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I. RECOMENDATIONS

1. That the govermment take further steps to stimulate barley
production in marginal wheat areas by raising the price of barley
relative to wheat. This effort should be concentrated in areas where
rainfall is between 300 and 450 mm per annum., State-owned farms
should be directed to initiate this effort in order that they may be
pud as a model for other growers.

2. Further extension effort is requircd to promote wheat pro-
ductiion in the northern sector. Wheat production can be increased by
convincing farmers to adopt better rotations, improved varieties,
herbicide use, and heavier fertilizer application. This is basically
an extension job but if farmer risk aversion is such that farmemwill
not adopt these techniques then the Govermment should consider
assuning somc of the risk for aome years until farmers are more

willing to withstand the risk,

3. Bottlenecks occurring in obtaining farm inputs from the
Office of Cereals be removed, Better management on behalf of the
Office is required to make sure that seed is of good qﬁality and avail-
eble at the right time, that fertilizer is available when needed, and
that credit applications are processed in a timely menner. The Kansas
State University report mentioned these as problems three years ago.
They continue to :‘néf problems: today.
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4, Maize and sorghum extension specialists need to be trained
in field production techniques with empliasis on farm experience with
production methods, machinery, and irrigation. This experience
should be gained from en area where similar production techniques
are now employed, for example, Arizona or California.

5. If the Government intends to increase maize production it
must obtain aguipment to level land for furrow irrigation, Current-
1y very little land is adequately prepared resulting in inefficient
use of water and low productivity in maize flelds.

6. On perimeters where furrow irrigation is mot allowed, the
possibility of growing sorghum under sprinklers rather than attempt-
ing to grow maize should be investigated and trial areas established.

7. Currently there are large unirrigated areas within irriga-
tion perimeters. This appears to be due to the fact that farmers
operating this land have a history of dryland farming and have only
recently been exposed to irrigated agriculture, These farmers need
to be encouraged through extension techniques to mare fully utilize
the availeble water. This could include the possibility of. irrigating
cereals now grown within the perimeters on dry land,

8. Before the Government embarks on a program of producing
maize on irrigated areas it should exemine the possibility of ex=
panding production of higher value vegetable, fruit, and oilseed
crops. ‘Fot until the returns for these crops fall to that .received
tam“canmaiu production be economically justified.
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9. Further research efforts (in terms of funding) end closer
interaction of researchers with extension agents is required for the
development: and adoption of new croppiag systems, Initial research
- emphasis should be on regional varietal adaptation., Specifically,
early barley varieties adapted to low rainfall areas need to be

developed.,

10. With the adoption of maize as a crop, a natural evolution
is to doublecropping maize. This is not a technique that should be
attempted at the outset but one which might be implemented after a
higher expertise in maize production has developed.

11, Continue research efforts on cotton and soybeans. Special
emphasis should be directed towards the feasibility of double
eropping soybeans after wheat or barley.

12, Intensify the extension agents knowledge of agribusiness

and how it relates to field crop production and the grower's interest.
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II, INTRODUCTION

1., Reagson for the 8t
In 1976, a project to develop livestock feed production and

utilization in Tunisia was initiated by the U,S. Agency for Interne-
tional Development in conjunction with Canadien and Swedish foreign
ald organizations, and the Government of Tunisia. The project
commenced in 1977 and is scheduled to end in 1980, and is part of the
USAID assisted Integrated Livestock Project which was begun in 1971.
During the course of that project, it beceame apparent that forege and
feed production and its correct utilization were the binding con-
strainte to improved livestock production, While Tunisian farmers
have a long history of livestock raising they have limited experience
in the use of feedstuffs to supplement and substitute for grazed forage.
Feedgrains per se ere produced in small quantities, much of the in-
gredients for the formula feed industry being imported. Since
Tunisia wishes to minimize its imports of agricultural products it
appears logical to explore the possibility of domestic production of
feedgrains. It is this question which is addressed by this report.

The terms of reference given to the consultents regarding the

feedgrains study were to survey all phagses of barley, oats, corn, amd
grain sorghum production and utilization in Tunisia. Specifically
included were the following items: ,
(1) An assessment of the adequacy of feedgrain production
to meet current and future needs;



(2)

(3)

(%)
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An evalugtion of the feedgrain extension program in the
Office of Cereals with respect to its impact on meat
and milk production;

The impact of current feedgrain availability on the
Livestock Feed Production and Utilization Project,
teking account of current production, exports, imports,
marketing channelr, and use in preparation of formula
feeds; and

An analysis of the trade-off between feed/forage pro-
duction and production of cereals.

3. Method of Analysis
The two-member teom visited Tunisia for four weeks beginning in

mid July, 1977. Both menbers are famillar with a variety of agri-

cultural systems throughout the world and with grain production and

prices, Information used to write the report came from three msjor

(1)

(2)

(3)

Interview with 2l separate individusls associated with
various Government of Tunisia offices, U.8. Agency for
International Development, Ford Foundation, and the
Nationel Bank of Tunisia (see Appendix);

Trips to farms and interviews with 14 farmers, farm
manegers, and farm owners in the north and central
sgricultural regions of Tunisia; and

Official public documents, AID reports, and other
papers on Tunisia (see Bibliography).
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It is clear that the conclusions and recommendations presented
here are only as good as the data and accuracy of the interviews
given to the team, Further, the team did not feel constrained to
present only "politically accepteble" recommendations. ‘It is not
within the team's task or ability to judge political acceptabmty.
Acceptability changes over time with changing conditions thus a
current politically unacceptsble alternative may be quite acceptable
in the future,

An Outline of Agriculture in Tunisie
As in most developing countries, agriculture in Tunisia plays a

major role in the econony, directly accounting for approrimately
20 percent of her Gross Domestic Product in recent years and employ-
ing 33 percant of the labor force. i

For purposes of description the country is usually divided into
three regions - the Southern region consisting of 60 percent of the
country's area where rainfall is below 100 m per year and production
18 1imited to extensive grazing {except along the coastal fringes),
the Central region where annual rainfall varies from 200 mm in the
interior and south to 400 mm along the coast and the north, and
the Northern region where annual precipitation ranges from 40O mm to
above 700 mm and where most of the cereals are produced.

