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NARRATIVE SUMMARY

The highlight ip the area of sojl classification was an International Soil
Classification Workshop held in Brazil in 1977. The workshop was initiateg by
the grant ang organized with the coopuration of the Servico Nacional de Levan-
tamento e Conservacao de Solos of EM3RAPA. In addition to a large number of
Brazilian delegates, there were 24 participants from 11 countries of five con-
tinents. fThis Was a uniquely gualificd group, representing some of the most
distinguished Pedologists znd cutstanding young soil scientists from LDC's.

The workshop identified tep vroblem areas in Soil Taxonomy with respect to tro-
bPical soils andg revised the definition of Alfisols and Ultisols with low acti-
vity clays. Thirty-one critical sojls were inspected during eight days of field
trips. The succoss of the workshop precipitated cimilar meetings in Southeast
Asia and the Near Fast and catalyzed follow-up action regarding the workshop
recermendations, 1p terms of impact, the workshep was clearly the most impor-
tant grani activity,

A "state-of-the~ari" (SOTA) study ertitleq "Seil Taxonomy in the Tropics" was
conducted during the gront extension.  The burpose of this study was to estab~
lish where and haw this system of classificatior is used in the tropics, and to
identify inadequacies of the system relative to trepical soils.  Part 1 of the
Study dealt with tropical America and Pare 17 with Lropical Africa, Southeast
2.in and Oceania, The base data wore compriled largely through a questionnaire
fwrvey.  The study showed that Soi] Taxcncwmy js the single rest widely used soil
¢classification System in the tropics: it vEoerolied in rany countrioeg in Latin
America and Southeast Aqia tut to - oot Tutser exient in Africa. The study
also showed, hotawer, thar mach remaine ¢ he dono to fully adapt Soil Taxonomy
te the soils oy the lowm latitudoy,

Chemical, physicel, mjner,log;nal, cnd climario aoil chirac ovization data were
obtained foy key soils o Broaii,  These Jata sigrificantly increased the in-

formation content of the 50il rata Pror of the University of Hawaij. In colla-
boration with the Universite f Ghent., Belaivm, onil micrcmorphnlogical studies
were conducted which generated new krosvlod s of relevancoe te hn {2rration and

o

classificatinp of trepical no vy,

In the areca of biologyical nit{gggn fixzati-n tBUIFY, four 500A f*udivs were com-
pPleted which sh;;zhzﬂahEgﬂﬁdﬁ'ti}I;}~“F:jzxrs Affectinag Biological Hitrogen
Fixation {n Tropical Grain Legumes',  Phe studies focused on hean, cowpea,
pigeon pea, ang mungbean.  The over 1] ol.juctive of the studies was to keenly
and analytically reviey the generally accepted facts about crep production and
BNF for certain target legenes, part of the work for thege studies was carried
out by the Morton Collectanca of the Univaersity of Hawaii under a subcontract
from the grant. oy oach of the four lequmes investigated, Summary statements,
recommendations, limitations, steps toward overcoming limitations, and research
needs are presented in the detailedq revort bhelow.



A laboratory and greenhouses for BNF studies were established and experiments
on inoculation of Pigeon peas were conducted. These resulted on the isolation
of 5 effective rhizobium strains which werc subsequently tested against 7 com-
mercial strains and compared favorably. Thirteen pigeon pea strains of rhizo-
bium were tested for efficacy in the greenhouse.

The following materials have been invesiigated as substitute sources for peat
as a carrier for inoculant: bagazillo, cachaza, coir, and seawced. Cuir dust
proved to be the most promising alterrative. However, it contains a -ubstance
toxic to rhizobium. If this toxicant is water-soluble tannin, as preliminary
research indicates, there is an excellent opportunity that it can be removed
from coir by simple water extraction. This is a significant firding of poten-
tial impact on the inocuvlant industry in LrC's.

As a direct result of the grant. UPR's research capacity was improved markedly
through the installation of a functional BNF rescarch laboratory. The inter-
national scope of the grant also resulted in the establishment of viable
linkages with numerous multinational organizations, US and European universi-
ties, and LbC instituticns as well as with many individuals. An important,
although somewhat intangible, grant accerplishrent should be seen in the erexr-
gence of a new perspective of tropical soils and BNF at UPR and a stronger in-
stitutional cormitment toward thr solution of LDC preblems.  An indication
thereof is tho present utilization of UPR's research capacity in soil classifi-
cation and BNF developed under thoa grant oy AID/DS/AGR through a research con-
tract and three grants.






agricultural research efforts in terms of time and money and on alleviating the
dietary deficiencies in LDC's through improved production of high-protein crops
of low fertilizer requirements, Specifically, this grant is addressing the

areas of soil classification and biological nitrogen fixation.

B. SO0IL CLASSIFICATIOE

In view of the spiraling growth of population in the tropics, the now idle soil
resources must be utilized more intensively and extensively in the near future.
This will likely cncourage methods of land use which are both more exploitive
and more destructive than in the past. fThe agricultural development of these
areas, thercfere, requires a cereful assessment of the potential of the soils
to produce specifieqd crops, the inpute and the level of technology needed and
the precautions to pe taken to ensure sustained productivity with a minimum of

s50il degradatiomn.

