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SORGHUM IN CENTRAL AND SOUTH AMERICA

INTRODUCTION

Drs. Vartan Guirapossian and L.R. Heusc hive had the
opoortunity (7 scveral trips int» Latin America to learn about sorghum.
We have been aware that ICRISAT is considerine the possibility of dove-
loping onc or more regional centers in the Americc's and have made

suggestions to this cnd.

Information has come from several visits, different papers,
and the International Sorghum Mccting in Buenos Aires. Information is
ramified and detailed. This report is brokcn intn a number of state-
ments, the first twe are summary in naturc and include our recommendations.
Other sections and reports are included because they present an array of
information in such 1 way that onc rcading them can better form his own
opinion and hopefully rcspond with morc confidence to an ICRISAT approach

to the Americas.

This is prescnted as a statement useful in formulating
provosals for funding. Wc would be happy to contribute further to the
development and strengthening of an ICRISAT presence in thc America's

should the opportunity arise.

L.R. HOUSE & V/RTAN GUIRAGOSSIAN

May, 1975.
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SOME GENERAL COMMENTS AND RECOMMENDATIONS FOR ICRISAT
ABOUT SORGHU:! IN LATIN AMERICA

Surghums are widely grown in Latin /merica. The rate of
increased area sown and rise in yield is higher in this area than in
any other part of the wurld - increascs iave beca spectacular in Mexico
and Argentina,

These increascs have come largely in response to increasing
demand for animal feed. Large productive apricultural arcas were
available employing mcdern farming techniques. Seed companics from
the USA werc attracted into the arez and now many Latin companies have
develop working with both corn and sorghum. The thrust in research
and development has been directed toward the larper farmer capable of
substantial production. Research and development for the needs of the
poorer more subsistance type farmer has largely been ignored
(See APPENDIX III).

Sorghum is or could be used in essentially three broad
ccological regions that would benefit the poorcr farmer. The drier
areas such as North-East Brazil where rainfall is highly variable and
drought common. In high rainfall arcas wherc periods of drought are
realized during the growing season, fields frequently .are rolling to
steep so run off is high, water penctration is poor and the soils have a
low water holding capacity. Such situations are typical of much of
Central America. The third region consists of the higher elevation
areas wherc both high and low rainfall situations cxist. Concern by
ICRISAT for sorghum improvement has been centered in the extensive
higher elevation droughty arcas of Mexico involving approximately
1.3 million hectares of land. There are indications that materials
developed there arc also beginning to find places in new higher eleva-
tion areas in other Central American countries (around 1800-2000 meters).
Aside from the recsearch efforts for the development of sorghums for the
higher elevation areas very littlc research is heing done for these
more marginal growing comditions. ICRISAT would find a challenging
opportunity.

The first sorghums used in the Latir countries came from the
USA and a common conception has developed that most of the sorphums
used are from there. Today, in placcs like Argentinn only about 20%
of the sorpghum grown was bred in the USA - the rest comes from local
research. However, it is truc that the origin of mnst of the
material is from the USA. US developed material falls off in produc-
tivity in the mrre tronical regions - the availability of good A-lines
(sced parents for hybrids) from the US are freqently so poor that sced
production would nct be economical. Alsc, as US developed materials
become less productive, to a degree, interest drops off, numbers of
companies decreasc, and thc input into research is less. It scems
cvident that ICRISAT nced not be concerned abeut sorghum improvement
in more temperate areas where research input alrcady rests on the



vast investment in the USA and the onc rapidly developing in some of the
more temperatc Latin countrics. However, ICRISAT might well contribute
in the morc the tropical areas where they have greater experience, access,
and knowledre about sorghums than exists in the USA.

Or. Vartan Guiragessian and I have had some opportunity to
visit ont ~-~raise the sorphum position in a number of Central ind South
American ccuntries Ue both fcel strongly that ICRISAT should have a
presence in the Americas. This has becn supported by a resolution of
the conference in Bucnos Aires and by a warm invitation on the part of
scveral prominent sorghun wurkers in the region (See APPENDIX V). Dr.
Richelli from Venczuela, Jr. Torrieroso from Cnlombia, and Dr. Carballo
Aquiles from [fcxicn 111 made 2 special point *u talk about a regional
center of ICRISAT in their country or at least in the Americas. We
rccommend  that ICRISAT cstablish two reeional centers in the Americas;
one in Brazil in the Norti-East and one at CIMMYT in Mexico. A sugges-
tion was als. made by Dr. Shaffert, coordinatsr for sorrhum in EMBRAPA,
that ICRISAT consider establishing at the National Corn and Sorghum
Center at Sete Laroas. This possibility can be further evaluated.

A rescarch opportunity in the North-East of Brazil would
enable us to undertakc varietal development in the semi-arid situation.
Pay off cculd be in terms of a morc stable food type sorghum for the
poorer farmer and in terms of mechanized production on large holdingsto
help solve the problem of 4 to 5 million tons deficit annually in cereal
grains in this region.

An ICRISAT center in the Morth-East might be at Caruaru or
Racife. Caruaru is about 2 hours drive from Racife and in a semi-arid
region. However, the IPA station there is poor and it may be necessary
to find better land and water. The three stations of Caruaru, Serra
Talhada, and Araripina in Pcrnambuco State would all be useful., If n
man were stationed in Racife he could likely have use of land at the
University wherc intensive crossing activities could be undertaken.
This would alsc be a uscful site for an off-secascn nurscry. The ICRISAT
man would likely coordinate sorchum research in the North-East but should
be a contributing mcmber to the EMBRAPA country wide program. e would
also have regional respensibilities. Beside an input into the devclop-
ment of varicties and hybrids for thc North-East ICRISAT could contribute
by introduction and evaluation of cnllections and elite stocks of Indian
and African origin on the acid, aluminium toxic, low fertility soils of
the Cerrado area.

We scriously considered CIAT or CIMAYT as a place to center
and finally deciced to recommend CIMMYT. The npvortuntiy to us¢ the
various climatic situations in Mcxico within rclatively short distance
is attractive. Another important aspect was the easc with which
material developed at somewhat hiphcer latitudes will move to lower
latitudes but that the rcverse is not true. We do know that entries



from Screrc in Uganda do not contribute well when woved nuch morc than
9 to 10 dcgrees latitude. It seems reascnable to cxtrapolate this
cxperience to the Amer.cas  Dr. anscl Salazar, workiny with Dekalb in
Nicaragua mentioned to Vartar that sorghums received from Colombia were
not adapted. Many of the disease and insect nroblems of the region are
found in Mexico so Lreed s apainst them is possible.

We feel thnt the current progrem centered at CIMIYT should be
modificed substantially so that about 80% of thc cffort would be focussed
on low and mid-clevations and about 20% cn hirher clevation material.
This would enablc us to place a major thrust where sorghum is now grown
and a minor thrust in the morc exploratory hich c(levation situation.

We feel strengthened in this division of pnriority becausc of the strong
programs to develop serghums for the high clevaticns by the national
program (INIA) and by the University of Chapingo. Alexander Grobman
supgested to Vartan that the best solution would be te place a man at
CIMMYT and at CIAT. An assistant of Dr. Torrcproso, working in Colombia,
made the comment that maizc developed at Poza Ricadid very well in the
lowlands of Colombia. However, in thc hinh clevations, corn varieties
from CIMMYT do not fit - they are not carly cnoush. On the other

hand the corn varieties from the high elevations of Colombia are late in
Mexico. To solve this problem CIMMYT has cstablished cooperative work
in corn centered in Equador to hclp the highlands of Bolivia, Peru,
Equador, and Colombia. Possibly at somec future datc based on greater
cxperience in the area, ICRISAT may wish to consider something similar.

Dr. E.U. Spraguc apain reiterated that CIMMYT could provide
the ICRISAT program a total 10 hectares a ycar divided across seasons
and locations (El-Batan, Tlatizipan, and Poza Rica). Dr. Carballo
Aquiles, sorghum coordinator for INIA, expresscd interest in the presence
of ICRISAT in Mexico ond indicated that there is a larpc INIA station
(Zakatepck) that could be used by ICRISAT if more area is required in the
lowland tropics. This station is a bit further from El-Batan than Poza
Rica (more to the snuth).

We alsc felt some value in this prenosal in that 2 certain
amount of training could be undertaken in both Spanish and Portugese
speaking areas.

Another intcresting contribution that ICRISAT could make
from CIMMYT is assistance with the coordination of the sorghum program
of thc PCCMCA.

The PCQCA is an unofficial informal oroup of plant scientists
for the six Central /wmerican countires, Guatemala El Salvador, Honduras,
Nicarapua, Costa Rico, and Panama. It began some 25 years aro on corn
and has expanded to includec sorphum, beans, rice and root crops.



They hold an annual meeting attended by some 300 scientists
from government and nrivate companies. rapers are presented and the meet-
ing breaks into work groups to review past work and organize regional
trials. The meeting is rotated between countries and is financed by the
host country. They have no office and no permanent staff. Seeds for the
regional trial are gathered by one person and organized into trials. The
data is accumulated and organized into a report.

At the present time CIMMYT staff are coordinating for the
corn program as they have facilities to put up the seed, visit the trials,
accumnulate the dota and use their computer to analyze data and organize
the report. They have not been able to do this for sorghum and usually a
report is not organized. Vartan was frequently approached, while travell-
ing in Central ‘merica, for ICRISAT to provide this same coordination
function for sorghum as CIMWYT is doing for maize. This function while
worthwhile and something for which ICRISAT could contribute, is of such
a magnitude that ICRISAT weuld have to consider this in its support
staff structure.

If ICRISAT should place a man in North-East Brazil there has
been a repeated request that he be involved with the coordination of
sorghum improvement work in cooperation with FMBRAPA in the four states
of that area.
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ICRISAT's Potential. Research Involvement in the /Americas
General

It has been proposed that ICRISAT estalblish two regional centers
in the Amcricas, one in cooperation with CIITYT, IMIA and the University
of Chapingo, and the other, in North-Eastern ijrazil at an IPA station
through EUDRAPA. In due course, wit™ mor~ o2roericnce, the possibility of
a third location in cocperation with CIAT rmight be considered.

Initially at least, onc plant breeder for only sorghum should be
stationed at each of these lecations. The inscet and Jdiseasc situations
are of considerabic concern and thouzht misht be giver at the outset to
placing a pathelecist with the station >t CTITWT and an centomologist in
North-Castern Brazil. A sood roscarch tecimiciar would also be required
at the CIMMYT locatior if ICRISAT werc to helo with coordination of the
PCCHCA activities i~ Central America.

A great interest was cxpressed at the International Sorghuri
meeting in Argentina about the documentation scrvice that ICRISAT will
provide. I was reaquested to give a 10 minuie tal% about the Sorghum and
Millets Information Centcr. Intercst was exprassed in the possibility of
translation into Spanish and Portugese.

Tremendous interest was also exprecsed in the training program of
ICRISAT. This interest included training at thc Center in lyderabad and
in inscrvice training at potential regional stations in tne Amcricas where
instruction could be in Portugese and Spanish.

Sorghum, in most of thc places where it is used by the poorer,
smaller farmer, is sown with corn and beans. Only, on large mechanised
farms is it a single crop. As part of its potcntial program thrust to
assist the poor farmer, cropping systems will be important. Cropping
systems is apt to be an aspect of ICRISAT's input into Brazil and thc
sorghun breeder should cooperate with this effort. This will be an
important concept in many of our possible activities in the Amcricas.

There is a nced for economic input. Sorshum has moved more
rapidly into arcas where economic policy has been cncouraging. It would
appear that opening up of the Northi-East of Brazil to the typc of
production that would solve their 4-5 million tor annual import into
that region will rcquire sound economic planring if it is to succeed.

There is o certain value in communication if ICRISAT has regional
centers in the Americas. There is a tendency to come more directly into
ICRISAT's flow of matcrials and it better, morc cfficiently, as part of
an ICRISAT global network. It is difficult to amoraisc this value but
surely it would result in a speed up - greater cificiency - of crop
improvement.



A regional opportunity will permit periodic visits to sorghum
stations in othor countries. This helps haste. the exchange of useful
breeding materials and ideas. This would be an important contribution of
ICRISAT to the region.

Sorghun Breedin~

I e

The D ctencial input £ IC°Il.T into breeding activitics have
scveral rather discinct aspacts.

The food tywe scrghu: varictics uscd ir Central America are very
late. It may not be mossiule or even desirable to climinate photoperiod
sensitivity but veri>iies maturing aboin:l onc moat® carlier than the locals
would appear valuable for most of the Central Amcrican countries. This
project would be centcred at the ICRISAT vrecgional station at CIMMYT.

An input is still required, particularly to develop good foorl
type sorghums, for the high elevation areas cf Mcxico and other Latin
countries. Ifore extcnsive cvaluation of materials now in the program
should be made in the 1500-~2000 meter clevation range in lexico and other
countries (Central America, Colombia and Equador). (This program could
be associated with ICRISAT-CIIMYT).

The very acid, aluminum toxic soils of the Cerrado include a
large land arca of Brazil but are also of importancc in Venezucla and
Colombia. There arc already indications of uscful variation in sorghum
to susceptibility to this soil condition but only a portion of the total
variation has been evaluated for its reaction. It would scem uscful if
ICRISAT would coopcrate in cvaluating the world sorghum collection and
useful agronomic types from India and Africa on these soils. This work
could be undertaken in cooperation with the EIMBRAPA program at Sctc Lagoas.

The need for varieties well adapted to the tropical Americas is
a general problem, luch of the availablc germplasm in use has originated
from the USA and its adaptation declines in more tropical areas, also the
varietal sources from tlic USA are poor in food quality and while the major
interest for sorghum is for animal feed, there is rising interest in food
usec.

Therc is a strong tendency for the use of hybrids throughout the
Latin arca. Two problems have been realized in attempts to use and produce
hybrids devcloped i~ the USA. Sced parents (A-lines) are poorly adapted
and hence it is difficult to producc economically satisfactory yields of
seed; and, second, hybrids that nick (syncronous flowering of male and
female parents) i.i che production yields ia the USA fail to do so in more
tropical areas and so, again, fields are low and the possibility of
contamination fror stiray pollen is high. This was mentioned as a problem
in Colombia. Not only in the Amecricas, but clscwhere, it scems imporcant



for ICRISAT tc boexic involved in the developwent of parents for hybrids
with particular cmphasis on tropically ada-t ¢ A-lincs.

Irocct and discase problem: and resistance to drought arc impnrtant
problens in which ICRIGAT hrceders in the Arcricas sasuld be cooperatively
associated. This is moationcd in rreater darcail below.

Drought . o515¢aic.

Sorghum has underrone a srnectacular incr.as™ in use in rhe Americas
in the last 10-15 years princrily bocause ¢ ives hetter more stable yicids
than corn in drisr zreas. Climatic data, ¢ > nislcading becausc sorpghu.
is moving into areas vhere rainfall cxceeds 1000 mr.  Thes. arcas have
sloping fieclds where runolf is high, water nenctracion is noor and there
arc thin scils with low water 'tolding capacity. Jresks 19 che rain of a
long cnough time to causc drought stress wre comnon. The nroblem was
mentioned as onc of major importance in limiting yicld in Mexico, Guatemala,
El Salvador, and Srazil (Cerrado Soils).

There is also the nced for drought resistant types in arcas where
the expmocted total rainfall is low 350-700 ir.

T need for coopcration with ICRISAT's jrogram for drought
resistance is apparent.

Inscct Pests

The insect pests mentioned to be of concern in Central and South
America arc:

1. Midpe Contarina sorghicola
2. Sugar can2 stalk borcr Diatraca lincolata
3. Fall army worm Spodoptera Suglverda
4. lir~ worn Cusano alanbr.

5. Grecn bug Schizaphvs praminum
6. Ycbworm (Cclama) Pyroderces s:.

7. Agrocis 1ipsilon

8. Heliothis zea

9. Chinch bu;

10, Grain storatc insccts

il. Elasmocalypas lignoscilus
12. /ohids Rhovalosinhum maidis

lithout qucescion, the major nroblen appcars tc be midge, but
close scconds arc the sugar cane stalk borer and the fall army worm.
Elasmopalpus was devastating at the station at Araripina in the north west
corner of Pernanbuco statc in Brazil, but otherwisc, was scldom mentioned.
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The green bug was acntioned as a problem in Mexico, Argentina, and Bolivia
but not in the more tropical areas. It is likely that grain storage pests
are wide spread but were mentioned only in Bolivia.

Approximatc distribution of insect pests of concern on sorghum in
Central and South America.
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Brceding for resistance to midge in varictal materials adapted to
the more tropical Aacricas would appear to be of considerable importance.
The problem is well cxpressed in North-Eastern Brazil and if ICRISAT
establishes a regional station in this arca breeding for resistance to this
insect should constitute an important part of its program. Elasmopalpus
lignosellus, while apparently restricted in importance to the North-East

s serious and would also require further investigation. Thc sugar cane
borer is present in Brazil, the fall army worm was not mentioned as a
problem. These two insect pests appear to be severc cnough in the Americas
that it would be valuable to investigate the situation further to decide
just what to do and from where to do it. If in Brazil, it would appear



that cooperation vith the sorshum program of GiI"[APA at Sete Lagoas would
be worthwhile. These two pests arc not of irmoriaice in Asia and Africa
so rescarch would have to be undertzken in the /:ericas.

G..cn bug is a problem in tac more temperatc arcas; this is an
important probich in the USA and resistant lincs have been devcloped there.

Diseases

The discoses that wore mentioned to be eof concern in Central and
Souti America arc:

1. Anthu~cnosc Colletctrichu 1 gcraninicola
2, Grey 1507 spot Cercoscora sormai

3. Downy mildew Sclerosrora sorghi

4. Zonatc lcaf snoc Gleoccrcosuera sorghi

5. Bacterial leaf strip Pscudononas andrepogoni

6. Charcoal rot [{facrophomina onhaseoli

7. Leaf blight Helmincsvorium sor;hicola
8. Rust Puccinia wupurca

9. Grain moulds
10. Virus

The arecas where thesc discases occur vary, sonctime within a
country. Gencrally anthracnose is wost wide spread; downy mildew is
common, spreading, and of considerable concern; and hcad moulds arec a
common problem. The other discases arc frequently not of economic
importancc over broad arcas; but, for exampl., virus is important in
Venezuela.

An approximatc distribution of discaccs is as follows:
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Anthracnose is wide spread and important and should constitute
part of any ICRISAT program on sorghum improvement in the Americas. The
discasc was devastating around Sete Lasnas and in the Agro Industria
frea of the San Francisco River Valley in Horthern Minas Gerais. It vas
also mentioned tc be important at Coruaru. Cooperation with the corn and
sorghum center of EMBRAPA at Sete Lapoas wovld appear valuable also
cooperation with Texas .\ § [i and Purdue would be worthwhile as both of
these institutions are worling on this discase,

Downy mildev is o discase of importance and of increasing concern.
It is more of 2 problen in Mexico than in Central and North-Eastern Brazil.
This disease is rcadily obscrved at Poza Rica and could constitute part of
the ICRICAT prograr if a regional contor is csteblished in cooperation with
CIIZYT. Closc cocperation with Texas A and I’ would be worthwhile.

An input into resistance to charcoal rot could be centered with
the ICRISAT program at CIMNT using matcrials from Texas A § M and
ICRISAT., Hydcrabad. Although not indiczted, grain moulds develop well
at Poza Rica in the summer. The ICRISAT program in Mexico could use source
matcrials from Hyderabad to transfer resistance into locally adapted
materials.

The importance of the other discases would nced further investigation
before a recommendation might be made for ICRISAT involvement.

Food Uses of Sorghum

Sorghum is already used as a food in Central America.

In Guatemala, about 80% of thc sorghum production is in asscciation
with corn and beans. About 64% of this production is for home use and of this
40-50% is used in tortillas. In El Salvador alout 50% of the production goes
into tortillas, about 8% of thec production of ilicaragua goes into food, as
tortillas and into & drink called Tiste. There apparcatly is a rising interest
in the possibie use of sorghum as a food in Colombia where there is a possibly
a very limited use in soup, Arepa, and a fermentod drink called Chicka.

There is also a growing interest in using scrghum as a food source in the
high clevation droughty arcas of Mexico.

Sorshum fiour is used in these countrics to extend maize; sometime
tortillas are made of flour one half corn and onc half sorghum. Almost
all co ntries of the Jouth American region cxtend wheat flour with flour
from sorghum (Argentina, Brazil, Colombia, and Venczucla). There are food
technology labs involved with the use of sorghum flour to cxtend wheat at
the Manfredi Station in Argentina and in tie lebs at the Campinas Station
of Sao Paulo State in Brazil.

There is also the possibility of some direct use of sorghum as
a food in Horth-Eastern Brazil and possibly Colombia wherc the greater
stability of sorghum over corn can be expected to result in higher, 1ore
stable yields for the poor farmer.

Clearly, ICRISAT, with its vast experience with food quality type
sorghum is in a unique situation to contribute.



11
TRIP REPORT

BRAZIL, MARCH 10-23, 1978
L. R. HOUSE

(I) Introduction:

The visit te Brazil was given initial shape at the sorghum
meeting in Buenos Aires. Dr. Robert Shaffert, coordinator for sorghum
improvement for EMBRAPA: and, lahmed El TFaris were there. It was decided
that I would first visit the National Corn and Sorghum Center in Sete
Lagoas and travel to the semi-arid region in the agro-industrial area of
the San Francisco River Valley in Northern Minas Gerais. Following this
I would visit the EMBRAPA headquarters in Brasilia and their nearby
station, Centro de Pesquisa Agropecuaria dos Cerrados, where some work
is done with sorghum primarily as part of a cropping system. From
Brasilia I would fly to Racife and travel in the Pernambuco State to
see some of the stations and work of IPA at Serra Talhada, Araripina;
pass by Caruaru, and finally visit the EMBRAPA station at Petrolina.

Sorghum Production in Brazil over the past few years is as follows

Year Area Production
(1000 ha) (1000 tons)
1971 80 170
1972 ) 120 220
1973 ) 210 400
1974 250 500
1975 \ 230 483
1976 ’ 210 553
1977 178 435

The level of production has shown a rather dramatic increase.

Production of sorghum by State in Brazil is as follows

State Month of Area Production Yield
final ha tons kg/ha
harvest e
Brazil 435446
Ceara August 2000 1600 800
Rio Grande do Norte August 4615 3733 809
Pernambuco August 106 152 1435
Minas Gerais May 2290 2748 1200
Espirito Santo May 205 615 3000
Sao Paulo . May 56540 168620 3000

Roraima March 855 3470 4058
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Production of sorghum by State in Brazil (contd..)

State Month of Area Production Yield

final ha tons kg/ha

harvest e
Santa Catarina April - 450 1320 2933
Rio Grande do Sul May 91000 214000 2352
Mato Grosso HMay 4583 8258 1802
Goras May 15000 29625 1975
Other 305

Currently, the areas sown in the three north-eastern States of Ceara, Rio Gran.
de do Norte, and Pernarmbuco are modest; particularly, Pernambuco. The

States of Sao Paulo and Rio Grande do Sul have the greatest production

but this is very largely for animal feed and produced on larger mecha-

nized farms.

(II) Reception and Interest in ICRISAT Participation in the Sorghum
Improvement Program of Brazil:

From the time I arrived at Sete Lagoas until I left Petrolina
1 was made aware of a keen interest in having ICRISAT place a man, particu-
larly in the North-East, to work on sorghum improvement. This was true of
both technical and administrative people. Dr. Jose Gabral told me that
EMBRAPA was placing emphasis on my visit and wanted something to come out
of it indicating that Brazil had financial resources to support initiation
of such an effort. In response to this wide scale expression of interest
I organized a technical statement to be modified in Brazil and hopefully
to be ready by the first week of June when Drs. Blumenschein and Swindale
will meet. This statement was organized at Petrolina and was to be typed
and sent to R. Shaffert, National Coordinator for sorghum, and to Mario
Lira, Coordinator of sorghum and millets work in Pernambuco State. The
director of the EMBRAPA station at Petrolina, Dr. Renival Alves de Souza,
may also have used this statement in a visit with Dr. Blumenschein shortly
after my visit. It is only a technical statement and clearly does not
commit ICRISAT.

As of the 15th of May, this statement has not arrived.
However, invitations were cabled for Dave Andrews and Bob Willey to
visit. Dr. Renival was concerned that moving ahead on sorghum alcne
might in some way reduce the opportunity to have a more inclusive farming
systems, pearl millet, sorghum program. Possibly, when he visited
Dr. Blumenschein, following my visit, he pushed for this more inclusive
approach.

The reasons for this enthusiastic response appears to stem from
several interests. The need to increase cereals production in the grain
deficit North-East and sorghum appears to be a promising crop for this
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purpose. The sorghum program in the North-East todate has been one of
screening introduced germplasm. A program momentum has been built up and
there is a need for a more in depth breeding effcrt. No one in the North-
East is free at this time to spend f1l1l time on sorghum improvement and
the departurc of liohmed E1 Faris has been felt. Of intcrest to the
country, probably more so than to ICRISAT, is the interest in sweet
sorghun as a source of alcohol. Even there, though, there would be spin
off from the ICRISAT input in terms of new introductions and source of
discase and insect resistance. Dr. Renival, director of the station at
Petrolina, is anxious that ICRISAT also ccnsider stationing a man to con-
centratc in the ares of farming systems. Dr. Mario Lira, sorghum and
millcts coordinator for IPA, cxpressed interest in ICRISAT stationing a
man to concentrate on pearl millet improvement.

(III) A general reaction to Brazil:

I had the opportunity to travel somc 600 kilometers from Sete
Lagoas to Januaba in Minas Gerais; to travel frum Recife to the North-West
corner of Pernambuco State (Araripina) and then travel south to Petrolina -
a distance of about 800 km; and finally from Petrolina to Salvador about
600 km in the State of Bahia. What one sces and the response to it tend
to be the same, vast vast undeveloped areas, also, onc is impressed by
the substantial problems in the development of these areas, and the
tremendous rewards that can come from their development. The Cerrado
soils are acid (pH around 4.5) with problems of aluminium toxity and a
serious deficiency of phosphate (for which there are not good resources
in the country). In the North-East the lack of moisture presents restrict-
ing prcblems in vast arcas. In some areas (the drier ones) proper
management of natural vegetation and feed stuffs appears of paramount
importance; and in others (where rainfall is better), the opportunity for
land clearing and grain production appears to be worthwhile. One simply
cannot but be impresscd by these vast almost population free areas; but
also, with the tremendous investment that must be made to really make them
productive. To a degree, sorghum is still a crop to rcally be introduced
to these areas. Research on sorghum improvement is primarily directed to
an exploratory situation.

(IV) Stations:

The Centro National de Pesquisa de Milho ¢ Sorghum (CNPMS) began
in 1976. The station of 1,911 hectares is located near Setc Lagoas. The
vegetative cover is of the Cerrado type. The soils are acid with aluminium
toxicity and are very low in phosphate.

