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ABSTRACT

The semiarid tropics in Northeast Brazil occupy an area of 1,149,000 square kilometers and contain
24 milIion inhabitants. Most of the people are dependent on subsistence farming characterized by
small land holdings, limited financial resources and productivity that is both unstable and low.
Natural resources are limiting factors. Rainfall is highly variable and poor soils predominate.

The Center for Agricultural Research in the Semi-Arid Tropics was established by t he Govern-
ment of Brazil to seek ways to change the low quality of life endured by the residents of the
Northeast Region. A comprehensi ve program to promote and improve smalI-scale water management
in the region is underway there. Components under study include runoff inducement, microcatchment
water harvesting, recession farming, life-saving irrigation, pot (pitcher) irrigation and cisterns for
drinking water. Significant tcchnical achievements have resulted to date. The need to improve
technology transfer has been recognized.

INTRODUCTION

A large portion of the world's population today lives and depends on agricultural production in arid
or semiarid environments. Subsistence agriculture based on rainfalI, small farms, limited capital
resources, 1imi ted water storage, dependence on animal or human labor and lack of credi t faci 1i t i-s
are common characteristics of the productive process in those areas. T'hus , unstable food production
and low productivity are the results.

From the viewpoint of natural resources, arid and semiarid zones have shalIow soils low in
fertility, infiltration capacity, moisture-holding capacity and organic matter content. In addition,
they also are subjected to intcnsive rainfalI interspersed with droughts, high evapotranspiration
rates and a great erosion hazard. For the majority of such areas, erratic rainfalI is the only source
of water, and no attempt has becn made to conserve soil and water at the farm level , with the
situation becoming worse cvery day. In recent years, government and donor spending on relief
programs has been increased substantialIy.

Traditional farming systems in Northeast Brazil inc1ude crops and livestock. The cultivation
pattcrn involves the practice of intercropping with annual crops as a way to reach equilibrium with
the environment and the socioeconomic situation. However, the smalI farmers of the arid/semiarid
zones have failed to satisfy even their minimum needs. Furthermore, other opportuni ties for farmers-
to generate family income are too limited.

In spite of frequent failures experienced by the farmers, they are wilIing to use improved
technology. However, because of the limitations and characteristics involved in farming in arid and
semiarid zones, the application of improved technologies has not had the expected impact.

The Agricultural Research Center for the Scmi-Arid Tropics (CPATSA) was created by the
Government of Brazil in 1975 with the objective of generating new technologies to improve the
quality of life of the peasant farmers of the Brazilian semiarid tropics. During succeeding years,
alternative solutions for known limitations were gencrated in the folIowing research topics: small-
scale water management, intercropping, forcstry, soil fcrtili ty, grain conservation, fruticulture,
mechanization, animal production and agroc1imatology. AlI the generated alternatives have been
developed based on singlc-component approaches. During the last few years, CPATSA has con-
centrated efforts to increase effective utilization of a systems approach in its research programo

The present paper offers a brief overview of CPA TSA's approach to farming systems research
for arid zones with emphasis on smalI-scale water managcmcnt.
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Natural Resources

AGROECOLOGY OF TIIE BRAZILIAN SEMIARID TROPICS

The region covers an area of 1,149,000 square kilometers and exhibits a pronounced time and space
variability in rainfall distribution (1). In large portions of the states of Rio Grande do Norte,
Paraiba, Pernambuco and Bah ia, t he rainfall is so little that they can be classed as very arid (2).
Also , small portions of Piaui , Alagoas and Scrgipe are similarly c1assified (Figure 1).
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Figure 1. Climatic zoning for agricultural production in Northeast Brazil.

Rainfall amount within the year is not lhe only factor for determining the potential for drought.
The evaporative demand is also extremely important in causing the disequilibrium for water avail-
ability. In general, the rainy season is from October to September. However , three distinct rainfall
patterns can be identified in the region (Tab le 1). Solar radiation does not vary significantly from
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county to county, but does vary within the year (Figure 2). Because of that , potential for crop
production varies from county to county with the leveI and distribution of annual precipitation (3).
Examples of this can be seen in Table 2.

Table 1. Rainfall distribution in the semiarid tropics.

Location Annual Percent of annual mean
Mean

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Casa Nova-BA 507 4 12 23 13 15 20

Irece-BA 573 O 20 21 18 11 17

Petrol1na-PE 400 16 13 19 23 10 2

Jaicos-PI 669 17 22 25 12 3 O O

M. Isidoro-AL 654 5 9 12 16 15 13 9

N.S. Gloria-SE 668 5 6 10 17 15 15 9
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Figure 2. Monthly distribution of solar radiation in semiarid tropical Brazil.