It is only the latter two regions that are of concern here.
The chtral region is basically used for livestock grasing (cattle,
sheep and goata) except in the valleys vhere dryland farming (dtmu
whut, barlw) is practiced and along the coast where olives, fruit

tr«l, a.nd vegetablcl ‘are grown.
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The Northern region contains the country's only non-seasonal
river, the Medjerda, end in this area much of Tunisia's 133,000 irri-
gated hectares are found, On this area, more than half of the
nation's vegetebles, almoat all of its grapes and citrus production
and about a third of livestock production are found. On the dryland
areas, approximately 70 percent of the national cereal output
(durum and bread wheats) is grown., In eddition, barley, oats, beans,
peas, forage crops, and other crops are produced. This region is
clearly the most productive and most developed agricultural region
in the country.
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III. THE TUNISIAN GRAIN STTUATION

1. Current Grain Production, Trade and Prices

The structure of the foodgrain/feedgrain industry in Tunisia is
guch that 1t cannot be seperated into two distinet activities as is
the case in many developed countries., Barley, the principle feed-
grain, is also used for human consumption and poorer quality wheat
and vheat by-products are often fed to livestock. Accordingly we
will review the total grain sector.

Wheat is grown in the north and central regions under dryland
conditions., Two types of wheat are grown - durum wheat which is used
in pastas and couscous, and bread wheat which is used in breads, Of
the two, durum is the most important covering an area of 1.27 million
hecteres in 1976 and producing SO thousand metric tons. Bresd
sheats are grown on 126 thousand hectares and yielded 210 thousand
netric tons. '

Barley and oats are also grown in significant quantities cover-
ing an area of 576 thousand hectares and 39 thousand hectares,
respectively, in 1976, Including other miscellaneous grains total
production in 1976 was usb thousand tons,

Tunisie cereal farms are very varisble in size, Of the 123
thousand cereal farmers roughly half have farms of 5 to 20 hectares
and occupy approximately 33 percent of the cereal land, On the
other hand, there sre 310 cereal farms (0.25 percent of cereal
faxmers) which are larger than 500 hectares. These tarm accmt

for over 5 percent of the ceveal area.



-1 -

The cultural practices used depend on whether the farm is dry-
land or irrigated., Dryland farms have numerous rotations but the
traditional one in the north was cereal-cereal-fallow-fallow graszed
(grazing of the weeds in the Lth year rotation). However, since the
advent of better varieties and a successful ceresl extension pro-
gram sponsored by the Office des Cereales the typical rotation at
this time is generally cereal-legume or sugar beet and occasionally
oat=vetch or sunflower following cereal., The practice of farming
cereals for two consecutive years has been discouraged. In the
dryer or center part of the country, a typical dryland rotation is
cereal-fallow. In recent years, medic has been introduced in rota-
tion with cereal and has met with success on a limited area.

Where irrigation is availeble, farmers will grow a variety of
vegetable crops with various rotations which include cereals, but it
sppears that the cereal fields ere never irrigated.

The grain producers appear to be well equipped with modern
tractors and grain combines, At the time of harvest the grain is
sacked in the combine and transported to collection centers. From
these centers it is shipped via truck or rail to the nearest cé-
operative grain elevators or to some storage areas in Tunis. Once
the grain has reached its destination it is unsacked and stored as
bulk grain.
 Grain produced under sdequate rainfall condition exhibited good
quelity. However, some grain produced under marginal envirommental
conditions was of inferior quality due to lack of moisture towards
the end of the maturation process.
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Corn production at this time is limited to amall areas within
various irrigated districts, Yields have varied from 10 quintals
per hectare to 60 quintels per hectare. Most yields have been dis-
appointing due to a number of production factors., Mainly, poor
stand establishment, improper irrigation methods, inadequate weed
control and lack of technical corn production knowledge contributed
to low corn yields, At this time, less then 2000 hectares are
currently in production. During our travel to various irrigated
districts we did not observe any area planted to grain sorghum pro-
duction.

Durum wheat production has increased dramatically since 1969
vhen a government policy change allowed for increased private
ownership of land. Production increased from 245 thousand tons in
1969 to 940 thousand tons in 1976. This increased production has
occurred despite the fact that real net farm prices (after tax) for
durum wheat have shown a secular decline over that period (figure 1),

The Tunisian government has adopted a policy of administered

prices for cersals at the producer, intermediate, and retail levels.
Some vheat 18 80ld outside government channels in the "parallel market”
at prices slightly higher then government levels, Until the steep
increase in world wheat prices during the 1972-Th period, the
domestic price of Tunisien whest was substantially higher then thet
prwa:l.ung on the world market. While it is verydiff:lcult t’ottﬁysm-
- pare producer prices across countries because of.’ quality vdifter‘ences,
Qrtificial“exchange rates, transportation costs, ana différent price
support programs, it does appear that producer pricn in ‘l‘unuia are
typically higher - as much es 80 percent higher - than those
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existing in the major wheat exporting nations (8).