The complement of staff to work on corn and sorghum is
extensive:

Director
Assistant Director - Technical
Assistant Director - Administrative
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Stores (one)
Climatology (one)
Extension (one)

Rural Economics (onc)
Entomology (two)
Statistics (onc)

So0il Tertilization (Three)
Physiology (onec)
Pathology (two)

Soil Conservation (one)
Mechanization (one)
Maize Breeding (four)
Sorghum Breeding (two)
Microbiology (one)

Seed Production (one)
Chemistry (one)
Germplasm (one)

Facilities of the station are good, adequate office and labs in
attractive buildings. There is a farm operations area that at quick glance
appeared modest for the size of the station. Rainfall averages about
1200 mm/year.

The National Corn and Sorghum Center is on the highway between
Belo Horizonte and Sete Lagoas; about 10 km from Setc Lagoas. Belo
Horizonte is connected to Rio de Janerio by a shuttle air service. The
road from Belp Horizonte is excellent and the distance is 70 km. Belo
Horizonte is a large city with expanding industrial imput - availability
of goods and services would appear to be quite good. Sete Lagoas is a
smaller town but certainly a comfortable place to live. There are no
towns in Pernambuco Statc, in the semi-arid regions, as nice as Sete Lagoas
as a place to live. This point was made scveral times by Bob Shaffert.

Bob Shaffert and I travelled from Setc Lagoas to an agro-industrial
project in the San Francisco Valley. This area is along the northern border
of Minas Gerais and is in a semi-arid climatic situation (750 mn average
with range from 300-400 to 1200 mm). This year the rains were good so every-
thing was green. The crops were excellent, vigorous and productive - I was
impressed.

Anthracnose was a problem in the arca, being severe on some fields
and almost absent on others (different sowing dates). The soils are deficient
in mangenese and zinc and have a very high water penetration rate.

Certainly onc was impressed with the production potential of this
arca if moisture is adequate.

I had the opportunity to visit Brasilia, and the nearby EMBRAPA
station, Centro de Pesquisa Agropecuaria dos Cerrados. Very little work
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on sorghum is undertaken although Dr. Ade da Silva, wheat breeder, is
including sorghum in some of his efforts to evaluate crop response to

the acid Cerrado soils and as part of a cropping sequence. Host interest-
ing for me at this station was to see the difference in varietal response
of wheat to the Cerrado soils, and the trcmendous difference that added
lime and phosphate makes te crop development. The approach taken to
simultanesusly idontify tolerant rlant types and alsc dcterminc management
steps required appecared tn be good. I became more convinced of the value
of screening the world collection and cther useful germplasm material in
this situation.

tthile at Brasilia (about <00 to 1150 mcters elcvation and
1500 mm rainfall) I had thc orportunity to meet and talk with Drs. Jose
Irineu Gabral (Precsident - EMBRAPA) and Almiro Blumenschein. Notes
made following my visits with these men arc included in the attachments.
Both were keenly interested in collaboration with ICRISAT for sorghum
improvement particularly in the North-Last.

I spent a week cnd in Racife and find it a pleasant place to
live. There is an cxtensive beach that was most popular on Sunday -
onc wondered if anyone was still at home.

On Monday morning Dr. Mario Lira and I paid a brief visit to
the IPA station in Racife. IPA is the research organization for the
State of Pernambuco. There are ninc people concentrating their time on
sorghum and millets. IPA works in association with and receives some
funding from EMBRAPA. Funds are also received from several other organi-
zations; Sudene for millets, Bank of the North-East for grain and forage
sorghum, a Canadiam organization and EMBRAPA for sweet sorghum; and
funds come from the State and University. However, Racife is on the
coast with high rainfall and not in a region where sorghum is a crop
of interest. Somc 40 km inland there is a station, still not in the
semi-arid area, but wherc some morc intensive activities, such as cross-
ing, could be undertaken. This station could also be used in the
off-season; there arc about 10 acres of irripated land with the Univer-
sity in Racife that could also be used for off-season activity. Without
doubt, Racife is the best place to live in the State and no doubt
among the best in the North-East. It is about 2 hours and 40 minutes
flying time to Rio and about 5-6 hours to Belo Horizonte (because of
connections). It is distant from useful stations in the semi-arid
arcas: contact with crop is restricted unless a staff member is willing
to spend much of his time away from home.

The grecn coastal belt is about 50 km deep with 8 months of
rain and 4 months dry. Crops commonly obscrved arc corn, beans, casava,
castor, and forage. The area remains green throughout the year.

About two hours driving time (140 km) west of Racife one
reaches the town of Caruaru (500 meters clevation). This is the second
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largest city in the Statc with a population of 200,000 (a bit bigger
than Sete Lagoas). Caruaru is situated in a rolling country side
receiving about 700 mm rainfall annually (beginning in March-Apri! and
ending in J:ne-August). There is an IPA station (160 -ectares) nearby
that has a rolling terrain. Therc is a river but the water is salty.
Mario Lira rents land f=wm farmers for somc of the rescarch activities

of the sorghum »rocram. Buildings on the station are limited and in poor
condition. The advantages of this location are: (1) it is situated in
the North-East where a priority effort is wanted: (2) it is in a semi-arid
situation (but rot Cerrado soil); (3) it is about 2 hours from Racife
where there is an international airport; and (4) it is a reasonably larpe
town where a family could find relatively adequate living facilities - a
weekly trip to Racifec would not be difficult.

Near Serra Talhada is a large IPA station (4000 hectares)
about 7 hours drive from Racife. The station is gently rolling with
adequate good aluvial land and water (there is a large lake). It is a
sorghum station and the one where Mohammed did much of his work. Two
crops a year are possible. Facilities are modest, there is some staff
housing on the farm. The town is small and it would be difficult for
expatriot staff to live happily there. Distance from Racife and the
living conditions detract from this location as a place for resident
ICRISAT staff,

The night was spent near Serra Talhada and the following
morning we drove about 4 hours to Araripina in the North-West corner of
the State. The size of the station is adequate, the soils light and
of the Cerrado type (acid, aluminium toxicity and low phosphate);
rainfall over a 13 year period has averaged 740 mm ranging from 200 mm
in 1961 to 1500 mm in 1974, There are only 2 or 3 buildings on the farm
small in size (one or two rooms). One is an open typc shed for equipment.
The town is small and not adequate for living by an expatriot family.

The three stations of Caruaru, Serre Talhadz, and Araripina
would be useful to a sorghum improvement program because problems of the
crop. at these locatiens differ some. If a man worc to live in Racife
he would bc interested in land at the University and at a station some
40 km away.

From Araripina I travelled to Petrolina to visit the EMBRAPA
station for the North-East - Centro de Pesquisa Agropecuaria do
Tropico Semi-Arido.

The town of Petrolina is satisfactory for living, the station
is good but it is in a low rainfzll area - morc arid than semi-arid.
This is well known and has been of concern to previous ICRISAT staff
looking at the station.
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I talked scveral times to the "Chefe'' of the station, Renival
Alves de Souza, about location. He was concerned; one, that I was talk-
ing only about sorpghum; and two, that he wanted thc ICRISAT group in the
North-East association with the EMBRAPA group at Petrolina. I indicated
that we would be interested in having the ICRISAT man associated with
EMBRAPA and while concentrating in the North-East participating in the
National prosram and even regionally - he concurred. I alss indicated
that therc are already somc 20 EMBRAPA staff members in IPA stations so
an ICRISAT man could bc administrativcly associated with the station at
Petrolina but situated, say =t Caruaru where he was in a semi-arid region.
He concurred that such an arrangement woeuld be satisfactory and that with
such an arrangement it would not be necessary for all ICRISAT staff to be
in the samc place.

(V) Comments on Research:

(a) Cerrado Region

The term "‘Cerrado" refers to a type of scrubby tree vegetation
and underbush but is associated with acid soils (pH 5 or below), high
exchangeable aluminium, and poor fertility (particularly phosphorous).
These soils are red and yellow; the red soils respond faster to correction
and have a somewhat better water holding capacity but they have a poorer
nutrient base than the yellow soils. They acount for 25-30% of the land
arca of Brazil and extend from Sao Paulo in the South to the Caribbean,
When a crop like sorghum or soyabeans is sown on newly cleared soils
without correction the growth is extremely poor. Rice is a more tolerant
crop. Variation does exist in sorghum for response to these conditions
and this should be exploited - ICRISAT could contribute especially by
providing a strong germplasm base.

If the pH of the soil is increased to 5.2-5.4 with lime the
aluminium is tied up (not toxic) and fertilization is more effective. If
the pH is raised to 6.5 it is estimated that application of lime would be
required once every 4 or 5 ycars. Dr. De Silva has found with wheat types
tolerant of thcse acid conditions that soil pH near the rcots is raised to
pH of 6.5. This was not true of susccptible varieties in the presence of
aluminium - it was if there was no aluminium. Simple field screening has
been found to be adequate to identify tolerancc.

(b) Sorghum Development In Pcrnambuco State

Research for thc improvement of sorghum began in 1959 but the
project was shifted from man to man and there was no take off. It was not
until Mohamed El Faris arrived in 1973 that a solid program began. Mohamed
introduced 2500 entries of diversc origin and sclected in this matcrial.
There has been some take off with forage types but not grain. A prcblem
with grain has been the attempt to use bitter bird resistant types.

Purina tried to use these and stopped. Also, these has been no price
support for sorghum and no market development. They have now introduced
better grain types, including yellow endosperm. However, the strongest
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funding is to deveclop a sorghum useful for the production of alcohol.

The program to date has been one of evaluating introductions.
They are not interested in incorporotion of discases, insect, drought
resistant traits, grain quality, swect stems for alcohcl ctc. They are
moving more or less from a screening program to one c¢f breedint where
more activities are invoived. The loss of lMchamed at this time is felt,
It is for these reasons that they arc anxious for 2 sorghum man from
ICRISAT.

Mario Lira is coordinating the sorphum and millcts projects

in Pernambuco State. He spends about 1/3 of his time with thc University
where he teaches from 4 to 12 hours a week. The other 2/3's of his time
is spent with IPA, There are 9 agronsmists with IPA concentrating their
time on sorghum and millets. The leaders cf the sorghum and the millets
projects are stationed at Serra Talhada. Training is an important aspect
of their program. At the moment there is one Ph,D., there will be 4 M.Sc.
when they finish school (2 are ebunt to finish) and 5 with the B.Sc.

In the IPA network there are 3 main stations and 7 substations
ror testing. There is a very close working relationship between IPA and
the University at Racife.

There are sorghum breeding programs in each of the 4 north-east
states, Ceara, Rio Grande du Nord, Paria, and Pernambuco. Research in
Ceara and Rio Grande du Nord is with the University and in Paria, with
the Ministry.

In Ceara therc are 3 agronomists working with sorghum, one has
an M.Sc. There arec two sorghum workers in Rio Grandc du Nord. The men
in the Universities in both States have teaching responsibilities.

Several points of interest developed in conversation with
Mario Lira.

(a) That increase in corn production matchcs the increase in
population. Now the comrctition for poultry fuud pushes
them into a deficit situation.

(b) They would like to increase the production of sorshum for
poultry feed and hold their corn for food.

(c) There has been almost no increase in per hectare yield of
corn - the increase has come from increascd land under
production,

(d) About once in 5 years the corn crop is bad. The average
yield of corn is about 800 kg/ha and in bad years will
drop to 400. The whole arca is usually nct affected in
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bad years - there are bad pockets - the production
over the whole area tends to equalize.

(c) About 99.9% cf the corn crop is intercr.nped usually
with beans but also with cotton.

(f) The agriculture is usually of a shifting type - new
lands arc brought under cultivation as old lands are
exhausted.

Serena, from Serere in Uganda, has been one of the better
introductions but requires improvement in prain quality. It would be
good to look at the 2KX types as well as the Now Good Grain Composite
that was witli Sann Mukuru. The indication is that varietal types
adapted close to the equator will do well in the North-East of Brazil.

Insects are important limiting factors to production. Midge
is a common, widespread problem particularly severe on late sown
sorghum.

Elasmopalpus lignosellus: This insect was very bad at Araripina
but is not widespread. The insect travels under the ground apparently
at night. It cuts the basc of scedling plants; frequently tillers will
grow but these can also bc cut. The problem is frequently worse in dry
weather. Without treating a field at Araripina with aldrin this insect
can virtually destroy the crop. It seems tc prefer sorghum first, then
maize, then millet; however, rather striking variation was observed in
level of attack in one nursery at Araripina. Possibly, useful progress
could be made by breceding.

Drought resistancc also is an important priority for any
breeding effort.

I feel that it would be useful to make preparations with good
food quality sorghums that are normally made for maize. If satisfactory
food products are possible the farmers might realize better and
more stable yiclds from sorghum.
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VISIT WITH DR. ALMIRO BLUMENSCHEIN

Dr. Blumenschein asked me about the trip and my reaction to
the sorghum iork going on at Sete Lagoas. After responding, to this I
outlined to him the current position of ICRISAT at CIM (T and the tenure
of the program under IDRC funds. I also indicate’ the intercst of
ICRISAT to coonerzte with Title 12 when it gets off of thc ~rcund but
that we were looking at sorghum in the America's not ruling out the
possibility of stationing people to creatc a regional centcr.

Dr. Blumenschein indicated that in Brazil they were interest-
ed in establishing links with Institutcs but not in hosting one. He
indicated that they now have links including staff stationed in Drazil
with CIAT, CIP and IITA and that they have strong cooperacion with CIMMYT
but with no personnel. He expressed a strong desire for cooperation
with ICRISAT and would welcome ICRISAT presence. Hc indicated that
EMBRAPA could even provide funds (possibly from a World Bank Loan) to
help initiate cooperative activity. He also indicated that ICRISAT
staff stationed in Brazil could have courtesy employment by the Inter
American Institute for Agricultural Sciences (IICA). An individual
carrying the identity of this organization can travel freely in the
America's.

At the time that I visited Dr. Blumenschein I had not yet
been into the North-East. I indicated to him my impression of the
Cerrado area and the potential I could see in sorghum and other crops.

I indicated that the sorghum germplasm thus far looked at on the

Cerrado was almost entirely of US origin and felt that it would be worth-
while looking at the world collection and good agronomic types of African
and Indian origin. We talked about the array of sorghum problems in
Brazil and how ICRISAT, if they would station someonc in Brazil, should
usefully have the opportunity of the sorghum research organization of the
country. I indicated that Bob Shaffert (sorghum coordinator for EMBRAPA)
suggested that the man be stationed at Sete Lagoas wherc there is a
community of sorghum scientists and work regionally within and outside of
Brazil from this base. Dr. Blumenschein could sec no difficulty if a
program would dcvelop along that line.

Finally, I indicated that Bob Shaffert and I had talked of my
organizing a statcment after I had visited thc North-East and send copies
to him and Mario Lira. head of the sorghum program for Pernambuco State.
The three of us would try and finalize a statement that we could present
to our respective administrators. Dr. Blumenschein said that he would be
seeing Dr. Swindale in carly Junc so I indicated that I would try and
have this statcment finished by then.

In closing Dr. Blumenschein again indicated the interest
that EMBRAPA has in cooperating with ICRISAT.
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VISIT WITH JOSE IRINEU CABRAL, PRESIDENT OF EMBRAPA

Aiter talking with Dr. Blumenschein I was asked to visit with
the President.

Mr. Cabral, likc Dr. Blumenschein expressed a strong desire
for cooperation with ICRISAT howcver, he placed strong caphasis on the
North-East and did not waiver from the position very much. In covering
essentially the same ground with him as with Dr. Blumenschein he did not
balk at centering a man at the National Corn and 3Sorghum Center at Sete
Lagoas but he kept coming back to the North-East.

Mr. Cabral was almost morc dircct than Dr. Blumenschein indica-
ting the availability of funds from Brazil to initiate cooperation with
ICRISAT. Hec talked some about problems that thcy have had getting
started with sorghum in Brazil but he felt strongly that it had a place
and was prepared to recommend pricing policies that would be encouraging
when appropriate. He told me that they were anxious about my visit and
very much hoped that somothing would materialize from it. I indicate
that I was impressed with the cnthusiasm for cooperation with ICRISAT
that I had encountered since entering Brazil. I mentioned that I was par-
ticularly happy to find the same desirc among sofghum people at Scte
Lagoas who might eventually be working colleagucs of anyone that ICRISAT
might finally station in Brazil.

Finally, hc was concerned that some positivc steps be taken
to get EMBRAPA and ICRISAT together. He indicated that he was not techni-
cally qualified; at this point I mentioned the plan to have a proposal
jointly organized by Mario Lira, Bob Shaffert, and myself indicating
that we would try and have this finished by the time that Dr. Blumenschein
would sce Dr. Swindale in early June. He was happy to know .about this
fecling the approach to be good and indicating that it was just such a
paper that brought CIAT and EMBRAPA together. He requested a copy of
the paper.
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SUGGESTIONS RELATED TO THE STATIONING OF AN
ICRISAT IMAN IN BRAZIL TO WORK ON SORGHUM

This statement was madc in Pctrolina in responsc to questions from the
"Chefe' of the station, but was also to bc sent to Drs. R. Shaffert and
Mario Lira.

I have had the opportunity to visit thc National Corn and Sorghum
Center at Scte Lagoas, the Naticnal Center at Brasilia, look ot the
sorghum work of IPA in Pernambuco State, and to visit the EMBRAPA center
at Petrolina. Universally, I was grected wit%: a strong desire for ICRISAT
to station 1 man to concentrate on sorghum immrovement particularly in the
North-East. This statement represents my ideas as to how and wherc this
might be undertaken - it carries no approval from ICRISAT. Hopefully,
this statement will facilitate organization of a proposal including
comments from staff at the Petrolina station, Mario Lira (IPA) and Bob
Shaffert, sorghum coordinator for EMBRAPA. ‘

The reason for the enthusiastic response for ICRISAT to place a
sorghum man in Brazil appears to stem from a dctermined intcrest to
expand cercal production particularly in the North-East and also on
Cerrado soils; and, to maintain and expand the sorghum improvement program
bogun in the North-East. At this time, there is no one who can concentrate
full attention ‘'on sorghum and the need for a strong technical imput has
been felt particularly since the departuere of Mahamed El Faris.

\

The thrust of the problem appears to be two fold. Improvement
in the production of grain andforage by intensive cultivation on large
mechanized farms to help reduce the constant cereals deficit situation
of the North-East; and, to develop food type sorghums useful as an
intercrop by subsistance level farmers.

If an ICRISAT man is stationed in the North-East it is suggested
that he have a regional responsibility within and outside of the country.
More locally, it has been repeatedly expressed that he should coordinate
sorghum research in the four states of the North-East and possibly where
relevant in adjacent states.

It is reccognized that an agreement would be made between EMBRAPA
and ICRISAT and that the ICRISAT man would work within EMBRAPA, associated
with the station at Petrolina but positioned at the IPA station at Caruaru
(or possibly at another location if this should prove better). It is
recommended that the ICRISAT man be recognized by the Inter American
Institute for Agricultural Science so that he can travel easily within the
Americas.

In rough outline it is suggested that the responsibilities of
the ICRISAT scientist would be:

(1) In cooperation with the National Center for Corn and Sorghum
at Sete Lagoas assist with good cooperation between sorghum
programs in the states of the North-East.
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(2) As and when desirable place entries in National trials.

(3) Participate in planning programs relatcd to sorghum improvement
at the National level and in the states of ths North-East.

(4) To make at least an annual visit to sorchum programs in other
countries of the region to facilitate rapid interchange of
idcas and materials.

(5) To help identify individuals throughout the region for
training at ICRISAT and to do a rcasonable amount of
in-service training within Brazil.

(6) To introducc the world sorghum collection and other potentially
useful materials from other parts of the world and evaluate as
appropriate for

(a) Ability to produce satisfactorily under conditions
of low pH, aluminium toxicity and low phosphate
availability, Variability in response to these
traits is known to exist.

(b) Evaluate for resistance to the following insects:
i. The stem borer - Diatraez saccaralis
ii. Elsmopalpus lignosellus
iii. Spodoptera frugiperda
iv. Midge
(c) Evaluate for resistance to anthracnose.
(d) Evaluate for drought resistance.

(e) Bird control.

(f) Evaluate sorghum for food quality using local preparations
primarily for maize.

(g) To develop sorghums useful for intercropping.
(h) To select uscful forage types.

(i) To provide potentially useful types for alcohol
production to the National center at Sete Lagoas.

It is important to appreciate that screening for these traits
should be done at several locations where conditions are optimal; for
example, low pH, aluminium toxicity and low phosphate at Sete Lagoas or
Araripina; resistance to Elasmopalpus lignosellus at Araripina, anthrac-
nose resistance at Caruaru, and midge resistance at Serra Talhada.
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(7) Suitable programs of breeding and crop improvement would be
expanded or initiated following preliminary screening as
considered useful.

(8) Caruaru has been suggested as a location to ccnter the sorghum
work recognized somc limitations.

(a) It is in the semi-arid tropics with a rainfa.l pattern
similar to areas where sorghum can be intensively
produced.

(b) It is the sccond largest city in Pernambuco State so
offers rcasonatble living conditions.

(c) It is two hours by road to Recife for family interests
and particularly to facilitate busincss travel.

(d) Many of the problems of the crop are expressed there so
effective seclection is possible.

Disadvantages are:

(a) Rolling terrain of the station possibly requiring use of
land off station or acquiring more land.

(b) Only limited water available for irrigation to support
off-season crop activities.

(9) Interest was expressed in having ICRISAT place a man, preferably
in the North-East, to concentrate on the improvement of pearl
millet and to work in farming systems.
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TRIP REPORT

MEXICO, CIMMYT - March 24-27, 1973

Vartan is fitting in well at CIMMYT apparently working
effectively with the CIMMYT staff. He finds CIM'YT a very cfficient
institute which he much appreciates.

He also had his rcport finished for his visits to Guatemala,
El Salvador, Nicaragua, and Colombia. To hclp broaden our information
about sorghum in the Americas he aso organized a statement about Mexico.
The information that he had and comments gained are worthwhile. His
approach was good, and the information that he gathered usefui. A copy
of his paper is included (APPENDIX 1).

We talked about the program for the deveclopment of early cold
tolerant types suitable for the high clevations of Mexico. Two points
werc emphasized. The ICRISAT program would concentratc on white seeded
types of food quality. Both the programs at INTA and Chapingo have
coloured types so there is no necd to duplicate. Seccond, an effort will
be made to relate days to flowering with elevations at which the different
materials maybe useful. It maybe sometime before sorghums are available
for the rainfed tracts at 2200-2300 meters clcvation; however, usecful
materials at elevations between 1500 and 2000 meters maybe available and
could be directed toward farmer use.

We feel that selective operations should be undertaken at
El-Batan for agronomic traits in the cold cnvironment and at Poza Rica, in
the summer, for disease rcaction. The winter nursery would be used for
non-sclective activities. The purpose is ti get away from making selec-
tions for anything but non-variant characters in the winter at Poza Rica -
a secason very different from El-Batan in the summer.

It appears best, in diversifying the genetic base in the program
to concentrate, initially at lecast, on the carly good grain quality types
from Hyderabad. These will be crosscd to good grain types that are cold
tolerant and early. Hopefully, it will be possible to realize carlier
good qrain cold tolerant types in segretating generations.

The genetic basc nceds to be expanded but crossing to
accessions from thc high clevation arcas of East Africa rcsults in progeny
that flower in 120-140 days days at El-Batan. It is worthwhile to
introduce such material and sclect toward earliness; but, the priority is
considered to be lowcrthan concentrating on crosses with very early, good
grain types from Hyderabad.

Vartan was able to obtain secd of a number of A and B lines
while on his trip. He now has about 240 A and B line pairs which must
be one of the largest collects existing. He will increase the seed for
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distribution and run an A-line test cross using only A-lines with pearly
whitc grain.

It was suggested, that for now, projects involving high lysine,
midge, and stem borer problems be withheld until elite types for farmer
use at the high clevaticns are available and then direct breeding
objectives at sclving problems in their production.

There had becn some rains at Poza Rica and some plants were
showing damage from discase. Vartan will scorc for resistance and
agronomic clitcness taking maturity into account. There is a lot of
‘phenotynically similar material that should be weeded out of the program
to provide a chancc for new material to come in from crosses.

The general stature of the plants in thc cold tolerance
program appear to be wecak at Poza Rica. A plan was made to evaluate
these against some of the hybrids currently in use in the lower eleva-
tions of Mexico. This will give us some information on plant type if we
begin to work at lower elevations in the Americas.

Vartan also plans to bring some of the better varieties and
hybrids from Colombia and look at them at Poza Rica and Tlatizipan. It
is a general experience in the maize program and our experience with
sorghum in East Africa that materials developed close to the equator do
not move to higher latitudes. This project then, will also form part of
an effort to learn more about the brecding of sorghum in the America.

Vartan plans to visit Texas A§M about April 10. About mid-
June he is thinking about visiting Honduras, Bolivia, and Peru. This
will pretty well round out our effort to evaluate sorghum in the
Americas.



APPENDIX I
TRIP REPORT

Guatemala, E1 Salvador, Nicaragua,
Colombia, Argentina, Mexico

February 5 to flarch 12, 1973

Vartan Guiragossian, Sorghun Breeder
ICRISAT/CIIMYT

You ar2 ~robably avarc that TCRISAT with headquarters at Hyderabad,
India, assuned rcsponsibility and leadership of the cold tolerant sorghum
program centered at CIMAYT, Mexico from January 1977. Dr. Vartan Guirapossian
who was agpointed by ICRISAT in carly October 1977, was asked to carry on the
program.

The purposc for thc visit to Guatemala, E1 Salvador, Nicaragua,
Colombia and Argentina sorghum growing arcas was to become familiar with the
cxisting problems and particularly as it applics to the small farm situation,
and also to become acquainted with the scientists in the region working on
sorghur improvemenc.

ICRISAT's objective in this project throughout the Central and
South American sorjhum growing arcas is to extend adaptation to highlands of
the tropics, semi-arid tropical and even temperate zones in the developing
world in order to intensify land usage, and also to assist in developing
tropically adapted varicties and hybrids for the tropical low lands.

INTRODUCTION
Origin of llorld Grain Sorghum Production

According to Martin (1970) cultivated sorghum probably originated
in east central Africa, in or near Ethicpia or Sudan. The same is stated
by Doggett (1970) who also indicated that thc sorghum crop today can grow
in the belt between sea level and 2700 m. This could be explained by the
wide variety of ecological habitats in close proximity and altitudes ranging
from sca level to over 3500 m that occurs in Ethiopia.