948

Table 3. Typical planning elaborated with technical assistance and
subsdized interest rate.

Construction of a small reservoir 1,092.00

Remodeling of the family's house 833.00

Construction of 3,000 meters of fence 1,360.00

Repairing of old fence 411 .00

Planting 11 hectares of buffelgrass 2,412.00

Planting 6 hectares of cactus and cotton 450.00

Acquisition of one forage processing machine 607.00

Acquisition of two calves 715.00

Acquisition of two bullocks 500.00

Acquisition of one bulI 387.00

Taxes and other fees 1,230.00

9,907.00

01 U.S.$ 40.00 Cr$

Runoff Induccmcnt

The study of this component had two phases. In the first one, the concept was to utilize the
poorest land for producing runoff without any treatment. In the second phase, the concept was to
utilize the various methods of runoff inducement inc1uding combinations of intensified grassed water-
way s , strip clearing of caatinga. narrow- based channel tcrraces, salt treatment on cleared strips and
complete c1earing of caatinga with a grass cover (Figure 3).

Cistcrns for Domcstic Watcr

In the rural z onc, drinking water is a great problem. In this arca, the families utilize whatever
water thcy find to supply their needs. Usual ly , thcy sharc the same watcr source with the animais.
This aggravates even more their sanitary situation which is already unsatisfactory.

In the Brazilian semiarid trop ics , cisterns are used as small tanks constructed with br icks for
storing drinking watcr collectcd from roof tops. This kind of cistern, very common in the urban
area of the reg ion , is unusable in the rural arca. The reasons are two: t he catchment area in
general is not large enough to produce the required amount of water , and the cost is too high for
small farmers.

On t hat bas is, CPATSA tried to develop a cistern more appropriate to rural conditions by
using the soil itself as the catchment area, with plastic and chicken-wire mesh. With this approach
the cost was reduced by 40 percent when compared with the original o nes , for the same storage
volume. Figure 4 presents some details of this kind of cistern.
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Figure 3. Demonstration site for runoff inducement through different so il and vegetation treatments
(5) .
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Figure 4. Schematic dcsign for lhe cistern deve lo ped by CPATSA.
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Small Reservoirs for Life-saving Irrigation

The collection and storage of portions of excess rainfal l , and its later application as irr igat ion , can
markedly reduce the chance of failure involved in rainfed agriculture. However , due to the scarcity
of groundwater, runoff is considered the main source of water for the region. Moreover , the energy
price in Brazil is so high that pumping cannot be considered an input for subsistence agriculture.

On the other hand, before runoff can occur precipitation must satisfy infiltration and surface
retention demands. Runoff also is affected by the time of concentration. As the time of concen-
tration decreases, the rate of runoff per unit of watershed tends to decrease.

Using these pr inci p les , CPATSA developed a system that can be utilized for irrigation by gra-
vi ty. Figure 5 presents a schematic view of such a system.

The starting hypothesis for designing the system was that with 100 millimeters of extra water
for each cropped hectare. the chance for harvesting a short- growing season crop can be increased
to 80 percent in an area with 400 millimeters of annual rainfall. CPATSA has been working at the
farmer level with this technique since 1979. and good yields have been harvested so faro even with
annual rainfall as low as 250 millimeters.

Another assumption was that the minimum cropped area for the system must be 2 hectares.
which seems to be reasonable. Howcver , the correct minimum area can be identified by an optimi-
zation processo

Ac = Catchment area
o = Waler.hed divide

De = Droins
S = Spillway

To = Tonk
Ca = Plpe
C = Channel
Se = Broad- bedl furrows
Ap = Planling area
P = Wall divide

Figure 5. Schematic design for the system developed by CPATSA for life-saving irrigation.
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Evaporation presents an undesirable effect on water stored on the surface. This effect becomes
worse for counties in which the rainy season involves the months of Novembcr, December and Jan-
uary. As an example, in the hydrologic year of 1980 - 1981, the rainy season in Petrolina, PE, started
in December with a storm of 100 millimeters of rain. Because it was a high intensity rainfall, a
great volume of runoff was collected in the reservoir. Twenty days after this event, the total
volume of water decreased by 1,000 cubic meters due to evaporation losses alone.

