that differ in texture, structure, as

well as in profile. About 37% of the total cereal production area

in the country is in the semi-arid regions (Table 2), within which

durum wheat covers 54% of the land where cereals are grown, and

is followed by barley (45%) then bread wheat that covers only

about 1%.

Durum and bread wheats (particularly the new high yielding

varieties) are produced on heavy soils and at the higher elevation

sites such as Le Kef, Makthar, and Thala, which are also charac-

terized by cold winters and higher average precipitation (Table 1).

Barley and most of the local wheat cultivars are usually produced



on shallow and sandy soils in the regions of Sbiba, Foussana,

Sbeitla and Sidi Bouzid. The production of these regions is still

very low (13% of the national production) and the yields are

relatively low especially for barley and the traditional wheat

cultivars (Table 3). The actual yield of barley is about 4 Q/ha

wheat is 3 Nha and 6 Q/ha for bread wheat

Cereal Improvement for the Semi-arid Regions.

In the northern region, experimentations with various agricultural

practices: weed control, fertilization, crop rotation, cultivation,

etc...coupled with intensive work on varietal improvement have

resulted in improvement of the yields per hectare (Table 4) and

consequently substantial contribution to relative increases

national production. However, no major attention was given to

cereal improvement in the semi-arid regions where a relatively small

increase in production will have a major impact on the country's

economy.

Improving cereal production in the semi-arid region is quite

difficult and complex, nevertheless much crop production

ahead will need to come from land areas that are subject to production

stresses, some so severe that crop production, in these areas

quite variable and unpredictable. Certainly plant breeding is

a cure for all production stresses, but much progress can be made

in developing stress tolerant varieties. The major contribution

of the breeders will be to develop strategies in hybridization



programs, in managing the breeding nurseries, and in selecting the

breeding lines. Thus our research efforts should include:

a) Development of efficient screening techniques: Efficient

screening techniques are essential for evaluating the germplasm

to identify the donor parents and for evaluating the segregating

populations. In order to reduce the genotype x environment

interactions we might consider selecting

that interact less with the environments in which they are to

be grown. If stability of performance, or the ability to show a

minimum of interaction with the environment, is a genetic charac-

teristic, then preliminary evaluation could be planned to identify

the stable genotypes. However, selection for stability is not

possible until a model with suitable parameters is available to

provide the criteria necessary to rank varieties for stability.

The use of genetic mixtures rather than pure lines varieties has

been suggested as a means to reduce genotype x environment inter-

actions.

b) Investigation into special problem areas: In the semi-arid

region, improvement is sought in the following problem areas:

- Agronomic characteristics

- Drought tolerance

- Tolerance to adverse soils conditions

- Tolerance to temperature changes



- Disease resistance

Quality

Agronomic Characteristics 

Improvement of the yield potential--a most important

depends upon a set of plant characteristics that varies according

to the conditions under which the wheat/barley is grown.

part of the country we will be selecting for genotypes that have

the following characteristics:

- Mid-tall plants with sturdy straw, adequate tillering

abilities, lodging resistance, and capable of responding

to fertilizers under good climatic conditions. The some-

what tall varieties (competetive with weeds) would be

popular in the lowest rainfall area and where the soil

fertility is low.

- Early maturing genotypes (short period from flowering to

filling) would be adapted to the semi-arid region. Geno-

types of medium duration (maturity) are prefered for the

higher elevation areas.

- Stand establishment ability. Varieties that have a good

early stand establishment would adapt well to the areas a

high elevations. Those with a later stand establishment

would be selected for the lower elevations areas.

- Response to planting date. Since planting date varies in



most cases according to the occurrence of the fall and

winter rains, varietal response to planting date becomes

very important.

- Grain threshability is another agronomic character requiring

attention. Farmers hesitate to grow varieties which are

difficult to thresh. However varieties with grain that

shatters readily are unacceptable because of the serious

grain losses that can occur before or during harvest.

- Tolerance to temperature changes. Tolerance to frost and

low temperature is important in cultivars to be grown a

high elevations. In some areas high temperature (sorroco)

can affect the seed set and can cause sterility.

- Drought tolerance.

Drought tolerance is essential for stable yields in

nearly all cereal growing areas. Plant types with inter-

mediate stature, early seedling vigor, and greater leaf

area index are preferred for these situations.

CONCLUSION

Improvement of crop varieties and better management of the

production environment must go hand-inhand, so it follows the new

varieties , with the correct genetic make-up, are a prerequisite for

a more productive and intensive agriculture.
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'C
We must keep in mind, though, that productivity in the-semi-arid

regions may never be extremely high, but any production they can

provide will help to achieve self-sufficiency in cereal production

in Tunisia.
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TABLE 1: ANNUAL RAINFALL (mm) FOR FOUR DIFFERENT LOCATIONS (1978-1981)

MONTHS
Location

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALYear

Kef
X1978 22.8 87.1 79.1 50.0 46.8 1.3 0 9.5 2.5 31.4 30.2 12.3 373.0

1979	 27.2 72.3 51.8 136.0 20.4 13.0 0 0 68.3 29.6 162.3 0 580.9

1980	 30.2 25.5 61.2 59.3 26.0 6.2 0 16.5 62.0 19.3 24.3 78.5 409.0

1981	 42.1 32.3 55.5 29.5 12.8 26.0 0 11.0 11.5 32.4 18.3 36.0 307.4

Average	 30.6 54.3 61.9 68.7 26.5 11.6 0 9.2 36.1 28.2 58.8 31.7 417.8

Tadjerouine
1978	 18.5 51.5 76.0 42.0 37.5 0 0 16.0 0 30.0 27.3 10.8 309.6

1979	 6.0 56.5 38.5 103.5 0 22.0 0 136.0 136.0 10.1 75.0 0 447.6

1980	 26.0 12.0 50.5 47.3 29.5 0 0 0 81.0 0 32.5 71.0 349.8

1981	 0 34.5 40.5 27.0 20.0 21.0 0 13.0 7.7 16.0 21.9 22.6 224.2

Average	 12.6 38.6 51.4 54.9 21.7 10.7 0 7.2 56.2 14.0 39.2 26 . 1 332.8

Makthar
1978 21.0 65.4 44.2 21.5 44.2 19.9 0 58.6 0 36.6 32.6 17.5 361.5

1979	 16.2 67.3 32.8 78.9 33.2 28.7- 0 21.8 86.2 33.2 136.1 1.5 535.9

1980	 15.2 20.5 52.1 24.9 31.7 22.0 0 16.5 3.5 79.9 31.3 116.5 414.4

Average	 17.5 51.0 43.0 41.8 36.3 23.5 0 32.3 29.9 49.9 66.6 54.1 437.3

Sbeitla
1978 2.6 36.2 46.5 16.5 26.6 0 78.3 0 15.7 57.0 13.0 0 292.4

1979	 3.9 35.4 60.5 50.5 15.0 15.6 0 40.7 111.6 23.4 0 20.0 376.6

1981	 15.2 23.5 73.8 46.9 39.1 4.5 0 0 42.4 5.0 11.0 28.0 289.4

Average	 7.2 31.7 60.3 37.9 26.9 6.7 26.1 13.6 56.6 28.5 8.0 16.0 319.5

Source:	 CRDA du Kef.



TABLE 2:	 AREA

REGION

UNDER CEREAL PRODUCTION (1000 ha)

a.	 DURUM	 WHEAT

TOTAL
Traditional
Varieties

High-Yielding
Varieties

Tunisia 520.7 254.7 775.7

Center and South 228.8 1.3 230.1

% of	 Total in Tunisia 43.9 .5 29.6

7 of Total in Center and
South 53.6 .3 53.9

REGION

BREAD	 WHEAT

High-Yielding
Varieties TOTAL

Traditional
Varieties

Tunisia 26.7 51.1 77.8

Center and South 4.3 .4 4.7

7 of Total in Tunisia 16.1 .8 6.0

% of Total in Center and
South 1.0 .1 1.1

BARLEY

Commercial VarietiesREGION

382.3

192.1

50.2

45.0

Tunisia

Center and South

% of Total in Tunisia

% of Total in Center
and South

1/ Source: Direction de la Planification, des Statistiques et des
Analyses Economiques. Ministry of Agriculture.
Tunisie. 1980
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TABLE 3: TOTAL PRODUCTION

DURUM WHEAT

(1000 q)

High-YieldingTraditional
REGION Varieties Varieties TOTAL

Tunisia 3775.1 3638.2 7413.3

Center and South 673.4 10.0 683.4

% of Total in Tunisia 17.8 .3 9.2

% of Total in Center
and South 44.1 44.7

BREAD WHEAT

High-YieldingTraditional
REGION Varieties Varieties TOTAL

Tunisia 318.5 968.9 1287.4

Center and South 23.2 6.6 29.8

% of Total in Tunisia 7.3 .7 2.3

% of Total in Center
and South 1.5 1.9

BARLEY 

Commercial VarietiesREGION

Tunisia

Center and South

% of Total in Tunisia

% of Total in Center
and South

2958.1

813.1

27.5

53.2

1/ Source: Direction de la Planification, des Statistiques et
des Analyses Economiques. Ministry of Agriculture.
Tunisie.	 1980
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TABLE 4:	 YIELD (q/ha

.	 DURUM WHEAT

Traditional High-Yielding
REGION Varieties Varieties AVERAGE

Tunisia 7.3 14.3 9.6

Center and South 2.9 7.7 3.0

North 10.5 14.3 12.3

BREAD WHEAT

Traditional High-Yielding
REGION Varieties Varieties AVERAGE

Tunisia 11.9 19.0 16.5

Center and South 5.4 16.5 6.3

North 13.2 19.0 17.2

REGION

c.	 BARLEY

Commercial Varieties

Tunisia 7.7

Center and South 4.2

North 11.2

Source: Direction de la Planification, des Statistiques et
des Analyses Economiques. Ministry of Agriculture.
Tunisie.	 1980

248



MAMA

KAIRouRN

)	 ,

	

,.....‹..,..'	 .,. 4" ,	 •	 1

	

n ,	 t.	 .	
'n 	 ,..

1	 1	 ,	 •••	 .	 #%v.....
II	 ,.... n.	 t,	 ,

e	 ' -	
5 \ Rouiliok -

JEDLIANE\-- b •TAIALA
•

......--	 -.	 •	 - ,• ,	 .	 r
Silt8A ;,-- 	 \

......	 1......---,	 ,•	 ,	 ,

	

%	 .• •	 s

•: •

	

I	 ...	 1,	 1FoaSs4NA	 ,‘ S8E111" ,` 3-ELMA %,/	 ,	 40	 4	 •
• n 	 ....„	

t../ '



FIGURE 2. Precipitation & Temperature

55 year average

1901 - 1955

Kef, Tunisia



FIGURE 3. Average Levels of Precipitation

Over 25 Years

- Makthar & Sbeitla, Tunisia -

- Makthar

Sbeitla



STATUS OF CEREAL TECHNOLOGY IN TUNISIA

Ben Salem

PART I: ACTIVITIES OF THE CEREAL T ECHNOLOGY LABORATORY

The activities of the laboratory of cereal technology

cover three main areas:

- Common analyses of lines/varieties of the cereal

breeding program

Analyses for the private sector

Research work or quality with the collaboration

and participation of the industrial section.

Control Analyses (Table 1)

These analyses are conducted every year after harvest of

the breeding material to be tested. Results are then, given to

the breeders as soon as possible, so that they can use them for

planning the trials of the following season.

Results of the last three years have shown a great varia-

bi1ity in some criteria which seem to vary with the location.

The components that varied the most are:

- 1000 kernel weight

- test weight or specific weight

- total protein content

- the alveograph diagram

This variability can be used to classify the location

according to its influence on a given component that is to

analyzed. At the station of Koudiat (Bou Salem) we observed

the highest protein content; whereas at the station of Oued Beja

the highest kernel weight and hectoliter weight were observed.

Collaboration with the private and semi-private sectors.

The laboratory tries to keep close contact with the

organizations that are the primary users of the cereal flour

such as the flour-mills, the bakeries, and others that are

responsible for the distribution, the stockage, and the control



Table No. 1: Quality analyses criteria for Durum,

Bread Wheats, and Triticale (1)

of the quality of the flour at the market level. This contact

allowed us to be aware of the quality problems faced by the

commercial sector. The outcome of this collaboration helped

us to establish the following criteria in our Program:
a) Participation of the laboratory in the establishment

of the quality standard of the primary cereals and their derivatives.

b) The laboratory helps provide advice to the industrial

sector in order to correct or improve some quality factors.

At times cereals show a quality defect mainly after storage for

a long period, some defects are also observed on the imported

cereals.

DURUM WHEAT BREAD WHEAT TRITICALE

- 1000 kernel weight - 1000 k.weight - 1000 k. weight
- Test weight - T. W. - T. W.
- Protein content - P.	 C. - P.	 C.

- Yellowberry - Alveograph - Alveograph
- Pigmentation - Flour yield - Flour yield

- Semoulina yield

i	 - Spaghetti-making
quality

- Spaghetti-cooking
quality

- Bread (baking) - bread (baking)

(1) The barley program just started and we hope to

establish contact with the breeders and start

barley quality analysis program.



C. Research Program on Cereal Quality 

The objective of this program is mainly to choose quality

criteria for durum wheat, bread wheat, and triticale.

1. Durum Wheats:

In addition to the regular analyses, we started to do

some studies on the carotenoid pigment lost during the different

steps of pasting. Color is also a very important selection

factor for durum wheats. The biggest losses in these criteria

occur during the kneading and pressing into a•product. These

losses vary with the variety.

2. Bread wheats:

a) Bread wheats that are to be used for bread making_

should have a protein content equal or greater than 9% . Optimum
protein content is not known, but actually we are looking for

higher protein content. Based on our work in the lab, tests

have shown that for good bread quality, the optimum protein

content lies between 12 and 13%. However these values do not

necessarily represent the optimum nutritive value.

b) We have started a study on the variation of the
grain ash level and its effect on the quality and purity of the

wheat flour. This subject is actually a point of controversy

between the flour mill organization and the quality control or-

ganization.

3. Triticale•

This cereal has been the subject of a detailed study. The

next part covers the work that has been done in so far on the

quality of triticales.
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PART I - TABLE 2: EXAMPLE OF VARIATION IN TECHNICAL CRITERIA
(SOFT WHEAT 81) 
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PART II: TRITICALE IN TUNISIA

- Is it possible to use it for human consumption?

- Actual and future status of Triticale

NTtODUCTION

Triticale is a new cereal made by man. It was made out

of a cross between wheat (Triticum) and rye (SeCale) . This

cereal has shown good agronomic traits such as:

- Adapts well to tropical acid soils characterizedby heavy

precipitation and by the presence of some toxic mineral such

as aluminum and copper.

- Tolerant to frost that occurs at early stages of the

crop. (1)

- Resistant to lodging and diseases such as mildew,

septoria, smut, etc. (2)

- Grain yield superior to that of wheat when grown on

marginal soils (3). In Tunisia the observed yields of triticale

were high (Table 1) and its disease resistance was very good

- There has not been work conducted on triticale for its

u for human consumption. We- note that CIMMYT (5) and group

of French scientists (6) have done some work on that field;

and CIMMYT suggested the use of triticale for bread.

IS IT POSSIBLE TO USE TRITICALE FOR HUMAN CONSUMPTION?

We started some work on the use of triticale. We have

been interested in two aspects: use of triticale by the bakery

and grain quality.

I. Industrial Baking

In first step we proceeded by an industrial (panification)

followed by a survey, that included 50 persons. The criteria

considered were:

- the color

- the texture

- the smell

- the taste
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PART II - TABLE 1: RESULTS OF YIELD TRIALS ON TRITICALE

IN TUNISIA I/

1/ Results from the Genetic Laboratory.
257

BEJA
P

(2)
VARIETY

Q /ha p)	 T	 (1) OL

105 Maya II - Arm" s" x 2832 - 13N	 1M - 52,21 130.29 12 105

3N - OM

111 PSACUM 50.73 126.60 2 -	 13 110

103 Mi-,ya II - Arm"s" - 2802 - 9N	 2M - 50.64 126.37 13 105

3M - 3M	 2y - OM

115 Maya II - Arm"!;" x 2802 - 38N - 3M - 50.24 125,38 13 105

3N - ON

110 Mayo	 [I	 - Arm"s" x 2902 - F - 12M 49.77 124.20 5 - 10 105

116 (Maya	 II	 - Arm"s") 2 x 8266 - 8 - 6y 48.62 121.33 6 -	 13 100

IM - OY -

106 Maya TI - Arm" s" x 2832 - 24M - 3M - 48.24 120.38 13 10

8N - 1M - 1Y	 1M - 2Y - OM

108 NAVOJOA 47.98 119,74 8 - 12 105

114 Maya	 I	 -	 cirm s'	 - x 2148 - 5N	 - 2M 47.46 118.44 9 - 14 110

3Y - 2M - OY

123 Maghrebi 72	 (TOmoin b16 dur) 40.56 101.22 21 RO

122 Dougga 74	 (tmoin bid tendre) 40.07 100 22 0 95

124 Cdrthoge	 74	 (t6moin blhs, tendre) 34.15 85.22 24 85



This survey (Table 2) shows two major problems:

- a compact texture of the crumb

an abnormal taste that remains after chewing.

PART II - TABLE 2: Results in % of the Surv ey on Bread

Quality of Triticale

CRITERIA
APPRECIATION	 I

VERY BAD BAD	 GOOD VERY GOOD

Color 0 5.55 30.5 63.8

Texture 26.4 32.5 26.9 14.7

Smell 11.1 13.8 38.8 36.1

Taste 8.1 29.7 29.7 32.1

II. Experimental (Panification)

The objective is to correct the problems mentioned above.

The test is run on 100 g. of mixed flour and the final sample

has the following characteristics.

W 51	 = 3.83	 Ashes in %/dry matter = 0.7
= 18.01	 10

In this experiment we observed changes in the following

criteria:

1) fermentation time

2) mixing time

3) yeast concentration

4) water absorption

5) We studied effect of some additives:

a) Without additives (check)

b) + margarine

c) + milk
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d) + sugar

e) + ascorbic acid

f) + (sugar + margarine + milk)

Study of the effect of mixing with bread wheat

flour at the following levels: 25% , 50%, 75%.

Improvement of the volume was significant only for the

fermentation time, the water absorption and of the sugar , as

additive. The "coupage" (cutting before baking) has improved

the texture and the appearance of bread.

PART II - TABLE 3: "Coupage" effects on bread quality expressed

by the volume in cc.

25-35
TR T 25% 50% 75%

201 345 400 397 357

207 350 395 390 395

219 390 425 445 425

220 350 400 420 420

III. Study of flour Characteristics of

1) Alveographe (chopin) analysis.

The alveographic analysis has shown that the flour is

characterized by a low W and the ratio of the configuration

which tends to be rather tenacious than elastic.

2) Gluten analysis 

The gluten content of triticale flour is lower than that

of bread wheat (Table 4). Whereas the protein content of

triticale is equivalent to that of wheat (Table 7).



PART II - TABLE 4: Gluten content Variation of Triticale as

Compared to Bread Wheat

Variety % Gluten
(humid)

% Gluten
(dry)

H

Triticale 16.11 5.60 10.52

F x A 27.90 8.80 19.09

Ariana 66 24.32 8.57 15.75

IV. Actual Status of Triticale in Tunisia (Quality)

The analysis of 80 samples of triticale grown in two sites

(Beja, Mateur) have shown the following, results. (Tables 5, 6 7).

a) The specific weight and the 1000 kernel weight remain low.

b)Total protein content are equivalent or slightly superior

to wheat.

c) A net improvement in the W was observed.

