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NARRATIVE SI.fiAY 
The extension of grant AID/csd-2857 to the University of Puerto Rico (UPR) was
 
effectiv; 

classification of tropical 


from 1 July 
n 
1976 to 

.
31 January 1979 and had two tubject Mattera
t 1. .. 
r = n a tw
casoils and biological nitrogen fixation. 

s
b e t m t e areas,
 

The highlight in the area of soil classification
Classification Workshop held in B-razil 
was an International Soilthe grant in -l9--7and organized with the cooperation 
The workshop was initiated bytamento e ofConservacao the Servico Nacionalde Solos of M23RAPA. de Levan-Brazilian delegates In d6.;.tion"here were to a large number oftinents. 24 participants fromThis was a 11 countriesuniquely qualified group, of five condistinguished pedologists and outstanding 

representing some of the mostThe workshop identified ten 
young soil scientists from LDC's.
,.-ob2em areas in Soil Taxonomy with respect to tro

pical soils and revised the definition of Alfisols and Ultisols with low acti
vity clays. 
 Thirty-one critical soils were inspected during eight days of field
 
trips. The success of the workshop precipitated Eimilar meetings in SoutheastAsia and the Near Fast and catalyzed follow-up action regarding the workshop

r(,;(m..mendations. In terms of impact, the workshop was clearlytant grant 1.1e rost impor-'ctivity.
 

A "state-of-the-art, 
 (SOTA) studyconducted during er .tJi "PScil Taxonomythe grnt extension. in the Tropics"
li Thr purposc wash where and ho w this of this .;t::y wassystem to estabof Jifictjoridentify inadequacies i3l u.Sed inof the sy~stem elativo the tropics, and totidy dealt with to tropicaltropical Aerica ad soils. Part I of the
Ai!ia and Oceania. . 1 with i:ropical Africa,
The base data Southeast
!;u:vcy. wcre corimilv largelyThe study d throughshowed that Soil a questionnaireTaxc7!cmycla1ssificatlon is the :ing - r;&-..tsy.; tnOM in the tronics widely used soil; .-"li.o-,]America and Southea7t n n c(-intries in Latin. hut t.o -, ,..'1 s!'owed, hn' v0r , tl:ci t In w'h rtm in, 

,t iinAfrica. The atudy
t, be 1onr0 to fulli. ;-dIt Soil
to the soilu Taxonomyof the lowoe lat. t,
 
Chemical, 
 phys icz , minc oqr (-al,obtained , c :Ia'.>' :; ilfor key soilS ell* chura_ -"'ization datai Tne wereformation content e Iat,) siginf-i antlyof the increasedsoil ,..-k of the inboration with the Uni-versity ofthe tUnivc.,si tv rF Hawaii. In colla, Be3owere conducted Jt Wil rgwhich g,-'2'ra, ci t studies11 -; :,' , (f r v cevanc. oclassificatin, 'he :orrtion and

1 of trcpi-, . 
In the area of bioloit,g,
pleted which fL:j,--L (B:l.), fourshareo the COmio'v:i :'0'2A ,'-I'n3is were.- t-i com: a-t.,rsFixation in Tropical A fecti..n L.iolc.1cal";rai In., itrogen.pigeon pea, and munbshin. Thf-

The studies focus.'d on Lean, cowpea,ov-r i ll o!'j1ctivo of
and analytically review thc gner.2rally 
the studieq was to keenly
act about crip production and 

SNF forout by certain targetthe Morton Colletint a . Pirt of theof the work for thesefrom Univur-,ity studiesthe grant. of Hawaii was carriedFo. e;ch of under a subcontractthe fourrecommendations, Icclues inveustigated,limitations, step.s; suimmary statements,toward ovurcomingneeds are limitations, andpresented researchin the detailed rerort below. 
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A laboratory and greenhouses for BNF studies were establishedon inoculation of pigeon peas were conducted. 
and experiments 

These resulted on the isolation
of 5 effective rhizobium strains which were subsequently tested against 7 commercial strains and compared favorably. Thirteen pigeon pea strains of rhizobium were tested for efficacy in the greenhouse.
 

The following materials have been investigated as substitute sources for peat
as a carrier for inoculant: bagazillo, cachaza, coir, and seaweed. 
CvIr dust
proved to be the most promising alternative.

toxic to rh1Lobium. However, it contains a ",ubstance
If this toxicant is water-soluble tannin, as pzuliminary
research indicates, there is 
an 
excellent opportunity that it can be removed
from coir by simple water extraction. 
This is a significant finding of potential impact on the inoctilant industry in L!C's. 
As a direct result of the grant. UPR's research capacity was improved markedly
through the installation of a functional BNF resuarch laboratory.
national scope of The interthe grant also resulted in the establishmcnt of viablelinkages with numerous multinational organization,;, US and European universities, and LDC instituticns as 
%wellas with many individuals.
although An important,somewhat intangible, jrant accomplishr.'nt should be seen ingence of a new perspective,of tropical soils 

the emer
and BNP at UPRstitutional corrnitment and a stronger intoward thre solution of LDC problemns.thereof An indicationis thu present utilization of UPR's rcs;earch capacity in soil classification and BNF developed under tha grant by AID/DS/AGR through a research contract and three grants.
 



eprUniversity Of Puerto RicoClssfi grant AID/csd-2857,
ati dMicrobiology of Tropical SoilIs. Inasmuch as summarya reportbasic grant covering the period from 4'submlitted to Alt) on 
March 1971 to 3 March 1976 was20 July 1976, the present report is largely confined to theperiod Of the second grant extension from 1 July 1976 to 31 January 1979. However, reference to the basic grant is made where appropriate.
 

I.GENERAL BACKGROUNDJj AND DESCRIPTION OF THE PROBLEM 

A. RFERVNCEBAKGROUND
 
Less than half of the approximately 2 billion hectares of potentially arable
land in the tropics is currently under cultivation. 
In theory, adequate land
resources are, therefore, available for development to meet the present and
future food requirements of tropical countries. 
Such considerations are deceptive, however. 
It appears that the practical limits to intensified crop production are likely to be economic and socio-political rather than biological.
nAlthough soils that can produce food under appropriate management are not yet
in short supply, bringing the. under cultivation poses formidable problems.
Principal among these are: 
(1) the land not now cultivated is generally in
ferior as regards inherent productivity to the land prosently used, (2) thecapital 
.nvestments required for agricultural development are considerable and
compete with other demands for capital, (3) the land areas cxe remote from
the dense populations that need to be fed, (4) infrastructure is usually lacking and agricultural industries would take time to develop, and (5) massive
research efforts are needed which are difficult to organize and support. Yet,such have been the problems of developing areas in thu past ,-
 they are not 

insurmuountable.6 

Integeneral context of this dilemma and considerngtecomi i .-

In ae iculahe 


tin eco
npriuatthis grant focuses oi~~'imia on a promising 'approach ecoomze
 
'; 


saab~S a 



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. SOIL CLASSIFICATION
 
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 encourage methods of land use which are both more exploitive
and more destructive than in the parst. The agricultural development of these 
areas, therQfore, requires a careful assess;ment of the potential of the soils
to produce specified crops, the input,- and the level of technology needed andthe precautions to be taken to ensure sustained productivity with a minimum of 
soil degradation.
 

In recognition of this necessity and in accordance with traditional approaches,
most LDC's are engaged in costly soil survey progr. ims the stated purpose ofwhich is to facilitate land re';ource planincl ,li to increase a gricultural production. However, the practical val e of th, soiI maps generated by these soil 
survey programs if, often ques.,;tionaob],. This rs;ilts from the use of inadequate
systems of soil clainsification, or fro ,m in!;ufficient analytical data about the map uniLs, or both. Soil mnaj w.itb th.' , LenC1t doLt icenc'i o,; ore of limited
agricultur~al utility a; thoylcc,nnot :. intsrpret-d for purposes of crop produc
tion at a reasonable lvel, ol reliability. The kind of soil classification 
system employed is, there forc., a k:ey factor determining the value of a soil map

for agricaitural 
 .nterpretatilon!--. 