Concerned with this problem, CPATSA decided to introduce into the system t he idea of a com-
partmented reservoir. Such an idea was developcd by Cluff (6) and has proved to be an efficient
method of storing water in areas having relatively flat terrain.

Besidcs minimizing evaporation losses, recent experience at the farm levei has demonstrated
that on the average 20 hours of bulldozer time can be savcd with a compartmented reservoir of
3,000 cubic meters capacity. This is due to the fact that a more convenient place for dumping the
excavated earth is created.

Figure 6 presents a schcmatic design for the arrangement of the most common crop consortium
used by the farmers. With this approach a great flcxibility is created for water management (7).

Microcatchmcnt Watcr lIarvcsting

Through the small-scale water management program, CPATSA has been looking for different alterna-
tives that will fit the existing varieties of situations encountered at the farm leveI.

Since specific land requircments are needed for the design of life-saving irrigation, CPATSA
has developed a different approach for using microcatchments in row crops. Figure 7 presents a
schematic view of the most promising ones.
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Figure 6. Schematic design for crops in consortium.

Figure 7. Schematic view of differcnt design approaches for row crops using microcatchments.
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The greatest advantages of the use of microcatchments are 1) the production of runoff per
unit of area is more efficient, 2) it does not require large machinery, 3) it is easy to implement 10

the field and 4) it requires low investments. Table 4 presents total costs and returns per hectare
for cowpeas with microcatchments.

Experiments carried out at the research station have demonstrated that there is no difference
in yields when microcatchments are compared with life-saving irrigation. However, the risk involved
is greater. According to experimental results, a 20 percent chance of failure exists.

ln the last 2 years, effort has becn concentrated on trying to increase the moisture-holding
capacity of poor soils by incorporating compost produced with manure and residue of natural vege-
tation. AIso, alternative approaches are being used to try to generate parameters for microcatchment
use with trees. Figure 8 presents a schematic designo

Rcccssion Farming

The number of reservoirs existing in the Brazilian semiarid tropics is over 100,000. The importance
of those reservoirs is considerable since more than 3 million people depend on them for practicing
recession farming (8).

Recession farming is a traditional process of crop production in this region. It consists of
utilizing the residual moisture by planting annual crops as the surface water is receding. In this
process, the crop is plantcd without any land preparation, and the planting begins as soon as the
rainy season stops.

There are two inconveniences in this method. First, it is necessary to plant early, when the
soil is still saturated. As a result, the seed may not germinate. According to some results, the
farmer needs to plant several times in order to succeed with germination. Second, in a few days
after planting, the soil dries out and the crop will be under stress.

Through i ts research program, CPA TSA has developed a simple practice that can handle such
problems. The method consists of constructing mounds or ridges following the contour levei after
the water rccession (9). Figure 9 shows how the process is used.

This method of land preparation permits an earlier planting since the ridge drains the excess
water, and the farmer can irrigate later in the scason by using the furrows formed between conse-
cutive mounds. According to some results generated at the farm levei, the yield using this practice
is 154 percent greater than the traditional one for sweet potatoes (9).

Clay Pot Irrigation

History c1early demonstrates that the utilization of clay by rural communities has been notable in
the developing countries. In the Brazilian semiarid tropics, the history is not different. There, it
is quite common to find entire communities living by producing c1ay artic1es, mainly in areas with
low annual rainfal!.

This was the kind of reality that inspired the studies at CPATSA for utilizing c1ay pots as an
irrigation system.

As an irrigation method the c1ay pots can be used at varying levels of soph ist icat ion , and the
equipment can be locally manufactured. At its simplest levei, pots can be individually used to
water trecs or gro ups of annual grains and vegetables. In such cases, pots are buried in prepared
holes with favorable soil texture, and the seeds are planted close to the pots (see Figure 10 for
detai 1).

Variation in the texture of the soil in the ho le, and the type of c1ay used in the pots, deter-
mines the rate at which water seeps out of each container.

Good yields have been achieved using pots, with 15-liter capacities. With the help of organic
matter, the water rclease can reach 10 li ters per day. The average for vegetables is around 3
Ii ters per day .

This k ind of irrigation method is already being used on farms with help from the rural extension
service. The greatest advantages of this system are that it is simple to maintain and provides a
high water use efficiency.
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Table 4. Total costs and returns per hectare ror cowpeas with
microcatchments.