Tunisia was a traditional exporter of durum until the early
1970's, At this time increased domestic consumption eliminated the
export surplus. In the last year, increased production has again
moved Tunisia into a met export positicn, The Fifth Plan of the
Ministry of Agriculture (1k4) calls for durun vheat production of
900 thousand tons by 19681, Since this figure was exceeded in 1976
the goal may have' already been met,

The breed vheat production in Tunisia has also increased since
the late 1960's although in the last four seasons production has
leveled off at around 200 thousend tons, While the Government wants
to produce enough bread wheat to £ill its domestic needs, imports
have been running around 300 thousand tons in recent years. It is
unlikely that this situation will change greatly in the future given
a continuation of falling real farm prices for bread wheat (figure 2)
and the relatively high durum to bread wheat price ratio., The Fifth
Plan calls for bread wheat production of 25¢ thousand tons dy 1981,

Production of barley and other grains, while being more veriable
because of climstic veriebility, has increased since 1969. This is
due in part to the fact that the real barley price has trended up-
wardJ:ln recént»yeara coapared to thrdo'wnﬁard»trcnd invheat -pr:lces
(ﬁsnre 3) The 1975 barley production. was 260 thousand tons with
350 thaunnd tons being planned for 1981,



PRODUCTION
300

50

100

o

FIGURE 2, BREAD WHEAT PRODICTION (THOUSAND TONS) ARD
REAL NET FARM PRICES (MILLDIESPERQUINTAL,

1962 PRICES)
A 3000
. - 2500
"~~~ Price
— . 2000
\ Production
f -
/
T T T t T : 7 i 1 T 7 y /4 / ) i
1965 66 67 68. 69 70 TL T2 T3 ™ 75 76 1981

SOURCE: 1, 8, 1l.

PRICE



PRODUCTION

300

250

3

FIGURE 3. BARLEY PRODUCTION (THOUSAND TONS) AND REAL
NET FARM PRICE (MILLIMES PER QUINTAL,
1962 PRICES)

\w/\\\\ / Price

~ \/
Production
S— .,

1

- 1500
FRICE

165 66 67 68 69 70 TL T2 3 MW 5 W™
YEAR
SOURCE: 1, 8, 1k.

1”.51



-17 -

Because of the growing livestock inlustry increased quantities
of feedgrainy have been iuported during the 1970's. Barley and other
grain imports grew from less than 12 thousand tons in 1970 %0 over
72 th tons in 1974, Preliminary import figures for 1976 indi-
cate that 64 thousand tons of corn alone was imported. By 1981, the
Fifth Plan projects that this figure will rise to 130 thousand tons.

In addition to corn, 15 thousand tons of soybean cake was
imported in 1976 and this is projected to rise to 60 thousand tons

by 1981,

2, Current Meat Production

While the scope of this study was not intended to specifically
examine the livestock industry, from the standpoint of analyzing the
feedgrain Muatry and production some form of reference points
had to be estebiished with respect to the livestock production in
Tunisia.

Meat productioﬁ in terms of live weight produced by cattle,
gheep, and poultry is one such indicator used as a reference point,
The total number of sheep and cattle imported into Tunisia elso
plays a significent role in feed consumption, but is difficult 'to
assess in terms of meat production. We purposely omitted meat pro-
duction from goat, camel and pork, since these sources account for a
relatively minor amount of total mest production (Figure b).

In 1976, meat produced from. cvatti;g, sheep, and poultry represeunt-
ed 90 percent of the tortal 111)6 veight “produced in Tunisia, It is
;mdected that by 1981 cattle, sheep, and poultry will account for
amo:dmate]y the same percentage but not necossarﬂy 1n the am
ratio as in 1976 (table 1),
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Table 1

1976 1981
f ' Live Welght | % of Total | ILive Weight | % of Total |
Poattle s 55,9 + 338 : 763 ¢ 346
! Sheep 1 5.8 9.9 0.9 322
 Poultry: 29.3 T 523 i 237
Pother ¢  13.9 ¢ 86 : 205 i 93

TOTAL 16k.9

According to the projected 1981 production figures, meat pro-
duced from sheep will decline by 7 percent. However, the biggest
percentage of meat increase will be coming from the poultry sector.

An increase of approximetely 6 percent in poultry meat production is
expected to take place by 1981, In terms of feedgrain consumption

the poultry sector will consume more feedgrain than that reduced as

a result of a decrease in sheep production, Total meat production

is projected to increase 34 percent sbove that of 1976 meat production -
an increase fxom 164 thousand tons in 1976 to a projected 220 thousand
tons in 1961,

Meat pro@uct:lon from cattle and sheep has shown a steady increase

‘from 1965 to 1976 with the exception of a slight downward trend from
1967 to 1971. ALl other years have recorded an increase in production.



The poultry industry has shown, from 1965, & steady increase
and is projected to attain the greatest percentage increase by 1981,
Since more than 50 percent of the contents in the present poultry
feed concentrate formulated in Tunisia contain corn, it is spparent
that maize consumption will continue to rise sharply in the .years
ahead,

The tonnsge of cattle and sheep slaughter meat imported in
Tunisia 1s an important figure to take into consideration in regard
to planning for total livestock feedgrain consumption in the years
to come, In 1965, Tunisia imported 5,900 tons of slaughter meat, in
1975 a total of 26,200 tons were imported representing an increase
of over 40O percent for that same period (figure 5).

Other factors that indirectly affect the uveatock/feedgram
program is the production of eggs and milk. Although we have not
graphically 1llustrated the egg and milk production from 1968 to
1975, it should be emphasized that production from these two products
have increased moderately over the yeers. Milk and eggs have in-
creased in production 53 percent and 47 percent, respectively, over
an eight-year period. Since both of these products are produced
from enimals requiring scme form of formulated feed, it is imperative
that this additional feed requirement be assessed carefully,

The sbove comments pertain to a small segment of the livestock
industry, We have merely attempted to emphasize the major com-
ponents that have a direct influence on the future of the live-
stock feedgrain program in Tunisia. -
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Iv, - C -CO 8 TO
INCREASING - FEEDGRAIN PRODUCTION

During the course of this study it became apparent that there
are meny obstacles retarding agricultural production in Tunisia, Some
are specific to the feedgrain sector while others are quite general.
We now detail what we see as the major inhibiting factors. The
order in which we present them Goes not necessarily imply their
order of importance. Also, recognition of theproblem does not imply
that the problem can be easily addressed. Somé problems are structural
and traditional for which there is no "quick fix",.

