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Preface
 
TropSoils' goal is to develop and adopt improved soil-management technology that will reduce 
constraints to plant growth, and to ensure that this technology is agronomically, economically 
and ecologically sound for developing countries in the tropics. Because it is impractical to do 
this in every tropical nation or region at once, the program has situated and developed its re
search projects in a way that makes their results applicable over broad areas having similar soils 
and environments. These areas, or "agroecological zones," are the basic units of TropSoils' 
orean iza,,ion. 

This document reports the progress of TropSoils research in three agroecological zones: the 
humid tropics, the acid savam.as and the semiarid tropics. Each participating university has taken 
a lead role in one of these zones. For more infommation about any of the projects covered in this 
report, contact lle Management Entity or one of the program coordinators listed below. 

Prograrn Coordinators 

Pedro A. Sanchez Douglas Lathwell 
Soil Science l)cpartment Deputment of Agronomy 
Box 7619, N.C. State University Cornell University 
Raleigh, NC 27650-7619 Ithaca, NY 14853 

Goro Uchara Tony Juo 
Department of Agronomy & Soil Science Department of Soil & Crop Science 
University of Hawaii Texas A&M University 
Honolulu, Ili 96822 College Station, TX 77843 

Neil Caudle (communications) 
Department of Agricultural 

Communications 
Box 7603, N.C. State University 
Raleigh, NC 27695-7603 
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Introduction and Highlights 
This is the fifteenth continuous year of operations of North Carolina State University's Tropical
Soils Program and the fifth as part of TropSoils, the Soil Management Collaborative Research 
Support Program, financed mainly by' the U.S. Agency for International Development and 
collaboratingT host institutions: INIPA in Peru, EMBRAPA in Brazil, and AARD in Indonesia. 
The year 1986 was sinultaneously very difficult but also very rewarding. We received a 25% 
budget cut from our donor agency in February 1986, which resulted in the discontinuation of our 
field research in Indonesia in August 1986 and in major adjustments in research activities in 
Peru, in 3razil, and on cam)us. For the first time in the program's history, we were unable to 
offer new graduate assistantships. 

But 1986 was also a very rewarding and productive year, putly due to the momentum of 
all our projects in full operation and partly by the implementation of two major initiatives: the 
soil management research network, and comparative soil dynamics with emphasis on tropical
soil biology. INIPA's building program at Yurimaguas is almost complete and the station was 
officially inaugurated by the Minister of Agriculture. Although modest by world standards, the 
Yurimaguas Experiment Station now has sufficient office, laboratory, and computer facilities to 
support long-term experiments and a 30-person training and conference center for on-the-job
training. Three major international workshops were held at Yurimaguas in 1986: a Latin Ameri
can Agroforestry Workshop in cooperation with ICRAF; the Third Tropical Soil Biology and 
Fertility Workshop; and the Latin American Scil Management Workshop, which trained 31 
professionals from the "planting stick to the computer" in three weeks and helped launch tlhe 
network. Extrlpolation activities were also facilitated in tropical Asia and ,\frica through
IBSRAM's Acid Tropical Soils Network. These network activities have paved the way for 
meaningful technology validation and transfer for 37 countries throughout Latin America, Asia, 
and Africa. 

Work reported herein is carried out in close collaboration with INIPA in Peru, 
EMBRAPA in Brazil, AARD in Indonesia, several international centers, USAID Missions, and 
our sister TropSoils universities. 
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Faculty 
Rohe if. Miller 
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** Completed degree in 1986. 
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Research Network
 
Tropical soils research has progressed to the point that several management options fol" sustain
able productivity in agronomic and ecological terms are ready to be widely tested by national 
research institutions. The different options For the humid tropics constitute the model for net
working (see first report). A training workshop, 2ondIcted in Spanish at Yurimaguas during
September 1986, provided on-the-job training for 31 front-line professionals from the planting 
stick to the computer. 

The workshop participants created RISTROP (Red de lnvestigatiiande Suelos Tropicales),
with core experiments oin low-input systems, agroforestry, continuous cropping, legume-based 
pastures and paddy rice. This network is now operating in 11 Latin American countries. Con
tinuing technical backstopping is being provided to IBSRAM (international Board for Soil 
Research and Management) in the establishment of two Acid Tropical Soils Networks in Asia 
and Africa. Given the striking similarities in soil constraints between tropical America and 
tropical Africa, a similar workshop is being planned in coordination with IBSRAM to train 
African soil specialists at Yurimaguas and to establish a viable link between soil-management
technologies generated in Latin America and their potential users in Africa. 
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Research Network 

Yurimaguas Workshop 

T. Jot Smvth, N. C. A e Uni'e.,'si'Y 
.los( R. Beitcs,N C> Stte Univc,-sitv 
L)le F. Bandv, N. C. ,'tatc Univ rsity 
PcdroA. San'hc:, N. C. St ire' I /niver.itv 

Trlopical soils research has prto)gressed to the point (i1 
grouping promising allcrnatives into s1oil-m:Mg,,c-
m11el! optior. that atcconIilt r differenrcs illphysial 

responsible for conducting network investigations 
resulting frol this workshop. The 3 1participants 
who attended thc workshop rcpresentcd 23 p)otential 
research sites distributed alm11ong1Z 15 national institu
tions in tel difflerent countries (Table I). A detailed 
dlescrip'ion of the workshop and the experiments 
developed Imw the research network car he found in a 
report to the U.S. Agency for Intenmational Develop
mlent available in Einglish and Spanish. 

Activities wcr: or aniized around the two work
w][1t1 


lienre HI. Naitv f tihe k1, ei uuponcts o IhccsetlhrCC-\Veek 


anld s(cioecolouic cotlni' lli i cw-\ :,1iIllsrlop Ohjectives anld occurred simtltaneo sly duriltg 
Ilil( schedule. 'IhC sCepUCIce 01 topics 

techioloc!ies can llow hc Irarslcrrttd to natiuia; 
research iinstilttions, allowill, local ivt estlgiators to 

aapt soil-ilul crenerit optiolns to their specifica 
condition.,. A concerted validation and extr:rpolatioin 
Clloi-t across tin pical soil ecosystclrs illl-itin 
\rrica wou~ld rot only rcourac,,e nlcracill 

g participatiig instititions ba1t also idCrti 4y 
reinnenients arid modifications Ihat should IbepursLue( 
to imrprovc existinig niia,emeii optons. S ich anl 
elTOrt requires tIre identification and trainiing of 
caable ol-site atm.soichcollaloratin national 

institutioi5. 


IltSeptcebr 1086, North Carolina Stare Univcr-
sitv's lropSoils progrann conducted a 21-day work-
sho on tropical-soils uranagtement at itsprimary 
research site ili Yurimrgirs, Pernt, in coope-ration 
with INIPA, USAID/Linra, and 
the Interamcrican InslitutC for 
Cooperation in Agriculturc 
( ICA). Purmoses of'the work- , z, 
shop were to acquaint key Latin %,', '',Q
 

Aoterican scientists with the
 
most recent techni(lues ill
 
Iropical soil characterizatiol and
 
Ill arlalgenllel t, to idcll l'Y Paddy ..... 

COmI on0 rinlerests, andI t(' 

establish a soil research net- cof, C, ,. 

work. Criteri'a for selection of LowIIm,, Cropping 

participants were based on ile 
national researrch institutes' (a) 
interest and cap)abili tics in Aq,oorv,,y 

rirrur it or,;, famunq Moseroilinaraeeircrt 
resc;rchIi tropical eco5\'stllls

lb Reg oruratrnq Sho.t,,l(b)designation of workshlop 
o 

L-Alluvial 
candidates, with at least a I.S. 

COm,e red during tile instixICrcirNall c0ril)OoeIt included: 
CIlKIr:htriCAtioII Of tropical ecosystem,; diversity, 
classilication and taxonomy of tropical soils; soil 
physics in relalion to hind-clearing and tillage 
systems; alld fundamlenlal aspects of soil chemistry, 
soil Ietlifitv. soil test:ng and planlt analysis. Emphasis 

was placed ou field activities that gave participants 
hands-on experience with the most recent ield and 
lahraator tecliniqules arid computer soltware used ill 
soil science rcsearchl. Technology (evelope( for 
hunid tropical soil lianagelmnt was discussed as 
live distinct packages: mechanized high-inlput 
continuous crop production, low-input crop produc
tion with acid-tolerant species, agroforestry systems, 
paddy rice production on alluvial soils ano legume
based pastures. One (lilywas dlevoted to field tOULrS of 

..
 

oSooSods Acid SoilsYo n Sol 

agonny or eFivalent, r-igure 1. Soil-management options for sustainable production In the 
training, as the personnel humId tropics, used in the research network. 
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Research Net work 

experirnents for each management option 
During their three weeks in \urfilanuas, partici-

paqis installed a low-input e,:lperiment on a secon-
dary forest site. This activity acquainted the group 
with the procedures, meaSiir.iwerts and decisions to 
be n deI iduirn.tilie processes of site selection, forest 
clearcii, soil and veclation charactcrizailon, plot 
estalblishmcnt and plarltin, t!w initial Crop. The group 
pceifol-nled l lcsilliM. re t biorua'!ss nieasure-
merilts, u rriCd the sslished \v'C.et'iori, collcted ash 
alid p0st-urrr s1i] s:rrpies, and anal v/ed til aha 
soil h,r iitirienlt 	 O 'llt lbor i tis. Btinefol-el lIIi 

Table 1. Distribution of ,nrrticipantS by country, 
national Institutions arid experiment stations at the 
Tropical Soil Management Workshop, Yurimaguas, 
Aug. 31-Sopt. 	21, 1986. 

-


National Research 

Country Institution site 


....... ..
 
Bolivia ITA Chapare 


Brazil 	 CEPLAC Iaburna 
EMBRAPA: 	 Bel6m 


Manaus 

Porto Velho 
Rio Branco 

Colombia 	 UNIBAN Urabkn 

Costa Rica 	 CATIE Turrialba 
U.Costa Rica 	 Rio FtiO 

Dorn. Repub. 	 ISA Sanriago 

Ecuadcr 	 INIAP Pichilingue 
PRONAREC Quito 

Guatemala 	 ICTA Izabal 

Honduras Min. Rec. 
Naturales Darnli 

Panama 	 IDIAP Calabacito 

Numberof 
participants 

3 


1 
2 
1 
1 
1 

1 
1 

1 

1 
1 

2 

1 

2 

Peru IIAP 
INIPA: 

Iquitos 
Moyobanba 
Iquitos
Pich~is 

1 
! 
1
1 

U. La Molina 

Puerto Maldonado 
Tarmputo 
TLngo Maria 
Salipo 

1 
I 
2 
1 

U.Anaz.
Peruana Iquitos 1 

departing, participants were ahle to observe their 
experimen,t with an initial sland of uphlad rice. 

Considerati oils for network developineit were 
initiated hy participant presentations geared to 
provide opprtulitiCs for interaction and identiflca-

Iion of comm1on ilerests. Each meniber described 
tire ecosystem, flIcilities, research program and 
limitations of the experimental site where thi,' 
performed studies for their national institutes. 
Comparative data aniorig the parlicipaits' rcse rclh 

,id sites (Table 	2) indicate a broad slpee,rtllllof'rcsearcl 
[hllsts aiid ecosysterirs. 

Sonward thc end of tie workshop, participants 

vouitaril chose to ,)rtiipaie ii iidivirhual workin_ 
groups oii each (U ,he Five so-il-oariagereit options.
Fach 'ork'ing ,,roup was req(ucsted to (a) ideriti v 
soil-riranagenieil liclors that should be ii\'estigated 
in ail cxililatioil and validation rietwork, (b) design 

experiments with clearly deli ned objective's, and (c)
defline cxpel-llll 411illelhrlodologies an(l basic 
reqiuirer ciris of equipirerit and facilities. A brie f 
description of the network .Iuies developed by eachI 
wi,'k:rig group folows. 

low-lil ()ption
 

()jtrtl.
 
1.(oupa rC t!ie sequence iii which nulrielt
 

constrainls appear in acid soils, under different
 
ecosyst curs, tinder uph ri cc-cowpea prodtctiori.
 

2. Conipare tie effect "nutrient additions )y,
ash froMllnlring different types of lstanding 'ecgea-

Iion in different clinatic recinres. 
3. Establish soil nutiient levels to aid in fokrnntlat

in" iniunluri eiiiizer reciornmenidations for stIs
tlained upaid ric,-cowxpea production in acid soils.
 

IEpriln ,wtal a[luroe 'h 

Thirtecin fertilization rcatnients, illa randomized 
coripice blo,:k dlsign with four replications, were 
develop Is coiiniiioii no all network sites. Roth udic 

and tistic Inoistirre regi res exist aliong sites: ve!eta
tion varies From prim ary rainiiforest io sa; anna. Post
clearing rrraaeelcit will be constant aiiionl" all sites. 

lfigh-Illp1l Option 
O jcetiv,'s

1Etvalatci, 1ndiler .olntilluouS; culliV:tion, crop 

responses to Increasiig rates of K fertilization. 
2. E-valuate the effects of crop residues oti soil K 

dynanics. 
11
 



Research Network 

Tnile 2. Comparative data among potential network research sites. 

System under Investigation 
Soil 

Annual Dominant Tree Food Labs scientists
Country Institution Location rainfa' soils Pastures crops cropq avail, avail. 

mm 

Bolivia IBTA Chapare 2500 4,500 	 Entisols- yes commercia yes none 1 
Incep1tisols 

Brazil CEPLAC Itabuna 1300 	 Oxisols- yes commercial yes soil-pl3nt 
Ultisols 

EMBRAPA Belm 2200 Oxisols- ys commercial yes soil-plant 6+ 
Ultisols 

Manaus 2300 Oxisols- yes native fruits yes soil-plant 2 
Liltisols 

Porto Velho 2400 Oxiso!s- yes commercial & yes soil1 1
 
Ultisols native fruits
 

Rio Branco 1800 Ultisols yes commercial yes soil' 1
 

Colombia UNIBAN Urab, 2000-4000 	 Entisols- no banana no soil-plant 0 
Inceptisols plantations 

Costa Rica C/.TIE Turrialba 2500 Inceptiscls yes commercial yes soil-plant 2 
Univ. Costa Rio Frio 4000 Ultisols- yes no yes soil-plant 1 
Rica Inceptisols 

Dom. Repub. ISA Santiago 2800 	 Entisols- no fuelwood yes soil 1 
Inceptisols 

Ecuador INIAP Pichilingue 2160 	 !nceptisols yes commercial yes no2 1 

Guatemala ICTA Izabel 	 Entisols- yes no yes soil-plant 3 
Inceptisols 

3Honduras Min. Rec. Danli 1000 yes commercial yes no
 
Naturales
 

Panama IDIAP Calabacito 2500-3300 	 Ultisols- yes commercial yes soil-plant 3 
Alfisols-
Inceptisols 

4Peru IIAP Iquitos 2700 	 Ultisols- yes native fruits yes no 0
 
Inceptisols
 

4INIPA Pichis 2800 Ultisols yes 	 commercial & yes no 3 
native fruits 

Puerto 2200 Ultisols yes commercial yes no 4 
I 

Maldonado 
Moyobamba 1230 Ultisols- no cammercial yes no4 1 

Alfisols 
4Tingo Maria 2900 Ultisols yes commercial yes no 2 

Note on other institutions:
 
PRONAREG/ECUADOR conducts soil sur, eys and land resource evaluations through the entire country.

UNIV. LA MOLINA/PERU conducts potatc fertilization trials a-0 M. Sc. thesis research in agronomy in the Peruvian Amazon.
 
University campus is located in Lima.
 

!Plant analyses are performed at the EMBRAPA stations in Manaus and/or Bel6m.
2Soil and plant analyses are performed at another INIAP station within 200 km distance.
3Soil and plant analyses are performed at laboratories in Tegucigalpa.

4Soil and plant analyses ate performed at central laboratories in Lima.
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3. Evaluate crop response to residual fertilizer K. 
4, Determine the influence of K rates on K 


interactions with Ca and Mg in soils and plants. 


lxp7crir CInthl (IIY)'O(V ih 

Crop .otatiousi. ill bc cori-soybcar. or corn-
cowpea. Yield response to K Will Ne"evaluatcd over 
six K rates, ranging from 0 to 25) kg K/ha. 'rop 
residue cflccts and interactions with Mg will be 
eval u ted in tour additional treatments. Potassi um 
Will be moeni tored in soil proHI-c 1nd plant tissue. 

! flpr(,, ed Past ur'es Opt io 
Obhc-tives 

1.Determine the approprinte method fo renew-
ing pasture prodtlcliVity lroMugh lecumeC incorpor',-
tion. 


2. Dete-minc -ee cls'A 1P fClilization oin 

legu;ne e.tabhlishment in pastures, 


3. Fvaluatc 11u , rsisicce o logf' e-gr ss 

associatlors ao o1 establisiinlnt.
s a tutrcliol 

.yep,un tae!jha;,/jt 
Thpec wrt will be c(onducted in degraded 

pastures and will bc contpo.,ed of two distinct phrses: 
(a) legume ista lislerclas a funlction of tillage and 
P fetlifization 'rid (b) f dynaminics arid legune 
persistence as a function of anini at razing. The 
initial phase will be conducted in a networ experi-
ment with three P raltes, Iwo tilage methods and four 
legume species in a split-split plot (lesign with three 
replications. 

Agroforestry Option 
Ohjective 

Impr-ove scil fertility and conlrol soil erosion and 
weed incidence by improved fallows and tree iol.s, 

in agroforestry sy:Aens. 

Exp(rivrent aPproach 
The group chose to develop ofe experiment fcr 

improved fallows and two experimerts for tee crops, 
with a distinction in the latter for steep and flat 
topography. The improved fallow study will compare 
the effects of a selected tree + groundcover legume 
short-term (threc-io-five years) fallow to, a traditional 
seconrdary forest fallow (five-to-ten years) on the 
control of weeds, soil erosion and soil fertility 
replicishment for subsequent crop production. The 

Research Network 

tree crop experiments will evaluate the r;roductivity, 
nutrient distribution and use of seectrd perenrnial 
crops in multistrata systems. Anmal crops will bc 
,:Aluded from the experiment fr ,'tecp toporaplhy. 

Paddy Rice Opfion 
Objectives 

1. Investigate alluvial soil-management systems 
for paddy rice production. 

2. Evaluate, oCr time, changes inl soil nutrient
 
availability in alluvial soils under paddy rice.
 

EiperinentalaOp/rolich 
Paddy rice production has not bC'en practice( in 

large areas oft the Amazon. Local expertise, therc
fore, is almost nonexistent. lFaner acceptance of tlhe 
systemI in tie lower Amazon Basiln is believed to 
depend on die demonstration that (a ) labor-intensive 
dike formation persists after seaoal river flooding,
(b) constant flooding of rice pa Idis reduces weed
irig, and (c) broildcast seeding Isa viable alternalive 
to labor inteinsive transplanting. 

After reviewing the proposals, participants were 
asked to identify, on a priority basis, tie top three (if
any) cxperiments they considered most applicable to 
their rescarch-station activities. Rcsponses surgested 
primary interest in the low-input and agroforestry 
soil -management options. (P'his vork-hop activity
provided valuable feedback -nfornation to the 
TropSoils program in Latin America, especially 
because these opinions were provided by profc.
sional Field scientists after an intensive review of tile 
program at the primary research site.)

Participants agreed that a comion goal of the 
network would be the transfcTa and validation of 
improved soil-management technologies on acid 
humid rofpical soils in Latin America. The group 
requested that North Carolina State University 
coordinate information exchange and technical 
backstopping among network participants. 

The quality of the projects developed by the 
group suggests that the workshop was successful in 
enhancing the soil-management research capabilities 
of collabr)ating COUntry personnel. Workshop 
program evaluations by the participants highlighted 
the fcasibility of using the Yurimagua,; Experiment 
Station research program to provide scientists in the 
humid tropics with on-,ite exposure to knowledge of 
bow to matage soils. 
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Research Netivork 

Network Development 
In Latin America: RISTROP 

, I ti e. 'r "T.Jot Smvh.N. ( nivSo 

PImricip,ants ii the rurim agu s workshop requested 
that NCSU provide tIhe cctral coordination for the 
ietnwork, which they cli;e to namc RISTROP (Red 

d enSu,,I'idTropiales).Assistance'os 
waNs rcqaslcd for research-site selection arnd charac-
tcriz:,tion, supp, rt services for analyses and intcqre-
1:1lir of .,ercsulli dat a, and iriformatioll exchange 
ai1Onii1 1i1riipa1ti0_institutions. 'ul.litn1rttioral 

as not availale to sponsor each participant's 
rcar;euch ictivitics in the network. Participants wer~e 
therclorc individually responsible flt olraining 
aIppro\al and hinding from their national instil utes 
tor their rletlwork activities. The limited budget 
vai a hl leictwork coordina'.ion also led to the 

pnIatitl 1iat1sup:1 services fr)nt NCSL 's 

'\ 

t 
SrYOpi aai Soils Prorialll would outly be initiated for a 

network p:rtici pa!it upon con firmation of tire nationa! 
iu.t nuIc's apm.,vdatof net work activities. 

'lhe network coordination has received positive 
re:spon:s front pmticipants in eight of II countrics, 
for a :otal of 27 initiated or planned experiments, en-
Col.ssin.. ,all i anacnm enLi options presented durnn" 
the Yuimag-ua. workliop (Table 1). With the 
e::cction of 'ollaborators in Bolivia, participants 
has c limi ted their coniniltments in1987 to initiating 
network experiments, which they identified as first 
priority duringe ,he Yurimaguas workshop. Partici-
pInts front 1BTA/t"olivia intend to initiate experi-
mcri,,, ilcntilid as both first and second priority for 
th~cir iristitutnnal programs. INIPA stations inPuerto 
Nlaldontdo, Noyobamba and lquitos plan to incorpo-
rate the low-input and agroforestry studies into ex-
perimerts on native fruit-tree production systems mr 
peach paln, 1,. ilnut and camu-carnu. A similar 
approach is planned for tile sante network experi-
ments at EMBRAPA/Manaus in luarand production 
systems. The Peruvian government recently estab-
lished time management -s top research priority for 
tileSelva region. lIigl-ilnput annual crop experiient s 
at 'ingo Marfa and Moyobar)ba, therefore, will be 
directed toward comparisons of yield responses to 
locally available lime sources. 

RISTROP collaborator; in Ecuador recommended 

delaying Petwo kinitiatives in their country urlil 

funding 1, available through the recently established 
agricultural research foundation. Despite several in
quiries, no response has bemi received on tie net
work status in the Dominican lRepublic. A simili 
situation in Hounduras was transformed into a positive 
commitment, after discussions with the participant's 
supericrs during recent travel to Central America. 
Additional correspondence with Colombian scien
lists, who were unable to attend the workshop, may 
resu:t in implementation of two studies in that 
country. Venezuela also was not represented at the 
Yurimaguas workshop; hovever, after reviewing the 
workshop report, collaborators from the Universidad 
Central de Venezuela notified RISTROP coordina
tion of their intention to participate in three network 
experiments. 

Since !he completioll of the Yurimaguas work
shop, NCSU support activities for tile network have 
centered on technical visits to participatin institu
tion!s (filring implementation of field experiments. In 
!ddition to assisting participants in adjusting metlhod
ologies all field plans to local conditions, this action 
has also provided an opportunity to obtain on-site 
fainiliarity with the research programs of the national 
institutions. Extensive discussions with participating 
network scientists and travel conducted to (late have 
)rovid :1the following observations. 

Observations 
1.The specific needs for technical backstopping 

by national institutions and the capacity for NCSU's 
Tropical Soils Program to provide this expertise 
extends beyond the existing scope of tie budget and/ 
or conceptual development of the research network. 
The type of required technical support varies among 
institutions, from assistance in establishing functional 
soil testing laboratories to the identification of 
research priorities through interpretation of existing 
soils infonnation. Such limitations often impede 
participants' abilities to implement knowledge gained 
during the Yuriniaguas workshop on a broader insti
tutional scale. 

2. Ongoing national institute research programs, 
in some of the visited countries, are often unrelated 
and rionsupportive to the USAID Mission agricul
tural-development programs. Quite often network 
participants and their superiors have indicated 
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Research Network 

unfamiliarity with ongoing USAID Mission pro- expertise in national institutions will be fully imple
grams. Synchronization of national ist;@.ute and mentcd through pailicipation in RISTROP, it is 
USAID Mission programs would capitalize on ihe fitting to consider supportive measures which will
investment madc, thus far, to transfer soil-manaoe- ensure tint experiences gaincd in the network will be 
ment technology to the network participant ,. mmintai ned and used in future national research 

Although it is nut ailiCifxilcd httl SOil sciCllCe endeavors. 

Table 1.Current stage of developments for RISTROP experiments in each 
participating country. 

Annual crops 

Low High Agro- Improved Paddy
Country Institution input input forestry pastures rice 

Guatemala ICTA I 
Honduras Min. Recursos Naturales 
Costa Rica 
Panama 

Univ. C. Rica/CATIE 
IDIAP 

I 
A 

Dom. Repub. ISA P 
Ecuador 
Peru 

INIAP/PRONAREG 
INIPA/Puerlo Maldonado 

P 
A 

P 
A 

NIPA/Tingo Maria A 
INIPAIquitos A A 
INIPA,'Moyobamba A A A 

Bolivia 
Brazil 

INIPA/Yurimnaguas 
IBTA/Chaparp 
CEPLAC 

I 
I 
A 

I I 

EMBRAPA/Manaus A A 

Colombia 
EMBRAPA/Porto Velho 
ICA 

I 
P 

Venezuela 
Com. Esp. Guaviare 
Uiv. Central Venezuela 

P 
I I 

Total: 
Initiated (I) 6 2 1 2 2 
Approved Plan (A) 6 2 4 
Potential (P) 3 2 
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R,'carch Network 

options seen at Yutimaguas. Zambia began applyingmany of the ideas gathered after visiting Yurimaguas, 

In Africa and Asia Manaus and Brasilia. Proposals for new sites were 
identified by representatives for Madagascar, Ivory 

!'e'dra)A. ,%am z,;V. C. Sate Univcrxitv Coast, Nigeria, Rwanda and Burundi. 
'./,t i A'. (", Colllon methodologies for evaluating edaphic,'zyth, Statt' Univrsitv 

,uiul,v W. ,fl:a,-.\.C State Universitv paramelers were agreed upon at the Cameroon 
workshop and are shown in 'Fable 1.To assist in
 

Ilpsoiis ald LBSR AM si gned a IlmciI1oranduI of project developmenlt, a list of equipment, supplies
 
untie iiandine ii which both institutions formally and reagents for a fully operational laboratory to
 
A_" Tk t)%\ ork together toward the development of 
Xi c\id i'ropical Soils Net\work ,t a worldwide Table 1. Edaphic paramenters to be measured in 

.i''opoils input has conceitrated on providing IBSRAM Acid Tropical Soils Network Experiments, 
w11111 ca:1r1ip thronc;h tte Network Coordittat- as agreed in the Cameroon workshop, Jan. 1986. 
il-(.
'ttrtfii iitee>t.._____ 

"l'lt ltu!_;.Ia Depth"If1: W orkshop )Ithe Acid 'Ilropical 
Soils NcItlk \,.. elld Pekru, and inin Yfurinlita'UaS, 
.\I ma. 'and lr'asili:a, Ii ra rout .to May' 3, Parameter 0-10 10-20 20-50 Methodomi,April 
11>5. It '.%:i orgafli/.cd by 'lt'opSoiIs/N CSt.U and co
:? c.,1cl by INIIA and I I,3RAPA, with support cm 

Irwt ', otl. pH (H0) Yes 1:2.5 H 0in slrirnational ori:lli/.tionts and dolnor Yes Yes 
2 

a .eI a:,'" . ter ral da oh e Il I. It c 's of rI- i of :.' 

lt0.) mi , in the limid tropics and acid pH (KCI) Yes Yesiltl tIC Yes 
• Exch. Al Yes Yes Yes 

-, lnia' 01S 1tth AIInCI'ic"I. repIrescI[ti\ivcs horlnI 1- Exch. Ca Yes Yes Yes 1NKCI 

11"',wc(itl 1 coun1tries (traiI, Cantcrooll, China, Exch, M Yes Yes Yes 
('tqlkt, t\'t)r'' (ioast, !Niat l scar, NlaNly /a,Mexico, 

Exch. K Yes Yes Yes Modified Olsen
JIilml~li,, P'ci.' lil~lIaldl. 'ellozuILI and \arabia) Avail. P Yes Yes No 
decided to form iliAcid ''ropical Soils Nctwork. Avail. Zn Opt.' Opt.' No 
'Il i rtiriatst: ikdnilicd a dclined tarf t ;area. six Avail. Fe Opt.* Opt.' No 

Avail. Cu Opt.' Opt.* No
:teial r r -\'alidllion,topics ald several Avail. Mn Opt.' Opt.' No 

sui port eive 
'hC n1aneural Workshop Procecdings provide a ECEC Yes Yes Yes Exch.Exch. Exch.Exch. 

sl~ltc-()fAIC- Irtr i of'. 111,111arci tof,acid AI+ Ca+ Mg+ K 

't)io1 l ,oilS ;nld [S Piblicat o. editedl by TropSoils/ Al sat. Yes Yes Yes Exch. At = ECEC x 100 
Nh.SIU, is expcteld i earl v 19,t,7. 'lhe proceedlingsmay se.veIs lcIt (%ic'.'ll base7 If iep network. P so.ption Yes Yes No Fox and Kampralh, Juoand Fox 

'[lieirt, IBSIANI African reoional worksi'op 
was I cId in I)utiala, ('amcroon, Jamttarv 21-27, 198,6. Org. C Yes Yes Yes Walkley Black 
T ll\k, or",'"( ..n African11 CO nlr11ics
represcill",i intile
I pH (NaF) Yes Yes Yes Ifallophane suspected 

liuau ural 1 joitned bv Rwanda,\orksop \ rte 
131 rimmidi alit Ni:cria. FillI-five individuals from 15 ZPC (Zero Yes Yes Yes Itsubhoriz. approaches 
coUni 'i pamt icip',tcd, under tie spotnsorship of the point of acric properties 

Of r Fltc ;atiolt d charge)',11CI)oo imanl i nistr o1 liiht 'm 

Research, with scvcral donor inputs;. The five Slope % 
0nual contriC; havC all initialed actiVitiCs willtoYt 

walite n for odditional funds. Sites have been selected Bulkdensity Yes Yes Yes At planting time 
1,lwe cxpCti icillt CallCOOll (ongo, Yes Yesstations ill cro 1/3 bar H.0 Yes 
:and plans call for scienlists at these sites to iniple *Optional. Mn not optional where deficiencies or toxicities are 
terit several of the humid-tropical soil -utattagement suspected. 
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ResearchNetv'ork 

Latin America 

r/,-. Africa 

S, Southeast Asia 

Figure 1. Countries in tropical soils research networks supported by IBSRAM and TropSolls (shaded areas). 

analyze the agreed- upon cdaphic paramctcrs was wat; the limited base ol knowledge about how to
prepared by TropSoils/NCSU and submitted to produce food crops on acid upland soils of tropical

II13SRAM headquarters. A second African meeting, Asia.
 
scheduled for April 1987 in l.usaka, Zambia, is 
 The participants agred on two types of research

cxpectcd to produce concrete experimental designs. activilies--a "core" experiment and component


The first IISRAM Regional Workshop on Soil 
 research--in addition to site characterization, a com-
ManagemeCt under Ilumid Conditions in Asia was mon activity of all networks. The core experiment is
hel(d at Khoo Kaen and Philsanilok, Thailand, designed to compare current acid upland soil-
October 13-20, 1986, with 82 participants from 17 managennt practices with (a) iow-input systenis
countries. Thailand's Ministry of Agriculture and based on acid-tolerant cultivars, low levels of added
Cooperatives and If3SRA\M were the co-hosts of the P and no change in the soil's acidity and (b)anworkshop, which was funded primarily by the Asian intensive system witlh liming to neutralize exchange-
Development Bank (ADB) and the Austr.lian able Al and appropriate" fertilizer practices for
Council for International Agriculural Research cropping systems based on corn, soybean or cotton.
(ACIAR). Eight Countries expressed interest in Although the specific cropping system will vary with
joining the Acid Soils Network. Included in the list the site, the common thread will be the monitoring of 
are the three Asian parlicipants at the Inaugural soil dynamics as prcposed at the Inaugural Work
Workshop--Chirna, Malaysi a and Thailand--and five shop.
additional countries-India, Indonesia, Philippines, Component research projects focus (a) liming,
Vietnam and Western Samoa. The common theme (b) screening of acid-tolerant species ano varieties, 
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kescarci"Net work 

(c) residual cfTctS of l' fcrtiliZationl, (d) organic 
i1lpUts, inlitiailly focusiln on dilCnllilnil,, the nlutrient 
coitteCts 01'COpo1,OsIs, i2rC'CIi man1ures, or animal 
i LnSa :1 l iSiec,s, Ic rtilitv C pahility ('I;a ioll. 

()ullol 
llrticipa/ts iln tiran~rietw 't-the : .\t , h 

pI)RssL(t to III kA. 1)lti Htilr C1nrCr.n Aiolt the 
icCd t)illcl'c-. Ihcilr acids--pe.tC if :in Irpical soil-
Irlalr.rIre t irrniqu'111es)i their front-lile 
sCiCiet i d;. li'asCl (hr1hcrceIlt SueCesN of a sirif ar 
aIctivltfr IIS'lI'I,( )Wparticiptsl, :ld (nf thc 
.\iIic:i :rrAurk cillplpl:!Is (ontctrf(]_ioi's deve tpcl 

tie "lotSoll; i11I\BSlA.l 1ia, rclucstedrp'oIN pror , 
"i'.St in'I ,r on-the-.ul rming of oilv tr.. 

I A ]I,vii hI'(iollr Ire \ rk it tlh Aci( Soiil 
,!' .. Ihfrexperie'nce- r iC tuhatdI 

il l ii l ro aratlil ,' , 'p.r rel 
otI r- ihIBSI,. illtransfer-

rih l ),\. \ eti1tS it: i lU ''t i,irl s,i trakcs 
' tti th-li h I,imvid-ttd itli,\ rotIteiirt 

1tie triWr' , rcht site illYairiri tias., PILu. 

Implications
 
Acid tropical soils comprisc approximately 1.7 

billion ha of'lnd arca in 72 dleveloping COuItriCs. 
l'heir geoiralhical coniccnlt!atioll is primarily ill 
ICieS-dCve!Ot)cd Thi rd orl d r.cgiis, Of Which 
arc curIelily ti0dcrnoin, social unlrCst and face 
sveral food shorhtges by the lext decade. Thirty
seven of, lhcsc countries arc now involvcd in 
RIS'l'ROP and IFSI3ANI lnltropical soils networks 
(igurc 1). The network support activities offer tlhe 
opportunity for conccrtcd w<rldwidc ef"orts il 
disseilirIIlinair Cxisting in!forniation anl evelopino 
local cxprxrtisc ol n1in.a1-Cernetlit of this fragile ccosvys
titii ilnlney couiiries. FClcdbck f'romlValid:tion 
and cxtrapolation oiexistin, iilorlilatiol would 

Ienfrhancc 'ropSoils' i-olC illtIe lisCeiili naiol of 
a i0 .ly artldcal CcoIroi licilly SO:,tId aicid soil
ililaarac r r'11ttechnolo"ies througoh
llrt the identificatioll 
( rt'iiCents and1 modiilcatiois; for ongoingof 
rlesca'ch. 
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Legume-Based Pastures
 
Cattle grazing for beef' ;atd milk product ion iIs one of' tile major land-use activities of cleared
raiif orest areas in I auitn Almerica. We continue to find that when they are. weli managed, leg
ume-based pastrcs protect the ,oI, requlire relatively fe'w cash inputs, make good use of soils 
ns itah!e 1 *,ood crops, and plrodtuce milk and meat with grazing animals, which recycle most 

of, the nutlionis it1e\,.'11Stlle. IRut pool v l1iian aged pastures are an econiom ic and ecologicalliahility. The u.,e )) p( itire species badly adapted to tiopical soils and environtments lead:: to
 
poo.r aimal rnltr nnll
and thretore low productivity. Several million hectares of rainforest navebeen cleared for pa,sturcs. only to be abanoned as the pastures becamc degraded by overgrazing, 
soil coll}".acti' 1 nlld CIosio1 . 

Pastlres research at turi ni 1aas and Iucall pa, Peru, has bleen closely integrated with the
topical Past uresr l'rorNaii 4 tile Centro Internacional de Agrictiltura Tropical (CIAT), and with

INIFPA's National Selv; Program. which is now conducting most of the agronomic studies.
 
Research reported here is based 0In 
 M ovCrall Ion --tenn strltegy shown in Figure 1. All stages
but the last are fully irvpllerltetd. 

l. 1.-1cr01 -razingw studies shol that hiuh arninal productio: levels can be sustained with

thlee x]iIdMv diT1fe ring ptllres in acid ltIlsi ls with low inputs: 
a mixture of two stoloniferous 
grass and leg em, species (lr('hi(ar'/mi mi it ola1)P:;m1odi'w ov'alijliun), a mixture of two 
erect rss ; rlcgtm;p_'cies iAiiw."tv/ot~i/v glimaensi.y), and One pure .e lit,'ofli 
leuume pmstulC (I'Cr'uroscu1 pldlk'Xes'l,. Other lixtures are falling because of low quality 
prtllems. A! ter laur t, six yc'is of centilltOts gra.izing, soil physical properties remain good andchelical propcr ies have improve~l, Iecatisc more than 80(% of the P, K and Ca applied as
fertilizer is iecVcled to the soil. Tlhis year We obtained the first estimate of the N contribution of
leenumes to the associated erass under grazing in highly acid soil: the ,egume contrib}uted an1
equivalent of 150 k, N/ha of urea nitrogeno, Po,ssitiim dynamics, a key issue .r)pasture persis
tence, conti nues 1, hue quail tifti, and S accum liat ion in Ullisol subsoils was confirmed. 

P~erhaps the mo-a xcitijig acc0'. vplislhment of this year was the successful transf'Ormation of
degraded steepland pa 111oresintluighly prodlictive oneCs by establishing grass and legume spe
cies with niinimun tillage atid phosphate rock in slopes ranging from 20 to 80%. In areas where
herbicides are avaiiable, the propei- covilbination of tillage and herbi. detennined toe was 
eliminate inutesirale. species and tplant improved ones. 
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Legume-Based Pastures 

Adaptation Trials 

Most Promising SpeciesJ 

Prductivity and Persistance under Grazing 

Most Promising Species 

Nutrient Dynamics [Degraded Pastures Reclamation 

Land Management Systems
 
-Integration of annual crops with pastures.
 

-Agrosilvopastoral systems.
 
-Extrapolation trials.
 

Figure 1. Strategy for developing the pasture soil-management option for the humid tropics. 
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Persistence of Grass-Legume

Mixtures under Grazing 


Miguel A. Avarza, N. C. State Universit' 

Rolando Dxtr: INII'A 

PedroA ."anch-:. N. (' State L/nivarsity 


'The (.entral cxperinmit for the leumc-based pasture 
soil-managelent option is now iIIits sixth year of 
grazing. Its ohjectives ar) I ) measare pasture and 
animal productivity in diflfercin a ;sociations, in terns 
of daily weigni gain and annual li vewei ght produc-
[tion; 2) tk evaluate the comnpalibility and the persis-
ence 01 the diflrent ira'S-ltiime mixtures under 

grazing; and 3) to evail ate changes in soil properties 
as a consCqtuence oF loil-term pasture production. 

Four associotions remain unchan'ged, but during 
the Imor years the pro icct has been in progress, 
PaaIwCI I Inimu , h ),loiina 4- I'wllza j)' ) s was 
replaced by An +p o i',,a wn' s + Cantros(mlUan 
#fliaan)(rpt ~556ill ()ctobcr 1984. A sixth 

associ atioil, 3,1at rchln dtfollelra + Dsmoditum 

ovalifolitm, was established at 
a se rate location 

with grazing initiatcd in March 19,86. The species 

previously reported as LI antrosama hybrid -i38 was 

reclassilied by p)ant taxonomiss as ('entroscra 
ubxVniis -138. T.'he' main calies or the experiment 

are shown in Tac I. 

Table 1. Main features of the central, iegumc.-based 
pastures experiment. 

Desigr: Randomized complete block, two replications 
Plot size: 0.45 ha 
Pasture established: Sept. 1979 
Stocking rate: 3.3-5.5 an/ha (150-kg Cebu steers) 
Grazing mrmagement: Continuous Nov. 1980-July 1981 

Alternate 28-35 day cycies since 
July 1981

Fertilizatior: 

22 kg P/ha as SSP (yearly)
42 kg K! a as KCl 'yearly)10 kg My/ha as MgS0 (yearly) 
500 kg imi/ha (once) 

Soil: Typic Paleudult, fine loamy, siliceous, isohyper-
thermnic. 
Initial topsoil (0-20 cm) properties. Sept. 1979: 

Clay: 13% Al sat.: 78% 

O.M.: 1.85% ECEC: 3.87 cnol,' 


pH :4.3 Avail P: 2.2 j-tg/g 
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Figure 1. Seasonal changes In available forage on 
offer of three pastures in 1985. 
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Figure 2. Seasonal changes In Individual livewelght
gains in 1985. 

Annual Production and Botanical Conposition,
1985-1986 

Annual livewcight gains per hectare (the measure 
of overall pasture productivity), individual aninal 
diNIdaily gains (an estimate of pasture quality), legume 
content, actual grazing periods and stocking rates 
used are shown in 'Table 2 for 1985 and 'Table 3 for 

1986. 
Annual liveweight gains were generally better in 

1985 than in 1986 due to a more favorable rainfall 
pattern in 1985 and a three-month delay in grazing
initiation in 1986. Stocking rates were adjusted 
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Table 2. Animal production, grazing periods and percentage of legume In five 
pastures under alternate grazing In 1985. 

Stocking rates Liveweight gaIr3 

Grazing Grazing Rainy Dry Total Indiv. Legume 
Pasture years period period period prod. prod. content 

- an/ha-- kg/iha/yr g/an/day % 

C. pubescens 438 4 Jan. 14-
Dec. 19 

4.4 4.4 510 342 100 

B. humidicola + 
D.ovalifolium350 

3 Jan. 14. 
Dec. 19 

5.5 4.4 843 482 30 

B. decumberzs . 

D. ovalifoliurn 350 
5 Jan. 14-

Dec. 19 
5.5 4.4 469 259 26 

A. gayanus + 
S. guianensis 134-186 

5 ',pril 1-
Dec. 3 

3.3 3.3 363 594 49 

A. gayanus + 
C. macrocarpurn 5016 

2 April 23-
Nov. 20 

3.3 3.3 502 775 13 

Table 3. Animal production, grazing periods and percentage of legume In five 

pastures under alternate grazing in 1986. 

Stocking rates Livewelght gains 

Grazing Grazing Rainy Dry Total Indiv. Legume 
Pasture years period period period prod. prod. content 

-an/ha-- kg/ha/yr g/an/day % 

C. pubescens 438 5 Mar. 18- 3.3 3.3 498 636 100 
Dec.4 

B. humidicola + 4 Mar. 18- 5.5 4.4 450 336 34 
D. ovafifolium 350 Dec. 22 

B. decumbens + 6 Mar. 18- 5.5 4.4 223 170 22 
D. ovafifoiium 350 Dec. 10 

A. gayanus + 6 Mar. 18- 3.3 3.3 436 544 34 
S. guianensi. 136-184 Dec.10 

A. gayanus + 3 Mar. 18- 3.3 3.3 632 755 33 
C. macrocarpum5056 Dec. 22 

B. dyctioneura + 1 Mar. 18- 4.4 4.4 131 149 52 
D. ova/ito/ium 350 Oct. 10 
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according to forage availability and divided into two 
semesters (January to June as the v,etter periol, and 
July to Dccember as the less wet period). Brachari 
humidicola/l). OVali./ltiumixtures produ"ed very
hi:Jh annual livcwcight igains (843 kgha), way alwc 

tile otlhCr mixLtuCs. 'his lixtlurc prduced high 
available foratc throuhlout tl year (Figture 1), 
which permitted a higher 5t(ckinrg rate. I.iveweiglht
gains decreased ill 1986, in sp c of' egun c content 

similar te at in '985. 

"lbc B ih'CuMhcS1). vh'/I./diuur rIixtutire's 

perforuracMIe was quile inferior, producing about ialf 
tile dJai il eiS tire prev ions MIixture, inaniralliOrso 

spite of the us", idciitical stockir(I rates ('ables 2 
and 3). Ali hi1 tl',raCe availability was higher with 
¢. h'cmfl/rx than wvi thnB. /ridio/a (Figure 1 ), 

sharp aniinhaI vci ,ht hrsscs wVere observed with tIle 
B. d'cucwr/x/). or'aioihriur i ixture during the 
second half of tile year. Individual arinal gains 
dropped drastically from Jan1C 1985 an(d continued 
droppinrig unlil I)ecCme r, \,,'hen the animals lost 
niore than 30(0 g/day (Iiguie 2). The same situation 
occurred at tile same rime in 1986, as was rclected i 
low. iidividral animl :ins. 'iis problen may be 
due to photosensitivity, which somctimnes oCCurs' with 
B. (4'nbenrs, or to an urtk noWi i nut riliorial probleiri 
during tile drier part of thC year. Its so!utioln is likely 
to require the collahoration of animal nutrition 
specialists. 

tb 
maintained good levels of aimal production ill both 
years, in spite of the lower ainonat of forage on offer 
than tile mixed pastu res (I 'ure 2), 

"xcellent indiVidual a1jim al gains were recorded 
during 198: ) and 1986. Since this pasture I as only 
been graze! since May l 9S'', it is not possible to 
compare it Wivth the oldcr mixtures, but it certainly
shows good promise. 

In slhrp contrast, tIle iiw miXture eslablished in 
1Q85, on which grazing was begun in March 1986 
(B. d'ctioneura/D. ovaiwli,iun), performed very
xx)rly, even lurilg the h rst year (Table 3). ThJ: 

mixture showed an excessively high content of 
legume in the forage on offer. This may significantly 

reduce animal performance due to the low quality of 
tIle legume, ill coln pari sol with tile (.enro'nia 
species (Table 4). Ihlis mixture was eiminated frotm 
the trial in 1986. 'Tis is disappointing because this 
Table 4. Nutrient quality of leaf blades (Dec. 1985). 

Crude 
Species protein 

Legumes 
D. ovalitolium 12.4 
C. pubescenrs 24.8 
S. guianensis 21.4 

Grasses 
B. decumbens 11.3 
B. humidicolaA.ga'anus 10.6

10.6 

P Tannins* 

0.22 21.0 
0.27 2.5 
0.35 4.0 

0.22 -
0.22
0.27 -

*Analyzed in 198?. Vanillin-HCL method. 

which resulted in r10 \veight IhLScs -able 5. Average annual productivity of legume-based pastures In the 
during the drier period. Since central grazing experiment at Yurlmaguas (1980-86). 
forage qtantity is lower thtri il tlhe 
previous ,nixturcs, the liiiier 
quality of C.p k'bc-,ns 438 over kiveweght 
D. owalifolium l'able 4) is consid-g
 
ered responsiltle for its good per- Years Stocking Total Indiv. Leg.

fOrmance. Pasture grazing rate prod. prod. content 

'lIe n lixturic of erect specics A. 
,r X'(nV ruia-With .St/osantlc' 

nensis perlonied icnmak;r bly ,vcill an/ha kg/ha/yr g/an/day % 
in 1985 and 1986, particularly in
terms ofdaily in t a . numidicolaiD.ovalifolium 4 4.6 671 419 38 e aity 3. decumbensL). ovalifolium 6 4.7 532 324 35 
higher quality ofthe Ic UniC Cpubescrns 438 5 3.8 573 471 96 
component ('Table 4). Pionisint, A. gayamrrs/S,. guianensis 6 3.2 477 427 31 
resulhs wee obtained ii ,-. ga'
anus + C. mrcrocarprwr 5(W65. 
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species is being considered an alternative to the other the first time a vision of pasture persistence. Only ic 
B'rachiarias in the ustic tropics. Apparently this is not four most promising mixtures are included in this 
the case in Yurinaguas, with its udic "oil moisture analysis. The overall SU11mary (Table 5) indicates
ire ime. 	 L8----"-----_ 

UT) I
 
I.ong-Term [rcnds in Persistence and
 

1A suniinry ol the six Ncars of gra iiig \Vas En) 
IscdM(lhca '{ericaliSoctity of' Agronoly .100 _
 

mecctlines in Novoimbcr 1980'. '[hlis summnary gives for
 

S200 

.... I 	 03o 

1400 	 - -- c]stur-e ond grozing eaor 

- II '[ Figure 5. Yearly fluctuations in dally Ilvewelght 

200 	 gains. Bd = B. decumbens; "o = D. ovallfollum; Bh 
8.humidicola; Cp =C.pub'scens; Ag = A. 

0 L;[ I 1IiL gayanus; Sg = S. gulanensis.12 3 	4 {6 1 , "2 { "1 3 4 5 0 

'Do n./s. Table 6. Infiltration values in five pastures under 

Pow mcndu gr--i n g U cir grazing in Yurimaguas for several years (mean ofgain* two replications and four' observations per replica-

Figure 3. Yearly fluctuations In liveweight gains in o eah aur
 
(our rotationally grazed pastures at Yurimaqluas. Bd
 

B. decumbens; Do = D. ovalifolium; Bh = B. 
humidicola; Cp = C.puhsscens; Ag = A. gdyanus; Years of 
Sg S. gulanensis. Pasture grazing Infiltration* S.E. x 

U "

100 cm/hr 
8- B. decumbens + 5 4.71 a 1.20 
8- D.ovalifolium 

C 	 B. hulmidicoka +~ 3 2.00 a 0.58 
U
-j 60 	 0. ovalifofium 

E 0C. 	 pubescens 4 10.44 a 2.60 

20 	 Fi A.gayanus+ 1 1.96a 2.82 
C. macrocarpum 

12345 
 4 5 ?3156 A.payanus + 5 1.00 a 0.199 d/FBo !J S.guianensis 
?cwt ,:~:wi cl-i g Ljai--r 


Figure 4. Yearly fluctuation in average legume LSD005 - 10.4 
composition of the mixture. Bd = B. decumbens; Do 
= D. ovalifolium; 1h = B. humidicola; Cp = C. Numbers fcltowed by the same letter are not statistically 
pubescens;Ag = A. gayanus; Sg = S. guianensis. significant at P = 0.05. 
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that there arc several widely dilTerent options, ll 
with very high animal productivity pie ntiZal (annual 

i sli veweight ga n onitc order of 500 to 6() kg/ha/vr, 
Considering that cattle produ tion from unil proved 
p;isturcs is ofI1ic wdcr (- 51)- I00 kglha/yr, each 
in ixture is very attractivc. Ihe qualiIy, problem of 

(1dc'ut/elo/I). o,'/io/huriz dcmfinitcly put, it at a 

disadvaiMTc ii retati 
 n to the other tIrC. 

l:infh (f the rlmairiin three represents a dilTcrent 
approach: a inlixturc of creepcr spccies (B. hwnidi-
,do/'!) cr;ali/ /ifll), a ii ixure o crect species 

(1 .,vmu. gtianctisL-), aurl a purC, tigh-qual ty 
lc.,unlc pasturc (C( pul/cnc . 

1,'\earlv I'luctutlion ill 111C :'o\c paramieters 
lv CIt 'll!Nci pasture stlili;v I.\nii iiTvCwcit!11 

e.a in:) IuMi;od oils cralhv. but hIe ictst 
fiLIl liOil., r 'f)S1,i*r%'fd in 1C C llixtulCtCC[ 
I iure 3). the Ii'i content tC,1.',I to fluctuate 

less tfEn i1e\ cih cauis (hiit cc -1) and sIiow,d 
littfle rc!+ttio li!hp ,vi'iu dnut .ht gjaines.livcwci 
LC( 1uc eeC". sclifoT1 krppcd hclx,w20('4 of the 
foragel o fr, J Ic',Cl N:ow wiicht 

ever, showed that infiltration diflerences among 
pastures were not signi iCent, due to iJIe it1gh vxari
ability of the double ring iruiltromcter measu rcm cut. 

The infiltration rate prior to lil. stal of razi.w , ill 
November 1980 was 12.7 cm/hr, with a range of' 0.3 
to I,Q.8. Five years later ihe average infiltration was 
4. I cm/hr with a range of 1.0 to 10.4 (Table 6). Thcre 
i:; no qucston, thereflbe, that iive years oi tiampling 
have (lecreased inilltration rates in this sandy loam 
Ultisol. 1Phe magnitude of the decrease has not 
pr-o, luCed visible runoff or erosion. Iliis is because 
rainfall intensity values average much less than 41 

1m/hr (see Colit inous Cropping section) and also 
because these pastures provide a full plant canopy 
year-round, protecting the soil from raindrop impact. 

Soil organic mnatter 

Topsoil (0-20 cm) organic natt-r and total N Cor 
each pasture were detennined in December 1985, 
and vILues were compared to those obtained five 
years 4'oie the initiation of grazing (Table 7). 'lese 

ies vcarN fluctuations tliaI the 

,)!e\i us two parameters. NevCrTIe0 
less, thiese year!l\ avcragcs ililudL 
shaarp weiht los.ss il tti B. Pasture Organic matter 

is conIsidCrCd undCsiratblC. I)aily Table 7. Changes In org 1c matter total nitrogen In the topsoil (0-20
liveWei!'flLi gains (FiigUe 5 1 low ,c cm) of five pastures und , grazing after five years (1980-1985). 

( 'itimibells/l), o1 ah'11i;mwi ixtu re 
during the last iwo ycars. (Overall,
 
Figurcs 3, *land 5 sueggest a reason-


able dc ,rce of stabilitv in thIe other
 
tree i::tures. Before grazing (Nov 1980) 


B. decumbenstong-T'rt (hanos D. ovalifolium 
In S-oil Propertics 
tI'traliwn/ B. hurnidicola+ 

Nicasurelmetit 
 taken ill Dtecem- D. ovaifolIium 
her 1985 indicated a marked de
crease in watcr inliltration rates ill C. pubescens 
mst (f the p)astures is a r ofA.uosu.t + 
.,soqi compaction luroi!,ed Ib S.guianensis 
animals after iv years of,razi 
(Table (1).Lowcst values werc 1iuid A. gayanus + 
ill A..gGWin,, gui/nenis and C. macrocapum 
A. gayi( s/C. 1?1,'rirn puml. Tbhis 

1.93±0.4 

3.3,5±0.4 

1.35±0.6 

1.95.,.0.2 

2.02+0.2 

2.1440.2 

T.t 
+SD* Amount" 

kg/ha 

0.0707+0.016 1837 

0.0895+0.015 2327 

0.0705±0.412 1085 

0.0856±0.0025 2225 

0.0770+0.005 2002 

0.0757+0.009 1969 

may bc associatcd vilh tile erect Mean of two composife samples (ten stjbsamples each). Rest of pasture is 
growl of these spcies So fthe h the mean of two replications (ten subsamples each).Value calculated assuming 1.4 g/cc in the 0-20 cm depth. Mean of three 
do riot cover the soil as do the other composite samples (ten subsamples each). Mean±standard deviation. 
pastures. StaliStical :inal ysis, how
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Table 8. Status of soil fertility of the topsoil (0-20 cm) of five pastures after five 
years of grazing in Yurlmaguas. 

Pasture 

B. decumbens + 
D. ovalifolium 

B. humidicola + 
D. ovalifolium 

C. pubescens 

A. gayanus + 
S. guianensis 

A. gayanus + 

Exchangeable 
Al 

Year pH O.M. Olsen P Ca+Mg K Al sat. 

% ppm - mol/L----- % 

1980 4.2 1.9 3.9 1.7 - 2.7 55 
1985 4.6 3.3 8.3 1.0 0.10 0.9 53 

1980 5.2 1.7 2.2 2.4 - 1.7 42 
1985 5.0 1.3 6.4 1.2 0.12 1.3 49 

1980 4.9 2.2 8.6 2.1 2.5 54 
1985 5.0 1.9 6.5 1.8 0.18 2.4 54 

1980 4.6 2.1 5.8 1.7 - 2.4 56 
1985 5.3 2.0 7.9 1.6 0.11 1.8 51 

1980 4.3 1.8 4.3 1.! - 2.4 60 
C. macrocarpum* 1985 5.1 2.1 1.0 1.1 0.07 2.2 65 

* A. gayanu 4 Pueraria phaseoloides for the first three years. 

data compare de overall levels of the experiment 
prior to grazing, with the effects of individual pas-
tures, and not on a plot-per-plot basis. In spite of this 
limitation, it appears that organic matter and total N 
contents either increased or remained the same 
dtring five years of grazing. T'he differences be-
twecn pastures cannot be explained in terms of 
legume content, since both the highest and lowest 
levels were observed ill mixtures with D.ovilifolium. 
The lowest levels were observed with B.hnidicola/ 
1). ocalifolium, th,-most productive pasture. Topsoil 
organic matter contents were maintained under this 
management option (Table 7). 

Soi15'rtility parameters 


Status of soil chemical properties in the 0-20 cm 
depth is reported iWTable 8. Topsoil pi1 and P values 
were higher in 1985 than hI1980 in most of the 

pI..urcs. Acidity decreased greatly in topsoils under 
B. decumbens/D. ovalifolium. Additional soil charac-
lerization at the 0-5 and 5-20 cm deptl., on 
B. humidicola/D.ovahf)lIM-li1 showed that most 
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changes observ.-d in topsoils were restricted to the 
0-5 cm soil surface layer (Figures 6, 7, 8, 9). This 
may indicate that nutrient accumulation and cycling 
occurs mainly at the soil 0-5 m layer. 

Nutrient cycling 
The improvements in soil properties in the top 20 

cm can probably be attributed to the original and 
annual maintenance fertilization schedule shown in 
Table 1. It is noteworthy to observe that the annual 
maintenance fertilization was not applied in Novem
her 1983. The total amounts of P, K and Ca added as 
fertilizers and lime during the five-year period were 
compared by the amount calculated to be removed by 
animals in temas of annual liveweight gains. The 
results, shown in Table 9, indicate that 80% of the P, 
98% of the K, and 92% of the Ca added as fertilizer 
were recycled to the soil in the B. decwnbcns/ 

D. ovaliflium mixture. This high level of recycling 
is one real advantage of grazed grass-legume pas
tures, where nutrients exported on the hoof are very 
low. 
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Figure 6. Available P profile five years after grazing Figure 7.Exchangeable Al profile five years after 
a B. humidicola/D.ovalifolium mixture. Initial level grazing a B. humidlcola/D. ovalifolium mixture.
 
(1980): 2.2 ppm at 0-20 cm. 
 Initial level (1980): 1.5 cmol/L at 0-20 cm. 

[--'<cht-ir-qce tl:h- (Lc, i ,tl (cmio!/L) LX-'<0horqeatble ,, ( CmI/ L ) 

K .0? vq . t 0. 1 20O i 0./ 1.0 0.0.1 0.00 c 008 0.10 0.12 
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Figure 8. Exchangeable Ca and Mg profiles five Figure 9. Exchangeable K profile five years after
 
years after grazing a B. humidicola/D. ovalifo!.'um grazing a B. humidlcolalD. ovalifollum pasture.

pasture. Initial level (1980): 2.2 cmol/L Ca + Mg. 
 Initial level (1980): 0.10 cmol/L. 

Table 9.Nutrient balance in B. decumbens/D. ovalifo-

Hum during five years of grazing.
 

Balance (1980-1985) P K Ca
 

-- kg/ha
 

Added as fertilizers and lime 112 160 505
 
Removed by animals 22 6 39
 

Balance 
 90 154 466
 
% "recycled" 80 98 92
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Evaluation of Animai Preference 
In Small Grazing Plots 

Mi, uel A. Ayarza, , K:u:e University 
Rolatndo Dextre, hVlIA 

Observation of animal preference at early stages of 
evaluating new forage accessions is considered an 
important tool in selectng desirable species from 
both the agronomic and the animal standpoints. 
Palatability is cncial in the acid-tolerant tropical 
Ieg,,ums we are woi'king with. Factors dealing with 
(1 l'ULi1V and preference can hardly be assessed 
'ithot arnimals. 

Objective 
The objective of this study is to test whether dif

lerences exist in animal preference for 13 legume ac-
cCssions at Yurimaguas. 

Proccdures 
A. old regional Trial 13, for which agronomic 

evaluation oncaIdCd in 1985, was used in this work. 
Thc experiment ,vas fenced in March and animals 
were introduced in May 1986. Accessions were 
arranged in randomized (omplete blocks with 3 x 4 
m plot size per species. Three animals (180 kg 
liveweight) were- observed 6 hr/day for three days in 
each replication. Position of the animals and time 
spent graing . particular accession were reco-ded 
every 15 minutes. 

L) 
a 

ii tr .Io i I--I td 

CC 

Belore entcfing the next replication, animals were 
kept out of the eperiment on a pure stand of 
B. humidicola for three days in an attempt to dimin
ish preference effects betweet replications. 

Results 
The fir-st evaluation showed average grazing time 

per species differed even within a genus. Centrosema 
macrocarpum5065 was preferred over the other 
Centrosemaaccessions (Figure 1), and Centrosema 
inacrocarpun5052 was hardly consumd at al. 
Desmodium ovalijoi.ium 366 was preferred over 
D. ovalifolium 350 

Implications 
These results indicate that differences in alimal 

preference for legumes exist, even wi',hin the same 
genus and species. Although Centrosenaspecies are 
known to be palatable, there are important differ
ences in palatability. The preference Ior D. ovalifo
liu 366 is probably associated with its lower tannin 
content. than D. ovalifoliu, 350, as has been reported 
by CIAT. A simple animal-preference test can be 
included at the earlicst stages of germn plasm evalu
ation to obtain a comparative idea of animal prefer
ence with known species. This procedure could save 
significant time and effort by el:minating undesirable 
accessions before starting a grazing trial. 

-"
 

>mmocrocorpum pubescons oval i fol iurn sp. 

Figure 1. Animal preference for 12 kgumes at Yurimaguas. 
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Nitrogen Contribution 
Of Legumes in Mixed Pastures 

Procedures 
Miguel A. Ara, N. C. Snt, lniversilty 	 A six-hectare degraded pasture was planted to 
Jorge W. Ilela, INIPA improved pasture:; to compare the N-supplying
PedroA ,Sainche:,N. C, Stte University 	 capability of two alternative N sources (legumes vs. 

different levels of N-fertilizer) on a grazed
Mixed .grass-!egune pasturcs are rare in the humid B. lecumbens pasture, in lenns of N, yield of the 
tropics. Most of the succss:ful mi xtures occur in the standing biomass, N availability to the grazing
ustic soil moisture reI: Iles. The success of some animals, legume leaf litter accumlation and N 
mixed pastures in such areas is often related lt the release. An additional variable, high grazing pre:s
ability oft he legu ie to provILe proteir during the sure., was included in the legume mixure (normal
strong dry season, wher g.rasses cannot. In the humid 4.5 kg avaii able forage dry matter per 100 kg aniial 
tropics, wh,_rc grasses remain green thrIOIrhout the 1veweight; high = twice the pressure). 'Tie e:peri
year, the role of thec, legume is differewu 'File purpose nictal design was randomized complete blocks -with 
of this work is to ascertain the role of legumes under five treatments and thre.e replications. Grazing was

humid tropica! condition,. 
 A long-term grazing initiated in Januarv 1986. Replications were utilized 
experiment was estahiished at the IVITA Principal as paddocks of a 15-day grazing, 3. -day rest rtta-
Tropical Statioll west of Pucallpa, Pei, in collabora- tion. Brown Swiss and ltolstein-Cehu halfbreeds 
tion witlh INIPA and IV'A. were used. Two esophagus-fistulatcd steers were 

always kept in the same treatment; intact aninals
Objectives were used i.s grazers. Animals were weighed before 

The objectives of tfis study are 1) to estimate the entering each replication, but only to adjust the 
N contnibtrton of two adapted pasture legumes grazing pressure. 
(Cen:ros-.n'apub'sens and D('sniodium ovalifolium) Slope was used as a blocking criterion. Replica
to their respective mixtures with Brachiar[idecunt- tion I was located on 0-5% slope, and replications 1I
bens in terlis of N yield, N availability to the grazing and III were located on 75% slopes. Soil was a 
aninlals, legume litter accumulation and N release, Pucallpa series Paleudult. Selected soil properties at 
and 2) to evalualte the effect of different grazing the initiation of the experiment are given in Table 1. 
pressures on the mixture B. decumbens/D. 	 Serious problems in establishing (tleivatlif)-

lium in terms of N availabilitv It)grazing aniuials. C. pubescens/B. decumbens mixture forced us to 
legume litter accunitilation and N release, discard this treatment. 

Table 1. Selected soil properties at the Initiation of the experiment. 0-15 cm. 
December 1985. 

AlRep Sand Clay pH P Al Ca Mg K O.M. N sat. 

-tg/rn - cmol/L-	 -%. 

I 25.4 25.2 4.6 5.4 2.3 1.83 0.66 0.17 2.33 0.09 48
II 44.3 25.2 4.5 5.7 1.8 1.90 0.66 0.14 2.34 0.10 40
III 51.9 22.2 4.7 4.1 2.1 1.68 0.54 0.11 2.19 0.08 45 
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Results Table 3. ANOVA for forage dry matter available. 
Forage availabilitv 

Dry matter availability and botanical composition
were evaluated using a double-samplirg dry-weight Degrees of Mean 

rank procedure with 1(X) samples per 0.33-ha freedom squares 

paddock, just before graz.ng began. Dr'-matter yield
 
anid botanical composition are shown in Table 2, and Replications 2 46.3047 ns
 
the correspondirg ANOVA for dry matter available
 
to the treatments is shown in Tabie 3. No resporse Treatments 4 140.8177 ns
 
was obtained for dry-ntatter availability to 11le N linear 1 398.53 ns
 
treat! tents, althou ch a trend ofN response is evident. Nquadratic 1 21.12 ns
 
L.e'[.ene- contents; arC adequate, but hover M hih Mixtures vs. NQ 1 18.40 ns
 
grating pressure, as expected. HGP vs. LGP i 5.23 ns 

Xi'r )i,'t lf itl tld lit'O1/t'tl yi'ld 
'T*his year we were able to install a micro-Kjeldahl in the normal-grazing-pressure treatment. These 

unit at the IVITA soils laboratory. Results of N numbers do "iot include the N content of the legume 
content and yield are the first from this laboratory. per se. Consequently, they provide an early indica-
Unlike dry-matter availability, treatment effects or N tion that legumes contribute the equivalent of about 
cMtent and N yield of 1B.deciahents were well 150 kg N/ha/yr to fhe associated grass during the first 
expressed (Table 2). The N fertilizer effect on N ten months of grazing. 
content and N yield was l inear, with no quadratic 
component (Figures 1a1d 2). The prCsce of the Lea litter N ac,untulation 
legume significantly increased the N content of the Four 0.5 x 0.5 'n squares were selected in each 
.,ass by an average of 44% (1.06 vs. 1.53% N). The legume paddock to cover the range of legume 

effect of grazing pressure of nrixed pastures on grass composition. The squares were fixed with iron 
N content was not significant. stakes, and the D. ovalifolium leaf litter was col-

On the avera ce, mixtures gave a highcr grass N lected, dried, and weighed. Leaf litter dry matter ac
yield than gr:tss alone with no N fertiiizcr, Cquivaletit cunulation averaged 14 g/0.5 m2/18 months for the 
to 151 kg of N (froro the regression equation). This iighi gra;.ing prcaure treatment and 29 g/0.5 m-/1 8 
aiount is contributed by 285%of the legume compo- months for the normal grazing pressure treatment. 
lient in the hieh-grazitg-pressure treatment and 35% Nitrogen content of the leaf litter averaged 1.60%. 

Nitrogen accumulation in litter form during 
Table 2. Forage on offer and botanical composition of this 18-month period averaged 4.6 kg N/ha for 
B. decumbens pastures fertilized with N or mixed with the high grazing pressure treatment and 10.1 

kg N/ha for the normal grazing pressure treat-D. ovalifoliura at two grazing pressuies. Mean of three 
replications. ment. Consequently, the lower the grazing 

Grass N content pressure, the more important will be the N 
N Grazing Forage dry transfer through the litter. This cffect is being 

source pressure matter* Legume Compos. Uptake measured concurrently with N intake by ani
_ _mals and in excreta tO fully calculate the N 

contribution of legumes to mixed pastures.kgiha/yr ttDM/ha'cycle % % N kg/ha/cycle 

0 Normal 1.34 1 .06 a 140 Conclusions to Date 

150 Normal 1.56 1.42 b 222 1. There is a strong linear response of 
300 Normal 1.66 - 1.85 c 308 B. decumens-grazed pastures to N fertiliza-
Legume Normal 1.42 35 1.38 b 218 Lion as high as 300 kg N/ha/yr. 
Legume High 1.38 28 1.58 b 230 2. Including D. ovalifolium in the mixture 

_______ ___________ ____________ contibutes about 151 kg N/ha/yr to ;.he
 

Mean of seven grazing cycies of 45 days duralion each
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l Legume -high groarng pressure 

it 
0 .'50 300 

N ( kg / ha / year) 

Figure 1. Effect of fertilizer N and legume presence 
on N content of Brachiaria decumbens pasture 
during the first grazing year in Pucallpa, Peru. 

2 

E 

,5.87 +0.0028 x 

r =0.9) 

• Fertilizer N 

o Legume -normal grazing pressure 

L3Legurre- high grazing pressure 

LFile 
0 150 	 300 

N (kg / ha / year) 

Figure 2. Apparent N contribution of legumes ir 

relation to N accumulation by fertilized Brachiaria 

decumbens pastures in Pucallpa, Peru. 


iirass,addition to IhC legume .Ncontent. 
3. laf littelrN accurmulalioll inI mixed pastures 

(dcCrCascs with iicireasing ,c:rt",ig pasturic. 

Im)lications 
These first-\ear data show, t, ousoWih, rreedlfor 

sortie soIt o! N' ptilt it" . l /(afhli.\ pastures 

esrahlish(d ill lanl thmi previous'2 had dcLeradcd 
pritres:. Additionol .leum ill thie rixtrire 
ap~parnlvlll MiAC.ir;' J'Ie c01riihuioli to riet this 
rIed. ('otiiuin.ir, to atCr aJ,t1a thewill dLn1Cstrate 
eITect on arnal pr1duc1i and el1irrd.te sonie 
the N-translf'r proceses iivol'ed. 

Legume-Bavsed Pastures 

Potassium Dynamics
 
in Legume-Based Pastures
 

A 	 A4r:a. /V C Sttc Uiversitv 

l'rr A. Sanhc:. N. C Stae Ul/nivc'rsjtv 

p.tllti 'c Oilacid Soils stable ano. produc(II arC 
i VC 0111V VWllMl Il~lC I Sl.,l Su fl -1C I { 1 0 Stl.'4l ill 1-C+ ln 


vigorous forae crop. Main1ajiin. this ferility
 

reLluires a riacegnient method that Lakes into 
aCCoulilt the lltlriCe[ lca 1'hi C011111110 in areas of'
 
figh raifaIll, as well as the cyclin, of nutrienits
 
arnon, soil. foraoe and aniinl.. This SLtutdy, which
 

WIs conducted at the Yurimaguas Fl-xpcrrmeut 
Station, concculrate( on one n1tutriclt, pOtasiSiumt, alid 
one of olr i1ost promising rnlixLurcs (IBachiaria 
hunmidicoh!al)Ocsiilm etI',fi/;,h'II). 

O)jic,:tiNCs
 
hre ohjcc0ives f tifts study are I ) to quatltilyN
 

leachi rg losses of' K in pastures tinder cl ippinrg and
 
grazin: 2) to uoniltor the effect of K levels on the
 

productivity of the pasture and on the dynam ics of K 
ill the soil: 3) to Cstiriiate the effect of K retturin bv
 
a__if- xcretions, and 4) to compare estiinatcd K
anil 

losses fromn pastrcs witto ' )sses from crops growil ill
 

thfe 	 saile ;ala. 

Proccdures
 
grazing expvrim cnm was zi flactoial of thire
anal rates of K fertilization (0, 50 and t10 kg K/ 

ha) 	applied only once by two stocking rates (3.3 and 

6.6 	aninals/ia), with three replicalions. Two
 
Idditional experiments were established ott 3 x 4 rn
 

plots with K rites of'(, 25, 50, 75 ai 100 kg K/hal
 
yr. The first, a clipping: expcrim,ent in which somi
 
plots ha,l c!ippirigs rClov,-d while others had
 
clippings retrirned, provides a comparison of ,;!e 
effect of grazing on K dyniamics. The second was a 
bare-plot epcnrient designed to account for soil 
chern ical and physical properties related to K 
leaching, alid to est;iiate tire effect of plant growll 
oI 	 K dyrlaniIcs. 

Four hectares were planted wih a mixture of 
Bral'hiaria/umriniiola and ) ,dirwr oval(i/,linun 
in l)eceinher I)84. Poltassium treatmeils were 
applied on May 13, 1985, and grazing began on 
.uly1f 4 of that year and terminatcd two years later. 
"otassilrim (list ii bu tion in the soil with depth was 
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Figure 1. Effect of potassium additions and cumula-
tive rainfall on distribution of exchangeable K In 
bare plots. 

monitored as a function of precipitation. Changcs in 
soil anld plant K wc:e detcrmeind in thc small plots 
and ,razinn, cxperimcnu:;. Amounts and composition 
of pLti residues were evaluated under grazing. The 
effect of urine on the return of K to the soil is being 
studied, comparing plant growth and changes in soil 
K in :ltfctcd vs. unaffected areas under grazing. 

Results 

Soil cnarac!erizalion of the area showed very low 
levels of e.,changeable K in the soil profilh (0.05-L_50 
0.06 cmol/L), except for the 0-5 cm layer, which 
averaged 0. 16 cmol/L Soil texture was classified as 
sandy loan with topsoil clay contents of 17%. 

6 with plants 

F0 no plants 

100 

Figure 2. Effect of plants on the distribution of 
exchangeable K In the profile at three potassium 
rates (mean of seven sampling dates). 

Table 1. Effect of the return of plant residues on the 
cumulative yields of a mixture of B. humidicola + 
D. ovalifolium (sum of six cuttings). 

Applied K 

kg/ha 

0 
100 
300 


No residue Residue 
return returned Increase 

- tdry matter/ha-- % 

1.7411.74 15.3415.34 323 
13.30 17.93 26 
15.96 18.05 11 
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Application of K treatments produced a sigr:i,. 
cant increasc in exchangcable K in the 0-5 cm o! th 
small plot experiment. Applied K, however, moved 
down the profile as a function of precipitation and K 
rates. There were significant changes in the 0-5 and 
5-20 ci deplis after 970 and 1678 m incumulative 
rainfall, especially in the 300 kg K rate (Figure 1). 
'lie presence or plants significantly reducedLlte 
levels ol,:exct',ne'calc K i1rile soil, and this effect 
increased With the levet applied (Figure 2). Preimi
nary restLls abYut the o K rates and plantofflec 

residues+on th, proluctivit v 'Itthe 1tsociation
 
indicated t positivc cl rcct f til,c addilto of residucs 
on ,'icids (Table I). Iherc was also a response to K 
on the cutilttive yields in botl treatlments. 

There were no sigui liciant di l crenccs of the 
effect. The return of plulit residues on the' soil 
properties alter one ycar is shown in Table 2. 

After 255 days of grazine, the CleCCI (of K and 
stocking Iat, )ii at'oveg rounld biornass availahbh fnoa01,11111!tried7 ae. umm 3. I'lercWit il]tllygraing are sununar~tliZed inll Tll*Table 3. T[here was anl 

increase of Ioricc dry matter ill response to the 
treatmients; howevcr, it vas "it significant, probabih 
due to (IilTercinces amniong gia/ii cycles. On-sitc 
studies of the effect of plant cover on soil miOisturC 
wore starcd in September 1986,In addition, K :i theSoil solutionl ISlhCinlllt' ilSurotd in tihe sma~ll p)loto ioluin ierate 

Conclusion:s ti I)ate 
1IThem'e was a niovcnicit of applied K in the soil 

used in the experinent; however, tile degree of 
movcmtent depcnded on the tles applied and on 
rainfall. 

2. Pla.tui>. sccmcd to bc 'Ible to signifficantly reducc 
the aimounts Of* K susccptiblc to leiching by absorb-
ing (0 st of the available K in the soil. 

3. Plant residues appear to be an ini portant 
ComponcIt ill the stability of pastures. 

Legumc-Based Pastures 

Table 2. Effect of plants and residue return on 
topsoil (0-5 cm) properties under a pasture of B. 
humidicola + D. ovalifollurn after one year (mean of 
three replications).* 

Plots P Al Ca Mg K 

ppm cmol/L 

art 10.5 b 2.77 d 0.5, a 0.20 a 0.08 a 

residues 
returned 8.9 a 2.53 a 0.49 a 0.09 b 0.06 a 

Planted, 
residues 
returned 7.8 a 2.63 a 0.54 a 0.15 a 0.07 a 

tColumns ,ind rows with the same letters are not statisti
significant at P = 0.05. 

Table 3. Effect of two stocking rates and three po
tassium rates on levels of available forage before 
grazing (mean of five grazing cycles). 

Stocking Green drytc igG e ndy
K applied matter forage Grass 

animals/ha kg/ha t/ha/cycle % 

3.3 0 3.04 46 
50 3.73 51 

100 3.85 50 

6.6 0 3.26 50 
50 4.20 54 
00 4.48 58 
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Sulfur Accumulation
 
In Grazed Pastures 


Afig:wl A ,Ai'arya,N. CNState I ini.versitv 

'e'ro A. Sanchcz', . ( C. StIt' ,nivrsit\v 


av,,, cne[;lhi, ols i ' ye contents with depth and-ilay 
olt..1 actuiIIC S ill hcir subsoil hccaiuse ol their 
hiolhcr S sorpltioli capacit\y. This situation is well dio'u-
nLc ilCd ilnthe Sotuihastcrn I.nited Staitcs and is ther 
1'0n. ..xpectcd o Occ ur ill Ultisols 01' YUri lagluis. 

Pi*uc e,a-cs, 
Soi s in.ls vc ictaken ironi a Brachiaria 

J'Itl ',/ b.,,m m ovo! *ill pasture Underwab xni 

oizin, for the'C \Cars. The pasture had received 1lh 
k, S/ha tri vearlv additions of' ordiiary super
ph> 11h:tcadl esi.nllfi :ullae. TheC tops(il of',11ina, 
dc!'a-:dcdlad in t Icrtilized itcie pasturc was al so: ., 


.liiipled to CiNe a',aii Iltroli. 'lweml slubsaillpcs 
per site were con,positcd and ,'lrAcIC(l wit 0 .lil N 
Cm I I,C.O , folr 5() tIiili(iletcrI m. 

Resi Its 
Sullur istrihiltioi; i the protl-lc of the fertilized 

pasir icks sin\ ,iIin 'l'Tail1.App!icd S apparently 
moved il i :0id CCInil Il ted il ticVsubsoil as 
expected. Ncvcrlhlcs, S concentr;iions in the 
top oil of tile lertil i'cd pasture wre siginihicantly 
higher thn ts',Ii' the deoraded pasture. 

Responses to S applicationiis were: observed in a 
pastOrc of 1). ,Vt1e 9iIm "row'ln in allOxisol in 
Cainl ag a, (C lont)ia, when extracted S04oWas 

12 ppm, Thus if S assessment of the fertilized pasture 
wcre based solely oil S status of the topsoil, a 
probable response would be predicted. "l'isshould 
not be the case when the potential conirihutioti from 
sorbed S in the subsoil is takcn into account. In 
addition, grass and legume cornponents of this 
pasturc are Al-tolerant species with extensive root 
systems in the 13 horizon.
 

Use of the wcighd profile mean to make better
 
[p!cdictions ol S responses in soils has been sug

=
ZtCsted, an,I a cr tical level of14 ppm of S04 below 
which S respon1sCs must be expected was established 
by Atistralian researc hers. Stlfur rC(lJirCllenls ill 
I ltisols of the hunid tropics should be established 
uin, this Zipproach. 

Table 1. Extractable sulfur in an Ultisol under 
pasture in Yurimagtiqs. 

=*
Site Sampling depth s04

cm ppm 

Not fertilizeo 0-20 10.30 d 
Fertilized 0-20 13.20 c 

20.40 26.58 a 
40-60 21.42 b 

60-100 14.06 c 

_
 
*Figureswith the same letter are not statistically significant 
at P = 0.05. 
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PastureDegtraeReclamationd Steepmaind vegetative propagules and legmnes using several
in Degraded Steeplands seeds. After one month, a standaidization cut was

(lone on grasses and a nfiifnium had-weeding oi the 

AfiguelI. AVarZ, N. C. State ; 'versity zero-tllage plots.
 
Rolando !)ex,?re, INPIIA Performance 'eispecies was determined ol *he
 

basis of percentagc cover two months aher plantilng

lherc tre several milli on hectares of degraded, and the production of biom ass six months ale r
 

unproductive pastures in the Amazon, often on steep 
 planting. Cover was mea.:ured using quadrants 4 x I
 
slopes. TIe pirpose of tis project is to develop a 
 Inin size. The number o' introduced species was
simple teclii](oCe l( r n-cc ainiaiig degraded pasturc.- ill counted and the percentage of cover estimated. Bio
i-lsol steerliidg usi,. difl'rit establishment niass production was determined ii 
 a 4 x In, area in 
tCCt i Cs,, the cenrter of cach plot. T''o rows and two strips were 

includcd in the sampling, area. Results were ex
l-ce(hInri's pressed as treslh weighl. of planted species and 

A tvr-.Ilactu eslo:rim],nr was installed ill a percentagc of the total biomass. 
,Cga( ed tJ'as:1ur occupying a 5.18-ha watershed 

v ,iislo 1 ii ' 5W( . 'Treatments were Resultse:; 20, 
es;t:b~lisild inoi ailphiihcater LIshion, followine Soil physical properties appe-ared more limiting

s!0l)1: eol[,;urs, vilh methods as
nice ilaill plot, ,han chiaical properties. Penetrometer resistance
 
and ilopnod species as sIbplots. The illaee values indicated that a compacted layer was present

treltmenls are I) zerO 
tillage (pasiUrS t-,Iiiol icll i the 5. 10 cinIdepth, perhiaps due to overgrazing 
array of holus .2() cl ii diamene): 2) mifimum (Figure I). Relatively high pH and Ca values (Table

qim urrcs pitlted in 50-cO 1)were associated with the age of the pasture. The(pastu wi Ic,ototifled 
furlows 2 Ill ); ald 3) toi. til;1e (50-cm wide,- arca was burned and cleared thr;ze years ago to favor 
furrowS, with )sptcCslltwec l'rrows gradual lv lie rcgrowth of natural gras'ses. 
cultivatCd is pastres grw j. (lAllov fertilizer wias [resh bionias,; production of the four species five 
Bavov ar rock phosphate, a'plied at the rate ofl I2 kg nionths after establishmenct is shown in Trable 2. Tlie 

rFIla the hole or furrovill twtgrasses were successfully established without 
The spCiCes iticludic .?ru'hi1'zria d1 ' 'unnhl',ns, tillage while the two legumes responded signiificantly

ti-,u1hiariahinidi,'ohi, I)e'snmdiom m)ahi!0ilum 35 , to lninlmullrn or toal tillage. Thle ability of the 
and (.entrOSO/ , hst-l''s ,13,8. The species were improve(l species to take over the degraded pasture is 
plantled ill rmws 2 Ilapart frorii cach otier, Ilitial s()il shown in Figure 2. More than half the area was 
chemical and nhvsical propcrt Cs arc Mppli.'d il covered by the improved species in all cases except 
T'able I. 'Temail de(,radcd pastuilrre sp(cics wore kol where the legunies were planted without till ag e. 
torourco Ct0it es. 'l11c C.X per Ient:ll was ilitilied In 'Total tillage, (lone progressively in order to avoid 
June 1 (,-,. hin.prov,d .rascs wcr' epia itcd usipl, contiNi(IS areas ,f Cxposed surfaces, resulled in 

Table 1. Initial soil properties of the steepland Ultisol area used for 
pasture reclamation in Yurimaquas (mean of seven samples). 

Depth pH P Al Cj Mg K Bulk uensity 

emol/ppm c-- - g/crn 

0-20 4.7 8.1 3.8 2.88 0.73 0.12 1.37 
20-40 4.8 4.4 5.9 2.42 0.64 0.10 
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. 00 r Prior to grazinJ I Six months afterwords 
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Figure 1. Soil mechanical resistance measured by a wo2 Fbnru .:3 2 

penetrometer In degraded pasture prior to treatment Ca
 
f 36 observations per depth).
initiation (averag, DO 

0 
 W
 

almost complete cover within five months. E0
 
These results suggest that minimum soil distur- 40
 

ID 
bance is ncedei.d to establish grasses such as those 

used in the experiment. T7he stoloniferous species are , 
able to rapidly cover new areas and compete strongly -L 
with species already present. On the other hand, B. decubens B. hum i di cola 
legumes require at least minimum tillage. In general, Z.Zaramillogo 

Centrosemaperfbnned better than D. ovalifolium, 3. cowti-I t,,,,I-, 

clue to a faster growth habit and a more aggressive Figure 3. Effect of grazing on persistence of two 
tendency of Centrose:ma than D. ovalifolium to cover, grasses and two legumes established on a de

graded steepland area In Yurimaguas. 

C 	 i°
 
803
 

0 ,, 

0.5 

o,-,4
CL-

E 
"Jm	 0 decimbmsOB. 

