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About the Cover 

Two Peruvian women- one poking her planting 

stick into the soil, the other dropping her seed in the hole. Like people In 
developing nations everywhere, th se women depend on soil resources 
every day of their lives. TropSolls conducts Its research with the needs of 
fanners and their familles In rnind, We recognize that, In developing na
tions aromd the world, the lives and livelihoods of each generation will 
depend on the carcf il and siustained management of our soil resourccs. 
Photo and d;iJn by/ Neil Camdle. Departmentof AgriculturalCormimnintca
lions, North CarolinaState Unixersity. 
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Historical Reference
 
TropSoils was Initiated after an extensive and comprehensive planning process,
which recommended, and was approved by AID and BIFAD,, an approach builtaround agroecological zones with each having a primary research site representa.


tive Or the respective zone. As a collaborative program, input into the selection of.~

Specific research topics and support in arrying out the research was provided by
the local AID mission, the host country, and the participating U.S. univeruity,


The programn has proceeded without signifcant deviation from the basic plan.
~ ~, Major research activities have been established within the three agroecologlcal

zones for which funding was provided. The assistance and support by the AImissions has been constructive. lh~st-country Institution Inputs have been consis.tent with the resources available,> and US university leadership has enabled theProgram to make remarkable proges. Currently resarch isInprogress at theprimary centers in Niger, Indonesia, Peru. Brazil and Mal. IM4jor emphasis isbeinggiven to extrapolation and adaptation of the results to awider clientele through a .....network approach. One network is already functionala and on-site studies are In progress inGuatemala. Honduras.? Co~sta Rica. Panarna, Bo"m, Peruz and Brazil. . .Emphasis Isplaced on' host-country-personnel for leadership, inselecting the .:
topics. planning and conducting the research,, and interpreting the data, The role orTropSolls is one or technical support.

Projects are being modified as rapidly as practical to reflect the expanding
Information base, changing priorities and financia constraint&, It is cruacial to.
recognize, however, that the purposes for which TropSofls was established and the
kinds of problems it iscommuitted to solving cannot be achieved by hopsctchingaaround the tropics with a collection of short-duration tests. Sustained efforts on.carefully analyzed priority topics offer the best hope formakidng an Impact onincreased food production while enhancing the natural resource base. Studies bythe External Evaluation Panel and by Hogan. Ratchlc and Robins conclude that the<~,Organization. operations, and commitment by teprogprticpnts the . 

support orTropS admlsnsareto b p .tstcthatmeasurable progress awillbe madein the fature. .. 

Current* S~ttusa 

During the sxyears in which TropSofls has been functional. our knooldge o

soil constraints to plant growth has been expanded and methods for ameliorating.
these Problems have been Identified. Dutthlael y srt lite of the programa 'the information has been obtained under a limited set of crop and weather condittions. Minimum consideration has been given to the econiomic aspects and to other 

aa 

Important 1~ctors relevant to onefarm application of the technioloV The absence of"a'''a 
:'a 

aaI A 

well-deftned preditable relationships among the sol-plant-titmosphere continuum I~.aa 

Imposcs fuzrther limitations on the exi4ent'that the techztolovcan be taserrid to >~~aa~" " 

Wilespcfostain.'' . toU ' a 'a "'"there are no quick a e problerms weilb able to make Raheprogress in nanwlng the technology gap,.Thls'document, and the'accowpanyingreerh poect documents, provde Justifk-%uon fbihu an efort de a howIt wold be-undertaken, and a prjection orewectedreslt 'aa~c'a..~lal~~ 
"s'a 

>"s'', p 

Il~aC ' 
'a 'aa~"a ~ 'a 
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e goal .. l i p ad a Imp r I ' tech

nology that is agronomically. ecologically and economiacally sound for developing

countries inthe tropics.
 

Objectives
1.Toconduct a collaborative sod-management research prograzn that will con.

tribute to 'asustainable agriculture. Imiprove the natua resourc base. n 
minmize environmental degradation.2. To select topics for research that are relevant to priority problems Identified in 
consultation with user groups.

3,To comminticate the information' to diversifled user groups,
4.To provide advanced training kIthepriciples of soil management to develop.

Ing country personnel through participation in the research program. 

ToaA hsoertd since Its inception In 1982, under the basic plan devised
 
by the Planing Entity and approved by-AID'.and BIFAD. Thbis plan has provmn to be
 
an effective approach to the design and management of the 'program anwith some
updating to reflect progress made and changing financial conditions, isproposed as
the guide for the future,

TropSoiL global plan is:
 
I.To conduct user-oriented research based on established principles o41o11


science, along with' principle-oriented research as nieeded, t ovrcmesonl
constraints to sustained agriculture, and to enhance the natural resourcebaseforde lopng naions ithetropics.

2.To conduct these studies incollaboration with partner nations and Intema
tional research centers so as to make the best use of available kcnowledge and 
resources, to ensure that the rewearch isadapted to both uw and settlng. and
to link people and institutions into active sol-nanagezncnt networks. 

3.To deploy the research efforts according to agroc'logicalzons, hich aregopnsof tropical regions thtsaemany soil and clmtccaatrsisso as to focus the programs and facilitate the oxtrapolation of results from one area to another. 
4. To establish and sustain long-tern research at primary situ~ In each zone and
to develop secondary sites asi needed to adapt nowItechnologies to achieve the
 
5.To coordilnate work at each of these primary sone under the leadesshIp of a
 

4, 
U.S. 

* 
land grant univerity with proven expertis in its resetive zone, so that
'-'4..'4.... . ... 3I.. >' +'4+ 4:OdI+IN?4 Lf , ? 

4 

:'4.',' '4 7,G 

projcts drawon all the resouarces and expei'nc of the university, both In the4.4.4 4 '4 ' I j '< 
"~" 

,'4'4.'' ++++fleld and on tho campus. 
.~ 

4'A4 <p1;'<-' '-.4.4.<4. '44"' " + ->++ 44.4.'..1v'+':;+ A24+ '+.46.70 team these programs. and their respective networks# int a snleni "4"".'>> ' 4., ''4' 4 f 4 
1'4."4"'<j'-"+'-.>-. 444. .... ,++global in scope, assisted and guided by the Tcunical+'+Cmfuttu, the- - -program~

Board of Directo'rs, the Eternal-Ealuation~ Panel, the Mangmn Entity and 
primar fudn g &SeiWM~I~,J'u 


7Toecuaetebroadest 'xch ''' 

-' 

amn all copn 
 tso hs nfe 

program through publications, site visits, tcthnical conerences and other 
regular communications, 4, '-" i> 



maiettesle nvrigwy an e2e rmrgo orgo.Te st'-' K 21 

eg emlydIAosrcueteatcZones-Vilgroecological ln Ta~ give~T"<~'nzonWe evea opmogenatos uit,thetrostcns are'scoinontlsc omonto roides~ ~ 2 

a focus for the research. The zones and their basic features are as follows:,:1.Humid tropics. This isthe portion of the trcipics where there is no more than a 2three-month dry season and temperature Isnot a limiting factor to -plantgrowth. The native vegetation is tropical rainforest. Soil acidity and nutrientdeficiencies are comnmon chemical constraints to crop production..2. Semiarid tropics. This zone is 'characterized by a protracted dry season-of six 
to nine months duration. Erratic precipitation, wlind and water erosion#'deser, 

2tification, soil acidity and nutient deficiency are major constraints to cropproduction. 
' 

'' 3. Acid savannas. This portion of the tropics is characterized by a strong drzyseason of four to six months. savanna vegetation and predominantly acidsoils u; 1$with inherently low nutrient levels but genezrlly good physical conditions.Temperature is not a limiting factor, 44 plant rowth.~ 
'4.Steeplands. This category includes the densely populated regions of the trop- 2lcs where soil erosion is a major concern, Soil properties, moisture and tern. 2, 

12 ~Research Location.s 

Asecond component of the strategy Isto utilize,selected research sites within an 2 2'agroecological zone. This feature enables the research to be concentrated In a 22,2'manner that will maximize the output from limited resources and promote thecontinuity that Isessential for long-term research, The countries.where research isbeing conducted are:2,2<>222 -22 

Humid tropics- Peru. Indonesia and Brazil " 

2 Acid savannas- Brazil 
V 

cost-effective manner, However, with the reduction incurrent and projected fund-insome revision In concept of research location may be nicessazy., One'optiois Ile~ 
,.to maintain a location Where the primary developmental research would be con- ,,ducted, referred to as a "research center,* and to select other locations ,where'adaptive and promotional work would be conducted, referred to as a "research site.0 

<2 LeU.S. unveritytha has experience with the predominant soil constraints in-A given "<4'2t 

2>22 

agroecological zone, This approach provides a means to utilize'the'scientific eeUse In specialized subjects and to provide a focal point for overall progra2 m lamiig e'2.'' ,2
ment. The TropSoils plan provides for the following lead -university arrangement:~ 44
 
2 22 iud tropics(Peru) 4Jorth'Carolina btate university 

2' -22>, 
22 ~Humid tropics (Indonesia)- Univrsity of Hawai2u'>"<''2 

82>~2; 2 442I' 
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Semiarid tropics (Niger)- Texas A.&M Untveruly>,. 
--,-----" -,Acldsavannas (Brazl) Corn1dNtUrilertyt-

Collaboratto 

The fourth component of the strategy Is~Inherent to the CRSP concept- collabo
ration. The primarvy participants are AID, theU.S, unlversflles., and the collaborat-A
ing country agricultural research organization. Currently these are: ~-

Peru- Instituto Naclonal de Investigact6n Agrarla Agroindustrial IIM
Indonesia- Center for Soils Research CCSR)

Niger- Institut N~ational de Recherches Agronomniques dtu Niger (INRAN)-

Brazil- Empresa Brasileira de Pesquisa AgropecuaraCEMBRAPA)
 

Experimental Approach
The role of soil management In the food production isto recti nsmatches

between soil characteristics and plant requirements. Several basic concepts under
gird the TropSoils experimental approach and serve'as a reference base'for deter.
miigI rjc slkl-t otiuet h rga's goal. hew conceptare:

1.The research establishes cause-and-effect relationships between .oil proper
tiUes and plant growth, as influenced by clinmate.

2. The approach uses established principles of soil and crop science. When 
necessary. basic research is conducted toeclriyexisting principles or to <i
explore new ones.- pdnvletioth hrn

3.The technologies develpdmxizth utilizatino h W ntproperties
of the soil, while makligmod.1111ations asineeded to enhaiice'thisImportant
natural resource base. 

4. The technology packages address soil constraints across landscape positions
in a manner that minimizes environmental degradationL

5.The technology packages are flexible enough'to accommodate both'the eco
nomic status of the -user and 'the natural 'characteristice~of the resource.

6. The transfer of soilkianagement technologyfrom the researchi sites to other
locations will be through network schemes, thus making the programn truly
global in scope and application. 

Continuity
Research to provide sog-manageet technoloyfordvelopn cotuntries~i y

namidc and,~thus, must be sustained. Re~each needs change as users of the resource change, Recognizing this, the TrapSoils plaji uses a collaborative approarlt
to establish a soil-management research Infrastructure within each partner nation.
This collaborative approach develops in the partner nation a pool of trined scen
tists and leaders who can direct their own research and technolo exhange,
programs. Furthermore, Itlinks people and institutions lznto a rzetwor that will 

-' - - -serveto keep attention directed on ways to most effectively use and consere the>. 
important natural resource- the soi. 
Communcatosdvlpigg p o o t 

To Improve soil maaement in,deeopn ations and ginsuprtfoit
programs, TrapSoils must ensure that Its expertise is recognized and 'its research~
results are disseminated in a,useful, highl visible form,-Two broadis kve been 



-- 

-. 1j ' ...
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the practical solution of soil'management problems 'of global sigificance'Thesecond is to convey, to a non-technical audience of public offIcials and policy"makers, T1ropSoils'oljectives adacmlsmns
TropSols has promdacmeabejbin communicating theresultsiof its


work to, primarily, a technlI audience. This fact I
ievidenced by te large numberor publications Inscientific Journals and similar publications,- as documented in -$'Trop~oils Administrative Report. 1981-1987.w However,,we have be~i esnset++!iifot for Torounofamrora-wd cmmt niaton effort. 7 first 13 to.help!p ICUlecttveIndisseminating the information to AID and to users in the host countries. This. ~ situation isevidenced by studies which sh~ow that rop~olasM godsupport Ithose countries where It has personniel on-site nid studies Inprogress. In other areas, it has very little folowing. and the Information fromIits programs is not beingadequately employed to solve local problems.
Afirst step Inachieving this goal is the recogitioni that communicating with th
target audience will require tec~hniques and persons with skiclls that are different, 
.
 

from those for communicating ilth'scientific peers Thus.,upon recommenpdation of
 
communications program has been established which takes Its place along the side1..of the four technical programs as a contributing element to achieving the overal 
TropSoils goal. This program is described in detail In the Communications Plan ofWork and Isoutlined as follows:
 

1,To apply the best available soil-manag~ement Information to problems of global

The++++++++
..
rimary....obetv+ o tecnincainor regional Import. ~aiilta rgamae ..-

2. o oneyacieemntstopuli otils unvesiy dmnitrtor$sand other ~decision-makers concerned with the subJect of TropSolls research."3. To assist anid Improve Internal TropSoils communication. 

The target audiences are, 
441.Those who conduct agricultural research and extension programs In develop-


Ing nations Inthe tropics.

2.Those who set or Influence agricultural polic or assist development Ind1:evel.oping nations Inthe tropics.4
3. Research and teaching faculty workcing In soils, agnmy and International 

4 
.programs at overseas sites and inthe U.S.4. The staff of other foreign-assistance projects: environmental groups,5.Aiothers witha vested Inerest Inmana&"n tropical sods, Improving thi1sZvatural resource base, and avoiding environmental degradation. 

44 

Impact4
+i1+1,.1 . . . . . . . . . I+++. . . . .TropSoils isa research program...Its goal is to, develop *oIl-nuenttechnol- ++++++++++ +++++...........
 

-- 4 441++++44 44]4
ogy and adapt it for user groups, Howsew, .we recognize that for'the technology to 

i i1 !I
have an Impact on natural resource presewvabon and food production, and to 
4 r- +4 i+I4 +;;€++ 44L! 4 1444+i+
of he ecnolgy evlopd.Thereforeo' will seek oppodrtities to Inuteft%1nsirprteohno ogy+tra ms, to provide constrieuvi inpWs and toitls th re-

'suits of th"interactions Inassessing and prioritizing our research goals,- ~
10 
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Rand nhip thnauareocebs.The TropSoll-pogsr winraztok wot~ aI 

direct contribution to this focus because (a)it Isdirected toward ir proving netincome of the agricultural 'sector, which contains a substantial portion of the poor,(b)iIt will provide technologies that keep purchased Inputs to a minknum. whileincreasing the production of food products; (c)it will provide feasible'alternatives,toopening up new lands, thus reducing deforestation: and (d)Itpromotes sol-management patcstawilred.uce eoinnlad ncultivation 

Sustft ofAgilcuUural Prog=w
Aguiding principle in all of the TropSoIlt programs is to develop practices thatwill be applicable to a range of economic, social and environmental conditions. Themethod employed Isto develop alternative practices which are adaptable to thespecllc landscape position. social structuire of the society. lAnanela resources ofthe farmer, and changing needs ofthe public. 

FrewstaUErwwnmntaiDegrdatton
World population is growing at a rate of over 80 million per yea and Isexpectedto Lncease to more than ten billion in the next century. Such rapid growth neces

'7 sarlly places severe stress on the natural resource base. This stress and its concnitant degradation of the environmnent itcreases a des'tructive practices,areemployed on existing lands and more znatglna lands are brought into rdcinExperience shows that maximIzing the efincicomty prdcinreduces,
thestes o the ntural resource bse,/
Environmental considerations have always been in the forefront Of TrOPSoilsorientation and planning; For example. declining agricultural productivity ts r"co.nized as afundamental cause ofenvironmental degradation. Prctce which'

Increase productivity on lands already Incultivation will reduce the need to,openup new lands, and thus reduce wind and water rosion. hr examplbimprovedpastures not onl produce more food products but also reduce erosiOn, Increase 


nutrient cycling. and Increase organic matter in the soil. -- >-

Vxinded Prormsm OtAftft 
The emphasis given by AID to Africas wuSft need to develop a sustainable fagriculture, to enhance ItIs natural resource base.'and to reduce epvlronmitntal.degradation has been given high priority in the TIroSoils program OWl. ctjecth"eand strategy Most of our efforts inAfica to date have focuse on the.ure.prob.lems of the Sahel. From the begnnng however, we have designed terseachconducted InLatin America and Asia to be releant to ica as well. P waMplef 

-techniquesdevelopedin th. acid savannas of Bradand the hurnltropscs ofPerusnd Idnsaare readyfortansr to im Agesva effotsare beingmade tolocate coflaborators InAfrica with whom we can work to adp hese Pnictices tolocal situations, As rapidly as we can develop Uslboa~ reinhPoo we wl
shift programs and,resources to capitalize on Ithe opportunities. Inthe interim wewill continue to serve Afticsas needs Inacost-eflectlve manner by maintain.ing our 
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Budget and Staffing5 

Data on budget by components, budget by otb5ect and stallinfollowing tables. These are reported in more detai n the Plan of Work frW eh comarn fwlvn fteponent.
The tota bufgets for 1087-108 and 10881080 ane based on Actual and pro..jected funding for the respective periods. Budgets for We remainig three Yom.repreent a oftpercent Increase ovea Whe budget for the pedigya.hsmodestincease is necessar to meet normal adjustents tmposd byMaaauorapersonnelsalar naesand changs ovedad ae"
The ANMIng reqi ested is the absolute minimum neessary to ponduct thN5programs desribed. fdiqUI at alower leve will requr down~ward t51net Intheresearchonducted.ajutlns 
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I~iram Wytanson PyWovua 

Staffing Pattern. Soil Management CRSP 

Ywr Total 

1967 166 19 19W0 1991- CRSP Other. 
Category I 1989 10 1"1 192 Funded 

Campu basd clent 
Fleld-based SdentW 

6.62 
7,00 

6.52 
7.00 

6682 
.00 

FTE 
662 
.00 

6&62 
6000 

1.70 
32.00 

31.30 
0 

Graduate ludw 19,25 1900 20.75 20.25 19.75 55A65 43.65 
Other 50.00 49.70 50.00 50.00 .50.00 :0.70 190.00. 

Total 62.67 82.72 63.37 62W6 8237 149.25 264.06 

Projected Budget for Components. Soil Management CRSP 

Object 1I 19" 199 131 I I TOt 
x$100 

Carel University 3516 316 3377 3560 3795 17454 
U**ruyofclHawall 3540 3040 3222 3416 3621 ISM0
N.C. State UWray 522 5140 W44 5776 6120 27=0
TonA&M Unlvers 4335 4M6 5051 535 567 25160
Conv*iAtin 940 1600 1565 1684 1766 74M
ManagemNnOffice 3M5 2919 306 3300 3477 1662
C~Noyvw 240 300 320 340 360 1IM 

Total 2M66 260 3101 93430 24834 11206 
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Program Extension Proosal 

~Pr~eoedBudget -for,Objoow. 8*11 Managenmt CRSP 7 -- 47--

lW~ ~ Me low0190 1991.. 
OtbJIo IO6 IM IM0 1091 1992 TOWa 

SWa 78M 7911 6384 S66W 942 42455S~ft 1577 1547 1640 1I= 1644 6347
Alowana 1641 1544 1637 173 1640 630

MM1761 100 2024 2146 2273 10133 
&qA 1165 1157 1226 1299 137 622 

SWTO406 117 124 130 139 916
OVW DhdcComo 1665 1945 2061 2165 2315 1=1
honed ema 4645 472 500 530 562 2521 

TOWur 2ow 220123 1120620n 24634 
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Introduction:Add SavannasResearchProgramProposal 

sytm na goolany cnmcly n ecooialy 

Tie overall TropSolls program goal is to develop

sound basis In the developing countries of the trops. The major thrust ofour.
 

ongong isto relieve sodl constraints to crop production on the
rseach pogra
Oxisols and Ultisols ofteacid svnainthe hmdtois 

The a rgionsgdin of the p are dominated by the soil orders UIU.
sols and Oxlsols. Atlas600 million hectares of acid savannas Pre found wrd
wide with major portions inSout America. There are nearly 200 million hectares

in Brazil alone. Inaddition, lare areas occur InAfrica and Southeast AsIa. These
 
areas are characterized by a wet-dry cycle with suffcient precipitation for at least
 
one crop, per year. Many of the acid savanna, am rapidly being developed without a

sound soil,management base resulting in low producttvty arnd widespread erosion.


Theols of these area ar deep, well drained, highly permeable. and have

favorable physicel conditions so that their potential for food crop production is
high. The principal factor limiting their productivity is their low fertility. With
increasing availability of high-ylelding varieties of food crops the potential of these areas Is higher than ever before. Thus, the low natural fertility of these soils is an even more crucial limitation than previously. To achieve this potential. however, it
Is necessary to determine the most effective and economic amounts and methods of
application of liming materials. nitrogen. phosphorus, potassium, and micronutri
ents Inrelation to cropping systems, and management practices.

Earlier work carried out on the highly weathered, weli-dralned Oxdsols of the
acid savannas of Brazil has denonstrated that with proper application of lime and 
fertilizer phosphorus and nitrogen. Improved yields of many food crops can be.....
achieved. Without theeInputs crop failure is the esul. r, may be a .

imitng factor in etenstve areas of the acid savannas even during the rainy season, especially where subsol acidity restricts root growth. Ashort period withotrain during the growingseason can nulify(~ the beneficial efrects~of the otherrInputs.
Likewise. liing may be necessary to provide su~flient calci.m*an magnesium foradequate plant nutition. Work at CPAC has resulted I ngement practics for 
lime and fertilizer phosphorus and nitran that are uzsed .widely in the Cerradoregion of Brasil, as well as being adApte foruse on simila siin other parts.of 
thewod.wod..
 