The problem with mot schemes of soil class;ification used in the tropics is
that they are based to varying deqrees on theories-, of soil genesis. Conse
quently, the units of these systems- art, largely pedogenetic rather than agricultural groupings. The chal leng: is, tlherefore, to tran.s']ate this pedogenetic
information into meaningful soil agronomic data. If this is accomplished, soilclassification, as applied in soil. surviys, can be a powerful tool in agricul
tural development because it facilitates the evaluation of soil potential, theprediction of soil behavior and the extrapolation of soil management experience. 
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Not all systems of soil classification 
are equally well suited for making agricultural 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 Soil Conservation Service of the USDA 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 effectively 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 NITRGEN FIXATION
 
A second aspect of the grant concerrs biological nitrogen fixation, i.e.,
process whereby atmospheri: 

the
 
nitrouen is 
fixed or enzymatically reduced in symbiotic biological sysLein!. 
 Tis phenomenon is characteristical l
 y associated
with leguminous plant,;. Grain ].rulme,; are i po-ant food crops and produceabout 20 Percent of all lant r-iot.oin .o_. However, averta e grain legumeyields are relatively low in tht" tui. . ,imarng the recison. for this is thelimited effectivne.;, of t:bijot 
 ni tre ,ron f] .,ti on due to irld(quatf inoculation or inoculation with incf h lcint 't of rhi ohia. ]he problemriin,; isthat very little -jSknown i Cly ,fut h in, 1.,itJr(. M11.zrbitim/hostinteractions plantin trot. cal grain :,. .'arn,.,ew 

tance of grain 
, th(. Iot.'ntia] imporlegunes, in trpica ,arici tire isi.t:;ubjii to :onj.cture. Therefore, the proces s of bilogical nitfr'y., xitU.nn i,.tr(pica] -rainn 

legumesneeds to be scrutinizd and op timrru Phizobiurn-,irtin logume associations have to 
be developed.
 

Grain legumes constitute a high-1)rotein food which serves to balance the extensive use of cereals and starchy cL'ops in human diets in LDC' . However, thequantity and quality of qrain leg:mt's availabl, in most LDC's is-; insufficientto correct protein-deficient di,,t;. Yet, to pronuce, the, grain lequmes neededlarge inputs of nitrogen are require'd. 
 Since the small 
LDC farmer cannotafford the high cost of nItrog(,nous fertilizers, the increased amount of nitrogen needed must come from biological ritrog(en fixation. 
 If grain legume yields
 



Mbt,9LAJ ~~ f a 9 O0l 'LDCu 
.... ron o - fe o s angeml b 

71 n tro epsn ert alerat ee r 

I.PURPOSE OF-THE GRANT 

farmmos in
The Purposeduots.Xi of the grant,DC'Sanason ofhe an itetrqaiyfoappears in the granto proposal,ml
h is twofoldt
 
(1) To improve the classification of tropical soils to enable 

prediction of transfer of soil management requirements 
among tropical countries in order to accelerate the pro
duction of more and better quality food for the small
 
fanner in LDC's, and
 

(2) To develop institutional response capability inbiolo
gical nitrogen fixation and soil microbiology with
 
emphasis on grain legumes suited for small farms in
 
tropical LDC's.
 

The two stated grant purposes are different in kind. In the subject matter of
 
soil classification the grant purpose corresponded to a utilization mode,
 
whereas in the area of biological nitrogen fixation the emphasis was on devel
oping institutional competence.
 

The rationale for focusing part of the grant activities on soil classification
 
relates to the process of extrapolating and transferring agroproduction tech
nology. 
It has been shown in the temperate region that soil classification,
 
in particular the US Soil Taxonomy, can be a powerful tool for effectuating
 
agrotechnology transfers. 
There is good reason to believe that Soil Taxonomy
 
can be used with equal success in the tropics provided the system is adapted
 
to the particular conditions unique to tropical soils. 
The grant proposed to
 
identify present inadequacies of Soil Taxonomy relative to tropical soil.
 
through a state-of-the-art study and to correct them so that this system of 
classification can be effectively employed for predicting and transferring soil 
management requirements in tropical LDCs This constitutes a shortcut to 
agricultuzral development as direct knowledge transfers significantly reduce the 
need for costly and time-~consuming experiments 4n LDC gg who do not have the 
human 'and financial resources to engage in extensive agronomic research. 

~ A
 

I 



*ao 9aat , ran as esig ~vl 
QU enon~ 4w~~ a een *Iegct e6ij, th 'bt' is' be'oming, 

uarea. ngle mressit Tdeveiophe recent awarenese of thefiniteness of fossil 
thehig00s
enery~an of inusa llro uced nirgndramatically enhance
 

ii :
-- higlal gen fiertldwich, eone,'i crPsfre cnteiprac-o-booi~l neae nhe:m These' microbes~ 
rhiobia, are typically associated with legumes some of which produce grain of 
high protein content, The fact that human diets in LDC's are frequently pro
tein-deficient and that some small farmers in these countries cannot afford the 
 ;
 
high-priced nitrogen fertilizer needed to grow non-legume crops further accent
uates the neceovity to develop a knowledge base in tho field of biological 
nitrogen fixation in tropical grain legumes. The second grant purpose is thus 
directed at improving the nutritional quality of diets in LDC's through low
input agricultural systems conforming to the economic decision environment of
 
small farmers in LDC's. 

Major objectively verifiable end-of-project status indicators include the com
pletion of five "state-of-the-art" (SOTA) studies as detailed below; the con
duction of two international workshops on soil classifications the analytical
 
characterization of key soils of the tropics 
 and the development of viable
 
linkages with domestic, multilateral and LDC institutions.
 

V.OBJECTIVES OF THE GRANT 

A. OBJECTIVES RESTATED
 
The major objectives as 
stated in the grant proposal and detailed in the project
 
design worksheets are listed below. 
The expected outputs were grouped into the 
 I' 

following program categories:
 

1. EpnedKoled se
 
A. C,.!!ificaion. .topical.soils
 

1. SOTA ,tudy Systems of sl c icn
 

the tropics and relevance, advantages 
and problems of Soil Taxonomy. 

2, international workshops 

3.~~~il PeooiI tde
( 



g 	 'e0e n i v6 
eal tobetenr e 

2, ~le la tY-food production . 
-~~~ tu escuo
With'Pigeon§
 

b. 	Reiul.fetontoe 
ro 	 inoculated
 
and 	uninocu3lated pigeon peas.


i nforMation Capability

Establish 
and maintain a reference center of special competence 

in-classification of tropical soils (in coordination withUniversity of Hawaii) 
III , dviso r Ca aci t 

Create and strengthen an institutional response capacity in the
 areas of biological nitrogen fixation and classification of tro
pical soils aimed at LDC problems
 

IV. 	Education, Training and ResearchCapacity

Enhance relevant capacities by improving research facilities,

increasing library holdings and providing staff with educational 
 .
 
opportunities
 

V. 	 Linkaes Netrks 
Establish and maintain linkages with national and multinational
 
institutions, strengthen linkages with Bureaus of AID, and
 
cooperate with CST institutions in SOTA studies.
 

B. REVIEWOF C1'^TVES
 
Of the major 
program categorlea listed above, objective I, expanded knowledgebase, received intentionally most emphasis, 
 This 	is consistent with the project
design. However, in
a 
departure from the original workplans, ithad been docid 	d to conduct four SOT 
studiao 
 in the area of biological nitrogen fixation
(BN1) 	 rather thanonsltation i.ith the
only 	one as previously contemplated.
,chnical
Ten=. O~ of This change was made in=,;;...


conulaton ~ih 
heoqnizant TcnalOfficer ofDS/AGR, 
All 	other obje-,
tives remain essentially unchanged,
 

co'- ~E 	IMP CITCALA SSMPTIWONS, 
4K 

Attetm the wokyan-wsrs'es.o i wa 

' 

ht ulfe 4su~ 



Mfinaly J e tacultYin January 1977 and worked
 

Dr' .Otlrze'i.ae ;00blow cud 
athconiderable dela 
 i ivs pintsi, 

Vi. ACCOMPISfES 

~-, -Accomplishments 
 are summarized below under the following objectives/outputs: 
Acompleted l a' suingcgat xn sonn 

expanded knowledge basei information capabilityj advisory capacity; education,th 
 at~o1 otth6sudydejs
eh, ndprt2 it
training and research roilAfia, Southerast Ai :Ci
capacity; ani linkages and networks.n c i. h. .... 

A. ExpAmnDE KNOWLEDGEBASE
 
Soil W ss 
 tion so 

a.0SThStudy
 

.tate-of-the-art"
(50TA) study titled "Soil Taxonomy in the Tropics" was
 compe t aduring
the grant extension, PartI 

js. 

of the study deals with tropicalAmerica, and part 2 with tropical Africa, Southeast Asia and Oceania. The.
 
purpose and intent of this study was to provide conclusive answers to the
following questional
 

I. What system of soil classification is used in a specific country?
 

L3. 
2. To which extent is Soil Taxonomy used or known in tropical countries?
What are the deficiencies of Soil Taxonomy with respect to tropical
 

soils?
 