The tropical origin of sorghum has been pointed out as a reason for
the better adaptation of this crop to semi-arid and warm subhumid areas in
Asia and Africa (Fberhart, 1970), where sorzhur has becn grown as a major
cereal crop throughout centuries and it is mostly uscd for human consumption
(Miller, 1968). The great importance of Asia and Africa as sorshum producers
in the world is shown in Table 1,

Grain sorghum is rclatively a new crop in the Americas. Doggett
(1970) mentioned that the main grain sorghum introductions to America
occurred between 1874-1908. Since then, this cro» has become increasingly
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important, and by now it is the second ranking feed grain in the United
States of America (U.S5.A.). In Latin America sorshum has had an explosive
acreage increase in the last 25 years as shown in Table 2. By 1975, sorghunm
became the third most important grain crop in Mexico (Livera, 1975) and in
Argentina (Parodi et al, 1975). Tropical lLatin America, like other develoving
regions of the world, is struggling against the crushing, interrelated
problems of poverty, hunger, malnutrition and inflation, problems that have
been complicated by unprecedented urban expansion as a result of rapid
demographic growth and migration to thecities from rural areas. Increased
agricultural productivity is an essential component in the alleviation of
these problems. Those who remain in the rural areas must produce more, not
only to improve the standard of living of their own fomilics but also to
feed the growing percecntage of people engaged in non-agricultural activities.

The combination of rapidly rising population and increased purchasing
power is expected to result in an annual increase of 3 to 4 percent in demand
for food during the next ten years. Unless food production rises at an
equally rapid pace, growing in inflationary pressures on food products can
be expected. This can only create additional hardships on the lower income
sngments of the nopulation who spend most of their income on food and who
need to improve first the quantity and quality of their food consumption in
order to overcome serious malnutrition,

Grain sorghum is becoming increasingly important in Latin American
countries from both zn economic and nutritional point of view., One only
needs to look at agricultural statistics for Latin America to see the
rapidly expanding scrghum areas. (Table 3).

The increase in area sown to sorghum has been dramatic in Guatemala,
Mexico, Argentina, Brazil, Colombia, Uruguay and Venezuela., Although the
total area sown is small, the increase in area in Costa Rica and Dominican
Republic is great. The area sown to sorghum has increased in El Salvador
and has becn relatively constant in Nicaragua. Argentina and Mexico, two
pre-hybrid sorghum producing countries which now have more than half their
area in hybrids, have incrcased hectares in sorghum by moIe than 20 and 12
times, respectlvely since the pre-hybrid years of 1948-527 On the contrary,
El Salvador and Guatemala with less than 20% of their sorghum in hybrids
and using domestic or native varieties have increased land in sorghum by
only 1 1/4 ahd 3 times respectively,

In addition to likely increases in these major producing countries
there remain several potentially favourable producing areas in Latin America.
Of this group Brazil with one of the few undeveloped areas of the world, the

1 Estimate of 100,000 ha, for Mexico in 1948-52 - FAQ statistics.



Toble 3. Are- sown to sorghum (hz x 1000); average per hectare yields (kg/ha); and production
(1000 metric tons) for several Ceatral and South American countries (FAO Production

Year Book 1974).

Country Area 1000/ha Yield kg/ha Production 1000 MT
Costz Rica 8 1610 1686 2000 1798 & 13 16
Cuba 13 1167 1154 1154 1154 22 15 15
Dominican Rep. 4 3716 3571 3172 3280 4 15 17
El Salvador 130 943 1119 1316 1192 °1 146 131
Guatemzla 73 665 616 614 569 25 45 42
jonduras 25 1230 1379 1400 1313 5% 40 39
Hexico 1063 2211 2296 2298 120C 452 2441 2700
llicaragua 35 ¢33 1061 1053 1072 47 50 60
Neth Antille 4 16567 1500 1476 1455 5 66 6
Argentina 1564 1588 1600 2261 2440 135S 2502 5100
3razil 1699 2941 700
Colombia 95 2275 2505 2359 2398 31 238 235
Uruguay 6 %2 543 1342 1995 1924 4 57 193
Venezuela i 5 2166 1415 1834 1552 i 7 43




Amazon Basin, plus other regions cvea morc readily cvailable for the
cultivation of sorghum, offers the greatest possibility for a sipmificant
increase. 'lost of these potential producers will, howover, require a
nuch greater rescarch effort to locate adapted hybrids or varieties as
well as to determine suitable cultural and marketine practices.

T Centrol American ccuntrics are <enerally ru ood with a
central mountain chein dropping to lov cften fertile plains and valleys
toward the Fast and dest Coasts. Rainfrll varics iimmenscly from over
5000 to 500 mm. Generally, but uot always, the higher rainfall is in the
higher clevation areis. Too Atlantic coast penernlly octs more rain and
the land arces arc larpely in trees for timber and sowe nlantation crops.
Corn is a mnin scaple ant pencrally grows morc on the Pacific side of these
countrics.

It would scem that sorghums adeptec to higher rainfall tropical
conditions would be penerally desired; however, therc arc more temperate
lower rainfall situation becausc of higher elevation situation. Environ-
mentally, these countries are complex, highly variable. Generally, the
lowor arcas are hot, humid with relatively high rainfall. To my opinion
the grectest intercst in sorghum is inthe low land tropical areas of the
tropical South American countries and in Central America.

It is clear that sorghum is rapidly expanding in use in these
countrics and that they arc attempting to strengthen their input in
improving the cron. An cffort is also being made by scveral nf the
countrics of the region to coordinate the improvement of several of their
important crops. including sorghum. This cooperation, in Central Americh,
may evolve through thce PCCMCA,

liost of the statistical data for this discussion was obtained

personally during ny visits to the Latin American countries and from the
U. S. Foreign Agricultural Service.

GUATEMALA - February 5-11:

Research in Guatemala is undertaken in the organization
"Instituto de Ciencia y Tcenologia Agricoles" (ICTA. ICTA developed from
a reorganization of the apricultural sector, the riovement bheginning in
1970. There were two principal goals: increase foed production, e pecially
of the basic srains (which includcs sorghum), and to stimulate rural deve-
lopment. The responsibilities of ICTA can be interpreted as follows: ICTA
has a dircct resmonsibility for creating, identifying, generating technolo-
¢y, testing it urder conditions where it will be used, and adapting it to
those same conditions. ICT/A has further decided that it must know the
results of the tcchnolegy when in the hands of farmers.



Within ICT/, Dr. Robert Vaugh is the director (Rockefeller
staff) and Dr. Albert M. Plont is coordinator for the sorghum program
(AID staff). Albert made my visit in Guatemala very fruitful and
strongly favoured ICRISAT's cooperation in the near [:ture in Guatemaln.

Grain sorpghum acreage has experienced 2 constant gain since
1963. Acercage incrcased from 40,000 manzanas to = present acreage of
approximately 92,000 manzanas (1 manzana = 0.7 ha). Over the swme period,
yields have expericnced a considerable gain. Ilational nrocuction has
increascd six fold over this same period from 335,000 quintals to over
2,050,000 quintals (1 ton = 22 qq).

Surface Area, National Production, and Yield of Grain Sorghum in

Guatemala
Year Surface Area National Production Yicld
Hectare Tons Tons/llectare

1963-64 28.000 15,200 0.54
-65 33,460 26,500 0.79
-66 34,230 42,500 1.24
-67 35,560 33,300 0.93
-68 35,140 31,900 0.90
-69 36,750 34,600 0.94
-70 51,380 44,500 0.87
-71 40,460 28,900 0.72
-72 50,190 36,900 0.73
-73 39,550 37,900 0.96
-74 —— — —
-75 74,410 61,600 0.83
-76 55,230 96,100 1.73
-77 61,110 93,000 1.52

The bulk of this acreage is located in arcas wherc the climate
is less favourcble for corn. In thesc zreas, the yield of prain sorghum
is usually 20-25 percent superior to corn cven though the corn is planted
in a more favourable srewing period.

Production in these drier 2rcas is concentratced on small farm
units and in cxcess of cirhty percent is secded in association with either
corn or beans. Of this production, about 64 percent is for home consumption
on the farm. Forty to fifty percent is destinced for human consumption
directly as tortillas. Surplus from the small form units and production
from the commercial farms in the Pacific coastal plain is destined to the



secd concentrates industry. Even a two fold incrcase in acreage and a
six fold increase in production was not sufficient to supply the demand
and in 1977 the seed concentrates industry irmorted 4500 tons (Data from
INDECA) of sorghum grain. This was caused by reduced corn yield due to
drought; however, it does illustrate that it is difficult to cvaluate the
importance of grain sor;wm without considering its rcplaccment value
for corn.

Based on iy survey in Guaicmala, the following answers wvere

obtained from Dr. Albert M. Plant and Dr. Robert Waugh.

Q.
A.

Is sorghum srown in your country or rcpion?
Yes.

Could sorghum be grown in some part of the country which is presently
not cultivated or replaces other crops? Namc possible regions.

On highland above 1800 meters.
On lower elevations where moisture is limiting for corn.

Name the region wherc sorghum is grown and at what clevation.

Pacific Coast 0 - 300 meters
South East (Jutiapa) 300 - 1200 mecters.
North East (Zacapa) 300 - 1200 meters

Central Mountain 300 - 1500 mcters

Present acreage cultivated with sorzhum.

Pacific Coast 0 - 300 meters 9,500 - 10,000 ha
South East 300 - 1200 mcters 38,000 - 40,000 ha
llorth East 300 - 1200 meters 5,900 - 5,500 ha
Central liountain 300 - 1500 meters 9,000 - 10,000 ha.

Datcs of planting.

Pacific Coast May and August

South East Junc and Scptember

North East Junc and September

Central Mountain May, September and November.

Dates of harvesting,

Pacific Coast Aupust and December
South East December and January
North East December and January

Central Mountain September and December - January
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How many gencrations can you possibly get in one year?

Three genenerations commercially are feasible.

Four gencrations supplimented with irrigation on 2 ninety day
seceding to plantiny schedule.

Do farmers [row hybrids nr varieties?

Big farwers grcw hybrids.
Small farmers crow varictics.

If hybrids - viio >voducces tiem?
U.S. sceed companies.
Av. range of maturity days of hybrids, and Av. yield.

90 - 100 Aays to maturity.
2600 kg/ha.

What is the secd colour?

Red or Bronze.

ttho buys thom?

Feed Mills.

Grown for food or fced?

Feed,

Any major problems with hybrids.

Marketing, anthracnosc, weathering and maturity.

I1f variety - who produces them?

Local varicties that have been present for many years.
What is the breeding tcchnique used to extract varieties?
Introduction from Texas - pedigree mecthod.

Av. maturity days for local varieties, and Av. yield.

Variable, bloom in mid-November rcgardless of when seeded.
Av. yicld 900 - 1000 kg/ha.

What is the seed colour? !ith or without testn?

tthite, without testa.




A.

Srown for fo:.l cr feol?

Tor food moinly it the oxtra for feed.

What are thc major problems with the cxistinp varieties?
Photoperiod scnsitive.

Grain to forapgc ratio 1 - 3 thercfore; low yield.
Bacterial strip.

Low protcin quality.

Specific regions where hybrids an! varietics arce grown,

Pacific Coast 50% hybrid and 50% varieiy
South East 10% hybrid and 90% variety
North East 50% hybrid and 50% variety
Central Mountain 25% hybrid and 75% variety.

Any insect problem, including bird damage?

Scientific name Common name

Contarinia sorghicola Midge

Diatrea lincolata Sugarcanc stock borer
Laphigma frugiperda cogollero or fall army worm.

How are you handling the problem?

Datc of planting to go around the midge, cultural practices,
resistance or tolerant genotypeos.

Difficult to control although insecticides are used.
Chemicnl control when necesssry.

What stage and kind of damage done to the nlant?
During bloom - grain fails to devclop.
Any stapgc - destruction of the vasculor tissucs.

Any statc - leaf damage, «<rowing tip.

Any discasc problem?

Scientific name Common name
Colletotrichum graminicola /Anthracnose
Cercospora sorghi Grey lcaf spot
Glococercospora sorghi Zonate leaf spot
Pseudomonas andropogoni Bacterial leaf strip

Head blight sced mould.
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How are you handling the problem?

Incorporate resistancesinto the adanted varicties and hybrids.
What stage and kin' of damage donc to the mlnt?

Mainly lezf and pedunclc.

Before flowering - leaf destruction.
Before flowering - leaf destruction.
Beforc flowcring - lea® dcstruction,

Is sorghum a staple fco' crod in your region?

Yes.

In which form/s sorghum rrain is consumed in ycur region?
Tortilla, usually mixed 50 - 50 with corn, however, in shortage
of corn, use 100% sorghum.

In pop sorghum, some flour for special occasions.

What is the detailed proccdure to prepare the local food/s?
Tortilla nreparation:

Placc in a container 12.7 kg whole sorghum grain. Then add 58 gm
cal (Ca0) white powder and add enough water to cover the seeds.
Place the container on a fire for 30 minutes and then let it cool
for 15 minutes. Remove seed coat by rubbing against your hands
and collect thc seed coat. Grind seed while wet to make a dough
(masa). Then make tortillas with 5 cm diameter and % cm thick-
ness. Place on hot plate for about 5 minutes to cook.

Which cultivar/s of your region is known to make the best food/s?

Cacho de chivo.
Paquete.
CENTA S-1.

What are the physical or aparent characters cf the grain that enable
the cultivar/s namcd in meking the particular food/s?

White sced coat, absence of tannin, vitreous endosperm, absence of
mould and pleasant flavour.

How is sorghum grain utilized in your region, apart from human
consumption? Pleasc write specific grain quality requirements of any.

Animal feed, low tannin types with glumes which are removed during
threshing.
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Latitude.

14.0° - 15.5°

Soil type.

Sandy loams, clay loons

Soil pH.

6 -7

Rainfall distribution.

May to November not uniform with a canicula not predictable.

Amount of precipitation in different regions/yr.

Pacific Coast 1000 mm/yr.
South East 1000 mm/yr.
North East 1500 mm/yr.
Central Mountain 2000 mm/yr.

Day length.

Summer 13 hours
Winter 11 hours.

Nutrient difficiencies in the soil.

Nitrogen and Phosphorus.

Rate and kind of fertilizers applied.

16-20-0 Ammonium nitrate and triple phosvhate.
Irrigated or dry land.

Dry land.

Any frost during growing season.

Between O - 1500 m clevation - no frost.
Between 1700 - 2000m - December and January Frost.

Length of growing season days.

180 - 190 days without irrigation between 0 - 15-0 m.
The whole year round with irrigation.
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Q. Lowest temperature in the growing season.

A. 20°C between 0 - 1500 m.
5 - 69C between 1700 - 2000 m.

Q. What is the most linitinj factor the farmer is facing in each

location?
A. Pacific Coast Midge, grain weathering.
South East Photoperiod and drought.
North East Drought.
Central Mountain Adapted varieties and food type.

Q. How strong is the link among private institutions, sced
companies, universities, and government rescarch centers?

A. Fair to weak.

Q. Were you cooperating with CIMMYT's sorghum program?

A. No.

Q. Do you think Mexico could be used as a center to send breeding
material to Latin America?

A. Yes.

Q. Give reasons.

A. Mexico has the latitude, climate and elevations and Poza Rica
station for lowland tropical adaptations.

Q. Where do you suggest thc center should move?
A. Stay in Mexico.

Move to Guatemala

Move to CIAT.

Move to CENTA,

Q. How was your program run and vherc did you get your breeding
materials from?

Texas AGM, Africa, Purdue.

Are you interested in cooperating with ICRISAT?

Yes.

o o F

How ICRISAT can best relate and help make a contribution in
Central and South America
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A. By working on programs that have interest throughout tropics but
which cannot be undertaken at the local level.

Guitemala is a country of :any agroecological situations.
Therc is a broad coastal plain, varying up to 40 miles in width along the
Pacific Coast of the country. Rainfall in this region is approximately
1000 mm. The rainfall across the country decreases from the border with
Mexico to the border with El1 Salvador. Mountains rise steeply from this
coastal plain and rainfall can be very high 4000 to 5000 m. Behind the
mountains the rainfall Jrops, usually between 1000 and 2000 mm. but falls
as low as 500 mn. The north western part of the country is considewably
less mountainous, more sparscly populated and not in an area where sorghum
is of concern. Soils arc generally acid with p!* of 6; some soils in very
high rainfall arcas are morc acidic. The soil has adequate potassium but
requires nitrogen and phosphate.

The major sorghum production takes place on large farms along
the Pacific Coast and in the mountainous areas of Jutiapa, a provincial
arca in thc Eastern part of the country bordering El Salvador. Possibly
expansion to the West Chimaltenango (1800) and to the north El Oasis
provincial areas is a possibility. The ICTSAN cold tolerant nursery
planted at Chimaltenanpo to the surprise of the farmers produced seed and
arose excitement and incentive to further improve the grain quality to
make tortillas for the small farmers. Selections werc made from the
segregating ICTSAN material by Dr. N, Plant and Vartan, and immediately
the selections were planted on thc coast at Cuyuta to gain one generation
before June. There is a need for earliness for these materials which
Vartan is giving priority in Mexico in his breeding nursery.

The sorghum produced on the coastal plain comes primarily from
commercial hybrid seed companies, Dekalb, Pioncer, Northrup King and
Asgrow.

The bulk of the food grain (80%) of the country is produced by
the campesino or peasant on small farms in hilly mountainous areas. This
is a traditional type sorshum, growine to 3 or 4 meters in height with
white grain that is wet milled after soaking in alkali and made into
tortillas.

About 60 percent of the sorghum produced in this way goes into
human food. The hybrids from seed companies do not serve this area at all,
they are unadapted in their system and of non-food type grain quality.
Locally developed varietics and hybrids for such areas are in the research
stage.

Riinfall in the sorghum area varies from 1300 to 2000 mm and
falls from May to mid-October carly November. There is a pronounced
bi-modal pattern with little or no rain in August (Canicula). In spite of
this high rainfall sorghum is grown because of drought conditions. The
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drought conditions arise because of the high variability in rainfall
pattern and because of steep slopes, poor water penetration and thin soil
layers with poor water holding capacity. Much of the cropping in these
regions in Central America is more or less as follows: Corn, sorghum

and beans are all grown in association in May. Sorghum is sown 28 days
after corn in the same row as corn or between rows of corn. Beans are
frequently intersown between rows of corn. The corn grows faster than
the sorghum which is held back during the first rainy period. The corn
matures by late August early September and is broken over just below the
ear. The scrghum has a morc favourable environment and grows through
the corn flowering in mid-November. Many years duc to ununiform and
unpredictable rainfzll disrribution, the corn looks poor and sorghum will
be the productive crop.

The research program of Dr. Plant is directed toward the
development of varieties and hybrids flowering in about 60 days. He has
close contact with Texas AGM and obtains much of his material from them.
His program is fairly extensive, directed toward the large mechanized
production units on the coastal plain and to try to ratoon and to undertake
August sowings in the morc hilly areas. He is working for a good grain
quality type. He has had trouble finding pood A-lines for hybrid seed
production but is satisfied with 7501, 7502, 7503, 7504, 7505 series of
A and B lines from Fred Miller, Texas A§M. However, he concurs in the
need to identify better A and B lines and feels that ICRISAT could contri-
bute in this respect. Somc of his best hybrids resuited from the
following combinations.

(1) 7504A x 77CS - IR 4 yielded 7118 kg/ha.
(2) 7504A x (170 x 2536)R emeeme—, yiclded 6750 kg/ha,
(3) 7504A x 2536R ———— yielded 6734 kg/ha.

(4) 7504A x GPR-148R —— yielded 6306 kg/ha.

(5) 7504A x TX430R ——— yielded 6173 kg/ha.

Varieties were devcloped from crosses between TX2536 x 77CS-1 ——
yield 5-7 tons/ha. under optimum conditions,

There are a number of production restraints that are directly
related to cultural problems which must be solved by ICTA. A rcsearch
organization is really effective when it anticipates problems in advance
and resolves them before they become a problem for the farmer. The

appearance of downy mildew (SclorosEora sorghi) in Guatemala presents
a test case for the efficiency of the sorghum program of ICTA.

Except for a few large commercial farms the production of
sorghum grain has been limited to the second prowing season (August to
January) so that the grain can be harvested during the dry period. Even
the large commercial farmer experiences market discount problems with
May planting due to grain deterioration before harvest.
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On traditicnal farms, the use of approved practices is limited.
The tall late varieties mature under moisture stress and the farmer is
reluctant to fertilize or adapt practices which increase investment.

The major production restraints for each region of Guatemala
where sorghum is grown for grain is presented below.

Region IV

The major factor limiting the production of sorghum grain is
the sorghum midpe (Contarini~ sorghicola). The area between Escuintla
and the fronticr wich Mexics is highly infested. Sorghum will be an
exccllent altrrnative crop for the second growing season provided that the
midpc problem is resolved, At present, it is impossiblc for the medium or
small farm unit to cultivate sorghum. Field deterioration is a major
problem for May or June scedings.

Region V.

Lack of adantablc short season, food type varieties with high
yield potential has limited occreage and the varicties currently being
grown produce extremely low yiclds in this region.

A second constraint is uneven distribution of rainfall. Intro-
duced varietics must be not only be of short season, but also drought
resistant.

Region IV:

The main factor limiting production of grain sorghum is the
cultural system employed. Morc than eighty percent of the sorghum is
planted in association with cither corn or beans and matures during the
second growi~n scason when the rains have ceased.

In the coastal plain, the late maturing varieties are subject
to heavy midge damage. [1infall distribution is very uneven, varying

from a corlete lack ~f rainfall tc oxcessive rainfall which permits
field deterioration of the grain before harvest.

Region VII:

The production restraints in this rcpion are the same as
Region V.

Objectives of the Sorghum Program of ICTA:

The desire of the sorghum program of ICTA is to increase the
unit area production of sorghum grain, and the national production of
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sorghum, and to increase the level of living for the medium and small farm

unit.

The objective of the grain sorghum program of ICTA can be outlined

as follows:

(1

(2)

(3

To develop non-photoperiod sensitive, tropically adapted, high
yieldins, food type grain sorghum varieties; hybrids for the
drier arcas and for use by the upland farmers who do not plant
in associqtion ith corn or beans. Dr. Plant feels that ICRISAT
cculd centribute in this respect.

To develop nhotorericd scnsitive varieties that will bloom under
conditions of slichtly longer dtys and thus bloom in the farmer's
fields arcund the middl: of October rathcr than in November as is
presently the case.

It scems that a contribution could be made if some 30 to 45 days
were removed in the time to flower. With rains stopning in mid-
October to Novemver moisture frequently becomes limiting on these
droughty soils and yield is reduced. Alsc, the grain straw ratio
is about 1 to 5 indicatinm that there is a lot of dry matter
production but mostly in lcaves and stems. A change in plant
type would likely result in higher yiclds. Less work has been
done to develo: suitable types for the lcong growing season. Dr.
Plant feels that ICRISAT with its opportunities in Africa and
Mexico should be able to help develop such material.

To develop midge (Contarania sorghicola) resistant varieties and
hybrids which possess desirable agronomic characteristics and
yield potential.

The major insect pest is the midge. This insect entered
Guatemala a few years ago from Mexico and has just about entered
the sorghum area adjacent to the El Salvador border. Breeding
for resistance to this insect is an important part of the ICTA
program. Thereforc sources of resistance from Texas AGM and
ICRISAT will be useful. Dr. Plant using the Texas sourccs for
midge resistance, recovered only about 10% infestation in fields
where normals were 40-60% infested.

In midge control, the goal is to reduce the flowering period to
a minimum, plant ficlds apainst prevailing wind direction and
seed early so that flowering occurs before the seasonal build
up in the midge population. Most insecticides (Diazon, lannate)
arc effective in killing the midge adults present in the field;
however, the source of the infcstation should be determined.

If the insects are airborne from the other fields, control will
be more difficult. Onc midge per head is sufficient to warrant
an insecticide application.
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The other main insccts attacking grain sorghum are: The Fall Army
Warm (Spodoptera frugiperda) and the sugarcane borer (Diatraea
saccharalis). ICTA seeks ICRISAT's help in finding sources of
resistances to these insects tcn. At this stage the first line of
defence against insects is a good management program that maintain
all fields in an actively growing state. The second line of
defence is the judicious use of insecticides. Therc arc many
insecticides available that are excellent for controlling these
insects before they enter the stalk. However, one should be extre-
mely cautious using parathion on grain sorghum because of its toxic
cffects on somc varieties and hybrids. With any insecticide, the
best practice is to spray when the insects are small and will be
killed by minimal insecticidal application.

To incorporate disease resistance, especially downy mildew
(Sclerospora sorghi) resistance, and anthracnose (Colletotrichum
gram1n1cola§. Also grey lcaf spot (Cercospora sorghi) an

zonate leaf spot (Gleocercospora sorghi) are foliage diseases
found in the more humid rcpions; however, they cause much less
damage than anthracnose.

Anthracnose (Colletotrichum graminicola) is thc most common and
serious disease of grain sorghum in Latin America, especially in
Brazil, Venezuela and Guatemala. This disease can attack the
foliage, the stalk and the panicle. Anthracnose in the head was
mentioned as the numberone yield limiting factor. Anthracnose
on the leaves and stem apparently is much less severe. Sources
of resistances in varieties and hybrids are available with Texas
AGlM. Variectal reaction to anthracnose in Guatemala appears to be
similar to that in the U.S.A., however, reactionsin Venezuela and
Brazil are reported to differ. This racial difference, if real,
would be important to a crop improvement program. Resistance to
anthracnose could be undertaken as part of a research program of
an ICRISAT Center in the America's.

Downy mildew (Sclerospora sorghi) of corn and grain sorghum is
appearing in Latin America but, it is not yet serious in Guatemala.
Few resistant varieties of grain sorghum are available. Downy
mildew has entercd Guatemala from Mexico and is slowly moving in
the country. It is also present in E1 Salvador and Honduras. At
present the severity is low and the disease is almost not found

in the coastal areas. There is fear of its spread and it was felt
that in the not too distant future quarantine may require that
seeds that move internationally in the region come from fields
certified to be frec of this disease. Therc is a greater fear of
downy mildew on corn because it can be more devastating and more
difficult to realize resistance through breeding.

To incorporate resistance to field deterioration of the grain
into all varieties and hybrids with special emphasis onthe food



type grains for tortillas. ICRISAT, with its onportunities in
Africa and India should be able to hely develop such materials.

(6) To increase the nutritional and food quelity ol the sorghum
arain witl special cmichasis on digestibility, proiein content
and quality, an¢ nalatability and appecrance. Cources of
material for this purnose will be obtaincd Trom Texas AGl!
Purdue an” {CRIGAT.

(7) There are ather o~ssibilities in tie crogniin-, sequence, such as
sow sorghum i ray, harvest in Auqust wurd, . the dyy period and
ratoon harvsstiar acain in Hovember. Cther - ossibility, where
corn might be scwi in ny, and harvested in /August and sorghun
sown in Aurust ic be harvested in Jlovember. Towever, because the
rainfail in Aucust is very uncertain, s~viiz in Ausust will be
risky. The seneral opinion in all Central American countries is
that small ‘armers in elevations ranzin; from 800 to 1200 meters
will likely not be able to nove away from cormbined sowing of corn
and sorghur in lay.

(8) Ther:z is a rerional yicld testing prosras in Central America for
several crops including sorghum. These trials are organized by
the PCCIMCA, an organization among the plant breeding group.