PART II - TABLE 5: Variation of the 1000 kernel weight in -

1000 K 30-35 35-40 40-45 45-50 50-55

3.94

1

26.3. 21.0

1

I	 28.9

PART II - TABLE 6: Variation of the Specific Weight in %

Test Weight 67-69 69-71 71-73 73-75 75-77 77-79

% 1.3 18.42 30.26 27.63 19.73
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PART II - TABLE 7: Variation of Protein Content in %

Protein in
%/dry matter

10-11 .11-12 12-13 13-14 14-15

. 5.26 27.63 32.8 27.6 5.26

. Discussion of the Results 

Triticale flour can be used in bread making

with 25% of bread wheat flour with an adjustment of

of fermentation time. The defects of the triticale flour might

be result of quantitative and qualitative defects of its gluten.

These results suggest the following:

1) The total protein content of triticale are mainly made

of soluble elements such as albumine and globulin.

2) Glutelines proportion of the gluten exceed 25% which

make it more tenacious. In equilibrium the gluten

should have 25% of glutelines (tenacity) and 757 of

Gliadines (elasticity).

CONCLUSIONS

For the common quality analysis of the breeding lines we

intend to do more qualitative work. We'll be selecting lines

that have high amino-acids content especially Lysine-Methionine-

Cystine.

For the triticale we'll be focus more on studies of the gluten.

The triticale varieties that have high gluten % are of interest

to the cereal technology and thus for their use in the bakery.
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BARLEY IMPROVEMENT PROGRAM OF INRAT

El Faleh Moulds

Ahmed El Ahmed

In Tunisia the rainfall and its distribution vary quite highly

within years and within regions. In the northern regions where the

rainfall varies between 400 mm and 850 mm, wheat crops are more impor-

tant than barley crops. Barley is still grown under adverse conditions

of soil and humidity and it is always grown after wheat or forage.

In the marginal area of the center and the south, barley is more

important than wheat.

The barley improvement program of INRAT has been discontinued

since 1970. Now because of the research efforts we are trying to

identify high yielding cultivars to increase production and reduce

the adverse conditions effects.

Table No. 1 shows the variation of barley and wheat crops

North and the Center-South of Tunisia since 1975-76.

With the significant help of I.C.A.R.D.A. (International Center

for Agriculture Research in the Arid Area) we accomplished an ambitious

barley program:

- A barley program for the North of Tunisia is conducted

at Beja, Bou Salem and Mateur

- A barley program for both the Center and the Northwest

is conducted at Kairouan (Hindi Zitoune and Houareb)

and at Kef (Boulifa and Tadjerouine).

The barley program for the North has the best lines of barley in

the yield trials. These lines have been selected at Beja for their

high yields, their tolerance to lodging, and for their disease tolerance

(oidium, Helminthosporium, Rhynchosporium, loose smut and brown rust).

These promoting lines are planted in four advanced yield trials

at Beja and Bou Salem. We note that we achieved 15 preliminary yield

trials of barley at Beja. The best lines among those will be planted

next year in the advanced yield trials.

The program for the Center and the Northwest is accomplished for

both regions (Center and Northwest) and has three advanced yield



Year

N 0 R T H CENTER	 AND	 SOUTH T	 OTAL

Area Production Yield Area Production Yield Area Production Yield
(1000 ha) (1000 tons) (kg/ha) (1000 ha} (1000 tons) (kg/ha) (1000 ha) (1000 tons) (kg/ha)

1975-76 136 110 809 294 140 476 430 250 581
76-77 151 86 570 230 9 39 381 95 249
77-78 160 100 625 240 50 208 400 150 375
78-79 168 120 723 232 80 349 400 200 500
79-80 180 153 850 180 67 372 360 220 611
80-81 170 186.2 1095 273 83.7 307 443 270 609

..



of barley lines. Some barley lines seem to be tolerent to

and to different disease in the center of Tunisia (covered

smut, oIdium, helminthosPorium). For the Northwest (Kef)

to low temperature is a determinant criteria.

We also have put together a barley nursery known as T.B.O.N.

(Tunisian Barley Observation Nursery) which includes this year 596

lines selected from the nurseries supplied by ICARDA and CIMMYT (Centre

International d'Amelioration de Bli et du Mais). We also note that

these nurseries and trials have been planted at four different sites

so that an efficient selection can be realized. Likewise we had during

1980-81 one barley breeding nursery at Beja and we selected 148 lines

which will be F1 this year.

The breeding nursery includes high yielding lines and lines which

have excellent agronomic type and tolerance to disease and lodging.

The disease for which there is a lack of natural inoculum we

applied artificial infection with yellow rust and Rhynchosporium at

the nursery of Mateur.

In the Center of Tunisia we applied an infection with covered

smut.

Compared to the traditional varieties Martin (6 rows) and Ceres

(2 rows), some barley lines and varieties show better tolerance to

adverse climatic and soil conditions, and yielded better than the

traditional cultivars.

Table No. 2 shows the promising lines for the North of Tunisia:

Beja and Bou Salem (1980-81).

Table No. 3 shows the promising lines for the Center of Tunisia

(Kairouan) (1981).

These lines were made

seed multiplication and to

available to the "Office des Cereales" for

use them in their agronomic trials.



E J A BOUSALEM

Varieties or Pedigrees
Yield
(kg/ha)

Check
DaYs

Yield
(kg/ha) C

Check Days

ER/Apam 5180 131 47 120 3910 134.92 122
CM67/SV Mari
CMB-72-140-87-18-0Y 5208, 123,33 118 4055 139.92 119

HP	 119/7 4413 130.33 119 3912 112,12 116
CLIPPER 4036 119.25 127 4463 154,00 122
WI 2231 4233 125.01 121 4395 125.97 119
Ceres (Temoin) 3386 '	 100 124 3489 ,100 122
Martin (Tennis) 2978 100 130 2195 100 128



_Distribution of Barley Program in Tunisia, -81-82 

AYT-N AYT-C P Y T
• 4

..14.44stf);>E-

C44

..,>..4

Pa

E—f

PI

H

6o
P1

W c)o
P4

FA

Zn
la
b4

P:1
o
EI

Pt1
0CA

FA

E

Fl

F2
F3 F4 F5 PM

31
1	

4
1	 i

11213
1	 il	 r	 1

5161718	 9,4
fl.	 111%

Xv% "at
v%

I I
1 1 I -I

x x x x li x I xI lx1 x x x
x x I

I
1

I

lx

I i
i I x

x il x x Ix!I II
xlII

x x x

x 'x i
I

x x I x xtxt
II Ii 1

x x

x l x 1 I I
1II

I
x xI

1
I x I I i1

X

s

1
a 1

I Ii 4
I I

1I
I

1I
I

I
I

IIIII1

I
11

IIIiI
x x iII

1 i 1II
I

1

I I

Location

Beja

Bou Salem

H.Zetoune

El Kef

Tdjerouine

Houareb

Mateur

Bourbiaa

Fahs*
Megrim

IRA

ICARDA Nurseries with the Office des Cereales



Table No. 3 shows the promising lines for the Center of Tunisia

(Kairouan), 1981

TAB 3:

Variety or
Pedigree

Yield
(Kg/ha) %/Check Season

(days)

Composite 29 3826 127.95 114
WI 2198 3312 110.76 106

Heines Standard 3382 122.82 118

Beecher 2917 108.20 98

Martin (Check) 2990 100 118

These lines were made available to the "Office des Cgreales"

for seed multiplication and to use them in their agronomic trials.
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CEREAL CERTIFICATION AND FOUNDATION SEED PROGRAMS

Johnnie Douglas in his book entitled "Successful Seed Programs" states that

seed is essential to the survival of mankind. Seed stores the hi ghest genetic potential

that science can develop and is a vital ingredient in modern agriculture. Seed is

programmed like computers to hold and give back specific characteristics. Seed of

improved varieties permits a farmer to produce a larger crop with more of the

qualities he desires. This seems to summarize very, very well the importance of seed.

However, with all of the importance that Johnnie places on the seed, often it appears

that after the variety has been developed, the concern for the seed is one of the

last items that has been thought of. The point here is that often after the release

of a variety by a plant breeder, how that variety is to be maintained is not considered.

The three essential reasons for a program are: 1. The variety is soon lost if it is

not maintained, 2. Too few people are benefitted by the new variety if there isn't

some sort of a maintenance and distribution program, and, 3. The variety soon turns

into an inferior product, with the result being the breeder getting the blame

instead of the praise.

There are several look-a-like varieties today and the possibility of identifying

these, either in the field or after harvest, is becoming difficult or impossible.

In addition, there is limited knowledge about varietal identification by the use of

seed characteristics. This being the case, measures must be taken to maintain varietal

purity. Thus,seed certification programsshould be developed for every country.

The purpose of certification as it is popularly thought of today is to provide

a service for the maintenance and increase of quality seed of varieties grown and

distributed. This is done in such a manner as to insure varietal purity through the

appropriate application of rules and techniques.

During the past 75 years programs have been worked out that will guarantee the

maintenance of genetic quality of varieties. When we talk about varieties we will

define these as an assemblage of cultivated individuals that is distinguished by

any characters, be they morphological, physiolo gical, cytological, chemical or others

significant for purposes of agriculture, forestry,or horticulture and which when

reproduced retain their distinguishing features. These programs that have been

formulated all employ the use of techniques for maintaining the genetic purity and

mechanical quality of our certified seed.



will list the techniques used to certify seed:

1. Proper variety
2. A generation system

3. Field history
4. Field inspections
5. Mechanical seed standards.

Varieties Certified: To maintain the genetic quality of a variety, the variety

should be examined thoroughly to ascertain that it is stable. By stable we mean that

the variety when grown does not exhibit variability or off-type. The variety should

certainly be uniform . Additionally the variety should be unique in that it must be

different than all exi s ti ng varieties.

Generations: The standard nomenclature for the four generation sequence is

Breeder, Foundation, Registered,and Certified. Breeder Seed is defined as being the

original source of all classes of certified seed. It is directly maintained and

controlled by the originating plant breeder or institution and provides the direct

source of the next generation which is, called Foundation. Foundation Seed is

produced from fields planted with breeder seed. The harvesting of fields planted

with Foundation Seed then produces Registered Seed and when Registered Seed is

harvested this becomes Certified Seed. Normally there is no further generation

beyond the fourth class or Certified. Most cereal var i eties follow the four rgenera-

tion program inasmuch as they are normally self-pollinated annuals. The number of

generations that a plant breeder wishes for his particular variety is left to his

discretion.

Field History: Obviously, if we are going to avoid contamination, the land

that the seed is to be planted on must be free of volunteers of the same kind.

The field history requirements for various crops will vary depending on how long

seeds of these kinds will live in the soil and still remain viable. However, for

cereals it's generally agreed that a two year period is needed to avoid contamination.

This is true when we're talking about dry land conditions. If we are speaking of

irrigated, or high rainfall areas then quite often a year is all that is required in

order to arrive at volunteer-free land.

Field Inspection: Cereal fields normally require only one field inspection.

This usually takes place about the time that the field turns a golden yellow.

Ideally two inspections should be made, one during the heading period so that an

examination can be made for the presence of smuts and again after the fi eld has turned
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color. If only one inspection takes place, it should be at the time when a field

inspector can make a determination of the head shape,size, and color. Depending

on the sophistication of the seed certification programs, the requirements will

vary as to the maximum amount of other varieties allowed, the maximum amount of

other small grains that would be all owed , and the smuts and ergot that might be

Present. At this inspection an inspector can limit the amount of weeds.

After the field inspection has been completed and

requirements, an additional, inspection may be employed

used in the harvesting of the certified fields.

Mechanical Qu ali ty Standards: The seed laboratory makes the determination of

the mechanical purity. The laboratory determines the amount of pure seed, other

distinguishable crop that is present, inert matter, the presence of smut balls and

weed seeds and certainly the viability of the grain itself. The presence of

noxious weed seed can be determined at this time.

Some tests can be performed at the laboratory for the determination of

off-type or other variety. The sophistication of the seed laboratory is a limiting

factor. The results of the tests are used in the determination of whether certifi

cation is to be continued. The results are also used by the grower of the seed

for determining the price that he is to receive for the seed. If the requirements

have all been met, the seed is tagged and sealed in such a manner that it is readily

identified as certified.

Foundation Seed 

Let us go back to maintenance of foundation seed stock. As indicated, foundation

seed stocks represent the direct increase of breeder seed and are the basis for

for the production of registered and certified seed on a commercial scale. The

importance here is that adequate precautions should be taken to prevent varietal

deterioration. Varietal deterioration comes about through many causes, 1. mechanical

mixtures, 2. natural crosses, 3. mutations, 4. gene frequency changes caused by

random genetic drift and selection, 5. gene frequency changes caused by selection

pressure by the breeder or maintainer, and 6. loss of heterozygosity.	 In some

cases a country may wish to maintain control o f a ll foundation seed of those varieties

which the breeding institution originates. This may be done by forming an organi-

zation to maintain the production o f foundation seed. They can grow this Foundation

seed on their own government land or they may choose only those growers who have the

seed growing capabilities and the facil i t i es . It sho uld be remembe red that the

foundation seed program must be of such a size as to insure annual production of

the field has met the

of exami n ing the machinery



sufficient high quality commercial registered and certified seed for planting the

national acreage desired. Provisions should be made for a reserve of foundation

seed to guard against crop failure. The importance of a specific variety in assuring
a maximum return for most crops j ustifies careful attention to maintaining a seed

is important that a foundation seed program recognize certain basic

Pri nci p les, Number one of these is that every qualified seed grower should have

an opportunity to obtain foundation seed or its immediate progeny at a reasonable

cost. Two - there should be no monopoly in access to foundation seed. Three - the

seed should meet high standards (purity and germination), and four - the end result

Of commercial certified seed production based on the foundation seed program should

be good seed and enough seed at a reasonable price. Seed producers are encouraged

to use these foundation seeds for the production of registered or certified seeds

on a quantity basis.

ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT CERTIFICATION SCHEME (OECD)

OECD is an international program with membership limited to national governments
of participating countries. The ob jective of the OECD cereal seed scheme is to

encourage the use of seed of consistently high quality in participating countries.

The scheme authorizes use of labels and certificates for seed produced and processed

for international trade according to agreed principles. Parenthetically I would say

hat the OECD scheme offers an excellent way for a nation to short-cut the establishment

Of a foundation seed and seed certification program. If the nation so desires, they

can contract with another certification agency (called the designated authorities

under the OECD program) for the production and maintenance of certain varieties

under the OECD scheme. This is a quick way for a nation to get involved in the

production of high genetic quality material without themselves having to form a

certification and foundation seed organization. The OECD scheme is open on a volun-

tary basis to all members of the organization as well as other countries being member

countries of the United Nations organization. If a country participates in the

scheme, it is obliged to insure that the rules of the scheme are strictly observed.

The scheme-is based on the following principles: It includes only those cultivars

which are offi cially recognized as distinct and havin g an acceptable value in at

least one country. The names of these cultivars are published in an official list.

All the certified seed produced must be related directly through one or more gener-

ations to authentic basic seed of the cultivar. The number of generations permitted
for the cross-fertilizing s pecies rye (secale cereale) must be str i ct ly limited.

The main factor determining the standard of certified seed is the varietal purity

of basic seed and for this reason special tests for basic seed are prescribed.



Satisfactory conditions for the production and processing of basic and certified

seed must be insured and verified by field inspection and post control tests.

Post control tests are conducted to ascertain that the scheme is operating satis-

factorily, in particular these tests are intended to determi ne that the characters
of cultivars have remained unchanged in the process of multiplication and to enable

the trueness to cultivar and varietal purity of i ndi vidual seed lots to be verified.
The success of the scheme depends upon the maintenance of a very close cooperation

between breeders and the designated authorities in Participating countries. I would

like to add that there are a few things unique about the OECD program that are

different from the program as was previously described. The first item to keep in

mind is that the OECD program is just for varietal purity only; this means that the
mechanical purity, that is the purity and germination, is not considered in the

OECD program. And,also,the designation of categories of seed or generations of seed

as we previously described them is basically the same, although they use a different

nomenclature. In the case of the OECD program, the breeder seed is called, pre-basic

seed, the foundation equivalency in the OECD program is called basic seed, and then

the basic seed produces certified seed in both programs. And,of course,as already

mentioned, there is a program for the growing out tests to compare the foundation

seed or basic seed with the certified production and this can be carried out in

either the originating country or the country in which the breeders seed is being

maintained.

In summary we have taken a look at the need for a certification program in a

country, mainly to help maintain and distribute the variety once it has been released

by the plant breeder. We have looked at the importance of the foundation seed pro-

gram maintained primarily by the country or with strict controls imposed by the

country. Then with limited resources, a country may wish to go out of their country

and obtain varieties of certified seed either foreign or domestic varieties. This

is suggested when it is not possible to conduct a foundation seed and certified seed

program within the country where the variety is released.



SEED PRODUCTION AND.MULTIPLICATION

EN TUNISIA

Mould" Ghanmi

I. INTRODUCTION 

Producing seeds, especially wheat seeds, is of fundamental

importance in Tunisian agriculture. In effect, and since the

creation of the wheat project in 68/69, Tunisian authorities

worrying about furnishing farmers with quality seeds have

elaborated a program based on:

1) Research and the creation (.development) of high
yielding varieties.

2) The experimentation and popularization of newly

created ,varieties to the farmers.

3) The elaboration of a national program for seed
production and this by intermediary of institutes specializing

in seed multiplication.

4) The establishment of a system of control and

certification to guarantee the authenticity of varieties and

the cultivation value of seeds produced and commercialized.

II. SCHEME OF PRODUCTION AND SEED MULTIPLICATION 

To start with seeds belonging to varieties created by

INRAT (National Institute of Agronomy Research of Tunisia),

wheat for example, a certain quantity is delivered to multipliers

to obtain seeds of the first multiplication which are currently

called SM1 and SM2. The squares of multiplication are controlled

by INRAT. The multipliers (COSEM, CCSPS) confine the production
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of SM1 and SM2 to the multiplier farmers in view of their
multiplication within 

the context of the national program of
seed p

roduction. The needs are defined by a technical committee
comprised of the "Office des Cgreales," INRAT, the multipliers
and the "Direction de la Production Vagétale".

The multiplication scheme can be summarized

III. CONTROL AND CERTIFICATION OF SEEDS

The law No. 76-113 of November 25, 1976, and subsequent
texts permit the organization of the production sector andthe commercialization of seeds. In virtue of these texts,
the "Direction de la Production Vegetale," through the "Lab-

oratoire de Contr8le des Semences" (Seed Control Laboratory),

is charged with the controls and field inspections of multi-
plication. The control is based on 4 steps:

(1) Inspection of the check samples of lots to certify.
(2) Field inspections at the beginning of tillage

and before maturity.

(3) Inspection at the laboratory concerning the

specific purity, the germination faculty, etc., of the seeds
from the multiplication sites.

(4) Lastly, a post-control field inspection o
lots that have already been certified.

According to this scheme of certification, we control

annually 15,000 ha of seeds belonging to the category of

"Certified Seed" and 1,000 to 1,500 ha of seeds belonging

to the category of Foundation Seed ("Semences de Base").

The production of certified seed during the last few

years varied between 180,000 to 200,000 Qx in

125,000 to 130,000 Qx in bad years.

Quality control imposed on the production of certified

grain seed takes into effect the following norms:



- Minimal specific purity = 98%

Minimal germination faculty = 85%

- Number of grains tolerated for a 500 gr -
- Avena sterilis = 0

Lolinm tigidum = 1

- Phalaris rigidum = 1

sample:

IV. UTILIZATION OF. SELECTED SEEDS IN TUNISIAN AGRICULTURE 

1) Cereal Seeds 

The production and multiplication of improved cereal

seeds, notably wheat, constitutes more than 70% of seed activity

in Tunisia.

