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APRESENTAGXo

o A reprodugdo e difusdo dos Relatérios de

Consultores, no &mbito restrito das Diretorias das
Unidades do Sistema Nacional de Pesquisa Agrope-
cusria, vinculado & EMBRAPA, tem como objetivo
principal o de divulgar as atividades desenvolvidas
pelos consultores e as opinides e recomenda¢des
geradas sobre os problemas de interesse para a
pesquisa agropecudria. :

: ' As atividades de consultoria s8o realiza-
das no 3ambito do Projeto de Desenvolvimento da
Pesquisa Agrtopecudria e DifusSo de Tecnologia na
Regido Centro-Sul do Brasil - PROCENSUL 1I, finan-
ciado parcialmente pelo Banco Interamericano de
Desenvolvimento - BID e a EMBRAPA conforme os con-
tratos de Emprdstimo 139/I1C-BR e 760/SF-BR, assina-
dos em 14 de mar}o de 1985 entre o Governo Brasi-
leiro e o BID.

As opinides dos consultores s8o inteira-
.mente pesscais e ndo refletem, necessariamente, o
ponto de vista do IICA ou da EMBRAPA.

A coordena¢8o dos Contratos IICA/EMBRAPA
agradeceria receber comentdrios sobre estes rela-
térios. j

Horacio[HY Stagno
Coordenador Contratos IICA/EMBRAPA
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1.0 ' INTRODUCTION

This report contains flndings and recommendations on the research and
practice of irrignted agriculture in Brazil. The four-week stay in Brazil
by the authors was funded through the Instituto Interamericano de Cooperaclo

para a Agricultura (IICA) for the Enpresa‘ Brasileira de Pesquisa

.Agtopeeulrin (EMBRRAPA), Centro de Pesquisa Agropecuaria dos Cerrados (CPAC).

-

The . authors,” through the Department of Agricultural and Irrigation
Engineering and the International Irrigation Center at Utah State
University, were called upon by the above-mentioned institutions to carry
out three main tasks: . -

1.To conduct a workshop on various topics relnteé to Irrigation

Technology for researchers and technicians. of several
Brazilian institutions; ’
2.To visit several EMBRAPA research stations and carry out .
review of their research programs in irrigated agriculture;
and, ’ : ’
3.To visit irrigated agricultural areas and observe the current
state of irrigation technology in Brazil.

A program of visits and activities was drafted’ at the EMBRAPA/DTC
during our first days in Brasilia and is shown in Appendix A. As a result,
several EMBRAPA research centers and agricultural regions vere visited,
during which conversations and interviews with both farmers and research

personnel were conducted.” A list of contacts and persons interviewed are

shown in Appendix B.



2.0 EXECUTIVE SUMMARY

Our visits to the sevaroi EMBRAPA research stations .and some of the‘
major irrigated agricultural 'roglonl of the country were gratifying and a
good experfence. We weke able to interact with farmers, project l;nn-geil
and research scientists and discuss a variety of .ubj;cts related to
frrigation and a;t;llcultureiln Brazil.

EMBRAPA, overall, is a fine research institution. 1ts internal
policies indlcnt.e a good vl'nlon of the future. We were impressed in most
part with the quality and trainfng of the research peraonnol. The
established research centers we visited were usuaily vell equipped,
offering good uorklt;g conditions for the scientists and other staff.

As far as Itflgat;in:u research i{s concerned, we have'.iglontlfled séveul
topics which could be pursued and whicll'n ve feel would be beneficial for the
development of irrigated agriculture in the country. The exist'ing research
fn irrigation is pr‘o'coedlng', in general, at a slow pace. . This situation .
should improve as additional s.clontlsts return from abrond. aund facreanse the
cadre of experts in the field. The trausfer of knowledge to the end users
such as farmers and private ;lgro-itnd\tstrlel i{s being hampered, in most
part, by the 1ivefficlencies in the state and federal extension
fnstitutions. FMBRAPA ct;'uld' possibly enhance the t‘rpnsfe'r of technology
' sections at each center to counteract these doflcienples?_. The study of
surface irrigation methods should be intensified for some bf the feasible
soils such as the Cerrado .;O]JI and the Vertisols. " There. is presently an
over-emphasis towards lpl’ln.klct frrigation and ee.nter "plvot: sprinkler
frrigation in Brazil. ‘ '

.



The bulk of the report is divided into two main chapters ¢ontaining
several sections. Initially, a description of our activities is preﬁented
(Chapter 3). This chapter contains a delcriptloé of our visits to the
several EMBRAPA resesrch eeﬂter- and to some of the irrigated regions and
projects in the country. Some conclusive statements and recommendations
are made in these sections.. The discussion chapter (4) contains some
.observationq and caﬁments on topics which we feel are important policy and
) %eaearch areas for Brazil. Within each scction; Ia!tli detailed
discussions ave carried out and recommendations are given.

A summary of the major comwents and recommendations are presented in
Chapter 5. These result from discussions and comments outlined in the two
previous chapters.

The findlngs contained herein are based upon field observations and
l;tervievs by the a;thorl at the EMBRAPA research centers as well as
different locations of ;grleultur-l production. Due to the brief naturé
of the trip and of the specific visits in general, ve in no way feel that
this report s exhaustive or final in terqi of observations and
recommendations. lowever, we hope that some of the information compiled
and analyzed herein will be useful for BHBRAPA.ln their research program in

irrigated agriculture.

Christopher M. U. Neale Gary P. Merkley’

Assistant Professor Research Assistant Professor
Department of Agricultural and Department of Agricultural and
‘Irrigation Engineering Irrigation Engineering

‘Utah State University Utah State University



3.0 ACTIVITIES DEVELOPED
3.1 VISIT TO EMBRAPA RESEARC" STATIONS
3.1.1 Centro Nacional de Pesquisa de Hortalicas

CNEH/EMBRAPA Brasjilia. DP.F. October 11 and 17

The vegetable experiment éenter is located south of Brasflia in an
area of p;edoninantly Cerrado u;ill types. Current research ‘at the statloﬁ
is on plant breeding, ylield improvement, consumptive use of water, and
post-harvest processing and storage of produce. The CNPH coordinates the
national vegetable research program (PNPH). Research work is aslso beh'\;
performed on irrigation method?. inclpdlng different types .of sprinkle
ltrigétion, surface irrigation, ‘and sub-irrigation. The research plots are
located on sloping terrain with water being supplied by pumping from a
nearby streanm, ' ’

Experiments for furrow irrigation with gated pipe are currently in the
rlanning stages at the‘rosonrch‘center. The furrow slopus ou fndividual
plots will vary from 0.25% to 1..25!. The results of these Atests will be
used to determine appropriate slopes, furrow lengths, and Jlscharge rates
for furrow irrigation of the Cer;ado soils.

It may be difficult to achieve stable discharge rptp; during the
furrow frrigation tests since there is a single pressurized s\;pply 1ine for
all of the experimental plots on the farm. This supply lfno' is used to
convey pumped water f{rom the néa}by stream to a concrete ato}age tank on
the uphill end of the experimental area. It is also used éo distribute
water to sprinklers on the varfous fteid’ plots. Therefore, the starting

and stopping of sprinklers laterals along the supply 1ine-will iikely cause




flov ‘fluctuations at the fu;row irrigafion test sites. This potential
: problen could be rectified by the construction of a smsll resarvétr. or
fnpk, from which the gated pipe would draw water by gravity. The existing
head canal could probably be used for this purpose.

Surge-flow {rrigation naj be a promising technique on these soils
llﬁca the basic intake rate is high, yet the soil texture is very clayey.
Th##, the lu;fnce-seallng effect from surge-flow irrigation could ‘improve
‘water aspplication uniformities over traditional continuous-flow futrow
irrigatlion. Furthermore, water savings could be realized due to reduced
irrigation time and less surface runofi. The surface sanling of these
soils was afpircnt on corn plots irrigated with gunitype sprinklérs. The

4 large water droplets tended to breakdown the soil aggregate; thereby
creating a ‘relatively tnéeyne-ble'layet at the -oil.lutfaco due to the re-
orientation and compaction of the clay particles. This resulted in a
reduction of ~ the effective infiltration rate and caused some surface
. ponding and runoff. |

It dppcar; also that, at the end of the dry season, water shortages
could be possible in the stream that supplies irrigation water to the f;rl.
No strean flow rates were available. Ad?ltlonal areas v;rc being developed
for the installation of a ccnter pivot sprinkler system.

Tho CNPH has adequate ‘facilities, equipment aud personnel to carry out
irrigation research, providing the appsrently limited water resources are
;téperly managed and iérigation scheduling is carried out for all fields at
thc.eentet. The center would benefit from the installation of s complete
automated weather station, to -qpply data to support water use studies on

Qe;ctablo crops. A weather station does exist.on the premises and is used



by another research group within the center. Howaver.:this station is
located beside buildings and not within the cropped nren;‘vhorc it would
have to be placed in order to supply reliable data tor'ovcpotran;piration
studies on the vo;ptnblo crops. ‘

Potential research topics for the CNPH {irrigation scieptistn to pursue
would include:

1.0ptimal water management techniques for different vegetable
crops growing on the Cerrado-type soils. This would include
the sftudy of root zone distribution fn these sofls under
frrigation, susceptibility to water stress, actual
evapotranspiration of .these crops and the Uevelopment or
adaptation of computerized irrigation scheduling programs.

2.Surface f{rrigation system, design and operation for the

" Cerrado soils. Semi- automated or automated systems,. use of
surge flow, efficiency and application uniformity under these
systems. Operation of these systems with several vegetable
crops, optimal row spacings and mechanization techniques.

.



3.1.2 " Centro Nacional de Pesquisa de Milho e Sorgo N

CNPYS/EMBRAFA_Sete Lngoas, MG October 21-22

Upon arrival at the research center we were given an overview of the
past, present, and future research activities at CNPMS. Much of the
current research is targeted toward solving what are seen as the principal
éroblens confronting the continued improvement of ngricultural.productivtty
.'and-nanagenent of natural r;soutcet. Some of the problems cited were: (1)
a lack of bailc soil, climatic, and wate} resources information; (2)
inadequate use -of irrigation scheduling; (3) high cost of energy
(electticlty) Qnd equipwent; and, (4) lack of qualified personnel. The
" current consequences of thgso particular problénl are: (1) sub-optimal
agricultural productivity; (2) high cost of production; and, (3) excess
water application. Some of the emerging problems are seen by CHPMS to be:
. (1) 1increased’ conflicts for _ water supplies among industries,
) wunicipalities, and agriculture; (2) contamination of the environment and
soil salinization; (3) obsolescence and vepk of frrigation equipment and
farm machinery; and (4) inability to confinuo financing agricultural
. development.

Experimental work is being done here on fertlanglon and appli-ation of
insecticides thgough ;prinklers. Some dl(f;reut fungicides are also being
‘compared on bean crops. The chemical injection equipment is both imported
and prodhccd done;ticclly. but the imported equipment is very expensive.
The results and experience of CNFMS researchers with these experiments will
be very valuable to farmers all over the country, and of course they should
be made available througﬁ publications and workshops, or oiher forms of

10



training.

There is continuing \;ork at CNPMS of much past research on the
productivity effects of different fertilizer -applicngions and different
crop varieties. Corn yields, in particular, have lncr.ened significantly
due to the results of such~exper1-ontctl;m at this EMBRAPA center, Of the
300 frrigated hectares at ?he‘cont'er. 80 he?toru are used exclusively 'f;n'
research, and the rest ia used for seed production and other {income-
gencrating undartakings. “The seeds produced at the center are sold to
several small companidés, and the profits are us;d to help fund CNPMS
research. The center is essentially self-sufficient in terms of aut;mobllo'
and tractor fuel since they produce alcohol from s.ugarcahe grown on-site.