In recognition of thisg necessity and in accordance with traditional approaches,
most LDC's are engaged in costly soil survey programs the stated purpose of
which is to facilitate land regource planming and to increase agricultural pro-
duction. However, the practical value of the soil maps generated by these soil
survey programs is often queﬁtionablu. This resalts from the use of inadequate
systems of soil classification, or from insufficient analytical data about the
map units, or both. Soil maps with thoge Inherent deficiencies are of limited
agricultural utility as theylcannot be interproted for purpeses of crop produc-
tion at a reasonable level 2 reliability.  The kind of soil ¢lassification
system employed is, therefore, a key factor determining the value of a soil map
for agricultural 1ntcrpretatﬂonu.

Al
The problem with most schemes of so0il classification used in the tropics is
that they are based to varying degrees on theories of soil genesis. Conse-
quently, the units of these systems are largely pedodenetic rather than agri-
cultural groupings. The challenge g, therefore, to translate this pedogenetic
information into meaningful soil agronomic data. If this is accomplished, soil
classification, ag applied in soil survays, can be a powerful tool in agricul-
tural development because it facilitates the evaluation of soll potential, the

prediction of soil behavior and the extrapolation of soil management experience.



Not all systems of soi} classification are equally well suited for making agri-
cultural interpretations, but it is generally agreed that the American system,
Soil Taxonomy, has the greatest potential in this respect as experience obtained
in the temperate region shows. However, since Soil Taxonomy was developed by
the So0il Conservation Service of the uspa primarily for the soils of the United
States, it has deficiencies with regard to tropical soils. These inadequacies
need to be identified and corrected now. Only then can Soil Taxonomy be effec-
tively employed in agricultural development programs in LDC's. Failure to
undertake these efforts will result in a diminishing acceptance of Soil Taxonomy
in the tropics which, in turn, will hamper agroproduction technology transfers

among tropical countries.

C. BIOLOGICAL NITROGEN FIXATION

A second aspect of the grant concerns biological nitrogen fixation, i.e., the
pProcess whereby atmospheriz nitroven is fixed or cnzymatically reduced in sym=
biotic biological systems.  This phenomenon is charncteristica]]y associated
with leguminous plants. Grain Lecqumes arw iinportant food crops and produce
about 20 percent of all plant motein concumed.  Howover, averadge grain legume
vields are relatively low in the Lropics.  Among the reasons for this is the
limited effectivencuy of Symbiotic nitregen fisation due to inadequate inocu-
lation or inoculation with inefficient strains of rhizobia. The problem is
that very little iy known specitizoally ahaut Che intricate Rhazobium/host plant
interactions in troyical grain iegumes, ng g sonseauence, the potontial impor-
tance of grain legunes in Lropical agriculture i subject te conjecture, There~
fore, the process of bivlogical nitrogen fixation in tropical crain legumes
needs to be scrutinizoed and optima) ﬁniggpjuq—urdin legume associations have to

be developed.

Grain lequmes constitute a high-protein food which sorves to balance the ex-
tensive use of cercals and starchy crops in human diets in LDC'y, However, the
quantity and quality of grain lequmes availabile in most LDC's is insufficient
to correct protein-deficient dints, Yet, to produce the grain lequmes necded
large inputs of nitrogen are required.  Since the small LDC farmer cannot
afford the high cost of nitrogenous fertilizers, the increased amount of nitro-

gen needed must come from biological nitrogen fixation. 1If grain leqgume yields
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abroad, this shows that Soil Taxonomy has gained wide international acceptance
on its own merits rather than because of political pressures. However, the
study also showed that much remains to be done to refine Soil Taxonomy relative

to the classification of the $0ils of the lower latitudes.
The final manuscript of the SOTA study has been distributed for review. Once
the review process is completed, pertinent changes w. 1 be made and ways and

means will be sought ta publish the report,

b. Internaticnal Soil Classification Workshop

As stipulated in the grant agreement, an international soil classification work~
sbop and correlation tour was held in Brazil in June 1977 under the auspices of
the UPR grant. This workshop vas initiated by UPR and organized with the coop-
eration of the Servico Nacional de Leveantamento e Conse.vacao de Solos (SNLCS)

of EMBRAPA. The $0i} Conservation Service of rhe USDA and the sister universi-

ties of CST provided vaiuable assistance and cooperation.,

Participaticn in the workshon was by invitation onlv. There were twenty-~four
participants from oviaide brazil, representina oleven countries from all five
continents. Many of the delegatos were selected from the International Com-
mittee on the Classification of A1fisols and Ultisole with Low Activity Clays
{ICOMLAC) in consultotion with th. cummibtee chainnan, Dr. F. R. Moormann, the
S0il Comservation Service of USDA and AID/W. The rarticipants constituted an
exceptional group of some of thie most distinguished pedologists and premising
Loung soil scientiste from LDC's. Miny of the best talents available in the
field of classificat ion of tropical soils were convened at the workshop. They
included Dr. . D. Smith, the principal auther of &oi? Taxoncmy, D. R. Dudal,
Director of the Land and Water Development Division of FAO; Dr. R. Tavernier,
Director of the Geolegic Institute of the University of Ghent; Dr. J. E.
McClelland, Director of Soil Classification of USDA-SCS; Dr. ¥. R. Moormann of
IITA and various nutstanding pedologists from LDC's such as Dr. §. Paramananthan

of Malaysia.