I B. humldicolo 
E Controsemo 438 

No tilloge Min. tiIlogo rotal tloge . ovlifoIun 

Lend preporation 

Figure 2. Effect of tillage method or percentage of biomass 
produced by four introduced species invading a degraded 
pasture. 
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Phase Two 	 Pasture Reclamation 
A second phase of the study was initiated in
 

February 1986 to determine whether Il,- persistence With Herbicides
 
of a species depends upon grazing
 

The experimental area was divided into three Jorge W. Vela, INIIA
 
paddocks, each conlaining the four species and the 
 Miguel A. Ara, N. C. State University 
three methods of establishment. Two 150.kg steers
 
started grazing by replication. Animal management 
 Another approach to pasture reclamation is thc
 
was aujusted to give the animals the chance to 
 eradication of the unsuitable species using herbi
consume all available forage (18 days grazing and 36 
 cides. This approach is important in the Pucallpa

days resting). Persistence was mcnitored by using region of the Peruvian Amazon where chemical
 
transects across te plots for each species x treatment inputs arc more available than in Yuir aguas.

combination before each grazing period. Results
 
were expressed as percentage of prcscnce of shoots Objective

of the species over the total number of countings The o)iective of this study is to obtain die
 
every 50 cm along the transect. optimum combination of helbicide rate and time of


After six months of grazing, the percentage of application after tilling for effective weed control
 
grasses increased, whereas that of legumes decreased 
 during the establishment phase of Brachiariadectwn
(Figure 3). This is probably the result of the capacity hens and Andro;nogon gayanus.

of these lraciiuiaspecies to compete and displace
 
existing vegetation. Althoughr the legume population Procedures
 
is decreasing, an excellent stand of Centrosema is 
 A trial was canied out from February to July
 
present. 
 1986 at the IVITA station near Pucallpa. Factors 

under study were three times of herbicide application
Conclusions and planting after land preparation (after 30, after 45,

Promising methods exist to establish improved and after 60 days) and three glyphosate rates (1, 2
 
grasses and legumes in degraded pastures. Fhe and 4 L/na) as Round-up. The treatment structure
 
results of this experiment indicate that simple 
 was a 3 x 3 factorial. The experimental layout
establishment methods can be successful in com- consisted of 2 x 6 m plots in a randomized complete

pacted Ultisol steeplands but that some minimum 
 block design with six replications. Variables rnas
tillage is needed to establish the legumes. Although ured were dry-matter yield n Andropogon and
minimum tillage was performed by a hand tractor, it Brachiariaat establishment (120 days of growth);
is also possible to use animal power. weed reinfestation at 30, 60, 90 and 120 days aftertillim~g, arid pasture 	cover at the same times. 
Table 2. Effect of three tillage methods on the prod- The experiaent was laid out on a egraded native 
uction of green forage of two grasses and two 
legumes after five months of establishment.* pasture. Selected soil properties at initiation of the 

experiment are shown in Table 1. 

Tillage treatment Results 
Predominant weeds before land preparation bySpecies Zero Minimum Total rototilling and 30 days after tilling are shown in 

Table 2. Predomirance of weeds changed from 
t fresh wt!ha -- before land preparation: grasses comprised 70% of

Brachiaria decumbens 7.70 a 10.60 a 10.30 a the weeds before but on'y 10% 30 davs after tilling.Brachiaria humidicola 6.67 a 10.7 Oa 12.40 a Cyperaceae comprised only 1.6% in the early stage 
Desmodium ovalifoliurn 0.32 a 1.78 a 4.65 b 	 but had the highest percentage (39%) after tilling.
Centroserna 438 0.76 a 4.41 	b 2.72 b The weea-control treatments had similar results in 

both Andropogon and Brachiariaso we will discuss*Figures followed by the same letter are not statistically only Brachiaria. 
different according to Duncan's multiple range test 
(P = 0.05). 
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Legume-Based Pastures 

Table 1. Selected soil properties at initiation of the experiment, 0-20 cm 
depth. 

Sand Clay pH P Al 

Ig/ml --

43 20 4.7 3.8 22 

Treatment effects oi ,lyrbioste on weed cover 30 
days after h'rbOicide application and crop planting 
(reinfestation) were highly signit i canlt, both for 
herbicide rates and tincs 'T'able 3), and for their 
linear and quadratic interactions. The lowest rate (I 
./hra I, applied 310 days after tilling, reduced weed 

Ci,\'er by 41%, but the hi he-:t reduction was for the 
hi.,hcst rate (4 t./ha , applied 60 dla-s af;er tilling, 
v,hich ieduced weed cover by 85%,. l!igier weed 
covers for the lowest raie applied at both 30 and 60 
days alter tilling were the product of a cornmhination 
of effects-- -reinfestation at the "30 days after" 
treatment and insufficient herbicide at tile "60 days 
after" tre atmen. This condition was niore or less tile 
san e after 61) and 90 days, after herbicide application 
and rate. At 90 days, maxinin reiritestatiolr oc-
cufrfed for the "30 days after" trea.t 
nieut (60% weed cover). After thal, 
the weed cover reflected more the 
competition with an already developed 
Brchiariathan tile treatment erlect 
(no significant effect ol treatnents). 

F'ffeet on tilepasture itself is less 
clear. Thirty clays after herbicide 
application and crop planting, tile 
pel'Clllae Wt Bfar/uiari' Cover did 
not r,.flect any treatment effect, but 
Andropogon ::howed a highly linear 
interaWtion bCtweenI rates Mndi eS, 

which -is believed to) reflect see(d 
qal ity and season more than the 
treatment itclf(l'able 4). At 60 and 
90 days after herbicide application and 
platiting. he l r hiariacover slightly 
reflected wCCd-control eflfCtS, bul at 
120 days no treatment effect was 

Al
 
Ca Mg K O.M. sat,
 

col/L -. 

2.07 0.53 0.15 2.73 44 

observed and cover exceeded 50,. This condition 
wa, also observed ill the pasture dry-niatter yield at 
establishment, which was not affected by any 
treatments. 

(ConClusions
 
Nc) significant differences among fhe different 

treatments in dry-i jatter yield at establishment wvere 
present, and it was concluded that the lowest rate, I L 
glyphosate/ha, is as good as 4 L/ha and could be 
recommended. With regard to the "times after" 
treatments, convenience depends on particular cases, 
but when low grazing pressure is planned at the early 
establishment phase it could be advisable to wait 6) 
(ays after tilling before hcrbicidC application and 
planting. 

"rable2. Predominant weeds before rototilling and 30 days later. 

Local name 

Torourco 

Pega-Pega
Mimosa 
,..apaeto 
Sinchioichana 
Cyperaceae 
Guayaba 

Broadleaved weeds 

Approx. coverage 

Before 30J days after 
Scientific name rototilling rototilling 

Homolepis, Axonopus, 70 10 
Paspalum sp. 
Desnxdiurn sp.
Mirtosapudica 

8
6 

4
2 

Pseudoei'ephantopus 6 3 
unknown 4 19 
Cyperus sp. 2 39 
Psidium guayaba 3 0 

0 24 
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Table 3. Weed cover at 30 days after glyphcsate 
application and Brachlaria planting. Treatment 
means of six replications. Highly significant linear 
times x rates Interaction. 

Time of application 

Rate of
 
application 30 days 45 d;ays 60 days
 

L/ha %

1 59 6? 67
 
2 43 63 34
 
4 45 35 15
 

Table 4. Pasture cover for Brachiaria decut!crns 
and Andropogon gayanus. Means of ,x repli
cations. Brachlaria: no significance. Andropogon: 
highly significant linear times ,vrates Interaction. 

Time of application 
Rate of 
appliz-ation 30 days 45 days 60 days 

L/ha ---- % 

Brachlarld 
1 4 3 4 
2 4 3 5 
4 4 3 4 

Andropogon 
1 5 2 0.3 
2 2 1 0.5 
3 2 2 0.3 
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Legume-Based Pastures 

Legume Shade Tolerance 

JorqeW11.1ea, INIPA 
MiguelA. Ara. N. C. State University 

Acid-tolerant legumes used in the TropSoils pasture-
management options may play an important role in 
agroforestry systems where cattle grazing may take 
place under trees. Experience in Southeast Asia 
indicates a wide variability of legume response to 
shade. 

Objective 
The objective of this study is to test our most 

promising legumc germ plasm under shade of a 
mature oil palm plantation, in order to determine 
their adaptability to this factor, 

Procedures 
This experiment was established in November 

1985 under an oil palm plantation managed by CIPA 
XXIII at km 44 of the Pu'callpa-Lima highway. Three 
legumes (Desnodium ovalifolium, lucrariaphase-
oloides and Stylosanthes guianensis)are being 
evaluated for their dry-matter productivity and feed 
quality in the presence and absence of oil palm 
shade. The experimental design is randomized 
complete blocks with five replications. Pots are 8 x 
16 m, and each plot has two oil palm trees in the 
same position. A similar but smaller (3 x 5 plot) 
experiment was established outside the palm planta-
tion a.d will be used as a reference; all the variables 
will be analyzed as percentages of full sunlight. 

Results 
Dry-matter production of all three legumes was 

severe affected by oil palm shade (24% of full 
sunlight radiation). Desmodium ovalifolium and P. 
phaseoloidesperformed similarly but yielded only 
about 22% of the full sunlight value even though they 
oatperformed S. guianensis,which gave a poor 8% of 
the reference value. Crude protein content values for 
D. ovalifoliuia and S. guianensiswere higher than 
full !;nlightvalues, but D. ,valifoliun values were 
highest (Table 1). 

Preliminary data suggest that D. ovalifolium is the 
most shade-tolerant legume tested. Visual observa
tions show S. guianensisperforms quite poorly and 
tends to disappear. The stands of both D. ovalifolium 
and kudzu were quite acceptable under shade in 
absolute terms. Sinc.: kudzu is a climber, periodic 
cutting around trees is required, whereas D. ovalifo
lium does not require such cutting. 

Table 1. Percentage of dry matter yield and crudeprotein content (CPC) of the legumes under shaderelative to full sunlight (means of five replications).* 

S.gulanensIs P. phaseololdes 
D. ovalifollum 

% of full sunlight 

Dry matter 7.7 b 23.3 a 21.8 a 
Crude protein 113.2 b 128.4 a 84.2 b 

*Means with the same letter inthe horizontal rows are not 
significant at P = 0.01. 
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Extrapolation in Farmer Fie!ds 

Miguel,A Avarza. N. C. State :Inive'rsity
Rolando Dextre, INIPA 

After six years of work in the Yurimaguas Station, 
Brachiariahumidicola, CetitrosemapuIescens, 
Stvlosat/es guianensisand 1esmodium ovalifolium 
have shown a high potential to increase animal 
production and good persistence under grazing. Oii 
the basis of the experience gained over the years, it 
was decided to test the potential of improved pastures 
to replace degraded native pastures, which ,re 
cornmon in the area. 

Procedures 

A validation trial was set up to demonstrate that 


degraded pastures can be put into production by

substituting present vegctation or improvement of 

present pasture plus incorporation of new species. An
agreement was signed with the Empresa Ganadera 
Amrazonas to conduct a 20-ha validation trial in an 
area covered by degraded pastures.

Fou r pasture renovation options were designed: 
. Inltroduction of a legume on a degraded pasture 

of'Brachiariaruzisensis; 
2. Use of a crop as precursor to establishing 

improvcd grass-legume pasture; 
3. Improvement of native pasture through intro-

ductior. of a leCume; 
4. Reclamation of a steepland pasture using 

improved grasses, legumes and trees with minimum 
tillage. 

Work started in December 1985 with soil charac-
terization of the area. Extremely low native fertility 
and a predominantly sandy texture existed in this 
sandy Ultisol (Table 1). 

Legume-Based Pastures 

For option 1,4 ha of a ten-year-old B. ruzisensis 
field were disked slightly to break the soil surface 
and facilitate planting of C. pubescens438 and to 
promote grass regrowth. The legume was broadcast 
over the area at a rate of 1 kg/ha. Rock phosphate 
was applied to supply 25 kg P205 and dolomitic 
limestone was applied to supply 50 kg Ca + 10 kg 
Mg. 

Option 2 was installed on a flat area infested by
weeds and unpalatable grass species. Two diskings 
and two rototiller passes were needed to completely 
till 3 ha to eliminate existing vegetation. Cv. 
Africano dcsconocido, an upland rice variety known 
to be tolerant to Al toxicity, was planted in strips 12 
m wide. The crop received 60 kg N, 40 kg KO and 
50 kg PO 5 per ha. Brachiariahmidicola was 
planted in alternate strips two months later.

After rice harvest, cowpca was planted in rows 50 
cm apart and B. humideicola+ D. ovaly/liumn was 
planted between rows. 

Option 3 was installed on a 2-ha native pasture of 
torouico (Axonopus compresus). Strips 4 m wide 
were opened every 20 in and planted with 
Siylosainthcs guianensisaccessions 136 and 184. 
Phosphorus was applied at a rate ofi 12 kg P/ha using 
rock phosphate. 

Option 4 was installed in a degraded pasture on a 
20% slope. The area was tilled in strips 1 n wide and 
4 m apart in contour. Land preparation was carried 
out with a 1.5 HP manual rototiller. Areas between 
rows remained untouched. Brachiariahumidicola 
and C. pubescens 438 were planted in alternate strips, 
arid Ervthrinapopigianawas planted in rows every 
12 ni along the contour. 

Table 1. Topsoil chemical property of the soil used for the extrapolation work InK-17 (Ganadera Amazonas area) (mean of five samples). December 1985. 

pH P Al Ca Mg K ECEC Al sat. Sand Clay 

ppm cmol/L -% 

4.0 3.4 1.1 0.3 0.08 0.05 1.53 72 82 14 
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Legume-Based Pastures 

Results 
After eight months, all pasturc-renovation options 

w( re f:ull established. In option 1.B. ruzisensis 
reacted positively to tillage and(C. pluesccns was 
spreading very well over the area. Measurements of 
botanical composition indicated 2(Q;,o(fCentrosena 
in the total hiomass, a highly dcsirablc legunie 
content of a mixed pasture. 

In option 2, rice vields weir affected by short dry 
spells during January and February 1980. In spite of 

lirl tatiolis, 1.5 t/ha of rice were h'arvested and
c'l)wpea yils reached abou0 01)()keha. Both are 
acceptable yields -orlow-input syslems. Aftcr 

liarvestiln the CoVpea7,B. htiidicOlaW, almost 
filly CstaLbhlished., 1lt110thi it was inilested by an.lal 
weeds. 

In option 3, Stvlosamthes established rather 
quickly, al though sollc h 1nd-wccdinlg was required. 

lIiroduced p'astures in the steeplarid covered 
almost the citire area in option 4. Both Cctrosema 

and B. humidicola replaced mosr of the native 
species in the nontillcd bands. Ol the other hand, 
1IVtfIlzr1i did not esi iblish well. Growth was affected 

by soil conditions (sandy textur, and K deficiency). 
Only two of six rows have established. 

Costs of renovating degraded pastures are 
presented in Table 2. Total investment varied among 
systems. 'l'le most expensive systern was the one 
vith crops (option 2) because of labor and machine 

costs. Returns from crop ViClds were enough to pay 
for pasture renovation, however, and leave some 
extra profit before grazing. 

Conclusions
Overall results showed that renovation of de

graded pastures can be accomi)lished with low 

monetary inputs in some instances. In other cases, 
where a complete renovation is required, crops as 
precursors pay for the entire cost of pasture re
establishlent. 

A second phase calls for milk production from 
cows grazed on the pastures in every system. This 
phase will start in 1987 as work supported by INIPA 
and the Ganadera Amazonas S.A., and will serve as a 
thesis for all undergraduate student from the Univer
sidad Agraria at La Molina. 

Table 2. Cost of renovating a degraded pasture by three 
methods of introduction of Improved species. 

Option 1 Option 2 Option 3 

B. ruzisensis+ Rice-cowpea- Native pasture + 
C. pubescens pasture Stylosanthes 

U.S.$/ha % U.S.$/ha % U.S.$/ha % 

LabC 7 11 86 39 20 16 
Machirery 9 13 65 29 43 34 

,;rtilizer 35 53 53 24 6 4 
Seed 12 17 16 7 50 40 
Other 3 5 11 5 6 5 

Total 66 99 231 104 125 99 
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Low-Input Systems
 
A low-input cropping system, reported last ye:!l as a transition technology between shifting 
cultivation and permanent agriculture, collapsed after seven crops in three years due to P and K 
deficiencies and increasing weed pressure. This year we report on the nutrient cycling and 
economic aspects of this fit st cropping period, the success of a one-year kudzu fallow in over
coming weed constraints, the successful transition to other sysiems, and in-depth data on weed 
build-ups during the first cropping period. 

Nutrient cycling from above and below plant residues returned to the soil more than 80% of 
the K and Ca accumulated by plants, about half the biomass produced and half the N and Mg 
accumulation, but only 37% of the P accumulated, largely because of grain removal. The system 
was highly profitble both with and without fertilizer applications: purchased chemical inputs
accounted for only 8% of the total costs without fertilizer and 16% with fertilizer. After one year 
of kudzu fallow, the fields were largely devoid of weeds and showed a higher fertility status. A 
second low-input cropping period started with high yields, awd the transition to fertilizer-based 
continuous cultivation was successful. Weed-control studies indicate the inal:biiity to' more 
than five or six low-input crops continuously with the best combination of herbicides and man
ual weed control. The main problem is controlling weeds in upland rice. 
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.oiW-nput Systems 

Central Experiment: Transition
 
To Other Technologies 


,los,' R.Bcnit.'s,N. ('.State l'niversitv 
P[)to A. Sac]hez%,N. ,.State University 

A low-input cropping systcm has been developed in 
V urim aguas, Peru, to serve as a transition technology 
1ctween shifling and continuous cultivation for acid 
,oil s of the humid tropics. Its principal components 
a r 1) iraditional slash-and-burn clearing of forest 

,iflow: 2)selection of acid-tolerant cultivars capable
of liih yields without liing; 3 r o 

ng; roicc and cowpea cultivar, (no tillage) aid rernoving 
(oly the grain; 4)no fertilizers, lime oi organic 
inputs are br(.aght in and soil pl remains at about 
-1.5, anid 5)the rotation continues for three years, bul 
increasing weed pressure and decreases in available 
1Pand K cause ,he syslem ito collapse in agronomic 
and ecoiomic t, -ns. A fotal of five upland rice and 
two cowpca cr0, s were harvested during a three-year 
period, as opposed I 'one rice crop under traditional 
ct!tivation. Crop yields and effects on soil properties 
during this first period were presented in theTrop-
Soils TechnicalReport, 198-1986 . 1Ibis report 
cov'ers the nutrient cycling effects arid economic 
•naiysis of the first cropping period and the transition 
phase initiated after the system collapsed at the 


seventh continuous harvest on June 30, 1985. 

Nuirient Removal Cycling 
l.ow-inpult systems shou!d be efficient recyclers 

(,fnutrients in order to minimize nutritional inputs 
that must replace nutrients extracted by crop har-

The nutrient composition of the acid-tolerant rice 
(cv. Africano) an'i cowpea (Vita 7) plant parts at 
harvest obtained in neighboring experiments are pre-
sented in Table 1.The calculated amount of ni!tiernt 
accumulation by the seven crops is shown in 'Fable 2. 
Even though .:!y the rice grain and cowpea pods
plus gain were "forcowpea; 

products during the three year period represented 
considerable nutrient removal from the field (Table 
2). Ilie aniounts Of nutri.nts accunlulated by the 
crops but returned to the soil as above- or below-
ground organic inputs was larger than the amount 
removed except for P.Crop residues plus root 
runover returned to the soil 62% of the dry matter 
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Table 1. Nutrient concentrations of rice (cv. Africano
desconoc!do) arid cowpca (cv. Vita 7)grain and straw 
at harvest, and fine roots at anthesis, under low-input 
systems In Yurirnaguas. Mean values of seven rice 
harvests and three cowpea harvests for abovegrcund 
parts, and two crop harvests each for roots. 

Crop N P K Ca Mg 

%
 

Rice 
Grain 1.40 0.23 0.36 0.03 0.11Straw 1.01 0.07 2.85 0.28 0.18Roots 1.19 0.09 0.93 0.21 0.05 

Cowpea
 
Grain 3.86 0.35 1.36 0.06 0.21
 
Straw 1.86 0.13 3.97 0.95 0.23 
Pods 0.70 0.06 2.17 0.17 0.22 
Roots 1.23 0.12 0.71 0.59 0.19 

Table 2. Total dry matterand nutrient accumulation by 
five riceand two cowpea crops harvested In34 months 
without fertilization, and amounts returned to the soil. 

DryPiant part matter* N P K Ca Mg 

t/ha kg/ha 

Grain +pods 14.2 256 34 87 65 18
 
Straw 18.1 232 15 565 80 35
 
Roots 5.2 63 5 32 18 5
 
Total 37.5 551 54 684 104 58
 

% returned 62 54 37 87 
 94 59
 
to soil 

'Basedon mean grain:straw ratios of 0.84 for rice and 0.52 
mean cowpeapodweightof0.32t/hapercrop,and fine root biomass of 0.65 and 0.97 t/h a percrop for riceand cowpea in the top 30 cm of soil. 

produced, 54% of the N, 59% of the Mg, 87% of the 
K,94% of tIe Ca, but only 37% of the P accumulated 
by crops (Table 2). Root turnover,assuming 100% 
fne root decomposition, accounted for a relatively 



Low-Input Systcms 

minor proportion of amounts recycled (14% of dry weed growth in cowpea, but cowpea residues do not
matter, 21% of N, 25% of P, 5% of K, 18% of Ca, have the same effect on rice, perhaps because of ,lie
and 12% of Mg). The actual amounts rctu,,,d, urere- Last decompositio rate visually observed with 
fore, are equivalent to an annual fertilization rale (,f cowpea residue:s. 
98-7-199-33-13 kg/ha of N-P-K-Ca-Mg. A propor
tion of the N returned a,aboveground re,'iduc, Economics 
however, may be lost Ior\V itcinters the ,oil, via Cost records were kept in this 1-ha experiment.
deniification that i lavtae place on the :mulch-soil The summary for the first seven crops in the plots

surface interface. Biological N fixation by cowvpea, 
 without fertilization is shown inrTable 3.Lafx)rhowever, may counteract such losses, bnt neither inputs for the first crop i . 1,cc;nd clea.ring; thus the 
process was measured. The P,K, Ca and Mg inputs, subsequent crops averaged two-thirds of the first
however, are likely to be transferred entirely to the crop's laboVr. Returning and redistributing crop
soil. Phosphorus, therefore, appears to b.the critical residues averaged ten alan-days/ha, or approximately
nutient, since nrbout two-thirds of the crop uptake U.S. $20/ha per crop. Another major labor input was was removed I the harvested products, giving this bird watchers near harvest time, 111ne next major cost
element the .vest percentage of recycling and the items were interest on crop loans from the Bancolowest absoLute aniounts returne(l tothe soil aniong Agrario and government fees for receiving an(]
the five nutrients evaluated, processing ice at the mills. Shifting cultivators 

Weed Pressure Table 3.Labor Input,production costs,and revenues Incurred Inthe 
In the authors' view. in;reas- low-input system with seven crops without fertilization.


ing weed control difficulty 
was
 
the single most important factor
 
for the instability of this low-
 Crop sequence
input system during its third year. 1 2 3 4 5 6 7
'llie initial weed population was Input or output Rice Rice Cowpea Rice Cowpea Rice Rice 
mainly broad-leaved, which is 
typical of shifting cultivation
 
fields in the area. 
 With time, the Labor (man-day/ha) 172 79 99 79 99 79 79 
weed population gradually 
shifted t(,grasses that are more Cost (U.S. S/ha): 
ag
agressive and not subject to Labor 380 140 113 134 167 130Herbicides 21 21 9525 26 25 24 25
economically sound control by Insecticides 0 11 14 14 13 0 0
commercially available herbi- Seed 19 17 75 18 51 16 17
cides. Of particular imporance Bags 16 18 8 20 7 18 50
 
was th- spread of Rotthoelia Thresher rent 0 34 0 38 0 34 80
r.vceisa, a non-rhizonnatous Transport to market 12 12 14 14 14 12 14 
grass, particularly during rice Loan interest and fees 135 80 86 105 108 111 225 
growth. Cowpea was moreCoeitive wit nlora
Competitive With weed thn Total cost 583 333 335 369 385 345 506
 
upland rice because cowp,-a Rpnije:
covered die sol, surface more Grain produced (tlha)2.44 2.99 1.10 2.77 1.19 1.84 1.52
thoroughly. Price (U.S. S/t) 321 281 1420 305 1127 265 274 

Studies on weed control in 
low-inaput systens at Yur-inaguas Gross ,evenue (U.S. $/ha)783 840 1562 845 1341 488 416indicate that the ,ibsence oftniae aburnntan th pooe Net return (U.S. $iha)tillage and burning promotes 200 507 1227 476 955 143 
weed build-up (sce next report). Net return/Cost (%) 34 152 366 129 248 41 -18 
Rice straw mulch may decrease 
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Low-input Svstetns 

routinely obtain bank loans, which are used primarily fertilized and not fertilized treatments in order to 
as in advance on their labor. Interest charges fluctu- block the residual effects. Two treatments were 
atmin- from 40 to 101% on an ant ial basis in local designed to test the wc 1-control factor by continu
currency reflect the high inflation rate in Peru, which ing the low-input s:ystem (cowpea-rice-cowpea), a 
averaged 125% annually during the study period, third was planted to kudzu fallow, and the fburth was 
Even in) U.S. dollar terns, the indirect costs averaged a high-input system. 
about 30% of the total production costs. In contrast, 
the co(t of' purchased chemical inputs (herbicides and (ontinuing the Low-lnput System 
insecticides) and others (seed, bags, thresher rent) Prior crop yields suggest that the system col
comprj.;ed 8 and 191% of the tolal production costs, lapsed after the seventh crop. This observation was 
rcspectively. confirmed by growing three more crops with a weed

'1he low-input system without fertilizer applica- control variable: full weed removal at economically 
tions was highly profitable, averagin g net returns of unrealistic levels vs. the conventional treatment as 
U.S. S1144/ha per year, or a 21% return over total previously described. The full treatment consisted of 
costs (Table -1). The !ow-input system with fertilizers eliminating weeds by a pre-emergence application of 
was also quite prolitable, averaging ani 
an al nct return of U.S. $1125/ha and a Table 4.Cumulative production costs and reurns actually In
10(}% return over total costs. Fertilizers curred with seven crops Inthree years with and without fertill
accounted for 9% of the total cost in the zation and under shifting cultivation. 
system , but also resulted in additional 
labor, interest, thresher use and transport Low-input system 
costs. The low-input sVsterII either with Shifting 
or without fertilizers is vastly more Inputs and outputs Not fertilized Ferilized cultivation
profitale, than traditional shiflting 

cultivati{n (Table 4). 
U.S. $/ha % U.S. $/ha % U.S. $/ha % 

Trans'tion to ()ther Svslems Costs 
This low-input system, therefore. is I Labor inputs 1159 41 1185 35 380 65 

tr'arsitional technology in both agroXIcMic Chemical inputs: 
aii economic terms. After three years, Fertilizers 0 0 292 9 0 0 
the field is devoid of felled logs and nmst Herbicides 167 6 167 5 21 4 
of the remaining tree stumps aro suffi- Insecticides 52 2 52 2 0 0 
cienily decomposed to be destroyed with 
a .!ood kick. The land clearing process is 
thuls C(}HtlItCI, providing, si.eral optionsthu11comleter ()rc ihise op1ionsinto;I 

Other inputs: 
SeedsBags 213137 75 213140 64 1916 33 

th1,1aed 
nu'anaged 

fallor 
fall,;w 

nd to ptat 
and then start 

a int 
a seconld 

a hresher use 186 7 189 6 0 0 

cropping cycle. A second is to plow, Transport to market 92 3 96 3 12 2 
lime, fertilize and rotate crops inten
sively: a third is pasturs, and a fourth is Loan interest and fees 850 30 1073 38 135 23 
a,,e:ro] ftorest1rv. 

T[he exp-rinrnlt dCscrilx'd above was Total costs 2843 100 3351 100 583 100 
ndi) ie-Id to address Sonic of these Gross revenues 6275 - 6688 - 783 -

options after the seventh crop harvest in 
.Iuly 1985. "l'he 1-ha ficld was divid(ed Net returns 3432 - 3377 - 200 -

into eight 125(IIn' plots, providing flour 
treatlments in atranldonlii.d comnplete 
block delsign with two replications. The 
replicates were located on the previously % Returns/cost '121 - 100 - 30 
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Table 5. Grain yields of three additional crop harvests Inthe low-input system at two 
levels of weed control. 

Weed-control level 

Planting Harvesi 
Crop sequence date date Conventional Full LSD0.05 

-It/ha 

8. Cowpea cv. Vita 7 Aug. 19, '85 Oct. 31, '85 0.58 0.58 ns 
9. Rice cv. Afriuano* Jan. 9, '86 May 9, '86 0.09 1.60 0.19 

10. Cowpea cv. Vita 7 July 15, '86 Sept. 25, '86 0.43 0.82 0.26 

*Fertilized with 30-22-48 kg/ha of NPK as previously. 

2.25 ks/ha active ingredient of metolachlor plus 2.5 
L/ha of paraquat, followed by 0.28 kg ha active 
ingredient of sethoxydim supplemented by hand-
weeding as needed. The actual co.t of this treatment 
was U.S. $225/ha per crop, a totally unrealistic level. 
T1he conventional treatment was the pre-emergence 
application of 1.5 L/lia of 2,4D followed by 2.5 l/ha 
of paraquat five days later awd no hand-weeding, 
with a total cost of $25,ha per crop. Both weed 
control plots received the same application of NPK 
ferilizers to rice as stated previously, in order to 
eliminate P :'nd K deficiencies. 

Grain yields of the eighth, ninth and tenth 
consecutive crops under conventional weed control 
were low with cowpea, and practically zero with rice 
(Table 5). When weeds were totally removed, yields 
of the ninth (rice) and tenth (cowpea) crops reached 
acceptable levels. Consequently, it seems reasonable 
to assume that the collapse of the system is directly 
related to weed-control problems. 

Kudzu Fallow and a Second Crop Cycle 
Traditional shifling cultivation involves a secon-

dary forest fallow period of four to 20 years, suppos-
cdly to replenish soil nutrient availability and control 
weeds, although the processes in'olved are not wll 
understood. Farmer experience around Yurimaguas 
indicates that a mininmum desired age of fallow is 
about 12 years, but population pressures effectively 
reduce this period to an average of four years. 
Slashing and burning young forest fallows results in 
faster grass weed invasion than would occur in older 

fallows because thr weed seed pool declines with 
age. Considering the limited likelihood of long 
secondary fallow periods in developing humid 
It-pical areas, the need for an improved fallow is 
apparent. 

Following i. fanner's suggestion, we studied the 
use of tropical kudzu Puerariaphaseoloicles) as a 
managed fallow. Unlike its temperate-region 
counterpart (Puerarialobata), tropical kudzu does 
not prodluce storage roots and therefore is easy to 
eradicate by slash-and-burn. Kudzu fallows were 
grown in previously cultivated fields for different 
darations. In the most infertile and compacted soils 
of Yurimaguas, kudzu is slow to establish and 
initially shows several classic nutrient deficiency 
symptoms, but within three months a complete 
canopy is attained, the kudzit leaves become dark 
green, and weeds ire snothered. Aboveground dry 
matte" and ash biomass accumulation by kudzu peaks 
at about two years. We observed increases in ex
changeable Ca and Mg and decreases in Al saturation 
on the topsoil of kudzu Fallow plot, that had a lime 
ard fertilizer application history. But no improve
ments in these topsoil chemical properties were 
recorded in the kudzu fallow plots that had never, 
been limed or fertilized dufring a previous cropping 
period. Consequently, the subsoils must have some 
nutrients available for recycling if significant recy
cling by a managed fallow is to take place in such 
acid soils. 

The same kudzu ecotype was seeded in this low
inp, experiment, on August 28, 1985, after harvest
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Table 6.Dry matter and nutrient content of one-year-old kudzu fallow ash one day after 
burning. Mean of 12 observations Inthe previously not fertilizedtreatments and 11 Inthe 
previously fertilized treatment. Date: September 24, 1986, 51 months after clearing. 

Previous 
fertilizer Dry 

treatments matter N P K Ca Mg Zn Cu Fe Mn 

t/ha kg/ha-

Not fertilized 1.45 21 7 42 58 14 0.17 0.08 1.07 0.82 
Fertilized 2.29 26 21 103 92 20 0.29 0.12 0.99 1.34 

LSDor 0.85 ns 9 51 ns ns 0.12 ns ns ns 

ig the seventh rice crop, which was heavily infested effectively suppressed weed growth in a way far 
with ?Rott/,ocio exltdata and other weeds. No fertiliz- superior to the herbicide combinations attempted to 
ers were added to the kudzu plots, but one hand- date. The plots arc growing a subsequent crop of 
weeding was used to pull tallRotthoeliaplants. As upland rice. 
before, kudzu was slow in establishing, but witihin 3 Changes in topsoil chemical properties in the 
iiionths it had (evelope i a complete ground cover kudzu fallow plots are shown in Table 8 at the end of 
and a surface litter layer. Kudzu was slasid with the first cropping cycle, after one year of kudzu 
machetcs on September 13, 1986; after 10 days of fallow (one (lay prior to burning it), and after the first 
dry weather, it was burned in a total time of four harvest of the second cropping cycle. The effect of 

Smiutes for the 1250 nr plots. Ash sampled one day the kudzu fallow on topsoil chemical properties 
:altCr the burn containe(I significant accounts of includes a significant decrease in exchangeable Ca 
nutrients which were incorporated to the soil by the and K, presumably due to plant uptake with no 
ii. , rains (Table 6). A clear residual effect of the changes in acidity, Al saturation, or available P and 
previous .,-'Cfertilization is evident in the ash corn- K (Table 8). Differences in the last four properties 
positio(n, particularly h: P ond 
K contents. A crop of Afri
cane rice was planted three Table7. Dates of planting and harvesting kudzu fallow and subsequent crops 
das after the kudzu burn and and crop yield as affected by a fertilizer differential prior to planting kudzu. 
harvested on January 22, 
1987. It received the 30-22-40 Grain yield 
keVha of NPK as did all 
pivinous rice crops. Grain Residual 
viclds were the highest fertilizer level 
ot ained to (late at this site 
(ITable 7). '1his is partly due to Planting Harvest 
very favorable rainfall Crop sequence date date None Yes LSD,.0 , 
distribution for rice growth as 
evidenced by similar rice - t/ha
yclds obtained in other ex
periments at that time, but also 8. Kudzu fallow Aug. 28, '85 Sep. 13, '86 - - 
(Ile to the '1'senccof signifi- 9.Rice cv. Africano Sep. 26, '86 Jan. 22, '87 3.86 3.98 0.41 
cant wccd pressure. The one- 10. Rice cv. Africano Feb. 13, '87 in progress 
year kudzu fallow, therefore, 
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Table 8. Changes In selected topsoil (0-15 cm) chemical properties prior to iind after one-year
fallow, and after harvest of a subsequent crop inthe kudzu fallow plots. 

Months Prior ExchangeablePlot after fertill- pH Al Avail. Org.status burning zation (H20) Al Ca Mg K sat. P mat. 

crnol/L - % mg/d % 

End of first 35 No 4.5 1.9 0.98 0.10 0.26 70 4 1.92cropping cycle Yes 4.5 1.2 0.98 0.16 0.19 46 14 1.77 
(seven crops) 

After one year 52 No 4.5 1.8 0.60 0.09 0.13 68 7in kuzdu fallow Yes 4.6 1.1 0.57 0.13 0.11 57 14
 
(before burning)
 

At first 54 No 4.8 1.6 1.05 0.18 0.23 52 14 2.44harvest of second Yes 4.5 1.1 0.76 0.20 0.14 49 25 2.71 
cropping cycle 

LSDo o0 0.2 0.3 0.25 0.05 0.05 11 6 ns 

CV 4 25 35 32 39 21 48 15 

are significant in terms of prior fertilization treat- will decrease slightly with subsequent cropping, as
 
mnrt, which the kudzu fallow maintains, 
 they did during the first cropping cycle.

Topsoil chemical properties after the first harvet The second clopping cyc'e continues in order to
of the second cropping cycle show fewer differences determine how long it will last, except that no
(fue to previous fertilization than at the end of tile fertilizer is being applied and weed control will only
first cropping cycle, partly because die cntire area be at the conventional level.
 
was fertilizeO with 30-22-48 NPK formula. Never
theless, there is 
an overall trend of increasing Iligh-Inpul Crop lProduction 
available P, K, Ca and Mg that may be related to the Another option is for the low-input system tonutrient content of the ash and prior fertilization serve as a three-year transitional period to intensive,
during the Ilist cropping cycle. Topsoil properties at fertilizer-based, continuous cropping systems for14 months aflter burning, representing seven crop that have develope2d a sufficient road, creditareas 
harvests, one year of kudzu fallow, and one crop and market infrastructure to make this possibility
harvest afterwards, are aboul as goodl or better than attractive. The fields are certainly ready for mecha
three months after buring the original forest (see nized tillage, provided slopes are suitable, becauseprevious technical report). Topsoil total organic most of the felled vegeiation has decomposed. One 
matter contents have increased, probably as a result treatment of this field experiment was tilled to 25 cmof kudzu-fallow litter inputs (Table 8). It appears with a 50-HP tractor, limed with 3 l/ha of dolomitic
reasonable to speculate that organic-matter contents lime, fertilized with 25 kg/ha P as triple super
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Table 9. Grain yields of the first three Intensively managed beginning with the clearing of secondary
continuous crops after shifting from a low- to high-input system. forests. Income-generating food crops 

Planting Harvest 
Crop sequence date date 

8. Corn cv. Marginal 28 Sept. 9, '85 Jan. 19, '86 
9. Corn cv. Marginal 28 March 22, '86 July 24, '86 

10. Soybean cv. Jupiter Sept. 11, '86 Dec. 23. '86 

Totals 	 15 months 

phosphate, 25 kgila Mg as MgSQo, 1 kg Zn as 
ZnSO, I kg Cu as CuSQ,, and 1 kg B as borax. Lime 
'and fertilizers were incorporated withl tillage. Mar-
ninal 2(, an adapted corn variety, was planted in 
ridges at a popul'ation of 56,000 plants/ha. This crop 
theni received 100 ke N/hla as urea and 100 kg/ha of 
K as KCI in three split applications. Weeds remain
in. after tillage were controlled by 2.25 k ia active 
ingredient of mctalochlor. A second crop of corn was 
then planted after mechanically incorporating corn 
stover. It received an application of 100-25-100 kg/ 
ha NPK and metalochlor, at the sanie rate. The corn 
was followed by, soybean (cv. Jupiter), which 
received an application of 30-25-10) kg NlK/ha. 
Insecticides ,,re used in corn and soybean as needted 
to control 	mlild insect attacks to these crops. 

Corn yields were nornal for high-input systems 
for the planting season (3-4 t/la), while soybean 
yields were somewhat lower than normal (2 t/ha) 

partly because of unusually heavy rains (Table 9). 
The system appears stable and of similar productivity 
to long-tcr-nl high-input systems grown at Yurima-
guas. A combined total of 8.6 t/ha of high value grain 
(corn and soybean) was produced in approximately 
15 m 1onths. 	 .,.quenceTotal productivitv of the en ti 
was 22.4 i/ha of grain in four years and tour months, 
or 5.2 t/ha per year. In order to decrease weed 
infCstations, usir-ig the kudzu fallow prior to shifting 
to high input croppirig iay be advisable, 

Legume-Based lasftre 
The low-input system can als') serve as a precur-

sor to esta-lishing improved, acid-tolerant pastures, 

_- can be grown and the pasiure species may 

Grain be plantcd either vegetatively or by seed 
yield under a rice canopy. Several combina

tions of persistcnt, acid-tolerant grasses 
and legumes produced high and sustained 

t/ha liveweight gains in Yurimaguas lbr six 
years, as reported in die legume-based

3.86 section. hle kudzu fallow itself could be 
2.90 used as a pasture in rotation wih grass
1.87 bsed pllires. Although we have not 

- shifted froni low-input cropoing to pas

8.63 	 tures in an actual experiment, the possi
bility appears feasible. Since weed en
croachmient is a majlor liniting factor in 

pasture establishment, it may be advantageous to 
limit the r.umnbr of crops in order to minimize tie 
weed build-up that occuned during the sixth a1d 
seventh crops. Planting kudzu fallow, burning it after 
one year, and then establishing the pastures may be a 
better approach. 

Agroforest y 
'file low-input cropping system is a good way of 

providing cash income and ground cover during the 
establishment phase of tree plantations. The decision, 
however, has to be made early in order to transplant 
or seed tile tree crops at adequate spacing shortly 
after clearing and burning the second forest. Unless 
liming is contemplated, the choice of tree crops 
should be limited to acid-tolerant ones. Examples of 
acid-tolerant crops for industrial purpos,-s are -ubber 
(tlevea brasiliensis),oil palm (Elaeisguineensis) aid 
guaani (Pauliniacupana); for food production, 

peach palm (Guliehna gasipaes); for allcy-cropping, 
perhaps Inga edulis. Woody species known to be 
sensitive to soil acidity such asThcobroma cacao or 
Leucaena emocetphaa should be avoided. 

The low-input system has been used successfully 
;n nearby experiments for the establishment of peach 
palIn and multipurpose tree-production systems that 
include Last-growing ((nga edulis) and slow-growing 
(Cedrelingacataentlrnis)species. For peach palm, 
seedlings arc transplanted with the first rice crop. 
Within 18 months, tile peach palm produces too 
much shade for further crop growth; kudzu is then 
planted as an understory. 
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Implications 
The lov'-input system has several iptentiall' 

positive envirorIniental iTIpacts. It provides a low
cost altemative for shifting culli\'ation in hi hli acid 
soils. In o(idcr to produce ite grain yields reported for kbert A. A-C'olhun, N. C. State University 
the first croppirr, period, a sili in cullivialor would 
need to clear about 14 ha in three Ncars, ill coliarl- Vccd contlol in low-input cropping systens inILust 
son to 1 ha ill Ohki hO\,'-ilpUt sysur. l-urthcrmro, IlierCl. Oi culti-al practices to increase the crop's 
use of secondalry forks.t fallows instead of priurary 
lorcsts is cliphaid/cl, allhlouh Ole system should 
work wvll str 'frtoi priimirv (lorcst. 

Frosiul hiaiards arc larmely climiracd Iby the 
abscnce of tillace and tIre pl-sC-'li"' of a pl:ii1 (an 'ny 
on the soil surf,'Ac, bheit slas.h-and-hlull dcbri.,, crop1 
ca1opi.s, crL ",rs-Idlc h. or a1irral.cel flllow. 
Nutrient rcL'.clinc is rnaiuli/Cd, ftl ruliclu.;, 

CXlprted as -airL hc
rust rCplenislcd hw outside 
inputs ii soils so low in nutr-Int reserves. I'crlapms 
j.st as iii portal tl, [Ie low-input svstcnr does iot 
lead the farmer itti a co rcr: it provide. a wide 
r'r.c of options alter tle lilst clyini eI'clC is 
Conrlllce. 

There ar IMay 1rrrars1wrCd (lucstiorrs about the 
nec hnoloc.,y just descrihbed. AIl tholl Ii its feasibility 
during the fi rst -:1,lpirrg cycle followed by a man-
aged (allow , riod Ihas beerr demonstrated, inforira-
lion abot lr yecold croppirrg cycle is liMited to one 
crop hlarvcst. It cannot be Stated at this point that a 
lO(ldified f'or of shi ifting cult ivation with a 3:1 crop 

to ianaged !;llow ratin is tfasihlc oi a long,-ter 
basis. 

Nlorw in-dcplh knov,lece of' weed population 

shifts aid ferlility lynarilics is needed. .Zero tillage 

pIses a niajor constrairt to lorn-terrm wecd control, 
Soil data have bern confined to readily dce nired 
chemical parauetecrs- soil physicad and biological 
dyn'lailics frt kv [. Ilrw intensivel Studied. Tropical
kudZU iS butin Ire of several promisiinn species for 
inmnrra.e Iallows., and o1hers are beirig iinveslialed Ill 
lerrns of, above- and below g-ouid biorMass acc;rnL-
lation, nutrient cycli irg ari weed suppres-ion. A 
fresh look at lre lllall'aaolltellt of, organic ir11Ur.tS aid 
soil orgaric in atter is Ibeireresearched. 

Tle effect of ac_,e of fallow shuld be studied ii 
greater dr..tiil, to ausw,r such quest ions as, What are 
the tra(lc-of!s w'l a loirtcr fallow'. and, ('ai tire 
w,,,,,l problem he reduced by having a shorter time 
period nCtxeeCrn lrr'vestirr arl planting 

Weed Control in Low-Input 
Cropping Systems 

JaneA t. Pl'easant,N. C. State University 

ability :o conmpete against weeds and thereby reduce 
the ainournt of herbicide aid Iranul: weeding inputs 
that are neded to maintain crop yields. MUlching, 
lillac, tinlvly f*Nrilization, increasing crop density 
and tIle usC of compelitive cultivars are all examples 
of cultural practices 1hat Cal aid in controlling weeds. 

)hjccl-ie
 
The obi'Cctive of IirIs
sludy is to idCntifly cultural 

practices that can lorn tlrel)asis of' a weed mnaa-e
ment prograrir ('or a continuously cropped rice-
Cowpea rotation uri(lC low-input couditiotis. 

iProccdures 
The experiment was established after cuttirng and 

burniIg a five- to ten-year-ol secondary forest at 
Yu-irnaguras. Five consecutive crops, identified as 
Cycles I through 5 (rice- rice- 2owpea-rice-cowpea), 
were planted. The experimental design was a split
plot, witl tillage and residue management :is main 
plots. 'llere were three main-plot treatments: 1) 
rototill with previous crop residues incorporated, 2) 
rototill with residues mulched and, 3) no-till with 
residues niulched. A factorial arrangement of two 
crop densities (high and low) and three weed-control 
practices (hand-weeding, herbicide and no control)
comprised tile subplot treatments. Oxadiazon and 
propanil were tine hertbicides used on rice, and 
ietolachlor was applied to cowpea. 

Data fromn Cycles 2 through 5 were combined 
ard :Ualv/cd as a sintg1c experiment. Cycle I was not 
included in thi:; combined analysis because there was 
no residue rraragcnieit variable inl tile first crop that 
succeeded the forest Iallow. The remainirmg four 
cycles were consistent in treatment through tine 
duration of the experiment. Altlhough the emlhasis in 
this report is on tile comrbired analysis, some data 
fI-r individual crop cycles are also reported. 
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300 

Results and Discussion F 30 F0I--tRice
 
Crop species E72 Cowpea
 

Rice had more weeds and lower relative yields -2 
than cowpea (Figure 1), and failure to control weeds i< 200K 
had a much greater e lect onl rice than on cowpea ' 
yields (Figure 2). Because cowpea establishes 
quickly, we hvpothesize that it covers the row and 1001
shades out energing weed seedlings. Rice, in
 

tile ground left unshaded, weed seedlings in rice -.
 
quickly become competitors. R CP C2 C4 C3 
 C5 

P CP CP 
Time Figure 1. Effect of crop species and number of crop-Weed infestation was also more severe the ping cycles on weed Infestation Infour consecu
longer the field was cropped (Figure 1). Weed levels tively planted short-season crops. Yur!maguas 
in C, cle-4 rice were much higher than in Cyele-2 1984-1985. R = rice; CP = cowpea; C2 = Cycle 2; 
rice. The same pattern was seen in cowpea: weed C3 = Cycle 3; C4 = Cycle 4; C5 = Cycle 5. 
infestation was higher in Cycle 5 than in Cycle 3. 

effect of tillage on weed growth changed over the 
Residue nalageinent course of tile exrncnment (Figure 4). In tile first cycl(,

Mulching was ineffective as a weed.,;ontrol rototilled plots had many morc. weeds than no-till 
practice, but relative crop yields were hiLDjer when plots. By Cycle 5, however, the no-;I l .reatment had 
residue was incorporwled (Figure 3). In thi., experi- the grmater weed infestation. 
ment die primary role of residue management Rototilling in Cycle I provided an ideal seedbed 
appears to be related to nutrient release rather than for weed seed germination. With tillage, weed seeds 
weed control. We hypothesize that rapid decomposi- were brought to the surface where they germinated in 
tion of residues following incorporation releases a flush. In contrast, weed infestation in Cycle-I no
nutrients more quickly for immediate recycling than till plots was low. Fire destroyed both standing 
when they are allowed to decompose on the surface. vegetation and surface seeds. Without soil distur

bance to bring buried weed seeds to the surface, 
Tillage wced infestation in the first crop was minimal. 

No-till plots had more weeds and lower yields When the field is cropped conttnuously, how
than rototilled plots in the combined analysis, but the ever, lack of tillage through several cropping cycles 

4 0 0 r 100

* -- Rice 
,--a Cowpea ._. .
 

5001' 75..
:.

:,: ,,,,50

1600 S 2 .-

-. 
 *-a Cowpeo
 

0'- 0 [ . . . .. . .. . n--o Ric ec_No control All control No control All control 

Figure 2.Effect of weed control on weed Infestation and relative yiel~l Inrice and cowpea In four consecu
tively planted short-season crops. Yurimaguas 1984-1985. No control =no weed control; All control = 
treated with herbicide or hand-weeded. 
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Figure 3. Effect of residue management on weed Infestation and relative yield Infour 
consecutively planted sho.-season crops. Yurimaguas 1984-1985. 

brings increased weed problcms. Soil disturbance has crops were planted at the higher density. But yields, 
a positive effect in a continuous cropping system particularly of rice, increased at tile higher density
because exisL'ig vegelalion ca.i be conpleteiy even when weed growth was lot affected. Appar
climiniated between crops. While weeds il no-till ently closer-spaced rice was more efficient in
 
plols were 
burned back with ,: pre-plant application intercepling sunlight for photosynthetic production,
of paraquat betwecn crops, thy quickly rerew. and the higher yields were independent of the effect 
Consequently, after five consecutive no-till cropping of crop density on weed growth. 
cycles, untilled plots had a much larger weed infesta
tion than rototilled treatments. Weed-control practice 

Failure to control weeds reduced product yields
Crop densitY in both rice and cowpea, but the weed-control 

Increasing crop density was an effective weed method (manual oi chemiral) had little effect on 
control measure (Figure 5). In most cycles there were yield (Figure 5). 
fewer weeds and higher product yields when the 

__300 300
0 L i No-till E I
 

E'Rj Rototill ~ 20
 

,,q":! -r'oL a)1 
-u 'ai 100-

S100'-~( 

- 0L tJ,: 1, 1]. _rz High Low No AllCycle 1 2 - 4 5 Hand Herbctrl ctrl weed 

Rice Rice Cowpeo Rice Cowpea ReL yield (,) 78 70 44 90 90 90 
Figure 4. Effect of tillage on weed infestation in Figure 5. Effect of crop density and weed-control
each crop cycle of j five-cycle experiment. Yurima- practice on weed infestation and relative yield In 
guas 1983-1985. four consecutively planted short-season crops. 

Yurirnaguas 1984-1985. High = high crop density;
Low - low crop density; No ctrl =no weed control;
All ctri = treated with herbicide or hand-weeded; 
Herb = treated with herbicide. 
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MIanagenient and Research Implications 
If a viable low-input continuous cropping system 

is to evolve in the Peruvian Amazon, it will depend 
on upland rice as the central cash crop, and the rice 
or any associated crop will be planted without tilliage. 
It is now apparent that we cannot control weeds 
tlhrough repeated cycles of rice-cowpea rotations 
without large and unprofitable inputs for weed 
control. For this reason, such a cropping system must 
be considered transitional. It finay fonlr a bridge 
between shilftin,, cultivation and a more permanent 
an riCltu re, but it is not a stable, Iom ,-tern alterma-
tire to shifting cultivation. 

I-ack of tillage and the poor competitive ability 
of upland ricc ale the prilary causes of the weed-
control problem. Weed inftestation in rice increases 
dramatically with time when a field is cropped con-
tinuoMsly without tillage, even when rice is rotatcd 
with cowpea. Because upland rice is such a poor 
collctitor, grasses invade vigorously and crop yields 
declinie sharply with successive rice crops. 

It is possible to control weeds (either manually or 
with herbicides) and maintain yields, but the cost of 
control is prohibitive for a low-input system within 
the present price-profit structure in Peru. With rice 
yields of 2 to 3 t/ha and cowpea yields of 1 to 2 t/ha, 
weed-control costs repgessent 25 to 4,0% of the value 
of tile crop. 

Based on our l)ic ent knowledce, a realistic 
"lilespan" for the l,'-mput system is probably five 
or six crop cycles, after which the cropping system 
must be intelrUpted by a fallow period or tillage in 

order to disrupt and displace the weed community. 
Research should now focus on developing effective 
and economic weed-control strategies for this 
transitional low-input system comprised of no more 
than six consecutive crop cycles. Our work suggests 
several avenues that may be productive. 

Weed-control inputs are unnecessary or minimal 
in tie first rice crop after a forest fallow and in all 
cycles with cowpea. The majority of weed-control 
costs will be concentrated in the second, third and 
fourth rice crops. 

Increasing the planting density of rice is an 
effective and cheap form of weed control. Work is 
needed to establish optimum planting densities for 
rice cultivars in this environment. As demonstrated 
with cowpea, an aggressive, fast-growing crop is 
another fonn of inexpensive weed control. Rice 
cultivars used in the ow-input system should be 
selected for their competitive abilities. Early canopy 
formation, to shade out weed seedlings, is probably a 
critical characteristic for rice cultivars in this man
agement system. 

We have shown that herbicidcs can provide 
excellent weed control in upland rice. Furtherriore, 
we suggest that this control method may became 
economic if herbic,,Jo use can be integrated witi, 
other control practices so it rat the rate and number of 
applications can be reduce'. A practical and effec
tive weed-management program For a low-input 
system will combine cultur;I practices with chemical 
and manual methods of control. 
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Tree crop-based systems constitute a major soil-management option for die humid tropics. Agro
fore,.try research on acid soils of the humid tropics is very limited, and most statements about 
tree-soil relationships in the humid tropics are not based on solid data. Agroforestry options at 
Yurimaguas are conducted in close collaboration with INIPA's Agroforestry Project, sponsored 
by the International Development and Research Centre Df Canada and the International Council 
for Research in Agrofibrestry (ICRAF). The three main options are alley-cropping, improved 
fallows and fruit tree production. 

Highlights of this year include 1) the first characterization of acid-tolerant, multipurpose 
legume shrubs for litter quality; 2) the very high potential of Inga edulis as a hedgerow species;
3) the limitations of agrotorestry as a nutrient recycler on acid Ultisols, and its good behavior in 
high base status alluvial soils; 4) the strong competition between hedgerow and food crops; and 
5) the completion of long-term experiments on fertilizer response by peach palm and Gmelina 
arborea. 
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Multipurpose Tree Selection 
For Alley-Cropping 

Angel Salazar, INIPA 
Cheryl A. Pabn. N. C. State Universit , 
.Iore A. Pterez, INIPA 

Charles B. Davey, N. C. State Universit' 


Alley-cropping is an agroforestry system consisting 
of growing food crops betwcen alleys of tree hedge-
rows. Trecs are pruned periodically to avoid compe-
tition and to provide organic inputs as mulch to the 
growing crop. 

The tree species most generally used as the 
hedgerow is Leuwaena leucocephala, a fast-growing 
species from Central America that produces a high 

Table 1. Species under Investigation as of October 
1986. 

Species 

Samanea saman 
Gliricidiasepium 
Pithecellobium dulce 
Albizzia procera 
Flemingia congesta 
Calliandra callothyrsus 
Inga sp. (Pacae) 
Schizolobium amazonicum 
Acacia auriculiformis 
Cassia sp. (1) Retama chancho 
Cassia sp. (2) Quillocisa 

Date of planting 

mo-day-yr 

26-09-85 
26-09-85 
26-09-85 
26-09-85 
26-09-35 
26-09-85 
26-09-85 
18-12-85 
18-12-85 
02-05-86 
02-05-86 

amount of biomass and survves continuous pruning. 

Leucaena leucocephalagrows well in fairly rich soils 
with a pH above 6.0 but does not produce well in 
acid soils with Al toxicity, as shown in previous 
annual repons. This experiment was designed to 
select trees that can be used as hedgerows in acid 
soils with a high percentage of Al saturation. 

Objectives 
The objectives of this study are 1) to assess the 

preadaptation of some leguminous trees or woody 
shrubs to the soil and climatic conditions of Yurima
guas (growth rate and survival); 2) to assess the 
susceptibility of the same species to insect attack and 
diseases (long-term survival); 3) to assess biomass 
production (g dry matter per tree); 4) to assess mulch 
quality in terms of nutrient content, rate of decompo
sition, and nutrient relea. ?, and 5) to assess root 
production and distribution and rhizobial infection 
per tree. 

Procedures 
A complete randomized block design with two 

r.,plications was installed to evaluate the trees. 
7reatments were the different tree species obtained 
f om local collections as well as from Hawaii, 
Central America and Africa (Table 1). Each treat
mont consisted of a row of 20 trees planted at I-m 
intervals; each treatment row was separated by 5 in 
from other rows. Half the trees were pruned periodi
cally to measure biomass production and response to 

repeated prunmgs. 
The study was located oa a typical Ultisol, which 

was previously under fallow; the fallow was cleared 
and burned. General soil chan'cteristics of the site 
are shown in Table 2. 

Table 2. Soil chemical characteristics of the study area, before burning. 

Depth pH P Al Ca Mg K Al sat. 

cm ppm -mol/L % 

0-15 4.4 10.2 3.47 0.88 0.18 0.08 75 
15-30 4.4 6.3 5.18 0.5 0.09 0.05 88 
30-45 4.4 4.3 6.17 0.55 0.08 0.05 89 
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Results pruned. It grows fastest and has a 1(X)% survival rate.
Growth rate and survival It is not attacked by leaf-cutting ants. When prunedCassia sp. (1) Retama chancho, Inga . (Pacae), the first time it produced 403 g dry matter per tree.
Caliandra callothrysus and Samanea saman were the Although a legume, it is not believed to be a N fixer,
fastest-growing species and, except for C. cal- although its leaf N content is as high as many N
.:thryvus, showed a high percentage of suRival, fixing legumes.
(Jrowth rates are shown in Table 3 and percentage of Inga sp. (Pacae) is the second fastest-growing
survival in Table 4. species; survival is also 100%. The first 1,-ining 

Susceptibility to insect and disase attack 
1The main problem in plant establishment 

,:,,)s
attack by leaf-cutting ants. Schizolcbium 
ainazonicum, Acacia aurictdhfortnis, Albizzia 
proceta and Flcmingia congesta were at-
tacked the hardest, and survival was practi-
call), nil (Table 4). Gliricidias*pium was 
attacked by aphids and radicular fungi, which 
caused 15% mortality. 

Biomavs production 
To date, only 'Ivespecies have been 

pruned (Table 5). 'Frees were prined five and 
ten months after planting, when they were at 
least 2 n in height, except Cassia sp.(1) 
Retamna chancho, which was only pruned five 
montbs after planting. In practice it should be 
possible to prune the trees when they are 1.5 
m tall. 

Mulch quality 
The lignin/nitrogen ratio (L/N)and total 

soluble polyphenolic contents of leaves are 

possible indicators of mulch quality. Low
 
L/N ratios and low polyphenolic contents 
may predict the rate of decomposition of 
such organic input sources. The first detemfi-
nations of these parameters for species used 
in this trial as well as others, including 
creeping legumes with potential use for green 
manures, pastures and managed fallows, are 
shown in Table 6. Wide differences are 
obvious. Since the interpretation of these 
values is the subject of other research, these 
characteristics represen:, ulc beginning of our 
data base on organic input quality. 


Conclusions 
Cassia sp. (I ) Rctama chancho seems to 

have the greatest potential of species already 

Table 3. Growth rate (ranked from the fastest to the 
slowest growing). 

Months 
after Growth 

Spcies Height planting rate 

cm cm/month 

Cassia sp. (1) Retama chancho 204 5 40.9 
Inga sp. (Pacae) 371 12 30.9 
Calliandra callothyrsus 276 12 23.0Samanea samanGliricidia sepium 243 12 20.3191 12 15.9 
Cassia sp. (2) Quillocisa 62 5 12.4 
Schizolobium amazonicum 121 12 10.1 
Pithecellobiu dulce 114 12 9.5 
Acacia auriculiformis 52 7 7.5 
Flemingia congesta 42 7 6.0 
Albizzia procera 11 5 2.2 

Table 4. Percentage of plants surviving. 

Months after planting 
Species 1 2 5 7 10 
-

Cassia sp. (1) Retama chancho 100 100 100 100 100 
Cassia sp. (2) Quillocisa 100 1o,0 100 100 100 
Ingasp. (Pacae) 100 100 100 100 100 
Samaneasaman 100 100 1CO 100 100 
Phithecellobium dulce 100 100 100 100 100 
Gliricida sepium 100 95 95 85 85 
Calliandra caflothyrsus 
Schizolobium amazonicumAcacia auriculiformis 

100 
9595 

85 
9085 

85 
7580 

80 
7070 

70 
5025 

Albizzia procera
Flemingiacongesta 

95 
60 

75 
55 

40 
35 

0 
0 

0 
0 
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Table 5. Biomass production of pruned species. produced less biomass than Retama chancho but 
- iomass production increased considerably at the 

second pruning. Pacaehas a high L/N ration but low 

- CUMU- polypheinolic content. 

Species 1st* 2d** lative Caltiandra callhthyrsus is tile third fastest
growing species but the last in tenn, of biomass 
productio: per tree. This species was hit hard by 

I gDM/tree -- leal-cutting ants in the early establishment phase, 
which reduced the rate of growth, survival and 

Inga sp. (Pacae) Total 167 614 781 biomass production. 
Leaves 107 322 439 Sa.m'anea saman performed as the fourth fastest-

Lhiricidiasepium Total 66 403Leaves 112 291172 283 growing species an( had 100% survival, but it is the 

Sarnaneasaman Total 119 186 305 third in biomass production. 
Leaves 74 115 283 Gliricidia sepium ranks as the fiflth fastest-

Caliandra Total 17 94 111 growing species and the second in cumulative 
callotiyrsus Leaves 9 51 6 biomass production, but has only 85% survival. 

Cassia sp. Total 403 - 403 Cassia sp. (2) Quillocisa is not yet big enough to 
(1) Retarna chancho Leaves 201 - 2C 1 be pruned, and appears to be a .low-growing species. 

Pithecellobium dulce is a spiny shrub, not suitable for 

Five mo. after planting. alley-cropping pu.r)oses. Schizolohium amazoniculn 

'Ten mo. after planting. is not a fast-grov, ing species and is attacked hard by 
leaf-cutting ants. This species does not coppice after 

pruning but regrows only one stem. 
Table 6. Lignin,* nitrogen and total soluble polyphenolic** percent- Acacia auriculformis, 
age of leaf dry weight of various multipurpose trees and other helningia ongesto and Alhizzia 
legumes being studied at Yurimaguas. procerawere hit hard by leaf

cutting ants to the point of no 

LUN Total soluble survival, despite several replantings. 
Species Lignin N ratio polyphenolics 

Implications 
Data from this ongoing study, 

-%
- % combined with other studies being 
conducted at Yurimaguas, will aidPrythnadsp. 1.5 3.18 5.2 4.2 in selecting trees for and design of

Erythrina sp. 9.5 3.52 2.7 0.7 
Cajanus cajan 9.7 3.48 2.8 3.7 efficient alley-cropping systems on 
Desmodium gyroides 11.3 2.90 3.9 1.9 acid soils. Some implications are 
Leucaena leucocephala 7.0 3.90 1.8 2.0 already apparent at this early stage. 
Centrosema macrocarpum 8.7 3.73 2.3 1.5 Species collected in tile Amazon 
Stylosanthes guianensis 5.7 3.20 1.8 1.1 (such as Cassia, Inga and Saimanca) 
Desmodium ovalifolium 350 6.2 2.37 2.6 4.5 tend to survive better, in large part 
Pueraria phaseoloides 8.8 4.00 2.2 1.1Mucua cnchieliens/5. - of their tolerance to attacks-1.4becauseMucuna conchinelinensis 5 .3 1.4 e f c t oi- b ti g a .E r e 
Sarnaneasaman 5.8 3.30 1.8 0.9 by leaf-cutting ants. Exotic trees 
Gliricidia sepium 7.9 3.74 2.1 0.5 from Africa or the Pacific tend to 
Calliandracallothyrsus 11.3 3.03 3.0 3.9 show less survivability. A wide 
Inga sp. (Pacae) 18.6 2.99 5.2 1.2 range in mulch qualily indicators 
Mucuna rajada 10.2 4.43 2.3 - will enable scientists to choose 
Cassia sp. (1) Retarna chancho - 2.49 - genn plasm varying in this property 

for more studies on management of*Lignin determined by the acid fiber detergent method. 

-Total soluble polyphenolics determined by the Folin-Denis method. organic inputs.
 

58
 



Agroirtrysr Syslems 

Mulch Quality and 
Nitrogen Cycling nutrients at aslow but constant rate. 

In the short ein, the first option is most likely

Cherv A a'". ('.Shate' Lnito'rsit'v prefcrabl,
/inl, 
 but for long-term sustainability, the 
Pedro A.Saun' ,.N. ( State, Lnivcrsitv second option or a combination of the two may be 

i:e best. 
'[The use OILrtnVCI n:iCS 01 lgtLgIlinous Mulches iS 

0111 montoly advocate'd as 'ihilmiczdlv and ec.mc:1o,- Objective
 
cailv efficient means of restorine or maintai1m1' ',oil The objective of this study is to compare crop

N levels for crop pro(ductio l. The availabili tN' alnd yields, nutrient-release patterns and soil organic

release of the N tlI in these orglnic fertilizers, 
 matter dynamics when prtnings of different litter
 
however, ,Iilcr..drastically with the chemical quality are applied to the crop.
 
composition (I the lax es. In the past the general rule
 
followed to m-tdict the fate of decomposition and Procedtures
 
release ol N was relllt'd to the C/N of 
 tile plant An expe rinient based on alley-cropping lechnol
material: the higher lie ratio, lie slower tihtlecoin- ogy wa designed inNovember 1985. 
position, aIt! vice versa. RTcent Studies idicate that
 
the overriding I,ctor ill tLe'rininiII the rate of .itter qtualitV

decomposit ioIl is tIle typ of tairlhOll COII)uld rather 
 The selection of leguni nous tree species with
 
thall the total (' colitelit. Mole spcci hcally, there is an 
 leaves of, different quality was based oti observations 
idirect relationship betCe ihe rate of decomposi- of litter persistence in a previous alley- cropping 
tion andilie I igniii/N ratio. Organic materials withi a e'qerimett in Yu ri maguas (Y-405A). Species
 
high lionin/N are defled as havinz low litter quality selected included Inga edWulis, Cajanus cajan and
aid slowv decomposition, al! those with a low ratio ErYthrina sp. Analysis for litter quality included
 
as hi gh litter jualitV and rapid decOhapositioli. percent:lge of N (scmi-micro-Kjeldahl), lignin (acid

Ill addition to releasing N at dilffcrent raics, the detergent fiber) and soluble polyphcnolics (Folin
decomposition of leaves containing ditferent carbon 
 Denis).
 
comnl)ouLdS may afflect t cotlit and comnposition
Cie 
of the soil organic matter. Low-cluality litter contains Lxperinental design and crop manlagement
 
the building bI]cks for humic and fulvic acids, which 
 A split-plot randomized complete block design

compris, the slow and passive soil organic ii atlter 
 with three replications was chosen. The main treat
pool",. Iigh-quality litter contai 1s cnerg -rich carbon inent was litter quality of the tree species (. edulis,

conpounds, which are prim arily lost as CO., and 
 C. cajan and Erythrina sp.), while the split-plot
thcrelre contribute little to the maintenance o(fsoil treatment was the amount of prunings (or nulch)
organi,: matter. applied. Mulch levels were 0, 3.33 and 6.66 t/ha dry

'odlc there has been virtually no work using material per crop (or 0, 1M and 20 t/ht/yr). There 
green manures or leguniinous mulches of different were two replications of the split-plot treatment per
litter quality. Based oil the limited information block. Rice (cv. Africano desconocido) was planted
available on litter quality, decomposition and the at 25 x 50 cm spacing. Prunings were applied to the 
formation of soil organic matter, one would predict crop about three weeks after planting to avoid 
that: inhibition of rice seedling emergence. In addition, 

1.Use of green mantures or mulches of high three other treatments were included for comparative 
quality release sufficient nutltriutnts to sustain crop purposes: a 10 t/ia mixture oflinga and Erythrina;
growth but would do( little to maintain soil organic- plots wifiifertilizer applications (I(X kg N/ha, 25 kg
matter levels. P/lia, 100 kg 1K/ha) and incorporation: and 3.3 t/la

2. Use of low-quality green ianiure mulches Iiga mulch incorporated. The experiment is now 
Would not supply sufficient nutrients for crop needs, with its third consecutive crop of rice. Rice straw was 
but may contributc to the maintenance and fornation removed aflter harvest to avoid confounding factors 
of soil organic matter, which, in turn, releases in nutrient mineralization and immobilization. 
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l)cconlrw"iion Table 2. Effect of different mulch qualities on grain 
The rtc of decomposition and nutrient release yields of the second upland rice crop.
 

from the leaves of the prnmings was followed by
 
ushac litter 'iLcs () x 2(0 cm, 2-m11m mesh). Litter Mulch rate' (tlha)
 
"Itts
filled witl 15 air-dry Ieaves were placed it Mulchrate'_(t/ha)
 
th'i r rCspectIve siUblts co1ntain1111W 3.3 t/Iha ()n Type of Input 0 3.3 6.6
 
N\vmbcr 25, )9s5,ahlng with hre
first application
 
of o(ilch. hBa'cs were collected at one, two, four, six,
 

I-t.12," 2),( 2)', 2v and 321 weeks. Duc to - Yields (t/ha) 
C0.Iitillillt[iorI Ir'oll was necessary
the mineral soil, it 
to c' an Ie littcr by hand. Litter was then dried (70" Inga mulch 0.95 a 1.97 a 2.24 a 

Cajanusmulch 0.75 a 1.35 b 1.43 c 
Erythrina mulch 0.60 a 1.22 b 1.70 bSut:imples' \ crc also ashcd (5() C,3 hr) to ,orrect Inga-Erythrina mulch - 1.65 -


IH CML I i lit ioln. Inga-incorporated - 1.65 -


None 0.74 - -


AIji', lh',::!,n Fe.ilized (100 kg N/ha) 0.97 - 

.lincrala'aiioti \', as niieasrcd in situ (at )- 15 cm __ 
Usindi>tiilld cores. PVC tubes were pounded 'Means followed by the same letter are not significantly 

to ,the soil~, coxe red, adI Ic f in tile feld !'or twodifferent at the 0 05 probability level. 

alcr which 
No),. '[heIliffcirence ill mincral N levels at zero and than the other two, which would decompose at about 
lvo weCek, wats c nisidered let mi ineralization. the same rate. The role of polyphenolics in decompo

\~,eck , f hwvere extracted for Nil' and 

sition is being contested, hut it may inhibit the
 
. a! ' llw In J~i[:rprocess.
 

\t tIle end of y'ear one ard subsequent years tie
 
sNoils will he analyzed For total C content, light Rates of decontpoition and nitrogen release 
friction, niicrobi'l biom ass, ani hum ic and fulvic The percentage of original biomass remaining
acid coit,enit. over time is shown in Figure 1. As predicted, Inga 

edulis is decomposing more slowly than the other
 
Resulls two, with 55%l, of the original biomass still remaining
 
Limtcr quality after eight months. Cajanus cajan is decomposing 

The percentagecs of N, lignin, polyphenolics and somewhat faster than I. edulis, but much slower than 
lignin/N for leaves of the three species are given it Ervthiia,sp. This difirence was not predicted by 
Table I. All three are legumes and had fairly high N tile similar lignin/N ratios. 
contents. According to the lignin/N ratios one would File N release patterns that coincide with the 
predict that I. cduli would decompose more slowly decomposition patterns are shown in Figure 2. It is 

interesting to note that the greatest release occurred 
Table 1. Litter quality of leaves of the three during tile first month for all three species.
leguminous shrub species. To estimate and compare the amount of N 

released (luring decomposition, it is necessary to 
consider the fact that it is the leaves that are decom-L/N Polyphe- posing and releasing N. The stems would decompose

Il Lignin ratio nolics little and contribute little during the time span of crop 

growth. The three species contain different propor
%-- % ions of leaves: 68% for 1. edulis, 44% for C. cajan, 

and 44% for Erythrina."lfiswas taken into account 
Inga edulis 3.18 16.5 5.2 4.2 in Figure 2. Although I. edulis decomposes more 
Cajanuscajan 3.48 9.7 2.8 3.7 slowly, it has a higher proportion of leaves and 
Erythrina sp. 3.52 9.5 2.7 0.7 therefore releases more N than expected. During tile 
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Figure 1. Dry matter decomposition rates of three Figure 2. Cumulative nitrogen release by threemulch sources applied at the rate of 3.3 t/ha using mulch sources applied at the rate of 3.3 t/ha using
litter bags. undisturbed cores. 

course o1 the Ifirscrop (four months), 27 kg N/ha Table 3. Nitrogen uptake and percentage of recov
were released by 1.edulis, 24 kg N/ha by Ccajj, ery, second crop of rice.
 
and 40 kg N/ha by Ervthr'ina sp. in the plots where
 
3.3 t/ba/crop of pruning were applied. This leaves 45, N added* N uptake recov.** 
27 and 12 kg,N/ha in the decomposing leaves for
 
subscqucnt crops. Those values double for tic higher

mulch rate. 
 kg/ha kg/ha % 

Crop 1ield and N uptake No mulch 22.9 22.9
 
T'o date, two crops of lice have been harvested. Inga
 

'lie first crop could be considered an establishment 3.33 t/ha 27.0 51.2 105
 
and trial crop. Average yield was 1.83 t/ha, and 333 t i r.0 39.0 71
L3.33 Viha incorporated 27.0 39.0 Go
essentially no differences existed among the treat
merits or levels of mulch, even in comparison with Cajanus

the treatment with feililizer application. Plots with 
 3.33 t/ha 24.0 40.8 75

Inga mulch did have slightly lower yields, but this 
 6.66 t/ha 48.0 46.7 50
 
was due to inhibition of seedling emergence caused
 
by the thick layer of leaves. In the first rice crop, Erythrina3.33 t/ha 40.0 41 .4 46mulch was applied prior to plarting; to avoid inhibi- 6.63 t/ha 80.0 48.0 316.66 t/ha 80.0 48.0
tion of emergence in subsequent crops, mulch was 

31 

applied after seedling emergence and establishment Inga/Erythrina
(three to four weeks). 3.33 t/ha 33.5 43.9 63 

Yields for the second crop are shown in 'Fable 2. 
In contrast to the first crop, significant dlifferences Fertilized 100.0 52.5 30 werew undfoundwellinin .heyields according"to species of,accordingtobeciedof 
mulch as well 

ylevel ields * Considered to be the amount of N released by the mulch 
as level of mulch. Yields obrainred during the four-month period of crop growth.

from applications oflnga or a mix of Inga/Erythrina "Determined according to the equation: Percentage of
ntlch were signific antly highe than those obtained recovery = (N uptake at anplied rate = N uptake without 
by Cajanus or Irvthrina iruich. Yields also increased N / N rate) x 100. 
significantly with increasing level of mulch. 

When crop yield was plotted against the amount 
of N released from mulch, a significant (P <(.(X)Ol1) 
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qtmiadratic expression resulted, explaining 60% of tie 
variation ill crop yields. 

Nitrogen uptake and percentage of N recovery 
vallies are presented il Table 3. Percentage ol N 
reo\Iry levcls \, crC quite high for IngIl nu lch 
applicatiorns but 'w u rder ,aloirvhrr or the fcrlil izcr 
appliication. 

'Joii'rahi:a in tr.d il rt;,0ic mair'r 
,,lcasurcr. its ot ill situ uri0eralizatiol and 

c.nipositiorlot soil or2aflic ri ittcr are beirii S taken 
durinl" tirelird crop. 

onclusions and Implicatioins 
I)Cpitc tihe Lister deconlixrsitiol and highcr 

rut iciit relc [as1w-r.vthrina, crop yields for the 
scold rice crop VVrC hiidcer under Inga 'dulis 
IIItII.I S 1actorS ni giht corltrl"Ci,e'eral ute to tlis 
ap-paren~t ci iira fiction: stilu ni stirre cotent, weeds 
arnd residual N. 

Fire thick litcr lavcr produced by the slowly 
deconiposing Inrga prtnirigs reduces evaporation and 
hence iaitains a higee soil moisture content. This 
was shown to be so by preliniinary measurenents 
rrr dc with porous cup tciisiorieters. I lighr moisture 
content riot orlly provides more water for the rice but 
also could result in higiher rates of N mineralization 
aid hence N availability. Soil moisture content, and 
how it correlates widi cuop growth and mineraliza

tion rate, is being monitored in the third crop. 
The thick litter layer in the Ingi treatments also 

aids in controlling weeds. The Erythrinalitter 
disappears quickly and the Cajanus leaves are small 
so that in both cases there is bare soil, and weeds 
readi!. geninrate and emerge. Hlowever, inthe Inga 
plots virtually no bare ground exists, and few weeds 
gerninate. Reduced weed competition could easily 
account for some of' the dilerences in yields ob
served. 

Only axout one-fourth of the N applied in ihe 
Ins". mulch was relcased durirg the tour-month 
pcrix of crop growth. This ieans that for each 
subsequent crop there is release of residual N in 
addition to the N released from the new mulch 
applications. The residual N from Ervthrinawas 
nuch less, more than two-thirds being released 
luring the first four months. Over the long term, this 

release of residual N inay be an important factor for 
long-tern sustainability of tie system. 

During the next year, work will continue focusing 
on the relative imp)rtance of nutrients and water in 
affecting dilferences in crop yields and will focus on 
corrclations betweei litter quality and in situ miner
alization and between litter quality and soil organic 
matter changes. This information will aid in efficient 
management of green manure and mulch applications 
for sustained crop yields. 
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Alley-Cropping in Ultisols 3.Crop yields tend to increase with wider spacing 
between rows of trees, despite the tLct that the are as 

Pam, ('.Chcrl A. l . State Universitv wilh wider spacing have less mulch appliced.

[lawrt'vce, ' '7, ., (N Shitc I IniversitY 4.Crop yields were ilfonni, 
 low ; the experi-
Chairl,'IB.l,' v, N. ( Ste'I /niv('rsitv merit, but vaJried drastically wit! !opsoil cl ay con

tents, cvc:I through tile enltire field wvas classilFed as a 
,\ntcxpncrimct h ininSc-tcmhrc-cun 1984 to see "I' PaICleudull. The loam1y sand topsoils showed 
ilallc -crolppilic is iIcasilhlc arid-usc option on acid IMarkedlV decreased yiClds from the sandy loami 
soils l'rcviinO,rk in allcv- ropping at IITA had topsoils. Since this spatial variability could not be 
CCn donlet hi,.,liIaC stais sils. blocked out, at pr.sent we cannot say that alley

cropping is a viable system oilacid soils of the

()hjecti Cs 
 tropics, but niCither can we say thiat it is not. 

The prianiry ob.ccrives of the project were I)(o 5. There is a tUndallcntal qutiestion albouti he 
ass.ss the suitlbilitv of \'ainus lgillilloti.s trCes or 'xllltial ot, alley-cropping in acid soils: can adapted
Shrubs IfOr :tllev-cr,.ppino systeslls, the assessimlit tiees recyclc bases effectively itthe subsoil is
 
beine bIaseid Ol sIrvivAl, bionriass prodluction, and
 
leSpoiISe to rc;'ellcl pruiig; 2)1o deCrInie the
 
appropriatc spiicii_ . betvecun trce lows, as it afcCts
 
crop yiv.ld; ;) to sludv chin.es ini soil cliellical New Project Update
 
propenlics atlihow they are allctetd by tihe amiount 
 This project has not lbeen under wal'long enough to
of prinirigs ai le ld -1)to llesire the e1fecs ot 'i alda slstantive report, but should be mentioned 
I)lllinl ,ddiiionls 01] clop NiClds a ', ield sustain,- bc'auiitse'of its importance to the progralm. 
hiility.
 

Preli'lliliary Results
 
[he ex)C rinlellal design, procedures and initial 
 extrem ely low inK,Ca and Mg? 'There Must be 

data have been dcscribcd in the previous TropSoils something to recycltc if recycling by well-adapted
technical report. Since full statistical anialysis of tire trees is going to be a major feature of this system. No 
completed proiect is not available t the time of this such problem exists in high base status Alfisols and 
wriling, the tollowing prelininary coe iLrsiolrs are Andisols where alley-cropping has been successful 
reported: and where lie subsoils are loaded with bases. 

sp. .il1cad
1. ht, his,f'tt/lri l)csmodium This first alley-cropping experiment o1 Ulltisols
t'roid'.s :l produce sufi iciel t hitm'ass anid respond has been discontinued after discussion with Dr.P.K. 
to prulliill to bk odt candidats for al ley-croppi lig Nair of ICRAF and our staff'. lie plots are allowed 
on icil soils. I-oicr tetl trials are still necessary ;or to grow into a managed fallow and are available for 
rttria sp. aid ). ,'yroides. otiier uses. Since the perfornance of the annual crops 
2.The slower decomposing leaves of'/. edilis on the sandy loam portions of the field were promis

in taili a thick litter layer, which provides better ing, a new study on such soils is warranted and 
weed corntrol. therefore is being plannled for early 1987. 
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Alley-Cropping in Alluvial Soils 

All:'I .lSalzar.INIPA 
Cr' v A. ]A/1,N. C. StatetI iive'rsitv 

A11cI \'iillvircnio,INIPA 

,llcy-cropphig might be af low- input alteniative for 
food prodiuction in ,alluvial soils of the Yuriniaguas 

arc:, incc Olev are usually high in bases. 

()hjecIt i es 
An CX.pCtinmcnt was designed with the following 

oheicctives: I ) to assess the suitability of three 
lcuniinous trces in an alley-cropping systcm based 
H] su rvival, bioniass production and possibility of 

%\itlistanldig!repeated prmiinrg; 2) to dctenirinc the 
lcItcc's
of'prting on Crop yiclds and yield stabilitv; 
.(t e:isuic cli'an cs inI soil ciem ical clitaracteristics 
duc to mulch additions and rCsidtic a1n,11agcmlcnt, and 
.1)lo measurc changcs inl 'Cd hioiass and floral 

Posllpositioll of \vcCls. 

lProced mres 

A non floodCd alluvial tenace with a three-year-
old fallow was cleaned and burned. The soil is a !file 
loamy, ixed, isohypcrithermi c Typic Tropudalf, 
with much higher ferlility levels thal the upland 
Ultisols ('[ahle I ):available P levels, however, were 
low. The experimnICt consisted of three species (hzga 
'dilis, lirv'hrinlasp. and Leulcacta lucaocephala) is 

ticat incts and ising two spacings (4 and 8 m) 
bctween tree rows as split-plot treaticlts. Thcre 
were tour replications. Two check treatnents were 
also installed, one in which the residues were 1ot 

addcd to lhe plots, and the otlier in which the residues 

of tile previous crop were added. 

Inga edulis was planted by seeds, which are 
vivapx)rous. Leucaena leuceocephala also was planted 
by seeds, but due to low germlin,ition, this treatment 
needs replanting. Seeds must be scarified by immer
sion for two minutes in water at 80" C and for 24 
hours in cold water. Ervthrinawas planted by stacks. 

I ledgerows consisled of two rows of trees 25 cm 

apart, with 50 cm spacing within rows. Trees were 
plantcd at the same tme as the first rice crop. 

Crops were planted in a rice-cowpea-maize 
rotation. Crop residues were added to the plots after 
each harvest. 'Irees were pruned soon alter the next 
crop was planted; biomass produced by the hedge
rows was measured. Soil chemical characteristics 
were measured after each crop; bulk density was 
measured after each rotation; weed biomass was 
measured by treatments as needed. Crop yield was 
mecast-red for each treatment and by distance frol 
the trees. 

Table 2. Tree survival at one and three months after
planting In an alluvial soil of Yurimaguas (mean of 
three replications and two alley widths). 

Survival 

%
 

I. eduhs 98 97 
Erylhrinasp. 84 93 
L. leucocephala 24 79* 

'Reseeded.
 

Table 1. Initial soil properties of a Typic Tropudalf on an alluvial terrace at 
Yurimaguas where the alley-cropping experiment was planted (mean of nine 
determinations). 

Al 
Depth pH O.M. P Al Ca Mg K ECEC sat. 

cm % ppm - cmot/L % 

0-15 5.6 3.0 3.3 0.5 15.9 2.8 0.2 19.4 3 
15-30 5.2 nd 1.0 7.0 10.4 2.3 0.1 19.8 35 

nd = not determined 
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Table 3. Biomass dry weight production of the first 
two prunings In an alluvial soil. 

1st 2nd 
pruning pruning Incre- Cumu-

Species (4 mos.) (11 mos.) ment lative 

- kg/ha---- % kg/ha 
8-m alley 
I. edulis 1670 2238 34 3908 
Etythrinasp. 1368 1706 25 3074 
L. leucocophala 378 1488 299 1866 

4-rn alley 
/. edulis 4047 5250 30 9297 
Erythrina sp. 3935 4631 18 8566 
L. leucocephala 439 2519 474 2958 

Results 
Tree growth am! hiomassproduction 

'lhe three spccie. showed a high percentage of 
survival at three mouths, but . edulis and L. leu-
coc'ephala grew slowly and were attacked by Icaf
cutter ants ('[able 2). 

The trees were pruned twice: at seven and I1 
months after planting. 13iomass production increased 
moderately for Ina anrd Er'vthrin, but drastically 
increased for Leucana (Table 3). AI 11 months after 
planting h,a and Ervthrita had prc Juced 9.3 and 
8.6 /ha of pruniigs, but Leucaena rc :ched abxut 1 
third of that value in the 4-rn alley widths. 

lPrunins of I. edulis contained 75% leaves, of 
Er'thrinasp. 43%, aid of L. leuccephlala59%. 
Because leaves decompose faster than stems, they 

Table 4. Nutrient content of the tree leaves (percent-
age of dry matter), 

Species N P K Ca .g 

%/ 

I. edulis 2.76 0.42 1.18 0.83 0.16 
Erythrina sp. 2.80 0.49 2.16 1.66 0.35 
L. leucocephala 3.02 0.48 2.24 1.41 0.38 

Agrofo)restrySystems 

Table 5. Effect of alleycrop species and alley width on 
cowpea grain yields Inan alluvial soil of Yurlmaguas. 

Inga Erythrlna Leucaena 
Row edulis sp. leucocephala 

kg/ha 

4-m alley width 
1 638 842 1217 
2 1298 1117 1439 
3 2991 1052 1177 
4 1926 1594 1941 

Mean 1213 1151 1444 

8-m alley wic.,
1 938 865 1262 
2 1037 1244 1300 
3 1520 1615 1388 
4 1675 1359 1512
5 1542 1282 1490
6 1814 1371 1719 
7 )842 1423 1127 
8 2601 1827 2298 

Mean 1544 1373 1512 

are important for nutrient release. Leaves of Leu
caena contained much more K, Ca and Mg than Inga 
leaves but similar levels of P and N (Table 4). 

Crop yields 
The first rice crop lid not receive mulch p-unings 

because trees were too sm,1il to be pruned. Crop yield 
was 1600 kg/ha. The second crop, cowpea, received 
mulch from the first pruning. Cowpea growing in 
alleys yielded more than cowpca grown as a sole 
crop. Alleys P-m wide were more productive than 
a!leys 4-rn wide, probably clue to the competition 
effect in the interface area between crops and 
because trees decrease crop produclion closer to the 
trees. Alleys of 4-rn width have a higher percentage 
of crop area in competition wi'h trees (Table 5). 
There appeared to be no effect of alley-crop species 
on cowpea grain yields. 