The overall goal or the research program is to soil masongement strategies for sustained crop production and consaioneof ftW *wso** based o.a comprehensiv understanding of'the ceia,.tcladbiological processes 

19 
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tht55c teft f ae n ions in .:o' soil of, the acid saans n h 

EttofteSiMaaeetCSan 
M P.' the majo resarc toic 

Theroalsofmthnitroenemangeenstp-wor are;i. efcietofn astomng 

thataductthn ate ofaateandon I soilsfriiy thce svannasy and.thWit ad

thumsd tincs.d Witi thferamlier ofn theagremets t throe theatiagtieno

mucht ofntbe uoilieMyaheageeminCrp. and howA mnororaeeumetopics
tore 

cwanreselctd froreses itoatle sacroigrastms.Mngm:to rainitrogen manage ma hl soils.sscmplntatedaaid qiebthropeilcropn
managementrl2.d/o spconalnt ofboasid svnrnan icobils.rnve

fof o bnher 

ofTare goaltts ofh nitrogen management workure efecielwasulto mnag
 

wilb asog n atsfertandcmeionitrogenacdiogs roaics. adh 
togme indlicresiue beiogicll Thxed nitroenlanhd fewili e nitogpe bysuanot

pmoduntcationsnd mithnancerofpnsoil nce wil ereqed thatnr0 aind,thuss ofraeicstorrienitrateen,theacopnigcthst. oIpoete tlztoboialsed nieahtro . e costorlarntho mucntgeen oci ed howann 
muchccanobesutilizednbyemhntsucoeediegscroptaedgeowsis oncoheorateolertmesren manuesnd chsropries fno viae crppn sytmsmanagement ofteaisvna orga nc

niroen outre th oolrptenand copnytm
comlatedsisbtwemanrqurtburspcal

ardsrecia mrainagesben comeprledoFute ntoealatmicroileoturnver
bworas 
woil benaess fodr Its,eorect o esalsad ulasteatne of hota for t~a plansfrainte.availab il etiizrid remiaur adino n&teMdlity
 

onts ofructeinesr opnseen wcica be
so that revquired thaoz
lose ofmnirateanphesicalcoparnt tono..oucin

The secod reajr topic,solcntansomanagement ofwaeannirgnn acid savanofnf
srois, has as its goals theidetificatn ofcea andatv .hysandator of wagterlancte ftoue ansd mngmentsI toenead hengnso# Exeietsaecriotto these ojetiesanventoeropertithorueimagmetof tdeveloig p.redictine....pmodect fordein herbnreltog nshbeten soil ovoem and turaln Indrane charasotMetis reaigwasmeinsdof.....be osetol witto croelo ueu intedingehasrbeenta reulets tootherIo valuaetedIt e roe ataon... 
collcedo th uarhtoistheoilto asnfunewell as vaiu chemical aditostheaittofisoilltuce sbnecdiato mos thmgemetpaciepcnb 

aro 
ipoed 

avoid orsminimz physi ca o'tast rppoution. 
developcomagento 

Thes thremaorctopic anmnWof wer an~dasadnitrogenacsoilexofhthvropcsuhasua isgolthdeeomnofauniaieimrvaterlpnetandO ofrunderstanding
forcsoils 

cesarce out toheeso-rthe owit the btefdoing preiive 
moel oruendecrbngntrgn n ohe onmveet nd hszb20n n 

ndew faste mndets the cdsavann sopuilsbe mens b~n 
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to the soll-crop system will be done by research on microbial dynamics. ton trans.
* 	 port. and water-nitrogen uptake. Likewise, managemnent understanding will be 

S increased through research on nitrogen sources or Unproved crop prodiction, and 
on minimizing soil constraints, mainly physical, to product:

All of these research topics and assoclated research projects have been devel. 
oped Incollaboration with Brazilian counterpart scientists at the CPAC. lbe proJ.
ects supplement and complement their ongoing research program on the acid 
savanna soils. In addition, these projects contribute to the research program of the 
Agronomy Department at Cornell. 

Process 	 Managemnent
Understanding 	 Understanding* 

Model 	 odel 

Ion 	 Sol.CroaSystem/ +Tuspr : iCu.,,I + 	 CU-103++ +,i:/:+ ?/I, 	 ++/

Water-Outpusoi 
u'p 	 ++am::
 

CU10 +.... CU-108"::. 
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Nitoge Management in Acid svnaHm 
Project Nme 

dTropi SoilsIF-

Sol, and Crop-Management Systems for Acid Savanna/fwmid Tropic Soils
Using Green Manures and Crop Residues, as Nitrogen Sources 

4J. 

1>Manoel 

Project Laders 
W.,T.owen, Cornell University

D.R Bouldin, Cornell University
D.J. Latluvell, Cornell University 

ML Pesn.Cornell Univest
W.S.Reid, Cornell University 

Collaborators 

A.Suhet. CPAC/EMBRAPA
J. Peres, CPAC/EMBRAPA.-

S. ravo, UPEMnu/MRP 

Problem Statement 
The collaborative research program b~etween EMBRAPA, Cornell Uiversity, n

North Carolina State University hs demonstrated that corn production issignL1cantly, increased by the application of nitrogen to Oxisol soils, Inboth' the acid ---

-

v--

New York Isused asfollows:-
NpinN&+Nr +IUNf 

where:,
Np Nupake ofte 

.V-.---~~ 

opeqiredo aive thegjgyiel goal -

III ~~Nf:N supplieduasfermu" ~ ~-VI
Kf fraction of fertilizer Ntakcen up by th lat

Th elationship between yield and4 nitrogen content of the abovegrounddy matter 
lated by the crop. Each cmoetof thismoe mustb cvaluated, and In'this 

worweareInterested in dvlpn rpigssest aiiete6tiution of Nr to the nitrogenl needso~th'noegun fod crop.Fresin Niew York make exctenstva Useoomaniuze'sn legumes as sources of
nitrogen and, 1,1 fact. these 'surces ofroge ar a more.Impotant Umar fertil-Ime nitrogen on mazy daftylianiii. Ini th6seac 'O@C1~rIfiNew York wehvevaluatedmaue rprsdeiadrvuskuecosbasni#ase 

II! 

l -

fumisL itoasuceeding nn-legui 
- A 

crop, 7be values weasinae based onea 
--
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paritogeo te nedd ormaimprodurion FearmrsheverUavriy 
thefasrlyesxtnsive seily expentsiepeo ov ofnuibed urryitroen.iOne4' 

4 savmoana an hy~ arme~rs ofthmaettce ust deveilopa sources ior4 
gnicge itroeasedt nitrogen cmprppngcropig seuiestra h nedsMofrte
isytmhthe nac relas thaae organic nitrogenitrkowege byw suso souce obtai 
conn resonse ftdesrom utethei uvycintd thaandihuidturopslreso as.Arcnsaa 

aeen ownt leguminous green manures andhero ress Idupres ayoupledge
partsofaemnthergni nitrogen roctslorewneddfooaiu copaed hweermavage-
Impnt rer wh faures reursp.copbilgiasurnces ofddonohmebetr use 
terogenos thelogeae withoewhichvtfertilizer nitrogen cannobegdetormiont 

exeso evicep plnnesquetesfBrlowpid thatem most fers ived mand a 
agmnflegumadnt greenidures sunl istsn requreet kfnol.ghig the
ned.Mgme ofpraisirgnsor. smr opictdta

m2. ofaluaerte r 
aae

olres herumsenrquiresidspeI crogin equence ando 
spca3 agmn. the eues andutroupeiuts onalong-tep san prdveodc-Dentiln efcsp

therole it rfeioogclinitroenureti toiferlrntrogen caroibe etrmied 

Obectives la
 
1.nre deveorpantingrsequen nd cropping sysest
suces irenI otefectieso Tse '4 

legumesate and thems of nnlantuesiuesito suecrppg gnd equirme 
nubr legumesrops. etdfo r esnsuvvlwt heojcieo

legumescolb 
4 

2.Ealuae h rleo anatro agreesidures entgen ycin andsoi,4mrpsaheptterlof thes maeil4ospl irge oten'-eue 

3.mpDetrmine te eauaedtsaodlegues-andtcro retshis neong-tosoilpu-
Measuremnsrecyclingiofdnutrintsnirncidkesavanna/uitropc soilsmnur 

andplratoesiue nt wilb ad.St caatrzainwllb ae
Field experiments wil be carried out tocldeveo riameanseptoutilfreen

lgmrsadogncrsdesto soureso ros, repneoonthesefonsucceeingsequeneenitrogen
wui b lgumerimetswscgreen manures an rd Nteiduesorgani illen
inoroed atvagumtaes ito teycrapiniontes, ofgenmnr legumes toe c resonsand thei 

componments be andtptotu devealopn-llDeaie evaluatedwillintal ret~nh~p eces toAC 
-. -Badl panthsde nitroeMnas Te nceary mwilwilBrazil, rianW w e 

Fild~cermetstobe~arld utInlue23 au 
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Problem Statement
 
MWe use o e IAotPIA WaMswl
groen manure uppin eliinate the need

for Nfutlhser.However,,crpibr an extended tame period w0 require Inputs of 
other nutrients sch ao P. US a eplw thoispp isd en areh Mmnt 
seldom cmplte and th U t orK wil kewy ban" thUM lsan ec
Waccntate the loane of other nutrients) Mae Mmed NU-p will 1- lead
to Increased NO, h leachiedNO wil ba asomeaed by a qavl~amount of cugs. i i cde 

amb 

to wM thUMmn and ee t YAMl potentiao(the fow Cguue"rp Utotalvnts o~ft Inceasd Ifsu"p,tA
amendmet such and=W PWWl UMu* be fequbred

fte ft-bobh a0d OISOISMU ps MlWalestbleonto "RWmeay and the
Pool ist onlyaomum of~a w. L 7bis sk raUv* snugaf"d whan04. Wn
be esxly deplete by etigWhichWW accelerate bowes eau"" &A a n
puitao mineas oCe this poo Isdep*ted Itcan only be resore by 90i amend.meots. Alth t data ame rslatve sW=s the behai of dat lgue
drn the dry season at OPAC Wouwt that the rooting deph difVei*eal 

9D Vs~e~lthis Is true then the diffeua kieeamewoild be apeted to
In,;'&I;;to over catios from the lower portiom of the patlh Ad

howa d~h of mW crop.om tensbeAt ethey ane leached beyond the root
Thus Owe psehIliy mits that by combiin adeeputne luegenManur
withan oat-e-tr sum a"o bwahing hoott faaresbyn 
=4Ms"M eri "MauMInot tu.. em btialso" m IS n ni u 

Anothe advata of t lumne gOee anre Isreduction *(eer"in The
14S I~nS I "mishnd o"erwiich protwhesi fom t1eImat of t ta"
and thi IW;S to -" Mn" f t "olThist "go Gait smAdo "MU 

addtinsftahepe - ree ls iprvesod sliwtmu 
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they were dons Inthe main experiment.
Current work isdeveloping amethod for describing uptake and leaching of NO,Another model has been developed which describes the uptake orCa. Mg. K and3NO, for Individual rots.The resulting models will be combined and exanded to
describe the uptake and leaching Vf the listed ions.

The Oadsols and Uis~ols furnish superior expermental soils for developing
cropping system with accptable losse ofCa. Mg and K.The total Vf these ele.ments can be eas* measured. Usually the total in the soi pro(W issmall,enouighthat any appreciable loss can be measured over aperiod efta very few yeas.
The soil and climatic reime at Manaus isnearly Ideal for the proposed study.
The cliati regim Isfavorable for continuous crop production. The precipitation
IsInexcess Vf ET and henice the leaching potential ish~gh but not mxcssve. The
soil structure is favorable for dee rooting provided the chemical limitations are
ameliorated by liming The erosion potential isappreciable but not exessive. Forall of these reasons, If an acceptable cropping sequence can be developed atManaus, then likely an acceptable sequence can be found for drier regmes whereOuclsols and Ultisols are found. 

Assessing Accomplishmonts b 
..

As the experiment proceeds hmoeswhbdelpdcnurntyih 
.. 

availability of input data and parameters. The assessmnt Vf the results will be
made interms Vfthe amount ofInput data required to extrapolate the results to
other sites and the availability Vr such data, or the reliability Vf the model outputs

using what data Isavailable.
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Problem Statement
Physi characteristics of medium. and inetextured Cerrado Oisols have


generall been considered excellent for mechanized agriculture because of the very
stable but weakly coherent microsaggregate strcture. However, evidence is begpn.
fling to mount that deleterious physical situations are developing in area 
 sub.Jected to continuous annual cropping. Insome fold Int SOotro region of
M na Gerais state, a decade of Intense cultivaton has reulted in the formation
of an extremely hr compacted lar 10 to 15cm deep. Shallow rootng of the
predominant crop Inthis region. soybeans. has been attributed to Incresed soil
strength, reduced MAcrporostY, and poor aeration rather tn aluminum Wt *.lt
 or low nutrient sasoftesubsoil.
As a consequence or the shallow rooting of annual crops. the relatively costly,Investments InliMo and feitilIzer inCorrado soils may not be Uuiied to maximum
extent. Nitrogen which is mineralized in the surfce soid
and applied rgtlizer N maybe carrted quckly outofshaowrootnithbxces" amo=W of ecolaed water where rOOt-restrctng Pans cacur. Nitrogen losses can also occur fmdenltzlflcation when water perches on compacted layers.

The preence Of tillag Pans reduces water capture from the frequetly brisE
Intense storms thus limiting replenishment of subsoil moisture Eve the avaflablo.subsoil moisture which should be uWtia by plants during short dry spells (uaanL.
Mo)Isnot accessible because of root restriction Inthe aurio horion. Mae occur.
•+,_r+, ... ... ...80 ..... - .. - - ,seesplant Moisture stress during rales +,.+++.++++ 1.+renc ofIV perodsmay be tem +. .. 

Serious consequenc o soil COMpactio for ralied agriculture int Cerrados,
- ,. ,+ '_ _ . n n m ++ii+++~ + ++, +I +++-+i:i+ ,++++801OIft ich hanot been helo baconcern n ee pnh +++ +:: I+.

sloping highl permeable so"s is%MM11 Inreasingy evidenft inCorrado soils It
is comontoobsew area o ffto of Surface sod down to the characterWs 
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tic maks of the harrowsole in cultivated fields. Deep gully formation where runoff
water Is channeled along contour ridges or discharged at field edge 1s a serous
problem on soils where slope lengths may reach several kilometers Reduced ini. .tration and Increased runoff associated with subsoil compaction increase the 
severity of erosion under these circumstances. 

Several factors ae suspected to contribute to the formation of compacted layers
in Cerrado soils. Normal farm trafc with heavy tractors and harvestors contributes 
to wheel track packing. while the traditional practice In the Cerrado region of soiltWlage almost exclusively with heavy disk,harrows Isalmost certainly a Modoraggravating factor. Once compacted, Cerrado sods may have no natural correction

mehanisms3 since both shrink/swell and freeze/thaw cycles are absent. The 
presence of tree roots In cleared Cerrado land has discouraged any form of deep
tillage in the Inatial years of cultivation, The lack of crop rotation in what frequently
are cash grain operations without the presen" of cattle raSing to Ju *tUl grass .
legume leys is another critical factor. 

Soil conditions Inroot-restricting pans should be characterized so that possiblechemical or physical barriers to root growth can be identified. Once the nature of
the barrier Is determined, an attempt should be made to Identify the natural factors or induced mechanical and chemical processes that result in the formation of root.
restricting pans. This should furnish keys to management practices for avoidance
of the problem before it starts. 

The clay fraction of these Oxisola consists mainly of kaollnite, gibbslte. andhematite; and. typical surface are or these Oxsols are 40 to 50 m'/g. Clearly,
stable aggregation of these clay particles must confer the excellent physical chanc
texistics to these soils. The nature of this aggregation and the degree to which'it Isaffected by agricultural management Is not clear at present. Al oxidekaollnlte
Interactions have been eperimentally observed to aggregate kaollnlte and similar processes may stabilize these soils.

Zero points of charge (WPC of these Oxisols range fromjust below pH 4.0Otoabove pH 5.0. with the surface horizons typialy having lower ZPC values than the
lower horizons. Since the unamended soils commonly have p~ts in the range of 4.5to 5.,iti pprnttath atoils whcIs not.gral difrntfoe nainao 

the ZPC value. altugh the sutface horizons, Inparticular, have pHt values whichare somewhat e than the ZPC values. Since charge development on cloy
particles with ionizable surface groups depends upon the degree to which the pH is
adjusted away from the ZPC. as shown below. 

. ... : W0 C 
+H#' 

a low density of charge is expected on the mineral particles of the Cerrado soils
Low charge densit Isconducive to the agglomeraion or particle according to thetheory of colloida aggregation, so that mineral suspensions adjusted to pHt values near their ZPC have a tendency to flocculate. Thus, the very low surface charge
reported 1br Cerrado soils accounts for these soilsgrngated behavior. 
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Conversely, sodl treatments which generate surface charge may destabilize andeven disperse the aggregated colloids. Phosphate adsorption on soil oxides is widelyknown to generate negative charge on these minerals, and sulfate also generatesnegative charge toalesserdegree. In addition liming. by raising the sod's pHsubstantially from its very acidic natural value. has the potential to increase the
negative charge of the soil collolds several-fold. We have preliminary evidence,
based on the tendency of clays from the surface horizons of Cerrado soils to form
more stable dispersions upon physical agitation than the subsurface horizons, that
chemical properties may be Influencing physical stability. As stated earlier, the
surface soils tend to have pH~values somewhat above their ZPC values, and thismay account for their tendency to disperse.

In this phase of the project possible relationships between colioldal d isperb
bfl..
Ity. which has the potential to adversely affect soil structure and agricultural
productivity, and the soil amendments which are necessary to maintain soil fertlity
will be established.
 

Objectives
1. Diagnose soil conditions associated with root-restricting pans InCerrdosoils subjected to continuous antnual cropping,2. Iden l the natural factors or induced mechanical and chemical processes . ....that result Information of root-restricu~ng pans,3. Determine which mechanism are primarily responsible for limiting root development inOxisol tillage pans (critical bulk density exceeded, inadequate ..aeration, sodl pores too small, high soil strength. toxicity, etc.).4. Determine the effects that soil amendment practices have on the physiastability of the clay and organic fractions In Cerrado sls. 

Opertlional Plan

Paired sampling sites of adjacent cultivated and virgin soils will be chosen in
several Cemudo areas wher prellminary evidence of tillage pan formation has been
found. Pits for sampling will be dug during the rainy season and measurements will.be made of bulk density. mechanical Impedance, moisture 'content, organic inattercontent. particle site distribution, and Fe. Al. and $I.Where posible, at sites that are u readily accessible toZ&0RAPA/CPAC,crop root development will be observed during p i ods ofmoisture stress on compacted soils. A more thorough diagnosis of soil conditions will be made at the .. loc ation Including liming and addition of phosphate and sulfate fertils

ers, will be evaluated for their effects on clay dlspersbility. ItIseMpeted thatdispersibility will be measured by light-scattering techniques employing astandarUVvlsible spectrophotometer. Detailed Investigaton of the differential dispersibilitof soil minerals may be necessary if it becomes apparent that certain minerals areresponding quite differenly to the so treatments., In this case, it will be necess.y 
to identif clay minerals quantitatiely or selquantatively by techniques such;. 
empirical and theoretical relationships between surfae properties anid agegate
stability 4 4"... ...+
 

ii4 
 .4.4 4 4 
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Assessing Accomplishments
Production systems utilizing legume green manure crops are lily to hielp

alleviate some of the effects of mechanical impedance for succeeding crops. AnIntegral part of any system for sustained crop production and maintenance ofsodlproductivity will likewise need to be the adoption of management techniques foravoidance of serious soil compaction. Characterization of the tendency for soilcompaction in Cerrado soils should help Ident~ry those management techniquesv -••; .-- :. + '' 

that are most advisable, 
: 

Research at CPAC has established the importance of large phosphate fertilizer 

", , " • :. ' ,.-' ' t 
; 

-'' " ' r O :.r 
' 

:% ;> :''V V ;<'; .",' ri 

inputs to Cerrado soil productivity, In addition. gypsun additions to the soil arerecommended to counteract Al toxicity to roots in the subsoil. and our research hasshown that this practice will fincese the cation exchan~ge capacity of the soil. Yet none of this work has attempted to establish any relationship between the chemical I/?"-d"''C''?" ' < ? < :': ''%
'""!.h'''"-'-'":' ,'A: ''' :"M" 'i 

:'<".' V< ?' ><< "":'' }' -	 ' $
" ' % <i U '<'"': •'' ''i~ : =/<, ",; :' " ' 'Wi <-'<<'' ;hU~t'' W ",-'W <=< 
:''° <"-'9<" +.! W:A ;'t /modiflcation of the soil and potential physical alteration. eithe beneficial or delete

rious. This study will provide this missing aspect by attempting to link chemical
and physical behavior of Cerrado, roils. 
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for which itwas acquired. We propos to deveop ap*aWAWnts * mode for use
inmalifg nltrupn manaement eComedto Ownen on* albnlwd amount ofquatitatve Information isaaable, but where aqwuaUatv undertandin of
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1.Dtvkp acomprehemftv desetption In InwIatIon mde (cn ofwater andM~en mo~nund Lropo transfom s--1 nin croppe sods of the
naUe idonodmofttrop"s 
a.Otanthe effsect ofsoi Physical properties upon water avalsblt wasoOl'water movement AnM their baapc upon crop IV~.evpbaslrto.and tansient w*wate ng~m 1.1ainamanner to nso adco 

productiona
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ProgramPlan- Cornell Uriiversiby 

Staffing Pattern. Cornell University
 

Year 
 Total 
4 

1987- 1988- 1989. 1990. 1991- CR8P- OtherCategory 1eee 1969 1990 1991 1992 Funded
 

Campus-based Scientist 0.90 0.90 0.90 0.90 0.90 0.00 
 4.50Flodbased Scientist 2.00 2.00 1.00 1.00 1.00 7.00 0.00Graduate Student 2.50 2.25 3.00 3.00 3.00 11.75 2.00Other 0 0 0 0 ~ 0 0 0

VTotal 5.40 5.15 4.90 
 4,90 4.90 18.75 6.50 

, i ! : i :: ' , !, i : '-' i i ,'i : ::i, , ' !i4)j . ': '/! i ,' i !44: i! !!!i~ i'! ',!i :' i ! ,i i, :: '! ~ 4444 / i : i!ii : :!:~li ' ' i/!,' i ! i~ii : ! ,~i !~i i ! / ! ! ii '" l !/ :! !~ ~ 
44. ' , !, ! i : i i ii !l i ! i i i , ! i: !i i4 i !'! i 4- 4:Projected Budget for Projects. Cornell Universityiii i, , , i iii~ ! i! i;iY: i: !ii iii !i i :i~i i ! i!i! !i:ii~ :!!, ", : i ~ ' , ! ii i~! :i "!:i~! ! .: i!i i i ~ :: ~i!i' i~ !
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1990. 1991.
Project Short Title n! 44iitfl~ 1989 199 1991 1992 Total
ten:i~ 198 Un i i ~i- 44.4 

X$100Soil &4ICrop Management 1110?i;: 1131: 1347 60561199 1271 ..... ......Soil& Crop Mode"n : ! 372 286 4 414.44-."4 303 321 340 1622-!l-'4-4 4,Fu-ndedSoil Phy. Prop, 819 698 
4 -: 

74O ........ ..4 4.4.44
784 831 3672N.Minerallmaton41o 332 158 168 17814i o4 189 1025; o ,Cation Movement 325 311 330 350 371 :: ': . ,.,:.1687 
44 .4- Backtopping 58 602 6374. ...... .6786...... ... 1. 3190 

Total 3516 3166 3377 3580 379 17454' 
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4 AAAAAAI ,A. Introduction 4A~A~AA 

OIndonian th Hu iTrpc 

ropSoils isacollaborative research program whosegoal Isto develop and adapt improved solmanagsment technologyr that isskgrnomicalY- ecologicallY and economicaly sound for developing nations in thetropics. Plmay funding isprovided by the UAS Agency for International Develoment- insupport ofhue X11, 7*mlne Prvtion and Freedom from HuqWe oftheForeign Assistance Act. To accomplish Its goal, TropSoils employs a global plan Amrt
articulated bY its PWanin Entity, and endorsed by USAID. The plaii~s strateg& is tobring the expertise of U.S. land grant un~verstis to bear on soilrelated constraintsto food production Indeveloping nations inthe tropics On the bags of their expert.