Twenty of the twenty-four non-Brazilian participants were financially supported
with funds from the UPR grant. SNLCS provided meeting room facilities, bus

transportation for the field trips and other logistic and professional support.
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The workshop had the following major objectives:

l. To examine the adequacy of Soil Taxonomy with respect to tropical
soils,

2. To propose pertinent changes in Soil Taxonomy and to identify
relevant knowledge gaps and research needs,

3. To discuss new definitions for certain taxa of Alfisols and
Ultisols, and

4. To study eritical examples of these soils in the field.

The workshop consisted of four days of conference sessions and cight days of
field trips. The indoor sessions were held at the dverest Hotel in Rio de
Janeiro from 20 to 22 June, at the Instituto Agrénomico de Farand on 24 June,
and at the Miramar Hotel jn Recife on 1 July 1977, During the field trips on
22 June and from 24 through 30 June, a tota. of 1,85C km were travelled in the
states of Rio de Janeiro, PMarand, sergipe, Alagoas, and Pernanbuco. The work-

shop provided the first opportunity ror key wmeibors of TCOMLAC to meet.

The conference sessiong emphasized divcussion and dialogue rather tharn the pre~
sentation of formal papers. Significant progress was made regarding the rede-
finition of classes of Alfisols and Ultiscls with low activity clays. These
soils are very extensive 11 the tropics and are widcly used for subsistence
farming but have the potential fo+ commerciol “rop preduction If rthe social and
economic handicaps can be removed.  The technical problems can now »e managed
on this particular group of scoils and the rewvised classification permits their

identification in the field,

The discussion and elaborations regarding changes in Soil Taxenomy geared to
tropical soils resulted in the identification of ten major problem areas the
study of which was strongly recommended by the workshop participants. The
problem areas, not necessarily in order of priority, are:
1. Revision of the so0il moisture regimes with special reference to
ustic regimes in tropical and subtropical regions
2. Revision of the Andepts and considerationy of establishment of
an Andisol order
3. Review of the "trop" concept and its use in Soil Taxonomy

4. Review of the Rhodic subjroups
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5. Evaluation of color criteria in Versitols as a function of
drainage

6. Review of the criteria for cambic horizons under aguic soil
moisture regimes

7. Revision of the Oxisol order

8. Review of plinthite and related features

9. Consideration of the "Kandi" concepts in other orders of
Soil Taxonomy

10. Evaluation of diagnostic criteria in terms of their significance
for plant growth in general and for a number of major crops in

particular.

The field tour, superably planned and organized by SNLCS, was one of the high-
lights of the workshop. Thirty-one profiles of Alfisols, Oxisols and Ultisols
were inspected. The study of these soils allowed to evaluate the proposed new
taxonomic concepts in view of the real world of soils and contributed much to
the clarification of some controversial issues and to reaching a consensus.
The discussions in the field were enhanced by well-prepared pits and by excel-
lent analytical data provided by SNLCS, the Soil Conservation Service of USDA,

Cornell University and the University of Hawaii.

The proceedings of the workshop which include the papers presented, a summary of
the discussions and recommendations, and all analytical data are now in press
as a joint publication of UPR and SNLCS. Upon its release in June 1979 it will

be distributed worldwide.

By unanimous agreement of the participants, the workshop was a major success.
This is attributed to (1) the high professional caliber of the participants,
(2) the specifically defined objective of the meeting, (3) the common language
and points of reference provided by Soil Taxonomy, (4) the well prepared and
conducted field tour and availability of excellent analytical data, (5) the
flawless organization, and (6) the joint efforts of CST, USDA-SCS and EMBRAPA-
SNLCS.

The success of the Brazil workshop precipitated another workshop of similar

scope and nature that was organized by UPR and held in Malaysia and Thailand in






grant and supported with funds from it may be grouped as follows: SOTA studies,
laboratory studies, yreenhouse and field studies and thesis research.

a. SOTA Studies
The original grant doc'uwont somewhat loosely upecified that UPR's SOTA study
would involve identification of grain legume crops and assessment of over-all
vields, identification of rhizobium inoculation responses in grain legumes, eva-
luation of factors limiting production of grain legumes, and identification of
inoculant and seed sources. However, it was decided ac a BNF planning meeting
held in Honolulu, Hawaii in august 197G that UPR should channel its efforts into
four SOTA studies. These studies would deal with the grain legumes cowpea,
pigeon pea, mung bean, and beans, and would share the common title: "Factors

Affecting Biological Nitrogen Fixaticn in Tropical Grain Legumes".