Each year a new president and secretary are elected and they are
responsible for organizing the trials and :aking the final report.
They also call an annual workshop meeting of ahout 5 days duration.
Entries for the next year are decided at this meeting. Dr. Plant,
Dr. Salazar, Ing. Rene and Ing. Pineda (sorghum representatives in
Central America) felt this function valuatle but ineffective.

Geeds do not arrive on time, data is not rcturned and a report is
written about 30% of the time. This is a Central American function
not including South America. Through an ICTICAT regional center,
possibly more organization could be evolved. The regional center
could service tnc PCCMCA sorghur: program and usc this as a vehicle
for regional ev~luation. It could help to expand this progran to
include diseasec and inscct nurseries.

In conclusion, Guatemala is closc to l'exiro and Dr. Plant realizing
ICTA's narrow basc germplasm in sorghum, was cuite warm in extending
an invitation for cooperativc work with ICRICAT. My valuable visit
to Guatem~la with Dr. Plant made me gain greater appreciation of
sorghum, its uscs, problems in the hignland and lowland tropical
,countries. ICTA offered land facilities for screening elite germ-
plasm as well as to evaluate snecial traits such as tolerance ito
grain nould, anthracnose, ctc. There was a 7reat cxcitement and
interest in cvaluation nore tortilla tywe cold tolerant materials.
The material scnt from CIMNT to Guatemala produced sced at 2000
nmeter elevation.
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The following contacts were made in Guatemala:

Ing. Agr. Mario ilartinez G.

General director - ICTA

Edificio E1 - Cortez 3er. Piso

Sa. Avenida 12-31 Zona 9 Guatemala C.A.

Ins. Carles Crisostomo
Technical director - ICTA

Dr. Waugh Rcbert K.

General dircector R.F. - ICTA
Tel. office: 669385 67935, 310581
Home: 65791

Dr. Alberxrt ii. Plant
National sorghum coordinator - ICTA
Tel. Home: 690734

Dr. Ricardo Bressani
INCAP
Guatemala C.A.
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El-Salvador: February 11 to February 18

Much of the agricultural development in E1 Salvador is undertaken by
an agency identified as CENTA*. CENTA is a relatively mature organization,
dating from 1942, It is basically 3 research and extension organization
dealing with research, credit, fertilizer, herbicides, pesticides, and
certified hybrid seed.

CENTA is organized into four groups - a management and administration
group and three divisions of research, extension, and seed technology. The
Division of Research is constituted by the eight departments of field crops
and horticulture, soils, parasitology, animal sciences, agricultural chenistry,
agricultural engineering, agricultural economics, and biometrics. Seed
technology has three departments, production, certification and processing
plants.

CENTA has demonstrated the viability of hybrids in a small-farm
agriculture, but is enthusiastic about some new synthetic corns. Its S-1
sorghum is having some difficulties in the market, although its proving
popular in Guatemala's eastern area because of its value in tortillas for home
consumption. The country's “irst hybrid sorghum is expected tobe released
soon, The private trade deals mainly in corn. CENTA aims to build a demand
for sorghum that would justify entry of the private industry.

There is a multiple cropping program, There are several basic
combinations of crops used in the country; onc of the more important sets
is corn and beans in the first cycle (of the rainy season) and poll beans
(growing on corn stalks and either sorghum or sweet potato during the second
cycle. There is a feeling in CENTA that the availability of suitable varieite:
that better fit the cropping systems was a major limitation.

Several points are worth noting:
1. Sorghum is an important crop in their country.

2. There is an active hybrid seed industry with a quality control prosram
and sorghum hybrids are being developed Zor farmer use.

3. Multiple cropping is important, sorghum constitutes part of the
cropping system, and a major constraint is the availability of suitable
varieties to fit the cropping systems. It seems that El Salvador is
a country with vhich ICRISAT might well cooperate.

* CENTA - Centro !acional de Tecnologia Agropecuaria
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Actual situation of grain sorghum in Salvador

Grain sorghum acreage has experienced a constant gain since 1963.
Acreage increased from 107,603 ha. to a present acreape of approximately
124,950 ha. Over the same period, sields havc cxperienced a slight increase
and this no doubt cxplains in part the static yicld level of the area for
example, going from 1.05 ton/ha in 1966-67 to 1.23 ton/ha in 1977. A
favourable trend, however, away from the local varictics to improved hybrids
does exist.

Surfacc arca, national production, and yiell of grain sorghum in Salvador

Year Surface area National production Yicld
Hectar Tons Tons/ha
1966-67 107,603 113,084 1.05
68 103,880 106,596 1.02
69 113,750 122,481 1.08
70 113,802 126,286 1,11
1 124,180 145,138 1.17
72 126,000 154,224 1.22
73 130,480 143,791 1.10
74 119,000 154,224 1.29
75 129,400 129,276 1.02
76 132,370 172,368 1.30
77 124,950 154,187 1.23

The bulk of this acreage is located in areas where the climate and
environment is less favourable for corn. Production in thesc areas is
concentrated on small farm units and in cxcess of 80% is seeded in association
with either corn or beans, Forty to fifty percent is destined for human
consurption directly as tortillas., Thereforc a good starting point would
be to improve the yield of thc local varietics and to show nutritive improve-
ments since the human consumption of sorghum accounts 50% of its use in
El-Salvador. Present improved typcs and the results of cfforts with the
new high lysine germplasm from Tcxas Al and Purduc can be of real valuc.

A greater breeding effort to utilize the best germplasm as regards day length,
wet-dry oxtremes, and the accompanying inscct and discase problems seems in
order.

Based on my survey in El-Salvador, thc following answers were
obtained from the Sorghum team at CENTA. (Ing. Renc Clara - head of the team).

Q. Is sorghum grown in your country or regicn?

A. Yes.,
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Could sorghum be grown in some part of the country which is presently not
cultivated or rcplace other crop? NName possible regions.

. North East of Salvador

North tlest of Salvador.

.- Do you import pgrain sorghum?

No.

Name the region where sorghum is orown, and at what clevation,

Regions Elevation
North East area 0-1000
North llest arca 0-1000

Present acrcage cultivated with sorghum.

124,950 hectares.

Date of planting.

May - at clevation 300-700 m. 80% plant in May.

August - at elevation 300-700 m. 20% plant in August.

The reason is because of the differences in the rainfall distribution.
They use the local variety criello.

Date of harvesting

January in both case planted with the local varicty.
August if planted with hybrid in May (20%)

. How many pcnerations can you possibly get per once ycar.

Two generation in the dry rcgions.

Three to four generations with carly maturing coupled with irrigation in
the dry seasons.

Do farmers grow hybrids or varicites?

Big farmers grow hybrids. 20%
Small farmers grow varicties. 80%

If Hybrids - who produces them?
CENTA - SH-500
Where did they get theirAand B lines?

Texas A§M and MEXICO.
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Averagc range of maturity days of hybrids, and Av. yield.

Maturity: 95-98 days, Av. yield 5.4 Tons/hcctar.

. What is the sced colour?

. Red pericarp, with no testa, and cndosperm semi-crystallin.

Vho buys them?

Farmers - To plant and fecd animals.
Privatc companics.

Grown for food or fccd?
For feed.

Any major problems with hybrids.

Low yield, nicking problem of A and R lines, and the available A line

does not have a good seed set.

If variety: who produces them?

CENTA

What is the breeding technique used to extract all varicties?
Introduction, (from CIMMYT)

Pedigree - (crosscs made at Poza Rica)

Population - (From CIMMYT, LTPA and PRRR Porto Rico)

Av. maturity days for local varieties and Av. yield.
May - January 210 days planted in association with corn.
August - January 150 l~ys.

Av, yiecld 1.3 tons/hectarc

What is the secd colour?

White

Grown for food or fecd?

For food 40%
For feed 60%

. If - sed morc for fced do you think producing better food type would be

necessary?

Yes.
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iny major problems with the existing varieties?
Low yield, latc, rhotoperiod sensitive, small head, compact hecad, itches
while threshing, small sced 10% protein, protein quelity poor, but grain
quality for tortilla is acceptable.

Specify renions where hybrids and varietics are srowm.

Coast - mainly hybrids about 5600 ha.
North East and west rcgion - mainly varietics.

Any insect problem? INcluding bird damage.

. Scientific name Common nang

Contarinia sorghicola Midge

Laphigma fruisiperda Full army worm

Diatrea linolata Sugarcanc stalk borer
Bird

How are you handling the problem?

. Midge - Apply 3-5 pr Furadan/5 m during plantins and spray Loebaycid-50

at floworing.
Fall army worm - usc Lannate, or volatron sranual.
Stalk borer - usec volation liquid or granual (Note liquid better).
Bird - Bagging and man control.

Ihat stage and kind of damage done to the plant?

Midge - During flowering and as a result grain fails to develop. (Mote

there will be 100% damage of flowering occurs in July or December)

Fall army worm - from scedling to boot stagc and they chew on the leaves.
In dry scasoas damage will be 90% vhilc in the wet season
damage will be 40%.

Any disease danapc?

Yes, but not of cconomical problen.

Scientific name Common aanc
Sclerospora sorghi Downy mildew
Colletotrichun oraminicola Anthracnose
Glococercospora sorghi Zonate loaf spot
Cercospora sorghi Grey lcaf spot
Head blight Seed mould

Helminthosporium turcicum: Leaf blight
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liow are you handling thc problem?

. a) Pathologist at CENTA is sclecting varietics resistant to these diseases

by artificial inoculation
Note: He needs to be trained in Texas A§H for a short course. His

English is exccllent.

Name: Mr, George Clayton liall.
Note: Ciba Geigy discovered a fungicide (Ridomil) to control powdry mildew.
b) Resistant varieties throuch breeding,
What stace and kind of damage donc to the Plant?
A1l after flowering, that is why they arc not very serious,
Is sorghum a staple food crop in your rcgion?
Yes, second after maize.
In which form/s sorghum is consumed in your rcgion?
Tortilla - local bread name.
Please write the local name/s of the food preparation/s.

Tortilla.

hat is the detail procedurc to prepare the local food/s.

. Place in a container 12.7 kg. sorghum grain, 58 gr cal (Cao) white powder

and add water to cover the seed.

Placc the container on a fire for 30 min. and then let cool for 15 minutes.
Remove sced coat by rubbing against your hands and seed coat will float

on the surface.

Grind the seed whilc wet to make a dough (masa)

Then make tortilla or pupusa (two layer tortilla witih cheesc or meat in
between.)

Then place on hot plate on firc for 5 minutcs and then ready to eat.

Which cultivar/s of your rcgion is known to make the best food/s?

Criollo for tortilla makinq,
What arc thc physical or apparent characters of the grain that enable
the cultivar/s named in making the particular food/s?

White sced coat, absence of testa i.e. tannin, np other pigmentation,
vitreous endosperm, absence of mould, palatable, and 50% amylopectin and
50% amylose.
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How is sorshum ;rain utilized in your region, apart from human conswmpticn?

Feed (concentratz:) for arnimals.
Dual purnosc sorgchum - grain and forage.

Latitude

13-14°

Soil type

lleterogencous, nencrally silky loam.
Soil pH

5.5-7.0

Rainfall distribution

llot uniform - bimodal

Amount of precipitation/yr. mm.

Wet areas - 1600-1800 m/yr.
dry areas - 1200-1400 mm/yr.

Day length-

Summer - May - November 12.5 hrs/day
Vinter - November-April 11.5 hrs/day

Nutrient deficicncies in the soil-

. Mitrogen, phosphorus, sulfur and mapnesium,

Rate and kind of fertilizers applied

N-P-K 20-20-
Ammonium sulfate, triple superphosphate.

Irrigated or dryland
Dryland
Any frost during ~rowing season

Between 0-1800 mm - No
Between 1800-2500 ycs in Deccmber and January,
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Length of growins secason

7 months

. Lowest tomperature in the growins season

13°C at 400 m elevation
8°C at 100C i clevation
4°C at 1800-2500 o clevation,

Note: On high land coffec is planted, howevor; they indicated highland
areas wherc coffee is not planted and cold tolerant sorchum could
be planted. Estimated area = 600 hcctares for small farm situation.

What is the most limiting factor the farmer is facing in cach location?

Drought .,

How strong is thc link among?

Privatc institutions, sced companies, universities, and government
research center.

Among CENTA, DGG (Direccion Genmeral de Ganaderia) and DGRNR (Direceion
General de Recursos Naturales Renovables) is pood and have joint projects
But with the university the cooperation is weak.

Vlere you cooperating with CIMMYTs sorghum program?

Yes.

Were the material useful and adapted in your area?

Yes, both lowland and hipghland.

Do you think Hexico could be used as a center to send breeding material
to Latin Amecrica?

Yes,

Give rcasons

Matcrials sent fron CIMMYT to Salvador werc adapted.
Where do you supgest the center to be

Mexico

Are you interested in cocperating with ICRISAT?

Yes.,
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Q. How ICRISAT can best relate and hel» make a contribution in Central
and South America?

A. Help diversify the material.
Trainins, of personncl
Visiting scientist to help improve the progran
Send pub11cat10ns newsletter, sorghum literaturc on small cards.
Supply with insect and disnnse resistant different rcnotypes.

Q. Comments

A. a) They have alrcady reccived breedins matericls {rom ICRISAT anu were
very useful. However, in the futurc, matcrials with good quality for
food having inscct and discasc resistancos will be very useful.

b) They arc not doinz any rcsearch on cold tolerant sorchum, and they
have approximately 600 hectarcs land available for small farmers, so.
any material developed by ICRISAT as cold tolerant for human
consumption would be useful. There are no vast arcas of highland
in Salvador because coffee, vegetables and fruit trces are grown.
Note: They nced carlier cold tolerant lines for the highlands.

In conclusion, Salvador is closc to lMcxico and Ing. Renc Clara
mentioned that CENTA's germplasm base in sorghum is narrow; he was quite
warm in extending on invitation for cooperatlve work with ICRISAT. My
valuablc visit to Salvador with René Clara made me ain greater appreciation
of sorshum,.its uses and problems in the lowland and highland arecas. CENTA
has the best research facilities among the Central Latin American countries.
They supplied me with 28 A and B lincs and their best tropically adapted
R lines. Cooperative joint projects betwecen CENT/. AND ICRISAT were discussed
with the sorghur: sroup and very soon I should be able to supply them with
new breeding materials. Many of the matcrials sent from Poza Rica to
Salvador werc quite adapted to the lowlands of Salvador and two of their
released varicties CENTA-1 and CENTA-2 came from Poza Rica.

The following contacts were madc in Salvador.

1. Ing., Rodolpho Crystales (speaks pood En-lish)
General director - CENTA
San Andres
La Libertad
El Salvador C.A. Phonc 281364
2, lir. Mario Avontes liartinez
Assistant director

3. Ing, Roberto Vepa Lara
Cereal Tech. Chicf
Tel: 216252
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Ing. Renc Clara

Sor~hum Breeder

Note: He had training in sorghum breceding at CIIMYT and he feels
that ICRISAT could help him increase his knowledge in
sorrhun breeding, genctics and statistics. I strongly
rccormiend him and sugpest that ICRISAT should look after
this bright and angrossive youns fellow. He is interested
£r 20 to ICRICT -nl ~nin some expericnce. i does not
spcak cood Enalish but promiscd me to take private coursec
in “o-lish,

In;. Roselic humberty Cordove.

Sorchur: boueder

NMotc: iic is Zené's assistant and the dircctor sussested that
hc will bc a zoct! candidatc for training at CIMMYT or
ICRISAT. He docs not speak Tinglish.

Mr. George Clayton tlall

Patholorist :

Note: He asked for short intensive training in pathology at ICRISAT
or Texas. He speaks Good English.,

Pedro Antonio Aranjo Ycloa
Agronomist

Napolcon V. Casamalhuapa
Agronomist

Ing. Rozelio Humberto Cordova

Sorghun sced production

Mote: Nceds short course training on seed production.
Texas could be a possibility.

Ing. Ricardo Dom{nguez Valladares
Seed certification chief

Dr. Gloria Ruth Caldersn
In charge of quality lab.
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Nicaragua:

Nicaragua lies between Honduras (North) and Costa Rica (South).
Running parallel to the Pacific Coast of the nation is a central chain of
volcanic mountains which offers a variety of climates normally classified
according to the thermal zones and determined by elevation. The mean annual
temperatures arc 78CF at sea level and, about 67°F at 4,500 feet of elevation.

Research in Nicaragua is undertaken in the organization "Institute
Nicaraguense de Tecnologia Agropecuaria (INTA). INTA developed from 2
reorganization of theagricultural sector, the movement beginning in 1967.
There were two »rincipal goals: increased food production, especially of
the basic grains, and to stimulate rural devclopment.

INTA will have as main objectives research, to provide new
technology to the farmers and to prepare personncl available to support the
agricultural and animal husbandry for the country according to the rules
set by the cxecutive power through the ministry of agriculture and livestock.
In order to obey this law the institute will orient the actions in the
following ways:

a) The objectives set by the institute will contribute to increase the
rural scctor productivity and increase the diversification for the
agricultural livestock and rural industry production. The investi-
gation will be carried out at the regional level according to
ecological characteristics.

b) The objective of the extension service will be accomplished through
timely transmission of the research results which will be given by
the extension agentsof INTA. Improved sceds, animal genetic stocks,
or other inputs will be sold to farmers through INTA.

c) By extending education to the rural areas.
Future Program

Basic rrain production in Nicarapua is mainly cartied out by small
farmers, therefore there is low productivity, traditional system and low
income.

As the rural diet is mainly constituted by cercals and because 53%
of this area is planted with cereal, INTA will perform an integrated program
in basic grain., Maizc, legumes, sorghum and rice.

Sorghum is similar to maizc in its nutritive values so it is used
for animal feeding. Yield is 11% higher than corn. One of the more
favourable characteristics of sorghum is its relative resistance to drought.
The planted area is about 80,000 mZ with an annual production of 1.2 million
of quintals in another words the yield is 15 qq/mZ.

Sorghum crop covers the internal needs and last year exports were
close to 1.6 million U.S. dollars. INTA has research stations in sorghum
in Pacific Central (Experimental station of lanagua and Jinotepa) and
Interior Central (experimental station San Ramén, and Jinotega).
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Activities in sorghum

Plant breeding
Seed certification
Crop managcment

Specific arcas
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To cvaluate commercial varicties and hybrids for human consumption
particularly as it applies to small farm situations.

To evaluatc new introduced lines.

To study the ccological condition,

To evaluate resistant varicties to midge and to charcoal rot.

N.P.K. fertilization practices.

Mechanical control of weeds.

To evaluate intercropping sorghum with legumes.

To evaluate production technologpy.

INTA carries out investigations on a rcgional level according to

and cxperimental stations:

Region Locations
I MNorth Pacific

I

I

I

II

Iv

Central Pacific

South Pacific

Interior North

Interior Central

Agencies

Somotillo
El Sauce
Chinadega
Leon
Managua
Masaya
Masatepe
Granada
Jinotepe

Rivas
Ometepe

Jalapa
Ocotal
Somoto

Pueblo Nuevo
Esteli
Matagalpa
San Ramon
Matiguas

La Trinidad
Raiti
Jinotega

The following arc the regions, locations, agencies

Experimental stations

Masatepe
Campos Azules
Plantel Central

Regional Valle de Sebaco
" 11

Regional Investigacion

para el pequeno agricultor
INTA-INIERNO
Regional Bonetillo
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Regions Locations Agencies Experimental stations
VI Interior South San Carlos
Boaco
Juigalpa ,

Santo Tomas
San Miguelito

VII tlantic North Andrés Tara
Waspam
Yas ala
Rosita
Cabo Gracias a Dios
Cruz ?. Grande Sinuna
Pancho Grande

VIII Atlantic South Nueva Guinea I Regional "El Recreo
Laguna de Perlas Nueva Guinea
Nueva Guinea 2

Within INTA, Dr. Oscar Hidalgo Salvatierra is the director (speaks
good English) and Ing. Laureano Pineda Lacayo is the head of department of
cereal, (speaks fair English). Both of them made my visit in Nicaragua
very fruitful and strongly favoured ICRISAT's collaporation in Nicaragua.

Actual situation of grain sorghum in Nicaragua

Grain sorghum acreage has experienced a constant gain since 1960,
Acreage increased by 10%, and over the same period, yields have experienced
a considerable gain. National production has increased from 847.000 quintals
to 1,200,000 quintals (1 ton = 22 qq).

Surface area, National Production, and yield of grain sorghum in Nicaragua

Year Surface Area - National Production Yields

Hectare Tons Tons/ha.
1960-61 50,400 38,469 0.763
1962 54,530 ' 49,358 0.903
1963 55,790 48,495 0.867
1964 41,160 41,223 0.999
1965 40,880 46,586 0.970
1966 53,270 43,859 0.915
1967 50,540 . 48,313 0.954
1963 52,220 51,086 0.976

1969 55,020 57,130 0.998
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Year Surface Area National Production Yields
Hectare Tons Tons/ha.
1970 47,670 51,222 1,072
1971 41,370 44,405 1,071
1972 43,190 45,645 1,055
1973 37,800 37,301 0.985
1974 41,860 43,677 1.041
1975 58,170 56,131 0.963
1976 59,780 62,103 1,037
1977 56,000 54,540 0.972

The bulk of this acreage is located in areas where the climate is
less favourable for corn. In thesc areas, the yield of grain sorghum is
usually 15-25% superior tc corn,

Based on my survey in Nicaragua, the following answers were obtained
from Ing. Laurcano Pineda:

Q. Is sorghum grown in your country?
A. Yes

Q. Could sorghum be grown in some part of the country which is presently not
cultivated or replacc other crops. Name possible regions.

A. Central Pacific - Interior Central
South Pacific - North Pacific.

Q. Do you import grain sorghum? Wherc from.

A. Yes they do import hybrid seeds from U.S.A. especially in somc years when
corn and sorghum yields are low,

Q. Name the regions where sorghum is grown and at what elevation,

A. Regions Elevation
Central Pacific 50 meters
North Pacific 50-70 m
South Pacific 50-70 m
Interior Central 300-800 m.

Q. Present acreage cultivated with sorghum.

A. Approximately 60,000 hectares.
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Date of planting.

May - June

. (wet scason)
August - September
January - February (dry season)

. Date o” harvesting,

August
December-January
March.

How many gencrations can you nossibly get nev year?
Two gencrations nlanted in May - August

. August - Dccember
Three generations provide irrigation is used from January to March

. Do farmers grow hybrid or variety?

Big farmers :row hybrid.
Small farmers grow varietics.

If hybrids - ¥ho produces them?
U.S. seed companies, Dekalb and Pioncer.
Average range of maturity days of hybrid, and Av. yield.

85-110 days to maturity
2500 kg/ha.

What is the seed colour?

. Bronze, Red, Yellow, and brown.

Who buys them?

Big farmers and small farmers and feed mills,
Grown for food or feed?

Feed.

Any major problems with hybrids.

Low yield. Farmers have not realized yet the full potential of hybrids.
Technology and cultural practices are lacking.
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Q. If varieties: who produces them?
A. INTA,
Q. Yhat is the breeding technique used to extract all varieties?
A. Selections fron introductions, and populations.
Q. Av. maturity days for local varicties, and Av. yield?
A. 100 days to maturity.
400 kg/ha scrghr (cricllo) grown in association with corn,
2000 kg/ha now sorghwm varicties not grown in association.
Q. What is the scoed colour?
A. White without a testa - criollo and Nicapur.
Guatccav has a testa
Q. Grown for food or fcod?
A. Criollo and C-42-4 hybrid (yellow cndosperm) grown for food and the extra
for feed.
Q. Any major problems with the cxisting varictics.
A. Low yicld, late tall, photoperiod sensitive {(Criollo) and Guatecaw has
testa, tight hcad, chalky endosperm, storage and field deterioration.
N. Specify regions where hybrids and varieties arc grown.
A. Central Pacific
(20% hybrids)
Pacific Coast
Interior North (80% varicties) 40% association
Interior Central 40% alone
Q. Any insect problem? Including bird damage.
A. Scientific name common name
Contarina sorghicola Midge
Laphigma frugiperda Fall army worm
Diatrea lincolata stock borer
Gusano alambre wire worm
birds
Q. How arc you handling the problem?
A. Midge - spray 43% Methyl Parathion (cheapest), Diazinon, or Servin,

Fall army worm - spray with Lorsban E 480
Stock borer - Difficult to control.
Wire worm - Furadan 5-G.
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What stage and kind of damage done to the plant?
Midge - During bloom - grain fails to develop
Fall army worm - From scedling to flowering - Destruction of the vascuiar
tissue
Stalk borer - During grain falling - breakage of the stalk
Wirc worm - scedling stage. Attack the roots.
How arc you handling the problem?

The usc of insecticidcs.

Any disease preblom?

Scientific neic cormon namc
Macrophomina phascoli Charcoal rot
Collctotrochum graminicola Anthracnose
Cercospora sorgiii Grey leaf spot
Head blight sead mould

How arc you handling the problcm?

Incorporate resistances into thc adapted varicties and hybrids,

#hat stage and kind of damage donc to the plant?

Charcoal rot is thc most serious diseasc and takes placc at flowering
and onward while other diseascs occur after flowering and are not of
economical importance. ’

In which form/s sorghum grain is consumed in your region?

Tortilla and drink (Tiste).

Please write down thc local name/s of the food preparation/s.

Tortilla (bread)
Tiste (drink)

What is the detailed procedurc to preparc the local foods?
Tortilla - The same procedure as discusscd before.
Tiste - Grind thc seed very fine and placc in a cup, and some sygar and

cacao.

Which cultivar/s of your region is known to make the best food/s. Please
write the names of these varicties out the food that it suits the best.

Criollo and possibly Nicapur.
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Q. What are thc physicla or apparent characters of the grain that enable
the cultivar/s named in making the particular food/s?

A. Crystallin and white without a testa layer.

Q. How is the sorghum grain utilized in your region, apart from human
consumption? Pleasc write specific grain quolity requirements, if any.

A. Used as feed and prefer red or bronze colour.
Q. Latitude

A. 10-15°

Q. Soil type.

A, Pacific coast - sandy loam
Central Pacific - Volcanic heavy soil.

Q. Soil pH.

A. 6,7 -7

Q. Rainfall distribution

A. Not uniform with a dry period in August.
Q. Amount of precipitation/yr. mm.

A. 500-5000 mm/yr. Av. 1000-1500 mm/yr.

Q. Day length

A. Summer-liay-August 12 hr. August to Dec. 11 hrs
Winter - January-May 12.5 hrs.

Q. Nutrient deficiencies in the soil.
A. N, P, K.
Q. Rate and kind of fertilizers applied,

A. 100 1b /122 (urea 46%) or 10-30=10 at planting and 2.5 qq/m2 N as
side dressing.

Q. Irrigated or dryland

A. May - Dec - dryland
January - May - irrigated,
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Any frost during the growing scason
lo.
Length ol growing season.
May - December,
Lowest Temperaturc in the growing scasor.
17°%.
What is the most limiting factor the farmer is facing in cach location?
Technical information.
How strong is the link among?
Privatc institutions, sced commanics, universities, and government
research centers. :
Good
If there is any coordination - what sort?
Testing each others matcrial and exchange knowledge.