In order to gather the base data needed for a 
comprehensive and critical evaluation, a questionnaire was developed. 
This 26-page questionnaire contained
427 stratified questions which related to 
(1)field and laboratory procedures
used in national soil survey programs, (2)adequacy and deficiencies of Soil
Taxonomy relative to tropical soils, and (3)- resources and present state of -soil
survey in tropical -countries. 
 originally developed in Spanish, the questionnaire 


wasn subsequently translated into English. 
 The English version was tightened to
116 questions with emphasis on the adequacy and utilizationofSiTanmy 

Floigthe identifcto ofisiuin 
n idv-ae.0 
oi as
 

ao~~oing
.~ca~.o4
 



6" 04 Wy6 ~ 1 sL acatu setr JQa A aSoutheast,~ 
ia a s e reit u in5 cune o'fwhich 2 es

As fo uesionnal,eowupto he 
 survey, personal interviews 

T::ernsultsr"the studyyssA are compiled inthe final manuscript of the 
 report
which has been transmitted• omy.e in ,a to AID.n l the salient areSvuo 'cTaon. l iviaoa i OnlyEcosta'- findingss s e , n t nbyColombia,Peru., summarizedbelow. 

Regarding present utilization of Soil Taxonomy, the study indicates that the 
system is widely used in the tropics. 
 In Latin America, ton countries use
Soil Taxonomy in lieu of a national syotem, notably Colombia, Costa Rica,

ecuador, Peru and Venezuela. 
In four other countries Soil Taxonomy is used in

combination with another system. 
 In Southeast Asia, Soil Taxonomy is presently

being adopted by the Association of Soit 
 soot Agian Nations ASAo) as the
 

uniform system of soil classification for the, region and in already used in
Itdonesia, 
 alaysia, the Philippines, and Thailand.
not the prominent system inAfrica where a 
iowever, Soil Taxonomy is
variety of schemes are inuse,


reflecting the colonial history of the continent.
 

Several countries expressed a preference of Soil Taxonomy over the system presently used but cited constraints in adopting the U9 system. 
These constraints

relate to insufficient knowledge of Soil 
Taxonomy, inadequate laboratory facl

444litiesl, 
 and lack of official support.
 

In reference to the adequacy of Soil Taxonomy, most of the correspondents found

it appropriate as regards basic principles, hierarchial structure and nonmen
clature. 
 The operational definitions, differentiae and diagnostic horizons 
were, in general, recognized as the most valuable characteristics of Soil Tax
onomy. 
But it was also pointed out that several definitions and class,. are 
inadequate to properly accomrmodate tropiei soils. 

The results of the 8OTA study are encouraging in that Soil TaxonogaIs known;,b~and used more widely in the tro1s than woo epected. As In the past no rand cosstn Aefor ha enmd.nyhsito 
 heu odvl 
 Te 

...........
 4 
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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 soils of the 
lower latitudes.
 

The final manuscript of the SOTA study hac been distributed for review.

the review process is completed, pertinent changes 

Once
 
;% 1 be made and ways and
 

means 
 will be sought to publish the report. 

b. International Soil Classification ,Worksho)
As stipulated in the grant agreement', ain internatLonal soil classification work
shop and correlation tour was hel i in Br:zil 
the 

in June 1977 under the auspices

UPR grant. This workshop vas initiated by UPR 

of
 
and organized with the coop

eration 
of the Servico Naciona! d( Ievintamfnt) e Conce...vacao de Solos (SNLCS)of EMBRAPA. The Soil Cons2rvation 'Service o tho USDA and the sister universi
ties of CST provided 
 valu thle a,;!;istanct, an,' cooperation. 

Particilatin in the workshot; wa-; by invtation onl'. There were twenty-four
part icipants from oULu3i,' i hrazil, repre *ont i i ,eleven countries from all fivecontinents. Many of the ,'e wc',.e rolncted froleafrom the International Committee on the CLassific-attl of a'1fi.;otsand UltisoLF- with Lcw Activity Clays

(ICOMLAC) in consult-tion 
with th,! cum;ni itteu chairnnan, Dr. F. R. Moormann, theSoil Conservation Service of USDA and AID/W. The participants conrtituted an

exceptional group oilsoir, of the roett - ii.ti ,ed pdologist.- and promising
'oung soil scienti,;t 7 from L.DC s liny of the best talents available in thefield of classificat Lu, of tropicxal soji:; were covened at the workshop. They
included Dr. 6. D. Smith, the p1riicipal author of Sol' Taxonomy, D. R. Dudal,Director of the Land and Water Developxent Divisioni of FAO; Dr. R. Tavernier,
Director of the Geologic Institute of the University of Ghent; Dr. J. E.McClelland, Director of Soil Classification of USDA-SCS; Dr. F. R. Moornann ofIITA and variou' outstanding pedologists from LDC's such as Dr. S. Paramananthan 
of Malaysia. 

Twenty of the twenty-four non-Brazilian partiuipants 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:
 
I. 
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 critical examples of these soils in the field.
 

The workshop consisted of four days of conference sessions 
and eight days of
 
field trips. 
The indoor sessions were held at 
the Zvrest Hotel in Rio de

Janeiro from 20 to 23 June, at the Instituto Agr6nomico de Paran5 on 
24 June,

and at the Miramar Hotel 
in ReciFe on 
. July 1977. During the field trips on

22 June and from 24 through 30 June, a tota. 
Df i,85C km were travelled in the
 
states of Rio de Janeiro, Parana, Jerriipu, Alagja%,, and Pernanbuco. The work
shop provided the fi rst opportun: ty for key ne: brr of ICOMLAC to meet. 

The conference sessions emrphasized di r.u-sion and dialogue rather than the pre
sentation of formal papers. Sig, iftcant progress was made reqarding the redefinition of classes of Alfiso)s ind Llt.is;ols with low activity clays. These

soils are very extensive i,,th, tropic and are 
widcly used for subsistence 
farming but have the potential fo- commerciil :rop prcduction '.f che social
economic handicap!; can be 

and 
remced. ThQ Lechnical -r-ble.n, can now be managed

on this particular group of soil, and the revised classification pernits their 
identification in the field.
 

The discussion and elaborations reyard ing changes In Soil Taxonomy geared to

tropical soils resulted in the 
identification of ten major problem 
areas the
 
study of which was 
strongly recormuended by the woik:shop participants. The 
problem areas, not necessarily it-order of priority, are: 

I. Revision of the soil moisture reclimos with special reference to 
ustic regimes in tropical and subtropical regions 

2. 
Revision of the Andepts and considerations of establishment of
 
an Andisol order
 

3. Review of the 
"trop" concept and its 
use in Soil Taxonomy
 
4. Review of the Rhodic sub'roups
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5. 	Evaluation of color criteria in Versitols as a function-of
 

drainage
 

6. 	Review of the criteria for camnbic 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, anid 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
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haed auenroureffect upon the improvement and internationalization of Soil 

Taxonomy. In terms of impact, the workshop was clearly the single most impor
tant activity of the grant.
 

of th-Oisls dstolrsarch th clmaic-rrhgi cal feBaures workhop.l th-as3 

c. Soil micromorphological studies 

Nine representative, highly weathered soils of Puerto Rico, including six Oxi

sols, two Ultisols and one Inceptisol, were investigated micromorphologically 

using scanning electron microscope and thin-section techniques. The objective 

of this study was to research the micromorphological features of highly weath

ered Puerto Rico soils and to relate these properties to soil taxonomic differ

entiae and to processes of soil formation. Dr. Hai Eswarant a noted pedologist 

from the University of Ghent, Belgiun, collaborated in this study as a consul- " .' 

tant.
 

The research provided valuable insights into the hitherto unknown micromorpho

logical characteristics of some soils of Puerto Rico. The data obtained proved
 

useful in explaining the genesis of the soils studied. However, they also
 

raised some questions relative to the validity of some criteria currently used
 
in Soil Taxonomy, particularly the argillic and oxic diagnostic horizons.
 

A paper was prepared on the study and has been accepted for publication in
 

PEDOLOGIE. This paper complements a comprehensive study on the formation,
 

classification, mineralogy and chemistry of the same soils. The latter study
 

was conducted in cooperation with soil scientists from thcv University of Htawaii.
 

under the basic grant and will be published as a special issue of GE0ODERA. The 
two companion studies make a significant contribution to the knowledge of tro

pical soils.
 