Assessment of library facilities available at UPR resulted in the conclusicn
that a part of the SOTA work should be subcontracted.  In November 1976, con-
tact was made with Dr. Julia Morton of uhe Morton Collectanea, Univorsity of
Miami (a research department dedicated to economic beitany with emphasis on the
tropics) who agreed to enter into a subcontract. AfLes finalicing details of
the subcontract with the University of Miami, 4 moeting with Dr. A. G. Norman
was held to define and cutline the centents of the SOTA study reports.  Soen

after this meeting, literature reviews and data colloction were inittiated.

Close coopsration between tlie University of Puorrs Rico and University of Miami
has resulted in the completion and release of the drafts of all SOTA reports
(rigeon pea, mung bean, bean and cowpral for rseview by BNF representatives of

CST during 1978.

The overall objective of the SOTA studics of the University of Puerto Rico was

to keenly and analytically review vae accumulated and generally accepted facts
about crop production and biological nitrogen tixation for certain rarget le-

gumes and to then publish the results in an ecasily rcadable non-technical form
for use by decision-makers in developing countries in the tropics. For various
reasons, the UPR SOTA reports may have possibly missed the goal with respect to
intended purpose and use. However, the SOTA reports have been released for use
by Michigan State University in a Title XII bean/cowpea planning grant by Texas

A & M University for use in the mungbean plamning grant. It is anticipated that

16



the UPR SOTA's will function as the cornerstone for literature reviews in both
of these planning grants. At the present time, AID if in the process of circu-
lating the UPR SOTA reports for peer review with the ultimate goal of publica-
tion and release of the reports in the form of literature reviews for the crops

conczerned.

All of the SOTA reports incompassed the same Scope as far as possible and were
written using the following outline of the pigeon pea study as a guide.

SOTA STUDY - PIGEON Pra

I. A. Nomenclature
1. Host legume
2. Rhizobium
B. Cultivation and Varietal Inprovement
1. Historical developnint
2. Plant descripticn
3. Genotypes and varielios
a.  Germnlass inventory
b.  Induced wutations
C. Identification of Crop Pvoducing Areas and Yields
. Individusl countric-
2. International veoale
D. Value of Figeon l'es o Small-holder Farmers
L. For food
2. For forajge and feed
3. Other
E. Economic Importance
1. To small farmers
2. To countries
F. 1Institutions with I'igeon Pea Programs
1. Research programe
2. Extoension programs
G. Principal Sources for Seed, Inoculant ang

Rhizobium Cultures

17






of the SOTA reporty for pigeon pea, cowpea, and mung bean has been enthusiastic.
It can be anticipated that their ultimate distribution in the tropics will be
widespread and their impact on tropical agriculture will be quite large.

As an example of this usefulness, the Recommendations, Limitations, Steps Toward
Overcoming Limitations, and Research Needs sections of the technical summaries

for each of the SOTA reports are reproduced below.

(1) _Bean: Summary Statement and Recommendations

Dry-shell beans occupy a position of great importance quantitatively as a source
of protein in low-income populations. Qualitatively, there is room for great
improvement, Despite its popularity, the bean is far from being an ideal food.
In those countries which are the highest consumers of dry-shell beans, black
beans are eaten more commonly than white beans or beans of other colors. It

is now known that the phenol content of the seed coat of black and other heavily
pigmented beans interferes with the body's utilization of protein. Therefore
the bean's role in the nutrition of black bean~-consuming countries may not be

as great as formerly assumed. In addition, there is a possibility that the
heavy intake of tannin from this Source may contribute to health problems such
as stomach cancer, since there is mounting evidence that tannin ingested reg-

ularly over a long period of time is carcinogenic in the digestive tract.

The same phenolic constituents (tannins and anthocyanadins) which give heavily
pigmented cultivars resistance to adverse environmental Jnditions, resistance

to diseases and pests, and accordingly contribut. to high yields, are undesirable
in the human dict. Phenols in heavily pigmented seed-coats are probably also
antagonistic to rhizobia and may in this way be a hidden factor in poor nodu-
lation. Phenols, too, cause discoloration in broken snapbeans, which is a

major problem in the processing industry.

Dry-shell beans require long soaking and long cooking and consume much cnergy.
They are deficient in cer:ain esgential amino acids and a certain amount must
be lost during prolonged soaking and cooking. Also, the bean is rich in oli-
gosaccharides which are noted for producing flatulence. Much redesigning of the
bean as a food is desirable and much cducation of Farmers and consumers will be

necessary to convert them to cultivars of higher nutritional quality.

19



20

Great advances have been made in breeding and selecting for resistance to
diseases and pests, without which efforts to increase yvield are superflous.
Tremendous resources of improved cultivars already exist. There is a great
need for effective delivery of the best planting material and methods to the

small farmer in a simplified package.

As societies develop, there will be increased opportunities for marketing fresh
and processed snapbeans. Farmers need to be prepared to meet this demand, and
the small farmer may be better able to maintain a pole bean operation on a

profitable basis than the large~scale grower in high-wage areas.