-4 -A once intropicali'iii!? research. collaborating~~ , unIversitie, i , ! +iiii i!ii~iiii,i!iii ii !ii!ii,i i ,i( ii!'ii!i !~ !ii? i i wern~ Achosen~ii to4,ileadii~iil!iprogramsi i i l ii!i ii~!iiiii ! i 'i i 'ii~i~!,! iiii~l !iiiil!i -, i,!i~~ llii, i i!i!inseveral key sectors Of the tropical enviroment These sectors arn called sgro.ecological zones&While no zone isahomogeneous unit, the sodl constraints are
'? A i?~ iiiiiiY similar enoughi to provide afocusA for the research program Wfthin the tones. the~ ~ i ii? i?!!ii ii ~~ i~lA ll !iiii' AA!~i..irA universitiesi develop' primazy research sites in order to maidmise resources and AAA-4~ii! !i~ A s~i~i !iiAi'ii~i!i~ii AA, iiiii~~lAiii~ ~i~~iA iii!!i AA !i!~ 

AAA estblish the necessai contnudiyA ii!!,i, iiiii ,li-lii-4A>Ai i i~ The Center for Soi Research(SF4.- !i~~i-4, !-4 ~ 'Ai'' ~i~!{i~ . . . A4 the Central~AAA' AAAResearch Institute for FoodAA A A'/ ,,iiiii 
- 4 - Crops (CRLFC), Sukaram Agricultural Research Institute for Food crops ($ARMPA4fi 

the Agency for Agricultural Research and Development MR)?,A + AAAmA . A !A-44 
4 .. , . 4 -, . ,ijA" - ... , .. i ... iiA~i .... , .. A ........ , , ' ... . 1 .... , .... AA- .. ' ...... ( i,i ........ AAAiii ... ,- Ai'! A t -4-4,4AA 

"~ii 

* ' A- A IA A and-4the UniversityA A ,AAA 
of
 

-44AAiA? AA! A4 4-A AA~A4-4AA<4 4' -A'4A4*'A- "",~AA ',, A .of Hawaii (UH) are the collaborating Institutions for the Humid Tropics (Indonesia)A ~ A jProject. 

Goal of the Tropgols Program in Indonesiauimum ue14-4Inase farmer Income and employmtent, foster self-rellance, erhance quwal Oflife, and consere natural resources. 

Objeotives of the Tropeois Progam In Indonesia 
-1. Produce econically feasible, Pirmer accptable, and enimnna safeoile-Management pWckage that contribute to stable, productive, sustainable Aand equitable lhrming systems. 
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Progrm Plan- Universit Ha~wU 

2.Test and validate rules and procedures that will enable sod-~management
packages to be transferable to other farming systems inother locations in
Indonesia and the humid tropics.

3.Produce rules and procedures for soil resource management that can be used

for decision making by policy makers and land use planners. as well as decl
slon making at the ftnn level. 

Research Outputs/Products and Related Activities 
The project isdesigned to produce results which can be readily packaged for use

Inwaking sol'management recommendations by extension agents and government
planners. To achieve this aim the Information generated by research will be orgn
lced and stored as rules and procedures for decision wakidng Ina computemfed'
expert s"tem. An expert system isa computer program that offers, solutions to,
complex problems by mimicking human reasoning processes and employing a
kcnowledge base of information obtained throu~gh research. This knwledge base,
permanently captured on diskettes, can be reproduced inlarge numbers and
transferred to any location InIndonesia for use by extension agents and govern.
ment planners, thus maimbIng the potential utilization of applicable researchj
outputs to optimize farm productIvity.

The research outputs of this project ame rules and procedures for diagnosing 
S . S : : i : :ii i/ /iS , 3iCi problem and for prscrbing optimal strategies to control outcomes of soll-manage.

went practices, Verifihble scientific hypotheses underlie each ofthe planned out-,,:i i! '! ~ii?iii!iiii~ ii! i/ ,!, ,i-~ ii !i* / ii , ii! ~ i:ii!i,! i: ,ii! ii ,' i!i~ :i, ! i i i,! i Aii!,C.i:',i~ / i i:, , ' ~i:/ ,'ii~ J:i,! ' iii , !i ' ! , ' : i ! i, , i i i 

puts and associated activities. 
mbei! !ii !'i!ii!!!research,~ product/ will- il! ii'!i~~i~ be aniii ! expert!i i ~ system that~ i !i!i i : utilze the~,iiiresearch~ o'tputs!ii i i ! 1 .~~i! !il!ii ii~i ! ii~ ii ii : i! i~ ! i!!i,' ~~i !' iiii!~ ! i ii~!i, ii~~ ' i' '~ ! ,! 'i:! ii -C i !: i~ ~ ~ i!ii ~~~i - ii ! ii >
to help land users, extension agents, and govemnent planners manage soilre

sources* 

481
 



Project Number 
UH-1 

Project Title 
Diagnosing and Correcting Soil Acidity and Infcrtity 

Project Leaders 
LAya. University ofHwai 
N.Hue, Univerity of Flawaii 

Collaborators 
P. Ouyton. University of Hawai
 
Social Scientist (to be employed). University of Hawaii
S.Ito" University or Hawaii 
J.Li. University of Hawaii 
C.Tang. University of Hawaii 
P.Yost Uiversity ofHawaii 
Sholeh. CSR 
IPuta* Oedger. CSR 
M.Okca. SARI? 
Rash, PaJamuz University
B.Rusan.n ftdjaaran University 

Problem Statementp.adifcutono 
/ For the resoume-poori farmers. lieis expensivean gt'v-v v.i + , i i , ~i i !!+ii+!!i ivv W~i ttoicrrtenoii !iiv----------- i~v ii i! !!ii! ii ii! i ~i!i+the subsoil where +it isi+j-vneededm to detwdl* aluminum Without lime. only a limitedv-v-+ + +!vm vvm u+i' v-+ ++v.- v-'+ 

I+'number of acid'tolerant crops of low nutritional value can be grown. Withtie++ ++++++++ + +++ + +++++++++++ + +++ +++ ++++ + + + + ++ +++ jj + +++ +++++ +m+ + ++++ + + + + ++++ + +++ --- + + +(1 +v- m-- - c yfarmers can+choose++++++++L+from;+u a widerw variety++++++!+of markc table crops.+++++:+++mlnlmft+ ++++ ?+++++++yield+++++loases++ ?++++ ++++ '-++++ve s + ++ +++++ + ++ +++:++++++-I+
from drought. Obtain highe use eftcencyr of N,Pand Xfertilkagr and pes control'-v--v++++++++:: -v-v + la v v++:++ .+:v: i+--v++a . v .-,-i L- :1:+measures, produce the desired quantity oftcodiitlw on a gm er armanid i+++Jv-vvyv-- v~ ++ + +++vv + +? ++++4 vv+++:--v-v!+?~:++ v-v++++:++++++v-+v r+v~++ vvvyvvvv+v -v++jv+?+++ +++i +eWend the length of the growing seasn by Incrasin + +i:++ i+++i++++watet'uae effciency.

The precise cost-efrfiectness of lime applicationy Is,+not+++++known++++++++++++++++:because+?++++++++++: ++(1)+++++++++++++++-the ++--+++++ +++++-+++ :++++ 
+ residual effect--vv and therefore the amortzation of cosgs o v e-: yars cattnot bequantilied for sound economic analysis, (2)the optimum depth of lime incorppvas

tion which depends on amount and distribution of rainfall cannot yet be readlly
deteuiled. (3)the rate of leaching of lime to not yet predkctbke and (4) ftrole of
organic matter as asubstituate for lime isnot I"M These knowledge gaps prevnt
the a uioOwledg base on liming from bei" used to assms the econwmic feasi*
bility Of liming and fertilizer use,

7u puimnaypurpose of this research plnis totest thebW"- 4" ee1.The Optimum (economic) rates for lime, fertiller (phoophonas) and organic 
-- - -MAtter application depend as much on their longtam residual elIfct as on

their Impact on the firstcrop.~
2. i regions with hog subsoll s alieus~ue dWWencanbe double yshifting from shalow p04 CM o ep (15430 cm irrorto of lsh-

-~ -3.- In Solls with variable charge clays, lechn s)ses -of Me can bemaile by 
< 

Lv lou10arig thezero point or charge of the sollol by addiin a(orpnt
matter and lime. 

v ,~ -- - - - - - -- vv4 v7 



--

---

Objectives

1L Measure the long term residual effect of lime, phosphorus. and organic matterj


on ropPerormnceandtheeconomics of production.
2. Identfyr the optimum depth or lime and organic matter incorporation with

different water-retention characteristics under dry and wet season fartmlng.
3. Collect llme-leaching data to develop transport equation* that will predict

movement of lime in the rhizosphere.

The expected outputs are rules and procedures which can be employed in a
forwardchainLzng computerized reasoning process to diagnose and prescribe corrective measures for soil acidity and Inertility. Forward chaining is a terminology ofartificial intelligence which refers to problem solving by starting from the data given 

and workcing forward to a solution which is consistent with ItThe developmentalrelevance of these outputs Is that they will be organized Ina way that will permitextension agents and less-experienced personnel to make~ expert recommendations 
-

Operational Pan4 
The operational plan is to preserve and monitor the old lime plots for movementof lime. phosphorus level and organic matter, A subbypothesis of this project isthat organic matter decomposition will be accelerated Inthe high lime plots.Lim will be incorporated to four depths including one to a depth of one meter. 

Crop gr~owth will be monitored Inboth the rainy season and dry season to measurethe interaction between lime depth and rainfall amount and distribution. The <Ritchie water balance model will be used to simulate rno(Z consumptive use anddeep drainage of water. The model will be used to deflne the optimum liming depth *at projects end.
 
The data on lime movement will be used to estimate transport coefficients for
calcium Calcium sulfate will be one of the calcium sources. The effect of phospho-Tus and organic carbon levels on calcium movement will also be measured. Anothersubkypthesis isthat calcium movement will be retarded by applicatlis ofphos.

phorus and orgnicmatter.
The strategy isto establishi a close working relationship btween researchers

and kaowreda engineerstouU research results for Inoporao int an1 upuisystemt as rules for diagnosing and prescribing measures to correct soil acidity andWnertftiI The research results to close Inormational gaps will be Incorporated into an expert system on acontinuing basis, Through an iterative feedback mechanismkonm nsion ens and other users to researchersand knowledge engineers, the 
eprytrwilbusdto redefine research direction and priaMoris 

A-

~ 

Assessing Accomplishments
An expert system for both technical and non-technica user that can providereliable Information with which to make decisions about the economic outcomes of 4-Imin and fertilization using a range of locally aaiable products will semv as theAverifiable Indicator of Project accomplishment Pzroess~ve Improvements Inthe , Vexpert system will be monitored by validation of tnes and procedures with research 

meultsobtained* 
'(-~r'-

-'. -



Project Number 
UH-2 

Project Title 
Integraton sand Utiization ofAgroresty and Other Orgaul Resources in.
Sustainable. LowInput Farmixig Systems 

Project Leaders 
P. Ouyton. UniversityofHwi
4. Fownes, University or Hawaii 

Collaborators 
L Arya. Universiy of Hawaii 
Socia Scientist (to be employed), university of HawaiiT. Dierolf. University of Hawaii 
J.5rewbaker. Universty of Hawaii
N.Hue, University of Hawaii 
P.Philp. University of Hawaii 
M.Habtc, University of Hawati
S. Itoga. University of Hawaii

* J.U., University of Hawaii 
P. Yost. University of Hawaii
H.Suwardjo, CSR 

VRl. Padjajaran Universit 

Problem Statement
Inezpensive, IocaI~, available aro(orest and o*eila l eoucs osttt 

* . alternatves to 11Me and celaerullsrs: 1W*groQln& scwdtolerszlt. nitrogenftxing tree and ground cover, and other,cigai r"Miues Seam 64 scums ofnhtoenorich pren manures, Alwood4 Woder, substituites for 1ftM,~WWnbmlsand soi erosio control mesures. Although a largeV Jowledg bans onAgdomoebY and orpnic residue mmaqenert exidesignig can omeastructure to organi, thaknowledge basefor elfleftddcisiml and problemso1?1 bi'as not been undertaken 'This situation stemw from (1 t nwness orWamation technolo& that now allows kwleWp to be Opasnlzed and represnteine~lclent, user-&Wndly Am for deision,mada wAd problem solvigaed 2knowledge gpse on (a)the effect of so emperaturemitu n IcrebAcOMthmnltrgen dnamics associated with residue decwctotmbWte roe niut*lent CYclin bY acid-tolerant. deeproot plan~ts in OMA1A~p 1.V1ft1l11

opposed tounmnagd Morusto, (a)the lomlelu utrength fitlt 
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Prjc Leader 
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S.2-- of EI-SaifyHawaii Unierit 
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S. E wai UnRIFest fHw~ 
il~~.FOka, SUIveatoHw2, 
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Poram iPanmUnive t,dcfHawaii 

15*o-- orer mitrA 

the alternatives IfItIsto miake exer recommendations.
But how will such informational go- t reeac dietin If -hhoeisthonly tool used to mix lime Into soil, and it Isnot l1kel to b~e ,replaced by another 

Implemnent, would itpay to,redirect research Ina way that will uable farmers to get
scientists to return to basic research on ton transport?The hypothesis being tested isthat farmers experience management problemassociated with new technoogy which are not foreseen'by researchersi and thatinclusion ofamreprecglsand obe~e wilrndrsllMngeetresearch results more user-oriented. 

Objectives 

diagnose problems and prescribe solYu;%~s for them.
 
and/or redefine research dieUon and priies.
The development relevance of this rean'arch2'Is'that it will 0Wrainlgapsneeded to make sound economic analysis abou~t 3oil management, and this In turn 

' 

wil be the basis for redefinng and repriil'u esac .:7 eprd c lwillbe an ' ~'2expert system which employ~s farmer constri'ts and goals in its decislon-makingprocesses. 
2 '2'> 

Operational Plan 
S~~This project will be Initiated only ifU&JID/Jakarta provides funds for this etbort. 'T.The Individual hired for this project will be,a social scientist with traW,Ing Inam #C.&ton.This Individual will serw as liWon anmong anner Vuzs i4,geso QiCC 

servce and Trop$ols reseahrs Extension agnts w'lbe trobw thexpert system and will use it to diagnose problem an~d prescribe soUtions. A60M puter will be maintained at the local extension cBce Whrs the ektension agents
can use the data base and diagnostic capabilt 
 of the expert system The-fropsails ~~social scientist will olfer assistance to see that the expert uWstem is prope4 'usd. 2 

Aprototype expert system that takes.itoaun t fternsrants. plrtand goals that can provide extension agnsWth reliable information viw hihtecnomcaly

able Indicator of project accomplishrneut. his same w 4rtssti= 


mak ound 1 onmnalons-about t1ming will sev sthe s~~. 
11 e mlae 

V-' 