In effect, research programs instituted several years

ago have put 8 varieties of durum wheat (Triticum durum) and

6 varieties of soft wheat (Triticum aestivum) at the disposition

of farmers.

2) Seeds belonging to Other Species:

The Direction of Vegetable Production ("Direction de la

P`rbductic  VEgitale") has tried to institute programs for the

multiplication and certification of several species of forages

and vegetable crops. Unfortunately these efforts remain

limited due to the lack of interest by the multipliers and

seed producers who prefer to depend on foreign importation

of "Standard" and "Commercial" seeds.
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GRADUATE TRAINING PROGRAM

Warren E. Kronstad

The International Winter X Spr i ng Wheat Improvement Program has three

major focuses. The first is the development of a gronomically superior

genetic strains for distribution to the developing countries. A second

phase involves indepth sym posia where various aspects of cereal production

are discussed with research and extension personnel within a specific

country. A graduate training program leading to the M.S. and Ph.D.

degrees in plant breeding and genetics represents the third major aspect

of the program. Of the three activities, the graduate training program

perhaps will have the greatest long-term benefit. To summarize the

philosophy of this program, one needs to quote a Chinese proverb which

states, "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."

Certainly, it is the intent of the graduate training program to share

appropriate technology and to teach others to produce more food on a

given hectare of land.

Frequently students from abroad require special training in English.

At Oregon State University there is the English Language Institute which

provides excellent training for students to gain the necessary English

proficiency prior to starting their academic program. Many students,

regardless of their TOEFL English score, find it very advantageous to

spend at least one quarter in the English Language Institute prior to

starting their formal program. In developing the graduate student's

academic program, flexibility is available so that an individual's

program can be tailored to meet specific professional needs. However

this is done without reducing standards or sacrificing the quality of

the educational program. When developing the graduate program it is

also important to emphasize that this educational experience particularly

for agronomists from abroad, be meaningful. It would be ludicrous to

emphasize the electron microscope, when in fact people are go i ng hungry

in many countries of the world. Also as a part of the graduate program,

emphasis is placed on the development of a professional attitude; the'

ability to identify researchable problems; the importance of the scientific

approach to research; and integrity in reporting research results.



Students must also realize the importance of maintaining 'a high degree

of dedication if in fact we are to help win the battle between food

production and an ever increasing population.

In attemPting to devel op a graduate program to fit the needs of

the local countries, it has been possible for several students to do

their thesis research in their own countries. For example, four

students have completed' their research on wheat in Mexico at CIANO,

the research center located near Ciudad Obregon. Another student,

working with rice, completed his Ph.D. research at IRRI, the Inter-

national Center in the Philippines. Even when the thesis research is

conducted at Oregon State, emphasis is placed on the appropriateness

of the research to the student's professional goals. For example,

several students have worked on the problem of aluminum toxicity which

is a major limiting factor in both rice and wheat production on many

of the acid soils throughout the world. - Currently these scientists

are employing this technique as part of their overall research plans

in their respective countries. Regardless of whether one is discussing

the courses to be taken or thesis research, emphasis is placed on food

production so the student does not lose sight of what the most important

goals should be.

These young people will also be expected to carry leadership roles

in their respective countries, therefore leadership skills need to be

developed. This is done in a number of ways. One is to assign each

student some responsibility within the winter x spring breeding program.

They are then expected to discuss that phase of the program before farmers

and visiting scientists. They are also assigned people to work under

their direction to further emphasize their leadership skills and more

importantl y getting alon g with others. Within the project there

are two different types of seminars which are also designed to further

enforce the leadersh i p ski ll s. One seminar is jointly held with the

faculty and studen ts. Here various top ics ranging from how to breed

the ideal wheat plant to the role of pesticides 
in 

the hungry world are

discussed where each student is expected to take a leadership role in

these kinds of discussions. A second seminar is conducted by, the

students themselves. Various topics related to their course work or
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bringing together concepts which may cut across disciplines are discussed

and each student in turn will take a leadership role in leading these

discussions. In addition to these leadership skills, it is also important

to appreciate the philosophy of the techniques used in the extension

service because oftentimes these students must also fulfill the role of

extending the technology they have developed to the farmers. Interaction

with farmers at field days and visits with farm families provide the

student an acute awareness of the problems that farmers face.

It is important that these students know that there is dignity in

human sweat. A plant breeder or general agronomist really onl y makes his

contributions while in the field. One simply cannot put a white lab coat

on and sit at a desk and expect to develop good cultivars or new production

techni ques to increase food production. It is also recognized that

graduate training is an interpersonal relationship. Each student is

considered a member of the research team and as such his contributions

to the overall accomplishments achieved by the program are clearly

identified. It is equally important that once a student has graduated

from the program that a continued association be maintained. This is

done by a newletter entitled "Gleanings" which is sent out twice a year

to all former students and associate faculty describing the various

current happenings within the project. Also, because of the international

program which allows several of the staff to travel in various countries,

it is possible to stop by and assist a former student by giving encouragement

and support when possible.

We are extremely proud of those students who have participated in

this project. To date, 66 scientists from many different countries, have

completed either their M.S. or Ph.D. degrees in the program. Many have

made and are making significant contributions in their own country programs

and several are now ourcooperators in evaluating the winter x spring

screening and yield trial nurseries. Again, a proverb perhaps is most in

order as one views the graduate training 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 the basic

concept and philosphy of t he graduate training program to plant ideas so that

very gifted and bright young people are armed wi th the necessary tools to

develop and disseminate the necessary appropriate technology



THE WINTER X SPRING WHEAT IMPROVEMENT. PROGRAM

•W. L. McCuistion

The concept of crossing the two diverse winter and spring

wheat gene pools is not new. Wheat varieties from such crosses

were developed as early as 1924. A few specific wheat varieties

from winter x spring crosses including the pedigrees and year

of release are listed in Table 1.

TABLE 1. WHEAT VARIETIES FROM WINTER X SPRING CROSSES

Year Variety Winter Parent	 Spring Parent

1924 Ridit Turkey	 x	 Florence

1924 Reliance Kanred	 x	 Marquis

1933 Rex White Odessa x	 Hard Federation

1934 Thatcher InMillo	Marquis x
Kanred	 Marquis

1942 Federation 41 (Martin x
White Federation) x	 Federation 6

1950 Norin 10-Brevor Used as source of dwarfism in
spring wheats.

International cooperative cereal research at Oregon State

University (OSU) began in the mid-1960's when Dr. Kronstad became

involved in the introduction of Mexican semi-dwarf cultivars into

Turkey. Dr. Bolton and other OSU staff members moved to Turkey

0 assist in development of a cereal research program and the
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training of Turkish staff. A close working relationship was

established with the Turkish Government, OSU, Rockefeller Foundation,

USAID (United States Aid for International Development), and CIMMYT

(International Center for Improvement of Maize and Wheat). In 1976,

CIMMYT asked OSU to develop a winter wheat germplasm center to

compliment their spring wheat center. A U.S. Aid for International

Development contract has supported this exciting and rapidly

expanding program.

The overall objective is to increase wheat production in

winter rainfed areas. Specific objectives of the program are:

1) to create genetic variability,
	 to exchange germplasm with

cooperating programs, 3) to exchange information, and 4) to

establish lines of communication between wheat breeders. The

close linkage between OSU and CIMMYT serves to fulfill the specific

objectives in creating and providing diverse germplasm, information,

and interacting with cooperators throughout the world.

During the past year, OSU International Winter x Spring

Wheat Program distributed 30 sets of F populations consisting2

of 100 entries. The International Winter x Spring Screening

Nursery consisting of 220 to 250 entries is sent to 110 locations

in 51 countries. The 25 highest performance lines from the

screening nursery are placed in an International Winter x Spring

Replicated Yield trial and presently distributed to 15 selected
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sites for further evaluation. Specific instructions are provided

for planting the nurseries, recording disease and agronomic data,

and return to OSU for computer analysis. All of the data are

reported in a results booklet and immediately returned to the

cooperators. The major diseases reported and summarized are;

Puccinia striiformis, Puccinia recondi te , Puccinia graminis tritici.

Septoria sp ,and Ervsiphe graminis tritici. Several entries

expressing combined resistance for the three rusts are listed in

Table 2.

TABLE 2. CULTIVARS IN THE 8TH IWSWSN

RESISTANT TO THE THREE RUST SPECIES

Entry	 Pedigree

33	 RBS /ANZA/ 3 /KVZ /HYS /ThH/TOB,

51	 AU/SN/3/MD*2/VG8316

73	 ND/CI13438//CJ, F1/3/CTEN*3/..TN

87	 55-1744/PI//237-20/KVZ

It is interesting to note that the Russian varieties

Kavkaz (KVZ) and Aurora (AU) occur in three of the four entries.

These varieties have been observed to maintain an acceptable level

of resistance to the rust species and combing well with other

cultivars.
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Entries in the screening nursery were also evaluated for

all characters reported at all locations. Those cultivars

selected in the 8th IWSWSN for superior performance are presented

in Table 3.

TABLE 3. CULTIVARS SELECTED IN THE 8TH IWSWSN FOR

SUPERIOR PERFORMANCE AT ALL LOCATIONS REPORTING

Entry	 Pedigree 

17	 ROM F 9-70//CNO/GLL

21	 BHR//CNO/GLL

30	 cLLF/BEZ//SU92/CI 13645/3/NAI/4/EMU

46	 F115-72

48	 AU/CO 652337

Probing the gene pools of the genetically diverse winter

and spring wheats in hybrid combinations is definitely providing

exciting germplasm for cooperating programs.

A direct result of the winter x spring program is the

wheat cultivar abbreviation list. This is a standardized, computerized

alphabetical listing of wheat cultivars being used in wheat breeding

programs throughout the world. It is not meant to be an exhaustive

list of all known cultivars. The list is updated, rePrinted,and

distributed to all cooperators and others upon request.

283



The OSU cereal research program has gradually moved to a

computerized system. The role of the computers: 1) record keeping,

2) data analysis, 3) international nurseries and 4) information

storage and retrieval. At the present time, a germplasm bank

is being developed to store the diverse collection of cultivars.

A 90-gram sample of each of 1500 cultivars has been cataloged

in a long-term storage facilit y and a history of the known

observations for each cultivar has been programmed into the

computer. The collection will be increased as additional cultivars

with known strengths are identified. The collection has been

restricted to winter and winter x spring cultivars. By the fall

of 1982, it will be possible to quickly and efficiently retrieve

tk^e seed and information for a group of cultivars for a given

trait that may be requested by a cooperator. We consider the

computer to be an effective tool to assist us in efficiently

operating our cereal program.
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THIRD CYCLE TYPE RESEARCH ON CEREAL IMPROVEMENT

IN I.N.A.T.

H. Ketata and A. Daaloul

I.N.A.T. started providing a third cycle graduate training program

in 1976. This program was aimed at training agronomists with a sound

scientific base necessary not only to carry out research work, but also

and mainly to solve production problems. The graduating agronomists

should have a generalized and realistic view of actual problems related

to the needs of the country in the different agricultural subsectors.

While the first graduating class (1976-78) had only 3 students

in the "Phytotechnie" section, the current one (1982-84) has 13. An

important portion of the student's work entails in the first year

formal course work as well as applied laboratory work. In parallel, the

student, advised generally by one or two professors, begins a research

theme on which he continues work for a mean period of two Yeats.

A number of students have chosen the following themes, related

to cereals:

- Yellowberry of durum wheat.

- Combined usage of barley for grains and

- Cereals resistance to dry conditions.

- Genetic and environmental factors determining

content of durum and soft wheats.

- Influence of seeding rates and dates on yield

components of wheat.

Only the first of these five themes has been the object of a thesis

presentation. The main conclusions of this work are that yellowberry

is a physiological phenomenon determined by the genotype and influenced

by the environment. It implies in practical terms a decrease in the

semolina yield, which lowers the quality of durum wheat and hence a

decrease in the price received by the farmer. The study has shown that

nitric fertilization can help avoid or reduce the risk of yellowberry.

The second theme will be presented at the end of April 1982 by a

student supervised by two professors in charge of the biometrics and



forage production laboratories. The student has shown that barley,

cultivated under Tunisian conditions, can be exploited in two ways

during one cropping season, i.efor forage and for , grain production.

An adequate choice of varieties and .an appropriate management of the

forage production can help obtain higher grain yields as well as the

production of good quality forage.

The preliminary results of the third study indicate that water

use depends on the species (soft wheat, durum wheat, triticale), on

humidity conditions (40% C.A.C. and 80% C.A.C.) and that the best

Yield does not correspond to the maximum of water consumption.

The other themes are still under study and they will be presented

during 1983 by the students involved.

Parallel to these studies, others have been started a few years

back and will provide students with potential themes of interests.

We will give as examples:

1. A study of tillering of durum and of, soft wheats.

2. A genetic study on the components of soft wheat yield.

The first study has shown that soft wheats used are characterized

by a higher tillering level as compared to durum wheats. Seeding rates

experiments conducted over three years have shown that tillering can

be modified by the seeding density without a notable effect on grain

yields. An increase in the seeding rate increases tillering, may

decrease the number of grains per spike, but does not appear to influence

the weight of 1000 grains.

The second study concerns a diallele with five strains of soft

wheat and it has shown that the genetic action mode involved in the

genetic control of the number of grains per spike, of the plants'

height and of the weight of 1000 grains is essentially additive, while

the one relative to the grain yield is of a non-additive kind. These

results are of a preliminary nature and the same diallele experiment

is repeated in 1981 still under a low seeding rate and in 1982 under

normal and low seeding rates.

It should be noted that research work under the third cycle

program of INAT is in general conducted by students concerned with
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obtaining objective and precise results in a minimum of time. They

are hence more efficient and less costly than if they were conducted

by technical personnel of an average level of expertise. The results

of this work feed both research and training For example, instructors

have to update their bibliographical knowledge relative to various

subjects. The cereals improvement specialist will find in them some

answers to problems of a practical or of a theoretical nature, and

to which he has little time to devote. For example, the knowledge

of the type of genetic action that determines a particular characteristic

will help him in choosing the appropriate improvement technique.

It should also be noted that research work on cereals in INAT

have always been conducted with the collaboration and aid of other

institutions of the Ministry of Agriculture, namely INRAT, the Office

of Cereals and E.S.A. Le Kef. We hope that this collaboration will

be reinforced because it can be very beneficial to Tunisian agriculture.



L PRODUCTION TECHNIQUES UNDER SEMI-ARID CLIMATIC CONDITIONS

Floyd E. Bolton

INTRODUCTION

Cereal production under semi-arid or dryland conditions

throughout the world and especially in Central Tunisia is always

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

tinn techniques	 (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

clf 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," "actual 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. The

yield limits are imposed by the 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"

the aspect that concerns the constraints in cereal production.
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S o-economic constraints are a major, part of the yield gap and

ss these constraints are removed, the agronomic constraints 

- 11 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 ago by Justus von Liebig and is

still applicable today. 'Liebig used this principle to illustrate

yield limits due to nutrient deficiencies but it applies equally

well to cereal production practices.

Principle of Limiting Factors: The level of crop production

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
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adequate yield level one Must maximize the water use efficiency

crop production.

There are two things that must occur in order to utilize

the limited moisture supply to achieve increased crop production:

(1) increase the amount of water stored in the soil, and reduce

losses due to evaporation and transpiration; (2) make maximum use

of the stored water and subsequent precipitation by management

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
	

fit the available and

anticipated moisture supply to achieve maximum economic crop

production.
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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 effi-

ciency usually ranges between 15 and 35 percent of the total Precipi
.

tation 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

bade as 2400 $- C -

In more recent times, the fallow-crop rotation for producing

cereal grains in the U.S. 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 1970's, 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 otations con-

stitute 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 fallow. 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
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erosion problems and increased moisture storage. The widespread

and persistent use of the tallow-crop rotation throughout the world,

and particularly in semi-arid regions, requires that this farm g

practice receive serious attention in the future Farming Systems

research programs.

Examples of the increase in grain yields, and consequently in-

creased W.U.E., are shown in Table 1- The Central Great Plains

region is characterized by a spring-summer rainfall pattern and

moderate summer temperatures, as contrasted with the Pacific North-

west climate with a winter-spring rainfall pattern and moderate

summer temperatures. The difference in precipitation 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 past

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

from improved stubble-mulch management and weed control; (b) improved

planting equipment that permits deeper penetration to adequate seed-

bed water, even under relatively dry surface conditions of 8-10 cm

depth; (c) improved wheat varieties; and (d) increased use of commer-

cial fertilizers on those soils known to be deficient in nitrogen and

Phosphorus. Professional agronomists and cereal breeders in this

region estimates the credit for the yield increases to be as follows:
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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' systems as shown in Table 2 However, in te rms 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 pro-

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 crop failure.

Smika (1970), in a study comparing 27 years (1940-1967) of fallow-

wheat with continuous wheat under semi-arid conditions, showed the

fallow system did not have d crop failure, whereas continuous wheat

failed more than 30% of the time. The average W.U.E. was 80% greater

for the 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 -
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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 winter wheat

cropping system 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 always apply to other wheat-growing

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 tallow 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 tallow are: (a) increase s soil

water storage; (b) has a stabilizing influence on grain yields;
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(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 are.ts ars,

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. How-

ever, if the farmer's goal is increased grain production, then :I:urges

in the traditional use of the fallow are required,

In the Anatolian Plateau 4f Turkey, soil management trials

during the fallow conducted during the past decade (Bolton, 197J;

Hepworth, et al 1975; Guler, et al 1976) have shown i	 possible
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to substantially increase yibids of Winter cereals by improved methods.

The trials included several types of implements

plow, disk plow, sweep-chisel plow for initial tillage, and sweep

None of the particular tillage implement combinations

tage in yield over another when used in a'proper and, timely manner.

However, those implements which leave most of the

the soil surface reduced wind

effect on grain yields as compared to farmers' fields, was the time-

liness of tillage operations, particularly initial spring tillage,

weed control, and seedbed preparation.

In adaptive research trials conducted on farmers' fields

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 std.l management that increases soil water storage and

reduces evaporation will not of itself increase grain i Ids. If

not followed by good crop management techniques, the advantag( of in-

creased 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.

297



CROP MANAGEMENT AND WATER USE EFFICIENCY

Yield potential in dryland areas is limi ted 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 ad-

mittedly limited moisture supply. Some of the more critical crop

management factors that affect the efficient use of limited moisture

Supplies are:

Weed control

Stand establitAlment

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 o f

limited moisture supply, will reduce the economic yield in direct

proportion to the amount of water used. Under adequate moisture

levels or irrigation where water is not the major factor limiting

the yield potential, some weeds may be tolerated without 103S -ff

ccur omic yield.
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Generally speaking, the more limited the moisture supply, the

more critical adequate weed control becomes. Hepworth  et a 	 (1975)

has shown that even under poor soil and crop management, timely chemi-

cal 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 dt a low level of management. Under good

soil and crop management, a certain amount of cultural weed control

in achievf . d so that the nddition of chemical, control during the crop

growth period did nOt show as great a yield increase. However,

total yield, increases due to weed control under improved management

averaged 0.8 MT/ha as compared to about 0.5 MT/ha yield increases

under poor management.

