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PREFACE"
Organization of Report

This report summarizes work completed in Tunisia during June
and July in connection with the Central Tunisia Rural Dévelopment
project. As later explained in the introduction, this assignment
resulted from earlier work by a University of Missouri 60nsd1ting team
which prepared an assessment of the agricultural potential of the
eight delegations of the project area.

Since this report contains rather detailed recommendations
for the four major interventions included in the assignment, several
steps have been taken to make it more readable.

First, a brief summary of the highlights and recommendations
is included at the beginning of the report. This is followed by an
introductory chapter which includes a brief description of the
resources and problems in the project area and a summary of the
specific objectives of the current assignment.

Then, one chapter is devoted to each of the four major
interventions assigned, with a rather detailed outline of each in
the table of contents. A final chapter consists of suggestions for
economic evaluations, budget estimates, and qualifying conditions
precedent to implementation. o

An appendix section is correlated with each chapter of ‘the
report, preceded by an index page which itemizes the 'content 6f each.

vii
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As a further aid to more convenient references, each

paragraph is numbered by chapters in the body of the report.
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SUMMARY AND RECOMMENDATIONS

The work of the team of four consultants for this
assignment was arranged through a contract (contract MNo. AID/
afr-C-1139, work order No. 6) between USAID Washington and the
Tunisia AID mission, and the University of Missouri, Columbia. The
UMC team included one agricultural economist and team leader, one
crop scientist specializing in dryland cereal production, and two
agricultural engineers--one of whom assumed primary responsibility
for the irrigation interventions and the other for the erosion
control and rainwater management section of the assignment.

The assignment responsible for this report resulted from an
earlier UMC assignment and report prepared under work order No. §
of the same USAID coniract. Among the recommendations in the
earlier report were those relating to shallow- and deep-well
irrigation, to dryland cereal production (primarily barley), to
erosion control and rainwater management, and to procedures for
establishing pilot study/demonstration areas in the project aréa as
a basis for longrun developments. The primary responsibility for
this assignment was to develop more detailed information and guide-
lines for implementing each of the four interventions, as well as
calendarized budget estimates of the AID financing needed for each.

Goals for all the interventions had a common purpose--to
help the small, low-income farmers in the project area achieve
greater productivity from their available resources and higher

~income and better living conditions for their families.

xii
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First priority for rapid implementation were the
interventions associated with shallow- and deep-well irrigation,
This order was suggested because the Tunisian expertise and equip-
ment are already available to permit rapid implementation and because
the productivity and earnings of many of the dryland farmers with
small farm units could be improved more rapidly, and with greater
secondary benefits to still larger numbers of small farmers in the
area.

Ancther high priority intervention, and just as important
timewise, is the rapid investment in facilities and personnel
training for an aggressive program of applied research throughout
the project area, with primary attention to the improvement of
cereal production (especially barley) on the dryland farms which
predominate the area. Early efforts would concentrate in field trials
in the various delegations to determine the best combination of
technologies (varieties, fertilizer applications, chemical treatments,
tillage and seeding methods, etc.) which can be recommended with
confidence to farmers in the area. Experience under similar semi-
arid conditions in other countries, indicate the potential for yield
increases in the magnitude of 200-400% abbve the Tow yields presently
realized. With a foundation of successful applied research and
well-conducted extension follow-up demonstrations throughout the
eight delegations, this intervention has the potential for profound and
widespread improvement in the welfare of small farmers in the area.

Of longer time requirement for implementation, but‘of even

greater importance for the longrun improvement of the agriculture
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of the area, is the proposal for establishing pilot study/
demonstration areas in selected 1ocations, primarin as settings for
applied research and demonstrations of more effective methods of
" erosion control and rainwater management than now are practiced in
the area. Since these new methods of controlling erosion and managing
“rainwater for more effective use can be implemented successfu]]y only
“as basic parts of complete farming systems, the pilot areas will
require development of complete, longrun plans for each‘farm unit
involved. Experience elsewhere has shown that the cumulative effect
of coordinating the application of several proven technolog1es in
complete farm1ng systems can lead to substantial increases in earnlngs
and, at the same time, conserve and improve the land and other resources
for future generations. - | |
| Establishing the pilot areas and extend1ng the results

ﬁ throughout the eight de1egat1ons 15 a ]ongt1me effort and results
cannot be realized qu1ck1y However, s1nce the capital requ1rement is
df]ow, 1t 1s suggested that one or two p1lot areas be 1n1t1ated early in

‘the proaect development in order to estab lsh patterns gather perfor-
#mance data and train personnel for future expan51on
| Attention is directed to ear11er sect1ons of the report for
'?more detailed suggestions, and specific recommendatlons for 1mple-
ment1ng and financing the proposed 1ntervent1ons | Ca]endarized budget
'recommendat1ons are summarlzed in Append1x Tables A 5, B 2 and C-5
'*through c-8 for poss1b1e USAID financing. The proposed capita]
;11nvestments are‘substantia] But the w1sdom of mak1ng them is

fcons1dered high1y quest1onab1e un]ess adequate personnel for
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supervision, applied research, on-the-job type ékﬁéﬁ?ﬁﬁﬁ‘”gﬁdfvgfioug‘
service activities can be assured by the ‘GOT; a]ong with' support1ng :
facilities such as ‘appropriate vehicles ‘for- transportat1on

To further ‘enhance and accelerate’ deve]opment'of“agriEulturei
in" the p’r"ojéct‘ area, the UMC team u'rges‘bons-fdérafi'oh i‘an'*d**financial
in the current assignment. These include attention to ExpansiOn of
apiculture interventions, to improved pasture and forégé prodyction,
“to supplemental enterprises, and to informational travel and stidy for
Key administrative and service personnel.

Apiculture seems ‘to offer considerable promise for “some 1ow-
‘income farm families to enhance annual earnings through the sile of
Horiey. " Those families 1iving within Forest Service areas 6ﬁzﬁéérby |
may ‘be in best location for this supplemental enterpr1se ‘since’”
rosemary and'various flowering shrubs and plants seem to prOV1de an
abundance 'of nectar most years. Since several families already have
experience in caring for bees in Rohia, Maktar;*ahd‘péFhap§ other
delegations in the area, a basis for expansion already exists, It is
suggested that some modest’AID financing be ‘considered for providing
equipment ‘and training in apiculture and in honey extrattion &nd
marketingas well.

-0 .« pasture and forage production constitutes a major land

use “in"the ‘project area and is-essential for supporting the Targe
vfﬁumbér§'offsheep,“gbats, cattle, and work animals. However, range-
“Tands ‘are’‘severely overgrazed and Tow ih productivity. While rot a

part of this assignment, it is recommended that two'essential*steps
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be 1n1t1ated dur1ng the current‘proaect per1od to a1d 1n*1ongryn

51 provement of, rangeland in the area,

| The f1rst is adapt1ve research to 1dent1fy spec1es of grasses
iand 1egumes best adapted to the so1] and c11mat1c cond1t10ns wh1ch
preva1] in the area. Possible sites for such applied research are at
;desseltra and the Denglos perimeter where some facilities already
:enist:for some of the controls needed for such studies.

S s The second step would involve conceptualizing and exper1ment1ng’
W1th Some alternative strateg1es and procedures for. contro]]ed graz1ng
on range]ands Without such, new seedings of improved perennial
.9535535 and. 1egumes arehdoqmed to failure from the start. Since
SOcial and cu]taral traditions. are .involved, this is a. difficuTt task
other forage consum1ng ]1vestock enterpr1ses, solution to the. prob]em
must be a part of any successfu] 1ongrun development. project. |

0bservat1ons in the proaect area, coupled w1th some. -

pre11m1nary budgeting, 1nd1cate that most of the low—lncome farm
fam111es 1n ‘the area with small 1and ho]dlngs must. rely upon greater B
}dgvers1f1cat1on of, enterprises .in order to make much 1mprovement in
Qfam11y.1ncome _This necessitates greater attent1on to 1abor-1ntens1ve
‘and cash-generating supp]emental enterprises. Such things. as ap1cu1ture;
‘the product1on of.almonds, pistachios, spineless cactus. and, perhaps,
;m111ets and sorghums 1n the dryland area might be cons1dered |
;Expans1on of fam11y-centered hand1craft enterpr1ses--us1ng 1oca1M

imater1als such as a]fa grass-—also may prov1de opportunit1es for fu]ler

jemp]oyment and h1gher income,
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F1na'1y, the longrun'success of the rural deve]opment:*f

',project 1n Centra] Tun151a?w111 h1nge largely upon the kno:]edge, B

ng1s1on, and ded1cated 1eadersh1p of the adm1n1strators, scient1stsf5

ie _,techn1c1ans who d1rect the many act1v1t1es In v1ew of th1s,

e1t 1s recommended that some of the AID part1c1pant tra1n1ng funds

set as1de for short~term USA ass1gnments for key personne] t0vv1s1t_i

,3se1ected areas’ to study and observe successfu] 1nnovat1ons3“tec o] -

}g1es, and methodolog1es wh1ch might be adapted to the proaectaare




[. INTRODUCTION

1.1 This report is the result of a contractual arrangement
between the University of Missouri, Columbia (UMC) and USAID, Washington
and the AID Mission in Tunisia. The work was performed under Contract
AID/afr-C-1139, Work Order 6. A copy of tiie contract and work order is
included in Appendix Section F.
1.2 A team of four consultants, who collaborated in making the
evaluations and recommendations included in this report, consisted of
the following members:

Albert R. Hagan, Agricultural Economist and Team Leader

Itil Asmon, Agricultural Engineer

Floyd E. Bolton, Agronomist, Crop Science

Charles F. Cromwell, Jr., Agricultural Engineer
1.3 Two of the team members, Hagan and Cromwell, are regular
members of the University of Missouri staff in Agricultural Economics
and Agricultural Engineering, respectively. Dr. Asmon works as a
private consultant and Dr. Bolton is regularly on the staff at Oregon
State University where he specializes in cereal production under dryland
conditions.
1.4 In order to expedite the work, different parts of the assign-
ment were allocated to individual team members for assemb]ing and
analyzing data and writing related sections of the report. Dr. Asmon
assumed primary responsibility for the irrigation section; Mr. Cromwell

for the section on erosion control and rainwater management; Dr. Bolton



for the section on barley production and dryland farming; and Dr. Hagan
for the section on establishing pilot study/demonstration areas, for
economic evaluations, and for general organization and preparation of
the final report. |
1.5 Work on this assignment was completed;durihg Jung, ngy, and
early August of 1978. The agricultural situation in Centra]lTuﬁjsia,
the goals for development, and the specific objectives of the cﬁrfent
assignment will be reviewed briefly. -

Agricultural Conditions in the Central Tunisia

Rural Development Project Area

1.6 During the period from late February through April of 1978, a
consulting team from the University of Missouri made an overall assess-
ment of the agricultural potential of the Central Tuhiﬁia project area
and a report summarizing these evaluations and recommendations was

published in April, 1978.

The assignment was compieted under Work
Order No. 5 of the above USAID Contract.

1.7 Descriptive data for the project area were included in the
above réport in some detail and will not bevrepeéted here.v HéweVer, a
few conditions which bear directly on the current assignment wii] be
reviewed briefly, especially those related to land and water resources,

present land‘use, and constraints which hamper‘development and'improve-

ment of the agricultura1 sector.

< Teromell, Charles F. Jr., Albert R."Hagan, Early M. Kroth,
and Michael F. Nolan, An Assessment of the Agricultural Potential of
Central Tunisia - Evaluations and Recommendations, April, 1978.



1.8 Land resources are quite varied throughout the eight dele-
gations of the project area. In fact, heterogeneity of soil types and
conditions is the predominant characteristic of the area. Topography
ranges from broad valleys to steep, rugged terrain, much of which is in
public forest land. Wide plains, consisting of level to gently rolling
land with long slopes, also characterize much of the cropland in several
delegations, such as in Thala and Foussana.

1.9 . Water is the most limiting resource in the area. Rainfall is
sparse and erratic, ranging from an annual average of 268 mm in the
Djilma delegation to 400 mm in Thala. It is seasonal in nature with
most falling during the winter period and very little during the summer
months, June through mid-September. Rains often are intense and some-
times accompanied by hail and strong winds. Groundwater is adequate for
limited shallow-well irrigation in some areas; for deep-well irrigation
in others. In some places, such groundwater is almost non-existent and
water for human and livestock use must be_transported for long distances.
1.10 Land use in the area ranges from intensive vegetable and

fruit production on farms which have access to irrigation water -- either
from shallow wells or within irrigation perimeters -- to forest and
rangeland in areas unsuited for crop production. Between these two
extremes cereal production (barley and wheat) is the predominant land
use. But yields are low, averaging littie more than 2 Qx. per ha in
many parts of the area, and methods of production are primitive with no
organized rotational patterns (Dr. Bolton later describes this as "oppor-

~tunity cropping"). Likewise, the so-called pasture and rangelands are



depleted and severely overgrazed. Substantial acreages of spineless
cactus have been planted in recent years in connection with “"food-for-
work" programs in order to provide survival-type forage for livestock
(predominantly sheep) during extreme droughts. Further details about
current land use are included in Chapter IV,

1.11 Constraints to making substantial agricultural improvements
in the Central Tunisia project area are numerous and formidable. This
is especially true for those affecting the farm families who are
restricted to the small-farm holdings which predominate the area. Some
constraints which demand attention in implementing the proposals and
recommendations in this repnrt are itemized below:

1. Shortage of water and failure to make most effective use of
the water available -- both groundwater and rainwater;

2. Eroded and depieted soils upon which future increases in agri-
cultural productivity must depend;

3. Extreme population pressure on the water and land resources
available -- associated with unemployment and underemployment
of human labor and general lack of opportunity for rewarding
of f-farm work and family income;

4. Small, fragmented farm holdings, with inadequate land titles,
in most cases, to provide security for conventional loans;

5. Traditional farming methods and cultural practices resulting
in Tow yields and productivity from resources used;

6. Resultant Tow income of small-farm families, leaving little,
or no, margin for capital accumulation and risk assumption;

7. Inadequate access to production inputs on a timely basis;

8. Lack of convenient access to product markets and an asso
ciated shortage of processing and storage facilities for
handling surpluses of perishable crops such as fresh vege
tables and fruits;

9. GOT pricing policies which seem to favor price stability
for urban consumers over output -- increasing incentives
for producers:



10. Inconvenient access to potable water for human and livestock
use, requiring inordinate commitment of human labor and trans-
port facilities to water-hauling activities;

11. An almost total lack of applied research in the project area
to guide recommendations for new technologies and improved
farming systems which are mandatory for any measureable
increases in procuctivity; and

12. Inadequate extension personnel and type of services to bridge
the gap between known and emerging technological information
and the operators of the small farms in the area.

1.12 These constraints, and others, are discussed more explicitly
in other sections of this report. While they may seem insurmountable,
members of the Missouri agricultural assessment teams feel that notable
progress can be made in overcoming many of these over time, through
realistic interventions and prompt, concerted action in implementing
them on a sound basis. Suggestions for doing so is the central theme of

this report.
Goals for Agricultural Development

1.13 Goals for improvement of agricultural productivity in the
project area and the income and well-being of the small-farm operators
and their families were presented in some detail in the earlier UMC
report. Primary goals which guided the proposals in the current effort
are as follows:

1. to help operators of small farms in the project area make
fuller and more effective use of their limited resources
and achieve higher incomes and better living;

2. to enplore the probable impact of applying new agricultural
tecknologies, and combinations of them, in achieving the
above goal;

3. to conceptualize, evaluate, and demonstrate new longrun

systems of farming which will help small farmers restore
and improve the soi],‘grazing lands, and other resources
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and, at the same time, generate higher and more stable earn-
ings from their farming units;

to suggest kinds of applied research, conducted on farms in
the project area, which will provide a sound basis for specific
recommendations and for longrun development; and

to propose the kinds of extension personnel and programs which
are considered essential for implementing the interventions
recommended.

Specific Objectives of the Current Assignment

Specific objectives for the current assignment are itemized
Order No. 6 as follows:

To complete a descriptive plan for. the specific interventions
selected from those proposed in the UMC report; and

To furnish on-the-spot expertise and reports, to USAID/GOT,

to accomplish incorporating the technical interventions into
the design of the project. Selected interventions to increase
production and raise farm family incomes:

a. Pilot, method/result, demonstrations (1) deep and shallow
water well development for small-scale irrigation; and
(2) rainwater management and erosion contol using terrac-
ing, collection, and spreading techniques; and

b. Assess and develop technical assistance requirements and
plans aimed at increasing barley production in the project
area.

For a more realistic approach in implementing these inter-

ventions, a three-way classification was conceived, based upon the time

interval required for implementation and for results to materialize.

1.16

The first category consists largely of irrigation interven-

tions, especially those relating to improvements in existing shallow

wells and ‘the construction of new ones. Such efforts can yield quick

returns

in the form of higher productivity and earningéifor hundreds of

small farmers-in the area direct1y,,éﬁqvﬁuchﬁgrééfepfngmberé indirectly

through

generation of additional employment opportunities.



1.17 From the intermediate point of view, time-wise, are the
recommendations for greatly improving the production of cereals (wheat
and barley) in the project area. Some delay is involved until applied
field studies throughout the project area reveal those technologies
which can be recommended and widely demonstrated with some degree of
confidence. Since a high percent of the small, dryland farm units now
produce these cereals, this intervention has potential for greatly
enhancing the productivity and earnings of large numbers of small
farmers in the area.

1.18 In the longrun category are the interventions for erosion
control and rainwater management and for establishing pilot/study/
demonstration areas in selected locations. The erosion control and
water management practices must be coordinated with other improved
technologies in complete farming systems before any appreciable longrun
benefits can be realized. The purpose of these efforts is to evaluate
and demonstrate the cumulative effect of adopting whole new systems of
farming which will establish a pattern and foundation for longrun
improvement and stability of farming in the area.

1.19 Since such pilot areas require a period of several years for
development and since limited capital investments are required, it is

recommended that they be initiated early in the Central Tunisia project.



IT. PROPOSALS AND SPECIFICATIONS FOR SHALLOW
AND DEEP WELL DEVELOPMENT FOR
SMALL-SCALE IRRIGATION

Background Information

Available Data on Phreatic Aquifers
in the Project Area

2.1 Appendix Table A-1 shows the total groundwater resources,
present utilization and remaining potential in the project area. The
aquifers in the project area have been adequately studied (see refer-
ences in Table A-1), to the extent that sufficient data exists for
implementing a groundwater utilfzation program; and only the execution
of such a program can provide additional data regarding the sustained
aquifer yie1d.] Since the thrust of the present project turns out to be
groundwater utilization by means of shallow wells (which dry out if the
groundwater table falls by more than about 3m), it is prudent to utilize
only the minimum proven aquifer yield until experience with the new
wells indicates the possible sustained yield of the aquifer.

2.2 Table A-1 shows that the minimum proven yield is about
444.1/s. Subtracting the groundwater potential of Djilma (almost all of
which is earmarked to satisfy the domestic and industrial water needs of
Sfax), the groundwater potential available for agricultural development

is only about 250 1/s of continuous flow. However, since in the project

]Only in Thala delegation are additional studies necessary
before exploitation can start in some areas.



area shallow-well irrigation is probably the most effective means to
improve small holder income, this modest potential should be fully
utilized.

2.3 Appendix Table A-1 also shows that, excluding Djilma, the
main potential for additional groundwater utilization lies in Foussana
and Thala.

2.4 The Table A-1 refers only to the main valley aquifers. The
total groundwater potential is higher due to the existence of small
aquifers and uvnderground flows of water courses (oueds), which can be
captured by shallow wells.

Current Situation of Shallow and
Deep Wells in the Project Area

2.5 Existing shallow wells. The number of shallow wells in the

project area is constantly increasing as ever more farmers dig wells,
and the GOT services do not have an up-to-date count. However, Appendix
Table A-2 shows that about 1080 shallow wells exist in Thala, Foussana,
Rohia, Djilma and Djedliene delegations, and that about 90% of these
wells are concentrated in Thala, Foussana and Rohia delegations. On the
other hand, "aktar, Sbiba and Sbeitla delegations have a total of less
than about 50 shallow wells and the potential for increasing this number
is insignificant; consequently, these 3 delegations have not been included
in the shallow-well development program.

2.6 Shallow wells typically have a depth to the water table
ranging from about 3 m in Djedliene and 4-6 m in the Rohia to about
5-10 m in Foussana. Their depth below the water table is up to 3

additional meters. Their diameter is usually 3-4 m (the larger
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diameter is preferable as it creates a larger underground reservoir
which permits a longer pumping period and thus a:higher well yieid).
2.7 Such a shallow well usually has a discharge equivalent to
1-1.4 1/s flowing continually. It is typically pumped at a rate of
5-8 1/s in the morning for 2-3 hours until it is emptied and for a
similar period in the afternoon. A motor-equipped well usually irri-
gates 2-3 ha of winter crops (supplemental irrigation), and 1 ha of
summer crops. All wells observed were irrigating vegetables (tomatoes,
peppers, pumpkins, etc.), usually with interplanted rows of young. trees.
Every shallow well is usually owned by one farm family, and each farm
family usually possesses only one well.

2.8 The quality of shallow-well water is generally satfsfactory

as the salt content is usually 1-2 g/1 and rarely exceeds 3 g/l.

2.9 Condition of shallow wells. Shallow wells are found in all

stages of development, namely:

1. a mere hole in the ground reaching just below the water
table;

2. a well deepened to 3 m below the water table and linEd
some distance above it; or

3. a well lined up to the ground surface and sometimes equipped
with a small (9 m3) above-surface reservoir.

2.10 Shallow wells may be equipped with an electic motor, with a
diesel appliance motor (typically 3 to 9 HP), or only with an animal-
drawn appliance (dilu) or a hand bucket. Most diesel motors are of
national manufacture (HATiASr FARYMAN), equipped with pumps made in
7Tunisia (MENZEL-BOURGUIBA). Some use European-made pumps (e.g., KSB or
ALTA)‘and‘motors (e.g., STEYR). None utilize U.S.-made motors and
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pumps. The cost of diesel fuel is TD 0.060/1iter and that of electri-
city (daytime rate) is TD 0.016/KuWH.

2.11 0f the motors and pumps observed during the field trip, the
large majority (probably over 90%) were in operating condition. The
exception was in Qued Kerib (Djedliene delegation), where out of 24
perfectly-constructed wells only 7 were functioning. Significantly,
these wells were constructed by a donor-financed project according to
strictly technical criteria, without adequate beneficiary selection and
participation in the construction and with no extension follow-up. In
other locations, reasons cited for the non-utilization of some pumps
were salinity problems (in Rohia) and slowness of the STEG (Societe

Tunisiene d'Electricite et de Gaz) in repairing malfunctioning trans-

formers. Diesel motors are probably out of operation also because of
poor maintenance, although there exist repair shops in Kasserine and
Sidi Bou Zid.

2.12 The quality of the equipment seems satisfactory. However, in
most cases the equipment is selected without regard to well depth and
capacity, and consequently is often too large or too small for the well
in question.

2.13 Farmer interest in shallow wells is high. Many farmers are
digging wells in the hope of qualifying for credit to acquire a pumpset;
a number of farmers have purchased pumpsets out of their own savings;
and credit institutions in Kasserine alone reportedly receive credit

applications from over 200 farmers per year.
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2.14 Existing deep wells. Records of the DRES.(Department de

Ressources de Eau et de So?),] data collected-by the CNEA (Centre

'Nationalld'Etudes Agricoles) and field observations by the mission

showed the number of deep wells in the region to be approximately:

Operating Closed Total

.. Delegation - Wells - Wells Wells .
-.Foussana . : 1T 4 5.
Thala - . , - N 1
Sbiba . 6 22 8
- Sbeitla : . -7 4 N
Djilma : 12 3 15
Rohia - | - 53 5
2.15 | Condition of the deep wells. The SONEDE 15 constrﬂcting a

1arge aﬁueduct from Djilma to Sfax to convey water for doméﬁtic and

industrial purposes. Owing to the size of the aqueduct and the priority

given'to ihose uses, it is probable that the recently constructéd and

stf]] unutilized wells in Djilma will not be used for agriéu]turéT

purposes. The mission found in the project area'ohly fi!g_ﬁnutiiized
wells which, with additional investments, could be used for irrigation:
o 1. fbdr wells in Foussana - SF4 and SF5 with 50>1/s each,

-+ 'SF3 .and SF6 with 20 1/s each (two of these wells are

shown in Figure A-1). These wells have been drilled
 about 1974 and capped in expectation for the Central

]Annuaire de 1'Exploitation des Nappes Profandes de la:
Tunisie 1977, DRES.

‘ 2These are probably standby wells which were not necessary
in 1977. .

3Reconnaissqnce weI]s - not intended for utilization. .
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Tunisia Project to assume the costs of perimeter
developments; and

2. one well in Thala (Ein Hdia), with about 30 1/s capacity,

which is partially equipped (the pumpsets, reservoir and
main conduits are in place).

Existing Irrigation Perimeters

2.16 The following public irrigation perimeters, based on dams

and/or deep wells, are operating on the project:4

Irrigable Area, ha Irrigable Area, ha
Delegation Winter Summer Winter Summer
Sbiba 1667 600 1300 600
Sbeitla 160 100 90 75
Djilma 1020 n.a. 480 n.a.
Rohia 1300 n.a. _634 n.a.

Total 4147 2504

2.17 An FAO evaluation of these irrigated perimeter55 found the

infrastructure to be rather complete but quite underutilized. The
underutilization was indicated by factors such as:
1. a small ratio of the irrigated to the irrigable area;

2. a high percentage of dry-farmed or partially irrigated
cereals in the perimeters;

3. underirrigation of}vegetables and forage crops; and

4, underirrigation or abandonment of p]antations.

4Source: CRDA-Kasserine (as quoted in Donnees Agro-Economiques
de Base sur la Tunisie Centrale, CNEA, 1978. ‘

5

0. Radelet and P. Martini, Developpment Agricole des Perimetres

- “Irriques de la Region de Kasserine en Tunisie Centrale, FAO, Rome, Nov.

1974.
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'2'.'148;v

public per1meters were poorer than among owners of 1nd1v1dua1 shal]ow
7 L s

wel]s, :Thls state of affa1rs was ascr1bed to the f011ow1ng causes

1. sett]ement of the per1meters by former nomads who had no: =
: trad1t10n of 1rr1gat1on, , IR

‘ 2. lack of 1and t1t]es and
S ﬁtfﬁlack of market1ng at remuneratlve pr1ces
2.19 Since the pub11cat1on of that report however, the perfor-

mance of the- pub11c perimeters has been stead11y 1mprov1ng The 1"oﬂow;-‘t

1ng tab]e6 compares the utilization of the Sb1ba perlmeter 1n 1972 and’
in 1976: | o
172 976"

Surfaces Planted, ha - Summer Winter. Summer o w1nter

Vegetables 335 196- 370 . . 280

Forage Crops - 119 209 150, - 540

Cerea] s , - 175 == 350

D et s g0 520 117d

2.20 The table:shows..that the area. of 5“W@?Eu§f99§;h§5”509?9359d

by 15%;«1ndicatingvbetter-water use, and,that,thegarea;used in the
winter for vegetab]es,and»foragefcrops,hasﬁjncreased;hy‘100%1at the
expense of the lower- cereals ‘ﬁfhu&:“”* o j‘ B

2.21 | However due to the 1ow water charges (TD 0 004/m3 as ti} ]
compared to operatwon and ma1ntenance costs of about TD 0 017/m3), the )
perimeters are not self-financing. In 1977 the adm1n1strat1on»of the_;?

“Sbiba perimeter has”reportedly had ‘an-income of*about T 22.000,‘asi°€f;

5

o » 6M Ech Chebeane and M Bouratb1ne, Donnees Agro Econom1que5‘
de Base sur la Tunisie Centra]e, CNEA Apr11 1978 , a




compared to expenses of TD 93,000, which amounts to a subsidy of about

TD 120 annually for each of the 600 beneficiaries.

Salinity and Drainage Problems

2.22 Salinity and drainage problems do not seem a significant
constraint to development of a well irrigation program, thanks to the
good water quality and adéquate slopes of the well sites. Only in the
Rohia plain were some wells out of use reportedly because of salinity
problems caused by a high water table. Closer inspection revealed,
however, that the problem is mostly or entirely man-made, caused by a
concrete watercourse passage placed at an inappropriate level. This
watercourse has acted as a dam, 1ifting the groundwater level in the
vicinity.

2.23 Genie Rurale is presently conducting drainage works in the

Rohia plain (excavation of main drains by earth-moving equipment), and
similar works are planned for draining about 700 ha in Foussana. USAID
participation in this project is not recommended for the following
reasons:

1. the low benefits (improvement of presently unproductive
land, through about 6 years of rain-leaching, to become
average-quality dry-farmed land, of which there is no
Jack in the region) do not justify the cost of about
TD 500/ha; and

2. the benefits of drainage (unlike those of irrigation) are
long-term and non-localized, so that the construction of
drains is not likely to provoke land redistribution in the
area, and consequently the benefits will accrue to the few
present owners.

Land Distribution Problems

2.24 In the public perimeters the land is redistributed, e.g., in
Shiba the land is parcelled into plots of 2.5 ha (orchards) or 4.5 ha
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(vegetables and forage crops). The land redistribution ehcoUntered no
particular problems in prébiousTy‘dry4farmed"areasl(eig¥;‘théfChé?§ya
perimeter), but was a long-drawn-out process where prev1ous 1rrlgation
rights had to be modified (e.q., the Sb1ba per1meter) |

. 2.26 Construction of new shallow we]]s 1nvo]ves no land red1str1-
bution problems since farmers who propose to construct a we]l _possess
the 2-3 ha to be irrigated. The problem with sha]]ow welIs 1s that of
judiciously defining the criteria for the choice of benef1c1ar1es S0

that the new wells will indeed be owned by small farmers
Improvement of Existing Shallow Wells

Number of Wells to be Improved

2.26 Appendix Table A-2 shows that the potential exists for
improving about 293 wells in the project area, located as follows:
1. about 200 wells in Foussana (of which approxlmately 60
are in the Brika sector, 30 in the Mzira's sector and

40 in the Herich sector - Appendix Figure A-1);

2. 23 wells in DJed11ene (of which about 9 in the Hmeima
sector and 14 in the Terbah sector - Appendix Figure A-2);
and

3. about 70 wells in Rohia.

Types of Improvements Needed

2.27 Well improvement consists of (1) deepening the well to about
3 m below the groundwater table, and (2) lining it up to ground level.
The cost of these works is about 1500 TD for an average well (about

10 m total depth). One may require beneficiary labor tontribution in

these activities, to reduce by about 50 TD their cost to the project.



2.28

2.29

Three methods are used for deepening the wells:

the traditional method, in which the well is excavated to
groundwater level, lined up to ground level, and then pumped,
excavated and lined below groundwater level;

a method in which the lining consists of prefabricated
concrete rings, the lowest one equipped with a cutting
edge. As the well is excavated, the whole lining slips
down, and new rings are added on top; and

the newest method, in which the well is excavated and lined
down to the groundwater table, and then a suction pipe is
driven to a depth of about 10 m further by pumping water
down it (jetting). This method is the cheapest and provides
the best results, and its use is expanding.

17

Table A-2 shows that about 145 existing shallow wells can be

provided with electric motors as follows:

1.

2.30

100 wells in Foussana (of which about 50 in the Brika sector
and 20 in the Mzira's sector are located near a newly con-
structed high-tensio:. line; electrification of about 30 wells

in the Herich sccter will require a 4 km extension of the main

line - Fiqure A-1);
36 wells in Rohia, on the existing line; and

9 wells on a new line from Rohia to the Hmeima sector of
Djedliene - Figure A-2.