2- Biological Nitrogen Fixation 4BNF)
 

The U~niversity of ThertoRico Isresearchactivities carre out in B ne h
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~ ~ 4 " 4 - ~ .'~.4 4- ' . - - ' 44 , i 

1 op - 4- " 



16 

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

a. SOTA Studies
 

The original grant doc,,nt 
 somewhat loosely specified that UPR's SOTA study
 
would involve identification of grain legume crops and assessment of over-all
 
yields, 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 a: a BNF planning meeting 
held in Honolulu, Hawaii in August 1976 that UPR should channel its efforts into
 
four SOTA studies. These studies w,:tid deal with the (.rain legumes cowpea,
 
pigeon pea, mung bean, and beans, anm', v.on)13.share the cormion title: 
"Factors
 
Affecting Biological Nitrogen Fixatjion Trp.01)1 Cl. Grain Legumes" 

Assessment of library facilities ai],ilale ot. UI'H rsult-ed in the conclusion
 
that a part of the SOTA work should 1)e nubc'oit.iacted. In November 1976, con
tact 
was made with Dr. Julia Morton fif The muotton iol],..ctanea, T.Triversity of
 
Miami (a research dep>artinent dedicat..d to 
 conomi : Lany %ith (mphai-i on the
 
tropics) who agreo'd to enter into 
a cuh:mt vt AiLtet if ;-1zinq dhtai]s of
 
the subcontract with the Univ,::,it 
 ,rf ,i.eni , i ',ettncg with 1Pr. A. G. Norman
 
was held to define and uutlin ilhec :,tnt-ft the SOTA : tudy r.port.. Soon
 
after this meeting , I iterature Yeview,; All" coil ct)n
tL I weur. 1initiated. 

Close coop' ration between t]me Unive, Cyitof hmrr, Rice and University of Miami 
has resulted in the completion and 'l,,.e ot tlhe (i'ats of all SOTA reports
 
(pigeon 
pea, mung bean, bean and cow,,a1 for -,view by I3NF representatives of 

CST during 1978. 

The overall objective of the SOTA qtucdic{s of the University of Puerto Rico was 
to keenly and analytically review c.m*" accumulated an'.] generally accepted facts 
about crop production and biological nitrogen iixation for certain target le
gumes and to then publish the resul tn in an ea.sily readable non-technical form 
for use by decision-makers in devl,)ping countries in the tropics. For various 
reasons, the UPIR SOTA reports may have 1ossibly 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 planning grant. It is anticipated that
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the UPR SOTA's will function as the cornerstone for literature reviews in both
of these planning grants. 
 At the present time, AID iL 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
 
concerned.
 

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 PEA 

I. A. Nomenclature
 

1. Host legume
 

2. Rhizobium
 

B. Cultivation and Variecal Ilprovement
 

1. Historical d. veI oprmt 

2. Plant descript ion 

3. Genot.ypes 'ar ei. 

a. Ger"! i ,;T:,i ncnI-ory 

b. Iflfch;(', iw1 t t Lon-
C. Identification Pi'o-lucino-ifC trj Areas and Yields 

1. Individu6] -otut .t i.e 

2. Interriatiunm, l a., 
D. Value of Piqeon Simiill-holder Farmers 

1. For food
 

2. For foratie and feed 

3. Other 

E. Economic Importancoe
 

1. To small farmers 

2. To countries
 

F. Institution; with Pigeon Pea Programs 

1. Reseach proramc 

2. Ext,.nsion programs 
G. Principal Sources for Seed, Inoculant and
 

Rhizobium Cul tures 



1 o r ae of xatowoc9 e 

. u ncrop ed th hizAoid 

4--Mohdsof-.inocu1aticln..use.
a---- 6d 
s Frequencyon inoculatio 

C.Strains of Rhizobium, used 
d.Responses to inoculation
 

B Transfer of Nitrogen to other Crops
 

1. Using intercropping system
 
2. Using rotations
 

3. Using other cropping systems
 
C. Nitrogen from Fertilizers
 

1. How much fertilizer-N is recommended
 
2. How much fertilizer-N is actually used
 

3. Effectiveness of fertilizer-N
 
D. Other Factors affecting Production of Pigeon Pea
 

1. Climatic factors
 
2. Soil factors 

4' 

3. Plant factors 

4. Diseases and pests
 
5. Agronomics
 

6. Human factors
 

111. LITERATURE CITED
 
IV. TABLE OF AGRICULTURAL CHEMICALS FOR PIGEON PEA PRODUCTION
 

V. SCIENTIFIC NAMES OF OTHER PLANTS REFERRED TO IN THIS STUDY
 

Salient results of the SOTA study are condensed in the Technical Summary section
 
of the reports and culminate in the Recommendations, Limitations, and Steps

Toward Overcoming Limitations sections which should be the most useful portions


4of the reports to decision-makers in developing countries of the tropics The
 

SOTA reports average 100-150 pages in length and include bibliographis of
 
Sapproximately 
 100-150 references,*"l~
 

-Ae udged f o receipt of favorab1o cmo.ntsandre u p foal C rnc' 



19 

of the SOTA reports 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 tile digestive tract.
 

The same phenolic constituents (tannins and anthocyanadins) which give heavily

pigmented cultivars resistance to adverse environmental inditions, resistance
 
to diseases and pests, and accordingly contribut. to high yitlds, are undesirable
 
in the human diet. Pherols in heavily pimentd seed-coats are probably also
 
antagonistic to rhizobia and may in this way 
 be a hidden factor in poor nodu
latlun. Phenols, too, cause discoloration 
 in broken snapbeans, which is a 
major problem in the processing industry.
 

Dry-shell beans require2 long soaking and long cooking and consume much energy.

They are deficient in certain essential 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 education of farmers and consumers will be
 
necessary to convert them to cultivars of higher nutritional quality.
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Great advances have been made in breeding and selecting for resistance to
diseases and pests, without which efforts to increase yield 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 rot.
 
4. Late nodulation and nitrocgen fixation in some cultivars. 
5. Sensitivity to acid soil;. 
6. High labor 1equiremnnt in harvositing Lnapbeans. 
7. Sensitivity of nr;atuans to daicle in ,itccnanizfd harvesting.
8. Dehydration of sn;pban!; ,,caug. of moisture loss from breaking or 

rubbing off of pod hairni. 
9. Brown-end of broken snaiA, ans due to phenol content. 

10. High content of i ltu en:e-ind,: n; n;girn in dry-she]l beans.
11. High tannin (and other phenol) content (:I ho'-ivily pigmented, disease

resistant dry-shell bean cultivare -- reduciny digqstibility of 
protein. 

12. Low methionine content. 
13. High percentaye of hard seno.dn. in dry-ftAo.l1 be.ins. 
14. Neglect of IPhizobiumn inoculation b(. 'f d '- elief in effectiveness 

and al ;n because of n, 'd for r.inn - n- -,]'.-ktatment.15. Inadequate dis tribution ,,nd no ()Ihi <t inm r, 1,.. diseas,-fre e seed.16. Scarcity of inoculant known t(,, .1ff onb iv', !;prcific cultivars. 
17. Poor cultural practice,;, Jack of coi.trul of '.ed,, diseases and pests 

and lack of use of ferti i,,ot by pavi-nt farmer. 

http:dry-ftAo.l1
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STEPS TOWARD OVERCOMING LIMITATIONS (based on existing knowledge)

1. 
Selection of disease-resistant cultivars; planting of disease-free
 

seed treated with fungicide; use of fungicides in the field; practicing
 
good field hygiene. 
Control of virus vectors.
 

2. 
Selection of nematode-resistant cultivars; 
soil fumigation; rotation
 
with Crotalaria or Tagetes.
 

3. 
Selection of root-rot resistant _ultivars; planting only disease-free
 
seed treated with fungicide.
 

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

5. Encouraging soil 
testing and lininj to achieve f,.vorable pH.

6. Selection o! cultivars of 
uniform maturity permitting once-over
 

picking at optimurn stage, tither by 
 hand or machine.
 
7. Development of cultivars which detach readily from plant and are
 

subject to less damaqe.
 