LIMITATIONS

1. Susceptibility to light, rust, viruses.

2. Susceptibility to nematodes.

3. Susceptibility to root ro-.

4. Late nodulation and nitrogen fixation in some cultivars,

5. Sensitivity to acid soils.

6. High labor requirement in harvesting snapbeans.

7. Sensitivity of snapheans to damage in mecnanized harvesting.

8. Dehydration of snapbeans because of moisture losg from breaking or
rubbing off of pod hairs.

9. Brown-end of broken snavkeans due to phenol content.

10. High content of flatulence-inducing sugary in dry-shell beans.

11. High tannin (and other phenol) contont of heavily pigmented, diseage-
resistant dry-shell bean cultivarg -- reducing digestibility of
pProtein.

12. Low methionine contuent.,

13. High percentage of hard seeds in dry-rhell beans.

14. Neglect of Rhizobium inoculation bee. qne of d'sbelief in effectiveness
and also because of need tor chemical so0d <-oatment.,

15. Inadequate distribution and high coust of impreved, discase-free geed,

16. Scarcity of inoculant known to Le etfective on specific cultivars.

17. Poor culturat practices, lack of control of weeds, diseases and pests

and lack of use of fertilizer by peasant farmer,


http:dry-ftAo.l1

STEPS TOWARD OVERCOMING LIMITATIONS (based on existing knowledge)

1'

11.

12,

13.

14.

15,

16.

17,

Selection of disease-resistant cultivars; planting of disease-free
seed treated with fungicide; use of fungicides jin the field; practicing
good field hygiene. Control of virus vectors.

Selection of nematode-resistant cultivars; soil fumigation; rotation

with Crotalaria or Tagetes.

Selection of root-rot resistant cultivarsg; planting only disease~free
seed treated with fungicide,

Application of small, injtial dose of nitrogen at time of planting to
boost seedling vigor prior to initiation of nitrogen-fixation.

Encouraging soil testing and liming to achieve frvorable pH.

Selection of cultivars of uniform maturity permitting once-over
Picking at optimunm stage, either by hand or machine.

Development of cultivars which detach readily from plant and are
subject to less damage.

Development of cultivars with less hairy pods.

Development of cultivars with lower phenol content.

Development of evltivars low in oligosaccharides.

Development of cultivars low in tannin and other phenols, such as
the white-geeded mutant NEP-2,

Development of cultivars nigh in methionine -- comparable to the
Flprogeny. of’ BUSH BLUFE LAKL X BREEDING LINE 195-4RG8.

Investigation of hard-seed factor, ecducating consumers ‘o add
sodium Llcarbonate to hared water, also to beil dry-shell beans
for two minutes before SOaKing. to rednce soaking and cooking time.

Development of techniques for cormbined vafe inoculation and chemical
treatment of bean seed.

Increasing distribution of improved, diseasce-free seed, chemically-
treated, to growers,

Increasing availability of inoculant to growers with instructions for
application,

Education of growers to the advantages (and poofits) of improved cultural
practices, including weed-, disease~, and pest-control and proper use

of fertilizers.
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RESEARCH NEEDS

1. Greater use of mutagenic agents to develop white or light-colored mutants

having characteristics appropriate for dry-shell bean, snap-bean, pole bean
or bush bean production.

2. A maximum effort to identify strains of Rhizobium able to nodulate bush-type
cultivars; matching of strains to compatible cultivars.

3. Study of the vield capability of effective inoculation vs. application of
fertilizer-N,.

4. Investigation of period of initiation and decline of nodule development and
N-fixation.

5. 1Investigation of salt tclerance of bean.

(2) Cowpea: Summary Statement and Reconmendations

As a versatile legume, drought-resistant, of wide soil adaptability, somewhat
salinity tolerant, requiring a minimum of tortilizer, capable of producing two
Crops a year in tropical climates, and succeeding in regions unsuitable for the
bean or soybean, the cowped has an unlimited potencial for expansion as a source

of human food and animal fodder.

The development of vayious superior table varieties of different colors and tex~
tures of seed coat has already greatly increased the consumer acceptability and
market demand for the green-nature or mature dry seeds,  Selection and release of
compact bush-types with elevated clusters has adapted the crep to large-scale

mechanized cultivation and harvesting and b also facilitated manual harvesting.

In African countries vhere the cowped s commonl y grown but ponrly managed,

improved practices car greatly enrich food supplies and enhance the local economy.

In many areas of the world whore the cowpea is not presently qrown or is little

known, it can be introduced as a productive element in cropping aystems. Increased
I .

production can lecad to opening up of new markets for canned, frozen, or mature-

dry cowpeas.

Experimental work and widespread screening and selection for discase-and pest-
resistance have already made important contributions toward cowpea improvement.,
The greatest need is for education of growers to adopt the best planting material

and cultural practices.












13.
14.
15.
l6.

17.

18.

Difficult manual opening of immature pods.

Long cooking time of immature and mature seeds.

Deficiencies in amino acids.

Consumption and market limited to areas where the pigeon pea is already an
accepted food (or to people from those areas who have migrated elsewhere).

As forage crop, short life (susceptibility to grazing damage and decline
after multiple cuttings).