Of the 80 hectares ubsed for resenréh, there are 60 separate field
locations distributed t'lnrodghout the' center’s 2000-hectare land area. The
research plots are separated in thl; way to avoid c_rou-'po-llinatlon dilﬂng
varietal experiwents with:com and sorghum. Since there i{s a preponderance
of sprinkle firrigation at’'.the center, there must be.a large number of .
portable sprinkler systems with pumps that can be either moved around, or
left at a pacticular plot.. In this way, th“ey‘luwo wore flexibility for
scheduling {irrigations, even though there are so many separate plot
locations. '

Researchers at the ceﬁtcr are also involved in comparative te.sts of'
agricultural machinery pt:o(iuced by different nmmtnctu.r_ots. For example, '
field trials vere being conducted using different brands of seed planting
equipment. The results .of such trials are eventually made public so tl;at.
farmers can he better prepéred to select equipment on ;Il'e market from the

different manufacturers. This is good because it'stimulates 'equlpnni

11



dev;lop-ent and {improvement, and it provides a non-biased pool of
comparative infornntion about the available equipment options. Tests on
the susceptibility of the Cerrado soil to compaction at different moisture
levels and machinery treatments hiva also Leen undertaken at this center.

AOverall. we vefe very impressed with the professionall.! of the
researchers ond.support staff at CNPMS. In spite of many significant
achievements, no-one thnt've talked to seemed entirely satisfied with the
cur;ent research results, and they were striving to improve upon them and-

to conduct research in different topics.

12



3.1.3 Centro de Pesquisa Agropecuaria do Trépico Semi-Arido

CPATSA/EMBRAPA Petrolina, PE  October 24-25

Our first meeting at the center was with ﬁhe station director, with
vhom we t;lkod about the purpose of our visit and orga;lzod a schedule of
activities. This center préleqtly has about 80 scientists, 55 of vhom are
EMBRAPA esployees and tﬁe;te-aind;r are from cooperaéing institutionl..
The wain thrust of the‘reseaych carried out at the center has been directed
to the utilization of resources within the semi-arid region surrounding
the center. Research .toélca include subjects such as management of
livestock (e.g. .cattle and goats) in the Caatinga, forestry science,
natural resource uflllzntién. agricultural mechanization ulins animal
traction, and irrigated agriculture.

In tﬁe area of water resources utilization, several projects are
planned or are begiﬁnlng. An interdisciplinary teanm will-be studying water
resource utilization within several watersheds in the northeast. The
fnitial plan is to monitor ;'sub-vatershed vithin the area of a CODEVASF
irrigation project still to be developed, assessing the environmental and
social impact of the- projeéc and evaluating fho efficiency of water
resource utilization.. Other planned research comprises the estimate of
production costs and the study of the production system under irrigated
agriculture in the region, for different levels of {rrigation technology.
The production system (soil,” crop and water use) will bf monitored under
three center pivots throughout a season. One of the pivots is located on
the experiment station, a qecond’-t the Cooperativa Aﬁricoln de Cotia

property and a third et Frutinor, a large fatnlnj company: In the second

.

13



year of the study, a portion of the area under the pivots would be managed
according to their recommendations and results compared to the remaining
area under usual agricultural practices. Crops to be investigated would be
tomatoes, onions and melons. Melons at Frutinor are planted under the
pivot but irrigated with drop applicators dragged by the pivot im blocked
ecircular furrows. Melons cannot be successfully produced under sprinkler
irrigation due to fungal problems that tend to develop.

Ve view this type of research activity as very positive because
benefits such as increased yields and energy savings can “be directly
appreciated by the farmer or project manager, and usually the improved
agricultural practices are {ncorporsted into the production scheme of the
entire farm. In‘ this way, the technology is transferred directly.
Surprisingly, not ugl ittfgatlon scientists at the station wers to be
. involved in this research.

Some of the specific field irrigation experiments we visited vete:

1.Field comparisons between several trickle irrigation systeas
to evaluate performance, quality, durability and cost.
Unfortunately none of the partial results were available or
published; .

2.A comparison of some furrow irrigation aspplication methods
on fruit trees, fnnludin; blocked furrows, level furrowvs,
constant fnflow and cutback water applications. This
research appeared to be more on a demonstration level than

.on a scientlific level;

3.Evaluationr of sprinkler irrigation performance on systems
belonging to colonos at the Nilo Coelho project; and,

4.Evaluation and demonstration of a buried porous cup-type
irrigetion system. This type of system appears to be more
adequate for small areas where water is very limited and
subsistence-type trees and crops are planted.

14



iho center owned a.poverful DEC VAX computer which, as explalned to

us, vas to be used in setting up a database of climatic, crop, and vutcf
resource information for the entire northeast region of Brazil. Though
this computer is appropriate for lir;o databaaos‘ and networking, no
relational database lofquro was installed, nor wvas a compiler of any sort
available. Only SAS (a statistical package) va; available on that system.
- Unfortunately, the. center.has had probleams in keeping a system analyst and
oyprat&r at the loc;tlon; However, this computer could become a useful
asset if more -oftwch vere available and if it were networked with the
microcomputers available at the center. In this vaj,‘lnrge statistical and
6bmputattohully intensive problems, as well as vor} quge -gdeln; could be
run-on the VAX minicomputer, while ;nnllet data analysis jobs could be run
on the llcroconyutox;. o » ‘

Overall, vd';hlnk th;t the irrigation ri;ocrgh cf(ort’ut this center
should be more active and broductlvo. Of the five EMBRAPA research centers
ve yiiitod wvhich carry out research in irrigated agriculture, CPATSA was
the only center to be located within a major agricultural'region which
depended lub:tanilllly on irrigation for ct&p production. Prolontly! there
are ov;r 80,000 hectar;- of irrigated agriculture in the Petrolina/Juszeiro
area. llowvever, the ICOP0.0f tho.roscn¥ch at the center. does not’pre:ontly
reflect the 1-portonéc tynt lrfl;ation has in the region.

Several large and significent CODEVASF projects oxilt in fho areas,
which use both hand- -ove sprinkler and furrow lrrigntlon systems, In
general, the eolonol are bllced on the sandier soils vhieh prc-ent unique
nanagelent problems undot both types of irrigation -y-teus. Some of the.

tuturc CODEVASF pxojoctl vill be located on Votti-oll typo soils vhlch are

135 .



more appropriate for surface irrigation due to their higher clay' content
" and lower infiltration rates. Apparently, CPATSA conducts research on
. another station in the region in which extensive areas of Vot"tholo are
present. Surface {rrigation ‘t'esenrc'h could be carried out on these soils
" in order to support the new CODEVASF projects..
There are also several large y.rl;un farsing companies in the region
. which use trickle firrigation on fruits for export, in pddltlo;i to center
. pivot irrigation on tomatoes and other high-value crops. Soil conditions
vary greatly in these aress’vhich are under intensive agricultural use, and
soil salinity should be a concern and definitely a major research thrust
_ for the center. ) o

In sum, the area of influence of CPATSA presents a very large
potential for lnteto‘uing and necessary r;:ureh topics in frrigation
unglmertn; and agriculture. In addltl‘on. the center has the.soti. vater
and climatic conditions to execute this research. Additional PhD level
research personnel msy be needed to intsnsify research 'oflono in

irrigation.
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3.1.4 Centro Nacionsl d; Pesquisa de Agricultura Irrigada

CNRAL/EMBRARA Parpsiba. P1 October 27

At this center, we wmet with ugptoxi-asoly fifteen scientists and
digcussed the rcaearch';coyc and yriotltl§l~o£ the CNPAI. The CNPAL
research group is f.ltlj young, and the center. {tself s effectively less
than one year old. Agricultural development is in inltla; stages in this
region, and the 'ex;sélﬁg ‘and potential farmers are inexperienced in
irrigation and crop production in 5000:.1.. '

Most of the soils that will be irrigated in the th large projects
being Qeieloped, are bxtrencly sandy (85-93% iund)s- Thul.'the-; soils are
e;treuely low in organic matter and natural fertility and, nutrients and

.watér will have to be supplied to the ctopl'on a very frequent basis.
Irrigation research and ﬁechnofogy application in Parnaiba, under these
;oil conditions Qill invoive‘nuch pioneering work.’ S;rf.c; irrigation is
not feasible beca&so of ; combination of high 1nflltr;tlon rates and the
absence of surface-sealing characteristics (in contrast to the Cerrado
soils which do exhibit :;ue surface uenlln;). Furthermore, the required
frequency of irrigation and correspondingly light applications duo.to the
low water holding clpaélﬁlel of the .sandy soils ;ée not particularly
conducive to surface irrigation.because deeé percolatiou losses would be
large. Ve ;ero told that the windy period at Parnaiba is from April to
Noveaber,. thus coinciding with the winter, or dry a;-aon (during which
irrigation {s essentiil; for agrlculturil pioductiﬁn since rain is
fnsufficient). The presenéo of a ‘continuous ntréng wiﬁh (averaging 5 to 7 o

meters per second) influences the efficiency of sprinkler irrigation (in '

17



terms of water application), causing it to be lover thali wvhat which ¢ould

normally be expected. This will be particularly problematic under center

.i’lvotl. unless the sprinkler heads are lowered below the lator.l'pipollm

and lower pressure no:zlu‘ are .uud. During our visit, we observed a

center pivot operating under a strong wind. Extensive wind drift wvas

evident as a consequence of.-hlgh -prlnklo;' podtfonin;. The cotnA crop,
.;undet~ thh'particulhr center pivot, ahove:l leaves and stalks oriented in
- _the same direction due to constant wind coming from the ocean.

Under these adverse and special conditions, tt?o use of localized
irrigation systems such as trickle, drip and microjet frrigation may be an
.upproy;i.to choice, provided that the crops grown are of sufficient vnlﬁ;
-to justify the equipment cost and waintenance. Some trickle irrigstion
test plots wvere visited at the CN_PAi research area, and we vere told that
additional trials using different equipment' were planned for future
-evaluations. The tv'o influencing factors of sandy soils and windy
conditions tend to favor localized irrigation in this area. Anﬁther factor
that na.ku _locnll:ed irrigation more attractive than sprinkle irrigation is
"the cost of electric energy -for pumping. !lceu"lc. u;)or;y availability and
reliability will bs a concern in this remote area, at least during the next

few years. One of the pumping plants on the CNPAL research center had four
large diesel cnglm, for generating electricity in quso'of an electrical
.po\ur failure. The possibility of using these 'gemr‘ton in circumstances
in which the cost of diesel and maintenance would be less expensive than
buying electrical power was mentioned. This is relatively unique to
.Brazilian conditions since diesel 1is usually more cxyonslvi than

electricity, and virtually all pumps that we sav during our stay in the
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country were supplied by main electrical power nqéuorkl. not by self-
contained generating stations. Thus, the energy .I savings from using
localized frrigation, compared to sprinkle itrlpﬂon', nay l.u significant
in Northern Piaut. | )

Two new government projects which will irrigate 20,000 hectares are now
under construction at Parnaiba. The land to be irrigated has been recently
cleared of natural vegetatfion, and the soils are ext‘teuely sandy. It vas
necessary to transport less l;ndy soils from no'a.rby’-teu to provide an
ndequate.baso for the concteto-llncd canals. Water vwill be pumped from the
Parnaiba tlver lnto the main caml. and secondary pumping stations will
pressurize nnlnlinel to center plvou.. The intended irrigation scheme
apparently fncludes locating up to eight individual f;rdeu under a single
center pivot, in which each vill be allocated a proportional sector of the
circular area. The logistic and sociologic p't'oblelll,' undor. such a schene
way ultimately. render it infeasible, especially if different crops are
growvn under a single pivot. lNowever, even if all flt;‘tl under one pivot
vlant  the sa;c crop, it would presumably need to be plintad in 0'11 sectors
at the same time to avoid irrigation |choduilng 'g:onfli;:u and inefficiency
of machinery oporatiol-\ for soil preparation, etec.’ The physical, climatic,
operational, and sociological conditions of this irzigation project will
provide ample challenges to the project management and to the CNPA1
researchers.