1. Land Tenure

There are two aspects to the land tenure problem -~ the problem
of absentee landlords and the problem of family division of a parcel
of land into many small plots.

Considersble tracts of land (unquantified, as far as we know) are
owned by individuals to whom the agricultural output is a secondary
or unimportant source of income. We heard many cases of landowners
who lived in the city visiting their farm only at planting and harvest
time. Rather then leasing their land under a method that allowed in-
centives for production by the tenant many such owners merely hire
workers and a foreman on a wagé bagis where no incentive exists for
performances These farms are being operated inefficiently and appeear
to be producing at levels vell below better mansged farms.

Even on lend where owners have renteérs operating the farm the
landlord/tenant lease is often one of a flat payment by thotenmb
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for the right to use the land: 8Since the landlord will get this
payment regardless of the level of output, there is no incentive for
him to invest in capital improvements such as farm buildings, irri-
gation systems, land leveling, etc., Further, since the lease is often
an annual one the tenant has no security and will not invest in any
interannual activities,

The second aspect of the land tenure problem is the custom of a
landowner dividing his land between his sons. Over the generations
this has led to a very small farm size in some areas and in many cases
efficiency problems associated with non-contiguity of parcels of land
exist, A farmer may own several small tracts of land separated by
several other farms, This type of farm structure is inefficient.
Parcels of land are so small that it is not profiteble for the farmers
to employ modern production techniques. Some effort to consolidate
land holdings has occurred when irrigation perimeters have been
created, Currently Tunisia has a law imposing a maximum farm sige
that an individual may own in public irrigated perimeters, While we
do not necessarily recommernd controls on farm size we observe that
laws placing a minimum sirie on farm land ownership make as much
sense as those that place a maximum size limit on land ownership.

2. Extension and ¥sw Iechnology

It is difficult to assess the effectiveness of the extension
program since extension agents are attached to various offices in
the Ministry of Agricvlture, While extension sgents working in the
Office of Cereals are ‘.echnically well trained and render a
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satisfactory service to cereal growers, there are serious deficien-
cles 1n the extension service., All of our contacts have been with
agente who specialized in cereal production and freely admitted that
maize or sorghum was a totally new crop to them, Agents located in
the countryside cannot be expected to be proficient in new technology
if they are not given direction and tr;ining from the specialist in
the home office,

Individuals who were familiar with maize production did not have
experience with any irrigation schemes and cannot be expected to train
field agents. There are between 1000 and 2000 hectares of maige
planted and most of these farmers rely largely on their own intuition
for guidance. Agents and farmers are learning together, This is not
an ideal situation and does not add to the growers' confidence in the
Extension Service.

We have noticed that there is a lack of communication between
the national resesrch orgenization and extension., Very little ex-
change of infarmation appears to flow between these organizations,

A free exchange of ideas should be encouraged between all organiza-
tions charged with promoting agriculture at all levels of production,

In the irrigation perimeters developed by the Government,
farmers have not traditionally used irrigation. They know very little
gbout irrigation systems, alternative crop choices, rotations, ’po‘ssi-
bilities of double cropping, optimal fertiligzer use, etc., In many
areas where water is availsble drylend farming is :'st:lll pract:l;ced on
‘part of ‘ths land because of farmer inexperience with i;rrigafion and

with ‘néw crops:such as corn.
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Extension sgents appear to be spread too thin:wamtm are not
knowledgeable in many matters pertaining to production or ei‘cf:ehs:l‘on
techniques, Until recently extension publications were written in
French - a language not read by a large proportion of small farmers
who mey even have a low level of literacy in Arabic.. Under such con-
ditions frequent farm visits, demonstratione, and close contact with
farmers by extension agents is critical if farmers are to adopt new
crops and improved production methods,

We understand that the national farm extension budget has been
reduced recently. It appears to us that a greatly expanded extension
program would have a very high rate of return and we question the wis-
dom of decreasing the farm extension budget. A larger part of the
budget should also be allocated to training extension specialists.
Unless the extension agents are well trained and knowledgesble they
cannot be expected to perform effectively.

3. land Title

In many parts of the country, farm owners do not have clear
title to their farm thus making it impossible for them to obtain
long-term credit, Before irrigation perimeters were developed land
ownership was such that a farmer might own several small pieces of
land., Property boundaries were rather unimportant because of the ex-
tensive aature of production., When the irrigation system was installed
the Gmrmnent attempted to consolidate the fractured 1andhold1uga by
reallocating land to give each farmer & single tract. However, tho
1uuance of ownership t:ltles for the 1and has ‘been very slowand the

proceu of obtaining title :ls a long and’ tedious one. Yet 1
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"Certificate of Possession" is a prerequisite for long-term credit.
Thus for meny fermers it is not possible for them to finance cspital
improvements such as land leveling, permanent irrigation ditches,

deep wells, farm ponds, etc.

L, Competition with Other Crops
In Tunisia, maize must be grown under irrigation. Currently

crops grown under irrigation are relatively high-value, labor inten-
sive crops such as vegetsbles, melons, tobacco, fruit, etc. Small
areas of alfalfa and maize are grown but these areas are not large.
If maize production is to be increased it will be on land where these
higher value crops can be grown. A recent government study (unavail-
eble to us as it has yet to be released) has shown what 1s intuitive-
1y obvious - that the net returns from a variety of vegetable and
fruit crops is considerably higher than that from meige production
where the price is set by the government at TD 7 per quintal..
Relatively few large tracts of irrigated land on vhich a modern maize
production industry could be developed are available, Tunisia has
approximately 133,000 hectares of land under irrigation. Thus ‘under
the current structure it is unlikely that a significant increase in
maize production will occur unless it can be fitted into a crop
frdtat16h‘~ﬁith’vegetables. |
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Withmrb an expucit deciaion and action by the Government to in-
crease feedgrain product:lon in Tunisia, levels of output are likely
to rema:ln amall In the absence of considerable :lncentives to
prospective feedgrain producers, farmers are unlikely to adopt the
techmlosy required for maize production because it is more profitable
end less risky for them to raise high value vegetable crops, Farmers
are familiar with these crops, they know thé production methods, they
have e subjective idea of the returns they will obtain, and they see
little reason to experiment with an unknown crop. Risk aversion,
reluctance to change, and the strength of tradition and habits,
especially among those whose standard of living is barely above sub-
sistence levels, all enter inmto the farmer's decision to avoid new
crops or cropping systenms,