Total annual clearing of field to avoid carry-over of pest and diseases.

STEPS TOWARD OVERCOMING LIMITATIONS (based cn existent knowledge)

1.

10.

ll‘

12,

Use of pre-cmergence herbicides. Compare costs with alternative of plastic
or paper mulch, apparently not yet applied to pigeon pea culture.

Matching of effective Rhizobium strains to pigeon pea cultivars to enhance
nodulation and nitrogen fixation,

Determining appropriate fertilizer formula (low nitrogen, high phosphorus,
moderate sulphur, plus trace elements) for maximum nitrogen fixation, good
plant growth and hiagh seced yield in low fertility soils.

Selection of early-mataring types and determining best planting date to
avoid frost in subtrowvical areas.

Informing farmers of profitable intercropping systems and of yield reduction
by unfavorable intercrops.

Selectior of cultivars resistant to rust and wilet.

Timely harvesting of sce< for planting to aveid funguvs invasion of seed.

Development of cultivars resistant to pod borers (such as LASIBA of Trinidad;
thick-walled pod).

Selection and distribution of ecarly-maturing types te shorten jrowing season
and reduce per-~day cost of production; also to permit two crops per year,
except whern established dictary patterns demand interplanting of late-
maturing pigeon peas with tall, carlv-maturing interccops.

Selection of cultivars with shorv-cropping scason. Adoption of practice of
harvesting at one time when majority of green pods are full (for preocess-
ing plants). Develop better machinery for mechanical harvesting.

Development (for commercial plantings and mechanical harvesting) truly
dwarf cultivars, not over 60 cm tall, with plant-to-plant variation not
exceeding 15 cm, of deteiminate habit (pods all at tep of plant).

Selection and distribution of prolific cultivars capable of producing high

yields at high density per hectarc. (Determination of maximum feasible
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density beyond which yield per hectare declines.) These cultivars should
have large pods containing 6 o more seeds.

13. Development of simple device for shelling immature pigeon peas.

14. Selection of cultivars with good cooking quality. Adoption of hulling and
flaking process to greatly reduce cooking time of mature, dry seeds.

15. Improvement of nutritional quality through breeding and fertiiization.

16. Increasing production of fresh-frozen, shelled, immature pigeon peas which
should find ready acceptance in many markets where they are now totally
unknown.

17. Contjinuation of breeding efforts (now in progress in Queensland, Australia)

to develop hybrids of pigeon pea and related Atylosia grandiflora which

may prove superior for forage and fodder. Consideration should be given
to limitation of grazing and recovery of plant for subsequent seed produc-
tion. (See single management system as tested in Australia; SOTA study
page 75.)

18. Chipping stalks for mulch (only if disease and pest control adequate).

An overall aim of currert research programs is to develop cultivars which are
daylength insensitive, of predictable height and dates of maturity when planted
at all seasons, to permit pigecn pea production in all months of the year.
Early-maturing cultivars, grown as annuals, can extend pigeon pea culture into

marginal dry land and poor coastal soils unfavorable for other food crops.

Essential to coordination of pigeon poa improvement programs is the expansion

of FAO's TAXIR system as a universal data bank of pliyeon pea genotypes, varieties

strains, lines and cultivars; and of Rhizobium strains which nodulate the pigeon

pea.

An ultimate goal should be widespread availability of inoculated, pelleted seed
of named cultivars of known performance and suitability for various needs and
situations, in order to assure the success of both the smaller farmer and the
commercial producer of pigeca peas and clevate this crop to the status it merits

in the world food picture.

" RESEARCH NEEDS
1. Field rescarch needed to verify response to inoculation.

2. Field rescarch needed to verify response to fertilizer-N,
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3. Identification of developing areas which would benefit economically and/or

hutritionally by pigeon pea introduction.

(4) _Mungbean: Summary Statement and Recommendations

The mungbean is a nutritionally desirable and versatile legume, utilizeq as a
cooked vegetable, a source of high-protein flour, vegetable milk, and as bean

Sprouts. It has potential for greatly expanded use in the world diet.

As a relative short-duration crop, ft fits well as an interim planting where land
might otherwise remain idle, adding to the fool supply and pProviding extra income.
It can be grown at various seasons of the year. The domestic and foreign demand

is high and wholesale and retail prices are steadily rising. There are excellent

opportunities for increasing growing areas and exports.

Properly managed, vields and revenues could he greatly increased. The wide
variation in plant habit and behavior offers promise for selection of strains
resistant to the numerous cultural problems which are bresently aggravated by

neglect.

LIMITATIONS

1. Low yield. "Each year fewer Asian farmers are willing to invest inmungbeans".
2. Low pod count in high-denssty plantings.

3. Sensitivity to shade when intercropped.

4. Poor CXop management.

5. Farmers' inadequate use or ron-use of fertilizers.

6 Weak competition with weeds.,

7. Susceptibility to dizeases and insects, not usually recognized by farmers.
8. Farmers' inadequate use of pesticides and fungicides.