During fho visie, . the Programa Nacional de. - Pe;quiu (PNP) on
Irrigation Techmlogy ‘was' discussed vith the center’s technical dh:oetor.
A 1ist of the’ recnntly dpproved projects for Brazil through tMu PNP was

made svailable for discussion and analysis. “Most of these new research
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projects had been avarded to CNPAI dus to the obvious need for extensive

©  egricultural xosenﬁch in that region. The research topics involved:

1.The study of different crops (caupi bean, tomatoes, corn,

- soybean, cara and different fruits) under center pivot and
other types of sprinkler irrigation for the soil conditions
of the region;

2. The study of center pivot and conventional sprinkler systeas
under the local conditions; )

3.The study of localized irrigation on fruit tr;oc, and the
distribution of water in the sandy soils under thess types
of systems; and,

4.Some crop studies involving economics of production for
different crops and, crop production functions relative to
water and nutrients availability.

The ‘results of these studies will definitely be useful since there is

6 complete lack of a;tiéultur.l experience in this region. However, this

‘Zteseurch‘agenda is fairly diverse and ambitious, ;npocially considering the

inexperience of the researchers n#d the relatively difficult agricultural
conditions which exist in the Parnaiba region. Of the twenty-nine new
projects avarded to CNPAI, tvelve are related to the study of crops under
sprinkler and/or center plvot.irrlgatlon and only tvo relate to trickle or
drip irrigation systems. We hope this emphasis on sprinkler 1rtiglt£on

resesrch at the center will result in the development of optimal management

‘strategles for the aptinkl;r systems which will be installed within the

nearby project being developed, as well as show that more desirable
alternatives in localized irrigation might be economically and technicelly
foa-iblo for the ;oll and wind conditfons st Parnsiba, .Qa should be
pursued.

The location of a national research center for irrigsted agriculture

in Parnaiba may not be entirely expedient, considering the technical
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difficulties -ontlonodjlbovc. Howvever, the center lnlnov a reality and the
large project it will support is presently being constructed. Addlt!on‘l
Ph.D.-level resssrchers are needed to aid in the .uv;rvlnlnj and execution
of the stated research agenda. . .
Due to the importance of the PNP on .Irrigation Technology, we
encourage the continuuti;n of the practice, glthln EMBRAPA, of involving
irrigation scientists from other research c,ntern'lnzdotdrninin; research
yflorltloc and awarding research grants for lrrl;ct;d agriculture in Fho’

country.
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' 3.1.5 Centro de Pe-qulqn Agropecuaria dos Cerrados
_ ﬁnEBAZAZQIAS October 31 - November 1. _

The visit to the CPAC was cntrledlout over a two day perlod.‘ Tﬁc
center comprises and srea of 3500 Ha and hes a total staff of over 400
people of vhich 81 are scientists and 60 administrative personnel. On the
'f}r:t day we met with scientists and personnel of the technology transfer
group of the center. The CPAC and CNPMS, were the only EHBRAPAﬁresenrch
;cntorc that we visited that appeared to have an ongoing and active
étalnlng and transfer of technology program. Several exgenlion f{ssues were
discussed vwhich, at that point in our trip thtqugh Brazil, we had noted as
a.deflnléc deficient area.

Very little is pto:entiy, being done at the center in irrigation
research. In the past, the research progrem had been quite active, with
cﬁrfoco irrigation on'vheat, evapotranspiration studies on different creps
and other pertinent résearch. Apparently, most of the {rrigation
resoarchers had either been transferred to the Ministry of Irrigation or
Qete sbroad at graduate school. We were told that three of the center
" scientists Qere presently carrying out Ph.D 'ltudlel in Airrigation
engineering at the University of Arizona, which has an excellent program.
Howevor.Alt might be of better interest for EMBRAPA to encourage ;elenttlts
f;o- the same center to carry out graduate studies at different schools, so
that they can So exposed to diffarent lines of thought and research.

The CPAC has allot to offer in terms of resesrch caepabilities. It is
very well equipped and has a very good cadre of young aggressive -
scientists. Unfortunately, ’ptenently it 1s lncilng in {irrigacion

" scientists., The center has adequate irrigation water supplies and a
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network of canals end plpeﬂneo for different types of _-.yctem. Ve visited
a trickle irrigation system applied to fruit trees, ni center pivot which °
was used to grov several crops and en area for surface irrigation rnurch.-

Sone of the research being done in the area of soil-water-plant
relationships consisted of the study of plent root development in the ‘
Cerrado soils and the interaction, and penetration of the roots through the
resistant, and sométimes conpaet?d ll}:er vhich forms o.n these soils under
wechanization. The study of optimum -ohtur.o‘ conditions for root
penetration vas being researched. This is a topic which would benefit.
from an lnterd(-;lqllnity approach involving scientists from CPAC and cimts
which ;te working on similar aspects of th; problci.-

The weather station at the center is augountod aud well voqulpped with
several instruments and recording devices. These are 7§ry useful tooli in
the accurate stu&y of crop water use in the Cerrado rcélon.

The center has adequate computer facilities and A.. remote sensing
laboratory ‘ with some r'ndlomtan and image proco_uin;. eq.u(pnnt.
App"ently._ th.eto is some cooperation between some cen(éer scientists and
the INPE {n Sao Jose dos Campos which is voty- potitivc._ as the latter has
been very poor in basic 'reuot. sensing n.uarch lppl'lod,. to agriculture and
water resources over the last fow years.

On the second day, we met with the station dlteétot_ and discussed.
several research issues. He gave us a short prcs’entctﬁn'on the research
goals of the (;PAC. He was' lwell avare of some of the probl.elu related to
irrigated agriculture in Brazil, among which he -ot;tionod some of the
Cerrado prgbleu; such m; (1) the unfemiliarity vith 'l’rriytiﬂl\ ln"tbo'

region, (2) water supply and dtoughtc. (3) ‘soil f?:tlllty and * (4)-
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production systems. H; mentfoned that the present résearch emphasdis at the
'égntcr vas concengrctcd tovard basic research in several areas, efficiency
of production systems and the transfer of technology through publications
and irllning.

In sum, the CPAC has all the conditions, resources and equipment to
carry out co;o very valpablo irrigation relntgd'tesearch. Consldcrln; that
‘several of the lrrigngyon scientists from the center are sither on loan, or
"abroad in graduate school, as well as the limited resources for purchasing
'Qqulplenc within EﬁBRAPA.‘ more active cooperation is encouraged with
scientists of other centers in teras of sh.flng facilities and equipment.

Joing research betveen CPAE aﬁd CNPH llvenéour;god in the area of
aealgn and operation of automated and semi-sutomated surface irrigation
systems for the Cerrado soils. The study of new techniques such as surge
irrigation is recommended as well as determining the potential areas within
tﬁe Cerrado region which are suitable for sﬁrféco irrigation. This will
require the outlining of the noéesnaty physical conditions, water resource
ivatlabillty and economic considerations required for the installation of

surface systems as opposed to pressurized sy.t;nl.
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3.2° VISITS TO AGRICULTURAL REGIONS UNDER IRRIGATION

3.2.1 Gualra region. Seso Paule October 13-14

The municipality of Guaira is an 80,000-hectare ;grlcultunl' ““»
located in Northern Sao Paulo state. Ap;;roxhl.toly 10,300 hectares are
irrigated within this -'rn.: The area is pn’r.tully bordered by the Rio -
Grande and Rio Pardo. A 1ist 'of the crops grown in the region would include
corn, soybeans, auglrcan;. ric¢e, cotton, tomatoes, wheat, l;cana. and others.
lost of the soils are characterized by the "Cerrado® red clays, vhich are
found througbout a large contfguous region in central Brazil. The soils are
somevhat unique tn that they exhibit relatively high inflltr'ntlonvntes (on
the order of 60 mm/hr, undef mechanization) in opit. ‘of the high clay
. content which predominates. Structurally, these soils are highly aggregated
and r;seublo that of a sandy soil. The natural acldlt); of these sofls
(approximately pH 4.5) reqﬁlru the {incorporation of llﬁe' in sufficient
quantities so as to increase d.ne pH to about 6.5, a more fnfipublo level for
agricultural production. As s typically the case with clay soils, the
“workable® range of soil moisture .levels for . mechanical tillage {is
relatively narrow. H;chinory operations at “u;w moisture levels are
difficult because of soil hd;dnc.., and soil compaction is a potential
problea at higher moisture contents.

Evldonc. of a resistant coll layer at about a 30 centimoter depth vwas
found in more than one ltrlgated field during this brief viait to the area.
Farmers and agricultural reseéarchers in Guaira seem to be increasingly’
concerned with soil compactinn since l;: restricts root growth and diminishes

the natural drainage capacity in these deep soils. Howeyer, in spite of the
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f;ct that the Guaira farmers we interviewed vere avare of the soil
édnpaétion problen,.thoy continue to till the soils at moisture levels that
aéo h}ghot than optimal. Tﬁo principal reason for this is that the farmers
do not wish to wait too long between the harvest of one crop and the
plenting of a new crop. Thus, if rains occur during this period between
crops, the soils may be tilled under excessively wet conditions because of
tbo time constraints in gottingvth. next crop planted. .In order to decrease
";ho time period between successive harvesting and planting cycles, there is
‘; current trend among farmers to use heavy discing instead of plowing, and
. t; use larger tractors. Thus . the tillago operations can be performed
.fastor. and the e;tting of crop residues, such ;:'cérn stalks, and the
breakdown of soil'clods are not as problematic. However, heavy disc harrows
such as the ROME disc harrow are contributing co.the compaction problems in
£hc region. _

The practice of lub-nulllpg. or chiseling, is used by some of the
farmers to combat this compaction problem, but others have discontinued
sub-soiling because the perceived benefit is not enough to justify the
cost. One farwer said that sub-soiling only produced "grooves" under the
) soil surface, and did nct break the hardened layer adeq;ntoly. This may be
partially explained by -uﬁ-solllng at rolotlvel} high uoicturo contents, of
by failing to complete two pnsao; at opposing angles. Another observation
" was that shb-aolllni was actually detrimental to overall agricultural
production. However, it msy be reasoned that the detrimental effect of
sub-soiling i{n such cases is due to over-opplicatlon of irrigation water,
thus leuchlﬁg soil nutrients beiov the crop root zone. Another possible

explanation is that water is applied less frequently than required, and
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that the absence of a felattvoly impermeable lotl‘l@ycr allows water to
leave the root zone into de;por strata.

Local agricdltural. researchers vcfc‘ avare of ' the techniques and
benefits ‘of irrigation scheduling in terms of water conservation, aoil
management, and agricultural productivity. However, the idea of irri;utiop
scheduling has not ycé been a&optéd by the.fnrnlng community in general,
The timing of irrigations, and the depths of application, seem to be rather
arbitrary. Where cufflcleﬁt water is available, it appears that farmers
tend to over-irrigate their crops in order to ensure that water is not
lacking in the crep root zone. The introduction ;f irrigation scheduling
as a cousistent farming ptjﬁtico would tepreléné a plgnlficnnt'lnptovenent
is the management of water, effectiveness of a;?icu{tural inputs (e.g.
fertilizers, pesticldes; cté.). and conservation of energy.