The costs of electrifying a well are:

electric pumpset. . . .« « ¢« v v v e e e e e e e e e 300 TD

connection and instrument panel . . . . . . . « . . . 200 TD

transformer (2000 TD each, one per 20 wells) -

per well. o & . v v v v e e e e e e e e e e e e 100 TD

low tension line, ave. 300 m, at 2 D/m. . . . . . .. 600 TD

several lengths of portable outlet pipe (e.g.,

Bauer), to diminish canal seepage . . . . . . . . .. 507D
Total., . . . « v v v v v o e e« e e s e . o« 41250 TD

The advantages of well electrification are higher water

yield, lower operation and maintenance costs and higher reliability.



18

In practice, replacing a diesel pumpset by an electric one increaseé
well yie]d by 30% to 50%. Wherever wells are located near an existing
érid, their electrification is recommended. :

2.3 Table A-2 also shows that some 54 presently .non-motorized
wells may be equipped with diesel pumpsets. Of these, asdut'40 are in
Foussana and 14 in the Terbah sector of Djedliene. A diesel pumpset
(including several length of portable outlet pipe) costs ébout 800 TD.
The diesel and pump motor will be of Tunisian manufacture. An engineer
of the Central Tunisia Project will specify the motor power and pump
capacity required for each particular well. In installing new pumpsets,
it is important not only to observe the distance of about 200 m between
wells to avoid depression-cone 2ffects, but also to limit the numbeyr of
pumps in each sector so as to avoid a localized drawdown of the aquifer.
2.32 Replacing an animal-driven water-Tifting device (dilu) by a
diesel pump is estimated to increase the area per well irrigated during
the summer season from about 0.25 ha to 1.0 ha, and during the winter
season (supplemental irrigation) from about 0.5 ha to 2 ha.

2.33 Finally, Table A-2 shows that some 200 wells need small
improvements to complete their infrastructure. Of these wells, about 20
are in Foussana, 150 in Thala and 30 in Djiima. The improvements in
question usually consist of extending the concrete lining up to the
ground surface and providing portable outlet pipes to replace the outlet
canal and avoid its seepage losses. The cost of such small improvements
is estimated at 400 TD per well.

2.34. To recapitulate, the project proposes the following shallow-

well -improvements:
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-

1ining and deepening of 293 wells;
2. small improvements in 200 wells;

installation of 145 electrical pumpsets; and

S W

installation of 54 diesel pumpsets.

Land Preparation Required

2.35 The shallow wells in the project area are typically found on
colluvial soils on piedmont slopes, which present an even gradient
throughout the small (2-3 ha) area commanded by each well. Furthermore,
the traditional method of irrigation consists of filling borders of
about 2x2 m each with water; this method minimizes the effect of the
microrelief. One may also advance the argument that seepage losses are
less of a disadvantage in shallow-well systems than in deep-well or
gravity irrigation systems, since the water percolates in a few days
down to the water table and may be recuperated by the same farmer or his
neighbor, incurring only the variable costs of pumping it. For all of
these reasons, land levelling with machinery on the shallow-well perim-
eters is not considered necessary.

Schedule of Investments in
Shallow-Well Improvements

2.36 Appendix Tables A-2 and A-5 show the required investments in

shallow-well improvements to be:

Project
1979 1980 1981 Total

TD 222,450 TD 304,800 TD 272,750 TD 800,000
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Benefits of Shallow-Well Imprdveméﬁts

2.37 The shallow-well 1mprovements are expected to prov1de an =
additional discharge equivalent to about 100 1/5“ofcont1nuousflow,
bringing into service about 100 additional-hectares durlngﬂthefsummer
season and over 200 ha during the winter, In addition the imprevements
will increase the reliability of services and reduce seepage losses on
about 500 ha (summer crops) and 100 ha (w1nter crops). This w111 be of

direct benefit to nearly 600 sma]]ho}der families.
Installation of New Shallow Wells

Number of we1ls to be Constructed

2.38 Appendix Table A-3 shows that there}exists»a potential for
constructing about 225 new shallow wells in the project_area, located as
follows:

1. about 50 wells in Foussana, equipped with diesel pumps (to
be Tocated at suitabie d1stances from the existing concen-
trations at Brika, Mzira'a and Herich to avoid local aqu1fer
drawdowns - Appendix Figure A-1);

2. 45 wells in the Chaker - Sidi S'hil sector of Tha]a,7 equipped
with electrical pumps;

3. 70 wells in Djedliene (of which 10 in an extension of the-
Oued Kerib sector and 30 in the Hmeima sector, equipped with
electrical pumps, and 30 at Terbah, equipped with diesel
pumps - Appendix Figure A-2);

4, 40 wells in Rohia; and

5. 20 wells in Djilma (in the Zarzouga, Thlijane, Selta, Batn-
Gazel and possibly the Essed and Guedir Zitoun sectors).

74. Zebidi, Etude de la Plaine de Kalaa-Djerda, DRES. There
probably exists additional potential in other sectors of Thala, e.g.,
Ein Defla, but its realization requires additional groundwater studies,
which should be undertaken during the project period.
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These wells will intercept underground flow of local water-

courses (oueds) and thus will not be significantly affected

by the diversions from the Djilma aquifer to Sfax.
2.39 The number of new wells proposed has been calculated so as to
fully utilize the proven minimum yields of the aquifers in the delega-
tions concerned. The total discharge from the improved wells (Table A-3)
and the additional discharge from the improved wells (Table A-2) in some
cases exceed the available aquifér yield shown in Table A-1. This is
because Table A-1 refers only to the potential of the main aquifers in

the large valleys, while many of the new wells proposed above will be

located in small independent aquifers.

Components of New Shallow Wells

2.40 Installation of a typical shallow well (about 10 m total
depth) requires the following:

1. excavation to the water table - 5 workers for
30 days at TD 2/day each (this cost and time
may be reduced by the use of a motorized hoist
which may be rented for TD 10/day). . . « « « « « « - TD 300

2. deepening below the water table using a pump
(or jetting), and lining up to ground level

(Par. 2.28) . . v v . o e e e e e e e e e e TD 1500
3. diesel pumpset with portable outlet pipe. . . . « « . TD 800
OR

electric pumpset with portable outlet pipe,
connections, line and transformer (Par. 2.29) . . . . TD 1250

2.4 The excavation may be undertaken by the beneficiary without
specialized equipment and would represent his contribution to the
investment. The deepening and lining require specialized equipment and
considerable material costs; consequently, these should be furnished by

project funds and performed by the project administration or (preferably)
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by a smal] contractor One may requlre ]abor contr1but1oniby the

benef1c1ary during this stago ‘as we]], to decrease by about TD 50 the
cost to the project.

- 2.42 Consequently, the:cost per new well:-is:.

D1ese1-equ1pped well E]ectr1ca1 equ1pped Yell

Cost to Benef1c1ary D 300 ‘ TD 300
Cost to Proaect D 2300 T 2750

Total Investment TD 2600 TD 3050

Land Preparation Required

2.43 For the reasons detailed in Par. 2.35, project investments in
land preparation (except for the replacemeht of the main earth canal by

a portable outlet pipe) are not deemed necessary for new shallow wells.

Estimated Investments in New Shallow Wells

2.44 Table A-3 in the Appendix shows that excavetionvof 225 new

wells would cost the beneficiaries the equiva]ent of TD gf 500, while
.the deepening and lining of these wells and the 1nsta11ation of pumpsets

‘_wwou]d cost the proaect adm1n1strat1on TD 605 750 Th1s flgure includes

the cost of 4 km of 3000- vo]t 11ne from Rohia to Hmeima

~ Investment Schedule
2. 45 Appendix Table A-5 shows that the investment in new shallow
wells may be scheduled as follows:

1979 1980 1981 - Proaect Total

TD 126, 250 TG ]90,506 TD 289 000 , 10 605 750


http:wells,,.is
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Benefits of New Shallow Wells

2.46 The new shallow wells will provide the equivalent of about
225 1/s of continuous flow, enabling the irrigation of about 225 ha
during the summer and 450 ha during the "winter, to the benefit of 225
smallholder families which at present have no access to irrigation
water.

Development of Natural Springs

2.47 Natural springs in the project area represent a small but
low-cost water resource. A spring typically furnishes 1-1.4 1/s and can
irrigate 2-3 ha if effectively utilized. It is used by two or more
families. Spring development consists of:

1. construction of a concrete tank to conserve
overnight flow and provide a sufficiently

strong irrigation stream . . . . . . . . . . « . . . TD 700
2. provision of portable outlet pipes to reduce
seepage 10SSEeS « « v v e o e e e e e e e e . . 1D 50
Total Investment per Spring . . . . « « « « + & TD 750
2.48 The number of springs available and the cost of their develop-

ment is as fo]]ows:8

Delegation No. of Springs Investment, TD
Foussana 27 20,250
Thala 5 3,750
Djedliene 2 1,500
Sbiba 45 ' 33,750
Sbeitla 18 13,500
Dji1ma | 2 ‘ 1,500
Total 99 74,250

8Projet de Developpement Rural Integre de la Tunisie Centrale,
OMVVM-PP1, Feb. 1978.
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2.49 The area irrigated by a spring is comparable to gg't’i‘ '
.gated by.a shallow,well, while the investment involved is much smaller
(TD 750 vs..-TD:2600)-and the operating cbsts-are nilﬁ'%IbQS the ganomic
~-benefjt.to spring.development is obvious, . ‘

Development of New Irrigation Perimeters

Based on Existing Deep Wells

2.50 As mentioned in Par. 2.15, the opportunity for exploiting
-unutilized deep wells is Timited to four deep wells in Foussana.and one

~in Thala delegation.

The Four Deep Wells in Foussana

2.51 These wells (Appendix Figure A-1) have beeh capped in’1974 in
expectation of Central Tunisia Project funds 'for fhéikTﬁéyéloﬁment. The
depfhs of these wells range from 200 to 500 m. Their characteristics

are:as follows:

Discharge, Irrigable  Infrastructure
Designation. . . - 1/s Area, ha Cost, at TD 1900/ha
SF 4 50 | o
120 - TD 229,000
~9Fn9 1 50, i

““SF 6 20 30 TD-57,000
SF 3 20 60 7D 114,000
Total 140 210 0 400,000

2.52;5;;,; The SF 3 perimeter will be planted entirely with fruit trees,
which ‘explains its large area in relation with the available discharge.

The SF 4 - SF 5 comnand areas (which form one perimeter) and the SF 6
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perimeter are planned for forage crops and vegetables.- The cost of TD
400,000 includes investments in pumpsets, reservoirs, canals, interior
roads and levelling. Investments in tree plantations, stables, live-
stock, etc., will occur after the three-year project period.

2.53 Since these perimeters are at present dry-farmed (barley) and
contain no fences or residences, the land distribution process'is
expected to be straightforward.

2.54 According to the Plan Directeur de 1'Utilization des Eaux du

Centre de la Tunisie (Ministry of Agriculture, FEb. 1977), these wells
6

pump from an aquifer of 6x10 m3/year capacity (190 1/s continuous
flow), so that they will not exhaust the aquifer capacity. According to
recent studies.9 there is no intercomnunication in this region between
the shallow and deep aguifers, so that exploitation of the four deep
wells is not expected to lower the groundwater table in the Foussana
shallow-well development areas (Figure A-1).

2.55 The feasibility studies of these perimeters are being com-

pleted by Genie Rurale.

The Ein Hdi- Ccep-Well Perimeter in Thala

2.56 In this perimeter the deep well (30 1/s) was drilled about
1970 and the reservoir and mair conduits have been completed by Genie
Rurale. The PPI (the Irrigated Public Perimeters Department of the

OMVVM - Office the Mise en Valeur du Vallee de la Medjerda), which is

the organization responsible for utilization of the irrigated perim-

eters, has not yef accepted charge of this project, ostensibly because

. Rahwi, Etude Hydrogeologique de la Cuvette du Foussana,
Diplome de Doctorat du 3eme Cy. . fontpellier, Nov. 1977.
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‘some 1nfrastructure e]ements (secondary cana]s, land levelling and
”1nter1or roads). are still 1ack1ng “The necessary 1nvestment 1s est1-~j
“mated very rough]y to: be on: the order of TD 100 000 Land tenure |
problems, however, may -be a factor 1n the s]ow progress of th1s proaect"
1as the per1meter 1nc1udes»cu1t1vated and 1nhab1ted areas. Th1s prob1em =
‘shou1d be carefu]ly assessed before f1nanc1ng of this- per1meter 1s }
rundertaken.\
: Improvement of Functioning:

Irr1gat1on Per1meters .

ImprQVement of the SbibaPerimeter

'2*573: * The:Central Tunisia Project: has submitted: for the 1979 .budget
a*list of the: .o]]ow1ng improvements to be: made in- the. infrastructure of

fthef$b1bauper1meter:"

“Anterior roads . . L D .. . u ... .. 0L TD 7605000

- electrification of pumping.stations. . .,},;r .. 1D ¢ 30 000

replacement of a standby pumpset . . . . . e oo D 8 000
construction of a protection dihe | | |

--earthworks . . . . . . .. .. ... .00 L o TD250,000

--civil engineering works. . . . . . . . . . . .. TD 85,000

levelling. . . . .. W e e e e el e . TD 200,000

~studies and -inspection . . . . . S se e ee e D 30,000

Total L. ;‘.‘. ;3. Ce e TD 663,000

ﬂ2'53.~p“ -This amounts.to an 1nvestment of TD 400/ha for the gross

1rrigated area of 1667 ha. L .
72,4937,,“, w1th,thevabove_actions which are probably necessary (although
the economics of the f lood protection dike should be carefully reviewed),

,the.perimeter infrastructure will be essentially complete. Further’
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development should be oriented to intensification of the cultivation

pattern.

Improvement of Public Perimeters in Djilma

2.60 For the public irrigation perimeters Djilma, the Central
Tunisian Project proposed for 1979 financing of the following actions:

1. Hadjeb 7: 40 ha - levelling and
canal construction . . .« .« ¢ v e e e e e e e e 7D 20,000

2. Hadjeb 8: 280 ha - levelling and
canal construction . . . + ¢« v o e e e e e D 66,000

3. Sabbalet (Ouled Asker): 60 ha -
levelling and canal construction . . . . . . . .. TD 24,000

Total area benefited = 280 ha; investment = TD 110,200

This amounts to TD 290 per hectare benefited.

Investment Priorities, Issues and Conditions Precedent

Investment Priorities

2.61 If the opportunities for investment in agricultural infra-
structure in the project area were ranked according to the USAID
criteria of providing the lowest-income farmers with maximal income
%ncreases at lowest investment per beneficiary, the pridrities would
probably be as outlined below:

1. Creation and improvement of shallow wells and springs

shouid receive the highest priority for the following
reasons:

a. Project investment is medium - TD 2300 to 2750 per
- family served or about TD 1150 - 1375 per ha.

b. The benefits, although their calculation has not been
undertaken in this report, are expected to be high -
since the water is used mostly for vegetables.

c. The investment may be at least partly recuperated and
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d. Administrative inputs are minimal.

The main shortcoming of this option is the limited ground- .
water supply. Therefore, it should be utilized to the -
fullest extent as this report proposes.

2. Establishment of non-irrigated fruit plantations. while
not a part of this section of the report, is considered
a fairly high-priority investment since:

a. Project investment is low (TD 400-500 per ha),
including irrigation during the peqaod of estab-
lishment by means of a tank truck.

b. Returns are satisfactory.

¢. Investment per Tamily can be minimal according to
the planted area provided per family and

d. Land resources and the market permit a large expan-
sion of these crops.

The main disadvantage of this option is the long time (5 years)
necessary to perceive benefits; however, the same is true for
most public irrigation perimeters.

3. Development of new deep-well perimeters should receive a
Tower priority since the investment is high (TD 3000 -
4000 per ha equipped or about 2-4 times this amount per
family) and non-recuperable. The continuous subsidy of
the beneficiaries is considerable (Par. 2.21); and the
requirements for administrative manpower are high.

4. Improvement of existing perimeters should probably receive
the lowest priority among the alternatives considered since
the added benefits are 1likely to be low, and they accrue to
a class of farmers which has already been substantially
benefited through public investments.

]oFor the irrigation of young plantations, it is recomnended
to use unglazed clay jars (costing TD 0.400 each). These are buried to
the neck near the roots of the saplings and filled every 15-30 days
with water, which oozes continuously to the roots. This, in effect,
creates an appropriate technology drip-irrigation system at an invest-
ment of TD 20 per hectare.
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The conclusion from this overview is, if budget constraints

do not permit implementation of the fu11 TD 2,210,000 program proposed

in this report (Appendix Table A-5), then one should keep the sum of

TD 1,480,000 budgeted for well and spring development intact rather than

reduce all investment items by the same percentage.

Issues

2.63

The following issues need to be resolved before the proposed

investment program can be undertaken:

1.

Who will be the beneficiaries? Criteria must be defined as

to who can qualify to obtain shallow wells and pumps in order
to assure that the beneficiaries will not be 1ar??r farmers or
absentee owners as is often the case at present. Similarly,
criteria must be set for obtaining a plot on deep-well irri-
gation perimeters.

Should the shallow wells be provided as a grant or a loan?

A case can be made for providing the well linings (TD 400-

7D 1500 each) as a grant, since this is a practically permanent
investment in infrastructure (many wells lined by the Romans
are still in use in the project area). Providing the well
lining on a grant basis would place the shaliow-well benefi-
ciaries on a more even footing with the beneficiaries of
public perimeters, where the infrastructure investments are
much higher (on the order of TD 8000 for a 2-ha farm) and no
attempt is made to charge the beneficiaries for them (on the
contrary, the operation of public perimeters is heavily subsi-
dized as well). On the other hand, pumpsets should be pro-
vided on a five-year credit.

Who will provide the credits? The existing credit mechanisms
Th the area entail long delays in approving applications for
medium-term credit and have requirements (such as the presenta-
tion of land ownership certificates), which, in effect, exclude
most small farmers. In order to implement the shallow-well
program at the planned rate, credits for irrigation equipment

may have to be provided directly oy the Central Tunisia Office.

]]R. Fraenkel, The Distribution of Irrigation Equipment in

Thala Delegation, April 1978.




30

..4. Who will construct the shallow wells? Utilizing several small
~  contractors rather than construct1ng the wells by Central
Tunisia office personnel is likely to speed up execution and
“‘reduce costs. Another alternative is to have Care-Medico well-
construction teams with a Peace Corps volunteer foreman as a
well contractor. This could provide an integrated input to
- U.S. involvement in Central Tunisia development and speed up
development since similar teams are already repairing and
improving shallow wells for potable water supplies in Maktar,
Le Kef and other places in Tunisia.

5. Who will be responsible for the existing irrigation perimeters
in the project area? The present report concurs with the
opinion expressed by management personnel of the newly-created
Central Tunisia office that operation of the existing perim-
eters should remain with OMVVM-PPI, at least during the three-
year project period so that the Central Tunisia office manage-
ment should not be distracted by routine operational problems
from its developmental tasks. However, if the Sbiba, Hadjeb
7 and 8 and Sabbalet perimeters stay with OMVVM-PPI, it should
be decided whether they would still qualify for project funds
for infrastructure improvements (Appendix Table A-5, Section E).

2.64 An aspect which turns out to be a non-issue is that of pur-
chasing U.S.-made pumps and motors for shallow wells since this equip-
ment is manufactured in Tunisia as a shelf item in sufficient quantities
to meet project requirements. The four pumpsets for the deep wells at
Foussana may be ordered from the U.S. (both PEERLESS and WORTHINGTON have
representatives in Tunis) or, if this is not convenient, European makes

may be purchased»with GOT codnterpart funds.

Conditijons Precedent

. 2.65  Extension service to shallow-well irrigation sectors. For

a§suring‘fu1] utilization of the shallow wells and pumpsets provided, it
“is deemed essential that the farmers receive adequate guidance. To this
end, the new or reconstructed wells will be lTocated so as to create
irrigation sectors of 20 to 60 wells each (according to the groundwater

potential, and each sector -attended. by.one middle-level extension
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agent .(adjoint technique). As a minimum, .extension staff assigned full-

time to shallow-well sectors should consist of the following:

Office Ingenieur Adjoint Adjoint Technique
Foussana 1 4 (Brika, Mzira's, Herich Sectors)
Thala 1 3 (Ein Defla, Chaker Sectors)
Djedliene - 1 (Oued Kerib, Hmeima Sectors)
Rohia = 1

Total 2 9
2.66 The ProAG should specify as a condition precedent that these

persons be assigned by the Central Tunisia office. They should be
provided with adequate means of transport.

2.67 The Extension Department of the Central Tunisia office should
also employ a higher-level specialist (preferably an M.S. in extension
methodolcgy) who will be free from routine supervision duties and able
to concentrate on in-service training of the Central Tunisia office
extension personnel (for shallow-well, deep-well and dry-farming areas)
and on communication with the research institutions. This position
should be coordinated with that of the extension training specialist

proposed for the Le Kef College of Agronomy.

Marketing Apsects

2.68 While the present report does not deal with marketing, the
following observations are offered on this essential subject:

1. Fruit and vegetable collection centers: Considering the bene-
fits which small producers in the area will derive from high
and stable fruit and vegetable prices, the feasibility of
setting up viable fruit and vegetable collection centers should
be studied (taking into account the competition from private
middlemen). This may be an appropriate subject for technical
assistance in marketing studies.




2y
EYTVAIE

Apricot drying: Apricots, which have a very short harvest

“~period, create a seasonal glut with consequent low prices ...
~to the producers. A system for on-farm drying of apr1cots

~and their packaging for export should be installed and pro-
~moted by extension workers.

Almond shelling: 3 kg of almonds in the shell, which have a

~ total farmgate price of about 7D 0.240, are converted into

1 kg of shelled almonds, which has a wholesale price of ,
TD 1.200. This considerable price differential may offer ' -

- significant benefits to small almond producers if they can

be equipped with small motorized aimond shellers which may?
be operated by one or a few families.



1II. PROPOSALS AND REQUIREMENTS FOR EROSION CONTROL
AND RAINWATER MANAGEMENT

Background Information

Current Situation in Project Area

3.1 The water limitation on dryland crop production is easily
understood by studying the annual average rainfall isohyetals

(Figure IV-1) and from the table of average seasonal and 90% probability
rainfall amounts in the Appendix Table B-1. Bolton elsewhere in this
report emphasizes the importance of improved management practices to
maximize cereal production in dryland culture. Field visits during
March and June, 1978, impressed the UMC team with the rain-shadow

effect of area mountains. Precipitation amounts for areas south and
east of Djebel Semama, Djebel Mrhila, Djebel Bireno, and other mountains
are evidently even lower than reported amounts from meteorological
stations. Crop conditions in Selta (Jilma), Semama (Sbeitla), and El
Hmaima (Jedliane), aé examples, gave evidence of quite low rainfall in

the 1977-78 season.

3.2 Water and wind erosion. The report, "Assessment of the Agri-

culural Potential of Central Tunisia," by Cromwell, Hagan, Kroth and

Nolan, a University of Missouri team on USAID contract AID/Afr-c-1139 of
April 1978, emphasizes the long-range erosion hazard to the most produc-
tive soil types of the region. Gulley, ri1l, sheet and channel erosion
are all easily witnessed by the observer in each of the project delega-

tions. Clogging of small reservoirs, diversion structures and natural

33
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channels is frequently seen as deposition occurs at tﬁé;fabaf%dﬁs
downsTope. .. |

3.3 Wind erosion o&curs ?kgdﬁéﬁf1y Wﬁéreut6é fié{&:1ength.iﬁ the
prevailing wind direc;ion is»longt‘ Windbheaks are seen occasionally.
These are evergreens (such as the tamarisks, cypress, eucalyptus),
fruit, oil or nut trees, bordering'iFiigaté&36efiméféﬁSt*'Spihychétus
‘serve as both property-Tine fences and windbreaks in some areas.i 
3.4 | The erosion situation in parts of Maktar delegation can-best
'be described as geologic in scope, i.e., beyond redemption either'by

’ o [ I { N . . R . .- | .
manageable conservation practices or by reasonable interventions.

3.5 Previous erosion-control efforts. Small rock dams (gabions)
are used frequently by the Tunisian Forestry Department to reduce the
velocity of runoff water in gully channels and té trap sediments in the
small level spaces that develop above the gabion. These also serve to’
increase infiltrations of rainfall and aid phreatic ayuifer recharge.
They could be integrated into terrace systems as outlet cont(qj struc-
tures for level storage terraces. | |

3.6 Quite a few kilometers of hand-constrqcted terracés have been
built over the years since independence. Very few broad-based, méchine—
constructed terraces are seen."Many of these tibia were built as food-
for-work employment schemes. In most cases, the terraces have steep
faces and backslopes, and an inadequate cross section of lightly-compacted
soil. In many cases, ridge height is inadequate. ‘Also in some ‘cases,
;‘no‘éubérvisiOn was given during construction to maintain proper“grades

‘in tékﬁaceiéhannels and erosion has been concentrated by the work done.
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3.7 In a few cases, very good terrace systems have been con-
structed. This indicates technical training is available in Tunisia but
sufficient manpower has not been assigned to the project area for quality
terracing to be a continuing program.

3.8 Most of the cactus plantings follow property division lines
or pre-existing paths or trails. With contours as a reference, over 90%
of the cactus plantings witnessed were planted in a direction that can
only be described as "random."

3.9 Tree plantings are rectangular-grid planted with no reference
to contours in about 90% of the cases. Occasionally, tree plantings
follow terrace orientation.

3.10 The most often planted dryland tree is the olive. It is
usually planted in large "blocks" and is seldom strip-planted as a
windbreak where wind erosion is significant. It does not provide suffi-
cient projected cross-section density to be very effective alone as a

windbreak.

Constraints to Effective Erosion Control

3.11 Lack of applied research. Very little applied research has
been carried out for erosion control in Central Tunisia. )

3.12 Many factors contribute to the present state of erosion in
Central Tunisia in addition to the climatic and soils factors discussed
above. The area has not yet received a research priority appropriate to
the scope of the erosion problem. Terrace design parameters are needed.
Estimates of peak rates of runoff from small watersheds need to be
verified by field data. Effect of terraces on runoff rates nged to be

known.



36

e “ Ai..‘ B e S R T PRRISy ‘ T ey BN e Y ‘;'. .
3.13 The terracing effort and other erosionzcontrol construction
S B N A I G P TS L L T S o : )
devices will need trained, experienced, and concerned personnel’ - Short-

" terfh training 1h the Midwest can”be quite helpful For stpervisors:

- 3.14 Lack of trained personnel and other factors. There is a lack

of trained personnel with available time to plan water manageinent systems
and supervise construction. Area farmers have not yet seen the need for
erosion control. Small-parcel land holdings inhibit construction of a
reasonable-sized terrace system. Overstocking and overgrazing bfA
rangeland appear irrational to first-time visitors to the area. ‘The
residents were nomads witil the present century so ingrained habits of
nomadic herding are a hindrance to systematically farming for erosiqn
control. J
3.15 Present tillage methods are most commonly determined by the
opportunistic use of government, cooperative, or private tractors with
discs that "happen to be working in the area." No weed-control ti]lage
is done. Contour plowing is rare. No effort is made to provide mulch
material for the soil surface due to the need for fodder.

Goals for Erosion Control and
Rainwater Mangement

3.16 Goals for dryland water management in the project area are
simple and specific. These are to maximize agricultural production,
which is limited by available water, by making best use of the rainfall
for current season productions and to minimize erosion in order to
bféSeEVeithévirrep1aceab1e s0il resource in a useable condition for

‘future generations.
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New Technologies to be Introduced

Broad-based Storage-type Terraces

3.17 Wischmeier in the Tate 1950's and early 1960's proposed a
simple multiplicative relationship of factors affecting soil loss on

cropland. The relationship proposed is as follows:

R K L S C P, where

= s0il loss in tons per acre per year
= rainfall factor

soil-erodibility factor

= slope-length factor

= slope-gradient factor

= cropping-management factor

T O B TR ARX D> >
1]

= grosion-control practice factor

3.18 This is commonly referred to now as the Universal Soil Loss
Equation.

3.19 The rainfall factor (R) has been forecast for Central Tunisia
by Arnoldus as about 100 in U.S.A. units which is a low value; comparable
to Western Kansas, Northern Wisconsin, and the Texas-New Mexico boundary
area. The low R-value perhaps explains in this mathematical equation
approach to erosion studies why the Central Tunisian area has continued
to produce grain for 2500 years. Man-made change in this climatic
factor is not within the scope of present generation expectations.

3.20 Another factor not changeable but of more concern is soil
erodibility (K). Soil properties that affect erodibility by rain and
runoff include infiltration rate, permeability, soil moisture-holding

capacity, and structure.
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3.21 The §J9pg§]engtb factor (L) is most easily reduced by constfuc-
tion of terraces (tibia) and diverﬁionsz or by contour strip-cropping
with vegetative strips to catch the detached soil particles. Spineless
cactus biahféﬁibn a slightly elevated bed on a true contour can serve as
a catéh;gfrip for cbntour'farming:and an important Tivestock feed in
Central Tunisia. The L-factor is reduced from the total field Tength to
the interval of terraces or contour strips. o

3.22 The slope-gradient factor (S) pkobabiy will not be signi-
ficantly changed in Central Tunisia except by ]andllevelling in‘prepara-
tion for irrigation around wells. There is a slight increase in 'S' for
the terrace interval after terraces are constructed.

3.23 The cropping-management factor (C) presently applicable to
Central Tunisia has been described by Bolton elsewhere in this report as
“opportunity farming." Changes he proposes to significantly increase
yields by dryland management system will serve to decrease the erosion
hazard slightly. If stubble can be left in place ungrazed, higher
yields of grain can accompany greatly reduced erosion or low C-factor.
3.24 The erosion-control practice factor (P) again illustrates the
erosion-control benefit of terracing. The P-factor quoted by Beas]ey]
for terraces is 20% of the contour factor and the contour factor is 50%
of the value of the usual tillage practice of uniform tillage over large
cereal fields in Central Tunisia usually with up-and-down plowing. In

other words, the practice of terracing and contour farming parailel

]R. P. Beasley, Erosion and Sediment Pollution Control,
Towa State University Press, Ames, Iowa, 1972.
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to the terraces reduces the erosion hazard to 10% of the present rates
of erosion.
3.25 Terracing is not a new technique for Tunisia. So many kilo-
meters of tibia have been constructed that many policy-makers are dis-
satisfied with the practice. The emphasis now needs to shift to "quality
control." When broad-based level storage terraces that store 7-10% of
annual rainfall are constructed, increased productivity from the stored
water will result and erosion will be reduced by 90% over a long time
period--if the terraces are maintained. Occasional repair will be
required with any terrace system. Rare storm events can be expected to
_overtop terraces occasionally. After-storm repair is required for main-
taining a permanent system of terraces.
3.26 When terraces are planned, complete management of the water
falling on and running through the area must be considered. Terrace
spacings are normally in the 25- to 45-meter range, depending upon
average land slope between terraces. If the top terrace in the field is
at greater distance downslope from the crest, then a diversion must be
used to prevent excess flow into the topterrace. The other terracesare
laid out with a vertical spacing criteria appropriate to expected rain-
fall intensities, soil type, and average land slope between pairs of

terraces. A simple formula often used is:

Vi=X S+Y
where VI = vertical interval between terraces
S = average land slope between terraces
X = a slope multiplier selected after applied research
on similar soils
Y = a constant added appropriate to erodibility of the

s0il and expected plant cover (from 30-100 cm)
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. The average horizontal interval (HI) from the preceding.criteria will

be: Hr-= & X 100
3.277 Local field testing is needed to determine ‘most appropriate

outlet structures for level storage terraces. wHE;e rock flumes are

“hand-constructed, a very narrow weir-type structure might be used at the

“ends of ‘terraces. The time of inundation of the crop in the terrace

“"channel and the infiltration rate of the soil muét be of concern:when

determining terrace-channel drainage time. Usually 24-hour drain time
will not cause crop damage. The volume of storage for the level terrace
system should be 25-50 mm of depth over the spacing of the terrace

interval.

Diversions and Silting Basins

3.28 Diversions are channels constructed across a slope to divert

runoff from land ups]ope, away from the land being protected downslope.