Do you think Mexico could bc used as a center to sond breeding material
to Latin America.

Yes.

Give reasons.

Good relction with CIMMYT.

llhere do you suggest the centcer should move?

CIAT Colombia and have a substation at E1 Galvador CENT:.

Note: Dr. Angel Salazar working for Dckalb mentioned that sorghum meterials
received from Colombia were not adapted in Hicaragua probubly because
they were not tested on a regionel hasis. He strongly suggests that
ICRISAT should he working very closcly with PCCMCA.

How is the program run and where didyou get your breeding materials from?

Texas A and M., and PCCMCA.

Are you interested in cooperating with ICRISAT?

Yes.
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Q. How ICRISAT can be relate and heln make a contribution in Central and
South America?

A. 1 - send breeding materials to diversify our gene pool, and also to supply
us with adapted varictics, or population for uman consunption.
2 - laterinls with disease and insect rosistances.
3 - Trainia~ =ersomicls in sorshum brecding.
4 - TCr7AAT siould warticinoce closely in the PCCHCA testing.
Comment's

Sorghum is used in Jlicara-ue as follows:

85% as nnimal fooed,

8% for human consumption.
4% loss due to bird damag .
1.4% saved for planting.
1.6% for export.

Candidatc rccommended by the Director General for sorghum breeding:
Ing. Emilio Lexpon L, (He docs not speal: English but he promised will take
special source in English).

They need cold tolerant material food type (Tortilla) to be tested
on high clevation in llatagalpa (1700 m).

They need for the arid regions Madriz and Stels drought resistant
sorghum varicties or hybrids for human consumption.

They nced a sorghum variety with 70-89 days of maturity to plant
in cotton ficlds (250,000 ha).

In conclusion, Nicaragua rcalizing the future of sorghum and
coupled with their narrow base germplasm in sorghum, was quite warm in
extending an invitation for cooperative work with ICRISAT. My valuable
visit to Nicaragua with Ing. Laurcano Pineda and Dr. Oscar Hidalgo made me
gain greater anpreciation of sorghum,its uses and problems in the highland
and lowland areas.

The following contacts werc made in Nicaragua:

1. Dr. Oscar Hidalge Salvatierra (speaks good English)

INTA (Instituto Nicaragucnsc de Tecnologia Agropecuaria).
Km. 12 Carrotera lorte,

Apdo. - 592

Managua, licaragua C.A,

Cable address - INTA - Apartado 2645
Managua, llicaragua.
Phone 3717 or 3780 cxt., 261.
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aureano Pincda Lacayo (speaks fair English)

The samc as above.

Dr. Angcl Sclazar (speaks good English)
Ap:lo. 3242 (Dckalb)
Managua, Hicaragua C.A.

Tcl.

Ing.

8643,

Emilio Leypon L.

Thz sanc ~s cbove INTA.

Dr.
FAG

At.

I. srnoldus Van tluis (speaks jgood English)
~ Iategrated Pest Control
Post 1524

ilanagua, Nicarapgua C.A.

or.
FAO

Rainer Daxl
Ecologist officcr

Apdo. 3260
lianagua, Nicaragua

.

Rymond Gross and Ing. Pedro Comalzat R. (Pioneer)

Apdo. 13 - Chinandega
Managu:, Nicaragun C.A.

Tel.

3142,
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Colombia:

Research on sorghum in Colombia is undertaken in the organization
"Instituto Colombicno Agropecuario' (ICA). ICA's two vrincipal goais are:

1. To increase food production, especially of the basic grains (which
includes sorghum).

2. To stimulate rural developrent.
ICA has a direct responsibility for creatins, identifying, generating
technology, tcsting it under conditions where it will be used, and
adanting it to thosc same conditions.

"lithin ICA Dr. tanuel Terregroz: is the national maize and sorghum
coordinator stationed in Bogota made my visit in Colombia very fruitful
and strongly favoured ICRISAT's contribution in Colombia in the near future.

Within CIAT in Cali Dr. John L. Nickel (General Director), Dr.
Kenneth 0. Rachic and Dr. Alexander Grobman (outreach Direcctor) welcomed
ICRISAT in CIAT as far as fitting in the system. CIAT is also interested in
seeing efforts to improve sorghum enhanced. If ICRISAT wishes to pursue
ties with this part of the world both of thesec orsanizations might be
contacted,

Agreements are being negotiated with the Instituto Colombiano Agropecuaric
(ICA) for a new form of collaborative system, which takes into consideration
the new scope, content, and objectives, contents and rearrangement of program,
and their location resulting from thc evolution of policies at ICA. The
approach followed is by station operations, as well as by commodities. A
finalized agreement or set of agreements will be completed in 1977,

Actual situation of grain sorghum in Colombia

Grain sorghum acreage has experienced a constant gain since 1962,
Acreage increased from 3.3 thousand hectares to a present acreage of
approximately 174 thousand hectares over the same period, yield have experienced
a considerable gain.

Surface area, national production, and yield of grain sorghum in Colombia

Years Surface Area National Production Yield
Hectares Tons Tons/ha
1962 3,300 7,600 2.3
1963 5,400 12,100 2.2
1964 ) 24,000 60,000 2.5
1965 30,000 70,000 2,3
1966 35,000 $0,000 2.3
1967 40,000 90,000 2.3
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Surfacc Area National Production Yield
Years Yectares Tons Tons/ha
1963 49,000 110,000 2.2
1969 45,000 160,000 2.5
1970 54,000 113,000 2.2
1971 92,000 240,000 2.0
1972 84,000 210,000 2.5
1973 135,000 280,000 2.1
1974 151,002 257,000 2.2
1975 134.030 345,000 2.5
1976 174,000 428,000 2.5

CIAT scientists conduct primary research at four centers in Colorbia;
at CIAT; headquarters near Palmira, at the Turinana and Carimagua rescarch
stations of the Instituto Colombizno Agropecuario (ICA); and the Popayzn
research station of the Secretaria de Agricultura del Cauca. In addition,
testing is done at many other locations thrcughout Latin America.

The climatc at Palmira, in thc Departmento del Valle, represents a
typical equatorial upland environment with a bimodal rainfall distribution,
The comparatively low mean annual rainfall is duc to the orographic effects
of both the eastern and western cordilleras of the Andes, Negligible
seasonal mean temperaturc variation strongly contrasts with strong seasonal
variation in rainfall. The two dry seasons are normally short. July and
August are the drier months with NE wind predominating.

The climate at the research sitc near Papaydn, in the Departamento
del Cauca, is also representative of cquatorial upland climates in other
areas of the world, Thc bimodal rainfall cdistribution is quite similar to
Palmira although rainfall, particularly in the second wet season is much
higher.

The climate at Turipand, in the Departamento de Cordoba, is strongly
representative of other lowland tropical enviromuents with ¢ unimodal
rainfall distribution at sub-equatorial latitudes. The higher mean
temperature is a direct reflection of the lower altitude.

The tropical savana climate at Carimagua, Departmento de Meta, is
typical of inland regions in the ecquatorial and sub-cquatorial zones with
a more or less unimodal rainfall pattern strongly contrasting wet scason
rainfall and higher temperatures during the dry season,

ICA has 10 active research stations and § stations where sorghum
research has been initiated. They have 2 rescarch stations on highland
2100m and 2600 Tibaitata in Bogota and Ric Hegro respectively.



43

Based on my survey in Colombia, the following answers were obtained
by Dr. Torregroza and Ing. Joze lMoreno at Tibaitata-Bogota.

Q. Is sorghum grown in your country or region?
A. Yes

Q. Could sorzhun be grown in sore part of the country which is presently
not cultivated or replaced other crops? '

A. On highland abov> 1800 m, and on lower clevations where moisture is
liniting for corn.

¢, Do you import ¢r~in sorghun? where irom,

A. Yes, from U.S5.A,
Dekalb - Proacol
Pionecr - Semivalle
Asgro - Purina
Northrup Iing - Cosemilla
Proscmillas.

Q. Name the rcgion wherc sorghum is grown and at what elevation.

Region Station Elevation Scientist
A, Atlantic Coast NU Monteria 0-600 m Ing. Hector Giraldo

ICA-Turipana

Atlantic coast NW Valledupar 0-600 Ing. Gilberto Gomes
ICA Hotilonia

Central Colombia Tolima 400 n Ing. Alvaro Castrillon
ICA Nataima

Central Colombia Bogota 2600 m Ing. José loreno
ICA Tibaitata
Rio Negro 2100 m Ing. Carlos Dia

Oriental Region Heta
ICA La Liberated 400-500 m No staff

Note: Vaupes, Caqueta, Guainea, Vichada regions could grow sorghum but
breeding work would have to be done to adapt sorghum to grow at pH 4-5
with AL - Toxicity low fertility, very humid,
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Cordillera occidental
o central  2200-2800 about 500,000 ha.
i oriental potential for sorghum.
Lowland oriental N.E. ICA Arsenal 400 m Ing. Carlos Carvajal.

Present acreage cultivated with sorghun.

Region Elevation Acrcage-llectares
Valle del Cauca 609 m 62,000
Tolima central 400 m 52,000
Atlantic coast 0-400 m 38,000
Oriental region 0-400 m 20,000

Date of planting

February and March cycle 1 .
low clevation
August and Scptember cycle 2

February-March high land
Date of harvesting

June - July
(low elevation)
December-January
Note: Possibility of frost on high elevation in Nov. & Dec.
June - July possibility of frost on highlands in August, September,
November, December, January and February.
How many generations can you possibly set per one ycar?

Two generations in lowland.
With early maturing lines supplimented with irrigation you can get threc.

Do farmer grow Hybrid or Variety?

. Both, 59% hybrids and 41% variety.

If Hybrid - Who produces them?

U.S.A. seed companies mentioned earlier.

Where did they get their A and B lines?

U;S. A and B lines.

Av. range of maturity days of hybrids, and Av. yield.

For lowland 110 days Av. yield 2-2.8 tons./ha.

Note: There is a need of hybrids maturing between 80-95 days to grow in
rotation with cotton, rice, soybean.
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What is the seed colour?
Brown,
"o buys them?

Farmers to plant and to feed.

Private cempanics, such as Purina and Finca.

. Grown for food or feed?

. Majority fcr feed and very little for focd because they don't know that it

can be uscd for food,

Any major problems with hybrids.

Adaptation, susccptibility to diseases and insccts.
If Varicty - lho produces them?

ICA carried the basic research and sced companies increase them.

. What is the breeding technique used to cxtract all varicties?

Introduction, pedigree method and little work on population.

Av. maturity days for local varietics, and Av. yield.

ICA Nataima - 110-120 days, Av. yield 2.2 Tons/ha.

What is the seed color?

Cafe.

Grown for food or feed?

For animal fecd,

If used for feed, do you think producing food type would be necessary?
Yes, the farmers need to be shown,

Any major problems with the existing varicties?

Low yield, photoperiod sensitive (50%), susceptible to midge, fall army
worm and stalk borer.
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Hybrids vs Varieties
Cauca Valley 60% hybrids and 40% varieties
Atlontic coast 80% hybrids and 20% varicties
Central Colcmbia 40% hybrids and 60% varieties
Central East 50% hybrids and 50% varieties

Any insect problen? Including bird damace?

Scientific nane Common name
Contarinia sorphiccla Midae
Diatraea lineolata Stalkborer
Laphigma frugiperda Fall army wornm
Pyroderces sp. Celama

How are you handling the problem?

Using chemical insccticide Malathion, Bassudrin, Sevin, Azodrin, Nuvan,
Difficulto control - biological control - use of wasps (Trichogramma sp).
Use of insecticide.

Use of insecticide.

At what stage and kind of damage done to the plant?
At flowering

After 80 days

Seedling to flowering

Flowering to physiological maturity

Any disease problem?

Scientific name Common name
Macrophomina phaseoli Charcoal rot
? virus (not known)
Colletotrichum graminicola Stalk § Head Anthracnose
Head blight moulds

How are youv handling the problem?

Using resistant varicties and hybrids
" [H "

" " "
At flowering apply fungicide - Dithane
- Mansate

by nlane
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What stage out kind of damagc done to the plant?
After 80 days.

After 20 days.

After flowering.

After grain formation.

Is sorghun a staple food crop in your country?
No but very few poeple use it for food.

In which form/s sorghum grain is consumcd in your region?
Soup.

Arepa - 10-15 cm diamcter and 1 cm thick bread.
Chicha - fermented drink,

Pleasc write the local name/s of the food preparation/s.

. Sopas

Arepa
Chicha

What is thc detailed procedure to prepare the local food/s.

. Sopas -~ Boil seed with water + Ca.0 remove seed coat, grind wet and

put in a container with meat and snices.
Arcpa - Soak sced with Ca.0 overnight, then orind wet, make a dough
and bake.
Chicha - Boil with Ca.0, grind wet, place in a jar, and brown sugar,
mix cover and lect stay for 3 days and then drink.

Which cultivar/s of your rcgion is known to make the best foods.

Ye don't have 2 pood variety yet. Thesc foods arc prepared from maize
but food type sorghum could be used to prcparc these foods.

How is sorghum grain utilized in your recgion, apart from human consump-
tion?

Animal fecd, secd color cafe BR64.

Latitude

a° - 12°,

Soil type.

Valle del cauca silty clay

Tolima Sandy loam

Coast Atlantic Sandy loam or silty loam

Oriental region Sandy loam
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Soil pH

pH 6 - pH 7 while in Meta region pH 4.5
Rainfall distribution

Not uniform

Amount of precipitation/yr mm.

800 mm - 150C mm

Day length
Summer
Winter 12 hrs.

Nutrient deficiencies in the soil
N, P, Bo, Zn.
Rate and kind of fertilizers applied

NPK- 25,15, 0 or 15, 15, 15, or 10, 30, 10.
Urea 150 kg/h. 46% in split application,

Irrigated or dryland
Dryland
Any frost during growing season

Not on lowland
Yes in highland

Length of growing season (days)

February - July.

Lowest temperature in the growing season
157 C at Palmira.

20° C at Tolima.

-5°C on highland.

What is the most limiting factor the farmer is facing in each location?

Technology, varicties, and low prices.
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How strong is the link among?

Private institutions, seed companies, universities, and government
research centers?

Good cooperation except that CVC which is semi-autonomous institute
have no cocperation vhat so cver with ICA.

Ware you cooperating with CIMMYT's sorghum program?
Yes.
Yerce the materinis useful and adaptcd in your area?

If carly cold tclerant matericls arc developed would be very useful for
Colombia.

If the matcrial was not adapted, what was wrong with it.
Need earlicr lines, white sceded with no testa layer.

Do you think Mexico could be used as a center to send breeding material
to Latin America?

Dr. S.P. Singh. Yes - Because materials sent from Poza Rica and El -
Batan werc well adapted in other L.A., countries. Diseasc and Insect
natural incidencc are available in Poza Rica. Tlatizapan (900 m) in
Mexico is similar to Cali CIAT cxcept that Cali has high pH and drier
and less diseasc incidence, but Cali has morc fall army worm natural
infestation. h

Dr. Nickles. ‘'las quite warm in extending an invitiation for coopcration
work with ICRISAT.

Dr. Rachic and Dr. Grobman think that Colombia situation covers all Latin
America and that ICRISAT should have a scientist preferably a breeder
at CIAT.

Ing, José Moreno. CIMAYT's matcrial from Poza Rica are adapted in the
lowland of Colombia but not the high clevation material,

Where do you suggest the center should move?
All agreed to have onc scientist at CIMAYT and one at CIAT,
How was the program run and when did you get your breeding material from?

Mexico, U.S.A. (Texas) and world collection.
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Q. Are you intcrested in cooperating with ICRISAT?
A. Yes. ICA and CIAT both.

Q. ilow ICRISAT can best relate and help make a contribution in central and
south America?

A. Supply tho vrosren with breoding materials.
Supply adapted A and B and R lines.
Cold tolerant material.
Training personnel on scrshum breeding
Send ICRISAT's Mewsletter
Invite scientist from ICA to participate in ICRISAT workshop.

7. Bogota.

Dr. Manuel Torregroza

ICA - Tibaitata

Apartado Aereo 151123 E1 dorado
Bogota - D.E. Colombia.

Tel. Home 2532140 Officc: 813080

8. Ing. Jos€ Moreno
ICA - Tibaitata
Tel. Home 2733314.




Mexico:

Rescarch in Mexico is undertaken in the orsanization "Instituto
Nacional dc Investigacion Agropecuaria’ (INIA). Their two principal goals
are: Increasc food production, especially of the basic grains which includes
sorghun, INIA has a dircct responsibility for creating, identifying,
gencrating technology, tosting it under conditics where it will be used.
Within INIA Dr. Carballo C. Aquiles vho is the coordiaater of the National
sorghun program also Dr. Leopoldo Mendoza of Chaningo strongly favourcd
ICRISAT's future contribution in Mexico and already INIA, Chapingo and
ICRISAT/CIMIYT arc undertaking 4 projects.

Actual situation of grain sorghum in Mexico

Grain sorghum acreage has cxperienced a constant gain since 1961.
Acreage and yicld have experienced a considerablc sain, National production
has increased over 10 fold,

Surface arca, National Production, and yield of grain sorghum in Mexico

Year Curfacc Arca National Production Yield
Hectare Tons Tons/ha.

1961 117,000 231,000 2.5
62 118,000 296,000 2.5
63 198,000 402,000 2.0
64 276,000 526,000 1.9
65 314,000 747,000 2.4
66 576,000 1411,000 2.4
67 665,000 1605,000 2.4
68 857,000 2128,000 2.5
69 333,000 2453,000 2.8

1970 950,000 2565,000 2.7
71 820,000 2335,000 2.8
72 1063,000 2441,000 2.3
73 1185,000 3182,000 2.7
74 1153,000 3183.,000 2.8
75 1116,000 2043,000 2.5
76 1180,000 3350,000 2.8

The breakthrough was brousht about by the discovery in 1956 by Stephens
in Texas of a sor~hun plant with cytoplasmic male sterility. The existence
of heterosis or hybrid vigour in sorghum crosses had becn alrcady demonstrated.
The discovery of feasible mechanism for producing Fy hybrid sced in a
commercial scale by using a male sterile parent, cytoplasmically sterilized,
and a gene restorer male parent, formed the basis of a strong hybrid sorghum
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sced business in the U.5. By 1959-60 hybrid sorghum sced production was
well on its way as a solid industry in the U.S. and trials in Mexico,
Argentina, Australia, and South Africa had proven an amazing fact. U.S.
bred sorghun hybrids performed in all those countries exactly as they did
in the U.S. whilc hybrid maize exhibited a high location x genotype
interaction in yieclds, hybrid sorghum did not. This very fact was quickly
realized by U.S. secd corpanics and their early cstablishment in 1960 in
Argentina, and Moxicn, countrics with large, semi-arid srcas, assurcd the
further development of sorghum as a crop in those countrics.

In Mexico, sorghum was quickly introduced in the irrigated valloys
of the Northwest, in the Le Lasuna arca near Torrcdn, previously a cotton
area. Very quickly, llexican farmers borrowins U.S. production technology,
learned by driving across the border, and watching and talking to U.G. farmers,
were obtaining yields equal or higher than in the U.S.

As sorghum production soared in Mexico, the authorities in control
of irrigation water in the irrigation districts, realized the great effi-
ciency of sorghum in terms of usc of irrigation water. Sorghum in its
utilization of water was found to be twice as efficient as cotton, and four
times as efficient as rice. Because sorghum could use the same planting
and harvesting machinery as wheat, a rotation scquence of wheat-sorghum
became firmly established.

A transferablc technology of hybrid secds, and the sctting up of
mechanisms for seed production, distribution, and demonstration of production
technology was due to U.S. seed companies. While prior to 1950, Mexico
produced less than 200,000 tons of sorghum, in 1965, production had gone up
to nearly 750,000 tons, in 1970 to 2 1/2 million tons and in 1976 to 3.35
million tons. The magnitude of the sorghum production in Mexico has cxcceded
that of wheat in the rate of growth as well as total production.

It is also intcresting to notc that the yiecld of sorghum was nationally
2,839 kg/ha in 1976, as compared to 1,278 kg/ha for corn the same ycar, and
this is in spite of corn research in Mexico for over 30 years.

Sorchunm rroduction in Mexico went basically to thc Tuied nills, for
production of poultry, hog, and dairy cow balanccd feeds, releasing millions
of tons of corn frcm this use, for the direct human consumption by the
expanding population of Mexico.

New hybrids arc being released which have good rcsistance to both
disecases as well as pgood agronomic traits., Alsc, much of the sorghum in
central Mexico is or could be grown at altitudes above 1500 m. At present,
cold tolerance, which is only partially dominant and thus nceded on both
sides of the cross, has beon transferred into yellow and vitreous white
endosperm males and low tannin or non-brown females. Thus, grain hybrids
of good nutritive valuc as opposed to the brown secded types of the first
cold tolerance material arc ncw ready for extensive evaluation.



53

This brings up another aspect of positive grain improvement for
"axico and also Central America for that matter: much improved nutritive
value. In Mexico it is estimated to have 1.3 million hectares available
for cold tolerant highland sorghum. Where grain is grown for human
consumption, this becomes even more important but could be a factor for
acceptance and incrcased acreage throughout Latin America, In much of
lfexico, increase drousht resistance can not be stressed cnough. Here again
the futurc looks nronising. Finally, to expand the crop into new areas,
especially to the south, may require a greater use of tropical germplasn.

Bascd on my survey in Mexico, the following answers were obtained
from Dr. Carballo foniles.

Q. Is sorghus ~rnwn in your country?
A. Yes.

Q

Could sorghun be ~rown in some part of the country which is presently not
cultivated or rc:lacc other crop.

A. Yes, in scmi-arid high clevation arecas.

Q. Name the region where sorghum is grown and at what clevation.

A. Region Elcovation
Bajio and Altiplano dc Jalisco 1550 - 1800 n
Tamaulipas 500 m
Sinaloa 500 m
Other regions 0-1800 m

Q. Present acreapge cultivated with sorghum.

A. hegion Acreage Hectares
Bijio and Altiplano 730,000
Tamaulipas 420,000
Sinaloa 140,000
Other regions 210,000

Q. Date of Planting

A. April or Junc
February and Junc
December and July
December and June

Q. Datc of Harvesting

>

September and November
July and October
May or November
May or November
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. How many generation can you possibly get per one¢ year.

In the tropical lowland, two gencrations per year, while in the highland
arcas only onc generation,

Do farmers grow iybrid or Varicty?

. Both.

If Hybrid who produces them?

. National seed oroducers. (PRONASE)

U.S. secd companics
there did they get their A and 3 lincs?

INIA developed their A and B lines.
U.S. seed companics

Av. range of maturity days of hybrids, and Av. yield?

120 to 150 days.
3 tons/ha.

. What is the seed colour?

Red, brown, amber, white.

Who buys them?

Animal feed industries.

Grown for food or fecd?

For poultry and pigs.

Any major problem with hybrids.
Seed production.

If Varieties - who produces them?
INIA and Chapingo University.
What is the breeding techniquc used to extract all varieties?
Pedigree Selcction

Mutation
Population improvement.
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What is the seed colour?

Brown, amber, and whitc.

Grown for food or feed.

For animal fceAd,

If usced for feed, do you think producing feod typc would be necessary?
Yes, especially for small farmer situation,

Any major Horoblenms with the existing varictics.

Low yicld and susceptible to discascs and insccts.
Vhat percentage of hybrid and varictics are grown in Mexico?
100% hybrids aud negligible anounts of varictics.
Any inscct jroblem? Including bird damage.

Scicntific name Comnon name
Contarina sorghicola lMidge
Schezaphis graminum Aphids
Spodoptera frugiperda Fall army worn
Diatrea lincolata Sten borer

Salema or webworm

How are you handling the problem?

Using resistant varictics.
Date of planting.

Cultural practices.
Insccticides.,

. What stage ~nd %ind of damage donc to thc plant?

Midge - During bloon. Grain fails to develon.

Aphid - After fiowerine until sced sct, lower yield.

Fall army worn. Destruction of the leaves from scedling until flowering.
Stem borer. Destruction of the vascular tissucs, at any stage.

Any discasc danage?

Scientific name Common narc
Sclerospora sorghi Downy mildew
Sphaulothem sorghi Charcoal rot

Colletotrichum graminicola Anthracnosc
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How are you handling thc problem?

Using resistant varietics and parcnts.

that stage and kind of damage denc to thc plant?
Before and aftor flowering thus lower yield.

Is sorghum a staple food crop in your region,
No.

How is sorghum grain utilized in your region, apart from human consumption?
Please write specific prain quality requiremecats, if any.

Sorghum grain is mainly used for animal feed and at this stage no attention
is given to the quality aspect of monogastric.

Latitude.

16° - 32° North

Soil type.

1 - Bajio and Altiplano - heavy clay, and sandy loam.
2 - Tamaulipas - sandy loam
3 - Sinaloa - sandy loam
Soil pH

pH 6-8

Rainfall distribution

Fair to good distribution
Amount of prccipitation/yr.
700 - 1000 m.

Day length

Summer - 14-15 hrs,
Winter 12 hrs.

Nutrient deficiencies in the soil
Nitrogen, phospherus and iron.
Rate and kind of. fertilizers applicd

N - 80-180 kg/ha.
P205 - 40 kg/ha.
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Irrigated or dryland.
Both.
Any frost during prowing scason?

Ia lowlandno.
In highlind yes.

Length of srowiny scoson.

Highland 210-220 days.
Lowland 360 d-ys.

Lowest temperaturc in the growing scason.

Highland - 6-808.
Lowland - 18-207C.

What is the most limiting factor the farmer is facing in each location?

Insects are thc most limiting factor and then disecascs.
There are other arcas with high salinity and iron deficiency and high pH.

How strong is thc link among?

Private institutions, secd companics, universities and government rescarch
centers - Fair to Good.

Werc you cooperating with CIMMYT's sorphum program?

Yes.

Were the matcrials useful and adapted in your arca?

Yes, they were adapted and werc used as a base for cold tolcrant improvement

Do you think Mexico could be used as a center to send breeding material to
Latin America?

Yes.,
Give reasons in both cases.

Because HMexico has very diverse ecological conditions which simulates most
of Latin Amcrican countries.

there do you supgest the center should move?

It all depends what wiil be ICRISAT's objective.
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e

Hov are the program run and where did you gset your brecding materials
from?

A. The brecling matcrial came from U.S.A.
Q. Are you intercstec in cooperating with ICRISAT?

A. Yes.

o

How ICRISAT can best rclate and help make a contribution in Central and
South America?

A. By supplying INIA with new germplasa with discasc and insect resistances.
Carrying out coonerative and joint projects,
Food type breedinz material - i.c, grain quality.
By sending us ICRISAT's newsletter and publications.
Training of personnels.