Weed control 
Weed biomass was measured 11 months after 
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Table 6.Average weed blomass 11 mo. after establish-
ing the alley-t ropping experiment on alluvial soil. 

Treatment Weed biomass 

8-m alleys 
iga 241 
Erythrina sp. 627 
Leucaena 
 253 


4-m alleys

4-nalle7s 

177coceplIa 
Erythrina sp. 374 
Leucaena 
 225 


Check 
No residues 
Previous crop residues 

1654 
479 

-

plati the secornl crop (Table 6). lnga edulis 
sh cd the Ieast wced biom ass because its leavcs 
dccomnlpose,ldwl arnd rrest .,wcl'd elewrgclce by 
lnig athickr la,,er of leaves coveri ng the soillli, 
surl acc Lrvthri 5s. leaves decompose faster and 
releasc nutricnts but do not forni a leaf layer that 
inhibits wced enielrelice. loel)C rflnledt'he0l 


similarl to Inga iln wecd-control properties. In the 
check plots ii which residues were rot added, weed 
biolnnass was asIhigh iscrop yield. 

u'nel ins 
All V-cu pping seems t) work well in alluvial 

soil., of hingler base status hllanthe upland Ultisols, 
\hCrC its IlCrlorilaice is illdoubt. Leu'llCoetla lela-
co(c'-phala, altlhough slower to establish than the two 
native species, produced similar cowpea yields and 
degree of weed coritrol. The two acid-tolerait tree 
species, lIga cdulis and Frvthritasp., appear to 
work welI il this ligl base status alInluvial sol'. 

Data are being collected to obtain more iifblrnr1a-
lion about soil dyianlics, root distribnitiorn and 
biomass in order to intecr tile degree of' :oiipctition 
bCtwecn trees and Crops. 
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Inga-Rice interface
In Alluvial Soils 

Ange Salazar,INII'A 

('heryl
A. I'ahm,N. C. State University
 
Manuel 1'illavimen-io, INIPA
 
Peter A. ttux.eY-, ICRAF
 

Alley-cropping is being advocated as a sustainable, 
low-input system lot food production in the tropics. 
'The majority of research in alley-cropping has been
done in relative&y fertile soils using l.eucaena 
I'la as the hedgerow. 

o ll as the h d e ow O 
Work in Yurimaguas has shown other legurninous 

trees to be promising for both acid infertile soils as 
well as more fertile alluvial soils. More detailed 
infoli matioa is still necessary to design an efficient 
alley-cropping layout that optimnives the spacing 

bctwec.n trec helgerows to maximize crop yields. 
'This optiinization requires a balance between 
iaximin izinig tree biom ass production per area and 
minimizing competition between the trees and food 
crops. The first indicates close spacing between tree 
rows, whereas the secon(l indicates wide spacing. 
The optimal spacing will differ with different tree 
species according to their bionlass production anId 
rooting patterns. 

Objectives
 
The objectives of this study are 1)to assess the
 

effects of different mulch levels of Inga edulis,
Erthrinasp. and Leucaena leucocep!ralaon ice 
yield in alluvial soil; 2) to assess the interface effects 
between tie tree,, and rice crop growing between the 
hedgerows; and 3) to assess the effccis of mulch 
levels onl soil chemical and physical characteristics. 

Procedures 
An alluvial area under tiree-year-old fallow was 

cleared and burned, and rice was planted. Its proper
ties are described in the previously reported experi
ment, but the site had higher topsoil pI11 values (6.2
o.6). ''isli irst crop did not reeive mulch application 
arnd was considere, a standard crop. 

A split plot in complete raidormized block design 
was installed with tree species as maiai plots, position 
as subplots, a1d Mulch level as sub-sUbplots in a 
similar manner as the previously reported mulch 



Table 1. Rice yield per species and per mulch level. 

Species Mulch ievel Grain yield 

htha/yr kg/ha 

Inga 0 1815 
10 1961 
20 1722 

Erythrina 0 1799 
10 1656 

20 2195 


Leucaena 0 1818 

10 2163
 
20 2385 


Mixed* 
 10 2303 


Mixed mulch: 5 tiha of L. leucocephala 5 /ha of I.edulis. 

quality exlpericnent in ,lhisols. hlhree main plot 
trcatmlllerns (I (dolis, Fl'rwrtinu sp. 'andL. heuureph
ala) were planted as a single hedercow cornsiming of 
two rows of trees scparated by 0.25 t; trees within 
rows were plantcd 0.5 m apart. Snthplols .vere 
established on hoth sides of the hcdgerow in noth 
and sc'th positions; each st bplot ,as divided into 
slb-suLbplo1s for annuai nuch levcls of 0, 10 and 20 
/ha of prunings split in tlhre applicaxtionw per year. A 

treatment of lixed IIulch ('5 t/ha of 1,.hlu',OeTphala 
+ I 1/ha of/. edi/is) was also included. 

The Parameters mCasu red were grain and straw 
yield per treatlnicnt, inltnich level and rmw position
(distance from tree row), and changes in chemical 
and physical characteristics of the soil, per treatment 
and nmlch level. 

Results 
Yield 

Rice that received i.eucacna mulch yielded more 
for all mulch rates than rice that received Inga or 
ErYthrina niulch (Table I . WithI,.!eocphah 
there were also increasing yields with increasing 

tlch level. With fn ,,a, the highest iiul1ich level had 
the lowest yield, whichI penrhaps was due to inhibition 
ofseedling emergence by the thick iayermeof lnga
leaves, 
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Table 2. Grain yield of rice as a function of distance 
from the hedgerow. 

Species Position Yield 

row from tree kg/ha 

Inga 1 723 
2 1942 
3 2162 
4 1986 
5 1975 
6 2052 
8 1923 
10 1875 

Erythrina 1 1582 
2 2014 
3 1888 
4 2059 
5 2056 

6 2044 
8 

10 
2107 
1997 

Leucaena 1 1718
 
2 2084 
3 1948 
4 21285 
 2253 
6 2321 
8 2106 

10 2419 

Interface 
Inga edulis showed a strong interface effect: the 

rows closer to the hedgerow yielded less rice than 
rows at similar position relative to Erythrina and 
Lencaena heugerows (Table 2). In all cases, how
ever, there was lower ,,ield in the rice rows close to 
the trees. 'he stronger cmnpetition exhibited by 
1.eduli,; couldO be dfle to rooting pattern or shading 
effecls. h'lhese factors are being investigated, 

Soil charatriszii'.s 
At both the 0-15 and 15-30 cm deptl1s, Pand K 

decreased, but Ca and Mg increased f(r all mulch 
levels. Acidity and Al saluratioii slightly increased, 
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Table 3. Soil chemical characteristics before mulch treatments. 

Al 
Mulch Depth pH P Al Ca Mg ' O.M. sat. 

ppm -cmol/L -%--
Inga edulis 
0 0-15 6.2 5.1 0.00 15.99 1.81 0.19 0 

15-30 5.7 2.0 1.10 12.25 1.28 0.09 8 

10 t/ha 0-15 6.5 5.7 0.03 17.20 1.86 0.21 0 
15-30 5.9 2.7 0.67 13.17 1.42 0.09 4 

20 t/ha 0-15 6.4 4.4 0.00 16.82 1.91 0.23 0 
15-30 5.7 1.1 0.90 14.77 1.68 0.09 - 0 

Mixed* 0-15 6.6 8.7 0.00 18.00 1.91 0.24 3.00 0 
15-30 5.9 2.9 0.90 13.00 1.43 0.09 - 5 

Erythrina sp. 
0 0-15 6.6 5.7 0.03 17.31 1.99 0.17 2.87 0 

15-30 5.8 1.6 2.00 14.78 1.82 0.11 - 9 

10 t/ha 0-15 6.3 5.7 0.00 16.73 1.99 0.18 0 
15-30 5.7 1.1 1.80 14.92 1.74 1.10 7 

20 t/ha 0-15 6.2 5.3 1.20 15.34 1.89 0.15 0 
15-30 5.9 1.0 1.77 14.80 1.67 0.09 - 8 

Leucaena leucocephala 
0 0-15 6.3 6.1 0.03 18.56 2.05 0.15 3.00 0 

15-30 6.1 1.4 0.57 17.27 1.80 0.10 - 5 

10 t/ha 0-15 6.4 1.2 0.03 17.36 1.89 0.21 - 0 
15-30 5.8 2.4 1.00 16.79 1.83 0.14 - 4 

20 t/ha 0-15 6.5 5.1 0.10 18.17 1.95 0.18 - 0 
15-30 5.9 1.6 1.33 16.89 1.67 1.29 - 5 

*Mixed mulch: 5 t/ha L. leucocephala + 5 t/ha I. edulis. 

too, but pH and available P decreased with all levels Conclusions and Implications 
of mulch, perhaps clue to secondary acidity or crop Inga edulis is definitely more competitive with 
uptake (Tables 3 and 4). rice than Erythrinaor Leucaena. In addition to litter 

The interface effect of competition must be quality and nutrient content differences noted in 
observed fiom a different point of view from light other experiments, a possible root effect is suspected. 
compitition alone. When trees are pruned at the same A better understanding of the interface between the 
time, Inga still shows a strong competition effect, tree and the food crop is likely to be an important
Root sampling is being done in an attempt to explain factor in understanding alley-cropping systems. The 
that effect. absence of a znecific tree species effect on changes 

in soil properties is noteworthy. The experiment is 
being continued to determine long-term effects. 
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Table 4. Soil chemical characteristics after first mulch application. 

Al 
Mulch Depth pH P A[ Ca Mg K sat. 

ppm --------- cmol/L % 
Inga edulls 
0 0-15 5.7 3.3 0.17 19.39 2.40 0.18 0 

15-30 5.2 0.8 1.03 14.38 1.61 0.11 5 

10 t/ha 0-15 5.9 4.0 0.17 19.71 2.45 0.17 0 
15-30 5.4 1.7 0.10 15.19 1.47 0.06 4 

20 t/ha 0-15 5.8 3.4 0.17 20.60 2.64 0.19 0 
15-30 5.2 0.6 1.67 15.36 1.80 0.12 3 

Mixed* 0-15 6.0 3.2 0.17 20.93 2.74 0.20 0 
15-30 5.3 0.6 0.83 15.51 1.71 0.11 4 

Erythi:. sp. 
0 0-15 5.7 2.3 0.17 19.86 2.73 0.14 0
 

15-30 4.5 0.6 2.43 15.31 2.18 0.12 10
 

10 t/ha 0-15 5.8 2.7 0.13 20.00 2.76 0.15 0
 
15-30 4.6 0.7 1.77 18.06 2.35 0.13 6
 

20 t/ha 0-15 5.9 2.9 0.10 21.68 17.01 0.17 0 
15-30 5.1 0.7 2.27 17.01 2.34 0.12 10 

Leucaena lcucocephala 
0 0-15 5.9 3.4 0.10 22.81 2.84 0.15 0 

15-30 5.4 1.0 0.80 20.12 2.17 0.12 2 

10 t/ha 0-15 6.0 2.8 0.10 21.59 2.58 0.17 0 
15-30 5.3 1.4 1.57 20.03 2.17 0.12 5 

20 t/ha 0-15 5.9 5.5 0.10 22.99 2.61 0.17 0 
15-30 5.3 1.4 1.57 20.03 2.23 0.13 5 

*Mixed mulch: 5 t/ha L. leucocephala + 5 t/ha L edulis. 
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Improved Fallows 

CherylA. Paln, N. C. State University 
Lawrence T. Sott.AT.C. State University 

Much of the land available to shifting cultivators 
remains idle each y'?ar, due to the long fallow periods 
required for secondary forests to restore the produc-
tivity of abandoned agricultural fields, 

Ob.jective 
The objective of this study is to determine 

whether productivity in Such fields might be regener-
ated more rapidly with the use of selected, high-
biomass, nitrogen-fixing ffllow species. 

Proceclures 
A I-ha, 15-to-2(-yctr-old secondary forest on a 

loamy topsoil and clay loam subsoil was cut, burned, 
and planted with upland lice. One rice was harvested 
ill wereJanuary 1984, and the f,.flowing treatments 
installed in I0) 1n2plots, with four replications, in a 
randomized complete block design: purma (natural 
secondary vegetation), Cajinus cajan, Inga edulis, 
Stvlosanthes guitinensis 136, Centrosema 
IMacrotCar,)ia, Desmodiut ovalfi)lium 35(0, Pueraria 
phascoloides (kudzu). 

Changes in soil and vegetationi properties during 
the first 10 months aftcr fallow establishment were 
reported previouiy. 

The two-and-a-hal f-year sampling for the ima-
proved fallows was cairied out in July 1986. Sam-
pling methodology was identical to that of July 1985, 
except that infiltration was not meaiured and tree 
biomass was estimated by allornetry rather than by 
destructive sampling, 

Results 
Prcliminary analysit of the data indicates interest

ing patterns in biomass accumulation (Tablc 1). In 
comparison with the July 1985 values for total 
aboveground biomass thcre has been surprisingly 
little change for most of the treatments except that of 
1.edulis. In the Inga plot, aboveground biomass more 
than doubled to a total of 34 t/ha. Root biomass was 
virtually the same in 1986 as in 1985. 

In terms of species comnp-.ition in the various 
improved fallow treatments, C. inacrocarpwn 
continued to dominate and did not allow invasion of 
other species. St ylosanthes guianensis appeared to be 
dying out and grasses and trees invading. Inga edulis 
continued to grow well, although it was occasionally 
attacked heavily by leaf-cutter ants. Some other trees 
invaded and established themselves in the Inga plots, 
but Inga dominated in number and biomass. Cajanus 
cajan disappeared completely from all the plots. 
These plots now appear to be like a natural puria. 
Kudzu, like Centrosema,allowed few invading 
species. Kudzu, however, seemed to die back 
periodically, unlike Centrosema. Desmodiutn 
ovalilium was still present in all replications, but, in 
contrast to Centrosemna and kudzu, the plots con
tained many trees, which added to tie biomass 
accumulation. The natural purmas did not seem to 
have changed much in biomass during the pait year, 
which may reflect shifts in species and life-form 
composition. The natural purma at this point had only 
half the biomass of the Inga purmas. 

Nutrient analyses were not yet available to 
compare stocks in the vegetation and soils of the 
different purmas. Changes in biomass, in nutrient 
stocks in the vegetation and soils, and in soil physical 
properties will continue to be measured. 

Table 1.Above- nnd below ground biomass InImproved fallows after two-and-a-half years. 

Dry matter 

Biomass Centrosema Stylosanthes Ingn Cajanus Desmodlum Kudzu Purma* 

-t/ha-

Leaves and stems 
Roots (0-50 cm) 

9.62 
2.19 

9.24 
2.91 

35.02 
3.28 

14.25 
2.85 

21.04 
1.93 

7.66 
2.02 

15.41 
3.11 

*Secondary forest fallow. 
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Legume Cover Crops 

For Peach Palm 


Jorge A1. P!rez, JNIPA 

Peach palm (lsractisga::ipaes)is a promising indige-
nous Amazonian species for agrofo- ,try systems 
because of its tolerance to acid soil ind its multiple 
products: fruit, heart of paln and parcyer wood. 
Research on collection and propagation of peach 
palm ecotypes and the nutrient composition of the 
frtuits were described in the previous technical 
reports. 

Many legumes could potentially be used as cover 
crops for peach palhn. In addition to their use as 
cover crops, legumes fix N, which is required for the 
normal growth of plants. The main nutritional 
constraint "or peach paln, growth is Ihe lack of N. 

ObJective 
The oh:j.cithVe of this study is to identify a legume 

that covers th 2 ground quickly and also serves as an 
inexpensive N source for peach palm plantations, 
which reqUire N levels of SO- 100 kg/ha per year. 

!%ocedures 
In August 1986, 10- to 12-year-old forest fallow 

was cleared by the traditional slash-and-burn method 
on a loamy sand Ultisol at Yurrimaguas. The experi-
mental arc:' ;s 9450 in2; the expc, imental design is a 
complete randomized block with 14 

5.Peach palm, rice, rice, cowpea, rice, rice, 

cowpea, kudzu. 
6. Peach palm, rice, rice, cowpea, Centrosema 

nacrocarpum. 
7. Peach palm, rice, rice, cowpea, Desmodium
 

ovalifoliun.
 
8. Peach palm, rice, rice, cowpea, Arachispintoi. 
9. Peach palm, rice, rice, cowpea, Mucuna 

cochinchinensis. 
10. Peach palm with kv.dzu. 
11. Peach palm with C. macrocarpum. 
12. Peach palm with D. ovalifoliun. 
13. Peach palm with A. pintoi. 
14. Peach paln) widi At. cochinchinensis. 

Rice was planted along with the cover crops on 
20-27 September 1986, and the peach palm plants 
were transplanted from the nursery on 14-15 Octo
be r. 

Measured parameters include: 1) percentage of 
each legume cover as a function of area and tinie, 2) 
cover height, 3) percentage of legume dry matter, 4) 
iwight and diameter of peach palm, 5) flowering 
time, fruiting and peach paln production, 6) crop 
yields (rice and cowpea), and 7) N availability and N 
uptake in some treatments. Nitrogen availability will 
be determined by in situ mineralization. 

Results 
Mucuna cochinchinensis grew most rapidly, 

treatments and three replications. Table 1.Growth of legume cover crops and peach palm 90 days
Replications were blocked according to after planting In a slashed-and-burned Ultisol field. Mean of 
topsoil texture changes, which diffe:ed three replications. 
very little (14.8% vs. 16.0% clay); rep
lication II was on fine sand. The 14 
treatments were: Peach

1. Peach pali, no legumeamn cover Legume1.Pac lgm Legume LegumecvrCover cover height palmdry matter heighnt 
crop, no fertilizers, and weeding every 
six months (check). 

2. Peach palm, one crop of upland % 
rice, no legume cover crop, low-input None (mean of 
levels of fertilizers, and periodic hand- several treatments) 
weeding as necessary. Rice 

3. Peach palm, rice, cassava, ard Puerariaphaseoloides 31pechalmrice, av argunid. Centrosema macrocarpum 27periodic hand-weeding, no legume. Desmodium ovalifolium 56 
4. Peach palm, rice, rice, cowpca, Arachispinto 2 

kudzu (Pueraria ihaseoloi1des). Mucuna cochinchinensis 90 

cm t/ha cm 

32 
- - 32 

31 1.57 29
40 1.68 26 
20 0.96 29 

-23 

61 2.34 26 
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covering an average area of 90% of the total area 90 
days after legume establishment. Desmodium 
ovalifolium covered about half, kudzu and C. macro
carpum about one-third, and A. pintoi very little 
(Table 1). Mucuna also grew tallest, to an average of 
61 cm, followed by Centroseraa40 cm, kudzu 31 cm, 
Desmodium 20 cm, and Arachis less than 1 cm. 

Mucuna also led in dry-matter production, with an 
average of 2342 kg/ha, followed by Centrosema 
1688 kg/ha, kudzu 1567 kg/ha, Desmodium 959 kg/ 
ha, ;1nd Arachis less than I kg/ha. 

Average tree height of peach palm 90 days after 
transplanting ranged from 23 to 35 cm, with shorter 
heg.hts in the legume cover. 

implications 
Although several legume cover crops wereL, 

raipidly established after slash-and-bum, 
X;.cochinchinensiscover was by far the fastest 

growing, covering more than twice the area and11 
producing about 50% more dry matter than kudzu or 
C. macrocarpum,our "standard" legume covers. 
Alucuna leaves grew over the young peach palm 
trees, but with no apparent negative effect. The 
young trcc leaves were greener but not taller than in 
the check plots. A similar effect was observed, but to 
a lesser extent, with kudzu and C. inacrocarpum.The 
first 90 days' data imply that Mucuna cochinchinen-
sis may have major potential in low-input systems at 
Yurimaguas. 

Mycorrhizae Inoculation
 
In Tropical Palm Nurseries
 

Pedro 0. Ruiz, InternationalPotatoCenter 

Vesicular-arbuscular mycorrhizae (VAM) provide a 
symbiosis between plants and beneficial fungi. Most 
wild and cultivated plant species are mycorrhizal 
hosts. The effects of mycorrhizae include transplant 
recovery and survival, enhanced growth rate, and 
drought resistance. These effects are thought to be 
directly or indirectly due to the ability of the fungus 
to aid in P uptake. 

Mycorrhizae are known to occur in several palm 

New Project Update 

This project has not been under way long enough to 
yield a substantive report, but should be mentionedbecause of its importanceto the program. 

genera, including Gulielm~a, Jessenia and Oenocar
pus, and they have been experimentally shown to be 
significant in Gulielma and Jessenia.Future experi
ments will indicate whether palms in general depend 
on this symbiosis. 

The relative dependence of species on VAM is 
indicated in part by the presence and character of 
root hairs and the diameter of the roots. The func
tions of mycorrhizal hyphae are paralleled to some 
extent by root hairs, so that plant species without root 
hairs tend to depend most on VAM. Root hairs are 
uncommon or absent among the palms. 

Nursery conditions often exclude native symbi
onts through use of sterilized soil, artificial sub
strates, pesticides, high rates of fertilizers, or other 
incompatible practices. Surveys made on nurseries 
showed that in most cases the fungi were absent. 
Reintroduction of VAM fungi through inoculation 
will improve plant growth and percentage of survival 
after transplanting, and in some cases inoculated 
plants %,ll require less time in the nursery. 

Objective-s 
The objective of this study is to determine the 

effects of VAM fungi inoculation on transplant 
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recovery and temperature in five tropical palm 
species: Gulielna, Euterpe,Jessenia, Oenocarpus 
and Orbygnia. 

Procedures 
Two experiments were initiated in 1986 at the 

Yurimaguas Experiment Station. 

Experiment 1: transplantrecovery and survival 
Seeds of the five palm species were sown in the 

nurscry in a soil fumigated with methylbromide with 
2% chloropicrin applied at a rate of 6(X) kg/ha. Plants 
were placed in plastic bags containing sterilized soil 
when they had three leaves. Treatments are inocu-
lated a ,.9noninocul~ited plants. Inoculum will be 
applied at a rate of 50 R/bag and consists of material 
(soil, fresh roots and litter) from /. caulis.Noninocu-
hied plants will be applied with ai, infusion from 
fresh inoculum where mycorrhizal propagules were 
separated, to supply them with other microorganisms 
involved in organic-matter decomposition processes. 
After six months, plants will be transplanted to the 
field. 

Agroforestry Systems 

A complete randomized block design is being 
used with 50 replications per species. Leaf produc
tion rate, foliar NPK contents, dry and fresh weight 
of roots and shoots, transplant survival, mycorrhizal
infection, plant height, and presence of spores will be 
determined. 

Experiment 2: temperature effects 
Inoculated plants were established as in the 

previous experiment. When plants have three leaves 
they will be placed in plastic bags containing soil 
from the same source, and then bags will be placed in 
the field. Treatments under study are with and 
without shade. The experiment has a complete 
randomized block design with 15 replications per 
species. Soil temperature, plant height, foliar NPK 
contents, mycorrhizal infection, presence of spores,
and dry and fresh weight of roots and shoots will be 
del ied. 

r.-,t results fora this study are expected in 1987. 
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Agro/irestrv Systems 

Nutritional Requirements Results 
Of Peach Palm Peach pain responded clearly to N(to 100 kg/hai 

year), during the fourth year, to P up to 50 kg/ha 
Ior,'ge . l're:, INIPA (P,O,) (Figure 1) and to K up to 100 kg/ha (KO) 
('harl's B. l-)aw'. N. .State University (Figure 2). There was no response to Mg (MgSO 4). 
,/ost R. Ben'ite', N. (..Sate Unvcrvity As the trees approach their reproductive phase, 

expected in the fifth year, it serems the palms are now 
A ICittilization Cxperinment was established in peach responding to N, P and K unlike previous years, 
palns transplanted in Algust 1982 inl order to when N responses were most obvious. Lack of 
de term inc optiin unLlevels of N, 1), K arid Mg and the response to lime or Mg continues to indicate the Al 
respoHse to lime and Zn illpeach pam plroduction, tolerance of this palm. 
'rees were set at a 3 x 3 i spacing on an Ultisol with 
topsoil of' p I 14.4, 0.1 cnlol/l, of,Ca + M, Al 129()0% 

saturation, and 1.5 ppn available P. The main 
response has been to N.This response was 10linear 0 6 

durin,I-the second year but developed a clear opti- Q 8 , ... 
mum11111rate of I()kg N/ha 1wv the third year. Trees Q 

wiltloul N showed strong chl orosis. N('o response to P, .. 6 

Mo ornlime has been detccted. Potassium responses y = 7 + 0.05x - 0.000232x? 
bccanc evident the second yea;- w I a clear peak at .P 4 = 0.6 
50 kgc K/halr.There was also a clear response to 2 T 

kg-Zi/ha the third year.2 

E'aluationls have been done every six months. 0 ..... j 
Measurements of diameter were discontinued 0 50 100 150 200 
because the peach palin reached its maximnum Potassium (kg K2 0/ha) 
diameter at 3(0 months and then plants only increased 

Figure 2. Potassium response by peach palm duringin total height. Response during the fourh y'ear i its fourth year of growth. Dots represent eachtherefore expressCd as height. replication. 

12 -o12 

10 10 - 0
8 0 

Q) 0 0 

E 6 6 rE E 
y 3.73 + 0.094x - 0.00028x2 y = 7.53 + 0.081x - 0.000785x2 

4r 0.9 .2g 4 r= 0.5 

2 
. . 0-.... ..
0 -.. ..... - --- -..... -- -' -- - _-.

0 .r0 100 150 200 i0 25 50 75 100 

Nitrogen (kg/ha/yr) Phosphorus (kg P2 05/ha) 

Figure 1. Effects of nitrogen and phosphorus on peach palm growth during Its fourth year. Dots represent 
each replication. 
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Agroforestty Systems 

Nutritional Requirements Arazd: This species is well-adapled to acid soils 
Of Other Amazonian Fruit Trees with pH 4.9, low P. ipply, and 80% Al saturation. 

Ungurahui:This species was planted in a soil

Beta ['ashanaxi, IA'i[ 
 with pH 4.1, low P,and high Al saturation (73w ). It 

has a slow pattern of growth; after 20 months in the 
'[he Amazon area has many native fruit trees, which field, plants have an average height of 0.62 in.

have a great agroindustrial potential. Collection and 
 During the first growth phase shade is required.
propagation of inative fruits will provide species with Sinarnillo:This species is well-adapted to soils
desirable phenologic and genetic characteristics, with low P and high Al saturation (75%); after 20

Arazti is a shrub that reaclies its maximum months in die field the average height was 1.51 m.
 
average height of 3 in and a canopy of 2.50 to 3.15 ni 
 Aletohavo: Apparently this species is well
in fi\ve \'ears. Itrequires a planting distance of 3 x 3 
 adapted to fertile and well-drained soils; fruiting
111.It is the roost precocious of the perennial crops begins three years after planting.
 
because it starts production after 15 months.
 

This species is characterized by continuous fruit 
 Table 1. Yields of arazi (Eugenla stlpitata)during Its
production throughout the year. Its pleasant and third year with two different nutrient sources.
 
penetrating fragrance, high percentage of useful pull),

and high protein content are desirable characteristics
 
Ior an agro-industrial fruit. Sources Yield' 

OI),jective 
kg/ha/yr

The objective of this study is to obtain 
hoinogenous arazi material characterized by high NFK (120-60-80)/yr 6568

productivity and palatability, which is easy to harvest Organic manure (corn cob) 3764
 
and conserve, and which has resistance to pests and Nonfertilized 3359
 
diseases,*Through 
 December 1986. 

Procedures 
Species collected during the different flowering Results
 

and fruit production stages were: 
 Once production began, arazd yields increased
with physiological maturity. Average plot yields 
were as follows: first year (1984), 767 kg/ha; second 

No. of year (1985), 3274 kg/ha; and third year (up toLocal name Scientific name accessions September 1986), 2683 kg/ha. Exceptional yields of30 to 40 t/ha/yr from five- to nine-year-old trees have 
been reported in other areas.Araza Eugenia stipitata 3 Arazd responded well to fertilizers NPK (120-60-Ungurahui Jessenia bataua 4 80), but there was no response to organic manuresSinamillo Oenocarpussp. 2 (corn cob) due to its poor quality and slow decompo-

Metohuayo Caryoderdrum sp. 1 ( on (ob le 1).

Camu-camu Myrcyaria dubia 
 2 sition (Table 1).
Castdlia Bertholletia excelsa 1 
 Yields of arazd were closely related to rainfall; 

higher yields were obtained in the rainier season 
(September to April) and lower yields in the drierSome of these species were raised in the nursery, season (June to August). 

others were planted directly into the field; in bXoth 
cases, adaptation and( morphological characteristics Conclusions 
were measured. The high yield levels of arazd are encouraging as

The rele, ant characteristics of some of these another option among Amazonian fruit tree species. 
species are: 
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Nutritional Requirements 
Of Gmelina arborea 

I'Y;rZ.hr'e !M. ,,II'A 
l),lv,'v. N.C. Stat,". tniversi , 


. ' cnic. N'.C. State Universitv 


It iscOM()101T to find a Irge dicr itv of tree species 
intropical aIcid soil. At present, little is known about 
th rowlth rsponse of broadleave(d tree species io 
Icrti 1iZerI. 

G;u litrbM ir:ows vi gorously during the 
first thre:ars, as has Ibeen described in previous 
annua riports. With fertilization, (;.arhoreashould 
i'llccasc its h,il0t and llicter. 

Oh,ictive 

'[he ohjCjct i 'ot this study is to deterin me 

optinur lecls of fe rtilization for the estaNbslishment 
pcrih(d. 

Procedures 
The experiment was installed in an area previ-

ously cleared by bulldozer in which tie topsoil was 
relloved. After a fallow of two years, the area was 
cleared by the traditional method and the experiment 
was established. 

Seeds were obtained from Jari, Brazil. Seedlings 
were grown in tile nurscry at the Yurinraguas 
lFxperiment Station. When the plants were 30 cm 
high, they were packaged and then transplanted to 
the field; 99% of the plants survived, 

A complete randonizcd block design was used 
with three replications and 1X treatments. 'lie effects 
of fertilization were determined by tile mnissing 
clement method. Treatrnents are shown in Table 1. 
An additional treatment was considered, including 
1)00 kg/ha CaCOY A blanket application of 2 kg/ha 
of Zn was added at transplanting, except on the 
check, 

First application: at transplanting, fertilizer was 

spread ovc a0.16 m2 area and incorporated into 0.48 

m3 of soil (in a hole 30 x30 x 40 cm). 
Second application: three months after transplant

ing, fcrtilizer was broadcast over a I rm2 area. 
Third application: six months after transplanting, 

fertilizer was broadcast overta 4 1112area. 

Fourth application: 12 months aftcr transplanting, 
fertilizer was broadcast over a 9 i12 area. 

During the second, third and fourth years, fertiliz
ers were added over a 9 m2 zrea, since planting 
distance was 3 x 3 rn between trees. 

Measurements of diamcter (1D1311) and height 
were taken ever), six months. Pruning, ever), two 
months in the first year and every three montls in the 
second year, was an important cultural practice 
(luring the first two years. After the second year, it 
was observed that the trees "pruned" themselves due 
to the close distance between the trees. As a result of 
this activity, there were straight trunks in most of the 
plantation. 

Results 
Ginelina arboreadid not respond to fertilizers 

under the experimental conditions. There was no 
response of height and diameter of G.arhorea to the 
fertilizer treatments (Table I). 

Pruning ever), two months helped form straight 
trunks. 

Geinaela arborea grows poorly in badly drained 
soils and isalso severely affected by leaf-cutting 
ants; these are the two most constraining factors 
affecting their growth. 

Attack by leaf-cutting ants was critical during the 
first year but decreased during the second year and 
was noi significant during the third year. Control is 
recomnmendcd during the first year. 

The experiment is terminated as these very fast
growing trees reach harvest height at four years. 
Given the lack of data on Gmelina fertilization, the 
results of Table I represent an important data base 
for this species ii highly acid Ultisols. 
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Agroforestry Systems 

T3ble 1. Comparison of fertilization on height and 
diameter of four-year-old GmelIna arborea. 

Average 
Signifi-

Treatment Height Diameter cance* 

m cm 

No fertilizer 12.0 13.46 a 

Nitrogen 
0 kg/ha 12.3 13.20 a 

50 12.3 12.48 a 
100 12.6 13.19 a 
200 12.6 12.16 a 

Phosphorus (P201) 
0 kg/ha 11.6 12.19 a 

25 " 12.7 13.04 a 
50 " 12.6 13.19 a 

100 " 12.0 12.29 a 

Potassium (K20) 
0 kg/ha 13.3 13.51 a 

50 13.2 14.53 a 
100 12.6 13.19 a 
200 13.0 13.7v a 

Magnesium (MgSO 4) 
0 kg/ha 12.7 12.20 a 

10 11.6 12.79 a 
20 12.6 13.19 a 
40 12.6 13.74 a 

Lime 
0 kg/ha 12.6 13.19 a 

100 10.6 13.38 a 

Zinc 
0 kg/ha 11.6 13.19 a 
2 11.6 13.29 a 

SD 0.64 0.59 
CV (%) 5.22 4.50 

*Values followed by the same letter are not significant. 
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Continuous Cultivation
 
The feasibility of continuous cultivation of food crop rotations in acid soils of the humid tropics 
has been demonstrated by 30 harvests during 13 years in this project. A stable system of con
tinuous cultivation is based on overcoming soil constraints and is only applicable to areas that 
have an adequate market, road and credit infrastructure capable of handling high inputs and 
high crop values. Work during this period has concentrated on incorporation of conservation 
tillage practices and on evaluation of rainfall intensity, soil trafficability, fertility management 
and weed population shifts. Perhaps the most salient result is the difficulty in economically con
trolling weeds in upland rice. Consequently, we are now recommending that continuous crop
ping systems use more competitive crops such as corn or grain legumes, which also need lime 
because of their Al sensitivity. 
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ContinuousCultivation 

Conservation Tillage cal properties for sustained fertilizer-based continu-
Under Continuous Cropping ous crop production systems inhumid tropical areas 

with favorable infrastructure development.
Julio C. Alere, N. C. State University This project consists of four experiments: conser-
D.Keith Cassel,N. C. State University vation tillage (Y- 113), rainfall intensity (Y- 115), 
Geor,'e C. Nadernan, Jr., N. C. State University water balance (Y-112) and soil trafficability (Y- 111). 

The potential for soil erosion is high in continuously 
cultivated Ultisols of the humid tropics because much Experiment I:Conservation Tillage (Y-119) 
of the rainfall occurs during brief, intense stons. In 
spite of the high annual rainfall levels, crops often Objectives 
suffer from severe moisture stress during rainless The objectives of this experiment are 1)to 
periods of' two or more wecks. Managemen of determine the feasibility of introducing minimum and 
excess water, as well as of soil moisture shorlag,!s, is no-till planting practices into continuous crop
iniportarrt fr successful settled agriculture, production systems in the humid tropics, and 2) to 

Conservation tillage systems---such as stubble detennine thir effects on soil physical and chemical 
mulch tillage, mininum or reduced tillage and no- properties compared wiitl those of conventional
 
till---have been suggested and are currently in use in planting practices.
 
niany parts of the world. These management prac
tices could be adapted to the Arazon to reduce soil Procedures
 
erosion aid compactio) and to conserve water while The experimental area is in Chacra 1,Yurima
increasing yiclds. guas, Peru, in a Typic Paleudult cropped intensively
 

When conservation tillage practices of any kind since 1972. 
are imposed on cropland, some changes in the soil The last crop before initiation of this experiment 
water balance or moisture regime occur For ex- was corn, harvested in September 1986. Corn was 
ample, the presence of residues on the soil surface planted in the conventional way with a disk plow for 
will likelv change the moisture regime from that of lime (2 t/ha) incorporation, and P was banded at 
land where a clean tillage system is used and residue planting time. 
is incorporated into the plowed layer. Crop residues The new experiment started in October 1986, 
on the soil surface will reduce or eliminate the with a complete randomized block design with six 
impact of falling raindrops, increase the infiltration treatments and four replications. Plots are 30 x 8 m, 
rate, reduce surface runoff, and increase the amount and total area of the experiment is 5760 m. Corn was 
of water percolating out of the rooting zone. More planted again. The whole area was cut with a bush. 
percolating water may give rise to greater downward hog and the treatments imposed were: 
transport of C'Ta 1.No-till, ripper: bush-hog, burn with herbicideand Mg from line sources but may 
also leach more plant nutrients out of the root zone. (Dual + paraquat) and no-till planting with ripper
In addition to changes in moisture regime, conserva- (Coulter-ripper and planter with banded P). 
tion tillage is also expected to alter other soil physical 2. Same as (1)without ripper. 
and chemical poperties. 3. Minimum till, ripper: bush-hog, treated with 

Changes in the soil moisture balance and other herbicide (Dual + paraquat) and no-till planting 
physical properties affected by various conservation (Coulter-ripper and planter with banded P). Lime will 
tillage systems are expected to have a pronounced be.incorporated every two years using a disk harrow. 
effect on soil trafficability. The range in soil water 4. Minimum till: same as (3) without ripper. 
content over which the soil may be worked using 5. Conventional till ripper: (a) bush-hog, (b) disk 
tractor-drawn machinery may bc different with plow, (c) S-tyne field cultivator, (d) disk ,ledderand 
dillercit tillage practices. ripper, (e) bed shaper, planter and banded P. A 

The general objectives are to develop proper soil subsoiler will be used once a year. Weed control will 
management practi,:es for maintenance of soil physi- be by herbicide (Dual). 
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6. Conventional till: same as (5) without ripper, 
Before installing the experiment, the following 

physical properties were measured: bulk density; 
hydraulic conductivity and soil water characteristics 
at 0-10 and 10-20 cm depths; mechanical impedance 
it 0-60 cm depth. Soil moisture will be monitored 
during the study using the neutron probe and ten
siomcters. Soil temperature will be measured at 0-2, 
2-5 and 5-10 cm depths for each treatment. For 
nutrient analyses, soil samples were taken ait 0-20, 
20-40 and 40-60 cm depths. Porous cup tension 
7 si meters were located at a depth of I i11to measure 
leaching of nutrints. Runoff plots vill be installed in 
two replications for the six treatments (total of 12 
runoff plots). 

Reslts 

Data are not yet available, 


Experiment 2: Rainfall Intensity (Y-1 15) 

Objective 
The objective of this experiment is to obtain a 

long-term record of rainfall intensities and relate 
them to management under intensive continuous 
cropping. 

Procedures 
A continuous recording rain gauge equipped with 

weekly winds has been in operation since August 20, 
1985. 

Results 
Measurements of rainfall events of intensity 

greater than 10 mm/hr during the first 13-month 
period are shown in Table 1. From September 1985 
to September 1986 there were several intense rainfall 
events, the highest being 49.5 mm/hr for 1 hr. 'Tihe 
average intensity of 38 rainfall events with nmre than 
10 mm/hr was 21.1 mam/hr. Runoff and erosion will 
be quanti flied in the coming years and rclated to 
rainfall intensity. Several of the storns measured 
during the I3-month period produced soil and water 
erosion in areas where the soil was bare (furrows) 
despite slopes of less than 1%. This could create 
problems under continuous cropping if proper soil 
management is not used, such as consenation tillage, 

ContinuousCultivatio, 

green manures, leaving residues on thc surface, or 
using cover crops. 

Experiment 3: Water Balance (Y-1 12) 

Objective 
The objective of this experiment is to better 

understand soil-water relationships under no-till and 
minimum-till planting practices. 

Procedures 
A detailed water balance model will be developed 

for several of the tillage systems described in Y-1 13. 
Seil water content at 10-15 cm depth intervals in the 
crop rooting .:one will be monitored periodically 
during the corn-growing season by neutron probe and 
tensiometers, which are located 30 and 60 cm below 
the rooting zone. The flux of solutes below the soil 
root zone will be monitored Using a suction lysime
ter. Runoff will be evaluated with runoff plots. 

Results
 
Data are riot yet available.
 

Experiment 4: Soil Trafficability (Y-lll) 

Intensive continuous cropping using improper 
mechanization in the humid tropics often results in a 
decline of crop yiclds and soil degradation. This is 
the result of using machinery 'under inappropriate soil 
moisture conditions. 

Ob"jectives
 
The objectives of this experiment are I) to
 

examine soil compaction caused by tractor Passes on 
an Ultisol in the Amazon Basin that has varying 
water contents, and 2) to detect the effects or cluan
tify the reduction in corn yields tr., one might 
anticipate from compaction. 

Procedures 
The experimental area was in a sandy loam soil 

that has been continuously cropped since August 
1980. The whole area was treated with herbicide, and 
lime and P were incorporated with a disk harrow. 
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Table 1. Record of high Intensity (>10 mm/hr) storms at Yurlmaguas Station 
during September 1985 to September 1986. 

Date Time 
Time 

Interval Rainfall Intensity 
Monthly 
rainfall 

Monthly 
rainfall 

1985 
minutes mm mm/hr % mm 

September 249.0 
6 

25 
3PM-4PM 

11 AM-2PM 
60 

180 
22.9 

148.6 
22.9 
49.5 

9.2 
59.6 

October 160.3 
14 3AM-5AM 120 27.9 14.0 17.4 
23 8AM-9AM 60 14.2 14.2 8.9 

November 198.0 
1 6:45AM-8AM 75 13.9 11.1 7.0 
5 
6 

2PM-3PM 
6AM-9AM 

60 
180 

12.7 
33.0 

12.7 
11.0 

6.4 
0.2 

6 4:15PM-5:45PM 90 31.8 21.2 16.1 
December 

7 4PM-5PM 60 17.1 17.1 17.1 
99.8 

8 1AM-2AM 60 15.2 15.2 6.4 
13 12:30AM-2AM 90 22.2 14.8 22.2 

1986 
January 180.9 

20 1:30PM-4:15PM 165 54.6 19.9 30.2 
24 2PM-3PM 60 47.0 47.0 26.0 
28 

February 
12PM-3:30PM 210 35.6 10.1 19.7 

264.7 
5 1:30PM-3PM 90 71.1 47.4 26.9 
7 6:30AM-8AM 90 20.3 13.5 7.7 

March 
3 9 30AM-10:30AM 60 12.7 12.7 3.2 

403,0 

6 9:45AM-1 1:15AM 90 49.5 33.0 12.2 
18 8:30AM-1OAM 90 54.6 36.4 13.5 
23 10AM-12AM 120 55.9 28.0 13.9 

April 273.6 
12 
15 

11AM-12'M 
6AM-8AM 

60 
120 

13.0 
25.4 

13.0 
12.7 

4.8 
9.3 

27 1:30PM-3:30PM 120 64.8 32.4 23.7 
May 196.0 

7 2PM-3P,4 60 46.9 46.9 24.0 
22 5:15AM-8:30AM 195 37.5 11.5 19.1 

June 36.9 
10 1:3-qPM-2:30PM 60 21.6 21.6 58.5 

July 173.7 
1 11PM-12PM 60 19.1 19.1 11.0 

17 12PM-1AM 60 39.4 39.4 22.7 
21 1PM-2PM 60 19.1 19.1 11.0 

Augu3t 
1 1AM-3AM 120 24.1 12.1 10.3 

233.2 

5 
12 

1AM-2AM 
lOAM-11AM 

60 
60 

12.7 
14.0 

12.7 
14.0 

5.4 
6.0 

18 12AM-1AM 60 12.7 12.7 5.4 
18 4AM-5AM 60 33.2 33.2 14.2 
27 2..4-4AM 120 25.4 12.7 10.9 
30 3PM-4PM 60 14.0 14.0 6.0 

September 92.7 
5 9AM-1OAM 60 12.7 12.7 13.7 

10 6AM-8AM 120 20.3 10.1 21.9 
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3 
Table 2. Bulk density after tractor passes under 

y = 2.24 - 1.23x + 0.26x2 different soN moisture contents (Y-111). 
o 0.7 
- 2 Tractor passes 

Soil moisture 0 1 2 3 Mean 

Q) 
" (% by volume) Bulk density (g/cc) 

LO 

0 
36 1.33 1.57 1.58 1.59 1.52 

0 27
20 

1.35
1.36 

1.46 
1.42 

1.52 
1.49 

1.56 
1.50 

1.47 
1.45 

0 
01 

_ 

2 3 4 
Mean 1.35 1.48 1.53 1.55 

Number of tractor passes LSD005 Soil moisture = 0.04
Tractor passes =004 

Figure 1. Effect of tractor passes on corn yield, with Two soil moistures in same tractor pass = 0.0736% soil water content (quadratic regression). Two tractor passes in same soil moisture = 0.07 

The expcrimental design was split-plot with thice soil Table 3. Corn grain yield as affected by soil mols
moisture contents (20, 27 and 36% by volume) as ture content and tractor pass.es (Y-111).
main plots and zero to three tractor passes (using a
Kubota 65 l1P wilh disk harro',) as subplots. Corn Tractor passes 
was planted on the wheel track with a planting stick Soil moisture 0 1 2 3 Mean 
(0.75 x 0.20 in). 

Results (% by volume) Grain yield (t/ha)
Soil bulk density after tractor passes under 

different soil moisture contents is shown in Table 2. 36 2.28 1 13 0.93 0.81 1.29
The greatest increase occurred after one tractor pass 27 2.61 2.14 2.33 1.91 2.25 
at the highest soil moisture content; there was not 20 2.48 2.83 2.12 2.44 2.47 
much change with subsequent passes. 

The increase of bulk density caused a 10% Mean 2.46 2.03 1.79 1.72 
reduction in total porosity. The same pattern occurred LSD00 , Soil moisture = 0.64 
flor corn yields, with a 50% reduction in yield (Table Tractor passes = 0.38
3) with only one pass of the tractor at 36% by volume Two soil moistures in same tractor pass = 0.66 
soil moisture content. In the treatment with lower Two tractor passes in same soil moisture = 0.85 
water content (27 to 20% by volume), there were no 
significant changes under different tractor passes. For a function of the number of tractor passes is shown in
the 36% water content by volume the relationship Figure 3. The depth of wheel track was greatest at the
between corn yield and tractor passes was a quadratic highcst soil moisture content with only one pass of
regression (Figure 1). As the number of passes the tractor; then no significant differences occurred
increased, corn yields were reduced. For one and with two or three tractor passes. For the 27% (field
three tractor passes, there was a linear regression capacity) soil water content, three additional tractor
between corn yield and different soil moisture passes were imposed (foc;r, five and ten passes). We 
contents (Figure 2). As soil moisture increased, com can see that with ten passes the depth of wheel trackyields were reduced lincarly (r. = 0.99). below the soil surface was similar to that with one

The depth of wheel track below the soil surface as pass under the highest soil water content. 
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B. 	Three tractor posses 
3r-


A. 	 One tractor pass Y '1.63 - 0.104x 
r3 0.92 

, 	 y = 5.05 - 1.08x 0 
r 0.99 2 

-

Q) 

0 	 --- --- -

C 	 "0
 

0 

10 20 30 40 50 10 20 30 40 50 
Soil moisture % by volume) Soil moisture (% by volume) 

Figure 2.Effer.t .-,'oIl moisture on corn grain yield for one and three tractor passes. 
c8 


0)
Conclusions 
One tractor pass undOr thc highest soil moistv

content caused ecper wheel tracks, soil cor1pac. .i, 
and a 50% reductio-n in com yield. One tractor pass 
undler soil mohilurc contents at 20% and 27% by 
volume did not significantly reduce crop yields from 
the treatment without a tractor J)35S. 
on rcusornpsssiprat 

Ip 0ication 
Tillage management in humid tropical Ul)isols 

depends on many' aspect:;, among which rainfall 
intensity and the number of tractor passes are c.itica!. 
Rainfal, intensities should be compared with other 
tropical and temperate regions. The compaction by 

oneFigure 

0
 

O.6%wae 
.Y' 1 1. 
0 
.- U I 27% water 

0
 

~ 
C-

i 
'~ 

2o %water 

0 
0 1 2 3 4 5 6 7 8 9 10 

Number of tractor passes 
3. Effect of tractor passes on the depth of 

wheel track below the soil surface (Kubota 65 HP 
tractor with disk harrow). Percentage of H20 by 
volume. 
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Conventional Tillage tor, for banded application). 
Under Continuous Cropping 9. Gandy spreader for broadcast application. 

10. John Decre moldboard plow.
Julio C.Alegre, N. C. State University
 
Andres Aznardn, INIPA 
 Objective 

The objective of this experiment is to use sub-
Two advantages of deep plowing (to 20-25 cm) have soiler and beds to break compacted soil and thus
 
been demonstrated during the last two years: conven-
 provide better root development and higher yields in
tional tillage with tractor-mounted farm equipment continuous cropping systems. 
was superioi to shallow tillage with hand rototillers; 
banding P was superior to broadcasting when Zn was Procedures 
applied (TropSoils TechnicalReport 198-5-1986). Using different field-preparation methods as
Despite these advantages, some of the equipment treatments, an experiment was designed to compare
available at that time was not efficient. For example, crop yields in an area (Chacra VII, Yurimaguas,
the variability in :;eed made it difficult for the seed Peru) cleared by bulldozer in 1980 and thereafter 
sorter to maintain a constant population of com. In continuously cropped. Soil compaction was detected
addition, the spectrum of seed plates for the planters below the 10-cm depth, with cone penetrometer
was inadequate for the size of seeds available. There resistance (vertical cone penetrometer) greater than 
was not a good row bedder, bed shaper or subsoiler. 15 kg/cm2 and average bulk density of 1.55 g/cm3 .
Moreover, rototillers can severely damage soil The soil is a Typic Pal-.udult in the Yurimaguas
structure. Experiment Station. Two tons of lime, 100 kg P20 5In January 1986 new no-till equipment arrived in (only TRs 1, 2, 3 and 4), 4 kg Zn and Cu, and 2 kg B 
Yurimaguas: were incorporated in the whole r,;ot with a disk

1. An extend rip, no-11il tool bar equipped for harrow. The remaining vegetation was burned with
 
three-row capability. Two-row subsoiler (20-40 cm). paraquat.


2. Two-row bedder equipment to be attached to Thc experiment is a complete randomized block

the same tool bar in lieu of the no-till equipment. A 
 design with six treatments and four replications. Plot
l0 x 10 cm tool bar to which bcdders can be at- size is 20 x 6.5 m. The treatments are:
tached. This bedder tool bar can be coupled either 1. Bedding, subsoiling: beas of 0.8-m spac*ng

through a parallelogram linkage or through an 
 with subsoiling at the 30-cm depth in one tractor
 
alternative shorter linkage, 
 pass, then bed shaper and planting corn in another

3. Three planters equipped for corn, soybean, tractor pass. Herbicide (Dual) weed control after 
cowpea, sorghum or peanut. The seed planters are planting.
designed to reduce seedbed crusting and compaction. 2. Bedding: similar to (1) without subsoiler.
Seed depth adjustments are easily made with a 3. Flat planted, subsoiling: subsoiling at 0.8 m 
,ystem that features a range of depth settings from 0 spacing and the 30-cm depth in one tractor pass, then

to 10 cm. planting corn in another tractor pass. Herbicide 
4. An extra three-point hitch, which permits use (Dual) weed conrol after planting.

of the planters separate' n the other tillage 4. Flat planted: similar to (3) without subsoiler.
equipment. 5. Bedding, subsoiling with banded P: similar to

5. An extra set of narrow, fluted coulters for use (1), and P was banded at planting time using a Soda 
in no-till where subsoiling is not done. Flo applicator.

6. A bed shaper designed to leave two shaped 6. Beds with banded P: similar to (2) and P was
beds about 10 cm high. "hlie bed shaper can also be banded at planting time with a Soda 19o applicator.
used as a simple bed knocker to flatten off the top of In treatments 1, 2, 3 and 4, the P was broadcast 
the bed to any height desired. before planting.

7. S-tyne field cultivator with crumbler bars. At the corn flowering stage, root biomass '"ill be
8. Fertilizer distributor boxes (Sodia Flo applica- evaluated at three depths (0-15, 15-30, 30-60 cm) 
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between rows. Before the harvest of each crop, bu!k 

density and soil water characteristics will be deter-
mined at the 0- 10 and 10-20 cm depths. Penetrometer 
resistance and soil moisture will be measured at the 
0-60 cm depth. 

Results 
Corn grain and stover yield and plant height for 

the different treatments are shown in Table 1. 'Thcre 
was no significant response to subsoiling for grain 
and stover. h'le only response was found for banded 
P, which, when it was bedded and subsoiled ('ER5), 
gave higher grain yields and plant height than 
broadcast P ('RI V. The lack of response to subsoiling 
was due to tihe high rainfall period during the corn-
growing season, when mest of the time [he soil was 
wet. Soil nmisture contents were greater than field 
capacity. 

We expect a response to subsoiling in the drier 

periods. The next crop will again be corn. 

Implications 
Suitable equipment is necessary for continuous 

cropping systems in this humid tropical area because, 
although soils are very similar to those in the south-
eastern United States, the annual rainfall is about 
double. 

Table 1. Corn grain and stover yield and corn height 
as affected by tillage trea,-nents. 

-

Plant 
Treatment* Grain Stover height 

- bha - rn 

1. Bedding-subsoiling 3.54 5.00 2.50 
2. Bedding 3.44 4.80 2.64 
3. Flat-subsoiling 3.43 4.11 2.60 
4. Flat 3.40 4.53 2.6d 
5. Bedding-suboiling

banded P 4.06 4.52 2.77 
"lat-subsoiling
banded P 3.82 4.14 2.72 

LSDo 5 0.50 1.39 0.17 

P was broadcast inTreatments 1 to 4. 

Central Continuous 
Cropping Experiment 

Julio C. Alegre, N. C. State University 
PedroA. Sanchez, N. C. State University 

Oojective 
The objective of this study is to maintain a 

demonstrative fertilizer-based continuous cropping 
system with sound physical and chemical soil 
management in acid soils of tei humid tropics. 

Procedures 
The long-tern experiment in Chacra I, Yurima

guas, Peru, with seven fertility management treat
ments under the rotation rice-corn-soybean, ofigi
nally occupied eight 10 x 28 m blocks with treat
ments in seven 4 x 10 m plots. In 1986 this experi
ment was reduced to four 10 x 28 m blocks, in which 

only the treatment without fertilizer or lime applica
tion (TRI) and the treatment with complete fertiliza
tion (TR3) were used to evaluate !he 32nd and 33nd 
crops. 'These plots will also be used to evafluate 
successive crops, using the rotation c.r~n-soybean. 
All other plots will be fertilized and limed at h.vels 
equal to treatrlent TR3 (complete, according to tile 
soil test). 

The 32nd crop was soybean (cv. Cristalino), 
planted at a spacing of 75 x 20 cm; 1 t lime/ha, 80 kg 
P2OAha, 20 kg N/ha (seeds were inoculated with 

Rhizobium) and I(X) kg K20/ha were applied. 
Residues from the prcvnus corn crop were chopped 

with a bush-hog, disked, chiseled at the 30-cm depth, 
and rototilled; the crop was planted with a row 
planter. Tlhe 33rd crop was corn (cv. Marginal 28), 
planted with new equipmtent for conventional 
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r 
- RICE (M)- CORN (A- SOYBEAN (n)ROTATION 

5 5 

4 4 

-j 
W 22
 

z 
W 0 -- -" J- 4f_--- 19 --- 0 - A0 - -8- - 0. 

0D172 1973 1974 19F5 lI.§,1 19771 119 194 195 

I 2 3 4 5 6 7 8 9 I0 11 12 1314 15 1617 18 19 20 21 ,?2232425 26 27 28 29 30 31 32 33 

CROP SEQUENCE AND YEAR 

Figure 1. Crop yields In the continuous cropping experiment. 

CONTINUOUS CROPPING EXP e Fetilized 
o Checkplanting; I t of lime/ha, 4 kg Cu/ha an, 4 kg Zn/ha UPLAND
 

RICE (44 hcrvests) * 2.8were applied and incorporated with a disk plow. 4 -

Field preparation proceeded with four more tractor t . * 

% 0. .6 : O 

passes, followed by ani S-tyne field cultivator, a d;sk 2 
bedder at 90 cm Ietween beds, and a disk shaper and o . 0L0 0planter sinluitancously. The herbicide Dual was o ..,I

applied at the rate of 2 L/ha. C (2.9 

24
Results .

Yield for the 32ni crop was 1.5 I/ha of soybean 2 

for the complete treatment and no yield for the check u 
plot (Figure 1). Average yield for the 33rd crop was .' o 

3.5 t/ha of corn. Some plots damaged by insects and > SOYBEAN 27 horwts) - .3 
hcr*;:ide were not evaluated. Long-term yield trends z S A7-2 
wiit time are shown in Figure 2 for individual crops. < 

jnplications ( .. " . " 
The continuous cropping system remains stable 0 0 0 - I 

into its 13th year of operations. PEANUT (IN SHELLS (16harvests) 

4
 

It ) _,_ I: I,0, 1 

h, 2 4 6 10 , 12 

YEARS AFTER CLEARING 

Figure 2. Long-term yield patterns for Individual 
crops, 1972-1985. 
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TRIMESTERNitrogen Carryover inRotation ( 3,5) 

And Strip-Intercropping Systems CORN 

Josd R. Benites, N C. State Uviversity V J1 \
 
Robert E. McColium,N. C. Stair University
 
Mary C. Scholes, N. C. State University
 

I 5m I m 5 m I5 

Corn is one of the most important crops of tic TRIMESTER ( 2,4,6 )Amazon Basin; generally, however, it is intcrcropped PEANUTS 

under shifting cultivation and produces low yields.
 
Usually corn is interplanted with rice, cassava and ,,
 
plantain in a seemingly random way. One of the soil
 
management alternatives used to increase corn 
 _____,

' 
production is continuous cropping with crop rotation, I 5 MI m 

judicious fertilizer and lime applications, and Figure 1. Planting pattern of corn and peanuts in the 
newnanizatie strip-Intercrop system, Yurimaguas, Peru. 

Objectives 
The objectives of this study are 1) to compare components in rotation with continuous corn, and 2) 

productivity efficiency of a com/peanut strip- to determine the effect of N fertilization on cropping 
intercrop with monocultures of 1hose intercrop system efficiency. 

Table 1. Cumulative crop grain yields during six biological Procedures
 
cycles of corn grain and peanut as Influenced by applied A field experiment was planted in
 
nitrogen and cropping system. Yurimaguas in 1983 on a fine, loamy,


silicious, isohyperthermic Typic
 
Paleudult. The strip-intercrcp system


Cropping 
 N rates (kg N/ha) was planted by machin~e and consisted of 
system Crop Crop syst. two 75-cm rows of corn and three 38-cm 

(CRPGS) trimester duration 0 100 200 rows of peanuts, then two rows of 

peanuts and three rows of corn (Figure 
days -t/ha 1). 'Ibis alternating row arrangement 

permitted de intercrop to be grown as a 
Strip Intercrop corn-peanut-com rotation. 'fhe idea of 
C/P Corn 1 to 6 690 7.33 13.42 14.42* this arrangement was to maximize the N 

Peanuts 1 to 6 2.80 2.17 2.42** contribution from the residual N of 

Sequential monocultures peanut to the following corn crop. 
C -> P Corn 1, 3, 5 688 4.80 10.09 10.35 The strip intercropping system was 

Peanuts 2, 4, 6 2.68 2.74 2.73 compared with a sequential cropping 
system also using a corn-peanut rotation. 

P -- > C Corn 2, 4, 6 683 7.45 12.76 14.01 In this case, the entire plot was planted at 
Peanuts 1,3, 5 4.53 4.93 4.56 25 x 75 cm, and, in tie iollowing cycle, 

after corn was harvested, the peanut was 
C -> C Corn 1 to 6 684 10.60 22.80 23.28 planted at 25 x 38 cni. All the nutrients 

LSDo05 Corn: Systems = 0.98, N = b5,Systems x N = 1.69 and lime except N were added at thc 
Peanuts: Systems = 0.14, N = 0.14, Systems xN = 0.25 recommended rate; N was the variable at 

the rates of 0, 100 and 200 kg/ha, applied
* Corn yield grain .,,t 15.5% moisture. only to corn and never to peanut. 

Peanut shelled grain yield air-dried. 
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Results Table 2. Relative yield (as percentage of sole crop
Grain yie!ds yield) of intercropped corn and peanut during six 

Total yields during the six crop cycles are shown cycles (23 months). 
in Table 1.Duration of the cropping systems was N rates (kg/ha)
approximately two ycars, and the cumulative yields Cropping - 

of corn and peanut were measured at different rates system Crop 0 100 200
 
of N application.
 

Continuous corn (Table 1) showed a sharp yield 

response from 0 to 100 kg N/ha and no response Stri 

%
 

beyond that point on the total cumulative yield of six Corn 69 59 61
 
crops, with an average yield o! 3.8 t/ha per crop. Peanut 39 28 33
 
Strip-intercrop yields were much lower, mainly
 
because the system was working at half the popula
tion. It is interesting to note, howevas , that the 
 Table 3. Effect of nitrogen fertilization on corn In a
 
maximum response fr N was at the same level. -ve11 corn/peanut Intercrop on area-time equivalency
 
with no N, intercropped corn produced about 69% of 
 ratio (ATER) during six biological cycles.

its monoculture check (Table 2). Yield of inter
planted peanut was ,-everely reduced by the presence N applied
 
of corn. When averages over six cycles were taken, to corn ATER
 
the intercropped peanut produced 33% of its inonoc
ulture check with 200 kg N applied to corn (Table 2). kg/ha


Peanut plants were severely affected by Cerco
spora leaf spot during the second, fourth and sixth 
 0 1.07 
cycles, and the detrimental effect of this pathogen 100 0.87
 
was more pronounced in strip-intercropping and less 200 0.2
 
severe in the sequential cropping system. 
 LSD 0 5 0.12 

The effectiveness of the strip-intercropped system 
using the area-time equivalent ratio (ATER) is shown 
in Table 3. Comparing means of the six crop cycles Table 4. Effects of nitrogen fertlIzatIon and crop
in ter-s of N applied to the corn, we see that the ping system on caloric yield. 
corn/peanut strip intercrop without N used area and 
time 7% more efficiently than monocultures. But it 
was less efficient (ATER less than 1.0) where N Cropping N fertilization (NR) (kg/ha)
fertilizer was applied, system CS 

Yields expressed n trmis of caloric yields (Meal/ (CRPGS) 0 100 200 mean 
ha/year) are shown in T,.b!e 4. Calorie production at 
the zero level of N was greater in the corn-peanut Mcal/ha/yr 
rotation and the corn/peanut intercrop than in 
continuous corn. However, as soon as fertilizer was Cont. corn J9.37 83.57 85.33 69.43 
added, the efficiency of the mixed systems was Corn-peanut 43.74 64.63 66.23 58.20 
reduced, whereas the efficiency of the monoculture rotation 
was greatly increased. 

Corn/peanut 43.22 61.61 65.62 56.82 
Nitrogen contribution intercrop 

One way to estimate N contribution is simply to NMean 42.11 69.94 72.39 
look at corn yields as a function of N, comparing
when corn was preceded by peanut with when corn LSD 005 NR =3.69, CRPGS =3.92, CRPGS x NR = 6.79 
was preceded by corn. 

Inthe second corn crop, which was preceded by a Caloric conversions, as calories per kg of commercial 
product, were as follows: corn = 3432; peanuts = 5590. 
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55- Prior 
Prior co 

cropp 
10 - 04 Peanut4PauPeanut 

Corn 

2 3-CornS.3' 

(Q) Q)
L.02 
 02
 

0 2 o 2 

0 54 100 200 012 100 200 

N applied (kg/ho) N applied (kg/ho) 
Figure 2. Apparent Ncarryover from preceding Figure 3. Apparent Ncarryover from preceding 
peanut crop to subsequent corn crop. Second cycle, peanut crop to subsequent corn crop. Fifth cycle,
good peanut yield. poor peanut yield. 

particularly good crop of peanut at zero levcl of N, value of net N mineralization (Table 5). With corn 
corn yield when preceded by a peanut crop was residue, at the zero N level N was apparently immo
higher than when prcceded by continuous corn bilized. Adding 2(X) kg N/ha resulted in a net miner
(Figure 2). Extrapolating that high yield to the alization of 34 tg/g soil/14 days (Table 5). 
continuous corn, we cbtain an estimate of N contri- Grain yield was definitely greater when peanut 
bution of 54 kg N/ha. In the fifth corn crop, in which was the preceding crop at both fertilization levels 
the preceding peanut yield was very poor because of (Table 5). These yields are reflected in higher N 
the Cercosporaproblem and perhaps bad weather, uptake, especially when peanut was the source of 
the contribution of N was very low (12 kg N/ha) residues (Table 5). Nitrogen recovery was also 
(Figure 3). Over six crops, an average N contribution higher when peanut was the preceding crop than 
of 28 kg N/ha was obtained (Figure 4). when corn was (Table 5). 

N mineralization,uptaike and recovery Conclusions 
Residues of peanuts and c,l were incorporated The strip-intercropping system has some interest

before planting the last corn crop in the corn -peanut i'g conceptual and practical advantages, especially at 
rotation and the continuous corn systems; both lo v N rates. Conceptually it seems reasonable to 
systems had N rates of 0 and 200 kg/ha. The C/N alternate between the cereal and the legume crops for 
ratio of the residues in peanuts was lower than the C/ maximum N recovery. However, yields were not sig-
N ratio of corn (Table 5). It is interesting to note that nificantly better than those in the sequential cropping 
residues of corn grown with 200 kg N/ha had a lower system. 
C/N than corn grown with zero N, simply because at The overall plovision of peanut-crop residues to 
200 kg corn develops a i'gher N content in relation the following crop of corn was in the order of 28 kg 
to its total biomass formeJ. N/ha. Preliminary values of in situ N mineralization 

The double-tube method of Raison et a.. is an must be validated by subsequent trials. 
experimental way to estimate in situ N mineralization 
used in this experiment on a trial basis. This meas- Implications 
urement was taken at intervals of 14 days during the This corn-peanut strip-intercrop is one of the few 
vegetative growth stage to the silking stage for a total intercropping systems that can be fully mechanized. 
of 56 days. Peanut re! - al the zero level of N had Perhaps higher yields could be obtained by having a 
a slight N mineralization of 3 gg N/g soil/14 days. better planting pattern, with corn and peanuts at the 
When the same residue was used with 200 kg N/ha, same population rates as the sequential monocultures. 
some N was immobilized, expressed by a negative 
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Prior 
crop 

- Peanut 
C-

Corn 

0 28 100 200 

N applied (kg/ho) 
Figure 4.Apparent N carryover from preceding 
peanut crop to subsequent corn crop. Pooled values 
over six cycles. 

Table 5. Effects of fertilizer Nand two Incorporated residue
 
sources on Nmineralization, corn yield, Nuptake and N recovery

during the sixth corn crop.
 

Residue N N Grain N Apparent N 
source C/N applied min.* yield uptake recovery 

g±g/g soil/'
kg/ha 14 days tlha kg/ha % 

Peanut 19 0 2 2.01 42
Peanut 20 200 -1 5.93 131 45 
Corn 33 0 -50 1.75 38 
Corn 23 200 33 5.46 109 34 

LSD005 1.56 49 24 

*Method by Raison et ai. (1987): Anegative value of net Nmineraliza
tion means imi )1 ifization or denitrification. Preliminary estimates due 
to untestedl metoodology. 
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Maintenance of 
Phosphorus Fertility 

Under Continuous Ciopping 

Luis A. Artcvale. INII 
Fred R. Cox, N. C. State University 

The representative soils of a large portion of the 
Peruvian Amazon jungle basin are fine loamy, 
siliceous, isonyperthermic Typic Paleudults. They are 
v.cll-drained and quite acid, with a high percentage 
o' Al saturation, deficiency in exchangeable cations, 
and deficiency in P, although they are no, high P 
ixers due to their coarse topsoil texture. 

Because these soils are deficient in available P in 
their native state, they require P fertilizer for opti-
mum crop yield. Knowledge of each crop's critical 
!ovel -f P is needed, which requires soil fertility 
eV'altltion for each crop grown. 

Objectives 
The objectives of this study are 1) to determine 

the effect of P fertility and time on extractable soil P 

concentration; 2) to determine the critical soil P level 
for corn, soybean and peanut grown under mecha-
nized soil nianagement; 3) to determine the citical 
soi! P level for rice and cowpea grown u- un
mechanized soil management; 4) to detei.. the 
rate of P that must be included in fertilization to 
maintain an adequate level of soil P; 5) to evaluate 
the effect of soil P concentration on Zn uptake and 
translocation; and 6) to test the model developed by 
determining the annual banded P rate necessary to 
maximize yields. 

Procedures 
Three experiments for tilled soil and one for no-

till soil were initiated i" Qictober !9RS in Chacra II, 
Yurimaguas, Peru. Soil :::maples were collected 
before establishing treatments. 

In the first experiment, referred to here as 
Y-1 14A, the treatments were 0, 75, 150 and 300 kg 

P/ha; the source of P was triple superphosphate. 
These experiments had six replications on 6 x 12 m-plos.The eld mehd six replitins onme6 Il2a. 
plots. The field rceived 3 tdolomitic lime pezr ha. 
Lime and P were applied in split applications-the 
first dose before plowing; the second dose after 
plowing and harrowing. Two more passes with the 

harrow will follow, after which corn will be planted. 
No further lime, P,Zn or Cu were applied to this 
study. Corn (cv. Marginal 28) was planted in October 
1985 at 70 cm between rows and 20 cm within the 
row. Tissue and soil samples were taken at early 

flowering of com. Tihe corn was harvested in 
February 1986. 

Experiment Y- 11413 was designed to evaluate the 

residual P status of the first three replications of the 
current plot in Chacra II. The old plots were located 
and cropped with the same restrictions as in the first 
experiment. This study received 3 t dolomitic lime 
per ha and no further lime, P, Zn or Cu will be 
applied. 

Experiment Y- I14C had the following P iate 
treatments: 0, 7, 14 and 21 kg P/ia as TSP banded 10 
cm to the side and 10 cm below the seed as each crop 
was planted. General soil conditions, other fertiliza-

Table 1. Variations In the quantity of available 
phosphorus and zinc In the soil (modified Olsen) 
due to the application of phosphorus. 

Avail. P Avail. Zn 

P Before After Before After 
applied in.-tallation* treatment" installation*treatment** 

kg/ha ppm 
Y-114A0 5.9 5.45 1.57 0.70 

75 6.2 13.12 1.38 1.23
 
150 6.5 23.58 1.47 1.08
 
300 6.0 56.68 0.92 0.72
 

Y-11 4C 
0 9.2 8.03 1.30 0.90 
7 10.1 9.47 1.63 1.40

14 8.2 10.40 1.27 1.03 
1 6.8 13.43 1.00 0
21 6.8 13.43 i .00 0.97 

Y-114D 
0 7.6 7.76 1.28 1.30 

37.5 7.6 8.90 1.34 1.22 
75 8.5 13.18 0.74 1.22
 

150 8.0 13.80 1.34 1.14
 
-

* Contents of P and Zn in the soil before installation of
 
the experiment (10-1-85).
 
**Contents of P and Zn in the soil after treatment appli
cations at early flowering of the crops (1-30-86).
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tion, liming and crops were the same as for Y-I 14A Table 2. Leaf P and Zn concentration In corn 
and B in thc same field. Corn planted in October (Y-114A and Y-114C) and the first rice (Y-114D) crop
1985 was harvested in February 1986; soybean was Inlelation to P added. 
planted in May 1986 and harvested in September 
1986 with the same restrictions as for the corn. 

Experiment Y-I l4D was a low-input study'with applied P Zn 
rock phosphate to supply 0, 35.5, 75 and 150 kg P/ha. 
After P was applied, it was incorporated with a hand 
tractor (Ferrari, 9 1iP); immediately rice (cv. Afri- kg/ha % ppm 
cane desconocido) was planted at 50 cm between 
rows and 25 cm within the row in October 1985. This 0 0.25 Y-114A 40.05 
experiment had five replications on 6 x 10 rn plots. 75 0.39 35.45
 
No lime, Zl, CU Or furihCr P was applied. Tissue and 
 150 0 42 34.41
 
soil samples were taken at early (lowering of rice. 300 0.46 
 33.67
 
Rice was harvested in IFebruary 1986; cov,'pea was
 
planted in May 1986 and harvested in July 1986 with Y-1 14C

the same restriction; as for the rice. 
 0 0.25 35.96 

7 0.25 44.20 
Results 14 0.26 40.94
 
P and Zn contents 21 0.26 53.10
 

Changes in the quantity of P and Zn in the soi' Y-114D 
due to the loses of P applied to the soil are shown in 0 0.08 35.96 
Table 1. Currently, we have results of soil sample 37.5 0.10 31.33
 
analyses taken before establishment of tile
cxpcri- 75 0.12 33.29
 
ment and at early crop flowering. 
 150 0.11 35.60 

As expected, P contents in the soil increased in 
experiment Y-I14A and increased slightly in experi
ments Y- 114C and 1). in Y- I 14C, this was due to he 
low doses of P applied. In Y- 11,11), the source of P and Zn results when the concentration of P in the 
applied to the soil was rock phosphate of slow tissues is high. In addition, it is suggested that rice 
solubility, compared to the source of triple super- absorbs less Zn than corn. 
phosphate used for Y- I14A and C. It is also possible 
that due to the !owreactivity of the rock phosphate, Grainyield 
differences in increase of P content between the llere have been two harvests of corn and 
treatments of 75 and 150 kg P/ha do not exist. When soybean for Y-114 A, B and C and of rice and 
triple superphosphatc was used as a P source, with cowpea for Y- I14D (Table 3).
only 21 kg P/ha, the same quantity of P in the soil In the first harve ;t in Y- I14A, the response was 
was obtained as that obtained with the applications of significant between treatments with highest yields
75 or 150 kg P/ha applied as rock phosphate. from 150 kg P/ha; below and above that dosage,

A slight decrease in available Zn contents (Table yields were lower, but between rates of 150 and 300 
1) can be explained by the absorption of Zn by corn kg P/ha there were no significant differences. For Y
plants at the time of sampling (Table 2). 114C, there were no significant differences between 

No differences existed in P concentration in the treatments or between replications. Plots that re
corn tissues in Y-1 14C, perhaps because of the low ceived 21 kg P/ha showed lower yields, even lower 
levels of P applied to the soil (Table 2). Phosphorus than the check plots. In Y-1 141), differences were 
concentration increased in the rice tissues (Y-1 14D), not found between treatments or between replica
according to the levels of P applied to the soil, but in tions. Rice yields were below I t/ha in 95% of the 
lesser magnitude than the increase in Y-I 14A. plots. 

Tbse data suggest that the antagonism between P 
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Conclusions Table 3. Grain yield related to fertilizer P applied to 
Responses in the three experiments were not 

related to initial P content in the soil or to P applicd 
as fertilizer. Rather, tie low yields and lack of 
response to P seems related to water stress periods 
for corn and rice during the vegetation period. The 
\,cry (fry period between December 25, 1985, and 
January 20, 1986, affected and almost eliminated 
corn pollination and grain filling. The rice crop had 
two water stress neriods: the first at maximum 
tillering, and the second at flowering and grain 
filling. The high variability of the three experiments 

15 to 70%).confinn this idea (CV's ranged from 

In tihe second harvest of soybean and cowpea, we 
did not find differences between treatments or 
bctvcen replications. The lack of response to P 
seems related to high P content in the soil (Table I). 

These results; are only preliminary because the 
four experiments should be (-jltivated for many 
ears. Recent budget cuts, however, forced the early 

termination of this experiment. Nevertheless, initial 
behavior of applied P in these soils under higl- or 
low-input systems contributes to the scarce data base. 

soil; two harvests. 

applied 

kg/ha 

0 
75 

150 
300 

LSD005 

07
14 
21 

LSD005  

0 
37.5 

75 
150 

LSD 0 5 

harvest harvest 

t/ha i 

Y-1 14A0.82 
0.95 
2.00 
1.88 

1.85
2.16 
2.59 
2.32 

0.80 0.72 

Y-1 14C 
1.371.97
1.37 
0.52 

1.82
2.451.96 
1.68 

1.06 1.67 

Y-114D 
0.45 
0.56 
0.61 
0.63 

1.43 
1.40 
1.41 
1.53 

0.29 0.49 
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Weed Population Shifts
W Ce oiulaiou C pins control practices inrice were the main plot treat-In Continuous Cropping ments; methods of wecd control in corn and soybean 

represented subplots. In rice, tile herbicides used 
JaneMt. Pleasant,N. C. State University were propanil and oxadiazon; in corn, metolachlor;
Robert E. McColum, N. C. State University and in soybean, metolachlor, ;ethoxydim and 

bentazon. In the second year of the experiment, a no-
In traditional slash-and-burn agriculture, fields are till treatment was introduced in which paraquat was 
abandoned az weeds begin to dominate food crops, used to kill existing vegetation. In all crops, hand
and a forest failow is the primary agent in weed weeded and check treatments (no weed control) were 
control. Stable continuous cropping systems require a also included. 
comprehensive program of weed management, 
however, and are likely to involve herbicides. Results 

There was a distinct change in the composition of' 
Objectives the weed population over time. The average dry

The objective :;of this study arc I) to dcternine weight for several components of the weed popula
which weed-control measures, when used over tion in each cycle of the experiment is shown in 
several cropping cyc!es, will cause a change in the Figure 1. The Cyperaceae species, which were 
spectrum of weed species. With intensive chemical relatively important in Cycle 1, disappeared quickly.
control, a few species will become dominant and a Grasses dominated throughout the course of the 
different set of control measures will be needed, and experiment, but the species comprising the grass
2) to devise effective weed-management programs population changed dramatically. Digitariasangui
for high-input, continuous cropping systems in tile nalis and Elucine indicawere tile major grasses early
Amazon Basin. in the experiment, but Rottboclia exaltata emerged in 

Cycle 3 as a major wee(d. By Cycle 6, this single
Procedures species rqpreswnted 68% of the weed population.

A split-plot experimental design was used in a This change in the weed population was a result 
rice-corn-soybean-rice-comn-soybcan rotation. Weed- of the herbicides applied. Using metolachlor in both 

500 F 
400Con
 

I111]Cyp - 400 F--] Biw
 
EM Com E aOg
 

E 300 81w 300L EN Rott
 
1= ZOg 
 D + E 

.. 20! M 3 D + E " 0 ! 

'10 
S00 100 

L Trmt All vsCamp Hnd All vs Hnd All vs Hnd All vs lindMet weed Met weed Met weed Met weed
Crop Rice Corn Soybean Rice Corn Soybean Comp Cot SoMben Cor So eae 

Crop Comn Sol beon Corn SoVbean 
Cycle 1 2 3 4 5 6 Cyc e 2 5 

Figure 1. Mean weed dry weights, averaged over all Figure 2. Comparison of metolachlor-treated plots
treatments in six consecutively planted short- vs. hand-weeded plots on weed dry weights and 
season crops. Yurimaguas, 1983-1986. D + E= D. population composition in corn and soybean.
sangulnalisplus E.Indica, Rot( = R. exaltata, Og = Yurimaguas, 1984-1986. Rott = R. exaltata, D+ E= all other grasses except D -. E and Rott, Cyp = all D.sangulnallsplus E. indlca, Og= all other grasses
Cyperaceae species, Coin = all commelina species, except Rott and D + E, 81w = all broadleaf weeds,
Blw= all broadleaf weeds. Com= all commelina species. All Met= all treatments 

that received metolachlor. 
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K _=_ 

j 0 0  1 
Og 

I - Rott 
D 4- E 

2D, 

100i 
.. 

____-_ 

rrmt Al! Met vs Setn 4 ben AlHMet vs Seth 4 Ben 
Comp 
Crop Covbecn SoybeanCycle "36 

Figure 3. Cornparison of metolachlor vs. 

sethoxydim + bentazon on weed dry weights and 
population composition in soybean. Yurimaguas, 
1984-1986. Rott = R. exaltata, D + E = D. sanguinalls 
plus E. indica,Og = all other grasses except Rott 
and D + E, BIw = all broadleaf weeds, Coin =all 
commelina species. All Met = all treatments hat 
received metolachlor, Seth + Ben = sethoxydim + 
bentazon. 

corn and soybean resulted in almost l)urC s' rds of R. 
(va/tata by Cycle 6 (Figure 2). Metolachlor did an 
excellent job of controlling broadleaf weeds, cyper-
aceae, coninilina, ). sanguinalisand E. indica; but 
R/.('Aaltata was resistant to this herbicide. 
Selhoxydim + bentazon applied to soybean resulted 
in a completely different spectrum of weeds (Figure 
3). Sethoxydim controlled all grasses, including R. 
xahlata, but bentazon did not provide sufficient 

cortol of broadleaf weeds or comnielina. 

'Ihe data also indicate that effective weed control 
is critical for attaining high crop yields, and that the 

three crops vary greatly in their ability to compete 
against weeds. For all crops except corn, product 
yields were lower when no weed-control measure 
w,1s used ('.ble 1). Rice was especially vUlnerable to 
weed pressure. In Cycle 4, for example, yields were 
reduced to essentially zero in the absence of w6eed 
coot rol, 

Collclusions and Implications 
iwo years of research have shown liwt weed 

populations will change in response to clhmical 
control practices. Species resistant to herbicides 
dominate with time, and their control becomes 
increasingly difficult and :pensive. Weeds can be 

controlled in intensively managed, short-cycle food 
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crops in this environment, but the cost is likely to be 

high. At present, chemical weed control represents an 

enormous economic input; it averaged $100/ha for 
upland crops in Yurimaguas. Hand-weeding is often 
much cheaper, but the labor for hand-weeding is 
frequently not available at any price. 

Unless yields can be significantly increased to 
offset the high cost of weed control, data from this 
study suggest that upland rice should be removed 
from the high-input cropping system. Crops more 

competitive against weeds, such as corn and grain 
legumes, offer a broader range of economically 
attractive weed-control options, and may the,efore be 

more practical than rice in continuous cropping. 

Table 1. Effect of weed control on total weed weightand crop yield In six cosecutively planted short
season crops. Yuirimaguas, 1983-1 986. 

otal weed 
weight Crop yield 

g/m2 kg/ha 
Cycle 1 - Rice 

All control' 74 2009 
No control 143 1411 

Cycle 2 - Corn 
All control 20 1286 
No control 117 1226 

NS 
Cycle 3 - Soybean 

All control 83 1746 
No control 266 822 

Cycle 4 - RiceAll control 200 1645 
No control 410 32 

Cycle 5 - Corn 
All control 161 4840 
No control 223 4932 

*o NS 
Cycle 6 - Soybean

All control 331 581 
No control 397 311
 

...
 

1 "All control" refers to all treatments with some weed
control practice and iacludes both hand-weeded and 
herbicide treatments. 

Significant at P = 0.05. 
**"Significant at P = 0.001. 
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Potassium Buffering mental design and treatments used in Y-103C will be 
In Yurimaguas Ulfisols used inY-IO[,. 

Eduardo Uribe, A C.State University Kfixa!ion
 
Fred R. Cox, N. C. State University A series of lalxrratory studies with the Yurima

guas soil was conducted during 1985-86. To detcr-

Potssium is supposed to be rapidly lost in well- mine the importance of K ixation aid/or release to
 
drained Ultisols of the humid tropics Gbservatiors ,itthe dynamics of soil K in the Yurimagua, soils, we
 
YurhnaLuas suggest that this is no. necessarily the mu:;t know whether K fixation can occur. Thus,
 
case. An in-deptlh study was initiated to elucidate this mincralogica analyses of the clay fraction of Y
issue under continuous cloppjl1ig. 103C and Y-103D were condl.cted. Analysis in

cluded samples at three depths (0-20, 20-40 and 40-

Objectives 60 cm). No diffarellces among 'the samples were
 

The objectiVes of ths study ;ue 1) to estimate thK. immediately apparent. The clay mineralogy is
 
size of the ecosystm K pools ibiomss, exchange- predominantly kaolinite, with low amounts of high
able, norexAlhangeable, leached) throughout the charged smecdti alnd low-charged vemiculite. and
 
profile v'ith i;ne, as affected by fertilization alld smal', amounts of mica (weathered) and quartz. The
 
cropping; 2) to detCrine the ,elativc contribution of smectite/vnniriculite is slightly interlayered.
 
the different ;,fractions to plaat ,r!rient concentra- A complemeniay expeiment was condlcted( to
 
tion and growth; 3) to (Lcermne the rae of K to be assess the capacity of the Yurimagu is clays and soils
 
applied to bring a soil of a given K-buffering power to fix K, and to develop atroutine procedure to
 
from ,inexisting to a given critical level, and to monitor changes in tl.e size of the fixed pool. A rate
 
maintain that critical level, and 4) to relate the K- of 50 nig K1Kg was added to pure clay (Y- 103B) and 
buffering power to the iinreralogical composition of soil samples (Y-103C and Y-103D). The samples
the soil. were incubated for ten days and subjected to dying 

and wetting cycles. At the end of the incubation
 
Procedures period the samples were extracted twice with
 

Sites lbr %wofield experiments at the Yurimaguas NIl4 OAc and then wiDJ i-12So4.
 
.4ation were :;clected for te contrasting textural Given the mineralogy of these soils, it is reason
classes of their soils: the first experiment, referred to able to suspect that release of K from nonexchange
here as Y-103C, is located in a sandy loam, and the able sources cin take place upon removal of K from 
second (Y-103D' is in a learry sand. the soil solution during a growing season. An 

Experiment Y-103C was planted in August 1 -V6 extractant that truly reflects th2 availability of soil K 
after K level!. had been lowered by a previous con should not only be able to extract what is immedi
crop, which was removed fre m the field prior to ately available but also what is potentially available 
maturai'on. A randonized compicre block design during a growini season. The Olsen extractant, (ire 
was used. 1-ive treatments consisting of(0, 30, 60, "0 to the nature of the exchanging cation, Nat, can only 
and 120 kg K4/ha were replicated five times. In 1987 recover exchangeable K and by doing so underesti
the experimentl design will be transfornned into a mates the real K status of soil K. On the other hand, 
split-plot design in which the subplot treatment will the IN NH 4OAc extractant should recover the slowly
be either removal or reincoiporation (.f tne crop available K in :idditicn to the exchangeable K 
residue. (readily available). This property of extracting K 

To establish expe-iaint Y-103D, a three-year-old from interlayers of 2:1 cla 'minerals makes the IN 
secondary forest was, ,.-utand the aboveground NIl 4OAc extraction a more realistic predictor of the 
biomass was removed froir the site to prevent K availability of K in the soils. 
additions. A corn cYop will be pl:nted in Jamtary If the mineralogy of the soil allows for release of 

987 and removed from the field before maturation nonexchangeable K during a growing season, 
to bring the soil K to a lower level. The same experi- Exation by the same minerals should also be 

97 



ContinuousCultivation 

expected when the K concentration in the soil 
solution is increased above a certain point by K 
fertilizers. In previous research at the Yurimaguas 
station, leaching has been invoked to explain losses 
of K from the labile pool (01sen-extractablc K). 
However, the presence of small amounts of 2:1 clay 
ineinrals indi cates that fixation or preferential 
adsorption can also take place. Th1e venicu!itc/ 
miontnorillonite content above which K fixation 
becomes important is difli:ult to predict. This is 
because the oroccdUres used to study 2:1 clay 
minerals are somwhat qualitative: we work with a 5-
10% error. 13;' ,cu on mineralogical studies to date oIn 
soils of the Yurimaguas station, it can be asscssed 
that the concentratiol of 2:1 clay minerak on the 
clay fraclion is somewhere between 4 and 10%. 