The rapid proliferation of cent;r pivots in this area in recent y;ars
has contributed to the modernization of a;rlculturﬁl practices, and it has
couverted many fields from rainfed production to irrigated lands. Currently
there are 154 center pivots in the Guaira region, irrigating a'combined area
of 8,690 hectares. Many of the earlier pivots that were d;signod to operate
at medius and high pressures have been aubséquently converted to low
pressure sprinklers. The lépetus for this conversion has been the rising
cost of energy for punping.i Acc?rdlng to one Guaira farmer, the portion
of overall agricultural prpdﬁction costs which can be d‘gectly attributed
to energy was on the order of 6% from 1980-84, increuing to 15% during
1985-86, and li‘currontly'iﬁ the. range of 25-308. These energy cost;
correspond to the price of electrical pover since virtually all pumps end

pivot drive mechanisms in Guaira are electrically operatéd.

27



-~

Center pivots were introduced into the Guaira region in 1979, and the

original control mechanisms for lateral alignment and locomotion were

imported from the United States. Since then, the center plvoti are
manufactured entirely in Brazil, end they have improved both in terms of

price and flexibility of configuration for the requirements of individual

‘customers. Convgrsationa with farmers .and researchers in Guaira (and

elsevhere in Brazil) have made it apparent that marketing cfforfs on the
b;rt of cont;r pivot manufacturers have contributed significantly to the
aiceptance and-use of this irrigation wmethod. Another reason frequentcly
cited is the lack of reliable labor available for the leis mechanized forms
of irrigation. The ptnctico'of applyiqg fertliizerl through center pivot
systens ("fertigation") is common, as is the injection of pesticidoi and
fungicides, etc.

One farmer claimed that the current cost of a center pivot is more
than the value of the-land that it itrlgatea.‘ Thus, it may be preferable
to buy land and "dry-land” farm it (i.e. without supplemental irrigation),
rather than purchase a center pivot for an existing field. However, many
people said ‘that center pivots have been pnld for through 1increased
production in as few as one or two seasons, thereby justifying their use in
spite of the high cost of pumping. Many farmers do not operate their center
pivota during peak electrical demand periods because of the increased energy
cost. Yet, the periods of peak electrical demsnd tend t6 coincide with the
least windy perlods ;f the day. Wind contributes to non-uniformity of water
application due to wind drift - a phenomenon that vas repratadly observed

during our brief visit to the region. .
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In sun, 1t vas Iupre::l&e to see the boom of developu;nt and production
that irrigated agriculture has brought to the Cuaire r#;iou, considering
that these systoms are privately owned by far-efni» The principal
contributions that research can bring to this rvegion are improved
agricultural practices in- the areas of soil mechanization and conservacion
and irrigation wster mansgement, specifically for center pivot irrigation

on the cerrado type soils.
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3.2.2 Petrolina/Juazeiro Region., PE/BA October 24-25

As part of our visit to CPATSA, we were shown some of the CODEVASF
as well as private irrigation projects in the region. '

Our first visit in this series was a tour of the Projeto Bebedouro.
" This project, initiated n 1966-67, has around 2000 ha of irrigated land,
where about 1100 ha consists oéisnnll farmexs and 900 ha fo; use ‘y private
enterprise. We began our visit at the main pumping station on the San
Francisco river where a total of S.punpl can operate up to a total capacity
of 13320 w’/hour. The main canal appeared to be ln good cond!tlon and ve
vere told that it was cleaned once a year. Ve visited some snnll fields
- .belonging to'colonec-on the project. Asparagus was befng planted. The
sofils had an approxl-ocely 65-708 sand content and 120 clay content. The
aspnrngun field was bein; irrigated by hand-wove sprinkler lylte-.
Suxfnce frrigation is also used on other areas of this project, despltc the
sandy soils.
lxﬂs&o..ﬂmdsmm

The following day we were taken by two EMBPAPA scientists to visit
. the Mandacaru project which has an area of 370 Ha. We began our tour at the
Campo Experimental de Handecaru vhera EMBRAPA has some ongoing reseasrch.
At this station, the main type of soils were Vertisols which lt; the same
type as the soils at the Projeto Tourao and the soon to ba developed Proje£o
‘Salitre (20000 Ha). We visited some experimental citrus production under
large furrow irrigation and some vineyards under trickle irrigation. After
leaving the Campo Experimental, we wvere taken to see the colono lre; of the

‘project. At this point, the main canal v;- 1ined with black pve plastic
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The canal was in good condition, but some of the concrete ;urnout structures
ve sav vere in bad condit_lon.on the fleld side of the cjml. The colono
fields ve visited were being planted to melons, tomatoes, ‘onions and grapes.
The melons had a mildew problem but vere at the end ‘t'vf the harvesting
period, the quality looked good. The g;-pu looked outstanding. Both
grapes. and welons wvere t‘urro\'r i‘l'rlgitcd. 'nn soils lworo Vertisols and th.o.
slopes and lengths of the f;nrrov- looked adequate.

At the Hand-caru‘proj'ect, we were able to talk to a colono which was
supervising the harvest on his land. He apparently v;l a successful fsrmer
as he owned a car and had two sons in college. He supported tuo full time
vorkers chroughol-sc the year, and hired several more durin; the harvest
period. His main crops were 'tonntou. melons and onfons. The tomatoes vere
grown for - paste under 'a contract with a l"leltby processing company.
Financing was avajlable through a blnit, after the preunt_atlon of a slgﬁod
contract with the tomato pas.te processing company. The cooperative charged
the colenos for tbe'irrlgntldn vater and for services. 'l'in percent of his
production went to the co(.vpeutive to pay for technical Auhtanco. crop
marketing and ditch rider services. '

Irrigation water was available three times a week at the Mandacaru
project. The funur.vould'ﬂll out a card at the cooperative center
requesting vater for the desired days. CODEVASF still controlled' the
pumping station of this proje{:t. The pumping schedule waAs:flxed, starting
st 4:30 in the morning and ending around 5:00 pm every day.  The ditch rider
would start opening turnout gates b,otyeen 6:00 and 7:00.11.

The Projeto Mandacaru was the most successful CODEVASF project among

those we visited in the .rigton. It was in an 'edvanced stage of
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emancipation, with most of the colonos owning their plots outright. The
cooperative was well or;anized and efficient, offering good services to the
ﬁonben. It vas planning to negotiate future contracts with the tomato
i)uto companies for all the nembers. This would definitely be advantageous
to the colonos. About 'tho only thing that CdpEVASP still controlled at
" Mandacaru, was chevpunping' station and its maintenance. Canal maintenance
\-vn eqrrlod out by the coop?ntlvo and its assoclates.

_"l’nmu.\!r_'ou

‘ This project started around 1978-79, and has an area of 2300 Ha.
We visited the private on.tetprlu section of the proj.ect; specifically a
company pamed FRUTINOR. The. company l_ud .ro(md 500 ha under production.
'l"hey owned four center pivots of 85 ha each for tomato and melon production,
30 ha of lemons, 40 ha of grapes and vere in the process of doubling the
I.'rea of grape production. They also owned some, more land across the San
Francisco river, where they vere developing and additional 150 Ha of grapes
for export. Most of their grape production was exported to the United
'States and vas of excellent quality. 'l‘he‘gnpn vere irrigsted via trickle
lrrlgntloﬁ and the lemons by surface h'ri;acion; Fertilizer was applied
through the systen..

The pivots were used mainly for {industrial tomato production.
l;arvclting was done by manual labor or by a tomato harvester 1upofted from
the U.S. The company hired up to 400 people, depondin.; on the harvesting
schedule. 113¢y p’llnned eventually to substitute most of the tomato
harvesting labor with automated harvesting machines as they considered the
labor non-reliable. The company also planted soQo melons under the pivots. )

In this case, drop hoses with energy disslipators were attached to the
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sprinkler nozzles and dragged along the circular furrovs wh%ch vere'bloc;ed
_every few -et;rl. This was done to avoid wetting the canopy of the melon
plant, thus decreasing the incidence of fungal diseases. It also resulted
“in high application offleiopéies for the irrigations.

'FRUTINOR had on stte.A. consultant from their marketing partners in
the U.S. which helped them with production management and quality control.
The production nanagot‘fqr fRUTINOR was a dynamic individual vﬁo vas awnr;
of the {importance of research for optimal crop production. He had
experimented with new crops. such as Passion Fruit (Hurncuja) and wvss
carrying out research to optimize irrigation on lemon trcgq; Thougg they
vere ;ggresslv;ly pursuing profits, tho.conpnny was carrying out some good
agricultural and {irrigation 'Prncticeu. The hilp of an eipetienccd
consultant vc; 6bviously creaflng positive results. ltri;ptton :chéduling
was being carrfied oué on the g}ap?. and tomatoes. The 1::1&;:155 vater vas
lup;lied by CODEVA#F vﬁich op;rnted and naintnlned~tho entlée canal systen.
Some of the larger farms had ghero own reservoir from where they could pump
wvater for frrigating tﬁo 5ra§el in case of a water shortage in the main
canal, ‘ ' -
Nilo Coelhe ‘

This project scarged around 1985-86 and bés a plann?d area of 15000

Ha, with the area divided intp parcels for colonos, small and large private
enterprises.  We visited an area which was under cprlnﬁle irrigatlon. Each
plot of land belonging to a colono was supplied with a ﬁookup point for
the poitable aluminum plplng.: At the time the colonos claimed the land,
they received two laterals vl;h risers and sprinkler heads to-work witﬁ.

On one plot we visited, the colono was present along vith two workers which

33



were hand hoeing a cucumber field. The cucumber plants were wilted from
vater stress and the farmer c.ald he would frrigate them next motning. The
solic Qero very sandy. This particular colono had built a small house on
part c;f his non-irrigated claim land. He used-this house as a base to eat
" meals from, and rest during tl;e day. Most colonos, h;wovor lived in houses
in the agro-vilas vhlcl; were built as part .of the project. This wvas
-entl;md to us as a problem, as some colonos live up to 5 ka from their
ploti: However 'tlmro are social and economical benefits for having the
a;ro-\}ilns so it is arguable as to which system is better.

It was spparent that maintenance was a problem vlth,.tho sprinkler
systems on this project. Ve observed broken sprlnlélet hesds, leaky riu?
jolnts- and leaky pipe joints. Most of these problems were probably caused
by wmis-handling of the equipment over time, coupled with .poulblo. low
quality of the equipment itself. Though each field had its own vater meter
and valve, the cooperative was clmrg‘in; for the vater according to the sres
of the plot and not according to the vater use by each colono. Thus, there
fs no incentive to be efficient in irrigation water use. We observed
extensive wind drift on a particular system during an aftezrnoon irrigation,
which was probably causing non-uniform applications. The same system had
cm'tlernl bad leaks at pipe joints.

’ Another source of fnefficiencies and non-uniformities of application
is the sometimes large fluctuations in pressure in the main p.ipellnc. This
causes the sprinklers to lwork outside of their design pressure resulting in
inefficient spray patterns. The pump house we visited vu. preuuriztt;; a
main line for 80 fields of spproximately 7 hectares oﬁeh. There wvere six

puips installed in parallel, pumping out of a small reservoir into a 70 cm
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diameter (approximately) ste;l pipeline. There appeared to be some pressure
sensing devices installed probably to control the lhut-off_éf the pumps as

’th’ pressure increases. The large fluctuations in pressure are due to pumps
turning on and off as a result of the random demand for water at the colono
fields. It was mentioned that the colonos start irrigating anywhere from
7:00 to 10:00 am. No scheduling was being carried out on these fields.
omp H ) '

It was obvious that the advent of irrigated agriculture has brought a
greater wealth to the Petréllnq/Juazolto region. Most of the projects we
visited had what appeared . to yo thriving asgro-vilas. lnIQQditlon,’;thcr
small settlements have begn established around these p;ojeétl wbiéh house
most of the agricultural labor that work Gn. either the colono plots or the
private sector farms.