toguide research.direction.4 

~~~~~2' 22-C'
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Pr~octNuber~ 

AnExedSystem for Diagntosi and Recommning economcll 
i 7'17 ;' 11 

Project Leaders 
L Arya. UniversityofHawaiir 
P.Yot,UniverstyofHawa
 

Collaborators
 

Social ScieinUst (to be employed). University ofHawaii 
T. Dtrolf.,Universit of Hawaii 
P. Mlwam, University of Hawa 
J.AttadW. University ofHawaii-
SEl%%n*,r University ofliswafl 
.. *ones.Uiversityof awall 

HI. IkawaR. Une"5I of awauU 
R £Caldwemll Univrsity of awou
S.Camnpbell. UnlivesityofHawai 
N.Hue. Univrsty ofHawaii 
S. ItogaUnversty ofHawaii~ 
P.Philip. Unvesity of awaii
J. II University ofHawaii 
IPutu Gedgcr. CSR 
H.Suwar4o. CSR 

M1. Oka. SARIF 

Yunumr, SARI?
 
Iswan"di &A"I 
1 I' 1I: Ij+ + 

3 

Problem Statemnt 

ba~~~sef fo. o "MIan as an opport iy to 
rkned, junior personnel can use 
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Pro'i)gramn Plan

nfra gap Isntsomc Unezez~tnegIsorsanized Ina way that enabWesm yit61 111'"~ui solve rrv.,

problems the critical infomational gaps will bor bydentl*Ithncd 

4a rsa cne ta yalcoputatina approachorbydecanne ohuma~d~nbt.yIo~tomemory.
!I~i~iiii!n 4i&l
:1 


Objectives 
1.TanlteWUng ACcidN Wity e tavaetm into~ it enin 

ofmproved use Interface. Multiplebective consultaton and prelwi14 
'm 

-.-------- naturmIa lruae&. 
2.TstACID4 cpntsystem for pcrftmux*c and Integrity relative to 

4 

r~~e 
ments and eapectations.

3.Expand soil data ban Interface with the cq1qtm yte*
ftisyslonacesil to heexpstsysem 

. Inpoalam Wcb two eped ste 
5.*Add Outut~ from TOp~oU5 researchi Into ezcp'a system and provide (ekak~

to erheon Critical In(ormaiona gp. 

4 n orog vrsonfthe 

..
......... ... -....Th devlopenal ickwv.~ of thee objectives Isthat the shortage of huma
 
expert whilch now holds ack development andA kr pWca eM mb
 

Opentioflhl PMn 
The stratga Isto brin to bear an this p~ect the CpqtWM of Untorslty of4'$1 
HaaiMauty who ar ollovilzg ad=a=e in OWd conblbutln to the devulopin . $1 

11 

' 

ofMognaton 4ic-obasd knotages.*ThO 'ThflnSolst nMec needs mand~ A4; - . . . . ' ~, ... ... -++. p' 4.....+...
assistance frtm Isculty rmteWratnSineDprmn.adte ntr 
II11 -I 
1 tvI" uulneha leybenefitted T2opSol~sgewly.!U%~5 4., .' ~ $ 4;

The mechanism to brn thi about isW d n WInovsagemn 
4 

between data generators (feld tsWin Sitiig and solhware de"Wopmr (Untversiy " 

o( awaii campus facwt to work towards a common Irearch approach whiisto organize All relevant knbotd mistin and newly acqured Into aform , 

>4; 

that can be used to42.disgrim an rolm 'h 

Assessing Mcomplisbmeaits
 
Tevib ofaftoMshment will be an eperLt, that can use
IQ+i)I{IIn 


hullmansmi Intormation for decision supportas wenl as. o et hn 
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Prjc M~a~at Bw-fpp 

ProjectitLeader 

0. Uehama UniversIty o(f awaff 

collaborators
 
*L Ays. UnIversity o a


*~ bR.Smth. UnlmUV of Hxwali 
S. El4W*. Unlvmisty of(awaU4'
R.Metmn Un~vsuty ofHwa 
N.Murabsysl. UIjIvpmjt otf awaU
 

F 8S. aSiiuot, Unberslt of HawmU
0.TSiJL Umvuuwof Hawau
I Putu Oedgew, CSR 
Mmlnlstrauvs As&Wsan (to be emploed), UniVrsty o(H&Wals
CommunIcaiton. Sped"als (to be employed.,SARI? 

PolmnSatentcod nczszh 
an ob fno reeac d by onsft andonapuspersonnel requires close coordinat~on to ensure that both pertio woktwardsth 

couo 0&O(9~e~rMtlM Infolmitlooto Mi knowkpips ethat ane criticaor ,r -
uesearch sit. hampers eoinumlatttm and w9I ldcl be a~~W tprblmor*m 
come. 

h 

1. OVW JOWWupprtOf n~sia ~viesby both'oi1'SMt and onlC*UU-caI IpusaW arersnneW&=Ws~fouportd bUAID and the 001. ,2.Pr~ecoordination ofolmu ~Jop*in &dmM~stz~Uonand M.
search Insupport df on-at activities in Jndone"i by UH facuIty/sdmlnst.
Umo ad CMSP-supporW~ me.fl 

Operationsal Plan 
The U eaR leade and C8RCounxy comdlntor~wIll beJolnt responsIble for'te 0,0 V 1t Of resarch AdMUeand manowe resouce necesar to carryout the plan of WO&k On-CAMpUI research atitie p9i be coordlnatedaicgte

prinipa off~ 00o natorpmect, 
C -on-at CMwwi reqUIr. coodinato With the team kea MW *Wtr C<ordC 
4K' zator. 

C yCmube personnel is zaeoemazy to pro"e MRIWPe tqsbt
C C'.CCV'ica~CC 
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attrn -nivrstyStafig ProgramPlan- University Qf Hawaii 
-Uieriyof-HawaI---

Year Total
 
19"?- low 11989- 1000 1991. CRSP. Other.


Category 1988 1989 1990 
 1001 1092 Funded
 

vrE.Causbased cientist 1.67 1.67 1.67 1687 1.67 0.50 7.85.FieldbasedScientist Zo00 200 200 2.oo 2.00 10.00 0
Graduate Student 1.75 1.75 1.75 1.75 1.75 4.60 4.15Other 1.00 1.001.00 1.00 1.00 6.00 0 
TOta 6.42 6,42 6.42 6,42 6.42 20.10 12.0 . 

Projected Budget for Projects. University of Hawaii 

Year 

196. 1low 196w 1lo0 11991.
Project Short Title 196 1990
1969 1991 1992 Total
 

E$100
Sol Acidity and lnfeawthty 02 790 
 637 837 940 4374
Agroloreary 1130 9n0 1026 
 1090 1156 8373
Fenne Constrait
 
(Continent on Suppemntal Funding)

Expert Systerns 960 820 M6 
 921 976 4648

Bafktopp"n 830 
 480 486 518 860 2546
 
TOWa 3540 3040 3222 3416 3621 1663
 

57; 



ProgramPlan- UrtiuersityofHawaii 

~Prolotdfdifforb 9cgfiiivrty of Hawaii 

Year
 
Obet1987. 1988 19- 1990- 1991.
 
Obet1988 1989 1990 1991 1992 Total
 

x$100Salarde 1370 1180 1251 1326 1406 6533
Bentefis 440 380 403 
 427 453 2103
Allowanices i : i: L : . L '! I : :D: i! -- ' 'O? : : / : : , :.-'-.:i~i : ' :' !410 340 360 382 405 1897
Travel 200 170 180 191 202 943

Supis370 ' - , 

"S : 'C-,.) . ". L:" i : - ° :,"- ,: ,,. ' - : '; 
320 339 359 381 1769
 

0 ! :: '' - ' : ", ? A'A 

Other DirectCosts 60 
 so 53 s6 59 278
 
"- ,;"" -.'- ' -- : . ,_:°' : ,!:' : -' . - ,:.- , ,'' ,- - , : . :, ;.,, ,, - ,- ' , :-',: " ,,' --Indirectcosts 690 600 636 
 675 715 3316
: i ~• ~p i : •-! '- ' - , : Q c.. .......... ;H0 .W : L : : .:!,: ii i~i :!i!:. i • 

!) ?0 ,
.
 

Total 3540 304 
 3222 3416 3621 16839
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TropSotls ProgramPlan, 1987- 1992 

Humid Tropics 
l)t'j)(11tilll of[,
',,oil ,";ciclit. 

Northi ((Iuol .I(i.Statc(Jnir.,sit 
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In~~od~~t~~o.. Prmgrm~tg 

T hehatocusofUS. gemTfor amaiona De 

Sinsedcin Proaraimn aeg ic uy18.fclyadgaut 

haveUParticipateforuInteInLb. focus o)Us development 

oeearichur i toe huidncreavelpMk s hasrleinoe theooymopty &iadtetinglOfbl4Maind conumt opons fowhis, ontantai nhingu thep 
mnagera Resorese rth rolna==ste Unbesi'. comon e 1TOW~l
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Progam lan-NorhCaolia Stte nivesit 

2Overall Program Objectives tepic 
1il'i .oilmanu-gementoit nlr the htumid tropics, 2~- ~'~~4-2. To validate, modify anotions~vilbl technologies for the humid tropics~
through soil chamcterlzationi-nte pretation and support to research networks, -'3. To determine the lowerthreshold values below which th ive aforementioned 

mnagement options are environmntall or economically Impractical. . 

OveaUHypotheses 
.~v1.Thbe selected wuu' anagemetoptions ca be made staale throug 

>4 overcoming constralnts related to 1 nutrlent-cycling efficiency, 2)weed en
2. The available soll-management technologies can be succesfly trmnsferd to ~ ,

national institutions through soil characterization n support to regional 
networks. 

Program Approach
The program approach is illustrated inFigure 1.7be program isorganized into

nine projects. The first five projects tackle nutrient eflency,weed* and sofl-,witer 
<< 

relationships incontinuous cropping. low-ilnput systems, legunmebaed pastures, 
.' 

agroforestry system~and steepland management (NC- toNC05). T7i. sbdhproject
compares diffierent management options in terms of physaL, chemlcal and biologti <
cal properties indicatve of sustalnablllty (NO.8). he,se th anid elohprjects ,address the technolog, transfer objectives thro'ugh o19 cheten nidiner
pretatlon (NO.?) and research networks (NC-8), IbeAnl proj N.)prvds:'<
technical and logistical baclcatopping flor the entire program.,The overall scheme ispresented InFigure 1.showing the relationship between individual propa-m andthe flow of Information from technoloy generation to techunology. trnsfer, Ade. 

- taile description of each projectI presente inth capterl that'fo l>. : 
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H-3. A combinatio f P aI.--ndbioogaipracsiwtUprovde~ndffick4
conseamtion HUlae.. aam. withl imrvd ae balanice ad ninihe soand' nurin 	 loses 

4e4 4i4e

UQegol f hi5IWJeUt ist eelpsdmnaeetprcie orfr.r 

based mechatieed croppingsystem~s that will sustain long-termn productivity whileconsenrig natural resources Inhumid tropical areas with fvrbeInftastructuredevelopment. Specific objectives. 	


s related to the three problem areas include: -L.Optimize the effc~ency of ertilizer and lim~e use by higa value food crop rota.. 
- ios, and determine mome prec15e* the residual effects of llfl) and ferter 

applications.-------------------------2.Z Evaluate the multipurpose functions ofgreen manures and mulches as related 
-totilag practices. weed control.,ol n water conservation. nutrient-useefficiency and aluminum COMploting.
3.Develop tilag practices that maintain desiable soid physical properties. ame 

4 - compatible with fertilization and weed control practices, minimize ener -..consumption sand conserve soil and water. 
4. Evlut wae balnc and asoiae solute tansport fr selected tillage	 

4 

practices. 

7b poj~sopraioalplan i illustrated InFIgure 2s strtng from the prob
law.s continuing with component research and thinteractions, and integratingthe results Into continuous croppig systems kw sandy Ultisols and chMyeOxisols,which can be passed on to the network pzrJect (N~C-8). Rounded bms representTtopSolls-sponsored research. Exporiient codes used by the program are Indicate 

-- 4 

Inthe text "sappropriate.Thisprotw ilusebothprmaystesat YurmgnadMn-st rvdrange or soid and climatic conditions. Involvement inMnus. ssutect to the - 4avaflsailty offunds. Several ezpemmts.1nitiated during the last qutnquaennluin
are being continued. due to either their longtem nature Ior the oftheir 

-Initiation. Examples ofthe former am the gszmplam$rain o aluminm4tolernm (Y10l ,the central continuous cropplig study i Ultisos(Y1)0n
the nutrient dynamics study in clqq Oxisols H91.othlaermthe conventional (Y-104) and conservation tils (Y118 si"and studies on- 

4----- -- potassium felzer emciencY (YjO 0)"-
4 

T7he Muajority ofathe .U21ient are planted to cere*aln legume rotations 
- 4 
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under mechanical tWlage practiew Plots are sampe 


periodicallyfo cm"a,4-4-	

p1yskWa and biological pmaucters IniWthewsudhe and subsoil Wre, accord-UVin in ields are measured an.Wbeto individual experiment objectly.
appropriate. additional measurements are taken for above, and below-&=hd4plantgrowth and nutrition. Changes inbydraulle axsductyo~'moisture balane,'andsolute leahinguinder several of thee sytmrl eeaute.f~ lobtlvariation wrhen Wh so Mois!ur eeauated in wped-

Duin th poi t er.mli'piayefrswl seek to Identl*and 
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nuretccig g eume1Qdatauafromnth~ eleguir prect~ mN-anrd atdfrmlhe aonl Uncoritegre plantse restchin mchied croppasigbeyse 

whenever possible. Legume species will begrwwIn replicated plots with twofertilization treatments representative of the range, of fertility levels used inthismanagement option. 
.Measurements during the course of legume growth will entail the quantificationof desial attributes eiher by chnesisdproete or b pcfeplantcharacteristics. Weed biomass and populations will be used to.evaluate weedcontrol properties. Evaluations of ground cover establishmient and soll-water sorp.Uvity will be Indicative of water runoff and erosion control. Nutrient-cycling cap&bility will entail estimuates of rooting depth. nutrient accwulation. nutrient-releas

tutu. and exectd nutrfint uptake by subsequent crops.
The Interactive effects that green manue -haveon lime and rertilze requirements for crops will be further evaluated by growing promising species inrotation 

sindt vlaetepefrac fslce legume when gonIn rotationwith row crops Inboth conventional and conservation Wilage systems. Based onexperiences gained, these studies will address questions relating to ehanizedpracesfrpanng aneraiatng omgae leuesand thalr cariy&,e effectsInto subsequent grain crops. The nature ofconventional versus conservation WilageImposes a distinction betwee green manures and mulches (inorporation versus 
C surface application) which requires a selection of forage legumes with different


charcteristics.
 

Assessing Acmpishments~C

Intargeting this pretfhumdtopclarapithlafavorarbleiftsrut


development. the solI-management practices should be both agronomlcally an4,dCoMomically feasible. Maaeetpractices should also conserv naurl isources by Increasing th time span for sustainale productivity wNbiemaintnng 
an/o improvin phsia and chmia soil prprte and optming th ein-

C' C 

cinyof frtlime and Ime use through either a-reduction in inputs orInreseproduction per unit of Input. 

70C 
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fallow, this system may produce two to three Years of crops with only one year of(alOW- The constraints to that Possibility are clearly two: nutrient depletion andweed encroachment (F~gure 3). 7bere ame no major soil-loss considerations becausethere Isno tWlage, and the soil surface isalways protected by a crop canopy, mulch 
or crop residues. 

The problem isone of how the cropping and fallow Periods,can be made more.efticent interms ofnutrient use and weed control. while the system still sem&e
original purpose: a transition from shiftig cultivation to continuous cropping, 

ats 

pastures or agrofbrestry. 

l~tles kownabout the precise pattern of nutrient depletion beyond the factthat Phosphorus and potassium became dellcient in Yurimaguss. Other fields withlower topsoil clay content have lasted less than three years at the same location.The nutrient depletion pattern Isalso expected to be dl~erant Inclayc Oxisols ofManaus, where the only information available Iswith acid-sensitive crops Inhloi.input systems.
Our germplasm base for the low-input system remains very narrow. one uplandrie variety with poor grain quality and two cowpea varieties. Amajor effot isneeded to find acid-tolerant rice varieties with goodpn ult. to broadentthegm

germplasm base of cowpea cultivars. and,to search for hihAI-tolerance Inothercrops. particularly Vrain sorghum and sweet potatoes, The germplasm base tor,ourmanaged (allow iseven narrower: kudzu. Other speckes that have shown promise inYurimaguas and Manaus must be tested for growth pattern, weed suppression,rooting depth and nutrient-release characteristics under adid soil conditions,Questions also arise whether weed enrahet can be decrasedby alteringthe present cropping sequence rice~rlcecowpea to rice-cowpea-cowpea because ricecompetes with weeds. Also. plant density alterations need to be investigated Inorder to estimate the trade-offs between possibly lower yields but inmpr*vd weedcompetition. The relationship between weed population shirts and decliningsoilfertility needs to be understood. preferably at the weed species leve*Th success of the lowinput systemn so far is baned upon h~Uly efident nutrientcycling during the cropping period. exept for phosphorus. Little is known aboutthe dynamics and importance of organic PInacid.tropical softs Little is1mm'wabout the magnitude of nitrogen losses inthis systemn and nltrogen transibrmations.in general Changes Incrop species,' timing and plating density will afet nutrioenterles oatenoabove-ground residues and coots

Fallows arecurrntl eradicated by burning. AsIgnifIcant loss Of arosm.
phosphorus and sulfuar undoubtedly takes place Inthe proess of burning. Can we.conserve more of thee nutrients withiout burning? Hfowever, wees might not be,controlled as effectively.
Finally, we need to knowwhch arethe aprrit crop: AIO ratos in low*input sy ss Inboth frequency and tmIs th present M1rto(on ayear bs)the best. or can the system's eustalabllty also bmaniedthrough greatrfrequency of short fallows (treto&ms monthdW;. 
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7be low-input eystem 'projectcarries theflo g main hypotheses:
H-1. The low-input system can actend Its time span of sustrAnablilty with appro

* priate manipulation of hW*l acid-tolerant crops and fallow species, and
their crop fallow ratios.

H-2. Nutrient depletion patterns will dlffcr substantially bewe~lmOxisols 
and sady Ultisols. 

H-3. Nutrient-cycling effckency can be enhanced by Unproved knowledge ofthe 
processes involvvd. 

Objoctives
1.Develop the technology for the low-input system to become sustainable.
2. Broaden the genuplasm base of crops and managed fallow. for low-input

systems, Including the planting sequences, density and crop~falow ratios.
3. Quantify the processes affecting nutrient cycling with special attention to

carbon. nitrogen. phosphorus and potassium. 
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Amajor contribution to tropical agriculture will be made if the low-input systembecomes sustainable, replacing Ineffect slash-and-burn in areas where marketInfrastructure Isdeficient. Atighter trmnsition technology to other systems with abroader germplasm base slower nutrient depletion and slower weed encroachmentwould als represent amajor contribution for the emerging commercial farmers in 
the humid tropics. 

L •EfProductsle

New information on Interactions between acld-tolerant germplasm, nutrient 

cycling and weed encroachment in clayey Oxisols and sandy Ultsols will be gained,and will be transferred to network cooperators Involved in Project NC8. 

Operational P "an
The project's operational plan isshown in Figure 3.towing from the problems tocomponent research, to Integrative research and to the results. Actual experimentsare Identifted by rounded boxes inFigure 3 and by their code-numbers Inthis 

discussion. Nutrientdepletion dynamics will be measured In the chronologtt lowinput experiment presently InIts second year at Yurimaguas (Y-'215). and inanewone to be Installed InMdanaus (14-414). Selection for 60-0% Al saturation ofsor-.ghum, rice, cowpeas and sweet potatoes will he conducted at Yuulmagus (Y-203)by INMA scientists. while selection forJolnt tolerance to high Al and low available Pwill be Initiated by EMBRAPA scientists in Manaus (M-913) where actremellevels or phosphorus are found, Managed fallows species selection will be con-
low 

ducted inYurirnagus (Y-222) Including accessions of the genera Miwuna, Puaurt.Cenfti~ma Chnmalkt. Dwnodtwn. St1osanttwe and Calopoponflm These accasslons will be charactertied Interm of decomnposition rate Indicators such as thepercentage of Nligning and polyphenollcs, rooting patterns, n*=rronial Infectbin,weed suppression. and nutrient accumulation Intops and roots. Changes in thepropelts with age of fallow, along with phenologial data will determine theoptimum length of fallows. The competitive abilityof weed species will be studiedby comparin their uptake efficiency to that ofcrop species. This will be studiedunder laboratory conditions on campus (V-224).
Fallow eradication practices as coiared toburnngwill be studied with~themost promising species (V.223). Crop r studied todetermine the

different alternatives (Y-221).
The above Information will be integrated Inthe ongoing central law'lflput orperi.mnatYurmaes, (Y-2103.1w faults will be txansferrd to the network sites 

Assessing Accomnplshments
Increased kno~wledge ofnutrient-weed Interactions inlow-input systems andimproved sustalnabilly estimates Itm the central experiments and network trials can be used to assess progress. 
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The grazing animal is the drin force Innutrient recycling. Grazing presure(animal liveweight units per uiofforage on offer) and rasting periods are the mainnuagement tools. High grazing pressures result Inmore trampling more animaleXrI ta. possibly faste root turnover because of defoliation. but less liter accumu
lation than lowergrazing pressures.

Lor~er rest periods alter the raslegume balanc, build up the Uitter lmwer andperhaps slow root turnover. Difvnilpalatability of the grasses,and legumes willalter the amount consumed by animals and hence the composition of the littelayer Mtere Isno quantitative assessment of the processes InImproved, acidtolerant pastures Inthe humid tropics. There ane some indictions tht sodl orsnlmatter and nitrogen conftnts are improving with time in Vausd pastues. This,needs to be quanifed
Severe pasture quality problems have occurred with one mbdure, Brahbwftdecwnbum/Dwnod ovlaWh during the Mbt year of grazlg and similar,symptomns are beginning to appea InBraftlnahumk~owWDwnodb ovWlb' 

lamg quantities ofavailable gress. Some animals deeodlesions, Indicative of severe nutritional disorders. T c a tmobe 
Identified. Insharp contrast. apure Cenb*wmzpubsamu pasture m uot
produce the highest and most sustained 1lvewsogt gains during swan year orgrazing. Such productivity and persisence of a pure leuepasture Is.unhieard of.suggesting that kegum.dominated pastures need to be studied lIn deo"i A£frtier area of Wguorance is the tastion frmn crops to pastures and Dow pasture tocop&. Much needs to be learned about thi subject. 

MWe pasture puldect encompasses the fo" rm ahpotweme 4''~~H1. Declining animal prdc r opsture t is reaedt 
thedisppena paoftlue component 

4aau 

H-2, Lgume~minatd pa areas prouctive a rs/euwpsue
and ams an altertive to,manrsgsd, blows. 

--- ''<-- ~'" 
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6yW e legnl to g1Ss via lUtter decomposition may be 
.vv.Ywj liito or hli dnltilfcation rates. 

Ob~jectives 4 
L.b Ident$fr and comxet pasture quaity parmeters that affect the sustazabI.

Ity of grass/leguneMbetare.,
2.Todevelop asolid data ban on carbon. nitragezzand phphs cclng inacid-trant Srass/leguze mbztures under graxing

3.To dev~elop Stalleguedmntd btrswt esta 0 mscm 
4.To develop t appropriate practices for the transition.ft=pstrsomcrp

andviceversa. 

pastusar talzesild, nctl poutont ,Ti A.k 

Pastue or eefrui n oly 

and nutrient-cycling processes in grazed pastures, 2)o"W00oMe walisee prob-
Iweo eated to pasture quality. and 3)develop innova~v transigti technologies.
 
Operatlong Pun 7


The conceptual flow,is shown in F~gre 4. trm
he prbeto componant
researh. integmtive research and Its im erto newt triabo pect NC..Mm
actualepemet to be conducted with lrop6*ssura rshowi In-roundedbow.~ Numbers in Parentheses relate to spWtiMta codes Inuse.* otft
research will be conducted in Yrimgs, with poo'f ofInew als inManaus ~ as tUe quinquOMlz PrOVOMessw h pasture qultlp blen 'i be tadded 

thog nP 
A"at. 'mn(Y316), Another momn co ve1CaM11% poor pMISIStu quallfyls to "6

gernlp!asm with tvtgrous Srotjj4puf Mid~409 60 bu wit
quality, Quality is ua~y ut U of prortInoWute'Unna(=Y.~7~ 
' 


301l). This work will be conducted by TIAA oounterpwrti Mcoftbomuon with czATwith no dinxtctlpSods support Lakb*Mrstes wokr&Uq obiWsd.Snigh'S Pr*e'9n=ein graed pW'tto w l 4pstfnP".*0iq'wnrq lanoiratio) will deteine whsaer tUwe ~Wo Waors are Mtated ftMi aM " w 

frn st 1= andtIttkzw SWd wMoIMrn a 
appropriate for WU*Vf Su ensthsIackoaabm 

Old sitinitetuiofbooiaN 
-deft 
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~PrograMPla NortIh Carolrina State lnrRit 

and pautv o rgmic Cand NPool* will be quantiL were rftgbentt~dlle 
-am available, 

but compaction by tramlin Occur$, triggerlng den.1rftition losand si~entu.ally,reutn 1neeessve ruoT One wayto,ovrtcome copcto 1,to-tillilant
crops, and eventually revert back to patulis 7fiis, prictice will be tudleAIn~eaperimen Y315 while the use orgrazedfallows ".transition to,crppiUj will betackled InY313. Several species combinationsfo1legmedomnae PastRis will ' 'be studied in anew grnlzigperiment (V17).-Allzsarz wlbe-lategr*W Infte Central v~ftimnt (Y4302)1, Additonal'daa aybgahered oitm aim me-plotsnow take over by CIA.? in Pucalipa In,collabtin With M*jose SlnsProject results wil be transferred to Wwtirk trials through~Project." anddtoCJArs Tropical Pasture Subnetwork for the Humid Tropics, as apprrite.This oprtoa plan is thrfrenrower wa more sol-pi cn: oriente than <-.APrevious work. Oennplsm. selection~IsInthe hands of OXfA& CLAT1 has,re=Wt ~ -,establsh a ppreenn CRelnphucallpatwP ail* wh wll workon gsrmplasm, evaluation, seed production and reclamastion "ofpsursCIA?~~deadd Pastcluasursres.a~This allows Trop~olls to focus-on sofl-related prcssswhilekejng ties'withew 