In order to "heal" or cure or eliminate a gully, runoff water must be

- removed from it. Where terraces are to cross small gullies, a diversion

is required above the terrace system to remove water from the gully. A

key part of the diversion system must be a silting basin at each gully

~crossed. Some water will be stored temporarily in a pool during’each

runoff event. Upstream, large-diameter eroded material will be trapped
and retained in the silting basin so that cross-slope diversion channel

capacity will not be lost due to siltation. These basins should have

the deposited materials removed occasionally to prevent escape into the

cross-slope diversion channel.

3,29 ""One situation frequently encountered in Central Tunisia is

where forest land occupies the upper slope and cereal fields occupy
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the lower slope. This situation always requires a diversion at the
lower limit of the forest land to protect the more productive land below
(see Figure III-1).

3.30 Diversion channels must have a minimum water carrying capa-
city sufficient to accomodate the rainstorm event with a ten-year return
period. Capacity is determined by the velocity of flow and the channel
cross-section area. Channel velocity is limited to non-erodible veloc-
ities, which need to be determined by applied research in the area. In
all probability, cereal-capable soils of Central Tunisia will not be
able to stand channel velocities greater than one meter per second
except where rocky or stony soils are encountered.

3.31 Technicians accustomed to using Manning's formula for calcu-
lation of velocity will be using an English-unit of .02 to .025 for bare
channels. For stony channels, a value as high as .1 might be used.
Tunisian engineers or technicians are trained to understand this tech-
nique and limitation for channel flow problems. The technique of
integrating a complete water management system for a large area does not
appear to be understood, based on field visits to all eight project

delegations.

Small Water-Storage Impoundments

3.32 Small water-storage impoundments can be integrated into a
diversion plan (Figure I1I-1). There should be no confusion between a
small structure designed for a silting basin and a somewhat larger
structure for water supply. If the water storage structure is part of

the diversion, it'will not fill with silt quickly as it most probably
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will when constructed at a "natural” storage site. Also, the diversion
channel will act as the spillway as well as the supply channel. For
other types of small water storage structures, the outlet structure
required to provide stability and protection for ine storage strucfure
may be as expensive as the storage structure.

2.33 These small water-storage structures need to be constructed
with good compaction. In Central Tunisia, this means wetting the

borrow material and using mechanical compaction such as "sheepfoot" or
heavy rubber-tired rollers. A wide gradation in soil particle size from
coarse sand to clay is required for a good degree of compaction. Single-
particle-size soils do not make good storage materials.

3.34 Storage volumes for smail impoundments need to allow for
household use and animal use for the population served. Evaporation
losses will be high in the area due to high winds and low humidity.
Seepage losses may be high on the granular soils. Since people now
travel 8-10 km for household water in the drier upslopes of the project
area, any system of storage of water for domestic use reduces the number
of days per year spent depending on the distant springs or wells and
improves the human condition of the lowest income group of the popu-

tation.

Water Spreading Techniques

3.35 Water spreading from gullies is an old Tunisian practice. The
limitations on spread of this practice are more social than technical.
Most of the systems established under colonization and under cooperativi-
zation have failed under individualized, fragmented ownership. No one

is available to operate the system in the midst of the rain or to
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repair it between rains. Fraenkel visited a small site on June 1, 1978,
where three farmers who were brothers had recently constructed a small
water diversion and spreading system that worked wgll,duripg runoff
events in early 1978. Many such opportunities gxisthjn‘the_eightvdele-
gations. Each is unique. The technical guidance needed for a system
would be easy to provide. The social guidance to agiree on labor inputs
needed and water division during runoff must be provided parallel to the
technical guidance. The value of the extra water added to stored soil
water can only be determined by field trials and the data will be

difficult to extrapolate due to the uniqueness of each site.

Contour Planting and Tillage Operations

3.36 Tunisia has legislation or decrees "requiring" plowing to be
on the contour. It is not enforced and is generally ignored. In fact,
much of the plowing is up-and-down slope. Contour plowing and contour
planting will reduce erosion 40-50%. Contour planting of spineless
cactus at the usual spacing of 4-8 m also serves to reduce erosion
greatly.

3.37 If olives and almonds were contour planted, supporting
inter-culture for weed control or for temporary cereal culture in new
plantings conld be done on the contour. It is unfortunate that a
rectangular grid pattern of young treaes is so pleasing to the human eye
and is such a widely-accepted practice in Northern Tunisia. Contour
planting of all crops wou}d be an easy conservation measure of long-
range benefit at no out-of-pocket cost. Obviously, a dedicated exten-

“sion effort is needed based upon local field trials and demonstrations.
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Coordination of Mechanical Erosion Control
With Other Improved Technologies

3.38 Terraces, diversions, contour planting and other erosion-
control devices will not appreciably increase net spendable income to
cultivators in the area unless these practices are coordinated into a
best-possible total management system for crop production. Pilot
demonstration areas should be set up where applied data can be gathered
and where extension tours and field days are part of the plan. The

concept is further discussed in Chapter V of this report.
Calendar of Events for Implementing Intervention

3.39 The erosion-control intervention should begin with long-term
participant training for M.S. degrees in soil conservation and erosion
control for two participants under the Technology Transfer program for
the first year. During this same year demonstration sites need to be
selected. These will be primarily on cereal-capable land of 2-6% slope,
probably government owned. Short-term training for experienced techni-
cians should also begin early.

3.40 Planning will begin late in the first year as the first
short-term participant trainees return to project offices. After
detailed plans are drawn up for the erosion-control work and the manage-
ment system is planned for the farming units, then a construction
schedule must be established.

3.41 The second year will be a busy construction period estab-
lishing diversions, terraces, silting or debris basins, outlets, etc. As
each unit of conctruction is completed, the various farm management

interventions must follow quickly, beginning with Loi1 testing to
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identify special soil fertility prob1ems*that=might_bg'aggraygted by
construction, | | S i

3.42 By the third year, data collection wi?ivbe in full §wing and
procedures to move out from the demonstration units to ofher private
land will be set up by concerned technicians.

3.43 It is expected that Soil Conservation Service techhicians of
the Department of Foresty will take a leadership roll in designihg ard
constructing the erosion-control measures and that they will work
closely with extension and applied research workers who will also be

involved with the demonstration units.
Summary and Evaluation of Inputs of This Intervention

General Summary and Purpose of Intervention

3.44 The impacts of the erosion-control intervention proposed will
be both short- and long-range. The short-range benefit will be from
doubling stored soil moisture under the terrace channel. A short-range
detriment will be the disturbed land in the terrace construction zone
and the exposed subsoil in the terrace channel area. Soil testing will
be required in order to prescribe fertilizer doses to bring the channel
area back to peak production. The long-range benefit will be a tenfold
decrease in rate of loss of topsoil where terraces are constructed and
some increased recharge of downslope phreatic aquifers due to detention
of local runoff from rainfall in level terraces.

3.45 The erosion-control intervention will show maximum impact as
part of an integrated dryland agriculture system. Present "opportunity

farming" practices will need to change. A coordinated field trial-
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demonstration program and long-time extension effort is needed for the
potential of erosion-control practices to be met.

3.46 The gross area of cereal-culture land in the 8 delegations
has been estimated at 130,000 ha by Ech Chebeane and Bouratbine. They
also estimate 70,000 ha of arboculture. Probably 90% of this land needs
protection from erosion by well built, broad-based terraces. This
requires long-range continuing policy commitment on the part of the
Government of Tunisia and an orderly construction schedule for many
years.

3.47 The first step is to establish demonstration units in each
delegation. These may serve as applied research units for all the dry-
land interventions as well as erosion- and water-conservation demonstra-
tions units. Such parameters as vertical interval for terraces and
alternate forms of outlets for discharge from level storage terraces
need to be verified for these sites by construction of sets of level
terraces. These demonstration units will need to be monitored by the
design technicians and by extension workers for several years in order
to learn the best combinations of terrace-design standards and manage-
ment practices. It is urgent that effective long-range erosion-control
measures be adopted that protect the land and that suit a system of

agriculture that fits the climate, soil, and crop pattern of the area.

Inputs Needed

3.48 The principle restraints to widespread adoption of erosion-
control interventions are econcaic and social. The eguipment required
to do proper construction work is quite expensive. Cost of construction

may require an investment in the order of 100 TD per hectare. Cost per
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- Yreated hectare cannot be repa1d from dry]and,crop 1ncome n'w;common 1n :

the area. Land ownersh1p patterns w1]] be a ser1ousﬁrestra1nt to spread

_%wof we]] designed terrace systems.‘&

-3,52}m{n The Qued Margue111l proaect 111ustrates that these restra1nts'
_can‘beeresolved_under Central Tunisian conditions. An early 1960 s
project demonstrated small impoundment design and constrqcthnﬁyechn1¥ |
ques. Some of these structures have withstood overtoppinggejgeelcomple-
tion. Broad-based terrace construction is now fo be,partwgf_ﬂe;erehed
treatment in the Haffouz area in order to protect a major strueﬁure now
being developed near Kairouan. This project should allow Tunisian
technicians to develop their techniques for solving the social restraints
to spread of erosion-control practices. (American experts who work with
erosion in Central Tunisia should become fam111ar with prOJects near

'Haffoux )

Training Needed for Personnel

'3.50 It is anticipated that participant traifiees with professional
"ties" to soil conservation and present or future work assignments to
the Central Tunisia project be sent for erosion-control training as
follows: 2 trainees for 3 months each for each of the 3 years of the
project. Anticipated costs would be '$66,000 (27,500 TD) each year.

(See Appendix Table c-7.)

Increased Qutputs Expected

3.51 ~ The increased outputs exuected from the erosion intervention
alorie are marginal. The increased output expected and needed will only

come from an integrated dryland system as discussed in Chapters IV and V.
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Appendix References

3.32 The appendix to this chapter includes figures and illustra-
tions showing teaching materials used in lectures on soil conservation
at the local university (Figures B-b through B-15). These indicate that
Tunisia is already much concerned about the erosion problem and is
giving training in the subject matter area. The professional workers in
soil conservation are fully capable of absorbing and utilizing advanced,
graduate-level training in erosion-control methodology. They are capable
of refining design constants to develop appropriate factors for Central
Tunisia. A few guide sheets from the University of Missouri are also
attached for illustration of some of the numerical factors that may need

to be developed for Central Tunisia (see Appendix Figures B-1 to B-5).



IV, PROPOSALS ‘AND REQUIREMENTS :FOR:INCREASING
BARLEY PRODUCTION IN THE PROJECT AREA-

“Background ‘Information -

Current S1tuat1on 1n the Proaect Area

4.1 Latest 1nformat1on 1nd1cates that about 130 000 ha of cereals
are grown in the 8 de]egat1ons of the pro;ect area (Tab]e 1) Th1s
includes about 80,000 ha of durum wheat, 10,000 ha of bread wheat and
40,000 ha of barley. The area seeded to cereals varies greafly fram
season to season depending upon the rainfall conditions. Yie]d levels in
all three types of cereals are very low, ranging from 50-150 kg/ha in
Thala, Jedliane, Rouhia, Maktharand Djilma de]egat1ons (Tab]e 2). Even
though rainfall amounts are relatively low (see Figure IV-1) and highly
variable from season to season, these yield levels are extremely low in
relation to the potential yield possible under these conditions. Under
comparable climatic conditions in Turkey, for example, the average yield
of barley ranges from 1,200-2,000 kg/ha. In the Pacific Northwest of
the United States under similar rainfall conditions, the yield level of
barley ranges from 2,500-3,500 kg/ha.

4.2 The present cultural methods of producing cereals in the
project area can best be described as “"opportunity" cropping. The
farmers of the region apparently decide to plant or not to plant depend-
ing upon the rainfall situation during October to December each year.

If the rains come early and in sufficient amounts, they will seed their

cereal crops. As the season progresses toward December without adequate
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- Land Use Pattern for the'Centra1 Tunisia Rural
*hﬁplopment Project Area 1n an Average Year

2

\

.~
~

— g~

Land Area Percent of the

Type of Land Use (ha) Total Area
Cereals 130,000 15.7
Tree Crops 70,000 8.5
Cactus and Shrubs 42,000 5.0
Irrigated Land:

Exploited 4,700 1.0

Exploitable 6,000 ’
Alfa Grass & Forests 390,000 47.0‘
Uncultivated Land 46,000 5.0
Pastures 140,000 17.0

Total 828,468 100.0

Source: CRDA, Kasserine



Table 2 - Yield and Production of Cereals by De]egations in the

Central Tunisia Project Area

Durum W: wineat Soft Wheat

Barley
Delegation Expected Actual vield Product. Expected Actual Yield Product. Expected Annual  Yield Product.
(Ha) (Ha) Ox. Qx. (Ha) (Ha) Qx. Wx. (Ha) {Ha) Qx. Qx.

Thala! 16 060 20 500 2.2 45 100 6 140 2200 1 2 200 10000 13500 1.8 24 000
Sbibal 10 150 9 900 1 9 900 150 1600 1 1 600 8000 7000 0.5 - 3500
Djedeliene! 15030 16 000 2.2 35 200 1 520 Y400 1 1 400 3000 5000 2 10000 .
Sbeitla’ 8020 13 000 1 13 000 1 020 700 0.9 600 7000 7000 0.5 - 3500
Foussana' 7010 7530 1 7 530 500 a0 1 400 6000 650 0.5 3250 -
Rouhia = ' . : j

Mok thar 28 000 30 660 5.6 176 700 4 700 5460 5.6 30 575 5000 - 6§50 5.8 39932
Djilma’ - 5 000 3 15 000 - - - - - 10000 4 40000

1
2

Dated 1976 - 77
Dated 1975 - 76

i S —

Source: CNEA, Tunis
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rains, more and r : farmers decide not to plant. The land is then used ;
for year-round grazing for animals. This "method" of cropping accounts |
for the wide fluctuations in the area planted to cereals from one year
to the next. This system also allows heavy weed growth to occur which
extracts most of the moisture out of the soil profile, leaving the crop
entirely dependent on timely rains during the crop growth period. The
most common method of tillage and seeding is to ground-broadcast seeds
over the soil surface and then plow or disk to cover the seeds with a
layer of soil. This leaves a very rough, cloddy seedbed with seeds
buried to several depths and a considerable amount left exposed on the
soil sdrface. The result is a thin, poor stand of seedlings which is
nbt capable of competing with weeds for the meager moisture and soil
nutrients that are available.

4.3 Recent observations in the project area have verified that
stands were indeed thin and showed very poor plant development. The
stands observed throughout the project area ranged from approximéte]y
50-70 plants per Mz with usually one, somé;ime;-gﬁo, tif{;;;: An o
adequate stand in areas with similar climatic conditions is usually 100-
150 plants per M2 with an average of about 2 tillers per plant. This
indicates that the number of grain-bearing spikes in the project area is
about 70-90 per M2 as compared td an adequate 1evei of 200-250 spikes or
heads per Mz. When the stands are thin, larger spikes and seeds to
compensate for low plant numbers can be expected. However, in the
project area, the barley and wheat spikes were very small. This could

be due to a number of factors including nutrient deficiencies, especially

1ow phosphate levels, late planting dates, heavy weed population, and
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poorly adapted varieties. It is probably due to a combination of
several of the above factors.

4.4 Even though the rainfall is relatively low and erratic in
this region and the soils shallow in parts of the area, it appears that
the potential yield on the average is at least 4-5 times greater than is
presently being achieved. In areas with comparable rainfall amounts and
s0ils of 1 meter or greater depth, average yields under adequate manage-
ment techniques range from 1500-4000 kg/ha. The seasonal fluctuations
in yield are generally large even under good management, but the actual
yield levels are considerably greater than presently achieved in the
project area. The potential yield of cereals in a given area is depen-
dent on the amount and distribution of rainfall, temperature, and soil
resources (depth, type, fertility). The actual yield achieved in a
given area is determined by how well one manages the crop in relation to
the climatic and soil resources. The more adverse the climatic and soil
conditions, tﬁém%;ré.;;}g{E;T—agod management techniques become.

4.5 Essentially no cereal production field research is available
in the project area. Most field trials conducted by the Office of
Cereals and other research groups are in the higher rainfall zones of
the north. Little or no effort has been exerted to date to develop
cereal varieties (barley or wheat) for the drier zones of Tunisia. As
far as is known, there are no field triaf results in the project zone on
varieties, fertilizers, planting dates and rates or soil management
techniques. Without these kinds of data it is almost impossible vo
mount an effective extension effort to increase the yield level of

cereals. This information must be developed in the project area and
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then production systems can be devised that aﬁeffeasi5139an&?aCCeﬁtéb1e
to the farmers of the region. An extension effoit without:sound infor-
mation to extend to the farmers of the region is dodmed to failure from
the beginning. A sound field research program on varieties, ferti-
lizers, planting methods, seedbed~preparationland tillage methods is
essential to increasing the yield levels and training extension-workers
in good cereal production methods.

Goals for Improving Cereal (Barley
and Wheat) Production in Area

4.6 The most imnediate goal for improving cereal production in
the project area should be to begin a series of applied field trials on
varieties, fertilizers, planting methods, weed control, dates and rates
of planting, and tillage techniques. Extension agents stationed in the
vicinity of these trials shouluy assist ih conducting the field research
in cooperation with the research staff so that they can become more
proficient and confident in their efforts to extend the results to
farmers. The individual elements in the production system that show
substantial yield increases could be introduced to the farmers of the
area as the information is developed. For example, if a more produc-
tive, adapted variety is identified in the field trials from the exist-
ing breeding material, it could be immediately increased and introduced
to the farmers. If seed bed preparation and mechanical seeding showed
‘striking increases, then these elements could be introduced. It would
be difficult and time consuming to develop a complete package of prac-
tices before introducing parts of the package to farmers. In addition,

it is unlikely that many farmers would be ready to accept a complete
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change of practices at one time, whereas individual components might be
acceptable.

4.7 The long-term goal for increasing cereal production in the
project area should be to develop a complete package of practices
adapted to the climatic zones of the region. This will involve a
continuing field research program in the area on the following items:

1. Cereal breeding (barley and wheat) directed toward adapted
varieties for dryland conditions;

2. Continued variety testing of current materials throughout
the region;

3. Soil feritility and fertilizer trials;

4. Agronomic trials (date and rate of seedling, seeding
methods, weed control, crop rotation, etc.);

5. Soil management and moisture conservation trials

(tillage techniques, fallow-crop rotations, seedbed

preparation, erosion control).
4.8 The trials recommended above will help to determine the
actual yield potentiai of the dryland cereal zones. Additional work
will be required to adapt these practices to the individual small farmer
of the region. Many other constraints may affect the farmers' decisions
to adopt new technology, especially the very small farmers. The avail-
ability of credit, improved seeds, fertilizers, herbicides, machinery,
prices and marketing opportunities will all have an effect on the
farmers' decision to adopt new technology. The key is to make the
technology available with suitable alternatives so he can make a
rational decision. The new technology must have been demonstrated to

him in his region before a decision to adopt the new practices will be

made.
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Constraints to Increasing Production

4.9 The most obvious constraint on cereal (bar]éy“br@WHéat)
production in the project area is the production system itself.’ The so-
called "opportunity cropping" system of only pianting”CereaJS‘when the
season "seems" right, i.e., adequate rainfall occurs sometime’between
October and December, is really no system at all. It is an attempt to
ex~loit the land resources only when the Opportunity appears favorable.
The problem is that favorable rainfall in one part of the season does
not guarantee a crop at harvest time. Because of poor tillage and
seedbed preparation, heavy weed populations, low fertility, poorly
adapted varieties, and thin stands -- even if climatic conditions remain
favorable -- the yield level is still very low compared to the potential
yield possible. The present system must be changed if progress in
increasing yields is to be made.

4.10 A sgcbnd constraint is the lack of production research data
in the project area. Without such data, it is practically impossible to
devise a cropping system best suited to local conditions. Techniques
that are successful in other dryland areas are known kut they must be
tested under the local conditions. There is also the matter of con-
vincing the researcher, the extension agent, and the farmer that the new
methods "talked about" actually work in the region. Sound, applied field
research is a powerful tool for training, demonstrations, aﬁd extension
.work which, as the best practices are determined, increases the ability
and confidence of each person involved.

4.1 Thirdly, the extension staff of the region must be involved

in the field research program from the beginning if they are to carry
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the message to farmers. The usual roadblock from research to appli-
cation in the farmer's field occurs between research and extension
activities. The researcher sends the information to the extension agent
who either may not understand the results or doesn't believe in them and
lacks confidence in his ability to convey the results to.the farmer. By
being involved in the actual field research and observing the results, .
the extension agent and researcher can remove this "roadblock."

4.12 A fourth constraint relates to marketing and pricing policies.
If increased production is achieved and cereal grains are produced above
the immediate need of the farmer's family, a means for profitable market-
ing must exist. The price structure must be such that the incentive to
produce more cereal grain exists. This particularly is true if increased
barley production is desired. At present in the project region, accord-
ing to recent statisticst durum wheat hectarage is about double that of
bariey (90,000 vs. 45,000 ha). This is true for 6 of the 8 delegations,
the only exceptions being Sbiba and Foussana delegations where the ratio
of durum wheat to barley is about equal. Barley, under relatively good
management, is generally a more stable crop in terms of yield under
dryland conditions. If barley production is to be stressed, then the
price between durum wheat and barley should be about equal. Under these

conditions, the hectarage would probably shift toward barley production

in the dryland regions.
New Technologies to be Introduced

4.13 To improve the production of cereals (barley and wheat), the

following practices must be developed and introduced in *he project area:
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1. Cereal variety testing and breeding;
2. Improved cultural practices;

3. Improved fertilizer use;
4

Improved weed control (during.both crop and non-crop
period); and,

5. Improved soil management and moisture conservation
practices.

Cereal Variety Testing and Breeding

4.14 The testing, selection, increase, and distribution of better
adapted barley and durum wheat varieties suitable for the dryland areas
is perhaps the most immediate way to have an impact on production in the
project area. It should be emphasized that introduction of new varieties
alone will not solve the problem of low productivity under dryland
conditions. It does, however, offer an avenue to introduce new tech-
nology. Exchanging seeds of an old variety for seeds of a new variety
does not involve a change of production methods. It is merely a sub-
stitution of one element of production for another. If the costs are -
not too great, farmers are usually willing to make the substitution.
Introduction of a well-adapted variety should give at least a slight
increase in yields but perhaps not as great as expected. One should be
careful about "overselling" the importance of a new variety so as to
avoid disappointment if substantial increases are not achieved. In a
good dryland production system, a well-adapted, productive variety is an
essential ingredient but must be combined with other elements of the
package ﬁo give the desired increase. Perhdps the current varieties and
lines do not include any types that are adapted for dryland conditions.

In this case, immediate steps should be taken to obtain types from
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outside sources for testing in the project area. Cereal variety trials
should be conducted in every'delegation where climatic and soil condi-
tions are different. A strong barley breeding program should be
encouraged and well supported in order to supply to the farmers the best

possible variety for their conditions.

Improved Cultural Practices

4.15 Thin, weak stands appear to be one of the main factors
responsible for the low yields in the project area. This could be
overcome perhaps by better seeding methods, e.g., drill seeding instead
of broadcast seeding. The variety trials could be combined with seedbed
preparation and mechanical seeding using duplicate trials at the same
location or a split-plot design utilizing the two methods of seedbed
preparation and two methods of seeding (drill vs. broadcast). Other
cultural practices that need attention are:

1. Rate of seeding (drill seeding should require less seeds/ha)
and '

2. Date of seeding (better seedbed preparation may allow
earlier seeding). :

Variety tests also might be conducted under “"poor management" condi-

tions.

‘Improved Fertilizer Use

4.16 Little or no fertilizer appears to be used in the project
area on cereals. The nature of the climate and soils would lead one to
suspect nutrient deficiencies in the cereal crop, especially for phos-
phates. A series of simple phosphate and nitrogen treatments should be

established to determine the response to fertilizer application. The
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phosphate ‘fertilizers can.be drilled with the séed at:planting but
'nitrogénHShduld%5e~app]%ed~§eparéte1y‘t0Eavbidsdamége'to‘émérging
seedlings. If therei‘are indeed nutrient deficiencies in the cereal
crops of a serious nature, the introduction of other practices; such

as new varieties, better seedbed preparation, and better seeding

methods, may have little effect. The identification of the major
Timiting chtors on yie]d is the key to deVglqping a productive

cropping system. There are usually no reliable "short-cut" methods

in developing a sound dryland cropping system. The types of field
trials described above should be well-designed, replicated, statistically

sound experiments so that the data can be properly evaluated without bias.

Improved Weed Control

4.17 Under dryland conditions, it is generally assumed that any
moisture or nutrients used by weeds reduces the yield of tﬁéwé§6bﬂbyrﬂa_'
a proportionate amount. Whatever is removed by weeds must be replaced
in order to be available to the crop. It is particularly critical

that weeds be eliminated in the early stages of crop growth. Many
previous studies have shown that weed competition in the early stages

of crop growth (seedling, tillering, early jointing) reduce yields to

a much greater extent than during the latter growth stages (late joint-
A‘ing, heading, grain filling). Careful observations of the weed species
and population numbers should be made in all trials so that the proper
herbicides can be selected for future weed control trials. Better
tillage methods and seedbed preparation may eliminate a large part of

the weed problem. However, it is often found that improved soil manage-

Ment and seedbed preparations that enhance crop growth also enhance
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weed growth. The improvement in crop growth due to improved varieties,
fertilizers, cultural practices, etc. could be lost due to excessive
weed growth in the crop.

4.18 The first priority in the weed-control research is to identify
the magnitude of the weed problem, the species present, and the probable
losses due to weeds. Each researcher working on the dryland cereal
production system should be aware of the potential weed problem and
report to the person responsible for carrying out weed-control measures.
Weeds are important in both the crop and the non-crop (fallow) periods.
The present use of cereal lands for heavy livestock grazing on the after-
math and weed growth during the non-crop (fallow) period is undoubtedly
having an effect on the possible moisture storage in the soil profile
which could be used later on by the-gerea] crop during the cropping
period. Control of weeds in the fallow period i;_discu§sed in the

following section.

Improved Soil Management and Moisture Conservation

4.19 In many areas of the world where cereals are produced

under dryland conditions, such as in Central Tunisia, a two-year fallow-
crop rotation is used. This system involves storing moisture in the
soil profile during the first year after harvest which is then used by
the crop during the second year along with the rainfall received during
the cropping period. The fallow-crop rotation appears on the surface

to be an inefficient method to use land and moisture resources. Soil
moisture storage during the fallow or non-crop period usually ranges
between 15% and 35% of the total rainfall received, depending upon

temperature, rainfall distribution, and soil depth. This appears to
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be relatively low moisture storage. efficjency, but: the:soil. moisture

in profile is available to the cereal1crop}atpre]ativeijcrjticaﬂ
periods of growth. This results in relatively stable crop yields on a
biennial basis and in many cases increases the overall water use
efficiency for grain production. The conditions in Central Tunisia
appear conducive to the fallow-crop system and should be investigated
as a possible cropping system.

4,20 In a fallow-crop system, the cereal lands could be used for
grazing for a portion of the fallow period, but should be kept weed-
free during the late spring, summer and early fall prior to planting.

A series of preliminary trials should be conducted comparing the annual
and fallow-crop rotation (biennial) system to determine the system best
suited for the project area.

4.21 Soil management research also should{be.conducted on time of

tillage, tillage implements, soil moisture storage, and weed control.

Researéh and training in dryland agronomy is limited to only a few

areas of the world. Most of the basic studies in this area have been
developed at a few universities in the western United States and in
several universities in Australia. It is strongly recommended that
advanced training be provided for at least two Tunisian scientists

(1 at MS and 1 at PhD level) in dryland agronomy. The possible train-
ing sites are Colorado State Universify, University of..Mabraska,-Oregon
State Univérsity, and Washington State University. Technical assistance
in the form of an experienced foreign adviser is strongly urged in the

beginning of a soil-management and moisture-conservation program.



65

Development of a Regional Training and Research Center
of Cereal Breeding and Crop Production
for Central Tunisia
4.22 The lack of information and definitive data on the soil
resources, varieties, crop yields and response of crops to climatic
conditions in the project area is a serious hindrance to further devel-
opment. There is a great need for applied fie]d-research to determine
the best combination of cropping practices for the ragion.
4.23 The Agricultural Training Institute at Le Kef (Ministere
De L'Agriculture, Ecole Superieure De Grandes Cultures) could well
serve the project area with a sound applied field research program if
adequately equipped and staffed. The Le Kef Institute has adequate
physical facilities to house staff, laboratories, and trainees and to
operate as a regional research center. In addition, a 1500-ha. block
of land is available for use as a field research and training facility.

The_Institute is under the direction_of a_well-trained, enthusiastic

director, Dr. A. Daaloul, who envisions the role of the Le Kef facility
as having three primary objectives:

The first objective would be to train higher technicians
as specialists in field crop production. The treined techni-
cians would be qualified to serve as extension agents, to work
in management of state farms, to work in seed companies, and
to serve as technical assistants in other research institutes.

As a second objective, Le Kef could become a regional
applied research center to serve the agricultural necds of
Central Tunisia. The main research responsibilities would be
in three areas: a) cereal breeding - barley, durum wheat,
bread wheat; b) production agronomy - all crops both dryland
and irrigated; c) soil fertility and soil management. The
proposed overall staffing pattern fo. the Institute is shown
in Appendix Table C-1, as prepared by Dr. Daaloul.
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The third objective would be to provide a facility and program
for intensive training of extension agents. This training could
involve special courses, workshops, seminars, etc., conducted at
Le Kef, as well as supervised, on-the-job instruction for exten-
sion workers assigned to the Central Tunisia project area. Each
senior staff member would have teaching as well as research
responsibilities. '

4.24 When the Institute is fully staffed (as‘shown fn Apggndix
Table C-1) with bright, young, well-trained agricultural scieﬁti;ts and
fully equipped, it is envisioned to have great positive impaéf.éq agri-
cultural development in the Central Tunisia region. -

4.25 The greatest immediate needs of the Institute in ordgr to be
of service to the project area in the near future include complete
facilities and equipment for a soil-testing laboratory at thé Institute,
field equipment and transport for soil fertility and agronomic field
studies. Detailed lists of equipment, transport and supplies are

shown in Appendix Tables C-2, C-3 and C-4.

4.26 An additional need is advanced training of several Tunisians
in the applied research fields shown in the proposed staff list (Appendix
Table C-1). This advanced training should begin as soon as possible,
Additional technical assistance also will be needed in the form of

U.S. technicians to heip set up the soil-testing facility and to begin
the field work in dryland production agronomy. The soils technician
could probably work on a short-term assignment once the soil labora-
tory equipment arrived and help to get it in operation. The dryland.
agronomist could either be a long-term (two-year) assignment or

could make several trips during the season at critical periods of the
field work. Other short-term technicians may also be needed as the
staff are assigned in the areas of: farm management economics, weed

control, farm machinery and experiment station development, horticulture,
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and irrigation 5nd conservation engineering. These consultants would
be valuable to insure that each phase of the applied research program
begin with a sound, strong program and to help assure a coordinated
and integrated systems approach in working with farmers in the project
area. |

Training and Technical Assistance in Applied Crop Production
and Related Research for Central Tunisia

4,27 The future success of the Applied Research Center at Le Kef
will depend upon the professional competence and dedication of the
Tunisian personnel assigned. Sound training for staff members may be
arranged through academic degree programs for carefully selected young
Tunisians in U.S. universities, through shorter-term technical training
for some specialities, and through USAID consultants for short-term
and Tong-term assignments. Suggested persornnel for these assignments

are outlined below.