The national program conducted by INIA was initiated in 1946 with
the observation of material in the different rcgions of Mexico to define
the adaptation of sorghum,

In spite of staff and budget limitation this program has produced
35 hybrids which had been delivered to National sced producers for its
commercial production.

The Research Stations of INIA arec:

1. Rio Bravo - Dry, Tropical region - irrigated.
2. Roque Guanajuato - Temperate - rainfed.

The objectives for the highland was started in 1960 and up to the
present time according to Dr. Carballo's opinion, it is a major program
since it takes into account basic research as well as the different schemes
to reach to their short, medium and long term objectives. At the present
time varieties are available that potentially could be grown in 1 million
hectarc. The sorghum program has become a major cndeavour with the objectives
of supporting activities involved in the generation of production technology
including breeding for areas for commercial productionsas well as small farm
situations wherc sorghum could be grown and used as food.

At the present time, the program has cnoush staff and germplasm for
conducting research. On this basis, the program is open to any kind of
cooperation as long as thesc cooperations comply with the INIA policies.
Particularly, it is important to diversify the sorghum germplasm and to
obtain millet germplasm ani also to improve thc professional quality of
the staff through training personnel and attending sorghum workshops and
academic training. Any support in the abovc mentioned points would be of
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great help to the Mexican National program. In return INIA is ready to
cooperate in coordinated activitics that could support other Latin American
progran.

The “ollowing contacts were made in lexico.

Dr. Carballo C. ’quiles (does not speak English)
INIA (Instituto Hnciennl de Investigacion Arricola)
National Sorghum and Millet Coordinator

Apdo. Postal Wo. 10 Chapingo, Mexico

Tel. 585-45-55 office.

Dr. Leopoldo ifcndoza (Spcaks Enpglish)

Genetic department

Colegic de Postgraduados

Chapinge, Mcxico

Tel. 585-45-55 cxt. 229 or 210 (office)
4-12-86 (Home)

Dr. Hernan Cortéz Mendoza (Speaks English)
Director of Maizc and Sorghum

Universidad Autonoma Agraria

Guanajuato 525

Bucnavista, Saltillo

Coahuila, Mexico

Tel. 2-14-90 ext. 153

Telex. 038128 CIZAME



APPENDIX II
HOTES FROi VISIT TO VEHEZUELA, GUATEIALA, AND MEXICO

SEPTEMBER 28. - OCTQBZR 6, 1977. .
L.R. HOUSE

Sorghum is developing fairly rapidly a< an important crop in
Venezuela. Its more extensive use beran about ten years ago and in this
period the area under cultivation has increased from 3000 to 120000 hecta-
res. -The grain is all used as a livestock feed.

There are a number of situations which must be taken into account,
The sorghum regions in Venezuela are essentially three; one in the east
around Maturin (140C mm. rainfall): one in the west near Barinas (1200 mm.
rainfall); and the third more or less in the north central part of the
country around Valle de la Pascua (600 mm. rainfall). The soils around
Maturin are red and sandy (80% sand); around Valle de la Pascua are light
brown with fairly high sand content and around Barinas are poor - acid
(as much as pli.4.2) with a relatively high but apparently non-toxic level
of aluminium. Soils in the other locations also are on the acid side but
not as bad. In acid situations it is recommended to use one ton per
hectare of CaC03. Although the rainfall is high there are wet and dry
seasons: the dry season extending more or less October-November to May,
The sowing date for sorghum is broad extending from June into September.

The sorghums being used are hybrid and any cffort to develop
something for the farmer will have to be hybrid to contribute with what
exists. Research to develop hybrids began with Proseca in 1968 and has
more recently begun with the Ministry of Agriculture @©75). There is a
very modest breeding program to develop and test new hybrids. The testing
program is regional within Venezuela. A number of hybrids have been
evolved between seed parents from the USA and pollen parents from tropical
Africa, and from Swaziland. This past year 350,000 kilograms of seed were
produced which was used on about 10% of the area sown. Seed is in demand
and they hope to increase production to 1,000,000 kilograms this next
year. Their big problem is to have available good adapted seed parents.
Most of the A-lines from the USA that we saw looked terrible and would be
at best difficult to get satisfactory yield in production fields.

Commercial companies (Asgrow, Dekalb, Pioneer) import seed of
hybrids developed in the USA. Those selected are frequently based on
results obtained in Mexico. There is no research or production by these
companies in Venezuela. Yield trial results indicate that these company
hybrids are lower yielding (1500-200 kg/hectarc) than those developed
locally.

It secms clear that an ICRISAT program in the Americas should
be involved with the development and cvaluation of hybrids. The develop-
ment of good seed parents (A-lines) for the higher rainfall tropical
situation would be a real contribution here as well as in Africa.



The desire is for varieties that require about 65 days to flower,
one problem with hybrids from the USA is earliness - they flower in about
50 days.

Selection pressure for tolerance to the acid soil situation has
been remarkably successful, Hybrids from USA .and selected local material
will show up to a 17 fold increase in yield when the acid esnlition is
rectified by CaC03. Locally selected, tolerant hybrids, show only a slight
increase and yields of all the treatments are in the high range of the
experiment. Apparently, many of the tropical soils in the Americas are
acid in nature.

Yields are currently between 2 and 3 tons of grain per hectore
from the hybrids. Increase of yield of hybrids over varieties ranges with
location from 40% to 100%. Heads are semi-compact to reasonably open and
plants are 1.2 - 1.8 meters tall (all harvesting is by combine). Adapted
plants have a normal good luxuriance but grain number per head appears to
be lower than possible. Scope for increased yield beginning with more in-
tensive introduction particularly from tropical Africa and from material
from ICRISAT appears promising.

There is no market preference for grain quality, coloured or
white, bitter or sweet, it all sells for 80 Centavos per kilogram
(about 19 cents US). Most of the grain produced is coloured and bitter -
birds can be a serious problem.

The major problem is variable from year to year depending on
whether or not a migratory bird from Texas arrives (species Americana).
If the bird comes it takes all seed whether or not its bitter - farmers
are forced to harvest before the bird problem becomes that severe. These
mibratory birds have not come in the last four years but carlier were
severe. In the absence of these birds the damage from local birds is
minor unless the field is small or earlier or later then the bulk of the
crop. Bitter seeds to help against local birds.

The disease prcolem is more serious than the insect problem
though both arc impertant. The major diseasc problem is downy iildew and
the comment was made that therc is no point considering a breeding program
without including resistance for downy mildew. As in Brazil, anthracnosc
is a major disease problem here alsc. The third ranking disease is
sugarcane mosaic virus which is not important in Asin and Africa. Plants
showing symptoms to thiesc discases plus zonate leaf spot were easily
observed in the field that we saw; downy mildew and sugarcane mosaic
virus were the most serious in the field. Brceding for resistance to thesc
discases would be an important aspect of an ICRISAT program in the
Americas, Cooperation with the ICRISAT Center and other regional loca-
tions would be beneficial for all but sugarcane mosaic virus which must be
done locally.



The two insect pests of importance are the fall army worm and
the midge. The fall army worm begins feeding on the plant from the early
seedling stige on. The insect can be controlled by spray or granules.
However, pronounced differences in varietal susceptibility have been
observed but no breeding effort to utilize this has been undcrtaken.
Midge is a sometimc problem but it would be worthwhile incorporating
existing, lcvels of tulerance into adapted useful material. Breeding
for resistance to these insects seems promising and beneficial and could
easily be part of an ICRISAT regional center in the Americas.

Dr. Riccelli is a knowledgeable man who could tell us much
Guatemala, October 1 to October 3:

Research in Guatemala is undertaken in the organization
"Instituto de Ciencia Agricolas" (ICTA). ICTA developed from a reorgani-
zation of the Agricultural Scctor; the movement beginning in 1970. There
were two principal goals: increased food production, especially of the
basic grains (which includes sorghum), and to stimulate rural development.
The responsibilitics of ICTA can be interpreoted as follows: ICTA has a
direct responsibility for creating, identifying, generating technology,
testing it under conditions where it will be used, and adapting it to
these same conditions. ICTA has further decided that it must know the
results of the technology when in the hands of farmers.

Within ICTA, Dr. Albert N. Plant is Coordinator for the
sorghum program.

Guatemala is a country of many agro-ccological situations. ‘
There is a broad coastal plain, varying up to 40 miles in width along the
Pacific coast of the country. Rainfall in this rcgion is approximately
1000 mm. The rainfall across the country decreasecs from the border with
Mexico to tue border with El1 Salvadnr, Mountains risc steeply from this
coastal plain and rainfall can be very high 4000 to 5000 mm. Behind the
mountains the rainfall drops, usually between 1000 and 2000 mm.but falls
as low as 500 mm. The north western part of the country is considerably
less mountainous, more sparsely populated and not in an area where sorghum
is of concern. Soils are gemerally acid with pH of 6; some soils in very
high rainfall areas are more acidic. The soil has adequate potassium
but requires nitrogen and phosphate.

The major sorghum production takes place on large farms along
the Pacific coast and in the mountain areas of Jutiapa, a provincial
area in the Bastern part of the country bordering El salvador. Possible
expansion to the west (Chimal tenango) and to the north (El Oasis) pro-
vincial areas is a possibility. Sorghum was produced on some 36,000
hectares in 1971-72 with a production of some 822,891 quintals of grain.
This comapres with a production of 16.2 million quintals of maize, 1.4
million quintals of beans, 1.3 million quintals of rice, and 4 million
quintals of wheat.



The sorghum producced on the coastal plain comes primarily from
commercial #/brid seed companies, Dcl:alb, Pioneer, Northrup King and
Asgrcuy. Pionecer and Dekalb heve programs in Nicaragun where they cvaluate
varietal materials from their programs in the USA and Mexico. There arc
some problems: seed parcits from the USA are ponriy adapted so yields in
production ficlds if local production were attempted would obc peor, it
appears that locally developed hybrids will out yield those from US com-
panies, and the grain from these hybrids is useful only for animal feed.

The bulk of the food grain of the country is produced by the
campesino or peasant on small farms in hilly mountainous oreas. This is
a traditional type sorghum, growing to 3 or 4 mcters in height with
white grain that is wet milled after soaking in alkali and made into
tortias. About 60 percent of the sorghum produced in this way goes into
human food. The hybrids from seed companies do not serve this arca at
all, they are unadapted and of non-food type grain quality. Locally
developed varieties and hybrids for such areas arc in the research stagc.

Rainfall in the sorghum area varies from 1000 to 2000 mm. and
falls from May to mid-October early November. There is a pronounced _
bi-modal pattern with little or no rain in August. Inspite of this high
rainfall sorghum is grown because of droupht conditions. The drought
conditions arise because of the high variability in rainfall pattern and
because of steep slopes, poor water penetration and thin soil layers
with poor water holding capacity. Much of the cropping in thesc regions
in Central America is more or less as follows: Corn, sorghum and beans
are all sown in May. Sorghum maybe sown in the same row as corn or
between rows of corn. Beans arc frequently intcr sown between rows of
corn. The corn grows faster than the sorghum which is held back during
the first rainy period. The corn matures by late August early September
and is broken over just bclow the ear. The sorghum has a more favourable
cnvironment and grows through the corn flowering in mi:i-Movember. This
year early rains were oad, the corn looked poor and sorghum will be the
productive crop.

It seems that a contribution could be made if some 30 to 45
days were removed in the time to flower. Hith rains stopping in mid-
October to November moisture frcouently become limiting on these
droughty soils and yield is reduced. Also, the grain-straw ratio is
about 1 to 5 indicating that there is @ lot of dry matter production but
mostly in leaves and stems. A change in plant type would likely result
in higher yiclds. This is a difficult situation to work for, the materials
developed in the USA and for many of the drier shortcr scason arcas do not
fit. Less work has been done to develop suitable types for the long
growing season. ICRISAT, with its opportunities in Africa should be able
to help develop such materials.



There are other possibilitics in the crouping sequence, sow
sorghum in May, harvest in August and ratoon harvesting again in November.
Corn might be sown in May, harvested in August and sorghum sown in August
to be harvesied in November. The roinfall in the August period is very
uncertain making sowing at that time risky. The opinion was expressed
that it will likely not bc possible to move away from combined sowing of
corn and sorghum in May., The 3 locnl varietal types senerally sown in
May are: Cacko dc Chivo, Paquete and Sapo. We had the opportunity of
secing one or more of these during a trip into 3 valleys in the Jutiapa
area, the Jutiapa Valley, Asunsion HMita Valley and the Jalpatagua Valley
(all 500-650 meters in elevation). Thesc valleys take their names from
towns in the valley. The speculation is that these local varieties came
from Ethiopia but no one is sure. Ne were ahead of flowering so did not
have a chance to see but a few heads. The crops were badly mixed in seed
type and generally very ununiform in development. Most of the sorghum of
this type is sown in an elevation ranging from 800 to 1200 meters.

The rescarch program of Dr. Plant is directed toward the develop-
ment of varieties and hybrids flowering in about 60 days. He has close
contact with Texas AGM and obtains much of his material form them. His
program is fairly cxtensive, directed toward the large mechanized production
units on the coastal plain and to try to ratoon and to undertake August
sowings in the morc hilly areas. He is working for a good grain quality
type. He has had trouble finding good A-lines for hybrid seed production
but is satisfied with a 7501 tc 7505 series of AGB lines from Fred
Miller. Some of his best hybrids have been with 7503 as seed parent and
yield at the coastal Cuyuta Experiment Station have ranged from 4 to 9
tons of grain per hectare. He estimates his yield advantage from hybrids
at about 40% greater than the varieties. He concurs in the need to
identify better A-lines and feels that ICRISAT could contribute.

He feels that the long season sorghums used in the hilly areas
should be rcduced in duration but he did not indicate any activity that he
is undertaking to achieve this.

Anthracnose in thc hcad was mentioned as the number one yield
limiting factor. /nthracnose on the leaves and stem apparently is much
less severe. It is apparently severc about once in four years. There is
some confusion on the race situntion of anthracnose. It has now been
indicated as severc in Brqzil, Venezuela and Guatemala. Varictal reaction
to anthracnosc in Guatemala appcars to be similar to that in the USA,
however, rcactions in Venezuela and Brazil are reported to differ. This
racial difference, if real, would bc important to a crop improvement program.
One is also impressed by the wide spread severity of this disease. Although
present in India and Africa it is generally not so important. Resistance
to anthracnose could bec undertaken as part of a research program of an
ICRISAT Center in the Americas.



Downy mildew was also mentioned as a problem. It has entered
Guatemala from Mexico and is slowly moving in the country. Apparently it
is also presvnt in El Salvador and has come intc Guatc::ala from there. At
present the severity is low and the disease is almost not found in the
coastal area, There is “car of its spread and it was felt that in the
not too distant future quarantine may require that sceds that move inter-
nationaily in the region come from fields certificd to be frce of this
discase. There is a greater fear of downy mildew on corn hecause it can
be more devastating and more difficult to rcalize resistance through
breeding.

Coffec rust has occurrced in ilicararue and appavently affects
sorghum. Sorghum from iicaragua is not permitted entry into Guatcmala
for this reason. This is affecting the market operation of Dekalb and
Pioneer who produce and market sced from Nicaragua. This wouldaso be a
consideration for ICRISAT in locating a regional center.

Maize dwarf mosaic virus is seen on occasion and is not a
problem.

The major insect pest is the midge. This insect entered Guate-
mala a few years ago from Mexico and has just about entered the sorghum
area adjacent to the E1 Salvador border. Breeding for resistance to this
insect is an important part of the program of Dr. Plant. He is using
the sources of resistance from Texas with good success. In ficlds where
normals are 40-60% infested, his recovered types using the Texas source
are only about 10% infested.

The fall army worm and the sugarcane borer were mentioned as
pests but easily controlled by insecticides if they become serious
(which was not often).

We observed a low level of leaf feeding on the trip that we
made. We saw very few diseases and commented frequently how frec of
disease the plants were. Apparently thc local types have a higher level
of resistance than the introduced hybrids and somc diseascs symptoms are
more apparent later in the life of the plant. Nitrogen deficiency was
frequently observed and gt times phosphate.

i
There is a regional yield testing program in Central America
for several crops including sorghum. These trials arc organized by the
PCCMCA, an organization among the plant breedins group. Each year a new
president and secretary are elected and they are responsible for organi-
zing the trials and making the final rcport. They also call an annual
workshop mecting of about 5 days duration. Entrics for the next year
are decided at this meeting. Dr. Plant fclt this function valuable but
ineffective. Seeds do not arrive on time, data is not returned and a
report is written about 30% of the time. This is a Central American



function not including South Amcrica. Through an ICRISAT regional center,
pcssibly more organization could be evolved. The regional center could
scrvice the PCCMCA sorchum program ond use this as 2 vehicle for regional
evaluation. It could help expand this program to inclule disease and
insect nurseries if this would be desirable (somc such nurseries are
currently being distribuicd by Texas A§l{ but this might somehow be
rationnlizes vin Title 12 - ICTIS/AT cocperation).

Guatemals is close to Moxico and Dr. Plant was quitc warm in
extending an invitation for cooperation with Vartan. It would be valuable
for Vartan tc travel some in Guatemaln with Dr. Plant tc gain greater
anpreciation of scrphum, its uses and problums. Dr. Plant offered land
facilities for screening clite germplasm as well as to cvaluate special
traits such as tolcrance to prain mould, anthracnosc, etc. There is
interest in cvaluating cold tolerance material from CIMMYT in Guatemala
but not at extremcly high clevations, likely no higher than 2000 meters.
Some of thc material now in the cold tolerant program might suit these
slightly lower clevations where thc season is longer and the maturities
now available in the cold tolerant program will fit. Therc has been a
substantinl introduction of varicties, many from Ethiopia, in the cold
tolerance program. Segregates from crosses will have a range of maturi-
ties. It scems a shame to discard later maturing types when these might
be very useful in the 400-1200 meter altitude range where there is current-
ly so little new sorghum types to try and wherc most of the sorghum in
Central America is grown.

CIMMYT, Mexico, October 3-6:

The purposc of this visit was to help Vartan Guiragossian
begin his assignment as the ICRISAT sorghum breeder stationed at CIMMYT.
Arrangements for his stay were made, he met many peoplc of the CIMMYT
staff, and had a good look at the University at Chapingo and at INIA.
Leopoldo Mendoza is a physiologist stationed in the genetics department
working on sorghum. The director of the INIA station adjacent to the
Chapingo Campus is Dr. Aquiles Carballn, He was joined by twc colleagues,
Victor Gonzales who concentrates on corn, and Immanuecl Livera, the sorghum
breeder, in showing us their rather extensive sorghum program. A base for
cooperation with these agencies was established. These people will also
help orient Vartan to sorghum in Mexico. Within CIMMYT, Vartan will be
closely associated with maize program. .

Vartan will havc access to the four locations with CIMMYT but
the most important to him will be El-Batan (2200 m) Tlitizipan (S50 m) and
Poza Rico at (5¢ m). Poza Rica will be useful for off-scason activities
and for disease ¢valuation during the main scason. Tlitizipan will
provide for an intermediate clevation and is morc typical of most of the
sorghum growing rcgions in the Americas. Efforts to develop cold tolerant



types can best be done at El-Batan., Vartan has been offered a total of
ten hectares per year for all seasons and locations. However, he can spill
over on to 1and of the University at Chapir:o.

We looked primarily at sorghum, being developed for cold toler-
ance to be grovn at elevations above 2000 meters end in rainfall areas
ranging fros 590 to 650 mm.  About 20% of the area in this climatic
region is irrigated. To complete a lifc cycle in this environment the
crep should mature in 90 to 110 days. The very best entries requirc 75 to
85 days to flower and 115 days or more to maturc. Flowering of 90 days is
nct unusunl in entrries tclerant to the cold (will set seced) and for new
materials beins developed flowering frequently recuires 120 days or more.
Obviously, theneed to realize earlicr maturing types in this climatic
situation is of top priority for the breceding program. There are a few
lines with INIA that they feel can be relecascd for farmer use in arcas where
there is irrigation and night temperaturcs do not drop below 5°C (flowering
in about 80 days).

The source of cold tolerancc came oricinally from 3 lines from
the Ethiopian-Ugandan area. Almost all of the uscful selections have
coloured grain, many bitter. There is a demand for animal feed and sorghum
produced in hirh elevation areas is nceded. However, there is a recognized
need for sorghum for food but there is littlec effort outside of the program
at CIMMYT to develop such grain. This is clearly an opportunity for
ICRISAT. The same is true for sorghums for lower eclevations.

The progran at CIMMYT is making an effort to diversify the
variability availablc. Many sources from Africa are being used. Some of
these have cold tolerance, all arc late, but there are many possibilities
to select useful cntries for lower elevation arcas. This effort to
diversify the germplasm will be uscful to many brecding programs in the
Americas including thosc at high elevations. This is a valuable function
for ICRISAT to continue.

There is concurrence to develop hybrids, particularly A-lines
that are adapted to tropical arcas and to work on the disease problem,
particularly anthracnose.



APPENDIX III

COMPARATIVE CASES OF VERTICALLY INTEGRATED AGROINDUSTRY: MEXICO
VENEZUELA, COLOMBIA, PERU, ARGENTINA

(1)
Alexander Grobman, Ph.D

{To be presented ot the "Nutrition znd Agricultural: Strategies for Latin
America" Symposium, Interciencia/American Association for the Advancement
of Science. Februrry 13-14, 1978, Washington, D.C.)

Agricultural research in Latin America has produced notable
results in various crops in terms of increased production and yields
in several countries. ¥ell documented cascs for Wheat and Maize in
Mexico (1), Cotton in Brazil (2), Maize in Peru (3), Rice in Colombia
(4), Rice, Soybeans, Wheat, and Cotton in Colombia (5), have been
presented and analyzcd (6).

Momentous increases in production of sorghum, and soybeans have
ocurred in Latin America in the past 15 years, They are intimately
linked to an extraordinary development of the poultry and feed industries
in many countries over the same period of time.

Considering the protein deficit in the diets of a significantly
large proportion of the population of most countries of Latin America,
the impact of the increase of supply of poultry products, and the
cropping patterns, and industrial integration that lead to it acquire
very great importance.

Very unique circumstances, and very specific technologies,were
blended together in a complementary manner, to bring about the results
which will be discussed below. A selection of the five larger Latin
American countries, with the exclusion of Brazil, was made, in order to
document with a case study the nature of the vertical integration of
seed, feed, and poultry ‘ndustries in Argentina, Colombia, Mexico, Peru
and Venezuela. Tn all of thesc countries parallel developments took
place., While in Argentina the opportunities derived from an expansion
in production lead directly towards export, in the others the increased
grain output was mostly directed to their internal market.

In Brazil, such a large role is played by area expansion in
explaining the increase of output, that derivation of conclusions from

(1) Associate Director Gemeral, International Coopcration, Centro Inter-
nacional de Agricultural Tropical (CIAT), Palmira, Colombia.



the Brazilian model would not have application to the other countries.
The fact that sorghum did not have any significant development in Brazil
is due to the overwhelming expansion of soybeans, requiring less fertili-
zer than sorghum, and to promotional policy of the country towards
expansion nf soybeans exports. Brazil had earlier taken vigorous steps
to increase beef production through support of ranchers (about 2,000
units) operating at high entreprenburl 11 levels of efficicacy. Poultry
production, thus had a low priority in governmental support policies in
Brazil.

The selection of the poultry - feed - veterinary drug supply-
seed complementary activities in the countries mentioned for a case
study of industry integration was made with a rationale. The appearance
of technologies which were complementary, which were first brought by
multinational corporations, that were easily transferable, and of wide
adaptation (low technology x site interaction), made for quick step-wise
adoption in the various countries.

There are other, smaller countries especially in Central America
where an adoption process of the seed-feed-poultry technologies has been
also very successful.

CROP_PRODUCTION TECHNOLOGY

The tremendous increase in feed grain production that in most
cases served as a base for the increase in production of poultry products
was spearheaded by sorghum in the sample of countries selected. In Peru,
maize was of extreme importance, as was also the very great increase in
anchovy catches off its coast that reached 10,000,000 tons annually in
the early 70's, and which was transformed into fish meal, a basic
ingredient of poultry rations in most Latin American countries in the
early 70's. The production of soybeanas really acquired momentous growth
from the time when anchovy catches off the Coast of Pcru slipped back,
due to the disappearance of the anchovy because of unfavourable ocean
temperatures for anchovy breeding and overfishing from 1973 onward.

Crop production technologies, based on hybrid sorghum, hybrid
maize, use and availability of fertilizers, tractor power, herbicides,
combines, and the introduction of high yielding soybean cultivars, lodg-
ing-resistant, shatterless, and combinable were the bases on which a
profitable agricultural pattern emerged.

Very little of this technology went to small farmers. It was
intended to either by the technology generators and promoters or by the
governments. In Mexico, the sorghum areas were mostly located in
previously large cotton estates; rice was also expelled from the new
sorghum areas. These were mostly medium to large farmer crops. In the
sorghum areas of Venezuela, Argentina and Colombia there were also large
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farmers. In Peru, larger farmers started planting sorghum, and as the
Agrarian Reform proceeded, large agricultural units were retained in the
process, s~ that no real change in cconomies of scale occurred, as large
units continued planting hybrid corn and hybrid yellc feed sorghum.

In all of thes: countries the emphasis was sct in quick-high
technology incvense in grain production, over the shortest time span.
This was achieved very quickly and efficiently, very little extension
outlay having been needed in the process, The technologies were to a
grecat extent transforred in complete packapes and very casily adopted
and adapted by farmers, who counted with a basically unlimited market,
and prices mostly above internationnl standards.

SORGHUM

Sorghum, a cereal originated in Africa, and brought to the
American continent initially with African slaves in the Colonial periods,
did not really become important in the Americas until very recently.
Only in the Southern Wheat Belt of the U.S. (Kansas, Oklahoma, and Texas)
large sorghum acreages were grown during the last years of the XIXth
Century. It became excellently adapted to this semi-droughty area.
Varietics selected for earliness, photoperiodic insensitivity, short
height, and with resistance to several diseases, including anthracnose,
charcoal rot, head smut, and milo disease were developed in the early
years of this century,

Some sugary strains used both for forage, and for making syrup
appeared, and were popular for many years (Sugar-Drip, Atlas, Leoti).

As combines became more pervasive throughout the southern wheat
belt, varicties were bred for mechanical harvesting. Use was made of
the dwarfins factor attached to a series of four genes (dw, dwz, dwg and
dw,), and of four maturity genes (ma, ma,, mas, and may), in order to
create 3-dwarf of 4-dwarf homozygous varleties with earliness and photo-
period insensitivity. ‘

These modern varieties were available in the 40's and 50's,
Some introductions toock place into Mexico and South America, but only
‘Argentina grew some significant areas.

While Dr. Arthur Swanson introduced under his Point-Four Program
some dwarf sorghum varieties that performed well in experimental plots
and demonstration ficlds in the carly 50 s in Peru, they were not adopted
commercially in that country, at all.