For farmers producing wheat under marginal dryland conditions
in the central region, wheat is produced in preference to barley
because of the '.gf’ehater return it ylelds under & system of administered
prices, The whgat/baglgy price ratio is high relative to the world
price ratio, Currently Tunisien fermers receive TD 7,135, 6,555 and
5.35 per quintal for durum wheat, bread wheat, end barley respective-
ly. This gives a durm wheat to barley price ratio of 1.333 and a
bread wheat to barley pr:l.ce ratio of 1.207. These compare to ratios
of 1.180 and 1,105 respectively :I.'or similer greins on the U.S. market.
['I'he relatively low barley pr:l.ce nmst certainly be a major factor in-
_.‘hibiting barley product ion .'m areas where rainfall is such that the
J.and is better su:lted to barley than wheat production.
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Accordingly if the Government wishes to increase feedgrain pro-
duction it will need to raise the price of barley. It will also
need to make maize production attractive to producers by removing
the barriers which now exist. Higher prices, free or subsidiged in-
puts, frequent agronomic advice by knowledgesble extension agents,
etc, are steps that could facilitate maize production,

Before the Government undertakes such action, however, it should
consider other alternatives availeble to it. Alternative wheat rota-
tions, discussed later in this report, further encouregement of
heavier fertilizer application on wheat land, and the timely availa-
bility of fertilizer and high quality seed wheat could drematically
increase wheat production. This would allow an exportable surplus of
production and/or the switching of marginal wheat land to barley
production. An alternative to attempting to introduce maize pro-
duction on irrigsted areas is to increase fruit and vegetable pro-
duction. The possibility of expanding markets for these products
should be investigated, together with an investigation of the ade-
quacy of ancillary marketing and transportation systems to handle the
increased volume. If feasible this alternative is likely to yield
greater returns to farmers than growing maize and could generate
export revenue with which maize could be purchased on the world
market.,
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6. Yechnical Agronomic Limitations
(a) Land:Preparation

During our brief stay we spent time visiting different public
irrigated perimeters in as many regions as time allowed., It was
highly noticeable that lack of land preparation was a limiting
factor in crop production, Many flelds were not properly prepared
for furrow irrigation and consequently a considersble amount of labor
vwas being used to spread water evenly across fields. In all these
instances the land was not leveled prior to planting due to lack of
land leveling equipment. In other instances land was not level because
1t looked or appeared to the grower that the land was level and no
further measurements were made, In some cases furrow irrigation was
being used on highly irreguler surface areas, resulting in a con=-
siderable amount of water loss. Many small areas scattered through-
out these production fields were not irrigated and were not expected
to produce anything. We did observe one maize production field in the
Sbikha erea thet was properly leveled and was being irrigated in the
correct manner. It was by far the best production field in any of
the irrigated perimeters we visited and should be used as a model and
a teaching aid to manegers of other irrigated perimeters, In most
cases managers were well aware of the problem of land leveling but
due to lack of equipment very little was done sbout the situation.
Investment in proper land leveling equipment is a must if a furrow
irrigation systen 1s to be used properly. Properly graded land con-
~ serves ‘water. Land 1eveling 18 ‘an‘expensive -outlay and should be
| utudied careful]y in light of 'water availebility and types of’ erops
that are: anticipated to be grawn 1n the. region.
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(b) Irrigation Methods
The furrow or sprinkler irrigated methods of applying water
were the most commonly cbserved systems used. Fields utilicing the

furrow method were, for the most part, not properly levelgd, As a
result, poor water management and loss of crop productivity were en-
countered. Any fields set up to use the furrow method of irrigation
must be graded accordingly otherwise an alternate method of irriga-
tion must be used, In many irrigated perimeters the lack of water
pressure prohibited the use of furrow irrigation, thus forcing all
growers to use the expensive sprinkler system regardless of cropping
pattern., The laborers who worked with the furrow irrigated method
were not aware of the use of syphon tubes and instead were using a
gseries of small dikes and cenals to direct water and trying to com-
pensate for the unlevel land,

Principles of espplied irrigation techniques should be taught
by individuals who have had some experience in row cropping. See
accompanying remarks under crop technology. Sprinkler systems
currently used on maize were not adequate and caused some leaf and
mechanical injury to plants that are near risers and nozgles., The
damage was particularly evident in fields where they were using short
risers =bhove the water pipe. There are svme definite advanteges to
using a sprinkler system, mainly that it conserves water and the lend
i does not have to be level, However, sprinkler systems are expensive
a:?/rog': of reach for most small growers. In addition, they can
create some crop manegement problem such as finding enough labor
to irrigate at night in order to avoid leaf burn and cut down on
water evaporation loss. In addition, short maize varieties would
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have to be developed to complement the sprinkler systenm, Lack of
availeble preuure dictates the use of sprinkler systems, coneequent-
ly the cho:l.ce of suitable crops should be determined on that basis.
It may be that until an adequate water supply is available maize
should not be grown in perimeters utilizing sprinkler systems.

Due to the high cost of a sprinkler system and other related
problems it would seem wise to expand the vegatable production and
concentrate malze production in perimeters where the furrow irri.
gated system can be used to its full advantage.