8. Development of cultivars with les hairy pods. 
9. Development of cultivars with lower 1:4henol content. 

10. Development of c-ltivars low in oligjosa(ccharides. 
11. Development of cultivars low in tannin ad other phenols, such as
 

the white- seeded 
muta fl t N I
12. Development of cultivars hiiqli in mncthionine -- comparable to the
 

FIprogeny of 
BUSH BLU LAKY: X !!hEEDIfNL LINE 195-4R68. 
13. Investiqation of hard-soe(d factor, educcat inq cons Luners 'o add
 

sodium Licarbcnat,, 
 to ha',d w,itor, a]so to bci t dry-shell beans
 
for two minute,] before soak nq, ti) 
 olriic(, !;oakinq and cooking time.

14. Development of techniquo, for 'er~bi saf,ed i noculation and chemical
 
treatment 
of bean e eKI. 

15. Increasing di.r;tribtion of imprcved, dis;vase-free seed, chemically
treated, to growers.
 

16. Increasing availabi]-ity of inoculant to growers with instructions for 
application.
 

17. Education of growers to 
the advantages (and p,:ofits) 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 Rhizobiumn able to nodulate bush-type
 
cultivars; matching of strains to compatible cultivars.
 

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

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

5. Investigation of salt tolerance of bean.
 

(2) Cowpea: Summary Statement and Pecc iunendations
 
As a versatile legume, drought-rosistant, of wide soil adaptability, somewhat
 
salinity tolerant, requiring a minimum of f-rtilizer, capable of producing two
 
crops 
a year in tropical climatle-, and succeodinq in regions unsuitable for the
 
bean or soybean, the cowpea 
 ha.; an unl imitkd ,otencial for expansion as a source 
of human andfood animal fcdIder. 

The development of vaiuiou,; ;upuvior table varieties of different colors and tex
tures of seed coat hais 
 alr:e.idy qreatl,, increva~ed the consumer acceptability and
 
market demand for the 
green-rnaturo or rn,.tur dry uteed!-. Selection and release of 
compact bush-types wit-h rel. vatvd :Jus ter l ha!, adapted the crop to large-scale

mechanized cultivation and harvetinq aueW 11:, 
 also faci litate-i manual harvesting.
 

In African countri,s hero the cowpvaiJs cormmonl/ qiown but poorly managed,

improved practices car qreatly 
 enuric h ffc-' ;upplies and enhance the localeconomy. 

In many areas of thn world whero .he cowpea isn not presently qrown or is little 
known, it can be intrrduced as a prodictve clement in croppilnu systems. Increased 
production can lead to opening up of new mrkets for canned, frozen, or mature
dry cowpeas. 

Experimental work and widespread screening and selection for disease-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.
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Uns C: I 	 r "e y to 'cowpea-curclio. 

i1Sceptibility to powdery midldew,
 

S6.3 Susceptibility tonematodes. 


7. Sniiiviiyto excess moi.sture.
 
8. Excessive flower shedding.
 
9,Non-uniform maturity of most cultivars, requiring repeated harvests.
 

10. High labor requirement of manual harvesting.
 
11. 
 Conflict with harvest season of cotton and consequent shortage of labor in
 

cotton-growing areas.
 
12. Insufficient percentaqe of green-mature seeds released by green-ripe pods
 

whether harvested manually or mechanically.
 

13. 
 Resistance of farmers in developing countries to solo-cropping and row

cropping.
 
14. 	 Susceptibility to weevils in storage.
 

15. Limited availability of seed of high-yielding cultivars.
 

16. Limited availability and use of effective inoculants.
 
17, 
 Insufficient use of appropriate fertilizers in nutrient-deficient soils.
 
18. 	 Use of fertilizer N in the form of ammonium sulphate which is known to
 

inhibit nodulation.
 

STEPS 	TOWARD OVERCOMING LIMITATIONS 
 (based on existing knowledge)
 
1. Planting of virus-resistant cultivarsi chemical seed treatment to destroy
 

virus without afkecting viability. Chemical control of aphids and other
 
virus vectors.
 

2. 	Planting of cultivars known to be Cercospora resistant. Elimination over-i
 

head sprinkler irrigation.
 

3. Encouragement of UVL insecticide application. during flowering period,
 
K40 
 Planting of cultivars known to be cerculio-resistantl further breeding to
 

develop a wider range of rerlqtant cowpea. for different regions.
 
5. No 	cultivars known to be resistant. Control with moll drench, seed treat-.
 

ment of foliar spray of Senomy.
 
. 6,. Planting of nematodereuistant cultivarsi fumigating soil or rotating coIw .4: 

with other crops.++-r++- .. m. + i+++, . + +{ +	 K AL++++*+'333 -- .° .3 	
' 
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10. 	 Encouragement of row planing to accommodate available types of mechanical
 
harvesters.
 

SDetermination 
 of Planting time which will result in harvest period which
 
does not compete 
with cotton; choosing cultivar suitable to the daylengt14
 
of the growing season.
 

12. 
 Further research and breeding to develop cultivars less resistant to opening

&t green-pod stage, for commercial processing, as distinct from cultivars
that are shatter-resistant and designed for production of ripe, dry seeds.
13. 
 Convincing farmers of the feasibility of solo-cropping wich permits effective 
 9 
insect 	control with consequent greatly increased yields.


14. 
 Education of farmers to use anti-weevil treatments and storage techniques;

with proof that reduction of weight loss and maintenance of'quality brings

returns more than compensating for extra costs.
 

15. 
Further research and experimentation in matching Phizobium strains to cowpea

cultivars and distribution of high-quality, low-cost inoculants in conve
nient package units bearing precise instructions for use.
16. Encouragement of and making local facilities available for viol-testing to
 
determine fertilizer requirements of field intended for cowpea culture;
 
convincing farmers of the economic benefits of appropriate fertilizer 
se. 

17. Discouragement of use of ammonium sulphate which is 	
1 

now being advocated in
 
some extension programs.
 

RESEAR~CHNEEDS
 
1. 
Field 	research to confirm adverse effects of a.monium sulphate.
 
2. M 	intenuive study of Li 
m strain, and testing of their effectiveness,.
 

117 1 cowpea cultivars which have boon identified at having high

)on 	

resistancae
to diseases and pesasand preparation~ of An inventory of Rhizobium inocu,.
lants 	and their ulatchlng cultivars.
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4, Idestigcathion Of developing are opu -would -benefit eoomically and/or 
nurto~l-i p-fn pea:introut-io-n.

5 Markeat surveys in developed countries to determine the export potential for 
somehattol sal nity, re uirng
ran 	 min'mu
canned, frozen and mature, dry of erti ize an prot g -s.cowpeas of high table quality. 

As 	a multi-.purpose bush legume, drought-resistant, of wide soil adaptability,
somewhat salinity tolerant, requiring a minimum of fertilizer anid producting
edible soeds high in protein, which are popular as food in some areas of the
subtropics and tropics and of increasing value in international trade, the pigeon 
pea is worthy of promotion. Erect growth and non-shattering of seedpods are
 
factors favoring mechanical harvesting, which is becoming more and more necessary
 
in agriculture with spiralling ,;osts of manual labor.
 

The variability of the plant and its product offer unlimited opportunities for
 
breeders to develop and distribute superior types for home and comuercial planting

Much progress has already been made and now research programs are being instituted
 
in countries which have heterofore pAid little attentions to this crop.
 

LIMITATIONS
 
1. Slow early growth requiring weeding first 4-8 weeks.
 
2. 
Inefficiency of nitrogen-fixation by prevalent soil rhizobia.
 
3. Total transfer of nitrogen to plant, enriching soil only by shed leaves and flowers. 
4. Susceptibility to frost.
 

5. Sensitivity to shade.
 

6. Susceptibility to wilt and rust diseases.
 

7. Susceptibility to seed-borne fungi decreasing seed quality. 
S. Susceptibility to pod borers. 
9. 	 Late maturity of many types.
 

. Labor intensive cropi continuous fruiting 
habit requiring repeated harvest1injs
W411. Indaterminate habit of many cultivars, 

12. Low yield compared to cereal crops. ., 7 Y ) 

4 
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13. Difficult manual opening of immature pods.
 

14. Long cooking time of immature and mature seeds.
 

15. Deficiencies in amino acids.
 

16. 	 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).
 

17. 	 As forage crop, sh.ort life (susceptibility to grazing damage and decline
 

after multiple cuttings).
 

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

STEPS 	TOWARD OVERCOMING LIMITATIONS (based on existent knowledge)
 

1. Use of pre-emergence herbicides. Compare costs with alternative of plastic
 

or paper mulch, apparently not yet applied to pigeon pea culture. 

2. 	 Matching of effective .Rhizobium strains to pigeon pea cultivars to enhance
 

nodulation and nitrogen fixation.
 