Proposed Training for Tuni<ian Specialists Abroad

Training
Type »f Training Level MM Required
1. Soil Fertility and Managerent PhD 36
2. Crop Production Agronomist (Dryland) PhD 36
3. Farm Management Economist M.S. 24
4. Weed Control Speriaiist M.S. 24
5. Farm Machinery & Experiment Station

Manager (Note: CIMMYT, Mexico has a

special course of 6 months in experi-

ment station management. Candidate

could go to CIMMYT first and then con-

tinue for M.S. training in Faym Machinery ,

at a U.S. university.) M.S. 30

Irrigation and Conservation Engineer M.5. 24
Extension fraining Specialist M.S. 24
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4,28 The above tra1n1ng 1s cons1dered m1n1mal for Tun1s1an staff
members for the pos1t1ons 1nd1cated The need for 1n1t1at1ng th;e train-
ing prompt]y is obvious in order to deve]op a competent Tun1s1an staff

as soon as possible, In the interim, a heavier concentrat1on of consu]-
tant help--along with some short-term technical and management training
for Tunisians in U.S. universities--may help expedite agricultural

phases of the Central Tunisian project. For this short-term partici-
pant training, the U.S. universities selected should be choseevcarefully

so that conditions‘similar to those in the project area can be observed

and evaluated as part of the training program.

Training Through USAID Consultants

4.29 Long- and short-term AID technical aed scientific personnel
may be selected to assist Tunisian counterparts in developing adaptive
field research programs in Centra: Tunisia. This on-the-job type train-
ing for Tunisian staff members in-country may complement the longer-term
academic training earlier described. Types of consultants needed and

the man-months of time suggested are outlined below.
Man-Months Required

Long-Term Specialties 1979 1980 1981 Total
Project Coordinator 36

Short-Term Specialties

Crop Production Agronomist (Dryland) 6 3 1 10
Soil Fertility-Soils Laboratory
Specialist 5 3 2 10

Farm Machinery and Experiment

Station Management 5 3 2 10
Farm Management Economist 2 3 1 6
Weed Control Specialist 3 2 ] 6
Irrigation and Conservation Engineer 2 2 2 6
Extension Training Specialist 2 2 2 6

25 18 ik} 54
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4.30 Both long-term and short-term consultancies seem to have
unique roles to play in thé Central Tunisia agri€iltural devé&lopment -
program. In subject matter fields in which available Tunisians already
have basic and advanced ﬁraininé, short-term AID consultants may well
fi11 the need for on-the-job training for Tunisian counterparts, for
helping initiate new projects, for "trouble shooting" during unforeseen
difficulties, and for helping evaluate and adjust on-going programs.

An example is in wheat and barley breeding--fields in which Dr. Daaloul
and Moncif Harrabi already are trained and competent. Another is in
agricultural engineering, a field in which many Tunisians have had
basic training and experience in several phases of engineering develop-
ment.

4.31 A case may be made, however, for longer-term assignments in
some specialties indicated above. For example, dryland farming involves
many complex relationships and technologies and several universities

in the U.S. have had comprehensive research and training programs in
this specialized type of farming for many years. Since dryland farm-
ing involves close timing of many operations, season-by-season, and
little margin for errors, it seems wise to have a specialist in dry-
land farming .to work with the.Le Kef staff for-the first two. years .
while a Tunisian student is getting his essential academic training in
this field.

4.32 Likewise, shaort-term consultants can assist in setting up
the soil-testing laboratory and in training Tunisians to operate it.
But the value of soil tests in guiding tne development of more produc-

tive and profitable farming systems for small farmers in the project
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,{yqrga“c_ap:gg,rgg]jfze_d only by correlating the tests wi,thﬁfie']d tnja]{.'s-fancl 3
~ observations throughout the year, A two-year as§jqnment;for,pnfthe-job
- guidance in this work seems necessary while a young Tunisian, sUCh as

Mr. Habib Halila, is getting the advanced training needed for assuming
- this responsibility in the longrun. '

4,33 The mobile equipment units needed for the applied research

in different delegations in the project area are unique for various
operations and require special skills in operating, servicing, and
management. Even more demanding is the job of coordinating and manag-
ing the use of land, equipment, labor, and othcr resources in order to

—facilitate the work of the various research scientists involved, hence
the urgency in getting a young Tunisian started in his training at

CIMMYT and an associated university. In the meanwhile, the longer-

term consultant seems desirable.

4,34 For most effective work, all these long-term consultants

should be located at Le Kef in order to work closely with their Tunisian

counterparts.
Calendar of Events for
Implementing Interventions
4,35 Many projects often lag behind projected goals because the

training and equipment procurement component is out of phase with the
action program. It is strongly recommended that the training and equip-
ment and supplies component be initiated as soon as possible so that

these elements are placed to begin the action program in the field.
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Year 1:

1. Select and send Tunisian participants for advanced training
in specialty areas listed in Appendix Table C-1.

2. Order equipment and supplies for a) soils laboratory, b) soil
fertility and agronomy field trials (2 mobile units), and
c) cereal variety testing and breeding trials (2 mobile units).
See Appendix Tables C-2, C-3, C-4 for specific items.

3. Begin limited field trials on barley varieties (Moncif
Harrabi) fertilizer trials on barley (Habib Halila) in
project area. The two young scientists presently with the
O0ffice of Cereals, Tunis, indicated that they probably could
conduct 1 or 2 trials in the project area nearest to Le Kef
in 1978-79. Expanded work in project area is contingent on
receiving additional equipment specified in Item 2 above.

4. Collect long-term climatic data (rainfall and temperature)
from as many sites as available for future reference for
field studies (assemble at Le Kef Institute).

Year 2:

1. Set up soil analysis lab provided equipment has arrived for
Soil Fertility and Soil Analysis and the AID consultant
(Tong-term) has arrived to assist setting up and operating
soils laboratory.

2. Expand cereal variety testing and breeding program in the
project area using mobile equipment units.

3. Expand soil fertility and agronomic trials on cereals
(barley and wheat) in the project area. AID consultant
(1ong-term, crop-production agronomist for dryland) should
arrive to help set up equipment and initiate field trials.

4, Long-term AID technician in farm machinery and experiment
station management should arrive to assist in the use of
machinery in the project area and set up management plan for
Le Kef experiment station.

Year 3:

1. Expand soil sampling and analysis throughout the project
area.

2. Select barley and wheat varieties from testing program for
increase and distribution to project area farmers.
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3. Continue soil fertility and agronomic studies--select best
treatments for crop production extension program.

4. Tunisian participants in farm management economics, weed
control irrigation and conservation engineering, and the
extension training specialist should return from advanced
training. Short-term AID consultants in specialties above
should arrive to assist in setting up field research programs.

5. The extension training specialist and short-term AID consul-

tant should set up an extension training program in improved
dryland crop production for ex.:usion workers assigned to the

project area.

*Year 4:

1. Tunisian participant trainees in dryland crop production and
soil fertility and management return.

2. Extension training specialist and field research staff
. .initiate project area-wide demonstration program to intro-
duce newly developed technology in varieties, fertility,
cropping systems and weed control in dryland cereals.
3. Long-term AID consultants terminate after sufficient over-
lap with Tunisian counterparts.
~ *Year 5:

1. Follow-up visits by short-term consultants to evaluate
progress of programs and assist to redirect if necessary.

2. Phase-out of technical assistance.

Summary and Evaluation of the

Impacts of this Intervention
4,36 Earlier data presented in detail for this proposed inter-
vention highlight the significance of cereal production (bariley and
wheat) to the welfare of the small farmers in the dryland areas of
Central Tunisia and the potential for improving future productivity.
*While USAID assistance is scheduled only through 1981, projections are

extended for two years longer to indicate how the transition can be made
to continuing the longrun developmeiit with Tunisian staff only.
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Key factors which condition any kind of economic evaluation are

summarized below.

1. Cereals are widely grown in the 8 delegations of the Central
Tunisia Project area--an estimated 102,590 ha. of durum wheat,
11,760 ha. of soft wheat, and over 55,000 ha. of barley in
1977. Probably more than 15,000 small farmers in the area
are engaged in cereal production, both for family consumption
and as a source of cash income.

2. Yields of wheat and barley are extremely low, even for climatic
and soil conditions which prevail in the area. In 1977, the
yield of durum wheat on dryland was estimated at about 3 Qx.
per ha. in the entire project area; less than 2 Qx. per ha.
outside of Rohia and Maktar delegations where rainfall is
highest. Soft wheat produced little more than 1 Qx. per ha.
in the drier delegations with a range from less than 1 Qx./ha.
in tne Sbeitla delegation to 5.6 Qx./ha. in the Rohia/Maktar
area. Barley yields averaged less than 2 Qx./ha. except in
the Rohia/Maktar delegations where it was about three times
greater.Z

3. Cereal production methods are primitive and ineffective and
small farmers now lack the equipment, "know-how," inputs,
financing and incentives to make major improvements. This
is the primary constraint but an associated one is the complete
lack of applied research on which to base production improve-
ment in the area. Coupled with the applied research deficiency
is the lack of organization and trained personnel to conduct
a prazticel, field-oriented and family-centered extension
program with low-income, dryland farm families in the area.

4. The potential for increasing cereal yields above present levels
is very promising if the above problems can be overcome.
Yields of wheat and barley in dryland areas in the U.S., in
Turkey, and in other countries are as much as ten-fold
greater than in Central Tunisia, even though ra1nfa]1, soils,
and other phrysical conditions are similar.

5. Personal assistance--in the form of instruction, supervision,
supplies, financing, custom services, etc.--must be made avail-
asle to small farmers to help them change from traditional
methods to systematized production programs. First, however,

]Data derived from An Assessment of the Agricultural Potential

of Central Tunisia - Evaluations and Recommendations by a University of
1issouri Consultant Team - April, 1978, pages 136, 137 and 138.

2

Ibid., pages 136-138.



74

‘they must be "shown how" with professionally-conducted applied
research and follow-up demonstrations on farms s1m1lar to
their own and in their own neighborhoods. :

4,37 The following observations and projections are based upon
the assumption that a sound program of applied research and extension
can be formulated, with adequate personnel and supportive resources
to implement the recommended production systems with individual farmers

in the area.

Purpose of Intervention (Quantified)

4.38 The purpose of this intervention is simple--to help small,
dryland farmers increase yields, production, and farm income from
improved cereal production. Implementing the pr;gram is much more
complex and time-consuming. Even more difficu]t‘is the task of
quantifying and evaluating the consequences of the intervention over a
period of years.

4.39 As indicated in the earlier calendar of'events, the first
year of the approved program will be needed for acquiring the necessary
equipment, suppTies, and initial personnel tra;ﬁing. At the end of

the second year, initial data from carefully located field trials
should become available to cerve as a guide for the next year's testing
of more complete production systems. By the end of the third year,
information, trained personnel, improved seeds and other supplies, and
financing should be available for launching a wide-spread demonstration
program in most of the sectors of the 8 delegations.

4.40 In summary, the purpose of the first three-year intervention

is to build a sound foundation for a longrun improvement program. .

Without such, no program can be expected to succeed over time.
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Qutputs Expected

4.41 As indicated above, most of this three-year intervention will
be preparatory in nature. Increases in physical output--in terms of
quintals of wheat and barley, for individual farmers and for the project
area--are expected to be significant.

4.42 " However, the benefits from this preparatory work, if well
done, should really unfold during a second five-year period. In terms
of cereal yields and production, achievements such as the following
might reasonably be expected.

4.43 Increase in barley yields and production. Dryland barley

yields on individual farms may be expected to increase as much as 400%--
from 2 Qx./ha. to 8 Qx./ha. (On well-managed farms, the increase might
be even more spectacular.) For the area as a whole, however, an

average increase of 100/ (from Z-4 Qx./ha.) may be a more reasonable
estimate since only 25-35% of the farmers might adopt the new produc-
tion system within this time frame.

4.44 Total barley production--with the 2 Qx./ha. increases in
yield and 55,000 ha. planted as estimated for the area in 1977--would
double, ar increase from 110,000 Qx. to 220,000 Qx. The value of the
added production of TD 4.000 per Qx. would amount to an additional

TD 440,000 incomg fgr the prqjegt area.

4.45 From a national viewpoint, this added production--which could
expand over time in both hectarage planted and yields--would provide an
in-country source of high-energy concentrate feed to support the expand-
ing livestock industry, and thereby reduce the dependence upon imported

grain feeds. This contribution might be doubled if one-half of the
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1977 wheat hectarage (amounting to 57,000 ha.) were shifted. to barley
-production. This kind of shift is often recommended since the-dryland
conditions seem better suited for barley production.

4.46 Increases_in wheat yields and production. Application of

the proposed intervention is expected to increa§e wheat yields about
the same as those for barley, percentage-wise. 'The increase in total

- production ber hectare also would be similar since the starting yields
are about the same. The change in total production for the area would
depend upon shifts in planted hectarage between barley and wheat, as
earlier illustrated.

4.47 Effect on individual farm units. Increases in production of

wheat and/or barley resulting from adopting improved production systems
on individual farms would be more impressive on a relative basis.

4.48 Using barley as an example and assuming a dryland- farming
systgm with 10 ha. of barley per year, the average increase of 2 Qx./ha.
in yield would provide an additional 20 Qx. of barley produced. At

TD 4.000 per Qx. this would add TD 80.000 to the family gross income.
The good manager who achieves a five-fold increase in yield (from

2-10 Qx. per ha.) would produce an additional 80 Qx., with an added
gross income of TD 320. While these amounts may seem small, they are

quite significant to small farmers in the area.

Inputs Needed

4.49 Two major types of inputs are needed for this intervention:

1) the initial capital investments required for equipment and facilities,
for participant training and for consultant aégistance; and 2) the
operating inputs--labor, supplies, operating capital, etc.--needed as

the program is implemented.
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4.50 - The physical facilities needed are jtemized in detail in
Appendix Tables C-2, C-3, and C-4. In AppendiX Tables C=5-through
C-8, preliminary cost estimates are summarized for the above facilities
and for participant training and ccisultant assistance. These inputs
represent capital investments, most of which would be committed during
the three-year time period.

4.51 Most of the operating inputs and associated variable costs
would not be required during the initial three-year time period. Any
quantification of these for a later time period would depend upon the
extent of the program and the prevailing prices in the later years.
Useful predictions cannot be made at this stage.

Analysis of Costs and Returns
Per Farmer Served

4.52 In order to perform this type of analysis, several kinds of
data are needed, such as the following: 1) the tota] capital invest-

ment required for the intervention; 2) the number of farm cooperators

served; 3) the vaiue of the édded proéﬁcfion‘to the farmers ser&éd;”

4) a computation of the annual fixed costs associated with the invest-

ment capital committed, related to some arbitrary time period; 5) a
_ealculation of the total costs. (fixed and variable) allocated among the

total number of farmers beﬁéf}ted; 6) a determination of the annual net

returns from the intervention (the value of the added production less

the added total costs); and 7) the allocation of the net returns among

the farmers served.

4.53 As earlier explained, such an evaluation is not feasible and

realistic for this intervention within the three-yecar time frame.



Estimated "Cost Effect1veness"
of the Intervention

4:54 As in the case of the céét¢9étu?nEan51§si§§7§ﬁ??ﬁﬁﬁéﬁtﬁw
performance data will not be available Wwithin the fﬁ?ééﬁ§ééf?d0¥éfion

cf-this intervention to make a realistic cost evaluation:

_78:



V. PROPOSALS FOR ESTABLISHING PILOT STUDY/
DEMONSTRATION AREAS IN CENTRAL TUNISIA

Introduction

5.1 Earlier sections of this report contain detailed recommen-
dations for specific interventions for the Central Tunisia Project Area.
These include shallow- and deep-well irrigation, erosion-control and
rainwater management and improved dryland cereal production. Each inter-
vention includes a number of improved technologies, each of which is
essential for successful implementation. However, each new technology,
—-applied—atenc, may-have little—sr-no-yalue in-the -improuement-.of .produc~_.
tivity and income. An example or two will illustrate this response.
5.2 Field trials may identify a variety of barley which is far
supérior to those currently ‘grown in the area. However, if the seed is
broadcast by hand and either plowed or disked in (as currently done)
without weed control and proper fertilization, the yield may be no
—-higher,—carhaps-even lawer _than that of the varieties presently used.
5.3 Likewise, the proper construction of level, storage-type
terraces on a long slope may greatly reduce erosion losses and help

conserve moisture for crop and pisture production. However, if the

- ———

’ferraces are poorly constructed with improper outlets and are not
protected from water runoff from steep land up-slope, the entire
system may fail, with intensified gully erosion, from one severe rain-

storm.

79
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5.4 In a similar way, the proper adoption of one new interven-
tion, such as those mgntioned in Paragraph 5.1 above, ma} fail to
contribute most to trémbroductivity and income of a small-farm family
‘interventigns are combined and coordinated into a complete system of
farming, which suits the resources and needs of the farmer and his
family, can the full potential of the improvements be rea]fzed.

5.5 The purpose of the pilot study/demcnstration area is to
assist farm families in a selected location in planning new systems
of farming best suited to their own resources and needs. Since each:
farm and family unit is unique in some ways, the system of farming
“-should be planned and developed individually with each farmer in the
study area. Most of the individual teéhno]ogies--and "packages" of
them essential for a particular intervention, such as barley produc-
tion--and the procedure for farm planning would be completely new to
the farmers involved. Therefofe, well-trained extension workers would
need to be available to work closely with the individual farmers in
planning and selecting most suitable farm plans and in developing
them, step-by-step, over a period of years.

5.6 Obviously such assistance could be provided to farm
families outside a project area. And such a procedure would be highly
desirable over a period of time as extensiow workers in each delega-
tion gain experience and confidence in working with the complete farm
and family as a unit. Experience elsewhere has shown that & new
system of farming, embracing the coordination of a number of improved

technologies, often leads to a spectacular increase in production and
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income. Such a developed system motivates neighboring farmers to
adjust their own systems of farming in a similar way.

5.7 The proposal for initiating the improved farming systems
with a group of farmers in a project area is made for several reasons.
Firﬁt of all, some interventions--such as water management in dryland
areas for erosion control and moisture conservation and controlled
grazing for improved range management--require the concerted efforts
of ai] the farmers within a locality. Also, extension workers can
assist several farmers in one locality more efficiently over a period
of years. The motivational effect of several working together toward
a common goal also is an important factor. Finally, the educational
value of having numerous method and result demonstrations of improved
technologies coordinated in complete farming systems in one area can
form an impressive pattern for the longrun development of farming in
the project area. Each successful farm unit automatically becomes a
demonstration unit, even though not so designated, to influence those
who adopt changes more slowly.

5.8 Suggestions for selecting sites for project areas, for
organizing work, for implementing the program, and for evaluating and
using the results will be given in the following sections, along with

an estimate of the facilities and personnel required.
Site Selection

5.9 For longrun development, two different types of areas
might be selected, 1isted in order of priority as follows: (1) dry-
land farming areas (no potential for irrigation); and (2) combination

dryland-irrigated areas.
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Dryland Farming Areas

5.16 Selection of a dryland farming area for the initialpilot
‘study effort is recommended for several reasons. - First of all, .a high
percent of the very 1ow-income'farm;familieSrare4Tocated;ﬁn,dnyland
areas where irrigation water is not available. +Secondly, erosion
control and .rainwater management are crucial factors in restoring and
maintaining productivity in these areas and, to be effective; these
innovations must be integral parts of complete farming systems.. And,
thirdly, alternative uses of land and other resources are much more
-restricted and planning effective farming systems is more difficult.
5.11 Actual selection of a site for the initial study area should
be made by the Office in cooperation with Jocal authorities, the farm
families involved, and the local leaders. Dryland areas in either
Djilma or Jedlianne seem to merit first consideration.

5.12 Because of complexities of ownership and operating units

in the dryland areas and of the extensive construction work required
for erosion control, a site on GOT land (perhaps Forestry Service land)
might be selected initially. Several factors should be considered in
choosihg the exact location, such as follows:

1. Select an area large enough for 15-20 complete farm family
units, each consisting of 30 or more has. of land suitable
for crop production and improved pasture;

2. To the extent possible, choose land with long, regular slopes,
2-6% grade, to allow for construction and farm units somewhat
as illustrated in Figure III-1; and

~3. Try to locate an area typical of large areas of dryland in

the different delegations to provide applicable patterns
for future expansion. : . o
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Combination Dryland-Irrigated Areas

5.13 As a second priority location, an area where both irrigated
and dryland can be made available to each farm unit is suggested. At
least two alternatives are possible:
1. One logical location would be in connection with a new irri-
gation perimeter around one of the deep wells available in
the area for development. In such case, land redistribution
would need to provide for equitable distribution of both dry-
land and irrigated land for each farm unit--perhaps 1-2 has.
of irrigated land each and 20 or more has. of dryland.
2. Another location, and one which probably could be initiated
more quickly, could be an area consisting of a group of
small farmers with shallow wells (either existing or new)
and with both irrigated and dryland included in their farm
units.
5.14 Details of organizating the work and development of the
pilot study/demonstration area (subsequently referred to as the project
area or the area) selected would vary somewhat with the location and
the nature of the resources and families involved. Two factors, how-
ever, should be given uppermost consideration--the necessity for an
inter-disciplinary approach and for involvement of the local people
from the beginning.
5.15 The inter-disciplinary group should include members of
the staff of the Central Tunisia Office, the applied research staff
serving the area, extension workers, Soil Conservation Service staff
and technicians, and expertise available from other related institutes
and agencies. One extension specialist, with farm management training
and experience, should be assigned to work full-time in the area for
work later described. A short-term consultant, with experience in

farm planning and management work, should be provided to work with
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the extension specialist during the initial planning work: and- 1ater as
the program is implemented.

5.16. The Office staff would be responsible for the: project area
and should maintain close working relationships with the:delegation
officials and with the Secteur and farm 1eadersh1p w1th1n the area.

_ Farmers in the area should be kept fu]]y 1nformed about all stages

of deve]opment and make the f1na1 decisions relative to their own
farming systems. The Office also should make necessary arrangements
with the applied research and technical staff at Le Kef for essential
technical training and supervision for extension specialists and their
assistants assigned to the area. Such coord1nat1on w1]] he]p assure

success with the longrun deve]opment program
Steps for Implementation

5.17 Slnce deve]opment of a pilot study/demonstrat1on area is a
longtime process, it should proceed in a 1og1ca1, step by step manner
Cons1derat1on should be given to such steps as the 1n1t1a1 preparatory
work, individual farm planning, supervised development of plans over a
per1od of years, providing inputs and custom services, and ma1nta1n1ng

a system of on- go1ng records.

.. Preparatory. Work

-5.,18 - After a site is selected for a dryland project:area, as an _
- example, it is suggested that a]T'construction‘forrthe‘complete%water

- management 'system (diversions, sediment basins; water storage;terraces,
~ etc,=-as -described in Chapter III of this,report)abe=comp1etedf§gfgrg

the farm units are actually arranged and assigned to farmers. Plans
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for the individual farm units, from the standpoint of size and general
arrangements, should be formulated in advance as part of the overall
design for the project. Specific plans for the farm units should be
delayed until each farmer can assist in their formulation.

5.19 After site selection is finalized, short-term AID consul-
tants--including an agricultural engineer and a farm management specialist,
both with longtime experience in farm layout planning--might assist with
planning the overall layout and design of the project for farm units
and, later, with some of the actual development work.

5.20 Another step, in order, is to select the farm families to
assume responsibility for the individual farm units in the pilot area.
If the area is established on GOT land, it is recommended that the new
farm units be sold to carefully selected farm families who would be
willing to assume reasonable debt obligations for long-term real estate
loans for the small-farm units. They also should agree to follow their
complete farm plans (with the improved technologies involved) which

they assist in developing as explained below.

Individual Farm Planning

5.21 Each farmer in the study area will need to develop complete
plans for his longrun farming system. This will be quite a departure
from his cutomary "opportunity cropping" earlier described by Dr. Bolton
in Chapter IV and he will need sustained personal assistance from the
extension specialist assigned to the project. The specialist, in turn,
may need consultant help from an agricultural economist, experienced

in farm planning, for getting this work started.
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5.21 . In preparation for the p]anning.work,,the extension
specialist will first need to solicit help from specialists in various
subject-matter disciplines for updating gross-margin budgets for.various
crop and Tivestock enterprises to be considered by farmers in the area.
Budget forms for this purpose were prepared in connection with the UMC
Team Assignment in April 1978. Preliminary budgets for a number of
crop and livestock enterprises are included in that report (pages 153
through 182) but should be revised in accordance with latest yield,
price, and cost data available. Sample budgets are included in
Appendix Section D of this report for dryland barley, sheep production,
and other enterprises.

5.22 The next preparatory step is to assemble necessary forms
(worksheets) to make economic evaluations of different (alternative)
farming systems before one is chosen for development. A set of forms
(Form TU-1 through TU-5) was designed for this purpose in April 1978
and a comparative example is included in the UMC April report (pages 184
to 193). An example set of forms is included in this report for an
improved dryland system on a 30-ha. farm for Central Tunisia (Appendix
Section E).

5.23 Using "tools" such as the above, the extension specialist
and each individual farmer can conceptualize different kinds of crop
and 1ivestock combinations feasible for his farm and family resources
and evaluate the economic potential for each before deciding on a plan
to develop.

5.24 With the worksheets as a guide, the a]ternativé plans can

be developed and evaluated more effectively and quickTy by:fbilowing
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a systematic and logical step-by-step procedure as outlined in th. UMC

April report (Appendix Section A, page 128).

Supervised Development of Plans

5.25 After all farmers in the project area have selected long-
time plans to develop, cooperative efforts from several different
individuals and groups will be needed and a number of different arrange-
ments will need to be activated. Arrangements for these activities and
develonments will be the responsibility of the extension specialist
assigned to the project. Aside from giving personal assistance to his
cooperating farmers as problems arise, he can make necessary arrange-
ments for activities and services such as outlined below.

5.26 Applied research. The farm units in the pilot study area

provide an ideal setting for various kinds of applied research. Each
new technology, or a "package" including several, may be studied as

a part of an integrated farming system. The cumulative effect of
coordinating several proven technologies in a complete farming system
often far exceeds expectations. Furthermore, the extension specialist
assigned is available to assist in establishing the research project
and in getting the necessary records throughout the study.

5.27 Perhaps even more important in the long run is the oppor-
tunity to accumulate performance data, year-by-year, for the complete
farm business units and the individual enterprises included. Each
farm unit, which is unique in some ways, can become an individual farm
management case study under supervision of the extension speciaiist.

He will need to assume major responsibility for the necessary records
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as many of the farmers may lack the educational bacero‘dnd"ftoido'so.1
These actual case-study records provide one source of ‘information for
improving and updating the budget data needed for future farm planning

and subsequent evaluations.

5.28 Providing inputs and custom services. - Implementation of

plans by farmers in the project area will require .various - inputs--seeds,
fertilizer, chemicals, custom services, etc.--on a timely schedule for
effective development of the new farming systems. Help in acquiring
these inputs and aiding in their proper use would be another function
of the extension specialist for the project area.

5.29 Credit will be needed by most of the area farmers for
acquiring inputs and services. If ineligible for credit from conven-
tional sources, their needs might be met from a revolving-loan fund,
supplied by USAID or other sources as suggested elsewhere in this
report. Preferably, such funds would be administered through existing
credit channels with any necessary arrangements for expediting loan
application processing and fund allocations.

5.30 Custom operators, well-trained and properly equipped; can
serve a key role in developments within the project area. Perhaps a
mechanically-inclined young man from the vicinity or an existing
operator with some of the equipment already owned, could be provided

financing for acquiring the additional machinery and equipment needed

]William Litwiller, Agricultural Economist with tke PASA
“team in Tunisia, has prepared a simplified recordbook for small farmers
which might be adapted for use in the project area, along with any
supplemental records needed for specific applied research projects.
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for various kinds of work in the area. Such a set might include a
tractor of adequate size; appropriate tillage tools; a drill with
fertilizer attachments for cereal seeding; tools for applying herbi-
cides and pesticides; a small blade and/or scoop for repairing terraces,
dams, etc.; harvesting equipment; and other specialized tools needed

for the kinds of farming systems developed.

5.31 Acceptance of the practice of hiring such custom services
should be no problem as many farmers in the area (reported to be as high
as 80% in some delegations) already hire custom operators, or neighbor-
ing farmers with tractor equipment, to do their limited tillage for
cereal production. A smaller percent also hires equipment for &ombine
harvesting of grain.

5.32 Custom rates for the various tasks would need to be set at

a level equitable and reasonable for the farmer, but also high enough

to cover the fixed and variabie costs of owning and operating the equip-
ment and a fair return for the operator's labor and management as well.
Otherwise, he could not stay in business and continue to serve the area.
It seems preferable for the custom operator to serve as a private
entrepreneur rather than to work as an employed operator of equipment
owned either by the GOT or a local cooperative.

5.33 Training of the custom operator and necessary follow-up
supervision might be arranged by the Central Tunisia Office with the

Le Kef farm machinery specialist and other staff members of the

College. Initial training might include a special short course at

Le Kef for intensive instruction in the operation and servicing of

each new piece of equipment included in his set of tdols. If the
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custom operator already is a.graduate of-the:two-year:training“program
at Le Kef (someone-with. special aptitude -for machinery operation ‘and
care) ;. he :.could be especially helpful- to thetextension3andﬁapplﬁed

research workers :in. implementing new,interventionsninua:prdben¢manner.

5;34 Peace Corps-Care/Medico assistance The deve]opment of all

the farm units within the pilot study area will requ1re on- go1ng super-
vision and assistance of a specific and detailed nature. Since the
extension specialist may get.quite invo]ved‘with other responsibf]ities
as well, it is suggested that USAID and the Central Tunisia Office
explore w1th the Peace Corps and Care/Medico off1c1a]s the p0551b111ty
of ass1gn1ng one or two volunteers to work w1th the extens1on spec1a11st
in each pilot study area.

h5.35 In order to be of mueh value to the projeet, each volunteer
ass1gned should have unique qua11f1cat1ons Among them wou]d beya
'farm background w1th actua] experlence in Tiving and working on a
fam11y-s1ze farm un1t, an agricultural college degree with a major in
such subjects as farm management, agronomy, or agricultural engineering;_
a sincere interest in the problems and welfare of farm families; a high
ndegree of 1n1t1at1ve and willingness to work directly w1th farm oper-
ators (somet1mes at hard, physical 1abor), and the h1gh moral character
and other personal qua11t1es requ1red of al] vo]unteers It 1s pre-
sumed that the volunteer would receive the usua] or1entat1on and
language training required of all volunteers. - |

5 36 Ideally, Peace Corps vo]unteers wou]d work as a team w1th

‘ H

i

young Tunls1ans who a1so are 1nterested in the same k1nd of work
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Perhaps selected students from the Le Kef training program could be
employed on a part-time basis, during summer and vacation periods, to
assist directly with the development work in the pilot areas. This on-
the-job, apprentice-type experience would be excellent training for
extension specialists to serve in other locations as the work expands
in the Central Tunisia area. |

5.37 Maintaining on-going records. Since the primary purpose

of the pilot study areas is to establish patterns for new systems of
farming involving many new technologies, good records of the total
project are essential as a guide for future expansion.

5.38 In addition to the individual farm-unit records stressed
in Paragraph 5.27, other records of the project development should be
maintained, such as investments in land improvements and facilities,
the time and cost of supervisory help, and the added employment and

area income generated by the project.

Evaluation and Use of Demonstration Areas

5.39 Year-by-year records of performance are indispensable for
future expansion within the project area. Kinds of records for
individual farms and for the study area were suggested in Paragraphs
5.27 and 5.37. The extension specialist should have adequate filing
facilities for keeping separate records for each farm unit and for
overall data needed for the project.

5.40 The extension specialist, with any assistance needed from
the extension training specialist from the Office and Le Kef, should
take full advantage of the opportunity afforded for many types of

method demonstrations as various phases of the project evolve. Such



92

activities as terrace construction, drilling seedwandéfertﬁ]iZer for
barley fields, applying herbicides and -pesticides; planting:almond
trees with new systems of watering;*etc.;*wil]‘naturahlywattréct curi-
osity and interest among farmers over a wide area.

5.41 Arranging special field days, tours, meetings, etc., to
explain what is being done and why, as well as demonstrating "how to

do it," are good ways to create the interest i.eeded for future expan-
sion. Taking pictures for prints and colored slides to show the project
before any work is started,and periodically as it progresses, should also
be quite useful for reports, publicity, meetings, and other educational

purposes.