Assessing Accomplishments ~~'.
 
Expcted benefits are increased IaiowMedg of Pasture Wa~Jty and nutrfent 
 .~~cycinginrze paures, sustaiauu estimates fro the central mpwufte
and network trals.

4 so, 
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H-3. Improved WSallre more eflocient than natural (alows, Inregenerating soul 
fOatillt7 MWd p YSwu factors, and in sprsigwes. 

Objectv.
1.TID develop aRtechnologca pacao for the estabiiment aOw aagmn of

poach palm plantations for both W.adheart ofpodra production.........
2.To adapt the techmolog devloped for poach palm to other native ftuit speckos.3.lb adapt alhycrpping to acd. Infertile s"il.
4. Tb moot crop nutient requirgments by the efilent qyclnpg of nutrients,yielded

from tM runin in &Dq sy5t.vcroontn 

a.s uuoMp CCODuauaW ProdUCtiVe (allows 

JV~*Uypruvdesan c y vfabl altrnative to shltting Cultivation.elow
tha iseclooially compatible wth the humid trop"ca ecoqystem Production is 

f~n*OVY"M.4W=W Isa Mkul* alMCU alernll"beicatse ItIncorporates features of tradital ftmkig pnetioes,and is tbereftu MMr reAdfladopted. and Itcn be used Ina rvuj. ofsoioe---m and landspe odtns 
RBedd roucts 

Integration of the basic research beig conducted on the components ofanforestry wll provide Iformation necessary for th dZ~ of elerA wanprtatree-food syesm An allqcroping model sol will to be produced dur"the time frame ofithis proposaL 

Operatioaal hanf~IIAgroforutr roueh begen in Yumus w Manu InIM. aJoint TW ++ 
$Odf-tManpdTop~obsuDRSpA c~:+!F ..i -:+:+ 2M is uppotb aSrant houn the +!+ i :i++ F i:,+F } +' ++0 ,F,F+ F. ++++,++.:D"eopmeintstro~umd e~oflaboatlo
with the Internallonml CouncilhrResuarc in Agroknst* OCRAP)JO300 ated
research to fundod by wpo%# mii. O r isfuanded by DWIAA nI3MBRAPA. Insi*1ouZ AWDA4OS $peaw pasetbrouibgifttostwAd oa i&u&IlldomRS na no been Swarded anid Mil an JmpodMaOpmIn $;, bbW tveffots the Aand mt

comreeWfprcgrsm Oft .-W r F W soWl cftwlbs1i~d bpMoohe Im Sa % mb b=w o hothe exp 

Prhed
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Tree Svmrjasm slection wi -0-0111 bothrwo d MLapa"a (PIIta
 

manwe &&Y^~vs ~ Iw be onthegi lmbiahV% ~ a~~ nGW*M" This work Isconducted by ROM wide e &"A? '40er At O&400 

2MIIn !I tabgtin with Wes New vi*Dtiai Oadn"Iw ; -
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S3 

http:f~n*OVY"M.4W


--- 77Pqrm-;n! CaolnaStt vmNorth -,Unt 

ICA~~- InoeruieyvaaKntrainlwrggopCoobai olce 

Iaferri unde aoomia. forlgroup. Coraoone rtieliy fialanitional Iect 

atakand phonological characteristics as appropriate. TropSolls scientists 
provide a support role in promoting gpla~s*?m intechanIge with the African1 and 
Hawaiian o5I.W*&t1w. 4 

Fertlization and liming trials are being conducted to determine the nutrient me 
quireanents of peach palm (Y-404) and guaranA (M-904) during the vegetative stage.
Slitila studies are proposed for arazA In'Cuimaguas and carenbola and achlote in
Pichis (Y429). Ane actiit proposed under this Project Isdetermination of the 

-7. 

fertilizatIon requirements during the frult-bearing stage in peach palm plantations 
grown with legume covers at Yurinsguas (Y-402). Potislmm is suspected to be the. 
prmary,limitigurint~u. 7=ii wiiueanialagru.,, pot"=in Wdsarmwilt be 

*investigated as aslow'relesso source. Mcorrhla Inoculation in prach palm nurs. 
eries viii be studied with emphasis on transplant recovery and survival and soil 
tempmtmn (Y42). Mwe lime requirements of guarani will be Ietatdin 
Manaus (M911.
*Oround covers for pahpl r en tde n naeietetbihdI

Octbe 1966 (V.402). Early results suggest that inteftroppUog iow4npu crops
with the peach painm for one year prior to establishing the covr crop is the best 
option. Mmmu wOIUftlnuw appears to be the most Promisin cover crop. Pam 
growth, ground cove blomass and Pmertece nitrogn and weed dynamics will
be monitoredL Mature Peach Palm plantations with su'table legurne cover wi be
grazed to produce slipastoral systems (Y4=0)

Mley-cropputg work consists of severalstde that monitor mulch quait,
nutrient cycling. root Aymaalcs weed biomass ard sol plbvsical properties. An 
alley'cropplng xerituent on fertile alluvia sodls will continue (Y-417) to provid an. 

. 

~i
on-site comparison with asimilarone on acid. Infertile titsol rY-425). Sudls on
mulch quahlt ard how itsilate to nutiet cyclfai ano *ontmatte wlUcontin *I---A isPoirticularly prising181 foWtblz 
has been plne na12-169 gill toeu hmnCwlslope;,emphasis en 

or oi os processes (Y-434). Mw A~ne~t betwwei allev
"Oppig andfood crp willcims to.be stUdieod "~ cMspt'

Uonetwenthe two. EThe Mnanaed fellow mp"Aet(-0)i nU orhyr 
-'the b~lows will be cut and bated in midId4 AnM th,4= ous equa rp

production will be wesie.M "I~s5fldne o exeimn (Y~401
wil be Anistied In1986 Based on the results obtaid in IM, Anrtherrenarh
wilbedesgned duugqulnhmeu
 

11 coponent rfsults beto W veam
 

#apppriated.r routonp~oastu. uh 



Assessing Accomplishments
Given the long-term nature oftree-based systemns and the newness, of the re.search Included in this project. progress Ismore diMcult to predict than in theother projects af this proposal. Accomplishments will be continually assessedaccording to the results at the component research and ftnally as the component 

research is integrated Into the various agraarstzy options. -
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esses inthe humid tropics is far from complete.
ItIswithout doubt that the Introduction of inappropriate nspm%=nt practicesfoWowing forest clearing can exeed the ecosystem's resilience and eventually leadto severe environmental degradation, the effect of which wil be felt in downstreami
 areas. The bypothesis Isput foreword. however. that byr ttrduciri appropriate
mnagement options, as they have been developed inYunlagsas for the Low Selvaand tested at extrapolation sites inthe High Selva, the ecostcs silience will
not be exceeded. and Uts productIvity will bemaintained.*

7he projects hypotheses are as follow&-
H-I Alegwne-based pasture system and sllvpastoral system winl behave ol.
larbr to the forest ecosystan interms of(allloss proceseM
H-.2. Those two system are superior to a traitional,shifting cultivation system
 

Objectives

I. To establish a base-line reference of soil. and watex-loss estimates Ina primary forest watershed inhumid tropical steeplaiids.2.To compare four dillernt Ianofemen ni n terms of sediment andnutrien dynamics with primaay forest. 

OpexatloWa Plan
 
FIve diftferent systems of land use- Woest. agrogorstry. elvIPasturo 1.0ww
based pasture, shiing cultivation- will be compared with respect to their sedirmnand nutrient dynamics in a quantltat fashrLo The Ni*rs eco~yan data will,serve as areference fiame. More specIftcally, the variables to be measured for achzSystem arn streamflow, sediment lead, and the concentratons ofvarious,elements(H,W.~ HsPO,. Cae. Ws, ICI.Flour *hstorder catchments, rarglg inOns frm abouat one to two Isotares, inwhich the forest ecosystem will be converted, have been prwlously seleced and anesituated Inclose viciit of the resesah station wnd the =oiq esearch catchment within the La tspansa Forest Peserve in PlohIe. Defou being clearsd thefour experlmental ctuanswill be monitored. iLe. stremllo sediment andnutrient output win be measured o nuul s well as an a ralnI~U-pen basis,for oneyear underforesteomm to Vt palnent riben data for nthc(thsm(Nurs 0). During the dty season of teswdyear, the four o'perimta catchments will be cleared and thrvw = l mentioned management options estabeUAW wthout Inruton 4pqr " t oCniu oanother three to four yeams Slmultaneoualy the Owreste sc act twlbe monitore to povide suppleao data 
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Budget

This project isto beJoIntly funded with INIAA thmutgh agrant Whs nstiutiuon
 

expects to receive fom t Oenuan Agency for International Cooperation (O'1Z;. Theproposed IropSolls contribution will allow Itto continue Involhmnent Inthe project
It Initiated. This project prmises to make amaJor contribution to tropical soil
scienc. 
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* 	Project Title
 
Soil Characterization and Interpretation
 

Project Leader 
S.W.Buol, North Carolina State University 

Collabiorators 
P. A.Sanchez, North Carolina State University
T.J. Smyth, North Carolina State University
S. B.Weed, North Carolina State University
C.W.Smith, North Carolina State University
H. SubagJo, North Carolina State University
E. Salazar, North Carolina State University
H.Eawaran, Soil Management Support Services 
J. R.Denites, FAO,

M,Lathamn. IBSRAM
 
W.J.Sombroeck, International Soils Reference Institute, NetherlandsI.F. Lepach, Instituto Agronomitco de Campinas, Brazil 
N.Mukanda, Zambia Soil Survey 

Problem Statement
 
Soils Inthe humid tropics contrast Inmineralogy, texture and chemidcal compo* sition, To obtain maximum relevance of agronomic research, long-term field expertments need to be conducted on sites that are representattve of these'different soils,
and when Information of practical importance and usefulness is obtained frommanagement-related research, that information must be targeted to areas where
the soils responsive to such practices are located. .This requires that 1)the soils at
the research sites be well characterized and 2)areas with the potential to benefit
from the new technology be identified so as to better guide extrapolation through
extension activities. This linkage of the subdisciplines of soil fertility and soil* classification has always been a pivotal aspect of the TropSoili Program at North ACarolina State University, The two main problem facing the 1987-92 qumnquenniuni are 1)lack of suffcient knowledge about the soil resource base and 2)Ineffective interpretation of existing soil survey data for agronomic' purposes, (Figure 8)..
Characterization of soils in the humid tropics provides data that is needed to
Improve the classification of these soils that are, by far, less studied than soils in
the temperate zone. North Carolina State University faculty lzn this project need.
continuing involvement invarious committees of the Soil Management Support .-Services (SMSS) project, which seekcs to amend Soil Taxonomy to better reflect .current knowledge by Improved criteria used to classify sodls. Present activities ..include ICOMOX (Oxisols), ICOMMAND (Andisls) and ICOMAQ (poorly drained ..soils). SMSS covers direct costs of themeactivities, Interpretation oi'theFAA soil
map of the world for practical agricultural interpretations, via grouping of FAQI uits
into FCC units as part of their land evaluation p,rojectis also needed.' The Improved 

93 	 5. 

5 



Progam Pan-North Carolina SaeUiest 

(ISRIC) in Holland, which is commissioned to develop a worldwide soil reference, i-<;4i 

system.

The project's overall hypotheses are:'4
 
H-1. Improved characterization of selected areas of the tropics where little infor

mation is currently available will signifcantly Improve the extrapolation of 
research results. 

H-2. Refinements in the Fertility Capability Classification System will facilitate 
the interpretation of soil surveys for management purposes. 

Objectives
1.To Increase knowledge of soils and soil properties in the humid tropics,
2.To provide soil characterization and classification at agronomic and agro

foestry experimental sites used in the other projects. eut i etlt

3Toimprove interpretation and extrapolation of researchreutviFrily

Capability Classification System (FCC) use and expansion. 

Operational Plan . 

This project consists of seven subprojects supported either partiallyior totally by
the Soil Management CRSP, Figure 8 shows the project's flow, including pimxary

benefits, secondary benefits and interactions, Projects Y-601 and Y(-602 sceek to
 

4 Improve the Fertility Capability Classification system through critical revilews of

potential users and by incorporating recent findings Wrn the literature and exist-

Ing data bases fRom other soil mapping and clasification efforts into FCC. Project

Y(-605 provides for characterization and classification of soils at network research -44i4sites selected as part of other research activities in the overall project. Projects Y
603, Y(-61 1, and Y(-612 propose to study the soil characteristics and their distribu
tion in areas adjacent to past and continuing research activity.~This information Is
 
then to be made available to extension personnel charged with the extrapolation of

research resultsato agronomic activties remote fromu the research sites, Project Y-,

613 is designed to investigate the nature of soil chemical and physical alteration
engendered by the decomposition of soil organic matter, derived from different
natural and induced vegetation, upon oxidation associated with agronomic 4 

4 

practices.The following are synopses of selected subprojects. '4 

FCC Worldwide Testing, FeedbackandRevison (Y60)
The FCC "yternis envisioned as the standardized method of information deltv-4
 

ery with regard to the prediction of response to management practices. The system

is directed primarily to agricultural extension personnel and other users ofragro
nomic research worldwide. The project continuation seeks to update, the systemn by 7<4
collection, evaluation and incorporation of existing an~d new data and Iternational4

experience. As often stated, "classification~ follows science. Thus, there Isa con. -4


tinuing need to keep FCC, as a technical systemn of soil classification, up-toodate!

with the findings of the researcher and the nieeds of users of agronomic olrma-4
tion, 


Continual updating will be recorded 
-' 

on an interactive personal computer diskette, developed under eisting project Y-602, Copies will be made available to those
wishing to access the most recent agoomic Interprettions applicable to their4 

<44 

4 444 
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kinds of soil, During the course of the project, a written evaluation of the systemwill be solicited from known users of the system in an attempt to determine bothdesirable and undesirable aspects of the existing systenvand to obtain guidance asto desirable features to incorporate in future editions. An extensive wuitten documentation of the existing system and the data leading to the present criteria Isplanned during the project period. 

FCC Map of the World (Y602)
The vast amount of data generated by soil survey projects around the world isstored in terms of natural soil classification systems such as Soil Taxonomy, theFAO World Soil Map, ISRIC, and several independent national soil classificationsystems. Much of this Information relates to features of the subsoil which are ofimportance to pedologists. Presentation of only those potlUons of the soil's characteristics that are most directly related to agronomic practices, which are usually thecharacteristics near the suface. facilitates the use of this Information by agrono

mists and planners.
Physical conversion has been demonstrated to be feasible for the Africa portionof the FAO World Soil Map at FAO headquarters utilizing NCSU personnel, At thiswriting we are awaiting the results of this effort. Ifit is -successful, project personnel are prepared to assist with the translation of the remainder of PAO map into theFCC system. Inaddition, national and regional maps prepared Insoil survey programs of countries Inthe humid tropics will be reviewed and, as requested by"i!iiii ii-::liI!!!+!:'i5-;~i ,/i +i:!!i i~ iQ . ~ ;i!. =;+. :!;'i!I iIi 'I'! iI i " :i liJ!, +: ii!'i~!iiI:!i iI:II i; -~ i !ii i;+ii!i!ii!! i ' ' ~l !iI!I!!i ! !i i<l,+!" " +; i+95~users, converted to FCC unit maps. ii i!i! IIiI Al !! I!!i! lllI]i -- - i +¢!I ~liiiii!ii~ii'iii!'lli!I!ii 

LowerAmazon BasinAlluvial Soils (Y603)
Alluvial floodplalns are often the only existing sites of food production Inmanyparts of the Amazon Basin. This can be attribu~ted to either favorable soils or access,to river transportation. Results of a previous project (Y-60G) revealed that thecomposition and agronomic constraints of such soilt InPeru are related to thesource area of the sediments in each watershed. The study revealed that the~soilsvaried considerably inimportant agronomic properties, soil pH values ranged fromfour to eight, while montmorillonite was the universaiy dominant clay mineralregardless of pH. Alluvial soils, Identifed by their landscape and geographical -location, are frequently considered by agronomnists to present an homogeneous setof constraints to agronomic development. This is clearly not the case in the upperpart of the Amazon Basin,
Four distinct geological controls presently appear probable in the lower basin: 1)main channel control from the Andes; 2)Brazilan sheld control along the tributar-.les in the southern portion ofthejAmznRiver Basim 3)Sandstone control In theRio Negro Basin; and 4)Guyana shield control east of the Rio Negro Basim Othersubdivisions appear probable, and a detailed study of available geological maps will 

* be completed before sampling. Sampling will be at sites~presently culttvated alongstraight reaches of the rivers, avoiding point bas ifpossible, Inareas accessibe byboat or seaplane. Complete soil profile samples wIN be taken for agronomicallyrelated and mineraogcal analyses. Results will be portrayed on a regional map andgeneralizations assembled to guide extropolsuion efforts, 
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Project Number 
NC-8 

Project Title 
Technical Support for Research Networks in the Humid Tfropics 

Project Leader 
T.J. Smyth, North Carolina State University 

Collaborators
 
National Institute scientists and USAID Missions inLatin America, Caribbean,
Africa and Asia
 
IBSRAM, TSDF, FAO. ICRAF, EMBRAPA and INIAA

P.A.Sanchez, North Carolina State University
D.E.Bandy, North Carolina State University
S. W,Buol. North Carolina State University
L., A.Nelson, North Carolina State University
L T,Szott, North Carolina State University 

Problem Statement
 
Many key components of soil-management options (Figure 1)can now be transferred to national institutions for validation and extrapolatlon across the humid
tropics, National institution Involvement is important for s eral reasons:1.Available resources limit the extent to which TrapSoils alone can system tI,...
cally validate developed technology, " , : 


. . ..-
', >, . ; {; ; 2 ; 542.If developed technology is to be used, Wnormation must be disseminated, andlocal soil-management expertise must be acquired.

-' l.1 i<I t I :!'1~o
ii
3.Feedback to TropSofls from its eventual users will enhance TropSoils' ability !~ 
to develop agronomically and econormically sound sofi-management practicesthrough refinements or modifications of ongoing research.Attempts to perform such technology transfer require aminimum level of on-site .expertise in participating national Institutions and an organizational frameworkconducive to and supportive of systematic evaluations of their results, Researchnetworks are an effective means for both tapping personnel resoures and provid.Ing useful training to scientists In collaborating countries.,

Throughout the humid tropics. there are several soil-management networks at
various stages of dev.elopment vh1h ame fostering techlogy transforral alidationand arpltowihemphasis ospcfcresearch areas. ALtnAeia 
trpia solmngmn esac uetwonamed RmSRC for Red do~'
Iorkstigop con uelstroi~NoartCarlinpStatsLeeoed of a trainingbya
wokhpcodce b ot Crln t tve sityat Yurimaguas during1M. ISMPIsow oemtve i eigt Ltin merccountries with neotworkexperiments Inlow-input system, mechanized continuous croppirig, sgtroesrylogume-'based pastures, and paudy rice. Network coordination and technicalbakstopping support isprovided by NCSU/Tr'opS~Ids,

The Tropical Soil Blology and Fertility CTSBP) network Initiated thle rusearchiphase after as thWr workshop, held inYurtmaguas during 1W.The TSBF network 
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Puerto Rico, Sri Lanka. Venezuela and Zimbabwe,.

Since Its creation In 1983, the International Board for Sodl Research and Management. Inc. (IBSRAM) has sought to promote the development and utilization of
sustainable soil-management technlogies Indeveloping countries as a means ofremoving constraints to food production, Emphasis on acid tropical soils resultsfrom their large areal extent and geographical concentration Inthe humid tropicsand savannas of least-developed countries. After several workshops and regionalmeetings on acid soils in LatinArnerica, Africa and Asia, regional research networks were developed among countries InAfrica and Asia.7Two types of networkstudies have been developed: core experiments, designed to 'compare alternattvemanagement options for acid tropical sods: and component research proJects,focusing on liming, germplasm screening for soil constraints, residual fertilizer Peffects, quality of organic inputs, and fertility capability classillcaion, ationalcooperators InAfrica have expressed concern for the lack of exertiie in tropicalsoil management among their'scientists who Would conduct suchi Investigations.Consequently. IBSRAM was encouraged to develop training courses which woualdprovide exposure offront-line scientists Inparticipating Afria countries to recentadvances in acid tropical sofl-management research techniques,The commonalities in overall goals among these research networks and the
similarities insoil constraints throughout humdtoia regions'make it fitting for
NCSUf~op~oils, through its accumulated erperience during 1 years of researchin humid tropical Latin America, to suppoit these endeavors to extrapolate andvalidate soil-management technoloy The project's hypotheses, are,as follows:1.Adequately trained national Institute soil scientists will se-rv as an Importantlinkage for the validation of TropSoils technology, to local conditions.2. Active technical support by TropSoils inongoing soils research networks wil
ensure that proper mechanism* are developed and used itehnology valid&*
tion and adaptation.

3. Feedback of WnommUaon from ongoing networks will improve TropSoils'capabilties to focus on user-oriented'soil-management problem, 

Objectives
The poal of this project is to foster tranfra o132QTropftfls' novledge of acid Sodlaa--.management to national research InstItutions priiaigi xsigrsacnetworks inhumid tropical regions. In so do14g Itprovids'a~sg.beietween CR5?sponsored research and its utllatioii by national researh institution~s. $*Mocobjectives are; 

reserchInsitutonsto ondct. Initurpretand report 'aaar-oriented soil
mlanaement researcho 
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2. To systematically validate and extrapolate available soil-management technologies to regions, beyond the TrapSofls priry research sites. 

Operational Plan
 
The strategy for operation of this project Isa sequential progression of activities>
 

as described in Figure 9. This approach provides the project with flexibility to adapt
to the differences in needs and stage of development among research networks.Tentative activities for the upcoming five years are further described in Table 1.Activities for years eight through 11 represent our best estimate, based on knowledge of current progress in the different networks. Unforeseeable factors and progress achieved during year seven may require subsequent adjustments.
 
Table 1.Tentatlve distribution of project activities for targeted networks and non.
network groups during the upcoming five years.
 

<4ACTIONS YEAR 7 YEARS8 YEARS9 YEAR 10> YEAR 114 

1.On-tho-Job Training:
1138RAM 
TSSF 
Non-Network:
 

Bolivian scientistsN
 
2.Design Extrapolation Plan: -:4> 

Non-Notwork:
Manaus workshop

Agroforestry mtg. 


,> 

3.ftld Experiment Establishment: 
IBSRAM: 

Africa 
Asia 

4.Monitoring Tours: I 
Africa4 

Asia i; 
5.on-camus support ssuin 

ADnetworks44I4 

IL Deiso 
......
 

4444hps

RISMOP ~>~444 
4444 
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I :if
 

NS to)!: 1;7MFigurv .Flow chart for project N..4. 