Some tall, rather late sorghum varieties, with while endosperm
had been grown in Central America for many years, and used as sources
of flour, which when mixed with flour from white maize varieties was used
in tortilla making. This type of sorghum whose origin is lost in history
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is usually planted in missing corn hills in several Central American
countries, especially Nicaragua, Honduras, El Salvadoer, and Guatemala.
Small areas of "milo" may be milo sorghum were also traditionally plant-
ed on the Atlantic coast of Colombia, and in Western Venezuela.

All these small traditional areas of sorghum vere of no real
importance, 2= compared to the large increases in arcas thrt took place
in the nineteen sixties.

The breakthrourh was brought about by the discovery in 1956
by Stephens (6) in Texas of a sorghum plant with cytoplasmic and male
sterility. The existence of heterosis or hybrid vigor in sorghum
crosses had been alrcady demonstrated. The discovery of a feasible
mechanism for producing Fj hybrid seed in a commercial scale by using
a male-sterile parent, cytoplasmically sterilized, and a gene-restorer
male parent, formed the basis of a strong hybrid sorghum seed business
in the U.S. Hybrid maize seed companies, with experience in production
and marketing of maize hybrid seed undertook the activity of production
and marketing of hybrid sorghum seed. Some companies with no previous
experience in hybrid corn seed production participated also in this
market.

By 1959-60 hybrid sorghum seed production was well in its way
as a solid industry in the U.S. and trials in Mexico, Argentina, Australia,
and South Africa, had proven an amazing fact: U.S. bred sorghum hybrids
performed in all those countries exactly as they did in the U.S. While
hybrid maize exhibited a high location x genotype interaction in yield,
hybrid sorghum did not. This very important fact was quickly realized
by U.S. seed companies, and their early establishment in 1960 in
Argentina, and Mexicc. countries with large, semi-dry areas, assured the
further development of sorglum as a crop in those countries. The adapta-
tion of U.S. hybrid sorghum to many other countries not only in the sub-
tropical, but tropical areas, as well, was later confirmed.

U.S. bred sorshum hybrids, adapted to combine harvesting found
their place very quickly in the cropping patterns of medium and large
farmers. In Mexico, sorghum was quickly introduced in the irrigated
valleys of the Northwest, in the La Laguna area near Torreon, previously
a cotton area, in the cotton lands of Tamaulipas, and in El1 Bajio - the
intermediate alititudes of Central Mexico. Very quickly, Mexican farmers
borrowing U.S. production technology, learned by driving across the
border, and watching, and talking to U.S. farmers, were obtaining yields
equal or higher than in the U.S.

As sorghum production soared in Mexico, the authorities in
control of irrigation water in the irrigation districts, realized the
great efficiency of sorghum in terms of use of irrigation water. About
1 Kg of sorghum grain may be obtained from 1 cu meter of irrigation
water, twice as efficient as cottoh, and four times as efficient as rice.
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Because sorghum could use the same planting and harvesting machinery as

wheat, a rotation sequence of wheat-sorghum became firmly established in
the Northwest, permitting a wational use of water, land over two seasons
per year, and the amortization of agricultural equipment over two crops

per year,

Credit, ond the allocation of irrigation water by the lexican
authorities was the local contribution. A transferable technology of
hybrid scods, and the setting up of mechanisms for seed production,
distribution, and for demonstration of production technology was due to
U.S. secd companiecs. While prior to 1950, Mexico produced less than
200,000 tons of sorghum, in 1965, production had gone up to nearly 750,000
tons, in 1970 to 2% million tons and in 1976 to 3.35 million tons. The
magnitude of the sorghum production in Mexico has exceeded that of wheat
(7) in rate of growth as well as total production,

It is also interesting to note that the yield of sorghum was
nationally 2,839 kilos/ha in 1976, as compared to 1,278 kilos/ha for
corn the same year, and this in spite of corn research in Mexico for
over 30 years.

Sorghun production in Mexico went basically to the feed mills,
for production of poultry, hog, and dairy cow balanced feeds, releasing
millions of tons of corn from this use, for the direct human consumption
by the expanding population of Mexico (7)

In short, from 1961 to 1976, sorghum area in Mexico expanded
1000%, and production 1,150%. Yields increcased 14% in the same period.

In the meantime, in Argentina, a process similar to that in
Mexico was taking place. Earlier sorghum varieties adapted to combine
harvesting were being planted in the dryer areas of the province of
Buenos Aires, in La Pampa, Cordoba, and Santa Fe. Some of these
varieties had been improved at the Pergamino Station, from U.S. introduc-
tions. When in 1960, over 700,000 has. were planted to sorghum, already
some hybrid seed, mostly produced by local licensees of 4 U.S. seed
companies was already in use. By 1969 the area planted in sorghum was
300% that in 1960, and production had increased 400%; by 1974 the area
planted had increased 400%, and production 950% over that of 1960
(Table A-1).

As sorghum moved into the dryer arcas of the Argentinian
Corn Belt, an interesting phenomenon took place with maize. Because
maize was left in the more humid areas of the province of Buenos Aires,
maize yields went up (1,700 Kg/ha in 1960 to 2,840 Kg/ha in 1974,)
Again in spite of sorghum being an imported technology, sorghum yields,
as an average, are similar to the yields of maize in Argentina, in
spite of the distribution of both crops in different precipitation
areas (mean sorghum yields 1973-76 are 2529 Kg/ha, while mean maize



yields 1973-76 are 2546 Kg/ha). <

The big push in sorghum acreage in 1967 and later years cdine
about through decision of the seed companies, in some case to treble
their sorghum seed production, from one year to the next, and then to
apply energetic sales pressures-mwta¥orative incentives to seed
salesuen, and alsc very importantly to their wives.

The role of the CREAS, organizations made up of 6 to 8 farmers
each, which hired their own technical assistance agents, was very import-
ant in Argentina in the acceptance of the new sorghum technology. An
opportunistic approach of one of the seed companies, in producing a
double - purpose sorghum hybrid for both grain and grazing (NK-300),
allowed this single hybrid to capture and hold fully 25% of the sorghum
area of Argentina, When grain price fell, cattle were driven into the
sorghum fields to graze plants in the milk to dough stage.

As in Mexico, in Argentina, continuous research by the seed
companies improved their products in terms of yield, disease resistance
(especially to downy mildew) and more specific to finer adaptab111ty.

The increased sorghum production of Argentina went into export
channels. While in 1960, Argentina exported 58,434 tons of sorghum, in
1974 sorghum exports attained 3,058,545 tons (of which 1,8 million tons
went to Japan) (Table A-13). It is expected that with the policy of
the Argentinian Government since 1976 of returning to farmers a higher
percentage of export duty retention, in fact incrcasing farmers receipts,
a strong incentive to increased sorghum production will be present.

This is already noticeable in earlier reports of the 1977 grain crops.
In Table A-7 it may be seen that sorghum prices to farmers in Argentina
had been lower than international market prices, and lower than those

in the other Latin American countries. Even so, because of low product-
ion costs ( no fertilizer use), sorghum production in Argentina remained
efficient.

In Colombia, sorghum cultivation acquired momentum since 1966
when 30,000 has were planted, with a production of 60,000 tons. By 1976,
173,600 has were being planted annually, with 427,000 tons production,
which means an 1ncrease in area of 578%, and an increase in productlon
of 7134,

The earliest instance of sorghum promotion in Colombia came
from an international feed production company, I had made an agreement
with a U.S. seed company, and acted first as importer, and later as
licensee of sorghum seed production in Colombia. Another competing
feed mill, previously integrated with poultry production entered into
an agreement with a competing seed company. Two other local seed
companies obtained license agreements from respective U.S. seed companies.
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By 1975 sorghum seed ﬁ&odué!fﬁn wif'fﬁrly“dégidfagrated from feed
production, and established as an independent business.,

The growth of sorghum in Colombia, even though promoted by
both seed and feed companies, went through vagaries of incentivation
and desincentivation by reed companies and by ths government price
support and grain import institute, IDEMA. The feed companies were more
motivated by short term gains in playing the market, and lowering prices
in times of abudance, than on stabilizing market prices and internal
supplies. They knew that they could always fall back on IDEMA for low
cost grain supplics imported from the U.S. IDEMA obliged with such poor
timing that it managed to import maize (once on 83,000 ton importation
in 1971 at sorghum harvest time, another timc in 1976), preciscly in
time to depress sorghum prices, and discourage farmers from expanding
sorghum areas.

Sorghum areas in Colombia are found in the Tolima (upper
Magdalena Valley), where cotton was displaced, on the Atlantic coast,
in rotation with cotton, in parts of the Central Cauca Valley, and in
the Llanos (oriental savannas, near the city of Villavicencio).

Introduction of cultivars, and selection in Colombia, has
resulted in public cultivar, and a private one (non-hybrid), which are
extensively grown, next to U.S. hybrids in Colombia.

The introduction of sorghum hybrids in Peru was made in 1963
by SIPA (a research - extension - promotion branch of the Minstry of
Agriculture). By 1965 three hybrids had been identified and some 90
farmers had planted observation plots of 1-5 has each from imported
seed.

One seed company undertook importation first, and production
later of commercial hybrid secd in Peru. Sced was sold for planting in.
minimum lots of 100 has, in order to avoid bird damage. If areas
smaller than this were available, in individual farmers fields, they
were cncouraged to aggregate adjoinning areas, in order to beat the
bird problem. Three large feed millers werc asked to produce buying
guarantoes in each season for sorghum grain at a price 85% that of

corn, such prices being fixed together with corn prices for each
calendar year. These guarantees produced the momentum needed to
introduce the crop. Prices later went up and stayed at 90% the price
of commercial yellow corn till this date,

Ficld demonstrations, and meetings with farmers, were used
to transfer a technology based on the use of 5 to 6,000 cu meters of
irrigation water, 150 kilos of N fertilizer, and I/ kilos of seed, all
per hectare. yields immediately shot up, and stayed up at the highest
levels in Latin America (3,269 kilos/ha).
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Net returns for sorghum were about 80 to 100% on the crop
investment (direct plus indirect costs considered).

£ in 1974 about 1,50 Soles/cubic mt., of water was a mean
return for sorghum, similarly for cotton it would have been 0,75 Soles,
for rice 0,50 Soles, and for sugar cane about 1,20 Soles. It is lower,
relatively, now for sugar cane on account of lower sugar prices.

The attractiveness of sorghum, in addition to the ease, of
cropping, sure market with assured prices, low irrigation water require-
ment,; and quickness for the crop (100-120 days), is its low requirement
of cash investment (about 100 to 150 dollars/hectare) requirements.

The sorghum areas of Peru are concentrated in the large
irrigated valleys of the northern coast (Piura, Lambayeque, La Libertad)
and in the southern coastal valleys (Ica, Chincha, and Pisco).

In Venezuela, the samc feed company that introduced sorghum
in Colombia was also active in the early days. Two seed companies
participated also with testing commercial, and experimental sorghum
hybrids. Sorghum production technology tested and validated in
Venezuela was available as early as 1968, when sorghum production
reached 22,000 tons. In succeeding years, sorghum production was dis-
couraged by the feed mills, who became involved in large scale feed
wheat (low-grade wheat), maize, and sorghum imports (Table A-12). Maize
and sorghum imports combined had reached 760,000 tons by 1973 and 940,000
tons by 1974, At this point, and with the advent of new government, that
stressed the national objective of expanding Venezuela's agricultural
output, investing im it the recently earned oil revenues, feed millers
went back into promoting once more the production of sorghum, tnder the
assurance that import licenses were no longer guaranteed for feed grains,
and that the imports, at any rate would be effected by a public entity,
the Corporacion de Mercadeo. After having been convinced by seed pro-
ducers of the need for better farmer prices, the Association of Feed
Producers asked for, and obtained higher control level of prices for
feed poultry meat, and eggs. Only then, a nation wide campaign with
farm leaders, and farmers organization was possible. Joint field
promotional action of seed and feed company agronomists took place.

The Venezuelan Government made production credit easily
available. Seed was imported every year from the U.S. (less than 10%
was produced locally).

By 1976 the area had gone up to 145,000 hectares, and it is
expected that the 1977 area exceeded 300,000 hectares. Production went.
up to 238,000 tons, and imports dropped to 610,000 tons of combined corn
and sorghum in 1976. Increased production was 2,160%. from 1966 to 1976.
Sorghum growing areas arc concentrated in the Barinas - Guanare -
Acarigua area of the Western Llanos, in the Central Llanos, and around
Maturin in the Eastern Llanos.



Research in the development of sorghum hybrids was started by
a local company, which started marketing some hybrid seed in 1976.



Fable A-9 MAIZE: Use of Improved Seed, 1970 - 1976

VEBAR ARGENTINA COLOMBIA MEXICO PERU ¥ VENEZUELA
3/
Tons Area % Tons  Area % Tons  Area % Tons Area % Tons Area §
2/

1970 105,000 80,0 2,836 25,4 8,928 9,0 2,050 90,0 7,177 60,0
1971 pg-w&&m\ 80,0 2,741 23,5 9,230 9,0 2,050 90,0 6,055 60,0
1972 MO.GAAW\ 80,0 3,039 31,1 8,751 9,0 1,780 90,0 5,300 60,0
1973 :.oqalu-\ 80,0 2,847 28,5 9,127 9,0 1,710 90,0 6,500 60,0
1974 *-ut.m#. 80,0 1,928 19,2 8,060 9,0 2,400 95,0 6,500 60,0
1975 ow-uuo.mn. 80,0 2,455 23,6 8,031 9,0 3,200 95,0 6,343 60,0
1976 mwuuuao.f - 80,0 2,590 22,2 9,480 9,0 3,500 95,0 8,500 60,0

SOURCES: Bolsa de Cereaies, Numero Estadistico, 1976, Buenos Aires, Bogota
. Com 1ion CoordinadoTa del Sector Agropecuario y Direccion Gene -1 de Economia Agricola, Mexico
. FAO, Production Yearbook, Vols. 24-29, Rome
. Minis¥srio o3 Agricultura, Programas Agricolas 1971-1976, Oficina de Planeacion del Sector Agropecuario,
CPSA, 3logota - Colcmbia
. Ministario de Agricultura, Insumos Agropecuarios 1976, OPSA, Bogr:ta, Colombia
. Mimis.>rio des nlimentacion, cadores Socioeconomicos del Sect: = Alimenticio, OSPA, Direccion de
Planes y Programas.
W“ Hard yellow corn
Banco Ganddaro Argentino 1973
3/ Memoria de PONAIAP, 1976




Table A-10 SORGHUM: Use of Improved Seed, 1970-1976

YEAR ARGENTINA COLOMBIA vﬂxmnom\ PERU m.\ VENEZUELA

Tor - hrea % Tons Area % Tons Area % Tons Area % Tons Ares %
1/

1970 18,00C 1,019 98,4 14,250 79,0 79,0 51,0

1971 35,.18 x 1,702 100,0 12,300 165,0 34,0

1972 19,374 Y 1,837 100,0 15,945 160,0 85,0

1973 21,943 Yy 4,418 100,0 17,775 162,0 102,0

1974 31,142 st 3,004 100,0 17,295 166,0 480,0

1975 26,010 est 4,112 100,0 16,740 245,0 790,0

1976 23,573 est- 4,209 100,0 17,700 343,0 2.045,0

1977 460,0

1/ Banco Ganadero Argentino 1973

2/ Estimate

3/ .ortus S.A. Report 1978



Table A-23 AVERAGE POPULATION AND ANNUAL GROWTH RATES, 1966-76 (PERCENTAGE - 1.000 RESIDENTS)

YEAR ARGENTINA MEXICO COLOMBIA PERU VENEZUELA
1.000 Growth
Inhabitant Rates A
1966 22.779 1.32 44.200 19.270 11.970 9.486
3.39 2.18 L% 3.94

1967 22,300 45.700 19.690 12.19v 2.860

1.36 3.50 2.84 3.03 3.35
1968 23.110 47.300 20.250 12.560 10.130

1.38 3.51 2.86 R 3.24
1969 23,430 48.960 20.830 12.930 10.520

1.37 3.53 2,74 2.06 3.33
1970 23.750 50.690 21.400 13.330 10.87v

1.35 3.47 2.66 3.0% 3.40
1971 24.070 52,450 21.970 13.740 11.240

1.33 3.47 2.46 2.98 3.11
1972 24_.390 54.270 22.510 14,150 11.590

1.35 3.48 2.31 3.0 3.11
1973 24.720 56.160 23.030 14,580 21,950

1.33 3.49 2.26 3.09 3.10
1974 25,050 $8.120 23.550 15.030 12. 770

1.32 3.49 2.29 3.06 3.08
1975 25.380 60.150 24,090 15.490 12.700

1.30 3.49 2.28 2.97 3.07
1976 25.710 62.250 24,640 15.950 13.090

SOURCES: USDA - ERS, Indices of Agricultural Production for the Western Hemisphere excluding the United States




Table A-22  AVAILABILITY OF POODSTUFFS IN 1974:

GRAMS OF PROTEIN PER PERSON / DAY

SOURCE ARGENTINA COLOMBIA MEXICO PERY /ENEZUELA

Total 107.1 47.0 66.9 61.7 63.1
Vegetable Products 40.¢ 25.9 47,9 39.7 32.4
Animal Products 66.9 21.2 19.0 21.9 30.8
Meat ax_ Edible 48.6 8.2 8.6 9.8 16.7

by Products

Eggs 2.0 1.3 1.8 0.7 1.8
Fish 2.1 1.3 1.6 4.5 3.1
Milk and Milk Products 14.1 10.3 6.9 6.9 9.1

SOURCES:  Monthly Bulletin of Agriculturai Economics and Statistics. Vol. 25, No.4,1976



APPENDIX IV

""CERRADO'': REGION OF HIGH AGRICULTURAL POTENTIAL AND REQUIRING NITROGEN*

Ady Raul da Silva**
Centro de Pesquisa Agropecuaria do Cerrado,
Empresa Brasileira de Pesquisa Agropecuarla (CPAC/EMBRAPA) ,
I'lanaltina. D.F., Brasil.

There are around 183 million hectares under the vegetation
called 'cerrado", in Brasil, from the Northern Territory of Amapa, as South
as the State of Sao Paulo. Its main part is in the Central part of the
country in the States of iMinas Gerais, Goias, Mato Grosso and the Federal
District, where Brasilia is located (Ferri, 76).

This huge region is being utilized in an extensive system of
cattle production, with the exception of relatively small areas where an
intensive agriculture is practiced with accomplishment equivalent to the
agriculture in the traditional areas in original fertile soils.

Among the difficulties for efficient utilization of the ''cerrados',
are its low soil fertility and its small holding capacity of potash and
nitrogen. This probably will make the potash and nitrogen applications
rather frequent.

Under this circumstance, the atmospheric nitrogen fixation will
be very important. The abundance of legumes among the ''cerrado’ native
supports the hypothesis that Rhizobium is well adapted to '"cerrado" soil
conditions in spite of its low pH and aluminium toxicity.

The n1trogen fixation through the Spirillum spp. was verified
in wheat and corn in ‘‘cerrado’ soils (EMBRAPA, 76) an<i there is a hope that
it may play an important rolc in nitrogen supply.

Since the nitrogen is the most cxpensive nutricnt and has to be
brought to the '‘cerrado' region, thc atmospheric nitrogen fixationn would
be an important factor to reduce costs of agricultural production.

The "cerrado" designates four different types of vegetation:
(1) grassland, (2) grassland with small trees, (3) the typical 'cerrado"
vegetation with a lot of small trces and (4) a vegetation with large trees
but smaller and different from forest trees. Under the ‘‘cerrado' vegeta-
tion the soils are differcnt types, but they have a common characteristics:

* Reprint of "International Symposium on the Limitations and Potentials of
Biological Nitrogen Fixation in the Tropics’ - Brasilia - July 18-22,
1977, Summary of Papers.

** Researcher, Centro de Pesquisa Agropecuaria dos Cerrados (CPAC),

Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), Planaltina -
D.F., Brasil.



they are very low in plant nutrients, mainly in phosphorus, nitrogen,
potash, calcium, magnesium, and in several cascs in micronutrients as
zinc; besides, they are acid, with low pH and in many cases with aluminium
toxicity, not because of the presence of large amounts of aluminium

but because of the low amount of basis, resulting in a high degrce of
aluminium saturation.

The low utilization of the '"cerrado' region for farming is due
to the nced of fertilizer application, soil acidity correcction and the
location in the central part of the country,

Brazil, due to its large area, traditionally developed the
agriculture production in natural fertile soils becausc of the high costs
of fertilizers, in relation to the agriculture production due to: a) ferti-
lizer importation; b) high cost of the transportation, distribution and
comnercialization. Besides, the low valuc of the land, in relation to
the cost of fertilizers, made a better option to use more land than ferti-
lizers, which results in larger profits in a long run, because of the
increasing value of the land.

Today, the overall situation is different. Most of the fertile
soils are already in agriculture, many for so long, that they are in need
of increasing amounts of fertilifers and soil acidity correction.
Consequently, the price of land is very high.

The increasing and very fast agricultural expansion, caused by
an economic policy of devcloping the agricultural production, made the
prices of land more elevated and gavc origin to facilities for the occupa-
tion of new land in advantageous conditions.

Also, the migration of the rural population to the cities, better
standard of living and social securities, made the labour expénsive. In
the past, it was abundant and cheap.

The mechanization in the agricultural traditional areas is not
so easy in many regions because the majority of the fertile soils are in
rough lands. The traditional agriculture also developed more in a non-
highly mechanized farming system, due to the fact that the soils were
originally covered by forest; clearing it complctely was very expensive.
The agricultural production of coffee, cotton and many other crops was
done by hand or with little mechanization.

The above explains why the "cerrado" region was not utilized
before.

For the '"cerrado' production a factor is very important: the
ratio price of fertilizer and limestone versus the price of agricultural
products, at the farms.



The “cerrado” soils are acid and very poor in nutrients.
They need a large amount of fertilizers and limestonc in the beginning
of its utilization, what is the oppcsite to what happcis in fertile soils,
whicl do not nced any fertilizer or limestonc initially but later, after
several years of intensive use.

The unknown possibilities of the "cerrado" region and the
high initial investment in fertilizers and limestone, made in the past
(and even today), many pecple doubt of the economic convenicnce in its
utilization.

The Federal Government has under way a program of agricultural
research to evaluatc the potentials of the ''cerrado', to establish the
systems of production adequate to the region and to study the basic
factors of the agricultural production. Besides, for specific and limited
areas it is giving temporary subsidies, and good financing conditions for
fertilizers, limestone, clearing of the land, seed bed preparation, and
construction of facilities and homes in the farms.

An important point has convinced thousands of farmers of other
areas to move to "cerrado'': the cost of the land is still so cheap
(2 to 20 times less than the fertile and cultivated soils of their own
farms), that it is convenient to buy the 'cerrado” land because the
differcnce allows to fertilize and add the limestone needed and still one
can have larger and better property than the original farm. Besides, he
knows that it will not be very long when the 'cerrado' land will have a
valuc higher than the price of acquisition.

Summarizing, the '"cerrados' were not being used because:
(1) abundance of fertile soils elscwhere, (2) high price of fertilizers
at farm in rclation to the low price of the products in the farm, (3)
abundance and low cost of man-power, (4) high price of agricultural farm
machinery and its operation in relation to the agricultural products at
the farms and (5) last but not less important, the lack of knowledge about
the potentials of the 'ccrrado” territory.

The "cerrados'" arc being occupied now beciuse of an economical
policy to support the agriculture, which has improved the value of the
agricultural products of the farms. This gavc origin to an agricultural
expansion, increased the demands of new lands, incrcased the prices of the
cultivated lands, improved the ratio agricultural products over the input
prices, increased the price of man-power and made the farm mechanization
more convenient, as a solution to it. The financial policy, with abundant
credit made it possible.

The above explanation, although logical, may raise doubts on
what will happen. To see what will happen in a future, the best is to



look in the past. Grassland territory of the State of Rio Grande do Sul
was very low in plant nutrients and very acid, in the 1950s; today, fore
than 4 million hectares are cultivated with soybeans and wheat, every
year. The same happened with the grassland territory of the State of
Parana in the sixties. In the last 5 years, mcrc than 2 million hectares
of grasslnnd of the southern part of the State of Mato {rosso, was occu-
picd by farmers and the moving into regions of poor soils but suitable
to farm mechanization is increasing every year.

In the future, the still practically untouched "cerrado" arces
will be occupied in function of market, price and tochnology advances.

An estimative of the total potential will be made to give an
idea about what it will mean to Brazil and to the world economy.

Considering the "cerrado' area of 183 million hectares
(Ferri, 76) and one third of it (55 million hectares) being used for
agricultural production (equivalent to the area now used for crop produc-
tion) it will mean an increase of 162% over 1970 when 34 million hectares
werc under cultivation (Anuario Estatistico do Brasil, 1975).

-

The potential of production of those 55 million hectares, if
a medium technology and a large area for corn production is considered
(a crop well fitted to the overall region), maybe cstimated in 165
million tons or 10 times more than today's Brazilian produc- )
tion, Measured as soybean production, whose ‘viability has been proved
only in a part of the region but probably will be feasible in all the
whole area, the total production would be 82.5 million tons or 7 times
larger than the largest Brazilian soybean crop obtained until now.

Considering the world production, those figures for corn will
mean 51.2% of the 1975 production and for soybean 120.7%.

Such percentages will never be accomplished in the 55 million
hectares considered in that hypothesis because they will not be cultiva-
ted with just one crop. However, those figures give an idea on its
possibility on grain production, on world basis.

For the world supply it is important to compare the potential
and the influencc over the international market, the difference
between the local production and the local consumption, the surplus to
be exported.

Assuming that Brazil is already exporting corn and soybeans,
and that the traditional areas of agriculture have still available land
and that the yields are still low, it is possible to establish that the
traditional area will be able to supply Brazil and that the 'cerrado"
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production will be exported. The 165 million tons mentioned above are
3.2 times larger than the corn commercialized in the world in 1975 (FAQ).
The 8.5 million tons of soybeans arc 4 times larger than the total
soybecans commercialized in thc world in 1975 (FAO).

Fer the above figures, the hypothesis was the utilization
of only onc third of the ‘cerrado’ for crop production. Let us assume
that 15% of the resaining two thirds will not be used. Still, 100.5
million hectares will be availablc for pasture and forestry. Now,
assuming that half of that arca will be used for pastures, they will be
able to support with tcchinclody not ~dvanced (1 wcad for 3 hectares),
more than 25 million heads of cattle. The other half (50 million hecta-
res of forest) also with a medium to low level technology, will yield
every year 750 million cubic meters of wood, on the basis of a relative
low yield of 15 m3/ha a year. ‘

Possibilities and difficulties for the intensive use of the 'Cerrados"

Because of the heterogeneity of “cerrado’ there are so many
alternatives that it is not an easy task to evaluatc the possibilities
and diffficulties, especially if onc tries to transform it in money
evaluation.