3. 	Determining appropriate fertili:zer formula (low nitrogen, high phosphorus, 

moderite sulphur, plus trace tlement.s) for maximum nitogen fixation, good 

plant 	growth and hiah seed yield in low fertility soils.
 

4. 	 Selcztion of ear ly-mator ing type:; and determining best planting date to
 

avoid frost in !;sbtio-;,ica 1 jrea.
 

5. 	 Informing farmeis of Fprofitable irteruropping systems and of yield reduction 

by unfavorable intercrop!3. 

6. Selection of cultivars resistant to rust anj wilt. 

7. Timely ha'vesting of su-. for planting to avoid fungl's invasion of seed. 

8. 	 Development of cultivar:; r!c istant to x)d bore-rs (such as LASIBA of Trinidad; 

thick-wa] led 1)d) . 
,
9. Selection disribution of "arl typ!>e; Lh:>rten seasonand y-rIatur in to irowing 

and reduce per-day co!;t of produ:tino:; al,;o to permit two crops per year, 

except wher established dietdry patt'rn:; :]cmand interPlonti ng of late

maturing pigeon peas with tall, ,arlv-xat,ing .intercrops. 

10. 	 Selection of cultivars with shcrt-,'roppina season. Adoption of practice of 

harvesting at one time when majority of tireun pods are full (for process

ing plants). Develop better machinery f r mechanical harvesting. 

11. 	Development (for commercial plantings and mechanical harvesting) truly 

dwarf cultivarr , not over 60 cm tall, with plant-to-plant variation not 

exceeding 15 cm, of dete-ninatc habit (pods all at tcp of plant). 

12. 	 Selection and distribution of prolific cultivars capable of prodbucing high
 

yields at high density per hectare. (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 fertiJization.
 

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

to develop hybtids 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 pigeon 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 iint.vcrable fr:r nther food crops. 

Essential to coordination of pigeon 1pca imirovenent programs is the expansion 
of FAO's TAXIR system as a universal data bank of p iqeon pea genotypes, varieties, 
strains, lines and cultivars; and of RhizobLun 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 pigeoa peas and elevate this crop to the status it merits 

in the world food picture.
 

RESEARCH NEEDS
 

1. Field research needed to 
verify response to inoculation.
 

2. Field research needed to verify re,;ponse to fertilizer-N.
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3. Identification of developing areas which would benefit economically and/or

nutritionally by pigeon pea introduction.
 

(4) Mungbean: Summary Statement and Recommendations
 
The mungbean is a nutritionally desirable and versatile legume, utilized as a
cooked vegetable, a sour.e 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 providing 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 groing areas and exports.
 

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

LIMITATIONS
 
1. 	Low yield. 
 "Each year fewer Asian farmers are willing to invest inmungbeans".

2. 
Low pod count in high-density plantings.
 
3. Sensitivity to shade when intercrcpl)pd. 
4. Poor crop management.
 
5. 
Farmers' inadequate use or non-usn of fertilizers.
 
6. Weak competition with weeds.
 
7. Susceptibility to 	diseases and insects, not usually recognized by farmers.
8. Farmers' inadequate use of pesti..idtes and fungicides.9. Non-uniform ripening and consequent high-labor requirement. (Old varieties
 

require 3 to 6 hand harvestings; 
newer varieties, 21.
10. Adverse effects of early wet 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 seeds 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.
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STEPS TOWARD OVERCOMING LIMITATIONS 
 (based on existent knowledge)
 
1. Breeding for high yield (high pod number per plant and large seeds).
 
2. Breeding for short plant stature and upright growth to permit high density
 

per hectare.
 

3. Screening for shade-tolerance (fo17 intercropping with tall crops).
 
4. Introduction of effective cropping system patterns.
 
5. 
Education of farmers in effective fertilization practices.
 
6. 
Selection for good competition against weeds and promotion of early weed
 

control.
 
7. Selection for disease 
- and pest - resistance and education of farmers in
 

recognition of serious diseases and major pests.
 
8. Encouragement of farmers to use 
best means of disease - and pest - control.
 
9. Selection for uniform maturity to reduce hand-harvest labor requirement.
 

10. 
 Selection for tolerance of early wet conditions, and for early maturity-

less than 65 days.
 

11. Selection for non-lodging types to facilitate harvesting. 
12. Selection for non-shattering types to reduce number of harvests and losses 

from delayed harvesting.
 

13. Selection for early seed dormancy to avc id :p1rmination in the pod. 
14. increasing the avaiiLability of to i of iinprov,,d C'uitivars. 
15. Development of proorams to onr;oiiiaup-1 loc: ;-odtction of high-quality 

Rhizobium inoculants and. encouragenent of farmers to use them. 

RESEARCH NEEDS
 

1. Investigation of molyhdernumn and other minor-element levels in soils of mung

bean-producting areas.
 

2. Determination of best tillage metho(Is. 
3. Determination of best planting methods; depth of planting and seeding rates. 
4. Determination of best plant density for maximum yield. 
5. Determination of value of rice straw mulch vs. plastic mulch (effects on 

pests, diseases and rat invasions; volume needed; costs vs. benefits). 
6. Determination of best plantinc time vs. coincidence of pest and diseases. 
7. Study of growth stages in relation tr excers soil water. 
8. Study of climatic conditions, including solar radiation, conducive to high 

yield.
 

9. Recommendations as to management and harvesting of rice crop tobestaccommo

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

to selected strains of mungbean.
 

11. 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 tropical 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
 

commitment.
 

During 1978 laboratory work included a long-tern 
Rhizobium longevity experiment.
 

This experiment included both cowTea 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 ,,as devoted to collecting analyt~ical 
data such as plant mass, nodule mass, nodule number, % protein, % N, and yields 
for a series of four field experiments which were desiqned to show the need for 
and response to Rhizobium inoculation of hean (11. vilgaris) in Puerto Rico. 
Analytical data were developed usini procedures duve[oped in the BNF laboratory 

by personnel trained in the course of the grant. Actual data are not presented 
in the report but details of the Phizobiumn I.n govity z',x<perimenf are reported in 
a paper entitled "Longevity of Cowpea nd Soybran Rhizobiuin Strains in Peat, 
Soil, and Coir-based Leouine inoculants' which was prtsented at the Reunion Lati
noamericana Sobre Rhizobium in October 19703. Although approximnately one year of 
work will be required to complete the study,,, results ildicatu that coir-dust 
carriers may provide better Rhizobium lonnevity than the' traditional peat carriers. 
A certain amount of effort was directed toward piese-,,o'tion of all our laboratory 
strains of rhizobia on beads. UPR now maintain, on beads, a collection of approxi

mately 30 strains of Rhizobium.
 

c. 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. vularis). 
Discussion of field
 
results in this report will be limited to the 
two experiments finished during
 
1978.
 

Experiment 1 was performed at the Isabela Substation using standard cultural
practices. Experiment 2 was identical with the exception that bagasse (10 tons
dry weight per acre) was incorporated into the soil prior to planting to immo
bilize residual soil nitrogen. Both experiment:3 were inoculated at approximately
the same rate which was t.equivalent to 11.4i8 x 1010 viable rhizobia per plot as
 
liquid soil inoculant plus C.9 x 10 12
 rhiz-obia oer plot pelletted to the seed
 
with gum arabic sticKer.
 

In both experiments, zhjizobijum inoculation lead to increased nodule niuiber and
dry weight. In the seconu experimont, inoculation lead to increased plant
weight. Yield, and percent pr',tein were increased by inoculation in the first 
experiment. Yield results for the second exporiment have not yet been statis
tically analized.
 

B. Information Capability
 
To increase 
 the information capabili 1y of Ck-T relative to soil resources, cha
racterization data and ptofib, descriptions fcr 3' key soils of Brazil generated
by the grant were made availa.ble f,, .intry ini! th; Soil Data Bank of the Uni
versity of Hawaii. The aco(uisti ,n (,f ,,m,,m,0 text and reference books, soil 
maps and soil survoy reporlt enhc'!( the in oi rtion content and the number of 
critical holdings in the departm2nt,0 J ibv,.ry. 

Information capability was further expressed through comunications via the CST 
Newsletter and technical presentations at profossional meetings. 

C. Advisory Capcilty-
UPR's advisory capacity has been further increased during the grant extension
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Advisory capacity in the area of BNF was developed during the first year of the 
grant extension and then made available to LDC's. output under advisory capa
city was limited during 1978, but significant new contacts were developed in
 
Mexico and Panama. As a result of these contacts, a replicated field experiment
 

£concerning need for inoculation on commercial plantings of pigeon pea has been 
established in Panama. This work represents a joint effort between UPR grant 
personnel and the Universidad de Panama. it is anticipated that this initial
 

effort may be greatly expanded in the future. 