Although these activities are primarily targeted, to participants in existing research networks. opportunities to foster transferin and use of TropSofs kowledgeto other user groups cannot be Wgnored. Examplea of such opportunities are 1)theYurimaguas workshop for planning agroforestry zvcarch. 2)the Manaus workshopfor formulation of sodl test interpretations and recme21dauons for Oxisols,andUltsil nthe state ofAmnazonas. and 3) on-the-job training, at Ywiaguas. ofBolivian scientists in soil-management research me thodologles for the USAID/La
Paz Chapare Program. 

Idet~fattonif Nationa InsttueColkaborator and Their Technfco NeedsAll tareted research networks have completed this phase of development.Paiticpation of NCSU peronnel on coordinating and steering comimittees for thetargeted networks provides the project with direct knowledge o dngcapabilitiesand deficiencies of collaborating national institute scientists. Additional contactswith USAID Missions will be helpful in'delineating how rwsarch network endeavorsinogt lit into the overall tcheme of country agricultural development strategfes 
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2)'aingatNCSUITropsoibReseoref Sites rsac a~ainTraining of network participants Isa principal masfrrsac aiainThese activities will center around specific technical needs of groups Ideiied
during step 1.On-thejob trainingwill be provided to participants at the Yurlzna.
 
guas research station ina format similar to the workcshop which led to the formation ofRIBTOP. Emphasis will be placed on providing parucipants with exposureand hiands-on experience to the most recent soil science field and laboratorytech.

niques and computer software used Inresearch withIi diferent soll-management

options. Station infrastructure has been successfully used in previous International workshops. Laboratory and field facilities are conducive to the liplemnentation of practical field exercises. On-going field experiments exemplll the majority oftechnologies which are sought by soil scentists In humid tropical area and are
supported by 15yers o onst research. adito usn the5 NCSU/INAA*WU~In toWI~4research staff Inteaching activities, close cooperation Isexpected with TropSolls
scientists from flawati and Cornell to take advantage of their expertlise and to
provide a feedback mechanism to them.

Arrangements are currently under way. at IBSRAWs request, to organize a
similar workshop for participants in the African and Asian Regional Nettworks, on

Acid Tropical Soil Management. The proposed dates.are September +25. 1988, As a
current TSBP' program center for testing and standardizing measurement proc..dures, Yurimaguas may also provide atraining course for these methodologie, to
TSBF network cooperators wishing to participate In future studies. ThranIng will
also be provided in 1988 for Bolivian scientists working Ina USAIDfunded-

Chpr prgrm atterqeto heMsiniaPz 

Desfgn andPlan &~tapoto Reser*l

Plans for the upcoming JESRAM training workshop include the dev~elopment or
network studies for management of soil acidity and P feztlization. eased on theWnornmation gained during the Yurmga workshop. and with the uemi o
the teach::::tff participants w~ll eteojees,design experiments. and p~lan
methodologe for studies to be conducted Inthe regional networks, 7he Manausworksho for eaboration ofsoil test interpretatons, and recommendations Inthe 

state of Amazonas will also provide an opportunity,to dsignlfuture research on 
sponsored by IDRC. scheduled for November and Deember 1987, w9ll focus on,p--ec pl techolog validtionAand aleu ron In acid solls. After comparing, 
Yulags ih1eutepe4ece of participants from Bolivia.' Brai. Colanbia,C st C~a Pan" a naw a n mgs eperiments wil be designed to address existng information gaps. 
As~tmw InM~eld R&ataWn EtablishmoU~t4 

4~I Iproerdecisions about site selecion and Inthe 4qustfllnt.ofmethodologies.to local conditions can lead to costly o innetwok esan programs. Ourexperience with RISTROP has shown that such problemns can be avoided by provid"''"Igo-ietcnclass~sance to particpants during critical phases of the field
studies. 

444'"'' ' ' 4- 444 4 
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Research Progress MonttoroV~ Tours
This activity provides a mechanism for continued transferral of new informationand for streamlining assistance to Individual needs. Potential obstacles to ongoingresearch can be Identified and corrected. Improved knowledge or the country development strategies can be used to strengthen the use of newly acquired ln-counttysoil-inanageznent expertise, 

On-CamnpusResearchtSupportive to the Netuorks
Specific Information gaps may have to be answered before technology can beeffectively transferred and evaluated Incertain network sites. Acommon problem toall networks is the diversity of soil testing procedures used by participating national research Institutes. Although procedures have been standardized withinnetworks. there is agrowing concern among country participants as to the compatibility between data acquired within network activities and the data base devel*oped through Indivdual national Institute activities. Efforts will be made to allevi.ate this concern by establishing usable correlations between widely used soil

; 7,!i t~!i7!!;i! !:iii 7''! ! 77 ,i! ii i trap7! i s./ i ,; !! i i i ~i !i!!i 7 ! ! ! !7! : i!~,testing procedures through a review of existing literature and, ifnecessary,-i i cam- 77 255 

+:' , / H./, V .,H < i ,. / '' i ' , ! S, t, ,pus-based laboratry work with soil samples from network research sites. Thist 
. ,+7 , . > ; : 

/ , ' ~o , i ' i ! ia +i '5' , 7 , .. 5.. 
'! i ki! , ii !!' i !;i~i.i~iii !i//~i' ,,! ! / !!7 ' ,! i <' ?L / 7 'activity has been~i: Initiated for the RI8MlMP~i~!!inetwork' ' h!i~ ~i i~ii< ,i! ! i~ :! 7 ! i~ 5. 5'.',."?

' , i ;i M:i } ' i! i i ! 
' 

' / ! , , i ! ,, r ii~i G': !%' i , 'i ! ki~ !! , 7! ii~~i : i!i~i i , ;7 ',,' ,! i' !i s5i 

'DectsionandComparatbeAnalysis Workshopsi i~ . i ! !, , !i! 7 ! ,7, , !! ii~ii, i! i~i! ! i , !~i~iii '; ! ii ; 7 .'.,!7/ ! i/ i ! ! ! '-p.5iCommon nm ititors for participation in research networks are the opportunitiesfor lnformatiori exchange and comparison between sites. To do this effectiVely, wetmtll!:M ;.;i:i1.:;<:77 ;77t 7 7: 77{7{ {77'i;U7perceive the need to hold a second network workshop where participants wouldpresent results on field expertimeznts and elaborate recommendations for the develpf,it. _ , / ,_ulel. s ~ n x s dl~o~ ,aped technoloy. Despite extentsive field research in yield responses to fertilizer$and soil test calibrations on OxIsols in the state of Amazonas, use of thes results 
55 are limited by the absence of anU5.integrated recommendation of soil test analyses for,55 5.. ~ nii li ;/:7 755e5555'SAiusers, By reviewing existng results and formulating recommendations colIaboratively with EMBRAM' scientists Inthe Brazilian Amazon. Trop~ofls can Improve the .availability of Its technoloy to users and provide a catalyst for similaractivities In5 57
.555 7,y~tb ! 5 ' 7'i 'other states of the Central Amazoni~ region. 'luili ''~:! s7l 7l7; 7{ 7!!;:, ps5's 

Assessing Accomplishments 
"A direct measure or tlsjrject's activities will be through the review of thecomparative performance acidsod-ma ag technologies across the humidtropics. An indirect measure of its accoplIshmnents can be gauged by the extent towhich TropSoils soglmnngset tehooiswill b ete n w osithe needs of users in te humid teo lopsbimfndadmdiidtsl 

O~,5, 5 / '.5 55, 5',7i; 777' 
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Project Number 

Project Titk.
 
Program Backsatopping
 

Project Leader 
P.A.Sanchez, North Carolina State University 

Collaborators
 
PH, Miller. Soil Science Department Head, North Carolina State UniversiyI
 

Bertha Monar, Program Administrator. North Carolina State University
MLIagro Rumble. Bilingual Secretary. North Carolina State University

Dale Bandy, Chie, North Carolina Mission in Peru
 
Maziela Oonzdlez, Administrative Secretary, Lima 


Prob~cm Statement
 
Many researchers in the tropics devote most of their time to tackling admirtistra

tive and logistical problemi, whk~h are by nature vastly more complicated than
4. . . ], <. ... ... .. . . . . . .. .. . . + .. . + + , o+r:... .... .+ + @ +: @,. .,S-s+cond4uctig research In the United States. Such asituation detracts from their role 
.......... o r+Is , 
 sas scientists. On the other hand, if these£ chores'are~ not done. the progm+ + does...........not +: + ++
+ s+ ..... 

function,is =j i ..... + i~ Y+ i S+.......................... ....................
i;~i !i !! { @i @!;4 : ! I F ! i i i :#4i i(:# iii y i i};i: :i :: ( i !5<Objective


To provide the means for TrapSoils staff to conduct research at difficult humid
 

tropical locations by providing the necessary administrative baclcstopplng.
- °<-0+++++++++ Sr5A+.+s<

A backsatopping system isInoperation at our work locations which successfully
5 

?/:,.5i:tackles the logitics of shipping, custom clearances, travel documents. allowances,
revolving fun acconts. travel arrangements, rnbursements, relationships with+++Y ecollaborative institutions and networkc partners, sibudgeting. reportsi)ij!s+sto t.. 5 < isy ++iii++ i+ ++ 55+ y, 4 Manage-++/+++/+ 

ment Entity and production ofpublications. his system is,Inplace and i consid
ered highly cost-eftent. .. 
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Stfin aten.Nrt Crina nuesPaNte Unvrity&Sae 

Year Total 
1ateo7- 1988- 1989- 1990. 1991- CRSP- Other 

Caegry198 1989 1990 1991 1992 Funded 

FTECampus-based Scientist 3.30 3.20 3.30 3.30 3.30 0.70 15.70Field-based Scientist 2.OO 2.OO 2.00 2.00 2.00 10.00 0
Graduate Student 8.60 9.00 9.50~ 9.00 8.50 17.00 27.50Other 35.60 35.20 35.50 35.50 35.50 17.20 160.00 

Total 49.30 49.40 50.30 49.80 49.30 44.90 203.20 ' 

Projected Budget for Objects. North Carolina State University 

-Year 
1987. 1988 1989. 1990). 1991.ObJect 1988 1989 1990 1991 1992 Total 

x$100Salaries 2017 2087 2212 2345 2488 11147Benefits 310 299 317 338 358 1818
Allowances; 22 M3 244 258 274 1228
Travel 335 347 388 390 413 1853
Supplie 361 374 396 420 445 1996 

Eupet280 51 54 57 61 503.Other Direct Costs 742 768 814 883 915 4102Indirect Costs 957 984 1044 1107 1170 52624 

Total 622 5140 5449 57n6 6120 27709 
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rojectedBudget forProjots.North CarolinaStte Universit
 

Year 

17. 1988- 1989. 199o. 1991.
Project Short Title 1988 1989 1990 1991 192 Total
 

Continuzous Cropping 804 985 104 1107 1173 6113
Low-Input Cropping 447 544 M7 611 648 2727Legume-Based Pastures 612 424$ 449 476 605 2466.Agrotoestry Systems 6W9 492 622 6M 686 266Steeplands 266 17 60 64 68 615Comparatie Dynamics 689 734........ 778 825 674 3900
$,, IS , nSoil Characterization 213 225 239 263 268 1196Research Networks 769 693 735 779 626 3601Bacwaopping 1015 988 1045' 1108 1173 5327
 
Total 5224 *6140 5449 5776 6120 27709,
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structure s also Proposed to gain integratlon an4 %L0eamnnea- F$igu-HL
consists of a multilocational central project supported by selected component
technology tials and wxelmnts. This feld station research will be gradually
coupled with on-farm actviues, exposing rearmcrs to the farmers! reality, and
pronoting an interactive method for ldentil~ug problem and possible solutions.
The paticipaUon of the host countrs scientists ispromoted by al throughout the
research process: objective IdentIPlcation. project design and implem~entation. and
evaluation. 

Support Experiments
SWOOe wi w 

WarII sutlltyJ iad 

I~t 16 fl I l 

Permanent Activities 
PonUe 'w'Rseeerqh slon tne apn W ftiorsh of ft.T"oftbATgpsu 

YM&Tflp lftbe W p o iprogea---, both 
of IINI 

ns-kowledg bell. oai MesoFoeiao i esierita ees nm 
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TAMU-402 

Project Title 
Dvelopment,and Evaluatlon of Soil-, Water, and Crop-banagement Practicesfor RaLdied Agftulturv in Low Water'Holding.Capacity Soils Inthe Sahel 

Project Leader 
A.Manu. Tomn AM University 

Collaborators 
L.Homer. Texas M&M University
C.Wendt. Texas Agriou=r1 Eqperiment Station
A.Oaken. 71exas Agaloultural Upertment Staton
L Wildng Tean M&M University4
C.Zaongo, Tex"s MM Unilversity
N.Ouattara, DOM 
M.Omndah. UQMI 

Problem Statement 
RalnIhn innthe Sahel Issea=.e but Uts vaiabaliy Isthe major constint to stablei ,'!SW,'+!!iiii~!i:i+li iii~i::L'''ii+ii:, ,:i'ii~ii' '?,
, ',i,,!!'ii!
: ? %# + 
 , i ! i !!i!ii !'i ii' ~ii! ++ 
! !!'i #, :?!~i+!
i+'i? i !
food omaductim!!'i 'l~~ :7eeIspet: ii ,i: :!ii ! ii !i 7ii+W!y! ! 

I!7. i~i i 7777 77777i i 7777777 or su~n ~i g vtln7 showing.7 !i! ~ itha777i !i!~I ithe! ii7water7i ?iii! !i~: /~ i~~,i !ii:i ? i ! i i i i~ 77 77 77i !iii~~ii~~iii- 7!ii !i,i - ii iiii,7:~i! ii i!, !!iconstrait is not 'nlnlmlzed. the! !' , ,i i,!:+iI:~i +:+i,,?i ' i !:i:iil,a~i' +irfodpou~o+ ! ! iii!>i i ,! !i:i+ W~! ~ ,! t naeutii ! ? -7+= "" ', '+ ii!:.. , '',+ , i 7 + i ' L!7 +i +7i! J !!i i, ! :t + , ii ? : % + ' 
7- i:i y ,! ! !!+i , : :,! ! , , '' i ' 7 7 t ' li 7 7i! 

" ! 4.7 + i7i~4 !i~ 777.~i ! ~ i~ ii~~ 77777iii:i
77 

77
777 

77 77level wil nowe be achieved. However, it has also been demostrate that sonl 
7777. ? + + + i : J + . +I .
fertiiy Isalso a Mting Aihtor and wata=tl1 itercton need to be better+ + + +4++
- .... 7+ +++ > 
 +? +
+ +++, + ++++++7 +++++ii 7 ++ + ++ ++ 7.+ P+'+77t 5)747++++++++ i +++7777+7++ 

' 

+ 7+++++ iiil 77++++,+ 7 77 7+ ++++:+++77+++ ++++r++++++ + + +++++ '+ +77777und4eal7 istoodW_7 
.. 

+++++7:++++ 1+++777+++: 77. 77 77 777++to make emelent use of the limited water resources.74,7 7 7 77 + 75+-774 77 4 7 7777+ 7 7 7 + ++7 7.7 7+;+++ + 7.,7 74 + + +++++++ 7777)+++) 77+ ++ ++4 + ++ {+++++ y77474,+: 777j4-. 7 +++:i 477+!777+'++ 747777777.44,A,7:- L7 777 17'42j 7 7 7 44 + 7+77 +.7j7C+ 7777 7Sahellan femer ++]+,+74777 
7777
++++++'d', 47+++77+47777777 7+ 07'< 4, +77. 7 777 4777777are77.well+4+::i74aware of these oonisints,77777+++and fanning strategies7 4+1 ++++4+47+rflect a long proes of adaptation to low and variable rainfail- + + ,++,+ +++++++++++++,m poor and ftigsl'777, 777.~7-'7o.+ ,, m7..77p 7solls, and readly available lAd with the main Voal of sreading Mike Some ofthese loca stategies have high development pot"t ias possible to manipulatethe soil watervetl4-plant sysem Insuch a way as to increase total YIeld ordecrease year-tyua yied fluctations by improving thes trad~cl etaigs
though the appictio of scintfi soil- and ~pm np tprinciples.


Ylenaies aiuainare multiple. They Incude simple tMfapfor que

pracice designed to Increase water infiltation system of water Oiversion or
coulction, McoM at moditication,to dcrease evaporative demuands, blmassconMW to increase wateruse dcieoW. and supplemental, 01111MonTh re also.several alternatives to reoechemical constints and bnftAmmodeate

hfUWI~ut toknpvewater-use eioleney. Woet of these practices are based an.aetute n~bs an use ofothe soil amendments. Mwe introduton of hf&h1 

yfIdinguvrieties Iscoumplemnlty to thes"o a aemn practc.7
Te Itraditonal r acrpfu t e (incuding introopig on sandy.,acd
 

p wdes the bulk offood for fthmlcd 6110y &nc ItfthO major typof

slodw lto iatebodn caactyPbu Is% eIt7onoftemscmonsla 

7 .tud tha to4 tH 470tesi omb~f"bl yi kit .o to manipulate sevel danmt
Ofthesao ht&%hrItyppAa systsm inschaway as to bicraastotalyado )decras Year" foerluctuationsor both. 

71 7777 

,
4 14 ,:7 '
 



1: ProgramPlan-Texas A&M UrduersIty 

The general objective is to develop and evalunte low to intermediate soil, water,and crop-management practices to increase and/or stabilize yields of ranfed cropsIn the sandy, droughty, acid soils of the Sahel. 

OperatIonal Plan 
The strategy to be employed will be to adapt soil- and crop-management principles successfully proven in other semiarid areas of the world, test these principlesIn the field, then combine them with previous TropSoil.SAT research results forthe o on and improvement of traditional cropping systems in the Sahel. 
Target soils will be deep, sandy, acid. low water-holdlngcapacity soils Psam.mentic austalfs. AfIc Ustipsamments, and Ustc Torripsamnent.). Experimentswill be replicated,at three different agroecologlcal regions within an increasinggradient Inrafifall from north to south. Possible experimental sites are the MWRAresearch centers at ChIkal.NTDounga, and Xala Pate.Average annual raifal varies from 230 to 430 mm. Experimental sites will becarefully selected and chrce .zdand experiments replicated to consider spatialvariability, so that results have a good chance of being applicable to other areaswith similar environmental conditions. The comparative advantages and potentialfor adoption and extrapolation can only be determined afte t evariables have

been evaluated. 
The following will be studied:I.a combination of cultural practices to modif the soil water balance (Le.. 

2. fe .Wtiliation amendments: ort "l3. crop mangemnt practices that may Interact with the above "L..planting
dates and densities):

4. improved cultivars and local varieties. 

essential when the goal Isto develop or adapt soil- and crop-management practices(or a specific environment. Several uncontrolled variables, particularl total rainfalland Its distribution. make it necessary for field research to continue bor a numberofgrowinig seasons. Thbis will provide an evaluation of long-term or residual effects=
 
Of treatment&. 

These studies will be closely coordinated with similar experiments which will becarried out in MalL 

Assessing Accomnplishments
I.Changes Inthe parameters measured (soil moisture. nutrient status, plant

Syield due to treatments.
2. lpance ofsigniftcat fIdnge by national Institutions.4

3. Acceptance ofsogniicant fnding by ihiuers.4,Accpanc or nisarcJ by Peers.5.Publication of reports and peer-reviewed publications. 
It 115 
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and quan e inProle Statement++++++++ adclu;on tet. TexasR.Louwsichwwhll tra cutiunallExperiment Statio 
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Deelopmentalrelevance:The rainafall received in the Sahel Isnot being used
eftlcently. Although the principles to makcemost efficient use of water are unlver.
sal. their application iosite-specfic. In some cases, tiage and cultural practices to
Increase soil-water storage will be adequate. In other case Itwill be necessary tomodif the. chemical and/or fertility status of the soi so the plant can use the

stored soil-water efticently.


EvfetW products.,Recommendations on the tiage. cultural practice and
fertilizer combinations which will enable rainfall to be most efficiently utilizedr 

Operational Plan 
The strategy to be employed will be to transfer concepts proven in other semiarid
 areas of the world and adapt them to the fragile ecosystem, (climate, soil, people,
and economic resources) of the Sahel. This will be a collaborative program between
Malian scientists and TAMU-TAEB TropSolls. Mall is the main secondary experi

mental site for'ropSolls-SAT In West Africa.

Studies are underway in Mall on sorghum treated with different tillag techniques (deep plowing. bedding. bed tieing. traditional) with and without the fertilitytreatment recommended by the Institut dtconomie Rurale (ISR), To date these
studies show that sorghum yields can be increased 50 percent with fertilization and
24 percent with tillage. These studies will be continued through the 1989 growing
season. The experimental design is a split plot with Ave replications. The main plots
ae the fertilizer treatments and the subplots are llage treatments. Soi character


istics to be measured Inthe laboratory are texture, carbon. nitrogen, phosphorus
and pH. Flield measurements to be made are bulk density, strength, rooting depth

and weight. soil water and potential evapotranspiration. Additional measurements
of plant height. plant density. head number. head weight and grain yield will bemnade.. 

Studies on millet will be initiated In 1988. Before Initiating the studies,on millet. fstudies of the Infiltration. sod-water storage and erodibility of the different soils on
the Cinzazia station will be conducted using a rainfll simulator. After these studies
are completed a site will be located and a study of dlfferent tillage and cultural
practices with and without fertilizer will be initiated. ItIscommonly known that the
addition of plant residue to tropical soils has amajor Impact on soil properties.
Howeer, It has been diMcult to have residue available because ofcompetition for
the residue by people and lvestockc. One approach wg qre proposing to to plantexcess hills of millet, harvest the excess four to six weeks after the plants emergeand lay the residue on the soil outface. This approach along with other tilage andcultural practices will be evaluated with a rainall simulator to determine theireffect on infiltration and sollwater storage. The most promising of these treatmentswill be evaluated under millet production. These studies will eventually includediffrent fertility treatments as reeimmendations are developed from,the wateruseeftlcency and soil fertility relatiiship studies.

The proJect will be bakstopped by ro.Wnall simulation studies at Lubbockc,Texas. These studies will be conducted on avariety of crop species treated with
diferent tillage and cultural prats The concepts developed ftocm Vhe studies. ...
will be further,evaluated in Mai
These studies will be closely coordinated with similar epriinsw c ilbcarried out InNiEger. xeiet Ih il e 
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1.Changes inthe parameters measured Wsil. Plant growth. yield) due to treatments. 
2. Acceptance of signficant findings by national Institutionh.
3. Acceptance of signfcant findings by fannez.
4. Acceptance of research by peers,
5.Publishing of reports and peer-reviewed publications. 

lieI 
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Objectives
1.Enhance water-use effciency of crops with applied plant nutrients and culti

var selection. 
2. Improve soil physical and chemical properties through use of fertilizers and

soil amendments. 

Expected outputs include:
1.An understanding of the interactions between level of available water, soil

fertility and cereal genotype such that limited water resources can be used 
more efficiently to increase crop production.2. Procedures adapted or developed to eva-=te nutrient status and determine
fertilizer reactions in the acid. low-buffered soils of West Africa to provide data 
necessary to conduct research and for recommendations Involving fertilizers.

3. Acldilring effects of nitrogen fertilizer and usefulness of rock phosphate

determined for specific soils.


4. Determination of the required rates of fertilizers to increase cereal yields in
Sahelian Mali and Niger while maintaining yield stability.

5,Data to improve the research design of the projects Development and evalu
ation of soil-, water-, and crop-management practices for rainfed agriculture
in low water-holding capacity soils In the Sahel and Increasing soil water
and crop yield through tillage and fertilization." 

Operational Plan 

A combination of laboratory, greenhouse, ralnout shelter and field studies at
Lubbock, Texas, will be combined with pot and field studies in Mall and Niger.

Studies to Identify and quantfy factors responsible for fertility effects on rA-ET
will be conducted in a greenhouse and/or rainout shelter at Lubbock. Based uponpreliminary results, initial factors to be investigated will be 1)nitrogen aid phos
phorus rates and their interaction, 2) soi pH, 3) crop genotypes (sorghum and
millet) in relation to responsiveness to fertilizer application. architecture andnutrient translocation effciency of root systems, and available soil water, and 4)
interaction effects of available soil water and nutrient levels, Field studies to identi and quantiLf factors responsible for fertility effects on W EET will beconducted 
at the Texas Agricultural Experiment Station, Lubbock-Halfway, Tens. and at
Clnzana InMali. 

Primary factors to be Investigated will be 1)nitrgen and phosphorus rates, 2)
soil pH,3) crop genotypes (sorghum and millet) Inrelation to responsiveness tofertilizer application and available water, and 4) Interaction effects of available soi 
water and nutrient levels. Field and pot studies at Cinzana, Mali, wil utilize a 
toposequence of soils and will be designed based u.on data from studies in Texas.Oenotypes will be obtained through the Texas Agricultural Experiment Station
sorghum breeding program. They will include improved types, West African and
other exotic materials from the Sorghum Conversion Program, and those materials