Facilities and Personnel Needed

5.42 Proposed USAID financial assistance for the recommended
interventions~-including irrigation, dryland farming (cefeé] produc-
tion), and erosion control and rainwater managenent--aiready have been
summarized in Appendix Tables A-1, B-2 and C-5, C-6, C-7 and c-8.

More detailed data relative to these proposed cost estimates are
included in the respective narrative sections of the report.-and asso-
ciated reference tables.

5.43 No additional USAID-supported personnel and facilities are
proposed for the pilot study/demonstration areas' suggested since they
already have been included in those for the above:specific-interven-

tions.



VI. ECOVOMIC EVALUATIONS, CONDITIONS PRECEDENT TO IMPLEMENTATION,
AND BUDGET ESTIMATES

6.1 One team assignment was to evaluate the economic
consequences of the proposed interventions for individual farmers and
for the area as a whole. Such micro- and macro-evaluations must be
based upon best available benchmark data for the current performance
of individual enterprises and farming systems in the area; upon sound
projections of the future impact of the interventions proposed; upon
workable procedures for analysis; upon the number of farm units to be
affected in a given time period; and, upon any conditions precedent
to successful implementation. Budget estimates for USAID interventions

also are specified.

Bench Mark Data

6.2 Accurate information about the performance of individual
enterprises and farming systems in the project area have not been
accumulated from actual farm records over a period of years.
Therefore, evaluations must be based upon surveys, field studies, and
best estimates by knowledgeable persons. An effort was made to
assemble such data for several individual crop and livestock enter-
prises during March of 1978 with the help of CNEA staff members and
delegation officials. Such data are summarized in gross-margin
budgets included in Appendix Section C of the April UMC report,

bages 153 to 182.
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6.3 Since some of the above data seemed out of date and
‘numerous- gaps seemed apparent 1n the data at hand;’ the CNEA staff
assumed respons1b111ty for conduct1ng f1e]d surveys to update and
supplement the information available before making the ecoromic
evaluations needed for the project. These surveys wi]],be‘comp]eted '
in late July and tentative arrangemente are being made for one member
of the UMC team, Dr. Itil Asmon, to return to Tunis the latter part
of July to assist with these evaluations.

6.4 This new information is particularly essential for the
irrigation interventions since they are -expected to be implemented
early in the project development period. The probable impact from
the other proposed interventions is less urgent, and more difficult
to assess, since implementation can only be carried out over:-a

lTonger time period. However, some general est1mates are 1nc1uded in

earlier sections of this report.

Projection of Future Impacts

6.5 Improved yields and returns resulting from. specific
interventions also must be projected, based upon research-data

- available and upon performance data:on:local farms where the:new

-+ technologies already:have-been applied. :Some information of.this

kind is expected to accrue from: the current.field:surveys:in:the

area.

Procedures for Analysis

6.6 For an economic evaluation of the impact of new

technologies on individual farming systems, specific cost-retUrnd\
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data must be accumulated for individual drop and livestock enterprises
included in the farming systems.

6.7 Gross-margin budgets for siuch enterprises provide useful
"building blocks" with which to evaluate the farming systems--both
"before" and "after" the new technologies are applied. They are
essential for farm business analyses whether done with hand budgeting,
Tinear programming, computer budgeting, or other more sophisticated
techniques. Forms for preparing gross-margin budgets were prepared
for several crop and livestock enterprises in connection with the
first assignment and are included in Appendix Section C of the April
UMC report. Sample budgets also are included for reference in
Appendix Section D of this report. As new yield and price data, and
future estimates, become available, these budgets can be updated rather
quickly.

6.8 With best available enterprise budgets at hand, either a
budgeting or programming procedure is needed for evaluating the
economic consequences of new technologies when applied on individual
farm units. A set of simplified budgeting procedures (Forms TU-1
through TU-5) were developed and included in Appendix Section D of
the earlier UMC report. For illustrative purposes, a set of the
forms completed for an improved system for a 30-hectare dryland farm
in the project area, is included in Appendix Section E of this

report.

6.9 By preparing a set of the analysis forms for a typical
‘kind of-farm in the area as presently operated and one or more sets

for alternative systems with new technologies applied, economic
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*compar1sons among the systems can be determ1ned“'As noted on Forms

TU-4 and TU- 5, such measures as net‘ as:' "]'1ncome, farm prof1ts, -?‘
creturn to. fam11y 1abor and management, return to cap1ta1 and net |
“cash: fam1]y income:can: be; ca]culated for the varrous systems

compared.

:Est1mat1ng the Number of Farm Un1ts -
Affected D gt

6.10 The number: of- farm units.in.an.area:to be affected by a
particular 1ntervent1on must be est1mated as: accurate]y as poss1b1e
; 1n maktng macro-econom1c evaluations. :For. 'some:: 1ntervent1ons, such
as -the: ones for shallow-and deep-well. 1rr1gat1on in this project, the‘h
.+.number’ can:be projected rather accurately.: For,others, such :as
aerosion—control'impacts which will accrue:only over a period.of many
years, the task is much more difficult. Reliance upon the best

- judgment of those who work in the area and are most familiar with
farming conditions and the farmers involved is about‘thevon]ygwav to

- proceed.

‘0vera11 Cond1t1ons Precedent to
. Implementation o ‘.,

6011 Both UMC consultant ‘teams concun;inrthree»overalté
~conditions wh1ch must be observed before any rea] progress-can be
.made for agr1cu1tura1 tmprovement in the project area. '

6.12 First of all, is the imperative need for action;stOﬁstart;
qg1mp1ement1ng programs -rather than. wa1t1ng for a cont1nu1ng serwes ofA

*follow-up studies. Numerous stud1es have been: made over a period of.


http:noted.on
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many years of the physical and institutional resources in the area

(including studies of soil types, climatic conditions, groundwater

aquifers, erosion losses, markets, roads, schools, etc.) and of the
prevailing cultural and social conditions. While such information

is interesting and useful, the crying need in the area is to start

helping the small farmers make the necessary adjustments to improve
their productivity, earnings, and living conditions.

6.13. A second urgent need in the area is for applied research

conducted on farms within the eight delegations of the project area.
The purpose of such studies is to determine what improved technologies
and combinations of them in farming systems, really work under the
unique resources and conditions which prevail and to evaluate their
impact on the productivity and earnings from the small-farm units.
6.14 The third condition, associated with the above, is the
imperative need for adequate scientific and technical personnel to
conduct the applied research and to help assure proper implementation
of the interventions recommended. In fact, without assurance of
adequate staffing, the commitment of large investments of capital in
the project area should be seriously questioned.

6.15 Since the interventions and technologies recommended
represent radical departures from the traditional farming praciices
of local farmers, many of whom are not far removed from nomadic

ways of 1ife with little background for more intensive and complex
farming systems, the need for personal assistance is obvious. But
the alternative of exerting major efforts to conQert the present

cropland used for cereal production to rangeland pasture--
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'%cond1t1ons preva111ng--wou1d be doomed to fa11ure from the start

'Such shifts to more extens1ve 1and use, as sometlmes proposed and

FE 0 R

‘hdes1rab1e from the standpo1nt of good 1and use, would requ1re massive
limovement of peop]e out of the central area, a substant1a] reduct1on
‘1n forage consum1ng an1mals (at least for a number of trans1t1on
years), and farm un1ts w1th far greater hectarages of 1and than
present]y ex1st . L ' N ‘:

“;6 17 . In summary, adJustments needed 1n the proaect area are the
k1nd made 1n many deve]oped countries over a per1od of many decades

To expect such changes in Centra] Tun151a 1n a per1od of a few years,
‘w1thout substant1a1 personnel, as wel] as phys1ca1 and f1nanc1a1
ass1stance, is quite unrea11st1c - }

6.18 ~ Scientific and techn1ca1 workers to conduct app11ed
v»research 1n a1] de]egat1ons of the proaect area 1s the f1rst and

most press1ng need Staff1ng needs for the Le Kef Col1ege un1t
‘}(wh1ch seems essent1a1 for work in the proaect area) are out11ned in
deta11 in Sect1on IV of this report and 1n Append1x Tab]e C 1
"Another asset of the Le Kef un1t 1s the ava11ab111ty of students in
.Tthe tra1n1ng school to ass1st w1th the deta1]s of the app11ed research

‘In the process, several young men wou]d be gett1ng pract1ca1 on the-

’JOb tra1n1ng wh1ch wou]d be 1dea1 preparat1on for future extens1on

workers 1n the area

;6 19 1 : It 1s a]so suggested that the 0ff1ce and the Le Kef center

4pexplore the poss1b111ty of assign1ng one or two Peace Corps vo1unteers B

!.'.‘-1\ L
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to work with each mobile research unit in the project area. They
might work in teams with students from the training school to aid in
close supervision of the field trials established throughout the
area.

6.20 The other imperative personnel need is for well-trained
extension workers to live and work in the project area--in greater
numbers than usually assigned and staffed with workers who are well-
grounded in technical agriculture and who are interested in working
closely with farmers in the actual application of new technologies.
6.21 A minimum extension staff in the area probably should be
one well-trained extension specialist assigned to each of the eight
delegations. Again, as the program develops, the effectiveness of his
work might be multiplied by assigning one or more Tunisian assistants
and perhaps a Peace Corps volunteer to work with him on detail work
if such could be arranged. Such Peace Corps workers mentioned here
and above should have the qualifications specified in Paragraph

5.33 of this report.

6.22 In addition to the delegation extension staff, each pilot
study/demonstration area should be staffed with an extension farm-
management type specialist, along with the assistants as described
in Chapter V.

6.23 This proposed staffing for applied research and extension
for the project area may seem exhorbitant but it seéms dbubtfu] if
much real progress can be made in solving the complex problems of
thé area without it--regardless of the amount of investment capital

commi ttea.
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Specific Conditions Precedent to
Implementing Interventions

6.24 In order to give some assurance of success w1th a longrun -
rural deve]opment project env1s1oned 1n connect1on w1th these 1nter-
vent1ons, f1rm comm1tments will be necessary from USAID the Government

| yof Tun151a, any other part1c1pat1ng agenc1es and most of aT] from
Vd{the sma]] dry]and farmers in the proaect area S T

‘thG 25 . First of all, the part1c1pat1ng groups and 1nd1v1dua]s
ﬁmust recognize the long- t1me nature of such a development proaect

'The eroded soil, the depleted crop]and the overgrazed pastures and

the lack of systematic cropping programs and land use have evo]ved

over a span of many generations. Hence, the idea that comp]ete

‘systems of farming can be revolut1on1zed in such a d1sadvantaged

area as Central Tunisia on a come- and -go bas1s—-w1th1n a per1od of

3, 5 or 10 years--is futile and self-defeating.

6.26 | However, the agricultural assessment team is convinced

thatisubstantial improvement in the productivity, farm income, and

fam11y 11v1ng of the small farmers in the dry]and areas can be

ach1eved through a we]] ~-planned deve]opment program which is based
;upon sound 1nformat1on appllcable to the area and which is implemented

ut{step -by-step in a log1ca1 and systemat1c manner over t1me “The
imperative need is action, tak1ng the necessary steps to start

rﬁimp]ement1ng the 1ntervent1ons known to be adapted without further
iudelay 1 , o . : SERs

T‘r6 27 o A few spec1f1c suggest1ons about act1ons d1fferent groups

Uwihmay take to help assure .the 1ongrun success of this deve]opment

project are itemized below:
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6.28 USAID actions. Some things AID staff may consider to

make their contributions most effective are as follows:

1. Provide adequate financing for the interventions for
which responsibility is assumed (for example, providing
financing for half of the equipment for either a soil-
testing laboratory or a mobile unit for field trials in
the project area would be self-defeating);

2. Give primary attention and support to the participant
training--the eventual accomplishments in the project
area will correlate closely with the competence of
the staff developed to serve the area;

3. Arrange for consultants--both long-term and short-term--
who have had thorough training and first-hand experience
in actually carrying out the improvements with which
they are to assist; and

4. Maintain a strong agricultural component in the AID
mission, including personnel specifically trained and
experienced in agricultural production and farm manage-
ment, in order to give personal direction to the
agricultural consultants who assist with various phases
of the development project, especially to those on
short-term assignments.

6.29 Government of Tunisia actions. The GOT plays the key

role in the Central Tunisia Development Project. Since it is a
longrun effort to develop a major segment of the economy and of the
citizens of the country, the eventual success will hinge largely upon
the GOT policies and actions. Some suggestions are as follows:

1. Provide a structural arrangement which will expedite
administration and implementation of the chosen inter-
ventions--one which can avoid delays and overlapping
functions but also one which can make full use of the
expertise available in the various institutes and
subdivisions of the Ministry of Agriculture;

2. Assign individuals for participant training who are
competent, who have adequate basic training in their
respective disciplines, who are rural-minded with an
agricultural background, who are willing to devote
their professional careers to an agricultural development
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project, and who have assignments to work in the Central
Tunisia Project on their return;

Provide increasing employment opportunities--both within
and outside the area--since the population pressure is
too great on the available land resources to absorb
growing numbers of employable young people, even with the
rural development program envisioned in this project;

Arrange for adequate extension personnel to work directly
and closely on a person-to-person basis with the small
farmers in the project area and provide for adequate
initial and periodic follow-up training for extension
workers in the subject matter fields for which they are
personally responsible;

Provide sufficient incentive to induce the trained
personnel to live and work in the project area on a
long-term basis--such things as salary increases,
bonuses, provision of perquisites, etc., might be
considered;

Take necessary actions to maintain a strong applied
research and training center (such as started at Le Kef)
to serve the Central Tunisia Project Area--it can
provide a solid base for the longrun development program;

Lend strong support and take the lead in establishing
well-located pilot study areas where complete farming
systems can be established and evaluated year after year
(these can be the show-window areas where the cumulative
effect of combining many good farming practices can be
demonstrated in a dramatic way and where applied research
and extension workers can evaluate their recommendations
in the most effective manner);

Study alternative pricing and marketing policies and
facilities which will encourage and expedite orderly
and equitable marketing for the increased output which
should accrue from the improved farming systems; and

Arrange through the Central Tunisia Office for the Soil
Conservation Service (under the leadership of director
Hezim and his staff) to be directly involved in soil-
erosion and dryland-rainwater management interventions--
along with similar involvements of professional staff
members of other institutes and divisions of the
Ministry of Agriculture as the need arises.
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Small Farmer Actions

6.30 Small farmers in the dryland areas--both individually and
in neighborhood groups--must come to realize that the development
program is designed for them but can succeed only with their active
cooperation and personal efforts. They should understand that GOT
and USAID assistance is provided only to help them get started with
their own program to achieve more productive, profitable, and stable
farming systems.
6.31 Some ways of bringing about this awareness are as follows:
1. Encourage farm leaders, in each locality where projects
are undertaken, to become actively involved from the very
beginning in planning and carrying out the necessary
activities;

2. Keep local farmers completely informed about all programs
in which they are to become personally involved;

3. Conduct local method and result demonstrations to show
them how to apply new technologies and the results from
their application; and

4. Provide supervision and on-the-farm-assistance in
planning new farming systems and carrying out specific
farming practices with which they are unfamiliar.

6.32 The greatest challenge to extension workers in the area
is to motivate people to take action--to stimulate interest and
create the desire for the improved farming practices they have

observed. The above activities may help.

Budget Estimates for USAID Interventions

6.33 Estimates of USAID financial support needed for the major
interventions are explained in detail in the respective sections of

this report. Also, the proposed amounts are summarized and
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calendar1zed through a three-year-per1od jn ppend

B 2, and C 5 1hrough C 8
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APPENDIX SECTION A

Reference Data for irrigation Intervention:

‘Appendix - Page
Table No. 215;5 “No. @
1 Mgig‘éggﬁfets’in.;he Project Area rldéi
2 Impro§ements of Existing Shalld&‘wells‘ - '110 
3 Néw}Shéllow Wells to be Installed =~ - m1
:‘4 . .Schedule for Implementing the Propoggd;ActiVities f¢}iili
5 Schedule of Investments (in Dinaré)vu ‘¥iisf:
?fiéure No.
1 | ‘ The Brika, Mzira's and Herich Shallow-Well TR
Concentrations (Foussana Delegation) 7 114;
2 The Oued Kerib, Hmeima and Terbah Shallow-Well

Concentrations (Djedliene Delegation) ' fii5*



Delegation

Foussana
Thale
Djedlicne
Rohia
ktar
Sbiba
Sbeitla

Djil aa

Appendix Table A-l: Main Aquifers in the Project Area

Total6su§tained yield,
10" m~/year

Present

Utili-

Available
Grgun water

zagioy 10° m°/year
10° m”/year

Minimum Maximum
Estimate Estiuate
7 14,5 3.5
n.d.g/ n.d. n.d,
2 5 1
G E/ 4 6
9.b 16.5 8.3
11.5 17.5 9.5
14 16 8

3.5 to 11

n.d.

1toh

6
1.1 to 8.3
Ltoh
6 to 8

Minimal total available groundwater, 1/s of continuous flow = Ll

a

n.d. = not determined

b/

€ = insignificant

Sources:

109

‘Available
Groundwater
1/s of con-
tiouous flow
110 to 350

45 to 7
32 to 127

14
'35 to 263
32 to 127

190 to 254

"Etude Hydrogeologique de la Plaine de Kalaa-Khasba', H. Zebidi,
DRES, 1976; "Etude Hydrogeologique de le Plaine de Kalaa-Djerda",
DRES; "Contribution & 1'Etude Hydrogeologique de la Cuvette de
la Foussana", H. Zcbidi, DRE3;; "Plan Directeur de 1l'Utilization
des F-uy du Centre de la Tunisie-Dossier Analytique-Hydrogeoloque"-

HYDRATEC/CEDRAT, Feb. 1977; CNEA; DRES.

The latter document contains maps of the above aquifers.
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;Delegation‘/ ”_”‘ﬁ;;f Foussana f¥Thél§\fDJe&liene fRohia: *jSiﬁh;?”

jNo. of Existing Bhallow
fWells

Shallow Wells Néeding R
Small Improvements. 20

Cost of Small Improve- %
ments, TD (at TDLOO per
. well) - 8,000

Shallow Wells to be PR
. Deepened and Lined 200 |

Cost of Deepening &
"~ Lining, TD (at 7D 1500 ‘ _
.- per well) . 300,000

¥

Diesel Pumps to be @ | P T
~ Installed LT T L

Cost of Diesel gymps, ™ . ﬁ? L
(at TD8OO each) T 3pv6000 |

Electrical Pumps to N
Be Installed 100 | -

Cost of Electrical Pumps,
TD (at TD1250 each®/) 125,000

3000-volt Lines to Install . . |
km (a+ Herich) ‘  W

 COSt of Medium-tension
Lines, TD (at TD3750/km)
“plus TD17,0%¢) for Trans- R I
* former 32,050° | -

Total Investment in
Existing Wells, TD

_/ The opportunities for improving shallow wells 1n Maktar, Sbiba and Sbeitlai'
delegations are insignifcant. _ :
b/ Including portsble outlet pipe. .
_/ Including portable outletpipe, instrument penel, low-tension line and a part j‘
of the transformer cost. '
Sources: "Donntes Agro-Economiques de Base sur la Tunisie Centrale", CNEA April '
19768; "Projet de Developpement Rural de la Tunisie Centrale" OMVVM-PPI,
: Feb, 1978; CNEA; local offices of the Central Tunisia ProJect and ‘
the Ministry of Agriculture; Mission observations.




Appendix Table A-3:

Delegation®/
New Wells to be Installed

Cost to Owner:.
Excavation, TD (at TD 300
each)

Cost to Project:
Cost of Xining, TD
(at TD 1500 each)

Cost of Diesel Pumps, TD
(at TD 800 each)

Cost of Electrical
Pumps, TD (at TD 1250
each)

3000-Volt Line to Install,
KM (at Hmeima)

Cost of Medium-tension
Line (at TD3750/Km, plus
TD 17,000 for transformer)

Total Project Investment
in New Wells, TD

Total Project Investment
in Existing and New
Wells, TD

New Shallow Wells to be Installed

Foussana Thala
50 L5
15,000 13,500
75,000 67,500
40,000 --
- 56,250
612,000 183,750

Djedldene
70

267,950

111

Rohia | Djilma| Total
Lo 20 225
12,000 6,000| 67,500
60,000| 30,000 337,500
-- | 16,000 80,000
50,000 -~ | 156,250
- - 4
-- - 32,000
110,000] 46,000 605,750

260,000! 82,000 1, 405,700

g/ The opportunities for new wells in Maktar, Sbiba and Sbeitla are insignificant.

b/ For 30 wells (in the Terbah sector)

¢/ For 4O wells (10 in the Oued Kerib and 30 in the Hmeima sectors)

Sources: as cited for Tables A-l and A-2,



D.

7+ 1. b deep wells in Foussana (ha developed)

2, Hadjeb 7 and 8, Sabbalet (leVelling

C.

‘vagprovement of functioning perimeters

Appendix Table A-h Schedule for Implementing the Proposed Activities

Improvement of natural springs

1..No. of springs to be improved 4 ~-33

Developing perimeters of unused deep wells

2 Fin Hd" A T\DT“I mator (hae ﬂn!rc" f\pnr’ \

T maL Ve (A "R

1. Sbiba (levelling - ha)

_and canals - ha)

1919 7;_119'80 *1'981" - 'Piajeéé' TbtaJ
AL Improvemént of existing shallow wells T
‘.. Li No, of wells with small improvements 50 . ij5. i 200
~ 2.°No. of wells to be deepened & lined 793 293
- 3. No, of diesel pumps to be installed - ek 84
4. No. of electrical pumps to be installed 35 |- 145
. 5. No. of km of 3000-volt line - ol
B. Installing iiew shallow wells } =
1. No. of wells to be installed - ese ; " 205
2. No. of diesel pumps : 25 100
3. No. of electrical pumps 25 . - 125
4. No. of km of 3000-volt line - conly




C.

~ E.

Table A-5: Schedule of Investments (in Dinars)

113

Project
1979 1980 1981 Total
Improvements of existing shallow wells:
1, Small improvements (TD 400/well) 20,000 30,000 30,000 80,000
2, Deepening and lining (TD 1500/well) 139,500 150,000 150,000 439,500
3, Diesel pumps (TD 800 each) 19,200 2L, 000 2k, 000 67,200
L, Electrical pumps (TD 1250 each) 43,750 68,750 68,750 181,250
5. 3000-volt line -= 32,050 - 32,050
Sub-total for improvement of
shallow wells 222,450 304,800 272,750 800,000
Installing new shallow wells:
1, Lining (TD 1500/well) 75,000 112,500 150,000 337,500
2. Diesel pumps (TD 800 each) 20,000 28,000 32,000 80,000
3. Electrical pumps (TD 1250 each) 31,250 50,000 75,000 156,250
4. 3000-volt line -~ -- 32,000 32,000
Sub-total, installing new shallow .
wells 126,250 190,500 289,C00 605,750
Improvements of Natural springs:
1. Spring improvements (TD 750 each) 2l,750 24,750 24,750 74,250
Total, Shallow Wells and Springs 373,450 520,050 586,500 1,480,000
Developing perimeters of capped deep wells:
1. 4 deep wells at Foussana (TD 1900/ha)133,000 133,000 134,000 400,000
2. BEin Hdia perimeter (TD 1000/ha) 100,000 - - 100,000
Sub-total, perimeters of capped wells 233,000 133,000 134,000 500,000
Improvement of functioning perimeters:
1. Sbiba-levelling (TD 120/ha) - , 60;000 L;60,000_ .120,000
2. Hadjeb 7 & 8, Sabbalet (TD 290/ha) - 55,000 55,000 -110,000
Sub-total, improvement of functioning | S '? :
perimeters - 115,000 115,000 - 230,000
Total, deep-well perimeters 233,000 248,000 249,000 _ 730,000
Grand Total, irrigationiinvestments 606,450 - 768,050 835,500 2,210,000

High Priority: A, B, &C; Intermediate Priority:D; Low Priority: E
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Water Conservation Pilot Program Intervention
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(Guide 1546)

Estimating Soil Losses in Northern Missouri
(Guide 1560)

GOT-Department of Forestry Soil Conservation

Service Guide Sheets

Terrace Layout and Cross-Section

;Lgvel Terrace Construction by DISC

Graded Terrace Construction by DISC '

‘Graded Terrace Construction by Bulldozer

Level Terrace Construction by Bulldozer
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Level Terrace Cross-Sections

, Cross—Section for Outlet Structures ;
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Appendir Table B-2:

Cost Estimates for Proposed Erosion Control and Water
Conservation Pilot Program Intervention

Amount by Years

1979 | 1980 1 1981 -Y Tot
Item Mg $ TD M $ TD MM 3 TD . ear$ — TD

Participant training in U.£.
(1979-80) M.S. in Agriculturel
Engineering, Soil Conservation
Emphasis 2k 28,800 = 2k 28:800 - - - - (Tethnology Transfer)
Short-term Participant i
Training, Non-academic °
2 participants each year; :
3 years 6 | 12,600 | 5,250 | 6 | 14,100 | 5,875 |6 | 15,090 | 6,287 18 | k1,790 | 17,b12
AID Consultants

Soil Conservation Epg. L 44,000 {18,333 (6 | 66,000 | 27,500 | 2 22,000 | 9,167 N2 |132,000 55,000

Farm Management Econ. 3 33,000 {13,750 | 3 | 33,000 | 13,750 | 6 66,000 |27,500 [12 |132,000 55,000
Equipment Rental for Const. - - 120,000 | 50,000 60,000 |25,000 180,000 | 75,000
Miscellaneous Supplies 12,000 | 5,000 12,000 5,000 12,000 | 5,000 36,000 15,000

TOTALS 101,600 |42,333 245,100 {102,125 175,090 |72,954 521,790 | 217,412

811
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Design Criteria for Terraces

R. P. Beasley, Department of Agricultural Engineering,
College of Agriculture

Terrace design considerations include spacing, channel
grade, cross section and length.

Terrace Spacing

Spacing of Graded or Level Terraces: The equation
VI = 0.65 + Y should be used to space terraces, unless
otherwise specified. In this equation:

VI = Vertical interval between terraces, feet.

S = The average slope of the land draining into the ter-
race, percent.

Y = A variable depending upon the erodibility of the soil
and the irregularity of the slope. Use Y = 1.3 if the
ficld to be terraced has crodible soils and the slopes
are such that there will be excessive concentration
of runoff between terraces.

Use Y = 20 if the field has less erodible soils
and the slopes are such that there will not be ex-
cessive concentration of runoff between terraces.

The spacings in Table 1 are computed by these equations.
Use these spacings if there is to be no attempt to improve
alignment of terraces. These spacings may be varied by 10
percent to miss obstacles in the field, to adjust for use of farm
machinery, or to reach a satisfactory outlet.

The drainage area above a terrace should not exceed the
area that would be drained by a terrace of equal length with
normal spacing. When the area between the ridge top and
the top terrace exceeds this area and is in other ownership,
farmstead, permanent grassiand or woodland areas, the top
terrace should be replaced by a diversion and normal spacing
used on the other terraces.

Spacing, Graded or Level Terraces for Improved Align-
ment: If terraces, or sections of terraces, are to be parallel
then make some adjustment of spacings in Table 1 to accom-
modate the width of machinery that will most likely be used
in farming the terraces,

1504

TABLE 1
SPACINGS FOR GRADED OR LEVEL TERRACES

Less Erodible Soils,* More Erodible_ Soils,
Uniform Slopes Irreguiar Slopes

Average Slope

of Area Vertical Horizontal Vertical Horizontal
Draining Into Interval, Distance, Interval, Distance,
Terrace, %. Feet Feet Feet Feet
I** 2,6 260 1.9 190
2 3.2 160 2,5 125
3 3.8 127 3.1 103
4 4,4 110 d.7 93
5 5.0 100 4.3 86
6 5.6 93 4,9 82
7 6,2 89 5.5 79
8 6.8 ‘85 6.1 76
9 7.4 82 6.7 74
10 8.0 80 7.3 73
13! 8,6 78 7.9 72
12 9.2 77 8.5 71

*Less erodible soils, in general, include those soils with
a soil erodibility value "K" less thon 0,38, Marshall,
Sharpsburg, Summit, Bates and Newtonia are soils typical
of this group.

More erodible soils, in general, include those soils
with a soil erodibility value "K" greater than 0,42, Adair,
Lamoni, Clarinda and Keswick are soils typical of this
group. This spacing should also be used in the southeastem
section of the state where intense rains can be expected in
the winter and spring when there is little vegetative cover
to give protection. Loring, Memphis and Grenada would be
typical soils in this area,

The seucing to be used for soils with a soil erodibility -
value "K" between 0,38 and 0. 42 will depend on the slope
in the field, If the slopes are such that there will be exces-
sive concentration of runoff between terraces, use the
closer spacing.

**For slopes less than 2 percent, consider using cross-
slope channels, see UMC Guide 1507, “Design Criteria for
Cross=Slope Channels," :



. 'Use Table 2 to determine terrace spacing to best fit a
* - majority 'of equipment widths. If the specific size of equip-

- ment and row spacing that will be used is known, refer to

- Table 3,
B TABLE 2

' SUGGESTED SPACINGS FOR PARALLEL SECTIONS OF
GRADED OR LEVEL TERRACES*

Less Erodible Soils, More Erodible Soils,
Uniform Slopes, Irregular Slopes

Average Slope

TABLE 4
'DESIRABLE GRADES FOR TERRACES

Soil PermeaBility

Desircble Grade, Percent

Low
High

0,4*
0.3

* For terraces over 1700 feet long observe maximum grade
given in Table 6.

In order to improve alignment of terraces it is permissi-

ble to vary from the most desirable grade. The grade in a sec-

of Arec Vertical Horizontal Vertical Horizontal
Draining Into Interval, Distance, Interval, Distonce,
Terrace, %, Feet Feet Feet Feet
1 2.4 240 2,0 200
2 3.2 160 2.4 120
3 3.6 120 3.2 107
4 4.8 120 3.8 94
5 5.3 107 4,7 94
é 5.6 94 4.8 80
7 6.6 94 5.6 80
8 7.5 94 6.4 80
9 7.2 80 7.2 80
10 8.0 80 8.0 80
11 8.8 80 7.4 67
12 9.6 80 8.0 67
Over 12 80 67

tion of a terrace may be varied as long as it is between the
minimum and maximum grades specified for that section.

Suggested minimum grades are in Table 5. Maximum
permissible grades are in Table 6.

TABLE 5
MINIMUM GRADES FOR TERRACES

Soil Permeability

Minimum Grade, Percent

Low
High

0.2
0.0

* Spacings that best fit a majority of equipment widths,

Channel Grades

Level Terraces: Level terraces may be constructed on deep,
permeable soils that are capable of absorbing and storing the
runoff without appreciable crop damage, and without serious
delay in the farming operations. The more permeable and
deeper loess soils are the most suitable for level terraces.

Graded Terraces: The most desirable channel grade will
vary with the soil type. It is difficult to construct the terrace
to an exact grade, and tillage operations will cause obstruc-
tions in the channel. Give sufficient grade so ponding in the
channel will not scriously damage crops or delay field oper-
ations.

If the terrace is constructed with a channel grade steeper
than desirable, the increased velocity of flow will cause a higher
rate of runoff. Excessive channel grade will result in channel
crosion and silt buildup in the tertice outlet.

The most desirable grad: s to be used under most condi-
tions are given in Table 4.