" The suécoss of~%?ne projects relative to others is azresult of many
factors some of which were not'Qvldent to us due to the short nature of the
visits. Some of the factors that coutribute towards the overall project
outcome .Aro: (1) the ‘careful selection of colonos ba§ed oﬁ prior
agricultural experience, (2) the quality of the soils in terms of fertilicty
and physlcnl'sttucture. lc'appeatod that the colonos u;uaiiy ended up in
;ho more sandy and lexs fertile soils of ; particular project. Thus,
colonos that usually have no prior irrigatiqn experience encounter the most
difficult conditions for irtlg;ged agriculture. (3) The de;lgn.conccpt of
the project. in the past, the projects were mostly designed for surface
frrigation. This resulted l; the use of these systems on jonet;!ol very
sandy soils, leading to i;effgblencles and low yields due to leaching of

nutrients or, water stress. The present thrust seems to be towards
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cyrlﬁklor irrigation systems, which in the case of thas sandy soils, makes
'.aonlc. However, inoftlclonciol due to operation and natntcnancg of these
systems needs to be corrected. In addltlon,.an {rrigation scheduling scheme
needs to be a;udjod and put in place in order to decrease the pressure
fluctuation problem within the main pipeline system.

The two more successful proj;eén visited vere the Mandacaru and
pebodouto projects. These happen to be the older projects with greater
operational experience, situated on more fertile soils and where the
selection ;} colonos was based on'tbelr previous asgricultural experience.
The Nilo Coelho project is ‘situsted on shallow and very sandy soils which
poses leceral manageuent difficulties for the inexperienced colonos. In the
- .rainy season, ft suffexs from drainage problems dh; to the shallow topsoil.

1n addition, it is a rointlvoly nev.ptoject.

It is our opinion, that CODEVASF should not disregard surfsce
lrrigntioﬁ as an aitetnntlvo for their new projects. The type of irrigation
system to be used in a new project should be selected on an engineering
ctitoria{ éénalderln; ths soil types, natural slope of the ‘soils,
availability and source of the ;rrlgation vater, crops to be planted etc.

. In addition, economic éon-lderatlons.lhould be taken into account, such as
the availability, retlabllity and cost of electricity for  pumping,
infrastructure and wmaintenance costs for different types of system, the
building of dams for both hydropower and irrigation purposes etc.

We view the CODEVASF new policy of emancipation and privatization
of the exlotlng irrigated areas and projects as very positive. fho success
of thls policy will depend on the feasibility of the project vith regards

to the some of the topics mentioned above. 1In addition, if the cooperatives

36



are active and organized, and are able to provide the nicnury gexrvices
such as technical assistance and marketing of the agricultural products at

good prices, the privatization will be fulfilled ldccollfully.

3.2.3 Jaiba lrxigation District November 3

The .Jalba Irrigation Dl‘lt.rlet. located on the SAo Francisco River in
Northern Minas Gerais state, ~was created to speed up the process of
emancipation of the Project Jaiba, from the Companhia de.Descnvolvimento do
Vale do Sao Francisco (C(;DEVASF;). The first phase of}lw‘Jaibn project is
nov under way, in which som~22,000 hectares will be lrrl‘gatod in the
project area. The project goal...ll to eventually bring 00,090 hectares into
irriguied agricultural production, and the existing main convefatico and
pumping ilnfta;struétuto has airendy been designed and constructed wltl_l
sufficient flow cap-ct.ty to ueeﬁ this goal. Consequently, the main canals
and pumping stations are of much larger capacity than the current irrigated
area requires - at this time tlue"wo main c‘:anal reaches are operated as both
conveyance and water storage facilities. But this will change as more
frrigated area is developed within the project la.nd's. and the operational
demands imposed upon the main system ({.e. canals, flow control structures,
and pumps) intensify increaenta_lly. '

During our 6 hour stay at .!aiba. ve had the opportunity to visit the
tvo main pumping stations (EBl 'and EB2) as well as certain reaches of the
main canal. EBl1 will have the capacity of pumping up to 80 n’ s with pumps
of 10 m’/s and 5 n’/s eapac‘lty; Nine pumps were already installed in this
pusp house. All structures 've;n nevw and well built.. The EB2 pumping

station will have the capacity 65 w’/s vith 15 pumps lnst'nliod. .l’tes.ently
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.only & pumps are installed in this pusp house. ‘Pumps in EB1l can be
nb;pually turned on or controlled with a PC computer from the control room.
The intention of the district (and CODEVASF) is to control the pumps at the
EB2 p\i-p house from the main operation center in EBl via remote control.

_ In addition, they are studying the automation of certain structures in tha
main vlylteu. . . .

" Operational considerations will doter-!m to s large cxt;nt the ability
,o‘f: the main system to meet its anticipated performance in delivering
ii‘rlgation vater to the multiple downstream turnout locations. The expected
performance can be measured in terns of delivery reliability, responsiveness
.t'o q:lu.lngin;_‘ irrigation deﬁan&s. and hydraulic niabilityl Maximum benefit
can be derived from the main system when its operation is not a constraint
to on-farm irrigation practices and agricultural ptoduétion. Corresponding
.hivntmntu in main system operation are, therefore, Justified because of
tlu. large expenditures on design and e.onsttuctic;n. Another lignlf‘cnnt
justification for main system operational investments will be the relatively
large costs associated with energy for pumping at seversl locstions within
the project area. It will be expedient to formulste an operational plan for
tlu. irrigation district before the irrigation demands fully develop.

Automation is one alternative that is currently being considered for
the pumping plants; however, other less-expensive alternatives exist. One
of these alternatives “would be the application of transient hyduullé
modeling to opontioml decision-making and main system vater management.

The operational plan that is ultimately devised and implemented should
enable a flexible delivery scheduling to the irrigated areas, rather than
facilitate the operators’ job of regulating the canals and pumps by imposing

.
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riglﬂ water deliveries on the. farmers. With flexible delivery scheduling

the main system can be csce?tlnlly removed as a constraint to on-farm
agricultural practices.

Pumping costs associated with the operation of tﬁ; EB-1 and EB-2
stations on the -ain canal may become very high vhen the district is further
éxpanded to meet its design goals. The large tequirenenfi for olec;tical
pover will be a major paré o% the operational costs, and the location of the
district with respect to the pover supply will complicate the availability
of electricity. This is beEauso the irrigation dlstrici is prosently at the
end of the pover -upply lines which otl;!nntn in contrul Minas Cerais State,
Operational coordln‘tion _between the pumping plants and other hydrnullc
infrastructure will be essential to minimize the required use of the pumps,
and eonsequeptly ainimize the associated c;st. Such coordination may be
achieved through an'expert system that takes into account the varfious
factors affecting pump opérnélon: .

We visited the nearly-completed "F-Ares" of the iriigstion district.
It {s an area that will acco;nodatc ao;o 342 colonos, each of whem has
already been Asslgnod a S-hectare plot of land. Planting'is scheduled to
begin for the first tiné 15 November of this yeaiﬂ The ares will be
irrigated exclusively by hand-move sprinklers, and theseiwlll be supplied
by buried mainlines. The mainlines will be pressurized uq{ng four pumping
stations that will draw wafer_fton the two lateral canals that extend into
the F-area. Since the sand goutent of the. soil in tﬁll a?ga is relatively
high, it is probably ;pyropr}nto that lprinkli lrrtgation will be used.
These sandy soils are also lacking in organic matter aqd some essential

plant nutrients. One concern, should be the use of the qprfnklets~ln the
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ares by the colonos since the colonos are essentislly inexperiedced in
* farming and irrigation practices. The agronomic and soﬂ .and water
'.pamgeunt advice provided through CNPMS/EMBRAPA in Sete Lagoas, ﬁc will be
very v.lua!;lo to .the success ofAthc farmers, especially during the first few °
‘years of production. As in wany of the other Brazilian agricultural areas

that we visited it may be advanta;eo'u.' to irrigate at night in order to

conserve water. The cov;nonly high temperatures and the preunc'o of wind

{un undoubtedly co;\ttibute to application non-uniformities and wind drift

losﬁl, particulsrly during the day time. The. implementation of an

lrrigatlon scheduling program for the "F-area® colonos would reduc. watar

use -nd increase water use afflclency if the operational cchem takes into
. . consideration the ui‘ntemmr of optimue vorklng pressures within the

sprinkler ualnlino. .yst.en.

" Apparently there is no shortage of potential colonos to occupy the
newly-developed agricultural lands at Jaiba. As such, the next phase of the
project will probably have farm plots allotted before the co-plogion of the
construction. Soma of the planned areas for the next phase of th; project
will luv.. soils of higher clay content than those vhich exist in the F-

_ area, Thus, it may be preferable to employ surface lrtlgition methods
rather than pressurlz?:’ systems (e.g. hand-move aptinklérn). Vllf.h surface
irrigation the puwsping costs would be reduced, or perhaps eliminated
altogether, in the on-farm areas. Furthermore, the application efficiencies
‘could be as high or higher than those obtained vlth‘ fnefficiently used
sprinkler systems, and vegetable crops could be grown without causing mold

problems associated with crop wetting. The climate at Jaiba seems to be
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supportive of vegetable and other high-value crops that vhulé tend to make
the irrigation district more gelf;sultalnln;. ‘

In all, the size and cons;;ﬁctlon of the ‘xlatlng structures at q.ibn
vere impressive. The project would have benefitted from a:couprohenslv.
planning process in the past vhich may have ;voidod such a large capital
investment up front. The eleéttlc‘enef;y and n;lncennneo costs of such a
large infrastructure will ha§o to be subsidized in the fntgre. untll-nll

areas are develcped and the. fuli potential of the project is realized.
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3.3 " WORKSHOP ON IRRIGATION TECHNOLOGY
A votkchop on ‘irrigation techn@log wvas organized. for our second
week in Brasilia, sponsored by EMBRAPA/DTC and the CPAC. It was scheduled
to lnitinto {nmediately after s workshop on agrometeorology also organized
by .thc DTC. The program for the presentations .is shown below. On the
'.-vn'f.ago we had around 15 participants on each of the days. The patticlynn'tl
votitgd for several lns'titutionl' among which were EMBRAPA, EMBRATER,
CODEVASF, PRONI and Ministry of Irrigation. Some good discussions were
cat}iod o;xt among partif:ipuitc. and instructional staff, on several of the
subjects presented. The informal, workshop to.rnt encouraged discussions
n;til f.u.dback"_‘ from the pntti.clp‘nnts.- ' ‘
A The instructors vere Dr. Christoplier Neale and Dr. Gary Merkley from
Qt-h State University, Dr. Carlos Oliveira from the CNPH and Dr. Jamil

- Macedo from the CPAC..
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WORKSHOP SOBRE TECHNOLOGIA DE IRRIGACAO

PEROIODO: 19-20 outubro ‘de 1988 -
LOCAL: Dia 19/10, no Auditorio do CENARGEN
Dia 20/10, na sala 309, ao lado da sala do Dlrotor Derli.
Sede da EMBRAPA.
PROMOCAO: DTC/CPAC - EMBRAPA
PROGRAMA
Ria _19/10/88 - 4a, felra
11:00 - 12:00 - Irrigacao por aspersso - Sistemas e Desenvolvimentos
Recentes.
12:00 - 14:00 - Almoco
16:00 - 15:30 - Nivelamento a rafo lascr
Sistema "Cablegation® de Irrigncno por
. Superficie Automatizado
15:30 - 15:45 Intervalo .
15:45 - 17:00 - Avaliacao de Sistemas de Irrigacao por
: Superficie
17:15 - 17:45 - Continuacao e Discussao
17:45 - 18:30 - Irrigacao por superficie com vazao lnterlitento 'Surgo
Irrigation”
Dl0_29110183___QQA__121K!

08:30 - 10:00 -

10:00 - 10:15 -
10:15 - 12:00 -
12:00 - 14:00 -
16:00 - 16:00 -
16:00 - 16:15 -
16:15 - 17:30 -
17:30 - 18:30 -
Apresentadores:

Simulacao e Frogramacao de Canais Ptlncip.il en Slnte--n

"de Irrigacao

Intervalo .