from West Africa that will bloom in Texas. 1&9tudies in Mali will allow for the use ofphotoperiod sensitive materials.

Data obtained will Include phenological measurements at defined physiological 
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growth stages, leaf water potentials by psychrometers or hydraulic press, photosyn.thesis and conductance by LiCor 146000. and tissue nutrient contents. 

Objective 2 
Initial focus will be on the reactions of nitrogen and phosphorus With soils.obtained from Niger and Mali. Analytical procedures to evaluate rock phosphatematerials and compatibility of rock phosphate materials with speCifc soils will be
evaluated for use with soils of Niger and Mall and adapted if necessary. Initial
laboratory research will be conducted in Texas. Further evaluation will be con

!i~! %' 7i' % ! ii! !~iii
ii)!!ii' ! i !h ; . ) %:! ii .!.ii i~i:! ' i ! '!? i!~i! !! i ' 44j'i ! i .
 
ductedi In pot studies in Niger and Mali before final evaluation in field trials.< ! 
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Assessing Accomplishmnents
!: ... -. , , :.: .: =!i i= :
! i: 
 i;},=<; Iiiii!:
1.Output of high quality data. ,ii~iii~i~ii


2. Development of developing country research programs.
3. Timely reports.
4. Favorable review from External Evaluation Panel. 
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TAM-405 

Project litleNie
 
Nutrient Balance of Selected Sandy Soils ofNie
 

Project Loader 
A.Manu, Texas M&M University 

Collaborators
 
L Wilding. Texas M&M University

L. Hossner, Texas AMM University
J. Davis-Ramney. Texas M&M University
A.Garba, INRAN 
G.Goube, INRAN 

Problem Statement 
The constant gains and losses of material by the Soil makes it a dynamic systemthat does not represent a state of equilibrium. Plant nutrients enter as well as leavethe soil "ytem.The soil gains nutrients thro fert.1lizers. Nutrients can also ~enter the soil stem through dust Inputs and precipitation. There are also nutrients that are taken up by plants but returned to the sodl Incrop residue left In thefield. 
Like gains of plant nutrients, the soil can also lose nutrients Inone of severalways, There Isthe constant removal by harvested crops, Losses can occur throughphysical erosion of topsoil and also through surfac runoff. Nutrients are also lostfrom the soil through leaching. and these losses can be s if..t.. In sandy SOiLSEven phosphorus which is known to be retained close to the~application site hasbeen observed to be leached down sodl profies 'insat*y and poorly-bu~ffered Sils,For efficient fertilizer management the need to undfjrtand the dynamics of~nutrients in the sodl system Isvery Important. especsAly how the dynamics relate tothe Intensity factors of temperature and moisture. The importance of understand.Ing the relationships between gains and losses of ibilents Inthe vey porous deepsandy Soils cannot be overemphasized,By monitoring gains and losses of nutrients as relate to temperatureeand -ymoisture, this study will help In the comprehenson of the fate of ertilizer-appliednutrients in these sandy sodls and thereby help Lrn the Identification of eficentfertlllzer-management systems. The study also offlnv the opportunity to Investigatethe efficiency of nutrient uptake by three millet varieties and how the nutrientuptake relates to yields. 

Objectives
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4.To determine nutrient dynamics and establish a balance between pains and 
losses of nutrients Inthe soil system. 

Operatonal Plan 
The study will be carred out on sandy sodls at three locations inNiger. Complete

characterization cf study sites will be made by d4Iggng and describing pits that will 
be located just outside the experimental plots. Plot site will be six meters by eight
meters, and randomized complete block expermental design involving four cheml
cal treatments and acontrol will be used. Three millet varieties will be used and 
treatments will be replicated three times. Bare plots will be given the same treat
ment and replicated three times. Treatments are: 

TI: 	 control 
T2: 	 nitrogen applied as urea 
TS: 	 phosphorus applied as triple superphosphate
T4: 	 nitrogen and phosphorus applied as urea and triple superphosphate,

respectively
T&: 	 calcium applied as Mipsum

The three millet varieties are local." CIVT and IIKP. Neutron probe access tubes
will be placed at the center of each plot to monitor soil moisture with depth. anid 
thermocouples will be installed to take soil tempeasture measurements. Rain
gaugeswillalso beplaced at stes toreord rlnWkL 

Plots will be sampled immediately after the land Iscleared to determine t
original fertility status of the soi. Sampling will be done at 20 cm Increments to a
depth of two meters. Next. soil sampling will be done after land preparation when 
chemical,amendments have been added and after the fIrst 5 mm of rain isob
tained. All plots will subsequently be sampled each month. until the end of the
growing season. Selected plots will be sampled each month after crops are har
vested. 

Soil samples will be analyzed for the following: pH, .changeable aluminum. 
ammonium acetate extractable calcium, mansum and potassium. tots)l phospho
rus, available phosphorus, total nitrogen and free Iron. 

Leaf samples will be taken at dhAferent developmental stages of thrm millet
varieties. They will be analyzed for calcium. rmagpsum, potassium s"dum. 
aluminum, phosphorus and nitrogen. At the end of the growin season. whole
millet plants will be sampled. Roots. stem leaves and ganwlbe analyaed for the 
same elements listed above. 

Assessing Mccompllshments
1.Changes inthe paramutersmeasured. 
2.Acceptance ofsUMgnlft Mindnge by national institutions. 
3.Acceptance of research by peers.
4.Publishing of reports and peer'reviewed publications. 
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Project Number 
-

TAKU406 

Project Title 
Extenit. Cause. and Control of tonounced pkai O)rOwth Vahlabllty over Short 

Project Leaders
 
L~ R Hlosier. Texas AMM Universiy

L Wgfdi&g Texas M&M Universit 

Collaborators 
A.Manu, Thus AM University 

P. M400.Tens M&M Unhvesit
J. Da"*sPaUWey Toms MM Unrsitay
A.PfordnseWr. TeumAM UniveWit
 
K Downbla Tau MM Univesit
 

Problem Statement 
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thsesonls to ft ph"osIrus.coreu "siaCUMIOwitout ndcn

nutrieft Ibblnces due to vemngad UVAPOeaddito

beusg u mmu pracice whic wwl bO nccusezy to Provide Op~um yIJofmilet and sorhum and .Mcn Wiessuc atrmu 

Objective
L.TO document tOe patterns and Wient of xpati vaiability in milet ftiedIn

mn'y Nibs UStg M-dso MWy tehques.
2. Topmnrovie und truth of elects areaJWt wri*prcbab caum or

Sp aia 1111.
3.7'b document so charlicteristics and determne 09groncm practices capableO(InprO"ll productivity 0INOrego Opmg.th.
4. b determine relative cnruusCsOlicdt and phosphate dedcknqM

Improven productiVit of satd* 3ahelfan so0ls 
to
 

5.To *tamine root groth pattW= cC millet and mowm in relation to
chemical and physical properties of hhhelien soIls 

Operatona Plan
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Otagal cabu(a. 1N)K l After Gapf the Pit beWill be 
number within ach squar will be counted. Mwe dltrlbution or om wtIIeIme
Waed with "MWou soil amendments an ol ProPeses 7he &Wstudies will besupplemented by appupulate laboratay asd pot Mapeulments.. 

Aassinug Accomplishments
I.Quantiflauion ofatet. pjaens ald sabIlty ofarea with *Waia vailbilty.2.Increasbng yilds due to alterng chenica properties of sods by mdeis.3.Correlatlon Of Yield parameter (Pain and/or blomaW8 wit soin propemtes(native or altered).
4.Accptanc ofSWniflcanfnding by national Institutions, our_~an ees

5Published reports andjournal publictions, ee 
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Project Number*.4
 
TAMU.407
 

Project Title 
ModUkcaton of Ukrocllimate: Growth and Yield of Cereals Between Rows ofNeem Windbreakgs 

Project Leader 
A.Manu, Texas MM University 

Collaborators 
S.Long.Tom AMM University
JM. Ouaitara, RAN 
td. Oandah, INRAN 
CARE staff 

Problem Statement
 

fth 
The neem tree =W uc a Intoue ni s o bqiosi
f &AaO 
zone south of the 2W0300 Iboyet InNiger. In1975 CARE International. withcooperation from local residents. Initiated a systematic planting of neem,trees in.. -the Mao&l Valley of South Central Niger. Tob date, about 800 kon of trees have been
planted Indouble rows 100 m apart. oriented NNW45SE across the long axis of the
valley. These planting provide an opportunity for studying the role of shelterbelts
and windbreaks InNiger for Improving crop growth adydInmillet. Croppingbetween shelterbelts is one of the four targeted 'hvomble conditions! to decrease
risks assoated with rain variability,


The government of Niger is Interested in tending these plantings. Motivation
 may be due mainly to the villlagers' acceptance of this soll andwater conservation 
 -.practice. Frmers may l dlearly perceive effects In moisture conservation' crop.....

growth or yields. But thydo perceive Increase Incomfobrt and protection for themselves their dwellings, and animals as a result of %shielded from high windsand dust. They are also Interested in harvesting wood Lm these treesm*.Carefu studies are needed to understand the effects of the present windbreslc rows on the physical environment of the crop and to roite these effects to crop
growth and yield. Such studio will provide a rational basis for further plantings

from production. Isitalso necessay to study various woodarslti procedures
.. l-wateron servatio and asapai so.iThete.If ratonto decide the optlmu n method to obtain economic wood yields without signilant
reducton teo 


The hypothesis of this study is that by nxdilngq the influence ofhot, dry,
 
teprteytve cruncofthe windbreak rows. .. 

. 

ally harvested, can provide mucebed d wod withouat seiously Impairing* 

their wind protectiv eftery. Inaddition to Its eftets on grain yield$Uw
;
7i7;7l:: 7 i ... is an . . . . . . . . . ............
 

-adoption mybet edby prev increaeinoora 

protetim he apracs In #Sem wit th taeyt Icueevr 
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mental and resource conservation aspects as integral components of researchaiming at increasing and jecuring yields. 

Objectives
1.To determine Ifand how climate and cereal growth and yield are modifiedwhen Alleycropped between neem tree windbreak rows.2. To investigate the Influence of several possible wood-harvesting methods onwind protection between the windbreaks rows. 

Operational Plan
 
A field study was conducted during the 198 and 1985 growing seasons to
evaluate the response of millet and sorghum to shelter from double-row neem


windbreaks. 
The data show that protection by the windbreak rows significantly Increased drymatter production, although grain and dry matter yields were reduced near thewindbreak rows, Fertilfzer application s&gnficantly Increased grain yield and average head weight but did not affect dry matter production. Fertilizers Increased grain.yields regardless of distance from the windward row, Mfects on reduction In average windspeed, average daily maximumn and minimum temperatures, maximumdaily air temperature, average daily relative humidity. and pan evaporation werealso recorded. Partial pollarding proved to be the best harvest method, with thelowest loss of efflctency. It may not yield as much total wood as the other methods.but reduction Inprevailing windspeeds greater than 30%can be maintained between the rows. 
Analysis of data collected from these experiments will contirue up to comple.tion. AMial report Isexpected In 1988. Field studies will be re-stazted in 1989.They will address further Investigation on windshelter/fertizfer Interactions, theinclusion ofwsterharvesung techniques within the system. and evaluation of wind

erosion control effects. 

Assessing Accomplishments
1.Changes In the parameters measured (microcimnate elements, soil, plantgrowth. yield) due to treatmts. 
2. Acceptance of3ignficant findi~ngs by national Institutions.,3. Acceptance of significat findings by farmers. 
4. Fatvorable review fromn Extemnal Evaluation Panel.
5. Acceptance of research by peers.
G.Publishing of reports and pemroviewed publications. 

A...,,,S,%j~
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Project Number 
TAMU-408 

Project Title 
Water Requirements and Supplemental Irrigation of Food Crops InWest Aftica 

Project Leaders 
C.W,Wendt. Texas Agricultural Experiment Station 
(To be designated), MNAN 
(To be designated). IER 
A.Manu, Texas AMM University 

Collaborators 
A.B.Onken, Texas Agricultural Experiment Station 
L~ Baunihardt, Toma Agricultural Experiment Station
W.Payne, Texas M&M University 

Problemi Statement 
The Sahel of Africa ischaracterized by rainfall which Isextremely variable In2

yarl aount, distribution, and intensity, Over the lon~g term the rainy season can
ilo eea er in sucsin Sc failures occurred In19094918, 1940.

1948, and most recently 198- 1973.-
Additionally the soils are sandy with a low pH and fertility. In many case the

fertillty-chernistzry problems appear to be so severe that the crops cannot use the 
water available. 

The Sahel thus has problems not only of erratic rainfall but of poor soil re
sources. Before the productivity of the area can be increasedy basic,Inormation is
needed on the water requirements of the crops grwn inthe'area. Since the soil 
resources are so poor, Inormation Isalso needed on the water requirements when
different levels ofsoil chemical amendments (lme and fertilizer) ame added.

Once the water requirements are known, it should be possible to 'desin low2input supplemental irrigation systemns to stabilize crop yeld,' Utilization of supple.-
mental iruigation isone of the four *more favorable" condition~s identified. Supple
mental irrigation would be better than fuall iruigation for the Sahel. In this tyrpe of
irrigation. rainfall issupplemented so that maximum use ismade of precipitation.
Yields are not normally s high as those obtained under full Itn~tlon, However,
the salinity and water-logging problems often associated with faull irrigation are not as frequent. and the quality of the soil and water resources ismaintained. Accord-Ing to arecent survey, 1480 million cubic meters ofwater resources over and abovethe nlormal flow of the Niger river are avaialefr rrtion. The survey.also-pointed out that thesmall schemes are more sucslthan thelazue schemes.The overall hyptheis of this study is that low-input supplemental Irrigation
and liming/lfetflization techniques can be developed to overcome thevariability in.water and sodl resources afterthe wte nd sodl requihements for the crop am ~ 

knw.Cereal cropping under supplmna iriato isoeo te f2oallsituations identified as ataget in the TropSoils-A rwu'zpur Plans 

-' 

-

-

2, 

2* 

--

L 
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Objectives
1.Determine the yield ofWest African food crops grown at different water and

liming/fertility levels,
 
Developmental reLn ce: A major information gap exists In the yield Of West
African foad crops grown at diferent levels oftwater and lime/fertity. Until.

such Information is obtained, it will not be possible to design optimum systems to ameliorate the problems. 
Edqectedproducts:Water requirements and yields at West African crops
grown at different lime/fertility levels will be abtained. 

2. Incrcase and/ar stabilize crop yields In West Africa through supplemental
Irrigation and optimum llmnt'1ertilization,
Devlopenwtalreleuwnc:Once Iformation on the water and tertility require
ments is obtained the next logical step Is to develop supplemental irrigationand fertilization techniques. It will be necessary that such techniques be lowcost and labor intensive.
 
Expected products:Low cost methods of applying water to food crops will be
devised. Techniques to efticently apply and use soil chemical amendments

(lime, fertilizer) will be developed.
 

Operational Plan 
ObJetVe J
 

Studies by 'fropSails have attempted to determine the water requirements
(evapotranspiration) of millet and sorghum. Problems have been encountered due
to rainfrall which was erratic in amount and distribution. In some case it was not
possible to establish crops. In these studies we propose to use line-source gradient
irrigation systems capable of applying water of 0 to 100 percent at evaporative
demand. These would be used to supplement rainfall received during the growing
season so that water amounts ranging from rainfall received to 100 percent of
potential evapotranspiration would be applied. Initial studies would be concernedwith determining the yield levels of millet and sorghum at the recommended fertility level. Studies at Lubbock~Texas. have shown that water-use ellilency of cropscan be Increased by optimum fertilization. Following Intia water requirementstudies. difflerent, rates of lime and/or fertilizer as well as water will be applied todetermine the lime/fertilizer requirements at different water levels.Appropriate measurements of the soil chemical properties will be made. Thesinclude texture, pH, N,P.K CEC, and exchangeable Al., Measurements of the waterapplied (rainfall and Irrigation) and soil water will be,made to detennine the wateruse by millet and sorghum Appropriate statistical designs will be used with theline source gradient irrigation systems. PotenUal evspotransplration will be esti.mated accrding to amodified Penman modelDuring the firs year of the study, the equipment will be bought, assembled, andused on a sandy sodl site near Lqjbbock.Staff from Niger and Malt will come to thejsite for training. Site* will be located inNiger and/or Mali. Mer it isassured thatthe equipment isoperational, Itwill be shipped to Nilger and/orMili, 
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Objectv 2
After the water and lime/fertility requirements are determined, a program to
develop low-input and labor-intensive supplemental irrigation and ferilization


techniques will be initiated. Surveys Indicate that the potential for shallow wellsand both small and large reservoirs exist. The techniques to be developed willdepend on the fIndings in Objective 1. For instance, if it Is found that small
 
amounts of water and fertilizer are needed in the early stage ofgrowth. a barrel on a
sled or trailer could be pulled into the field and a water-nutrient mix could be
applied to each hill with a cup. Ifthe farmer cannot handle the water from a large
reservoir, Itmay be necessary to design and construct smaller reservoirs from
which water could be applied at a rate he could handle.--


Assessing Accomplishments
1.Changes in the parameters measured (soil. plant growth, yield) due to treat- jments. 
2. Acceptance of signifiant findings by national Institutions.
3. Acceptance of significant!];O,;{+' findings;7;t7];ftOby77farmers.:J7i77'7:'7t7 77;,77g7f7<;7,7iD{77' D {::{<rT;T' {{ {/ ~~ .>sIf"4. Acceptance of research by peers.
5. Publication of reports and peer-reviewed publications, 

" : 
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Project Number 
TAM-4 10 

Project Title
 
Soil Resource Evaluation Inthe Semiarid Tropics
 

Project Leader
 
L Wilding. Texas M&M UnIversity
 

Collaborators 
A.Manu, Texas M8M University
C.T.Hallmark. Texas M&M University 

A

M. Quattar. INRA
 
R,Puentes, Texas .M
University
A.Oarba. INRAN 
M.Salou. INRAN 
KA Buzizi, INRAN 
7. IHouyate, IER7.
A.Ptordresher. Tex"s MM University 

Problem Statement 
Aknowledge ofsoil resources ts fuzndamental for selection of target sites We 

future research. Interpretation of research. results and techno. t fer. Itprovides ameans to prioritize those land areas best suited for crop production and*oil-managetnent systems which minimize capital Inputs and maximize risk avoidanc.Silresource Inventories and characterization data bases serve as the onlymeannglul basis for linkage among International centers and specillc froplolstarget research sites. Further, such research ts necesar to determine which of the.various technol p a research Innovations and farmer exene can.appropriately be taserred among soil regions of t tropics. Principles of soimanagement are universal. but applications are slte-specifll and tnean" resource knowledge.
This research will provide TropSolls scientists with aoomprhMinsiveko~gof the quality. extent. distribution. classiication and constraints of major so"~Soilsat target research sites will be characterized, and soil constraint to cropproduction will be assessed. Sll resources Inthe Sahel region ofAfrta are hI 

fagile. droughty, and commol exhibit chemical toxlltles and/or nutrient def. 
A cenicles. ftland climatic constraints pose the major 'Witaioas to a*noWtualdevelopment. Soil physical, chemical and mineralo"is con~ditions control sod/

water/fertility interactions, which in tuim are ewosrl nuulnmd to Wogsph/geompoloy/door. Considerable fecusill be place on tooequnce ~ ~relationships ofsodls because waterthed lhydrokg chemical £lUX OnUtins, WWd 
strated by curr nan usepatterns.

Mos ofte grin prowton Inth Sahel Ison sandy OWand loUstults, and Psamments. These soils exhtii low wato ILll apeaftresulafsubureelayers (pnht wpn n actwt Miual ~bW(si 
proucivtyar bjg4 *~y...s leen..e s el dmo33~ 
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COMPAction and suatacs crusting). lnleuly (N4w wrgni matter Content, low
catlon'zchange capacity few weatherable minerals ad low available Pand N~contents), soi acidity WA and Mn todectle) and suseptiblty to wind and water
erosion. 

Vertisols. while not cxensie in Niger and Mall. are =WteniIn semarid trop.Ice. Potentia productivity ofVerusol Ishigh but managpnent Is xtremely dIflcult under traditional technoloW because of~ the hOg anwvr demand and uniquesoll/water .neatos sWi moisture wodcablt TSImSwhich resut Ina raium 
and highl criticel tming ofoperstions. fhrlnk-mwel Yelum ChangoS upon wettingand dryLng cce directl or Indirctl &vumn so Wib. lnfMraton, water fecharp.
Wn ranae-fatwferus eftlncy aeai un rutnoff, ook anderosion. Vetiols Inthe Cameroon are representative orthes condlllon t 
O~hbit seasonal flooding seasonal redcton periods od Moisture dectL low P
avallabilily, high P.D=xUon. and dens root and water~trttl ubsw~ cMm.
Pawniones-


Animal tmction. improved varietles, tMimeY application W~fzosr, beddlng
tilage practices (ridge and furnw sysemn), ntrop g.and ls'~wed crop.
mnagement WNstem have bee &Wo Whe used to overcome aos~nlft Ibrsubsisenc e.Srlcuture on Verilsob, While the princple oftbM "nSystem may be WrAnserble to the S"el One bimig "ylMdeopawu lilsel
need to be adateod to lkca conditns Dcause sodl stracture and waeir mont
 are so crIic to suocessda uatlllatlon oftes resfoures wesew ch Iscwunntyneeded and underwiy in the Tvop~ods4AT CU~p to devfto teehnoIo to qiaan*lthe dynamics of etnctural evolution stablit and depuation Move to water 
content. And movement under dhiffa t r01 W Mf i oj irmr 
tion will serve as abasis to evautetanlreut sustak P7bbtcpwnd a o

fmps"*tm for Verisols. ~d1 
Eolla dugts brm *harmattan!winds derivd fot UKm hare D*sst dWUu thedly season have beun postulate to enrih sofs with nutranis. Pmseachat two

ThMP3011 sites InNfigrved* that dust Ink. are apparetl quot awncesnt tolong-turm nutrient ranwa&l ChemicallyU dus s1s n0eanaknt30 tue luher hvdg o( Mhn~~ s M.Ntb"r3
than rft~c soift C(t al AM unmplWare busgatum t%"#RMpArdbasesaturationi of20,to 30%for the dam" Antkhatura rrg soiLs Mostdust samples ame distictl flnsalasd tn ref*Vrwo seili shou ~Ofsedust saong" have cla contets at15to80o dtoonesto A"peren brsuafoce ~ ~~wmkpc& o heiu oSo%bsllisol.o,-A-Lout on eXWbo 
e"dat in the accumI2ion of e quatities of =NeOW~ and miss csom s todust samples but lee evidet in su soi o ooday quazstli h~spu camIncoarse serate of dusts Noc and IWqpas indust am Mauwof .
which May OIplai whY these WOs wil rnpoud t*X fht*Utkft 

O. tomes Aw IM odljr r so n oo asc 
P* a 1 he tfofrtoumfA L n A~ 
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* 2.Establish the quantity and composition of dust Inputs into semiarid tropicsas anutrient renewal vector to soil/water/fertility interactions.3. Quantify dynamics of soil moisture movement and chemical characteristics of* sandy,soil toposequences of Niger.
4. Develop and verify the usefulness of micromorphological procedures fordescribing, quantifying and interpreting changes In the structure, hydrological behavior and risk of structural degradation of soils under different crop