TABLE 6
MAXIMUM GRADES TO BE USED IN A TERRACE

Maximum Drop
in a 50~foot

Distance from Upper

End of Terrace, *  Maximum Grade,

Feet, Percent ** Interval
Oto 50 2.4 1.2
50 to 100 2,0 1.0
100 to 150 1.6 0.8
150 to 200 1.2 0.6
200 to 250 1.0 0.5
250 to 300 0.8 0.4
300 to 350 0.7 0.35
350 to 450 0.6 0.3
450 to 550 0.5 0.25
550 to 1200 0.4 0.2
1200 to 1600 0.3 0.15

* Assuming a drainage area equivalent to a normal terrace

spacing for this length,

** If the terrace discharges into a grass outlet, the grade in

the 50-foot section next to the outlet should not exceed
0.4 percent or 0,3 percent if the length of the terrace

exceeds 1200 feet,

TABLE 3

TERRACE SPACING NEEDED FOR SPECIFIC SIZES OF EQUIPMENT

Number of Rows 4 6 4 8 6 6 8
- Row Width 30" 20" 40" 20" - 30" 40" 30"
~ Equipment Width 10 131/3 15' 20'

. Trips Spacing, | Trips Spacing,{ Trips  Spacing,| Trlps Spacing,

Feet Feet Feet eet

6= &0 5-- 67 4 --_ 60 3 -~ 60

8 -- 80 6 -- 80 5§ -~ 75 4 .- 80

9 == 90 7 -~ 94 6 -- 90 5§ -~ 100

o 1 == 110 8 -~ 107 7 -~ 105 6 -- 120

12 -- 120 9 -- 120 8 -- 120 7 -- 140

14 -~ 140 10 -- 133 9 -- 135 8 - 160

- 16 =~ 160 12 —- 160 11 -- 165 9 -- 180

"~ 18 -= 180 14 -- 188 12 -~ 180 10 -- 200

.20 == 200 15 -~ 200 13 -- 195 12 -- 240
24 -~ 240 18 -~ 240 16 == 240




Terrace Cross Section

A terrace cross section should have adequate capacity for
the runoff; be designed to fit the topography, the farm ma-
chinery to be used and the crops grown; and be economical
to construct with equipment available,

Cross Section for Graded Terrices: Graded terraces
should have the capacity to carry the pe.k rate of runoff to be
expected in a 10-year period. A typical broad-base terrace cross
section with a V-shaped channel is shown in Fig, 1. A werace
may also be constructed with a flat bottom as indicated by
the dotted line in Fig. 1 if past experience on certain soils
and slopes indicates that the flat bottom channel is easier to
construct and to farm. The minimum constructed height of
the terrace ridge is given in Table 7. If the fill is not com-
pacted thoroughly during construction, provide additional
height to allow for settling,

The shape of the terrace cross section should be designed
to best fit the machinery to be used in farming the terrace.

TABLE 7

MINIMUM CONSTRUCTED RIDGE HEIGHTS FOR TERRACES
(MEASURED AS INDICATED BY (h) IN FIGURE 1)

Minimum Constructed Ridge Height,

feet, **
Distance From Graded Terraces Level
Upper End of Land Slope Land Slope  Terraces
Terrace, * Feet  Over 8% 010 8% All Slopes
0to 400 1.2 1.0 1.5
400 to 600 1.2 1.1 1.5
600 to 800 1.3 1,2 1.5
800 to 1000 1.4 1.3 1.5
1000 to 1300 1.5 1.4 1.5
1300 to 1600 1.5 1.5 1.5

* Assuming a drainage area equivalent to a normal terrace
spacing for this length,
** Height is measured from a point 1} feet from the peak
of the ridge tc a point 1} feet from the center of a V-
shaped channel or to the bottom of a flat channel.

Original Ground Surface

R‘.
—
— .

This may vary from the typical shape shown in Fig. 1. On
soils with a shallow topsoil underlain by unproductive sub-
soil 2 minimum amount of topsoil should be disturbed in
constructing the terrace. If equipment less than 14 feet in
width is to be used in farming these terraces, the cut slope
may be made less than is indicated in Fig. 1. However, in
no case shall the capacity of the terrace be less than indicated -
by Fig. 1 and Table 7.

Depth of cut in the terrace channel may be varied to
reduce the curvature and improve the alignment of terraces.

Cross Section for Level Terraces: The cross section should
be the same as for graded terraces except that the channel
in all cases must have sufficient capacity to store at least 2
inches of runoff from the area draining into the terrace. The -
minimum constructed ridge height to give this capacity is 1.5
feet, as indicated in Table 7.

Partially close the ends of level terraces with a channel
block at least 0.7 foot above the channel. Construct similar
blocks as needed to distribute the water throughout the chan-
nel. Channel blocks should have side slopes no steeper than
6 to 1 and 2 minimum top width of 6 feet.

Terrace Length

Generally, terraces should not exceed 1,600 fect in length,
When a greater length is used, that portion of the terrace
greater than 1,600 feet in length should be designed as a di-
version,

Terrace Qutlets

All terraces must have adequate outlets. Outlets may
consist of a vegetated area, a constructed and vegetated chan-
nel, or other stable outlet. The outlet must convey runoff
from the terraces to a point where the outflow will not cause
damage. It is desirable to establish vegetated outlets in ad-
vance of terrace construction to insure adequate vegetative
cover.

€7, —

Variable

Back Slope J '

Width
Qut Slope ] Front Slope
! (14" min.) I (14" min. S « 1-4%) I (14' min,) L
W, or greater, desirable on all (12' min. S = 5-8%) W, or greater, desirable on all
slopes . ( 8' min, S = over 8%) slopes
20' Desirable on Slopes Over 8% W - destrable on all alopes 20" or more (e desirable on slopes
’ over 8% e

W = the maximum width of machinery to be used to farm the terrace.

§ « the slope of the original ground surface.

h = the height of the terrace ridge - measured as {ndicated, minimum
velues of h are given {n Table 7. . -

Figure 1. A typleal terrace cross secon,
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Design Criteria for Diversions

R. P. Beasley, Department of Agricultural Engineering,
College of Agriculture

Diversions are used to divert water from areas where it is
in excess to locations where it can be disposed of safely. They
may be used to:

1. Protect cropland, pasture land, farmsteads, or other

improvements from runoff.

2. Intercept shallow subsurface flow which is causing wet

areas.

3. Divert runoff from terrace outlets and water impound-

ing structures to where it can be disposed of safely.

4. Provide additional runoff for water storage structures.

Diversions are not a substitute for rerraces on land re-
quiring terracing tor crosion control.

Designirg Diversions

Considerations in designing diversions include capacity,
permissible velocity, channel grade, and cross section.

Capacity: A diversion must have the capacity to provide the
degree of protection desired. Tae minimum capacity should
not be less than that required to carry 2 10-year frequency
runoff. A larger channel that will overflow less frequently can
be constructed if the damage from more frequent overflow is
greater than the addlitional cost of construction. Obtain peak
rates of runoff from UMC Guide 1518, "Estimating Peak Rates
of Runoff From Small Watersheds.”

Maximum Permissible Velocity: Sclcct a velocity which
will result in a channel that can be constructed at a minimum
cost and which can be ecasily maintained. A higher selected
velocity will result in a smaller channel to carry a given flow;
however, the velocity should not be high enough to erode
the channel. Consider the crodibility of the soil to be exposed
in the channel of the diversion and the type and quality of
vegetation that can be established and maintained when se-
lecting the maximum permissible velocity. Use Table 1 in
selecting the maximum permissible velocity and Table 3 in
determining the size of channel if:
1. The runoff can be diverted from the channel while
vegetation is established,
2. Soil conditions are favorable for establishment of a
dense stand of grass, and
3. Good management practices will be followed in estab-
lishing and maintaining the grass.
4. The diversion is constructed in rocky soil that . : very
resistant to erosion.

This Guide prepared jointly by state and ficld staffs of the College of Agti-
culture, University of Missouri-Columbia, and the Soil Conservation Service.

Use Table 2 in selecting the maximum permissible veloc-
ity and Table 4 in determining the size of channel if:
1. Runoff can’t be diverted from the channel,
2. Soil conditions are not favorable for establishing dense
grass, and
3. Good management practices are not likely to be fol-
lowed.

TABLE 1

MAXIMUM PERMISSIBLE VELOCITIES
Feet Per Second

(To be used if a stand of erosion resistant grasses
can be established and maintained in the channel)

Veg. 'ative Less More
Cover Erodible Soils* Erodible Soils*™*

Fair 4,0 3.5

Good 5,0 4,0

Excellent 6.0 5.0

* Less erodible soils are generally those with a higher clay
content and higher plasticity. Typical soil textures are
silty clay, sandy clay and clay.

** More erodible soils are generally those that have a high
content of fine sand or silt and lower plasticity. Typical
soil textures are fine sand, silt, sandy loam and silty loam.

TABLE 2

MAXIMUM PERMISSIBLE VELOCITIES
Feet Per Second

(To be used if a stand of grass cannot be
established «nd maintained)

Vegetative Less More

Cover Erodible Soils*  Erodible Soils**
None - Cultivated 2.0 1,5
None - Not Cultivated 2,5 2,0
Sparse Annual Grasses 3.0 2,5
Fair Annual Grasses 3.5 3.0

* Less erodible soils are generally those with a higher clay
content and higher plasticity, Typical soil textures are
silty clay, sandy clay and clay.

** More erodible soils are generally those that have a high
content of fine sand or silt und lower plasticity. Typical
soil textures are fine sand, silt, sandy loam and silty loam.
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% Channel Grade: The topography at the site where the diver-
" “sion s to be built will in some cases determine the channel

7 grade. It may be necessary to shift the diversion from the:
- most desirable location in order to obtain a grade which will
- result in the desired velocity. ’

If the channel grade does not exceed 0.8 percent use
Tables 3 and 4 to select the size of channel, If the grade in
the channel exceeds 0.8 percent it will be necessary to cstab-
lish and maintain a good stand of erosion resistance grasses

 in the channel. Use the tables for designing grass waterways
to select the channel width and depth for grades in excess of
0.8 percent. See UMC Guide 1505, “Design Criteria for Grass
Waterways.” Sufficient depth for freeboard is also included in
these tables.
Cross Section: A diversion should have g trapezoidal-shaped
cross section with a flat bottom and 4 to 1 side slopes where
possible. See Fig. 1. Determine the bottom width of the chan. .
nel and the height of the ridge required to carry a given rate
of runoff at or below the maximum permissible velocity from
Tables 3 or 4.

In most cases a number of channels with different bot-
tom widths and heights will carry the given flow at or below
the maximum permissible velocity. The size selected will de-
pend on the land slope on which the diversion s to be con-
structed, the type of equipment available for construction, the
cost, the location of the channel, and maintenance require-
ments.

If the diversion is constructed on steep land or where
space is limited it may be desirable to construct the channel
with 3 to 1 side slopes. If this is done the maximum rate of
runoff should be increased by 10 percent and Tables 3 or 4
used to select the bottom width and height of channel,

The heights of ridge given in Tables 3 and 4 are based on
a well compacted fill. Measure the height from the bottom of
the channel to a point 2 feet off the peak of the ridge, H in
Fig. 1.

Outlet

Each diversion must have an adequate outlet. The our-
let may be a constructed and vegetated channel, a stable water-
cours¢, a grade stabilization structure or other stable outle.

\()riginal Ground Surface




TABLE 3
HEIGHTS (H)* OF DIVERSION RIDGE WITH GRASS ESTABLISHED AND MAINTAINED IN CHANNEL
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TABLE 4 ‘ e
HEIGHTS (H)* OF DIVERSION RIDGE WITH SPARSE VEGETATION IN CHANNEL

‘Bottom Width (B)** feet 6

<

10

Q, <fs [Grade, percent 0.2 0.4 0.6 0.8 0.2 0.4 0.6 038 0.2 0.4 0.6 0.5] X<k
5 1.3/ 1.1 1,0/ 1.0 1.2/1.0 1.0/ 1.0 1.1_1.0/ 1.0 /1.0 5
10 . 1.5 /1.3 1 F 1.3 ['_——‘1.2/%/_1'._5 ."!"3_‘a .3 1.1 1.0//T. 10
15 1,7/ 1.4 1.5/1.3 /1.2 1.0 1.4 1.2 1.1/1.0| 15
20 1.8 [1.5 @/1.6 .4 1.3/T.0 (15} _1.5/1.3/T.2/T.1] 20
25 1.9 /1.6 1.7 11,5 M4 1.2 \UJ 1.6 1.4/T.2 1. 25
30 2,0/ 1.6 20)_l8]1.6/1.5/1.3 1.7 | 1.5/ 1.3 30
35 2.1 [1.7 )TN 1.7 1.4 1,8 /1.6 [1.3 35
40 2,2 /1,8 2,0 [1.7 1.9 1.6/ 1.4 40
45 2,39 2,1/1.8 2.0 1.7/ 1.5 45
50 2.3//2.0 2.2 2,1 |[T.8 50
60 2 2,3 2,.2]11.9 60
70 2 2.4 2.3 70
80 2 2.5 2.4 80
90 2 2,5 2.5 90

100 2 2.6 2.6 100

120 3 2.8 2,7 120

140 @ 3 3.0 @_2 8 140

TABLE 4 - (continued)
Bottom Width (B)** feet 12 20

Q, cfs Grade, percent 0,2 0.4 0.8 0.8 0.2 0.8 Q, cfs
5 1.0 1.0 5
10 1.1 1.0 10
15 .2 1.0 15
20 .3 1 20
25 4 1.0] 25
30 1.0] 30
35 T.T| 35
40 11| 40
45 1.2| 45
50 1.2] 50
40 60
70 70
80 80
9% 90
100 100

120 120
140 140
160 160

* Height, teet, required to carry flow with Tong grass in channel ("D™ retardance), including 0, 3-foot freeboard measured
from the bottom of channel to a point 2 feet off the peak of the ridge. One foot is considered minimum height.
= Bottom width required to give desired velocity with sparse vegetation in channel (*E* retardance).
Velocity, in feet per second, tu be expected in channel with short, sparse vegetation {“E” retardance).

Issued in furtherance of cooperative extension work, acts of May 8 and June 30, 1914, in cooperation with the United States
Department of Agriculture, Carl N. Scheneman, Vice-President for Extension, Cooperative Extension Service, University of
Missouri, Columbia, Mo. 65201. The University of Missouri-Columbia is an equal employment and educational opportunity

institution,
File: Agri. Engr. 4 7/69/7M, Rev. 7/70/8M, 9/73/5M
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Design Criteria For Debris Basins

James Steichen, Department of Agricultural Engincering
College of Agriculture

A debris basin provides storage for silt, sand, gravel, or
other debris moving from adjacent lands. The debris causes
damage when it moves with runoff warer from its source on
land adjacent to a landowner’s farm, and deposits as sediment
in his ponds, waterways, diversions, bottcomland fields, or
other developed areas. The landowner has no means of con-
trulling the movement of the debris at its source on land ad-
jacent 1o his farm and therefore must develop the debris basin
on his own land to control the sediment before it causes
damage.

Description

The debris basin consists of an earth dam or other bar-
rier constructed across a drainageway or other suitable location
for collecting sediment. The dam is provided with properly
designed spillways to dispose of excess. runoff water at safe
velocities which will not damage the dam or other improve-
ment:.

The sediment basin is a small pool of water through
whica the runoff from the adjacent land must flow. As the
silt-ladened runoff flows through the pool, it slows down and
loses its capacity to carry the larger silt particles which drop
out into the pool.

Capacity of Debris Basin

The capacity of the basin should be not less than the vol-
ume of sediment expected to be deposited in the pool during
the planned useful life of the proposed improvements it is
designed to protect. The capacity may be reduced where it is
determined that periodic removal of the debris will be prac-
tical. In most cases the basin should have a capacity to contain
an estimated 10-year sediment yield from the watershed area.
In no case should the capacity be less than a 2-year yield. For
cultivated land, the Universal Soil Loss Equation may be used
in determining the soil loss. Use the following guidelines and
Table 1 for determining the sediment yield from drainage
arcas of 100 acres or less.

Condition A (high sediment yicld): Area may be similar to
one of the following: (1) continuous row crop farmed with
the field boundary (2) very little vegetative cover and with
considerable active gully erosion.

This Guide prepared jointly by state and field staffs of College of Agri-
culture, University of Missouri-Columbia, and Soil Conscrvation Service.
Original authors were Otto Griessel, SCS (retired), and R. P. Beasley, UMC
(deceased).
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TABLE |

SEDIMENT STORAGE CAPACITY FOR DEBRIS BASIN
HAVING DRAINAGE AREA OF 100 ACRES OR LESS

(Based on 10-year sediment storage capacity)

Watershed Watershed Sediment
Condition Drainage Area Storage Capacity
Acres Acre Feet

5
10
20
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50
60
70
80
90

100

5

10
20
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40
50
60
70
80
90
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5
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Condition B (medium sediment yield): Area may be similar
to one of the following: (1) half of the area meets Condition
A and the remaining half is in permanent vegetative cover or
small grain, (2) continuous cropland farmed on the contour,
(3) rotation cropland with small grain and meadow, (4) non-
cropland area with very little vegetative cover and no active
gully erosion, (5) good permanent vegetative cover with very
active gully erosion,

Condition C (low sediment yield): Arca is in permanent
vegetative cover with minor gully erosion.
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Earth Dam. Sitc investigation and'dcsign for the :carthvdamb i
should be made in accordance with UMC Guide 1546, De .

signing and Constructing Earth Embankments.

Spillways. Design for the vegetative emergency spillway .

* should be made in accordance with UMC Guide 1517, Emer-

gency Spillways, Parc II - Design. Detailed designs for mechan-
chanical spillways are found in the following UMC Guides:

1510 Design Criteria for Canopy and Hood Inlets

1511 Design Critetia for Morning Glory and Drop Inlets .

1512 Design Criteria for Straight Drop Spillways

1514 Design Criteria for Formless Concrete Flumes

1518 Estimating Peak Rates of Runoff from Small Water.
sheds

1520 Discharge Capacity Tables for Canopy, Hood, and -~

Drop Inlets,
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Designing and Constructing Earth Embankments

James Steichen, Department of Agricultural Engineering,
College of Agriculture

Consider the following factors when designing and con-
structing earch embankments for farm ponds, irrigation reser-
voirs and grade stabilization structures.

Site Investigation

Suitability of a pond or reservoir site is dependent on the
ability of the soils in the reservoir area to hold water and to
provide a stable foundation for the embankment. Make a geo-
logic investigation in areas where past experience indicates
that permeable or unstable materials may be present in the
soil.

Take soils borings or make test pits ac intervals over the
structure site. Frequency of the borings or test pits depends
on the occurrence of significant changes in the soil profile.
Dig or bore to sutficient depth to identify material that may
be unstable o- affect the ability of the structure to hold water.
Consider another site if undesirable material is found.

Preparation of Site and Borrow Area

1. Remove all trees, stumps, trash, brush, sod, large
roots, perishable material and loose soil from these areas.

2. Strip topsoil from the embankment foundation and
borrow areas and deposit in storage niles.

3. After the stripping operation, scarify the ground sur-
face within the foundation area to provide a bond between
the foundation and earth fill.

4. Grade overhanging banks, pits, and holes within the
foundation area to a 1 to0 1 slope or flatter to provide bond
with the fill,

Core Trench Construction

Excavate the core trench to a depth necessary to prevent
seepage under the embankment. Construct the core trench
with side slopes of 1 to 1 or flateer.

Backfill the core trench with the most impermeable ma-
terial available a: the site. The moisture content of the back-
fill material should be sufficient for good compaction. (When
kneaded in the hand the soil should just form a ball which
does not readily separate.) Keep the trench free of standing
water during the backfill operations.

This Guide prepared jointly by state a..d field staffs of the College of Agri-
culure, University of Missouri-Columbia, and the Soil Conservation Service.
R. P. Beasley was the original author.
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installation of Blanket

Pond basins containing a high percentage of coarse
grained soils may require a blanket of less permeable material
to prevent seepage. Ac some locations the topsoil may be less
permeable than the subsoil. The less permeable marterial in
the area should be stockpiled and spread as a blanket over
the more permeable material in the pond basin. The blanket
should be placed in 4-inch layers well compacted. A mini-
mum thickness of 12 inches will be required in most cases.
If a blanket is used over the entire pond basin a core trench
1s not required.

Installation of Principal Spillway Conduit
And Stockwater Pipe

Place the conduit for the principal spillway and the pipe
for the stock watcring system, if nceded, on solid foundations
either (1) in trenches excavated in undisturbed soil or (2) on
fill material placed in G-inch layers and properly compacted.
Install anti-seep collars on the conduit and on the stockwater
pipe if needed. It no cradle is used under the conduit, shape
the foundation to fit the conduit for a depth equal o0 1/10 its
diameter. Provide a uniformly firm bed throughout its length.
For additional information sec UMC Guide 1515 “Selecting
Materials for and Installing Principal Spillways.”

Design of Embankment

Top Width: Following are suggested minimum top widths
for dams of various heights.

Height of Dam, feet. Minimum Top Width, feet.
Under 10 8
10-20 10
21-30 12

If the top of the embankment is to be used as a roadway
make the top width at least 12 feet.

Side Slopes: The side slopes an the settled embankment
should not be steeper than 3 to 1 on the upstream side and
2 to 1 on the downstream side, except if based on previous
favorable results on similar soils or on soil mechanics tests for
stability, the minimum slope may be 2 to 1 both upstream
and downstream sides.

Flatter slopes should be used if necessary to insure the
stability of the embankment or to facilitate mowing and main-
tenance.



Slope Protection: When the surface area of the reservoir ex-
ceeds 5 acres there are several methods of reducing wave ero-
sion: (1) An 8-foot minimum width berm can be constructed
on the upstream face of the embankment 0.5 foot above the
crest of the principal spillway; or (2) a portion of the up-
stream slope of the embankment can be riprapped; or (3) the
upstream slope of the embankment can be constructed to a
4 to 1 slope.

Use reed canary or other suitable grass or acquatic plants
to protect berms from wave action.

Protect the upstream slope of reservoirs smaller than 5
acres from wave action with reed canary, other suitable grass,
aquatic plants, riprap or other means as site conditions indi-
cate.

Settlement: Provide sufficient overfill during construction to
allow for settlement. If the material is placed in G-inch layers
at 2 moisture content sufficient for good compaction add 5
percent if compacted thoroughly with wheel scrapers or with
rollers, add 10 percent if a bulldozer only is used. If material is
quite dry or excessively wet, follow suggestions given in (2)
“Construction of Embankment.”

Freeboard: Frecboard is the difference in clevation between
the water level in the emergency spillway when it is flowing
at the design depth and the top of the setcled fill. Provide a
minimum frecboard of at least 1 foot. Be sure, however, that
the difference in elevation between the crest (bottom) of the
emergency spillway and the top of the embankment is not
less than 1.5 feet if a principal spillway is used. If a principal
spillway is not used and the 10-year frequency runoff through
the spillway is over 10 cubic feet per second, or the embank-
ment is over 5 feet high, or the surface area of the impound-
ment is over one-half acre, the difference in elevation be-
tween the crest (bortom) of the emergency spillway and the
top of the embankment should be ar least 2.0 feet.

Construction of Embankment

1. Be sure that the carth fill material does not contain
any appreciable concentration of vegeration, roots, large rocks,
frozen soil, or other foreign substances. Moisture content
should be sufficient for good compaction. (When kneaded in
the hand, the soil should just form a ball which does not
readily separate.)

2. Place the fill material in approximately 6-inch layers
that extend over the full width and length of the dam. Com-
pact each layer by the operation of tractors, carth moving
equipment, or rollers. If the muisture content of the fill ma-
terial is deficient, sprinkle water on the surface of each lift of
the fill material and thoroughly mix and compact prior to
placing additional fill. If moisture content of the fill material
is excessive do not use the fill material until it has air dried
to proper moisture content,

3. Be sure that backfill adjacent to the pipe spillway and
stockwatering system is free of rocks, clods or clumps. Place
in 4-inch layers and tamp by hand or with mechanical tam-
pers. Rubber-tired tractors may be used to supplement the
tamping along the sides of the pipe and to provide a berm of
compacted carth equal to the pipe diameter on each side of
the pipe.

Bring backfill up approximately equal on each side of the
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pipe to prevent side movement of the pipe. Take care to pre-
vent the pipe from uplifting when backfilling under the
haunches. Do not drive heavy equipment over the pipe until
a minimum of 2 feer of compacted fill has been placed over
the top of the pipe.

4. Do nor use frozen material in a fill and do not place
fill material on frozen earth. When fill material starts to freeze
during placement, stop construction until proper tempera-
tures prevail. When it is desired to place fill on an area that is
frozen, remove the frozen surface completely before placing
additional fill.

5. At sites where there is a limited amount of imperme-
able fill material, (1) place this material in the core trench
and the center section of the embankment and (2) place the
least impermeable material in the downstream part of the
embankment,

6. Allow sufficient overfill for settlement.

7. Place the topsoil material saved in the site preparation
as a top dressing on the surface of the earth fill and emer-
gency spillway.

8. Finish-grade the carth fill and emergency spillway to
the dimensions and side slopes shown on the plans.

Establishment of Vegetation

Exposed surfaces of the earth spillway, embankment and
borrow area not covered by the permanent pool should be
fertilized, seeded and mulched to provide a good vegetative
cover. Sec UMC Guide 4805 “Establishing and Maintaining
Vegetation on Critical Areas.” :

Precautions To Prevent Seepage

Possibilities where seepage may occur from a water stor-
age structure are shown in Fig, 1.

Take precautions indicated in Fig. 2 during site selection,
investigation and construction to prevent seepage losses. Fol-
lowing is a listing of possibilities for seepage indicated by
numbers circled tn Fig. 1 and the suggested precautions or
solutions.

. 1. Seepage through strata or pockets of permeable ma-
terial. These may or may not be exposed during excavation,

Solution: Make a thorough site investigation prior to
construction. Either move to another site or give special treat-
ment to undesirable areas such as the compacted blanket of
impervious material as in Fig. 2. -

2. Seepage along roots and root cavities. If trees in the
vicinity of the embankment are cut the roots will die, leaving
cavities along which water will follow.

Solution: Remove all roots from the embankment area
prior to construction.

3. Seepage along the plane between the original ground
and the embankment.

Solution: Follow suggestions given under “Preparation
of Site and Borrow Area.”

4. Secpage under the embankment and through a layer
of permeable material,

Solution: Block flow by construction of a core trench
as suggested under “Core Trench Construction.”

5. Seepage through the embankment.

Solution:

(a) Build the embankment with proper top width-and
side slopes. :
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Figure 2. Precautions to take during construction of o water storage structure to prevent seepage.

(b) Remove all brush, roots and debris from the borrow
area so it will not be deposited in the embankment.

(c) Place the less permeable material on the water side
of the embankment and more permeable material in the
downstream part.

(d) Place fill in thin layers and compact thoroughly.

(e) Follow other suggestions given in "Construction of
Fill.”

6. Seepage along stock water pipe.

Solution: Inswll anti-seep collars and compact earth
around pipe.

7. Scepage along principal spillway conduit.

Solurion: Inrall anriseep collars in accordance with in-
formation in UMC Guide 1515 “Selecting Materials for and
Installing Principal Spillways” and follow suggestions given
under “Installation of Principal Spillway Conduit and Stock
Water Pipe” discussed previously.
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8. Flow through muskrat burrows and cavities created
by other burrowing animals.

Solution: Build embankment with proper top width
and side slopes. Design the spillways to reduce fluctuation of
water level to a minimum. Keep the embankment cleared of
brush and debris.

9. At those sites w"¢re the soil is permeable throughout
the profile there may be seepage over the entire basin.

Solution: Scarify the basin area to - depth of 8 to 10
inches. Compact the loosened soil at opimum moisture con-
tent, to a dense layer. On more permerole soils install a blan-
ket as discussed previously.
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Estimating Soil Losses

in Northern Missouri

James M. Steichen, Department of
Agricultural Engineering

College of Agriculture

Soil erosion varies considerably throughout the country.
A method was necded to help predict annual soil loss from
an individual's land.

The equation described below takes into account the
variability in conditions such as rainfall, soil type, crop
rotation, conservation practices used and topography. It
was designed to help the individual farmer select practices
that will reduce soil erosion,

This equation is used by the Soil Conservation Service
in developing soil conservation programs. It is used also by
engineers and architects to plan erosion control. QOriginally
designed for farmland, it is, therefore. especially
valuable to the farmer in planning his own soil conservation
program.

New federal and state programs will encourage a more
dedicated effort towards conserving the soil. Information
included in this guide should be helpful in these programs.

Precautions

The equation estimates long-term average annual soil loss
for a specific situation. It will estimate soil losses from sheet
and rill erosion but not from gullies. 1t is unusual for all the
soil loss predicted by this equation to be transported from a
ficld. Some is deposited in terrace channels, waterways or in
flatter areas. The vahte you calculate for your soit loss should
be considered as a rough estimate only. However, it should
point out alternative solutions to reducing your soil loss.

Factors Affecting Soil Loss

To develop an effective crosion control program, you
should evaluate the fuctors affecting erosion and practices for
its control. In planning your farm layout, select the combina-
tion of agronomic und mechanical practices that will best
conserve your soil and provide you with an efficient business
operation.

It is not possible to avoid all erosion loss, but there is a
point where soil loss will be sufficiently small that crop
production can be carried on and the productivity of the soil
maintained or perhaps increased through the years. The most
effective tool foir evaluating soil losses was developed by the
Agricultural Research Service and is often called the Uni-
versal Soil Loss Equation:

MISSOURI - -

FIGURE 1. Average Annual Values of the Rainfall Factor (R)

A=RxKxLSxCxP

A = soil loss in tons per acre per year
R = rainfall factor
K = soil erodibility factor

LS = slope length and steepness factor
C = cropping-management factor
P = erosion control practice factor

Rainfall (R)

This factor is a measure of rainfall energy rather than just
rainfall. A short, intense 4-inch storm will cause much more
erosion than a slow, steady 4-inch rain. These R factors
(Sce Figure 1) vary from about 200 in northern Missouri to
about 250 in southern Missouri, where intense thunder-
storms are more common. In northern Missouri, 50 percent
of the year’s erosive rainfall occurs in May, June and
July.
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Soil Erodibility (K)

Soil erodibility is a measure of the relative resistance to
erosion of the soil itself. The larger the value of K, the
easier that particular soil will erode. Generally sandy soils are
less erodible than medium-textured soils.

Table 1 lists erodibility (K) and erosion tolerance (T)

TABLE 1. Erodibility (K) and Erosion Tolerance (T) Factors

Marshall - Knox - Napler
Deep loess soils adjacent to Missouri River

values for a broad grouping of several sloping upland soils. bottom north and west of Glasgow ‘32 54

The first T value is an acceptable soil loss for that soil. Use Shampsburg - Grundy - Ladoga - Pershin

the second T value if the soil already has been eroded Moderately deep loess of west central Missouri 37 3-2
severely. Adair - Shelby - Armsirong - Gara
Dark soil on slopes below loess depasits

smpe Lenglh and Steepness (LS) often used for forages and pasture .28 3-2
_ Slope (stecpqess or grudient.)‘ and slope length are two g}:;:)‘;%'s;f;?t":w theast Missouri,
important factors that affect erosion. A relative value of 1.0 ; !