STAND ESTABLISHMENT 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-

of-seeding. These latter terms describe the actual time the seeds a p

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 f

emergence, crown root development or the ppearance . of illers. All

the above events must occur before one can accurately st	 t h

stand haf, been :.stablished.
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but the time of emergence was the same. Since the introduction of'	 • 	 -

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 es-

tablishment in eastern Oregon. A number of the early trials reviewed

showed no differences in yield due to 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 occu

In these cases, the date of seeding may have differed by 2 to 4 weeks

d*elo7f1;grow,diklS and the place tent 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 pre-

ciPitation in relation to grain yields at 3 locations in the,P4cific

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

intrbduced, the seeding into residual moisture LA.:came a sLandaro

Practice - Howeve r , there are still seasons when the noisturc 1evc1
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for seeding is at too great /1, 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 esults in

reduced yields because the plants are not adequatel y developed before

cold weather begins. Pehlivanturk (1975) showed that time from emer-

gence (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 1,,ngth of time for seedling devi . lopmt , nt ol

crown roots and/or tillers was dramatically increased. The number or

days from emergence to tillering were 28, 51, and 125 from October 1,

October 15, and November 1, respectively. The mean soil temperature

at seeding depth for these planting dates Was 16, , and 5'C, -espec-

tively.

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 sup,-1

enables the crop to make more efficient use or the available moisture
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supply (Amon, 1975, 1972; Olson, et al., 1964). The recommended

use of fertilizers is the most economical way of in reasihg.brop

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 in order to

balance the moisture-nitrogen supply for maximum water use effi-

ciency. 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 requires that fertilizer requirements be taildred

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
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upper few centimeters can hate 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 major 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 nitrogen, 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 pests (insects and diseases), lodging, shattering,

and other agronomic characters. Resistance or tolerance to drouth

and heat is sometimes included among the breeding, goals, but are

much more difficult to select for.

The selection for varieties with high yielding potential and

resistance to the prevalent crop pests has been ve ry successful in
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the past two decades. In many cases, the potential for yield under

adequate moisture levels greatly exceeds the moistPre 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 drouth tolerance or heat resistance is

extremely difficult because there are no suitable selection:.-criteria

presently 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 drouth conditions. This approach has been generally quite

ful

-

 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 unde

fallow-crop rotation in which the variety Kbarkof as 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 growfl

304



commercially , during each period of LAte. For example, at Lind,

Washington, during the period 1931 to 1952, the varieties grown

comercially in this region were Turkey, Rio, Rex, and Elgin

-During the period 1953 to 1974, the most widely gro n varieties

were Omar, Moro, Gaines.,' and Nugaines'i:

L	

-

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 due to improved varieties (17%),

(2) increase due to improved soil and crop management (69%), and

(3) the increase due to 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 im

proved crop management (17% + 13%), an overall increase of 30% in

W.U.E. is achieved. In the more arid cereal-producing regions,

appears that crop management plays a more dominant role than improved

•	 varieties. However, to gain maximum benefit, both elements must be

incorporated in the production 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. due to improved varieties is almost twice (32% vs 17%) that
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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 condi

tions. 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/ha-mm 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.E. and increased grain yield level is clearly indi te

cated 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 ter unit

area above a certain minimum number seems to have little or no effect

on the subsequent yield (Donald, 1963). With limited moisture condi-

tions, the plant population and distributon can exhibit substantial

influence on the water use efficiency and the subsequent grain yield

(Harper  1961).
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In cereal crops, adjustments in plant populations and distribu-

tion because cif 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 a t

a later date. Larson and Willis (1957) concluded that to gain maxi-

mum benefit f a limited moistureipthe intra-row population should be

at a level great enough to provide adequate competition in the seed-

ling 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 spacings 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 in order to provide ground cover for wind and

water 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
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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 dry

-land 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; Guler, 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

ill different climatic zones (Guler, 1975)	 He found that some

va eties 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 condin

tions 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 prac

tices, (2) make maximum efficient use of the stored water and subse-

quent 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.
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Variation in seasonal precipitation typical of semi-arid rainfed

egions 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 Im

proved 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 ors,-

than the traditional method.
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The development of a complete production package in the

developing countries is not generally Possible in the immediate

future. Many of the resources (equipment, herbicides, fertilizers,,

etc.) are not presently available and require considerable time

and investment to develop. However, if certain elements of the

production package are properly applied and in the right sequence,

substantial yield increases are possible. The key to increases in

crop yields involves sorting out those practices which give the

greatest benefits and can fit into the local traditional systems.

As other resources become available and additional field research

is conducted, the other elements of the production package can be

applied.
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iii le 1 Water Use Effici ncy

Yield d water-use efficiency of winter wheat qrawn continuously and after fallow at three locations in the
Central Great Plains and in a fallow-crop rotatidn at three locations in the Pacific Northwest

Precipitation	wheat	 Fallow-wheat
W-U.E.

Continuous wheat Fallow-wheat
Location	 (mm)	 (kg/ha)	 (kg/ha) (kg/ha/mm) (kg/ha /mm)

Akron, Colorado
60-yr average 419	 498	 1426	 1.2	 1.7
1951-70 377	 549	 1818	 1.5	 2.4

Colby, Kansas
49-yr average	 470	 626 1318 1.3 1.4
1941-63	 512	 731 1673 1.4 1.6

North Platte,
Nebraska
56-yr average	 495	 834 2146 1.7 2.2
l951-67	 505	 684 2747 1.4 2.7

Pendleton, Oregon
46-yr average	 404 1259	 3590	 3.1	 4.4
1954-76	 403 2 .4 2 70	 5.3

Moro, Oregon
65-yr average	 290	 781	 2006	 2.7	 3.5
1954-76	 283	 2410	 4.3

Lind,' Washington
55-yr average	 241	 875	 1760	 3.6	 3.7
1954-76	 235	 2450	 --	 5.2

W.U.E. on a harvest-.to-harvest precipitation basis.

Data not available.

Average annual



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

Location

Annual
precipitation

(min)

Nitrogey
Applied
(kg/ha)

Grain Yield Percent yield
vs Annual

(%)
Fallow-wheat

(kg/ha)

Annual wheat	 Fallow
(kg/ha) 	

Central Great Plains
457

445

516

406

287

295

0
45

0
45

0
67

0
67

0
22

0
34

1886
1818

1886
2222

2970
3037

2997
3219

1414
1616

2761
3098

'

741
1145

875
1347

1347
2094

815
1710

741
875

808
1549

254
159

216
165

220
145

368
188

191

185

342
200

Northeast Colorado
1956-70

Northwest Nebraska
1956-70

Pacific Northwest
Pullpan, Washington

1922-45

Pendleton, Oregon

.1931-50

Ritzville, Washington
1953-57

Harrington, Washington
1953-57

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



Table 3. Grain yield, precipitation, and water use effi	 at two locations in the fallow-
crop rotation area of the Pacific Northiitket

Dates
Span
Years

Yield"

Tons/Ha	 (401,44PY

Total Precipitation
mm
	 •	 (Inches)

Water Use efficiency
Kg/HA toWi	 (au/Ac-in)

1922-1974 54

W, Washington

Kharkov 1.58 (21.5) 477 (18.8) 3.31 (1.25)
Improved variety 1.71 (2%.5) 477 (18.8) 3.58 (1.35)
1931-1952 22
Kharkov 1.35 (20:1) 518 (20.4) 2.60 (0.98)
Improved variety 1.35 (20.1) 518 (20.4) 2.60 (0.98)

1953-1974 22
Kharkov 2.01 (9.9) 457 (18.0) 4.39 (1.66)
Improved Variety 2.36 (35.1) 457 (18.0) 5.16 (1.95)

nctleton, Oregon

(...) 1931-1974 44
en Kharkov 3.03 (42.3) 805 (31.7) 3.76 (1.33)

Improved Variety 3.51 (52.3) 805 (31.7) 4.36 (1.64)
1931-1952 22
Kharkov 2.53 (37.6) 820 (32.3) 3.08 (1.16)
Improved Variety 2.84 (42.4) 820 (32.3) 3.46 (1.31)
1953-1974 22
Kharkov 3.15 (47.0) 800 (31.5) 3.93 (1.49)
Improved Variety 4.16 (61.9) 800 (31.5) 5.20 (1.96)
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Figure 1. Effect of Weed Control and Management on Yield
of Winter Wheat in Turkey, 1974-1975.
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Figure 2. Effect of Stand Establishment and Grain
Yield in Eastern Oregon (Long Term Average).
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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.

KG/HA - MM

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



WEED CONTROL AND ITS IMPACT ON CEREAL PRODUCTION

L. Ettounsi

HISTORY

Weed control is not a new technique in the Tunisian cereal crops.

For many years the Tunisian farmer has been aware and convinced of

the adverse effects of weeds on cereals; he has been always trying

to find solutions to reduce such effects. The principal techniques

used for weed control are:

- Tillage practices

Adequate tillage practices, i.e.,the right moment of intervention

and the number of cultivation, contribute efficiently to reduce weed

infestation.

_ During the early stages of cereal growth and even at the later

stages, farmers used to hand-weed, done when the weeds are well

developed, such timing is not effective in reducing the weed competi-

tion with the crop for water as well as nutrients.

- Burning the straws may help in reducing the weed population

by burning the seeds that lie on the ground but this operation is
not recommended anymore (destruction of the organic matter of the

soil, the useful bacterian flora, and fire risks, etc.).

these disadvantages, this operation has been forbidden by the Tunisian

laws.

The cultural practices mentioned and others did not resolve the

problem of weed control. Thus,the use of herbicides becomes a

necessity especially in the high rainfall areas.

HERBICIDES USE

In Tunisia there is no fundamental research work on herbicides.

The research work consists of using	 results found by the chemical

firms and in adapting their findings to local conditions. Applied
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research carried on by several agencies is based on the use of

various herbicides which can be applied at different stages of
growth of both cereals and weeds (from 2 or 3 leaves stage up to

the end of tillering stages of the crop).

Chemical weed control started in early 1960 by the intensive

use of 2,4-D, to control broad leaf. 	 (Table 1)	 In 1970,

the "Division Technique" (ex-Wheat project) started a wide program

of experimentation to control weeds infesting cereals. Thus, trials

were conducted during the following seasons to achieve the following

objectives.

1. Select herbicides to control broad-leaf which would take the

place of 2,4-D usually used, and which would be applied at the

stage of pre-emergence or at 2 to '3 leaves stages of wheat.

2. Determine the most economical and efficient herbicide that

can be used to control grasses.

3. Study the action of herbicides (phtotoxicity) and its influence

on the varieties of wheat widely cropped or recently introduced.

4. tend the best chemical weed control technique.

At the present time, there is a wide range of herbicides us

on cereal crops.	 The farmer has the possibility to choose.

It is obvious that when ue speak about herbicides, we suspect

the presence of a susceptible flora of weeds which is harmful to

cereal crops.

For this reason we can't encourage the systematic use of herbi-

cides on cereals because the density and the distribution of weeds

vary from one area to another and are related to climatic conditions

(rain, rotation system, soil type...).

We notice that the degree of weed infestation is highly related

to rainfall, and particularly, in the area where the rainfall is over

450 mm/year there is a real weed infestations, thus the chemical weed

control would increase yields.

The economic analysis models of the use of herbicides, summarized

by Ali B. Salem B. Zald at the third regional wheat workshop held

2



April 28 - May 2, 1975, would give us a valuable idea. To master more

accurately the use of herbicides in the cereal fields, it would be

useful to establish a floristic card in which to identify the area of

infestation of each type of weeds, and to undertake research on yield

losses due to each groupe or species of weeds. Results obtained would

be useful for farmers and extension officers to choose rationally
the most adequate herbicide.

TABLE 1:

EVOLUTION OF CHEMICAL WEED CONTROL IN TUNISIA

(PV) 000 ha

Year
	

2-4	 D	 Polyvalent 

	

1964 - 65	 20

	

1965 - 66	 30

	

.1966 - 67	 40

	

1967 - 68	 50

	

1968 - 69	 55

	

1969 - 70	 70

	

1970 - 71	 80

	

1971 - 72	 106

	

1972 - 73	 69	 1.0

	

1973 - 74	 111	 3.5

	

1974 - 75	 144	 16.0

	

1975 - 76	 159	 29.0

	

1976 - 77	 119	 24.3

	

1977 - 78	 152	 12.5

	

1978 - 79	 92	 20.5

	

1979 - 80	 160	 24.6

	

1980 - 81	 182	 52.5

1981 - 82
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COMMON WEEDS PRESENT IN FIELD CROPS IN TUNISIA

I - Monocotyledons

II - Grasses

111 - Les folles avoines

1111 - Avoine sterile 	 : Avena sterilis L. ssp

1112 - Avoine blanche : Avena Alba Vahl

112 - Les phalaris ou Alpistes

1121 - Phalaris a epis court : Phalaris brachystachys Link.

1122 - Phalaris paradoxal 	 : Phalaris paradoxa L.

1123 - Petit phalaris 	 Phalaris minor Retz

113 - Les Ivraies ou ray-gras

1131 - Ivraie rigide	 : Iolium rigidum Gaud

1132 - Ivraie multiflore: Iolium multiflorum lamk

Orge des rats : Hordeum murinum L.

Chiendent Pied de Poule
	 Cynodon duetylon (L)'

Les Bromes

1161 - Brome de Madrid
	 Bromus madrilensis

1162 - Brome sterile
	 Bromus sterilis L.

1163 - Brome rigide
	 Bromus rigidus Roth

1164 - Brome rougeAtre
	 Bromus rubens L.

2 - Dicolyledones

21 - F. des crucifares

221 - Moutarde des champs :

212 - Moutarde blanche

213 - Ravenelle

214 - Rapiste rugueux

215 - Diplotaxis verge

216 - Fausse-roquelte

217 - Cordyloearpe mnriqug:

218 - Roquelte d'Orient

Sanve, Sinapia arvensis L.

Sinapis alba L.

Raphanus raphanistrum

Rapistrum rugosum L.

Diplotaxis virgatu (cav)

Diplotaxis erucordes (L)

Cordylocarpus muriestus

Conringia orientalis (L)
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219 - Bourse a Pasteur
	 Capselle bursa

220 - La Psychine

22 - F. des composeas

221 - Chrysantheme des

222 - Souci des champs

223 - Souci d'Algerie

224 - Anacyele en massue

225 - Sênecon Commun

226 - Centaureg de Nice

227 - Chardon a tete dense
228 - L'helminthie - fausse

229 - Laiteron maraicher

230 -

23 - F. des ombelliferes

231 - Carotte sauvage

232 - Fausses carottes

233 - Torilis noueux

234 - Turgenie

235 - Peigne de Venus

236

237

238

- Faux fenouil

- Buplevre

24 - F. des Primulacee's

241 - Mouron des champs

25 - F. des Convolevulacees

251 - Liseron des champs:

252 - Liseron tricolore

des Boraginaedes

261 - Buglosse d'Italis

262 - Gremil des champs

27 - F. desScrofulariacees

271 - Vgronique a

26-

- Bifora

L'urosperme faux-pieris

feuilles de lierre : Veronica hederaefdia (L)

moissons :

: Psychine stylosa Desf.

Daueus Carotta

Ammieleve: Ammi majus

Torilis nodosa

Turgenia Latifolia (L)

Scandix pectern-veneris (L)

Bifora testiculata (L)

Ridolfia segetum (L)

Buplevrum

Chrysanthemum segetum L.

Calendula arvensis L.

: Calendulu bicolor

Anacyclus c lavatns (Deaf)

: Senecio vulgaris (L)

: Centaurea nicaensis All

: Carduus pyenocephalus L

viperine: Pieris echioides (L)

: Sonchus oleraceus (L)

: Urosperum pieroides L

Anagalis arvensis (L) : toseique

Convolvulus arvensis (L)

Convolvulus tricolor (L)

Anchusa azurea Mill = A. Italia

Lithospermum arvense (L)
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272 - Vgronique cymbalaire : Veronica cymbalaria

273 - Véronique de Perse 	 : Veronica persica Poir

28 - F. des Rubiacees

281 - Gaillet trois cornes : Galuim tricorne

282 - Gaillet grotteron 	 : Galuim ceparine

283 - Gaillet sucr g	: Galuim Valencia

28 - F. des Liliucegs

281 - Ornithogale de Narbonne : Ornithoylum narbonense

282 - Tulipe sauvage	 : Tulipa sylvestris L

283 - Glaieul des moissons	 : Gladiolus segetum

284 - Glaieul de constantinopole : Gladiolus byzantinus

29 - F. des aracges

291 - Arisarum vulgaire	 : arum arisarum L

30 - F. des polygonucegs

301 - Renoueg des oiseaux : Polygonum ariculare L

31 - F. des Caryophyllacies

311 - Silene en flu	 : Silene fuscata

312 - Silene noire	 : Silene fuscata link

313 Silene de France	 : Silene gallieu L.

32 - F. des Renoneulucegs

321 - Adonis annuel 	 : adonis annua L

322 - Nigelle de dames	 : Nigella damascene L

33 - F. des papaveracegs

331 - Coquelicot	 : Papaver rhoeas L.

332 - Pavot hybride	 : Papaver hybridum L.

333 - Roemerie hybride	 : Romeria hybrida (L)

34 - F. des fumariacges

341 - fumettere officinale: fumaria officinalis (L)

35 -

351 - Luzerne bardane

352 - Gesse ochre

36 - F. des oxalidacees

361 - Oxalis

Medicago hispida

Lathyrus ochrus

oxalis pes-caprae L
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37 - F. Euphorbiacees

371 - Euphorbe eeveilleLmatin : Euphorbia helioscopia

38 - F. Malvacees

381 - Mauves a petites fleurs : Malva parviflora L

382'- Mauves de Nice	 : Malva nicacensis All

It is true that the climatic conditions present a considerable

constraint toward the chemical weed control operation, and mainly

toward the use of herbicides which are applied at the earlier

growth stages of cereals and which require qualified manipulators.

At certain stages of cereal growth there is either heavy,

rains that make fields inaccessible by heavy equipment or there

is an extended drought period that might accentuate the phyto-

toxicity of some chemicals and this might make the farmers

hesitate to use herbicides.

Because of these constraints and despite the efforts, the

use of polyvalent herbicides is still limited for earlier spraying.

Being aware of these constraints we have introduced herbicides

that can be applied at later stages of cereal growth (early

tillering - node stage). These herbicides provide the flexibility

of usage and are called "catch-up herbicides" and give good

results even though they are applied late. The cost of chemical

weed control remains as the major economic constraints in the

small farms. This situation inhibits the efforts of extension,

in order to encourage farmers to use chemical weed control the

government has subsidized by 50% the value of most herbicides.