K /)Ifjfirin 

'The K-buffering power is an important soil factor 
controlling availability of soil K. Since this soil 
property largely depends on the soil CEC, it was 
suspected that a range in K-bulTering power should 

exist for the soils of the Yurimaguas station. The K
buffering power of samples fr. ,nY-103A (CEC = 
4.6 cirial/L) and Y-103B (CEC = 2.8 cmol/L) was de
termined Seveioteen soils from various regions of 
North Carolina were also included. 

Results 
Kfixation 

The fixation study with pure clay samples of Y-. 
103B indicated a greater capacity to fix K in the 
upper soil layers (Table 1). This was evidenced by 
the increasing rect.very of K at the lower depths 
when the clays were first ,xtracted with NI-I 4OAc. 
However, the greater K-fixing capacity of the clay 
fraction of the upper soil horizons may be oversnad
owed by the lower clay contents of such horizons. 
Moreover, not all the K added was recovered, even 
aftr the two NI 14OAc extractions and the 1-12So 4 
extraction. 

Whole soil samples from Y-103C and Y-103D 
were also subjected to the same treatments. For the 
soil samples, as with the clay samples, recovery of K 

Table 1.Potassium recovered by two successive extractions 

vith NH4OAc and an extraction with H2S04 after addition of 50 

mg K,/kg. 


%Recovered 

1st 2nd 
NH4OAc N11 4OAc H2S04 

Sample Depth %YClay 1N iN 6N Total _______ Depth ____Clay_1N__N_6N___ 

Y103B 0-20 100 27.8 37.0 18.6 83.4 
Clay 20-30 100 34.5 22.0 0.0 56.5 
(pure) 30-45 100 53.0 23.0 0.0 76.0 

45-60 100 60.5 16.0 0.0 76.5 

Y1 03C 0-20 16 71.8 24.6 10.6 116.0 
Soil 20-40 i i 72.5 14.4 5.9 92.8 
(sandy 40-60 20 40.8 29.5 29.6 99.9 
loam) 

Y103D 0-20 10 75.0 18.0 19.2 112.2 
Soil 20-40 1/1 63.0 22.8 22.2 108.0 
(loamy 40-60 18 71.0 21.3 5.6 97.9
sand) 60-80 -14 77.8 21.0 34.3 133.180-95 26 22.4 110.863.8 24.6 
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with the first NiI 4OAc extraction was not 
complete. This again points out that K 
fixation or preferential sorption can take 
place in those soils. A second extraction 
with NHI4OAc and a final extraction with 
H2SO4 were sufficient to recover in some 
cases nearly all the K added and in most 
cases more than what was added. 

These results prove that K fixation 
and release can take place in these soils. 
The ncxt step will be to assess the
importance of this process under field 

conditions. 

K buffering 
&esults of the K-buffering analyses 

are shown inFigure 1. The K-buffering 
power is related to the inverse of the 
slope of the isotherms. Tle soils that 
underwent smaller changes in delta K at 
a given K addition have higher K
buffering power. The relatively impor
tant difference between the slopes of the 
isothems ol'Y-103A and Y-103B 

indicates that factors other than the level8f exchangeable K should be considered 
when the K status of these soils is 
evalualed. 
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Mineral Soils 
of CEC <4.6 and 
Organic Soils 
Y:-0.0233 + 0.8395 X 

30 0.24 r= 0.98 
- ' 

103BZ 

24 E0.20 
Y-1O3A 

/ 0 

E 8 / -19 0.16 
Mineral Soils 

=k + z of CEC 4.6 
0 Y -0,0435 + 0.706 X 

r 0.99
<.12 
_jo.12 0
 
0
 

Eo 0 
U) 0 06 0.08 

.I
0 100 200 300 0.04 

0.1 0.2 0.3 0.4 
K ADDED (pg/cm3) NH 4OAc EXTRACTABLE K (cmol/dm3 ) 

Figure 1.Effect of K added to 19 soils on the K Figure 2. Effect of NH4OAc-extractable K on K 
concentration in the soil solution. concentration in the soil solution for two groups of 

soils. 

Tie relationship between the Nt-40Ac-ex- CEC soils). Critical exchangeable K levels should 
tractable K level and the K concentration of the soil then bIe differe,t for soils of high and low K-buffer
solution is shown in Figure 2. The upper line corre- ing power. 
sponds to soils of low K-buff-ing power and the The laboratory experiences described above are 
lower line to soils of higher K-buffering power. Each to be tested under field conditions at the Yurimaguas
 
of the N trimaguas soils falls into a different cate- station on soils of high (Y- t03C) and low (Y-103D)
 
gory. The figure indicates that any given level of K-buffering power. The effect of "small" amounts of
 
NIH4 OAc-extractable K level will be related to higher 2:1 clay minerals in the fixation/release reactions will
 
levels of K in the soil solution for soils of low K- also be evaluated under field conditions (Y-I03C,
 
buffering power. Therefore, the availability of Y-103D).
 
exchangeable K will be greater in these soils (low
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Comparative Soil Dynamics
 
The potential effects of different fanning systems on soil properties in rainforest regions are 
frequently mentioned in both the scientific and popular press. Such statements as "pastures 
degrade tropical soils," "trees improve soil properties," and "arable crops are erosive" allude to 
research questions that are fundamentally important for guiding the development of marginal 
lands in the humid tropics. To date, there are no studies in which the effects of different manage
ment systems on soil properties can be determined in a rigorous way. Thus, we are attempting to 
systematically compare the effect of what we have learned as promising options in 12 years of 
research at Yurin;iguas. 

During the first year of such research, we have found that differences in topsoil textural class 
(loamy sands with 12% clay vs. sandy loams with 20% clay) have pronounced effects on plant
growth, both because ,vater-holding capacity is higher in the sandy loams and because of the 
several chemical and biological properties. Higher clay content, for instance, provides not only 
higher organic matter and N but also higher microbial biomass. While microbial biomass de
creases after clearing, there is ao effect of management option on total organic-matter content in 
the profile. Pastures tend to distribute organic matter more deeply than do annual crops or 
forests. 

We present our first estimates on root production, mycorrhizae, soil macrofauna and N 
mineralization as affected by high- and low-input cropping, pasture and agroforestry options in 
relation to primary or secondary forest fallow. Annual fine-root biomass production is similar in 
cropping systems and the forests, but well-managed pastures produce many more fine roots than 
do these two options. Vesicular-arbuscular mycorrhizal fungi infect trees more than annual crops
and infect pastures the least. Mycorrhizal population decreases with time in high-input systems. 
Earthworms are the largest components of macrofaunal biomass. Earthworm biomass increases 
when pastures are grown but decreases with annual crop production. Nitrogen mineralization 
rate, measured by a preliminary method, is similar in forests and annual crop systems but much 
lower in pastures. A study of these soil dynamics with time of cultivation will help us better 
understand the positive and negative attributes of the different management options. 
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Comparative Soil Dynamics systems. The data are collected using standardized
Under Different methods to compare sites. The treatments encompass 

a broad range of intensity of disturbancc and there-
Management Options tre serve as an excellent source for the TSBF data 

base. 
Julio C. Aleirf N. C. State University In addition, other studies have compared biologi-
PedroA. Sanchez, N. C. State University cal and ecological processes and pools in different 
ChervlA. Paln,N. C. State (Iniversity experiments on the Yurimaguas Experiment Station. 
.JorQeAl. lrez, INIPA The data for these studies are also presented in this 

chapter. 
It is frequently stated that clearing Lropical forest 
causes the soil to degrade and lose its productivity. Experimental Design Procedures 
While a loss in soil prolductivity may be observed hlle experiment is located at the Yurimaguas 
under some types of land management, it is generally Experiment Station on a Typic Paleudult with slopes 
not known if this loss results from changes in soil of 0-5%. The vegetation was a ten-year-old secon
chemical, physical or biological properties, or from a dary forest fallow. The experiment consists of six 
combination of these factors. Moreover, some land- management options as treatments with three replica
management practices may result in sustained or tions arranged in a randomized -omplete block 
even improved productivity, but again the reasons are design. Each plot is 1875 m2 (75 x 25 m). The 
unknown to (late. Most studies attempting to compare treatments are blocked according to soil texture, 
soil properties under different management practices blocks I and 3 with loamy sand topsoil texture (12% 
have been confounded by comparing plots of differ- clay), and block 2 with sandy loam topsoil texture 
ent ages or on different soil types. An experiment (20% clay). In all casc clay content increases with 
(refeITed to here as Y-412) was designed to allow depth (Table I). All treatments were applied at the 
comparisons of different management practices of same time on similar soils. The loamy sand blocks 
the same age on similar soil types. are classi fied as "SLeak" in the Fertility Capability 

Classification System and the sandy loam blocks are 
Objective 

flie objective of this study is to monitor Table 1. Texture distribution of the three blocks and FCC 
and compare changes in soil properties after a classification in Experiment Y-412. Samples taken before 
secondary forest has been cleared and the land clearing. Topsoll values are means of 90 samples each; 
subjected to different management practices. subsoil values are mean of six samples.

This experiment is also being sampled ac
cording to the objective and methodologies otg Textural FCCthe Tropical Soil Biology and Fertility (TS )class
Program. The objectives of TSBF are to study l 
biological processes in tropical soils with the 
eventual aim to manage and use biological cm o% 

processes to maintain and improve soil fertil
ity. More specifically, the objectives are to 1 0-15 89 10 10 Loamy sand SLeak 
quantify and obtain a predictive understanding 15-30 73 16 11 Sandy loam 
of the factors controlling soil organic pools and 30-45 70 15 15 Sandy loam 
fluxes and how these respond to disturbance. 2 0-15 65 16 19 Sady loam Leak 
Yurimaguas, alon with other sites throughoutL 4" 15-3015 5555 2626 1818 SandySandy c,ayloamloam 
the tropics, serves as a Level I site. The task of 30-45 57 22 21 Sandy clay loam 
Level I sites is to collect basic data on organic 
inputs, rates of decomposition, rates of miner- 3 0-15 80 8 8 Loamy sand SLeak 
alization, and the content and composition of 15-30 72 12 12 Loamy sand 
soil organic matter under natural and managed 30-45 72 15 15 Sandy loam 
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classified as "Lcak." In Soil Taxonomy all blocks 
Cedrelinga (poach palm)
 

isohyperthernnic Typic Paleudults) because clay 


belong to the same family (line !oamy, siliceous, *U Bactris gaaipaecatenoeformisf (omilla) 
A Eugenia stipitata (Arczd)
 

content exceeds 20% in the top 50 cm of the argillic * Inga edulis (Guaba)
 
horizon.
 

8 A 0 A U A a A aThe area was cleared in August1985. Land # # # #
 
clearing was by slash-and-burn wilh the exception of • A a A 9 A a A 0
 

the mechanized continuous cropping treatment. Tle a A 0 A 2 A 0 A a
trealmcnt descriptions and work realized to date are: 0 A A • 

. Shifting cultivatiol. These plots were con- , * •
 
tracted out to a farmer. lie planted upland rice (cv. A a A M A a A
 

Africano desconocido) Scptcmber 23, 1985; two 
 A U A 0 A U A 0 
weeks later he pl antcd half the plot with cassava and ...........
 
halt with platain, Rice was harvested January 16, - 5 m.
1986; cassa.'a was harvested August 29, 1986. Now Figure 1. Layout of multistrata tree production plots.

only the plamain remains and the torest fallow is
 
regrowing.
 

2. lligh-input cropping. Land was cleared with a live (lays after the first rice crop was planted, tornillo 
D6 bulldozer eqiuipped with a straight blade. The (Cedrelingacatenatforinis)and peach palm (Bactris
vegetation was lelled and left on tile surface to dry, gasipaes), were interplanted; one month later guaba
then was burned. Logs were pulled fromn the plots. (Inga edulis) was planted; and three months later
 
The plots were limed (1I/ha), fertili/ed with P (100 araz4 (Eugeniastipitata)(Figure 1). Cropping of
 
kg P,O 5/ia), and disked. Applications of N (100 kg 
 rice, cowpea and rice was as in treatment 3. A cover 
Nla) and K (120 kg KO/ha) were split twice aftci crop, Centrosetma mnacrocarl)um, was interplanted

planting com. Corn (cv. Marginal 28) was planted 
 with tile final rice crop in November 1986. The cover 
October 7, 1985, and harvested February 21, 1986. crop will serve as weed control and a source of N.
Due to rainy weather conditions, com was planted 5. Peach palm (B. gasipaes) production. Cropping
again on February 21, 1986, instead of soybean as in this treatment has been the same as in treatment 4,
had been planned. One t/ha o time and 100, 80 and but this year peach palm was interplanted at 5 x 5 m 
100 kg/ha of N, P,( 5 and KO , respectively, were2 25 days after the first rice crop was planted. The
 
applied. The second corn crop was harvested Jtne 6, fourtlh crop, rice, was planted September 16, 1986;

1986. The next crop, soybean (cv. Jupiter), was 30 kg N/ha were applied 45 days later due to syrup
planted June 28, 1986, and harvested October 28, toms of N defici -ncy.
1986. Ferilizers were applied as 40, 80 and 100 kg/ 6. Forest fallow check. These plots were fenced 
ha of N, P1.05 and KO Seeds were irioculated with and remain untouched. The fallow is now II years
Nitragin but riodulatiOni was not observed. The fourth old. 
crop, corn, was planted November 1986. Soil samples were taken for nutrient analysis (0

3. Low-input croppinrg. Upland rice (cv. Africano 15, 15-30 au.d 30-45 cm), before and then one week,
descoriocido) was planted and harvested as ill three months, six months and 12 months after 
treatment 1. Next, the logs were removed front the clearing and burning. In addition, ash samples were 
plot. Rice was planted again January 31, 1986, collected after the burn an(l analyzed for nutrients.without any fertilizer application and harvested June Physical properties such as bulk density, mechanical 
2, 1986. The third crop, cowDea (cv. Vita 7), was impedance, soil water characteristics and infiltration
planted June 11, 1986, and harvested August 20, were taken before an(l after clearing at several dates. 
1986. The fourth crop, rice, was pilainted Septen;her Microbial and ecological measurements of organic
16, 1986. After iwo months, k(.J/n was interplanted. inputs 'litterfall, crop residues), rxit production, de-
The kudzu fallow will slay for one or two years in an coonisition, N mineralization, soil macrofaunal 
attempt to control weeds. composition and soli microbial biomass began in 

4. Multistrala tree crop productioni. Upland rice June 1986. Crop y;elds an(l tree growth are also 
was planted and llar vested as in treatment 3. Twenty- being measure(l. 
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Results 
Scil physical properties 

Initial values were taken for 

particle-size distribution (Figure 2), 
soil water characteristics (i ure 3) 
,i id infiltration rate (Figure 4). 
Blocks I and 3 had similar particle-
size distbrihution and were classified 

as lomlv sands, the second block 
had a hi ghcr percentage of fline 
san, I ( 10t-0.05 im), silt and clay 
conltcnt and was classitied as a 
salldV ](in/1i. 'lie sandy loam11 plots 

havc hi :he r water-holding capacity 
but lower infiltration than the 
loamy sand plot. The textural 
diflcrence, and probably other 
factors, appears to have a signi li
cant flet. oil many of the soil and 
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Figure 2. Particle-size distribution of the two soil textures at the 0-10 
cm depth (initial values before burning). 

biological parameters; the relore, results will be 
present ed according to soil texture. 

S 'I 	 UZI( U!'¢a/)n )'rtit'% 

'otal ash production Irorn the burn was 5589 kg 
dry matter per ha. 'hiere was considerable variability 

,ilhin plots but no significant difference between 
plots. 

Soil chemical data for 0-15 ci for the prebum, 
postburn, three-month and six-month samplings are 
presented in Tables 2 and 3. Table 2 compares 

replications (texture) and Table 3 compares treat-
irents. Statistical analysis for changes with time is 
unfortunately not yet available, but it is possible to 
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Figure 3. Soil water characteristics of the two soil 
textures at the 0-10 cm depth (initial values beforeburning). 
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ComparativeSoil Dynamics 

Table 2. Soil chemical analysis, for each block, at the 0-15 cm depth before and one 
week, three months and six months after clearing a ten-year-old secondar forest. 
(Date of burning: September 6, 1985.)*. 

Total Al
Date Block*** pH Al Ca Mg K P O.M. N sat. 

- - cmol/L ppm % 

Preburn 
Sept.3 
1985 

1 
2 

4.7a 
4.6a 

1.08b 
3.00a 

1.22a 
0.90b 

0.17a 
0.22a 

0.1l a 
0.10ab 

13a 
9b 

1.56a 
1.42a 

0.062b 
0.075a 

41b 
70a 

3 4.5a 1.32b 0.62c 0.10b 0.09b 8b i.06b 0.047c 61a 

Postburn 
Sept.13 
1985 

1 
2 

4.5a 
4.5a 

1.38b 
2.48a 

0.80a 
1.05a 

0.1lb 
0.27a 

0.20a 
0.20a 

13a 
8a 

1.81a 
2.05ab 

0.06lab 
0.073a 

55a 
61a 

3 4.7a 1.06b 0.76a 0.15b 0.17a 10a 1.67b 0.056b 48a 

First crop: three-month sampling 
Dec.5 1 5.1a 1.10b 1.04a 0.24b 0.25a 15a 1.53a 0.057b 42a 
1985 2 4.6b 2.31 a 1.05a 0.40a 0.27ab 8b 1.79a 0.087a 55a 

3 4,9ab 0.99b 0.74a 0.23b 0.17b 9b 1.50a 0.060b 46a 

Second crop: six-month sampling
March 5 1 4.9ab 0.60b 1.28a 0.25b 0.16b 11a 1.17b 0.032b 27b 
1986 2 4.7b 2.17a 1.19a 0.37a 0.25a 6b 1.60a 0.054a 52a 

3 5.1 a 0.52b 1.00a 0.24b 0.15b 7b 1.06b 0.036b 28b 

*Each value is the mean ot 30 measurements.
 
**Means followed by the same letter for each date are not significantly different at the 5%
 
level ussng the Waller-Duncan multiple comparison test.
 
-Blocks . and 3 are loamy sands; block 2 is sandy loam.
 

make some conclusions. Prehum data show consider- understanding of the role and dynamics of soil 
able varation betwcen replications but not between organic matter, including the processes of decompo
treatments. Postburn data indicate changes between sition and mineralization. 
replications that continue at least for six months after In addition to total soil C, light fraction C and soil 
the burn. Ihe sandy loam had higher acidity, Al microbial biomass C were measured in the top 10 cm 
saturatioi, organic matter, total N and exchangeable of the shifting culti ation (TR 1), high-input cropping
cations. l)i fferences between treatments began to (TR 2), low-input cropping (TR 3), multistrata tree
 
appear at tlve t!>,oe-month sampling. The most crop production (TR 4) and secondary forest fallow
 
striking dilferenc : was in acidity and Al saturation, (TR 6) plots in September 1986, one year after the
 
with the forcst check plot being higher in both. The experiment was initiated.
 
consequent rise in pH in the other treatments is Light fraction C is defined as the C that is not
 
attributed to the liming effect of the ash. 
 bound to the mineral soil and that falls in the 0.25 to 

2 mm size category. It is separated from the soil by
Changes in oranicmatter elutriation with water. This fraction could be consid-

Total soi! C in itself gives little information about ered litter in the soil and represents organic material 
soil processes or fertility. Recently defined functional as yet undecomposed. It is equivalent to the structural 
components of soil C, however, may provide a better C in the Century Model although it may include some 
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Table 3. Soll chemical analysis, for each treatment, at the 0-15 cm depth before and one 
week, three months and six months after clearing a ten-year-old secondary forest. 
(Date of burning: Septerm'ber 6, 1985.)*. 

Treat- Total Al 
Date ment*** pH Al Ca Mg K P O.M. N sat. 

- -	 cmol/L ppm % 

Preburn 
Sept. 3 1 4.5a 1.57ab 1.01a 0.18a 0.!1a 10& 1.32a O.056ab 53ab 
1985 	 2 4.4a 2.37a 0.73a O.13a O.09a 9a 1.25a O.062ab 66a 

3 4.5a 2.47a 0.86a 0.17a O.09a 9a 1.52a 0.071a 67a 
4 4.7a 1.16b 0.92a 0.17a 0.1Oa 10a 1.21a O.059ab 46b 
5 4.5a 1.36b 0.93a 0.15a 0,10a Ila 1.35a 0.051 b 52ab 
• 4.8a 1.87ab 1.01a 0.18a 0.10a 11a 1.45a O.068ab 58ab 

Postburn 
Sept. 13 1 4.5a 1.56a 0.77a 0.15a 0.20ab 11a 1.75a 0.067a 54a 
1985 	 2 4.6a 1.96a 0.77a 0.17a 0.23a 11a 1.87a 0.067a 57a 

3 4.5a 1.84a 1.12a 0.22a 0.19ab 1la 2.02a 0.066a 56a 
4 4.7a 1.45a 0.87a 0.18a 0.17b 8a 1.82a 0.060a 50a 
5 4.5a 1.39a 0.83a 0.16a 0.16b 10a 1.77a 0.057a 55a 
6 . ..... 	 ... 

First crop: three-mo. sampling 
Dec. 5 1 5.0ab 1.09b 0.89ab 0.32ab 0.23ab 12a 1.54a 0.068a 42b 
1985 	 2 4.7ab 1.85ab 0.89ab 0.3lab 0.27a 13a 1.63a 0.063a 54ab 

3 4.8ab 1.79ab 0.92ab 0.30ab 0.28a 9a 1.74a 0.063a 50ab 
4 5.1a 0.94b 1.23a 0.34a 0.2lab 11a 1.49a 0.057a 31b 
5 5.1a 0.87b 1.09ab 0.3lab 0.26a 12a 1.54a 0.073a 36b 
6 4.6b 2.25a 0.63b 0.15b 0.1 lb 7a 1.71a 0.083a 73a 

Second crop: six-mo. sampling 
March 5 1 5.Oa 0.76b 1.19ab 0.28b 0.18b 8ab 1.21a 0.040a 29b 
1986 2 4.9a 0.97b 1.54a 0.50a 0.24a 11a 1.30a 0.048a 23b 

3 4.9a 1.35ab 1.1lbc 0.28b 0.20ab 7ab 1.43a 0.053a 39b 
4 5.0a 0.75b 1.09bc 0.26b 0.17b 7ab 1.07a 0.035a 26b 
5 4.9a 0.68b 1.26ab 0.25b 0.2lab 9ab 1.52a 0.044a 28b 
6 4.4b 2.07a 0.72c 0.14c 0.1lc 5b 1.13a 0.042a 67a 

*Each value is the mean of 15 measurements.
 
**Means followed by the same letter for each date are not significantly different at the 5%
 
level using the Waller-Duncan multiple comparison test.
 
**Treatment 1 = shifting cultivation; TR 2 = high-input cropping; TR 3 = low-input cropping;
 
TR 4 = multistrata tree crop production; TR 5 = peach palm production; TR 6 = forest fallow
 
check.
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Table 4. Total soll carbon, microbial blomass 
carbon and light fraction carbon in the top 10 cm 
one year after clearing In five different land manage-
ment systems. All numbers are means.* 

Soil microbial Light
Treatment Total C C** fraction C 

% jg C/g mg C1g 

Shifting 
cultivation 0.65a 357a 0.38a 

High-input 0.86a 423a 0.87a 
cropping 

Low-input 0.77a 450a 0.78a
cropping 

Multistrata 0.74a 367a 0.74a 
tree crop 
production 

Forest fallow 0.86a 578b 0.68a 
check 

Numbers within columns followed by the same letter 

are not significantly different at the 5% level using the 

Waller-Duncan multiple comparison test. 

"" Experimental procedure still being tested for acid 
soils, not yet recommended as a standard method. 

soluble carbon compounds and microbes. '['he 
reactivity of the light fraction will depend on the 
quality of the organic inputs,

Soil microbial C represets an active fraction of 
the soil C, which can perhaps scrvC as an index for 
compaing biological processes such as decomposi-
tion and mineralization. Microbial biomass C was 
estimated by measuring ninhydrin-N resulting from 
autolysis of microbial cells that had been subjected to 
chlorofornl fumigation for ten days, according to 
procedures proposed by J. N. L.add. Microbial 
biomass C may estimate the active C pool in tile 
Century Model. 

ComparativeSoil Dynamics 

Results for total C, microbiai C and light fraction 
C are presented in Table 4. After one year in differ
ent management systems, there is no significant
difference in die total C or light fraction C among tlhe 

trcatments in the top 10 cm. Microbial C, however, is 
significantly higher in the secondary forest plots than 
in the other treatments. 'This difference could be due 
to differences in the amount and type of organic 
inputs according to the treatments or to di fferences in 
soil physical and chemical properties (temperaturc, 

moisture, aeration, etc.) resulting from removal of tile 
secondary forest. Corroborating data are not Net 
available. One would expect to find more differences 
among the treatments with time as the soil properties 
change according to the land-use practice, as is 
shown in the accompanying study of soil organic
matter.
 

In addition to the difference in microbial C
 

between the forest check plot arid the other treat
mcnts, there is also a difference in the total C and 
microbial C according to soil texture: the clayicr 
plots had higher values. This is consistent with results 
reported from other studies. 

Cropyiehts and tree growth 
Cropi lds foe rt 

Crop yields for each treatment are shown in Table 
5. There was no significant difference in yield for the 
first rice crop in treatments 1, 3, 4 or 5 or for the 
cowpea crop. This was expected, because these 
treatments were all essentially low-input systems at 
this stage. There was a 20% reduction in yield for tile 
second rice crop, but again no difference between 
treatments. Corn yields increased 30% for the second 
crop in the high-input treatments. 

The two agrolorestry treatments, nullistrata crop 
production an( peach palm production, presented a 
very clear pattern of trec growth according to soil 
texture. After ten months, the peach palm (B. gasi
paes) and tile tornillo (C. catenaeformis)showed a 
strong correlation between growth and clay content 
in the top 0-15 cm. Average peach palm height was 
50 cm in the loamy sand blocks and 94 cm in the 
sandy loam block: (Figure 5). Average height of 
tornillo was 70 cm in the loamy sand block and 88 
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Table 5. Crop yields for different treatments.*, ** 

1st crop 2nd crop 3rd crop 	 Cassava 
(fresh

Treatment Rice Corn Rice Corn Cowpea Soybean weight) 

1.Shifting 1.68a - -
t/ha 

- - - 8.7 
cultivation 

2. High-input - 2.72 - 3.81 - 2.36 -
cropping

3. Low-input 1.33a - 1.20a - 1.04a - -
cropping 

4. Multistrata 1.56a - 1.20a - 0.90a - -
tree crop 

5.Peach palm 1.65a - 1.33a - 1.10a - -
production 

Each value is the mean of 15 samples. 
Meaas followed by the same letter for rice and cowpea are not significantly 

different at the 5% level using the Waller-Duncan multiple comparison test. 

cm in the sandy loam blocks. Inga ed ai.,, fst-
growing lCgume, attained 1.40 m in the loamy sand 
plots and 2.15 m in the sandy loam plots in ten 
months. Ara_-( (E. stipitata)had no significant 
correlation of height with soil texture, 

IThe faster growth in the finer textured blocks 
could be due tc the higlher water-holding capacity 
during the drier p -'ods and to less leaching of 
nutrients durine the wetter periods. Nutrient losses in 
the leachate water are being monitored, but results 
are not yet available. Also tie organic-mattcr content 
is hig her in the sandy loam than in the loamy sand 
(Table 2). 

Implications 
Thle first year of this study vividly shows the 

striking effect of topsoil texture on tree growth and 
related chemical properties. The textural difference is 
recognized in the FCC system but not by Soil 
Taxonomy at the family level. Although the different 
management options caused no change in total soil 
organic matter (SOM), there was a significant 
decrease in microbial biomass C upon clearing and 
cultivation. This fraction is hypothesized to represent 
the active orgamic matter pool. Continuation of this 
expciiment will let us detemfine whether these 
differences are transient or sustained. 
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Soil Organic Matter Pools series wifl different management histories an(l relate
As Affected by the differences between pedons to their management

histories.
Management Options 

Procedures
Robert.l. Scholcs, N. (.State University Soil samples were taken with a Giddings probe to 

a depth of 0.7 fl in a primary (50-year) forestSoil organic matter (SOM)has many potential (bosque virgen) on sandy loam; a long-term (14impacts on soil physit-al and chemical characteristics. year) continuous cultiv' ion field (Chacra 1)on sandyft is generally believed that SOM declines rapidly loam; pasture (two-year) grazing of Brachiariawhen prin ary or secondary tropical rainforest is huiiicola/Desvnodi:m viaflium on sand), loaniconveeiled to agriculture. h'lhecurrent view of SONI (p. 31); a 12-year secondary forcs, on loamy sand (p.dynamics is that several pools with different turnover 102), and a high-input continuous (six-year) cultivarates are inv0lve~d. Tilis sLudy is a pie linli nary tiun lield on loamy sand (p. 97). All soils were of theatten1.pt to quantify these pools and esliiate the Yurimagua&: series, an IIl isol with mineralogy
degree to which they are influenced by the nianage- dominated by kaolinite. 
meat tre.itrnent imposed on them. The cores were divided into 0-5, 5-10, 10-20, 20

30, 30-50 and 50-70 cm subsamples. Total organic C,Obijective light fraction C by flotation in water, fine roots and'he objcc.iye of lhis study is to characterize the macroorganics (by hand sorting) were detennined. InSOM conient of tlhe same soils of the Yurimaguas addition, measurements of inicrohial biomass in the 
Table 1. Soil organic matter fractions under different management options at Yurlmaguas. 

Management
option Macro- Fine Light Heavyand site i)epth organlc3* roots fraction fraction Total Clay 

cm -t/ha % 

50-year forest 0-20 0.34 ?.48 5.95 23.22 32.00 19.0(hosque virgen) 20-70 0.00 0.77 2.38 37.80 40.95 26.0 
(sandy loam) 

14-year continuous 0-20 0.63 0.20 6.25 13.83 20.91 17.3cultivation 20-70 0.76 0.10 1.92 45.98 48.77 21.6 
(Chacra I)
 
(sandy loam)
 

Two-year pasture 0-20 0.61 6.41 6.16 20.81 34.00 20.2(Y-307) 20-70 0.00 3.73 6.19 27.39 37.31 24.9 
(sandy loam) 

12-year secondary 0-20 0.90 3.49 6.31 27.40 38.11 10.0forest (Y-412) 20-70 0.02 0.29 0.68 43.13 44.12 15.0 
(loamy sand) 

Six-year high inputs, 0-20 0.43 0.06 2.62 17.87 20.98 15.4
continuous 20-70 1.00 0.01 3.38 35.46 39.87 17.7
 
cultivation (Y-103B)
 
(loamy sand) 

* Litter and roots > 2 min. 
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surface 10 cm were made using a modified ten-day 
incubation with chloroform described inl the previous 

section. Although this technique ha:,dnot been applied 
previously to acid soils, no problems were experi-
enced and extrcmelyv reproducible estimates of 
microbial biomass were obtained, 

"I acroor2::rics" include all biour ass and necro-
tiiiass grea er than 2 mm iII size (other than live hm 

roots, which were enuiicrated separttcly). This is an 
ilport an, fraction, bccause although it is teChictl ly 
iot soil organic matter, since it is as vet not modified 
by iiiicrobial actiVit, it is included in the perciUtage 
of oranic C determination because it is crR',hcd 
durirg the millinig proccss anid therefore pas'-s 
ihruitlh a 2-m1m sieve. 

'FineC- roi[S' incIlude root biomlass smaller than 
?111i ill diameter. "Il nt traction" is h2re 'jetined as 
being less thall 2 mm1111andliavingu a density less than 
I g/cm. It is assLnmCd to represent the structural C 
pool in the Ccniturv Mlodel. "Icary fraction" is less 
th1 2 miirn illdienleter but, due to its asI.t(ciationl 
withl mi!icral particles, it has aIbulk den:,itv greater 

than I s/em '. ItreprCseits the sum of t!c slow and 
passive' pools il he CeltUry Model Itis obtained 
from the difference betweeii the total C coiitributCd 
hv the lihit fraction, ,'aSunli ig that total C is 
1)57 O1% The lctive pool oftie Certury Model is 
represented by the microbial bioni;ss data, which 
we rccollected for the sane sam l locations. 

Resiults 


The data presented (Table I arid 2) are fron a 
prclirrinary unreplicated pilot ,tUdv. Since it is 

unreplicated, statistical analysis is not possible. 
However, a visual comparison of the data show that, 

between treatments, there is no marked difference in 
total C in the top 70 cm. Differences do appear if one 
l(o)ks at the distribution of C in the different fractions 
and profile. For example, both sites under forest have 
high content of ro t C in the surface layers, higher 
microbia! biomass C and higher heavy fraction C 
than the cultivated plots. The cultivated plots have 
higher light fraction but less heavy fraction and 
microbial C inlthe plow layer and very little struc
tural C. h'le pasture has a considerable portion of the 
soil C in the roots and the roots are found at cotsider
able depth in the proFile. 

Table 2. Estimates of microbial biomass from 
different management practices. 

Management practice Nitrogen* Carbon** 

-mg/g dmass soil-

50-year-old forest (sandy loam) 56 1142 
Chacra I (sandy loam) 20 410 
Six-year-old pasture (sandy loam) 49 1002 
12-year-old forest (loamy sand) 59 1213 
Six-year-old high-input cultivation 16 321 
system (loamy sand) 

Calculated by multiplying microbial N x 20.4. 
Experimental procedure being tested for acid soils, not 

yet recommenced. 
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Root Production and Turnover 
In Different Management Options 

Ro)ert,. Scholes, N. C. State Univcrsitv 
An~l Salazar,IN/II' 

Since thc equi ibriui level of soil or'ganic matter 
(SOM) iNa hal;nce bctveen inputs and losses, a 
logical place to look for tie cause of the SOM 
clian,,es that occur whcinmanageenicut practices are 
changed is ili tie type and iagnitude of inputs. The 
focus o1this studV \wis on fine-root (less than 2 miii 
diameter) uniov,.er aS an inlput to the soil organic 
matter pool Incr"l',: . evidence fromri tem perate 
sys-tems shows that telow ground production (which 
is mostly fne-rot IIproductioln) constitutes the major 
part of total printMari pioluct ion. is vi rtua lyvThee no 
conl pa rable dat,:ar il[rpicatl s'senlls. 

()bjiectike 
The ohjcctive of this study is to esti inle root pro-

duction under major land-use options (including sec-
ondarv forest, pastures, 11-and loxv-input ciop-
pelo) at Yniimalen1is. 

Procedures 
FsiIiliating tine-root production inshort-duration 

crI)s req(JuLi res ouly one total root bioiiass estimate 
Iieai' antliesis, wheln the root bloniass is at a mixi-
inuni. This approach assumesIi hat I) all roots in 
short-dtrationi crops are lunCionally finc roots, and 
2) ttiere is little root tunlover during the growthi 
period of tie crop. Care umtst he taken wieii applying 
this approach Ilhat dcad roots Itl-n tie prexioun Crop( 
are excluded fron riticestii alC. 

Root productioi estimates iII pereniial vegeiatIol 
Ire niach m1ore dil ficult. T'[he most widely accepted 
approacht is that of seudIentiat CoiriIng, ill Which ttic 
fIluctuatins i livC arMid ine- root bilias.- (ordead r 
total Fine :oot biornass) oier an annial periid arc 
sumin ed to give totll lpoductioll. The assui pti oils 
inherent in this nicthod arc I)Iroot production shows 
seasoinial fLiuctuatiois: 2) irowth and mortality' are 
sufficiently out of pltse to allow them to be inde-
pendently assessed; and 3) there is no significant 
turnover of roots at a scale shorter than the setuentiat 
sampling interval. 

Only signi ficant differenices between sequential 

ComparativeSoil Dynanics 

samples must be used inthe calculation lest ':purious 
statistical variation be counted as root prodhuction. 

Root bioniass was estimated in both perennial and 
annual crops by taking I8 cores, 40 mm in di imeter, 
to a depth of 30 cm (in ,0-cm increments) per 
treatment. A pilot study had indicated that 1 
samples gave 90% confidence intervals witLin 5%of 
the mean on a stratified random basis (one random 
sample per 2-ni interval on a 36-ni long transect laid 
cliagonally across the treatment). hlle roots were 
separated from the sample within hours witlh the aid 
of ahydropieuratic elutriator and were sorted by 
hand into live fine, dead fine and live coarse root 
categories, rejecting organic debris and dead coarse 
roots. Live and dead fine roots were distinguished on 
the basis of color, flexibility, strength and condition 
of cortex. The root samples were dried for 24 hours 
at 70" C and wcighed to 0.0001 g. Bulked samples 
for cach treatment were comhusted in a mufIle 
lurnacc at 600" C for tiree houis to deternine the ash 
content at ithc roots. Results were CxprCssed as ash
tree, live-root fine ma':s in t/la. 

F'or sliort-dUIration crops, bioniass sam pling was 
done soon alte r anthesis. Root production effectivelv 
ceases at anth,,':i s, and root di,'-off begins. Peak rtool 
hionlass w:', ticrefore determined by summing the 
live aid recently dead roots, excluding ol dead roots 
fo 111the previous crop, wich were easilyv identifi
able and constituted :1 lill! friactioll of the root mass. 
All roots were classiiced as fitle roots. 

In the case of perennial crops, bioiiass samples 
were repeated iontily. Sampling, will continue until 
July 1987 in order to obtain iilnnual prodLuction 
estimates. The Wiicox:on-Mann-Witney rank sum test 
was applied to detect differeiices between sam pies. 

Results 
The ash-tree root biomasses in the 0-30 cm zone 

r ie 11-year-old secondary forest i;,1four crops, 
the B. hmidicol/D.ovalifoilum paslure are given in 
Table 1. The root bioNMass Under all crops was 
considerably less than the fine-root (less than 2 mini 
diameter) bionass under the secondary forest and the 
root )ioiiass tinder improved pasture. Among the 
crops, the tWo leguniies prodlced the highest root 
biomass and had the highest root:shoot ratios, with 
soybean producing both the highest root biomass and 
the highest total residue mass. Cowpea was exceeded 
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Figure 1. Root biomass at anthesis of several crops in an Ultisol, except for rice 1, which was on an 
alluvial Alfisol in Yurimaguas. 

in total residue by com. ! fpland rice showed the Table 1. Fine-root biomass (ash-free) to a depth of 
lowest root production, 'Aith the treatment growing 30 cm, aboveground residues, and grain yields of 

various crops at Yurimaguas. Bracketed quantitiesforingeoreatmenttile olperth arc, the standard errors for 18 samples. All soils arefer Alfioms sandhi 
forminlg the treatment on the loamy sand Ultisol both Utsl nesohrieseiid 

in root biolass and aLovegroutd residue. 

Roots were concentrated in the top 10 c11 of the 
soil in all the crops, although less so in corn and Fine-root Aboveground Grain 
soybean, which had been lime2d and tilled (Figure 1). Plant biomass residues yield 
The upland rice, although all acid-tolerant variety, 
was relatively shallow-rootecd in the acid Ultisol. tlha -

Root biomass of perennial vegetaticn is shown in 
Table 2. Total root biomass ranged from 4.6 to 8.2 Soybean 1.39 (0.42) 2.76 1.80 
t/ha, with a tendency for higher biomass in the heav- Cowpea 1.03 (0.09) 1.70 0.86 
ier-textured soils and a strong negative response to Corn 0.97 (0.12) 3.03 3.00 
increasing grazing pressure on pasture biomass. Upland rice (1) (Alfisol) 0.80 (0.14) 2.59 2.29 

The piedicted annual organic-matter inputs to the Upland rice (2) 0.62 (0.12) 1.60 1.41 
topsoil in the two annual crop production systems a.c Forest fallow 2.45 (0.19) 
shown in Table 3. The total organic input to the soil Improved pasture 4.22 (0.45) 
is more than double in the low-input system than in 
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Table 2. Root blomiss of perennial vegetation at Yurlmaguas 
(0-30 cm depth). 

Veg3tation 

12-year forest (loamy sand) 
12-year forest (sandy loam) 
Pasture (light grazing) 
Pasture (heavy grazing) 

Fine 
live 

2.51 
3.01 
4.72 
3.06 

Root biomass 

Fine 
dead Coarse Total 

-- t/ha

0.33 
0.43 
0.51 
0.31 

3.41 
3.88 
2.91 
1.23 

6.25 
7.32 
8.14 
4.60 

Table 3. Predicted annual organic Inputs to the soil under different 
management systems (both with residue returns). 

Management 
 Root Aboveground Total 
system Crop rotation Input residues Input 

- - - t/halyr 

High-input Corn-corn-soybean 3.33 8.82 12.15 
Low-input Rice-rice-cowpea 2.27 4.90 7.17 

the high-input system, with crop residues removed. 
When the :;igh-.input system is practiced with residue 
return, it exceeds tile low-input system by 69% in 
organic inputs. A similar proportion of the total 
residue returns is due to roots in both returned-
residue cases (2% high-input. 32% low-inputi. 

The total annual organic-matter input to we soil in 
tropical lorests is not precisely known at this stage, 
due mainly to difficulties in detennining ie turnover 
of fine roots, but it would serm to he considerably 
higher than under crcup systemis. 'lleone availabme 
estimate of root production in a tropical forest, by 
Jordan and Escalante, generally thought to be an 
underestimate, is at 2.13 t/ha of the same order as 
production in three successive crops at Yurimaguas. 

Conclusions 
1. Approximately one-third of the organic inputs 

to the soil in a variety of tropical cropping systems 
originates from dead roots. Total organic inputs in a 
no-till, no-fertilizer cropping system were only three
quaiiers of tie inputs from the high-input system 
when residues were returned. 

2. IlTere are statistically significant fluctuations in 
fine-root production in perennial vegetation despite 
the udic isohyperthermic soil climate (data not 
shown). These fluctuations will allow at least a 
minimum estimate of root production to be made. 
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Roots (%)
Root Distribution in Pastures 0 10 20 30 40 50 60 

And Alley-Cropping Options 

Ro 'rt .1.Schoks. N'.C' StaRe Lniersitv 201 
-

,-Y ..A/n,'('l SalcIhr,N. C.Slimtw UL/nirsitV I ...........
 

Root ioniIss is most cflciitl ' cstirmaetd hy taking I 
multiple sam pIcs with a small diameter cover. When 60 ProchioriaDesmodium pasture
 
the roots are sparsC, such as thcy arc at depths
 
exceeding. 30( cm in rliost situations, the efficiency of 80
 
this itleihd dc-rcascs due to increasing statistical
 
variabilit' and decieasing root yield per core. One 100i
 
solution 1o thiS Irohieni is to modify all absolute
 
sampie obtained by corig Hlie portioi of the prolIc Figure 1. Root distribution under a Brachlaria
 

z- -humidicola/Desmodium ovalifollum pasture.
1111hcldenscst root nctwork with relative root
 

distribution data obtlired !ro11! a. n1Ol-absolule hut N I ngo
 

rapid and cffiiCll ilicIlhod suICh as:; tC )rofIc*I all edulis
 

countill liltehod. Rice Rice 

Rclattivc root-dislrinUtion (,ata Call also be Uscful
 
as a rotlehi nmeaisure of licl distribil ion of loot activity
 

(for i1pu1t into cr01) prO(Iction riodels such dS
 
C(iTRFS, for inslancc), for asscssioin the rclative Root Biomoss it/ha 
iillportai;cc of surface ail( subsoil roots in ntlrienl- 0.16 I.edulis 0.44 
ujpt',ke studics, alid for reC aliilg soil cO(,ditionS Ilhat 0.71 Rice 0.58 
inhibit root peeitration. - 25 25m 

()le (A, tlic Illos! [hlntarnlcntal i- tucstiolns ill alcy- Extent of Inga roots
croplim, es'. enicis sIme degr,.,e to whichl hic allcy
crolpi~. speiisoll,-,potes w h ti ile, allseie- Figure 2. Inga edulis and rice root biomass atcrohpirg spciiscompts with tle crop Species. increasinndistances from an Ingalrice Interface. 
SuIch coum pciitiOnl is rcduccd hy)selecting thc appro
Dria[C inter-alley spa ' ng. Data on the lateral extent 
of rootiog, 1y spCcies would be useful in this regard. the counts were normalized by expressing them as 

percentages of the total number of roots counted. 
Objectives Coring methods." A Giddings probe of 40-mam ii-

The ohectivcs of this study are 1) to determine ameter was used to sample cores in 100-mam incre
the vcrtical distribution of root hiomass under various ments to a depth of 390 amm.Roots were extracted in 
nmanagemnit options as an aid to the estimations of a hydropneunatic elutriator, sorted by species and 
total root hioniass, and 2) to detcrmine the vertical separated from extraneous material, dried and 
and horizontal ovcrlap of roots of the tree and crop weighed. Tl7he ash content oi a bulked sample was 
species in alley. cropping systems. determined by conibusting in a muffle furnace at 600 

for diree hours. 
Procedures 

l'rofle count method: Pits were dug to the Results 
maximum rooting dcpth and one face was cut vertical In Briw.hiarialDc'strnoditun pasture systems at 
and planar with a machete. After washing out a thin Yurimaguas, about 70% of the roots are in the top 30 
soil layer with a gentle water spray from a backpack cm of the profile (Figure 1). Maximum rooting depth 
sprayer, the number of roots exposed ill contiguours ii Brachiarialcsnrodittpastures is 1 ill. Brachiaria 
100 x 100 nl squares was counted. This provides a roots are deeper than IDsnodiun roots. 
Iwo-dinlensional llap of root dist;ibutions, which call hliere is a marked asynlllictry ill alley root 
he reduced to a one-dimensional distribution by distribution. T7here are more roots on the south side 
summing vertically or horizoltj-ly. To remove the of an east-west oriented alley than on the north, and 
effects of observer and depth of washing variations, their influence extends farther from the alley. 
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Occurrence of Mycorrhizvie in 
Crops, Pastures and Tree Species 

Pedro 0. Rio:, ltmtrnati 'Iil J'ota, (entr 
Mary C. Sch.es. N. Stat, Liniversitv 
T"heodore St..hn, N'w Yorik Botan'ca, (hrdena 

Most acid tropical soils ,irc low in P content, and in 
lany cases P deficiency limits tie prliructivity of the 

area. Plants sho rig VAM associations may be 
be;lzer adaptcd to -rcowim.! in thcsc soils. Improved 
faci lities now aValale at Yu ri i1agunas will make 
many11v n1ew studies of illvorrl izac possible. 

0b.ieclie 


llw,ob jct,1 Vi ( this study is to survey tile crop 

speciCe arid certa iniof lie ltive species for mycor-
rhii/a , ociatri, t dIteiire1he dcri of infcc-hdree 
lioll ai ilee ory Aat , involved, 

Procedures 

Rool samlplc: of 1ii11C species were colleciced from 
a number of trials at the station. T'hey were carefully 
washed, cleaned in boilinlg 102 K011, and stained 
with Acid lFuchsin. Forty 1-cm roo t sections, from 
',cl.h species, werC pl',cod in groups of 1(0 on micro-
sc.,pc slides and observed. Mycorrhizal infection Wasfacility 
scored as either presclt or absent illeach of theS 
sections. A positive score was constitulCd by tihe 

1)leserice of hoth hyplial sructures and arbuscules. % 
Relative inlection levels were deternined. inga edulis 100 

Results 
Tree species had the highest percentage of 

infection followed by the crop species and finally the 
pasture sCcies (Table 1). The values obtained are 
only relative because a fairly crude method of" 
 " 

estiration was used. Better techniques (e.g., a 
modified Newnrart approach) are available, but they 
require a dissecting iicioscope with a 
magnification of 4()+. A new nicroscope has been 
ordered, wilich will allow more accurate estimates to 
be obtained. This study has given some indication as 
to the extent of VAM infection; using these data. 
further inanilitlalie expecli:,elllS with VAi carl he 
designed. Ilna edulixs has beel chosen isthe species 
to be used for estabhlishine sporc cultaures. 

Soil samples v,'re collected froi the sallie areas 
as the root s:uiples. Spores were obtained )'ywet-
sieving. Representatives from the gencrac Ghamus, 
Gigasporaand Acaulasporawere identified, with 
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specimens from Glomus most nume rous. Identi flea
tion to tile species level was not possible due to lack 
of exp-,tise, but permanent mounts of the spores 
were made and will be identified b%Dr. Theodore 
St. John of the New York Botanical Garden. 

The initial work on VAM was done using an Acid 
Fuchsin staining procedure: Dr. St. John recoin
mended, however, that ,rypan-bluelactophcnol 
should b.used for better resolution. 

Dr. St. John also showed the professionals a :apid 
way of assessing whether mycorrhizal infection had 
taken place. This technique can only be used on 
white-colored roots, e.g., corn. After removal fromt 
the soil, roots are washed rapidly under a stream of 
ninning water. When all the soil has been removed, 
the roots ae examined For a yellow coloration, which 
occurs in isolated spots along tihe surface of tie root 
where infection has taken place. This yellow pigment 
is photosensitive and only lasts for a few ,iinuiles. It 
allows one to rapidly assess a large number of 
samples for ni'corrhizal infection; however, it must 
be backed up by traditiorial cleaning and staining. 

Table 1. Degree of VAM 
Infection, selected species. 

Erythrinasp. 90 
Desmodium gyroides 85 
Peanut 83 
Sweet potato 69 
Corn 40 
Upland rice 32~ ~~~Desmodium ovalfohiu m 30 
Brachiaria humidicola 30 
aaidigant, 


In order for any 
manipulative experi
ments to be carried out 
withlmycorrhizae, a 

mst be avail

able to produce large
 
quantities of sterile 

soil. One method is to 
sterilize the soil by 

autoclaving; however, 
this is labx)ious and 
the possibility of Mn 
toxicity does exist. The 
use of "Basamid," a 
commonly used. conm rily a il b e si
 

was also
 

tintiu1tried but it is not 
suitable for mycorrhiza! work because of its long
term residual effect. Methyl bromide was located, 
ald all experinent is under way to test its efficiency. 

(onclusions 
All specie;S tested were MycolThizal, but degree of 

il'ction ranged from 30 to I X)%. The pasture 
species seem to be least infectcd; the annual crops 
occupy,a middle position, and native tree legumes 
used in agroforestry show the greatest infection. 
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Effect of Different 

Management Options 

On Mycorrhizal Infection 


Pedro 0. Riuz, InternationalIotatoCenter 
Marv C. Scholes, N. C. State University 

In the humid tropics most wild and cultivated plant 
species are associated with inycorrhizae, especially 
of the vesicular-arbuscular (VNAM) type. These 
associations are formed by funi of the arder Endog-
onaceao that colonize the conical cells of roots. The 
rain agronomic significance lies in their ability to 

supply the plant with nutrients, particularly P and Zn, 
that diffuse slowly in the soil, thus developing 
depletion zones in the immediate vicinity of the root. 
Other beneficial effects attributed to mycorrhizae 
include improved N fixation by leguMinous .pCciCs; 
gieatcr tolerance to root pathogens, drought, high soil 
tCn peratures and other factors that enhance rowth 
rate; good recoveiy from transplanting, and good 
plant survival. Many plant species in the tropics
greatly depend on mycorrhizae for their P nutrition. 
lhese fungi can be lost from soils gradually as a 

consequence of land use, especially when manage-
ment practices incompatible with fungal survival are 
adopted. 

OI.jectivc 
The object of this study is to deternine the degree 

of occurrence of VAM fungi in tropical soils under 
different management practices. 

Procedures 

A pot experiment was conducted at the Yurima-

guns Experiment Station, using soils collected from 
the following systems: 1)11 -year-old secondary 
forest; 2) one year of shifting cultivation; 3) ene year 
of continuous cropping with low inputs; 4) one year 
of continuous cropping with high inputs; 5) 14 years 
of a high-input system. Sites I to 4 were from the 
experiment reported on p.102 (referred to here as 
Y-412), while site 5 was from an experiment re-
ported on page 86. 

Soils under shi fting cultivation and for the low-
input system were cleared by the traditional method 
(slash-and-burn) and no inputs were applied. Soil of 
the one-year-old 1gh-iiput system was cleared by 
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bulldozer and prepared mechanically before it 
received lime and fertilizer applications. Soil 14 
years old in tile high-input system was cleared by
slash-and-bum and received continuous mechaniza
tion, lime, fertilizer and pesticide applications. The 
chemical characteristics of the soils are given in 
Table 1. 

The experiment had a complete randomized 
design with ten replications. One and one-half kg of 
soil were placed in plastic bags, and corn was used as 
an indicator plant. Shoots from five replications were 
harvested after 15 and 30 days, when plant height, 
dry weight and P content were determined. Roots 
were cut into 1-cm sections, cleared in hot I09 
KOH, and stained in trypan-blue lactophenol. -'he 
stained sections were mounted in glycerin and 
examined at I00x and 400x for the presence or 
abscnce of mycorrhizal infection. The degree of 
occurrence was measured in terms of perccntage of 
mycorrhizal infection. Ten grams of soil were wet
sieved for spores. 

Results 
Significant differences in percentage of infection 

with management type were detected (Table 2), 
especially between the short- and long-term high
input systems--100 vs. 10%, respectively-at 30 
days after sowing. Shoot P levels differed greatly, too 
(0.64 vs. 0.19 g %, respectively) in contrast with their 
available soil P contents (8.48 vs. 14.14 ppm P, 
respectively). This relationship was less evident in 
soils from the secondary forest, the shifting cultiva
tion system and the low-input system, where infec
tion levels were similar. Shoot P levels in all treat
merits in the study were high at 15 days after sowing; 
at 30 days these levels dropped except in the soil 
under the shoro-term high-input system where this 
value was maintLined. Plant height and dry-matter 
pr(uction were higher in soils under both high-input 
systems. Spores were present in all soils in small 
quantities; three different size species of the genus 
Glomnus were recognized. 

Discussion 
Results obtained indicate that mycorrhizal 

infection is affected by high levels of Pin the soil, 
which may inhibit mycorrhizae formation, as noted 
in the long-term high-input system with a high soil P 
level. This could have been due to continuous P 
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Table 1. Chemical characteristics of Ultisol sites of sandy loam topsoil texture in the 
mycorrhizal study. 

Management type pH P Al Ca Mg 
Al 

K N sat. 

ppm cmol/L - %
 

Secondary forest 
 5.0 6.0 0.9 1.83 0.25 0.09 0.060 29 
(11 yr) 

Shifting cultivation 6.0 4.0 0.0 3.50 0.88 0.14 0.040 0 
(1 yr) 

Low-input (1 yr) 5.0 4.0 2.4 1.67 0.48 0.18 0.078 50 

High-input (1 yr) 5.0 3.4 1.1 2.44 1.01 0.63 0.072 21 

High-input (14 yr) 4.3 14.1 1.0 4.11 1.70 0.87 0.052 13 

Table 2. Plant height, dry weight, shoot phosphorus content and percentage of infection of 
corn plants grown under different management practices.* 

14 days after sowing 30 days after sowing 

Managemr;nt Plant Shoot P DryDry Plant Shoot P 
type height weight cont. Infect. height weight cont. Infect. 

cm g g % % cm g g % % 

Secondary forest 38.2b 20.8b 0.43b 32cd 55.2b 39.6b 0.21b 74b 
(11 yr) 

Shifting cultivation 34.9b 17.9b 0.53ab 46bc 45.8c 34.Ob 0.21b 92a 
(1 yr) 

Low-input (1 yr) 37.3b 18.8b 0.55ab 62b 43.3c 33.8b 0.19b 94a 

High-input (1 yr) 49.la 33.6a 0.66a 98a 62.3a 74.8a 0.64a 100a 

High-input (1yr) 50.6a 38.9a 0.38b 4d 60.lab 68.7a 0.1Ob 10c 

*Means with the same letter are not significantly different at P = 0.05, using the Duncan multiple 
range test. 
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applications, although the soil test level is Itabout 
fhe critical level for corn growth (15 ppm ). 'I'l low 

inifection level could have .'so been due to the lack 
of VANI inrocalr,, iln this systeni. 

A positive rel ationsiip bctween n1 ycorrhizal 
iltectiOnl ald the amount Of 1)absorteVd b ' plalts is 
lrticllarl. cvidcnt ii the soils undcr the high-inputLt 

systems. This dilernc'ice is attributlble to the efl[i-
clencv of, VANI Ifuni to absorh P1from1 the soil alld 
tralnslocate it to the planlt, aidllctheir ahilil\ to c\plore 
more1'C atCra il the" soil. Mvcrrhi/al inIctiol in soils 
from sccollldIrv lorest, shilire,cultivation and the 
low-int sylLtel were I ih : howCver, thCse viluCs 
did nlot coillcidce \o il' ih slitl I e t1 nt probabl\ 
d1C to the hlow lCe of this n1utr-ieit Ill the Sil or b\ 
c I. t .\i roxiciI\i.,CC su bsetLutuLi e xerIMlinenits). 
Ihcsl" titikls IliA explain the' drop il shoot F 
evIcIs ail3 !kt\ r tcr so~win g.The lrclsCilC OfIcaisei( d 

OIC_', ii) all sr" at , mall (tuiantilies indicatcs that 
such >,polr ctmll, Iltnt de(LCtimu ii.Ncorrhi/al 
iifccio l Ic vel. 

('Conltusions 

Th. dlcr eCC o.curCeCc of"'VAi fullci inlC Of 
YUrill aii astiM:)ls dilleis wkith ill illillit optiol. 

I \ lcUcetage. o.of im colrrhial infecliol il 
hli'h-ilpt ,\ mIll- terni comuld resutovCr thc 
Iloi rihievels Of P ill thc oil o t1rC disapplaranilce 
of VAN1: ilr iiIn il thc s\x stm. 

.3. lunlhcr reseirchi is dcccd to ilvslig'lte 
optilliul-1 P requircilnlits for InliatiollI1nlcrrlli/ae 

Rhizobium Nodutation 
In Grain Legumes 

aurv C. cxttles, N. C. .St ae University 
R/u11 Rotntz, INIPA 

l'he objective of this work was to isolate and 
characterize IRhizobiwn sp. from legurne crop species 
grown in acid tropical soils of Yurim atuas. 

Bacterial colonies were iso!atec on yeast extract 
mantlilol agar from ia number of cultivated and 
naturally occurring species. The species investigated 
includcd coWJ'pea. pealnul, soybean, I)tsnodirn 
Jvalifuiinn, hina cdulis, Ervthrina sp., Desmodium 
Qc.'id's and others. Sonic of the colonies resembled 

hi:obmi. None ot' lic Rhizobiuin species was 
identified dile to the lack of facilities and expertise. 

piLits were not reinoculated with the 

isolated species, we cannot be absolutely certain that 
Rhi:,hiwn sp. were isolated. Sincc conditions were 
not sterile, inlaintenanice of' the isolated species was 

cxtrcricly diflficult and, as a result, this line of 
rcscarch was ot pUlSUeCd. 

The principle of' including legullies in a continll
tls crop))ing systemn assumes that the legume is 

fiing N elficiciiIy and will restll in sole N carry-
ovC'r t0 the SubsetLill crop. lowever, eslates of N 
lixatio(n bN' leg1umes, Under acid tropical conditions 

arc .;carce. 11iis study focused on Lryin,; to obtain 
estilmales of N lixation by native and introduced 
Rhizohium species. 

ProcL, hi res 

Three plant slpecies were ised: cowpea, peanut 
and soyvan. Soil collected froni til field where the 

crops were growing was stenilized by autoclaving. 
Four Ireatnicults and fivc replications were used: 

I) sterile soil: 2) sterile soil and inoculurn from the 

field; 3) sierile soil and inoculuni frome a known 
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strain; and -1)terile soil and urca (equ\ivalniit to 150 
lBy 

Ilnocul Iroinl th field wCre, prcpared by Cruslhing 
IlidUCS I.l '(10 lie p1an It'l I f1i0ii1 rmlti. li.'seeds of 
each spCcies wetrt IIlced InI ech I k!! plot: each seed 
\kjs inroculjlcd %witia (), I il aliquot of tile prepared 
inrenlA:. 'I ie pn is \ crc pIceCd iII at.rcCliho.;e alld 
wale red daily \ ih dcin i/d water: a nutrinct 
sOltioni nIIinIus N wa' twi:c weckly. A!ter anipltcd 

Citht\\ e. pcrinot the plaiuI; \\crc r'nrovcd and 

diVided irl abeC- and par'ts,
IbIelow),roUl 

Resills 
N' stp;lts d\ chpcid fiodle]Cs, iil)lving thai a 

real dcatl of contamlint:tioll had tikcii place; thcre
it)r, loon,'lusions :h mt ie illouliit of, N fixed can 

tichtra%ii.N c\'crthcle:ss. the mean nnmber oIfioduliles 
1 p nitl('lAtc indictlc's th IIltulatiOll occurs 
'adil\ if) p Hf, c\\pea. bIt rIot iII so\'baill i)1aui 

YLnIIas 
('MjpC' anip'tnni rI)lHlICd pmlificillN' under 

field coidii.N %inlhoiitul aru;dnliiioiial inoCnla: 
ho cv'cr, >0\lUcAI (p.l11') did nt(ot nxlIlaeC very cx-
tinsivcl\ Cve'u alier hcile irroeulicd \\itl Rhizol/II 

The "'lCcrilimnstaciliteC, arC I()[ adCqnate for 
cmlrirollcd c xpcirinCIII duc t c\cCssivCl li,ph 
telncrilrnc, the ieaking rool1ard the prescnce ofl 
inecis. 'lhic statior does need a facilily for goin rr 

plirll'. urnider cnt roIIled cornditionis it ihepro r'in 
contirues k) rue]uc olk ill soil nilicroholog . 

Table 1. Mean number of nodules per plant with and 
without Rt'izoblurn Inoculation In pot conditions. 

.... ...
. . .. . ..... ..... 
 . .
 

Species Inoculated Non-Inoculated 

Soybean 0 1.1 
Cowpea 22.2 16 5 
Peanut 40.1 53.5 

ComparativeSoil Dynamics 

Soil Macrofauna as Affected
 
Management Practices
 

BetN l'a.slu a.vi, INIl/-' 
I'atrickLavelh', University ol'Paris 

lnvcrteerate participation in the chemical processes
 
of dccomposition of soil organic matter is decisive,
 
with tic Ingestiol ud digestion of hundreds or
 
thousands of tons of soil per year: the invcrltebratcs
 
mix and acrate lit, are snbdisoil. The invcrtcbrates 


vidCd into 1esolanLia andin acrofauna. 'lie meso
fatna con sist of organisms less than 2 ni ; the
 

alllcrofau.ltlna includc orgalismns greater than 2 iii.
 

Objectives
 
The ohjectivcs ot this study are I) to deicnine
 

the existence of tile different Coniponents of the soil 
IllaCrolfanla uLder different lanl inanatgement 
alleriialivcs; 2) to evaluate weigIrt and iarmber of, 
individuals in tiledifferent conIpoIents of tihe 
nrIACrohfrlillila; ald 3)to associate the diverse macro
fauna conponcnts with tile different systems of soil 
use. 

Plrocedulres 
To study variation of' macrofauna under different 

forms of mianagement, the following production 
systems were sanmpled: 1) primary forest: 2) secon
dary forest with tell years of nalural regeneration: 3) 
a peach palm plantation with a kudzu (Pueraria 
phasvloIh's) cover; 4) a four-year-old pasture ill 
association with Brachiariahunridicola + 
Desmodium ovalifidiun; 5) a hghI- np t systemi, OIe 

year old (p.102); 6) a low-input system , one year oh 
(p. 102); 7) itraditional shifting agricl ulture systen. 
one year Old (1p. 102); 8) a hunIlid torrurCO degradCd 

pasture (lve-ycar-old traditional system), and Q)dry 
degraded torotrco pasture (five-year-old traditional 
systelll). 

Samples were taken by a transect whose depar
ture and direction were random ly selected. Every 5 in 
a sample wvas takeni along the length of the transect. 

The saiples had thc following dimensions: 25 x 
25 cm arid 30 cmii depth divided into four succctssi\'e 
layers: litter hi'.',- 10-20 and 20-30 cm.The0- 10, 
litter and soil s,.,oles were placed ill plastic bags and 
theii ianu-picked for macrofauna. 
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The animals were put in a 4% formol Table 1. Macrofauna present In Yurimaguas soils, under diffe,
solution to conserve them for identifica- ent management systems. 
lion. For each sample the density and 
biomass of the different taxonomic units No. of 
were detcnined. No. of Average units 

Type of management samples density Biomass recorded 
Resuilts 

When separated by soil-management 
system, a great variation existed in the individuals/m g/m 2 

density and biomass of the macrofauna 
(Table i). 'l'his density apparently is due Primary forest 4256 41.3 41LY Seconda,"y forest 1010 3755 18.9 27 
to the floristic composition of each Peach palm + kudzu 10 1794 54.1 32 
svstem; for example, the primary forest Brachiaria + Desmodium 10 915 127.9 27 
is the richest in number of individuals/ High-input cropping 10 709 2.4 20 
il- while the high-input system is the Low-input cropping 4 3612 8.1 13 
poorest. The macrolauna biomass in the Shifting cultivation 3 1397 3.7 8 
impoved and humid degraded pastures Humid degraded pasture 3 1008 128.6 13 
was greater than that in the traditional Dry degraded pasture 3 3296 25.0 17 

Ss'tCml or n the high- and low-input 
systveIs. This difference is due to the 
fact that in pastures a greater quantity of endogenous 2. The animal communities' composition is 
oro Anisns such as earthworms was found. 'Iis en- detemined by the forest nature of the medium and 
dogenous group has a greater biomass than the by the texture of the soil. 
consumer groups of leaves, wood and crop residues 3. Clearing and substitution of the forest lor other 
that predonlin!te in the other systems ('Fable 2). management systems profoundly transforms the 

structure of the biological communities of the soil. 
Conclusions Macrofauna biomass increases with pastures and 

1. The greatest percentage of density and biomass decreases with annual cropping. 
is found in the 0- 10 cm lavcr, as this presents the best 1. The dominant units are termites in density 
conditions for aeration and the greatest amount of (54%) and earthworms in biomass (73%). 
nourishment. 
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Table 2. Density and blomass (%)of different soil macrofauna Inthe various management systems. 

Type of management 

Macrofauna 
Prim. 
forest 

Second. 
forest 

Peach 
palm 

+kudzu 

High-
Innut 

system 

Low-
Input 

system 
Shift. 
cult. 

Brach. 
+Destn. 
pasture 

Humid Dry
degraded degraded 
pasture pasture 

Termites 
Density 
Biomass 

76.1 
16.5 

86.4 
26.1 

63.9 
6.4 

43.6 
21.1 

90.1 
70.5 

81.3 
81.9 

1.7 
0.02 

24.9 
0.9 

21.2 
12.2 

Earthworms 
Density 
Biomass 

2.9 
58.9 

2.6 
49.1 

8.2 
91.0 

2.0 
48.8 

-

-

- 81.1 
96.2 

53.4 
96.4 

7.0 
71.1 

Ants 
Density 
Biornass 

13.0 
1.3 

7.2 
3.0 

20.1 
0.3 

37.8 
2.7 

6.2 
2.4 

12.6 
3.8 

5.8 
0.1 

13.2 
0.2 

66.2 
3.4 

Coleoptera
Density 
Biomass 

1.6 
2.6 

0.8 
2.5 

2.1 
0.6 

11.5 
15.3 

1.8 
2.9 

1.1 
12.8 

2.8 
0.1 

3.7 
1.8 

1.5 
7.9 

Spiders
Density 
Biomass 

1.6 
6.0 

1.2 
8.3 

1.2 
0.7 

1.4 
0.6 

-

-

0.8 
1.1 

2.4 
0.02 

2.6 
0.02 

0.6 
0.1 

Mirlapods 
Density 
Biomass 

0.7 
6.0 

0.7 
8.3 

1.7 
0.7 

-

-

0.6 
5.6 -

1.0 
0.2 

0.5 
0.5 

0.2 
0.02 

Miscellaneous 
Density 
Bicmass 

4.1 
8.7 

1.1 
2.7 

2.8 
0.3 

4.5 
11.4 

1.8 
18.6 

4.2 
0.4 

5.2 
3.3 

1.7 
0.2 

3.3 
5.3 
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Comparati'eSoil '.y(mi/ics 

Nitrogen Mineralization and 
Leaching as Affected 

By Crop-Management Practices 

Afa''' (C . , (' t nivrsitv 
IP'd, ,. ';,c/. V. .\sla. ivr't.s'itv 

FCw corl npa 
bCCnI llilC h 
natural svs:cIIIS 
espcciall\' re 
Ililt sclcc innral 

Ynrali 

;111',cnCl s'stems alld the 

(11111;H 1 zation processes have 

anlt1rilr 
![om \Ylich It1cv arc derived. This is 

YorIropicil svscms. The process of 
(m Iltttrictt -poor sstclus is hIc ved 

to hmavc rcstlaed illoq.eli"nSs that show et icienl 
Ifmtriclt utilli/aithol. agricultural practice, on the other 
hamt, tolet>,I.1)di srpt this,.t> It,(coMipaing thewo 
svStlls it should h. possile to more readilv idrlrif\ 
inlaiila.c II/I'A pra tiCOS which, when inIcluded illtlec 
derived aiicultural system, act to slhlhili/c ad 
optimi.'C the transte.,r it tllricnti,. 

'This ,,udy. i I\1it ,' e0 ilsof tk(o textures, was 

H rtakeI ito kIlcicrunii'.' chanlcs in soC soil hi o-lC
loc,,ical pIr()pcIics m uIllisol upon clearing and 

hcin subjcctd to di f'Cront crop
' 


s,stcwr. Nirilication ald inircraliatlio;1 were 
2il,.1/cd \i r ICcOIl 0 1S,1 CiIi season ina 
collventliua at amllIbttillaca aroecosystenl lntd thcse 
lest! lt,, to tI valIeS olhtainCd in tIrCOH 1)2 icd 

ildi cer IOuS veccl ation. Di fCIrenecCS in Inilrificltioll 
and minrallrietin activity ove, (0I-30 cm were 
analyzCd as wevll as diffcrences III the distribution of 
activity ,vithli segiCnertis.0-30 en: deptil 

T'iis work focused on delemining the changes 
that take place in the dynamics of soil Nwhen one 
converts an I 1-year-old tropical forest fallow to cul
tivated systems managed in different ways. The 
various N conversions in the soil can ty" seen in 
Figure 1.Mineralizaticn, nilrification and leaching 
were followed in this s'udy. 

Procedhnrc.s 
Ali il Sitll mLethodology for studying fluxes of 

mincral-N descritbd by Raison and coworkers was
 
used. PVC tubes 5 cm in diameter and 33 cm in 
length .,'ere used for the field inrcubations. Tubes 
were hammered into the soil to 30 cm. This was easy 
in the sandier soils but difficult in clayier soils or 
whcre coarse roots are present. Ihle tubes were 
placed ingroups of tiree; one tube was immediately 
reHnoved and returned to tile laboratory for lime zero 
nilcauEn.S of N( and Nlle.The remaining tubes 
were iMcubated for two weeks, one tube covered with 
a plastic drihking cup to keep Out moisture and time 
other left open. After two weeks the tubes were 
retumed to the laboratory. "Ihe period ofinlLUba 

was chosen arbitrYil,,relying on the ildorrnation 
thiatrmincralization would occur rapidly tile to 
suitable clinatic conditions. '"hecore was pushed out 
of the tube ,11 divided into two sections, 0- 15 cll 
ald 15-30 cm, an(d the samples were extracted with 
0.5M K,SO4.After 30 minutes of shaking, followed 
by filtration, the filtrate was analyzed for NO, and 
NHI using standard tech, iques. 

'llifollowing estimates were made, expressed 
NO, extractable nitrate 
N 1-14 extractable amrnmonia 

volatilization denitrificatlon Superscripts: 
o Time zero, bulk soil 
c T'ime one, covered tube 

u Time one, uncovered tube 

organic N] ..... --[ ~ 11 --- NH] 
I Time one, bull soil 

Net mineralization = (Nl+NO3c)
arnmonificaticn / nitrification (NI 4", + NO3o) 

Net amnmonification = Nil;C 

.... . .leac ingNet nitrification = NO '- NO.... 

immobilization---------- leaching NO 

''Leaching"= tNII. + NO C 

uptake 'A 
(lNI'," + NO") 

N I-1 
"
 

Uptake = (NI-I, 1' + NO3
1) - (NH," + 

NO30) + leaching + net 
Figure 1. Nitrogen processes In soils. mineralization 

122 



Comparativ Soil Dynamics 

Table 1. Net N mineralization rates as affected by management systems 
and soil texture on Yurimaguas Ultisols (June-September, 1986). 

Topsoil 
texture Depth 

High-
Input 

Low-
Input Forest Pasture Chacra I 

cm - g N/g dmass soil 

Sandy loam 0-15 
15-30 

25.12 
-0.06 

37.22 
-7.98 

27.78 
-0.23 

4.07 
-1.04 

17.16 
-8.30 

0-30 25.06 29.24 25.55 3.03 8.86 

Loamy sand 0-15 
15-30 

6.13 
14.98 

19.69 
9.97 

34.04 
13.98 

0-30 21,11 29.66 48.02
 

Table 2. Nitrification rates as affected by management systems and soil 
texture In Yurimaguas Ultisols (June-September, 1986). 

Topsoil High-
texture Depth input 

cm 


Sandy loan 0-15 2834 
15-3C 0.86 

0-30 29.20 

Loamy sand 0-15 1768 
15-30 12.90 

0-30 30.58 

In the stutdy reported on pagc 102 (referred to 
here as Y-4!2), leaching was also cstimatcd by 
taking samples weekly from suction cup lysimeters 
over the petiod Al -;I-August 1986. 'The Ivsimetcrs 
were at 100 cm inall of the management practices 
CXCC)t in the shiftinlg cultivat ion treatment where the 
lysimeter was at 50 cm, due to a shortage of 1(X)-cm 
13simeters. Sam ples weic akei from the sandy loan 
and loaniy sand rcplicat, s 2 and 3. Samples were 
analyzed for NO,-N and N I,-N. 

Several nimalcmecrit systems wc re sampled ai 
twO -week intervals uoni June to Septcmher 1986. 
This includcd the hit--input cropping, lhw-input 
cropping and forcst fallow plots of experiment 

Low-
Input Forest Pasture Chacra I 

jg N/g dmass soil - 

40.49 25.9> 1.78 31.61 
0.83 3.62 -1.52 -2.86 

41.32 29.55 0.26 28.77 

18.84 31.51 
9.95 16.36 

28.79 47.87 

Y-412, using a loamy sand and a sandy loam block. 
The high-input cropping was finishing its second 
(coni,and third (soybean) consecutive crops during 
its first vear of operation, with tillage, liming and full 
fertilization. During the same time period, the low
input system was into its second (upland rice) and 
third (cowpea) crops with no tillage, lime, or fcrtili
zation. The forest fallow was cndin, its eleventh v'ear 
of growth. 

File pasture management option was sampled for 
the central g:azing experiment (p. 21) under Brachi
aria humidiola/Desrwdiumovalifolium in its fouh 
year of continuous grazing. To estimate the long
term effects of high-input continuous cultivation, 
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Table 3. Maximum N leaching measured In 1 t-day Intprvals as affected by
tipsoll texture and management practice (Experiment Y-412). 

Loamy sand Sandy loam 
Sampling 
period 

(14 days) Rainfall 
High-
input 

Low-
Input 

Forest 
fallow 

High-
Input 

Low-
Input 

Forest 
fallow 

mm ---- jig N/g dmass soil/14 days 

1 0 0 0 
2 86 2.9 1.9 
3 104 0 5.8 
4 163 25.7 6.9 
5 95 2.2 2.9 

(hacra I (experiment "7 1()1) was sampled at the 

5a',tC tilC dunflr!, the COUrlC , a COrln crop. The 

pastlure. and Chacra I tocttioll had only one topsoil 

te'tiire: sanId\ lm. 


Resolts 

Ni ncralization and 1itritication rates were found 
to vary il;rou'ghoot the period studied. In the Y-412 
Cmll, parisOns (hi gh-intput, low-input and forest) oil the 
sand loam, cropping cultivation has had no elfect onrefminerlization, whereas on the loamy

r1e rates o 

sand, the mineralization rate in the forest was sub-


"ally thn i ytms.
tileher tictwo cropping 
No difftrlencus can bcseen between the two high-
and low-input Croppingi svst'ns in Y-4 12 " in spite of 
dil eCrictes ill tillae, ii0 1iril arid fertiliz1ation. It will 

Ic inr r'stintg to follow ir ineral izal ion patterns 

hctwce' niallagellrc!nt Ireatilients as the experinent 

ac:, sincc these a1r only l-rst-year data. 

hl MoSt cass, il iNeratiZatiorl anid nitriication 
rates wCre suhstantially higher in the 0-15 cn zon, 
than iii the 15-30 cm zone (Tables I and 2). 

If one compares the rnineraliz,:tion rates in the 
pasture and in Ch',cra I, it can be seen that the values 
are extremely low, conpared with tire Y-4 '2 values 
(Table I ). This is pcrhaps due to denitrilication 
caIse( by more rclCLrrcltlV observed saturated 
in isture co ditions and sonrewhat higher clay 
Corlt.rIt:,; Cioulicircd. This is an area Ihat should be 
followed r1p in te future. 

Values obtained fo.: maxinum leaching were 
obtained by comparing the values obtained for NO 

0 0 3.4 0 
0 4.2 0.2 5.2 
2.8 0 13.6 0 

14.5 0.6 0 0 
5.0 	 10.5 4.1 2.3 

Table 4. Total soil nitrogen measured to 30 cm In 
different management practices. 

T t N 

Total N 
Management 

practice 0-15 cm 15-30 cm 

% 
Y-412 	 Sandy loam:
 

High-input cropping 0.05 0.06
Low-input cropping 0.08 0.04
Furest iaulow 0.08 0.06 

Y-412 Loamy sand: 
High-input cropping 0.05 0.02 
Low-input cropping 0.05 0.04 
Forest fallow 0.05 0.03 

Y-302 Pasture: 
Legume 0.09 0.04 
Grass 0.10 0.05 

Chacra I 0.04 0.05 

and NH+ in te covered and the uncovered tubes 
(Table 3). It must be borne in mind that they are 
maximum leaching values because of the absence of 
roots, and only to a depth of 30 cm. 

A word of caution must be given about the 
method used here to estimate mineralization and 
leaching. Compaction may occur, particularly in the 
clayier soils as the tube is inserted. This does not 
allow war to flow freely through the open tuhes and 
therefore aly not scrve as a good estimate of 
leaching. hI addition, if the soil is above field 
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evidence that asynchrony can take 
E p~lace, resulting in losses from the 

50F Tolal soil N was dctermined once 
100 H input during the sampling period byI-High-m (Sandy loam)S1KiedahIl inalysis, and tile results are 

presented in Tablc 4. Total N was 
A-- 20 higher in most cases in tile first 15 cmHhiuthan between 15-30 cm. Most man
o 

w / 
(Loamy sand) agement systems were similar except- for the pasture systems, which 

0 ._W, n,.t) showed higher levels of total N.10 - 7 . Lo o mn input-g ow y s and ) 

-Sandy loam) Implications 
I m L.. .-"( bForestuebo t h tex t u r es) Incubation of undisturbed soil in 

- -I- - site appears to be apromising tech0 19 25 5 9 16 20 2 21 122- Apiil May Juine July August nique for studying N nineralization inplant comm unities, but significant

Figure 2. Nitrate concentration in leachates at 100-cm dep.hs from 
 problemms were encountered: (a)three management options in two Ultisols with different textures. probln wri encore (a)difficulty in driving the cores tito thre 

soil in the forest sites due to the
capacity when the tlbes are located, anaerobic prcser, of large roets; (b) compaction of sarndy
conditions may form in the tube, leading tile (lenitrifi- loam sc s in tile tubes with adverse effects ol miner
cation. Thus, care must be taken ;hen Applying this alizatior, md nitrification; (c) inl some areas, espe
method and when interpreting these particular cially aft 
 periods of heavy rains, free drainage did
results. not occur in the tubes (probably due to compaction),

Data 1ra0n tC porous cup lysirmetcrs (Figure 2) resulting in standing water on the surface of tie tubes
indicate that alnionium N did not leach into aie and thus leading to anaerobic conditions; (d) the
lower profile. Ilowever, the amounts of nitrate N at precision of the estimates could be improved if many

the 100-cm depth were substantial, especially during more replications are measured. In practice this is

periods when ground cover wils minimal. It is difficult because of the time required to analyze each

assumed that nitrate measured at 100 cm is from sample.

leaching and noi from mineralization and nitrifica- It is difficult to compare the rates of N minerali
tion, which would be extremely low at that depth. iation and nitrification found inl this study witlh rates

Tne nitrate measured should only be used: for coin- found for other systems 1-ecause of differences in in
parative proposes and not as absolute measures of cubation conditions. Most of the research on minerleaching obtained from tile data. It appears that more alization and nitrification is based on laboratory or

nitrate is present at 100 cm in the sandy loam soil, 
 field incubations using disturbed samples, rather than
but this iight be misleadiig because the throughflow the in situ incubations used in this study. Because 
of water on tile loamy sand is much higher, which both soil disturbance (e.g., sieving, drying and 
p-obably :esults in more nitrate being lost fron this rewetting) and environmental conditions markedlysystem. affect soil N mineralization rates, rates measured in

Management practices appear to have an inllu- disturbed soils in the laboratory are unlikely to be 
ence on the loss of nitrate. Nitrate levels are high in quantitatively similar to those measured in the field.
the high-input system where inorganic fertilizer was Most temperate forest soil incubations produce
applied. In all management systems, nitrate losses mineral N At rates of around 1-2 pg N/g dry soil/day;
were high following harvest and during seedling es. typical rates for tropical foie.:t soils range from 0. 1to
tablishment when rooting systems were nut exten- !.,jtg N/g dry soil/day. Rates measured in this study
sively developed. Nitrate was never detected in the are toward the lower end of the range, being 0.3-0.7
forest fallow check. This study, therefore, provides [tg N/g dry soil/day. 

125 



ComparativeSoil Dynainics 

Nitrogen MineralizationAnd oilMoisL~rConenttory 
And Soil Moisture Content 

Ala r' C. Schols, N. C State University 
PedroA. ;anche:, N. C. State Untverst 

ExtrcmJ'-ly low N mineralization rates were measured 
il pasturCs in a study reported oil page 21 (referred to 
here as Y-302), and mentioned in the previous report. 
This uright he related to the constantly moist conldi-
tions encountered, usually in the range of 20-.2-1% 
moisture, which is close to field capacit'. 

01)jective 
The Objc ivc of this study is to determ ine the 

clfCC of soil moistunrc conrent and wetting and (trying 
on ill ineral ization. 

Procedures 
Soil samples were collected in triplicate from 

di fl.renil Jra('hilriaIIImiIieola/l)esinrodunova/ift-
litun paistures: (1)' Y-302, replication 1; (2) Y-302, 
retplication 2; (3) experiment reported on page 31. 
TIhese soils were ':ubjccted to the following labora-

incubation treatments: 

1.Soil was placed inplastic bags directly (24%
moisture), 

2. Soil was air-dried for live days to reduce the 
moisture content from 24 to 19%; 

3. Soil was subjected to a series of wetting and 
drying cycles fbr five days -nd incubated at 22% 
moisture. 

All treatments were incb.rted in plastic bags in 
the dark for two weeks, then i:iil yzed for NO- and 
N i; net mineralization and nitrification were deter
mined. 

L.owering the moisture content ani the imposition 
of wetting/drying cycles markedly increased miner
alization and nitrification rates (Table 1). 1hese data 
may be interpreted in at least two ways: I) under 
field conditions, mineralization is taking place 
extremely s!owly due to the unfavorable climatic 
conditions (saturated sites), and only upon drying of 
the soils does the mineralization rate increase, or 2) 
mineralizic{i and nitrification are proceeding at 
normal rates, but denitrilication is occurring quickly 
so that one cannot measure nitrification by the 
accumulation of nitrate. 

Table 1. Nitrification and Nmineralization measured by various 
procedures in pasture treatments.* 

Field Laboratory 

Process 
Tube 

incubation 
Bag 

Incubation** Dry*** 
Dry/ 

Wetting**** 

tN/g dmass/1 4days 

Nitrification 
Mineralization 

0.05 
0.61 

0.80 
0.89 

4.89 
3.68 

9.55 
8.05 

* Mean of all pasture treatments. 
** 24% moisture (near field capacity). 

Drying 	from 24 to 19% moisture. 
Three wetting and drying cycles and then incubated at 24% 
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Soil Characterization and Interpretation
 
Knowlecie about propcrties of humid tropical soils, their variability in relation to the landscape,
and their interpretatioii to users continues to be an essential component of this program. An 
infornal survey revealed that the Fertility, Capability Classification (FCC) system is being used 
in 37 countries 01hroughout the wotiid. A software interactive program for FCC classification and 
interpretation is being developed. A study on the variability on alluvial ::oils of the Amazon was 
completed and shows that some are quite fertile while others are of very iow native fertility.
Parameters for predicting fertility of alluvial soi!s have been indicated. Transects along West 
Sumatra, fiom the volcanic highlands to transmigration areas, show that volcanic influence does 
not extend to the central part of Sumatra, despite close proximity. Phosphorus fixation in Oxisols 
and Ultisols in Sitiung and nearby areas is less than if allophane were present due to volcanic in
fluence. 
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Soil Characterization anld Interpretation 

Utilization of the Fertility 
Capability C'assification System 

P. "tI iVI(tVCi'/rstophe.r w.smiih, 1V shiwt Table 1: Summary of countries and Institutions 
Staitev 1,V Buol, A'. C.Stat lln;ivlrsj.IN' using and testin, FCC. 