Continuacao-e discussao

Almoco

Manejo de Irrigacao

Iutervalo g
Aplicacoes de Sensoramento Remoto am Irrlgacao
Caracterizacao de uma topo-hidro se quencia de soloc na
area do DF

Dr. Christopher Neale
Dr. Gary Merkley

Dr. Carlos Oliveirs -
Dr. ,Jamil Macedo
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4.0 DISCUSSION
4.1 Surfacs Irxigetion

Surface irrigation remains a viable slternative to pressurized systems
for many of the agricultural areas in Brazil. In general, soil types and
topographies are such that irrigation by surface n;thods can be aue;:usfully
oxi’loitgd. For example, in the 204 million-hectare region of Cerrado -oih'
‘ in Central Brazil, the use of surface {rrigation l.\u good potential in some
areas despite the high infiltration rates of these soils. Yet, the
disproportionate enph'nis on pressurized irrigation systems (particularly

‘eo;'utor pivots) in recent years in Brazil has caused a relative lack of
nréention ;o the non-pressurized alternatives. This is apparently true in
terss of both xe:;ntch and farming practice. ‘

There are nunerous potential advantages to usiug surface irrigation in
Brazil. One of the ;;rlnclpnl advantages -over pressurized irtlgation systems
is lower pumping costs, and in some cases the elimination of pumping costs.
Presently, energy costs due to j)unylng n;o 25-30% of the total agricultural
production costs, thus the savings realized with surface irrigation systeuns
vould be significant. Irrigation hardvare costs for surface irrigation
-systems are gencrally much less than sprinkler hardware, especially in the
case of large aelf-propell.cd sprinkler systems such as center pivots and
‘llt;enr move systems. Furthermore, hardware maintenance costs tend to be
less with cu.rfaco irrigation systems.

The application efficiencies and distribution uniformities attainable
with a voll-dnl;mci and opctntodv,outfnco irrigation ljlton can be as good,

or better, than those achievad with sprinkler systems that sre poorly

.
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maintained and operated. For cxupio. application efficiencies. using level
basins can be on the order of 90:95\. with the only appreciable l-ouu
‘occurring due to deep pcteol.atht‘n near the field inlet., Furrow irrigstion
with vell-designed slopes, furrow langths and flexible lnflév'?-tac can be
efficient {f appllcution rates are properly ;nnuged. Vind drift and
evaporation losses (1i.e. cvopoutiogt of water droplets before tﬁéy reach tt;o
ground) c-an be substn.mtlal. with ;prlnldc systems. This was evident on many
of the center pivots that we visited in different areas, upoclo.l_ly when the
sprinklers were mounted n_bove the lateral pipeline. Wind drift losses lower
the application otflchn::y even vhen most of the drift is éontalﬁod within
the lrrig;ted-orea d\}i to;tbynon-unlfomltiu 1't~ causes. . '.I‘h’eu types of
losses are essentislly non-existent with surface irrigation. V
. Some degree of Aautomntlc‘m is also possible with surface frrigation
systems. .}‘ot exarple, -n‘lnplo automatic supply valves ‘are available for
basin {rrigation, and 'Cablegntloﬁ" (Kemper et al., 1985) cat.Ll.n. used to
automate gated pipe .yst;ms for furrow frrigation, Sur;;-floV'trrlggtlon
systems can be partially or (\;lly auton;tcd using gntdd pipe and
pneunatically-controlled valves. The surge-flow lrrigatﬁgn technique could
be very appropriate for the "Cen'ado soils since they.l)ave high basic
infiltration rates yet, due to the high clay content, the :grfaép seal would
possibly lower the infiltration rates. Field research shoul'd be carried out
to determine the feasibility olfv this technique on the cerrado soils. '
Land leveling would be a prerequisite to surface lr.rlgnttioniin many
areas. The tollln.g topogréphy‘ .of _the Cerrado ngioh. in add'u:lon to the

deep and relatively uniform soils which prevail, would not present problems

for leveling cperations. The initial cost of leveling would generally be
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high, but the periodic maintenance would be low. A secondary benefit to
i-nd leveling is improved oroci;n control against rain and possible over-
applle‘tl‘n of irrigation water. Erosion is an increasing problem on many
farmed ;t..‘ of Cerrado soil, especially due to the reduction in
infiltration rates from those of virgin soil, caused bj mechanization.
Each of the dlfferei;t on-farm {irrigation techniques, and their
vnrlatloﬁs, can be appropriate under specific phylenl. econonic, and
noctoloiic condltloﬁs. Thus, the real advantages and disadvantages of a
partieul;r irrigation method should ideally be considered according to the
site-specific conditions which exist at a given location. Thc§o£orc, the
u:c.of large self-propelled lrrigat!ou systens is .p#ropri.to under some
eondltiopc. but it should not necosanrlly ba equated to "modern” or state-
of-the-art irrigation practice. Surface ltrlgatlén remains the predominata
water oppitcatlon method for irrignted agricultural production in the world
today. Tyis 1s the case for both developed and developing countries. As
such, the merits of applying water by surface methods should be vbjectively
evaluated in Brazil, and it should not be dismissed as an qutmoded form of

irtigntlon.

4.2 ﬁ_onouam.t_ox_uﬂce..teumsyhm

One ;f the problem areas that became evident during our visit to the
Guafira region was the relative lack of proper agricultural nanag?-ent under
the center pivots. far-e;s, in general, are using some of the same
practices with regards to soil management and mechanization, soil
‘fertilization, pesticide .pp)ic-ttons. crop varieties, planting densities,

.

. ete., ‘under the pivots as they would with dryland farming during the rainy
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seasoh with no irrigation. ‘l'ho,'c’e“ntor pivot thus becomes a "uﬁt gendérator®
.and not a sysfen vhich applies water to meet crop needs. .

As a result of some of these agricultural practices, prod;nctlvitiu of
irrigated sgriculture at the fiald level (which -x;o alr.eidy low) are
beginning to decresse under many center pivots in the Gunluj region. In
general, yields of irrigated crop'l in the region have been higherithan in
the drylnnd. case, but have nevet~.beon optimal to start with. Alf wve assume :
that most agricultural practices under the pivots are similar to those
carried out during the rainy season in fields with no' irrigation systems,
the increased yfelds obser\;ed under irrigation for crops such as corn and
beans, for example, are a result‘ of favorable weather conditions and the
wvater .vail.biilty and tine'ly appilcatiom provided by the'pivots. Ilo\;cvor.
average corn yie.lds under a pivot in 00rr3d6~type soils has been around 5000
Kg/ha, which is very low }f conpa?od to average irrigated corn yields in the
United States (8600 kg/ha natiorial average, some counties with production
over 10000 kg/ha). Average drylgnd y.leldn for corn in the Cerrado soils
has been around 3000 kg/ha (5580 l{;/ha in the United States). - ‘,'l‘hus, if we
consider the increased cost of production under a pivot due to electricity
alone (which now accounts for as ;uueh as 308 of the p.roductlon costs), it
has become uneconomical to plant corn (and some other crops such as wheat)
under cet;ter pivot sprinkler {rrigation. It is evident that new,
recommendstions for plant nutrients and fertilizers are needed for irrigated
crops in order to substantially fncrease yleldlA-nd benefit from the optimal
uictun conditions for plant growth that an irrigation system 'cnn provide

if properly used. New -fute;iu tegnrd{ng pest and disease management need

Y ¥/



to be developed in light of the different production costs and increased
" potential yhldsl.
The intense use of the land in the Guairs region and other regions
with Cerrado-type soils will result in problems in the future {f
. agricultural practices are not changed. With the advent of lrrlgatior;. at
least two and sometimes three crops are b;ing produced in a year. This has
resulted in a great increase on the mechanical work applied to the top soil
" layer. The excellent aggregated structure, characteristic of tl;o Cerrado
soils, can be destroyed by the over use of heavy disk plows and harrows.
With -ecﬁanlzntlon. the percent of dispersible clay. particles in the soil
l.'nereuu.‘ chuﬁgln; the lnfllérotlon properties of the soil. These clay
particles could migrate down under sprinkler irrigation and deposit on the
resistant layer contr,iﬁuting to the formation of s compaction layer in the
soil. Due to time constraints that farmers th; in soll preparation (if
they intend to plant three crops a year), these practices are sometimes
" carried out in non-'optluun soil moisture conditions. Al a resﬁlt. either
@ compaction layer can form if the soil is too wet, or very large hard clods
ire formed if the soil is too dry, which leads to additional passes of the
disc harrow in order to prepare the seed bed. Another observed detrimental
practice to soil conservation is the lack of incorporation of organic matter
in the already nutrient-deficient Cerrado soils. Some farmers which produce
tl'u'eo crops a year. will burn the él.nt material left over from a corn
harveat, for example, due to the lack of time available for incorporation
of this organic matter. However, other farmers are avare of the problem and

are experimenting with green manure crops for incorporation (e.g. Mucuna).
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In ;enoful. few farmers f.h.r. own center pivot systems sllow {onough élle'fgr
t,he._ soil to remain fallow.

Crop rotatfon i{s another lon;genont nipect that is not being followed
by many farmers. -In most instances, the farmers in the Guaira region were
avare of the need for proper c.r;p rotation, however, the selection of crops
was usually based on a cost/ﬁroﬁt analysis which depended ‘on the minimum
price policy set by the federal government. This flcéor leads to sometimes
fnadequate rotation of 'crép; w‘hlc':h puts an additfonsl -tn.'ln on the soil
and cro'ps_ with respect to .diseases., Some reports of nen;todo problems
vere noted. |

Irrigatloﬁ_ schedullné for timing and/or for th."lltlllltl(.)n of
applic;tlon depths is seldom us-ed'ln a practical sense in B‘ruil... In most
areas ve 'vistCed It vas obsei'v'qd that if vater was abundant, the farmers
tended to over- ltrlgnte, thus vntlng energy and water. - Some reseaich
carried out by a group fro- tho Instituto de Pesquisa 'l'ecnoldgleo (1IPT) of
Sac Paulo under a center pivot planted to beans showed that by timing
irrigations using tensjometers, yields were increased from 2000 kg/ha to
2900 kg/ha. The proper timing ;f icrrigation events and the application of
the necessary depth of watey to reﬁll.the root zone of the crop (taking

into consideration the efficiency of the irx;igatlon system) will result in

the maintenance of optimun moisture ‘conditions for plant .growth in the

soil. Irrigation scheduling will genoraliy result in energy and water
savings, an important aspect in light of the recent lncrea:so in electric
energy costs for pumping in B;'ugll. The application of only .tho sufficient
anount of water to replenmish \{}t:at has been re;oved by cvuéétran.eplutlon

w111 probably result in lower losses of fertilizer nutrients dye to leaching
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in the Cexrrado-typ> soils (exhibiting high infiltration rates). Optimum
moisture condlttonf in the root zone will also decresse the lnciéonco of
sofl-borne crop dlseases. In view of these diverse problens, it {is
necessary to research production agriculture under irrigation and extend
results to ‘farmers as soon as possible. The gple;rch should be of an
l;te:ditclp}inaty nature viewing the soil, crop and water environment as
“an inter-related system. The objectives should be to npxlnl:e yields and
returns while maintaining good soil conservation practiceas. The research
sliould address the following issues:
¢ Mechanization practices on the Cerr.&o soils under irrigation.
* Conservation practices, minimum tillage, direct élantlng, etc.
eManagement of vatef and nutrients in the top 25 - 30 cm layer of the soil
above the resistant layer as opposed to a deeper root zone for several
‘crops. ~ Which is a better option for the cerrado soils, and what
mechanization and irrigation practices would be needed (and feasible) for

each case?

eManagement of fertilizer, insecticides and herbicides for several crops.
Study the timing and application rates via sprinkler systems,

eMethods of ' scheduling frrigations appropriate to the locatfon and
sophistication of the farmer. The application of fertilizers and
chemicals through the system should be a consideration in the optimal
timing of the irrigations.

eDevelopuent of strategies for pest, disease and weed control taking into
consideratfon costs and . {ncreased potential ylelds of f{rrigated
-agriculture. )

eDevelopment of c¢rop varieties and genetic materfal best sulted for
irrigated agriculiure, Study of optimua plant densities, etc.

eThe simulation of crop growth and yields with rrspect to water, nutrients

and climatic inputs would be a useful tool in studying the adaptation of
crops to the different soil and climate conditions in Brazil.