It also has made loans available for cereal growers. The govern-

ment has delegated the office of cereals to buy, stock, and

supply farmers with chemical herbicides.
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	1971-72 27.3	 1.7	 1.6	 0.8

	

72-73 28.0	 4.0	 6.3	 1.8	 6.1

	

73-74 24.6	 1.3	 2.8	 5.1

	

74-75 22.2	 9.1 12.3	 3.9 15.0 11.0 10.7

	

75-76 24.9	 2.8	 0.7	 0.5	 2.5	 2.9 4.7

	

76-77 17.7	 0.4	 08	 0.3	 1.7	 2.0 3.9

	

77-78 30.5	 0.6	 0.9	 1.7	 0.2	 0.2 -

	

78-79 14.2	 0.4	 1.4	 0.4	 2.2	 1.1 0.4

	

79-80 31.2	 1.5	 0.9	 2.4	 1.9 1.9

	

80-81 22.7 	 2	 7.4	 3	 9.8

6.5

10.6

5.3

	

3.3	 4.0

1.1

	

1.2	 2.3

3.2

	

5.6	 3.2

4.3

24.3	 2.5	 3.6	 1.3	 4.6	 3.2 4.4	 4.6	 3.7

TABLE 2

X OF YIELD INCREASES IN QX/HA

N C	 MA	 D.Ma/ha	 STAGES OF CEREAL GROWTH

2.4 D	 2.4 D 480 g.	 Full tillage - 2 crowhs

DICURAN CHLOZTOLURON 2500 g

DOSANEX METOXURON 360 g

TOK NITROFENE 150 - 100 g

• IP ISOPROTURON 150 - 175 g

ILLOXAN DICLOFOPMETHYL 90 g

SUFFIX BEZOYL PROPETHYL 120 g

2 leaves - Beginning of Tillage
VI	 91	 II

It

tl



CHEMICAL WEED CONTROL 1974 - 1975

T 2.4D

18.4 30.1

16.1 19.2

25.0 26.7

29.4 28.6

Dosanex Dicur Ipuren Suffix 20

	

33.7	 29.7	 35.1	 36.8

	

39.3	 31.1	 28.5	 27.5

	

29.5	 22.0	 22.5	 24.2

	

46.6	 40.9	 47.0	 36.7

RAINFALL IN MM 1974 - 1975

12 1

48.4 21.2

27.5 9.0

12.7 8.0

24.5 11,3

T	 2.48 Dosanex Dicur Ipuren Suffix 20
BETA *	 2t	 4.4	 4.4	 3.3	 3.3	 3.2

MORNAGUIA	 22.4	 20.8	 17.8	 18.2	 17.6	 22.2

MEDJEZ	 3.2	 6.3	 10.9	 9.4	 7.9	 5.2

LE KEF	 24.2	 25	 27.5	 24.7	 30.3	 24.8

RAINFALL IN MM 1976 - 1977

12	 1	 2	 3

BEJA	 29.9	 38.7	 21.5	 21

MORNAGUIA	 26.5	 49.5	 10.0	 39.2	 51.7 '	426

MEDJEZ	 23.8	 31.9	 3.2	 30.4	 56.5	 345.3

LE KEF	 12	 27.0	 6.0	 41.0	 68	 388

TABLE 3 - YIELDS IN QX/HA

CHEMICAL WEED CONTROL 1976 - 1977



TABLE 4

PRICES OF HERBICIDES IN TUNISIAN DINARS

N C

2.4 D

DICURAN 500 L

DOSANEX 80 WP

TOK 5 WP

SUFFIX 20

ILLOXAN

SERVICE

(Subsized prices)

1980 -'81

DOSE PC

1.5 L - 2 L

5 L

4 - 5 Kg

3 Kg

6 L

2.5 L

PRICE PER UNIT

0d635

1d775

24700

14675'

1d225 (formerly STOK)

3 450

3x400

DURUM WHEAT

SOFT WHEAT

WHEAT PRICES IN TUNISIAN DINARS (80 - 81)





WEED CONTROL IN SMALL GRAINS

Arnold P. Appleby

Today I would like to direct my remarks to some of the problems

and practices of weed control in small grains in Oregon , with the

hope that some of the ideas and concepts may be applicable here in

Tunisia as well.

A. GENERAL WEED CONTROL METHODS

Before beginning specific Oregon practices, let's take a quick

look at general methods of weed control and how they might fit into

small grain production.

Mechanical Weed Control 

Mechanical weed control involves the use of machinery to destroy

weed growth. This can be important in proper preparation of a seed-

bed, for example. One technique of controlling difficult weeds is to

encourage them to germinate, then destroy them with tillage before

planting the grain crop. This is called delayed tillage. This method

can be reasonably effective if environmental conditions have, stimulated

a high percentage of the seeds to germinate. It is more likely to be

partially effective against bromes, for example, than it is against

wild oats since wild oats often will germinate over an extended period

of time while bromes tend to more nearly germinate at one time.



Table 1. Interaction of weed control and
nitrogen fertilizer on wheat yields in
western Oregon

(kg/ha)	 Weeds controlled	 Weedy	 Reduction

N level 	 Yield (kg/ha)

4860 4860 0

6100 5010 8

6530 5300 19

6680 4860 28

Manual Weed Control Methods 

In some situations, manual weed control can be feasible. If the

weed infestation is sparse, labor is plentiful, and acreage is

0
40

Cultural Methods 

Some important cultural methods involve the use of competitive

varieties, proper selection of amount and placement of fertilizer,

and other methods. An important practice in this regard is the use

of crop rotations. By shifting from cereals to legumes where other

herbicides can be used, or rotating between fall- and spring-planted

crops, weed cycles can be disrupted and considerable benefits gained.

Table 1 shows the importance of providing both weed control and

proper fertility levels. In the study shown in Table 1, there was

no advantage in controlling weeds if N levels were inadequate. Like-

wise, if N was added to a weedy field, most of it was used by the

weeds and very little increase in grain yield was noted.



extensive, perhaps the most economical method is to remove the rela-

tively small number of weeds by hand. In some areas, the weeds

collected in this manner can be used as forage for livestock.

Chemical 

A large number of herbicides have been used for weed control in

small grains. A recent survey has indicated that approximately 47

different herbicides are registered for this use somewhere in the

world (Table 2). It is important not to depend solely on herbicides

for our weed control practices but rather to use them as an efficient

tool along with other weed control methods.

Table
	 Herbicides used in wheat and barley

1. barban

2. benazolin

3. benzoylprop ethyl

4. bromofenoxim

5. bromoxynil

6. chlorbromuron

7. chlorfenprop methyl

8. chlorotoluron

9. cyanazine

10. diallate

11. dicamba

12. dichlorprop

13. diclofop methyl

14. difenzoquat

15. dinoseb

dinoterb

17. dinoseb acetate	 33. metribuzin

18. diuron	 34. monolinuron

19. 1-flamprop isopropyl	35. neburon

20. flamprop methyl	 36. paraquat

21. flurecol-n-butylester 37. phenothiol

22. ioxynil	 38. picloram

23. isomethiozin	 39. propanil

24. isoproturon	 40. simatryne

25. lenacil	 41. terbutryn

26. linuron	 42. triallate

27. MCPA	 43. trifluralin

28. MCPB	 44. trimeturon

29. mecoprop

30. methabenzthiazuron

31. methoprotryne

32. metoxuron



WEED CONTROL IN OREGON

Oregon is a climatically diverse state and distinctively

different management practices are carried out in the different

areas. I will divide this discussion into three major small grain

programs because problems and procedures can be quite different

among them.

Grain-Fallow Rotation - 200-300 mm Rainfall 

A fairly large section of north central Oregon is adapted for

small grain production by, rotating wheat or barley with one year of

fallow. Fallow serves to store moisture in order to increase con-

sistency of crop production. An important aspect of the wheat-fallow

rotation is to maintain relatively weed-free conditions during the

fallow. In this area, the land is generally left in stubble following

PI:1144st and through the fall and winter until tillage begins during,

the following spring. There is a growing trend, toward the use of

herbicides to control weeds during the fall, winter, and early spring

of the fallow season. An increasing amount of evidence indicates that

allowing weeds to grow during this period can reduce the total amount

of soil moisture stored. Work by Mr. Donald Rydrych at the Columbia

Basin Research Center at Pendleton indicates that maintaining a clean

fallow during the winter can significantly improve soil moisture

storage-(Table 3). Tillage in`the fall could help control weeds but

it also can lead to unwanted soil erosion during the rainy winter

number of herbicides have been registered for this use.

These include cyanazine, atrazine, metribuzin, propham, glyphosate,

paraquat, dalapon, 2,4-D, and dicamba.



Table 3. Soil moisture storage in the spring following
three fallow management systems during the winter.
Moisture measured in April at Pendleton, Oregon

Treatment

No winter tillage, no herbicides'

No tillage. Herbicide applied in fall

Fall tillage, no herbicides

Data provided by Mr. Donald J. Rydrych,
Oregon.

Although fertility needs are generally met with the addition of

commercial fertilizer, the fallow period can

nitrification and an increase in available nitrogen in the soil.

Uncontrolled weeds during the fallow period can needlessly use

valuable fertilizer.

An important concept in good field management is to be sure

that weeds are not growing uncontrolled in the fencerows between

fields. Herbicides such as atrazine + amitrole can do an excellent

job of preventing weeds from producing seed which would then spread

into adjoining fields.

In the crop year, weed control is largely carried out with

herbicide treatments. Since yields are relatively low, the general

preference is toward the cheaper phenoxy herbicides, such as 2,4-D,

but in some cases, more expensive herbicides, such as bromoxynil,

metribuzin, linuron, and terbutryn are used for special weed

problems.



methods include the use of triallate or trifluralin

Annual Cropping -- 300-600 mm

Weeds can be a serious problem in the annually cropped areas

of eastern Oregon. Major problems are downy brome (Bromus tectorum)

and a wide variety of broadleaf weeds. Yields are sufficiently high

that growers can afford the more expensive herbicides. A wide

variety of herbicides and herbicide combinations are used. One

favorite treatment is a mixture of MCPA + bromoxynil + dicamba.

Also used are metribuzin + bromoxynil, diuron + 2,4-D, and others.

For control of downy brome, trifluralin or metribuzin is sometimes

used, often with mixed success. Other approaches can be the delayed

• seeding technique or, more commonly, the use of crop rotations. By

rotating wheat with spring-planted peas or other legumes, the downy

brome can be reduced considerably. Downy brome seeds are relatively

short-lived in the soil, so if downy brome is not allowed to produce

seed for two or three years, the problem can be significantly reduced.

Annual Cropping -- 500-1200 mm 

In the higher rainfall areas of western Oregon, a large number

of very competitive weeds abound. Major ones include Italian

ryegrass (Lolium multiflorum) and wild oats (Avena fatua). There is

also a wide variety of winter annual broadleaves, annual bluegrass

(Poa annua), annual bromes, and some perennials, including Canada

thistle (Cirsium arvense). For wild oat control, diclofop-methyl,

difenzoquat, triallate, or barban are available. For Italian ryegrass

control, diclofop-methyl is an, outstanding treatment (Table



1975

1976
	

4

1977	 4

1978	 3

1979	 4

Avg

Table 4. Influence of diclofop methyl
on wheat yields at 21 locations in
western Oregon

No. of	 Avg wheat yield (kg/ha) 

Yea r	locat.
	 diclofop	 Untrted ck.

6500	 3400

6100	 2500

5200	 3000

4000	 2500

8500	 7100 

6200	 3700

applied post-plant and incorporated, followed by an early post-

emergence treatment of diuron. These treatments have been suffi-

ciently effective that Italian ryegrass is being markedly reduced

as an important weed problem in western Oregon.

For broadleaf control, the major herbicides include diuron,

2,4-D, MCPA, dicamba, and dinoseb. Bromoxynil, terbutryn, linuron,

and metribuzin also are used. As in most areas of the world, there

is an increased trend toward more combinations of herbicides to con-

trol a mixture of weeds. Unfortunately, most of the broadleaf

herbicides reduce the effectiveness of diclofop against wild oats

when the herbicides are applied as a tank mixture.

The future of weed control in small grains appears reasonably

bright. New candidate herbicides continue to appear for testing.

One example is the introduction of the new sulfonylurea herbicides.



An example of this family is chlorsulfuron (named Glean in the

These herbicides can control weeds at rates as low as 5

are excellent on a wide variety of annual broad-

and can inhibit the growth of certain grass weeds as well.

Other new materials are under development which should add new

tools to the arsenal against weeds in small grains. With the

wise use of good management techniques, such as crop rotation,

good'seedbed preparation, etc, along with an array of effective

herbicides, we can be successful in controlling our weeds in small

grains.
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ASPECTS OF SOIL FERTILITY IN CEREAL PRODUCTION

D. Michael Glenn

Traditionally, agriculture has relied on the use or "mining " of the
nutrients held within the soil system. The majority of the essential plant
nutrients are, in fact, supplied directly from nat i ve soil fertility. How

-ever, soil fertility is a limited resource and over time any cropped soil
will develop a nutrient deficiency. Three nutrients are potentially defi-
cient in the cereal producing regions of North Africa--nitrogen, phosphorous
and sulfur.

Nutrient deficiencies are a concern in cereal production not only be-
cause they reduce yield levels, but the correction of nutrient deficiencies
requires capital inputs that generate a drain on credit requirements and the
national balance of payments (Ewell, 1974, Hauser, 1974). National policy
regarding importation and internal distribution of fertilizer materials may
be such that their availability and cost become a more limiting factor than
does the identification of nutrient deficiencies.

Declining Soil Fertility 

The cereal producing regions of North Africa have suffered varying degrees
of soil erosion over the centuries. This is due in large part to the erosive
nature of the environment, but it is further aggravated by the soil and crop
management practices that promote soil loss (M'Rad, 1977). The quantity of
essential plant nutrients lost through erosion can be very high (Table 1).
Research has demonstrated that organic matter and nitrogen losses may be five
times as high in the eroded material as in the original soil. Potassium and
phosphorous are two and three times higher, respectively (Brady, 1974). More
importantly, a higher proportion of the nutrients lost through erosion are
usable by crop plants.

Grazing of cereal residues is a necessary practice in North Africa since
forage products are chronically deficient (M'Rad, 1977). This management
practice does aggravate soil erosion losses, however, by removing the one com-
ponent of the soil system that effectively reduces soil movement, namely,
crop residues. Maintenance of surface residues is necessary to reduce both
wind and water erosion. Crop residues act as barriers and reduce soil move-
ment by reducing air and water velocity at the soil surface. In general, the
control of soil erosion is proportional to the amount of surface residues once
a threshold amount of about 1 ton/ha is attained (Luebs and Laag, 1964).

Primary depletion of soil fertility, particularly ni trogen, occurs through
the removal of the grain products. As much as 80% of this total plant nitrogen
may be tied up in this grain dry matter (Glenn, unpublished data). Slow de-
pletion of soil fertility occurs through the grazing component of the present
cropping system. While grazing animals do recycle 80-90% of the residue nutri
ents back into the soil, there is a net loss of the soil nutrients which are
used for the animal's growth or maintenance (W. McGu i re, personal communication).
In time, grazing not only reduces soil fertility levels, but it also reduces



the carbon inputs necessary to maintain desirable organic matter levels for
improved soil tilth, higher water holding capacity and greater cation exchange
capacity.

Nutrient depleted soils and the insufficient use of inorganic fertilizers
re two major factors limiting cereal yields in North Africa. The adoption of
increased fertilizer use is a practice that is often slowly instituted. This
is due to the costs associated with fertilizer importation. These costs in_
clude not only the initial material cost, but also transportation costs from
the seaport to the inland farming areas, diverted interest on invested capital,
and other distribution costs. Ewell (1974) and Hauser (1974) emphasize that
fertilizer costs and timely availability often cause fertilizer use to be one
of the last items adopted in production packages for increased crop yields.

TABLE 1. Annual Nutrient Removal	 in Missouri

Condition
Nutrients removed (kg/ha)

N P	 K	 Ca	 Mq	 S

Erosion removal

continuous corn 59 16 540 196 78 15
corn-wheat-clover 23 7 191 76 26 5

Crop removal

mean for corn 107 20 89 36 27 18

Soil lost
metric ton/ha

8.8
1.2

(Miller, M.F. and H.H. Krusekopf, 1932)

TABLE 2. Average Rainfall, Runoff,and Soil Loss on Tillage Plots

Average values (1965-70) 
Rainfall	 Runoff	 Soil loss

Tillage Practice

Bare fallow - residues removed

Conventional tillage (plowed)

Stubble mulch

No-till

(cm) 

42.0

42.0

42.0

42.0

Values within a column followed by the same letter are not signifi-
cantly different (a = 0.05).

Nutrients Limiting Cereal Production in North Africa 

Nitrogen (N), phos phorous (P), and sulfur (S) have been identified as yield
limiting nutrients in North Africa (Ahn, 1977). Heavy metal micronutrients--
zinc (Zn), manganese (Mn) and iron (Fe)--are probably deficient on the cal-



careous soils of North Africa when susceptible crops such as citrus are grown.
However, micronutrient deficiencies are unlikely, if at all, in cereal crops
until greater yields are attained as a result of increased fertilizer usage,
higher yielding-adapted Varieties, and improved overall management techniques.

Factors Influencing Nitrogen Availability in North Africa 

Cereal crops absorb most of their nitrogen in the NH 4+ and NO 3 - form from
the soil solution. The quantity of these two ions available in the root zone
depends primarily u pon the amounts supplied through fertilized materials and
mineralized from the organically bound soil nitrogen. The net amount of nitro-
gen released from the soil organic matter is related to the relative rates of
nitrogen mineralization, immobilization and denitrification. Factors affecting
these processes include: (1) the amount and composition (C:N ratio) of soil
organic matter and incorporated residue, (2) soil moisture, (3) soil temperature,
(4) soil pH, (5) soil aeration, and (6) the population of micro-organisms. The
first three factors are of primary concern in assessing nitrogen availability.

Cereal residue characteristically has a high C:N ratio. Its use in con-
trolling erosion and subsequent incorporation into the soil will generally
require or immobilize some nitrogen for decomposition that would otherwise
have been available to produce the next crop. Immobilization of N is particu
larly apparent when cereal residue is incorporated into the soil immediately
prior to planting. Approximately 3 kg of nitrogen from the soil, and/or added
crop residues is necessary for microbial conversion of 100 kg of crop residue
to stable organic matter (Harmsen and Kolenbrander, 1965).

This process of immobilization explains the initial increase in nitrogen
fertilizer requirements as new soil management practices that conserve crop
residues and soil moisture are adopted. However, with time, the increased
use of fertilizers and the maintenance of crop residues will increase the
organic matter content of the soil. Nutrients released from soil organic
matter in addition to residual fertilizer N can be expected to meet this
nitrogen requirement (Bartholomew, 1965).

Mineralization and immobilization are microbially mediated processes that
are sensitive to changes in soil moisture and temperature. The reaction rates
of these processes are optimal at a temperature of 35°C and soil moisture ten-
sions of 1/3 - 1/10 bar i.e. field capacity (Stanford and Epstein, 1974; Stanford
and Smith, 1972). Stanford  et al. (1973) demonstrated that mineralization,
and presumably immobilization, rates would decrease in a linear fashion as soil
moisture and temperature departed from optimum levels. Smith et al. (1977)
integrated this knowledge of moisture and temperature effects 6F-N—ininerall-
zation to examine soil nitrogen mineralization potentials under field conditions.
They concluded that the annual variation in soil test N values is directly re-
lated to annual climatic variation effects on mineralization. Swenson et al.
(1979) determined that during dry years the amount of nitrate-nitrogen accumu-
lated during a fallow period through the mineralization process will be greatly
reduced due to suboptimal conditions for mi crobial activity. They determined
that additional nitrate accumulation levels between the fall and early spring
of the crop year were not great. They recommended that soil samples be col-
lected in the fall at the time of planting to determine the level of native
soil nitrogen prior to applying fertilizer nitrogen.



An effective nitrogen soil testing program must be developed in North
Africa to efficiently evaluate the level of available soil nitrogen. Such
a soil testing program would prevent both under and over application of ex-
pensive nitrogen fertilizer materials.

Factors Influencing Phosphorous Availability in North Africa 

The soils of North Africa are generally calcareous. This soil charac-
teristic greatly limits the availability of phosphorous to plants. Phos-
phorous is most available within a pH range of 5.5 to 7.0. At pH's greater
than 7.0, water insoluble phosphorous complexes and precipitates will form
with Ca +2 , Mg+2 , and CO 3 - 2 ions to reduce P availability. Soil texture also
affects P availability. In general, soils containing a large percentage of
clay will fix more phosphorous than those of a lighter texture. This is the
result of greater surface area exposure and so P fixation potential with in-
creased amounts of clay.

The degree of colloidal phosphorous saturation strongly influences the
response to added phosphorous. Soils that have received high rates of P
fertilizer for several years should develop a higher P saturation level. In
soils with greater P saturation, it should be possible to reduce the amount
of applied P and to utilize a greater percentage of the soil P (Tisdale and
Nelson, 1975). Such alterations in P fertilizer management will require an
effective soil testing program to estimate the amount of applied P for optimal
Y i e l d levels.