I' dtr A Sanhe.-. N. C. State Llniversity 
A: Countries that have requested Information and 

The F-ertiliy C'apability (,lassiftication (ICC) system are in initial stages of testing 

developed at North Carolina State Univcrsity is used 

incre asiglygi throughout the world, primarily in the Argentina Ecuador Philippines 
tropics. 'Thi: report sumn'P1r/es tl us-Uf FCC to Australia France Rwanda 
date and the direction of fliurc work to documnct Bolivia Guatemala Sierra Leone 

Honduras Spain:and expand the syste.ml. Brazil 
Burundi India Sri LankaTo date, 34 contries anei igh:, iuternati analBund
 
Cameroon Indonesia I hailand
 

orealni/ations mud agcnees are using IFCC ni research China Ivory Coast United States 
or in t e development of intcrp clative maps (Ta!ble Colombia Madagascar Venezuela 
i ).Many of these activities ar discussed below. Congo Nepal Vietnam 

,,\s a result o the development of the Costa Rica Nigeria Western Samoa 

ASIALANDi Network, (::tahlished and coordinated Cuba Panama Zambia 

throuigh 11,1S\. \, s:x N'alavsian research agencies Dominican Republic Peru 

ale dcvCloping a erop-specil'c classilication,systel Total: 37 countries 

h,ised oo soil e"aractcristics defined in the IFCC. 
Activities pllancd include compilation and inventory B- Countries intensively testing and In an advanced 

of all existing soil nata into acentrali .cddata base. stage of utilization 
Yield data previousl y oh aind on Malaysian soils 
Will also be catalog.ued. The soil-nanagcment Brazil Peru United States 

rCsIponseV for rubber, oil palm, cocoa, fruits and other Indonesia Taiwan Venezuela 

food crops will be compared with FCC groups via Malaysia Thailand Zambia 

cluster anal ysis: based on the results, the system may 
be amended or revised for Mataysia. The resulting C: Organizations using or testing FCC 
FCC rccornieni.Jtlions will he iested for ;.ccptabil
ity ly extension persomnel and practicality of the Food and Agriculture Organization (FAO) World Soil 
systcm. Expected lenefits include 1) achievement of Map of Africa 
inaxinunm henefits rom ferlilizer-associated soil International Board for Soil Research and Management 

amendment pciices by identif'ying the soil condi- (IBSRAM), Bangkok, Thailand 
tinims wuev each technology has the greatest P~otn- Centro Internacional de Agricultura Tropical (CIAT), 
tiilfor succCss; 2) Jchicvemlnt the 11aXimnumi Cali Colombia 
potential, return on Cxpedi iures for soil survey and 
soil fcrtlity research by improving communication International Rice Research Institute (IRRI) 

between members oft tlc.e (wosubdisciplines; 3) International Network for Fertility and Fertilizer Re
inputs toiward an iii,.11ationlally acccpted soil fertility search (!NSFFER), Los Baros, Philippines 
clajssijhcanjon system; id4) exchange of infoniationl USDA-Agriculture Resear.i Service, Temple, Texas 
on soil teltitit bctw.cn Iropical countries. 

Several co*untrie involved inthe IBSRAM USDA-Forest Service, Corvallis, Oregon 

etwork agreed to classify their research sites inlFCC USDA-Soil Conservation Service, Lincoln, Nebraska 
as an iniegral part of their program. Thesecountries 

incl(le Hurmudi. Congo.Nigeria, Rwanda, Zambia; 

China, Malaysia,Thailand, Vietnam; B3oli\ ia,Brazil, 
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Costa Rica, Dominican Republic, Ecuador, Guate-
mala, Panama, Peru and Venezuela. 

A Belgian un -ersitytranslated the FCC system 
into French, evaluated portions of the system, and 
offered reconmendations for modifications an(] 
amendments pertaining to the depth criteria for the 
type, substrata type, and k and imoiifiers. Alteina-
tive criteria are suggestcd for tie imodifier in temi , 
of the 11mOUIM of J)fertilizers required per ha or 
amournt of soil lest P inrsolution. It wIs also sug-
gestcd that a new mo ilier for flooding hazard x 
added. 

In the Philiippi nes, IRRi h:is begun characterizing 
and classifying their fertilizer netwoik iINS FFER) 

Soil Characcerizationand Interpreation 

highly significant in LS and L" soils. LC and 1,soils 
also showed a significant response. Based on ths.Qe 
findings, it is Predicted front FCC naps that P and K 
use in Taiwan for loA land rice can be si ginifcaro I 
decreased. Char Fer Lin also used I-CC as a guide for 
making N fertilizer rccomnnendamons for lowland 
rice. 

At the request of UN-FAO in Rome, B1roli helped 
translate the FAO work . :o, man o, Africa into FCC 
units. These inter-retative maps are now available. Il 
addition, the FAO soil niap of S(,ath America was 
translated into FCC units. CIAT has compiled a 
general FCC map of tropical South America using 
data from general soil maps and other studies. 

sites Lccordiig to Soil Taxonomy arid FCC with tile Several studies used FCC to group soils of Canrpinas,
intent of correlating the INSFI-T- results to the FCC 
syst lm. RRI also uses FCC to categorize ecosystems 
used ilraine'Cd rice cultivation in South and South-
east Asia and to determine pe rcentages of leCse lands 
With various ferti litV corIstrainrts. 

FCC was used in hrdoresi a in conjunction with 
their Land Suitability Classification to provide 

iMtcPrCetations for specific crops such as paddy rice, 
casa\,a, lit trees, rubber and other horticultural 
crops. Inaditiion, FCC was used to evaluate the 
extenit of soil constraints in the Sitiung area. Trop-
Soils staff used FCC to successfully predlict that a 
Ty[,*,: Dystropept in tile uplands of Indonesia (Ceak 
by FCC)will not fix large quantities of P in spite of 
hig' lcveIs of added P required to attain a critical 
le-,el of solttion Pvia P sorption isothertis. 

Work inThailand was conducted to relate -oil 
Taxonomy to FCC foi s,,,ne problem soils on the 
southe tstern coast. The study showed the value of 
including FCC with Soil Taxonomy to include 
sUrface soil properties. The FCC system was modi-
fled to meet local requirements. The type, substrata 
type and modifiers were assigned numerica! ranks, 
and FCC groups were scored and placed into one of 
five classes. 

'hie FCC was extensively evaluated for applica-
bility inmanaging 1Pand K fertilizers on lowland rice 
inTaiwan. These workers concluded that (1)nonex-
changeable K and CEC ii tile surface soil are 
proportional to th,:clay content, (2)large diflerences 
in4,e V'*:s( are found among FCC type and sub-
strata type (i.e., LC greater than C greater than LS 
greater than L"), and (3) yi.1d response to PK-
fertilizer on C-textured soils is insignificant but is 

Braz il, theand portions of Venezuela and Peni as 
basis for fuIlher technology transfer and research. 

In a USAID project to study the growth and site 
rClationships of Caribbean pine in paaica, Costa 
Ric.1, Trinidad and Venezuela, FCC is -eing used to 
explore he growth and yield as it relates to IFCC 
criteria. To date, it does not appear thlat low soil K (k 
modifier) and high soil acidity (amodifier) limit tree 
growth.
 

The Canada Soil Survey recently requested a
 
copy of FCC and plans to evaluate the system for use
 
inManitoba and possibly nationwide.
 

In tile Uniied States, fertilizer response and 
management practices have been compared with 
FCC groups, where it was found that high soybean 
level yields can be obtained under a variety of 
different soil conditions. It was also noted that not all 
soil properties influence yield in the same way every 
year, and, inthis study, prediction of suitable and 
unsuitable soils for soybean production cannot be 
made because researchers preselect sites that are 
suitable for the intended use. Denton and coworkers 
detemiined the usefulness of FCC in predicting 
relative rates of K required for tobacco production: 
the FCC system was found useful in evaluating 
tobacco leaf yield response to fertilization and could 
be used to improve fertilizer recommendations. 

"Te USDA Soil Conservation Service placed all 
the soil series inthe United States into FCC,noting 
dominant soil series by the rajor FCC groupings 
within major land resource areas. Application of FCC 
by the SCS is currently being tested. The SCS also 
classified phases of soil series mapped in Greenville, 
Virginia, in the FCC system and provided manage
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Soil Chri'1actcri.a-liofalInihtcrrelation 

meat interpretations for each FCC grouIpine. Fertility 
speciali.;ls were impressed by the interprctations and 
croupings, and it was felt that the cxcrcise would 
help foster a etter orkiil_, rCLati(n",sll) alnow2 
pcdologists and s'oil fertility specialists. Sharplcv, 
woiking with USDA-ARS t( develop a lnodel for 
predictingc the K-sUpplyinv, power of soil", used FC(' 
as basis ltr groupinrig soils in the stud.v, lIc deter-
mined that the prediction of exchaniceable K based 
ol clav Content is signifvtly iinproved it soils arc 
separalcd bv 1 '( ' ronpills (Sharlpiey and -uol 
I8Q). 

I .astl,. rcpnests I'Or icprints cl theI:( ' 'sstcill 
were received fo1 a variclv of, hcatloits and 
illSlijUiiOuls, a.tlOulg lhenl the tollow~iirc: the 1ili\'2r-
sitv of \Vctcrn Australia, Perlh; ic I. nivCrsity (if 
(Cordoba, Spain: the Ilniversilv of Santiago, Spa"1in 
Icological Syvstems Anal\sis (;roup. Bariloche 
lFoiulnation. R'io Negro, Argeuiina, the All) Nliss*,on 
to londuras; Nor ' aste rn II ill tUniversity. ShIcl-
]oi,-, India: Soil leting l'boratory, lhalljavur 
l)iktrict. l'anm il N;idi, india: the In1stitule for ltvesti

gation in Agrochemistry and Improvement of Soils, 
Ilavana, Cuba, and the National University, 
MNedellin, Colombia. A summary of the countries and 
institulions involved ai some level in the use and 
icstiig of I'CC is shown in 'Table I. Documentation 
on the rise is shown in Table 2. 

Soft-, re Developmen 
Currently, the F('(' computer software delivery 

sytem includes a numbxer of intcrprviations for FCC 
grou ps Under the different ianagem,rit svstem 
headings of ". phal Agronomic Recommendations
and "Paddy Rice Recoiniendations." Work is being 
undertaken to further do,-niileiln exisling criteria and 
reco cid s t end crileria and add altemta
tive criteria to delin modifiers, and to expand and 
document tire interpretations of FCC groupings for 
low- and high-ihlpti t upland agronomic systems and 
paddy-rice cultivation. Another proposed expansion 
of the system includes interpretations Ior agroforestry 
systems. 

Table 2. Documentation of FCC use by countries or International organizations. 

Anu'and, P 1986. Soi! fertility suitability classification for fruit trees and rubber plantation in Rayong and Chanth
aburl provinces. MS. Thesis. Dept. of Soil Science, Gad ah Mada University, Sekip, Yogyakarta, Indonesia. 

Avilan, L.: 0. Nrcrez, and L. Mazzi. 1978. Clasificaci6n interpretiva de 1os suelos del Estado Barinas en base a su 
fertilidad. En Resumes de Trabajo. V Congreso Venzo!K!c 'J a Cencia do! Suelo. 

Avilan, L.; ) Petez; and L. Mazzi. 1979. Clasificaci6n interpretiva de los suelos de los Llanos Occidentales en base 
a su fertildad. FONAIAP-CENIAP. Secc:6n de Fertilidad y Nutrici6n Mineral. Bol. Tec. 15. FONAIAP, Maracay, 
Venezuela. 

Avi!an, L.; F. Granados; F. Hidalgo; and 0. Perez. 1977. Clasificaci6n interpretativa de los suelos del Estado 
Portuguesa en base a sU fertilidad. Sah programa de suos, FONAIAP, Maracay, Venezuela. 

Brito, J.G.; P. Brito; and L. Mazzi. 1979. Sisterna de clasificaci6n interpretativa de suelos en base a su fertilidad
su apiicacion a la zona sur de lago de Maracaibo. Bol. Tec. 18. FONAIAP, Maracay, Venezuela. 

Cochrane, IT.; L.G. Sanchez; L.G. de Azevedo; J.H. Porras; arid C.L Garver. 1985. Land in tropical America. 3 
Vol. Centro International de Agricuitura Tropical (CIAT) aid Ernpresa Brasileira de Pesquisa Agropecutria, Centro 
de Pesquisa Agropecuaria dos Cerrados (EMBRAPA-CPAC). Cali, Colombia. 

Coto. W, 1978. System assessment (of FCC) in the U.S. Pages 235-243 in Agronomic-economic research on soils 
of t'e tropics--annual rep,)rt for 1976-1977. North Carolina State Llniversity, Raleigh. 
Denton, H.P.; G.F. Peeden; S. Hawks, and S.W. Buol. 1987. Use of the Fertility Capability Classification system
inevaluation of tobacco response to potassium fertilization. Soil Sci. Soc Am. J. In publication. 

Denton, HP G.C. Naderman; S.W. Buol; and L.A Nelson. 1986. Use of a technical soil classification system in 
evaluation of corn and scybean response to deep tillage. Soil Sci. Soc. Am. J. 50:1039-1314. 
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Table 2. (continued) 

h'finnoh, A. 198 1. Application of Soil Taxonomy to Fertility Capability Classification of problem soils in the S.F.
 
coat of Thailand. -)ages 169-180 in FFTC book series No 
 27, Problem soils in Asia.
 

Garrit, D.P.; and P.C. Agustin. 1986, ihe characterization of rained lowland rice systems in Asia. Page 41 
 in 
Agrono iy Abstracts, 1986 annual meetings. ASA, Madison, Wisconsin.
 

Goocins, .L. 1984. St,., 131! 
 cientist. Virgirna. USDA- SCS Letter with a:ttchments !t D.E. McCormack,
 
National Lt -,dor, Soil Iechnology, £CS. Dec 27. 1981
 

IB.SRAM 1986 Asian and Pacific n t,vork on land deveiopreint and F.I managemeni (Asialand) Notion, l project
proposals Vol 2. Piages 65--'2. lajnkgok, I hailand 

IRRI. 1985. Working group I) recon,.enoations. Pages 526-531 in Wetland soils: ch :,acterization, classirication 
and utilization. IPI-SM5'S. Bureau of So is I RI. Los Banes, Philippines.
 

Latharn, M. 1987 Land ceveiopir.ei 
 nn aTrnt of ancd soils in Africa. IBSRAM Proceedings No. 4 Bangkok,
Thailand. 

Liegel, L.H. 1986. 1986 progress fo4ot: for growth ann site relationsa;ips ot Carfbbean pine i Jamaica, Costa Rica,
Frinidad, and Venezuela. Proj ct IAD SCI:L2,06 Forest Servica, USDA, Corvallis, Oregon. 

Lin, C.F. 1984. Fertility CapaihiNy ('!rSlficatlon as a guide (o N-fertilization of lowland rice. !n FFTC book series 
No. 27, Piobiern soils in Asia. 

Lin, C.F. 1 -185. i-ertility Capabi~liy Classification (FCC) as a .uid"o to PK-fertilization of lowland rice. Pages 103-120 
in FFTC b( o , -,eriesNo. 29, "Soil Iaxonomy." review and use in the Asian and Pacific region.
 
Maiaril ,.P. 1986. INSFF[-11 Dirrector Fecomeiondation 
of wetlands workshop at IRRI, L.os Baros, Philippines. 

Oliveira, J.B 1978. Classficaamo de sous ca quadricuia de CampJras. Instituto Agronomico de Campinas. Bol.
 
Tec. 9. Can:oinas, SP, Brzil.
 

Paredes, G.P. 1986. I.e syst6me de classification des sols par capacite de fertilite de l'Universit6 de I'Etat de

Caroline dU Nord (U.S A.) permet d'apprecier les principales contraintes de fertiiite des sols de I'Amazonie Peruvi
eane. FaCullo des Sciences Agronomiques de I'Etat Gembloux, Belgique.
 

Sanchez, P.A.: aind J.H. Beniites. 1983. Opciones tecnol6gicas para el manejo racional de suelos en la Selva
 
Perua,ia INIPA-CIPA Serie ne Separatas 6. Lima, Peri,.
 

Sanchez, PA: W. CoLufo; and S.W. Buol. 1982. The Fertility Capability Soil Classification system: interpretation,
appricabi!ity and mouOficaton. Geodeina 27:2"3-309. 

Sharpley. A.N.: ,,d S.W. 1uo. 1987. Relationship betwe n niimum exchangeable potassium and Soil Taxon
onmy. Commun. Soil Sc;. Plant Anal. 18:601-614.
 

Smith, R.E 1986. Head, Canada-Manitoba Soil Survey. Letter to P.A. Sarchez. October 7, 
 1986. 

Sornsumran. S. 1985. Soil fertility suitability classification for paddy rice and cassava in Chachoengsao a' d
Nakrion Nayok provinces. M.S. Thesis. Dept. of Soil Science, Gadjah Mada University, Sekip, Yogayakarla, 
Indonesia 

Trangmar, B.B3 R S. Yost; M. Sudjadi, M. Soekardi; and G. Uehara 1984. Regional variation in selected topsoil
procerties in Sitiung, West Sumatra. Indonesia. Res Series 026. Cotl. of Tropical Agric. and Human Res., Univ. of 
Hawaii, Honolulu. 

Vejpas, C. 1986. Land sowtin:by i;l-ssificaion for horticult ral crODS in tidal flats a-Ind former tidal flats on the Mae
Klon 9 basin. M.S The-,sis I)ept of Soil Science, Gadjah Mada University. Sekip, Yogyakarta, Indonesia. 
Veldkamp, W.J. 1980. Soil survey and ard evaluation in the Mane River Union area of Eastern Sierra Leone and 
Western Liberia. Mane River University, Monruvia, Liberia. 
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Soil Characterizationand Interpretation 

Alluvial Soils of the Amazon Basin Group Ill-areasof polycycled, within-basin, 

unconsolidated Quaternary sediments with no inputs

Roert [ tIa,. ,V (" State fnive'r.ity of calcareous sediments or solutes. This also includes
 
Stanley TV. Buo,. N C. State l/nicrsitY the Rio Putumayo, which originates in the Northern 

Ecuadorian Ardes where Ihe lithology is com-rised 
Diversity arlolI soils ill the tropics is not confined to of acid igneous and volcanic fornations.
 
retions: with sharply contrasting elevation, precipita- At the time of sampling 20 sites were selected,
 
[lonl, temperature or vcetation. Diversity may be which either were being used for agriculture or at
 
observed even ill alluvial systems where the principal some time in the past two to five ycars had been in
 
source of variation is attributable to differences in production. When possible, fields were chosen along 
paremh. Or initial, materials. straight stretches of the tributaries and upstream 

from, or well below, tributaries flowing into the 
Objective primary channel. The soils were sampled at a 

The objective of this study is to assess the vari- distance of approximately 20 to 50 m from tie .,,cr 

ability of alluvial soils of flhe Peruvian Amazon in embankment. 
rclation to their production potential. 

:,'' "<"Procedures E""""' : ' ' .:'" " '"" : ' :" 

I l~OdplaInS of tribuLtaries flowing 
into the Marafimn and Amazon rivers . ..... 
were selected as sampling sites 
(Iienre I '. 'Iliree ITgeogrphic units 
were defined from which the tributar- 4' 

NSHFY.CUies origi nate a1d acquire their sedi-
me1cnt toads: "',o 

(;roup ' the"northen Peruvian URiMaGU' " 
Andes, con posed predominaintly of' CUIAZC .... 
Paleozoic and %lesozoic Sandstones, 
slates and i niestones containing
bathl-iths of acid ig neousnd eta-,.. 

morphic rocks \o PUCAL.PA: 
Groupl/---areas in which the V 

tributaries (lisSCt or are in close 
proxinmit to calcareous-bearing 
sanlstones and limestone. '"llis , 
ncl udes a portion of the southernlLM 
Ecuadorian Andes, which aie pre
dom inaiitty Nleso'zoic and Palcozoic 11 
ilctaIorljhosecd sedi ment ary rocks, 
has alt and igneous rocks overlain in 
sonmc areas l'v v'lcallic ash of, recent 

origin but flanked (in the eastern edge i ,ILOMETERS 

by Tertiary calcarcous-bcaring 
sandstones and lillcstole. It also 
include'; tributaries that originate 
within the western edge of the Peru
vian basini and whi-h dissect or are in 
close proximity to calcareous-bearing 
sandstone and limestone outcroppings: Figure 1. Sampling sites In Peru, Indicated by stars. 
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Soil CharacterizationandInterpretation 

Table 1. Taxonomic and Fertility Capability Classification of sampled alluvial soils of the Amazon. 

FCC 
Location Soil Taxonomy classification 

Group I 

Aguaytia (Typic)" Tropofluvent; clayey over loamy, montmorillonitic (nonacid), isohyperthermic Cbg 

Cumbaza (Typic) Tropotluven: r:narse-l,4my ;O~ipo,-r t"cld), "oh'cthmic Lgk 

Cushabatay Aerc Tra)pic fluvaoent; coarse-loamy, mixed (nonacid), isohyperthermic Lbgk 

Mayo Acuic ltaplud, very-fine, montmo;:llonitic (calcareous), isohyperthermic Cbgv 

Group II 

Cashiboya Aeric Tropic Fluvaquent: very-fine: montrnorillonitic (acid), isohyperthermic Cg 

Napo (Aq,'nc) Tropolvent; coarse-sity over clayey, mixed (nonacid), isohyperthermic Lgk 

Nucuray Typc Futropepi: hii0 silty. mixed, isohyperthermic Lgk 

Paranapura (Typic) I ropofluvrit; coarse-loamy, mixed (nonacid), isohyperthermic Lg 

Pastaza Ifropic Fluvaquent; coarse-loarny, mixed, (nonacid), isohyperthermic Lgk 

Samiria (Aque -rlrc,'-ofluvent: fine-silty, mixed (nonacid),isohyperthermic Lgk 

Tapiche (upper) (Aquic) Tropofluvent; fine, montmorillonitic (acid), isohyperthermic Lghk 

Tapictie hower) (Aquic) Tropofluvent; fine-silty, mixed, isohyperthermic Cg 

Utoquinea Aeric Tropic Fluvaquent; fine-silty, mixed (acid), isohyperthermic Lg 

Group III 

Blanco Aeric Tropaquept: fine, mixed (acid), isohyperthermic Lag 

Mazan Aeric Tropic Fluvaquent; fine, mixed (acid), isohyperthermic Cagk 

Nanay Aeric Tropic Fluvaquent: fine-loamy, siliceous (acid), isohyperthermic Lagk 

Putumayo Aeric Tropaquept: very-fine, mixed (acid), isohyperthermic Cgh 

Iamshiyaci Tropic Fluvaquent: fine, mixed (acid), isohyperthermic Cag 

Tigre Aeric Tropic Fluvaquent fine loamy, mixed (acid), isohyperthermic Seghk 

Yavar. Mifrn Tropic Fluvaquent: very-fine, mixed (acid), isohypertherrnic Cag 

Subgroups for the Tropofluvents are not defined inSoil Taxonomy. The Typic and Aquic subgroup designations 
appear in parentheses and were based upon criteria for Udifluvents. 

Rsult, near 100% at a depth of 2 m. Free calcium carbon-
Soil "avn(itnv ales were present as finely divided lime. An argillic 

I'a,.uniflic classirtication of the soil profiles is horizon was not present, as there was less than an 8% 
presrnted in Table 1. 'xcept for the profile along the incleasc in cliay content below the A horizon. 
Rio Nlayo.wh ich was classified into the Mollisol 
order, all soils arc either Incepisols or LEntisols. Orgjanic carbon 
Surface horitons of the profile by the Rio Mayo meet Surlrisingly, most of the profiles had a regular 
critcria lfor a mollic epipcdon, and base saturation was decrease of organic C witin depth; C content felt 
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Soil Characterization and Interpretation 
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Figure 2. Comparison of organic carbon content dis-
tribution with depth in selected soils. 

bcloy, 0.21/ , h,\,..:r, only in sites along the Blanco, 
Nucuray and Plutuiayoivers. In an alluvial setting 
with recently deposited scdi ments, one Would expect 
to Iird an1|irreul:tr decrease in organic C with depth 
(as in tile case of the sampling site near Rio Pastaza) 
ratlicr than a regular decrease (as illustrated by data 
fOr site,; near the Aguavtfa. Bhanco and Samiria 
rivers) (Figure. 2). Organic C content of the su rface 
horizons was generally it, the range of, to 7%, but 
was recard-d in some sites as less thall I %1€.and at 
another at sligtliv over 17%. The C content dropped 
dlramnatically an6 uni fonnly with depth in most soils. 

At sampling sites that had recently been cleared 
tOr 'agricultura use, a thin (< 2 ninam) but dense mat of 
-lie roots covered tile soil st rlicc. Durirg the 

flllowing year tills ritu niat woul presumnably 
(ecoIip)ose a;di provide a Source of nutrients to the 
crop, while at the same tinne provide a protective 
cover against erosion during the next flooding 
sequence. 
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Green rust 
Most of the sampling sites flood annually and 

remain suibmerged fOr several wecks during January-

April. More highly elevated sites flood periodically 
evcry three to five years. Most of Ihe proffles have 
gray matrix colors with more brightly colored mottles 

indicating a fluctuating water table. '[lie phenomenon 
known as "green rust" was observed in the profilealong the Pastaza River. As subsoil samples were 

removed by augcring, tie colors appeared greenishblue, but wvithin minutes a brownish rind had formed 
on the su rface of the samlle. Colors of the wet 
samples had to be identifiLd quickly clue to the rapid 

partial oxidation of e-' 

Mineralogy 

Minera!ogy designation at the falmily level for
 
soils in loamy and silty particle-size classes were
 
(]etennincd by grain counts made of the fine sand
 
fraction (Table Z). While the taxonomic classification 
of soils is useful in that the nanes communicate 
specific inf,eniation, it may be observed that it is not 
possible to make a distinction between Group 11 and 
IlI soils based solely on taxononly (Table 1). Thus, to 
make agricultural management interpretations, onemust look beyond the taxonom ic classification andl
consider the laboratory data. The taxonoic clssi fi
cnie ielbrtr ai.Tetxnni lsiication has served its purpose of communicating in

fbrmation with respect to specific soil properties and 
within a defined range. 

FertilityCapablity Classification 
The soil Fertility Capability Classification system 

(FCC) is used to indicate the status of fertility-related 
properties in the topsoil and upper portions of the 
subsoil. Quantitative physical and chemical measure
nents are made to evaluate soils for their ..:,rnon'mic 
nmanagement potential. 

The pinmary symbol of the FCC classification 
indicates the textural grouping of the 0-20 cm zone 
as sandy. loamy or clayey. Within any given tributary 
system, the surface texture may range from sand to 
clay and is a function of scdiment source, sediment 
load and stream inorphology rather than a fuinction 
only of the geological source of sedients. Except 
for the site along [he Rio Tigre, which has a sandy 
topsoil, all sites have loamy or clayey textures. The 
Rio Tigre site was sampled on a point bar where one 
would expect coarser textures, whereas 15 of the 



remaining sites were sampled along straight portions 
of the tributaries. 

The secondary symbols or modifiers indicate 
potential nutrienl or physical limitations for agro
nomic crops. Across the rarrj,*e of soils sampled, 
vertic properties, low K reserves, A] toxicity, free Ca 
carbonatcs, low (C or impeded internal drainage is 
acknowledged by a modifier symbol. 

Symbols indicating the FCC classification were 
assigned on the basis of weii-hted values from 
laboratory dal a appearing i, '[able 3. 

The FCC classifications of several soils contain 
the svmbol k, indi,'aing low K reserves ii the 0-50 
cin zone. I'aboratorv analysis indicates that for some 
soils Ihere are high levels of K in the surface hori
zon:s, decre insubstantially In the upper subsoil 
horiz'ns. For instance, at the site along the Rio 
Mazan, tile K level within the 0-20 cm zone is 0 23 
ciol/l. soil. flowe.ver, within [lie A horizon (0- cr),cmll. ol Ilwve.wtintr Ahrzo (- ~l~ 
0.53 cmol/L of K was measured; wilhin the 1-8 cm 
zone, 0.24 cmol/l., and within tile 8-70 cm zore, 0. 14 
cmol/L were mcasure'l. The weighted wcragec of' K 
for the 0-50 cii zone was calculated !o be 0. 19 cmoli 
L; therefore, the symbol applies. Conce:,trItion of :, 
ini the surface horizons at ihis site is likely the result 
of nutrient cycling or rcceat alluvial deposition rather 
than ash accumulaion as the ,dash had been gathered 
an bunIeld in pile,, and not eliminated by broadcast 
buiing. 

The k symbol was intended to be applied to soils 
low in weatherable minerals in which K deficiencies 
could occur. Test results indicate levels ol' K < 0.20 
cmol/L within the 0-50 cm zone for soie of the soils; 
however, most of the soi Is sampled have > 10% 
weatherable minerals within the line sand tracti, n. 

Soils at five of the sainpling sites have arelatively 
high potential for K deficiency and are in the eastern 
half of the s~anpling reg.ion: the Blanco and Tan-
shiyacu sites, whose soils are classi fled as fine, 
nmortmorillonitic; those along tie Pastaza an(i 1 igre
rivers, which are loamy with mixed mineralogy, and 
the soil along the Rio Nanay, which is fine-loany, 
siliceous, 

Sites along tiliCe t ribu taries (Aguavtfa , Cush-
abatay and Mayo) fed bv watersheds in the Andes 
contain free Ca carbonates. III contrast, the very acid 
alluvial soils in the eastern portion of the Peruvian 
basin may have 60-90% Al saturation. 

Soil CharacterizationandInterpretation 

Table 2. Summary of grain counts used to deter
mine mineralogy at the tamily level in loamy and 
silty particle-size classes. 

Mineralogy 
Location Quartz Feldspar Mica Opaque 

% 
Group I 
Aquaytia 
CumbazaCushabatay 

57 
9278 

14 
49 

4 
24 

25 
29 

Mayo Montmorillonitic (very-fine particle
size ciass) 

Group II 
Cashiboya 55 6 2 37 
Napo 38 13 15 34
Nucuray 66 7 7 20Par :aoura 63 22 4 11 
Pastaza 17 6 1 62Pastaza 17 6 15 62 
Samiria 56 12 15 17 
Tapiche (upper) Montmorillonitic (fine particle-size 

class) 
Tapiche (lower) 59 8 18 15 
Utoquinea 73 7 7 13 

GroupBlanco ill 80 3 5 12 
Mazan Mixed (fine particle-size ciass) 
Nanay 94 0 1 5 
Putumayo Mixed (very-fine particle-size cI 

Tamshiyacu Mixed (fine particle-size class) 
Tigre 64 8 19 9 
Yavari Mirim Mixed (very-fine particle-size cl.) 

Iatce-.Vze distribution 
In the soil, sampled, particle-size distribution was 

related to stream ruorplology rather than to position 
within the Basin. When possible, sampling sites were 
sclected along a straight portion of the tributary 
channel. Circumstances precluded this effort in the 
cases of the Cu'habai', Tigre and Ut(xuinea rivers, 
which were sampled of, point bars. They tended to 
have a higher percentage of sand and grealer vari
ability throughout the profile than sites sampled 
along straight stretches or cutbanks. 

The profile along the Rio Pastaza is an exception. 
That sampling site Was just upstream from a cut 
bank, but the profile had many depositional layers of 
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Soil Characterizationand Interpretation 

Table 3. Nutrient data used to determine weighted values for the 0-20 cm layer. 

Location Depth Ca Mg K Na Mn Cu Zrn P 

cm cmol/L soil - - me/L soil 
Group I 
Agu aytia 0-5 33.5 2.9 0.55 0.14 134.6 5.41 5.19 30.7 

5-30 25.2 	 3.2 0.44 0.12 188.J 4.26 2.26 9.6 

Cumbaza 0-10 6.7 1.17 0.22 0.06 85.8 1.40 1.01 6.2 
10-20 6.5 0.95 0.19 0.05 87.3 1.63 0.52 3.0 

Cushabatay 0-2.5 37.6 2.5 0.44 0.14 150.5 5.64 3.37 26.7 
2.5-30 47.4 2.6 0.47 0.15 172.0 6.53 3.86 11.0 

Mayo 0-8 41.2 10.0 2.43 0.67 9".9 5.92 5.53 202.8 
8-30 38.7 9.5 1.76 2.14 86.4 6.30 3.87 99.9 

Group II 
Cashiboya 0-1.5 33.4 6.5 0.76 0.21 126.9 5.73 5.64 30.1 

1.5-7 30.5 6.6 0.72 0.19 142.0 5.37 3.91 18.2 
7-75 29.1 7.2 0.66 0.47 125.6 4.64 2.55 33.7 

Napo 0-3 7.4 2.9 0.99 0.16 26.2 6.42 4.67 46.7 
3-10 5.1 1.7 0.19 0.15 15.5 6.77 2.18 19.4 
10-27 5.3 2.0 0.11 0.19 19.8 3.66 0.89 12.2 

Nucuray 0-9 15.9 2.5 0.28 0.04 98.8 4.55 6.44 12.2 
9-20 9.7 1.7 0.19 0.04 51.9 4.65 2.23 24.2 

Paranapura 0-2 7.0 0.8 0.24 0.01 60.0 2.24 2.32 27.2 
2-6 3.7 0.8 0.16 0.00 30.1 1.25 1.87 25.0 

6-15 4.9 1.0 0.21 0.01 25.1 1.86 1.78 25.9 
15-25 5.8 1.0 0.21 0.02 33.3 2.84 2.13 31.2 

Pastaza 0-5 4.4 7.6 0.57 0.07 32.7 7.59 4.23 36.5 
5-13 2.3 4.4 0.11 0.04 32.7 6.57 1.37 8.8 
13-24 5.0 6.8 0.18 0.12 31.4 21.36 1.65 11.8 

Samiria 	 0-2.5 13.0 3.3 0.44 0.05 77.7 0.92 5.75 50.6 
2.5-8 8.5 2.3 0.25 0.04 91.2 0.74 3.39 24.4 
8-15 9.4 2.9 0.1S 0.05 73.5 2.65 1.86 16.7 
15-50 11.6 3.2 0.20 0.07 33.2 2.78 0.77 23.0 

Tapiche (upper) 	 0-2.5 21.6 4.7 0.70 0.10 32.7 7.59 4.23 29.4 
2.5-8 21.2 5.3 0.71 0.08 32.7 6.57 1.37 23.7 
8-30 8.6 2.3 0.32 0.09 31.3 21.36 1.65 27.8 

Tapiche (lower) 0-1 10.4 1.1 0.48 0.18 76.3 10.20 6.09 48.3 
1-7 13.9 2.1 0.40 0.13 36.0 e., , 2.11 30.0 

7-22 7.4 1.9 0.19 0.20 21.0 1.27 0.78 2.0 

Utoquinea 0-10 18.9 4.1 0.41 0.14 168.2 2.19 2.42 33.3 
10-45 12.5 2.4 0.28 0.12 159.3 1.69 1.78 26.7 
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Soil CharacterizationandInterpretation 

Table 3. (continued) 

Location Depth Ca Mg K Na Mn Cu Zn P 

cm - cmol/L soil-- mg/L soil ---

Group Ill-

Blanco 0-3 170 
 4.3 0.49 0.08 46.2 2.30 1.96 8.5 

3-7 5.1 1.7 0.24 007 14.1 0.91 1.82 16.2 

Mazan 0-1 2.1 0.9 0 50 0.08 28.3 2.38 3.13 40.0 
1-8 0.9 0.3 0.24 0.04 9.5 1.98 1.54 6.6 

8-70 0.7 0.4 0.19 0.05 5.1 2.53 0.71 2,0 

Nanay 0-2 0.6 0.5 0.27 0.03 14.6 0.76 2.62 20.7 
2-10 0.4 0.3 0.14 0.02 5.9 0.53 1.68 15.8 
10-22 0.6 0.2 0.11 0.02 3.5 0.82 1.24 12.4 

Putumayo 0-4 3.1 0.9 0.53 0.44 13.9 2.66 4.14 28.1 
4-14 3.1 0.8 0.18 0.29 16.5 2.57 1.50 8.6 
14-23 2.3 1.1 0.30 0.28 20.3 2.48 0.97 9.7 

TamE hiyacu 0-2 6.1 1.0 0.52 0.05 67.1 3.26 5.71 42.2
 
2-8 2.0 0.3 0.25 0.01 42.9 2.09 2.85 4.8
 

8-52 0.5 0.1 0.30 0.01 16.6 2.97 1.26 0.9
 

Tigre 0-2 2.8 0.9 0.11 0.02 35.9 n.75 2.40 20.3 
2-6 3.1 1.2 0.11 0.01 34.8 1.30 2.27 10.5 
6-8 7.4 2.4 0.13 0.13 62.0 3.43 5.76 9.1 

8-18 3.0 1.1 0.06 0.04 46.9 2.47 3.23 8.5 
18-30 4.8 1.7 0.09 0.04 41.4 3.80 5.50 11.0 

Yavarf Mirfm 0-2 6.7 1.5 0.48 0.01 114.8 2.58 7.22 24.5 
2-10 1.8 0.4 0.32 0.02 34.5 2.04 2.91 3.9 
10-30 0.0 0.3 0.37 0.02 19.0 2.30 2.80 4.0 

sandy loan and silt loan materials. T'his was one of calcareous sediments in the tributary systems. 
the larger rivers adjacent to a sampling site, and the The Aguaytfa, Cumbaza, Cushabatay and Ma.yo
sedimentation envirenment was apparently more rivers comprise Group I and originate within the 
var'ed and in more rapidly flowing waters than along Eastern Peruvian cordillera. Those soils are alkaline, 
other tribut:aries. with p1-I values ranging from 6.3 to 8.5. Soils within 

Group I may exhibit phosphate and minor element 
Soil reaction deficiencies, although extractable levels of these 

Soil pti values (1:1 1-1,0) are related to the elements are high. It is important to recognize that 
geologic formation from which tributaries originate elements extracted with a weak acid from soils with 
and their relative px)sition within the Basin. In Table high p1-I values may not be strongly correlated to 
I tile sampling sites were grouped according to their plant availability.
veolooical source of sediments. In Table 4 the range The Cashiboya, Paranapura, Samiria, Tapiche anid 
of pH values within horizons of the upper I in are Utoquinea rivers of Group II originate within tle 
also listed. Soil reaclion within te major portion of foothills of the Peruvian Andes on uplifted marine 
the rooting zone (taken arbitrarily to be I in in depth) sediments containing carbonaceous sandstones. The 
is related to the sediment source and distance from Napo and Pastaza rivers originate in the Ecuadorian 
the Andes, the Andes being the primary source of cordillera, which, at upper ,levations, is composed 
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Table 4. Sampling sites grouped according to their 50
 
geologic source of sediments and reaction class.'
 

pH value range 40-

Location within the profile -- [TT
~Al 3+ 

__ __ _ ___ ____  ~315 H+30 -

Group I (pH 8.0-6.5) 0 Bases 

U 

Aguaytia 8.5 - 7.5 20- 18 2
 
Cumba a 8.2 - 7.8 a--
WU 
Cushabatav 7.7- 6.3 U 12.5 
Mayo 8.0 - 7.2 io-

Group II(pH 6.5-5.0) -n - 7 

0 
C ishiboya 5.9 - 5.1 I ,l 
Napo 5.9 -5.2 80-65 65-50 50-3.5 
Nucuray 5.7 - 5.0 REACTION CLASS (pH range) 
Paranapura 7.3 - 5.2 
Past ,za 6.9- 54 Figure 3. Average ECEC values for the 0-20 cm zone 
Sarmiria 6.0- 5.4 by reaction class. 
Tapiche (upper) 5.5 - 4.7 
Tapiche (lower) 5.7 - 4.8 The lula,,, river orginates in the norteni5.1 ie tsi oiirUtoquinea 5.9- "HCPI11lyngn iportions of Ecuador dominatcd by acid igneous and 

Group III (pH 5.0-3.5) volcanic lithology. Soils along tributaries in Group 
III do not receive inputs of calcareous sediments or 

Blarco 5.0- 4.7 solutes andl are extremely acid.
 
Mazan 5.0- 4.0 
 Wilhin a soil profile there may be differences in 
Nanay 4.5- 4.0 p1l values o tihe vaiouse !onozons. Abrupt changes
Putumayo 5.0 - 4.5 may be observed it, the profiles sampled near the 
Tamshiyacu 4.7- 45lanco, ParanapuM and Tigre ivers where the 
Tigre 6.9 - 4.3 nl', mco and ril n d T ir v es wher bh m 
Yavarf Mirfm 4.3 - 3.8 rnaxiniUni anl minimum 1)1 values differ by as nuch 

as 2.7 units. Other soils also lack uniforl p1i values,
*Groupings for ,eaction class were made on the basis but to a lesser degree. Differences in pl-I values 
of pH values measured within the upper 1 in of the soil among the horizons may be related to burning of 
profile. The classification indicates the predominate slash, which reduces acidity of the surface horizons, 
reaction class througnout the profile, although the range or to past events in the sedimentation process.
of pH values within a profile may exceed or fall below Mounains and hills arc the primary watersheds 
class li-li. for some Iributaries, and erosional events may 

account for diffIrcnccs in p11 values within a profil, 
predonlinamtly of acid i _neots and volcanic rock downstream. Additions ofcalcarcous material to the 
Sil'at. 'Ile iribut'Lrics disSc. t limestonc-beaing sedinlent load of a tibutaryimay occur during a 
marine dclposits along the Custern lkank of the sincle erosive event rather than as a gradual and 
i ountainus. Rio Nutvien ia' ori inates froll within-ha'd , progressive erosion process. Stream piracy or tile 
Se(liments, Vet pl I tites within the profile are only join!i e of streanl channels with different sources of 
slightly to inoderae lv acidic. Soils within this group sediment caused by the ligh degree of meandeing 
aIppear to be dhCmim,altV the nIiost coIOuive for ma, also result in the chcmiiistry of ,onle river system 

4agricultrtue. to become allcred. 
Groul111 CllcotaillS soil sat1l)lcs alon1g the Blan co, Althougl there may be variability of'pl values 

Ma/Ian, Nanay, 'igre, Tarushiyacu and Yavarf Mirfin within a profile, variability within the basin among 
tributaries originating from within-basin sediments. profiles is even greater. The fact that it is possible to 
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predict the reaction class based upon positiorn within 
the Basin and origin of ihc tributary is important. 

EL.Ic/lnge Iwrf l)Cts 
Tile degree of driwrictviolalive olswthn[fediversity of alluvial soils wihin Ihe 

Ama,, , Basin Pl'eru is more fully e.\pressed in the 
claeraistiv ol tho Soils Ihall it is in the physical 
proIerties. Soil acidity, percentag of base satrrratiofl, 
:inld ecrotage of AI ;Iturltioll are the most apparent 
soil characterisltics lor llaking comparisons.

Soils withil (;roup I tribularies have base, satura-
lion values near I(01; at bolh the natural soil acidity
and at pi l 8.2 (data 1iot ,hown . Sampling sites along 
tributarics in Group II lhave base s;I,. ation values 
predominantly in the rlange of Q)0 to Ib)(r at tile

soil's actual pI vaiue, and o\Cr 
 N()',al p1l 8.2. 
A1,illlinrn1iri saturatioll within the group is g:encrally 
less than 1,5Y1; . Some 'mils, like those along tile Rio 

Napo and lower Rio 'l)ichiC, have lavers that ire 

more acid anId moe 
 highlv AI saturated 1hn111itle I'Cst 
ol the profihle. It is nltike INtlia pcdogenetic pro-

esses are the 
cause , llse acidic ,hi /,ons, it is 
nmore likely tIal they are a remtf' of erosional arid 

depositiolal events. 


The sum of- bases inl (lrotp Ill soils is stLIIarl-

tially lowcr tlm thos, 
 il (ar upls I and II a:ithe fild 
soil pIl VALiCs. -ilc tIf the excharLic complex 
is OCCicIl)id bAl'h\' ionis. Ilic ( I( valueS iica rl y 
douihe at pMlI X.2. demonstratilg the large aount1 of 
variable charge presCIlt in these extrerliel y acid soils.
 

Tiei-,2 cm /.One of tile Rio YavariMirim gilte 

contains considerablyiii ore bases OIa )e resl ol tile 

profile. This is likely (tie to 'ile cliect of ash that 

,cCUniulated 
 hu 
year. Althouh the pl I value of the soil has likely riot 

increased, tile Al saturation is oIiu, olie-ialf 1thal for 

tie 2-10 cii zolle. 


A comparison 1 tire a'cragc [('UC vatlues for tile 
0-20 ciii zone is :liadc hor each of'ti thi ree soil 
groups (Figurc 3). 

on tile surface aftlr a',ur he preViOUs 

Within Group I soils, the exchange 
complex is fully salratcd With bases, arld the 
average ECEC value is 31.5 cniol/l. soil. The har.sin 
Figure 3 represertinc Group If ad Iill soils have 
been partitioned to show cxch acable bases and cx-
changea!lelc acidity as well. On tic average (n = )), 
there is only a ilcglicihl.eillounlit (Ifexchangeable Alvtes rar iging fromlin Group 11soils wi l ai 5.0 to 
6.5. 

In sharp conltrast to soils in (;ronups I and I1, soils 

in Croup Ill vi th an extrenie acid reaction may have 
ip to 90% AI saturation, with a mean value (n =7)
around 60%. To neutralize tile exchangeable acidiLy 
ill these strongly buffered soil:; with high aclivity
CIclays is Impractical given the current econofic and 
tcclmoho !ica! constraints. It may be possible, how
ever, to increase .vitcls by planting Al-lolerant 
vanities. Currently there is little incentive to do so, 
a lany "lners ,alre unable to llmrket their excess 
yields. 

Apparent CTEC of tile clay was calculated 1M 
detennine if CEC values were consistent with the 
mineralogy of the clay fraction. Excepl for so ls that 
contain free carbonates, CEC values were consistent 
wilh clay illincrlogy, as detemined by X-ray

analysis.
 

Most clay fractions of the soils sampled 
are 
dominated by nlontmorillonite, which may have a 
chairge of 8(- 120 cnmol/L. Kaolinite CEC values 
range from approximately 1-10 cniol/L, and CIEC 
values for mica may range from 20-40 cmol/L. 
(Organic llaller my1111,' significantly to thecontribute 
varialc charge in tile surface layers of acid soils as 
CEC values have 'een reported to rang.,e from 100 to 
300 cnrol/l.. 

Values reporlCd for aplarent CEC of tIe clay an1d 
percentage of variahe charge appear to he consistent 
with :ie clay rinci ralogy an(] distribution of organic 
matler tlhrotnghout the profiles. 

White-, black- fand Cla.'ar.wae-rivers 
BCf're thi study was inf-iated, there appeared to 

be sonie basis on which to group the Iri buiaries 
leC'diln. tile Anazon as determined by sedirnent 
load --i.e., white-, black- or clear-watler rivers. It was 
already recognized, however, tha1river color ws not 
a juslifiabl' parameter upon which to differentiate 
drairiage systems and alluvial soils. Factors such as 
r:trearn nmrphology, gradient, elevation of the 
watershed, and sediment source detenlin,.' whether a 
river is alochlhfonous or autochtlionous. 

The Rio Negro Ilowi og out of Brazil IacuIIi red its 
name f'rom lie appearance of the water: darkened by
feachates f'rom organic mcatler, but free of suspended 
clay, the water of this river appelars black. 

Some rive rs within the sluty area flowed white,brown or black. The Rio Tapiche appears to he a 
black-water river near Requena; however, learing its 
intersection vill tile 13lanco River, the river is 
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considerably narrower and the water is chalky with 
sediment. Apparently, as small, sediment-free tertiary 
drainages flow into the Tapiche, the sediment load 
acqui red( -,itlertup st ream is substantially diluted. 
The Tapiche appears to be a drowning river channel 
in which the gradien0t near the intersection of tihe 
Amazon is not great, and the prim ary channel 
strongly icande rs and appears braided. It is not 
ki ,wi to what extent acids flowing into the system 
via tertiary drainagcs have encouraged flocculation 
of suspended clay. thereby clearing the water. 

It appears that while tributaries originating within 
the inouilmi1 s cain much of tlicir scdimctit had 
during the rairiV seaso l, lributaries at lower elcva-
liolls cai:licicir load as the waters recede. River 
banks, once kept buoyant by high water as abrasi\e 
sedilercuts ude reuin t the hank, cotllapse into the river 
as the waters recede and the wecight of the saturated 

soil overcoles cohesive forces. The sedi ruernt load 
along a tributary does not continue to increase with 
distance, however, due to the unloading process that 
takes place along the ialY point bars. 

,Socioc,,hoicalrchtionships 
It is the point hars and sand bars that become 

exposed with the receding waters that the natives 
cherish for rice production. Warm, moist soil free of 
weeds and jungle litter provides rice farrers with a 
beach for a systel requiring almost no inputs. 

Tile tributaries are used by natives for trarsporta-
tion, fishing, waste disposal and bathing, and as a 
source of drinking water. Frequently, people in boats 
appeared to be involved in routine daily activities, 
although no homes were present along the river-
banks. Along rivers with broad lloodplains (2 km or 
more wide), the people did not live directly along the 
main river channel but on the secondary, elevated 
terrace not subject to annual flooding. Almost any 
secondary terrace along the primary channels of 
continuously navigable tributaries may be inhabited, 

Secondary residences, many of them still partially 
submerged at the time of sampling, were constructed 
along some tributaries and the Akmazon floodplain, 
The people evacuate these residences during the 
seasonal flood stage and re-inhabit them as receding 
waters expose the floodplains, point bars and river 
banks for cultivation. 

A much greater difference may exist between the 
low- and high-water marks along the tributaries than 

exist.s along the primary channel of the Amazon. 
W1 ere the tributaries tend to be channelized with a 
rclai;vely narrow floodplain, -he water level may 
1i."tuat' - ni or more ovcr a period of one year. The 
Amazon River, however, may fluctuate by only 
1-3 m. Even with the vast amount of water flowing 
nto tile Anazon via tributaries, the water level does 

not appear to fluctuate as much as along the tributar
ies. This observation is based upon physical evidence 
of fr)oding and the height of Filings supporting per
manent dwellings along the Amazon. Apparently, 
though, the floodplain of the Amazon is much larger 
in proportion to .,s volun, of peak flow than along 
some tributaries. It appears that expansive areas of 
the jungle are inundated by water flowing more or 
less along the general course of the Amazon. 

Conclusions 
Soils of floodplains of tributaries flowing into the 

Amazol River it, Peru may be chemically very 
diverse, with potenially significant agronomic 
ramifications. This diversity in soil properties, 
however, is predictabie knowing the geologic source 
of sediments and the distance from the Andes. 

Soils on floodplains cf tributaries originating 

within the limestone and calcareous-bearing sand
stone regions of the Peruvian Andes are moderately 
alkaline and 100% base-saturaltd, and they have clay 
fractions dominated by montmorillonite. 

Soils on floodplains of tributaries that dissect or 
are in close proximity to calcareous outcroppings are 
near neutral to moderately acid, may have < 10% Al 
saturation, and may have montmorillonitic or mixed 
clay mineralogy in the control section. Sampling sites 
within this group lie in the central portion of the 
Peruvian Amazon. 

Soils whose sediment source is the acid-igneous/ 
volcanic formations of northern Ecuador or within
basin sediments distant to the Andes are extremely 
acid, may be 60-90% Al saturated, and may have 
either montmorillonitic or mixed clay mineral suites. 
The abundance of relatively unweathered 2:1 clays, 
even in the most acid soils along tributaries with 
headwaters only within basin sediments, suggests 
that most sediment is derived from stream bank 
cutting rather than upland erosion. 

Except for the soil sampled along the Rio Mayo, 
which has vertic properties, there was no clear 
observable pattern of occurrence across the study 
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area with respect to physical properties. Soil texture, 
color, structure, internal drairage and organic-matter 
form and content appear independent of sediment 
source and seem to be more a function of stream and 
regional norphology. 

Of the 20 sampling sites, one soil was classified 
isa Mollisol and three as Inceptisols; the remaining
16 were classi fed as Entisols. Most of tie profiles
had a renglar decrease inorganic C content with 
dept l organic C was greater than 0.2% at 1.25 i1, 

however, thls exempting them from tihe Inceptisol

order. 


Separation of the saipling sites by geologic 
source of sediments and their respective reaction 
class is not maniflcsted inSoil Taxonomyx . For 
example, the ('adIhbo;a and Yavarf Mirifo sites were 
classified as Tropic IHLuvaquCnts, very line, montmo-
rillonitic (acid), isohvyperthernm ic. Yet there was a 
considerable diflcrence in,:)ilrcaction (5.9-5.1 vs. 
4.3-3.8) within the proliles and in the allount of, ex-
changeable Al throughout tire profiles (1%vs. 80-

))0,,).This does not imply aflaw inSoil Taxonomy
 

Soil CharacterizationandInterpretation 

but serves to illustrate the point that diversity or soil 
properties at the family level may influence soil
managemcnt recommendations and Point to the need 
for a supplementary technical classification such as 
the FCC !ystem. 

No clear relationship was observed between the 
chemical and mineralogica! prop -rties of the soils 
and the presence of forest tree species, althouph it is 
possible that one exists. It appears that differences in 
soil drainage override the effects of inherent fertility. 
In this region of highly diverse forest species, an 
indicator-species association would be very difficult 
to elucidate. 

Areas of interest in which additional research 
could be carried out on the alluvial soils include: 
implementing a similar study in the lower two-thirds 
of the Basin, i.e., Brazil, sampling soils along 
selected tributaries to determine the within-tributary 
system variability; making a more in-depth analysis
of mineral transfomations within profiles; and 
studying the source and fate of reduced Fe and Mn. 
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Soil Characterizationand Interpretation 

Volcanic Ash Influence is a major concern to other projects in this program. 
InTransmigration Areas From results in other areas of the world, it is known 

that P fixation by amorphous Al cannot be managed 

Of Sumatra the same as P fixation by Fe. Soils in some of the 
transmigration areas are classified as Oxisols, an, 

It.Subagio, Centre'f)rSoils Resc-rcl consequently, the initial hypothesis is that the 
Stanley IV.Buol,N.C. State University technology previously developed in Brasilia by our 

earlier project will transfer. However, Brasilia has no 
Amorphous material weathered from volcanic known potential amorphous material source such as 
material in udic soil moisture regimes has significant volcanic ash. Also, if the natural geomorphic activity 
influence on P reactions in soils. The volcinic areas has unevenly eroded the surface layers, local vai
in Sumatra are on the southern coast of the island, but ability related to landscape p'sition may significantly 
ash deposits extend Over other geologic areas to the influence results from fertilization application. 
north of the source area. Although the mantle of ash 
may no longer be recognized because of weathering Objectives 
and pedoturbation proccsscs, it may be detectable The objecti',es of this study are 1)to determine 
and spatially predictable in the surface horizons of the amount, thickness and present composition of 
otherwise contrasting soils. landscape evolution may amorphous material in the major soil and geographic 
have po'OdLctd microvariabiiity with more amor- areas surrounding Sitiung, West Sumatra; 2) to 
phiouIs material on the stable landscape positions than characterize and classify the soils according to Soil 
on the hillslopes. Taxonomy as the basis for soil management and for 

Correction of P deficiencies through fertilization the purposes of interpretation and transfer of 

P OANG " - MT TALANG 

Ile TRP,-~ CTCP-

K! K 

I NOONESIA "" 9/200 
,,- / T R A N SfC T '.
 

MT H LLJNIL'ncclIN ON SI 

IO2" E IO3" E 

Figure 1. LocatIon of the pedons studied. 
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Soil Characterizationand lnterpreaation 

Table 1. Tentative placements In soil family for pedons described In 
two transects and the transmigration areas between Sitiung and 
Bangko. See Figure 1 for location of transects. 

Pedon* Altitude Soil family 

m 

Kerincl soil transect 
K 1A 1350 Oxic Dystrandept; medial, isothermic 
K 113 Oxic Dystrandept; medial, isothermic 
K 1C Oxic Dystrandept, modial, isothermic 

K 2A 300 Typic Haplorthox; clayey, kaoliritic. isohyperthermic 
K2B Tropeptic Haplorthox; clayey, kaolinitic, isohyperthermic
K 2C Orthoxic Pa,,?humult; clayey, kaolinitic, isohyperthermic 

K 3A 150 Typic Haplorthox; clayey, kaolinitic, isohyperthermic
K 3B Typic Haplorthox; clayey, kaolinitic, isohyperthermic 

K 4A 90 Typic Haplorthax; clayey, kaollnitic, isohyperthermic
K 4B C thoxic Palehumult; clayey, kaolinitic, isohyperthermic 
K 4C Orthoxic Tropudult; clayey, kaolinitic, isohyperthermic 

Sumblng-Hulunilo soil transect 
SH 1B 1200 Oxic Dystrandept; medial, isothermic 
SH 1C Oxic Dystrandept; medial, isothermil 

SH 2A 350 Oxic Humitropept; very fine, kaolinitic, isohyperthermic 
SH 2B Oxic Humitropept; very fine, kaolinitic, isohyperthermic 

SH 3A 160 Orthoxic Palehumult; clayey, kaolinitic, isohyperthermic
SH 3B Typic Haplorthox; clayey, kaolinitic. isnhyperthermic 

SH 4A 40 Typic Haplorthox; clayey, kaolinitic, isohyperthermic 
SH 4B Typic Haplorthox; clayey, kaolinitic, isohyperthermic 

Transmigration areas: Kuamang Kuning and Rimbo Bujang
KK 1A 50 Orthoxic Palehumult; clayey, kaolinitic, isohyperthermic 

RB 1A 55 Typic Haplorthox; clayey, kaolinitic, isohyperthermic 

A indicates a pedon on the stable upland; B indicates a pedon on the adja
cent sideslope; C indicates a toe slope position. 

improved agronomic practices, aix! 3) to detenminc by detennining NaF-pl- of tie sample in a 1:50 soil
the phosphate retention characteristics of soils under solution ratio aftei two and 60 minutes. Due to strong
the influence of the volclalic ash mantle. reaction of NalF replacing 01--groups of the active Al 

and Si bonds of the amorphous material, pl-I might
lProcedures rise to 12.0 if there is a sufficient amount of this 

For objective 1, pedons have been described and material in the soil. A p-1 value of 10.6 is taken as an 
sampled by horizons to a depth of 2 m at the loca- approximate boundary to define th. presence of A] 
tions shown in Figure 1. To verify that a cover of rich amorphous material sufficient to impart serious 
volcanic ash is present, a NaF-pH test was performed P adsorption in soils. 
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Soil Characterizationand Interpretation 

Na--4 pH Na-F pH 

8 9 10 10.611 12 8 9 10 10.611 12 
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S0H after 2 e t,) pH after 2 pH after 60 
minutes minutes 150- minutes minutes 

2001 KA 1 200- K2A 

Na- F pH Na-F pH 

8 9 10 10.611 12 8 9 10 10.611 12 

5- 50-'"' 

E [ E
 

S 100L . 100
 

0 I 
U) i pH after 2 pH after 60 {-" I pH after 2 pH after 60 

150K minutes minutes 150[ minutes minutes 

200 K 3 . 00L K4A 

Figure 2. NaF-pH of air-dry samples from pedons on the stable upland. 

Soil characterization studies, for objective 2, have 
almost been conipleted. lowever, a few analyses 
(i.e., mineralogy of the sand fraction) that help to 
clarify the origin of the soil parent material rtnd ,1lay 
mincral composition for better characteri.ation of 
soil properties are still incomplete. Based on the 
available ::iboratory data, all pcdons have been 
tentatively 'assi lied in Soil Taxonomy. 

I-or objectivu 3, a P ,,Sothcrm adsorption study has 
been completed. At present all data are being re-
vicwcd and processed. 
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Results 
The results of NaF-pH determination are summa

rized in Figure 2. The data suggest that, except for 
Dystrandepts (pedons K IA and SHI 1A) and Humi
trov..pts (pedons SH 2A and 2B), soils are likely not 
covered by amorphous-rich material. 

Soil Taxonomy placement is presented in Table 1. 
Location of these pedons is illustrated in Figure 1. 

Table I indicates that, except for the Andepts in 
tie mountains, the soils are classified either as 
Oxisols or Ultisols. Some pedons, for instance SiI 2A 
and 213, show the properties of Inceptisols but still 
exhibit low-charge oxic characteristics. Highly 
weathered, leached soils seem to predominate over 
the area studied. 
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t totetsexten lan xs l iaTh71is report covers astauco of die study at which 
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Soil Characterizationand Interpr-tation 

'No I pH 
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Ultisols is considerably less than expected. This is 

believed to be a funCtionl of tile relatively low Fe 
content of' these soilIs. 

3. Existing FCC criteria for predicting phosphate 
adsorption appear adequate for evaluating expected 

m1anagemcnt responses, but further examination of 

tile data is needed to evaluate if improvements inl 
trailse r technology can be gleaned from soil carac
te iczation ttis area.data ins This will be doie next 
year. 
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Soil Fertility Management
 
In Oxisols of Manaus
 

Seasonal semi-evergreen forests occupy approximately 57% of the Amazon. Oxisols predomi
nate in 45/ , of'this region, primarily in the near-ustic and ustic soil moisture regimes. These soil
and climatic pmopertie:; characterize the ecosystem in Central Aniazonia and many areas of the 
African humid tropics. 

Thi s seting contrasts with the more hunid tropical environnent of Yurimraguas, Peru, where
research has been conducted in the fine loamy, siliceous Typic Paleudults. Cooperative agree
ments with F.MtB RAPA and IlCA have provided the opportunity to perform research at EM-

BRAPA's I. LJPAE-Manaus station with the ob-jective of adapting and improving soil inanage
ment practices developed in sandy Ultisols to clayey Oxisols in a less humid area 
of Central 
Alriazonia. 

Continuous moniloring of soil inu trient availability was a key factor in developing sustainable
cropping systems at Yurimaguas. Soil test data )rovided a guideline for judicious fertilizer
applications and identified a progressive sequence o)f nutrient constraints, which were repeated
with several Continuous cropping studies in the Typic PaleuduIts. Investigations at Manaus have 
centered on a long-term study designed to monitor soil nutrient dynamics and identify the time
after slash-and-burn clearing when ind(ividual m0il nutrient levels limited crop productivity. After 
identifying specific soil nutrient constraints. satelIite experiments were initiated to further refine 
soil -itaage meii techniques. 

Data conftrmUthe possibility of continuous cropping of annual crops inthe clayey Oxisols. 
Banding small rates of P also permitted continuous profits and earlier profits than with broadcast 
P. Calcium movement into the profile was enhanced by the combination of lime and gypsum.
Nitrogen is a niajor Iimi ting facior for anniual crop production in these soils, and several green 
manures were found to be a good source of N. Both N response and the amounts of N supplied
by different green manure species varied, however. 
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Oxisols ofManaus 

namXc 201-aI-9I. LimeK+ fertilizerNutrien 
 Low Ai-
- 'Nutrient Dynamics-. 0 

J".*I -- No lim e A"" 

7 tN. .. S t - 15 I No or ,,&,-IU trsit! N--- lime fertilizer
 

!fanoclS.Crave,t1 RAIPA Q -


Procedures 10 ------

An initial rice crop and three co1 crops were 

grown in annual rotations with three crops of soy- 5 . 
bean and tour crops of cowpea. U.. .. . 

L L . -., £. .. ..-

0 4 6 8 10 12 
Results 

The contributions of nut,':ont inputs to cumulative Crop runber 

crop yields, during five years of continuous cropping, Figure 1.Cumulative crop yields over a five-year 
are slho in Fig are 1. A total of 21 t/ha of grain was growing period at different levels of fertilizer and 
harvested from the complete fertilization treatment, lime additions in the nutrient-dynamics experiment 
whcreas onl'y 1.7 t/ha were obtained from the plot at Manaus, 1981-1986. 
\kithout limie or fertilizers. Total fertilizer inputs for 
the colpletc treatment corresponded to an annual mn1t1Hs (Figure ,,demonstrate the eflects on crop 

average of 67 kg/v.i. of N, 66 of1 P and 80 of K. Single Niclds resulting from the omission of lime and from a 

applicatioils were also rlraide of Cu at I , Nlo at 0.2 5;( reduction of K fertilizer inputs to the complete 
and lime at 20(X) kg/lra. llhospllonlr ferilization fertilizati n treatment. With no lime, soil acidity 
significarilly increased yields, heginnrlng with the first progressively increased to the current level of 82% 
crop After slashr-and-buni cluarinj-. Similar yield Al saturation. Increased K inputs to 99 kg/ha/yr also 
responses to K allt lime Occurrediater the second depressed yields as a result of K/Mg imbalances. 
and third consecuti\'e crop::. Two additional treat
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Oxisols of Manaus 

Phosphorus Fertilizer 
Placement and Profitability 76 kg PBROADCAST ONCEZ 0 

I'. Jot Sm '. ( S't(niversit I[ 22 kg P BANDED / CROP
 
Manol S.. (. vla, ./IAIMAw o 10 0 WI THOUT P
 

WQJ 05
> 0 I 

Thc clc.s of' P fertilizcr placcment methods _j (f) -0 --


Acore invCstI.aeCd dunng eight consecutive crops of'' -I
corn-cowpea annual rotation. Tircatmrents includcd _- , 1_________ 
conipari sons between ratc'; of broadcast P )(0,22, 44. 1 2 3 4 5 6 7 8 

SS and 17i7 CROPk,,/ha) apple'd bcforc th: ilti:f1 corn NUMBER 

Crop, in factoal cor hmbination v,ith handcd P raes (0, Figure 1. Cumulative profitability of P fertilizer
 
11,22 and -1-1 levels and placement over a four-year growing
kg/I i),applicd to cach crop. Cowpa 
rcqnl i cu grcat-r ani ounts of cxtcrnal soil 1Pthan did period. Manaus, 1981-1985. 
corn, with i'ray I-cxtractable critical soil P levels of 
t9 anld t)1rnr,,'A, rcspectively. Total ,iclhds during 
!onr Vcars f01 cvenly distributed over each crop. Frequent bandeduiti vation, for corn arnd cowpca or boith 
specics cornined, incrcascd as a IunCtitn o!total 1) applications of m(xlerate amounts of P fertili;,.er are 
applied, regardless whether P was applied in hands or also compatible with the limited capital available to 
broadcast. Although tlhcsc results suggest thuI farners in file region. 
placement inethod is nrtan important pararcter in P1 
fertiliation managenicnt for these Oxisols, econon ic Implications 
considcrationl., indicate advantages to banded P" These data confirn that continuous cultivation of 
applications ill smilldl incrcnrents to each crop. annual crop rotations involving corn and cowpea is 

possible in clayey Oxisols, the other extreme in the 
,lProfilahilit range of well-drained acid soils of the humid tropics
 

Prolitabi ity for thrce P fertilization strategies from the sandy or loamy Ultisols of Yurimaguas.
 
ou in,., consecutive cropS is shown in Figure 1. Since_ P deficiency is the first constraint encoun4.1ht 

Without i--f-rtili'ation, yields did not exceed 0.2 t/ha, tered, the profitability of continuous cultivation 
ohtained during tie initial corn crop. Increasing depended on how P was managed. Without P fertiliz
economic losses resulted from expenses incurred by ers, no annual crops were profitable regardless of 
inputs other thanIP fertilizer. Cumulative yields for P other inpus applied. Removing P as a constraint with 
treatments of both 176 kg/ha, broadcast-applied once a broadcast application of 170 kg P/ha cost so much 
before the initial crop, and 22 kg/ha, banded to each that the econornic break-even xint was not reached 
of the eight crops, were all similar, 17 t/ha. Similar until the fourth crop. Banding small rates ofP 
profits vere obtained aflter a total of eight crops, but pennitted continuous profits, beginning with the 
banded P applications were advantageous during the second crop. This is obviously the recommended 
iitial four crops because P fertilizer costs were option. 
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Oxisols of a1ats 

Lime and Gypsum Applications 

Jot1'. .'/. ('NState llnivt'rsi 
.1J,,ZOC!S. ( 'rao)., I I '\ 

Ianncrs iulthe Nianais rvgion prefcer concentratedl 
fltili/:ie ir ces to nillninli.C the high transpolati on 
Costs froll sOu1ili lBrazil. Ordillry s pe rphosphate, 
iicrei, lii.: bcen uscd oiSw!dour these acid 
Oxiso s, dcspitc indications that the gypsum in this P 
sonur,e cflcct ivx0Iy reduced suhsoil Iacidity ,tilI 
promlolcd dcepcr root growth ill strong ustic soil 
Illoistl reoillics. :\li olrgoii ,stu lv in thc Typic 
Acothox has co'nnparcd thc acid-aielioratirg efctls 
oI irne and )'psr!ll lo orCl-l-. cowpca and soybean 
for I rrec coriIscCUlI,,C \ears. 

Procedures 
At the studv's inception, locally available calcitic 

lin (32, Ca and O.8% Mg) was applied at the rales 
of(), 0).5, 1, a -/ha.r One Om ofgxjysuiill wIs 
ipplied in c(miriatioi with lime rates of'(1, 1 and 

2 tlh. . ,',n llivalerlt allount of gypsull x'as reap
pli.d bfoeo plarntin cor-l ill1')S6. 

IDti inc thIClast two N'Cars, plois were subdivided 
aid t e CMxtl xariclics werc conrparcd. IFPAN 
V-(0 orieiniatcd ioinl locally collected gCll plasri, 
\ NiCreCls flollVitLa-3 was illtrodtrced II'TA. 

Resills 

iidix'inuai crop yields are shown in Table I. 

lricr'eased corn yield responses to lime, with succes-
sive years or cultivation, arc in agreerient with a 

progressiVe increase in soil Al saturation. On a 

, saturation (Z) 

0 2C 0 60 80 

Lime Lime lime 
2 tllhc 1 t/ho No lime 

w 40Q 

60 L 

relativc-yield basis, all corn crops exhibited similar 
relationships to Al saturation (Figure 1). Relation
ships for both corn and soybean suggested a critical 
Al saturation level of 30/(,. Predicted linmc recom
mcndaitions by the Acid 313 Expert System, devel
oped hy the University of llaai is TropSoils 
progranl, corresponded LO the observed quantities 
required to rcach thi, A] saturation level. After ihe 
second gypsum application, soil-profile samplinrg 
data indicated that subsoil saturation was effec

xciy reduced by the cor hilation or lime arid 
gypsum (Figure 2); howcver, no si,-ni I cart dilTcr
ences were observed betwen i nie rates of I and 
2 tla. Corlnpar.Sons of soil Ca levels betwecel 
cropping yers'; sLggested thait gp)'.Sull CffeCs ma1iy be 
short-Iived in this high-raiinfall regime wheri no Iirie 
was applied. 

In keeping with its known tolerance to acidity, 

1 0 0 , A 

! A A 

80i A 

C 60- A 

5
0A 
0 40 

-

_ 
-) 

20 A 1986 
1985 

0 198 4 

20 40 60 80 100 

A! saturation (%) 
Figure 1. Effect of soil. J saturation on relative corn 

yield. Manaus, 1984-1986. 
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Figure 2. Effect of lime and gypsum applications on percentage of Al saturation throughout the profile. Oxisols, 
Manaus, 1986. 150 
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Oxisols ofManaus 

Table 1. Effect of calcitic lime and gypsum applications to a Manaus Oxisol on corn, 
cowpea and soybean yields. Lime and gypsum were initially applied before planting 
corn in 1984. Gypsum was reapplied before planting corn in 1986. 

Grain yields 

Cowpea 

Applied Corn '84 '85 '86 Soybean 

Lime Gypsum '84 '85 '86 IWEAN IPEAN Vita-3 IPEAN Vita-3 '85 

t/ha

0 0 0.3 0.9 1.6 1.1 0.6 0.5 0.7 0.7 1.0 
0.5 0 1.6 2.7 2.1 1.0 0.7 0.7 0.7 0.1 0.9 
1 0 2.1 3.5 2.9 1.4 0.7 0.9 0.8 0.8 1.9 
2 0 2.2 3.3 2.7 1.3 0.7 0.8 0.8 0.8 1.8 
4 j 2.3 3.4 3.4 1.4 0.8 0.9 0.9 0.9 2.2 
0 
1 

1 
1 

.6 
2.1 

2.0 
3.6 

2.0 
3.3 

1.2 
1.4 

0.7 
0.7 

0.8 
0.7 

0.6 
0.8 

0.8 
0.9 

1.4 
1.8 

2 1 2.6 3.2 3.6 1.5 0.9 0.9 0.8 1.0 2.1 

LSD 005 
Lime 0.8 0.8 0.8 ns ns 0.1 0.8 
Variety 0.1 0.1 
lI.me xVariety ns ns 

COWplCa has not shown a marked yield response to increased from 1.03 to 2.51% for Vita-3 and from 
either lime or gypsun application. In both years, 1.21 to 2.27% for IPEAN V-69. Increases in leaf 
however, the Vita-3 variety tended to respond concentrations by gypsum alone corresponded to the 
slightly to liming. Increased cowpea yields were levels achieved with 2 tof lime/ha in both varieties. 
associated with significant incrcases in leaf Ca levels The Acid 3B liming model developed by the 
at the mid-flowerine stage. In 1985, for example, leaf University of Hawaii's TropSoils program was suc-
Ca levels between the lime treatments of 0 and 4 I/ha cessfully validated with Manaus limii , data. 
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Oxisols oIA'Manuus 

Nitrogen Management 	 6 _ N source 
0-* Urea-N 1985 

5 -wUrea-N 1986'.ot Stnmth N. C. State•Universit' ,_ Cowpeo residue 

Alaflocl .S.Cravo, FIBlAM Indigofera 
Ricardo ..Melgar,N. C. State UiriStizoloburn 1
-to 3 - -----7 " 1986 
Prelilinary evaluationslor N feIlier requirements ... .. _ ...- 1985 

entailed three N treatments in tile nutrient dynamics C 2 - "
study. Urea-N was applied to these treatments in C 
three equal split app!icatior.,; to each crop of rice an, ,'
 
corn. Yield data are shown in [able I Upland ncc L 	 L i
 
yields declincd with 90 k- N/ha due to lodging by the o 40 80 120 
tall-staurcd 	local cultivar.
 

In the first two Corn crops, yields wilh N rate.o 
 Applied N (kg/ho) 
-40-120 ku, N/ha were not significantly diflercnt. Figure 1. Effect of nitrogen application on corn yield
'Ihese datr suggest that native soil N, and per' aps and equivalent yields produced by green manure 
applied N, carried ovCr in residues of soybean and/or crops. Manaus, 19;6.-11986. 

COWlCca, were sufOciC ni to linit vield responsc of
 
corn 
 to less than 4() kg N/ha. Nitrogen rates for the suggest reduction in native-soil as well as residue-N
 
third corn c:,,p. thcrclore, were r.x'luccd to 20-80 Kg 
 supply to corn after five years of continuous cultiva
N/ha. Conm yields significantly, increascd in 1986 tioh. 
only with applications of 8(1 kg N. %lthhough the Nitrogen fertilization was further investigated in
19S4-1985 results :;uggcst 1hat N fertilizer inputs an expeiment initiated in 1985 on land cultivated for 
would be mininal in these Oxisols, 1986 data 	 two years after a flour-year fallow. Treatments
 

included five rates of urea-N (0, 20, 40, 60 and 120
 
kg N/ha), applied annually trccorn in three equal
Table 1. Eflect of N fertilization on rice and corn yield amounts between planting and tasseling. Legume


during four years of cultivation. Manaus Oxisol. crops were iot grown in rotation with these treat
ments. Nitrogen contribution from legumes, grown in 

Grain yield situ, were compared in three additional treatments: 
cowpea residues (after grain harvest), and two green 

Corn manures, Indigofera tinctoriaand MtucunapretaApplied Rice (Stizolobium aterrimnutn).Residual N was evaluated
N '82 '84 '85 '86 with a rice crop after the first corn crop. Urea-N and 

legume treatments were repeated tbr the 1986 corn 

kg/ha 	 t/ha - crop. 
Corn-yield response curves to fertilizer N are 

20 	 1.5 shown in Figure I. Corn yields for legume treatments 
30 2.9 are compared to urea-N treatments on a yield
40 
 2.7 2.2 1.6 equivalency basis. Yield and total N uptake by rice
60 3.0 	 were not significantly affected by residual N treat
80 
 2.5 1.8 2.7 ments. Two management factors may have contrib
90 2.1 uted to the increased response to N fertilization in

120 2.9 2.3 1986: decreased native soil N supply and improved
 

LSDOOS ns ns ns 0.6 placement of Fertilizer N. 
Nitrogen uptake in three consecutiye crops is 
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shown in Table 2. D)uring 1985, aboveground corn 5
 
alnd rice N accunulation on thc treatment without F
 
fertilizer N or legu'nes totaled 88 kgjha. '[he traction <--- .:[-
 - 1985 
of fertilier N applied atpia, ang was banded below 1I 
the .eed 1n 1986, oplosedl to broadcast incorpo- -*----------.. 1986
 
rated in 1%85. '['his change in fertilizer placcment -u
 
may have pironioted early corn growth anid incrcv.:.;ed -,
 
the ovcrall yield respnnse to urca-N in 19T.' L
 

(orlFvicds alllone the reen ro.,.::e trCatnl-ts 0 
also varied with years ot cultiv'ation (Figure 2). Grain
 
yields with covwpea residue, Indig era aiid Stizo o- L
 
hium were equivaleit to yields ohtainawe'. with -12,72 0 40 80 120
 
ani36 kgu N/ha of urea in 1985 and to 1- '26 and 
72 kg N/ha of urea in 1086. 'T'hese diflcreoces in Applied N (kq/ha)
 
legume peiormancc betwveen years arc in agreement Figure 2. Effects of nitrogen application In an
 
with chang.s in N additions (labl ).Whereas alluvial (v~rzea) soil at Caldelrao, Amazonas.
 
biomass for lndi, 'O/iraarid cowpea rcsidueCS declined
 
from 0.2 ard 1.4 i/ha in 1985 to 3.2 and 0.3 i/ha in 
 level for cowpea in tis Oxisol. Additional reductions 
1986, biorass for Stizolobium remained colstant (7.1 in ::oilP could also have occurred before P fertilizer 
vs. 7.0 I/ha in 1985 and 1986). Reductions in biomass was reapplied to corn iii1986, raising extractable P 
productionl for tle two former lcurnexs may have levels to 15 mg/kg. Differecces between years in the 
bcell associ;IICd with Idecline in avaLl )e soil P. perform arlce o tiese two green mllanulres would 
Melliclh- I cxlraclable soil t)declii end tP a 14 to indic".te a preference for Stizoobiumn in coridi .icns of 
9 mg/kg betweer tli. and rice cops ,'1 low i utiritl availailIity.corn 1985. 

The latter level is belov the cS;t, blished critical P Additional advantages to including green-nmianure
 

cover crops in annual crop rotations are the sup-
Table 2. Annual additions and total N uptake by above- pression of weeds and recycling ot nutrients 
ground blomass in three consecutive c,ops. other than N. 'Total ground cover under Stizolo

- hium was achieved within 30 d:iys after platlming 
this legume. Weed incidence for this treatment, 

N'additions N uptake in both corn crops, was less than for treatments 

Amount 1985 1986 without green manures. Significant amounts of 
_ K were also measured in the green-manure 

Source '85 '86 Corn Rice Corn biotnass. Biomass K for Stizolohiu and 
tndigofera were 63 and 68 kg/ha in 1985, and 

90 and 39 kg/ha in 1986. In the absence of green
kg/ha manures, significant K movement had been 

None 0 0 	 detected to a soil depth of 75 cm with K fertil44.8 43.0 25.9 
Urea 	 20 20 63.2 373 44.8 izer rates of 50 kg/ha/crop during continuous 

40 40 66.9 41.4 50.2 cultivation. Biomass K levels for these legumes 
60 60 79.6 49.0 51.7 are compatible with the recommended K 

120 120 80.8 47.9 81.0 fetilization rates for this soil. 
Cowpea residue 32 7 68.0 39.4 45.4 Corn fertilizer N requirements in the Oxisol 
Indigofera 152 91 72.8 49.4 48.3 can be compared to similar (ata for the fertile 
Stizolobium 168 254 72.6 52.1 60.4 lowhnd alluvial (vdrzca) soils along the Ama

zon River at Caldeirao (Figure 2). The high
LSD 005  17.2 ns 18.9 fertility of these soils is evident from tie surface 

soil clhemical characteristics of the experimental 
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Oxisols o/m! llus 

site: plI in watcr of 5.6, 18 cniol/. of Ca + Mg, 0.4 
cnol/l of' K, 118 nIg/kt of' Nehlich- 1 1 and less than 
5% Al saturation. Farmers often plant corn (turinj, thie 
five- to .X - oi lil pLriod cach year whnC1 tie rivc r 
rvcecs and there Is; no risk of I looding. 

Althlouh corn vield:; arc :ivorahle (0-5 /l+ inl 
[lie lirs+ ,,car,ofc iltivatioll, icl tcls dcendiclinc inl 
succsic y ears \k iiv slc miiptoms of N 
dIcliticnCv develop. The site. lot1 this stlt(ly was 
clal-cd il I82,-tIt had iol h.cl cultivatcd. Sublbncl-
pclc by Ih )o0(li ti, has not occrulrcl siice 1983. 
Across tlhe. n ol N rats stUdiCd. tiaxitnlutu yielMds 
wcte :uipproached with the ;ppli cation of (0 kg N/ha 
inl both ye'ars. Wilh tihis N ratC, iClds wrV incrC:sCd 
by 0.7 ti ill 1985 atIl l I.()/ha itl 1980 . Tltese dala 
indicatte thle ptetI il yiel_ levels that ,aybe 

achieved with available corn gcrm plasm, under 
loniliiniting nutrient conditions in the Manaus 

ecosystem. 

ImplicatIions 
A wajor implication o1!ic Manaus work is the 

recognition of N as a major limiting factor, with N 
response varying with time. Grecn ianures are a 
good sOMrce , of N, hut the(rC is CotlsidCRalC variabi!
it) , from year to ye'-r in thie am1ntl+(UtS of N supplied by 
dIi fTernIt get n1an1C spc.ies dIU to vatiatiotIs inl 
dry -m'atteIproductiot N comtctlt.r ilnd 

Research has also betl itnitiatcd inl th. alluvial 
soils (vd.ras N is also a major limiting factoVhCe 
ill, attuital CoI [tn.OlteLk.jol. 
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Brasilia: Improving and Modeling
 
Soil Test Interpretations
 

Our collaborations ill the acid Sav1nas of Brazil are focused on refining soil test methods andinterpretations IFr P)and Zn fertilization. Th Mehlich-I extractant, also known as the doubleacid or North Carlina method, has been the cornerstone of soil testing laboratories for Oxisolregions since it was tested in lBrazil during the 1960s by the International Soil Fertility Evaluation Program. New methods have since been proposed. This project, conducted at "he CerradoResearch Center of 'MBRAPA,
compares different methods using long-ternal( ilCorporales field experimenitexture and the soil's P-buffering Capacity in the preliction equations. We
fulnd that inclusion of Soil properties that estimate P-bufferi ng capacity Q'ich
enhances soil test interpretations as clay content)
for P regardless of extraction method. Usingestablished in 1972, :ritical Zn levels for corn were found to vary with soil pI1. 
an experiment 

while laboratorystudies show that conidering clay content in prediction equations did not enhance Zn soil testinterpretations. A mdel was developed to predict how much P should be applied to Oxisolsusing the Mehlic- I method, and clay content. It worked well onalogy, but not on Oxisols with kaolinitic miner-Oxisois with gibbsitic mineralogy. Modifications, including Resin-P and claycontent or Resin-P and P-buffering capacity, did not solve this problem. In general it appearsthat Mehlich-3 and Resin-P are probably better extractants than Mehlich-1 for g.:ain legumes in
Oxisols. 
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528 kg/ha in a randojijzed complete block design 
with four replications. Leaf samples were collectedComparison of Mehlich-on 

Mehlich-3, Bray-i and Anion from three of the sites over atwo-year period. 

Soil P was extracted by Mehlich-1 (MIP),
Exchange Resin-P Soil Tests 

Mehlich-3 (M3P), Bray-1 (BIP) and tile resin (Resin-

P)from soil samples collected yearly, just after each 
hc/ri was used at 1:10 soil:solution1). G. t.ins. IMPAER 

harvest. The Mehlich-1
ratio.:'red R. Cux, N. (i.Stat' Linie'rsity 

The amount of ' extracted with Melilich-I does not 
correlate well with plant availability under all Relationships among MI P, M3P, BIP ?,id Resin-

P were determined. The only linear relati,'nshipconditions. For instance, on soils rich in Fe and Al 
oxides, such as Oxisols, when the soils are well- found wa:; between M3P and BIP. It was highly 

supplied with P,the amount extracted is generally correlated (R = 0.98), had an intercept of less than 1, 
ad had a slope of almost exactly unity (Tahle 1).low. The Mclhlich- I method also does not do well on 	 )loteatyuiy(al

soik that have previoulsiv received rock phosphate. In 	 adhdasoeo 
This indicates that the amount of P extracted by these 

tation, extractable soil P is often o. eresti- two soil tests isvery similar.thi,., 

Because M3P and BIP were similar, their predicmated due to dissolutioln olo rock phIspiate than 

IS tion by M IP was also nearly alike. These functionswould occur natural\'. Such problems in a.not be 


great with other extractant mclhod:;. were curvilinear, with an intercept of less than 1, an
 

initial slope of 1.4, and a slight negative quadratic
Both Bray-1 and Mehlich-3 have been shown to 
be more effctivc than Mehllich- I when awide range term (Table 1). 'File coefficient of determination, 
of soils varving in chemical ProPertlies is to be however, was very good (R2 = 0.965). This function 

oa, indicates that for most soil test values encountered,
analyzed. Recently, a method to extract soil i, 

M3P and B1P would be about 40% greater than M1P.
Mg and K, silultaneotsly, based on an anion-cation 
exchange resin, was developed in Brazil. The relationship between Resin-P and P extracted 

Several reports have shown that Mehlich-3, by any of the other extractants was also curvilinear, 

Bray-1 or dic resin soil tests for 1)are superior to but the coefficient of determination was lower 

eltlich-1. ithe majority ofsoil Bratility laboratories (average R2 = 0.80). In this case the average intercept 
operating ill was about 4.5, the average initial slope was abouttie Cerrdo area of'Brazil, however,use 


0.99, and there was a slight negative quadratic effect.the Mehlicl- I1 extractalit. 
The reason for tie large intercept is not clear. This 

Obj.ectives 

The objectives of this study are 1)to establish a 
Table 1. Relationships among Mehllch-1 (M1P),

relationship among four soil 1)cxtractants: 
Mahlich-3 (M3P), Bray-1 (BIP) and an anion-cation 

Mehlich-1, Mehlich-3, Bray-I and an anion-cation 
exchange resin (Resin-P) soil tests for phosphorus 

exchange resin; 2) to deternine the effect of clay 	
for five soils varying Inclay content. Soils Initially 

content on soil P concentration determined by each 	 received five P rates and were cropped witn soy
bean for six consecutive years.of the four extractants; and 3) to correlate percentage 


of nmxiniiL yield and percentage of P in leaves
 
R2*
obtained froni five long-term experiments with soil P Regression equation 


extracted by Mehilich 1,Mehlich-3, Bray- I and le 2

M3P = 0.2 + 1.38 (M1P)-0.0033 (Ml P) 0.96 

anion-cation exchange resin. 
B1 P =0.74 1.40 (Ml P) - 0.0032 (Ml P)2 0.97 

0.98B1P = 0.6 + 1.01 (M3P)Procedhures 
Soybean grain yield and soil samples were Resin-P =5.5 + 1.09 (M1 P) - 0.0030 (Ml p)2 0.81 

0.77collected from live .oni-term P experiments oi soils Resin-P =4.6 +0.93 (M3P) -0.0022 (M3P) 2 

differing in clay content in thc (,errado region of Resin-P =3.5 +0.96 (B1P) - 0.0023 (B1P)2 0.83 

Brazil. These soils were cropped with soybean for an 

average of six consCecuive )cars. Soil P levels were 'near and quadratic coefficients of allequations are 

created by incorporating broadcast triple-super- sig;iificant at the 1% level of probability. 

phosphate to supply P rates of O,66, 132, 264 and 
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indicates that at low soil P unusual Table 2. Regression equations and R2 va! jes obtained for the relavariability must have occurred. tionships between M1P, M3P, BIP and Resin P as a function ofTo determine the effect of clay on five P rates (P Rate) appiled to five soils varying In clay content.these cxtractants, soil P was predicted
 
as a function of applicd P rate and Regression equation 
 R2,clay content. T e rlationship be- NP =1.5 +0.08(P Rate) +0.0003(P Rate)2 0.39 
tween MI P and applied P was curvi
linear, while the same relationships 
 M 7.3-P+ 0.32(2 Rate) + 0.0003(2 P Rate) 2Rate) .+0.0003(
for M3P, B 11P and Resin-P were linear - 0.49(clay) + 0.006(clay) 2 

- 0.005(2 Rate)(clay) 0.81(Table 2). M3P = -0.3 + 0.18(P Rate)
The coefficient of delernination M3P 

0.46 
= -0.6 + 0.44(P Rate) + 0.007(clay) - 0.0056(P Rate)(clay) 0.91obtained for the relationship between B1P = -0.4 . 0.18(P Rate)

recovered P and rate in the tests was 
0.49 

BI P =-1.3 + 0.44(P Rate) + 0.02(clay) - 0.0054(P Rate)(clay) 0.870.39 for M11P, 0.46 for N13P, 0.49 for Resin-P = 1.00 + 0.1 8(P Rate)

B11 1, and 0 68 for Resin-P (Table 21. 