9. Non-uniform ripening and consequent high-labor requirement. (0ld varieties

require 3 to 6 hand harvestings; ncwer varieties, 2),
10. Adverse effects of early wot conditions, or late-drought stress in late-
maturing varieties.

11. Tendency of some types to lodge.

12. Tendency of some types to shatter readily, requiring frequent pickings.

13. Tendency of sceds to germinate in the pods in rainy conditions.
14. Lack of adequate improved seed supply and distribution.
15. Limited availability and use of high quality inoculants.



STEPS TOWARD OVERCOMING LIMITATIONS (based on existent knowledge)

1.
2,

11.
12.

13.
14.
15.

Breeding for high yield (high pod number rer plant and large seeds).

Breeding for short plant stature and upright growth to permit high density
per hectare.

Screening for shade-tolerance (for intercropping with tall crops).

Introduction of effective cropping system patterns.

Education of farmers in effective fertilization practices.

Selection for gecod competition against weeds and promotion of early weed
control.

Selection for disease - and pest - vesigtance and education of farmers in
recognition of serious discases and major pests.

Encouragement of farmers to use best means of disease - and pest - control.

Selection for uniform maturity to reduce hand-harvest labor requirement.

Selection for tolerance of early wet conditions, and for early maturity--
less than 65 days.

Selection for non-lodging types to facilitate harvesting.

Selection for non-shattering types to rediuce number of harvests and losses
from delayed harvesting.

Selection for early seed dormancy to aveid yormination in the pod.

increasing the availability of woed of improved ~ultivars.

Development of programs o encourage local nroduction of high-qhality

Rhizobium inocculants and cncouragement of farmers to use them.

RESEARCH NEEDS

1.

Investigation of molybdenum and other minor-element levels in soils of mung-
bean~producting arecas.

Determination of best tillage methods.

Determination of best planting methods; depth of planting and seeding rates.

Determination of best plant density for maximum yield.

Determination of value of rice straw muich vs. plastic mulch (effects on
pests, diseases and rat invasions: volumec nceded; costs vs., benefits).

Determination of best planting time vs. coincidence of pest and diseases.

Study of growth stages in relation tn excess soil water.

Study of climatic conditions, including solur radiation, conducive to high
yield.

Recommendations as to management and harvesting of rice crop to best accommo-

date succeeding mungbean crop.
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10. Selection of effective Rhizobium strains and matching of Rhizobium strains
to selected strains of mungbean.

11l. Evaluation of response of mungbean to Rhizobium inoculation.

b. Laboratory Studies

During the first year of the grant, a functional laboratory for research concerning
BNF in tropiéal legumes was installed and equipped. Further development of this
laboratory facility was continued well into the second grant year. During this
period valuable contributions to the laboratory were made by Dr. R, Stewart Smith
of the INTSOY project. Although the laboratory is now in a fully functional

state, continued utilization will require continuing financial support and

commi tment.

During 1978 laboratory work included a long-term Rhizobium longevity experiment.
This experiment included both cowpea and soybean rhizobia in peat, soil, and
coir-dust carriers and was executed in cooperation with the INTSOY project. The
remainder of laboratory work for the year was devoted to collecting analyvical
data such as plant mass, nodule mass, ncdulce number, % protein, % N, and yields
for a series of four field experiments which were designed to show the need for
and response to Rhizobium incculation of bean {P. vulgaris) in Puerto Rico.
Analytical data were developed using procedures developaed in the BHNF laboratory

by personnel trained in the course of the grant. Actual data are not presented

in the report but details of the Rhizobiun Iingevity awperiment are reported in

a paper entitled "Longevity of Cowpea and Soylran Rhizobium Strains in Peat,
Soil, and Coir-based Legume Inoculants” which was presented at the Reunion Lati-
noamericana Sobre Rhizebium in October 1978, Although approximately one year of
work will be required to complete the study, results indicate that coir-dust
carriers may provide better Rhizobium longevity than the traditional peat carriers.
A certain amount of effort was directed toward prese:vation of all our laboratory
strains of rhizobia on beads. UPR now maintain, on beads, a collection of approxi-~

mately 30 strains of Rhizobium.

€. Greenhouse Studies

Because of difficulties encountered in overcoming excessively high temperatures,
greenhouse work was kept to a minimum. Although last year's modifications of the

greenhouse sufficiently lowered the ambient temperature so that nodulation tests
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involving cowpea strains could be done at any time of the year, efforts at

greenhouse work were limited to strain selection and inoculant evaluation.

d. Field Work

During 1977 and 1978, five field experiments were conducted to evaluate response
to Rhizobium inoculation of field bean (P. vulgaris). Discussion of field
results in this report will be limited to the two experiments finished during
1978.

Experiment 1 was performed at the Isab=la Substation using standard cultural
Practices. Experiment 2 was identical with the exception that bagasse (10 tons
dry weight per acre) was incorporated inte the soil prior to planting to immo-
bilize residual soil nitrvogen. Both experiments were inoculated at approximately
the same rate which was equivalent to 1.48 x lO1Oviable rhizobia per plot as

Y

14-
liquid so0il inoculant plus &,9 x 10 rhizobia per plot pelletted to the seed

with gum arabic sticlker.