When soluble P fertilizer is broadcast and incorporated into the soil, it
is exposed to a greater surface area and more can potentially be fixed by the
colloidal fraction of the soil. Band or row placement of P fertilizers will
reduce the surface area contacted by the fertilizer with a subsequent reduc-
tion in P fixation and an, increase in P availability. Banding is of critical
importance on low phosphate soils with a high fixation potential.

Since the 1930's, the superiority of banding over broadcasting P ferti-
lizers has been recognized by agronomists. Phosphate fertilizer recommendations
for winter wheat have generally advocated doubling the banding P rate if a
broadcast application is to be used. Peterson et al. (1981) examined the
literature and conducted field tests to confirm—WIT recommendation and found
it insupportable. Instead, they concluded that the relative effectiveness of
P application method changed as the soil test level changed (Table 3). Soils
with very low levels of available P require three times the amount of P when
broadcast as compared to a banding application. Moderate to slightly P defi-
cient soils produced the same level of response when equal amounts of P were
either broadcast or banded. Phosphorous fertilizer recommendations then should
be related not only to soil test levels, but also to the method of application.



TABLE 3. Applied phosphorous rates to maximize grain yield for broadcast
and band applications

Soil	 test level
( ppm)

Optimal	 P rate (kg/ha) Broadcast rate
broadcast	 banded Band rate

8 73 12 3.1
10 45 28 1.6
14 45 30 1.5
17 45 45 1.0
19 45 43 1.1
19 27 22 1.2

(Peterson e al . , 1981)

Soil Fertility Effects on Disease Incidence and Severity 

Take-all root rot (Gaeumannomyces graminis var tritici) is a major soil-
borne fungal disease of wheat in temperate climates. The most serious yield
losses occur in high rainfall or irrigated areas when wheat is continuously
cropped. Early planting favors infection and fungal establishment. Mild
winters and cool wet springs further promotes fungal spread throughout the
root system. Nitrate-nitrogen uptake promotes fungal damage while ammonium-
nitrogen uptake decreases disease severity. Banding phosphorous with the
seed will promote root growth, particularly in cool, wet soils and the en-
hanced plant vigor will reduce take-all damage. Banding chloride fertilizers
with or near the seed or spring applications of chloride fertilizers will
also reduce disease severity of not only take-all root rot but leaf and head
diseases such as stripe rust and Septoria in wheat (Jackson et al., 1981).
Christensen  et al. (1981) hypothesize that one mechanism by which Cl suppresses
take-all root rot in wheat is by plant uptake of Cl which lowers the water
potential in the root and thereby retards the rate of root colonization by
the pathogen.

Christensen  et al. (1981) determined that spring chloride (Cl) ferti
lizer applications reduced the osmotic potential 2-4 bars in the leaves of
winter wheat and presumably in the roots as well. Cook  et al. (1972) have
demonstrated the sensitivity of take-all infection to decreasing water po-
tential by measuring the rate of hyphal growth under osmotically controlled
water potentials. Their work suggests that host susceptibility to root coloni
zation by take-all is reduced by lowering the root water potential. It is
also possible that the inoculum potential of take-all was indirectly reduced
by Cl applications through a change in quantity or compos i t i on of root exudates.

Striking responses were measured as a result of chloride application to
winter wheat infected with take-all (Table 4). Fresh weight at the milk ripe
stage, kernel weight and grain yield were increased by a spring topdressing of
chloride. This research has demonstrated that with careful cultural and
fertilizer management, the occurrence and damage from take-all root rot can
be reduced.



TABLE 4. Winter wheat fresh weight yield (milk stage), grain yield and
kernel weight as influenced by spring topdressed N and Cl vari-
ables.

Fertilizer treatment 	 Yield 
N	 Cl '	 Fresh

Site
	

N source	 rate	 rate	 weight	 Grain	 Kernal

kg/ ha	 9/60 cm row	 kg/ha	 9/1,000

a5,420(NH4 ) 2SO4	140	 0	 475a	 43.a4k
NH Cl	 140	 3554	 605	 7,570b 47.3"

(NH 4 ) 2SO4	140	 0	 63
(NH4 ) 2SO4 +KC1	 140	 101	 ,	 690

a157 530,	 54.4!
(NH4 ) 2SO4 4-NaC1	 140	 101

40	

a

NII4 C1	 140	 355	 711a	 55.4
683, 7,530bb	 57.9"

7,490	
a

(Christensen et al., 1981)

a a
52.3a6,72

Values within a column followed by the same letter are not significantly
different (a = 0.05).

Soil Fertility Effects on Cereal Residue Quality as an Animal Feed 

Cereal dry matter production and the crude protein of cereal residues
are directly related to the degree of water stress a plant experiences and
the amount of plant available nitrogen. It is generally agreed that while
water stress decreases overall dry matter production, it increases the
crude protein percentage in all plant parts (Fedack and Mack, 1977; Aspinall
et al., 1964). In North Africa,where high quality forage products are
chronically deficient, cereal residues can best be used as a maintenance
ration for non-lactating animals. Research in the semi-arid regions of Oregon
has begun to explore the relationships between water stress, nitrogen avail-
ability and cereal residue forage quality.

The intensity and duration of water stress on cereals can be integrated
in the stress-day concept of Hilar and Clark (1971). Briefly, this concept
determines the intensity and duration of water stress during each phenological
stage of growth. It relates the cumulative measure of water stress (termed
Stress Day Index, SDI) to the yield of grain or dry matter. The Stress Day
Index (SDI) is calculated as:;

harvest
_ actual transpiration SDI =

	

	 (CS)
potential transpirationemergence

where (CS) is a numerical measure of the crop
susceptibility to water stress for each
stage of growth

In the cereal-fallow regions of Oregon, the primary determinant of grain,
residue,and crude protein yield is the level of water stress (SDI) (Table 5).



The level of available nitrogen (N) (soil N + fertilizer N, kg/ha) has a
significant but lesser effect on these responses. Water stress (SDI) re-
duces yield potential and the physiological nitrogen sink size. Decreasing
amounts of soil water further limit nitrogen, uptake and conversion to crude

protein by restricting the amount of N that can move into the roots through

mass water flow. These two effects of limited water supply combine to reduce
crude protein levels in cereal residues even when nitrogen levels are increased
(Figure 1).

The productivity of cereal-livestock systems in North Africa can be
greatly improved. Moisture conservation practices will increase the supply
of available water, reduce plant-water stress and increase the productive
potential of the area. Effective moisture conservation in conjunction with
improved cultural, weed control,and fertilizer: management techniques will
optimize both grain yield and cereal forage quantity and quality.

TABLE 5. The effect of water stress (SDI) and avail-
able nitrogen level (N) on grain, residue,and
protein yield using multiple regression co-
efficients.

Grain yield (metric tons/ha)

Grain yield = 5.81 - 0.043 (SDI)

Residue yield (kg/ha)

Straw = 3801.12 - 25.84 (SDI)
Chaff = 2363.76 - 18.35 (SDI)

Crude Protein yield (kg/metric ton of residue)

Straw = 977.92 + 22.28 (SDI) + 4.95 (N)
Chaff = 1706.24 + 24.59 (SDI) + 6.81 (N)

Fertilizer Use in Conjunction With Soil Testing 

In North Africa, the majority of fertilizer materials are ammoniacal deriv-
atives. Ammonium sulfate, urea, ammonium phosphates, and ammonium nitrate are
common sources of N, P,and S. The ammonium form of nitrogen in fertilizer
materials possesses certain advantages and disadvantages. The primary advan-
tage is its reduced rate of leaching and denitrification compared with nitrate
forms of nitrogen. The primary disadvantage is that ammonium forms of nitro-
gen volatilize when broadcast and left on moist calcareous soil surfaces.
Urea is more prone to ammonia volatilization than are other forms of nitrogen.

Ammonium sulfate (24% S) and single super phosphate (10% S) have been
common fertilizer materials in North Africa where native sulfur levels may be
deficient. Researchers in North Africa (Beaton and Fox, 1971; Ahn, 1977)
have pointed out that sulfur deficiencies do become apparent when N and P
fertilizers without S are used. Sulfur deficiencies may be widespread where
organic matter levels are low, S-carrying fertilizers are not used and S from
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Figure	 The effect of water stress levels (SDI) and
available nitrogen on cereal residue crude
protein levels.



industrial fumes is not added to the soil with precipitation. The sulfur
requirement for cereals is relatively low. A N:S ratio of 14:1 in plant
tissues is adequate for normal growth (Tisdale and Nelson, 1975). The cost
of including sulfur in a fertilizer management program is low since N-P
fertilizer materials carrying S will insure an adequate level of S for normal
plant growth.

The addition of any fertilizer material by a farmer carries with it two
significant risks. First, that the addition of fertilizer will increase yield.
Second, that the yield increase will result in a profit that will meet the
additional fertilizer cost and provide the farmer a net profit greater than
if he had not applied fertilizer.

Nitrogen fertilizer application must be balanced to the level of avail-
able soil moisture. Under normal growing conditions, soft white,and hard red
winter wheat require 25 and 40 kg N/metric ton of grain, respectively (Glenn
and Bolton, 1982; Gardner et al., 1980). Over-fertilization with nitrogen
will often stimulate excesiTiTvegetative growth, delay maturity,and cause a
higher level of water stress during the grain filling period. The result of
excessive nitrogen fertilizer application is a reduction in net income due
to a lack of an additional fertilizer response or a yield reduction in some
cases. Yield reductions from over application of phosphorous and sulfur are
rare; however, they do result in a loss of net income.

Soil testing for nitrogen and phosphorous can reduce the uncertainty as-
sociated with fertilizer application. Standard laboratory procedures have been
developed to determine the nutrient availability level of nitrogen and phos-
phorous. The correlation of laboratory soil test values with field response
data in North Africa can extend and confirm soil test calibration information
developed in other similar areas of the world. Soil testing for N and P can
help identify fields that will not respond to these nutrients. Soil testing
will also provide a base from which fertilizer recommendations for Nand P
by extension and research workers can be determined.
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THE FERTILIZATION OF WHEAT IN TUNISIA

S. Rezgui

I. INTRODUCTION 

It is known that plants get their nourishment from the air

and from the soil. Through its roots, the plant takes water and

the principal fertilizers necessary to its growth: nitrogen,

potassium, and phosphoric acid. In Tunisia, the land is generally

rich in potassium and poor in organic materials. In dryland

farming, a quantity of humus is destroyed each year by prolonged

drought and the strong heat of the summer. Only the action of

mineral fertilizer does not have the same effect on vegetation.

It is necessary to renew this organic fertilizer to maintain the

fertility of the soil by fertilizing the farms. In fact,it is

the mineral fertilizer that is most often used in cereal

producing. It represents 50% of the total volume of fertilizers.

In the center and the south of Tunisia climatic risks

are such that they overrule all other aspects of farming. In

effect the average rainfall in this region is 150 mm and presents

a variability expressed by the volume of rainfall at the time of

seeding(total rainfall is situated between 0.32 and 0.89).
In this region, cereal producing iS not profitable except with

a very minimum investment. Because of this, cereal producers of

this region don't invest in mineral fertilizers unless the year

is a particularly good one. In view of the modesty of yields

produced in this region, cereal producers in the center and the

south are not in a position to improve their cultural practices

with the purchase of necessary inputs.

Considering the difficult climatical conditions, cereal

producers are not allowed easy credit and as a consequence, are

not able to adopt all the modern techniques of production.
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In contrast, in the north climatical conditions are relatively

favorable. Rainfall varies from 400 mm, to 700 mm per year and the

variability of rainfall at the time of planting of the total rain-

fall is between 0.29 and 0.69.

This difference-of rainfall between the, two regions seems

be the reason for deciding which land is to be sown with wheat

and the amount of fertilizers used for wheat.

Phosphoric acid is plowed into the soil during the summer

after the removal of stubble. Farmers use either Super 45 or Super

16, according to what's available. Note that an adequate dose of

Super 16 will serve for two successive harvests because of the

varied composition of this fertilizer. On the contrary, the

action of Super 45 is more rapid and will serve for only one

harvest.

The amount of nitrogen used depends on the previous crop and,

more important, on the moisture content of the soil. In principle,

cereal producers of the north apply two applications, one at the

time of seeding and another during tillage.

III. CALCULATING THE ACTUAL NEEDS OF FERTILIZERS 

The estimate of the allotment of nutritional elements necessary

for each hectare and for one harvest of wheat is expressed as

follows:

50 to 60 kg of phosphoric acid

90 to 110 kg of nitrogen

70 to 80 kg of potassium

(Source: Note from D.R.V., dated Jan 14, 1980)

Thus,a restitution of these elements to establish adequate

fertility is necessary. In view of the results obtained by the

Division technique, the actual needs in fertilizing wheat are

calculated according to the rainfall and the previous crop:



Nitrogen Fertilizers:

For the north:	 700,000 ha x 200 kg = 140,000 T

For the center and the south: 800,000 ha x 100 kg = 80,000 T

Total:	 220,000 T

Phosphate Fertilizers (Super 45):

For the north:	 700,000 ha x 100 kg = 70,000 T

For the center and the south: 800,000 ha x 70 kg = 56,000 T

Total:	 126,000 T

The actual consummation in the levels of fertilization is

far from the best utilization in spite of the plans of development

that are always provided for the utilization of relative high

amounts of fertilizer. As is illustrated by Table 1: The average

cereal production in the north uses about 1/4 of its needs in

nitrogen and only 1/3 of its needs in phosphates. Thus,we admit

that certain farmers practice a kind of "vampire" farming where

they take without giving back what they have taken from the land.

In addition to the average annual growth of fertilization,

this is never matched with the use of high-yielding varieties

(varieties characterized by a high potential production and in

consequence larger needs of nutritional elements). Table 5.

c) The stocking of Supplies by Farmers

Fertilizers with a fixed composition used in cereal producing

are either made in Tunisia or imported, then distributed by large

retailers who operate a very organized distribution network

throughout Tunisia. It appears, however, that the volume of

fertilizer handled by this distribution network presents a

problem in the management of stocks. In effect,none of these

distributors can support the expenses of storage for several

months because it requires such a large capital investment. For

that manner, the farmer would rather take his needs at the time

he needs it. That's why there are irregularities in stockage

that creates problems in the process during the growing season.
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In addition to this constraint, the fertilization of wheat

is in direct relation to the size of the farm, knowing that 80%

of 326,000 farms are less than 20 hectares.

IV. INTERPRETATION OF THE RESULTS OF FERTILIZATION 

The necessity to put into operation a program for fertilization

adapted to the cereal producing zones of Tunisia is justified by

the introduction of new high-yielding varieties of wheat since

1968. Numerous and diversified fertilization trials that have been

carried out within the framework of activities of the Division

Technique on wheat crops during the last 12 years permit us to

draw the following conclusions:

- The nutritional element that limits the production of

wheats in Tunisia is nitrogen which depends foremost on the quantity

and distribution of rainfall on one hand and on rotation on the

other hand.

- The effect of nitrogen on yields represents an increase from

2.2 Qx/ha to 7.02 Qx/ha in dryland farming. This increase is

estimated at 23.7 Qx/ha in irrigated wheat crops. 	 These results

are illustrated in Table No. 3, but can be summarized as follows:

Zones
Recommended
Doses in
units/ha

Increase
in yields
Qx/ha

Net earnings
in dinars

Ratio of
Earnings/
Expenses

Z 1-a 100 7.02 43629 3.12

Z 1-b 67 4.012 22460 2.58

Z 2 45-67 2.2 - 3 10,000-13,500 2-

Z 3 67 4.37 25,763 7.17

Irrigated 150 23'7 186,624 2.81
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REPRESENTATION OF HECTARES SOWN WITH WHEAT AND

% OF HIGH YIELDING VARIETIES BY ZONE (TABLE 1)

Z 1: Bizerte, Beja et Jendouba

Z 2: Kef et Siliana

Z 3: Zaghouan et Nabeul

Z 4: Kasserine

1973 - 74 1974 - 75 1975 - 76 1976 - 77 1977 - 78 1978 - 79 1979 - 80 1 1980 - 81 Averages

Zone Ha.	 of
wh eat

.
4 HYV

Ha. of
wheat

Ha. of
Wheat Wheat

% HYV
Ha. of
Wheat % HYV

Ha. of
Wheat

11

% HY '
Ha. of
Wheat

% HYV Ha ' of
Wheat

%HYV Ha.	 of
Wheat

7 HYV
°

Hectares
of Wheat

% High
Yieldini
Varietic

Z 1

0	 Z 3
nn

Z 4

Z 2 £ 239.902

254.616

181.121

78.300

42.8

13.1

56.6

13.81

260.570'79.6

271.314

169.100

126.605

22.9

3.01

106.22169.618

263.345

269.588

105.355

132.7

49.65

4.16

154.17132.616

255.135

291.856

98.420

55.97

130.36

6.29

195.2E`260.700

272.019

99.600

94.956

207.8

69.58

202.37

6.45

243.630

293.445

96.353

109.647

239.1E

92.35

270.5

6.7

269.720

298.323

99.538

100.418

305

104.2

204

7.8

260.093

287.813

• 96.745

65.048

477

128.7

270.1

10.09

258.476

278.033

130.586

57.343

161.2

60.6

137.3

6.85

Total 753.939 23.75 827.589 31 807.906 43 778.027-45,5 727.269 49.5 743.075 52.47 767.999 56 709.699 64 764.438 45.3



Office des Ur-dales 

Projet Cargales AMOUNTS OF FERTILIZERS USED PER ZONE

SHOWN IN UNITS/HA

(Table 2)

Z 1 : Bizerte, Beja et Jendouba,

Z 2 : Kef et Siliana

Z 3 : Tunis, Zaghouan et Nabeul

Z 4 : Kasserine

r -
1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 Averages

ZONE P205
N2 P205 NN

2 P205
N2 P205 N2 P2 5 N2 P205 N2 P205 N2

Z 1 18,3 14,9 22 20,73 23,32 27:24 28,72 30,08 36,1 25,8 37,57 33,2 35,66 29,36 46,77 36,85 31,05 27,3

Z 2 7,3 5,2 10,1 6,5 11,6 9,06 12,19 4,73 13,84 6,57 16,02 8,32 13,66 6,06 15,5 11,36 12,5 7,26

Z 3 18,77 17,5 30,4 10,92 16,76 15,4 22,43 14,4 22,92 21,03 32,15 22,14 21,33 18,34 28,85 23,32 22,8 17,1

Z 4 0,38 0,53 0.51 0,32 0.66 0,53 0,51 0,66 0,33 0,73 0,4 0,84 1,05 1,26 1,31 1,66 0,62 0,8

r"--
Averages 13,05 10,94 16,52 10.95 15,08 15,2 17,88 14,18 21,32 14,68 21,70 17,17 20,73 15,20 27,5 21,44 19,08 14,9

0,



0 25,14

22 27,186 2,046 8,14 13,135 3,35 41,4
45 27,331 2,191 8,72 10,033 2,00 20,35
67 28,174 3,034 12,07 13,511 1,95 18,88
90 28,888 3,748 14,91 15,614 1,84 10,75

RESULTS OF FERTILIZATION TRIALS

la: BEJA ET MATEUR: AVERAGE OF 25 TRIALS

•Units Average
Yields

Yield
Increases

Net Bene-
fit i n
Dinars

Gain/
Cost

Response
T/atio 

0 31,412

33 35,344 3.932 12,52 28,274 4,67 35,88
67 37,344 5.932 18,9 40,028 3,81 18,67

100 38,432 7.02 22,35 43,629 3.12 12,87
133 39,06 7.648 24,35 43,023 2,6 9,84

Z 113.: JENDOUBA, TEBOURSOUK ET MEDJEZ: AVERAGE OF 25 TRIALS

0 29,86

22 32,04 2.18 7,3 14,361 3,57 48,79
45 32,68 2.82 9,44 15,788 2,58 24,33
67 3Y,872 4.012 13,44 22,460 2,58 16,94
90 34,004 4.144 13,88 19,238 2,03 12,66

Z 2: KEF, SILIANA, BOUARADA ET KRIB: AVERAGE OF 35 TRIALS



RESULTS OF FERTILIZATION TRIALS

(Cont.)