. . level to mocerately rolling .40 3-2
has been assigned to a 9 percent slope with a length of
73 feet. The effects of slope steepness and length have Menfro - Wintield - Weldon
been combined into LS values as shown in Table 2. The ?gﬁ:’a’l"asiszlgsg ?g’SSStOUL% lﬁ;"g:‘ 5’0‘“
average slope is estimated and found across the top of the ot oS BHTE B Wt
table. The slope length is read on the side of the table and is Mississippi River hills narth of St. Louls 37 43
the length from where flow begins to where sediment is Lindley - Keswick - Hatton

deposited. or where runoft enters a well defined channel such Sloping less fertile soils of north central

as a terrace. For example. a § percent slope 100 feet in and northeast Missouri, usually pasture or
length has an LS value of 0.6, while a 14 percent slope of timber 37 32
300 feet in length has an LS value of 4.0. 1

TABLE 2. Siope Steepness and Length Factor (LS)

Length Percent Slope (S)
of

Slope
L ' :

{in feet) 2 3. 4 5 '8 7 8 9 10 12 14 16 18 20 2 %
2 - 2 2 a2 2 4 4 & & 8 10 12 16 18 22 26
30 2 2 2 2 4 . 4 .6 6 8 1,0 12 1.6 2.0 2.2 2.6 30
40 2 2 2 4 4 i .6 .8 R 1.2 1.4 1.8 2.2 2.6 3.0 3.5
50 w2 22, 2 4 A4 B .6 8 10 12 1.6 2.0 2.4 3.0 3.5 4,0
60 o 24 R SRR SR 6 b 8 1.0 L0 14 1.8 2.2 2.8 3.0 4.0 4.5
70 : 2 2 4 4 6 6 8 10 L2 16 20 24 30 35 40 50
80 2 2 4 4 7 6 .8 <8 1.0 1.2 1.6 2.0 2.6 3.0 3.5 4.5 5.0
90 2.0 .2 4 .6 6 - .8 1.0 L2 1.2 1.8 2.2 2.8 35 4.0 4.5 5.5
100 .2 4 4 6 6 . 8 10 1.2 1.4 1.8 24 2.8 3.5 4.0 5.0 5.5
110 .2 4 4 b6 0 8 8 Lo 1.2 1.4 1.8 24 3.0 35 4.5 5.0 6.0
120 .2 4 4 6 .8 .8 1.0 1.2 - 14 2.0 2.6 30 4.0 4.5 5.5 6.0
130 2 A 4 6 . .8 10 .12, 14 L6 20 2.6 35 4,0 5.0 5.5 7
140 20 4 4 e g 8L L2 1.4 1.6~ 22 2.8 35 4.0 5.0 6.0 7
150 2 4 6 6 .8 1.0 1.2 L4 1.6 2.2 2.8 35 4.5 5.0 6.0 7
160 2 A4 .6 .6 .8 1.0 1.2 4. 18 22 3.0 35 4.5 5.5 6.0 7
180 2 4 88" 8 10 14 16 18 24 30 40 45 55 7 8
200 4 A B a8 S0 L 120 14 1.6 20 . 26 35 4.0 5.0 6.0 7. .8
250 4 4 6 8 1012 1.6 1.8 2.2 2.8 3.5 4.5 5.5 7 8 9
300 4 6 8 10 .12 14 18 200 24 3.0 4.0 50 . 6.0 7 ..9 .10
350 4 6 o810 Ch2s T L6 1.8 2.2 2.6 35 4.5 5.8 7 8 gLy
400 4 .6 8 L0 14 16 2.0 24 .28 . 35 4.5 5.5 7 82107
500 4 6 L0 B2 L4 L8 22 26 . 3.0 4.0 50 - 60 .- 8 ven@-iw sl ie 013
600 6 8 10 1.4 1.6 . 20 24 28 35 45 55 7 8010000120 14
700 .6 B 0l0 14 18 22 26 30 35 50 . 6.0 8.0 -9 . 1., . .13 15
800 6 .8 12 - L6 1.8 24 28 35 40 50 ) -8, 10 12 - 14 16
900 6 L0 12 16 20 24 30 35 40 55 7 9 10, 13 15 1

1000 6 10 1.2 1.6 2.2 2.6 3.0 3.5 4.5 5.5 7 ‘9 n. 8 16 18
1200 8 10 1.4 1.8 2.4 28 35 4.0 4.5 6.0 8 10 12 14 17 20
1400 8 12 1.6 2.0 24 3.0 35 4.5 5.0 7 9 1 137 16 18 21
1600 .8 1.2 1.6 22 26 35 4.0 4.5 5.5 7 9 11 14 17 20 23

itour Limits—2 percent 400 feet, 8 percent 200 feet, 10 percent 100 feet, 14-24 percent 60 feet. The effectiveness of contouring beyond these limits is speculative.*
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pounds per acre of residue). For each bushel of small
grain there are 100 pounds of residue (30 bushels per acre
wheat equals 3,000 pounds per acre of residue). Soybean
residue usually averages 1,500 to 2,500 pounds per acre. For
sod residue, estimate the amount of hay the residue would
make (3,000 pounds per acre gives optimum erosion control),
(See Figure 2 for photos of varying amounts of surface
residue.)

Compare the difference between continuous corn, spring

TABLE 5. *‘C"" Factors for Annual Cover and Various
Quantities of Mulch

Cover or Mulch

“6" Factor

bare areas 1.0

Ya ton straw mulch . .52
1% ton straw mulch .35
34 ton straw mulch .24

1 ton saraw muich .18
1% ton straw mulch 10
2 ton straw mulch .06
3 ton straw mulch .03
4 ton straw mulch oel02r
annual cover v .15

TABLE 6. *'C” Factors for Permanent Pasture, Handeland
and ldle Land® o

Vegetal Canopy Cover That Contacts the Surface

Type and Height Canopy
of Raised Canopy? Cover’ Types Percent Ground Cover
0 20 40 60 80 95-100

Column No.: 2 3 4 5 6 71 8 8§
No appreciable G .45 .20 .10 .042 .013 .003
canopy W 45 .24 .15 .090 .043 .011
Canopy of tall 25 G .36 .17 .09 .038.012 .003
weeds or short W .36 .20 .13 .082 .041 .01l
brush (0.5 m 50 G .26 .13 .07 .035.012 .003
fall ht.) W .26 .16 .11 .075.039 .011
75 G .17 .10 .06 .031 .011 .003

i . W .17 .12 .09 .067 .038 .011
Appreciable brush 25 G .40 .18 .09 .040 .013 .003
or bushes W .40 .22 .14 .085.047 .011
(2 m fall ht.) 50 G .34 .16 .085.038 .012 .003
W .34 .19 .13 .08] .041 .011

75 G .28 .14 .08 .036.012 .003

' - W .28 .17 .12 .077 .041 .011

Trees but no 25 G .42 .19 .10 .041.013.003
1 appreciable low W .42 .23 .14 .087 .042 .011
! brush (4 m 50 6 .39 .18 .09 .040.013 .003
’ fall ht.) W .39 .21 .14 .085.042 .011
75 G .36 .17 .09 .039.012 .003

f W .36 .20 .13 .083.041 .011

! All values shown assume:
(2) mulch of appreciable

.083

(1) random distribution of mulch or vegetation, and
depth where it exists.

2 Average fall height of waterdrops from canopy to soi! surface: m = meters.

3 Portion of total-area surface that would

vertical projection, (a bird's-eye view).

4 G: Cover at surface is
litter at least 2 inches

W:  Cover at surface is most!
little lateral-root network nea

be hidden from view by canopy in a

grass, grasslike plants, decaying compacted duff, or
deep.
y broadleaf herbaceous plants (as weeds) with
r the surface, and/or undecayed residue.

plow, residue left with a C of 0.38 and continuous corn,
no till (10 percent soil surface tilled) with 6,000 + pounds of
residue with a C of 0.03. The reason for the large dif-
ference is that with no till (or other conservation tillage)
the surface is protected 12 months of the year. With con-
ventional tillage, spring plowed land is unprotected 3 or 4
months, while fall plowed land may be unprotected up to 9
months each year.

Unfortunately, few C values have been evaluated for
many other reduced tillage systems such as chisel plow and
till-plant systems. An estimate can be made by estimating
the surface residue and using Table 5. A chisel plow will
reduce surface residue from 20 to 50 percent, and a disc
will reduce surface residue about 50 percent each time it is
used.

Double cropping is also an effective way of reducing
soil erosion, since a growing crop is always on the soil,
Planting soybeans in wheat stubble not only saves time and
moisture but also reduces sail erosion. Values of C for
double cropping are not now available, but they certainly
should be comparable to conservation tillage.

Pasture, Range and Idle Land “C” Factor

Table 6 points out the importance of the amount and
type of cover in pasture land. The greater the ground cover,

TABLE 7. “C” Factors for Woodland

Tree Forest
Canopy Litter
Stand % of % of “c
Condition- Area Area? Undergrowth3 Factor
Well Stocked 100-75 100-90  Managed¢ .001
Unr1anaged? .003-.011
Medium Stocked 70-40 8575  Man.ged .002-.004
Unmanaged .01 -.04
Poorly Stocked 35-20 70-40  Managed .003-.009
. 5 lInmanaged .02 -.09%

! When tree canopy is less than 20%, the area will be con~‘dered as grassland,
or cropland for estimating soil loss.

2 Forest litter is assumed to be at feast two inches deep over the percent ground
surface area covered.

3 Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on the surface
area not protected by forest litter. Usually found under canopy openings.

4 Managed—grazing and fires are controlled.
Unmaniged—stands that are overgrazed or subjected to repeated burning.

$ For unmanaged woodland with litter cover of less than 75%, C values should
be derived by taking 0.7 of the appropriate values in Table 5. The factor 0f 0.7
adjusts for the much higher soil organic matter on permanent woodland

TABLE 8. *‘P" Factors for Erosion
Control Practices

Contour
Up-Dawn Strip
% Slope Hill Contouring  Cropping
2-7 1.0 0.5 0.25
7-12 1.0 .. 06 0.30
-12-18 - ‘1.0 - 0.8 - 0.40
18-24 1.0 0.9 0.45
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TABLE 3. “C” Factors for Cropland—Conventional Tillage Cropping Management (C)

Spring Fall Spring Fall Vegetative cover, crop rotation, fertility level, t_i[lage

Plow, Plow, Plow, Plow, practice.s, crop residue management and related conditions
Cropping Residue Residue Residue Residue have an important effect on erosion. All of these factors
System Laft Left Removed® Kamoved*® are involved in developing a C factor. Selection of the

! t C factor i difficult b I

correc actor is more difficult becruse there are so many
Cont. Sh** 42 .46 .54 58 more choices. However, changing the C factor of your
CSbe* .40 44 .52 .56 farming system is one of the easiest, yet still very effective,
CCSbe* 39 .43 .51 .55 ways of reducing soil loss. When comparing these values,
ggr(l)tx c. gg g; 52)(73 gg remember C = 1.0 for a tilled, continuously bare field.

: : : : The factors in Tables 3 and 4 take into account the
ggr’" f; fg g‘l‘ gg stage of plant growth and condition of soil surface through-
CWx 15 7 19 21 out the year, as well as the timing of erosive rains.

CCCOM .15 A7 19 2]

s H—q 2 Conventional Tillage “C" Factor

CCWM A2 13 16 A7 The information in Table 3 was developed for a con-
CxCOM By 12 15 .16 ion: . VS ith various i
CxCWM 1 ventional moldboard plow system with various crop rotaticns
CEOMM '%0 ﬁ ig }g and a high level of fertility. High fertil''y would mean an

: - : v average yield of 75+ bushels per acre of corn. For lower
gf&';m ggg hl) }(3) }? fertility fields, spil loss may be 10 to 25 percent greater.
CxCWMM 089 10 1 12 The C value increases as the huzard for erosion increases.
CCOMMM .082 .09 12 13 Notice the effect of plowing season and whether residue was
CCWMMM .079 .09 11 J2 removed or not. For continuous corn, the C fuctor increases
gxgownm& g;g ggg (1)83 .l(l) from (.38 for spring plow and residue left o 0.54 for fall

X . . . .103 plow and residue removed, a 42 percent increase. Notice
gngVMM 82[7) 8;3 83; }g; that close-growing crops such as wheat and meadow reduce
CWM 052 060 088 096 the C factor. Continuous wheat has a C value of 0.21,
oMM 046 050 074 078 which is 55 percent of fall plowed and residue left continuous
CWMM 040 050 067 .077 corn.

CWMMM .033 .037 .054 .058
CWMMMM 028 032 046  .050 Reduced Tillage ““C’’ Factor

= Corn - Sb = Soybeans W = Winter grain M = Meadow , i i e e - s .

0 = Spring grain X = Cover or greer manure crop . rf{\s lhg A}Tm,m(: 0:: fcs{qm-'_"gfhf"h :;nqr,';'h'g( h(?n‘ l::c
* Residue removed includes corn stover and grain stover. surface, the azard ol crosion 1§ decreased. 1able 4 has the
** Rotations with soybeans are calculated with 1500 pounds residue for each C values for strip ““ed,(” percent soil snrf_uce tilled) and
year of soybeans. no tillage (10 percent soil surface tilled) farming systems.

A factor for plow planting may be caiculated by multiplying the factor for To estimate amount of residues from crop yields, con-

conventional tillage by 0.6. sider that for cach pound of corn produced there is 1 pound
, of residue (100 bushels per acre of shelled corn equals 5,600

TABLE 4. “C"” Factors for Cropland—Conservation Tiliage

33% Soil surface tilled 10% Soil surface tilled
ROW CROP RESIDYE* SOD RESIDUE** ROW CROP RESIDUE® SO0 RESIOUE**
CROPPING 2000-  3000-  4000- 2090- 2000-  3000-  4000- 2000-
SYSTEM 1500 3000 4000 6000 6000+ 3000 3000+ [ 1500 3000 4C0 6000 6000+ 3000 3000+
ih Ib Ih ib ih Ib Ib 1h Ih i th Ih ib ib
Cont.R*** 311 243 188 13) 080 034 027 | .249 192 130  .070 030  .016  .008
RRROx 287 245 194 173 131 037 032 | .251 198 155  .135  .102  .024  .018
RROx 253 223 200 .177 161 038 033 | .229 205 81 165 123 028 .02l
RRROM 97 156 123 089  .058  .031  .027 | .160 .125 .088 .052 .028 .020  .0I5
RROM 68 .13 107 078  .053 030 .026 | .138 .16 .67  .048  .028 021 .017
RROMM 36 109 087 064 043 025 022 | .11l 088 .063  .039 023 .018  .015
RROMNMM 148091 073~ 054  .037 022 019 | .093 074 05 .03 .020 .0l6 _ .0I3
ROM 028 .02 022 .020
ROMM 023 .02 018 .01
ROMMM 019 018 015  .014
ROMMMM 017 015 014 013

The quantities of crop residue listed above refer to the amounts of cover in pounds per acre still remaining on the soil surface after planting.

* When meadows or green manure crops are included in the rotation, the calculations are based on plowing in the conventional manner for the first year corn and the
balance of the years of corn are mulch tilled.

** When planted in sod residue, calculations are based on planting in sod without plowing for first year corn. All succeeding corn is planted with 6000+ Ibs of
residue cover.

*** R = Corn or Soybeanc. The amount of residue preduced by the crop determines the erosion potential.
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the lower the C value. Also notice that grass type cover
gives greater protection than weeds.

A tall fescue pasture with an excellent stand of grass
would have no appreciable raised canopy. cover that contacts
the ground is grass or G and percent ground cover is 95-100.
The C factor is 0.003,

A bluegrass pasture with a poor stand of grass would have
araised canopy of tall weeds with a 25 percent canopy cover;
the grass covers 60 percent of the ground. The C factor is
0.038,

Woodland “‘C” Factor

Soil erosion from wooded areas is almost always very low.
Use Table 7 to find the appropriate C value.

Erosion Control Practices (P)

Erosion control practices include coniour tiflage. contour
strip-cropping and terracing. Contouring and strip-cropping
have been assigned P values depending upon slope and are
given in Table 8,

Contouring is the practice of planting all row crops and
performing all tilluge across the slope. 1t is most effective
on slopes from 2-7 percent where it reduces erosion 50
percent as compared to up and down hill tarming. To get full
benefitof contouring. ficlds shovld beretatis ely tree of gullies
and waterwiy s should be grassed. Slope length limits for
contouring are given i Table 9.

Contour strip-cropping 1s the practice of ulternating sirps
of sod with row Ccops or small grain, all planted on the
contour. The sod strips trap much of the sediment. and
sail loss from the field is only one half that of contouring
alone. Strip widths runge from 60 feet on steep (13 to 18
percent) slopes to 100 feet for 2 to 7 pervent slopes. Actual
width can be adjusted to fit machinery size. Strip-
cropping is not a4 common practice in Missouri, but it is
another alternative.

Terracing is a very ettective means of erosion control.
because it effectively divides the slope into segments equal to
the terrace spacing. Much of the effectiveness of terraces
is due to reducing the LS fuctor in the soil loss equation. With
terracing. as much as Y0 percent of the soil moved 1o the
chunnel will stay in the channel. This soil is not lost from
the ficld and may result in extra terrace maintenance.

I the crop is planted on contour with the terraces. use a
Pvalue from Table 8. This will estimate the soil loss between
terraces. Only about 20 percent of this will finally be lost from
the field. The remainder will be trapped in the terrace channel
and waterway.

TABLE 9. Slope - Length Limits for Contouring

Maximum
Land Slopa (%) SlopeLength (infeet)

2 400

4-6 300

8 200

10 100

12 80

14-24 60

Applications of the Soil Loss Equation

The primary purpose of the soil loss equatios: :+ to help
select adequate soil and water conservation practices for
farm fields. The following example will illustrate the use of
the equation,

Given: Assume a field in Knox county on Mexico silt
loam (claypan type) soil with a 3 percent slope, 300 feet
long. Corn and soybeans are rotated, The field is spring
plowed up and down the slope and the residues are turned
under. Yields are usually greater than 75 bushels of corn,

Calculate the average annual soil loss. A = Rx K x LS x
CxP

R =200 Figure |

K = (.40 Table 1

LS = 0.6 Table 2

C = 0.40 Table 3

P=1.0 Table 8
A=20x040x0.6x04x1.0

19.2 tons per acre per year

This soil loss is well in excess of the tolerable soil loss (T)
of 3 tons per acre per year. At this rate an inch of top soil
would be lost in an average of 8 to 10 years.

Management decisions influencing soil loss are usually
made by affecting C or P in the equation. The factor L can
be chang: d by terracing. The other factors R, K and S are
essentialy fined. If the tolerable soil loss (T) is substituted
for A, the required CP factor can be found. Using the
previous example:

Cxp:__._.l__
Rx KxLS
CxP=— 3 =006

200 x0.40x 0.6

It planting and tillage are done on the contour, P = 0.5,
then for C x P to equal 0.06, choose a system with a C
factor of .12 or less. From Tuable 3 with the same spring
plow tillage as betore a rotation of corn. corn, wheat,
meadow will lower C to 0.12. By using conservation tillage
the C factor can be reduced to an acceptable level by
maintaining 112 tons of muleh per acre (See Table §). Using
no tll (10 percent surface tilled, ‘Table 4) with 6,000+ pounds
of residue per acre with continuous row crop has a C of
0.03. Therefore. soil loss would average one half the goal of
3 tons per acre per year, even without contouring,

Summary

The Universal Soil Loss Equation was presented as a
means to estimate soil loss, to point out factors that cause
erosion, and to present alternatives for controlling erosion.
The use of contouring, as well as reduced tillage systems
that _maintain much of the crop residue on the surface,
can reduce soil loss to acceptable levels in many cases.
Terraces and waterways will still be needed for many other
situations,

A workable soil and water conservation plan will usually
be a combination of all these various parts. Considerable
thought should be used so that you can develop the best
plan that fits into veur overall goals,

Issued 'in furtherance of Cooperative Extension Work Acts of May 8 and June 30, 1914 in cooperation with the United States Department
of Agriculturc. Carl N. Scheneman, Vice President for Extension, Cooperative Extension Service, University of Missouri and Lincoln

University, Columbia, Missouri 65201,

The University of Missouri is an equal employment and educational opportunity institution.
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~ Appendix Table C-1. Proposed Long-term Staffing Pattern at Le Kef
© " hpplied Field Crops Training and Research
Institute--to Serve the Central Tunisia Rural
.., Development Project Area.

— ———

Aﬁik'Posifibh Description Level of Training
' ' . - [~ "MinImum “Desired

éCérealZEfeeaef:-”Bér1¢y¥ o pr;qﬁ;ﬁ?f Ms PhD
720" Cereal Breeder - Wheat | 1 Ms PhD

'vﬂ3}_'PIant'Pathologist (Cereals) S :f“;?_ M8 PhD'

| k. soil Scientist (Fertility, Management, R
Lo -Soil Analysis Laboratory) T sf'i.;MS, . PhD

5% Crop Production Agronomist (Drylaﬂd)lby VP Ms. | m
‘ 1\Fa:m Management Economist B

w,§f Weed Control Specialist

Farm Machinery and Experiment Station
Manegement Spcialist :

Horticulturist (Production and Marketing of
Fruit, Nuts and Vegetables)

{ ]

'} 10. Irrigation and Conservation EngiﬁééiﬁJf Afﬁi'“ﬂ:h.“‘

‘| 11. Extension Training Specialist ,f&;fflflj:_rfﬁis}

SR '

by:‘;This staffing pattern was proposed by the present director of
the Le Kef Training Institute, Dr. Daaloul, and assumes that in
the future this facility will becore an integrated applied '

training and research center serving the agricultural needs
of the Central Tunisian region,
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- Appendix Tabls ¢-2. Leboratory Equipment for Chemical & Physical.

. Soil Routine Analysis for the Le Kef Researchj
and Training Institute. S

‘,pH'métér with glass electrode.

. Centrifuges for 12 ml and 50 ml conical tubes.vlj1 j

Photoelectric colorimctcr

. Flame photometer with burner;’
‘ Drying oven. o
‘ Muffle furnance with automatic temperature co&trcly
;?Vacuum dessicators (with porcnlaine plates)
Tvo Khjedal sots (four places each) |

;bonductivitj set ~*oaratua (Bridge sca]e and cell)

Be"lp*c?:tin;vsﬁaker.~

Motored stirrer, blender and a mixer.QQ

. Automatic pipst distribution sot,

Dictilled wuter Alambic set.

Tharmemeter 200°C,

'?q‘anﬂnﬂ (Qvlr: reaiings - accurate 0. 1, gm - o ol gm)

 Contain ness, funnels, flasks (all kinds), test tubes, beakera“fgyrex
. bottlcs, filter anncls ete, :

- Pressure plate extractor (110 - 1/3 atm) with‘accéssoriés.:?
‘Pressure-morbrane or ceramic plate extractor (15 atm) with aécQéﬁ@fiéﬁ}}

- Volumabrie pressnre extractor (for hysteris studies).

Corpresisor to provide pressure neednd for the extractor.

Pracpeve centrol manifolds end ccwponents (valves, adapter,
fittings, ete.)



Appendix Tavie C-2 cont,

23.
2k,

25.

26.
27.
28,
29.
30.
31.

32.
33.

Cans with watertight lids for qqisturgﬁsamplingt
Rings & rubber rings (to order with the extractor).
Sets of sieves = openings = 2, 1 & 0.5 mm round hole
= 60 mesh. ‘
= 80 mesh.
=140 mesh.
=300 mesh,
Pycnometers.
Dispersion apparatus with igh speed stirring motor.
Wet sieving apparatus.
Soil permeability and soil hydraulic conductivity apparatus.

Modolus of Rupture apparatus.

Soil sampling tubes, or soil auger of different sizes and drop
hammer.

Chemical reagents for standard soil analyses.

Spare parts for all of the above equipment.

« e aro —a——— tomas

3k, Two électronic calculaiggs, desk.ﬁbdel,“brinting, programable.,

35.

Office copy machine for forms and reports.
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fAppghdikﬁ¢§§¥%;g§3,3;EQuipment and Supplies Required for Cereal Breeding

A.

- Equipment Transport:

" (Barley & Wheat) and Field Variety Testing for the

. Central Tunisia Project Area.

1. Heavy-gduty, (3/4 to 1 ton) L-wheel drive, crew-cab, picking
truck capable of towing 6-ton equipment trailer. Equipped
. with electric brake, tail, stop, and signal light outlets
for trailer; '

2. Six (6) ton, low-boy, equipment trailer equipped with

electric brakes and all legal stop, tail and signal lights,
10-ton capacity winch with 100 foot cable for loading non-
powered field equipment.

Field Equipment for variety testing (seedbed preparation):

" 1. 50-70 horse power tractor with 3-point and drawbar hitch

attachments,remote hydraulic controls (2); complete sets
of front-end and rear wheel weights to maximum capacity;l

2. Disk harrow 6-8 ft. 3-point attached;

3. Sweep cultivator 7-8 ft. with tine harrow attachment, 3-
point attached; o .

ey

4. Spring-tooth harrow 7-8 ft., 3¥poipt:pﬁ§g¢ﬁ§§£”m:;;;:

5. Spike tooth, lever adjuStable’héfr6W;fT;8?ff:ff3§ﬁ§iﬁ£;A
attached. SRR gR b

Plot Seeding and Harvesting Equipment (variety testing):'

1. Self-propelled, 6-10 row, core type plot seeder equipped
with double disk openers and press wheels. (Available
from F. Walter Wintersteiger Company, Austria)., Accessory
equipment should include seed distributor heads of 2, 3,
4, 5, 6, 8, and 10 outlets for various row spacing trials.
(Note: This equipment is used in cereal breeding and
variety testing programs throughout the world in many
LDC's, Most CIMMYT cereal programs use this plot seeder.)

2. Self propelled plot combine. 4-5 foot (140 cm) "HEGE Type".
Available from Germany. (Note: This plot combine is used
e tensively tin CIMMYT, Ford and Rockefeller Foundations,
International Research Centers and FAO Programs in ILDC
programs throughout the World).

‘fidjfl
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Appendix Table C-3 cont.

Field Scales and Balances:

* '8, 1000 gn (1 kg) to 50 kg. for large field plots;

b. ‘1 gm to 2000 gm for small field plots;

¢. .01 to 1000 gm for small seed or head smaples,

Seed Cleaning Equipment 500 gm to 50 kg capacity;
Grain test weight apparatus (metric);

Portable Generator - 5000 watts 110-220 volts for power source
to operate vacumn cleaner and power tools for repair;

Vacumn cleaner - 5 gallon capacity - heavy duty for cleaning
seeding and harvesting cquipment to prevent seed mextures;

Field measuring tapes stainless steel (metric) 2-50 meter and
2-100 meter sizes in carrying case;

Garden wheel hoe for marking plot boundaries during planting.

(U. S. type recommended);

D. Cereal -3reeding Equipment (Barley and Wheat):

E.

1.

-] O EW

Individual plant threshers (6 needed);

Stationary plot threshers (Vogel type - 4 needed);
Individual head or spike thresher (4 needed);

Two-row plot binder (Japanese rice finder) (2 needed);
Barley de-owners (3 needed);

Electronic seed counter (1 needed);

Desk calculator-printing, programable type for statistical
analyzer (2 needed).

Cereal Quality Laboratory Equipment (Barley and Wheat):

1.
2.

Protein Analyzer apparatus;
Miscellaneous Cereal laboratory equipment
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Appendix Table C-4. List of Equipment Required for Mobile Units

A.

to Conduct Soil Fertility and Agronomic Field
- Trials on Dryland Cereals in the Central Tunisia
Projéct Area.

Transport Equipment:

1.

2.

1.

6.

- Heavy Duty (3/4 - 1 ton), l-wheel drive, pick-up truck,
Capable of and equipped to, tow 6-ton equipment trailer;

Six-ton capacity 1l0-boy equipment trailer completely equipped
with signal lights and eléctric brakes; and 10-ton capacity
winch for loading field equipment. _

Tillage Equipment:

50-70 horsepower Tractor, equipped with 3-point and drawbar
hitches, remote hydraulic valves (2 sets), cuaplete sets
of front end and rear wheel weights to maximum capacity;

Moldboard plow, compatible to and within horsepower range
of the above tractor. Equipped witn smoothing harrow;

Offset disk plow (24 to 26 inch disks) 3-point attached
and compatible with and in horsepower range of the above
tractor;

Sweep-chisel plow combination - 3 point attached equipped
with both sweep and chisel points, springloaded tine’
harrow, compatible with ani in horsepower range of the
above tractor;

Spring-tooth harrow, 3-point attached - 8 foot (2 hsm)
compatible with above tractor,

Spike-tooth harrow - 3-point attached - 3- h foot sections,
lever adjustable.

Planting and Fertilizing Equipment:

1.

2,

3.

Grain drill, 8-fo.t (2.45m) doubi> disk type openers,
8-inch spacing, gang press wheels, 3-point or drawbar
attached with fertilizer box attachment;

Grain drill, 8-foot (2.45 m) shovel type openers, 12-inch '
spacings, 3-inch steel press wheels, with fertilizer box '
attachment, single drawbar attachment;

Fertilizer spreader, 8-foot - positive-feed type, 3-po$n€
attached (Barber fertilizer spreader type). ‘ ’



- Appendix C-4 cont.
fDi‘f7Harvesting Equipménté

’1." Plot combine harvester L4-5° ££i (140" em) Hege-type (manu-
factured in Germany).

iEQQ; Pést Control Equipment:

‘1" Plot Sprayer, 2h-foot, equipped with 3 separate spray booms
" each individually operated by multiple control valve, 50-
. gallon capacity - stainless steel of fiber glass lined
' tank; complete with gasoline engine, pump, pressure regulator
valve, spray nozzles and tips mounted on small trailer.

2. Plot Sprayer - 10 foot - bicycle-type with air pressure tank - |

complete with tanks, boom, spray nozzles, spray tips, pressure
[ regulator and all plumbing hardware.

F.f'jSoil Sampling Equipment:

‘1., Hydraulic powered soil sampler, Self-contained unit ccuplete -

" with engine (18 hp.),tool box, rotary attachment, mouated on
- two-wheeled trailer equipped with tail, stop and signal lights.
(Manufactured by Giddings Co., Fort Collina, Colorado, U.S.A.)

T'é. Accessories for hydraulic soil sampler:

a) main cylinder with 60-inch (150 cm) stroke
"b) 1 5/8" flight auger, pin-type adapter
‘e) 2" flight auger, pin-type adapter
d) 2-1 5/8" sampling tubes - 60" (150 cm) split sides-pin- .
type adapter '
e) 2-2" sampling tubes - 60" (150 cm) split sides-pin-type
adapter Do e . :
f) 1-1 5/8" steel cleaning brush
g) 1-2" steel cleaning brush
. 1) 10 ~ 1 5/8" soil bits (5 regular + 5 quick re;l.eaae type)
1) 10 - 2" soil bits (5 regular + 5 quick release type)
J) Pipe vise - mounted on trailer.

G. 'M{scellunecus Field Research Equipment:

1.7 "Portable air compressor - field air source for cleaning
~ combine during harvesting for pure seed source, air source
for bicycle plot sprayers, air source for tire pressure
and tire repair.

146
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Appendix C h cont

2

Portable generator - 5000 watt - 120- 220 volts for field

" repair using arc welder and/or electric drill; also for -

vacumn cleaner for cleaning grain drills and combine

B ‘harvester during planing and harvesting.

.‘.3.

Field scales and balances:

a) 1 to 50 kg. capacity for large field plots;

b) 1 to 200 gram capacity for small plot samples;

¢) .OL gram to 1000 gram (mettler type) for weighing soil
samples and small grain samples..

- Fleld measuring tapes (metric) stainless steel 2~50 meter
and 2-100 meter tapes.



 Appendix Table C-5.

Intervention fo}r Central Tunisia

Calendarized Summary of Preliminary Cost Estimates for
Academic Participant Training for USA

ID Dryland Farming

Amountis Needed

}

Years

1

___{_1219 =

$

D

3-Year Total .

R. ll’ M.S Trainees (24 MM each)
B. 1 M.S, Trainee (30 MM each)
C. 2 PhD Trainees (36 M. each)

13,200

26,400

22,000
9,500

i
. 61,680
i 15,k20

7’4,016

25,700
6,425
30,840

8,25
33,000

3,18 |

114,480 47,700
133,106 53,500

92,400

38,500

151,116

62,965

k1,251

17,188

3 e—

. 8y1



Appendix Table C-6.

. Farming Intervention for Central Tunisia

Calendarized Summary of Preliminary Cost Estimates for
Short-term Participant Training for the USAID Dryland

. o o Amounts Needed By Yeers o
E3 Item 1979 1980 1981 ,
} : .
L i )
1. Soil Fert:.l:.ty Specialist -
‘ (2 1)
2, Farm Management Specialiet :
(3 M4) .
3, h Agronamist from xroject
Area 1 LM each) - o
L4, 1 Weed Gontrol Speci'alist
oG e
5. 1 Farm Machinery bpecial:lst ‘57-?
(3 i) EiaT
6. 1 Extension Training Specia_'l.ist
(3 1) b
7. 1 Irrigation & Conservat:lon
Specialist (3 MM) |
R 8- 10 Selected Technicians o B
(1 M each) - - - a= 25;150 - -




Appendix Table €-7.