Some of theses yuestions were being addressed by soil and irrigation

scientists at the CNPMS. They mentioned that corn yields of 10000 kg/hs
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had becﬁ obtained in ro;qbteh fields at the center. ' They also had ﬁeen‘
vorking with sowe private farmers giving suggestions on management practices
for corn production. In tﬁelo cases, yields were approximately 8000 kg/ha.
Research carried out at éPAc has also shown corn yieldl‘of over 10000 kg/ha
on the Cerrado soils, Thoreforo. it is evident that careful -anage-ont can
increase production. It is our opinion that scientists from CPAC and CNPMS
should form an 1ntotdlseiplinary team and work towards i-ple-cntiug a

systeas gpproach to solve the most pressing production issues.

- 4.3 M-Umm

EMBRATA re:eatebo:. have conducted exccllont experluental vork in the
areas of solls. crops, irrigation, and pest -anngeuont (ln addition to many
others) Much of the experimental results have uppe.red in various
scientific and teéhnlc-i publications, both donoptlc.lly ané abroad. 1t {is
als& cvldent that communication within EMBRAPA and befween the different
research centern.hnn been relatively good, and ;hac EMBRAPA tiesearchers
waintain contacts with for;lgn scientists who perform related research.
Overall, it is our impression that good quality research’'is being conducted
and published by EHBRA?A,'and that the FMBRAPA re‘gnrcherl are wvell aware
of parallel and related experimental work in differenticountrlea.

- Nevertheless, application of agricultural tesofreh_flndlngs outside of
EMBRAPA centers scems 'éo be unnecessarily delayed. . The .gr!éulturlf
producers in Brazil are, in general, not taking a&vunt;ge of a large part
of the research knowledge that exists within EMBRAPA. . Most of the farmers
are not in a position to.yonofit.directly from the toc?nleal publfbationq

by EMBRAPA researchers, and the "field days® at EHBRAPA'l.center-. though
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important and should be gontlnued, are not enough to transfer this knowledge

to the agricultural community at large. The field days, in which
experimental results are on display, are more useful for peuom‘ from
funding institutions, yxtoiulcm and industry than for the farmers
themselves.

In order to more successfully direct EMBRAPA's research findings tovard
improving agricultural production under favorable long-term sofl ;nd wvater
;anagenent p.ractices (the ultimate goal of EMBRAPA activities), ‘it will be
l;ecesury to intensify agricultural extension services to farmers. Although
agricultural extension may not be within the scope of FM#RAPA': work, it is
cgrtainl);. in EMBRAPA's interest as an organization that supports Brazilian
agriculture. Through successful agricultural extension, the excellient work
produced by EMBRAPA will be put into place, t;hus establishing increased
r;cognitlon for the benefits of continued agricultural research.

It has been apparené that numerous Brazilian farﬁen are continuing to
employ dry-land farming technfques to irrigated sgriculture, including
.tillage practices that often augment soil compaction problems in many areas
of the countl;y. This can be explained to a lnrgn.degr'ee by the relatively
recent i{ntroduction.of irrigation on lands that were previously farmed
under rain-fed conditions, or that were being farmed for the first time.
1;1 the newly developed areas, such as those under CODEVASF administration,
the farmers (or colonos) have essentially no expeﬂ.enco in 1irrigated
agriculture. .Thu; farmers will learn about appropriate. agricultural
practice with time; however, this process can be accelerated and streamlined
through the action of a more aggressive and efficient agricultural extension

.

service. The large investments in {irrigstion infrastructure and {n
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agricultural research in Brazil certainly justify a cdr.u'spondln; extension
effort to make effective us‘o of knowledge that Alr;qdy exists, and to
integrate these resources into sl;nlfleant' agricultural i-yrovenntn at the
farm level. .

Agricultural Extension in Brazil do;l not benefit from the combined
teaching, research, and e'xt’_ens‘lon effort vhieh exists within the U.S. Land
Grant university system, and which has contributed so much to the
sgricultural development of that country. The Braznlan' national extension

service, EMBRATER, is a separate institution within the Ministry of

Agriculture. The fact that it is a separate entity from the research

institutions 1ike EMBRAPA' has some decldediy positive connotations.
Presently, however, there appears to be a missing link ‘which is preventing
many of the EMBRAPA research results from reaching the end users. This

appears to be s result of the level of communication ‘between EMBRAPA

scientists and extension field personnel in genersl. . EMBRATFR is more

effective {n some sreas ?f ‘the country than in others.. Tha -fteetivénen
of extension services at the state levels varies from state to state within
the country and is subject to local policigr and buagecln; processes.
EMBRAPA, since its conception, has pushed for the training of its scientists

both in Brazil and abroad. This has resulted in a cadre of well-trained

scientists which, in most h(stanccs. have the necessary resources to dévclop.

creative and useful resea‘rc‘l.t of high quality. The sol'ul':lon at first, may
not be joining FMBRAPA and EMBRATER into one institution, but in increasing
the scientific knowledge and training of the ElBRATéR personnel so that
communication can occur oﬁ similar levels, Hea.mvhl_l'e. EMBRAPA could

intensify its contribution towards the transfer of ‘technology process b)"
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‘encouraging active and aggressive groups for this purpose, at each stdtion.
"ch.tochnologle. such as VIdeo.lnd microcomputers are very useful tools
which can be taken advantage of by EMBRAPA to enhance and optimize the
.transfer of knowledge to both the extension personnel and to the end users
 tuch as farmers and agro-industrial groups.
The gnportapco of this pr;cels must be stressed by the upper levels of
‘ the administration within EMBRAPA. The successful application of EH;RAPA‘O
research results at the farm lovol.c;n be a very powerful an? positive
-promotional vehicle. Such applicstion will contribute .to the continued
development of Brazilian agriculture and enhance the visibility and

importance of agricultural roseaéch in general.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Oversll ve were very well impressed with EMBRAPA and the development

and research goals of the institution. EMBRAPA has rcaiized the importance

of properly trained people, as well as the need to supply their scientists-

and personnel with adequate research facllitles..oquiﬁnont and resources.

The policy of training research personnel at the Masters and Fh.D level

should definitely continue.. It is also very important to supply adequate
resources and equipment for these scientists once they return from their

studies. - In this v-j. EMBRAPA cam fully benefit:from the new ideas and

techniques that many of these researchers bring from abroad and are eager

to apply to thc'ﬁrazlllan conditions.

'lrrlgafion ;rasearch in Brazil {is still ~lﬁ .an early éha-e of
development. This is due to the relatively new ;npbrtince that irrigated
agriculture has re;eived‘on a national level. Irrigation techiniques are new
to anzilAwhich has never had an extensive tradition ig this area. Much
research has been carried out in other countries in frrigation engineerfug
and crop production, that'could be adapted to the Brazilian social and
econonical coﬁdicionl. Many topics however, would toéuiro careful field
experimentation under some of the specialized conditions found in the
Cerrado and Northeast regions. '

We feel that EMBRAPA is presently at a turning p;int vith regards to
frrigation research. Many of the scientists that have. been studying ébts
topic abroad are returning, which will contribﬁtﬁ to ;hg‘tornation of ;
critical mass of research personnel. Due to the extent ‘of ‘the country and

its research needs, as vell.as limited resources under the present economic
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situation, the cooperatfon and joint rese;rch among thel; scientilts will
b, fundamental. '

Several topics were discussed within this report. A summary of some
of the findings and recommendations we feel are relevant to EMBRAPA are

pteéentod below:

On _Research:

eStudy of irrigated agricultural production as a system, involving soil
conservation, mechanization practices, soil fertility, disease and insect
control, irrigation system and practices, crops being planted etc. This
research would better be accomplished through and interdisciplinary team
of resedrchers from several EMBRAFA centers. The research would include
tbe inanagement of yroduction agriculture under center pivot irrigation
lysteno ’

eDevelopment and adaptation of automated or semi-autnmated surface
irrigation systems and practices for both the Cerrado type soils and the
Vertisols soils. The Cerrado research could be done jointly by the
CPAC and the CNPH while tesearch on the Vertisols could be done at the
CPATSA.

o}ntroduction of computerized irrigation scheduling at all the EMBPAPA
centers which work with irrigation research. Install automated weather
starions at each of these centers to support the effort. Instrumentation
should provide all " parameters for the calculation of reference
evapotranspiration with the Peruman equation. .

eIntensify research with all types of irrigation systems at the CPATSA
research station. Concentrate new research on surface irrigation in
support the new CODEVASF projects to be developed on Vertisols type soils.
Initiate a comprehensive study of salinity in the region and develop
irrigation and drainage practices for its control.” Optimize use of the
VAX computer system available at the CPATSA by purchasing software for it
and networking it to the PC computers. Hire additional Ph.D level staff
for the CPATSA research center to carry out research on irrigation system
engineering.

eEncourage the vresearch of trickle and drip irrigation systems on the sandy
soils of the CNPAI. Study appropriate crops to support the project as
well as methods to optimize the grovth of these crops under sprinkler and
trickle frrigaiion.

eliire additionsl Ph.D level researchers for the CNPAL. Preferably

Tesearchers thxt have experience in modelling infiltration processes and
the transport of solutes in soils.
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eDevelopnent of crop varieties and genetic -dterl;l ‘best sulted for
irrigated agriculture. ' Study of optimum plant densities, climatic
conditions etc. : '

eWork with other govermment agencies in developing a common database of
wvater resources for the country, including the study of stresm and river
flows, small watersheds, precipitation and gencral climatic parameters
used in agriculture and frrigation.

On _Geperal Issues;

eContinue the training of Ph.D level researchers abroad. Bncoufagc these

researchers to obtain experience on irrigation system engineering,
modelling and simulation with microcomputers.

eContinue the practlco of peer review of teaearch proponnls within the
EMBRAPA system.

e Implement a policy that encourages FMBRAPA scientists to publish research
results in ipternal publications as well as peer reviewed journals.
Reward scientists that are productive, and publish quality work.

eStress more interdisciplinary research among the centers that work with
similar topics.

eEncourage an active transfer of technology/extension group at all research
stations to coordinate the transfer of EMBRAFA's research results Lo the
extension service personnel, private industry and farmers. Make use of
the Tatest video and graphics technology to aid in this task.

e Vork with CODEVASF on forming an interdisciplinsry téam of professionnls
from both institutions to support the planning of new irrigatlon projects
in the country In this way, the oplinion of several experts on the
subject could be expressed and discussed, hopefully avoiding some of the
mistakes of the past and incorporating new ideas, technologies and
management practices. .

eEncourage cooperative agreements between FMBRAPA centers and Brazilian
Universities with M.Sc. and Ph.D programs in irrigation engineering. In
this way, graduate students could benefit from the fnvolvement of FMBRAPA
scientists on their committees and could jointly do research on EMBRAPA
stations under their supervision. This would provide additional low cost
professional research staff and would enhance thc rcsearch output of thesc
centers.
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'Appendlx A

Conséltlnt Itinerary

Date _ Place , ’ _Time_  Method of Tramspoxtatiop

Oct 08 Leave Logan, Utah 0630 Alrplane, Car

Oct 09 Arrive S&o Paulo, SP 1030

Oct 10 Leave S8o Paulo, SP 1400 Airplane
Arrive Brasflia, DF - 1530

Oct 12 Leave Brasilia, DF 1700 Car
Arrive Uberlandia, MG 2200

Oct 13 Leave Uberlandia, MG . 0730 Car
Arxive Guafra, SP 1000

Oct 14 Leave Guafra, SP | 1900  ‘Car
Arrive Uberlédndia, MG - 2130

Oct 15 Leave Uﬁerléudll. MG : 1030 Car . :
Arrive Brasilia, DF - 1530 . .