(c) Crop Technology
Producing a high-yielding crop regardless if it is maize,

sorghum or other feedgrains requires a high degree of input from all
parties concerned with production. It is evident at this time that
if maize production is to be encouraged, technicians will have to be
trained in the methods., During owr farm visits we encountered very
few individuals who were knoyledgeable ebout maize production under

en irrigation system, The whole concept of maize production should
be tuught to ell individuals who are going to be responsible for pro-
duction, The technology at this time is known but to only a very few.
There are many areae in the United States 1here this type of training
can be obtained in a relatively short period of time., Emphasis should
be placed on actual farm production experience. Especially velusdle
would be experience with equipment maintenance, cultivator setups,
calibration of seed planter and sprayer. In addition, training in
proper irrigation techniques under similar environmeutal conditi.ons

is a must, All training phasea should be based on actual ﬁeldz.rf f':'
pernnce with maximun exposure $0 as many varied cond:ltione as possible.
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(d) Research

As part of our investigation we visited the Nafion'd; Institute
for Agronomic Research of Tunisia (INRAT) facilities and found that,
because of lack of funds, good scientists vere curtalling their re-
search activities. If a new technology is to be adopted by grmrl,
necessery research support funde must be committed towards that end,
Tt is not in the scope of this survey to outline the many research
projects that should be cerried out by INRAT, Scientists at INRAT
are well avare of what neads to be done and are keenly interested at
the prospect of working on problems related to feedgrain production.
If the Government is committed to increasing feedgrain produotion then
adequate funding for feedgrain research must be availeble,
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V. INCREASING FEEDGRAIN PRODUCTION

Prior to introducing a new concept regardless of difficulty of
adoption one must approach the new program with caution and at the
same time with tenacity. In the eyes of the grower a new concept of
system of cropping means difficulty, suspicion end above all a higher
element of risk on his part. Any new system introduced to growers
should be thoroughly tested beforehand on a small scale on various
state-owned farms on as many soil types and climatic conditions as
possible, The intent of a testing program on local farms is primari-
1y done to find out how varieties respond to various soil types, dates
of planting, irrigation scheduling, and other related culturel prac-
tices, During the testing phase research personnel and extension
sgents can become familier with the progrem and at the same time it
gives participants an opportunity to learn the technology without
risking costly mistakes on large planted acreage.

Individuals assigned to this project should be highly motivated,
have a high degree of mechanical aptitude and be adaptable to new
situations. In an economy such as Tunisia the key to successful
adaptation of new technology by farmers depends laergely on the
ability of the extension agents to gain confidence of the growers..
If growers are going to launch into a new cropping system, extension
agents and research personnel are going to have to be ready to back
then up with proven research and practicsl know-hiow learned from
previcus years of testing..
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We are well aware that resistance to change is a very diffi.
cult situation to overcome with farmers who have followed traditional
methods for decades., However, we feel confident that givea a reason-
able period of time these obstacles will slowly be overcome pro-
viding we can avoid costly unnecessary mistakes during the initiel
state of introduction.

The following suggestions to increase feedgrain production are
based on sound technical basis and are feasible to implement pro-
viding a carefully thought-out approach has been made, Admittedly
some of these methods require a higher degree of farming ability,
others are quite simple and require very little change in current
cultural practices. Needless to say that some of those methods are
only adapteble to certain areas under a given set of conditions. We
have not attempted to present a system that can be used informly
throughout the country. We assume at this point that all major
constraints have been removed prior to esteblishing the following

eropping systems,

l, 8 Cr r Year - Maize~Sorghum
(Irrigated Perimeter) Furrow Irrigation

This is a relatively simple approach to maige-sorghum production
because the time element is in favor of the ‘grover. Land pggppration
can begin in the fall after the last Nervest or after the winter rains
have subsided in the spring, Land pr_epta;jag:l,qn__ consists of discing,
herrowing, flosting and 1isting of beds every 70 to 90.cm apart.,
Fertilizer ahould'.*"be applied prior to bed shaping or. at the seme time
depending on quimnt. The amount applied initially will depend on
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soil type and leaching potential. A second application of fertiliper
can be applied as side dress at the time of the last cultivation,
Following land preparation one pre-irrigation is applied in suffi-
cient amount to saturate the soil profile 1.2 m to 1,8 m. Final

bed shaping and the use of herbicide may be applied at this time if
the conditions werrent its use. Seed planters should be adjusted to
match the bed spacing and calibrated to drop the required amount of
seed suggested by the seed producer. Depending on the varieties,
maize is seeded at 50,000 to 70,000 seeds per hectare, Sorghum can
be seeded at 9.0 kg to 13.5 kg per hectare without any apprecisble
yield differences, Seeds should be planted in soil moisture and
firmly packed, Following stand establishment one or two cultivations
may be necessary depending on weed infestation,

Irrigation scheduling should follow recommended practices for
the soil type and area, Generally, maize should be irrigated every
8 to 12 days or may be less frequent if it is planted on heavy clay
soils, sorghum is irrigated less frequently than maize, Irrigation
scheduling for sorghum or maize can be determined dwing the initial
testing stages along with choice of varieties, fertilizer requirement
and time of planting., Irrigation of maize is generally stopped ot
the black layer formation stage which can be seen at the bottom of
the kernel if it is cut transversely during the hard dough stage.
Harvest can commence when grain moisture is less than 20%, -however,
grain cannot be safely stored at moisture exceeding. 10-11%,

Prior to planting a soil analysis should be conducted to deter-
nine the 'fe‘rtmser*requirgm'eq)t‘,‘ the ECe level (Eléctr:lcal Conducti-
vity of soil extract) and other tests than can be ‘helpful’in making
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crop management decisions.