0.68
 
Resin-P = 0.5 + 0.26(P Rate) + 0.01(clay) - 0.0020(P Rate)(clay) 0.76

H-owever, including clayIas our esti
mator of the soil P-buffering capacity 
 - Linear and quadratic coefficients of all equations are significant at the
increased R2 to 0.8 1 for NEIP, 0.91 for 1%level of probability.

M 3P, 0.87 for 131 Pl and 0.76 for
 
Rcsin-1l. Thiese data clearly show that clay had 
a Table 3. Regression equation and coefficient ofstrotng effect On the amount of P recovered from determination (R2) for percentage of soybean grainthese five soils. The negative effect of the buffering yield (Y) obtained during several years from livecapacity on the soil P1 levels extracted with M III, soils. Soils Initially received five P rates. Soil P (X)M3P, P and, to a certtin extent, Resin-P indicates xtracted by Mehlich-1 (MIP), Mehlich-3 (M3P),Eray-1 (BiP) and an anion-cation exchange resinthat these extraclants are sensitive to the capacity (qesln-P). 
factor: M3 was the most :etisitive and Resin-P was

the least. 
 Regression equation R** 

Regression equati ons between percentage of yield

and each of the four extractants, using a (Ituadratic Y= 48.3 + 1.95 (M1 P) 
-0.0123 (M1 p)2 0.38model, were performed, and the results are in Table Y=42.8 + 2.23 (M3P)- 0.0160 (M3P) 2 
3. These results show that tile least sensitive extrac-

0.47 
Y=41.36 + 2.21 (B1 P)- 0.0152 (31 p)2 0.49tant (Resin-iP) was the best correiated with yield (R2 Y =32.48 + 2.76 (Resin-P) - 0.0225 (Resin-P) 2 0.60 

0.60), while M IP was the worst (R = 0.38).
The percentage of P in leaves predicted as a -Intercept, B1 and B2 coefficients are significant at the
function of extractable P (Table 4) showed tile same 
 1% level of probability.


tendency as the relationship between yield and M1 P,

M3P and B I P. I lowever, the relationship between 
 Table 4. Regression equation . , coefficient ofleaf P and Resin-il was no better than those of the determination (RI) for percentage of P In leaves (Y)
other extractants, as was tile case with yield. Iisapparcily Iue 10 tnte small is and extractable soil P (X) determined by Mehlich-1s the wtldata Set used (MIP), Mehlich-3 (M3P), Bray-1 (BiP) and an anionarnlyf P. tcation exchange resin (Resin-P) after the secondFor leaf P. and third consecutive plantings from three soils 

with 63, 27 and 12% clay.
Conclusions 

Among tle four extractants, the overall results Regression equation R2* 

indicate that both Mehlich-3 and Bray-I have about 
tile same potential as Mehlich- I for assessing soil P =%P 0.2+ 0.0047 (M1P) -0.000036 (M P)? 0.44in the Cerrado area of Brazil. %P = 0.2 + 0.0048 (M3) -0.000036 (M3P) 2 

lie resin produced the best correlation between %P = 
0.48 

0.2 + 0.0052 (B1 P) - 0.000040 (B1P) 2 0.50 
percentage of yield and soil P alone. I lowever, with %P = 0.2 + 0.0067 (Resin-P) - 0.000C67 (Resin-P) 2 0.50any of the four ext ractants, incl usion of soil proper -ties that estimate the P-Iuffcring capacity may -Intercept, 1 and B2 coefficients are s.gnificant at theenhance soil test interpretations for P. 1% level of probability. 
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Effects of Soil Texture, Cargill I1 -Scorn (Zea mnays L.) were grown, each 
Zinc and pH on Corn Yield for about four weeks. 

In die field, the same variety of corn was grown 
And Plant Zinc Concentration one season in one of the original experiments 

established on a Typic Haplustox by F. R. Cox and 

lherI 1). G. Lins, IMI'AlR Brazilian colleagues in 1972. Treatments imposed 13 

Fred R. Cox, N. C.State University years ago were rates of lime (7.5 to 22.- ,'ha) and Zn 
(0 to 9 kg/ha). Mehlich- I was the soil extractant used 

When establishing the optimum rate of a given to assess soil Zn in both greenhouse and field 

fertilizer element, soil properties directly or indi- experiments. 

:'ctlv related to the constant supply of that particular 

clement in the soil solution are usually not consid- Results 

ered. For this reason, the correlation l)etween ex- Tlree harvests were obtained in the greenhouse 

tractable soil clement and yicld or uptake of that experiment. lowever, only the third will be pre

element liy plants is often low. sented, as P nutrition was poor in the first and yield 

One way to improve soil test interpretations to response to Zn less marked in the second. 

recommend fertilizer for culiv.ated plants is to Extractable soil Zn increased with rate of Zn 

combine extractable nutrient concentralion and a soil applied ('able 1). About two-thirds of the applied Zn 

property Ihat is diirectly related o the availability of was recovered by Mehlich- I at each rate, regardless 

that particular nutrierit. For example, the Mn recoin- of the soil clay content. Increase in soil pl from 5.2 

mendationl for growing soybean, corn and other crops to 6.2 did not decrease the concentration of soil Zn 
in North Carolina takes into account 
extractable Nin and soil plt. It is felt Table 1. Effect of Zn application on Mehlich-1 extractable Zn 
that the recommendation for Zn should determined before the third crop on four soils varying In clay 
be handled in a similar manner, but content at three pH levels. Average of three replications. 
further investigation is necessary in this 

Zn applied (g/ml) 

Objectives Clay 
The objectives of this study are 1) to content pH 0.0 0.8 1.6 3.2 6.4 Mean 

evaluate the effect of Zn rate and soil 

ptt on extractable soil Zn in the green
house Oil soils di ffc ing in clay COntet; %t g/m 3 

2) to evaluate the effect of extractablc 
soil Zn and plI oil Z concentration and 21 5.2 0.2 0.5 1.2 2.4 4.2 1.7 

iel Znd 1111gronZn cncenaonsea5.7 0.3 0.7 0.8 2.2 4.6 1.7 
yield (f corn grown in the greenhouse 6.2 0.4 0.8 1.3 2.7 5.2 2.1 
ol several soils varyilrg in clay content 

and grown in the field on one I laplus- 57 5.2 0.4 0.7 1.3 1.9 4.2 1,7 
tox, and 3) to detenfinc if the critical 5.7 0.3 0.7 1.2 2.3 4.1 1.7 
level for extractable soil Znldiffers with 6.2 0.3 0.8 1.4 2.5 4.2 1.8 

Soil piIand cly) Content. 63 5.2 03 0.5 1.0 2.0 4.0 1.6 

5.7 0.4 0.7 1.1 2.2 4.1 1.7
Procedures 

6.2 0.2 0.7 1.2 2.2 4.4 1.7In a greenhouse exp~eriment, each of 

four Oxisols with 21, 57, 63 and 68% 68 5.2 0.3 0.8 1.5 2.5 4.9 2.0 
clay were adjusted to p1l 5.2, 5.7 and 5.7 0.5 0.9 1.5 2.6 5.0 2.1 
6.2. Five Zn levels within each soil p1.1 6.2 0.4 0.8 1.4 2.7 5.0 2.1 
were createl by applying Zn at 0, 0.8, 
1.6, 3.2 and 6.4 ginl. 'lhree crops of Rate mean 0.3 0.7 1.2 2.4 4.5 
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Y=126*5132(MIZn)-O75(pH)-
781 (MZn)( pH) RZ=O 93 

60 CLAY 2 % 

45-a.4 630-
30" -? 


30PHfI'' 
15 to- p1a" 

E o 1 2 , 4 5 

N i2 1+ 16 07(MI n) -069(pH)-

2 19(MIZnXpH) R2:088 

< 
0- 32 CLAY 

24 -p-

" -24 ..A5A 

6 .0--A.5 
Je RA! H62 

- ,-

01 2 3 4 5
SOIL Zn (g/m 3 ) 

Y=29.5+2874(MIZn)-367(pH)-
4 15(Ml Zn)pH) R2 0O890 

/
40- CLAY z 57% 

p H 5 7 


% 1 
20 


' i 

k 

0 r 2 3 4 5 

Y= 185 +22 62(MIZn)-I C(pH) 

3 I(MJZn)ipH) R' 89 

30 -3CLAY z68% 
I
 

-pH 
 5 2•pH5o


41 .1].-
I I 


G
 

_. __I___ __ 

0 1 2 3 4 5 


Figure 1. The observed (points) and predicted (lines) effect of 
soil zinc and pH on zinc concentration in the corn plant for 
four soils varying In clay content, grown In the greenhouse. 
CPAC, Brasilia, 1986. 
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Figure 2. The observed (points) and predicted 
(lines) effect of soil zinc and pH on corn grain yield, 
grown in the field. CPAC, Brasilia, 1986. 
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extracted byMehlich-Ie ta td b e lc -IThe yield of corn grown on this group 

of soils was incrc:ised by increased Znrate. Mean yields across soil and pi1 were 

4.5, 7.0, 1(0.4, 11.7 anld 12.0 glpot at Zu 
reCspCctiveCly. This indicates thant tile Zn raterates of 0, 0.8, 1.6, 3.2and 64 g/mX 

of 3.2 g/ni was su fficient to reach 901/ or 
more of the maxirmum yield, regardless of 
the soil JAI valuc.

D)ry matter yield was depressed at hlifch 

pitI and low soil Zn. liis may haveoccurred due to reactions of Zn with 

hydroxy and carx)xyl groups. 

'he relationship between dry-mattcr 
yield and extractable soil Zn was ex

pressed with a qupdratic function. Tei R2 

valtes obtained were 0.68, 0.86, 0.56 and 
1for the 21. 57, 63 and 68% clav soils, 

- csiwecti,'cly. With tlhe inclusion of'pif and 

thcr first-order interaction, the R values 
for the 57, 63 and 68 clay soils increased 
to 0.91, 0.X4 ano 0.90, respectively; this 
increase was not observed in the 21 % claysoil. 

Plant Zn concentration decreased with 
an increasc in soil piI for all soils (Figure 
1). Including soil p-I and the first-order 
interaction in the equation increased R2 

Y =268,084 x o'05 
• R2= 094 

AA24
E 

A 
- A A 

A 
A A 

PH 

60 

A 64
 
6
I*67 

,,,/I I I I 

10 112 124 136 1,18 160 

LEAF Zn (mg/kg) 
Figure 3. Relationship between zinc and Iron 
concentrations (determined In the ear leaf at 
tasseling) in corn plants, grown In the field, at three 
pH levels. CPAC, Brasilia, 1986. 
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values ill four soils.al 
lie critical level of Zn in l soil, obtailedby 

linear plateau technique, increased as soil pi
incrcascd and was similar for all Iour soils. The 
aveiarc criti('.! levcl of soil Z7n was i1 gim for pII 
o1 5.2, 1. c/nit for pIt 5.7, and 2.0 gjm for p! 10.2. 
lIn1972, beloic ciopping the average extractalblc soil 
Zne col'entratlionI+;n across. line and , Zn rates applied intlh h ecldt ocd f lt-ll().0to 11.0 

trn . 

Ihmc application rates, which rC:ulted ill p11 
valie.s of 0.0, 0.4 and 6.7, did not afleet the level 0f 
extractabc Zin. IIowever, Zil rates ofI i, 3 ad 9 kg/ha 
c;ave extraci able Zii lcvels of l1.6, 0.8 and 1.5 Wil/l.

h'lis indicates hal both lin1e aid,1 Zll had strol 
residual e'Ifeers. 

As in the grce ihmloisc, aitlm soil Zi. ical hr 
concentration tieded to (lccicisc with an i;ncrease ini 

i lso, theresoil p tirc 2. was a positive yield 
rcsponIsc () coin to cxtractablc soil It conitratioll 


in the field (Fiilurc 2). At thc higlhest p I and lowest 

soil Zn, viclds %yore dcprc scd inarkedlv. uhis trend 
\kas aiso obscrvcd in lie grecnhouse. 'le relation-
ship between yiel and soil /n acres:,p f tre:rt-
lincts accoulitcd 10r 2 of the vari:ulion1. Ilowevcr. 
incl(ling pll an1d first-oi1lCr inter'ctions ill Ihe 
cquation increiscd tile R to S.i. 

The soil ncrirical levels ticteniincd by the 
linear plateiu techniqlC were 0.9 g/ill ior pi1 6.0. 
1.5 g/m' for pi 1 .4, and I. 1 .j/n for pl1 6.7. Thus 
the Zn critical lcvel at the higiest p11 was not as high 
as expc( t'.i. It appears lhat there is a trend for the 
criti(.al level to increase with allincrease in soil pl1. 
Tnat relationship, however, is iot really clear from 
thsc field data. 

A strolg antagonistic efflct w:Is observed 
be'eeCn plant Fe and Zn (Figure 3). At low soil Zn, 
yield was apparently relaled more to large fluctua-
lions in Fe than to miniute changes in leil Zn. 

Conclusions 
The results repored here suggest that soil p1! is 

all important soil property that should be considered 
in tile development of a Znl soil test, but clay content 
is not. I lowever, addiional field work considering a 
wider range in soil pI would be beneficial. 
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A P-test interpretation Model 
for Kaolinitic Soils Using
 
o 

Mehiich-1 and Clay Content 

IberIi1). (. Ltins, tMPAR 
IFredR.( '()-v, N. C State Uno',rs 3itv 

It has ben shown that the amount of P to be applied 
iinfertilizing a given crop vares with soil properties. 
A model was developed to predict the amount of P 
lCrtilizr that should be applied when growing 
soybean (Wvcin' uni I I-Merr) in the Cerrado area 
of Brazil. It was bascd on yields obtained for four 
years on thrce soils of kaolinitic mineralogy that 
varied from 12 to 03. clay in relation to Mehlih-1 I 
extra.ctablc P and clay content. 

Oib"jeclives
 
TFhe objectives of this study are I ) to refine the
 

model for soybean by using data collected for a 
longer pei-od of time and from more sites, and 2) to 
vrainvalidate tile model. 

rocedures 
Data from five long-term P experiments in the 

('erado cropped with soybean for an average period 
of six years were used in this study. lhe surface 
horizon of these soi Is had 68, 63, 57, 27 and 12% 
clay content. The 68% clay content soil had gibbsite 
as the doninant mineral inthe clay fraction, while in 
the others kaolinite wats the principal constituent of 
clay. These soils received five P rates (0, 66, 132, 
264 and 528 kg/ha) as broadcast triple-super
phosphate. In addition, data from two other experi
ments cropped with soybean for a period of one year 
were used to validale the model. The clay content of 
these soils in the surface horizon was 27 and 21%. 
Gibbsite was the dominant mineral of the clay 
fraction in the 27% clay soil, and kaolinite was 
dominant in the 21% clay soil. 

Yield from the bog-term experiments was related 
to extractable 7, '+-iv, *n turn, was related to the 
initial P so level and P fertilization rate f'or a period 
of one year. Based on a soybean price of $0.23/kg 
alnd a fertilizer P price of $1 .23/kg, rates of P were 
calculated for each of the five soils that would 
maximize net returns for various initial levels of 
extractable P. 
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Resulit 
The rates of fertilizer P diffred markedly vith ,a 1002 

clay content. The fertilizer P rates to maximize nelt 
returns "1t various intial soil P levels for fhe five soils , , o 
are shown bv calculated points in lFioure I1For clay 
soils, high rates of' P arcL- rccominmcnded at low,, soil p 090 z 
levels. The recon mcnded rate decreases rapidlv with 063 % clay 
increasing soil P. however, arid none would be W A 
recoinimended if the extractable P1concentration of 
the 68, 63, 57. 27 and 12% clay soils wcrc below N', 

2 
U 60 

c68y A . 

14, 25 and 27 kjlha (the critical levels). W 120% clay 
Sutiple rCgrCssioIs using both Niebtich- I Cx C A , 2 7%'', 

tractable P and percent clav to predict a recorn - ciny 

mcnded rate of P- l-tilizCr are shown in Figure I. W 30 A 
The fit bCtvCCn caiculatd and predicted lines for the _ 57% 
63, 57, 27 and 12'; clav s ,its was c-,ood:I however, the clay 

fit lor the 6,; cta soil as poor. L 
'The imodcl ,hvclopcd tsir!, tr.'.:C five soiis was 

fIllovs: 
as 0 7 

MIP 
14 

(kg/ha) 

21 28 

9)S, I1) Ratc = - 3.22 NilP) (.00.37(clay)2 - Figure 1. A soil test interpretation for P showing the 
R.(l10 .' , I l'cl ).\ (1) calculated (points) and predicted (lines) optimum P 

rates for five soils varying in Mehlich-1 extractable 
This mlodl was valid onIN for the 27' clav soil P (Ml P) and percentage of clay. Soybean price US 

but not for the 21 ; cla\ s\'il. $0.23/kg and fertilizer P cost = US $1.23/kg. 

This ildicatcs tlhat the procedrre UseLd here shoul 
be calibrated scparatcly totl oibbsilic arid kaoliruitic 120 
soils. 'With fhis ICasolill2, the 8 ", clay eibblicti soil 0 
was deleted aild a new irodel for kaoliilic soils only CA 
was developed as Iollo\vs: '---63% clay 

o 90 A 

SRate = Q5.0 - 3.11 Ni IP) + 0.0(lO(clay)' -
w 

,().)(I2M" • .Z 27 % clay
0.00 12(NiI 1~(ly' (2) iW 2 oeca 

This urodel accouMCd for 95(/, of tie variation in O 0 
rates lor the kaolinitic soils and predicted quile W 
successfully the P rate to reach 90% of thC maxirIn urn 
soybean yield for the 27% cly soil cropped for one o 30 
year. The fit between calculated (points) and pre- Wdicted (lines) P rates is shown in Figure 2. a. 57% 

C. clay
C'on ciusions A I 

hlie results indic, cethat the proposed model is 0 7 14 21 28 

appropriate lor soils of the Cerrado region of Brazil MIP ( kg /ho
where kaolinile is the dominant mineral in the clay Figure 2. A soil test interpretation for P showire the 
fraction. A validation for gibbsitic soils is needed to calculated (points) and predicted (lines) optimum P 
use lhi model on those soils, rates for four soils varying in Mehllch-1 extractable 

P (Ml P) and percentage of clay. Soybean price US= 
$0.23/kg and fertilizer P cost = US $1.23/kg. 
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A P-test Interpretation Model 

For Oxisols Using Mehlich-3, 

Resin Extractants and 


Estimates of Capacity Factor 

Ibe'r I). G /.h.. l;II'.l jR1The 
irl R ,, . N (" Stut '1tniv'rsirv 

A llOlfcl 	d'velopcd to rcconmuend P rate as; a 
hilrctioni 	of Ni'hlich- I and bulfcrilg capacity w:1s 
prcviously showii to be ippliablc only to kaolinitic 
soils. Ilowccr. %htc Ic-c'otillillint, soluttions or a 
l'Sill NI ratalntlt , ic ts' ill our cxploratorv greell-
houlse cx pcri mett wh ich incltded a wide ran",,' of 
soil Conditions, it sccmcd rcasoAublC to pool kaoliN-
;tic anld ci b 	 soil tcsts k,,wOibbt s uIls when irterpretiu, 

til ptrposc () P I'rclili'cr recoilmicirrdations. !t is 

lllklO., I!,iove\.Cv, if soils With eilt her of these tWO 

lliltcralt, titL,, \,ill res(t(lll sirmillarly in the
dtir 

tid. 


() .icclivs 
'Thc oheclivcs of this study are I) to evaluate a 

iatl,'nat ical approach dcvcloped to predict P 
teriili/atioi ratcs tkir soybean cropped in the field on 
soils itlI 	 di Ifceil I litieralog' based on soil P 
cxir ct-d by .\icilich-3, Brav- I or anl anliol-calio 
cxChinartc rcsiit illd + lcted soil propcrlios, and 2) to 
vilidti t0le prolposd ri odeIS usinrg dtila front two 
soilIs with dilftcrcl cihem ical cotmposition which were 
cropped e tit sO\ lh Ill tfor a period of one year. 

Prccdurcs 
I'olly-terill P c'xcrillll L l tsCd in this study, 

'IS'vIl 	 dat a I 1 Ilate the proposed model, 
are reportcd irt the pviou.s report. 

Soil P was cxracttud with Nicflich-3, Bray-I and 
'lt anion -cat ion cxelhanec resin. In addition to clay', 
estirlnales of tlte capacity fictor were included, such 
is sltilfacc ai;, percac;aiic of minerals in the clay 
fractiot, P-absorption cocfficicrlts obtained by the 
S.anern'i ir equatti on, arid P-bufhf irig coCefficiernts. P-

bUlltering coe flicicnrt esti lic wcrc determined by 
tire slope of' ltc litlel cssisioln ctUation Oblailled 
for thte icl1triotshilt) etvCn rcovered P usillg Ie 
thre ext ractauts described above aid applied P)1itler 
two hou rs, four days aid eight wcks of equiliibra-
lion. 
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Restlts 
Mehlich-3, Bray-I and resin-extractable P 

explained 	67, 57 and 62% of the variation in the 
optifiun 	 P Irtilizcr rate to b" applied ofl the pooled 
soils where cither kaolinite or gibbsite was the 
predominant mineral in the clay fraction. 

conbintition of Mchlich-3 with clay 2 in
creased the proportion of the variation to 84%. Clay 
content and P-buftering cocficient, obtained after 
two hours of equilibration (R2 = 0.82), were the two 
best practical propertics tihat could be ct-ombined withi 
Mchlich-3 to improve the soil test for P. The same 
ireld was observed with the other soil extractants. 

Aimong the three soil 11extractants used in this 
study, the resin scens to be the best when used ill 
combination with estimates of lte soil P-bufTering 
capacity. The combination of clay with Resin-P 
explained 95% of the variation in the optimum P rate 
f6r growing soybean in this group of soils. 

The equation obtained to predict P fertilizer rc e 
;is a function olsoil P extracted by resin and clay was 
as follows: 

1PRate = 	 3 1.6 + 0.0742(Resin-P) + 1.4903(clay) 

0.0624(Resin-1P)(clay). (1) 

The Resi:i-lP also showed a higher potential than 
the olher cxtractarnts to improve the soil test interpre
lation when other estiniates of the buffering capacity 
are used. The cornhi nation of tne Resin-P with the I)
bu ffering 	coclficiOnt obtained after two hours of 
equilibration w ;s as good as that obtained for the 
combination of Resin-P and clay. This is shown by 
the good fit between the calculated (points) and 
pr'.dicted (lines) optimun P rates in Figure 1. 

The predicted (lines) P rate in Figure 1 was 
obtaine( with the follo'v ing equation: 

P Rate = 	 372.8 - 7.4 1(Resin-P) - 337.92(PBC) + 
5.66(Resin-F')(PBC) (2) 

where PBC = P-bufTcring coefficient afltr a two
hour equilibration periol. 

C(inclusions 
The lodels developed with the combination of 

Mhlfich-3, Bray-I and Resin-P with clay success
fully predicted the P rate to be applied in the 27% 
clay soil cropped with soybean for one year to reach 
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90% of the Inaximum yield. However, none oflhe 
models reported here accurately predicted the P rate 
required to reach 90% of naximum yield for the 21 % 
cibbsitic soil. This soil called for 2(4 kg P/ha to 
ohtain 901,( of the maximum yield. This indicates that 
it may not he economical to crop this soil with 
so beall. 

For kaolinitic and clayey gibbsitic soils, however, 
tlese thlcc extraclants; arc all good, and probably 
betler thanu Nlhlich- I, forereeiorne lin,, the opti

mum r' rale for soN bean. 
Iv'cn when using any of thCsC three extractants, 

tins approach should nt be used for coarsc-textLured 
()xisols ;, which lihbsite is the domiant mineral in 
tile clay fraction. 

_120 

1208 6 cloy (0.7316) 

o 90 
W -63% clay (0.7634) 
aw 57% cloy 

(0.7699) -- , 
60 

a 
0-) S 30 -(0.9167) --- ,@L\, 

_ 

0 I0 20 30 40 

RESIN- P (kg/h7) 

Figure 1. A soil test interpretation for P showing the 
calculated (points) and predicted (lines) optimum P 
rates for five soils varying in clay content as a 
function of extractable; Resin-P and P-buffering 
coefficient (in parentheses). Soybean price = US 
$0.23/kg and fertilizer P cost =US $1.23/kg. 
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High Jungle Extrapolation:
 
Pichis and Alto Huallaga Valleys
 

The Pichis-'Palcazu region of :.he Central Sclva of Peru is being rapidly colonized and developed
through a massive project, the Proyecto Especia! Pichis Palcazu (PEPP). PEPP has requested the 
assistance of INIPA and N. C. State University )n validating and transferring the principles
developed at Yurimaguas to the Pichis area. TropSoils work in the region is based at the La 
Est-,'raza Experiment Station near Puerto Bermudez and with INIPA, the Universidad Nacional 
Aeraria ic la Selva, in Tingo Marfa, and USAID/Limna. Descriptions of climate, topography and 
soils were gLivei iII the previous TropSoils technical report. 

Last year the valley became connected to Pucallpa and Lima, resulting in a large influx of 
new settlers along the Marginal Highway. Most of the road crosses steep hills (30 to 70% slopes)
with virgin forest and Ultisols with a perudic soil moisture regime. Work describing the ninoff 
and erosion processes in a virgin forest catchment will serve as a baseline for assessments of 
land-clearing consequences. Technologies for rapid establishment of a plant canopy in eroded 
Ultisol steeplands developed in the Alto Huallapa Valley provide a direct way for eliminating
erosion fron mismanaged acid humid tropical steeplands. Given a period of fairly predictable
flooding in extensive alluvial terraces, the Yurimaguas low-input system was modified to allow 
the growth of nonirrigated paddy rice during flood periods followed by a ratoon rice crop and 
then cowpea. Different species of' pasture grass and legumes behave better at Pichis than in less 
wet areas. Recuperation of a degraded pasture dominated by Homolepsis aturensisappears 
promising when simple management techniques and improved germ plasm are used. 
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High ,Jung/e LXtrapo/ation 

15r-

Runoff and Erosion Processes
 
In a Primary Forest Catchment
 
Of the Humid Tropical Steeplands
 

N 0 I 

Il nut 1l'btih r. N. Statc I liver sitv uJ
 
1). heidi CaslA~, N .Nto I'll*,crsltv (D
 
Illis /zij,'. lIIPA<
 

5 
'I'ie incrasir,_, trend of corvcrtitg forest to agrocco- 15
 

S\ SWitn ill the htr1llid trOpiCS has cauSCd concern/
 
ill tile Cl+,'roliental i pact and the decline
 

of protductivity Awltr such chlanies in land usc, I I
 
iarticularly in arcas of prolnoti'L~td relicf. I I
 

To aIsscss tilteLIIC.ucncC of u'cllh conversions I
 
inl t quantitative ard coil]iparaltive Fashion, bclcllark I I
 
datla oin hydtroloc!iC and Crosion processes in In E 20 I
 

ibout 

tmldisturlud lor,.:Sl 0 :NStc l arI rcq irctid '[hiS study 

_jis tile hitt ihhase oft an cx,lsiv, investigation of the 10 I[
uitabitV of 'VanIaOuS ',t:rOCCO'sYStciIs 10 allay the LL z 5 

c \'iro l IIll i jn;ct of forcst C.Ii'VCsioIl and 1( <. 
tilataill [,;.(otictivity. C 2400 0600 1200 1800 2400 

Flgure 1. Precipitation and discharge hydrograph
(bhjectives for event of 10-11 October, 1986.


The obiccti i cs of this study are 1)1to monitor
 

c,(chln clt ilputs (ra infall alld solutes) alld outputs traf[fic in the process of measurclrent due to a system 
(Slrcallll1w, So1lutcs and scdirments), and 2) to deffine of plar~kways installed to avoid foot traffic. 
SOIrc' are.s flll10l', id Solutes withinf0I sCdimCnlts 
the catchllicnt as t function of toposlraplic and Results 
pcdologic coliditions. Precipitation 

Ili the period monitored so far, monthly precipita-
Procedure lion ranged from 587 mm (March) to 73 mm (June 

A catchilnent called "la Cuenca" was sClcCted in 1980). 'llie highest daily precipitation recordeid was 
a lorcst reserve at tile l.a lsper'niza station. The 12 1 rin (in March). Although short-tern intensities 
catCIrCint is rcprcseItative of the dissected uplands of up to 84 rni/hr were observed, these were not 
betwell tile Pichi.s River and the Sil NlatiZas ('ordii- maintai ned over longer periods. The highest 30-min 
IrI. Rlilall is mCaSLurCd with aln autoriatic rcCCrid- intensity recorded was 21 nm/hr. 
Ilg rain ,caC,; solute input is analvICd in wcckly 
samples collected outside atI within the forest. Streafloo' 
Stream flow is monitoretd at the ca tchmcnit outlct by The instamitancous discharge ranged from 0.08 to 
an aut(orlliaic walCr-1CvCl recorder; stream water is 18 I./s. Storni hydrographs are characterized by a 
collected oi) a weekly and a withinl-Cvent basis and very short time lag between the onset o! precipitation 
aiailyzed for solutes aid seditments. Two topographi- and peak discharge (Figure 1). This rapid transrnis
cally di ffcrct hillshopes are ilstrmented with sion of incorning precipitation to the stream channel 
tcnsi teCC ic.I's, l Ire-\,acutin Soil sluggests surflce runoflt and/or subsurface storm flowpieIIr cS. 
water samplers aid rim(ff-collecting devices to in inacropores as tire dorminating mlechanisil. 
ilionlitor water, Solute and Sediment Iluxes. The 
spatial distributio r of' ocCunrrtuce of surfacC r111of is Sedimert 
defined by means of a large rnnber (f surface runoff The sediment output froill the catchmnlent was 
detectors. The watcrlled is [nit afCctCd by humn rather low. During low flow conditions, sediment 
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Table 1. Average concentrations of selected cations 
Inthree hydrologic compartments of aprimary
rainforest. 

Mean concentration 

Compartment Ca Mg Na K 

ppm 

Precipitation 0.5 0.05 0.9 0.4 
Throughfall 1.5 0.7 2.5 3.0 
Stream water 30 0.5 2.2 1.6 

concentraiuiOi was 30 mJlL; in storm events, it 
icreasked to 2(00 ngl. 

Solutes 
Collccilrulio;O,, of s,_lccted elements in opell-land 

precipitation, within orest precipitation (throughfall 
and crowndiip) a11 stream water are comfpared in 
Tablc 1. 01cr l.lllls, c.., :c, 1 and Si, were 
present i Iraccs ("Iy (less than 0.05 ppm). 

Occurrence of Yurl'ici runoiff 
In a well-defined part of the catchment, character

ized by the presence of gullies and tills with steep 
gradients and topographic follows at the gully heads, 
surface runoff does occur, espcially during high-
intensity rainfall events. Its occoiirence is more 
localized duing dry-season events than during rainy-
season events. Surface runoff is rare outside the zone 
described above. The gullies and rills are not a result 
of human intervention, 

Conclusions 
Despite the sholl period covered by monitoring 

and sampling so far, some preliminary conclsions 
may be drawn: 

1. Surface runoff does occur in some part., of the 
catchient under certain meteorological conditions. 

2. I'lie sediment production and, by implication, 
the rate of erosion under primary rainforest is 
extremely low. 

3. Concentrations of Ca, Mg, Na and K increase 
is rainwater passes through the vegetation-soil 
complex, i.e., there is an export of those elements 
from this primary forest catchrnent. 

HighJungle Extrapolation 

Establishing a Plant Canopy

In Eroded Ultisol Steeplands
 

lose R. Benites. N. C. State Univers'tv
 
ttemihce vazeta, INIPA
 
Marta (;a, INIIPA
 
M G lNIPA 
Rodol.b ,chaus, IN A' 

Manuel Flores, INIPA 
.lorgc Figneroa.INIPA 

Many hillsides along the High Selva of Peru are 
being rapidly cleared for cultivation on slopes 
exceeding 100%. Rainfall is usually high, so when 
the plant cover is lost due to mismanagement, rivers 
literally "run red" with eroded sediments. Joint work 
was initi :.,. vidi the INIF'A Tulumayo Station, the 
Universidad Nacional Agraria de La Selva and the 
USAI1)-sponsored Alto IHuallaga Valley Special 
Project. 

Ob,jective 
The objective of this study is to develop a simple 

nieans for establishing a plant canopy on steep, 
eroded Ultisols of the ligh Selva that will stop 
erosion and pernmit establishment of acid-tolerant tree 
crop plantations. 

Procedures 
In an attempt to recover a degraded steep Ultisol 

in Pumahuasi, Tingo Marfa, which had been aban
loned after coca cultivation, four acid-tolrant 
cropping legumes were tested: Desmodiimi 
heterophyllun, Desmodium ovahfoliun, Centrosena 
pubescens 438 and Puerariaphaseooides.Prior to 
planting, the topsoil was acid (p11 4.9, 1.7 cmol/L of 
exchanrgeable Al, and 81% Al saturation) and had 
low ECEC (2.1 crnol/L) and low available P (2 pprn 
by the modilied Olsen extraction). Slopes ranged 
from 30 to over 100%. 

The area was partially covercd by pnacorillo 
(Pleridin spp.), a fern indicative of acid soils. The 
standing vegetation was slashed and burned. The 
legumes were planted at 50 x 50 cm spacing with a 
planting stick. A P differe aial with application of 
0 or 22 kg P/ha as Bayov .r rock phosphate to the 
planting hole was included in the design. Rate of 
cover fomiation at 84, 119 and 175 days was col
lected. After the legumes were established, acid
tolerant, high-value tree seedlings of achiote (Bixa 
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0--D. heterophyllumUMha 

? 80 i--u D. ovmlioium " A---A P- Phseoloides 

! +- 4 
 C pubescens 438."."
0 * ubsc,,'" ,
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.2 a0li - / 

> 0 -Tree 


_ 1Tree 

8. 
 ...
4 119 175 

Days after planting 

Figure 1. Rate of cover formation of four acId-

tolerant creeping legumes on a degraded steep

Ultisol at Pumahuasl, Tingo Maria. 


orellana) were planted at : "cings of 6 x 6 m. 'The 
tree species received NPK applications according to 
recomiended am1ounts after they were established, 
Coffee was inrcrplantcd but did not establish itself'. 

Results 
Soil c('r esta/lis/ment 

Soil cover by tilefour legumes is shown in Figure
1.At 8.4days after planting, there was less than 20% 
of soil cover by D. heterophylhun and 10% or less by
the other three legumes. At 175 days, 100% of fire 
soil was covered by D. he.erophyllu n, 91% by
D. ovali/ohlun, 84% by P. phaseoloides and 76% by
C.puthescens. 

F'or better legume CstablishnreuH, application of 
55
35 

-u E. No P
 
0) MtLlh With P
 
25 

o0 


020
15 

0 

5"- 10 .. :---cm-

0 0 IP.phasecloides D.heterophyllurn 
D.ovaIfolium C.pubescens 438 

Figure 2. Ei,r-t,of 22 kg P/ha as Bayovar phosphate 
rock on ground-cover development four monthsafter planting on a steep UltIsol at Pumahuasi, 
Tingo Maria. 

25 kg P2 at planting is recommended for 

D. heterophylln but not for D. ovalifolium or kudzu.Response of the four legumes to P at 119 days after 
planting is shown in Figure 2. The highest soil cover 
was oblaincd by 1). heterophyllum with Papplication.
With such treatments the soil was protected from 
further erosion by a total legume cover. 

production 
and cover crop growth were monitored
during the next two years. All legumcs produced
 

fairly thick covers, particularly D.ovaliflium andkudzu (which climbed trees as well). Natural re-

Lrowdi, however, was even higher, although not as
dense. Achiote production was very high with1). ovalfoliln covers but significantly less in the
 
others (able 1). Without a legume cover, achiote
 
Yields were Zero.
 

Conclusions 
1.Acid-tolerant creeping legumes can rapidly

produce an almost total ground cover within six 
months after planting in eroded and highly infertile 
Ultisols of humid tropical steeplands. An application
of 22 kg P/na as iock phosphate accelerates ground 
cover development in some legumes. 'llis is a simple 
way to arrest erosion in such tropical steeplands.

2. Desnodium ovalfoliutn favored tie production
of acid-tolerant, high-value B. orellana trees, planted
after the legume was established. 

Table 1. Effect of legume covers on tree growth In a 
previously degraded Ultisol steepland at Pumahuasi, 
near Tingo Maria, Peru, two years after establishment.* 

Achiotetrees 
CoverCover height Height Yield 

kg/ha 

D.ovalifolium 89 a 162 a 393 aD. heterophyllum 44 a 142 ab 22 bC.pubescens 438 57 a b 3 bP. phasooloidas 10183 a 179 a 14bNatural 205 b 197 a 1 b 

Values followed by same letter are not statistically
significant at the 5% level. 
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HighJungle Extrapolation 

Rainfed, Low-Input rice-based cropping pattern inlow terraces, periodi-
Crop Rotation Patterns cally flooded and relatively fertile soils of the vallcy
In Alluvial Soils Subject (Table 1), and 2)to study thlc possibility of increasingTn ASeuiasols Su t cropping intensity with minimum inputs.
To Seasonal F!ooding 

Proced II es 
)cnniWS dcl (t'lh1.7, N. C'. Slate University In 1984-85 two rotation pattcms were tested 

Juan; Lr,, I'1:'' (Figure I ): rice-cowpea-cowpea and rice-soybean. In 
the second rainfed year (1985-86) two other rice-

The Pichis River Valley, in the Central Selva of Peru based rotations were tested (Figure 2): rice-drybean
is a rainfed area witli two (list inguishable seasons: (a) (Phaseolus vulgaris) and rice-ratoon rice-cowpea.
the rainy season, which nomially begins in ie Incorporation of the rat(x)n-rice system into the study 
middle of October, reaches a peak of 500-700 inimin was due to tie heavy rainfall during March and May
December, .lanuary or February, and ends in March; of 1986, making it difficult to plant grain legumes. 
(h) the dry season, which 
begins in April, (uring which Table 1. Selected soil chem.lcal properties of rice-based crop rotation at 
rainfall often does not drop the floodable alluvial terraces before rice planting, La Esperanza station, 
below I00 nni/m, enabl iil Pichis Valley, Peru. 
grain-legumlc cropping. With 
an adjustment in cropping Exchangeable 
teclinologyv according to the ExchangeAble Al Olsen 
environniciltal conditions, it Depth pH Al Ca Mg K sat. O.M. P 
may be possible to grow crops 
before aid aftcr rice. 

cm cmol/L - % - ppm 
Ohjeclives 0-9 5.4 0.3 9.00 2.08 0.24 3 3.4 2.5 

The objectives of this 9-24 5.5 0.5 9.45 1.83 0.14 4 1.3 1.0 
study are I) to establish a 

FeI d of Flood,1 P,-,w f Floodcng 

3:;:0 
 //
 

60000 
B F /7/ 1985 -1986
 

F.bC)C-,9a4-1 985
-19/9 E 

-J-J/7 ///Z
 

2:100  00- .'/0Li; 
ROTATION I RICE j 7/COW--A7/COWPEA7 ,O RCEO ROTATION 3 RICE /LIRY B E
 

/0TATIONDRY BEAN OR 7ROTATION 4 RICE
 
ROTATION2 RICE //SOYBEAN /RTIN RC
 

,O l D F P11 A I , jd A S Oct 
MONTH 
 MONTH
 

Figure 1. Rainfall pattern (1984-85) and crop rotation Figure 2. Rainfall pattern (1085-86) and new crop
patterns tested In an alluvial terrace, Pichis Valley. ping patterns tested. 

169
 



High ungle E.,rapolation 

The seedbed was prepared in November of each 
ycar by plowing to a 10-cm depth with a garden 
rotary tiller; rice was planted by hand in rows 30 cm 
apart. The seedbeds for cowpa, soybean and 
drvbean were prepared after he rice was harvested 
by incorporating the rice straw into the soil with the 
rotary tiller: the crop was planted in rows spacedl 60 
cm apart. I 1984-85, no fertilizer was used, but in 
1985-86 the first crop of rice was fertilized by 
broadcasting urCa at a rate of 50 kg N/ha in split ap-
plications at 25 and 60 days after planting. The 
ratoon was also fertilized with 60 kg N/ha after 20 
days of cutting the first rice crop. 

During the first year of study (1984-85), the 
rainfall (ist ribution patteirn was similar to the long-
term average (t:"gure 1), which helped rotation I 
(rice-cowpca-rjce). Rice cv. PA2 had a slightly 
higher yield than cv. CICA 8 (Table 2). Cowpea cv. 
Molina I also had a slightly higher yield in the first 
planting, but this advantag (leclinedsharply in the 

second planting, primarily because of fungus dis
cases during the heavy rain at harvesting. The cv. 
VITA-7 seemed more resistant than Molina I to 
diseases under high humidity. In rotation 2 (rice
soybean), rice yielded well, but soybean performed 
poorly. The soybean leaves had a yellowish color, 
showing N deficiency. The seeds had not been 
inoculated with Rhizohium. In the sccond year, the 
rainfall distribution was different from that of the 
average and the 1984-85 season (Figure 2): the high 
rainfall peak in May did not allow good planting of 
drybean and cowpea. Rice yields in each rotation 
during 1985-86 wer, satisfactory, but legume yields 
were very low (Table 3) because of heavy fungus 
diseases that dam aged grain yield and quality. 
Although the grain yields of ratoon rice in rotation 4 
were low, the rotation pattern seems promising in 
years when rainfall does not allow land preparation 
for grain legumes. 

Table 2. Yields of the first, second and third crops In the rice-based 
pattern rotation, 1984-1985. 

Rotation 1: Rice-Cowpea-Cowpea 
Grain yield 

Cultl,.ars Rice Cowpea Cowpea Total 
(rice-cowpea-cowpea) (Dec 1984) (May 1985) (July 1985) Cowpea 

t/ha- -

CICA 8 - Vita 7 - Vita 7 4.2 1.80 1.60 3.40 
PA2 - Vita 7 - Vita 7 4.5 1.75 1.70 3.45 
PA2 - Molina I - Vita 7 4.5 2.10 1.60 3.70 
PA2 - Molina I Molina I 4.5 2.00 1.00 3.00 

Rotation 2: Rice-Soybean 
Grain yield 

Cultivars Rice Soybean
(rice-soybean) (Dec 1984) (May 1985) 

t/ha 

IA2 - Jupiter 4.5 0.82 
PA2 - Nacional 4.5 0.56 
PA2 - Mandarin 4.5 0.66 
PA2 - PR-13-101-2 4.5 0.75 

170
 



HighJungle Extrapolation 

Conclusions Evaluation of Pasture Germ Plasm 
Ti performiance of tie Various cropping patterns Under a Perudic Ranfall Regime


is highly environmint-specitic: that is, performance
 
varies iroln \'ear to year. It was also evident that Kenneth Rc(,te lui,
N. C. State Universit'
 
high-yield rice cu Iti vars prodLiced satisfactory yields Maw
Merino, INIPA
 
under rainlrtd conditions when they were I)lanted j)ennis del Castillo,N. C. Slate University
 
dui ri ring
[he riny se ason, hut thCre is need to look for R.Rud. 'EI.f1
 
more crop rotati, patterns during the dry season that (,.Cantcra,PEI'
 
ilav fitbettcr with mllore rainfall vrialiolls. The rice- 15.'u, P[P"I
 
rice ratooll-cOwpea rotation appears 1(oIr
of' theilos lo'ste'han I'arro,(7/A7
 
promise. 
 MarioCahlerin.(IAT 

Table 3. Yields of the first, second and third crops Pasture production is the traditional activity of lichis
in the rice-based pattern rotation, 1985-1986 \"allc settlers and the one that accounts for the 

largest cleared areas. Given the pattern of very high
 
Rotation 3: Rice-Drybean 
 annual rain fall (3300 mam), it is expected that the
 

Grain yield grass and legume accessions that have been success
ful in udic rainfall regime, at Yurimaguas inight not
 

-'tvars Rice 
 Drybean do well at Pichis.
 
(rice-drybean) (Dec 1985) (June 1986)
 

OCbjectives 

- t/ha -- - le ohjcctives of this study are 1) to evaluate and
 
select pasture genin plasm adapted to acid soils and to
 

22196 - CIAT 1020 5.00 1.58 
 the very high rainfall conditions at Pichis, and 2) to 
select germ plasm resistant to spittlebug (Aeneolamnia 
sp.) attacks in this perudic area. 

Rotation 4: Rice-Raloon Rict-Cowpea 
Procedures 

Grainyield A germ plasm-introduction experiment was 
Cultivars 1st rice Ratoon rice Total Cowpea established in 1984 in a high terrace on an Ultisol
(rtce-cowpea) Harvest with 60kg N'.a rice (June86) with p-f 3.7, 94% Al saturation and 4.2% topsoil 

organic C contents. Evaluations in 1985 and 1986 
were made during periods of minimun and maxi

t/ha muni precipitation every three, six, nine and 12PA2 - Vita 7 4.68 1.69 6.37 1.11 weeks after cutting. Growih rate, percentage of 

CICA 8 - Vita 7 4.88 1.30 6.18 1.20 cover, and resistance to pests and diseases were 
22196 - Vita 7 5.10 1.66 6.76 1.15 measured. 
1;965 - Vita 7 4.90 2.50 7.40 0.90 

Results 

Pastures evaluated included 19 lcgumes (Figure
I) and three gra,:,es (Figure 2). A direct relationship 
existed between the amount of biomass produced and 
ground cover, as well as between biomass produced 
and resistance or tolerance to pests and diseases. 

Of the legunies, Desmodium ovahfoliun 350 was 
selected for use in tile zone dtie to its good cover and 
good seed rroduction, although it did not show 
unibrmity in dry-meatter yield (Figure 1). Both 
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Figure 1. Legumes evaluated for growth rrainfall,
perids f mximm prciptaton,ad miimuperiods of maximum and minimum precipitation, 

Pichis River Valley, Peru, 1985-1986. Do=Desmodium 
ovalifoliurn, Zi = Zornialatifolia;Sc=Stylosanthes capitata; 
Sg=Stylosanthesguianensis; Pp=Puerariaphaseoloides; 
Cp=Cenlroserna pubescens; Zs=Zornia sp.; Cm=Centrosema 
macrocarpun; Cb= Cenrosemabrasilanum; 
Ah=Aoschynomena histrix; Ca=Centrosema aronariura. 

accessions if Stlosanthcs capitatt (10280) and 2252) 
\VCie adiptedl to conditions at Ihich . where they 

suirvivedf periods ol 11d precipi-01Mxilllul iiimun 
tation; this species did not pertorn weli however, in 
YUrim aguas and PLucallpa. JtV1osantcls uanensis"0C 
184 cv. Plucallpa was similar to S. capitata 10280 in 
dry-matier yield. At the eginning of the dry season 
io thle fi r vcar., 1 StxI)oczpzrhes accessions were 
severely atlackeo by stem borer (Calloptiliasp.). but 
the phantiiigs recovered through seed generation. 

Althou:,h /ortia latfiia728 had initial good 
yields, ickl's were reduced due to seasonal defoli:-
thi1. Kudzu (I'ucrarialpascoloidL'v99[)[)) giows5 
Wild in the lPichis \"alley; it showed good cover and 
,i,form productiorn, all important characteristics forits selection. 

None of [fCiCt'OSCM accessions showed
sufficint benefIts for selection in Pichis as they did 

in , hcr regions of tl( Peruvian Amazon, such as 
Pucailpa, Tarapoto and Yurimaguas. Apparently 
these accessions do not tolerate the soil's high wtt-,r 
safuration, so that several accessions appeared to be 
dormant in periods of maximum precipitation. 

Ofthe grasses, Brachiaria 2ictyoneura 6133 
with desirable characteristics for further 

evaluation. Andropogon gaxanus 621 cv. San Martfn 

was aggressive during the dry season but yields
 
diminished during maximum precipitation.
 

decumrhens 606 is widespread throughout 
area, but it was sensitive to spittlebug attack. 
Spittlebug attacks all grasses, especially Brachi

ariaspp., throughout tropical America, but it is
 
f aimmI0i~n
believed to be most serious in very high rainfall 

regions. In the Pichis River Valley spittlebug controlis critical during periods of maxinmum precipitation. 
A total of 23"accessions of Brachiariaspp. were 
evaluated for resistance or tolerance to spittlebug by 

the International Network for Evaluation of Tropical
(RIEPT), CIAT, over a period of two years. 

Data (not presented) showed presence of spittle
bug in all species and accessions and in both seasons.
Severe attacks were present during periods of high 

but so were the greatest dry-matter yields.
Brachiariabrizantha,B. dict,oneura and B. humidioacmidthhgesyelsfdr-terp

coia combined the highest yields of dry-matter pro
duction with the greatest tolerance to spittlobug.

Damage was most critical in B. ruziziensis 655, B.
 
einii 6241 and B. radicans6020, which almost
 

disappeared after the rainiest season. 
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Figure 2. Grasses evaluated for growth rate underperiods of maximum and minimum precipitation. 
Bdi=Brachiariadictyoneura;Bd=Brachiariadecumbens; 
Ag=Andropogongayanus. 
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Recuperation of Degraded
 
Pastures Dominated by 

Homo epsis aturensis 

Kenneth Redteui, N. C. State Universi,3 , 
R.Ruiz, PEPP 
G.Cantera,PEPyPP 
Dennisdcl Castillo,N. C. State Universitt 

.IosL Merino, hIPA 


One of the greatest problems in the Pichis Rivcr 
Valley is the deCgradCd state of pasture land, most of 
which has been invaded by scarcely palatable grasses 
such as ollO'!psis aturensis,known in the area as 
(arrocii'loorpastoamargo.Unlike other forns of 
degraded pastures observed in Yurimaguas and 
Pucallp ::,tIOmohvpsis pastures look beautifully green
and %kith a full ground cover. The prohlen is that the 
cattle d10 1not Cat it. One solution is to renovate the 
pastures by ei~dicating Ilo,nolcqsis and using gen 
plasm adapted to the soil. 

Oj ectives 
The objectives of this study are 1)to renovate 

d(egraded pastures by using improved gen plasm, 
and 2) to ensure that the change in germ plasm is 
economic for the producer and that it does not alter 
the soil ecology. 

HighJungle ExtrapoiVt.on 

Procedures
 

"Threespecies were tested: Brachiariadecumbens, 
B. dictyoneuraand Desmodium ovalifolium. ihree 
land-clearing treatments were used: none, herbicides 
and tillage mechanization Tillage and mechanization 
were done only in 30% of the area along the contour. 
Treatments were replicated three times, each with a 
minimum fertilization of 1(kg P/ha. 

Every three months, measurements were taken of 
dry-matter prodLuction of existing plot components 
(grass species, kudzu and flomolepsis) and of the 
expansion in the plot ol the planted species. 

Results 
Only B. decumbens was well-established in the 

plots after six months; neither of the other two 
stecies was aggressive enough to compete with 
Homolepsis aturensis.There were no effects of 
herbicide vs. tillage in the successful establishment 
of B. decumbens. 

Conclusions 
With minimun inputs and an adapted species, it 

appelrs that degraded pastures dominated by 
Homolepsis aturensiscan be recuperated in perudic 
soil moisture regimes. 
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Sitiung: Extrapolation to
 
Transmigration Areas of Indonesia
 

Last year we reported on the reclamation of bulldozed lands, liming, phosphorous management, 
green manure, potassium and su!fur management for sustained production of annual food crops
in Sitiung, West Sumatra. Because of budget cuts received during 1986, North Carolina State 
University had to discontinue our participation in Indonesia. This report focuses on the response 
of upland crops to lime and potassium and a study of the agroforestry potential of the area. 
Potassium applications were very important in increasing crop yields and decreasing disease or 
lodging effects. A TropSoils bulletin is being prepared, summarizing our program's results on 
overcoming soil fertility constraints in this region. 

175
 



SitiungExtrapolation 

Response of Upland Crops 
To Potassium and 
Lime Applications 

Dan W.Gill, N. C. State University 
Antonius Kasno, Centrefo~rSoils Research 
Eugene .J. Kanprath,N. C. State University 

The central Sumatran peneplain is dominated by 
Oxisols and Ultisols, which are low in bases and high 
in exchangeable Al. The Government of Indonesia 
has recognized this problem and has sought to 
provide large quantities of lime (up to 4 t/ha) to 
farnL:.. who were associated with the soybean 
production program in the region. There was concern 
that the addition of inie to the soil would decrease 
even further the levels of soil K available for crop 
growth, perhaps to the extent that lime applications 
would not lead to increased yields. Initial expcrimen-
tation revealed (hat rice, soybean and corn grown in 
the Sititng region exhibited a strong response to KCI 
applications. 

Ob"jectives
The objectives of this study are 1) to study che 

response of several upland crops in West Sumatra to 
KCI applications at three levels of base saturation, 
and 2) to measure the effects of lime and KC1 
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Figure 1. Response of upland rice to applied KCI. 
Sitiung, 1985 and 1986. 

applications on the soil at four dcpths over a two
year period. 

Procedures 
Two separate experiments with simiar treatments 

were 	established in two different areas of Sitiung. 
3oth experiments were complete factorials with lime 

rates establishing approximately 70, 40 and 10% Al 
saturation (0.375, 1.5 and 5 1/ha, respectively) and 
with 0, 20, 40, 80, 120 and 240 kg K/ha applied as 
KC1. 	On a Typic laplorthox at Sitiung II, with about 
75-80% Al saturation and 0.05 cmol/L of K, a rice
soybean rotation, probably the most common rotation 
in the region, was grown for two years. On amother 
Typic Haplorthox with slightly higher levels of 
exchangeable Al and bases (Al saturation was about 
75%), the treatments were applied to a corn-peanut 
rot.iion. Crop parameters measured included yield of 

Jnd stover and percentage of K in both grain 
ano stover, thus pemfitting calculation of K uptake. 
In addition, levels of exchangeable Al and bases in 
the soil were measured before and after each crop in 
the rotation at four depths (0-15, 15-30, 30-50 and 
50-75 cm). 

Results 
Grain yield of the rice crop in both 1985 and 1986 

did not respond to applications of lime greater than 
0.375 t/ha, due to the tolerance of this species to Al. 
When no lime was applied, the rice yielded very 
poorly (data not shown) but the application of just 

0.375 t/ha supplied enough Ca so thaL thete were no 
responses to lime levels above this rate. 

However, response to applied K was quite strong in 
both years (Figure 1). In 1985, yields did not reach a 
maximum if less than 120 kg K/ha were applied.
Potassium applications were effective in decreasing 

rice blast (Pyriculariaoryzae) incidence (Table 1), 
this added resistance to disease was at least 

responsible for the grain response to applied 
K. More rainfall events, as well as higher total 
rainfall during the growing season, occurred in 1986, 
-ladingto higher grain yields. However, yi ids were 

maximized at an application rate of 80 kg K/wa, less 
than 	die 120 kgKharuietipeiosyr
t K/ha required the previous year 
(Figure 1). Rice grain returns of 11.3 and 33.3 kg per
kg of applied K were obtained inl 1985 and 1986, 
respectively, for the portion of the curve showing a 
positive response. 
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Grain yield in 1985 was related to prcentage of Table 2. Potassium uptake efficiency for 
K in the straw at harvest time (Figure 2). The hhehcr the rice crop grown in the Sltiung region in
 
the K levels in the straw, the greater the grain yield,. 1985.
 
Total K uptake for the first crop of rice can be
 
observed in Figure 3. As can be seen in Figure 3, K Total K Kuptake 
uptake in the grain varied from about 2 kg/ha witli 0 Treatment uptake efficiency 
kg of applied K to a maximum lfabout 7 kg K/ha at 
high rates of applied KCI. The m'ajority of the K 
taken up by the piant was in the straw. kg K/ha kg K/ha 

Potassium uptake efficiency (KUF-) lot the 1985 
rice crop was calculated. KUE is defined as ([A-B 1/ 0 9. 

C) 100, where A = total crop K uptake under treat- 20 3.9 130 

ment X, B = total crop K uptake with 0 applied KCI, 80 77.9 95 

and C = K applied as KCI under treatment X. Results 120 92.0 78 
are shown in Table 2. At the lower ratcs of applied 240 123.5 53 
K, the crop actually took up more K than that 
applied, apparently because the addition of small 
dos(s of K permitted roots to develop more vigor- 3.0 
ou,1ly and take up more soil K than they would have 0.47 0.77x 
without the addition of KCI. KUE remained rela- 0 2.5k- r: - 0.82 
tivelv high up to 120 kg ofapplie K/ha. _" 

The response of rice grain yield in 1985 to levels " 2.0 
of exchangeable K can he seen in Figure 4. The U 5 
linear response and plateau (11P) niodel showed a *6 1.5 

"critical level" or break point at 0.20 cmol of ex- 1.0 L 
changeable K/L of soil. -- Low lime 

In both 1985 and 1986, the upland rice crop was .Medium lime 
followed by soybean. Soybean grain response to K, 0. L - 1.. _ -ih .e 
unlike that of the rice, depended on the level of lime .0 0.5 1.0 1.5 2.0_2.5 3.0 
applied (Figure 5). In 1985, no response to K was Plant K (%) 
observed at the low rate of lime; a response to 20 kg 

K/h1a at the medium lime rate was seen, while yields Figure 2. Relationship between percentage of K in
straw at harvest on upland rice grain yield at three 
lime levels (0.375, 1.5 and 5 t/ha). Sitiung, 1985. 

Table 1. Rating of rice crop grown In the Sitiung 
region in 1985 for rice blast (Pyricularia oryzae) 150-
Incidence at various levels of KCI applications &- Total K Uptako

0 125- *-- K Uptake in Straw(0 = no blast, 5 = all plants killed by blast). 2t
 
e K Uptake in Grain
M 100 

Treatment Fio,',g 75 

50
kg K/ha D 25

0 4.9 
20 2.9 - _ _  ,
40 2.20 " , 140 2.2 0 50 100 150 200 250 
80 2.1 

120 1.8 Applied K (kg/ha)
240 2.0 Figure 3. Potassium uptake of a rice crop at varying 

KCI rates. Sitiung, 1985. 
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were maximized at the 80 kg K/ha rate under the 
hig h lime treatnieni. This response is related to the 2.5 
crop's sensitivity to soil A! as shown in Figure 6, 
where grain yield is related to Al saturation. 2.0 

KUE v1lies for soyban at the three lime levels " 
arc shown in Tahle 3. At the low lime rate, Al ,51 A y 0.49 + 0.0094x 

inlibited uptake and KI. IF was low. Under the * 0.69 

medium rate of lime, K I.l-was higher at low K rates, 1.0 

but dropped ofl rapidly at the higher K rates, since , H 
loot orowth was still restricted by soil Al. KUE 0. Medium lime 
remaield rlatively high over a wider range olK L...A L°w lime j 

application rates under the high lime treatment, silce 0 0.1 0.2 0.3 0.4 
most soil At in the topsoil was neutralized and 
potential for crop yield and K uptake was increased. Exchangeoble K (cmol/L) 

SoybCan \ic]ls during 1980 were higher Ihan in Figure 4. Effect of exchangeable K levels Inthe soil 
NS5 (lieu rc 5), p r nilyl duC to increased rainfall, on rice grain yield. Sitlung, 1985.
 
RcsponsCS to K were oblinCd up to approximately
 
310 ki K/ha al the low lime rate, while at the ledium
 
linie rate reached a plateau L_~ 2.
at 40 kg K/ha. Grain 02.'y =0.453 + 0.0232x + 0.00187x' 
vi elds at the high lime rate did not reach a plateau, 2 r - 0.92 _-+ High 1986 
hut rather ,:howcd a response with two ascending 

1
 
curves. A model descri bitig this function has the _c .5 [-
fOllo'.Vinlg equation: ..-.. I 

i .0 / - - , High 1985
S(.453.+ 0.0232 (XI) + 0.00187 (X,) (rM 

0.92)-Y Medium 19560.2" __ _-- Medium 1985O:, Low- 1986 
where X = K application rates fron 0 to 40 and X, - Low 1985 

fron 40)to 240 kg K/ha. Soil analysis is not yet 0.0 .. L L L.. L .1- JI J 

available for this crop and thus no correlations of 0 40 80 120 160 200 240 280 320 360 

Applied K (kg/ha) 

Figure 5. Effect of applied KCI at three lime levels 
Table 3. Potassium uptake efficiency for the soy- on soybean grain yield. Sitlung, 1985 and 1986. 
bean crop grown in the Sitiung region In 1985. 

1.25- y = 1.15 - 0.0126x 

Lime level (t/ha) = 0.93 
"0 1.00-*i1 

Low Medium High
 
Treatment (0.37) (1.5) (5.0) '- 0.75

", 0.50 '.
 
kg K/ha 1 %KUE
 

0 o 0.25-" 

20 40 65 60 L 
40 25 50 50 0.00 20 40 60 80 
80 4 26 56 

120 13 22 33 Al saturation (%)
240 5 14 16 Figure 6. Effect of Al saturation In the soil on 

soybean grain yield. Sitiung, 1985. 
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Al saturation () development of crop root systems. 
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Figure 7. Percentage of Al saturation of a Typic
Haplorthox In Sitlung, measured one year after 
application of lime. 

crop growth with levels of K or Al in the soil have 
been performed. 

Soil samples at four depths were taken one year 
after lime application. Lime applications significantly 
decreased Al saturation, not only at the 0-15 cm 
depth, but also at the 15-30 and the 30-50 cm depths
(Figure 7). At the 15-30 -,mdepth, Al saturation fell 
from 71 to 51 % over the range of lime treatments, 
while at the 30-50 cm depth, it fell from 77 to 67%. 
This decrease in Al corresponded to an increase in 
Ca at each depth (data not shown) and indicates that 
subsoil chemistiy is becoming more favorable for the 

Table 4. Effect of applied KCI on lodging of corn 
grown In 1986 In Sltlung. 

Treatment Lodging 

kg K/ha plants/plot 

0 43 
20 26 
40 11 
80 5 

120 4 
240 2 

The second experiment involved a rotation ofcorn-peanut for both 1985 and 1986. Since the 
majority of the plant and soil samples, as well as 

muc of the data for this experiment, have yet to be 
analyzed, and since yield data for the corn and 
peanut grown in 1985 were reported in the previous 
TropSoils technical report, only yields for the 1986 
crops and lodging for the corn are reported here. The 
effect of KCI app!ications at three levels of Al 
saturation on corn grain yields is shown in Figure 8. 

cTherewas a significant response to lime, with greater
yield achieved as more soil Al was neutralized. 
Differences in yield due to lime treatments became 
greater as the rate of K was increased. Response to K 
was rather dramatic at all three lime rates, with 
maximum yields obtained only when 80 kg K/ha 
were applied. Potassium applications were very
effective in decreasing lxlging incidence ('Table 4).
A high proportion of the corn plants in the low K 
plots fell onto the ground and some of the grain was 

lost. 
Yield response to lime and K of the following 

peanut crop is shown in Figure 9. Response to lime 
was significant, as would be expected with a crop 
sensitive to soil Ca levels. Unlike the previous year, 
when significant responses to K were obtained only 
at the two higher lime rates and even then only to 20 
kg K/ha, in 1986 a response was obtained at all lime 
rates to approximately 80 kg K/ha. 

Conclusions
 
Upland crops in these experiments varied in their
 

tolerance to soil Al, with tolerance decreasing in the
 
10 

10 e--. High lime
 
8 L s- Medium lime
 

-A Low lime 

6 

.C0 

2 

0 40 80 120 160 200 240 

Applied K (kg/ho)
Figure 8. Effect of applied KCI at three lime levels 
on corn grain yield. Sltlung, 1986. 
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2.5 

following order: rice, peanuts, corn and soybean. 
Since soybean is the most sensitive of these crops to 2/0 

soil Al and rice is the most tolerint, perhaps famiers 2.0, . 
in the region should be encouraged to grow rotations , ... 

that include crops more similar in their need for lime, >1 
i.e., a "high-input" system. A corn-soybean rotation q 
would probably be more appropriate in soils which 
were naturally lower in Al or had been limed more, B 1.0 
while those farming soil; with high levels of Al and 
low rates of applied lime would perhaps be better off . 
with a rice-peanut rotation (a lower input system). To 0.. 

grow more peanuts and corn in the region, however, LOW UUE 
UO1UU L UE 

an economic solution to the wild pig problem will 0.0 IC UUE 

have to be developed. 0 5o 160 lio 260 2 0 

All crops responded quite strongly to K and, if APPLIED K (kg/ho) 

government yield targets ire to be reached for upland Figure 9. Effect of applied KCI at three lime levels 
crops in this region, low to moderate levels of K (20- on peanut grain yield. Sitlung, 1986. 
80 kg K/ha, depending upon crop and soil Al levels) 
will have to be applied. Applications of lime without 
addi.ion of K sometimes resulted in no yield in- Initial results from analysis of soil samples seem 
creases, while KUE was improved with the neutrali- to indicate a critical level for exchangeable K of 0.20 
zation of soil Al, especially for Al-sensitive crops cnmol/L for rice. Applications of KCI increase soil K 
such as soybean. Potassium was shown to decrease levels initially, but these levels drop off over a period 
disease incidence in rice and decrease lodging in of several months, and since they are apparently not 
coi. recovered in samples analyzed from the subsoil 

While many farmers in the region are quite (down to 75 cm), it is assumed that this K is leaching 
careless with their crop residuCs, frequently piling below the root zone. However, only one year after 
them on the edge of their fields and burning them, lime was applied, sufficient amounts of Ca had 
most of the K taken up by the crop i:, leached down to the 30-50 cm depth to decrease perin the residue. 
Farmers need to be made aware of the importance of centage of Al saturation significantly (Figure 7). This 
recycling that residue in their fanning operation, is very encouraging as it permits greater root growth 
either through livestock (especially with peanut and down to these depths, allowing for greater water and 
corn tops) or by returning residues to their fields, nutrient utilization. It is probable that this subsoil 
Proper management of residue will remove less K amelioration will only increase as more lime leaches 
from the soil and permit crops to be grown with downward with time, increasing yield p)otentia!s of 
I-igher yield potentials while fertilizing with lower K crops in the region. 
rates. 
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Agroforestry Research Needs 

Erick C. A. Fernandes,N. C. State Universit, 

'The use of lime, fertilizers and pesticides is essential 
for continuous cullivation of crops at Sitiung. Despite 
these inputs, which the Indonesian government 
provides at highly subsidized prices, fanners in 
Sitilng find it difficult to satisfy annual food needs 
and obtain adequate cash for inputs to ensure good 
production in the next season. Furthermore, it is 
unlikely that currell subsidies on inputs will be 
inaintai ned due to (leclining government revenues, as 
indicated by the 45% dev ahation of the Indonesi an 
nipiah against the U.S. dollar in November 1986. 

Oil and gas account for about 70% of Indonesia's 
foreign cxchange carnin, s and 55% of government 
tax revenues. As a result of initerniational oil prices, 
hIdonresia's i)etroleu rn export rvCenCes were pre
dicted to fall by $5.8 billion (4,7%) for 1N86 alone. It 
is imperative that transmigrant farmers develop a 
range of sustainable food- and cash-cropping systems 
to countcr tile inevilable declinc ill gvernnenlt 
subsidies arid rise in cost of livin,. 

Agroforestry technologies have the potential to 
reduce the levels of inputs and, more importantly, to 
provide a diverse range of cash-generating enter-
prises. This not only iniriiizes risk, but also enables 
tirle farmer to raise cash to purchase the inputs 
required for successful cropping. This report presents
a diagnosis of the constraints within the various 

production subsystems at Sitiung and identifies 
agroforcstry alternatives that have the potential to 
provide solutions to pressing problems of declining 
productivity and sustainiability. 

Agroforestry is a collective name for systems of 
land use in which woody plants (trees and shrubs) are 
dcliberately managed on the saie ;and management 
unit, either simultaneously or in rotation, with annual 
crops and/or animals. For a land use to qualify as 
agroforestry, there should be both ecological and 
economic interaction between the woody plants and 
the other conlponents of the system. 

Agroforestry may irvolve the integrition of trees 
and shrubs into farmirg systems or crops and 
livestock into forests. In practice, a high proportion 
of agrofore.stry systems involve the growing of trees 
(for various products and services) on what is 
essentially farmland, 

SitiungExtrapolation 

Objectives
 
The objcctives of this study are:
 
1. To undertake a diagnosis of the current land

use systems in Sitiung and identify suitable agro
forestry technologies to overcome productivity ain]/ 
or sustainability constraints inthe existing systems. 
This would enable TropSoils to detenine what 
research is needed to generate and refine the required 
technologies. Implicit in this is the development of a 
research-extension methodology and general proto
types of agroforestry technologic:; to be modified and 
tested in similar environments at other transmigration 
sites in Indonesia. 

2. To identify individuals and institutions in
volved in agroforesr research in Indonesia. This
, 

would facilitate not only an exchange of research
 
experiences arid data, but also provide an indication
 
of' potential collaborators for the future.
 

P'roccdures 
The general diagnostic and design (D&D)
 

approach followed that (eveloped by the Intema
tional Council for Research in Agroforestry (ICRAF)
 
for diagnosis of existing land management practices
 
and design of agroforestry alternatives.
 

The procedural sequence was as follows: 
I. Review of baseline biophysical and sociocco

nomic informatinn for Sitiung from TropSoiis' and
 
CSR publications and discussions with researchers at 
Sitiung and CSR, Bogor.

2. Diagnostic interviews with sample farmers to 

identify a) problems as perceived by the farmer with 
respect to household needs; b) land management 
problems and constraints resulting in present (pro
ductivity) and future (sustainability) problems; and c) 
current farther str;'Iegies to counter these problems. 

3. Diagnostic analysis to evaluate the land-use 
problems clarifying cr!ationships among contributing 
factors and assigning priorities to them. 

4. Derivation of functional and general specifica
tions for problem-solving interventions. 

5. Analysis of a range of agroforestry technology 
options for addressing the identified design specifica
tions. 

6. Analysis of alternative systems plus tecl.nolo
gics and comparison with technological improve
merit, in existing systems. 

7. Evaluation of design alternatives and choice of 
a limited set of best-bet options. 
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8. Identification of research needs to generate the 

required technology if not already available, 


9. Analysis of the existing institutional infrastruc-
turc responsible for developing and disseminating the 
proposed technological alternatives, 

Results 
Diagnosisofthefiring sXste~ns at Siung 

3ased on research experiences from the TropSoils 
program at Yurimaguas, Peru, and on-site validation 
of such results, the Government of Indonesia adopted 
TropSoils' recommendations for both lime and 
fertilizer inputs to enable Iransmigrani farners to 
successfully grow crops on the infertile, NI-saturated 
soils at Sitiung on a conitn0us boasis The iniial 
allowance that the transmigrant far!rers receive :,nd 
the lacilities for purchasing these inputs at subsidizud 
prices have had a dramatic, positive Cffccl on crop 
production at Sitiung. l)espite the impact of lime and 
fcrtilizers, however, Iann families interviewed at 
Sitiung most often mentioned lood and cash as the 
basic needs; not being adcquetely filled, 

All the transmigrant farmers at Sitiung have 
s)ontalncously developed agroforestry-based h'omc 
gardens involving multistoried mixtures of trees, 
anual crops and stall-led livestock. This diversity in 

the horC gardens not only supplements pr(ALction 
from the cropland but also minimizes risk of crop 
fai lure. Recent studies have shown that home gardens 
ccount for 4.1% of total agricultural products and 

provide between 28 and 60% of the total cash value 
of agricultural produce in the various communities in 
Sitiung. It is important to note that development of 
these home gardens has been based solely on previ- 
ous anncr experiences. The fact that many were 
landless i;xfore arriving at Sitiung and the lack of 
adequate germ plasm would indicate that most o! the 
home gardens arc currently producing well below 
their potential. 

The food problem primarily involves an inade-
quate )roduction of rice (especially upland) to meet 
year-roundl family needs, resulting in an annual 
requirement to purchase rice. This causes competi-
tion for scarce cash resources that are also required 
for the purchase of linre, fertilizers and pesticides to 
ensure adequate production ill the next season. 

Low soil nuLtrient levels are reflected by low crop 
yields without fertilization and good response to 
fertilizers: for most crops. In particular, Sitiung soils 
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are particularly low in exchangeable Ca and Mg; 
very low in available P; and possibly low in Mo, Mn, 
Zn, B ard Cu. High levels of exchangeable Al 
combined with low CEC result in Al saturation levels 
greater than 60%. All these problems, however, can 
be corrected by lime and fertilizers. Farmers differ
entiate between "dark" (good) soils and red or 
yellow (poor) soils and tend to concentrate inputs on 
the poor soils. 

Moisture stress is a major problem for crop 
proxluction due to shallow rooting of many crops 
(probably related to high Al saturation and/or low 
supply of bases in the subsoil) land the high pennea
bility of most Sitiung soils. Droughts in certain years 
exacerbates the problem. The implications of the 
transmigrants' practices of thoroughly digging the 
soil befo,' planting are serious. In contrast, the 
Indigenous Minang are aware that drought stress is 
most severe when the topsoil is disturbed by tillage 
and thus use no-till planting methods. 

None of the faners interviewed mentioned lack 
of labor as a constraint. The main reason for this is 
likely to be the availability of cooperative labor 
(gotong royong). This system involves groups of 20
25 farmers working in rotation on each others' fields. 
The farmer whose land is being worked pays for this 
labor by providing meals for the group. Despite this 
system, however, it is likely that some bottlenecks 
occur, especially at planting and harvesting, when all 
the farmers are involved at approximately the same 
time. Tile relatively high wages of off-farm labor 
(lumber camps, road construction) make it difficult 
lor farmers to neglect wage labor at any time of the 
year. 

Soil erosion is severe on some transmigran, 
farmers' fields because they were allocated steeply 
sloping land for production of their food crops. 
Erosion control practices currently used by some 
transmigrants at Sitiung include bench terracing 
(very labor inten.:ive) and cotour planting. 

Pests and diseases arc major constraints to crop 
production in Sitiung. The main pest of peanut, corn 
and cassava is the wild pig, which is capable of 
totally destroying unprotected fields. Rice blast 
(Pyricularia oryzae), seedling fly (Atherigona 
exiqua), brown planthopper (Nilaparvata lugens) and 
stem borer (Chilo sp.) are major constraints of upland 
rice. Soybeans are attacked by seedling fly soon after 
germination and by a pod borer (Etiella zinckenella) 



at the pod-filling stage. The weed Imperata cylin-
drica (alang-alhng)was also mentioned as a prob-
lem.Most farmers lack cash resources to purchase 
pesticides and adopt avoidance strategies. Thus, 
upland rice is planted early in the rainy season, when 
the incidence of blasi is low. Corn and peanut arc not 
planted in areais prone to wild pig damage-i.e., close 
to forest margins, 

Poor supply of agricultural inputs is often a 
problem throughout Siliu1ng. Both inalde(luate sup-
p-lies arid untimlely d,2livCry of feriliziers and pesti-
cides were cited as problems by fanmers in Sitiung II 
and Ill. In newer settlements SIuch as SitiUg V there 
was a long period betwen the end of government 
Icr ilizer allocatioms in 1984 anid establishnent of a 
local distributor. Ileavy rains sometimes imake the 
roi.ds from the Tirans-Sulnatr.ll Ilighway into 11 
settlements impassable, thereby limiting the supply of 
inputs at critical periods such as planting. Even when 
adequate supplies exist, however, Fanners lack cash 
to purchase inputs and are reluctant to participate in 
credit programs. 

Cash crop production is limited by low yields and 
low prices. The low yields of soybean, peanut and 
corn are duc primarily to the acid, infertile soils, 
which require adequate liming and fertilizer inputs, 
to damage caused by pests (pigs, insects, rats, 
monkeys), and to drought (once in three or four 
y,."s'). Current income from tree crops (cloves, 
coconuts, coffee, ramlutanI is low, (cue mainly to Ilhe 
low .-rices of these crops inlocal markets. Farmers 
are unable to transport their produce to the large 
markets at Padang and fall victim to exploitation by 
middlemen. Most farners are reluctant to participare 
in government credit programs because of fears oi 
crop failure resulting in their inability to repay loans, 

Although most farmers in Sitiung I have cat.le, 
farners in recent settlements (Sitiung V) are yet to 
receive their cattle from the goveniment. 'The current 
scheme involves cach famcr being given a cow with 
the condition that two calves be returned to the 
government within live years. 'Fle advantages of 
livestock over food and cash crops include lower 
production costs in terms of labor arid inputs and 
reduced risks since livestock production is less 
affected by rainfall variability and timely inputs. 

Farmers in Sitiung I appreciate the advantages of 
their cattle, which are used for land preparation and 
as an investment. Inaddition, most farmers use the 
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manure on their home gardens and crop lands. 
Animals are sold to generate cash as needed (for 
school fees, medical expenses, purchase of inputs 
and food). It is interesting to note that of the ten 
famers interviewed, the only farin,., who did not 
mention lack of cash and fertilizers as constraints to 
productivity had a small herd of five cows. He used 
manure to supplenient ferlilizcr in-ats and over the 
years had sold several animals from his gradually 
expanding herd. To ameliorate the problems of 
fodder scarcity, improved fodder grasses had been 
p1lanted Withi and on the boundaries of the hone 
garden. 

Although disease is apparently not a problem, 
most cows in Sitiung appeared in poor condition. 
'Thisis not surprising considering the scarcity of 
Fodder, which consists mainly of grasses and weeds 
harvested fhon the roadsides and croplands. Even 
assuming an adequate nutrient content of these 
species, their high moisture content probably implies 
an iiadequate daily dry-matter intake resulting in 
reduce(] productivity (poor weight gain, low repro
duciive rates). 

Agroforestry Alternatives
 
Three major areas for agroforestry intervention
 

were identified:
 
1. Soil fertility aid Al toxicity. 
2. Livestock feed. 
3. Cash crops. 
It is important to appreciate that most agroforestry 

technologies are still at the national or hypothesis
testing s';"'c. ,vith relatively few data available from 
extensive field tests. The technologies proposed here 
must hence be viewed within this context and riot as 
guaranteed solutions. 

Ilie design and testing of agroforestry techinolo
gies at both the ann and community levels should 
provide a wider range of options and also considera
bly enhance the potential for improving system 
productivity. 

At thefarm level 
1.Alley-cropping with fast-growing, Al-tolerant, 

N-fixing woody perennials in hedgerows along the 
contours to address one or more of the following: 

a. Reducing Al toxicity via complexing of Al 
by freshly added leaf and woody material; 

b. Recycling leached nutrients from fertilizers 
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added to crops by the deeper rooted woody 
species; 

c. Minimizing cropland erosion, especially on 
slopes, via form ation of natural terraces; 

d. Providing high-lprotein fodder supplement 
for livestock; 

e.Providing fuelwood, all of which is cur-
rCntly obtained fhrn surronding natural forests. 

Allhizia aicatariaand Calliatndracalathyrsushave 
hben tested on a limited scale at Sitiung and show 
potential as alley-cropping species. The good 
pe rt0mance of Inga Ctdulis on acid soils in Yurima-
guas, Peru, warrants its inclusion in trials at Sitiung. 
Inga would be especially suiltaile where fuelwoo 
)trodurctionl is a major function of the woody hedge-
rows. 

2. Live fen'rces on ield boundaries to minimize 
Wild pig dam agIC to crops such as corn, cassava and 

peanut. Apart t'rorn tile labor to establish the live 
fenices, little miniutenance would be Iequired and tile 
fences could be managed to produce green manures, 
mulch or fodder. 

Closely planted, easy-to-grow species such as 
Gliricidlsas(piun, A.filcatiariaand C. calathyrsus 
s101d!d be tried. Peronrinacirescens (known locally
-issunkai) could be managed to produce good-

quality poles in addition to being an excellent live 
fenice. Other potential live fence species include 
Ceibapentairaand latropacurcas. Like Gliricidia, 
they can also be propagated vegetatively from 
cuttings but are not as good for green manure pro-
duction. 

3. Intensification of fodder production in home 
gardens and on upland fields. Most transmigrant 

home gardens are currently de .oted to woody 
perennials for food and cash and a few annual crops. 
There is, however, good scope for fodder production 
on currently underutilized boundary areas. Although 
shade-tolerant grasses could also be used in the 
understory, transmigrant farmers prefer to keep the 
ground bare in home gardens because of a deep-
rooted fear of snakes. 

Woody species witl potential for fodder produc-
tion on boundaries include G. sifium, CodariocalVx 
gyroi~Les (Desmodium ,Vroides) and Desmodium 
rensonii. 

4. Enhancerrent of tree cash crop enterprises in 
horne gardens. Species with potential but currently 
used only on a limited scale include clove (Syzigium 

cumini), rambutan (Nephelium lappa'ceum), coconut 
(Cocos nucifera), durian (Duriozibethinus) and 
mangostcen (Garciniamangostana).Moderately 
shade-tolerant high-value species such as vanilla and 
black pepper should also be tried. 

At tie communitv level 
I1farmers in ,ach Sitiuwng community agreed to 

pool their promised 0.75-ha plots, tile cash crop and 
livestock feed leverage points could be addressed by 
a tree crop/grazing system. A promising option 
appears to be a corn hounity rubber plantation with 
grazing of the cover crops (Puerariaphaseoloides, 
Calopogoniummuconoid&v;, C. caeroleun an( 
('entrosetna puhescens). Additional land will be 
reluired Iot grass l)astures. The possibility of the 
government allocating adequate additional land to 
Cacti commuIlty for Such a plantation should not be 

overlooked. 
Small ruminants such as goats aie very suitable 

lor such an animal protein enterprise. Goats have tie 
advantage of a high milk-producing capability 
coupled with sturdiness and an ability to thrive undei 
a wide variety of feeds. There are also more animal 
units per unit of Feed, thus spreading risk and increas
ing sales opportunities over milk cow enterprises. 

The annual demand for goats for the celebration of 
Rainadan by the predoninantly Muslim population 
(equivalent to the demand for Christmas turkeys in 
the U S.) offers good scope for an economically 
profitable goat-rearing enterprise. A high instinct for 
survival, however, also make the goats a potential 
hazard if left unmanaged.

A latex processing plant already exists near 

Sitiung and the economic returns from rubber appear 
promising. Each administrative unit would have their 
own rubber plantation, which would be planted and 
tapped on a communal basis. Tapping could be 
undertaken by women, thereby increasing ti,cir 
involvement in cash-generating off-farm labor. A 
communal herd of goats and/or sheep could be 
allowed to graze the cover crops on a rotational 
basis. Rotational grazing coupled with wider fltan 
nomal spacing of th rubber trees would be required 
to ensure adequate persistence of the cover crops. 

There is good potential for development of 
community-owned, rotationally grazed pastures 
containing a mixture of woody legumes and pasture 
grasses by a communal herd of cattle. The govern
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ment could allocate a suitable amount of land to each 
community. Although this would be a new concept to 
the Javanese famlers who are used to cut-and-carry 
systems, the potentially high returns to labor would 
be a powerful incentive. Legume-based pastures 
developed at Yurinaguas should be tested at tile 
grazing level, 

Leguminous trees and shrubs should minimize the 
possibility of iivasion by shade-intolerant Imperata 
cylindrica (altng-alang),a noxious weed that 
colonizes cleared areas including pastures. The tree/ 
sirub component can be harvested for high protein 
foliage and/or pods, thereby allowing adequate light 
For grasses in the undcrstory. Ifalang-alangstalls to 
become a problem, a simple soht, ion would be to 
allow the trees to ciose canopy and shade it out. It :s 
a lot easier and cheaper to establish pasture grasses 
than it is to eradicate Imperata. 

Conclusions 
This report provides ;1comprehensive analysis of 

the farm as a whole. Research priorities reflect fhe 
most relevant problems as perceived by the fanners. 
The hypothesis is that tec!haogies designed to 
overcome problems perceived by farmers would be 
more easily adaptable than those that do not consider 
fanner perceptions. 

The technologies proposed in this report, how-
ever, were designed on the basis of a preliminary 
diagnosis. Furiiiermore, the design cf agroforestry 
technologies normally requires the combined input of 
a multidisciplinary team to incorporate relevant 
aspects of all disciplines concerned. Due to the time 
constraint and the unavailability of key TropSoils 
personnel, this was not possible. 

SitiungExtrapolatio 

The diagno.iis in this report is a static type, 
primarily uscful to indicate the outstanding features 
of proposed technologies. A more refined design 
would require an analysis of both the system dynam
ics and the farmers' reactions to introduced innova
tions. 1 is assumed that a better understanding of 
both flactors may lead to modifications in the prel imi
nary designs. This, in turn, would !ead to an en
hanced adaptability of practices by generating more 
appropriate technologies (i. e., those that address a 
felt need, can be easily understood, and use resources 
readily accessible to famers). 

In this context, research on integration of tech
nologies in existing systems at Sitiung has to do 
essentially with monitoring of both existing system 
dynamics and systems' response to introduced 
innovations. The latter is accomplished through on
farm experimentation, which plays a critical role in 
technology development. 