In both experiments, Rhizobium inoculation lead to increased nodule number and
dry weight. In the secona experiment, inoculation lead to increased plant

weight. vYield, and percent protein were increased by inoculation in the first
experiment. Yield results for the second experiment have not yet been statig-

tically analized.

B, Information Capability

To increase the information capability of 73T relative to soil resources, cha-
racterization data and profile descriptions for 20 key soils of Brazil gencrated
by the grant were made available for “ntry into the Soil Data Bank of the Uni-
versity of Hawaii. The acquisition of come 60 text and reference books, soil
maps and soil survey reports enhanced the inforriction content and the number of

critical holdings in the departmenta! libvary.

Information capability was further expressed through cormunications via the CST

Newsletter and technical bresentations at professional meetings.,

C. Advisory Capacity

UPR's advisory capacity has been further increased during the grant extension
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support of the grant program.

VIII, UTILIZATION OF INSTITUTIONAL RESPONSE CAPABILITIES IN DEVELOPMENT PROGRAMS

During the grant extension no requests for assistance jin development programs

were received.

IX.  INVOLVEMENT OF MINORITY PERSONNEL AND' WOMEN

In addition to two female secretarvins, the grant viiployed Mrs. Aida L. Mendez de
Vargas as an Assistant Microbiolegist. 4 toval of six US citizens considered
as Spanish-Americans participated in the grant rogram, they are Puerto Ricans

of varied ethnic extraction. The grant further employed two expatriates.



Table T

Distribution of 211(d) Grant Funds and Contributicns from Other Sources of Funding*

Repocrting

ny

1 July 1976 to 31 January 1979

Grant Objectives/ Expenditures Non-211(d)
Outruts Funding**
7€-320 Jun Jul 77-31 Jan 79 Total
Expanded
Knowledge RBase 83,4G9 151,900 235,300 128,800
Information
Capability 1,400 1,500 2,900
Education and
Research Capacity 15,700 18,500 34,200
Linkages and
Networks 13,100 14,500 27,600
TOTAL 113,600 186,400 300,000 128, 000
* These figures are our best estimates
**Overhead costs (¢ salaries;, 50% of salary bivlogist (30 months),
50% of salary of 2gist (7 months), 100% of t Jakoratory aid (10 months),
and correspondin nge benefits
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Table II - A

Summary 211(d) Expenditure Report

Institutional Grant % AID/csd-2857

Reporting Period: 1 July 1976 to 31 January 1977

Line Item Expenditures Expenditures Total
1 Jul 76~ 30 Jun 77 L Jul 77~ 31 Jan 79

Salaries 44,338.00 105,309.91 150,147.91
Consultants ~ 990,00 9390.00
Fringe Eenefits 3,081.06 13,070.14 %) 16,151.20 *)
Travel 46,588.74 23,836.19*) 70,424.93 *)
Equipment 4,357.72 9,544.64 13,902.36
Material, Supplies

and Services 4,275.75 18,241.34*) 22,517.09 *)
Library 828.74 1,145.27*) 1,974.01 *)
Publication Costs 106.00 3,786.50 *) 3,802,.50 *)
Subcontracts 10,000.00 10,000.00 20,000.00

TOTAL 113,576.01 186,423.99 300,000.00

*) includes firm obligations
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Table

II - B

211(d) Expenditure Report
Reporting Year Detail
Institutional Grant # AID/csd-2857

Reporting Period:

1 July 1977 to 31 January 1979

II.
IIT.

1v.

VI.
VII.
VIII.
IX.

Salaries and Allowances
A. Professional Salaries
Name

F. H. Beinroth

H. E. Flores Merino
R. Guerrero

A. L. Méndez Vargag
R. E. sSmith

J. A, Vega Loper

B. Clerical Salaricos
Name

S. Padilla
L. M. V&lez

C. Nonprofessional Salaries

Name 3 of

R. Garcia
M. Rivera

D. Fringye Benefits
Student Suvvort

Consultanta

3 of Time

3 _of Time Man-Months
2% 4.75
50 1.00
100 19.00
100 19.00
100 18.50
50 7.00

Man-Monchs

19.00
19.00

190
100

H. Eswaran, soil micromorphologist

R, T. Sharwin, editor
Travel

A. Travel Iin Puerto Rico
B. Domestic “ravel

C. Internarticnal Travel
D. Consultant Travel

Equipment

Library Aquicitions
Publication Coats
Subcontracts

Other

A. Materials &« Supplies
B. Communication Costs

C. Frceight Charges

f Time Man-Months
25 4.75
100 19.00
-None=-
No. of Trips
10
1
TOTAL

gmount

$,411.11
720.00
28,213.00
18,145.00
17,195.00
5,600.00

Amonunt

§,000.00
11,780.00

Anount

1,300.00
5,145.80

13,070,14

750.00
240,00

Amount
557.94
7,645.96
14,241.79
1,390.50
9,544,064
1,145.27
3,786.50
10,000.00

15,467.61
2,722.38
51. 135

186,423.,99
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