The choice between sorghum or maize, if the financial inputs
are not limiting, will depend on the soil type and availability of
water, Sorghum will tolerate a higher level of salt, reqnire less
water and managerisl skills and is generally more drought resistant
than maize,

The above scenario is a broad example how maize is produced
under arid conditions using furrow irvigation. We did not mention
diseases, insect control, seed quality, choice of herbicides and
others because they have to be researched on location. The above
system under comparable climatic conditions of the San Joaquim
Valley in California yields up to 11 Mi/hectere of maize . Sorghum
will yield less than maige under comparable management conditions
and more prone to bird damage. However, recent development of
sorghum varieties that are bird resistant are currently commercially
availeble,

' The above system can be used on irrigated perimsters with
furrow irrigation providing good crop mansgement is practiced. In
the event furrow irrigation cannot be used, sorghum production
would be recommended under a sprinkler irrigation method.

2. Double ‘ropping - Maize-Sorghum
(Irrigated Perimeter) Furrow and Sprinkler Irrigation

In comparison, this is a more sophisticated system than the pre~
vious one. It requires good timing, more labor and equipmnt inputs
and the willingness to work long bours. Generally, this cropping
scqwqfo,llown either a winter forage crop or a barlsy or who’af ;
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crop depending on the traditional reinfall condition in the months
of October and Novembér, If winter rains are deleyed until November
or December a short-season maize or sorghum variety can be planted
following a grain crop of berley or wheai, Double cropping behind
wheat is somewhat riskier because of the late maturing nature of
vheat which is later than barley by 10 to 14 days. In any event,
the objective is to plant the following crop by the first week of
July.

Double cropping behind a winter forage usually gives the grower
more time to prepare and plant his next crop. Winter forasge can be
harvested in April or early May thus allowing emple time for land
preparation. Growers chosing to double crop have an additional
option to harvest maize or sorghum as grain or silage depending on
their requirements, The key to using this system successfully is
the selection of early maturing varieties. Maize and sorghum varie-
ties maturing in less than 90 days are commercially availeble from
many U.S5., seed producers,

If sorghum is double cropped a grower can have the option of
using furrow or sprinkler irrigation systems,

Under the double cropping method the same crop management
practice is used as in the single crop system with some minor modi-
fications in fertilizer requirements, variety selection, and plant
population, In general, less fertiliver is used, sn early variety
is chosen axd a high plant population is established, Double cropping
is not limited to following cereals, it can also follow a winter
vegetable crop., The potantial to increase feedgrain by this method
is substantial and will require careful planning and execution,
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We do not envision this system to be practical until growera have
learned to use irrigation on cereals and realize themselves the po-
tential of maximum utilization of available water. Under good
menagement this system has commonly produced 87 MT ‘:;}::J.age per
hectare per crop year (32 MT' of winter forage and 55 MI' of maize
silege), or 14,3 MT of grain per hectare pcr crop year (5.5 MT of

cereal grain and 8.8 MT of maize grain).

3. Barley in Northern Sector (Drylend)

At the present, barley is not too commonly planted in the rote-
tion in the northern sector of the country. Generally this is the
traditionel wheat belt of Tunisia where high yields can be expected
under normal environmental conditions. At this time there is not
any price incentive to plant barley in the rotation,and if this is to
change the pricing differential between barley and wheat will need
to be reduced., The potential total production from this system will
depend on how many growers are willing to convert from wheat to
barley production,

4, Increase Wheat Yields in the Northern Sector land

It appears to us that the northern sector has a tremendous po-
tential to increamse ylelds. We are aware of the additional inputs
required to increase yleld and the reluctance on the part of the
grower to take that risk., We would recommend that more efficient
and timely use of fertilizer be continued to be recommended to
growers, In addition to advocating using proven verieties from
good seed source, the effectiveness and the economic benefit from.
using: timely spplication of herbicide's‘*'shqbld:,also be encouraged.
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Special-emphasis should be placed on educating the grower on the
business aspects of cereal production.

Currently meny fermers operate in a very traditional manner.
Especially on smaller landholdings farmers operate in a modified
subsistence manner producing sgricultural goods for their own house-
hold consumption and selling any residual that they may have., Under
such conditions farmers tend to be very risk averse. This means that
farmers endeavor to minimige their input costs in order to minimize
their losses if, in any one year, the crop fails. Consequently,
farmers frequently underfertilize., We were told that even if the
probebility of crop failure due to drought was 0.1 farmers would
still underfertilize. Studies need to be conducted to ascertain
optimal applications of fertilizer under conditions of uncertainty.
If it 4s then demonstrated that farmers are indeed underfértmzine
then steps should be taken to rectify this situation. If explaining
to the farmer 1is insufficient to convince ‘him that he is fertilizing
at an incorrect rate then the government should consider assuming the
risk for the farmer. It could do this by forgiving loans on fer-
tilizer in years where there are crop failures, by offering farmers
a certain minimum return per hectare on their crop land and making
up the difference between this and what the farmer actually realizes
in years of drought, or a variety of cther devices, Thesq devices
cauld:.cyeptually be phgsed- out as the farmer becomes more _willing-
to assume some risk,

Along this same line ve: obsem that very. few extension agents

are capable of adv:laing famerv 'arm management/agribusineu

matters., They know nttle a'boub :|.nput costs, returns for alternative
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crops, farm record keeping systems, .credit .aﬁéﬁ%ﬁﬁity,' etc, | The
veason for this is that there is a lack of data and 'réeequh; at the:
national’ level on economic matters. Because of this, aé:ibdi;l,n‘eﬁs
is not emphasized during the training of extension agéxif‘s.‘

Technically it is possible to increase ylelds in the northern’
sector to a point where production in excess of domestic human needs
could be produced. From an economic point of view, we suspect that
the case is equally true. With better mansgement, optimum fertilizer
applications, closer advice from farm management extension specialists,
and some removal of farmer risk by the government, increased ylelds
should occur.

5. Barley in Rotation - Center Sector (Drylend)

It 1s felt that the greatest potential for increasing feedgrain
production in the immediate future is by introducing barley in rota-
tion with medic in the center of the country. The basis for our
reasoning is as follows: Barley generally reaches maturity before
wheat and the evapotranspiration for barley is less than wheat.