Given that most of the technologies proposed are 
still tentative, two piases are envisaged for research 
on integration of technologies o: this project. The 
firs. phase will focts on improving the preliminary 
diagnosis by monii,-ins, the existing systems and will 
carry out researcher-managed trials on farms, mainly 
geared at evaluating th', technical performance of 
proposed technologies (while learning about farmer 
perceptions of such innovations). 

The second phase will concentrate on farmer
managed trials to evaluate the technical and eco
nomic performance at the enterprise level (livestock, 
food crops, cash crops) of practices developed in 
phase one, and the fit of such practices into the whole 
system. 
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Introduction
 
ile principal goal of the TropSoils program is to uncover principles which will enable resource

poor farmers to adopt soil management practices that will increase family income and farm 
prodictivity and, at the same time, preserve land quality. The research strategy is designed to 
ensure that su,:ial, CUltiiral, economic, and environmental factors that enhance adoption of a soil
management innovation are made anl integral part of the research plan. To achieve its goal, the 
project conducts a major port ion of' the soil-management research with f !rmers and in faimers' 
fields using systems-based research, crop simulation models, and expert systems. 

The Sefting 
A 100,0(X)-hectare transmigration site in Sit iung, West Sumatra, Indonesia serves as tie 

project's resecarch area. Six thousand transmigrant families and 1500 indigenous families live in 
the area. Large cultural and language differences between the Javanese and Sudanese transmi
grants, and between the transmigrants and indigenous groups present unparalleled opportunities 
to study the responses of different ethnic groups to soil management innovations. 

The soils of the region range in quality from moderately fertile Inceptisols oin river terraces to 
highly leached aid impoverished Oxi,:ols and Ultisols of the dissected peneplain. Mean annual 
rainfall is 2800 mm and mean annual air tcmplerature is 26" C. The tropical rain forest is gradu
ally giving way to rubber plantations and subsistence farming by new settlers. 

The first large group of transmigrants settled in Sitiung in 1976. A modest home, 1.25 hec
tares of recently cleared land, and a year's supply of food, fuel, other living essentials, seed, and 
fertilizer awaited each family upon its arrival. Since then, five additional areas in Sitiung have 
been settled. Bulldozer crews continue to clear more land to accommodate new settlers from the 
densely populated islands of Java and Bali. The productive land on the river terraces has long 
been settled and the newest transmigrants are being placed on the less-desirable lands of the 
dissected peneplain. 

Developing a Collaborative Project 
A major aim of the Collaborative Research Support Program is to produce research outputs 

that are relevant to both the United States and the collaborating host country. To achieve this 
aim, the Indonesia TropSoils project is capturing, preserving and organizing research informa
tion generated in Indonesia and Hawaii to produce decision aids to enable users at the national 
and farm levels to make sound soil-management decisions not only in Sitiung but in Indonesia 
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lintroduction 

and the U.S. These decision aids consisting of expert systems and simulation models are de
siglhed to operate in any location which has the required data to make soil-management deci
sions. Since the making of soil-management decisions is strongly influenced by socioeconomic 
f.actors, the project research is conducted jointly by agronomists and social scientists. 
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Silo C(,ractcri-lio, 

Soil Variability in Forest Land 
Mechanically Cleared 

R61,Ywvl Y'os.t, 1,17niver',itv"o?'l,1 '1aii 

Ali /hel l1Id, ,Yor/li ('(I dlma State Ulive'rsitrv 

iAn (ill, Norlh ( 'atrinaState Univ'rsitv, 

.h'al-I'i'r ,.\di, N'. lJllive'r.citv a/'laii 
Isliq!l ,Amilt', ( '1tr' fi)I. Soilst'iifr 

The irst pha (i t0is sthll o.'0jct1 inclded (11iantify-

i1rd cll racteriirg the spatial vriabllitv o1 

prolx'rtics iinportlit IriPhr dLk\'ch1llerlt (Nf ap'ropn-

ate ,ail rian.icnilt. 'lhi,r variahility, hrth iacro 
(scvcral kilolrCters) and lico (several meters has 
Iccri ci iriacelrild,arnd pulh ished reports are listed 

in the puhlicatior list., 
'llc secod ph'asc of the wvork is com'c-nicd with 

dcr''rimiir_ what can Ic donc aholt the hicih \'ari-

al ilily, partniculrly witir rilcr.'rcC to two situations: 
the siluatiol ()I the tralSlrlli r'1llt fIarlmcr alrld SCCoIrIlI' 
wilrh recellCt.c to tile lagCe-scale variailitv that land-
use phau1rr's Must rrrarral.n the first case, ta o1' 
tire snill-I-ichl rormicro variabilitv, a coitiruation of 
tle soil Varialhility experiment was devised as 
I0llows. 

()lJccl ivs 
Tlhe ohicCtives were ( I ) to coristru., Ili-vari-

ogranrs of Soil properties to detenn ine structure ilr the 

vaarice 0if soi properties:; (2) to use the structure ill 
tie vanalice of soil chemical ard physical properties 
by gcrstalistlical methods to predict soil properties ill 

tmsamplcd localions: (3) to rclatc soil and crop vari- 

ability p'tlerns using gcostatistical approaches to 
riratch soil aIageMiCrit inputs to spatially var'iable 

soils, and (4) to aralltze soil variability with the 

purpose of sugesting alternative means of' iianaging 

such variabilitV in I- 1 1t in f'ar'ier''s g ar-I rCsear'c: 
dens arid i land Irclv.(ry 

Proccdures 
The field site was subdivided into standard ran-

doniized complete block layout. Lime was applied 
usinrig two approaclhes: Method I was the traditional 
method of' applying the liie urii forrily across the 

entire plot. Method 2 required liie to be spread in a 
f'ashion such that it would be applied orrl y on those 
areas which had shown poor growth of the previous 

crop. The smaller areas were sclectcd based on 
height of the previous rice crop and were in 1 Il
 
square illcreCllts.
 

Results 
Early results of the study were somewhat surpri s

ing inl that the re seemed to he little response to the 
subdivision of the treatremnts into the smaller units. 
This suggests that some of the yield-causirig factors 
were not alleviated by simply adding lime to thre 

poorer areas, l)ata fromh several crops have yet to he 
artalvICd. 

-"fIl0s cortinuIe to deCeop the rnecessary g,.',osra
tistrCal coIL)urtaiori soIftwalC ard to provile *tto 

others. These efllorts have pro(dluced four software 

packages in various stages of evaluation anld pulica

tion. The f'irst is a package which computes seriiivarr
ogralis. This software accepts data, including 
missing values, and computes the semivariogranms inl 
several dir'ectionrs for up to 1500 data points. Re
ceritly sevrai plant palhologists have begun using 
tile software to quanrtif'y spatial distributions of' 
disease organisms associated with soil properties. 
Diseases can be of randolIy distributed type or of 
'cliumped' type. A scmivariograrn is UseI'ul in 
distinguishing betweern the two. 

The other soltware uses the results of, tile scii
variogram to COMpUte kriged estimates in either of 
three methods, poiit kriging, block kriging and 
cokriging. In the first example, values of inldividual 

locations are predicted and the associated varianc is 
given. Ilr tile second example, the value of an area is 

predicted, again with its associated variance. Cokrig

ing, in data-sparse conditions, perrnlits one to use data 

horii other variables which are highly correlated with 
the primary variable to improve the prediction in a 

specific location. These options have bln thor
oughly discussed and (Iescribed in the references at 

the end of this section. 
Inl all cases the software, herein described, can be 

obtained from the University of' lIawaii, Departmncrt 

of Agronomy and Soil Science. Please send a diskette 
(360K, 720K, o, 1.2M), which will be returned with 
the software. 

Geographical Information System 
Work continues with further application arid use 

of the soils infomation obtained in tile Sitiung area 
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from various carlier su, eN's (Tranginar et al. 1984). 
These data have been coded and analyzed using a 
geographical information systcm ((;IS). A G1IS 
svstcl is tIesigried to asscmble and aillvle spatial 

datat tllt are irnpcrMrt'at in tru hllnitiri a plan fr larItld 
Ilse, for llllaceillCllt 0' the arei, Or for a varietv of 
plmIZIn ltlPtrposcs \vlicr-C loction11 Or 11tilMOCHCn 


.. ,,,i~~~,, ,I 

nilalliphtltilg 'ovcrhys which are maps of data for 
particular variables. In tile example explored iere 

(I-iulCre 1), we have conibiicd ovcrlavs ol cxtractable 

Al and Ct.'ctive ('i(' lsing the ('oclhrarre equation to 

cstin'lile lire requirellelts lor aeas of arbir'arv size 


usir Iblck krici Mt)Ir eriIrercc.iuar. At1r estimat-
111M.: 
Ing these Icireircirts oneicearl eslille~ thecir cost bN'
 

rilelim ,, *** .. ~ 
r clnCl
rIlUltiplVinr tile little ie(larrMNCStillrdteS 01' litei 
cost. fline cost, hr ,\'ecer, deli+ends ill part On trals
portatioi. 'lcCost o trarlnportation carl be estimated 
with a (IS sy.uem by nclsarinc tile distance 1'1'o11 
llarktl s and roads. All OVCrla' or thieralslportatiOll 
costs call l1len b added to tile overlay of !itle costs 
to prcre anoverlay of estimated costs at each 

Iocalioil on the map. Ithis nrarrier orrc call see 
wlie re lime costs are ichest. 

Mo~st 01 the GIS nlicthiods to date do not hiworpo)-

rale corside rariors of reliability ot tire data and tire 

confidence \warrantCd by'sucir conrpotSC rMaps. (GieO
 
statistical raethiods provide one (0f the best ways to 


quantify such variation and tacilitate itn use inl 
(iua'llit~Ir.clictionls of, linle quanitityv, co..+t,anod
 

- L-otier predictions of nmanagerilit optionrrs. 

Conclusions and Ipl)ications 
lire results fronr tile invCstigations reported in tile 

rnarnscripts listed derionstrate that there is, indeed, 
erinors \'ariabrlity in soil properties, affecting crop 

growth ar11d prodution. The re are rurarry scales of this 
Nariability--froir that occTrriig over aIfcw rmeters to 
that occurring over several kilometers. Much of soil 
science is irrdirectly or directly related to tire under-
standi ng and niariaigenerit of tits variability. We 
suggest that it is important to have tools at our 
disposal to work with aid inarage stich variability. 
The geostatistical tools developed by this project and 
described lierein have zlready demonstrated wide ap-
plicability throughrout the tropics and provide a 
useful, new approach to nicasure and quantify 
variability. We are likely to see manry new applica-
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Figure 1.Estimated cost of providing lime for the 
Sitiung region considering lime requirements for se
lected crops and a relative transportation cost. 

ions developed in the near future which use these 
concepts and approaches as a basis. This is already 
becoming apparent iriresearch in geographical infor
illation systems and in expert systems. 

Litel'iire Cited 
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Soil Management and People 

Interpreting Existing Soil-Management Systems 

Indigenous Knowledge Systems 

Related to Soil Management 

Co('(r,Univcrsity o/'v'aii 
Dan Gill, North (arolina State Universitv 
Barb'ara1,'-wwt. t./niversitv a! tlawaii--est()ah 
llCrwOS~iIO, S()(diit(, Ilerlain ll a , 

Carol.l.liencr,' 

orienrse 

The \work performed within this subproject has ios-
soied into a total of six distinct activities, at varying 
stages of completion. Fach wil be discussed below 
ildelail, but can be summin arized in the fllowing 
manner: )G,Lileoc, 2)Soil Classification, 3) Forest 
IegcneCralion, 4)ILand Ownership in Pulai, 5) 
Ilcom e in Pul'ai and 0) -xperi Systems. 

()h.jecli es 
I)Galileo. Compare conceptual and cognitive

"maps" ai1-ong Sitiunrig's three ethnic groups and soil 

sciCntists, to ascert1ain significant differences. 
2) Soil classiflication. Document M inang notions 

of soils rclativc to their classification and ascertain 
whether the-c is a demonstrable basis from a sciert-
tific point of view for these "folk" classificalions, 

3) Forest regeneration, Docunrent idiiiIgenous 
knowlcdge and utilization practices of partially 
cleared and forested areas to better understand 
concerns rellatcd to soil mallagellent in developing 
airoforcstry systems, 

4) Land ownership. Describe land ownership 
pattenOs in Pulai relative to ficld size, aninial owner-
ship al6 wealth indicators, 

5) Inc,)nie in Pulai. Identify major sources and 
aniount of itecome available to residents or house- 
hold. 

6)Expert systems. DMocnlent human (heuristic) 
factors involved in cr(op selection for cultivation in 
two or More areas in Indonesia and identify "gaps" in 
our ildigcnous knowledge base for action and 
research. 

Galileo 

Work on this study this year has been done by 
Dr. Barbara Newton of West Oahu College and 

Colfer, with statistical support from Dr. Paul Bran
don, and interviewing by Endang Hidayat of the 
Centre for Soils Research and Megan Colfer. A 
complete description of the meth(xls employed in this 
study was provided inthe 7rop)Soils Technical 
Report, 1985-1986. Briefly, tile study employs a 
multidimensional scaling technique to measure the 
distances perceived by respondents to exist between 
pairs of concepts. The 21 concepts were selected 
from the people's owl, discourse oil soil manage
ment. People were asked to use tie distan"- between 
"black" and "white" as a conceptual ,neasuring stick 
(1(X) units), and estimate tie differences between 
concept pairs like "soil" and "fertilizei," "me" and 
"feililizer," and every other pernutation of the 21 
concepts ulilized. Interviews were conducted in five 
languages, depending on tile native language of the 
respondent. The study was designed to answer the 
question: Ilow do people look at the soil? 

During this past year, we completed the admini
stration of tle survey instrument to 100 Sundanese 
farmers in Sitiung V, and administered it as well to 
25 soil scientists in Indonesia. 

Obljective 
The objective was to compare conceptual and 

cognitive "maps" among Siliung's three ethnic 
groups and soil scientists, to ascertain differences. 

Results 
This study was designed to "map" the way people 

look at soil. We have used such maps in TropSoils to: 
1)demonstrate the markedly different farming 

systems of transmigrants and indigenous Minang 
farmers in Sitiung, 

2) identify people's perceptions of existing agri
cultural roles for men and women, 

3) aid in our choice of experimental crops that are 
of interest to particular kinds of farmers in the area, 

4) show tie different receptivity of various ethnic 
groups to differcnt management practices, such as 
tillage or eortilizing. Such maps can also be used 
effctively in attempts to dissem inate the technology 
developed in TropSoils. 

Since ethnicity is suclh an important factor in the 
Sitiung agricultural setting, one of our first priorities 
was to determine the ethnic differences in percep
tions of the soil. In general, the differences we had 
observed qualitatively were reflected quantitatively 
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in the Galileo result:, though not always significantly ethnic group). It is read like a matrix showing
 
so. We focus on those differences identified as distances between cities. If a nuniber is small, it
 
staltistically significant. 
 icans most people felt the two concepts (like two 

Interpretation of the results is not difficult, but cities) arc closely related. If ihe number is large,

requires some explanation. The most interesting 
 and people, on average, felt the concepts were distantly 
complete informatiorl is available in the Means related.
 
Matrices (.Figures I to 3); however, they are also 
 A glance at the means matrices will show that the 
difficult to read. The Means Matrix is derived by Minang tend to have far greater distances between
 
averaging the distances between cach pair of con-
 agricultural concepts than do the transmigrants.
 
cepts from all respondents (in this case, of a given Indeed, the overall 
average (A all distances on the 

1 2 3 4 5 6 7 8 9 10 11 2 13 14 15 16 17 18 19 20 21 

Soil-I 
Garden-2 11
 
Unirrig. fid-3 8 57
 
Wet rice fld-4 7 60 50
 
Home garden-5 13 63 67 69
 
Rubber-6 
 17 42 66 72 76
 
Fruits-7 28 54 60 73 54 70
 
Rice-8 10 
 55 20 11 63 72 60
 
Other lid crop-9 19 55 42 45 58 70 55 46
 
Vegetables-10 19 52 43 58 49 
 71 58 45 37
 
Water-11 36 56 
 43 17 64 56 48 21 38 30
 
Fertilizer-12 38 43 35 28 68 35 42 24 36 29 47
 
Posts-13 72 61 61 54 
 77 70 49 4.) 53 52 76 62
Yiekl-14 49 50 50 45 49 51 1. 46 56 48 43 63 52

Cuitivation-15 34 34 24 26 32 26 4 24 
 27 27 52 29 46 59
Good-16 60 60 59 58 56 64 56 55 62 62 46 34 68 61 66Enough-17 62 61 58 62 56 61 58 59 66 63 30 20 76 68 64 62
I/me-18 
 16 27 20 16 20 26 32 11 31 29 29 29 54 53 28 55 66Male-19 16 14 17 13 26 14 29 10 33 34 52 47 50 44 23 49 60 27Female-20 20 30 
 21 19 17 38 26 14 26 20 48 76 46 46 30 46 58 23 20
Government-21 58 65 82 77 50 72 74 44 40 29 27 43 68 37 48 29 31 23 12 18
 

Figure 1. Means Matrix, Minang, Sitlung, West Sumatra 1985. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Soil-1 
Garden-2 22
 
Unirrig. lid-3 22 32 
Wet ricefOd-4 29 36 28
 
Home garden-5 24 25 32 33
 
Rubber-6 58 66 62 67 66
 
Fruits-7 28 22 34 42 24 45
 
Rice-8 19 24 20 21 30 48 27 
Other lidcrop-9 18 23 19 25 27 47 
 28 26
 
Vegetables-10 23 19 27 30 22 
 46 28 28 24
 
Water-11 
 20 18 27 25 26 48 22 21 22 22
 
Fertilizer-12 24 16 19 21 22 2346 10 22 22 27 
Pests-13 69 64 70 66 67 71 59 62 63 56 63 24
Yied-14 26 27 28 28 29 42 24 24 26 24 28 28 23
Cultivation-15 
 23 21 20 22 21 44 27 22 
 21 20 23 18 25 28

Good-16 31 27 27 30 28 41 '9 25 30 24 25 28 52 26 23
 
Enough-17 
 34 32 29 37 29 47 51 29 29 28 22 19 52 27 24 30
Vme-18 
 24 23 24 24 19 53 21 22 
 23 18 22 30 54 24 21 24 22
Male-19 22 22 22 23 24 50 2. 24 24 28 56 27 55 26 16 
 25 23 20
Female-20 29 
 21 24 22 20 52 24 20 21 19 24 
 63 56 26 19 24 25 20 14
Government-21 23 23 25 29 29 25
34 22 23 30 20 28 44 29 23 26 23 19 21 23
 

Figure 2. Means Matrix, .';,vanese, Sitlung, West Sumatra 1985. 
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incans nidii ces arc: Nlinan g- -- Javanese--30; anti 
Sutdansc ..- 21. S e ha\ c :. ed for aililicially 
reduc inC lii s d li rcnCC, IN' soniC kind of ovcrall 
a'etI'a'il.'e. : llil has heln resisted, because ile 
lar r nnbc :s used by lie Ni ing w iclect two 
vi .tat aspects .A,their liv-s one phsical and 

11C llRe StIl)Sia11ivc ITCI-con1Ceptuall,, V.hich difc 
ti.lC Ihici lroni their neigihbors. 

The first aspec is lC relttive sie oflteir nd-
h1ohdilt's. West StLInKntnrat has tldilioila!l\ had a Cm-
p: rn:i slall p:pu 'i;h. 1;1C Sitiuc a:'ea in 
IM!IIUtir \',3tVe sarslxr'ly tcipnlateCd. The feeling 
!1 it L1td is ill :ibt;iticc r.'iiains \vilh he local 

!ncr>. iclc alid a,_,ritall Cldcavois ticl' to be 
di~lxr~c I ,:eopraiic",,ll, 'o it is not :urprising tht,1 
d! , ,tllkd I- ic ctic. ill Ihc cognitivc limps. ndeed, 
the pmoulnui iiiin densities in the tlhree'C ionlc aras of 
l I->c l ie c'alic !,riulps pa l, iilrences ill 

,r1'c dilinccs letcd illin llcml; riatriccs. 
liescC i;td n. Incr clatcs Io ilie inltcgation of the 

rWe>1 ciiyef n"in sysicill ,. ('illford (cc "tz was so 
ihiv~icscd 1w the ittii iinccoitos ,r'd iilltC,raltedltess 
f ane'niculirc oilit hri' AiOiva tit lie wrote ulurI 

h11'1V11(1i~, dCsC<ril!!:. its in ard-turiing nthlr. It is 
in, stipurisin, that snlc o iltis ilitciralioni is trals-

polcd Io Siriung . Atr;nsllli..liii.;'sOtLSC-I )t. for 
list iitee. llav liavc a plot of grass Luniwinti oil it. oni 
\%hicli co, s and .,oas fced. Ihie animals livc in a 
stable ::.,arhy, a.d their dltlc is used lot allrtlti' Oil i 
.)od crop whicl is ,.rown for holl coll.illnsm ll . 

1 2 3 4 5 6 7 8 9 

Soil- 1 
Garden 2 9 
Unirrig. 6dW3 12 19 
Wet rce id.4 13 22 28 
t,oie 9a,-den-5 14 18 26 28 
Hub-ier-6 23 30 31 3- 37 

2urls-015 22 3J 20 30 
Rk:e-8 18 '6 19 19 21 31 21
 
Chnr tid C )p-9 22 18 19 22 23 31 1: 25 
Vegetables 10 12 16 22 21 20 33 19 13 21 
Water-l1 12 20 Z6 18 23 32 20 14 23 
f er'Wizer-12 16 21 29 16 16 28 24 16 22 
Pesis-13 24 27 23 19 23 26 26 21 27 
Yield-14 22 26 21 21 22 22 26 20 17 
Cultivation-15 21 13 22 18 19 24 18 22 16 
Good-16 23 19 25 23 20 26 20 24 19 
Enough-' 7 22 21 27 24 2-1 26 22 26 23 
Lme-18 14 19 25 25 20 30 21 15 21 
Male-19 15 19 26 26 ;' 32 23 16 22 
Femrae-20 18 20 25 17 16 34 24 18 23 
Govenment-21 22 29 28 26 23 22 27 23 28 

Each componcil, feeds into another. 
Nfiirmg agriculture, (1n he other hand, is scat

tered, w\iC, t w;lter buflalo feeding on a comnmunal 
plnt a couple of'kilhmete's from the village. %wet 
rice field is 5 km away. When a village moves, 
people corn inut to use the old house lots, with ththeir 
trec crops, even though they are .hre.-quarlers of a 

kiloncicr from liome. Thc new hc-selot may be used 
only lot some drying until the ,eww tree crops bear. 
Becaiuse of Such considerations, we have not allred 
thc k,;iWiial data. 

Since we ai-c conccr.icd, not with lie simple 

nicasurine of absr:ect concepts, hut rather with 

pcopl-'s behavior aild values for practical piil)Ose'S, 
two co:icepts ar, of p.ricular iterest. Thes, are 

"'good" :.iand "me." The paricular inierest of thes- two 
coicepts d(1ive-s from their links with values an1 
bcl'"vior., iespctively. Conce-pis that a.re viewed as 
close to "peiod" (small numbers in the llalls mnatrix) 
tild to be valued by peCople. C0onceptps ihal are seen 
is clis,c to 'tile" tell' to he behaviorally rclated. 
That ik. if I say that "1me'" is close to "'fettilizer," il i.; 

probable that i use fertilizer regularly (or poKssibly 
liv, near a fcrtilizer plant--an example of 'i potencral 
problem with this mdt.Ihod). The following discussion 

ftocuses oil the concept pairs that showed siglificant 
dil feence betwetii edhic groups. 

Statistical aaullyoses were comlipleted oil tlel': 
tables by Dr. Paul R. Brandon, f';lowing their 
pull ication ill the C'Lntre or Soils R'fsearch 

10 11 12 13 14 15 16 17 18 1S 20 21 

18 
17 25 
21 32 24 

21 25 22 25 
19 25 24 24 26 
24 24 16 26 27 24 

22 18 17 27 22 26 25 
24 17 22 29 23 24 24 19 
16 21 25 28 25 18 2" 22 22 
17 21 32 30 24 20 2b 22 22 23 
22 19 25 33 25 24 30 27 24 22 24 

Figure 2. Means Matrix, Sundanese, Sitiung, West Sumatra 1985. 
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TechnicalAeetings Proceeding's.fic first did a 
multivariate analysis of variance (MANOV'A) 
looking fer overall differences btwcen tile ethnic 
groups. with the mean differences between concept 
pairs as the dependent varikbles. lie then did univari-
ate analysis of variance (ANOVAs, significant at 
0.0001), lookine at the differences between groups 
on each of the depenldem variables. Where the 
ANOVA was significant he did Schcffe 's post hoc 
cst (0.05), to ascertain which groups showed 

statisticaily significant dif1fer,'.nces from each otlw. 
In Table 1,Ave have selected some rclevrt 

concept pairs to examinc from the perspective of 
ethnic di fc rence. Table I shows the concept good 
paired with 15 concepts closely related t(' "l'ropSoils 
activities (kinds of lields, crops and naimooment 
issues). This table tells us a hit at0(Rl t',cvalue 
svstens (f the three ethnic groups. The Minang 

Table 1. A measure of values, relating to selected 
soil-ma-agement concepts Sitiung, West Sumatra 
1985. 

Good and Minang(m) Javanese(j) Sundanese(s) 

Soil js 60 m 31 23 

GardE,1 js 60 m 27 m 19 

Unirtigated field js 59 rn 27 m 25 

Wet rice field is 58 m 30 m 23 

I-oAme garden js 56 m 28 m 20 


Rubber js 64 ms 41 mj 26 
Fruits js 56 m 29 m 20 
Rice js 55 m 25 n 24 
Other field crco j,; 62 ms 30 mj 19 
Vegetables js 62 m 24 m 23 

Water is 46 m 25 m 24 
Fertilizer s 34 s 28 mj 16 
Pests js 68 ms 52 mj 26 
Yield js 61 m 26 m 27 
Cultivation is 66 m 23 m 24 

Note: the smaller the number tie more higl-;y valued 
the concept. 1,there is a letter before the number, there 
is a significant difference oetween ethnic groups. In the 
Minang column, the distance between "good" and "soil" 
(60) is significantly greater than that perceived by 
Javanese 0)and by Sunoariese (s). 

consistently consider agricultural rnattcis to be 
distant from good (or not va' Led) in comparison w.,tl 
the tiansmigrants (Javan:,: and Sundanese); and 
these differences are all statistically significantly 
different from ihc transmigrants' valuations. This is 
consistent with qualitatve observation.. Our sense 
that the transmigrants are more similar to each other 
than to the Minang is also borne out by thes: data. 
For tihe Javaese and Sundanese, only their valuation 
of rubber,other (non-rice)fielderop,fertilizer and 
pests show a significant difference between these two 
ethnic groups. 1 o.s table on values reflects the 
differences the team has observed in the motivation 
and attitude toward agricultural matters between the 
ethnic groups. It suggests that agricultural planning 
requires differentiation between the Minang and the 
transmigrants (and in some cases, between the 
Javanese and Sundanese transmigrants as well). 

Table 2. A neasure of behavior, relating to selected 
soil-management concepts. Sitlung, West Sumatra 
1985. 

Me and Minanq(m) Javanese(j) Sundanese(s) 

Soil 16 24 14 
Garden 27 23 19 
Unirrigated field 20 24 23 
Wet rice field 16 24 25 
Home garden 20 19 20 

Rubber 
Fruwts 

j 26 
32 

ms 53 
21 

j 30 
21 

Rice 11 22 15 
Other field crop 31 23 21 
Vegetables 29 18 24 

Water 29 22 17 
Fertilizer 29 30 22 
Pests 
Yield 

s 54 
js 53 

s 54 
m 24 

mj 29 
m 23 

Cultivation 28 21 24 

Note: the smaller the number, the closer the concepts. 
If there is a letter before the number, there is a signifi
cant difference between ethnic groups. In the Javanese 
column, the distance between "me" and "rubber" (53) is 
significantly greater than that perceived by the Minang 
(in) and the Sundartese (s). 

205
 



Soil Managementand People 

'Fable 2 reflects the reality that all three ethnic 
groups gain their lvelihood by agricultural endeav-
ors. Dirfercnces among kinds of lields do not appear 
to be significant. Amorng crops, only the pair, rubber 
and me,shows any significant difference across 
ethnic groups. I lowever, looking at diflZ-rences 
within ethnic groups providcs soie fascinating leads 
for agricultural planning. Note for instance the 
proximity of rice and rubber to the Minang me, 
relative to other crops--suggesting that these two 
crops would be good for agricultural experimentation 
among that group. Or note the distance of rubber 
from me among the Javanese, again relative to other 
crops--suggecstin that rubber might not be a good 
crop to oise in collaborative work with these Java-
nese. Rubber appears, in Sitiung, to have acquired 
significance as a Nlinang "ethnic mrker," giving its 
cuI tivation importlant sylbol ic value (much as 
grM ing cassava symbolizes poverty to tie Java-
nose). 

Table 3. A measure of soil's relationship to field 
types, crops aNd soil-management concepts. 
Sitiung, West Sumatra 1985. 

Soil and Minang(m) Javanese(j) Sundanese(s) 

Garden 11 22 9 
Unirrigated field 
Wet rice field 
dcme grden 

j 
j7 
13 

ms 22 
ms 29 

24 

j 12 
j13 

14 

Rubber j17 ms 58 j23 
Fruits 28 28 20 
Rice 10 19 18 
Other field crop 1 9 18 22 
Vegetables 19 23 12 

Water js 36 m20 m 12 
Fertilizer js 38 mn24 m 16 
Pests s 72 s69 mj 24 
Yield js 49 m 26 m 22 
Cultivation 34 23 21 

Note: the smaller the number, the closer the concepts. 
If there is a letter before the number, there is a signifi-
cant difference between ethnic groups. In the Javanese 
column, the distance between "soil" and "tubber" (58) is 
significantly greater than that perceived by the Minang 
(m)and the Sundanese (s). 

Among the piactices directly related to soil man
agement, only pests and yield show significant differ
ences among ethnic groups. The closeness of pests to 
me among tile Sundanese is a bit of a puzzle (which 
recurs in all the tables). Yields may well be differen
tiallv evaluated by transmigrants vis-a-vis Minang 
because of their life experiences. The Minang are 
probably comparing their agricultural yield (not 
radically different from transmigrant yields) to their 
other sources of income; whereas the transmigrants 
may well be comparing their yields in Sitiung to their 
means of li,,elihood in Java. This may also reflect the 
comparative importance of agricultural yields to a 
transmigrant, compared to a Minang. 

Soil, TropSoils' raison d'etre, and its distance 
from related management practices, kinds of fields, 
and crops, is presented in Table 3. There is a signifi
cant difference between the distances perceived by 
Javanese, on the one hand, and Minang and Sun
danese on the other, between soil and both unirri
gated fields and wet ricefields. 

Among crops, soil and rubber are the only 
concept pair showing a significant inter-ethnic 
difference, with the Javanese perceiving rubber to be 

quite distant from soil, relative to the Minang and 
Sundanese. This reinforces the earlier observation 
that using rubber in a soil-management experiment 
with the .Jvanesemight not be the best choice; but 
that it might be very appropriate among the Minang 
or Sundanese. 

The soil-management concepts vary more among 
the ethnic groups. The Sundanese and Javanese 

perceive a significantly closer relationship between 
soil and water than do the Minang. Similarly, 
fertilizer and yields are seen as more closely con
nected to soil among the transmigrants than among 
tile Minang. Interestingly, soil and pests are seen as 

close by the Sundanese, providing one of the few 
cases where the Minang and Javanese concur in a 
significant difference from the Sundanese. This 
suggests that collaborative experiments on soil-water, 
soil-fertilizer and soil-yields relationships, might best 
be undertaken with the transmigrans rather than with 
the Minang. A study of' soil and pests might be best 
done with the Sundanese, since the concepts are 
already perceived as comparatively close. Sugges

li such as the": are by ro nians intended to be 
hard and fast rules, but are based rather on simple 
tendencies. 
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Table 4. A measure of perceptions of fertilizer as 
related to field types, crops and soil-management 
concepts. Sitiung, West Sumatra 1985. 

Fertilizer and Minang(m) Javanese(j) Sundanese(s) 

Garden is 43 m 16 m 21 
Unirrigated field 35 19 29 
Wet rice field 28 21 16 
Home garden is 68 mn22 m 16 

Rubber 35 46 28 
Fruits is42 m 23 m24 
Rice 24 19 16 
Other field crop
Vegetables 

36 
29 

22 
22 

22 
17 

Water is 47 m 27 m 25 
PestsYield is 62

js 63 m 24 
m 28 

m 24 
m22 

Cultivation 29 18 24 

Note: the smaller the number, the closer the concepts.
If there isa letter before the number, there isa signifi-
cant difference between ethnic groups. In the Javanese 
column, the distance between "tertilize," and "garden"
(16) is significantly smaller than that perceived by theMinang (in). 

In Table 4, we look at fertilizer, a fivorite compo-
nent in agricultural research. Thle pattern of transmi-
grants' more often having views significantly 
different from the Minang holds consistently, with 
regard tor fertilizer. Tlhe necessity to gain a livelihood 
fron very small landholdings, dictated by the 
transrnigrants' earlier residence on overcrowded 
Java, makes the importance of fertilizer in their 
views of agriculture reasonable. Transmigrants have 
also been more routinely exposed to agricultural 
extension efforts aimed at increasing fertilizer usage
than have farmers on the Outer Islands in remote 
areas like Siitiung. 

Significant differences among the ethnic groups 
are apparent inrecard to frrtilizcr's relationship to 
kinds of land holdings. The transmigrants consider 

fertilizer to be closer to gardensand home gardens
than do the Miing. (Note: garden is the translation 
used for lndoncsimn kebun, and it is, in local par-
lance, an unirrigated field of tree crops: home garden 
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is the houselot.) The transrnigrants, in comparison to 
the Minang, also perceivefertilizer as significantly 
closrtofruits. 

Turning tofertilizer's relationship to other soil
nvinagement concepts, fertilizer's relationship to_water, pests and yield is significantly closer for the 
transmigrants than for the Minang. We have ob
served what appears to be a greater congruity
between transmigrants' views of agriculture and soil 
scientists', in that both lean toward more intensive 
soil management than do the Minang. The transmi

grants expect high labor inputs, value other inputs
such as fertilizer and pesticides, and seek higher
yields on smaller plots of land than do the Minang.
The Minang focus more on low-labor crops and 
management strategies, with the expectation that they 
will subsist on their agricultural endeavors and 
supplement their income by non-agricultural means.
They also, in cfect, suffer from no land shortage. 

Ihle frequent lack of funds among all ethnic 
groups to buy agricultural inputs suggests that 
perhaps the Minang strategy may have important
hints for us in trying to devlnp usable agricultural
technologies for environments like Sitiung. Certainly
the Minang emphasis on tree crops is consistent with 
scientific consensus about appropriate crops forsi nii o s n u l m p rpi t rp o
rolling lands such as one finds in the Sititng area. 
Investigation of the Minang system, being so differ
ent in its strategy from traditional (soil) scientif~c 
approaches, can provide an exciting stimulus for new 
research that is more appropriate for Outer Island
 
conditions. Thlis is one of the reasons for the development of the four extra sub-components ofthe indige
nouis-knowledge study reported below. 

TropSoils was particularly interested in the per
ceived relationship of cultivation to other agricultural 
concepts, because we have observed strong reticence 
on the part of the Minang to cultivate upland fields 
with a hoe (in contrast to transmigrants). Table 5 
provides these measurements. The Minang consider 
cultivation (in the sense of land preparation) to be 
significantly farther from gardeen (the tree crop
fields) than do the transmigrants. It is reasonable that 
the M inang would consider their gardens to require 
little cultivation, since trees are planted when the 
field is freshly cleared of forest and planted to rice. 
Once the rice is harvested, v'ery little care of any kind 
is provided until the trees begin to bear. 
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Transmigrants, on the other hand, own cleared Minang are far more likely to have additional 
fields of one hectare, part of which they can now use gardens (resembling orchards) of fruit trees. 
for such gardens. But given their small overall land- The final tables (6 and 7) compare views of men 
holdings (2 hectares), they are unlikely to use the and women as they arc seen to be related to the agri
extensive management icthods of the Minang. cultural concepts. No significant difference emerges 
Cultivation,like firtilizer,is viewed by transmigrants for either sex in relation to the various kinds of fields. 
as significantly closer to water,pests and yields, than For men and rubber, each ethnic group is signifi
among the Minang. The closer relationship betv--'cn cantly different from every other (with the Minang 
cutivation (nornially with a hoe) and rubber is men closest to rubber and the Javanese men furthest 
another of the few cases where the Sundanese and frcm it). Minang men arc seen as significantly closer 
Minang show significantly different views from tile to rice than are Javanese men; and Sundanese men 
Javanese (who see almost evcrythir, g as distant from are seen as significantly closer to vegetables than are 
rub/whr). The cultivation andfruits pair reverts to tile men of the other ethnic groups. No significant 

10re usual pairing, with the transmigrants regarding differences occur in people's views of women and 
these as closcr than the Milnang. This suggests that clifferent crops. 
whc reas the IMinang and Sundanese would be Management presents a different s.ory. In the 
effective collaborators on experiments requiring the water/men link the Sundanese show significantly 
cultivation of rubber, the Sundanese and the Javanese sinallcr distances than the Minang and Javanese. The 
would more likely be willing to cultivate, or prepare Javanese and Sundanese place women about the same 
land for growing fruit trees. All ethnic groups grow distance from water as Sundanese men (close), in 
some fruit trees on their home gardens, but the sharp contrast to the Minang view of women and 

Table 5. A measure of perceptions of cultivation as Table 6. A measure of pcrceptlons of women and 
related to field types, crops and soil-management soil-management concepts. Sitiung, West Sumatra 
concepts. Sitiung, West Sumatra 1985. 1985. 

Cultivation and Women and 
Minang(m) Javanese(j) Sundanese(s) Minang(m) Javanese(j) Sundanese(s) 

Garden js 34 m 21 m 13 Garden 30 21 20 
Unirrigated field 24 20 22 Unirrigated field 21 24 25 
Wet rice field 26 22 18 Wet rice field 19 22 17 
Home garden 32 21 19 Home garden 17 20 16 

Rubber j 26 ms 44 j 24 Rubber 38 52 34 
Fruits js 49 m 27 m 18 Fruits 26 24 24 
Rice 24 22 22 Rice 14 20 18 
Other field crop 27 21 16 Other field crop 26 21 23 
Vegetables 27 20 19 Vegetables 20 19 17 

Water js 52 m 23 m 25 Water js 48 m 24 m 21 
Pests js 46 m 25 m 24 Fertilizer js 76 ms 63 mj 32 
Yield js 59 m 28 m 26 Pests s 46 s 56 mj 30 

Yield js 46 m 26 m 24 
Note: the smaller the number, the closer the concepts. Cultivation 30 19 20 
Ifthere is a letter before tile number, there is a signifi. 
cant difference between ethnic groups. In the Sun- Note: the smaller the number, the closer the concepts. 
danese column, the distance between "cultivation" and Ifthere is a letter before the number, there is a signifi
"garden" (13) is significantly smaller than that perceived cant difference between ethnic groups. Inthe Sun
by the Minang (r). danese column, the distance between "women" and 

"fertilizer" (32) is significantly less than that perceived by 
the Javanese 0) and the Minang (m). 
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water (Minang women are slightly closer to water 
than Minang men). 

Fertilizerand men are seen as close by the trans-
inigrants vis-A-vis the Minang. Among all ethnic 
groups women arc secen as further from firuilizer than 
mn of their own ethnic group: and each ethnic group 
places women at a significantly diffcrcnt distance 
froi b.'rtilizer than every other group (with 
Sundanwese women the closest tof/crtili.-er and 
NIinang women the fLutllest). One reason for this 
gcenera! distancing of' women from fe liiiizer may be 
the fact that fertilizers require more moncy than 
women typically have, or it may be related to the 
male hias evident thi rougLIt the eXteision service, 
NItll's predomi nance in land preparation, and the 
IrequCni ne'cessity of applying fertililer at that point 
in tIe production cycle, May be a factr as well. 

NIi nang and Javanese Im'n and women are 
perceived Is sillilarlyx' far froi npe'ts compared to 
Sundallnese t'n and womn,'. 

Table7. Ameasure of perceptions of men and soil
management concepts. Sitiung, West Sumatra 1985. 

Men and Minang(m) Javanese(j) Sundanese(s) 

Garden 14 22 19 
Unirrigated field 17 22 26 
Wet rice field 13 23 26 
Horne garden 26 24 22 

Frubr 
Fruits 

is 14 
29 

m53 
24 23 

Rice j 10 m 24 16 
Other field crop 33 24 23 
Vegetables s 34 s 28 mj 16 

Water s 52 s 56 mj 21 
Fertilizer js 47 m 27 m 25 
Pests s 50 s 55 mj 28 
Yield js 44 m 26 m 25 
Cultivation 23 16 18 

Note: the smaller the number, the .;oser the concepts. 
If there is a letter before the number, there is a signifi-
cant difference between ethnic groups. In the Minang
column, the distance between "men" and "rubber" (14)
is significantly greater than that perceived by the 
Javanese fi) and the Sundanese (s). 
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Transmigrant men and women arc seen as about 
equally close to yield, and signi ficantly di fferent 
from MiNiang men and womei, as related to vield. 

Conclusions and implications 
The data produced by the Galileo technique can 

be used in many ways, and we have only begun the 
long process of analyzing it. Additional infornation 
can easily be gleaned from perusing the means 
matrices (Figures 1 to 3), ;n line with specific soil
management research interests. Although we have 
focused on statistically ,j;gnificant difference.; in this 
report, examination of the actual distances shown in 
the tables can provide gond leads as well. 

The work reported heic comes from one analysis: 
the inter-ethnic differenccs analysis. lowever, 
means matrices fbr two others of interest have been 
prepared by Barbara Newton. One divides the 
responses by sex; the other divides the responses into 
three categories (Minang, newly settled Javanese 
transnigrants, and long-settled Javanese transm i
grants). These are available for writeup. 

Soil Classification 

Dan Gill from North Carolina State University and 

Colfcr collaborated on the planning and conduct of
 
this study, with laborator support from Kasno
, 
(Centre for Soils Research). Syarif Lipati, a resident 
of Pulai, served as a field assistant. Pulai, a Minang 
village near Sitiung I, Blok A, was chosen as ourresearch site, primarily because of proximity, and 

apparent representativeness. 

Objective 
The objective was to document Minang notions of 

soils classification and to ascertain whether there is a 
demonstrable basis from a scientific point of view for 
these "folk" classifications. 

Procedures 

The study was designed to employ participant 
observation at tile outset, gradually moving over 
toward lt'e more focused methods used in eth
noscience. Colfer went to the village of Pulai regu
iarly between Octobcr 1985 and July 1986, participali
ing in village activ'ties. Special effrt was made to 
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identify the agricultural activities of importance in 
the village, and to go with the villagers as they 
perfornidJ their agricultural work. She planted, 
weeded and harvested wet rice; went rubber tapping, 
weeding citrus trees, proc,'ssing coffee beans; 
planted, weeded and harvested upland rice; fished 
and panned for gold; and in general went along on 
any activity she cou'd. Whenever possible, tile 
conversatioi was tirned to; soil and soil-related 
matters. 

As time went on and her understanding grew, she 
was able to form questions about soil that made sense 
in the local context. Although the lorm al techniques 
of c hnoscience (taxonoly elicitation, triadic sorting 
and componential anal\ .25) were used in this study, 
they were not adhered to strictly. Our goal was an 
u1nderstanding of the ways tihe soil tems cre used, 
and the system of thought they represent, rather than 
an elegant academic exposition. Given the proces-
sual nattire of Nlinang conceptions of soil (tanah), the 
ta\oloniic structure preer-red by ethnoscientists was 
insu licienit. Once the indigenous soil types were 
identified, soil tests were done in selected areas, with 
the intention to compare indigenous notions with 
those of the scientists. 

Results 

Pulai is about a live-minute drive from Sitiung I, 
Blok A, and was a sub-village (jorong)of the 
original Sitiung until 1984. It is situated along the 
Batang lari River, and has lands reaching across the 
river to the boundary with Sitiung VI. Downriver, its 
lands (not fornally certified with the Government) 
go to Sungai Kandi, and upriver to Sungai 

(River) AWANG 

I I I II 

DARE' 
I jI II ION i, 

Figure 4. Minang topographical categories, Pulal 1986. 
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Mengkasih. The usual estimate of village landhold
ings is 1,()0 ha for the 82 households of Pulai. Land 
is owned by clans, traditionally, and ideally inherited 
matrilineally (from mother to daughter). Formal 
alienation of land (by sale) is difficult, but access to 
use rights seems quite flexible. Rubber and wet rice 
are tile agricultural bases of the community, with 
considerable effort also devoted to upland rice, 
coffee and fruit trees. Important sources of income 
include the making of beams (balok) in the forest 
with a chainsaw, logging, fishing, animal husbandry 
(water buffaloes, goats, chickens) and panning for 
:old. 

The word norilally translated as "soil" in bx)th 
Indonesian and Minang is tanah. Tanah means both 
soil and land, and both will be encompassed in the 
following discussion. English glosses (translations) 
that are particularly nron-coinparable (like "hot" and 
"cold" as used for soil) will be preceded by "lit" 
(meaning literally). Vords for which our own 
understanding remains fuzzy will be followed by a 
question mark. Thirty-five terms were elicited 
describing soil. 

The first step in an etlmoscientitic inquiry is 
normally to ask a question (called a frame) such as, 
"Are there different kinds of soil?" (Apakah ada 
jenis tanah?)or "What kind of soil is this?" (jenis 
apa tanah ini?). The resulting respxnses represent a 
jumble of ways of organizing soil. Further inquiry is 
required to get at tile organization of these different 
"kinds of soil." The language used in these inter
views was a mixture of Indonesian and Minang 
(though the dialect in Pulai is considered sub
standard by educated Minang), two extremely closely 

I 
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550 -AAKregeneration 	 process. "l'lie next phase is called semak,
SEMArd refers to the scnib-brush, bus',l stage of forest 

regrowth, Next comes secondary forest (helukuau) 
N "\..3 	 and then "primary' (or old secondary) forest (imbo). 

Further disCtLssiOnl of products obtainable from 
different kinds of forest will he provided in the next 

\ section of this project report. It is worthwhile noting 
that kaun (the orchard typC of field, discussCd 

CThe 
below) can occur in serak, ,elukau and imbo. 

third kind of' organization discovered relales 
to kinds of fields, though Col fer was never able to 
elicit a Miiang word comparable to the English 
"field" (Figure 6) . Th'lese are pukurungun (homne 

garden), sawah (paddy rice field), ludwig (upland 
rice field), and kaln (orchard/garden). Ku/nllca
 

IMBO 	 be sulbdivided by crop: cilrs, coffee, nibler, chillie, 
raiMbutan, dukri.Figure 5. Indigenous agroforestry cycle, Pulai 1986. 

Conclcusions and Implicafions 
There is a series of terMs suitablC for describing


related ]laqnaes wi ilh ma ,v coe-,Ilates. soils: ilinu,'in (lit. cold), pane (lit. hot)

All sils Cnll Ibeclassificd ',kithiu the lollowing 
 uhti (lilre), kLsau tcoarse)


principle of orarlii/;itioni rclatin 
 to walr and tlo- 'urui (crurbiy), bagotl (lit. having sap, stick),
raiphy ( [ire .11. -wari i reas are called u ', clayey)

and cf'lolts a"re Cosi stl'V madc [1ese davs to 
 ltuna' (solt), kore (hard)

COIVCIt thCIll 0 S11
.1/1 I\% t.1icC fields). Alt uvial hitenr (black), in'rah (red), kunieng (yellow),

arls,ol the river' shor, th'it are rlornra1lv dr-. bul putit'h (whie)

flood iro1r tirrci to tille, arc callh'd (Ii (or sollctirics hminivak (1ir.
oily?)
 
r/cne). tlhv are said to be resrvced lor alnliiualcrops, C'oMl(MIuddy)
 
htilt reV'als ritirlcrots frit trces (Ilougi
jlrpcCtiol ma.eIn (lit. sour/acid) 
no rlhberI). 'The rolling hills prCedorniiilt inl Ihc area hapasiri(sandy)
 
are called Jar'' (or t,i/a kasaan, ). I()Lllttainis are Certain of these tellnS, such as putieh (white),

called . ic'
I'l 'he' erllrplms ilthis investigationt is hamin'ak (oily? ) and ga0au (rnuddy), are most likly
oin ,St"ror t tilhl ka ,x//,t'. sici IaC Ontltie to be used illconnection with SWah or wet rice

tiplanids 
 s beCCi part ofoulr Trolisoils illrlctate. 1nd cultivation. Baminvak sounds comparable to tlheMostf Pulai lands fall into this catteeorv, 	 c.'oncept reported inSherinan (198 1 ) which igroup of' 
Dac'or twaih tsanvc, is tlilheor bdi vllieidCd Northerin Suniatra , considered most ilml)portant for


accordiiit": ;stac of forest r-Ceileralioll ili 
lllio p int growth, but which dif red- front scientists'
cycled, sl 'ifine-cult i\,ario stenl.u The impo,,silility views of "fertility." We were ullable to get a firn

of sepaa'ii ul: ri'ric!dllral erfICeWour from
ind 	 handle ol what this lenlie lautin the Pulai context.

lores t rec'l ratio:' in the classification system used 
 It seemed generally to be desirable. One group
by Pulai residents is perhaps one o tihe ilrost inlterest
it11- arid u.seful limncliiws (pi rc 5). l.adh, k (uplnd 
rice luehl) Ircprescutis '.:rienllural pihase prior to 
tlis regliel atiol proct.,s. Al\So called bul'ul. (his T,_ _ _ _ 
is nelyI ciCMCearco ark lrtd for- the firsIt imel. The 
Samlnelarlid bcoIels .('so whecl it is illits second PAKARANGAN SAWAH LADANG KABUN
 
planlting year after CIlalin, thris begiiring tle 

Figure 6. Taxonomy of fields, Pulal 1966. 
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maintained that it looks wet, but is not. 
Distinctions like ali-kasau (fine-coarse), bad-

crai-bageta(crumbly-sticky), luna'-kore (soft-hard) 
are not alien to soil scientists, corresponding as they 
do to Eng!ish concepts of soil. Gocaut (muddy), 
hapasiu (sandy) and color tens are similarly 
fanmiliar to scientists. 

From ie l TropSoils point of view, one of the most 
interesting of these descriptors is tle word masem. 
Soil scientists use the word to refer to acid in soils, 
and decry such soils for their aluminum toxicitv. 
lavanese silnilarty dislike soils that are maseln. The 
NIlaman, on the other heand, say that fertilizers make a 
soil mascmt, and that after dig ing a hole to plant a 
fruit tree in newly cleared prinmary forest timbo), one 
must wait three months to alkm the soil! ! become 
.neascm (and din,in-cold). When tt. weeds have 
beCun to grow in the hole, one Knows the soil is 
mascim there. Before planting in sawah, one must 
wait th \2 or four days after the water bufalo, have 
trampled the soil in land preparation, so that the soil 
will become masem. 011a (alluvial soil) is goo(d 
bccaiise it becomes I s 'm and receives fertilizer 
from the 1.1\e r water. Ill general, only rubber does not 
need mlascm soil, accordi ng to the Minang. 

ti~derstandine: of this different meaning for the 
word Ma(Sct is rather critical For extension efforts in 
the area, considering the primary focus on soil 
acidity in TropSoils' work and the negative im plica
tions of actual soil acidity for crop growth. 

"Ilot" and "cold" are not nornally used by soil 
scientists to describe soil, but they are used among 
the Mlinang to describe upland and alluvial soils, ap-
parently in the following manner: Soil in the forest is 
cold. When the forest is cut and burned, tie soil 
becomes temporarily hot, but cools down in a 
relatively short amount of time. However, if it is 
cultivated for sever'l years straight, exposed to the 
sun. it again becomes hot, and cannot grow crops 
until it is left to rest. One man said the soil "dies' and 
must be hoed to produce again. The red color of the 
soils the Minang consider the worst is said to come 
from too much heat (from exposure to tothe sun), and 
from loss of ashes. 

The following are called "aspects" of soil, for 
want of a better ten: 

laha' (mtud) 
liye' (clay) 
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kabuik (dust) 
pasiu (sand) 
krekel (gravel) 
tanogan (iron-laden soil?) 
batu (rock) 

Lulua' (mud) is of course used in connection with 
sawah (wet rice fields), as is tanogan.The exact 
meaning of the latter remains unclear, but the term is 
sometimes paired with baminyaik (lit. oily?), and 
seems generally not to be considered desirable. 
People say that if there is water nearby, tanogan has 
an oily yellowish-rddish film on it. This soil can 
only be identified during the hot season. It is unfortu
nate in the sawh Necause its mud will not break up 
into the fine aggregates desired for wet-rice cultiva
ion. 

The final portion of this study remains to be (lone. 
Some work has begun. Soil analyses were done in 22 
locations in the Pulai area, and local descriptions of 
these same soils were obtained. Our intent is to 
compare the results of these analyses with the predic
tions that would follow from indigenous conceptions 
of soil. 

Forest Regeneration 

The relevance of this small study emerged during the 
conduct of tihe study of soil classificaltion, as we 
became aware of the important uses of the forest to 
the indigenous population. Such uses seemed to 
represent another potential resource for both Si
tiung's people and agricultural experimentation. In 
many areas of Indonesia, tie transmigrants' land is 
only partially cleared when they receive it. Often half 
or more of the land remains in forest. The following 
is designed to stimulate scientific thought about how 
we might best construct agroforestry systems (to 
maintain soil fertility, reduce erosion, reduce human 
labor inputs, etc.), building on indigenous knowledge 
and practice. 

Objective 
The objective of this study was to document 

indigenous knowledge and utilization practices of 
partially cleared and forested areas to better under
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Crop LADANG 30S0' SEMAK BALUKAU !MBO 
Rice 
Cucumber 
Corn 
Chillie 
Banana 

Pineapple 
Jackfruit 
Stinkbean 
Rubber 
Coffee 
Durian --
Rattan 
Meranti 
Damar 
Wild Fruit 

Figure 7. Representative "Crops" by Stage of Forest Regeneration, Sitlung, West Sumatra 1986. 

stand concerns rclated to soil man tgcment in devel- have recogni-ed 'he desirability of incorporating
oping agroforestry systenms. domnesticated fruit trees (and xssibly rubber or oil 

palm) into the normal transmigrant cropping patterns
Procedures in the area. But there remains anether region

The study was condIucted in Pulai, with partici- between forestry and agriculture which could provide 
pant observation being the most basic method. valuable income at the same time that it preserves the
Besides going into the forest with the people when- remaining rain forest (as a soil cover) and draws on
 
ever possible, Col fer conducted many inlformal indigenous species with demonstrated adaptation to
 
interviews with Minang farmers on the uses to which the local environment. This would be an agroforestry

they put the forest in which they live. The results of that utilized the forest rather than transforming it into
 
this study are built on the general understanding agricultural land per se.
 
gai ncd from niany more nonths of participant Across the top of Figure 7 are listed the stages

obscrvation. 
 through which the land passes in de forest-regenera

tion process as it occurs in the Pulai axea. The
Results following commentary summarizes findings that 

The most general finding of this study is that the Col fer considered of polential use for TropSoils
forest Supplies a variety of conmmodities that local experimental research. 
people use. The forest resources vary with the stage Colfier had hoped to participate in the village
of regrowth. Figure 7 shows some representative process of land/forest choice for making new la
coinniodities that Pulai's people get from the forest, dangs, and still thinks her participation would 
with a more complete account of our findings below. provide extremely valuable information. However, 

From the point of view of TropSoils, an agricul- when she left Sitiung in July 1986, the general
tural project, one main interest of this study lies in consensus seemed to be that people would not be 
the possibility of trarv; Formiing what is now esseri- opening any significant ladang areas this year. The 
tially a minor forest product into amarketable most common reason given was that the economic 
agricultural commodity. The multiple soil advan return did not justify the effort, though she would not 
tages of keeping an adeqiate ground cover (S:IchI as a want to rule out the possibility that the leader of the 
forest provides) are obvious r*the Siliung are'l. We largest landholding clan felt uncomfortable with her 
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knowing the process. Reasons normally given 
verbally for selection of an area included proximity, 
suLfficiently long interval since the last clearing, and 
(for the ladangs cultivated over the past two years) 
proximity to the road to Sitiung VI. It is probable that 
the lBatang I lari River played a role comparable to 
the road in the past. 

1. Lada-ig 
F'orest clearing is reported to begin with slashing 

of uIdierbrush and small trees by women, followed 
by felling of large trees by the men (though Colfer 
did not see this process). The ladangs are cleared 
originallV to pl1ant upland rice. Rice is viewed strictly' 
as a,subsistence crop. h'Ilenecessity to sell rice is 
cause for shame to Puhi residents. Yet it holds a very 
special p1lace in that it is viewed as albsolutely 
esseltiai to lornlal honman life. Men and women 
work tomether to plant the rice, using a dibble mellhod 
(with men dilihlill and worn ei putting seed in the 
holcst. 

Cont rarv to earlier"inlfwm atiou, there isa variety 
01 inlditcenous kinds o1 rice. Some arnners inix the 
kinds and plaut thetm togetlhcr; others keep them 
scpartc. Sm e also plant a vanetv of kinds, and 
somc plant only one. It would seem worthwhile 
lesting some of these indigenous varities in experi-
ments. Local names, with the anecdotal infontation 
available, include: 

Upland rice. " ius includes examples of rice culti-
vated on rena (alluvial areas), halukau (upland, 
ex- seco(nlary forest), and inbo (upland ex-
primary forest): 


kumpai - six nonths, upland rice 

sahi' - six months, upland rice 

pudin, - six months, utpland 

M11nd1n - six 11(11,l1S, upthnd 

kocie' - six months, upland 
halui - uplhnd 
sendai panjang - upland 
godlang IMtiCh - up1hand 
ratan kampai - uipland 

Sticky rice. Local names include: 
puh/i' a/1i 
sepulhi' Mininig - yellow, six months 
puhid' suot - upland, six months 

214 

pului' putieh - upland, six months 
pului' hitam - upland, six months 
saoului' suto 

Paddy rice. Local names include:
 
sese - wet rice, 3.5 months
 
keruing - wet rice, 3.5 montls
 

'Fle list of names above is certainly not exhaus
tive, since this information was received "in pass
ing." More detailed information on this topic would 
be easy to obtain, including particular strengths, 
weaknesses and descriptions (stalk height, shape, 
length iand coloi ofgrain, etc.). 

At some point during the rice-growing season 
(September to March, loosely), tree crops are planted 
in among the growing rice. The most common tree 
crop is rubber, but fields frequently have a few 
jackfruit and stinkbean. Other annuals frequently 
planted in small areas include lado (chillie), gandum 
(sorghum), timun (cucumbers), jfgung (corn), terong 
(cggplant), kacang panjang (long beans), kacang 
padi (mung beams), perio (bittermelon) and petulo 
(similar to bittermelon, but not bitter tasting). Dis
tances to market and small quantities nean that in 
practice these crops are generally used for subsis
tence. 

Accompanying the women as they cared for the 
rice crop during the rainy season, Colfer was struck 
by the multiplicity of weeds growing among the rice 
stalks. The women had name,' for many different 
kinds of weeds, a few of which have uses. After 
eliciting some 15 names for weeds in a very short 
time, she decided to collect sonic samples and have 
them identified. She went to an apparently typical 
upland field and collected a "grab sample" of weeds 
in an area approximately 2 m by' 3 ni. The 19 weeds 
were later identified by fr. I lerwasono Soedjito at the 
Herbarium Bogoriense in Bogor. 

Other local names elicited, but not identified, 
include wMpui' sarangb-vo, umbui' ;.mbui', 
sidukung anak,pasopago, galingganglawi' (medici
ral uses), dln sikatui', sawi yonggang, ndamvang, 
sikadudue', naw'eang, capo. lalang (Inperata 

,ylitrdrica),tol(ang tolang,sikuju, taloteoaman and 
sinduong. Such names have little use alone, but the 
fact that women have so many names for weeds 
reflects the importance of weeding as an agricultural 
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activity, and proves that some sort of local knowl- tive of older rubber gardens.
edge exists that might well be used. These weeds are We used very simple equipment-two sticks, a 
also, of course, the first stage of, or aprelude to, rope and a compass. Our selection criterion was 
forest regeneration. They Mnay make an imopotant Simply second--year lields planted to rubber, and ve 
contribution i s organi c matter for the second crop- were told we had measured all of these that Pulai
 
ping year, as well. 
 people owned. The overall average field size wasIn \ ,arch or April the upland rice is harvested, about 0.64 hectares, ranging from 0.16 ha to 1.60 ha. 
nornallv usiig a fliner kni 12 called anIw i, and the Rubber tree spacing averaged 4.9 m, ranging from
 
rice stalk is left ill the field, trainpled to some extn'it 2.8 to 7.8 in. Tree spacinq vas measurcd in two
 
dl1i1 ti eharvesting process. The olIy inan 'Colfer ways. If there appeared to be something resemblrling
,;aw harvesting rice was a crippled inan who could rows, we measured the distances along two sides, and 
niot do otther work. Ilowever, men transport the rice imultiplied then together. If tile planting pattern
back to the field hat and to tile village. appearcdl quite hit-or-miss, we made two to four 

We (Stacy lzvenise r, Dan lGill, and ('olfer) transects, measuring and averaging the distances 
nclasu red tile yie lds of six liadangs inl PUlai. Cltting an aiong ten trees for each transect. Usiig an incli
ave age yield of SO() kg/ha(range: 481)- 125(0 kgfi.ha), nometer, we got slopes ranging from 0 - 47 percent. 
\VC usdCL a Ill ,woodeli square. whiceh we set dowiir ill Since we did not know the proper technique for esti
tell places arournd cach field, while Ire farnicrs wee in ating average slope, we simply periodically took
 
harvCst inc. These teiisn 
 su',nllies were icombi ned to ,ielinoiiieter readings as we followed the boundai'v
 
inake live sil ies. \Vater cointenit was nieasured oil of each field. Out ofa total of 
34 readings, the neao 
one samri ple per lield. aid applied to the rest. was 17 percent. Though our methods are generally 

()ike harvest is ciiiplc ted, ihe CI]d bcoinlcs imprecise, they are adequate and practical for our
 
, ( )('. 
 purposes. 

2. Soy,' 3. S'mak 
The dcci.,i oi r to phiilI or iot to plhant the saie field As bushes begin to take over, the area no loner 

a second \'ear depelds pnr v.,ri oilehr harvest the looks like an agricultural field. Yet the jackfruit ani
 
first year, thougll factors such a,:. labor availahilitV stinkbean planted during tie ladang phase begin to
 
and alterilate souros of' iicoiie cerlaiily have al 
 hear frli!. Bananas and pineapple continue into this
 
iupact oii the decision as well. If the rice was phase. Near the village there are areas ofsemak that
 
rclatively abundant, 
a decision to phmit again is more are p1anted to coffece, ramrbutan, duku, citrus, and 
likely. The increase in weeding required the second there are many areas flrther away where rubber is 
year is also a conisiirenatlion, as is the difficulty of' growiig to iii alurity surrounded by ,comak. 
clearinge a new field. 

Whether the field is planted to rice again or not, 4. 13allukarl 
tlSefLIJI products arc collected from si,'. The lBy the time regrowth has become secondary 
balnalas an( pinreapples frequently planted the first forest (halukau), the rublr and other trees are 
year ire bearing. Chillies oftell colitinue to be found bearing. The local rubber trees produce after about 
in sso'. The need to check ip occasionally onl the eight years. Jackfruit (ceboda') and stinkbean (petai)
iubbe r and other trees mnletl1s that these fields are still bcaring. Duian, a highly valued crop, and
continue to proJlduce and be harvesled periodically, on Ceboak htair (wild jackfruit) provide wild produce.
;1small scale. Durian is not planted, Colfer was told, because there 

Since so ' provided a mucli more manageable is a custom that durian ire freely available to all, no 
eliviroillnt il which to nireastire inidiicmlOts fields, matter who planted then, so people are not interested 
arid since w\e were verv interested in gelling a rca-- in trying to grow ,tinian commercially.
sortable estimate of tlc averace site of rubber Coffee trees are also frequentl y planted in 
gardens, we ncasured the eight second-year fields haltikau, needing shading as they do. Sometimes a 
planted to rubber. Several Pultai residents agreed that special kcbun (or orchard/garden) is set aside for 
such measurenents should be reasonably representa- coffee; other times coffee is planted inl aniong the 
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rubber trees or in the backyard. 
Balukau may also be cut down, left for atime, 

and then planted directly to fruit trees such as 
raMbutan, duku, or citrus. These crops, like coffee, 
ame often planted in the back yard, as are coconuts. 

5. 1ml)o 
Considering the length of time that this area is 

reported to have been occupied it seems probable 
that very little true "primary forest" remains. How-
ever, the people differentiate between il,, and 
hauk/at, the fomlcr being considered older, and 
providine. different kinds of products. Below arc 
listed some of the products Colfcr obscrved or 
elicited from residents as coning from imubo. She 
suspects there are many more, since the forest is 
iakcn for granted by Pulai residents, and its utility has 
not been emphasised in Clevelopment efforts in the 
area. 

Saps 
,Jou'ng.This is a red dye from rattan fruit, 

The sap is shaken from the fruit, collected, 
flattencd like a pancake and sold for Rp 
9,000/kg. (LUS $9, 11/85). 
Julutteng,. Also callcd tget,(u tih, this is a 

white sap, which is tapped like rubber, and 
used for export. It may be used in inaking 
bubble gum. 

Duaum . l).mar is used for caulking canoes 
and, reportedly, for making glass. In the past it 
was a cotmon fuel for lighting, 

Geta imerah, or "red sap". This is a product 
gathered by others (probably the forest-
dwelling Kubu), but the Pulai people (1o not 
know what it is for. The tree must be cut (town 
to yielHl the sap. 

Fibers 
Rumbai. This isobtained from the swampy 

areas in im/o, and is used for weaving seed 
bags. 

Rattan. There are at least three kinds of 
rattan collcctcd in the Pulai forcsts. 'I'hese are 
tabotabo,umhai and manau (a bi- variety). 
Collectors received Rp 350 per "stick" ($0.35) 
and customers paid Rp 375/stick (($0.37), in 
November 1985. Rattan is reported to "belong 
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to the forest, not to the village," so anyone can 
collect it freely. 
Lipai. This is a fan shaped pahn used for 

roofing (in Kalimantan, For hat making). It 
only grows on selected hills in the area, one 
called "Bukit Lipai". 

Wood products 
Commercial logs. Meraeni (the favored 

export dipterocarp) is the most common type 
of tree that is logged. There is an important 
differentiation between export (red) and local 
quality (yellow). Mer.uti kawag is consid
cred the best, then inerantiamhai, then 
nerantiperang. Meranti sabuik is another 

kind, of unknown quality. There are many 
other kinds of wood with commercial value 
(kulin or ironwood, kapur, another dipterocarp 
used for export, and so on). One of the 
problems with the common and desirable 
dipterocarps relatcs to the acquisition and 
planting of seeds on a large scale. lowever, 
on a small scale, such as individual house
holds represent, seeds might be available 
naturally in sufficient quantity for a meaning
ful contribution to household income and 
maintenance of some forest cover. 

Balok (beams). These are most frequently 
made from meranti. Tlese beams are sawn 
with achainsaw, in the forest, and dragged out 
to the road by water buffalo. Groups of Pulai 
men contract to sell such lumber at Rp. 
25,000/cu ni at roadside, or Rp. 30,000/cu m 
at ,;awmill (abit less than US $25 and $30, 
respectively, 1/86). The transportation by road 
for such wood products is well established in 
the area. 

Tonam (Marsawain Indonesian). The but
tresses of the tree are used for making the 
wooden "plates" used in gold panning. The 
tree itself is used for building. 

Garu. This is a product found inside the kare 
tree (?), and costs Rp 100,000/kg if it is soft. It 
can be small as a pebble or big as a water 
glass. This description is reminiscent of a 



product also collected in Kalimantan, called 
aloe wood, and found in genus Aquilaria, 
family Thymclaeaceae. The disadvantage to 
this product is that the tree must be destroyed 
to dtermiine whether or not it has guru in it. 

Fruit trees.Wild fruit Irces are common in 
imbo. Col fer did not know the Latin names 
for any oftie following, but they could be 
sought out and identified at the lerbarium 
Bogoriense without great difficulty or ex-
pense. Local names include: 
tampuai (sonctimcs called tampus), 
gcra't n, kulut itiuk and its "sister", 

buah sani,
 
kuduk biawa' (sin]idar to ram butan),
 
lasaul, 
barangan, 
dolndall and
 
tlllt, )VlingulO. 


Medicinal plants. Paku ban (Neplhrolepis 
exaltata), which also grows in the ladangs, is 
used medicinally (as a paste on the abdomen 
for intestinal problems). Medicinal plants 
abound, and the most knowledgeable person 
on this subject appears to be Pak Dukun 
(Karl). Col cr did not have the opportunity to 
pursue this topic in detail, but it may be of 
interest since rainforest areas are reputed to be 
a reserve of important mcdicinal plants. Sonic 
may have econoinic vaie. 

Leaving tile moo-process of forest regeneration 
mentarilv, it is worth noting the presence near the 
village of small areas devoted to crops sometimes 
considered forest products. These include: 

Panhn,orpandanus,is an excellent fibre plant, 
and is used for weaving mats. 

Anau, Zhe sago palm, has many uses. Its "hair" 
serves as roofing material and string. Flour and 
candy can be made from its roots. Its fruits can be 
eaten, and an alcoholic beverage can be made from 
it. Its leaves are Ise for cigarette wrappings. 

Bulu,or bamboo, i.used for carrying liquids, 
cooking in, carrying poICs, house construction, and 
so on. Its shoots are eaten. 

Rambio is a material used for making roofs. 
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Conclusions and Implications 
1.Test indigenous upland rice strains. 
2. Utilize existing expertise on weeds, as needed. 
3. Develop some experiments on minor forest 

products both within the iorest, and in more conven
tional agricultural settings. 

A tentative plan was made and permission 
obtained from Dr. Sudjadi to bring Ir. Herwasono 
Socdjito to Sitiung for a month-long, more focused 
botanical study of aspects of forest regeneration in 
spring 1986, but ultimately Colfer's own time did not 
allow it. Such input would be a valuable contribution, 
particularly if there is interest in following up on this 
agroborestry component. 

Land Ownership in Pulai 

Unlike transnigrants, the Minang have a rather 
confusing system of land ownership. No land is 
formally registered. Some land is owned by matrilin
eal clans, and controlled by tile head of the clan who 
distributes it among his aunts, sisters and their daugh
ters. Some land belongs to nuclear families and can 
he sold or pliss,'tl from a father to his own children. 
Some people say they have no land; others are 
sometimes reported to own the whole forest 

Complicating an already complicated picture is 
the sense on the part of Pulai inhabitants that outsid
ers' understanding their " item may have adverse 
ciects on them (most notably, taxation). Another 
factor is their perception that outsiders view their 
matrilineal inheritance system in a negative manner 
(though they themselves do not). In any event, this 
study was prompted by two needs: I) a sense of 
confusion on the issue of land ownership, and 2) a 
sense ti.t we needed to understand how much land 
was being used by Pulai residents to adequately 
evaluate the possibility of transmigrants' incorporat
ing Minang practices into their own system. Ifeach 
Minang family was using 10 ha of land, it was 
unlikely that the transmigrants could adopt that 
system (without substantial changes in transmigration 
policy). 

ObJective 
The objective of this study was to describe land
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owncrship palterns in,Pulai relative to field size, 
aliial owilersilip and wealth Jrdicators. 

Procedures 
Pak Syarif and Col for developed a form tI be 

used in Interviewing, which was pretested and 
rex ised according to our firndiligs. It was admini-
stered to members of .ach household li Pulai (n=86), 
in.l1nC and .1l,, . The iknn listed th- kinds of 
', nricttu al liclds extalu in Pulai (with scve:ral liiies 
for each kind'); it listcd kids of Jlniials; ard it Iisted 
\vhicles. ishIg equipruen.itrodern husehSoldn11d 
items such as TV. We ;ii ) rcconred oinc owrner, 
within the houschold, of C11.:h (.,I filt above. 

We did not have tie rcsourccs to measure each 
1-1c,, so wC had no ICt ,ll report." of iheld size. 
lIC(e)IC had \crv fuzv idcas; of sue!: measutrcmcrits. 
ar s;aalh and lada-s, Pak Svarif \vo:ked with the 

re>vporrdent to asccnt all ire best estimaite of size. 
ntatlv hie kriewx ost of thre land be!,onngi rg to 

acCIt res idC,lt of PuLai antd liald worked in land-
clearing and other activit ies requirin some knowl-, 
Cd.:C of rneasu rement. This vastly iniprovCd results. 
For, rubber gardens, the people had a better scnse of 
lhow many trees tl[cx had than of how bii z their field 
was. A 5 m average spacing, found in tile fields that 
x\ere actual ly measu retd, was used to Cstimate 
hecrarage in rubber gardens (or 40(0 trees per hec-
tare). 

Results 
Data for only 20 families has been entered into 

the computer (23% of the total), and only-,!,escriptive 
:malysis has been done on these results. However, 
some general obs'ervations are possible at this stage. 

The most fundamental finding (deriving fromn the 
interview process rather than from the (luati flied 
restilts o tihe survey) is 11atthe Pulai residents tdo not 
vicw the land as a finite arid fixed entity to be divided 
arnorg people in the same way that both Javanese 
and American soil scientists do. These Minang (to not 
look at the total resource available to them anti 
specify that tius part belongs to this, person and this 
part to that person. Instead, land seems generally to 
be thought of is it is relevant to buran needs. There 
is no perceived sense of land scarcity among i er., 

It is true that c!als (of which there are four -nain 
ones.) are perceived to own land, bat in another sense 

the head -f the oldest clan in the community (Tigo 
Nenek) is viewed as owning all the land. In anothcr 
sense, each household is perceived as owning land. 

The sense of land ownership in which the people 
responded to this forn relates to immediate house
hold lard use. Land was reported as owned if that 
family was actively cultivating it (e.g., a rice field) or 
could harvest it at any time (such as a rubber garden 
or a home garden). The remainder of the land which 
"belongs" to Pulai is not really owned by anyone, 
though all recognize the prior rights of the original 
clan. But that aid is essential to their agiicultural 
sy'stem. Ineffect, it is land in failow; it ik forest. 

The following three sections provide prelimina-y,
descriptive in fornration relating to field size, animal 
ownership and wealth indicators (based on the 
subsample of 20 families): 

Field size aidowncrship 
In evaluating land use for ladangs, rubber gardens 

and other tree gardens, it is important not to assume 
that the field size reported is sufficient for a family to 
subsist over time. The upland agricultural cycle is a 
long one, necessitating forest regrowth prior to reuse 
of the land for rice cultivation. 'lne size of the field 
must be multiplied by tie number of years it is 
necessary to wait until t~ie land can be profitably 
used again, if we want a real estimate of land use 
under the existing system. 

Home gardens, which all 20 families had, aver
aged 1700 nl2. 

Of the 14 families who had sawah, the average 
size was 2200 i 2. 

Of the five families working ladangs, the average 
field size was estimated at 5350 in2. 

Eight families reported owning rubber gardens, 
averaging 450 trees (or just over a hectare) per 
family. 

Only two repoled having other tree gardens, but 
their average size was over 4000 mi. 

Ownership was reported, in the majority of cases, 
to rest with the husband and wife (contrary to 
expressed ideals in the community). Oddly, this was 
particularly true of sawah, which is generally 
discussed as the most fundamental kind of clan land 
(again, in ideal terms). Women were listed as owners 
in two cases, but in 11 cases ownership was reported 
as joint. The five ladarigs were all listed as jointly 
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owned. HIonie gardens also mani;'-st this pattern, with 
,o reporting joini owniership, wo leporting iale 
ownership, and one reporting fellalc ownership. 

Rubber gardens vere far more il.cly to he lislid 
as belongirig to one or the other o!,the soLises. 01 
tile 12 fields (owned yic anii s. onl,, twon'sht 

were considered ioilnil
owled, withr five ownled by 
in en and five owi cd hy wornen. ()Ithe two 'other 
ree !i'rdells," o e \wIs joinutly o\Cd and olle was 

owned by ainan. 

Amalls in I'nlai 
Palai alni'nal ownership, like land owwnership, 

displaxs a markedly diflicren pci f1romi the trans--l-tcrn 
'i.icraills'. The first diffe~rence is tie prdominance of 
taking care ol other people's animals, Iii ihe Puli 
svstcn+. 01 tile 15 ,.atcr bu ifil+o reported by these 
first 20 faur is. 1-1 w'ee ol\ hbilg r:cre.Id for by Ihe 
respon(dct IoF 1iO iconic elIse fiv, FIsptoideuits); only 
one was oIl,.ed by ihrerspo idc nIl's f'alIlIv. 

Cattle, e\treIelvy coniion airong the trallsnii-

grants, an il ii Pul:ii. Only one ",M(lilv reported 

having ary', ckws, aild alithicee of rei. ,swere 

tbein, ca'd for Imr others. Similarly. 111c 'ivC ,oals 

reportcd intis mu an ple verc beilri caCd or by 

one faily
if(.I arI ler. 


Al most a1 fainflIes (I8 repi h'icowiing clhi :k-

ens, with mravcra1c flock o1 ICr ep.r fain ily. 


'[he imiporiarre f lisning ill this corrirnuniiv I; 

evidenit fro(i 0hC rUrither of I)al lCts.
Zlld S,,e'!-

teen Ifamilies owned 18 cz:noes. The 44 gill nets 

reported beloned to 15 Iamiflies, vieldirm three each 

or tire lami lies x.liirch owned a:rly. Tlen Iain rlies 


repored owini're 1cast nt.!is ii all (jusi over oirIe 
each); and the "'pan'." or spearguri , is owned iy,nine 
Iarilie:; (one each). fl-Jhi g is air ainlost exclusivel 
linle activity. No wonreri wr, reported as (,xxli~li 
irts, tihough)lr .jointly shared ownership 0! the bal. 

hrdicators (f!i'Velth 
"T'uling to Collmnlonly iceped indicators of 

wealth, we a:ked about other riodes o lrnspotation 
and fiiodcrii or electroric househiol d iterns. Ainost ill 
families owned al least one hicycle (18 farn ilies had 
2(0 bicycles); and two farii ilics had a niotorcycle. hr 
contrast to Koto Padang Naii and /gus 1985), i 
oie had a truck. No clvisio.; sets were reported ii 
this early suLbI r radio. il-lwever,.mpile, alrd oil y tv 
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tape recorders were (juite con mon, ,vill 19 Iamil ies 
owning over 21 tape recorders. Si,. fam ilies reported 
owning sewi ng minachines. 

The ien definitely had ,nedge 0,n ownership Of' 
th;.s sort of lhin Tvelve of l,., bicycles were owned 
ny men, two more were owned jointly, and three 
were o',led exclusively by women (ownership ill 
one fam ily is not clear because of uncertainty of tie 
sex of the respondent). The two iotoycles are 
owned jointly anld I)y' tile man. 

'File two radios and 13 tape recorders were owned
by meI; though live women also owned tape record
ers. Only with sewinug inmachi nes (diWomen have the 
advantage: All six sewing in aclines belonged to 
womien. 

(onclusions and Implications 
At this stage, attention has beeni paid only to the
 

size of fields. It will be iipe:i art to look also at ilhe
 
overall averages fr tile
entir-2 conmmunity to get a 
real sense of ilnd use. Coflfer ,:is hesitant to do this 
ait
tiis stage, since she does nrot know for certain how 
representative tlre subsamle: was, and time con
straints preclude doing a complete analysis now. 
13tIt
such calculations would hetter"await tle 

analysis of tie full comnunity data. The combination 
of these data with those found in the income study 
arid inl tile Iime- allocation siudy should provide the
 
necessarv information for evaluating the indigenous
 
system as it pertains to possible adoption and/or

adaptation by transrigrants. T'inie use, land use and 
incomne derived for various activities can provide a 
kind of' bottom line in agrc uI til decision-niaking, 
irough stuch will of course be further inlflueniced by 
such amorphous (yet real) i atters as indigenous 
knowledge and perceptions of soil. 

Income in Pulai 

As the research prcceeded on indigenous knowledge, 
in lulai, ihe systematic differences between the 
Minang way of life and tiat of tie transmigraits 
became ever more glaring. Pulai residents were 
app oachinig the whole question of earning a living 
from a completely different point of view. And it 
seemed to be one that both provided them a higher 
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s:andarl of living and had certain ecological advan-
Llc,s over [lie practices of thle tralnsncrgran!ts. It was 
thercfore dcenied sensible to gather more inlorma-
tion c,(this s'sten. 

()bjcti e 

'ICheohective (I this studlwas to identify major 


,'4Mccs arid the am1.ou1t of incole available to resi
dlnts or housecholds. 


lProced ires 
A survey of cvcrv household inPulai was planned, 

i i iflc 'vic, s conducted cither hNy Colfer or by Pak 
.\i l.i pati, he r assistant. The questionnaire in-

cILPlC(l (hifepageh,devotCd to al'ricultural sources of 
iucinc, amd a second page listing the other sources 
of incomwith which ilamihIi ar (ais well asvlwe were 
space lor addirig sources; p!rviouslv unknown to us). 
'he survC' 1trm was prC-testedy hoilh Pak Svarif 
111d Co"ler, ra revised accordifngl v.Dil fcrcitiat cm 

, masal On the lor i aoi lam. ,vremnbers, sofag 

01,1 the cont riblu ti(n of e aclh neMoter could be 

a ,ccrtci Id. 1C ritri,ltltclls wene asked to repoft 

he'il MC-r the previous yCar. 'Ilhe survey wasi1cOnwC 

.Ct ie fastirio month of Ramnladai
mducied during 

I l,-.tJiC went over the c1iipletedV'(). (olcer 
intcrv ievs with Pak Syarif to clear up any inconsis-
tere ies or problems. 

Results 
Time h,!s not yet pemitted the entry of these data 

into the computer or any kind of quantitative analy-
sis. Qualitative pcrusal suggests tie following: 

I Coftee cultivation was a much more important 
sourcc of income tiis year than anticipated (perhaps 
palrti,1lly heause of the unusual ly high price), 

2) Rice is Virtulzly never sold, it being considered 
aan act wor l\ i slhame to sell one's rice. 

, Mlen aiconie Irom tshirgfi and logng-. 
4) Au!imal I ..handry and rice and rubber cultiva-

lion are source.s oi icorlmelfor bolh sexes. 
5)\Women appear dominiat in the sale of produce 

froni the horne ga rderi. 
6) There is a sense that income belongs to the 

whole household, Iiouigi most sources could be 
ideriti fled as helonging!, to one person or another, in 
the final analysis, 
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7) The pcople take care of water buffalo and goats 
for others, dening income both from the caretaking 
(receiving one of every two offspring) and from 
renting out the water buffa o (for logging, land 
cultivation). 

8) Gold panning provides another source of
 
income.
 

Conclusions 
In a general sense, one of the most interesting 

findings was the diversity of sources of income 
available to any one household. The rubber trees are 
always standing and available if it is not raining. 
Someone who does not own bearing trees can tap 
someone else's gardens, receiving two-thirds of what 
lie or she laps. Tliere are rantbut,:n and duku trees in 
Dcember. The coffee provides a little ad year, but 
really bears in April, May and June. InS ptenber, 
there is usually a run of' fih, providing extra income. 
Inifhe spring, when the waters are low itthe Batang 
Ilar', people pan for gold. Rattan can be gathered and 
sold. And there's always "Rezeki tak diduga" (or 
coaince opportunities to earn money, such as helping 
someone get a truck unstuck, or guarding a bull
dozer). Tlcre is even a hit of agricultural wage labor 
done. 

Another interesting finding was the attitude of the 
Minanp about income. Particularly Minang men, but 
both sexes to some degree, are always alert to oppor
tunities to cam money. They profess interest in 
earning money with great enthusiasm. I repeatedly 
heard people say "I'm not ashamed to do anything to 
cam money." They snow a very open, creative frame 
of mind about the whole (uestion of stv',iving. They 
expect sources to be varied and they explore new 
possibilities tmat they think might be profitable. Two 
of the differences they mention between themselves 
and the nearby Javanese transinigrants are i) the 
variety of Minang sources of income, and 2) the 
Minang sense that non-agrcultural activities are fair 
game as well. 

Implicati 6Is 
Important items to investigate in forthcoming 

analyses include: 
I) ratio of agricultural to non-agricultural sources 

of income: 
2) comparative contribution of different family 



nenebers to the overall income: and 
3) income derived from different agricultural

products (c.g., rice vis-it-vis coffee or rubber, or wet 
rice vs. upland rice). 

Expert Systems-

The Human Component 


The activitics on this subproject, to date, have been 
sporadic aid procCssral --sporldic, because of unan-
ticipated tittie coist raints: and processual, because of 
our learning process. and changes ill the expert 
svstICils I o(mlillls them selves. 

Objeclive 

The oheCtive \\ as to doen mcuet Iiui an (ledristic) 

flctor,; invol%'Cd illcrop selectIon for cultivation ill 
two or in ore :rreas il Indonresia aild identify "gaps" in 
n01r i rid I cnow know ledge ase for action and 
rese arch, 

Resulls, (onclusions, Iminplications 

S-m;c oflthe dillcult decisions that have been 


requ irid ilude the following: 


1. Choires 
h'lie final product of an expert system is a 

'choice," detenriined on the basis of*hierarchical 
chains linking bits of knowledge in alogical fashion, 
inan expert system on fertilizer, the final product 
seems fairly straighlforward: a parlicular level of the 
fertilizer. Cons ide rabl - Ihough, however, had to be 
dcvo!cd to \whati lhe On tCOrneC should be in all expcrt 
s'siC ill Mthropological informalionH,of holistic 
We dteCr1iiled that our lririary audience was to be 
agricuIdi lral scicntists and Indonesian po!icyiniakers 
concerned with agricultural issues. This promptedL us 
to include three kinds of choices: likelihood of acrop 
existing in people's fields: proportion of land likely
to be devotcd to such icrop: and possible develop-
ricnlt prograsllS. 

Although Ilavirie three ki rids ofchoices is sonic-
how aestheltically unsat isfyiig, we have so far stuck 
withithis decision becluse of the illrollance arid 
interconnectcdricss of all three mailers. it also 
seemed sensible 1o develop itsystCrn that would be 
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usable by several categories of 'plicymakers,since 
considerable effort must go into feeding in the 
variety of information of relevance in such "choices.'" 