Z 3: ZAGHOUAN, FANS ET BORJ EL AMRI: AVERAGE OF 23 TRIALS

Average
I	 Yield Net Bens Gain/ Response

Units Yields
Increases fit in Cost Ratio'

Dinars

0 23,75

22 26,173 2.423 10,2 16,584 3,97 39,85
45 27,313 3.563 15 22,586 3,26 20,33
67 28,123 4.373 18,41 25,763 2,81 14,06
90 27,97 4.22 17,77 19,933 2,07 10,41

Z 4: KAIROUAN EN IRRIGUE: AVERAGE OF 7 TRIALS

0 21,73

50 32,2 10,47 48,2 84,823 8,73 21,57
100 39,243 17,513 -80,6 139,640 7,78 13,15
150 45,43 23,7 109,07 186,624 7,17 10,15
200 43,57 21,81 100,4 159,704 .5,Q1 7,3



Fundamental Principles on the Use of-Medic/Cereal

Rotation in the Semi-Arid Areas

A. B. K. Dahmane

Majorconstraints limiting cereal production in the semi-arid areas in 
Tunisia.

In the semi-arid areas where rainfall varies from 250-500mm, several

constraints are encountered by cereal Producers; the major ones are the

biophysical and the socio-economic constraints. Among the biophysical

constraints, rainfall is the most limiting being irregular and

insufficient in terms of quantity and quality. Meteorological studies

(1969) have shown that, in the upper semi-arid zone where the annual

rainfall ranges from 400 to 500mm, there is a 50% probability that the annual

precipitation could reach 400mm, but it is more likely that the annual

rainfall wouldn't be, more than 300mm (probability .8).

The unpredictable precipitation, the insufficient water reserve,

coupled with the occurrence of high temperatures in the spring and

summer seasons are responsible for the annual rainfall deficit. In the semi

arid areas the annual evapotranspiration potential will vary between

1200 to 1500mm (Rion 1980).

The combined effect of h i gh temperature(excess thermique) and

water deficit (deficit hydrique) at the stage of grain development,

may reduce the uptake of minerals and water by the upper parts of

the plant and result in shriveling of the grain. 	 Thus, cereal

production is then highly dependent on variation of the annual pre

cipitation; thus,the "search" for means that allow yield stability to

be reached in these areas becomes very important.

Irrigation would be profitable in the semi-arid areas and warm

climates and would result in improving small grain yields, and seed

quality. However, in the areas where water is available for irrigation,

it is generally used for cash crops (vegetable crops), particularly

the off-season c rops. Thus for small grains, and where available water

is limited, the water reserve in the soil could be saved (to an extent)

by the use of some dry farming techniques such as the practice of "clean

fallow". Cultural practices would allow moisture to be saved in the

soil and would result in better seed germination and subsequent plant

development.



In the sani-arid regions, the soil surface evapotranspiration on bare

soils is very important as shown in the following table (Yankovitch 1956).

Annual Rainfall	 (mm) Evapotranspiration (	 )

486 319
386 342
420 372
412 346

Research conducted in the U.S.A. (Mathew & Army 1960) and Australia

(French 1966) have shown that the soil moisture (at an off-season period)

varied from 1.4% to 20%. However,the water reserve at a depth of more

than 30cm would not be available to the cereal crop especially at the

seedling stage. After 20 years of agronomic research conducted on

"clean fallow", Yankovitch concluded that in North Africa, wheat yields

are determined by the amount of moisture available at seeding time. It

was also recognized that variations in yield, regardless of cultivation

technique adopted, are associated with the rainfall variability.

Another biophysical constraint is the soil. In Tunisia, soils under

cereal production are not very fertile. The arid conditions limit

vegetation development and consequently accentuate wind and water erosion.

The cultural practices adopted, especially in an annual cropping system

using cereals, reduces the fertility of the soils, and the microorganisms

in the soil. After about 50 years of practicing the "dry farming systems"

in the semi-arid regions devoted to cereal production, soils in these

regions have a low fertility rate due to the imbalance between the

vegetation (crop) and the organic matter available and because of

the losses that occur after water or wind erosion and the lack of supplemental

humus or crop residues. Several studies have shown that the nitrogen

level in the soil decreased after long periods (20 years or more) of land

use, especially in a strict rotation system (fallow-cereal). In Australia,

Clark and Marshall (1947) found that after 16 to 20 years of a fallow-wheat

rotation, the total nitrogen available in the soil (in the upper 15 ans.

of a brown red soil) decreased from 0.158% to 0.094% and from 0.222% to

0.135% respectively. Williams and Lipsett (Australia 1961) found that

after 40 years of a strict cereal/fallow rotation on a prairie, carbon,

nitrogen, and sulfur content decreased by 20 to 50% and about 17% loss

in organic matter and phosphorus in the soil. Valdeyron (1954) found



that the fallow/wheat rotation s ystem adapted in Northern Tunisia is

not effective with regard to soil fertility conservation and is not

economically efficient due to low•ields. Although supplemental phosphorus

and potassiumfertilizers are required for cereal production in the-semi-arid

areas, this may not be true with regard to mineral nitrogen. The

absorption of mineral N depends on the, available moisture in the soil,

which depends on the physical properties of the soil and the amount

of precipitation. Chemical fertilizers would increase the osmotic

pressure of the soil solutions and thus would not favor the water

absorption bY cereals under low rainfall conditions.

The analysis of the biophysical constraints shows the factors

that limit cereal production in the semi-arid regions. In addition,

the socio-economic constraints such as low technical level of the

farmers, insufficient funds, debts, lack of insurance in case of

crop failure, etc., will not encourage investment in terms of: mechaniza-

tion, transport, chemical fertilizers, herbicides, etc. Thus,cereal

production will be limited. Cereal production is very low due to

incompatibility of the crop production system with regard to soil

fertility and its mineralization and the mono-sectorial character

based on cereals as the sole source of income.

Basel Oh the se observations, it is then important to identify and

develop a cereal production system that can be adapted to the semi-arid

regions, and the prevalent climatic and socio-economic constraints.

The introduction of legumes in the crop rotation system would be of

a greater advantage for cereal production when it is used under

proper biophysical conditions.

II. Annual medic/cereal rotation system in the semi-arid regions of 
Tunisia 

The use of annual medic in cereal crop rotation in the semi-arid

regions is based on the following criteria:

1. The use of the biological characteristic of medics,that

is,it adapts better to the biophysical factors.

Improvement of cereal production and increase of total

protein production.

Diversify the income resources which guarantee the financial

security - particularly during dry years.



These three criteria are not exclusive but are closely associated

and are based respectively on the following:

First Criteria - Medics (annual luzerne or "nefla" in Arabic)

are drought resistant in the arid areas. The adoption of

medics to marginal climatic conditions is due largely to

the hardness of the medic seed and to the rapid germina-

tion and growth rates of medics when rainfall occurs. The

characteristic kernel hardness of medics provides self

regeneration - depending on climatic conditions of each

season. In addition, compared to xerophytes, medics have

a high root/aerial plant part ratio when rainfall is low
as shown in the following table.

Table I. Variation of root/aerial plant part ratios in
relation to annual rainfall (mm)

Rainfall
Variety

Medicago 
truncatura

Medicaqo 
littorales

Cultivar 200 250 300 350 400 450 500

Jemalong

Harbinger

.249

.239

.239

.184

.216

.184

.164

.132

.152

.118

.138

.114

.164

.112

(Dahmane and Griva unpublished results)

These biological characteristics of medics are efficient in terms

of water use by the biomass. Following are four major reasons why medics

are of interest for the semi-arid regions:

1. Earlier soil coverage by developing foliage which reduces

erosion effects.

2. Increased	 soil nitrogen level - medics increase the soil

nitrogen during their development by symbiosis. The amount

of fixed nitrogen in the soil varies from 50 to 300 Kg/ a/year

depending on the rainfall and soil characteristics.(0ahmane,1978)

In addition, the medics absorb_animal wasteswhich reduces their

requirement for additional soil nutrients.

3 Coordination of cereal and medic cropping, practices will enhance

livestock development. Five to ten tons of medic forage , having

high nutritive value (.75 UF), can be produced per hectares. This

would allow an increase in the flock size from 6 to 10 ewes per hectare

and improve animal protein; the daily gain in terms of live weight

is about 200-300 grams per ewe.



Medic pods covering the soil in the summer, have a

high protein content (8%), and provide an important

forage reserve for sheep during the dry season. During winter, a

reserve of forageProvided by medic hay, will reduce the risk

of overgrazing of the plots in the rotation scheme.

Second Criteria - The improvement of cereal productivity may, be

improved following medics as a preceeding crop. In fact, mineralization

of the organic nitrogen in the remaining, medic roots depends

mainly on climatic conditions such as rainfall, soil moisture,

and temperature, aeration,etc. The remaining organic nitrogen

in the soil constitutes a nitrogen reserve which could be used by

cereals depending on its various physiological growth stage and

development. Braun's (1974) studies show that high yields are

correlated with high nitrogen availability in the soil. This

interrelation among	 climate, nitrogen availability in the soil

and cereal yields shows the importance of medic/cereal rotations

mainly in the areas where rainfall causes problems related to the

use of nitrogen fertilizers. Such a rotation system reduces the

risks of a chemical fertilization (lodging, nitrogen deficiency,

yellow berry), reduces costs of the nitrogen fertilizers,and

stabilizes yields. In addition, it improves soil structure

and decreases pest populations (mainly nematodes).

The effect of medics in rotationwould encourage the use of high-

Yielding varieties and thus increase cereal production.

The value of medic rotation in the semi-arid regions and in

areas devoted to cereal production, is not only the improvement of

soil fertility but also the increase of total protein production,

in time and per unit area. (French, Matheson and Clark, 1968). A

study on the evolution of the use of medics in semi-arid regions of

Tunisia (Rhimi, 1979) has shown that on ten farms studied, the number

of sheep were increased from 1660 head in 1973 to 8260 head in 1979.

This increase was highly correlated (R=0.8) with the increase in area

occupied by a medic/cereal rotation. Thus the increase in the number

of sheep and total weight gain under Tunisian climatic and soil conditions
can reach 350 to 390 Kgs/Ha (Dachet, 1979). This increase justifies the

use of medics in Tunisia in order to improve livestock production.



Third Criteria - The introduction of livestock within cereal

producing areas constitutes a double interest of resource income for

farmers; meat and wool production in one instance and cereal production

and meat production in the other; the equivalent of 25 quintals of cereal

per hectare/per year (Gachet, 1979) which is equivalent to approximately

200 dinars (excluding the value of the woo l. ) Thus the medic/cereal

rotation system insures better financial stability to the farm, more

than the fallow/wheat rotation system. The medic/cereal rotation

system is an efficient system that improves productivity in semi-arid

regions despite the unpredictable effects of drought.

Conclusions - It is important to note that these criteria are

subordinate to the management system, medics in the prairies, cultiva-

tion techniques,and to the annual frequency of medic to cereal crops

in the rotation. In addition,the success of the medic/cereal rotation

system depends on the degree of livestock introduction in the cereal

producing areas. If in Tunisia, this system is not widely adopted, it is

due to some socio-economic reasons. In addition, particular precautions

must be considered such as grazing date and length, sheep number per

hectare, phosphate, to p trimming of medics, cultivation, at the seeding

of cereals following medics. In fact, the lack of sheep is a major

constraint toward the success of this system. Non-grazed and non-fertilized

(P
2
0
5
) medics are quickly taken over by weeds (graminae) which are able

to take advantage of the nitrogen fixed by medics rather than the cereals

that follow. We suggest that the government encourage cereal

producers to increase the number of sheep on their farms, for example, have

5 to 8 sheep per hectare on a field of well established medic. After

five years, farmers can turn their sheep over to state agencies. These

sheep would constitute a reserve for farmers adopting a medic/cereal

rotation system and would encourage the improvement of livestock management

on prairies out of rotation in the marginal areas.



THE MEDICAGO-WHEAT ROTATION SYSTEM

AND ITS EVOLUTION IN TUNISIA

Haddad Ali

INTRODUCTION

The introduction of the Australian system of Medicago/wheat

rotation in Tunisia dates from 1971.

The Technical Division of the Office of Cereals began

the first tentative use of Medicago in rotation with cereals.

The idea came following a decrease in animal production which

came about due to the general cooperative experiment during

the 1960's.

The Medic/wheat system is perhaps one of the solutions

which might open the possibility of integrating animal production

with cereal production and might help combat the meat deficiency.

This system doesn't change the production of cereals, but

favors a more important (larger) animal load per hectare by

replacing a less productive fallow with an annual legume crop

of good quality forage.

Two essential factors encouraged Tunisia to try this

experiment. They are:

1) Medicago is a plant that is familiar to us; it grows

easily throughout the countryside and even in certain fields

which are plowed deep. In certain areas we see about 60%

Medicago among the self-grown plants. With time, this plant

can develop rhizobia making it as favorable as imported varieties

if they are not chosen to have a need for innoculation.

2) Australia, which is the country of origin of the Medic/

wheat rotation system, is characterized by climatical and

environmental conditions similar to those of our country. The

similarity is very great in that it concerns the length of the

growing season, rainfall and its distribution, and the temperature

366



with its fluctuations. This fact gives the idea that there i

no reason that this system wouldn't work in Tunisia.

INTRODUCTION OF THE SYSTEM IN TUNISIA

Through the Technical Division of the Office

Tunisia introduced the Medic/wheat system after being encouraged

by the good results of this system in Australia and impressed

by the agrio-economic advantages which can be summarized as

follows:

- Increase in animal load per hectare

- Improvement of the soil structure

- Nitrogen enrichment of the soil

- Reduction of erosion

- Minimize operational costs

The introduction of this system of crop

through two stages which are:

- the experimental stage

- the production stage

I. THE EXPERIMENTAL STAGE:

'At the beginning of the

crop rotation, the objective

relative to the system under Tunisian conditions.

Therefore we defined the following techniques:

the variety or varieties best adapted

- adequate fertilization

- the effect of inoculation

the seeding date and seeding rate

- the behavior (comportment) of wheat after Medic

- regeneration.

Varieties:

Four varieties of Medicago and one variety of clover have

been tested in different regions having annual rainfall between

300 and 500 mm/year. These varieties are: Jemalong, Harbinger,

Paragose, Cyprus and Clara. Of all of these varietie s , only

introduction of

rotation must pass

the Medic/wheat

was to define the technical package



he applied before the first rains

3) Inoculation:

This is without

the result of trials

effect on the imported varieties: this is

with and without inoculum. It is certain

of autumn.

two were chosen judging by their adaptation and good production:

- Jemalong = M. Truncatula

- Harbinger = M. Littoralis

Jemalong was very adaptable from the point of view

soil-type and rainfall but it was best adapted in areas

the rainfall is superior to 400 mm.

Harbinger is best adapted to light soils and less rainfall.

It flowers two weeks before Jemalong. All the imported varieties

cannot resist extreme cold, altitudes above 600 meters, and floods.

2) Fertilization 

Medicago produces its own nitrogen, thanks to Rhizobia

living in nodules in the roots. For the two varieties selected

and commercialized, these nodules develop easily and this explains

why the desired nitrogen level is reached without difficulty.

Medicago has shown -a need for phosphate. The difference

is clear between Medicago which received phosphate and that

which did not. However, the difference was not decisive between

the rates of 22 units, 45 units and 67 units per hectare, to

that the traces of rhizobia which exist in our soils will adapt

to introduced varieties.

Seeding Date:

The seeding date is very dependant on when the rains begin.

When the season is normal, an early seeding date gives the best

yields, but when the rainy season is late, a later seeding date

is better. But in any case, it is recommended to plant no later

than the end of November.

An early seeding at the beginning of October always extends

the period in which livestock can graze on the Medicago before

flowering. Also, at this stage, grazing is recommended because



it permits the animals to control other self-grown plants, which

grow along with medicago.

5) Seeding Rate:

As the seeding rate is increased, medicago becomes more

homogeneous. With a seeding rate of 10 kg/ha, one will obtain

40 to 50% of self-grown plants which grow with medicago. With

a seeding rate of 15 kg/ha, this percentage is reduced to 10%.

The recommended economical seeding rate is 12 kg/ha because

this allows up to 70% of the purity of medicago which is accept-

able for field production but not for seed production. Moreover,

it is desirable that medicago be mixed with woody species such

as grasses which reduces the case of hoove.

6) Wheat after Medic:

The production of wheat is what is important to the farmer

and in spite of the advantages attributed to this system, it

is not accepted unless the wheat yields are not decreased.

Our preliminary trials comparing wheat after medicago and

wheat after fallow have shown that there is no significant

difference in the yields. In three different regions in zones

with rainfall from 350 to 450 mm, the average yields were

9.4 Qx after Medic and 9.83 Qx after fallow.

7) Regeneration:

In demonstration plots, regeneration was good and far sur

passed the production of medicago in the first year. Average

yields in dry matter in the three regions of the zone already

indicated in the preceding paragraph were:

3.4 tons/ha of dry matter for first-year medicago

7.23 tons/ha "	 "	 " medicago regenerated.

The conclusion to draw from results obtained from this

stage which lasted three years, is that technically and agron-

omically, the Medicago/wheat rotation system can function and

replace the traditional-wheat/fallow system in Tunisia. The



technical package has been more or less defined and it is

now possible to start on the second stage, which is the

extension of the system to the commercial scale.

EXTENSION TO THE LEVEL OF FARMERS:

For this system to be applied to the production
scale, it must be passed along to the farmers with continual

assistance by technicians from the Technical Division of the

Office of Cereals. At this stage, experimental work continues

to carry on but this time it is done completely under the

conditions of the farmer. In consequence, our trials for

the comparison of yields of wheat after Medic and after fallow

are installed onto farmers' fields. The determination of

herbaceous production is made on their fields of Medic, the

estimation of the animal load per hectare is made in function

of the length of exploitation, and the number of heads that

each farmer lets graze on his medicago.

On the side of extension, the Technical Division of the

Office of Cereals organizes each year, for the benefit of the

farmers, commentary visits and field days in order to facilitate

the practice of the system.

Facilities for procuring Medicago seeds are offered to the

farmers. The prices are partly subsidized and credit is made

available by the Office of Cereals.

1) Evolution of the System with Farmers:

Among the attributions of the Technical Division

area is supplying farmers with seeds. This operation is made

possible by an office under the supervision of the Office of

Cereals which is, in the first place, of a commercial character.

It is very, important that we manage the supplying of seeds to

the farmers, at least at this point, because we can facilitate

the follow-up on those who are practicing this system and at the

same time, evaluate the development year after Year.



Areas planted in Medicago have evolved since 1971-72

like this:

Year
Area in ha
First-year

Area in ha
Regeneration

Total area
in ha

1971-72 15 15

72-73 468 468

73-74 492 492

74-75 2770 2770

75-76 3128 3128

76-77 4550 555 5105

77-78 3091 1365 4456

78-79 3421 896 4312

79-80 2204 1234 3438

80-81 1413 2215 3628

Constraints:

Our objective at the beginning of the expansion phase

was to realize 5000 ha a year of medicago. It is shown on

the preceding table that, except in the year 1976-77 when we

reached this amount, all the other years were far from this

goal for several reasons:

- The delicateness of the system

- The farmer and his habits

- Extension

a) The delicateness of the system

In actual practice and on the scale of the Tunisian farmer,

the Medicago/wheat rotation system is not simple. It is

very fragile in such a manner that a breakdown in either

Part of the two phases, Medicago or wheat,



It is understood that the system is based on the spontaneous

regeneration of medicago to continue; over-grazing of the

medicago or very deep plowing when preparing to plant wheat

will cause the regeneration process to fail. On the other

hand, an under-dose of medicago seed or an absence of

livestock to graze will favor the development of weeds

and this will reciprocate on the wheat yield the following

year. For this reason, an inexperienced farmer unaccustomed

to this system will disgard the system at the first failure.