D. Education, Training, and Research Capacity
 
The installations++++of,?a functional second+soil++microbiology+++theue+++a......... +++laboratory++ marks a signifi-...
+++,+:++++ 

++: ++:,]++:+ 9a a++++++] m++ ei 7B a e+.'+cant improvement of institutional research capacity at UPR's Mayaguez Campus.
 
Prior to this grant extension, such facilities were not available. Through the
 
presence of the BNF research facility, UPR was able to offer laboratory and
 
office space to support the INTSOY microbiology program for BNF in soybean.
 

During the both years of the grant extension, the B14F project has helped support
 
the thesis work graduate students by supplying laboratory space, technical asain
tance, and funds for laboratory and field experiments concerning inoculation
 
response in field beans.
 

Regarding curriculum development, Dr. Smith prepared an undergraduate course in, 

soil microbiology. The course is entitled "Experimental Soil Ecology'lland 
emphasizes isolation and experimentation with microorganisms active incarbonf 

~~nitrogen and sulfur cycles in soils, antibiosis, andpetiidodegradatimn 
Th orewas announced for thsI smse fte17/9aaei-er.:1 
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S .liBrazilwo.rkshop'.... C:onverel;y, Dr . R. Guerrero :participated in,and presented a!:,;!: 

...:paper at the Soil Resource Inventory Workshop organized by Cornell University. :"~~ 

Inhe reaofBNF, the University of Hawaii collaborated with UPR by running : 

::. current awareness literature searches. Both Cornell University and North 
Carolina State University offered the use of their library facilities for tom

' 

epletionof UPR's SOTA studies.CNe workers at all CST universites were in
4., a svolvedin the review of the SOTA study manuscripts. ga 

}:: During the second year of the grant extension the subcontract with the MortonCollectanea, University of Miami was brought to fruition with the release of 
efourSOTA study reports co-authory ork oranerton of the University of ,; 

;::i.:m 

Miami and Dr. Roger E. Smith of UPR. This linkage with the University of MHamaibtdri 

reawasextremely produteve but was terminated in 1978U 

UPR's excellent linkages with the Servrco Nacional de Levantamento e Conservacao 

d Solos of EMBRAPA, Brazil and the Soil Conservation Service of the USDA were 
urinstrumental in making the international soil classification workshop in Brazil 

: ~possible.
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kt A close working relationship with the INTSO program resulted in the locating 

of the INTSOY microbiologist, Dr. Stewart Smith, in the new UNFfaility atoPR.
Othrs excellesntlinaoesvig thcol ebratico Necioras exs wievnmeoua nsracc 
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SICRXSAT, ZZTA, TAoi CSIRO (Australia),,ORSTOM' (Fralce), v6ZIR (New Zealand)%'ind' 
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~ 46-uintimately lined3 with UPR's Bernchmrk Soils Project (IFtac 

Unde7= AD/taC-l-tis--reserch-oncrl faboration iib theUnvrsity of Hawaii, is'testinig a 
hypothesis of agrotechnology transfer on
 
tebasis of soil taxonomic units. 
 Grant activities in soil classification
 

complement the Benchmark Soils Project and will facilitate the utilization of 
project concepts and findings. 

VI, IMPACT OF GRANT-SUPPORTED ACTIVITIES INACHIEVING GRANT PURPOSE 

A. Soil Classification 

>4
 

Implementation of grant activities in this area suffered considerable delay due
 
to the fact a new staff member, Dr. R. Guurrero, couli not assume his responsi
bilities in Puerto Rico until January 1977. 
Also, the response to the ques
tionnaire survey initiated in March 1977 to gather basic information for the

SOTA study was rather slow and caused delays in the preparation of the manu
script. 
This may be attributed, in part, to the lengthy questionnaire which
required considerable effort on the part of the respondents.
 

With reference to university policy, it had been expected that the institution
 
would assume 50 percent of the salary of the newly hired pedologist. However,

due to a 
severe financial crisis afflicting UPR, this contribution did only

materialize in July 1977. Similarly, the grant program director who spent 25
 
percent of his time on the grant was to be supported by UPR but has been paid
by the grant. 
This resulted in reduced funds available for the soil classifi
cation component of the grant.
 

• B. Biological Nitrogen Fixation
 

Contrary to the soil classification part of the grant, which isutilization
oriented, the BNF component has as 
a major purpose the development of institu
tional response capability. It is felt that the accomplishments reported above 
constitut, good progress toward this end. 
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also through provision of laboratory space, library resources, and faculty for 

offering new courses in soil microbiology. The current grant has already sup

ported the thesis research of two graduate students. 

Grant funds have also been used to provide travel support for staff members
 

which has substantially broadened the professional experience and perspective
 

of the faculty. The grant has further promoted establishment of contacts with
 

scientists from CST universities and abroad which have resulted in establishment
 

of new functional working relatiornihips. An example of such a relationship is
 

the subcontract with the University of Miami for the purpose of completing
 

certain parts of UPR's SOTA studies. Since initiation of the grant, dialogue
 

with both domestic and foreign scientists has increased.
 

VII, OTHER SOURCES FOR GRANT-RELWED ACTIVITIES 

As 	a direct contribution to the grant program, the University of Puerto Rico
 

provided 50 percent of the salary of the soil microbiologist and, for some time,
 

of the pedologist although both devoted all of their time to the grant. UPR also
 

payed the salary of a technician who worked full-time in the BNF laboratory and
 

greenhouses. UPR further provides the grant with office, laboratory and green

house space. In addition, the grant carries no overhead cost which constitutes
 

an indirect UPR support of the grant program.
 

The BNF laboratory benefited from the INTSOY program by mutual sharing of costly 

equipment, It would be difficult to place a dollar value on such support but 

substantial savings through sharing of equipment occurred regularly. In addi-~ 
S 	tion, the INTSOY microbiologist had a certain amount of~funds 1earmarked for 

1laboratory equipment and supplies someS of which were spent in direct or'indirect 
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support of the grant program.
 

VIII, UTILIZATION OF INSTITUTIONAL RESPONSE CAPABILITIES INDEVELOPMENT PROGRAMS
 

During the grant extension no requests for assistance in development programs
 

were received,
 

IX. INVOLVEMENT OF MINORITY PERSONNEL AND .)!MEN 
In addition to two female secretarif,- h qrt , ployed Mrs. Aida L. Mendez deVargas as an Assistant Microb.oexxit A Ioca] of six US citizens considered 
as Spanish-Americans part icipite. in tih( o.rat 1,roqram, thy are Puerto Ricans 
of varied ethnic extraction. The gjrant futther employed two expatriates. 



Table I
 

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

Reporting Period: 
 1 	July 1976 to 31 January 1979
 

Grant Objectives/ 	 2i!(d; Expenditures 
 Non-211(d)

Outputs 	 711 
 Funding**


S1Jul 76-30 Jun 7711 Ju! 77-31- Jan 79 Total
 

Expanded
 
Knowledge Base 83,400 151,900 235,300 
 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,.-.0. of saa.ires), 50% of salarv of nicrobiologist (30 months),

507 of salary of pedoigist (7 months), 
100% of salary of laboratory aid (10 months),

and corresponding fringe benefits
 



18 

Table II - A 

Summary 211(d) Expenditure Report 

Institutional Grant 4 AID/csd--2857 

Reporting Period: 1 July 1976 to 31 January 1977 

Line Item 

Salaries 

Expc ndit ure 
.1 Jul 76- 30 Jun 

44, 33'. 00 

77 
Vxpenditures 

ILJul 77.- 31 Jan 79 

[05, (09. 91 

Total 

150, 147.91 

Consultants 990.00 990.00 

Fringe benefits 3,081.06 13,070.14*) 1.6,15.1.20 *) 

Travel 46,588.74 2Z,836.19*) 70,424.93*) 

Equipment 4,357.72 9,544.64 13,902.36 

Material, SupplieE 
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*) 3,892.50 *) 

Subcontracts 10,000.00 1.0,000.00 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
 