ping and tillage systems. 

Operational Plan 
Objective 1

InNiger, a program has been initiated in collaboration with the INRAN staff andthe INRAN Soils Laboratory to sample and characterize 25 to 30 benchmark soilsthat represent major soi resource regions of that country. Routine physical andchemical data will be analyzed in the INRAN Laboratory, with quality assurance
provided by the Soil Characterization Laboratory. TAES, College Station, Texas.Mineralogcal, elemental and thn-section analyses for these soils will be conductedIn the TAES Soil Characterization Laboratory.

This project will continue to backstop scientists and collaborators conductingresearch in Niger and MaIl It will serve the needs of the soil spatial variabilityproject, where ground thruthing of rem~otely sensed IRimnagery is needed to determine soil properties in palred-responsive and non-responsive localized areas. 
Obgective 2 

Dusttrap monitoring will be continued on a three month seasonal basis toattempt to better define trends in dust characteristics correlative with harmattan,
rainy. post.rainy and pre-harmattan seasons, Samples already collected will besubmitted for wet chemical analyses and total Ca and Xelemental reserves, Theneed to continue sample collection at two heights above the soil surface (2.5 mand5 m)l will be re-evaluated, and possibly only the 2.5 in height will be retained.Methods developed to analyze water-soluble salts. exchangeable cations, and CEC
of microsamples (05 g) will be further evaluated for precision and accuracy. 

Objecttue 3
In Niger, two sandy toposequences of soils overlying Continental Terminal
deposits will be selected to quantity systematic variability in physical-chernlcal
properties, configuration of restrictive layers, and dynu~mics, of soil moisture movement from laterite-capped summits to dry valley floors. The toposequences will beInregions of major illet production representing increasing rainfall gradientsnorth to south. Three to four areas alng the toposequence will be selected fordetailed study representing maJor soil repource elements ofthe landform.At each of these detailed study areas, pedons will be described, classified andcharacterized for physical, chemical, mineralogial and microfabric parameterspertinent tocrp production, Soil moisture, crop growth, and site productivity willbe monitored periodically during the wet season.Asurvey of local farmners proximal to these sites will be conducted to determinetheir assessment of land classification, cropping systems, perception of soil prob.lems, and observed environmental changes. This indigenous' technical kniowledge of 
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crpprodctivt uderrainred kagrclture ofwestern Niger. We epctt detr 
Old44 

'A A

pare thesewithindigenous technical knoledge of f'armersand adapttosdvloed locally to overcome ths constaints 
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Staffing Pattern. Texas A&M University
 
Year 
 Total 1I 

1987. 198 1989- 1990- 1991- CRSP- OtherCategory 1988 1989 1990 1991 1992 Funded 

FTECampus.basd Scientist .75 .75 .75 .75 .75 so0 3.25Field-basedSclentist 1.00 1.00 1.00 1.00 1.00 5.00 0Graduate Student 6.50 6.50 6.50 6.50 6.50 22.50 10.00Other 10.50 10.50 10.50 10.50 10.50 2250 30.00
 
Total 18.75 
 18.75 18.75 18.75 18.75 50.50 43.25 

Projected Budget for Projects. Texas A&M University 

Yea 

1987. 1988 1989 1990 1991.Project Short Tiles 1988 1989 1990 1991 1992 Total. 

X$100Central Project (Niger 1951 2078 2203 2335 2475 11042Central Project (Mall) 230 241 255 270 26C 1282Water/Fertility 280 300 337318 357. 1592Spatial Variability 281 30 318 337 3P7 1563Wind.eks 231 300 337318 357 1543
Water Requirements 281 300 318 337 357 1663Soil Reource- 280 301 319 338 358 106Tradltlonal Firm Syst. 0 137 145 163164 5H9 
BoclI4topping 801 

. 

808 857 Not 965 4340 
Total 4335 4765 5051 5354 5675 25160 
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Prga P lan-Texa AII U311 245tIj 

Supple 1896 264 260 
 211 2450 10091
 

56 36 36 40 42 .212
AboI n 44 4I 5I 68 
 20 ISOther DirectCosts 205 223 236 250 265 
 .1179
Indired Costs 79 626 676 m3 M6 4406
 
Total 4335 4765 5051 5M5 
 5675 25160
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Infltduction:TropSolll fCnmmijntcato~ns 

in order to Improve soil management In develop.
lg nations and gain support for s programs. TropSofls must promptly dissemi
nate Its research results ina useful. highly visible fornn, The Management Entityhas set forth two broad goals for TropSoils' programwide communications effort.
The first is to help focus diverse Information gleaned from Individual projects andbring it to bear on the practical solution of soll-management problems ofglobalsgnificance. The second is to convey, to a non-technical audlence of public officials,
and pollcy-makers. TropSolls! objectives and accomplishments, 

~~-)! V.....
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L~ProramPlan-Com nitis 

Project Title
 
TrapSoils Communications
 

Project Leader 
N.C.Caudle, North Carolina State University 

Problem Stateme~jt
After several years of productive research. TropSoils can now identify a numberof topics for which there isconsiderable technical information. The transfer andapplication of this information Indeveloping nations presents several problem. 
e cause traditional channels for dissminating land-grant research Infonnation (such as scientific Journals and U.S. extension programs) do not reach most ofthose who most urgently need TropSolls results. Itisnecessary to Interpret Iftndingsfor use in developing nations, taking into account a diversity of languages. cultures. levels of training. needs and expectations..

*Available Inormation exists primarily Inthe form of research results fromindividual projects or experiments. conducted at various sites. Although scientist 
can perhaps grasp trends and the overall Import of such experiments, a nontechnical audience cannot.cj

*The results of soils research typically do not lend themselves to the develop-'ment of simple, easily understood Oproducts with universal appeal. Also, soilsresearch tends to produce Incirmental Imnprovements, not the dramatic Obreakthroughs* that attract publicity. These are signlflcant. facwrs inthe selection ofcommunications media and messages.
Individual universities address some of these problems through direct coUaborartso for +tion with their respective host-country Institutions, and by developing research
networks. expert systems,and other means of extrapolating and applying research
results. Although effective, these efforts tend to be directed at technical audiences....*~
in specillc regions orzones, and do notdiminih the need for coordilnated. pro-,
gram-wide communications that extends the pwgrarn beyond the technicalcommunity. Because Trpol unvrste minatin their own channels of communi.
cation with their collaborators, the following proposal isconcerned with commun-U1 .++++ +++++ ++ ++++ +++ + ++ ++++cations initiatives that represent Trop8oils, as awhole.. ++++ +++++++ +++++++ +able~~~- -n !+i ++++!+++++++/+++++ + ++++++++++ +++....... ++ ..
.......... ++++++++ 
 ....... .1.4+++:+
+................. + .......... ++
. ..... .. . ... . .. 4++++?+ r + ?m + .r m+i++ +++4+++++ 

Objectives 
1.Toaplyth best available soil-management, information to t solution of. 

I,++ >-.-.>Toward this objective, plan and produce a secialetopics publiesUorls series- "4'C +
++'+ %++++I + ++++ ++++++that will guide user toward Improved soll mna~mt practices andso

of Inomto.Also, plan and publish a sre 4 -tpce otiroos M' 

2.Convey achievments to public omciabs, university admlnistrstors and otherdeclsion-makers interesteEIn the progoess of TMpSOiSls arch.d 
Toward this objectlve. prea and dlsismigate monthly'new bntelLs Also,respond to rqetfo m unby prMdInsg publications, nmw Weeases, 
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photos and audiovisual materials as appropriate.
3. Assist and improve internal TropSoils communication. 

Toward this objective, help plan and conduct technical workshops in whichTropSofis scentists from. various institutions discuss special topics, with thegoal of formulating so,lmanagement guidelines and fostering programn-wlde
collaboration. Also. promote and facilitate the use of available communica
tions channels, such as electronic mail. 

Opertonae. Plan 
The operational plan Includes Identitication of primary and secondary audiences. objectives (stated above), communications themes or issues, a strategy, and a presentation of methods. 

Priman Audience 
1.Those who conduct agricultural research arid extension programs in develop-

Ing nations in the tropics.
2. Those who set or Infuence agricultural policy or assit agricultural develop.menit in developing nations in the tropics.
Secondary audiences include: research and teaching faculty working Insoils,agronomy anid International programs In the U.S. and overseas the stafficf otherforeign-assustance projects; environmental groups: industry and business: allothers with a vested Interest In the management of tropical soils. 

ConvnunicadonuTheme 
Considering TropSolls' mandate along with comments gleaned from programreviews suggests a number of issues, or themes, that should be addressed in orderto meet the communications objectives:
1.TropSoils' has authority in issues related to soi management.2. TropSoils research has relevance to the needs of agriculture Indeveloping

nations and inthe U.S.
3. There Isprogrammatic unity in the TropSoils' approach.
4. The program demonstrates a hi1gh level of produotivity. 

fetodse and Strateg
Afull-scale communications program ideally would include a range of'media andmethods for reporting and promoting Tropolls research. It would also includedirect assistance to the Individual projects and collaborators, translation ofmateri.ala from Znglih into the appropriate uW kuaes, and comnucations research andevaluation. Because of the preset need l'orprogram-w~de economy, however, Ithasbeen necessary to carefully screen,the potential audiences and commsunications:activties, and to focus on methods that seemed mot licly toaU&& djWneeds.As a result, some approaches have been eliminated from this prpopa, efihebecause of their relative cost or because other techniqueseemed more likely.tosucceed. This sreighas been guided by discussions with TropSoils personnel,and by the meod~neane from fttkv with sevea people deemed knowledgeable about the pirmary audiences.
rIgenealo thesrtg st concentrate most ofte comuncations resources, 

I'WI 11, . 1 1 , 4 
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Into one substantive, authoritative and attractive periodical. This will ensure that
high-quality Information reaches the primary audiences with sufficient regularity to
establish the merits ofTropSoils research. Remaining resources will be invested in
those programr-wide publishing and information activities which promise to deliver

the most communications value for the least cost.


Experler.ce has led to the conclusion that while some of the communications

approaches employed to date have certain strengths and advantages, they are not
Ideally suited toTropSotis audiences, or are not cost-effective, For example, the
program-wide annual technical reports are expensive and time-consuming to
produce, yet reach arelatively small audience limited to those with advanced
technical training. Because they cover work in progress, there is considerable year
to-year duplication and overlap, and the reports contain large amounts ofprellrnl
nury data and observations not ready for application. The newsletter formnat of

Communiques makes it suitable for brief features and'win-housem news, but does
 
not allow for the sort of in-depth development of topics needed at this stage in the
 
program. For the methods discussed below, there has been an attempt to incorpo
rate the most valuable features of the technical reports and the newsletter Into an

entimoly new set of communications Iitiatives. The plan as presented here depends
on the addition ofapart-time editorial assistant, who could take over routine
clerical and production tasks. freeing the editor to plan. wuite and produce the
publications. 

! 
 i;/// /i , : ,,: ,,,,:
...............
iq,@!Pi~ !? ,, %,,,,,, w,:',,,,,,,,v,,,,> , ,-:,146:
Initiative I. TropSolls Bpecial-Topics Series'
° ,,iiii'"'"ii' '
! iiiii~
This publication series, the communication program's centerpiece. will embooy aprogrammatic commitment to collaboration and unity of purpose. Topics will be
selected according to the availability and applicability ofsignificant research results, and will not be keyed to individual projects. The series will not attempt to
compete with the traditional channels of scientific publishing. Rather, It will distill
*and present Information inaform useful toan audience with limited technical
training, and will satisfy somne or the demand for atangible *product'from Trop.
Soils. 

Procedur aJbrDe*ipfng te 2VpSolds Spectal~pfs &rlu
Audienceosesamr arut distributionplan Structured interviews with several


people from each sector of the audience will be used to help characterize the
 
audience's needs and preferences on such things as artclenth eailevel.
 
stage.

ftbrmtwnWt deelp. The format and design will be modified Inaccordance

with the results ofaudlence assessment. Atetatv formsatlncludex, abrieI

illustrated *eecutive summary* an in-depth, illustrated article devulopn asingle
soil-managernent topic and stating recommendations for tepplision rreearch.~.
results: and abiblioguaphy for the topic, citing the relevant researchreot.pea

or articles. Design considerations Include tabihn an airnoehe ofoaut1t

and competence while creatng arewarding ezpeflience for the reda using dim.
 

memorable inmes. Design must also Incrporate econo n~ dn~tI and ill n 

http:Experler.ce
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Topic outline andproposa Topics wil be selected Inconsultation with theManagement Entity Director and Program Coordinatos SOme of t ones whicharM consiered to be candidates at this time ame gien inTable 1.The managementEntity Director and the Progam Coordinators wil recommend scientists working Ineach subject area, approve planning for the workshps. and determilne who shouldbe invited to submit an editorial Operspective- for each topic. 

Table 1.Emples of topics suggrtd o hF3s o hSpecle4oplCS series. 

Adlandin,
Sol nfei*ly
Lowcmpplr~f
Water manegemeou 

NkmMe managementa gree mnurse 

Technia uwkops.These will consis of small grops of Wscintists representUVg a particula subject area. and will require at leat two working days each Inadvance of tOewosh, pa-2icipts will compile reevnt materias and refer.
 
eno Theanagement Entity Director will moderate and wil focus discussion
Into area of amt.As the discussion programses the edito will assume therole of audienc representatve. and will begin composIng a statemn ofwhat is
nW~n aibout the topic, what Isyet to be learned, anid what migh be 6xnne
to the Uler.

While the most obvious product,of such a process will be TropSoils publictons,
there will be other important benefits as welt "ringin tOMuhe scientsts WIho aneworkin On related problem will no doubt Improve the onping research, reducethe senseof Isolation some of the Scientists fee, and strenihe cooperatin anidcolaboton amfong the programs (ObjetiUve 3).
I*UbW adWU*4 follown the workshop, the editorwill complete the raim.tive and distrbute drafts to the workshop paricpant for comment and comoe.Uions. Tim Mlanagemet Entity DIrecto end PRog= Coordfntors wit review tMWna draft of all scripts prior,to publication
Desrgn lmAyo pvdx(Ion and p**ut. The special'topgcs sedes will employ astamndarized design but will present a new photo or Illmurton on the eowe, ofeach issue Layout and prepress producti wil be handle by the edito anid hisassistant. 
FbUou4 rasoaId After the fit year and "try two Yeom thereafter, theaudience will be surved and the milik* et purged and updated, Th survey willbe used to measure the useft oess of t speclal'toptcs ser"s and Illicit im.tion to guide the edior. 
lb T&A b&Table 2 pretsents, aproposed timeWblQ. 
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StaffingPattern. ------...
 .Communl.at.ons. 

Year Total 

1987. 1966. 199. l190 1991- CRSP OtherCategory 1... 1989 1990 1991 1992 Funded 

FTEOther I.00 tOO 1.00 1.00 1.00 5100 0
Total 1.00 1.00 1.00 1.00 100 5.00 0 

Projected Budget for Projects. Communicatlons 4 
Year 

1967- 1966. 196s- 1990- 1991. 
Project Short Tltle 1966 1969 IWO 1991 1992 Total 

Corrnvntlnationh • 940 1500 --.1589 1664 1766 7499 4-

Total 940 1500 169 1664 176 7499 

Projected Budget for Objects. Communications 

Year
 

1967. 1966 
 1low 1990 1991.Object 1988 1969 1990 192199 Total 

x$100Salaries 380 390 413 438 484 2065Benefits 80 90 95 101 107 473Allowances 0 0 0 0 0 0Travel 20 140 146 167 167 632Supplie 20 20 21 22 24 107 
ii;i2; Eqoet10 10 11 Ill 12 54000 140 390 438413 464 186 

-

IndlrectCostg 310 480 488 517 546 2353 
Total 940 150 169 1664 1786 740 
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TropSoUis ProgramPlan, 1987- 1992 

Management Entity 

North Ca;oliza Stutt(' l(iliprI-rsitij 
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The Management office 

TIe Management Office carries out the responsIbLIfles of the Management Entity. namely. leadership and oversight for programand fiscal affairs for the Soil Management CR8?. This fuanction iscarried outthrough three activity areas: administration, communications and external evaluation. The basic framework and procedures for these operations are set forth inthereport of the planning entity, described inthe grant documents, or evolved throughprecedent. The experiences of the flrst seven years do not suggest the need for anymajor changes in the basic organizational structure or in the primary mode ofoperations. Topics for emphasis, however. will vazy from time to time as dictated byfunding and program developments, Some aspects pertinent to each activity follow, 
Admin'stration 

Major attention wI continue to be given to Maintaining the Ulson between thesubgrantees and AID/Washington. to assisting the subgrantees inprioritizngprogram and making adjustments as circumstances dictate, and topotngreater interaction among subnte and other International agricultural developmeont programs. Decreased funding fromw AID has placed m,,jor constraints on thelevel of research that can be undertaken: thus, additional sources offunding will besought to permit M~er utilzaton ofc rcllabguniversityr exertise.Increased emphasis will be given to exploring and developiing. where opportuni..ties exist, greater collaboration with other CRSPs and with the International Agricultural Research Centers, InItlaib, the focus will be on the soghunmillet andbean/cowpea CR$P and with IITA.
Aggressive efforts will be made to increase fth recognition byAID, particularlyits regional bureaus and country milssions, of the expertse that is,availablethrough the CR8? to assist then InidentUig and responding to priority pobloins, Ifthese communications lead to acollaborative program with mission buy-Ins, we anticipate using the administrative procedures provided by the BasicOrdering Agreement to implement these actions.
Periodic meetings of the Board of Directors will continue to be held. Including.as funds permit representatives from the collaborsting countries. to provide guld.ance, to act on rcouuendaions, and to evaluate performance, It is anticipatedthat the Board will assume a g"eter role Inthe flaturfo indetemining basik policiesand establishing fuanding priorities. This development isa normal progresIveevolution of t fanction ofthe Board#
The two-person fuWI-tbn sadminstatve sA&Z consisting ora Program Director 
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ad -an-dmstratveAsistant~ is-considered, adequatoImeet the-foreseable 
needs of the ofnice. 

Communications 
The highest priority need within TropSolls is more effecttve communication of 

our knowledge and understanding of the management of tropical soils to user 
groups outside the faternity of researchers. There Is a vast iount of relevant
information available, which. ifproperly organized and packaged, can be effectively
used to promote and support science-based soilmanagement programs for the 
wide range ofcondiUons that occur in developing countries.

Amajor communications progrmn has been initiated. It Is described ina sepa
rate Plan of Work Included with this document. 

Evaluation Eauto ae 
The External will continue to weve Is established role. Memo 

bership will remain at tree. with additional expertise added on an ad hoe basis asnecessW.y Plants for their activities include a major review of the campus and UWl
activities of lane university progra each year. Mini-reviews will be conducted as 
necessary. 
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tffng Pteno 	Managiaement Office 

Year Total 
1967. 1966& 190o 1990 1901- CRSP.

Category 1966 1990 19921969 	 1991 Funded Other 
FTE

Other 2.00 2.00 2.00 2.00 2.00 10.00 0 
Total 2.00 2.00 	 2Z00 2.00 Zo00 10.00 0 

Projected Budget for Projects. Management Office
 

Year
 
1907. 1966 1960. 1090- 1991.
Project Short Title 1966 1969 199 191 1092 Total 

X$100Adm*tration 2W2 2612 	 2766 2935 3110 14054Evaluiation 426 325 367307 345 1770
 
Total 3055 2910 
 3093 3280 	 3477 15624 

Projected Budget for Objects. Management Office 

Year 

1967 1lo6 1969 1990 1991.Object 	 196 IN 19%0 	 1091 1992 TOta 

x$100Saladec 	 1006 1056 1121 1169 1260 563Bonelks 222 233 	 247 262 276 1242Mlowanoa 0 0 0 0 0 	 0Travel 470 420 	 445 472 50 2307
sople 0 	 66.0 	 63 60 2055q~i~20 20 21 22,, 24 107O~eOuCos 337 232 248 261 276 13$2lndhc Cot 046 O06 	 OW0 1016 1070 4011 

TOWa 305 2910 	 3003 3200 3477 1624 

4 



Append~Ex 
Abbreutations 

Abbreviation 	 Name 
AADApgey for Agricuitural

Research and Development
AORHYMET 	 Centre Regional do Formation 

et dApplication en Asro. 
nieteorolcgl et Hydrologle

ADAgency for International 
ARS DevelopmentAgicltra Research Service 

AU 	 ArdalasUniversity
BIFAD Board for International Food 

and Agricultua Development
CAE op= mfor Amerlcsn 

~(CPAC) Relief Zverywhere
EM CA Cerom do Pesqulsa

AgATA uarta do erao
CITCentro onaddnenc

Ag*Wm Tropical
CNPQ 	 Conelbo Naclonal do PtaqulaacsmR 	 Center for ScienMil and 

Industrial Researh
CSR 	 Center for Soil&Research
CU 	 CornellUnmvrsity
WIN 	 Direction do la Meteorolopi

Natkoale
ZIP 	 External Evaluation Penal
IMBRAPA 	 EipresaB aullefra dorai 

?.Sq~aAgrpcurfa
IMAIR 	 Enpren do Paquim~ Ameitencl 

'Tecnlce aEteansofRu
IWO ftaWouCeuta 
FIRUIDO Fendbante Ouinmow 

Dmane-S
PIMP 	 Forest aOw ePlanW'Usd 

00oV 	 kubrlmnogVOMIeno 
HBC 

Country 
Indonesia 

Niger 

USA 

USA 

Indonesia 
USA 

USA 

Brazil 

Colombia 

Braz 
South Afrca 

Indonesia 
USA 
Niger 

Brazil 

USA 
~p 

,Niger 
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AD 	 International ArutulSra 

Agricultural Reeach in the 

ICRISAT Ienational Crops Research Niger
institute for the SenudArld Tropics

IDSInternational Devlopment Dank USA 
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INMA 	 Inatituto tfaclosal do Inmttpc6n Peru4 
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INIPA Inatituto Naclooa1 do 	 Peru 
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Agronowique dui Niger
IWM~RM ColIlaborative RsAmrcb Supp USA 44 

woaon 3rgnwuand e 
[RT nttt oPIte 	 Ijidone 

444IrlMMA nutuoVeteinadd 	 Peru 
44.4.4~WVU	 

M PWD5IU9&Wji yAltura; U 444-l
D 4 	 44-4 4 ' 

http:Pmocln.mf
http:44444444.44.4.444.44


Abbreviaton 	 Name COUnt,7
JCARD Joint Committee on Agrcultural USA 

Research and DevelopmentJRC Joint Research Committee UsA

WDC Le" Developed Country

MUCIA 	 Midwest Un~verattle. Consortum USA 

for Inteniathon Devlopment
NCRP 	 Niger Cereals Resarch Project NigWNCSU 	 North Carolina Stale Unlverowl USAOICD 	 Cits of Intomfrtoal USA
 

Cooperation and Development

PEWP -rM Eseil- Peru
 
PP Prcdect Produetie Nige


PSG = S~pport GrantUS

IRo 	 aFoundation USAARU D RadhWUnfverMW 	 UMsSmtraSR D 	 3eml.Arld Food Orain Research Burkina Faso
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SM.CRSP 	 1wng entColaboratve USOA 
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