The reduction in the areas of regeneration presented in

the preceding table reflects this situation.

The Farmer and his Traditions

It must be noted that the Tunisian farmer is very attached

to his habits; his conviction in the beneficial effect

of fallow is indisputable. For him, to let the soil rest

and accumulate moisture is assurance that he will have a

good wheat yield. We should mention that often

certain farmers planted medicago,, grazed their fields

until the end of March, then plowed the fields for the

purpose of not missing the traditional spring tilling

practices. In consequence,the medicago more or

stays buried with its flowers and pods.

Another habit harmful to this system which the farmer

holds on to is deep plowing. For, more reasons than one,

it is difficult to change this habit, notably:

- The belief of the farmer of the beneficial

effect of this plowing for wheat yields.

- The equipment that the farmer has cannot be

easily replaced.

On the other hand, certain farmers don't have livestock

and with the traditional system, they rent their fallow

fields to transitory breeders/herders. Certain other



farmers have adopted a new system of Medic/wheat with

the purpose of increasing the price of renting per hectare.

In some cases this price is increased by ten times; for

example,the Essaada farm near El Falls raised the

price from 5 dinars/ha for grazing fal low land to 50 dinars/

ha for grazing medic.

If renting the grazing land is extremely profitable

for the owner, it is not part of the

system because the rules of survival consis ting of not

over-grazing and stopping the flowering stage are not

respected.

c) Extension

As far as extension is concerned, I think 'I should simply

say that it is not sufficient throughout the regional plan

where the extension agents themselves don't know a great

deal about the system and, if they are informed, they

still have their priorities for other extension techniques.

3) Profitability to the Farmers of this System 

In spite of all the constraints that ha- re advanced and

in spite of the slow evolution (development) of areas planted

in Medicago, the system has given good results to certain

farmers.

The production of Medicago dry matter after an average

of the last five years is around two (2) tons per hectare with

peaks of 4.5 tons at Moghrane and 6 tons at Beja.

The average animal load per hectare is estimated for

28 farms at 9 heads/hectare during 90 days.

Wheat yields after Medic compared with those after fallow

have not shown a significant difference, neither in acutal

production nor in trials.



In actual production we take as an indication the

results of the following three years:

average

average

average

for 43 farms, Wheat/Medic 16.41 Qx

Wheat/Fallow = 16.9 Qx

for 28 farms, Wheat/Medic = 8.19 Qx

Wheat/Fallow = 8.55 Qx

for 18 farms, Wheat/Medic = 12.05 Qx

Wheat/Fallow = 11.39 Qx

For trials, we take as an example the year 1980-81:

The averages of seven (7) trials done in seven (7) different

locations in a rainfall zone of 350-450 mm/year, with three (3)

amounts of nitrogen, were as follows:

After Medic After Fallow

N =	 0: 16.72 13.77

N = 33: 18.60 15.26

N = 66: 20.51 15.83

These results can only confirm that the Medicago/wheat

system is technically valuable in Tunisia but a lot of work

remains to be done to convince the farmers to respect the

recommendations required to apply the system.

Perhaps, also, the research institutions in Tunisia

will take more interest in this system and study the components,

especially during the Medicago phase based on Tunisian eco-

types that grow throughout the country.



PROMOTION OF CEREAL PRODUCTION IN

A. Godbane

Until 1965,Tunisia exported cereals, since then

the country started importing cereals to respond to

an increasing demand for food and feed. This is due to an

increase in the population growth and in the standard of living.

Even though total cereal production has increased from

6 million Qx (Bread and Durum wheat, barley) in 1969-70 to

12.33 million Qx in 1980-81, the importation of cereals has

also increased from 3.3 million Qx in 1975 up to 8.7 million

Qx in 1980. (Table)

What can be done to reduce the increasing deficit?

The political power has adopted two, solutions.

The first solution consists in providing technical staff

that ties research and extension. This staff will reinforce

the existing structure of the research and the extension services

in terms of man power and equipment as well as up-grading the staff

and the field of research.

The second solution is in form of encouragement of the

farmers by various types of subsidies, revisions of prices,

loans, and so on... This will enable the farmers to keep up

with the new agriculture technology and to improve their pro-

duction.

I. Structural Changes 

One major change was the establishment, in 1968, by the

Ministry of Agriculture and the collaboration of international

organizations (CIMMYT, USAID), of the cereal project that will

support research and extension.

This integrated project with vertical structure has the

responsibility of promoting cereal production. The major objec-

tives of this project are:

1) Promotion of the new high yielding varieties and the

appropriate culture practices by means of:



- Establishment of yield trials and demonstration

plots in farmers' fields

- Holding of field days and site

2) Assisting and advising the farms. (This

regional technicians).

3) Estimate the total area under cereal cultivation and

production.

4) Control the loans provided, by

to small and medium size farms.

5) Determine the needs, of the country for

and herbicides (inputs).

6) Promote weed control.

7) Program and coordinate the seed multiplication.

8) Provide help to INRAT and other institutions in their

research activities.

In parallel to the help to INRAT research program,

creation of two research stations at Kef and Kairouan will

support and develop appropriate research programs for respective

areas.

The C.R.G.R. has the responsability of studying the cereal

needs in water and the response of different varieties to

irrigation. Studies done by this organism have been used in

the establishment of new projects in this field.

In addition to the research, academic training of the

majority of the staff in the field of cereal production has

been accomplished at I.N.A.T., Kef institute,and at foreign

universities.

Aviculture Extension 

Ag-extension is carried out by two departments of the

Ministry of Agriculture and by organizatures' working for the

Ministry of Agriculture: D.E.R.V. (mass-media extension), la

D.P.V. (Vegetal production) (on-farm extension) and the technical

Division of Office of Cereals (Experimentation, and extension

and intervention).



The technical Division of Office of Cereals is the only

organization that works full time in extension cereal production

techniques whereas the D.P.V. spend only 1/5 of their time on

cereal extension and this is done by the C.T.V. (Cellule Terri-

toriale de Vulgarisation: regional level).

III. Investment and Finance 

Finance is the major factor that affects the annual cereal

production. The introduction of the new techniques require

the mobilization of important capitals.

At this time,the finance is assumed by loans, self-finance,

specific operations (loans in terms of seeds, fertilizer),

and subsidies.

The yearly loan (short term loans) has been increased

by three times during this last 10 years and this toward a

better investment on the farm. However, it covers only 45%

of the estimated costs of the farm and 55% of the total costs

has to be supplied by the farmer whose capacity of self-sustaining

is limited by his lower revenues.

Since 1974, small and medium holders had loans from "Societe.

de Caution Mutuelle Agricole".

Farmers having less than 10 ha generally can't receive loans except

those who are located in the area covered by the activity of

specific projects as APMANE, FIDA, SIDA, etc.

Long term loans (investment) have been oriented toward

mechanization and improved facilities as provided	 by B.C.T.

(Bank for trade of Tunisia). These loans are to be used to

purchase heavy duty equipment such as tractors, combines, etc.

There are also several state subsidies

- Detaxation of the imported agricultural equipment

- Herbicides are subsidized by 50%

- Certified seeds are also subsidized up to 25 Qx per crop

and per farm.

- Subsidies of fertilizers.
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Prices of Cereal Production

The revision of the prices of cereals is correlated to

the increased production cost. During the period of 77/78 to

81/82 prices showed the following evolution:

Durum Wheat from 7.135 TD to 11.000 TD 	 547 increased price
Bread Wheat	 " 6.535 TD " 10.000 TD 	 53%	 "

Barley	 5.034 TD	 8.000 TD	 587

Specific operations have been realized. Such activities

represent the distribution of sprayers which has to be paid

at the end of the cropping season (June) and loans in terms of

seeds and fertilizers.

Storage

The storage capacity is of 465,000 tons. To reinforce

this existing storage capacity it has been programmed to develop

the storage units during the VIth plan.

1 Storage Silo of 30,000 T. at Gabes

and to extend the silo of Bizerte to 100,000 tons, equipped with

manutentionnel material.

Those were the main measures adopted to encourage cereal

producers in Tunisia.



Actual Status of Loans Made Available To
Cereal Producers (Millions of Dinars) 1 Dinar = $1.70 US

Year	 Short-term Loans 

1971	 2,439

1972	 2,983

1973	 2,920

1974	 2,269

1975	 3,972

1976	 4,526

1977	 5,895

1978	 8,147

1979	 8,834

Purchase Equipment 

796

1,371

1,493

1,635

1,899

1,973

2,020

2,591

2,994

Evolution of Cereal Prices (Dinar) -1 Dinar = $1.70 US

Year	 Durum Wheat	 Bread Wheat 

1970	 4,800	 4,300

1971

1972

1973

1974	 6,100

1975	 6,600

1976 	 -

1977	 7,135	 6,535	 5,035

1978	 7,600

1979

Barley 

2,800



Evolution of Cereal Production in Tunisia

Total Production in Tons
Year 
	

(Durum, Bread Wheats, & Barley)

1970	 600,000

1971	 792,000

1,150,000

800,000

955,000

1,236,000

1,148,000

900,000

900,000

1,165,000

1,233,000•

Evolution of Cereal Imports

Quantity (T)

296,758

329,130,

350,359

716,098

748,122

996,187

870,000

1972

1973

1974

1975

1976

1977

1978

1980

1981

Year

1974

1475

1976

1977

1978

1979

1980

0



I. INTRODUCTION 

Is the Tunisian farmer a rational economic man? Specifically does

he maximize/minimize certain objectives subject to constraints

proper to his farm and to his environment and taking into account

the technico-economic options and alternatives available to him?

2. Many researchers have obtained direct evidence as to the economic

rationality of farmers in developing countries. In Tunisia the
/1

evidence is mainly indirect. Dr. Gafsi — has shown that the

preference of Tunisian cereals producers for the high yielding

varieties of durum wheat at the expense of those of soft wheats is

the result of a rational choice. The former constitute a neutral

technological improvement while the soft wheats are superior to

the traditional varieties only when the factor mix is changed
/

substantially. Dr. Nygaard
2— has also shown that the apparent

suboptimization in the use levels of modern inputs is in fact the

result of the farmers' rational choice that takes into consideration

risk factors. Personnally I've just completed a study on cereals
/3supply in Tunisia, — where the evidence is substantial as to

the positive responsiveness of cereals producers to changes in

relative prices of cereals.

II. THE CURRENT PRICE FIXATION SYSTEM

3. The government's objectives in the fixation of producer prices are

the following:

- Providing farmers with incentives for higher production

levels.

- Improving the official collection rate so as to insure

minimal supplies of cereals to urban areas.

- To guarantee minimal revenues to farmers.

The achievement of these objectives can only be assured if cereals

prices, relative to other agricultural prices are fixed in terms



of floor prices (minimal), on time so as to have an impact on

planting and or input application decisions. Also there should

be marginal price fixing, i.e, the fixed price should equal the

marginal cost of the last farmer whose production is desired.

The current pricing system is defective with respect to all three

elements. Prices are fixed on the basis of estimated average costs

of an average size farm possessing an intermediate type of techno-

logy. They are fixed in nominal terms and are often announced

late in the cropping season.

In addition little consideration has been given to the opportunity

cost of cereals (reference prices) in the fixation of those prices.

Finally it's impossible to predict the impact of price changes on

production levels for lack of knowledge of the price elasticities

of cereals supply that reflect the aggregate response of cereals

producers to price changes.

The study presented below addresses this latter problem.

III. STUDY OF SUPPLY RESPONSE OF CEREALS 1955-1980 

5. This study has tried to evaluate the effect of changes in cereals

prices, in prices of competitive crops and in input prices on acre-

ages planted to cereals, cereals yields and cereals marketings

through the official collection system.

The aggregate data for the independence period 1955-1980 were

separated into the North region and the Center and South region.

6. For cereals acreages in the North, the price elasticities were

0.58 for the short run and 1.00 for the long run, with significance

levels of 1%. Fall rainfall had a weak effect of .03, significant

at 10%. In the Center and South it's fall rainfall that has, the

most significant impact.

For the three cereals, durum wheat, soft wheat and barley, the

yields in the North are affected mainly by the ratio of nitrogen

to cereal prices, the elasticities being -.70 for barley, -.82 for

soft wheat and -.54 for durum wheat (for the latter the phosphates

Price ratio elasticity was -.43 and was significant). January to



March rainfall had the most effect on yields in the North. In the

Center and South rainfall in all three seasons, fall, winter and

spring, had significant effects, especially that of winter (January-

March).

The Marketings to the Office des Cereales and to the cooperatives

showed that the elasticities to relative prices and to production

levels were significant at the 1 per 10000 level and were all

superior to unity, except for barley.

1/ Gafsi, Salem. "Green Revolution: The Tunisian Experience.
Ph.D. Dissertation, University of Minnesota, Aguust 1975.

2/ Nygaard, David. "Risk and Allocative Errors Due to Imperfect
Information: The Impact of Wheat Technology in Tunisia."
Ph.D. Dissertation. University of Minnesota. December 1979.
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CONCLUSIONS AND RECOMMENDATIONS,

The Tunisian scientists actively participated in discussing the

major cereal subject areas during the final summary session. General

conclusions and recommendations resulting from the discussions were as

follows:

1. The major constraints to cereal production are:

a) low annual rainfall causing stress conditions and

low average production, this is especially true in

central and southern Tunisia.

soils with low organic content dry quickly causing

moisture stress.

c) lack of nitrogen fertilizer use is still evident in

commercial production although consumption

has increased five-fold since 1968.

d) weed competition reduces yields although the area

treated continues to increase and more herbicides

are available.

shortage of appropriate farm equipment prohibits

timely field operations.

fY lack of adequate farm credit.

Development and release of improved wheat varieties have

resulted in marked increases in grain yield and disease

resistance. Yields of bread and durum wheats in excess

of four tons/hectare are obtained in experimental plots.

Triticale yields are equal to those of wheat and provide an

additional source of animal feed. Preliminary results

have shown promising advances as well for barley cultivars.

These results must be transferred to the farm level.

. The Tunisian teaching institutes are generally not conducting

active research and extension, although they have trained

personnel, laboratories, and other facilities. Lack of

funding is the primary reason for this void.

To adequately train students, these institutes must have



an ongoing research program. The efforts of the teaching

and research institutes must be coordinated and their ties

tp the agricultural and industrial sectors strengthened.

The pedigree method of breeding has proven effective for improve-

ment of the different cereal crops. Top and double crosses

are providing more genetic variability than single crosses.

Another major concern, in addition to increased grain yield,

is the quality of cereal grains for both human consumption

and animal feed.

5	 The purification and certification of seed, including the

development of seed research and inspection laboratories,

have been effective in advancing the seed program in Tunisia.

The major concern is time (number of years) required to

multiply 'a new cultivar for large-scale production. This

time should be shortened by large multiplication areas

per cultivar and selection of locations with higher yield

potential, considering irrigation.

6. Although herbicides are available to control weeds, they

are expensive and selective for certain weed species.

Establishment of a closer relationship among the

commercial herbicide companies, research institutes, and

extension agencies would contribute significantly to the

weed control program for Tunisia.

7. Selection of appropriate method of seed bed preparation

and timely implementation of each farming operation through-

out the crop season would greatly improve the overall

cereal crop potential. Development of appropriate rotation

systems within different cereal regions would also improve

soil and crop conditions.

8. Tunisian soils are rich in potassium but highly deficient

in phosphorus and nitrogen. Organic matter content is very

low due to centuries of continuous cropping with lack of

proper replenishment of required nutrients. These factors

must be taken into consideration in choice of cropping systems.



As cereal technology is developed, an effective extension

service, composed of qualified personnel trained in cereal

production, will be required to transfer information to

the farm level. The extension program should be a joint

effort of the institutes and the Ministry of Agriculture.

10. International agencies, such as USAID and CIMMYT, and

foreign universities, such as Oregon State University,

are willing to provide germplasm, equipment, and training

for the Tunisian scientists.

11. There is a definite need for more trained staff in many

agricultural disciplines.
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VISITS AND FIELD TOURS

The symposium was held in the auditorium of th e Na t ional Institute o

Agronomy in Tunisia (INAT) in El Menzah within the city, of Tunis. The

director and staff of the Institute were very hospitable durin g the week of the

scheduled meetings.

A field tour of two days duration was organized in the northwestern,

central, and southern cereal region of Tunisia. The participants first

visited the INRAT research station at Beja in northwestern Tunisia. This is

the major cereal research center for the country and the research director, Mr.

A. Maamouri, reviewed all research activities as the group observed breeding

and agronomic trials on the station. Primary emphasis at this location is

placed on bread and durum wheat research with secondary emphasis on triticale,

barley, and legumes. The tour then proceeded west through the large cereal

region of Bou Salem to Jendouba and then south to El Kef.

The joint OSU-USAID-Tunisian MOA dryland project is located at the

Superior School of Agriculture of Kef (ESA of Kef). Director Rhouma Zoubeidi

and OSU advisor Dr. F. Bolton served as hosts for lunch and a tour of new

laboratory facilities equipped through an OSU-USAID contract promoting cereal

research in the rainfed region of central Tunisia. A field tour was also

conducted through agronomic and breeding research plots being controlled by

the staff of ESA of Kef and INRAT. The primary emphasis in this region is

barley, durum, and bread wheat research. The tour continued southwest through

the regions of Thala and Foussana to overnight accommodations in Sbeitla.

During the second day, the participants observed a number of agronomic

and breeding trials on farmers fields throughout central Tunisia. This

research conducted by the ESA of Kef staff is designed to demonstrate

increased cereal production through improved management practices. There was

also opportunity to visit small farm operations having enough irrigation from

hand-dug wells to grow greenhouse tomatoes, melons and some adjacent tree

fruit crops. Farmers having irrigation in the region are receiving assistance

through a cooperative OSU-USAID-Tunisian MOA project.

The tour continued to the Pont Fahs region south of Tunis. The Office of

Cereals has been conducting agronomic trials in t hi s and other regions within

northern Tunisia since their origin in 1968. Recommendations



to Tunisian farmers, resulting from research and demonstration activities

using a number of herbicides and fertility rates, have provided marked

increases in weed control and increased yields throughout the cereal

region.

There were approximately 40 participants representing the Tunisian

Research Institutes and the various cooperating agencies involved in



FINAL SUMMARY FROM THE'INTERNATIONAL PARTICIPANTS

ATTENDING THE SYMPOSIUM

Sincere appreciation is extended to the Ministry of Agriculture,

INAT, INRAT, the Office of Cereals, the ESA of Kef, and the USAID

mission in Tunisia for their generous hospitality during the in-country
cereal review. Particular appreciation is expressed to Dr. A. Daaloul,

Dr. H. Ketata, and Mr. Amor Yahyaoui for their leadership in organizing

and directing the symposium and field tours.

It was generally agreed by participants of the symposium and field

tours, that our objectives were achieved of sharing information,

encouraging closer cooperation, and the training of future scientists. The

present OSU-USAID-Tunisian MOA contracts in dryland, irrigation, extension,

and range management strongly support our objectives.

Areas of support to further cooperation with Tunisia and the

OSU-USAID program will be threefold:

a) provide genetically diverse germplasm of winter x

spring wheat and barley from Oregon State University.

b) exchange of scientific information and closer

communication between cereal scientists.

c) training of outstanding Tunisian students in the

major disciplines for the M.S. and Ph.D. degrees.