I. 	Salaries and Allowances
 

A. 	Professional Salaries
 

Name 
 % of Time Man-Months Amount 
F. H. Beinroth 
 25 4.75 9,411.11

If.E. Flores Merino 50 
 1.00 	 720.00
 
R. Guerrero 
 100 19.00 28,213.00

A. L. M6nidez Varqas 100 19.00 18,1.45. 00

R. E. Smith 	 100 18.50 17,195.00

j. A. Vega ,6::z 50 	 7.00 5,600.00
 

B. 	Clerical Salaries
 
Name 
 % of Time Man-!1onhs Amount
 
S. Padilla 
 100 
 19.00 8,000.00
 
L. M. V61ez 
 100 	 19.00 11,780.00
 

C. 	Nonprofessional Salaries
 
Name 
 % of Time Man-Months Amount
 
R. Garcla 25 	 4.75 1 ,300.00
M. P.i ver a 	 100 
 .9.00 5,445.80
 

D. 	 Pring;e Benefits 13,070.14
 
II. Student Surwor t 
 -None-


III. Consul tInt. 

11. Eswar"in, soil inicromorphologist 
 750.00

R. T. Sherwin, editor 
 240.00
 

IV. Travel
 

No. 	of Trips Amount
 
A. 	 Travel in Puerto Rico - 557.94
 

B. 	Domestic ':'ravel 10 	 7,645.96
 
C. 	Interna! :,na] TraIv'e' 7 14,241.79
 
D. 	Consultant TIrivel 	 1 
 1,390.50
 

V. 	Equipment 
 9,544.64
 
VI. Library Aqui, tiins 
 1,145.27
 

VII. Publication C-i;tr 3,76 .50
 
VIII. Subcontract; 
 10,000.00
 

IX. Other
 

A. 	Materials & Supplies 15,467.61 
B. 	Communication Costs 
 2,722.38
 
C. 	 Freight Charges 51. 15 

TOTAL 186,423.99
 

http:186,423.99
http:2,722.38
http:15,467.61
http:10,000.00
http:1,145.27
http:9,544.64
http:1,390.50
http:14,241.79
http:7,645.96
http:13,070.14
http:5,445.80
http:11,780.00
http:8,000.00
http:5,600.00
http:17,195.00
http:28,213.00
http:9,411.11


s aanuscts 


col ng t 


flf +s o. and Vbeen generated wit
 

;
'nd imAn
 

rt+ rS~t te i n)
 uororlca
°Axi.
ro p iH , ronoyedin Gulde yield of tomatoes in
:~Beih, .NP,,t1972ieldfj1 9 72.the , CaoSndo n anir oth, l i o
dF 22ndN tura Annualn Meetingm n Amer. Soc. Hort. Sd., Trop. Region
f P e to R
(inpress),n . U i . P e t
 

D , 
RoAAA rnomyR et -an--p.ig -.Badillo Feliciano, 7., R. Abrams and _7974-eo).e. Pietri Oms, 19763 
 Effect of foliarapplied fertilizers on pigeon peas (CSajanus 
 cajan). o.
Rico. !3r. Univ. Puerto
(Submitted for publication).
 

Beinroth, F. H., 1972. 
 The Natural Environment of Puerto Rico.
Rico, CAAM, Agronomy Dept., 30 pp. Univ. Puerto
(Aimeo).
 

Beinroth, F. H., 
1972. 
 Field Guide to the Soils of Puerto Rico. Univ. Puerto
Rico, CAAM, Agronomy Dept., 120 pp. (mimeo).
 

Beinroth, F.H. and V. A 
Snyder, 1973.
.

Proc. l tI 

General pedology of tropical savannas.
t. Syp. on Soils of Trop. Savannas, Santo Domingo, 0. R.
Prairie View A & M University, Prairie View, Texas, pp. 20-38.
 
Beinroth, F. H., 
1973. Oxisols 
 Highly weathered, reds 
oils of the tropics,
In: Soils of the Southern States and Puerto Rico. 
S. W. euol,
editor.
South Coop. Ser. Bull. No. 174, North Carolina State University Press,
pp. 87-91.
 

Beinroth, F. H., 
H. Ikawa and G. Uhara, 1974. Classification of the Soil Series
of Hawaii inDifferent Systems. 
USAID, Techn. Ser. Bull. No. 10.
 
Beinroth, F. H., a. Uehara and H. Ikawa, 1974. 
 Geomorphic relationships of
Oxisols and Ultisols on Kauai, Hawaii. 
 Soil S.
128-31. Soc. Amer. Proc. 38,
 

Beinroth, F. H., 1975. Relationshdips between U. S.Soil Taxonomy, the Brazilian
Soil Classification system and FAQ/UNIESCO S~til Units. 
 In: Soil Management
in Tropical America (E, Bornemiaza and A. Alvarado, eds.). 
 soil Science
Dept., North Carolina State University, Raleigh, N. C. pp. 92-108.
 
Beinroth, F. H., 
1976. 
 Soil classification and the transfer of agrotechnology.AID.Boil and Water Management Workshop, Washington, D. C. -

Beinroth, F, H. and 0, L. Spain, 1977. Clasificacidn do muelos y la transferencia de expariencia,en el manejo do suelos. 
 Sualos Eqruatorialoo, VIII, No.
la 401-405.
 
. Beinroth, P. H., 1977. Some general aspects of.oi 
formation in the tropics.
Ins Teaching introductory Soil Science 
(R.E. Green and H. hIawao *d.).
Hawaii Agr. Exp. Sta., 
 Misc. Publ* 169, pp. 51-62.
 
SDeinroth,p. H.0 1978. 
 Some fundamuentals of soil classification.InSol
* 
 Resource Data for Agricultural Developmeint '(L.


Agr.,Dp D. Swn alod.). Haw~aii
t. p 12-19. 
" 



ar nl weateprd soils. ofAPuro6 ico, Part' 
a . an r ,,,and ca e on, 199i.n pres). e 

a n H., 7.4F., considerations iBo7eenclassificati1n and Soil 

Daniels, R. D.,F. H. Beinroth, L., H. Rivera, and R. B. Grossman, 1979. Landscape
and soils iwan area of east-central Puerto Rico. U. S. Dept. Agr., Soil 
Cons. Serv.,Soil Survey Inv. Report (inpress).
Hawaiiundl. ExGas. i res 

i.,
iEwaran,A. Van Wambeke and F. H. Beinroth, 1979. A study of highly weathered
 
soils of Puerto Rcoy micromorphological properties. Pedologie (inpress).
 

Fasbender, H. W. and F. H. Beinroth, 1975. Bodenentwicklung und Eigenschaften
 
von Ultisolen und Oxisolen von Puerto Rico. Proc. Tropentagung Deutsche
 
Bodenkundi. Ges.
 

Fassbender, H. Wf., F. H. Beinroth and L. C. Sarmientor 1978. Amounts and formsq 
of phosphorus in ten highly weathered soils of Puerto Rico. Turrialba, 
Vol. 28, o. 1:9-13.. 

Guerrero, R., 1977. Interpretations of soil surveys for agricultural purposes

in Colombia. Proc. Soil Resource Inventories, Cornell-University, Dept.

of Agronomy, Agronomy Mimeo no. 77-23, pp. 89-98.
 

Jordan Molero, J. E., 1973. Effect of different levels of nitrogen and potassium,
population density and planting time on the production of Brassica olerace. 
var. capitata L..M4.S. thesis, Agronomy Dept., Univ. Puerto Rico, MaYAguO:,
P.R.
 

Name Tufion, B., 1976. Correlation of the soil units of the FAO/UNESCO Legend
with taxa of the U0 S. Taxonomy. M. S. thesis, Agronomy Dept., Univ.Puerto 
Rico, Mayaguez, P. R. 

Pietri Oms, Ro, 1973. Changing pattorn in land use. Paper presented at Soils 
Workshop, Psairie View A & M Univ. (mimeo, 42 pp). 

Smith, R. E., A. S. Smith, A. M. Vargas, and M. Z. Alameda, 1978. Longevity of 
cowpea and soybean Rhizobium strains inpeat, soil, and coir-based legume
inoculants. Paper presented at the 9th Latin American Meeting on Rhizobium 
Mexico, D. F. 

Smith, R. S., M. A.Ellis and R. E. Smith, 1978, Effect of Rhizobium japonicum
inoculation rates on nodulation establishment in a tropical soil. Paper
presented at 1978 Annual Meeting of the American Society of Agronomy.
 

Silva, J. A., and r. H. Beinroth, 1975. Report of the Workshopon Experimental
Des gns for Predicting Crop Productivity with Environmental and Economic 
inputs. Hawaii Agr. Exp. Sta. , Univ. Hawaii, Departmental Paper 26,SO pp 

i 

3 - 3,3_. 