A possible and valid approach was already done by the author
(Silva, 76) comparing thc factors for production in the "cerrado' and
those in arcas wherc the crops are alrecady well established and in
economical production, in Brazil.

One of the regions of ''cerrado" that, for a long time, have
been used for crop production is that of the State of Sao Paulo, called
"mogiana'’ near the region of Triangulo in the State of Minas Gerais.

The yield of corn, soybeans, cotton and pastures in the ‘'cerrado' has
been the same than that in fertile soils which occurs side by side in
the region and had been presenting morc facilities to mechanized farming.

Common practice for using “cerrado™ is the clearing, planting
rice for two years and its transformation in pastures with grasses
(Hyparrhenia rufz (Hess) Staff) or Brachiaria sp mainly decumbens and
brizanta with a rather low amount of fertilizer (around 30 kg/ha of
P205), without any limcstone applied. This very simple technology
allows an increasc of cattle production from 5 ha/1 hecad to 2 ha/l head
of cattle. This typc of utilization of "cerrade” was done alrecady in
thousands of hectares in the States of Minas Gerais, Mato Grosso and
Goias.

In the ‘cerrados' of Federal District with the soil conditions
described (Brasil, 70) which are considered typical and representative of
a very large area (Cline and Buol, 73), with a so called corrective
fertilization of 200 kg/ha of P205, besides a partial corrcction of the
acidity (just enough to neutralize the aliminium toxicity, usually
2 to 4 t/ha), the soil fertility reaches a level equivalent to soils
in use in the State of Rio Grande do Sul for many years, for soybean



and wheat production. Yields of 4 tons of corn and 2.2 tons of soybean
have been obtained in the rainy season without irrigation. In dry
season, with irrigation, 2 to 2.5 tons of wheat are obtained isolated
or in rotation with corn and soybeans (Silva, 76, EIBRAPA 76).

The main factors to improve the soil fertility of the
""cerrados’’ arc phosphorus and limestonc. There is a strong interaction
between these two factors.

In large areas of the "'cerrados’ in the States of Minas Gerais,
Goias and Mato Grosso there are many deposits of limestone spread in
the region. So, there is no need for long distance transportation of
limestone, what is very important in its cost for thc farmers. More
important, mines of phosphates in Brazil are located in “cerrado"
region: Araxa, Patos de Minas and Tapira, in the state of Minas Gerais,
and Catalao, in the State of Goias.

The clearing of "cerrado", the seed bed preparation and the
mechanized farming is easier and cheap in the ''cerrado’’ region because
of the land being rather flat in large extensions, the physical properties
of the soil and the large farms.

The local market for the production is growing fast since
the foundation of Brasilia, where therc is already a population of onc
million persons, There are many other cities in the ''cerrado" region:
Belo Horizonte, Goiania, Uberaba, Uberlandia, Scte Lagoas, Campo Grande,
Patos de Minas, Anapolis, Rondonopolis and others. The population of
Goias and Mato Grosso is growing very quickly duc to the migration from
other states.

The highway system is reasonable and therz is a trend to
improve because of the connections of Brasilia with all regions of the
country. The farm roads are easy to be build and prescrved because of
the nature of the soil with good drainage and abundant material for
road building and preservation.

Naturally, the existing roads will not be enough for the produc-
tion of 50 million hectares but they have to bc built at the same time
that the production will be growing up.

Regarding the environmental conditions, there are difficulties
in the climate and in the soils. The climate is thc same of that of
many important agricultural areas in crop production for half a century
or more, in Brazil.

The main difficulty is the dry periods during the rainy season
(veranicos). The vary in intensity and condition the potential crop
production by direct effect or by in:luence on insects and diseases.



The small water holding capacity of the soils of cerrado, a
very common characteristic, increases the effect of the dry periods over
the yield. ’

It has boen estimated that 8 consecutive days without rain
exhausts the water capacity available for plants in the 52 cu depth of
the soil.

A study of 42 ycars of climatological data in the region of
Brasilia, has shown the frequency of dry spells prescnted in the Table 1.

Table 1: firequency of dry spells ("veranicos'') in rainy seasons in

42 years, in the Brasilia resion (Wolf).

Consecutive days Frequency
without rain

8 or more 3 per year
10 or more 2 per year
13 or morc 1 per year
18 or more 2 in 7 years
22 or more 1 in 7 years

Although therc is an urgent need for agricultural rescarch, a
simplc but comprechensive research, alrecady under way, allows to establish
systems of production for immediate use as was done for wheat (Silva, 76).

There is alrecady knowledge in many crops for successful prowing.
There are resecarches and farm growing of coffee, ccrn, soybeans, rice,
beans, cassava, sorghum, and scveral forages, besides large plantations of
Eucaliptus and Pinus for wood and ccllulose production.

There is limitation on manpower spccially of trained personal;
the traditional farmer of the region has not the knowledge and the
experience for an intensive agricultural preduction. However, the Official
extension services and several companies are hiring agricultural univer-
sity graduates to provide assistance. In addition, the migration of
farmers with cxpericence, to the region.

The geographic position of the most important areas of the
icerrados' in the central part of the country, is a factor that makes it
difficult the exportation of its production. The recent progress
in the transportaticn of iron orc for cxportation from distances over
500 km of a product of low v.lue per ton (US$15.00), pives hopes that it



will be economical to export grains, considering also that important
grain export countries have their crop production in central areas, as
the United States and Canada.
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Appendix V

Resolutions of the Imtcrnational Yorkshep (Peunict Internacional de Sorgo)
in Buenos Aires

1. The Resolution Committec wishes to express its appreciation to
the institutions, both pubiic and private who made this International
Sorghum Horksho) possibl.:.

Contributirc institutions were:
a)  Secrctaria de Agricultura Granderia de la Wacion
b)  ASA (Asociacion de Semilleros Argenting)
c) Banco de 1o Nacion Argentina
d)  Banco Grandero Argentino
¢) Bolsa de Cereales de Buenos Aircs
f) Centro de Exportadores de Cereals

g) INTA (Instituto Nacional dc Tecnologia Agropecuaria Junta Nactional
de Granos).

The committce would also like to thank thosc who assisted with the
different services that made the meeting function so well.

2, It is suggested that cvery country of Latin America form an
organization of sorghum rescarchers., Each of these National groups will
choose a representative to facilitate the formation of an association of
Sorghum Researchers for Latin America.

3. It is suggested that this same typ: of meeting be held once every
three years and be identificd by a chronological number., It is proposed that
Columbia will host the next meeting in 1981, idexico was sugoested as the
alternativc.

4, It was suggested that cvery public institution proposc a list of
genetic material, vith important agronomic traits, that is available for
exchange.

5. Sorghum Breeders of Latin America are invited to contribute to
Sorghum llewsletter, at the same time, it is proposcd that a periodic
bulletin be organized by breeders working in Latin America for the cxchange
of information.
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6. It is suggested to include millets as a topic area in future
mectings.
7. It is encouraged that a close contact be cstablished between

Institutes and breeders of Latin Amcrica and ICRISAT; this contact should
materialize through cxchange of genetic material and training sorghum
workers of Latin Americ~.

8. It is solicited to contcmplate the »ossibility of ICRISAT to
establish one or morc Rescarch Centers in suitable regions of Latin America.

9. It is urged that the committce organizing the next meeting try to
complete the recommendations listed above.




Sced Company Pepresentatives attendinc mecting in Argentina

(Company, Number of Represcntatives)

Argentina

Asro-Ceste 1)
Asgrow (2)
Cclulosa (1)
Carpill (3)
Ciba Geigy (3)

Comcga 5.k,
Contenental M./,

Coch. Anrop Ll i 1)
Coop. Agror Tei, do Elortonlo 1)
CREA ilendorson - Drivor (¢5)]
Criadero Coantincnir] (1
Craidero iforgan I~ Santa Ursula LA, (%)
Dckalb )
Dupecrial (1)
Forestal Pergnninc 3.4, (2)
Hibridas "ac 5.0, (@]
Lineas Doradas S.C.A. (2)
Llorcate Hnos G5.%.1L, (2)
MHorthrup King (11)
Panoja S.%.L. (1)
Pioneer, Hi-Brod Sced (8]
Produccion d¢ Scmilles n
Produccion de Semillas Selectas Coop Ltd. Perecanino (1)
Purina (9]
Semillero VEl1 Ceibo% )]
Semillero La Alborado (1)
Semillcros '"La Victorin! (6]
Scrvicio de Produccion de Semillas S.A. (3)
Tecuosurco SACIFA (1)

Total
Australia
Pacific Sceds (1) Total
Brazil
Agroavce )]
PROAGRO-Pincer (1)
Scementes - Conti Drasil Ltd (2) Total
Colombia

Colscmillas Ltd (1)
Prosemillas (2) Total
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Equador

Semillas Certificadas Cia de Ecn Mixta

France
Northrup King (1)
ugua

Cabana ¢l .s.ooacia
La Estanzuela

LSA
Asgrow (1)
Cargill (1)
Cros hyton Sced Co (1)
Dekalb 2)
Funks 1)

Growers Sced Association (2)

Nickerson Inter Plant Breeders (1)

Horthrup Xing  (2)
Pioneer 2)
Taylor Evans 1)

Venezuela
Proseca (1)
Protinal 8]

Jlaova bichicu

(4)
(1

(1) Total i
Total 1

Totol 2

Total 14

Total 2

Grand Total: 94

Total registered attendance at the mecting: 176

Numbers of participants from the various coumtrics attending the nceting

in Buenos Aires.

Argentina
Australin
Bolivia
Brasil
Colombia
Ecuador
France
Indic

. liexico
16.  Sencral
11. Suaan

.

.
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12, U.K.
13.  Uruguay
14, U.S.A.

15. Venczuela
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Appendix VII

Notes from the International Sorghum Yorkshop, Bucnos Aircs

March 7-12, 1978

Vis is o oseries of more or less disjointsd comments but prosent
informetion of some intercst and uscfulncss.

Virus in ;rgentina is different than iz the USA.
IS 2816C i.as been found resistant to dowmy smildew,

Sorghun 2ctually cntered liexico in the carly 1900°s but picked
up in usapge in the 60's. iiyjor production arca in Mexico in the Bahio.
Yields on production crops frequently cxcced 10 tons per/ha. A lot of
production in northern state in ioxico of Tamaulipas- quite a bit of
production with irrigation. Sinaloas, icxico, another important production
area,

Research began in Mexico in 1945, first hybrids released in
1970-75 period. There are 20 companics in northern Mexico involved in
secd production. About 1.5 million hectares in small farms wherce they
arc intcrested in o food type sorghum.

Rescarch in Venczucla began in 194S with collections made in the
Central part of th: country. These led to trials in 1950-52.

There is interest in using sorghum flour, to extend wheat
flour.

Venezucla is being pushed into greater activity with sorghum
because of the need to import greater quantities of feed and food grain.

Therc has been n declinc in Venczuela in per hectarc yield as
morc and morce arca is brought intc production, There are semi arid arcas
with rainfall less than 500 mm.

Eleven percent of the land arca in Colombia is sown. Sorghum
is in thc 3rd placc in production following rice and corn.

The arca sown has increcascd substantially from 1972 to 1976.
Yields fluctuate f£rom 2,2 to 2.8 ton/hect.

The major sorghum production area of Colombia appears to be in
the central part of the country. Grain is being imported in increasing
amounts. Producers of sorghum sced in the country registered with the
government. MNaitama, a released variety, is a kafir type red in colour.



Picture of crop of Maitama most imprcssive. Second variety shown not so
impressive, seed white, many secondary tillers that come higher than the
main head, companics produce hybrids from their own rescarch. The last
3 hybrids relcased in the country are from those companies. Of seven
hybrids th:t have been used 211 but one have come fron US companics ES7,
from Dckalb, has contributed the most. ICA Naitsma is grown on about 4
times the area of E57. Most of the grain goes into chicken feed. Eggs
arc a hic business.

In 1976 Surena 65 and Sercna have beon found useful. Have made
progress from o cross betucen these and ICA ilaitama. Most of the varictics
nave red grain, but ¢o hove white types that apear to be of rcasonable
quality. Locks lic ycllow cadosperm parentacc 1y be involved in some
Crosscs.,

The hybrid made involving ICA Naitamn is not spectacular,
CK 60 x SB 65 is hetter but still not rcally sood looking. MHo food usc
of sorghum in Colombia at this time. Have nc technology developed for
food use. Charcoal rot is a major problem.

Most of the sced used in Venczuela has come in from the USA or
from US companies operating in other areas of thc Americas. They have
used up to 2.5 million kilos of sced and this amount may be doubled this
year.

The hybrids arc showing lower yields than in the morc temperate
countries.

The comment about lack of adaptation of U3 material in these
morc tropical areas was made,

A lot of instability is found among the hybrids introduced from
temperate areas. There is a big year by year variation. Venezuelan crop
improvement program about 10 years old.

There has been some troublc developing new A-B lines. They have
received good material from the conversion program. Grain deterioration
was mentioned to be a problem. Having a problem of nicking when they move
things from the US into the Venczuelan climate. Feel that change in
environment results in non uniform change in flowering between the parents.
They are finding that high temperatures (38°C) are interfering with good
production unless there is an adequate amount of water. There is 2 dry
scason but because of uncertainitics in the rainfall yiclds are always
lower than they arc during the wet scason,

They are producing 10 to 20% of the sced used in Venezuela - the
rest is imported. They have a problem with acid soil - like Brazil, very
little organic matter, very low water holding capacity. There is a vast
vast difference in the luxurance of crops that we sece in pictures from
tropical areas compared to the temperate arcas.
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Naitama giving good results in Venczucla, 150,000 plants/hect.
best for sced production,

Ir conversation with people from Boliva the comment was made
that the ccuntry is importing wheat and thuy are very iatcrested in
extending this witi: sorghum flour. The same thing was expressed by men
from Colombia and Vencz :la,

Dwarf mosaic entered the USA in 1958 was again observed 2 tincs
in 1970, Patholopical research began in Argentina in 1931,

Geeen huo and midge the two most important insccts in North
America.

Mites arc a secondary pest that causc more problems if its
parasites arc killed. !lcliothis, Spodoptcra occasional pests usually
not requirine inscccicide control. If midec becomes serious 3 applications
may be required “or control - sowing date an cffective means of control,
Spider mites worsc durins periods of hot-dry woather. Green bug not only
sucs juice but injects toxin; predators are cffcctive in green bug control.
These arc esscntially the snne redators that control other aphids. Have
been able to use very low level of insccticide which has retarded development
cf aphids but did uot hurt the population of nctural predators.

Insccticides arc only considered when insects have reached a
population size to causc cconomic damage - this requires field checking
to be sure that this level has been reached. Using disyston to control
green bug. Use of resistant types to green bug helps bring things into a
better natural balance, The green bug population cannot build up to
cconomic levels and permits a better chance for control by predators -
balanced ecosystem, Host plant resistance is the best way to deal with
the nite.

Fi. ling that somc non-scnc:cent sorghums are iooking good for
host plant resistancc against mite. George Tectes feels that there should
be two head worms per he:d with no predators before begin to use spray.
Fall army worm is the No. 1 pest in South East USA - uxcoods damage caused
by midge. Fall army worm damage on young plant (first 2 or 3 wecks of
growth) morc than on more maturc plants. G. Tcetes talks about using
pesticides not based on number of insccts present but more on level of
damage to the plants themsclves.

A notc should be made at ICRISAT of tlic interest cxpressed at
this meeting in thc Sorghum and #fillets Information Center. The possibility
of interprctatior into Sapnish and Portugesc was recognized.

Most sorgaum in Bolivia cuitivated around Santa Cruz. There
are other smaller arecas in the country. There are two arcas around Santa
Cruz - onc to the north where its fairly humid. The slides show farms



that look much like USA ie, large farms with homes on the farms. Temperaturcs
will go to 35°C average with 65% roclative humdity.

The arex south of Santa Cruz .is dry - scmi arid with aluvial clay
soils. ot months are Dec-Jan. The summer is Oct-Feb. ‘/inter temperatures
are 21°C, About 30,000 hectares of sorghum in this arca.

dave provlowm with woods cvound Ganta Cruz.  Froquenily usc drills
and machinery used for other crons for sorghum so do not have anything
very fixed for sowing sorghun. iiidse is the mosi irportant insect problem.
Fall army worm is n problem.

Sten bowor and green buss arc alsc a srotiem,  Most of these
nests arc below economic tihresnold. Spodoptera is a problem. Downy mildew
and birds arc problems in some arcas. Dr. C.5. Donmanshi, Food Technologist,
at the Manfedi Station in Argentina is working on cxtending wheat flour
with sorghum. He was amazed at the grain quality in my pictures and he
requested seed. Dr. Domanshi has tricd making bread from high and low
glutin type sorghums and has been cxtending wheat flour using 10, 20, 30%
sorghum. He could make a good bread using 10% dilution, but thc bread was
no longer very good ot dilutions of 20% unless the sorghum has a fair amount
of glutin,

Some of thesec new wheats have a lower glutin content and arc
limited to about 15% additives. Have looked at manufacture of bisquits
and find that they can have different levels of substitution for differcnt
products. The range of products normally made from wheat is substantiol,
Opens up the opportunity for different levels of substitution for differcnt
products, They arc importing wheat in Argentina, so they are intercstod
in extending it. As we get into more tropical countries - this secms to bc
an aspect of rising interest.

Martin Price, Biochemist, Purdue, indicates that thc problcus of
stability, problems of variation in day by day analysis and between lab
analysis make it difficult to work with tannins. Cooking reduces adversc
dictary effects of tannins to the place that they cannot be detected. Even
a high tannin sorchum if cooked would not have an adversc effect on
nutrient quality.



Appendix VIII

Growing Sorghum in Santa Cruz de la Sierra - Bolivia

In Bolivia, growing corghun is relatively new, statistics show
that the nmuber of hcctares sown, the production and conusmption are
very low. Lowever, approximate calculations have been made by different
organizations and they cstimate that the arca scim will not cxceed two
million hectores ~ad that the yicld will €luctuate betueen 2500 to 3000
kilos per hectare,

Sorflun 15 cultivated mostly in the coricntal arca of the country
aad found in Sanie Couz opertment. It is also planted in small areas in
other valleys ¢ 7 <. country.

In the Agriculturel area of Santa Cru/ Dopartment two different
zones are found:

a) North zoae' Gemi-hwi.id, it correswonds to the soil system of sub
tropicalc furests (following the soil system "Cochrane 1973%)
with aluvial soils .

The clirntical data recorded in the Saavedra Exporiment Station
shows the nean annual temperaturc to be 24°C , mean humidity of
65.5%, and an average rainfall of 1,205 im per year distributed
mainly during October-February.

b) South zone: Scmi-dry, weather data taken from the 6 de Agosto
Experiment Station in “Abapo-Izozop, located at 130 kilometcrs south
of Santa Cruz. The soils have sedimentary aluvial formation with
texture varying from loam to clay loar. Generally it is high in
clay. The climate of the project arca is scmi-arid.

The dry season comes in winter (Junc - August) and the summers
arc hot and humid (Decerber to February). The average annual rainfall
reaches 660 mn with greatest precipation betueen October and February
(approximately 400 to 500 mn). The average temperature in summer reaches
289C and in winter 21°C, with an avnual meen of more or less 24.5°C. The
humidity varies betwoen 55 and 75% during most of the year.

The evapotrmnspiraticn caused by the high tenperaturc and winds,
reaches 2,900 mm nci year with a daily mean 0% 6 mm in winter and 9 mm
in summer.

The wind rcgistered during the year is typically of the Chaco.
The monthly speed of the wind is about 9 km/hr. The principal direction
of thc wind is north-rorth west, and the second direction is south. These
winds come in the form of uncxpected gusts and tiacy last for few scconds
at a speed of 50 km/hr.
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The water table averages 150 wcters in depth. The water is good;
the il varies #ron: 7.3 to 8.G.

Ir som~ zoacs there are Agricultural orjanizotions. Thesc
organizations grou sorghum with difficulty becausc of Jow yiclds comparcd
te cotton and supar cane.

In & > Seuelorn zon., as ~ comsenucnce »f lov rinfall, Tarnmers
take the risk of locsing ti.ir cotton, susor canc axd soyabean crops because
of drought. As alteraative crops, crxoeriments are being undertaken with
sorghun and maizo., in this zoae, it i, wr inteorest to reach to approxi-
metely 30,000 ha.

Experinents with the scrghun crop:

The oaly experiments on sorghum in Janta Cruz arc undertaken at
the Agricultural Experinental Station in Soavedra, ond at the station in
Abapo-Izozog. Some cxperiments nrc taken with foxmers in isolated arcas.
The results till now arc:

llybrids grown in Saavedra Agr. Experiment Scation. Year 1973-74

lo. Days to ?lant height Yield
flower (m) tons/ha

DA - 41 60 1,40 3,68
DA - 54 67 " 1,10 4,29
DA - 43 61 1,79 4,39
BB - 64 63 1,00 3,83
DAS- 44 62 1,70 4,26

During the Agricultural ycar 1974-75, 233 varietics were planted
at different locations; the 5 best varietics arc:

Varicty Days to Plant heoish Yield

fouering (cn) kg/ha
G - 025 56 1090 6.632
G - 108 60 70 5.155
G - 026 59 e 5.003
G - 123 55 76 4,593

G - 118 52 89 4,172



In another trial, 21 varictics of grain sorghum werc tested.
Characteristics of the 5 best varictivs arc:

variet- Days to Plant heipht Yield
flowering () tons/ha
KS - 18 59 72 4,59
KS ~ 12 59 70 4,36
KS - 24 56 75 4,35
L - 58 57 66 4,22
K6 - 16 57 68 4,00

During the same ycar another trial of 17 varictics of grain
sorghum were testod and the best S varietics are:

Variety Days to Plant height Yield
flowering (¢cn) tons/ha
9NK - 290A 63 1,23 4,22
7X - 4071 61 98 4,05
NK - 233 GB 56 33 3,85
NK - 290 62 95 3,81
NK - 280 54 70 3,62

In carlier years trials were conducted to cvaluate adaptation of
materials from othor couutries.

In 77-78 they arc undectaking 2 trials to identify grain varieties
Data for the 5 best varieties are:

Variety Days to flover Plant height (m)
Bravis 45 1,30

5 - 114 45 1,23
Agroceres 1010 48 1,13
Espanta pajaros 49 1,35

F - 61 51 1,38
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Yield results will be available soon.

The records of 1973 for the Abapo-Izozog Experiment Station
indicate the following:

Cultivars, plot size and yield (dried) of Scrohum

Variety arca (ha) Yield
tons/ha
AKS - 614 9,0 1,04
NK - 300 3.0 1,13
TE ~ 66B 6,7 0,55

In another trial under irrigation the Hybrid NK 300, Robusto
FS - 24 gave yield 8,2; 7,6, 7,1 t/ha respeciively.

The farming records of 1974 show that grain sorghum is one crop
with good adantation to the ecological condition of the project Abapo-Izozog,

This cereal is cultivated during thc sunmer when high yields are
obtained, its characteristics are resistant to drought, it responds to
irrigation and is resistant to insect pests and can be cultivated like
maize., Currently, a major problem is shortage of hybrid seceds.

Sowing Eeriod

The sowing period is November and December in the north as well
as south.

Sowing system

Recommendations from the Saavedra Cxpcriment Station are to sow
in rows 40 to 60 cm apart to enmablc the control of wceds. At the Abapo
project they usc a planter which is also used for cotton and soyabean,
spacing can be changed from 17 cm between rows to 92 cm, between rows.
The sorghum farmers now use distances to fit their planter.

Sowing Density

Depending on seed quality, farmers sow 8 to 12 kg of sced per
hectare.
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‘lced Control

. Tpe?e arc no herbicides used to control weeds; the cultivator
is mostly being used. It is considercd that weeds, both grassy and broad
lenf, are the major liuiting factor in sorghur. production in Santa Cruz.

Insects and discases

As sorghun is a new crop in Santa Cruz, not many insects pests
are present.  lowever, eleven insccts have been registercd that attack the
sor ium p’:nt. The latest obscrvations indicatc that the nore importoint
insect arc: Sorshwm ~idee (Contarinia sorshicoslz), (Spodoptera frugiperda),
(Diatraca seccharsiic), Gehizanhis araminum). iUntil this year, 1973, none
of these insccts have 1f;ected tic crop cconomically (nor have been
registered as insccts of importance cconomically)., In trials planted in
Saavedra Experimeat Station in 1978 Schizaphis graminum caused considerable
damage in somc varicties.

Other important insects arc the following:

Heliothis zca

Leptoglossus phyllopus

Pococcra atrimentalis

Sathrobrota sp.
Chaetocncina Sp.

Pentatomidac.

Obscrvations in IDIN (Intcraatiomal Discase and Insect Nursery) of
Texas A § M University indicated that varicties resiscant to (Shizaphis.
gramlnum) in Texas arc also resistant to this species in Bolivia. But,
in a rating for damase of 1 good to 9 bad, the major danabe was 5. Some
cntries were badly d“naped by (Spodoptcra frugiperda;20% of the leaves
were lost); other varieties had no damage. It scems that it will be
worthwhile to cvaluatc this typc of damage in ycars to come.

The Sorghum Midge Nursery of Texas A § M University was completely
destroyed by birds in 1976-77, and the nurscry of this year was not yet
ripc when this paper was written. lowever, birds werc the most serious
pests observed in our plots in Saavedra in 1976-77 and 1977-78. Even
'hird resistant" types werc damaged by the birds.
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In Abapo, results indicate that Spodoptcra and Heliothis were
damaging during thc vegetative phase, but it was not necessary to usec
insecticides.

Ti.c most common diseasc is the leaf spot caused by Cercospora,
although, cther discases have been identificd causcd by Sclerospora and
Scleroptora 'Downy ifildxu!,

Other pests of consideration arc scveral bird smecies, the only
way to control bird damage is by the period of sowing.

Harvest
All harvesting, at the cormercial scalc, is donc by machine.

Commercially (business)

The total production of sorghum is destined for the animal feed
industry. The cost of sorghum is US § 3.5 for 46 kilos (one quintal).



Appendix IX

Distribution of rainfall Araripina, Pernambuco: (Av. of 13 years)

Jan 120 m» July 10 imm

an 149 Az S

Mar 190 Ser ,

o 2: 2; Total 802 m
May 40 Loy 60

Jun 39 Dec 90

Rainfall, Temperaturc and Evasoration in Janaubs (San Franzisco River Valley)
in Northern Minas Gerais) (1931-1960)

tonth Rainfall Temperature Evaporation
mn oC mm
Jan 147.2 25.1 80.7
Feb 104.8 25.3 74.8
Mar 103.1 25.2 7.2
Apr 52.3 24,6 86.6
tay 11.4 23,3 100.5
Jun 1.4 22,2 112.7
Jul 0.5 22,0 136.9
Aug 1.5 23.4 167.8
Sep 15.6 25.5 177.6
Oct 57.4 26,4 167.3
Hov 164.9 25.2 98.5
Dec 215.6 20,7 71.6

Total 366.7
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