Fertilizer

Unita Quantity (U.S.$) Value

H/M 8.0 85.00

D/M 35.0 40.00

Kg 10.0 14.00

Kg 250.0 22.00

Total variable costs 201.00

Kg 800.0

Land preparation

Labor

Seeds

Yield

Total value product 290.00

Net income 89.00

machinery hours; D/M Man-day.

Figure 8. Schematic view of a microcatchment system for pcrennial crops.
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Figure 9. Schematic view of improved recessron farming developed by CPATSA.

FARMING SYSTEMS AND TECIINOLOGY TRANSFER

Background

CPATSA was created with the objective of generating new technologies to improve the quality of
life of the farmers of this region. Migration from county to town takes place to a large extent ali
over I3razil, but in the semiarid tropics the rate of occurrence is extremely high. Among other
reasons, those for migration are low income and unstable production. Those points are c1ear in lhe
minds of ali participants in t he research group.

The analysis of ali activities carried out on the small farm aims to understand the existing
constraints and interactions among them. Therefore, farming systems research is important for
CPATSA.
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Figure 10. Schematic view of the installation of clay pots.

Complicated environmental processes, such as those that occur in the semiarid tropics, do
suggest the need for understanding. Some phenomena may involve several physical variables. Because
of th is , CPATSA put more emphasis on the single-component approach in its research programo

The situation is changing. During the years to date, CPATSA gathered information and gen-
erated ai ternat ives that can make agricultural production more stable and more producti ve.

Research by itself suggests a dynamic approach. Now it is being realized that the ability to
produce high yield does not necessarily guarantee that an alternative will be accepted by the farmers.
Therefore, in the last few years CPATSA has been putting strong efforts into the farming systems
approach as a research tool not only to demonstrate the effect of new techno lo g ies , but also to
facilitate later their implementation throughout the region.

Goals for Arid Lands

The semiarid tropics in 13razil is the kind of environment in which plus or minus 10 millimeters of
rainfall or 10 centimeters of soil profile can make a significant difference in the production system.
However , small-scale water management can overcome many of the natural resources constraints, par-
ticularly as they affect rainfed agriculture.

Low effective use of rainfall arid erosion are the two major problems in an unimproved farming
system. Their effects include complicated chan ges in the environmental processes. This can induce
over the long-run the eventual abandonment of the land.

Farming Systerns Research (FSR) is a broad term used to identify any type of research that
utilizes a whole-farm approach 00, 11, 12, 13). The farming systems approach is the need for
today. However , because of the l imi tat ions in the natural resources and the interact ions among
act iv it ies invo l ved in farming in the ar id and sern iar id zones, p lann in g a farming system is a complex
and difficult task; therefore, c1car specif icat ion of the objectives to be attained by FSR is required.

Bes ides improv ing product iv ity and stab il ity for rainfed agr icu l ture, small-scale water manage-
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ment and related technologies are extremely important in preserving the environment. However,
their application still can involve a great portion of a farm's budget. A small farm with poor soil
and without any source or kind of storage for water may require a greater amount of capital to be
developed in the short run than it can support. Therefore, in such a case, an accepted objective
for the FSR can be the development of a p lan , including application of improved technology, that
can bring such a farm to a modest levei of prosperi ty.

In farming system planning, it is important to recognize that small farmers do not have enough
economic support to withstand investment failure, particular1y those marginal farmers who produce
most of the food. Thus, ali components nced to operate well if the system as a whole is to have
the desired effect.

In such vulnerable farm types, modifications of the traditional system may lead to complexities.
So , to apply improved tcchnology, the FSR approach is required as a systematic procedure through
which ali information related to constraints, available resources, farmers' needs and possible results
can be evaluated. Finally, this mechanism also can be helpful in identifying policies or factors that
may limit the application of improved tcchnologies.

CONCLUSIONS

Water can be considcred a key factor in the farming systems of Northeast Brazil since it is involved
in almost ali activities on the farm. Small-scale water management can significant1y increase t he
qual i ty of 1i Ie of the peasant farmers of the Braz i lian semiarid trop ics.

Low effective use of rainfall and erosion are the major natural constraints in this region.
Both prob1cms are related to water. Theref'ore, smal I-scale water management seems to be an excel-
lent foundation for supporting Farming Systems Research.

Experience shows that smal l farmers in arid lands have a great financial problem. In this
circumstance, a vicious cyc1e of low investment and low rcturns is encountered. On the other
hand, the application of small-scale water management may invol ve a great part of the Iarmer 's
budget. Therefore, making such water management viable is the greatest challenge for Farming
Systems Research in arid lands.
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