Calendarized Sumary of Preliminary Cost Estimates
for Proposed USAID Short-term Consultants for the -

Dryland Farming Intervention for Central Tunisia -

4 ‘ i979 Amounts Nisggd by Years .
' 1901 __3-Year Total.
R e — B S— T —
1. Crop Production . '
Agronomist (Dryland) | € 66,000 27,500 [ 3 33,000 13,750 11,000 4,583 [10 110,000 45,833
2. Soil Fertildty | S
(Laboratory Specialst) | 5 55,000 22,917 | 3. 33,000 13,750 22,000 9,167 [10 110,000 45,833
3. Farm Machinery/Exper. " B R |
Station Management 5 55,000 22,917.| 3 33,000 13,750 22,000 9,167 {10 110,000 145,833
l". Farm Manasement V ’ , ' ; B »,}:;f‘-;:. . ;
Economist 2 2,000 9,167 [ 3. 33,000 13,750 11,000 - 4,583 | 6 66,000 27,500 °
5. Weed Control Specialist] 3 33,000 13,750 2 22,000 9’16,{ 11,000 l&‘,58?;* .~ 6~.~. 66,00027’500
6. Irrigation and S » L i£: Co g
Conservation Specielist| 2 22,000 9,167 | 2 22,000 9,167 22,000 9,167 | 6 66,000 - 27,500
Specialist 2 22,000 9,167 2 22,000 9,167 22,60 9,167 | 6. 66,000:. ...27,500
Totals 25 275,000 114,56 [18 196,000 82,500 121,000 50,417 |5k 59'&9000_.,?21,7,’500

0ST



Appendix Table C-8.

Crop Production (Cereals - Barl

Calendarized Summary of Preliminary Cost Estimates -

for All Proposed USAID Interventions in Dryland

Central Tunisia

ey & Wheat) in

Amounts Recommended by Years

$ TD $ TD $ __TD $ ~TD
A. nt: | |
1) Soil Analysis Laboratory v ’
(Appendix Table C-2) ) o 90,000 37,500 -- -- -- - { 90,000 37,500
(2) Cereal Variety Testing & Breeding SR R
(Append. Table C-3) - Mobile Field . N B ONEI CREE
Research Units (2) 200,000 83,333 - - - - 200,000 - 83,333
(3) Soil Fertility & Agronomy (Append. | . : A SR
Table C-4) - Mobile Field Research i e e
d Units (2) 240,000 100,000 | -- - - - 240,000 - 100,000 *
Sub-Totals 530,000 220,833 | -- . ii 530,000 220,833
B. Short-Term Participant Training: o B L | 5 |
(Append. Table C-6) . 18,900 7,875 | 28,200 1,750 ‘ 72,250 30,104
C. USAID Short-Term Consultants IR S SO R
(Append Table C-7) 275,000 114,585 198,000 82,500 [121,¢ X 417 | 594,000 247,500
D. Operating Funds (Fuel, Repairs, etc.) | 64,600 26,917 | 72,00 30,000 96,000 40,000 | 232,600 196,917
E. Senior Technical Advisor . oL ~ ' : T
(36-Month Total; 1/2 yr. 1; 1/2 yr.2) 115,500 k49,792 12,500 146,875 - - 232,000 96,667
Sub-Totals (A +B +C + L + E) 1,008,000 420,000 |410,700 171,125 {242,150 100,89 ;.,66@850 692,021
* ' '
F. Participant Training (Acedemic) . o
{(Append. Table C-5) ~ 92,400 38,500 [151,116 62,965 | 41,251 17,188 284,767 118,653

<*This item probably will be funded under the Agriculturel Technology Transfer Project.

ST
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' APPENDIX' SECTION D
Saﬁﬁle Forms qu Deve'llopi‘ng"f,»

"Enterprise Budgets ‘
i Budgé_t‘:- S Page:
. Form:No. o . - Title “No, "
G e 15
11 - B&?lé&l“Graiﬁ (Dryland) | 154
24 ‘ Tématées 155

“Almonds | 156

Sheep - 157



ffcentral Tunisia Area'f Delegation

.;Kind of Crop a Oats/Vetch Hay

‘rDeqcription Grown on lrrigated land

T (1320k)
1. Yicld :40 balesper hectare.

. b m— w-—-.,

p?iée, Dinars pér kilo.
»ffél;,CRdés TNCOME per’hectare ;-;

4, VARIABLE‘COSTS'PER/HECTARE: o

‘35,'>Land preparation coqts','{fi“‘ 

*Miscelléheous Costs. 'ﬁqngrﬁ

.14, TOTAL VARIABLE COSTS (cal 5-13)

f*er )1elds & inputs from Djilma Delegation. priqe“da a.‘rdﬁfckggi3
(Bud%et prepared by Monia Bouratbine, CNEA ) o N

133“



’BQQggthO£ l;&7'erpigpterpris Budget_- BARLEY |
B S (Dryland)

Central Tunisia Area- Delegation _Sbiba - Sector

Barley fw 7'““' :‘u ] . Dryland (xx), Irrigated ( )

"'AI‘,"P?°?'_?4_{ _ Present
féi&éQ;iﬁé§¥3per he§£a£é7 f%.‘;¥, T
 ??;;¢3'Diﬁars per Quingal'::“:f;-;g;L;L ‘L,‘:D' 4;000
'tgdés INCOME per hectare ._;;égif.:{ﬁli. 32 090. gyél..D’16-°°°
€ 4,?;;AR1ABLE COSTS PER HECTA?E; | - |

P 5. .Land preparation COSES « « « + o ¢ o s s ¢ o v s o o s oD

o
.
.
-
.

?jﬁfg FErtilizer** ‘u-};._a . l@&f;% ;LE;“‘v 2 . . -
ww?»;“BOﬂKG/HA =D 4.800/ha - C Ve e u@i~ SRR EL e
7. Seed 10.Kg ¥ 5500, the quiptal, . ., , .. .4 890. ... _3.8%

t;a; Crop Chemicals & supplies « e ;‘; f>- L o‘qrf_

_L;'”JCustom machine hire. . . » ‘, ‘ e . 10,000, | 10.000
‘07 3 h x 2000 + 4.000 threshing 2 A RS = £ (N

“.Machinery: fuel, repairs;&etc.“fh. . 5 .,.‘,:;_.,.». .

gHngeliénébus:CostsQ ;1}ﬁ}?;'.3
\Othet. " e e ‘n LN 00 .. o .
~working man-days x 1. 200
TOTAL VARIABLE COSTS (cal 5 13)

acnoss MARGIN PER HECTARE (L. _-L 14) 13,500, . n' 6 150

;:;Days Man_Labor needed/ha .. ;l..,“;'; .:;‘}O;dgyg , ;'. 5 days

Toee <
I L

?17. Hours draft animals work/ha. . . . .A} e e e e

/*Budget Data for Central Tunisia Project Area; from CRDA (Commisariat
~ Regional de Development Agricole). (Prepared by Tahar Ben Salem.)

*%50 kgs. N/ha @ D 0.038 = D 1.900
50 kgs. P,0;/ha @ D 0.036 + D 1.800 | el
= D 3.700 - (Rates used at Ousseltia station).
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J24 - Vegetable Budget - TOMATOES

'[‘nggfdlf  {fjbéiegatiQn Sbiba *7f Sector 2

~Kind of Crop” ' ‘Tomatoes (in season) Dryland ﬁf s Terigated (%)

DeSCELpEion s e sy

,lﬁ“”Yléiﬁﬁ'“Eggf;'per hectnré;“.:.ﬁifv

O T e 3
vrice;"Dinars per ton . -l T

i3 -/5

ROSS' INCOME per ‘hectare .‘.'.».‘;f.*.&. Ry b 720000 -

4, VARIABLE COSTS PER HECTARE:

'5.- "Land: preparation coSts . . . . e e e D
(2Q/ha amon. nitrate)+(2 5Q/ha Super

Ph hate)+(2Q/h t + RN
6 Fertilizer & Lime.’.mazzze?.e2 S ?/.a.p? ?s?).(ga.oqo.‘.'““

15, 000 plants x 3 millimes

7 S do'o---o.o-- ® o s 8 on-c-u-o‘o "."

Sulfur 75 kg. x

rop Chemicals & Supplies Oril3FfDetane o . o

1000
-,..uéébm»machfne hire. oo v e o
' '10 i Machinery"“fdef."tébdiré; etc. . . . .“Iyﬂi

llrf“Feed & Supplies for draft animals. . . .‘;“f;ii.

ﬂ=12} jMigcellaneous Costs.190.w?rki?g.m?ntdéy?‘¥ ¥f?p9 e 150.000 -

‘Water for irrigation 8000m3

hf.o‘.---oc.-..-o-»

32,000

AOTALﬁVARIABLE COSTS (qdl, 5-13)_(f . p 3485000

_cRoss 'MARGIN PER HECTARE (L. 3L, 14) A7 7p 371,500 -

‘;T16}55D3ys“Man'LaBoi needed /ha :‘; :f;‘,fy i o i

: i71*”Hours draft animals work/ha, . . ;,L‘;;ivfafwia}°lqk“.’tf" T

?g_*Budget Data for Central. Tunisia Project Area' from ‘CRDA (Commisariat
Regional de Development Agricole). ‘(Prepared by Tahar Ben Salem )



~*Budget No. 26 - Tree Crop Budget - ALMONDS,

Ceﬁ£§éliTﬁﬁisia"Afea;‘ Delegation

Sbiba .

T
N

op -’Almonds

. Sector .. . ... -

Description

tEl,{‘?ié;Q} kg.  per hectare. .

?2, ,P]%qg, Dinars per __ kg..

S P P

.-3. GROSS ‘INCOME per hectare . .
"4, VARIABLE COSTS PER HECTARE:

5. Land preparation costs . . .

6. Ferfiiizef~& Lime: '3 v/ siy

i 7 ; SEEd o a . " & « » e 0

8.71Cr9p¢Chemicals & Supplies m}¥

9. Custom machine hire, , . ¢ O*%

6 hrs..x.Z:OQO.

A}

10. Méchinery: fuel, repairs, etc. . .

11. Feed & Supplies for draft ahimals._i;, .

12. Misc llaneous Costs. ...

13. otherc ”o . o o . s

14, TOTAL VARIABLE COSTS (cal. 5-13) . .

15, GRO“Q MARGIN PER HECTARE (L.

16. Days Man Labor needed/ha « ..

17. Hours draft animals work/ha. . . . .

-L 14)

5 days

, pruning) 1/2

barvesting)hired
. §1abor’

...
% ..

D__0.350

+

D,_35.000

1.000

12.000

|

2300

6.000

D _20.500

D __14.500

*Budget Data for Central Tunisia Project Area, from CRDA (Commisariat
(Prepared by Tahar Ben Salem. )

Regional de Develogment Agricole\
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**Budget No. 30 - Livestock Budget -lSHEEP

SHEEP ENTERPRISY -

1. Deseription of Sales from Enterprise, (from One.Unit):*

" Wool - 2'1/2 kg, x 0.740'TD/kg. 1850

© Lambs - male - 24 kg. x .35 = 8.4 kg. x 0.750 TD/kg.

female 25 kg. x .14 = 3.5 kg. x 0.650 T/kg.  2.275.T0 -

Cull Ewes - 38 kg. x .20 = 7.6 kg. x 0,450 T/kg. 3.420.TD

*k2. GROSS RECEIPTS per Unit (dinars). . . .. .. ;ﬂ;’; : v[Dfia;bdéfTDA‘

3. Cost of feed per Unit (dlna?$5h+7ﬁii§ & manure income 7" ~».02 TP

, | ‘ TOTAL 14.0 o Tn'f
a., Pasture . . . ., .+ + 4+ « . D . A

b. Other feed. .C?ngeptga?e... . D "O;BOO

(20 kg. x 40 m.)
4., Medicine. . . + v v v v v v v v oD 0.150

5. MiSC. . . [ . s . s " . o LI D 0.050

6. Other . . . Marketing 5 0.280

7. Other . . , Sellimg tax = = 0.050

*%8., TOTAL VARIABLE COST per Unit. . . D 1;330 
9. CROSS MARGIN per Unit (L.2 - L.8) D __12.67 '(13.0 rounded)
10. Uours Man Labor Required per Uniﬁl;:.Mf,Sffn;‘(égpiﬁQ@éd)P.
11. Investment Required per Unit. . .-D _ 20 _ | (estimagéa){
*One unit includes one ewe, lamb and portion of replacement for flock._

The budget assumes a 5-year productive life/ewe
--qvlltny of .2 cwe per year and savings % of ewe lambs for replacement.

k%Data rucoivud from CNEA (from Philippe Atdounin-Dumazet and Hafi Chedli)
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5sﬁﬁ§l€“PiééE&u¥éémfof Evaiuééiﬁé

Farming Systems

Fogm No. Title ‘Page No.
{TU-1 _Capital Investment Summary 159
“Ty-2 Land ‘Use System ' 160°
-TU=3 Livestock System = 161
’TU54 Profitab;lity Ang%ysiS. %ﬁ%l

.TU=5 -Economic Feasibility {(Cash-Flow) Analysis 163



“Form’ TU~ : CAPITAL INVESTMENT SUMMARY |

Pxeqonr Systom ( ) or Improved System No.nA:j
DESCRIPTION OF SYSTFM’ | |

Kind of Land -{

" Crop & leostock Entcrprises-- )

,75. ;LAhD INVFSTMFNT 30" haix 2200 vu/ha

159

B FARMuBUILDINCS: S ';‘f o T

1. Storage Bldg's..... .ot 1 ..L...;{{:;.;'TD., 25

22‘ Corrall.. ....... LI I .‘QO"‘I..'C"...QI-..'I"D ' 10

3. other.."'~ll'IO..'l.'...l'...l.'l.‘l.'l.. TD;- ety

4. Total bldg. Investmente .:....;......}l..........;.... ™ .35 ..
'C. ‘TOOLS & EQUPMENTS:

.10 Hand Toola.l.".'.‘...l..l...'l.l..‘.l.. 'I'D

2. Field Equipment. tereesicteiieisasianeses TD g

‘3. Traosport. Equipment..................... T 20

I" L L B I S ..'l.'...ll......l.".‘.l.'.l’ TD““-‘ 7

5. Total Equipment Investment............................_TD 45 ¢1'

s+ oy A o S 2+ $54
o r— ety et s bwns

D. BREEDING ANIMALS:
‘ (15 ewes,

1. ‘Sheép. +-+No.1 ram)x TD 20 /head....... TD 32Q4 L

2. Goats.....No. x TD /head....... D
3. Catclc....No x TD /head....... TD

4. Total Brecding Animdl“fﬂﬁﬁ§fmcnt..;TTJTZ;.......;.;..;iTDQJ

E. 'WORK: ANIMALS :

‘Donkeys...No._2  x TD 25 /head....... TD ?"so

1.

- 2. Mules.....No. —— X Tb___. /head....... TD

3. Horses....No.____ x TD /head....... TD -
4. Camels....No. 1  x TD 250 230 /head.....:. TD_ 250 -

t 5. Total Work Animal Investmcnts......................... TD?fi

-320°

300

}‘/'0 TOTAL INVES’IMENT CAPI'FAL. 0.‘.'.,‘.0"l.l"!.'..ll'...‘...TD 3700


http:Donkeys...No
http:Sheep...No.Lr

Form TU=2

CENTRAL ThNISIA RURAL DEVELOPMENT PROJECT

Evaluation of

Yodel Farming Systems

Gross Marygins and Total Days Labor should be transferved directly {roa individual

budgets.

LAND USE SYSTEM ;
Kind of System: Present ( ) or Improved System No. _A
# Season ! *¥No.of Yield Total #uh(Gross Marzin ! Days Labor¥®x . |
Land Use* i In | Out | Hectares ——J/ha. Product Per ha. Total i} Per ha. Totral 1
(1) i (2) | 3) | (4) (5) ! (6) (7) (8) it (9) (10) i
Barley E ; i | | ¥ ‘ :
i (Improved) § == | - ! 8 .8 Ql/ha. | 64 Q. 13.5 108 i 10 go |
1 i i !
2 Almonds I 2. 100 Kg/ha. 200 Kg. 14.5 29 U 5 10
Rotation 4 " o o
3 Pasture o= = 10 (Productibn & Income from Sheep Enterprise) !! 2 RS S
Non-Rotation i ! ' H SEE e
4 Pasture it == - 8 (Productipn & Income fJom Sheep Enterprise) !! - B o i
W ) b ] S '
5 ?L } N
u i
6 1
7 " :
i :
8 i I
i :
9 !
i K —
10 i i
; |
il u . 1
k] ’ H
12 i 1
. — - 1 3
1} Waste Land§ XX XX 2 XXXX XXXX XXX XXX XXX AKX
3 :I - ‘i§
14 TOTALS i xx XX XXXX XXXX XX 137 1 Xxx =110 .
*® includes cereal crops, forage crops, pastures, vegetables, fruits & pucs, fallew, & waste land.”
*% In case of double or multiple cropping, circle (ha) for succeeding crops and omit from total.
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CENTRAL TUNISIA RURAL DEVELOPMENT ‘PROJECT

Evaluation of Model Farming Systems

 Form TU-3 LIVESTOCK SYSTEM
JKind of System: Present ( ); Improﬁe&iNé} A
- . Gross Margin*#* ' : Days-taﬁor Usedixs |’
L ) ; No of -
2ind”s Feroris irg*k ‘ -
Kind“of Entexprise Units®| 1p/unit TD Total Per Unit |  Total
Ry @ (3) €S N I ¢ Y I (6)
1. Sheep (15 ewes, 1 ram) - - | 15 13 o195 . - 5 | 75!

» 2.’: t
e —
3" :

4, z -
5. i :
: -
6.
7. TOTALS FOR SYSTEM oo | oo 395 b oo - 1

Unlts refer to the breeding un1t or.: no..of head as descrlbed in Enterptlse Budgets‘

* Gross Margins and Days Labor Used may be taken directly from the Enterprlse Budgecs already ??é?éfé@?




" Form TU=4 -

CENTRAL TUNISIA RURAL DEVELOPMENT PROJECT

Economic Fvaluation of Model Farming Systems

PROFITABILITY ANALYSIS

kind of System: Present ( );

Improved No.

—A_

162

.Totnly

 15L{ﬁe t:ﬁ Item Details
N - (1) (2) (3)
"1.].TOTAL INVESTMENT CAPITAL ’ . B
‘ (Form TU-1, Line F). . . v o o 0 W o < .| TD ™ 3,700
| LABOR-- - .
- 2.f-Crop Labor Days (Form TU-2 Col. 10) « « + «| TD_110
w‘3;(§L1vestock Labor Days (Form TU-3, Col. Q) .- TD 75
4.| Miscellaneous Farm Labor (Est. days) . . . .| TD_10
N . . Y ! v' B
g "5- TOCal l)\'ly‘; Far“\ l;aboro . . . . 0 . o o .‘. K e xxxx TD 195 .
 GROSS MARGIN--
6.1 From Cropping System (Form TU-2, Col 8) .| TD_137 | ?
From Livestock System (FQEE_IUf3; Col.ﬁé) +{ TD_195 | ;
8.l Total. . . . . . ¢ v v s v v 4 4 c e ae XXXX TD. 332,
OTHER CASH COSTS-- : .
9.| Hired Labor: (a) _0 days X (b) 2, OTD/day e o] TD ==
10.j CashRent. . . . ... ¢« . o v v v v oo o o o TD ==
11.{ Rent in Kind: Cash Value. . . .‘.».3,:. <] TD_==
12, Misc. Expense: 27 of Line 8.. . . . .. . .| TD 6.6
13n Other a & 4 s+ e o+ e & o 6 6 6 e 2 8 e o s e e TD '4
: : B
14, L-Total. Qther Cash COSES v vmms v 0 o 4 vt » | wmBYXX TD 7
15.§ NET CASH FARM INCOME (Line 8-Line 14) . . . KAXK D 325 ]
16.| DFPRECIATION ALLOWANCE: Equip. & Buildings HXXX D 5
17.| Cash lncome above Depreciation (Line 15-16) XKXXX ™ 320
18.| Cash value Parm Produced }amii;.Food (es; ) ixxx ™ 275
19. ) FARM PROFIT (Line 17 + Line 18). . . . . . . XXXX ™ 595
20. | Return to Family Labor & Mgt. l
[L.19-(L.1 X 62)). . . v . o v v v v . RKXX ™ 373
21. | Return per Day [1..20%(L.5-L.9a)]} . . . . . . XXXX ™ 1.91
22. | Return to Capital [L.19-(L.5-L.9a X L.9b)] . KXXX TD__205.
23.| % Return to Capital (L.227L.1 X 100) . . . . XXX % _5.54
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‘ (FNTRAL IUNTH1A RURAL DPVPLOPMFNT PROJECTii

bconomic lvaluation of Hodcl Farmtng Systémsz
BLONOMIC FEASIBILITY " (CASH- FLOW) ANALYSIS_ 

Kind of qutcm'

Present ( ), Improved No'f‘“ﬁ 

163

“Cash available for

@:tﬁv Item "Det: | axfstsi?;;:
Aff o (1)' (@) ‘”“.j(3)§_7f¥i
1;$:th Cash Farm Income . (Porm 1 TU—4 I 15) | 0 325 |
2 |cash Rent Received. PR o  Tpff‘;;
3 |Wages from off-farm work. . . . . T
4 |Other Cash Family lncome. . . DR
5 |TOTAL CASH FAMILY INCOME. . . .. . o 382
CASI FAMILY EXPENSES: U
6 |Family Clothing . . . . . . e o220 |
7 [|Family Food . . . . . .. . . ,'TD 100
8 [Weddings, Religious Ccremonies, etc.. ™D 50 _
"9 " fInterest paid in Cash™. o 10 |
10 |Other Cash Family Expenses. . . . ™ 20
11 TOTAL CASH FAMLLY EXPENSES. . . XXXX ™ 200
12 *NET CASH FAMILY INCOME (L.S-L.ll). XXXX fD 182

savings, debt payments, and new investments.
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APPENDIX SECTION F

Copy of USAID/University of Missouri
Contractual Assignment

Pages 165-170



UNITED STATES

AGENC“:’ FOR IN’I‘EI’.NATIONAL DEVELOPMENT =~

1'
2.
MX Indefinite Quantity Coniract No.
T Reguirerents Coatrazt No,
0 Baslic Ordering ARTeRmLnY Ha.

PRI URITTW T, BN e A S S TSRS R LS A e .

————————— —— a1

'....—“‘t:“‘:.:

M,rL one and insert ;;propriu 2 mumbers:

OF AMERICA SR N 165
Country of parformance _ [UNISTA
AlD[af.r..C_llE_.....- work Order No,_ 4. .

» Delivery Ozder No,
. Tuok Ordes:

No.

NEGOTIATLD PU"QL luT 'IO THE FOREIGN AS‘ISIAN\.E ACT

OF 19¢€1,

Ab AMLND'D AND EXECUTIVE ORDER 11”23

KAME OF CONTRACTOR:

’ o cy et h -y
Cﬂ.\.u,rm ¢, e [-_'.\.r-:'.‘a.l.-

/

%

. (/' /'}-_\ Jere buti
[

/]

ey T TRNEN TR L ISR IIE T 13T R T TR pyy
3. CONTEACTOR (Kame and Address: [ 4. CONTRACTING OFFICE (Nome sng
Address);
The Curators of the University of Agency for Internaticnal Development
Missouri Cffice of Contract Management
215 University Mall Services Operations Division
Cclunbia, Missouri 055201 Washington, D.C. 20523
e e e T - o L T Sy Sl SRR RO T A A s e - .—.;___&__,_
Se PRCJECT OFFICE (Kume and Adcress): 6. suRMIT VOU("rLL.:.S TO (Office Neme
‘ and Address):
Mr. T. Wilson, NE/TECI/AD Office of Fimancial Managament
(SER/FM/PAD)
Agency for Intematiornal Development
_=s TS T TIS ST S r TR e 1.&1&::;:::7?-&'—&—}}-1»“9&1"&43 _.g.n '?3
7. EFFLCTIVE DATE: 8. ESTIMATED COMPLETION DATE:
.'l-"'l"'." ke,e—[\l?‘q;[ F‘.“’Vm BB TTT LM AT A P My - nv—--m‘--r“m uurg.th—lm
9. ACCOUNTING AND APPLOPFIATIU~ DATA (1lnsert appropriate nunbhrs)
Azount Ubliqatpd 83233 F10/T Ko.: 298-035-3-6287005 (A-1)
Apprevriution Mo, j‘ l1? Allotment Ro.: _841.42-208 =00-69-21
I L AU L m L ttm e i s BT ARSI T S 1 S ST MR IUI Y TR TUT S TR T S St e oo LS LTI SIS LA
13. The Uai ad States «f Aauf'-a vepresented by the Contracting Officer signing
this Order, wnd the Contractor axree thav: (e) this Ozdar 1in Lasued pursuaut
o the Contract cv Agrecrent apscified {n Block 2 above and (b) the eatire
Contract betusen the parties hrreto consist of this Order and the Contract or
As'eement upccified fn Block 2 above,

< D= At b iy —= il

1la, 115, UNITED STATES OF AMERICA

AGENCY POR INTERNATIONAL
DEVELOPMENT

-

XY (Signeture of authorized 4idividusl):

BY (Sigoature of Contracting Officer):

/ / L] N

,..-c""""(' J/ AD ./
AV?’D 02 PRINTEL HAME: q TYPED OR PRINTED MAME:

<’ A N
) "--/' O / 7‘ '—"'-/_‘74'_____._.‘_.___“___L._’.T‘. J. Moncada
TITLE: o, TITLE:

PR /.'. v lery CONTRACTING OFFICER
DATE: DATE:

0 v oy )

/‘I i.! s /’ Y / [/ ! (’

T EBam s W e GG B e et R e a0 e

Temp. Form (1/78)


http:tpecifp.ed
http:PU.St!U.NT
http:DEVELOPa.NT
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- Vork Drder No.‘6; « s
2 Contract No. AID/nfr-C—1139.‘

‘ARTICLE“T’ =<' OBJECTIVE

1.7 T
,sele*ted from those proposed in the wic. rcport, anL o:‘“
‘wé‘ To furnish on-the-spot expettio;—ond reports, to 6§Z§b/GOT to
;accompltsh incorporating the technicol interventions into tlie design of the
projeot.. Selected interventionq to inctease production and raise farm iamily
incores: | ) N
”“k"éi P*lot, héﬁoodfreooit; doooostrotions 1.) déep and
shallow water well dLvelcpnent for onall scale irrigation; and 2.)‘rain’
‘water managemenc and erosiun: contool ustng terracing, collection, and
‘apreadiogftechniques; and
'b. Assess and Jevelop technical’aa 1stnncc requiremants and plans
fi Pt E B 4

aimed at increasing barley pxoduction in the project area.

ARTICLE II - SCOPE 07 WORK -

A. All Consultants:

Literature Review - Make.a studied reyiew of the'UﬁCkrepoft and

biobliography and other information collected and assembled by the USAID/GOT.

In~Country Travel - It will be necessary for the consultantgc to

take '"second-looks" in the project srea in order to properly orient and

correlate plans vithin the various Lelegation and secteur administrations.-

Consultations - Coordmnation and cooqultafions wich the various

_ GOT agencies is essential to planning.’



| Work Crdar.No..
3= Contract Ne

Be hgricultursl’ Ecenamist - WILT be ‘Fedponsible For

Hé ‘must work ‘

effort including the coordlna:innfaﬁdﬁéémpiétiéﬁ 5fftép§§ﬁétf;
uith”éaéh ihdiv1dua1"consultan:“thffiil"iﬁ;thé7vér16ﬁé7€6§¢7§e&tioﬁ§i5fféd§ﬂ.

veport.

C. Agriculture FEdonomints and Apriculture Engineers - Mist- review; '
consult and produce veports as follows: =
a. Reports and docuentation on phreatic aquifers which‘héve[begn’j

studied by Tunislan and/or FAO water engineers, Foussana and Thala are: ™

auanples;

b. COpfes"dfuail"availabléVthhsesj reports, studlée;mﬁlaﬁﬁg:éﬁéf;i{
Duvolvicg the Centr:l Tunisiag project area; -

c. Reports showing potential for additional wellskare“ﬁarticularly.
iuportant in prep%ring dénllar estimates for small irrigation inéerventions;

d. Reuorets listing uxisfing wells which are belng used, and ate
available from each of the delegations. Tbhese reports are necessary so;thatﬁf
aeeus for pump sets can be quickly Jétermingd and estimates of needs forélaﬁéy
preparation for ivrigation may te mades |

e. The detailed records of decp weils which have been drilled and

cappad, incluldnp pumping test data, are available from various souzces;

o e ———— ~mtaar FRTS AT (RPN s . awatew., . e bwme

f. The DRES offfcus may have speczificaticns already draun for
frops and power unics vhich would expedite purchase orders as well as assisting

In waking deterwinatious on distributions of natural resources to farm families.
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Vork Order No. 6
Contract No. AID/afr-C-1139

-Additional'Reuorts'-,uus: be pripared with rough maps showlng specific

areas sélected for shallow and deep well construction and/or improvement.

Mips to include and or identify means for compiling or filling in information

geps, such as:

a8, Aquifer :information, .
b. Drilling 'iogs'
»C+, ‘Quality checks
e. . Scll waps
-f. Meteoralogical information
.8+ Copstruction costu (pwsps, digging, linnings, etc.)
H; Operation costs (power, labur)
4. Maintenance prohlems
3. Gn»Férm water manageuent problems (salinity)
¥. Land distribution-préblems
Consuléations
2. DRES
b. SCS (Soil anservatlnn)
c. . Forestry
:d. . Delegation and Secteur Administrations
e. Agriculture Research end Agriculture Extension
. f. Etec.

D.-: Barlev Agroncmist

1.

Consultations - Must consult with scientists and technicians in

“a revicw of bailey research, production and extensilon efforts including a

deternination and review of linkasges with International Centers for arid lands
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WOrk ﬂrde' No. 6ﬂ S
LOntrnct No. AID/afr~C~Jl39

ugriculture; fdllowi#ﬁ i, a 1ist of'éon5u1tation to be mader :
a. 'USAfD/&ﬁnisl
b. Ministry of Agriculturcfkagﬁfé&ﬁifedj?
c. lnstifutb for National keééﬁftﬁ‘ih-AﬁfléQifﬁ;E’éﬁﬁ&
Technoluyy (I\RAI)
"d. Resecvch Station peruonnal ‘dealing WIth Barley Research
e. hxtension bervice personnel dealing with Barluy produntién
f. Dr. Georges Novikoff, Regident ocienthic-Coordinator,f
 Ténisian Presakiran Project, “Tunis
g CHEA, and
h. Cereals Tautitute at Lekef (Dr. Daaloul): -

ARTTCLE III - RETORTS

In addition o other ceports az requived each team nember departing Tunisia,

must provide a descriprive outline covering his spncific intervention and

Jeave 1t with the Mission Director. Within three wueks following departure

& firal report must be submitted to the Mission Director. Details must include
a. Background statement or 'beginning point' for each intervention,

describe the setting for each development, scope of development - including

time frames to reach development plateaus, numbers of farmers to be servgd,

etc., introduced technologies to be employed, expected socio-economiC‘chﬁﬁééq

to be reached and end of project status;

b. Goal statment


http:Tuinisi.an
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Vork Crder No. 6
-6- Countract No. AID/afr-C-1139

c. DTurpose stateaent (quantified)

d. TInputs nceded (quantifiec)

¢. Outputs expected (quantified)

f. Analysis of costs and returns per fariwer served

2. Analysis of intervention cost effectivenens including alternative
scales, Tunislan capacity to use "cookbook designs', Tuaisian
capacity to absorb intervention aud cost/improved Ha.

h. fonditions precedent to huplementation

i. Outstandiup, unanswered icsues end/or assumptions made

j. The final report must fnclude a detailed pian to he followed
in implementing the development of each intervention. Details
including sequential tlme frawes, agencies and personnel
resﬁonsibillties, {zaining, naterials needed, technical
assistance requiquents end costs

Completion of French translations to be agreed ypon by team leader and Mission

Director prior to teams dcparcture.