. Therefore, it would appear that barley could be grown in this erea
more successfully than wheat:

We are specifically concei'ﬁed in creas vhere ennisl ra:l.nfall
is between 300 mm and 1&50 mmn’ per year.

, It would appear to us that wheat production is a greater risk
dn th:l.a area unless late rain can be’ depended on to carry the crop
| "”’Ufunty. Ve have cbserved that the quality of wheat from this

‘afis not as good (pinched kernels, small secds and yellow |
,berries) as in the North. Ve believe, due %o the maturity differences
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- betweenbarleyandwheat, that barley could be grown more success=
fully over a ﬁeribd bf»year‘s than vheat.

In years vhen marginal condition for wheat production is en-
countered thé chences are that barley production will be higher and
with better grain quality than wheat. In meny areas of the world the
input for growing wheat is higher than barley,and if the price
offered to growers were closer for both cereals the incentive for
growing barley would exist., Usually less fertilizer and seed are
required for barley production, and typically barley is a better
competitor with weeds than wheat.

By raising the barley price closer to the world wheat:barley
price ratio we would expect greater quantities of barley to be forth-
coming in this area., Such a shift would need to be taken hand in
hand with incraasing wheat yields in other areas in order to compen-

sate for the smaller wheat area.

. 6. Increase Barley-Maize-Sorghum Research

Special efforts should be nade to develop barley varieties
adaptable to various areas of the country. Varieties that are drought-
resistant need to be ceveloped along with characteristics of earli-

. ness and salt toleraice. Early maturing barley would especially fit
 dnto the low rainfell erea in the center of the country. A relative-
1y largs.area could be plahted with this type of barley along.with
medicin.'rotation

« Plant .b‘x‘f}e"e'ders who ere femilier vith local conditionsshould
devotesome t:lmeto deVeldp‘v\faﬂéﬂ;ée? thet are adaptabletothe

' southern reglon. At the present local berley varieties in the
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Southarn region are not known to most cereal specialists. .

If an effort is to be made to increase feedgrain productlos.an -
equal effort must be made to develop an effective beorley plant
breeding program. ‘

Equelly important is the development of a maize and sorghum
variety screening program located throughout various field crop pro-
ducing regions.

Emphasis should be placed on searching for maize and gorgm:m
varieties adapfed to long season and double cropping situations.
Efforts should be made to identify salt tolerant eorghum varieties
which can be grown under sprinkler irrigation in areas that have
excessive level of salt in water or soil for maive production,

Screening for locel diseamses, insects and area adaptability
should also be an integral part of the objective of the region-

wide varietal screening program.

7. Cereal and Fodder Crop Production on Irrgated .,Pergtera -

We propose that work be done on exploring the possibility of
producing cereals and frdder crops on the land within the irrigated
perimeters which is currently being left idle. This means that
sgricultural economists need to examine why irrigeble land 1s now
being left fallow, Alternative cropping rotations that allow for.
the introduction of cereals and fodder crops into a farmer's pro-.
duct:l.én; withoyt conflicting with his labor. constraints of: equipment;
avallability should be budgetted.’ Demonstration plots: shovinghow
this can be nchieved and showing how profiteble 1t can be ahould .
be developed.
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Plans to produce cereals as part of a rotation on irrigated land
may not require much extra machinery except for perheps extending
the farmer's spinkler irrigation system. Since it also does not re-
quire much lebor, it may £1t into his rotation. The overall idea 1is
simply to move the idle area within irrigation perimeters into pro-
duction without conflicting too radically with the farmer's existing
system. Grain yields obtainsble from this type of culture often

exceed 7 M per hectare.

8, Possibilities of "Self-Sufficiency” in Feedgrain
Production

Given the resources thet are presently aveilable in the cereal
sector and the developed land found in the various irrigated peri-
meters, it is feasible to produce feedgrain in relatively large
quantities, However, there are many cbstacles to overcome which
have already been discussed. The situation could be summarized as
follows: (1) Maige production could be gtarted on a emall scale on
irrigated perimeters providing the major constraints were removed
end trained technologists were available to supervise the operation.
(2) Barley production could be increased dramatically if it were
encouraged and promoted in the center of the country; (3) Dramatic
yield increases could be realized with barley or wheat if they were
grown under an irrigated system; (4) The political climate must be
ssmpathetic towards the idea of fesdgrain production and the proper
,incentive given to producers; (5) litensify the practical farm
train:lng of all ‘extension agents involved in feedgrain production.
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.9+ Fiber and 0il Crops.
It is not within the scope of this study to report on the

status of the fiber and oil erops. However, since both of these
crops are heavily used in the livestock industry a brief comment

on vhat we have ocbserved in the field is justified. We vigited
two areas where cotton and soybeans were grown in small experimental
plots. It is encouraging.to see this type of venture oh the part
of the managers and research personnel, Based on the limited area
that was observed it appears that cotton and soybeans deserved
further investigation. Both soybean and cotton plants were healthy
and vigourously growing, no diseases or insect pests were noticed
at the time. Soybean plants looked exceptionally vigourous and had
a good fruit set on most of the varieties, Both of these crops
can be growvn under sprinkler irrigated system. In addition, soy-
beans can be grown in a single geason or can be easily double
cropped after a winter forage ¢rop or after barley or wheat. An
added benefit cbtained fiom sojbean production is the amownt of

| nitrogen it places in the soil for the benefit of the following
erop. .

Needless. to sey that 'both ‘crops are extensively used in live-
stock feed supplement. . Cottdh séed and ‘saybean ‘produsts produced
in this.country vould greatly benefit the locel livestodk sectar
and. ot the same tine reduce inports, Further Tesesrch and esperi-
mental ,;?p;gﬁiii,nsn are recommended and should be: encouregedattha
highest mensgerdal level.
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