Oct 20 Leave Brasflia, DF . 1900‘ Ajrplane, Car
Arrive Sete Lagoas, NG . 2200

Oct 23 Leave.Sete l.agoas, MG . 6830 Adrplane, Car- -
‘Arrive Petrolina, PE - - 1400

Oct 26 Leave Petrolina, PE - 0830 Alrplane, Car ~
Arrive Parnaiba, Pl ) 2100

Oct 28 Leave Parnaiba, PI 1030 Adrplane, Car .-
Arrive Brasilia, DF . 1800

Nov 03 Leave Brasflia, DF 0640 Altﬁlano
Arrive Jaiba, MG \ 1000
Leave Jaiba, MG : 1700
Arrive Brasilia, DF . 1900

Nov 07 Leave Brasilia, DF . 1330 Alrplane
Arrive S8o0 Paulo, SP 1500
Arrive Rio de Janeiro, RJ 2245

Nov 08 Arrive Los Angeles, CA ) 0730

. 59



Appendix B

luterviewed Persons and Agencies

Elwar Wagner, Chefe DIC
Adhemar Brandini, Assessor

Antonio Carlos Guedes, Chefe

José Fldvio Lopes, Pesquisador

Carlos Alberto da S. Oliveirs, Pesquisador
Osmar Carrijo, Pesquisador

Carlos Magno Campos da Rocha, Chefe
Elias de Freitas Junior, Pesquisador
Eduardo Delgado Assad, Pesquisador
Ariovaldo Luchiari, Jr., Pesquisador
Oswar Niccolini, TFesquisador

Antonio F. Bahia, Chefe

Morethson Resende, Pesquisador

Evandro Chartuni{ Mantovani, Pesquisador
Barbara Mantovani, Pesquisadora

José Carlos Cruz, Chefe Adjunto Técnico
JoaAo Carlos Garcia, Chefe Adjunto Apoio
Enio Fernandes da Costa, Pesquisador
Lairson Couto, Pesquisador

Luils Mauricio Cavalcante Salviano, Chefe
Aderaldo Souza Silva, Pesquisador
Carlos Alberto Oliveira, Pesquisador
Jose Monteiro Soares, Pesquisador

Edson Lustose de Fosidio e

Clemente Ribeiro dos Santos
Carlos Fonseca Lopes, Gerente Local

Vitor Hugo de Oliveira, Chefe

Washington Luiz de Carvalho e Silva, Chefe Técnico .

Horacio H. Stagno, Coordenador Contratos

Jader Fernandes de Carvalho, Assessor Especial
Waldo G. Espinoza, Manejo de Solos e Aguas

* Levy Souto, Engenheiro )

Evandro Parreiras, Assessor

Carlos Antonio Landi Pereira, Gerente Executivo
Joao Ramos de Oliveira, Coordenador de Producao
. Nivaldo Barbosa

Juscelino Antonio de-Azevedo, Assessor
José Lins de Albuquerque Filho, Assessor
Arlindo Bonifdcio, Eng® Agrénomo

" Ady Raul da Silva, Eng® Agrénomo

José Silvério da Silva, Eng® Agrénomo

. 6o

EMBRAPA/DTC
EMBRAPA/DTC

EMBRAPA/CNPH
EMBRAPA/CNPH
EMBRAPA/CNPH
EMBRAPA/CNPH

EMBRAPA/CPAC
EMBRAPA/CPAC
"EMBRAPA/CPAC
FEMBRAPA/CPAC -
EMBRAPA/CPAC

'EMBRAPA/CNPMS
EMBRAPA/CNPMS
EMBRAPA/CNFMS
EMBRAPA/CNPMS
EMBRAPA/CNPMS
EMBRAPA/CNPMS
EMBRAPA/CNPMS
EMBRAPA/CHPMS

EMBRAPA/CPATSA
EMBRAPA/CPATSA
EMBRAPA/CPATSA
EMBRAFA/CPATSA
EMBRAPA/CIATSA
EMBRATA/CPATSA

EMBRAFA/SPSB

EMBRAPA/CHPAL
EMBRAPA/CHPAL

11CA/EMBPAPA
CODEVASF
11CA/CODEYASF
CODEVASF
CODEVASF
Dist. de Irr. Jaiba
Dist.' de Irr. Jaibas
Dist. de Irr. Jaiba

PRONI

PRONI
EMBRATER
PROVARZEAS/PROFIR
PROVARZEAS/PROFIR



Antonio de Oliveira Lima, Fazendeiro

Laércio Lourengo Lelis, Fazendeiro

" Mauricio Sakal, Fazendeiro

Aritonio Barbosa, Fazendeiro

A. Celso Barbosa, Fazendeiro .

Lupercio Geraldo Lourenco Lelis, Eng. Agronowo
Jose Aparecido Silverio dos Santos

Mauro Xavier .

Oswaldo Reichert, Salesperson

Peter John Griffee, Technical Manager/Ag & Forestry

Pedro Harper Cox

Luiz Freire, Manager

Robert’' Verloop, Agricultural Advisor
Fedro Luiz de Freitas, Eng®’ Agrdnomo
Nabil Joseph Eid, Dr. Eng. '
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Guafra, SP
Guaira, SP
Guaira, SP
Guaira, SP
Guaira, SP
IAC, Guaira, SP
1PT

FROAGRO, SP
DAN-MATIC, SP
GRUPO ULTRA, SP

FRUTOS DO VALE, PE
FRUTINOR, BA
FRUTINOR, BA
EMBRAPA/SNLC Solos
Univ. de Brasilia




ABID
ABRAL
BA
CEPAR

- CNPAL
CNPH
CNPMS -
CODEVAS
CPAC
CPATSA
DF

DIC.
EMBRAPA
11C
1ICA

PROINE
PRONI
PROVARZEAS
sp

. $pPSB

usv

NN NN

.
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‘ Appendix C

List of Abbreviations

Assoclaclo Brasileira de Irrigacso e Drenagenm
Associagho Brasileira para a Agricultura Irrigada

Bahia State

Centro.de Pesquisa e Apoio pars o Produtor Rural

Centro Nacional de Pesquisa de Agricultura Irrigada
Centro Nacional de Pesquisa de Hortaligas

Centro Nacional de Pesquisa de Milho e Sorgo
Companhia de Desenvolvimento do Vale do S3o Francisco,
Centro de Pesquisa Agropecudria dos Cerrados

Centro de Pesquisa Agropecuidria do Trépico Semi-Arido
Distrito Federal

Departamento Técnico e Cientifico

Empresa Brasileira de Pesquisa Agropecuiria
International Irrigation Center, Logan, Utsh

Instituto Interamericano de Cooperaclo para a Agricultura
Instituto de Pesquisa Tecnolégico do Estado de Sio Paylo’
Minas Gerais State

Pernanbuco State

Plaui State . . .

Frograma de Financiamento para Aquisic8o de Equiparentos
de Irrigaclo °

Frograma de Irrigaclio para Nordeste

Programa Nacional de Irrigacso

Programa Nacional de Vérzeas

S3o Paulo State

Servico de Produgho de Sementes Basicas

Utah State University, Logan, Utah
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Programa II. GeragSo & Transfer&ncia de Tecnologia

0 #rograma de Gerag3o e Transferéncia de Tecnologia
& a resposta do IICA a dois aspectos fundamentais: (i) o
reconhecimento, por parte dos palises e da comunidade
técnico-financeira internacional, da import8ncia da tec-
nologia para o desenvolvimento produtivo do setor agrope-
cudrio; (ii) a convicg80 generalizada de que, para apro-
veitar plenamente o potencial da ciéncia e da tectnologia,
& npecessario que existam infra-estruturas ‘institucionais
capazes de desenvolver as respostas tecnoldgicas adequa-
das 4s condigdes especificas de cada pais, bem como  um
lineamento de politicas que promova e possibilite que
tais infra-estruturas sejam incorporadas aos . processos
produtivos.

Nesse contexto, o Programa II visa a promover e
apoiar as a¢des .dos Estados membros destinadas a aprimo-
rar a configurag5o de suas politicas tecnolégicas, forta-
lecer a organizag8o e administrag3o de seus sistemas de
gerag3o0 e transferéncia de tecnologia e facilitar a
transferincia tecnoldgica internacional. Desse modo serd
possivel fazer melhor aproveitamento de todos os recursos
disponiveis e uma contribuig3o mais eficiente e efetiva
para a solugio dos problemas tecnoldégicos da produglo
agropeacudria, num Smbito de igualdade na distribuig8o dos
beneficios e de conservag8o dos recursos naturais.
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_ INSTITUTO INTERAMERICANO DE COOPERAGAO PARA A AGRICULTURA

0 Instituto Interamericano de Cooperagio para a Agricultura
(1ICA) & o organismo especializado em agricultura do Sistema Intera-
mericano. Suas orfigens datam de 7 outubro de 1842, quando o Conse-
lho Diretor da Uni3o Pan-Americana aprovou a criagBo do Instituto
Interamericano de Cigncias Agricolas.

Fundado como uma instituigio de pesquisa agrondmica e de
ensino, de pds-graduagSo para os trdépicos, o IICA, respondendo as
mudangas e novas necessidades do Hemisfério, converteu-se progres-

" sivamente em um organismo de cooperac8o técnica o fortslecimento
institucional no campo da agropecudria. Essas transformagdes foram
reconhecidas oficialmente com a ratifica¢8o, em 8 de dezembro de
1960,  'de uma nova conven¢50o, que estabeleceu como fins do 1IICA
estimular, promover e apoiar os lagos de cooperagfio entre seus 31
Estados membros paia a obteng8o do desenvolvimento agricola e do
bem-estar rural. . : ‘

. Com um mandato amplo e flex{vel e com uma estrutura que per-
-mite "a participas8o direta dos Estados membros na Junta Inter-
americana de Agricultura e em seu Comité Executivo, o I1ICA conta com
ampla presenga geogrifica em todos os paises membros para responder
a suas necessidades de coopera¢do técnica.

As contribui¢des dos Estados membros e as relagdes que o TICA
mantém com 12 Palses Observadores, e com varios organismos interna-
cionais, 1he permitem canalfzar f{mportantes - recursos humanos e
financeiros em prol do desenvolvimento agricola do Hemisfério.

O Plano de Midio Prazo 1867-1991, documento normativo que
.assinala as prioridades do Instituto, enfatiza ag3es voltadas para a
reativag3o do setor agropecuario como elemento .central do crescimen-
to econémico. Em vista disso, o Instituto atribui especial impor-
téncia ao apoio e promog8o de agdes tendentes 3 modernizagdo tecno-
légica . do campo e a0 fortalecimento dos processos de integrag¥o
regional e sub-regional. .

pPara alcangar tais objetivos o IICA concentra suas atividades
em cinco dreas fundamentais, a saber: Andlise e Planejamento de
Politica Agraria; Gerag3o e Transferéncis de Tecnologia; Organizag¥o
e Adninistrag8o para o Desenvolvimento Rural; ComercfalizacSo e
Agroindistria, e Sadde Animal e Sanidade Vegetal.

Essas Areas de ag80 expressam, simultaneamente, 8s neces-
sidades e prioridades determinadas pelos prépios Estados membros e o
8mbito de trabalho em que o IICA concentra seus esfor¢os e sua
capacidade técnica, . tanto sob o ponto de vista de seus recursos
humanos e financeiros, como de sua relag¥o com outros organismos
internacionais. :
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