2. Variables
When we began working on this expert system in 

April 1985, the software did not include "variables." 
Variables (in the expert system tenninology) allow us 
to incorporate a variety of quantitative data that had 
previously been unwieldy if not impossible to
 
include. Using the new variables component, we
 
were able to make some progress incorporating

in formation froi three time aliocation studies into
 
the logical, hierarchical chains leading to choices.
 

3. Lintearity in the entry of rules 
The fact that the cornpurer inust go through its 

paces in order necessitates decision: about the 
primacy of certain facts vis-i'-vis other facts. There is 
no way to make two things equally important, though 
iii any lirims in hu nian matters things probably are 

equally important. Thus a certain aiiount ofarbilrari
ness enters the expert system. Considerable effort 
has been (and Must be) devoted to mininmize such 
arbitrariness, by making decisions about relative
 
importance, in as careful a manner as possible.
 

4. Frames 
We are now expecting to experiment with the
 

incorporation of a frame approach into the "larmsys"
 
expert system. There are certain traits, characterizing

elhnic groups (e.g., a hierarchical world view or
 
viewing rice cultivation as asynibol of elhnic
 
identity), that are niore immutable than tire usual
 
"qualhfiers" (such as size of land holding or farimily 
size). It seems possible to simplify the rule-based 
expert system, by incorporating these more irnmu
table ch:iracteristics into a frarie-based systen, 
which can then be consolidated into amore elegant 
overall system. 
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Interpreting Existing Soil-Management Systems 

Intra-Household Decision-Making 

Clr',l). Picn?'e Col/Cr, L' v of lhaii?'rxit 
ElAi r.'ha,A.lmilis L iivCe'.io', thil'ng 
Vickie Sigimatr, Inive,'rsitv (l '/Ileliii 
Kadieh 'cfl lilsos nie'trsity of'-hO', i. 
RU.-Xe'll Yost. Ulniersitv0/'lhv'eii 

A.Wlri' ll e 'h, "'llicrsitY clcfhmecii 
,lilijhtl A. l'cha', A'rtth (rach'm Stwtc Universit' 

This sab-pro ject evolved iito two relatively autonO-
111m01is A i\ itcS. 'lTlheCase Study, described later in 
this rcport, was origillly conceived to fOCuS Oil 
dccision-mi:kin.q \\ithin I'ann Ifamilics. Patv in 
iespOllse t0 tin initcrest, :llidonr riced on-site for 
mire ;nloriilltion tithis topic, we initiated some 
wVirk on ilutah( usCehold decision-making, reported in 

married women. She pre-tested her survey instrument 
in both locations, and had other team members 

critique it for her prior to administration tn thesample. 

Results 
Findingson women and agriculturein Sitiung 

We should begin this section with astatement of 
the Javanese ideal related to agricultural decision
making in Sitiung. The reader. however, is asked to 
remember that ideals provide us with a partial 
picture; for agricultural planning we need to know 

about actual practice, which often conflicts with 
ideals. Some Javanese ideals are somewhat akin to
 
American ones: Men do the heavv agricultu-il work 
in the fields and make the important decisions. 
Women work at home,perhaps doing abit of
 
gardening on the side, and help their husbands f'rom
 

time to time, as needed. Men's role as heads of
 
household is frequently mentioned, and the saying 

T),ISoifs T'(tchniul Report. / 9S5-19Sh.Not fIuillyo along toie c heaven, tollow to hell as well" (suergo 
sliCd wiiher inloriation, e. initiated a third 
small .,td\ i ll 186. ()n the basis of the 19,85 
stind\ ill Sitiunn V as we 1as in ore elleral obse rva-
tioial data, We wCrC convinced thlt[ from bothinpt 
sexes wVas lii pOrtant ill agnicultu raldecision-making
ani the .avanese. A rlllill
pitllposC (if this study 

wIs to providC cviderice ic,support (or contradict) 
theseC ohServ;Ialcms, 


)bjective 
'lhe oh.jectivC was to ascertain the patterns of 

intralouschold decision-making among Sitiung 
arnners, p:irio:uIlyrI rela.n'2 to soil and crop mian-

angemCri. 

Pr(ocedurcs 


Fvi Nlartha, astudent of sociology and anthlropl-
o(y at Andalas University in Padang, hetr &d to plan 
and executed a sItud OF decision-n aking among 
avanese transiigrants, o corplerert her previous 

stud. of fanner decision-m akirg among Mi1narng 
woiiiei in the ariiea. I a\ irig soiLe familiarity wit, the 
arca. she was able to use a combiniationr offmethods: 
niiodilied participatl ohser'v;tion (for qualitative 
tidlrstlandir of the Context), Second;iry sources arid 
a :lI For Ihe t1at icr, she chose random sariiiples ofrvev. 
15% of' tile households in SitiUi. I1Blok A (N=4 I 
arid Sitiun I Bl:k D (N=9), intcryicvwini.7 only 

nntt. 'icroko karlt) is interpreted to mean that final 
decisims are inl the hands of husbands. The fact that 
winding up in hell may not be the most desired 
outcome leads naturally to another Javanese value, 
which moderates the male supremacy implied inthe 
above.
 

Javanese liife
includes anegative valuation of the
 
use of force in human relations. People, including 
children, are persuaded, sometimes 'icked, but rarely 
forced to do things. An elaborate sy.item of super
natural sanctions complements the human sanctions, 
which discourage people from forcing or angering 
others. The Javanese are well known for their ideal 
of calm arid balance inthe universe, including the 
human component. Probably related to this is their 
emphasis inthe decision-making realm on tnusya
wtiiran, or discxssion leading to consensus among all 
parties. This holds in marital tnd familial relation
ships as well. So, while words can be found to 
support the nction of male supremacy among the 
Javanese, the realities of everyday life are substan
tially modified by other Javanese values (including 
considerable emphasis on the importance of mothers) 
with the result being relatively high status and 
(lecision-iaking involvement for women. 

We retain considerable skepticisni about the 
degree to which people's rex)rted deci,;ion-making 
activity corresponds to reality. People are influenced 
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by their own ideals, 1y their perception of the 
researcher's ideals, and hy reality. We assume in this 
study' that invotveici it in any activitv necessit ales 
Some dccision-nlakill, This paticulIrly true 
:imonge thi ' rtese. whr inct fions and orders 
arc rot SO lRcjUertl give1 otlher flatilv Ieiters,; 
peOlet tgo a[boMt their work rather autolnomuslv 
'['[is part of W1hat ftollows deals with pCople's 
reported involvCmnt ill activitiCs. Il iliterpCtinIe 
lables dcalire ,%ith rCslponses to specilic (nCstiOis 
sh as "who dCcid s x or .'' cultural idCals MuPt 
!)C horne illmind. TIe dclc to wlich tlhce hibas the 
answCr. Laollot bC kno\%n itill tnht thcy to bias tie 
anIswr.s is alillost centiir. 

. 'cIf/w(r( i.npio 


Siti unl\k 11 n' Ii':
M%,11 I)rC of tlircISel\v' is 
as fanrters. \Vhnit askcd their work, 7X,;f considcred 
thei nrprimiu oNci puttioir to be 'litier,' with 7',, 
niole cousiderile fauntiia Sccondic\ occnpa[lioi. 
lhIC other two calIteOtric Oiework that \yere si nili-
cant o*r\O(lilCll \ere "'tradclr'' and ''l or " ( ce 
ai !,palUlicularly so isN,'ondlal\%k(rk. li!lc 2 

provides comparable ilrnination on [heir work
 
exp,1ficnce ill The MOVC to Sititng has SunrelyV
Ja.va,1. 

involved some major changes, but the self-categori
zation as f'iMicr do;s riot appear to have chnged 
in uIC (81'' Considered threiseIves larmers in Java; 
with (,ffreporting arnhing as a secondary oceulm
tion). 

'[here appear to have been changes ini women's 
trading activity with the move to Sitiung. In Java 2% 
considcred thentselves primarily traders, and 19<)% 
reported such activity as suppIcntr tary. But in 
Sitiung, none considered their primary oct+pation to 
bew trading. yct 35%, reportcd it as a secondary 
occupation. 

'T'lie coi parison ill pelrccitages i01ween "3[+nn
ers" and "fanii laborers" belOrc and after transitiigria
tion llttV b.1h lanne rs. todistIrcssing to tccording 
thCC Iindiucs., the llunlb'r Of anrirs' hardly 
ctiwcd I S I',inlava to 78,. in Sitiuit), but the 
tntiriber oh "'int labo1re'S'' has dIoublCd (101" inlava 
aid 21 in sititlic). '['Irisllav be Iecase increased 
lad ( yieldItholdine ot iratrllrricraliis inSitiun 
increcascd \ C\ providcselth which ilI tuil more 

Table 1. Women's primary and secondary occupations in Sitiung I, Blok A and D. 

Occupation Blok A, N=41 Blok D,N=69 Weighted Average
prim. secon. prim. secon. prim. secon. 

Farmer 87.81 12.5 71.88 3.7 7782 6.98 
Trader 0.00 50 0.00 25.93 0.00 34.9 
Official 2.44 0.00 0.00 0.00 0S 1 0.00
 
Ag. laborer 9.75 i2.5 28.12 
 7.41 21.27 9.31 
Laborer 0.00 25 0 00 62.96 0.00 48.81 

Table 2. Women's primary and secondary occupations in Java, before 
transmigration. 

Occupation Blok A, N.41 Blok D, N=59 Wpighted Average
prim. secon. prim. secon. priM. secon. 

Farmer 82.86 0.00 1079,31 80.63 6.27 
Trader 2.86 33.33 1.72 10 2.14 18.7 
Official 2.86 0.00 0.00 0.00 1.07 0.00
Ag. laborer 8.57 0.00 1j.35 0.0% 9.69 0.00 
Laborer 2.86 66.67 8.62 6.4780 75.03 
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opportunities for farm labor. The comparatively 
sparse population in West Sumatra also means less 
competition for existhng i ricul tural jobs, and the 
recncy of occu panvz ner 'is that there is less 
di\lr.,,li1 It'occlipatiorial choices. Tile secondary 
occupation. "unskilled laborer," has taken another 
dramatic dive witl the mo e to Sitlllg (from 75.; to 
4' ). 

When qIue ri ed on their reaston for \ork ng (TIlablc 
1most women (P09; ) said thev waritcd to, and 2S. 

said "it's the ustu:l tlhill to do." I.ess Ihalll I(, 
reported boirl_ told to work b; their husbands, and 
just nilider 2. eonsideled themscl\es forced to by 
c(orOMi Conlditious. 

Table 3. Reasons given by Sitiung women farmers 
for working (percents). 

Reason Blok A Blok D Weighted 
n=41 n=69 average 
- _ ------ __-involvement 

Usal 
Wants to hersef 

36.59 
63.41 

23.19 
72.46 

28.18 
69.09 

Fold to by hlusband 
Forced to by 
econcmic circ. 

0,00 
0.00 

1.45 
2.9 

0.91 
1.82 

- -

2. 11,,icn in ,'ruari:,ations 
trn'llptInlall at to illd Ot aboutl \ on en ' s extra-

familial activities, we asked them what organiations 
the, K.. , d' '. 'TblC - provides the resulls of that 
ilkiifirv. lIC interesting, point, froM an agricultural 
p'rplti\e, is the lact that the Agricultural Cooper.-
li\ve i., the mlot eoitonlv ntenitioned orgatization, 
,hi',0 (f2'; women saving they belongzedof 11re to it. 

1-%J N,1rl a lotcs that "Gelleiallv woiici halve ilre 

COntiCCoiiS with 1he Agri cultrral Cooperative thall 
imlen/ Aintaiids. .. " (1906:71. 

Table 5 provides tile percentages of woreri 
reportin altClndillw various killds of neetigs. Again 
the ..\iricultural ('oopcrtti ye is, for aill practical 
purposes. at the top (right net to tairnily platning). 

\\onicn report sellin., lnroluce to thC A riltrld 
('ooperalive lnlore 1hanm as oftell astwvice hev report 
men doime so 03.; vs. 17(,.,, men are* hereas 
almost twice as likely to be .2ported buyinrg seeds 
(2-1',' to 13'.; ) and fertili/cr (25. to 141 n.Reported 

borrowing and saving activities appear to be very 
similar for men and women, although Evi noted that 
"It is usually women who engage in the borrowing 
and selling of' small amn11ilS (e.g., Rp. 15,000), 
\, rrCas the llell work 1t sawah, and only borrow 
large ar;iounts from the Agricultural Cooperative 
(imore than Rp. 100,000) using livestock/things which 
are easy to sell as collateral (1986:7). 

Remembering the caveat about the reliability of 
answers to direct questions on decision-making, we 
turl to Table 7. The value on cot1seelsal decision
niakiae is clear, in that 91 C) of the women reported 
making joint (husband-wife) decisions about the 
Agricultural Cooperative and 74% reported joint 
decisiones about village activities in general. The 
value on nale dominaue in decision-making is also 
evidnt in this table-.-or the coop, only 14(;( of the 
women repoited being tile dotinant decision

making, with 6()01/ reporting their husballds as 
dominant or deciding alone. Interestingly, for village 
activities, wonil'ns reported (lecision-niaking 

increcased, wid 2% reporting deciding 

alone or being the dominant decision-maker, and 
401; reporting their husbands as dominant. 

3, 'om'n (it work 
In the earlier tinie-allocation studies, we looked at 

he broad range of activities in which Sitiung resi

dcnts were involved (Colfer, Yost, Kasnlini, and 
Kurdiana M84). But the method we 'sed was not 
suifficiently detailed to break down the steps in 
agricultural production by so.x. Tables 5 and 6 
provide that breakdown, as reported by Sitiung 
women. 

Table 5 contains a gre at deal of inforination. In 
the steps to sawah production, from land preparation 
through control of money received, tile following 
Was reported: 

I) Wonaen report them selves to be dominant in, 
planting, replanting, weeding, winnowing, drying, 
deciding to sell and controlling the money obtained 
from Ihe crop 

2) Men are reported to dominate in land prepara
io!,, choice of crops, fertilizing, water control and 

spraying. It is worli noting that though transmnigrarits 
ill gelleral reconi/.c tile va'le f fertilizers and 
pcsticides, the\ frequently do not have the money to 
buy these inriputs. Additionally water control appears 
to be more in iliehands of the government than in the 
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Table 4. The involvement of Sitiung women farmers In various village activities (percents). 

Artivity Blok A, N=41 Blok D,N=69 Weighted Ave. 
Inv. Not inv. Inv. Not inv. Inv. Not inv. 

B~rth control 6585 34 15 68.12 31.88 67.27 32.73 
GOvt women's Clubs 31.71 68.29 24.64 75.36 27.28 72.72 
Agn. coop. 92.68 7.32 91.3 8.7 91.81 8.18 
Revolving credi: 19.51 0.49 20.29 79.71 20.00 80.00 
Family pI. group -1 ,',6 58.54 50.72 49.28 47.27 52.73
 
Relg1ous st!ay gqoup 14,.63 85.37 ,12.03 57.97 31.82 68.18
 
V1,1age m'o'et:lgs 73 17 26.83 52.17 47.83 60.00 40.00 

Table 5. Division of labor and mode of payment in wet rice fields as reported by women farmers (percents). 

Blok A, N=41 Blok D,N=69

Steps Wife Husb Fam mem Lab exch Paid lab 
 Wife Husb Far mern Lab exch Paid 
fab
 

Hoeing 36.10 97.60 3659 0.00 12.20 60.87 81.16 37.68 0.00 5.80
Flattening 0.00 91.60 36.59 0.00 12.20 13.04 89.96 37.68 0.00 5.80
Choosing crop* 19.51 65.85 0.00 0.00 0.00 8.70 66.67 1.45 0.00 0.00
Planting 97.60 21 95 39 02 65.85 2.44 91.30 52.17 42.03 23.19 4.35
Fertiliz;nq 36.59 60971" ,11.46 0.00 0.00 50.72 76.81 40.58 000 5,30
Replanting 95 1 9176 ,13 90 0.00 000 89.86 30.43 39.13 0 00 5.80
Weeding 95.12 5 , 54 ,878 0.00 0.00 91.30 36.23 47.83 0.00 7.25 
Water contrlo 0,00 97.60 0 00 0.00 0.00 0.00 88.41 36.23 0.00 5.80
Spraving 4 88 9 60 36.59 0.00 0.00 0.00 88.41 37.68 0.00 580

Harvestir.g 90 24 95 l2 3902 65.85 2.44 68.12 84.06 44.93 23.19 435 
T1resn 1 95 12 16 65.85 2.44 95.51 81.16 44.93 23.19 0.00
Wi8.cw: ,'.0 76 3902 75.61 0.00 86.96 20.29 43.48 23.19 7.25
Carryng hoe 78 05 9521 41 46 0.00 0.00 62.32 78.26 42.03 0.00 1.45
Drying "1''. 60 (.00 48 78 0.00 0.00 92.75 20.29 49.28 0.00 0.00
Carrying ,, 90., 9 , 43.90 0.00 0.00 7391 71.01 40.58 0.00 5.80
Deciding'sell 80 419 41.1, 0.00 0.00 0,00 44.93 24.64 0.00 0.00 0 00 
Controrllrr S 82.93 14.}.3 0.00 0 o0 000 52.17 11.59 0.00 0.00 (..00 

'The figure under "lab exc" refers to a decision by the extension agent.

Note: 26.83'" of women reported extension agent choosing crops in Blok A. 21.74% reported similarly in Blok D.
 
hads of indi\idual larmcrs in die Silitl Inlrlt. si'e dnlominancc reported in controlling money obtained 
the irrigaltioll s% tcm is fed b\ \aticr p ,il -f( fron selling produc. Fencinc emeroes as allcxciu
river. MtL( Cl1Mc'l1 CY\Clie, :an1d sivclv mI' to.ilhL'ov ncr t le'C\activity, SO TOrl't';colrig lgncing
ni ailitcitlincc. on olher Clits (di.ScnssC-I IrCquClllY,witlin the 

\niiei trhe'oiW l,icr,rc i'('l'lvc nent (rI "lopSoils taill) would best be atiplliled via tlheboth C\'Cs ilii diwc'li!
l!,hor"c Ie1. all harvestine are reported 

;i<c
and carr\inl_I) tIhc iticr to e lOllilllled ' wOllcn in ho01me 1oardenIs, thoLgh 
Illholric e,:mrlet. s (lthlc 0r)itlill \,C 1-i,1d imle botlh sexes are act'' clv involved. 

(io ril
alcc, reP'lrCd in chia),Silg,crops. and lellialc 
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Table 6. Division of labor in home gardens as reported by women farmers. 

Blok A, N=41 Blok D, N=69 Weighted Average 
Steps Wife Husb Fam mem Wife Husb Fam mem Wife Husb Fam mer 

Prepaire sawih 95. 12 00 00 63.,41 8?.61 94.20 65.22 87.27 96.36 64.55 
Choosiqg crop 41.46 9, . / 3? 15 94 88.41 2.90 25.45 91.82 4.55 
Pfl: tr'l 7'56 95 .1 9420 71.01 65.22 95.45 80.00 64.55 
V,/eof 0r','.56 N8 05 63 41 95.65 62.32 C5 22 96.36 68.18 64.55 
f .00.00 100C0 63.l1 0.00 97.10 65.22 0.00 98.18 64.55 
1 rv,. q 10009 9/ 5o 63.,41 95 65 34 06 63.77 97.27 89.09 63.64 
S(:05 1162 7. 14 10.11 2.90 0.00 11.81 4.55 0.91 

Vi'v)ort, >07 (3 ' 4 10.11 1.45 0.00 12.72 0.91 0.91 
1ook fo, grass 8019 85 3 60.9B 5,'.97 78.30 57.97 66.36 80.94 59.09 
for h'estock 

",wi) I,, I 1 , 1',('ix i i, in, , / 'tIc'CI1 w01 I (IIlI having a ,ratl'r voice Ihll they ,ollsistenl with ihe 
lhi1 I,? ideal of male (olfl rIalice discussed earlier). Similarlyho /,N,.\ 

In lukINC' %% C' lliiilto ;l i the najority of dcCisiols inl this realm agaill SCll ' e 1(fClie.sti tIIt askIs ,halr rilae 
u iilaLe 

L11iiv ilaillilIg_ 01fd tCtil 

f'ciq i iiakul, itireellv: I ow iiC dccisiols as takLn joinlv, ralher than indi'idual]V, witih the 
,illr(It cf'JU illol. arid hious oll,,i' ptllsirii r ed t(o nl1ll' probil.em witlh 
iiailcc,' lile Iilt ic listill: if nritm ill this tIcwiro\n fliilh s allif famliv. 

,fl C, f10111 lh,. 1,tufl1WH l I (1 1uriC'u l il pfaiiIn in is 
th1C ic , 1'ipih li c'dc Of ol lil'e ill I'i lv .. ("olllabo atin , with an't i'iitldi., t O l tw en. 

lili1ncr. .Ou\l. IC''( m have Iflic' ,,' l i liljl i htl Ihcv f a section to e discussed here pelitins 

,flc c It1( l1 I i llilic, I pcrcclllc thit dircCt to fhe (lc estioln of ilit(IvollllCt of womlln in 
fli,c, !) 1)3, ; i Ithc ca(scs \ e ilt iscirarch alnldlie. th, %\iflis dollil extension of agricultural findings. Ina 
or c,iu.iftare IdtI antd ( V i ro1ioi1 fhe routine' prcvi(ous report. ('olfcr lias notcd that 'ropSoils has 
slippiii \ 1ih1.t iilpul floii ltioI hwhtIlil. 'lfhis had troubliC nVolvin WonliCII ill OUI agricultural 
rcjniitcd Icnilc do(iiiiiVic is partlicull. siIihCalil resea rch. \\c ailled itterly to perlsiade women1 
i aii fitC 1nin .',oocrator flamirs to attendi1crill 1m idcali/cs 111:11c lailec uctin ,gs with their 
in deeiii:ikii., hIsbands infSitiuil V. Table 0 presents wollen's 

S eneral pi(Atrc Itu 
 otoillic'sprccllioll, oI reL'ports of ,lkir own panlicipation in public m0etillos. 
&Jcci.ion-MiAkini in Sitiuni. can h feaned ulsuneks\iti h\ in i n,'_1CSlS we beerinhbe to pe rsiaUle 
lookimne itItfc /cros in 'talc X. In ino cas,, in cither women to atttlliour m leeings,they would have 

Oifl1ii0iilvt. do \\oli, fiCiv, their hisbinds madc hitic or no input. Another straeiogy sh1oulld be 
(fccidine aii~nlc ihot the' rcsolutioi Ofl, prolihcrs the (c\ ,elojpct, since we hay ample evi!encc from this 
W;ves have ill the household, in auricntllure, or ill SltuLy' ;id se!vCra h wom1,11 aie .just abotil asrlers n 
othcr work. (oiwcrslr. anid to a 'lree,Mrri ilvolvc(l in aericulture as arMen. 
It1)cao do wienrpi e deridin With that addrcssing extensionither alotc or a ccncmnt 
scrvilne! isthc dloiniillinl klccisienliiakcr in ', ioilt que-stions., is justifiable withi n our )roject, we catI 
de'ci.ioil ill\ o\ itithe resoltiliolW probellms thcir begin to look at \ avs to get our new Icchnologies 
lInlshaild i,. C il ;irictliiurc. inoilicr \orlk, with aicrss. [so of tihe media ita b ilportalit in such 
Iricnd,. or \t]Il I1inilw thus, ahilioughi \\OIlIC repolt'ii eliCavors. l:ilc 1(0 provides Woii1e's reporicd 
'ile" fcrecif 01111it i!' ill Ohe coiluIt of thii(CI\% exposurc to 'IV,radio, neCVsp'pel~rs arid Illga,ZiIeS. 
livc. 1hcr iiu'(xiil, IrCrcivCed Ifhoere is a clear piefereucol for tilt on- priiled word ' to havc greatel' 

altol l\. ]{',l l1 elilt dccisions it iv iri the . illloll Sitiling'; wolliel1. 
t '%oiiiv. ic>"v, ork. iiio ieporlt tlheir hu.si)and,s 
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Table 7. Husband wife decision-making in Sitiung related to educdtion, family
planning and household finances (percents). 

B&ok A 

Wife 
alone 

Wife 
doam 

Together 
equal 

Hus 
dom 

Husband 
alone 

Other 

Children's education 
Use of birth cont:or 
Control e family me,,y 
Shoppirq.'necessittes 
Shopping 'sLupp:leentairy 

0.00 
976 
680,'., 
95.1; 
'D.44 

9 76 
14.63 
2.14 
0.00 
9.Z6 

36.60 
i.20 
21 95 
2,,14 

26 83 

41 .46 
17.07 
2.44 
0-00 

51.22 

2.44 
2.44 
4.88 
0.00 
7.32 

7.32 
0.00 
0.00 
0.00 
0.00 

Wife 
alone 

Wife 
doam 

Blok D 
Together 

equal 
Hus 
doam 

Husband 
alone 

Other 

Children's education 
Use o birth control 
Control of family mona;y 
Shopping/necessities 
S hcpping'suppleoientary 

1.44 
2 90 

66.6; 
86.96 

1.44 

7.25 
23-19 
4.35 
5.80 
7.25 

40.58 
7.25 

21.74 
1.44 
8.70 

42.03 
31.88 
10.114 
4.35 

81.16 

2.90 
0.00 
1.44 
0.00 
1.44 

4.35 
1.44 
0.00 
1.44 
1.44 

Wife 
alone 

Weighted averagz
Wife Together Hus 
dom equal dom 

Husband 
alone 

Other 

Children's educatior 
t..se of birth control 
Control of family money 
Shoppingnecessities 
Shopping/sUpplementary 

0.90 
5.46 

67.28 
90.00 

1.81 

8.19 
20.00 

3.64 
3.64 
8.19 

39.10 
9.09 

21.82 
1.81 

15.46 

41.82 
26.36 

7.27 
2.73 

70.00 

2.73 
0.91 
2.72 
0.00 
3.63 

5.46 
0.90 
0.00 
0.90 
0.90 

Concllisioii: ,
will clariNiv the reasoningthat leads to the following
lIis stLuIy, like IlalyIV Others we have dole,doCu- r1ecnilmenldalions to aid the reader in eva!LKnting

li1ents, wollicri's inlVolV'eC!rcn in agricultural activities,. them. 
\.' eel that it canl salcly be assumed that soilc I.In genc al the person who does work shoIld be
intleperldc:it dcc,:isirtakirtg inevitahl, occurs in the involvd in (lecision-,iaking related to that work.
CeldLuct of such -tiiylowe,'er,when queried on This reflects a valIC on indiVidu,,a freedom ld
farijil an ricullural (lecisiot-mlakirlg roics speci I- auiion IrNy.
(,,l, men aIre usuallyviI-crcd as the r'sponsible 2. n,volvcllenl iuproduclivc work is a prerlqpli
pall-"v. site for.I.t:rlus within the courm ir ity (S:nLly 1974)To 2 ormm the above (lata to agriculturat recom- and sell'-respect Ior all people. Tuis women 's nCr(tlfiol, s-;m cjtr nglellClltsi .stbe i ade h;it existing participation in agricultural woi'k should not 
neccssartv involvye valucs rather than scienrce. We he niarginalizcd by lack of Iraining and oppolunits, 
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relative to men, in protects such as TropSoils. Ihis Table 8. Women's decision-making In the solution of 
reflect.s a value oil equality between tile se cs. problems between husbands and wives (percents). 

3. hiere should be greater rccognition of the 
vatltie of the SubhSistcncC siherC and wha is soic-
times cSilc0l the "rcproductve" sl)hrc (aclivitiCs 
icCCSSa ini' theiainC itnancC of human lifC, such Is 
cooking, child cret, cdu',tti1'n. Woncn's activities 
parlicutiarly\ tend to revolve a:ound these two undcr
\'al neI sphcres of wyork (tho1u1h rural pCOllC o both 

s Cxes ar slorcottuscs of knovledge on tile subsis-
IcnICC 	 sphlrc. 'Tis r-clICCIs a nic gcitcral value onl 

u i iv, bothIt e IC IIinc ii and worn en and et weenl 

rural dtihI pCtples.urla)al 

4.tutral pcople cxi stino thc :,ioald be 

t.cd ill,ricuhu rat plannin, , aid agiicutliurat tch-
ntdocic, should I;cte:ste,'d 1Ir aIcccptnhilitv by rural 
peoplc. ThiS rcllccts a value otIitai beings anid 
Ilicir pnCutiitoinblUtionl. It aollS t SWithsincere 

skCpticism ab1Olt the possibilities lr succc+sut tLLI 
vchtopmlut without suchipartI:;ptio. 

Imlplicalii! 1 

'lieil h ne Co~vmiieion, tt ;mrc based on two 

aitditionll a.SS ilp insl4: 
1.Collaborative work is inost ellicielntl \' (horc 

With tile SCx that 110V~llvl r r S that'1'uICtiOnHousework 11.59f11M 

Blok A 

Wife Together Hus Hus 
dor equal dom alone 

4.88 14.63 58.50 0.00 
4.88 14.63 68.30 0.00 
0.00 0.00 2.44 0.00 

0.00 9.76 73.17 14.63 
0.00 0.00 7.32 21.95 
0.00 2.44 19.51 73.17 
0.00 0.00 34. 15 58.53 

Blok D 

Wife Together Hus Hus 
dom equal dor alone 

4.35 15.94 66.66 0.00 
4.35 17.39 65.22 0.00 
0.00 0.00 2.90 0.00 

0.00 13.04 65.22 17.39 
0.00 1.45 5.80 10.14 
0.00 7.25 36.23 55.07 
0.00 7.25 43.48 46.38 

Weighted Average 
Wife Together Hus Hus 
dom equal dom alone 

4.55 
4.55 

15.45 
16.36 

63.63 
66.37 

0.00 
0.00 

0.00 0.00 2.73 0.00 

0.00 11.82 68.18 16,36 
0.00
0.00 

0.91
5.46 

6.37 
30.00 

14.54 
61.82 

0.00 4.55 40.00 50.91 

wiIt the seatil nor" hatperlonis- thatun cn 
d at e i 

thcili
2,).
 

2. Pattrls that aippcar dicrimiit 'v ar otI 
bCni ii, and 'lpSt iIs SthoulId, in .IMIatI ways,di scour- 
aLc theni. 

Atti mpi to work w.ith wtcll should be intensit-
lied, since inlorlmtation has a.cICCLIIIttcd Mtl tSlLCadv 
itcs nhwin iin
ht women consi~tr them setlves r 

tr'icrs (Tables I and 2), and d1o a,,,,gricultural labor 
(ITalcs 5 and 0 1. 'Tlh existing involveinent of womcn 
in the Agriculturat Coopcratives lay be I ooOd lcad. 
Coll1boration with the work parties organield for 
planting and hai'vcsting (Tatle 5) would probably be 
t1tC most ilitovative way to gail access to the 

Agriculture 8.70 

Other work 1.45 


On husband's side 
Agriculture 0.00 
Other work 0.00 
With friends 0.00 
With family 0.00 

Wife 
alone 

,

the ppari,.nt Lack of sticccs, both obser'ed and 
reported (lable 9),ttin Sitiung 'o{)ictI to partici-

paitc in convctttlnal vilhai,c mcctints. Colfer has 
arened clsc\cte.ic that the muccess of,tihe [an ilv 

ipal],ning, i(grallnt in Bali was princilmlly because of 
its use of Cxisui ng.z -'IXanjargrotii nptterns (,tie . 
ten," (ci:Ir i97() ); anLI there is local evidtence int 

Kind of Wife 
problem alone 

On wife's side 
Housework 17.07 
Agriculture 9.76 
Other work 4.88 

On husband's side 
Agriculture 0.00 
Other work 0.00 
With friends 0.00 

family 0.00 

Wife 
alone 

On wife's side 

womlenl. 'Ilii approacht is hi rtttlceo mended1On wife's side
Housework 13.63 

Agriculture 9.10 

Other work 2.73 


On husband's side 
Agriculture 0.00 
Othier work 0.00'kth friends 
With family 0.00 
W 0.00 
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thc u:sc of the traditional Minang clan orgalnization ill sexes, apparently without discussion or overt plan
dho Abai Siat Rubber Repl antiig scheme has c(ontrib-
tite. to their success. Such collahorati eC"ofrk .uM 
eaIsily lit into Ihre projctl I it Iliove' InWArdta'm.cr 
tcstiin ol te,.inol'is \,icwv., ;I, havilw hifr 

potential bv the sc,'tlits. 


(C0llaiMtivC \kii K sIoul; !V foCuIscd to 
 itatch 
the cxisli,, iivi:ioil of lhbor. sirc men ldonilialtc ill 
lail cultivtioli on "a,\all. studies ot 1ilfagc inl we't 
rico would hcq bc done \ilhi thlab ,ahle 5). 
Wmln's dunllailic( ilpliilti llid weedcontrol 
,lm'c 1,t thatl expCrhlicilts oil plait ,liilCnd 
pesticidecs "hiolild be planneid iih \k miMI-. SinIce 
pC'li<IC, 11C0lOt ,Ct ctelmivel\ in "ililinSl, tIle 


imlalilce (f lidlti' in the alca (d pr\ - is
iMproba!bl) 
a1i 0>it tIicttalie flli t1oofile i,cbccn cxpls.to 
"CtIIlsiO ll actlvit'\ railcr tlhiil \ven lle. Wi (o)w 0 li 
MVe the ,4gecIerS. Ith'\ ',i phatv have lreatr 

Illoti'aliu to co itrol Ill ti s and are h sp!)oteIl
tialy ItlCr el:oIL ,(ol+ilIr. ('lp s leetiomi ill C,er 
kidl of ficld i refl erlcdth it tichtrlllilc lliv ,neit 

ti11, their input should bc imlporlLit \\lli (Icidili, 
ol experimental crops. C)bscrvation sli.,l_'c'sts
fInwcvcr, thlit ,,,SIilsh of51),iltaliiOts pailtii 
,tllill ub10lplfplots of ps is Ie, by b(th 

Table 9. Repoiied participation of Sitiung women In 
meetings that are held (percents). 

Kind of
participatfon 


. ...... 


Just listen 
Sometines ask quesrons 

and give oiroris 

F;equeritl ask questions 

ano give opinions 

Bok A Blok D Weighted

average 


.. . .
 ... 


841.62 72 22 76.84 
15.3 27,78 23.16 

0.00 0.00 0.00 

1ing1; and subsisCnc r()ps are, ol Conurse, ve ry
 
important ill falllng systelis.
the Sjitilill.o 

Oi(tc ifllportalIt cons4dcralion ill akitigL" Such 
cliec:, is that since both nicn and ,vomien considcr
 
therriseIlvcs to be falmCrs, both should have opporlu
riitics to expand their l.vcl of skill anl 
 to contribute 
thicir cxpericntial knowlcdgc to "'ropSoils thinking. 
Inthis way the project canl avoid (lisllacing !)'ol-C 
i'rom their traditional roles at the ,:2. time that these 
people's existing knowlcdgc can he utilized ind 
enhailnced. 

EXpenmenICts shIold be deSipt'Ied to Vresporl~ to thle 
diflering icc(hs o the difcring kinidsl: of' fields ofl 
inlportauicC in tile 'aninSitiuri, ;Y'gS,'slem ('Tablcs 5 

6)..idAlthouQh oe Can argue that "Soil is soil," the 
al cillnimetl
of Soil clearly di ffers 'rOllthoie gardell
 

to sawah to kcbuns.
 

A Case Study 

'[lhe case Sludy, undertaken in collahxr:itio,- with tile 
Popuilation ('ouneit nd the Farming Systems Support 
Piojcct. is I lrt O iCase Studies Project on tntra-

I louschold Dyiamics and Faiming Systems Research

a1nd1 its p)urpose is to (oculent the
.2xtcnsioI. 
m.thods, aluroaichy;, successes and lhrilutres of a 
naiber of- fiarming, systems proJects, for use as in
structio ll materials.

Tie case study developed unlcr this project is 

called "Fanii -Based Research in the TropSoils 
Project, Siti ung, Indonesia.' lits writitnrg was coordi
nated fromi the ,itlviirsi tv o' lawaii by Vickie 
Sigial. Col!'r,as well as other 'tropsoils team 

niemlbers, lilped to conceptuallize tile Case study,including closing tie most appropate aspects of 

Table 10. Sifiung women's reported exposure to the mass medla (percents). 

Olok A Blok D Weighted average
Media Often Some Never Often Some Never Often Some Never 

Television 12 39 48 23 7,4 3 19 61 20
Radio 29 20 51 .35 35- 30 33 29 38
Newspapers 0 12 88 7 17 75 5 15 80 
Magazines 0 7 93 3 17 80 2 14 85 

229 

http:cxpls.to


Soil MAalatgcm ll (aidPeople 

the project to inclIude (since inucIr of TIopSoil s work 
s like con,vctironal "coiipouelent" rescarch): and 

utAkini suel,2S sevCral drafIts.cstions and c'orrctiCons.; inl 
Ktthlcn ,'ilso. Russll Yost, nnd Marian Ralnch, 
w,, :i, lfCUv ImCulrhCrs at t ill cmpusWell 'tHr 

\C'rC a.ti, c ill!1Canire ilornation from trojSoils 

collahoration betw;en the social and natural sciences 
is desirable; yet working together more e ffcctively 
has proven difficult. This case study has truly been a 
.oilt cndcavor. 

Iiferalure Cited 
reports rtmin lulrh r (Llssrerndta for iiclr.iion inl Hvi. NI. R. 1986. (;irnlaradii tnilm Keadaan B3lok A 
ire e'rse. 

TrIop s-ils activitic that wvereliilhliehted ill t;e 
eal irilt:dc the inilinl iirodilied soadleo, hll collaho-
rtiVC \,, 1farmers in Sitiune CIATor k w11ith XC, tile 
aIture lld lciulc tli;ls, the nutrition/incomc stud,, 

arid the t r1c-;iiloe'llti lt . 
\o resul: of this case stud' appcar to he of use 

to hie rocl.Tlw firs1t erltllls to the elhtanlced 
,\rilil l"tvo upThits e-xpericncc for other would-

ix' trrrra_--tciIi pIactitiollers. TIese eases m to 
,epU)10hCd a1d r11n,' I'I tilel,thlrouch the Cxistilr 

ut-,\ er1s nriirtai hdtire PilIuaLtini ('ouneil ef;d 
1tc I:atrir' SNv, CIISStrpitufrI'roject. 'The throu.li1 
rh.rt :wnt 1irto %i\lthcsi/iIt e.y('rioice of'ro).1tir 
Soils/lid1tu .a ill inIrn! tCrr rcllc, llalatters 

illto a sll ease 'tud, ,-C C1',111 )ellIas helpful 
to tIrhc larl illntil eolrcIpurliinre :lt wc were 
doirr, alld in ctrlVir tire prrc.nes to others,. It 
shuld ild llce tIre fl Irojct.alen visibility of' 

Ha second important ru.ult ftas bcn the Itt-
crcased intercst aid iltvrlvelli of,it !A I capus stall 
ill Tr r,-oils. Ill V' e s.c,ltie p-ocess o wi'tiillr: tir 
rlrirrle t','tacul .. know~h.dgeal-ie",ilVbe attic qutel 


pr,ojcct,atid would tlits 
[trier flr sithamtrlo collaborite Cfee.tiveCIv with the on-

sie tatlli. klf.': both 

aborut thre llow be illa illtuch 

'lire that faculty members Ifromn 
t Ifutnil. LIrcS .XikL 1, Arit ture parIltS 01'i ,.('S riC 
the ('olfCegC 01t TI'ropical Aericlttire anid IItillian 
RcsoIIrccs \\ cc \\ orkirig togCther is aniother p1ts. 
There is ocineral r~oni:io inthe College that closer 

Sitiung I (General Picture itf the Situation in Sitiung 
I,Block A). RCsearch RCport, C(o)cative Study Iv 
TropSoils and the lDepartimrent of Sociology, Faculty 
of Arts and leiters, Padan: i\ndalas University. (8 
pp.) 

l,vi, M. R. 1980. P:allal Wallita 'Tani Dalkall Proscs 
Penoambilan KCl)tIltLsaldi I(.ingkutlnlig; Keluarga dan 
Nlsvarakat Dacrah Tra.,mirasi Sitiung I (Faml 
women's status in tire decisionmaking process illthe 
tarnmily and collll]Ulity Contexts in tire Sitilng I 
Transmigration Site). Research Report, C' )l rative 
Study by TropSoi Isand tile Department of'Sociology, 
FacuIlty of'Arts and Letters Padan: And.las Univer
sity. (68 pp.) 

Clfcr, (. J.P., R.Yost, V'.Kasnmini. and A. iKurdi
alla. 108-1. lime alloc.ttion studies: A ilethodology 
fr 1o0d IprIodLuclioll sysICs. Paper presented as 
Ke\'itite Addicss at Workshop on Food Production 
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Inte'pretingExisting Soil-Management System 

Farmer Resource Allocation
 
In Sitiung. West Sumatra 


,Step7t',ii A,, 1, 111'r.xIv bI ,iA,/, 
(',on l I'. ( ~, r, t'niv,.wtiv ofl!swuii 

1resec 
cclltral part ofi'[liefr1:111 ' .:otl letmcs lhe 
proccss ot tcctliiroe!. ecuer o n !r dhc farlnr with 
tllitdl re'oitirtues. lhc inci'l.sil o1 !l)khousehold ilvo 

l lC '(1 lh' hoIiwus'lold as :in iitcgrated and 

li kti l s,..- 'iti ddds iiil di 182i'dl io this 
Alo cloi 0! resoiurces r lv i:ii. 

Whici1 lmil oiisiholi is co,;lklr'Jc Ii; time alloca,-
Ie\ c I ro ., iL a te tilt 0]] t' i.:urics imust 
he looknl t lltrolm te p1roleciive, o1 iuirilv wcllue, 
It i. dittici o pmua oa( '( is', f01uCo111.11 c% -
sutllipltonm b hi. ,.lm l'milme a iairkct vaitle olh LIw 
these cops a0,Stlisus 11i Iii. li >lelwd is able to brii' 
those cr11). it 111c do nor__'1\ tlieCnl or SCll 
all of [mIl . thC 'ilumi of cmlstunil crop> i; d11lilt11. 
to nsfillatc,, iticuiul, ir the houschllt cani,. 
allord to li*\ llni i thi1Criakcl Siwc thc iiri is 
i,vol ', x,%srisiiiii, ilc ratherlC,thal ilrely 
Miil . it.'ii Ili' aintCr \x ith liuiited re,;tlrcCs 
\\ill be l:s xxi\liim12 to takc on risks. tIcCu.sC of 
sCMicc rC;ourc.s, t. Inanreu xkilh liriitcl rscourccs is 
Iess ablc ti aisorb lossc. aidlic cost.s of lailure arc 
vcry limbl. 

The housci,ol iiust, theC, alloctle its sar t 
r.S4oiui-ces aMtinle Coii " , corsriiptio ll ni pio-
cluctioli need: iii a wa'v to t'lisurc havin.. at least thc 
iiitlitiutili riccessitics for survi;il. Profits froiil the 

raliiln usi c's imc rlot ulcccssarilv iwili cste.l in tlhc 
[all, hut arV dircleCCd to h l ns,,irmllt 1aillocation,. 

h'lirclCric, tll accepaititl of aic\ tchinology to 
these Ilalariers with limited resources \will lepound
larel,V m ho xv well the new,,! tetiim ip.cart coiilpete 
withtiher lCCds 1iicludint. tIhe tirtitionial meilihods 
that the r;v techriolem,. is dcveloped to replace ) for 
resources aid tic anni illo'adxitioial risk that the 
new rechnolc':y is ieCrci'i','ef to ilrvilvce 

Oblectives 
The olhjcetivcs ye i-c 1) to identifty aiiloiuits aid 

son rCCS of rcs.ourccs availhable to fa ineors and app;i-
Cation of ricse., rcsotlr es to agricuiltuir;l Iroduction, 

Soil Managemntand People 

and 2) to identiFy factors iflt ncing farmners to 
accept new Icchnolog'. 

IIdesigniLg research aimed at siai! fanncrs. the 
available resources thati a fraler has inuist be taken 
into Coisideration. The aPiOulIlt of resources a fari ner 
makes available for agricultural production and the 
"icccptablilitl. of newtechioloy dlepends oil ial, 

fireint rlactors. This research is aimed at under
stailnie Soni Of these tactors. 

In ornler to i some1 undCrstanding of the 
aitnris of labor and capital Ianiers have availaile 
and the mariner in whicih they allocawe these re
soutrces am1101n, illnlll' coip)tillg 1erMS, cert-aill 
factors were considered: 1) fa.iirs' percCeived 
coimstaints no airiculrure; 2) inveniitin, savins and 
risk; 3) interaction betw:on on- arnd ofl-fkarin work; 
-1): 'ricultural productiil, aid input ise; 5) avail
i)!t -:rcdit; (' availabilitv of labor; 7) labor use, 
ere Aarid agriculturil; f e) girr g,goals; 9) sfpei 

hierar ly (what needs the ikumer considers miiost 
inipon it); and 1() major cash expendiItires. 

To t ,aill illormation oil te precming factor. 
the following sourccs were used; 1) direct observa
tion and casual iniews; 2) hinlmati froni 
scientists associated with TrolnSoils aid CSR in 
Sititing; and )) existing data collected by TropSoils 
air the CSR staff, .pcifically the Siiun \V time 
allocation sLrAvy (Coffer ct al. 1985), the nutrition 
itrcouiie Strrx' (Chal)imall 1984), tle study of tree 
crop riiariaceit in Koto Palai g (Nairii and Agus
1985), and the survey or'small iiinarit managemiient 
(conducted in Siniug by Ann Wade, reported in 
Piliinan et al. 1985). 

A review of Ithcse sonurces lc to the devetlopment 
aid iniplcirrentation of three activities to understand 
tire factors affcting allocation of fainner resources. 

I.1Eteprisc reiord-kLepin' sudy 
Daily sutirveCy I'orms were disinibited inl blUlld, 

orie-nionitl booklets, wihich were collected at the enc 
of each irointh. [or rte fir-st two months, line farilrs 
were visited several tincs cactih rioth to make sure. 
ihey undors lod how Ii; till out the form. The final 
rccord books were collected dulil ille last wCCk ili 
iNovei lcr. Tihe activitics which \ker tracked were: 
) ,:!ny acti-faii input rise, 3) farillactivities, 2t fari 

labor use, 4) alOintllS Of hil',qTSts sold aid saved, 

231
 

http:tIcCu.sC


Soil Alanagcment and People 

5) some market information, and 6) off-fa.-in work. 

2. Econoomic survey 
This su rvey was fairly lo .- ive paes----.and 


look Ironi 2( Iminutes to0 one hour to cornp1!ct, de 

pendin.. orl rThe language ability of both lrrner and 

interviewCr (the ld.,nesian national larntage was 

not ("'ten utolerstood well by all the horners in 

Sitiulrr1, V). The survey' covered: I farrenir percep-

tionls of tarM prodluction, 2) activities in the lace of 

severe conomic constraints, 3) perceptions of off- 

farm work, 4) fairncr credit availability. 5) eochral

,als. ) sptcndiol hicrarclh, 7) major cash expendi

lures. S) ihVeCstlCent IrI 9) SOle lahor u(IstioIs. 
lInput and suq,:Cstiots roill the ('Sk staff ill Sitiung 
prwVcd to bI %vCe 1CrlfILu. 

3. i'rndu , . ta,,rt~v ,urve 
QuCst oIrls pe aindinrr to ta pro dIctiNvity were 

asked in terils of yield per unit of seed ratlher than 
per hectare. Spacirg and seeds per hole were also 
asked in order to o!ct soe cstimate of yield per 
he,'-tare. 

Results and (on"clusions 
]. The omajo rity of ,rne Sr,. urveyed indicated that 

they prefcr to bc farmers, it cou(id be that tile farm 
itselif is looked on as :to invesitmet and source of' 
security, where is a steady job, even though it brings 
a steady income (which farmiing often does not), does 
rlot ofCrthe 1ameantmIt of secnrityv for the fuItre. 

2. Aninals (most notably chickens) play a very 
important role as a means of investment and as a 
hc e against bad times. The raising of chickens 
seem s to fit in very well with the farnmr's systemn, as 
chickens requi re a oiniinium amount of capital and 
labor. 

3. FaeIcrs showed a very strong interest in tree 
crops. particularly For coffee (which is fetching a 
good pr-ic currently because 'tproblerns Brazil is 
ha,,i no with its coffee production). Twenty of 29 
farmers surveyed indicated that they planned to grow 
cof)!fe in the ir secotlil up1larid field. Nine planned to 
grow onlv coffee, Iive maied to grow coffee in 
corn bi oalior wilth rice (presurn ably they will inter-
crol rice with cofflee until the trees shade out the 
rice), and six p1larmed to grow coffee in corinhiratirii 
with other crops (however, in these cases, coffee was 
mentioned as tile first crop that they wanted to grow). 

4. Most farrncr:, surrveyed acknowledged that by 
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increasing fertifizcr and pesticide use, their yields 
would increase. Ilowever, the farmers are not using 
more fertilizers and pesticides. In the hierarchy of 
spending, fertilizer ranked third and pesticide fourth, 
after food and seed. Increasing fertilizer and pesti
cide use ranked fourth in farmer goals. It seems that 
farners perceive tile benefits of higher fertilizer and 
pesticide use, but also perccive other needs and goals 
to be of inore importance. Therefore, technology that 
rccornmends increasing Jeldh by only increasing 
fertilizer use will not likel, 1_ readily adopted by the 
farrners. 

Implications 
Technologies more likely to be adopted might be 

those aimed at increasing productivity while not 
increasirtg costs significantly (such as increasing the 
efficiency of fertilizers) or technologies that, though 
increasing cost, show such substantial increases in 
benefis that farners will pull resources away from 
other activities in order to adopt the new technology 
This is riot to say that fertility experiments are 
useless. On the contrary, they are very important. 
Ilowever the adoption of technology for the armer 
with limited resources must be done with his con
straints and need:; in mind. Also, it should be noted 
that the Sitiuig transmigration area is continuously 
developing, and a sensitivity to the fanner's changing 
needs and concerns is very important. 
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Modification of Soil-Management Systems 

Effects of Different Sources 


Of Fertilizer on Soil Properties 

'alinuddinA.u, ('cetrc/0r oils Rescarch 

Carol .1. 'i'r'c C'oll'r. Lirivcrsi!fv ofllawaii 

stac,vIvt-'vl", , ' ll'ive'"sitV nI)' llaaii 

Shollch, (.'1 rt./( S'il Re.'a'ch 

Richard G. l)uat/'y', 1ni of hawaii'ncrsit, 


This CXpCninetir was ititialcd wili 13 coopcrator 

lariecrs ill vila)
siiuil: V Aur arnd inSitiung 1 

(liruko). .ichIirarer a'V"IS
coisidCrCd to be afarner
rimlimalcd rcplication. 'ich
soil inSiriing IistrCdori 

nrlill lI and n itintri
neepi'tls -ill V,Ultisol. Tihe 

Icrililty of plots withi neach 1irller's field and fron 

one aiicr to armor1her wa,,s (jilite V",ri
able, LIut the 
di ffercll meitliods oi soil 1maraglirlit and to the 
various crops that had bIei plated on ally parl:Cl'ir 
Spot. 


)bjectives 

Tis proioct Wias eXparidCd to inclIde both 

illorrlgalic and organic I 'rt
i/eis(ources anid their 
effects on boihI tile crop aind farnier. The objectives 
\e re 1)to ohserve lalnier's' r os1(Iapplicatior 
of diflcrci sotlrce:; of I'crtilizers (illor'allic aind 
organic); 2)to in[ roducc other varieties of crops for 
horn egardcns. and 3)to con crop iesponse toUpare 

ferliliv'cr source rclative to cost. 


Procedutlres 
1.E.periwte'taldesigr 

'J'rcalnlCltS tested in this study Vere: 

'i'r'atillit I Coitrol; no ten lilizer application. 

T'ratrient 2 = 10 I/ha of banyard ianure (broad-


cast) 
Treatlielt 3 = 1(ti/ha conlpost (broadcast) 
Treatirlcnt .4 (k ,/ha) 1)) iJrca, 125 TSP, 125 

KCl, and 80 kieserite (NIgSO-1), (broadcast) 
Trearnciit 5 = (fi = /ha fish-xc epl icarlions) 25 

pond sedimci ( ririg 73%; w:iter coiteri oiln 
weight basis; Ioadcast) 

These trriiincnt werc arrainged ina Randonmized 
Complete BlIock design with seven Javanese farmer-
nariaged replicaions ii Sititng I aid six inSitiung V 
(all SUlidaiese). 

Soil Managemzent -,idPeople 

Crops 

Chili (Capsicum annuum I..) SepwaIs planted in 

tember 1985, and hamrbara groundnuts (Vandzeia 

subterro:;ia were planted in March 1986. Chili 
secdlin ', am bara nut seeds and pesticide were 
distributed, in addition to inorganic flrilizers, com
post, and in Sitiung V, barnyard ianure. Any
farers' responses, complailnts anad coninieris were 
recorded, ill addition to a pre-panied set of pararne
ters. 

Results
 
I. Farncr,s' responses to the crops 

Chili
 
When the flarnicrs were asked about what kind of
 

crop they would like to growx, for the experiment,

their initial response vas almost tnaniious: "It's up 
to VOn." Since One ,', illllerour illail iIterests was 

input, we tried aalirr. We presented several crops
 
such as chili, toniato, Iaibaira ,'onuidruts spiiach
and ving heart to the farners as possibilities, arid 
aked them t( ('!,,se againi. This linre they chose 
chil.
 

Chil. is the most collol spice, or appetizer, in
 
Sitiung, and is normally eaten by the transilligrants 
wili ice and vegetables. Tlhe allount ofchili con
sunied is variable among individuals, families an1d 
ethnic groups, but from iglobal perspective is 
probably high for ailmost everyone in West Sunatra. 
Despite its ubiquity in the diet, it is not widely grown 
among transrnigrants except for a few Sundanese 
who were growing lots of it in large plots in their 
hone gardens inSitirng V in1983-84.Sonic simply 
preferred growing chili and hadn't thought of doing 
so. They were intrested in trying it, given our 
provision of supplies and guidaice.
 

From a nutritional viewpoint, chili contains 
niostly carbohydrates and vitanlins (especially 
Vitanlin A). Although its hot taste requites that itbe 
eaten infairly sin all aiionits, it niay provide Srall 
anounts of Vitarn in A (irnmportant, sinrice blindriess 
caused by Vitamin A deliciency is a widely recog
nizcd Indonesian health tproblei). Its price fluctuates 
widely. In early 1984 its price xw'as as high as Rp. 
4,000/kg. This figure can also drop as low as Rp. 
500/kg (in February 1986, US $ 1= RhP. 11 26). 
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Bambara groundmits 
The method of choosing this crop was similar to 

tie way we chwe,," chili. ily aftcr hcaring some al-
tCillhtivCs did r,1,,;s SI)Oultdlcously choose 


baMara nuts. I',',.'iiot glItile\' said they liked the 

crop, few in Sili a V f)1Hlitcd it, bec;luse tile
seeds 

were dill icult lo find 


Banlilr'al ,crouidnuts are nirial,. l!m
plitcd only in 
hollie rdc ,,b, a icw Javancsc and Sulndnllilese 

ra'i aul,. .stiallv only small alollts of land 


'aredevoed to llis crop, a1d its purposse is lionlIe con-

stiUltin. "lhe ,n;u.et for tW; cr01) is uiideveloped in 
Sititii,, sitchenotf ioflite nis coil)intinitics, 
wlicrc tieliiari,., are ccn.'cd, ale completely, 

Lil1lii1!r with it. Ihis, a I i as the difhictIly ill 
,,Sine -ceds, may be the icason that kaui'lS don't 
,Cr,,v,it iin irCe Ltuaitiiics. 

A0tltouh ile locl illalkCt froatilbara ground-
litl s i', ow, tile 11,ntiotional beiclits olfitslin ite I 
'ltivatinl lniake it .iltXCcilelt holmec gardell c[op. 
l{;ifhtl"r Cil0lit',iut , are aXrinh SOur'c otpnrotein, 

c~'rbovh'atcs and iroii, alw Can substantially n-
hitalc. tilek;nii "sdiet. They are also easy to harvest 

and 

2 /',o1sti'h) '('ibI NU),' rteSI'r1.0te 'r(',.!l y tl 
,",lostc(pr'ator fariers re'lilv rccogniied tile 

use uhlnss of iniorgnic fertilizers, compost and 
barnyard mianure. .lany of them were curious whenl 
we introdiccil the use of fislplld sedimenlt. They 
anticipated that W difftcerentwoul(d not be vycNy from 
soi, lnld v,'cOUhN reui-re a ]Oft Of wor(Ik 1")apply.
soin, and w C l1V tl ir e lottejof w or faIs hadP. 
iltlennoic, univy Ialft tanners hadof the cooperatoir 

f,h ponids oil their lic gardens. Mar,, farmelrs 

eve n Pirlred the control treatment to tile sedi niei t 
nreanelit. '[lie fanner'; practice (if ieither feeding 
their fish nor lieir pnds (see the report,trhili,'ini 
"ASurvey of Sm;ill Fish ponds inthe SitiunL. Area_") 
mtl! ihie, were usually low inlthe pond sedhimeints 

nutnierts. '[his low nutrient content ,,,as reflected in 
lIw crop yields (TaIe 1). 

At thc time :h'Ilis study, inorganic fertilizer Was 
tile
must co(I.lllllol s.,il amendment in Sitiuig VC. 
This was [pri inari ilV N',bcause t ldidile farmers not have 
eon llogin t inrrin,;ngli iyargC aniouits Ofin a 
nur.,Another important factor wa,,s that ovei n-

ment Slentiilfr i'eCOIn IellatiOuS focused al nilist 
CxclIusive i\' on inor"anic f'ertilizeis. DCspite not 
ha\'ing a 1,ood sonurce of' ll.illre, tile farmers recog
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niied its value. Manure use isvery common on Java, 

where these farmers learned to farm. 
Compost requires some work prior to application, 

and the farmers considered this treatminent to be time
consutlling. Ilowever, most of the fanners also 
believed thai tins amendlenl would be good for 
crops, illgeneral. A few farmers prepared compost in 
a garbage well. Separating plastic and other non
weatherablc materials, the fanners dum1ped garbage 
from tihe kitchen ald fronl the Ionic garden into tile 

ell 'Lorot, and used it whenever tley wanted it. It is 
inipossible to p;odluce a large amount of cornpost this 
way, So only a limited kind and number of' crops can 
benefit fron it.
 

InSiLuelg IA, manure was used almost as widely
 

Table 1. Effects of different sources of nutrients on 
chili and bambara groundnut production. 

Treatment Average yield, kg/ha* 

Chili Bambara nuts 
Control 860 b 2900 c 
Compost 1677 a 3860 b 
Manure 1883 a 3810 b 
Fertilizer 1682 a 4180 a 
Fishpond sediment Q75 b 2960 c 

*Average of thirteen replications, execept for the fishpond 
sadiment tr',atrr,ent which is average of seven treatments.Note: Any two means having a common letter are not 

significantly different at the 5% level of significance using 
DMRT. 

Table 2. Farmers' preference for different sources of 
fertilizers. 

Rank: number farmers preferring various treatments 

Treatment 1st 2nd 3rd 4th 5th 

Control 0 0 0 11 2 
Compost 2 1 9 0 0 
Manure 6 5 2 0 0 
Fertilizer 5 7 1 0 0F. Sediment 0 0 0 2 3 
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as inorganic fertilizers. Manure might even surpass 

the popularity of paurchasCd fertilizers there. .,most 
evCry family in SiII ig I had ruminant livestock. 
Manure, along with inorganic fertilizers, was often 
applied, particlarIly t1 paddy rice. 

There were more trees in Sitiurig I home gardens, 
prohably hecauise of longur residente. Selected kinds 
ol* trces in Sitiunel' I had also been fcrtilizd with 
nnanure, depIll] Ilt on its availability. IFarmers have 
less opei space an1( have devoted less attlellntr to 
anual crop) prncti n. Ties, sxch acoc nut.l[ 
clove, Jacklruit ind cofle douiirnaled thesc home 
galdells. Part (1 eh ",rnlrs garden was(ilh 

devoted to a stLIble for cattle :ald uOa" aInd, oi SOic. 

a fisIpond or two. Almost ever , fanner raised 

chickens. Sitiung I farmers showed less interesi. in 
Compost than did Sili urig V arners, saying that since 
t.cv had i art, Ure, there was no need to bother with 
making conposl 

Even if there are more fish ponds in Sitiung 1, 
farners still think applying the fishpond sediment 
would require a great d-al of work. \lthrough they
occasionally dig out the fish1 poods, the sludge is 
siimply piled along the edge oft!, poIRIS. Coconuts 
and other trees grew along the edges of many fish 
ponds. Table 2 shows the farmers' runking of tile
vrino; re'ltnierts.t 

Table 3. Summary of parlial budget calculation for chill.* 

Treatment Ay(kg/ha) GB(Rp) NB(Rp) TCV(Rp) MRR(%) 

Control 731 913,750 913,750 0
F. sediment 744 930,000 870,000 60,000 d 
Fertilizer 1,430 1,787,500 1,126,500 61,000 1,332
Manure 1,601 2,001,250 1,885,250 116,000 288 
Compost 1,425 1,781,250 1,583,250 198,000 d 

"d" in the column of MRR means dominated. A treatment is dominated when its 
TCV is higher but its NB is lower then another treatment. 
Note: US $ 1 Rp. 1,126. y = Adjusted yield; GB = Gross benefit; NB = Net 
beneit; TCV = Total cost tha, vary; MRR = Marginal rate of return. 

Table 4. Summary of partial budget calculation for bambara nuts.* 

Treatment AY(kg/ha) GB(Rp) NB(Rp) TCV(Rp) MRR(%) 

Control 
Fertilizer 
F. sediment 
Manure 

2,465 
3,553 
2,516 
3,293 

61u,250 
888,250 
629,000 
823,250 

616,250 
856,250 
569,000 
707,250 

0 
32,000 
60,000 

116,000 

/50 
d 
d 

Compost 3,281 820,,_50 622,250 198,000 d 

-d" in the column o MRR means dominated. A treatment is dominated when its
 
TCV is higher but its N3 is lower then another treatment.
 
Note: US S I Rp. 1,126. Ay = Adjusted yield; GB = Gross benefit; NB = Net
 
benefit; TCV = Total cost that vary; MRR = Margiral rate of return.
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3. r0p res7 onse to trcatments 
Statistical analysis in Table I shows that, for chili, 

man ure, inorganic Icrtilizers, and Compost gave 
.ieni licantlv higiher .ield thanl either the lishponld 
sclimc12m or tile contrel. (Note: The lislhpond sedi-
illnt ttaea tnicnt had fewer replications thaan tile 
others.) 

I-0r hanl rzirarolnridin tS, inorganic Iertilize rs 
produced tie lt hhcst vield of nuts. (omi post and 
iiiariiir we.re not si circantlv diflererit Iroul each 
ther, but the, were sienificantly v wer than inor-


ItniC either
fertili/ers, alrid sirriificantlv Iri-lrer ttlrar 
the Control or tile tish-polnd slude. 

4. /1 01011miC ICa/iti's 
SiIe there wCve sicnifiear1ilt ClCs o1 trCtllleltS 

on \ iltlcs, the diatal is more niC.alin1c1ul if' ecoionlic 

td. sis i' done ili addition to statistical analysis. 
I'atCs 3 and - Show tle surnMrv o1 prtaf bud'et 

a+nal v5is. 'Tableu 3 shows that for chili, irora lic 
tertilizer applications. at the rate applied in this 

et lilellt, cave I vCiy proirisirie NIRR 133_2; ). 
'his rrears thtM \lien we invest aill additional Rp. 
0 1,()()() to applyv tile in onaii if receivei1 , cr lizcr, we 
1332'; x Pp. 01 .P() iore in addition to the Rp. 
1I000!(!!) wC invested. Anrid if nIore monev (Rp. 55,)(1) 

is invested to chari c inorcarnic fe rtiliz r treatmcint to 

nil:ilic Iryealilei. wew,,,ill reccivc 2081 x Rp. 
55,11() Iio re in addit ion to the p. 55,00). 

I romI 'able 4, it can be seen timat inorrcanic 
Ittili/eCr application was the only economically 

vi le tcratmcnt (with MRR of 50%). Other treat-
mcnts were dominatd by this teatmernt. This means 
that additionl money invested for other Ireatneni s 

did not give an increase in let benefits. lowever, 
long-lerm effects of fertilizer use versus organic
matter use on soils has not been studied. 

Conclusions 
Chili and bam, ara ground nuts seen to be prom.

isinyg crops for cultivation on home gardens. These 
txu crops gave significant responses to barnyard 
Manure,ecorupost .1nd inorganic fertilizers at the rates 
:lppliCd in this trial. T-he application of' fishpond 
sediment (from ponds with such lw levels of 
managmcnt and at the rates of sludges applied) did 
not signfilicantly improve yields over"no soil arTIend
nient at all (,tile control treatnert). Farners also 
prc ferred the first three trcatl nents over the other 
tv.o. 

Implications 
From the view point of production only, manure, 

irorganic fCertilizers and compost produced good 
yie!ds from chili and banibara nuts. Ilowever, if cost
benefit is taken into account, we would not recoi
mend these treatments equally. For chili, manure 
application was tile most economical (assuming the 
minimium rate of retuni of 100%). Inorganic fertilizer 
application is still recomnendahble in cases of capital/
labor shoi'tag for nanure. For baibara nuts inor

ganic fertilizers application was the most econonli
cal. Statistically, manure and conpost treatments 
V"'re signific:t'fly higher than control and fishpond
sediment treatments. However, since they required 
higher input anid resulted in less net benefit than 
inorganic fertilizer application, these two treatments 
were not econonical. 
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Modification of Soil-Managrment Systems 

Farmer Practice and Production 

SI-C-"V x4'PVis el, Universityv ,fIatlnii 

('on'<,*Jl ' Co//er. i,','rjtv f/lw .ii 


Sitilre V is one of th ne,,wer settlled areas wilhin Ieh 
60,()0 ha traliSirallioil JiiA of SiliIn. \When tis 
Study btzln illApril I ),86, the villi,c of Ainr Java 
(Siliuni, V(),chosecl as silc of ll].:sItdy, wais 1thrcc-
aind-a-hatlf vcars old. :\tir .la1va is al erlr'icallv ii\cd 
villic consitinrr of 255 lotischold 1?-1 Sll-

(-4ne" o avaircsc (.1 ) ailld;, I Ftn .1;st fivc 
liniie (-nI, . 

'Ilie research condu 'lUria reportingted this 
period has hoelealtered lir.etead of three study Sites. 
rccar-ch has beln 'oi cltledill one m.or localion, 

Aur Ja i(Sitiiing V('). lThe wo-rk plan was broad-

Cened to iivesig' areill
r practices onl their uplar d 
fld](lls A !i itson hollc ardClis "Tisallhowed for i 
lorc raroagli sitid of the overall f,ariilg s.'steim. 

()h.:,fctives 

The objectiv's of this siu]\' were I ) to character-
izc specillicallv the ise and corilositiot ofcrops 
, rowri inlAur Java lnlone s!ardcis, 2)1 detotenriein 
faniners' practices regardingL use of crop residIues, 
prcparalion of Soil, use alld application of fertilizer 
on both thcir ionie g:irLC ia,iluplarid field, and 3) to 
learn farnlcrs' percplions and beliefs regajrding soil 
fenilitiy ardinl provenlcills. 

Procedulre.s 
Two aspects of this ol-goingl stLd\1 will be 

reported here: the characterization of lioni gardens, 
and soil aind crop tiariallcllmnt practices. Using a 
purpo;ive raindorM satinlplillg teliriqne, eight faliCs 
illAur Java representinillt three etlihnic groups in 
the conlinunii ty wcre clhosrir for this stdy. Direct 
observatioi rsti t.r'te irnervicws aind drop-il visits 

idditioll, ilVelltory 
pereinial arllt annuailil (food crops was compiled 1or
e:ch hromeoigad "ilald thC gardcl a eas .p c'Ificall v 
devoted to food criops wcrc rie.asur I-iell' 

were used to gather (t;lii aI Ill of 

te hR ard 

All Sititing trai i.rants received Ilim i e n',
cminent ahouse ol a1,14 hectare lot to he u ed for a 
honie ercti in addition to ione hectare tipladlfI(]ld 
parcel. The horine lardc-lns are, illmost CjSs, fairly 
flat iid, thrce-and-a-l-half ears alIcr cleariine7 whcl 
this SuIVl IhCaii, Still co soiC large slllipS alldlltai 

log". 

Previ's rcsearchers' observations indicate that, 
when tire tras;i i ran- first arrived their honie 
gardell were the first areas to he cultivated. The 
govrnnrcri provided p antin, mlatcri'al lPr ccrtain 
tree crops such as ranbualti, cocouilt, jack fl1111ard 
citrus. 'hcse, alolg with govCrirrnlrit-provideld
 
vegetables snch Zes Cggplant, Spinach ("bavi'' and
 
"kaulgkongl"), longb'analldll chili. wVtci planltCd
 
inlnrediately to slpplenlt [aililic,'tlits dlrrin the
initial settling-in period. Coffee, illkhean andlclovCs 
wcrc planted for-econorlic bncefit as soo as plalt
ing oatcrial hecalle available. The ilrst food crops to 
be planted inn il ho ne gartcn tniaize, so\-bean,were 

cassava alid pannt1i s.
 

DUnrilng thc first two yeals food crops domiinatcd 
honle-garde inainrig, and fkiiriers relic'd hcivilv on 
this produt i on for tL fami ly food (along with 
gove'mmcentl subsidiCs of rice, oil and dri ,d fish) 
(Colfer ct al. 1985). Tree crops were shil,Olllg alld 
ulproductive and famcrs needed as nut( 1i lnd as 
possible plaiteld to food crops for sale at d subsis
tence. Now, while tlie aioui of hom arden area 
stiilplantld to food crops is considerabh! (see Table
 
1), perennial tree crops are becominig nltre irnpor
tarti. Crops of ecoinlic ilporlance are tow, or soon 
will be, bearin: coffee, rarnbutan, citru! and sugar
calne. Illaddition, pineapple, papaya, balillai,guava, 
jackfruit and stalrfrlii provide a C0intiniueLIS supply' of 
food for hon1 cotiun1Slpion and tradC. 

(]cnerally, Au r Jaya home gaiderlis a-e bordered 
by'pineapple, jackfrit, silk-cotton tree, 2ocoriut aid 
barinaria. Some leguniruous Ires (callian.ira, gliricidia 
and sesbania) were obseRTed along the IKrdclers but 
were by Io ntnans predorlinarit. Atr Jawt is near a 
forest where fiCwood is plCnliful and farmiiers ihtre 
have riot vet received cattle or goats ['fo-i the govern-

Farmenrs arel quiLe awarc of tlne uselulh.ess of 
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IcL.llllc, crvip a reJn nIntill'v hut their limited search (Chalpm an 198-1). Reasons for this might be 
plallir.s hn'c not becn manaigcd to produce in the relatively short development period 1or these 
luau ll,":1lrsl1:1\c ako reportcd diflieulty in gardcns, the scarcity of' planting material for familiar 
ol~hirinllleL11I, lll-fatirmterial] a1nd are unfal'lliih with crops or crops that do especially well intile Silinng 
Sonic of tlieSpecics of feguIlic frCCS providCd to ItlCll civironillelnt, and the need toColneItrate elhfts and 

b the ow crllllll. Thcrlome, wlile observed in space ol food crops i0r1-;ale. 
no sit Itonic , Car,.itsle.tiimlOUS trS appcar to be lable 3 lists the composition of hom-tardcn 
lndcr-l ilied, C\'Clt Ior leucnalcn the. pod of which crops by the 0d grou the.y represent. looking at 

coiis nicd. o a nut ritionist's pcrsccivti it appears thatthis froill e 

'I'rditinal home mrd-n, ile ALr JIavl home11C annliav colliia [)CtwCCll ga1rden1.1s should providC 


-() C''ics of lluos.l lfruit tablc crops t of
li'c and \'cCe adettiaC L)pi, ma1,3jor nltitriCnts 1o ihe flilllv diet. 

thethe 1-;1l112[monit AI'00 ,ii-i 19 A cnsus of Aar.'ci's0t variety of pulses such IspCaut and soyball are
,,iM\C%' d falj 2;shows tat aoII of' l species l)irrtd whih cotuld SupplmIl lentfaniil, profeill, 

c;cr.rcsc'ricd . witl no onC 1t-adLiCl 'tmlinine calcitllI an1d B vitamin inlake. Vegetable crops ald 
11)i( illiim )specics. lisligtly Wha seem to bC adCquaCThis crop ,cnsus fruits arC plurtCd ill 
tirnck.iitic toil spCcisC e:cenSuLs-takers \.crc antiuts for pro\'idinig a good supply o1 Vitamin A 

iHl~ili\ licr,'k dJw'~ analII food lld pCeiririal and Vitamin (C. The presence of' root crops (cspc
lc cr Jmt fia\ c I i\ Crtohked spice nirdici- cially caksaa shoul spplv a good, regtilar source
 

i1,1 pillt, uLircfs ploiiilcill. Ilowcver, ihis lower of carbohydrat., an peopli,
illportalit ntricntl ior atil 
li,.cr-,il\plaliniii -, lci but an cspucially inportait nutrient ior these hardofI compared to traditional 

Inr,"emadenis xvs also pointed out by :l!ier re- working farmers. Ilfortunately,le. to the lack of'
 

Table 1. Home garden area planted to food crops (April 1986). 

Crop area, m2 _ 

Farmer Soy Peanut Corn Cassava Mung % Area Total 
unused* area*** 

A 2104 443 - 30 1783 
B 1488 - - 10 1339 
C 945 -- .. 260 - 20 965 
D 1800 - .. ... - 10 1620 
E 1456 -- 288 ... - 10 1570 
F 157 - 1823 - - 10 1782 
G ---- no food crops grown 
H 258 - 70 - 630 5 910 

*Estimate of the area within the measured food crop plots unplanted clue to
 
the presence of stumps or trees. 
- Estimation of the amount of home garden space planted to food crops. 
With the exception of Farmer A, wro has 3200 i:',all remaining farmers 
have a total of 2500 in.available to them on their home garden lot. Of this 
total, an estimated 400 ml is taken up by the family house, bathing area and 
entrance/children'Cs play area 
**Crop was intorcropped with soy or peanut; no individual measurements 
were taken of its area. 
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Table 2. Crop census of selected home gardens In Aur Jaya. 

Crop 
A 

Number of specific cropsitrees planted per family,
_E. Javanese____ Sundanese_ Min. 

B C D E F G H 
No. of 
plants 

Avg, 

Avocado
Basil 

Banana 
Calliandra 

Cassava 
Chayote 
Chill 
Ctrus 
Clove 
Coconut 
Coffee 

Corn 
Crotolaria 
Duku 

Durian 
Eggplant 

Enibacang 
Ginger 
Guava 
Hyacinth bean 
Jackfruit 
Katuk 
Kunyit 
Laos 
Lemnongrass 
Leucaena 

Long bean 
Mango 

Mung bean 
Papaya 

Peanut 

.. 
... 

17 

1 
-
6 
6 

11 
79 

-

-
-
-

1 
3 

-
16 
-
1 
I 
1 

-

. 

. 
16 

... 

.... 

2 

-.. 

3 
5 
9 
6 

69 

-
-

.. 

5 
-
-
2 

--
16 
--
-
-
-

1 
-
. 

.-
2 

-

10 20 
6 

..... 

3 -
5 -

10 -
8 6 

54 42 

- -

-

. . 

. . 
-
- 1 
13 -

-
25 20 

6 -
- -
- 2 
- 1 
15 21 
- -
. . 

16 7 
- -

-

.... 

5 

-

3 
3 
6 

18 

1 

-

3 
-
17 
-
-
-
-

5 
-
2 

6 
-

1 

8 
1 

-

3 
9 

12 
76 

-

.-

-

7 
-
28 
12 

-
-
1 
9 

-
3 

-
17 

-

16 
-

-

5 
11 
13 
14 

-

4 
-

-

1 
7 

-
28 
-
-
-
-
-
-
4 

-
7 

1 

15 
-

10 

3 
2 
8 

150 

3 
-

8 
4 
2 
2 

-
32 
-

1 
1 

-

-
-

6 

1 
1 

93 
7 

1 
19 
30 
60 
70 
502 

3 
5 

13 

4 
5 

37 
1 

182 
18 

1 
4 
4 

51 

9 

77 

-
-

12 
1 

-

2 
4 
8 
9 

63 

-
-
2 

-
-
5 

-
23 

2 
-
-
-

6 

1 

10 

Pigeon pea -... 

Pineapple
Rambutan 5 
Sesbania 2 
Silkcotlon iree 2 
Soursop 4 

Soybean 
Spanish plum . 
Starfru:' -
Stinkbean 8 
Sugarcane 15 

Swamp cabbage --
Sweet potato 
Tamarid 1 
Taro 3 

17 7 
-

3 2 
2 5 

. . 
- -
7 16 

- -

- • 

....... 

-

-

-

-

4 
2 

. 

-
-
4 

-

• 

14 
-

1 
-

. 

1 

3 
3 
-
-

-

5 
-

-
4 

1 
-
1 
1 
• 

-

-

..

2.3 
-

4 
-

-

4 
8 
1 
-
-

-

12 
-

-
-

-

-
20 

>100 

-

83 
2 

16 
17 

I 
5 

63 
NA 

1 
3 

10 
-

2 
2 

-

-
8 

-

-

-

Species larmer 2819 22 17 22 25 19 24 22 

An area pianted: individuat plants not counted. 
- No dnta collected. 
NA = Not applicable. 
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producti,'vn 0" sOHIe Of the fruit trees (with the 
excctiton oftnutricilt-rich pap:a, tile choice 
eg iplamt \cr,,us a green 10 vegetable), quantity (a 
lw plants vcrsus etioulih for daily col niu ption), and 
the tact th1at hoitCe-aideci produce may he sold rather 
than culolsnlled, the hoe,- garde nma v no'. be meetiiig 
tie futilIotitl neck' 01 tile Aur Java l',in iies. 

Nlo;t1o t'he fiit lao, lUed in the home g;ardeli is 
Ceacn, often h%chidrcn, or traded wrift nlihhors. 
\ lost (of the 1h()odicrops. however, are sold or savc I 
kOr secd. Vor little is consumcd ihv ihe family. "'tns; 
of scrvatiol i: contr1arv to wlat ha., becn olhcrved hv 
olh.r rc. e:Ichers an11d il; l ona invcslica-waa additl 

11oll. Il lrdcr to mlIore cv oscervelhio-Ie-',rdcll 

imcr~ ii,, a rcord-keepling Sytem ISsCgl.t. 
\CIctal'lc prOLuction in Aur Ja,\ a seCtis 'eialka-

1)l\ liatitd. As de I roni th ecver-Prvsent cass',t'a 
lcaves ait lfackiruit, otlv scttel'red small palhe:s of 
w-vitip ca-bbe., 'pla it, lo, 1, bcan and oticr 
"irit]ini mlh' ioir-tdeiic lops weie seet i The act 

i11t ittricnl colntribution trI vegeLtblcs. espcially 

i!ale v.-.cetblCs, is itifp,.atiat for faruily health, 
coupled v, litt the fact that their production .appears 
liMitcd, itldicattCs tht a mllMore intnCsive ilmvetigatio:, 
of talilv food plrOdUctiolt and conlsumptionl should 
be ptustu'd. 

Conclusions 
IIomc gardens in Aur Jaya have less diversity of 

plantings than do traditional home gardens. 1I-his may 
he undcrstandable given the short time they've had to 
develop. 'lihse gardens are still in transilion. 'ihe 
earlier horne gardens consisted primarily of Io(A 
crops and young fruit trees. Over time ruit :1nd other 
tree crops (coffee, rambUtan, jackiruit, citrus, 
papaya) have become more ;mportant ill terms of 
pro'iding food an(d cash income to the fmllll family. 
As these trees grow, space available for planting food 
crops is becoming lore limited. :\'evn so, farniers 
still depend heavily on honi, -gardcn food crops for 
cash incoilc. 'Tie "raditioial" use of homle gardens 

as chiefly for falily coil!,tlilltion llld secondarily 
it)[ saic or bale" is not born" out by observations of 
-AurJava home gardens. The opposite seems true. 
I-xcept itl the case of fruit and sonie vegetables, the 
remainder of hmmne-garden produce is so!d or saved 
for seed. EvenCre' SuCh as caaSVa root and 

jackhruit Will he sold when a markct is available 

When asked to identify tile role of each farmer's 
honle garden, tIle nMost fre(luernt respolses; were ''for 
tile future," "for my grandchildren" aind "for peren
nial tree crops," all indicating an economic benefit 

lather than a subsistence role. he natturc of home 

Table 3. Composition of home garden crops by food group or use. 

Farmer/Ethnic. 

A -E. Java 
B - E. Java 
C - E.Java 
D - E. lava 
E -Sundanese 

F -Sundanese 


3 -Sundanese 


H - Minang 

* FLielborder trees 

Number of species of each type of crop 
Tree' Condi- Coffee Oil Fruit Pulse Root 

ment** & veg crop*** 

2 6 1 1 8 6 3 
2 2 1 1 8 3 2 
3 2 1 1 7 5 2 
2 4 1 1 5 3 1 
3 2 1 1 10 4 1 
2 5 1 1 10 5 1 

1 3 1 1 10 2 1 
-- 6 1 1 10 5 1 

= cailiandra, leucaena, sesbania grandiflora, 
crotolaria. glincidia and silk-cotton tree. 
- Condiments = clove, tamarind, laos, lernongrass, basil, ginger, 

and sugarcane. 
Root crops = cassava, sweet potato, and taro. 

- No data available. 
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garders6 in Aur Jaya seems to reflect th comm ity's wise farmers are those who can maximize fc ilia
transition frotm a subsisten('ce to a cash ccomomy, honclion by eflccive timing of arplication. This i:.; 

out by the observed high frcqucncy alth., h nr
2.SoiL-m tamin',wrt prac:ic', ,x necssari y high rate) of fertilicr usc amnon i! these 

In a separate study, Soil-riaragenrent practices farimers. Fcrtiliz.er is given at le:ast olce drine: each 
were documented.The nrctIlrods of soil preparation planting cycle- - ,ither belfore hoino!g or aerfer sproul
usecd by' I'aMers in Arr Java seeml to be quite similar, ing to be incorporated into the so iu ng weeding. -

di nl,il ifreqluency and inltn.sily. Farmers and somnetimires more ofieri it', for insi nce, atIkrnir
begin their field rClMaration 1'oplaining by rCmoveirig feels Ie cop is lahcking ia a specitic nutrietit as 
existing weds and ,risses. Tlse are scraped aay suggesred by crop growth or lea color.
 
al the root level usirre a hC drid are eithler losse, l I' fertilizer is applied alter the field i:.
cleared of 
one side to rot. ,rio,! and burned or, in a few case,.:, weeds itis generally incorporated into Ihe Soil durin 
alowed iIdry of] thnt soil srI':;tcC. .heLre tire.ale tlocirlg. There are no cows (rplows in Air Java so
llieu incorpol-aied as a soil a1eridurerit. hrocing is the only method of soil cultivation used 

,A1,te'I the Soil h )as cleared farmcrseen o, weCds there. The depth of hoeing varies among farners,
 
lla\ [n oaldcasra fcrtili/cr dcleridirre o ltheir peicep.- evracing 1: cn ep,wirta ange 
or 1i0- M) Cii. ,A

tioNns A,t i soil's crIVliv and the tine o the year. few farmers said thcy hoed two tinrs, deNcrihiric a

Fanners often dccrlinc soil fertility by lookiue at This
process dhat rescmNes "double diggirg."

the color of lie soi- -"yellow' or "red, soil is 
 irrvol',s hoeing once to hoc-dcpth, pullirn back tle
ilfertile r1d may warrrant an application of' f'er'il;/cr. Soil. The alrea s then ho d a second rime, enabling
'The plrciouns vicld is also an indicato; of soil fertility. the farmer to ri'l' rIarfcilarther down and, if adding
FdlnmeIrs el.,obscrvc veCd ,1rovhItllr'UghtRlI thcir fertilizer al his tiite, to ircolporate it at i ructl
 
fIlds- sparse \\eCeWogro,\ l la ird;e ate irrinf'crtile 
 greatelr deptih. Since tis is a \'eny l;rhor-intertsive
 
patch arid ten trir,.r \,nfl gi\,'c a spt rpl
,plAicalioll 
 process, ard labor is a major .,onstraintIfr theseo1 lerilii/cr ro tlresc snil aeas. farmers, itniist be aSStllled lat falllers who
 

i:armers vicw co.sisIcnlt raiil as a key factor in practice deep digging are really quitc 
raro.
 
increasig lieavailahiil t fcrtilizer. All tllmers Crop rcsidue., andi other organic matter such as
i;llerviewcd dlirin, tieilend of the dry scasoil reported ash, compost i id leaf niatter, are also incorporated

that, althrorh tire' h:trd
;lready planrted their cro), into tile soil (uring hoeing. All farrmers use their crop
they would wailt until tile rains Carrme before addirgr re;idiues in sonic wily. Soybeant arnd peanut residur iv'
fcrtilizer. l'arricrs lee that ithe rains arc necessary to usually allowed to 1(1! cri the soil surlace aid is
 
''brire lown the eriilizer so itis availale 
to Ir incorporated into tlie soil during hoeing. Sometimes 
roots. Vithout the r.,in, fainers said tlre !rlili/Cr the soybean residio will be burned first ?nd tiheasi
 
would just he ''aporaicd'' Iron 
 the stir'ace byt01' incorporated iistead. Corn and rice residue are too
 
sun. The mot10Corrr ion \ u.sed Icrtili/ers arc I',SpI and dere to be buried easily arrd aire
gernrally buned
 
urea, usually mcd aunt appied ltoclher. lLime is first. o 
 mers biing r'esiducs home froli lirei !
 
uuall, alplied iiilacr quiintirtre cve.'y one to two Uplarnd fields art, 
 conpost this with Mdier material
 
y'ears, and is ',roadca.st sp;ringly alother tilcs. 
 such as kitchen waste. Tii usually erm'ils piling crop

Another reasorr ncrntiortel Ior addin,_ I'tilizer residue, leaf litter and kichen waste into a hle. ''hiis 
aler plirnliln rathr heole is ia,, iltgiv'r a'Ir mixture is tllowed to rot arind is irf'requeritly tumed if' 
crops ar Wll establi.,h d (atir for r to six weeks), i all. While most fir'nn2rs recognize the benefi]Is of 
their root.s will be lare cie rnoughto absorb and utiizc com post, nany view it as too labor-intensive. It isthe 
the nUll'irill : Iron Ihe :'Crrili/cr. Befr'e thail time rare fatmer who will hau! crop residue to tire hone,
rools are 1oo small to take advarliage of the fertilizcr make compost and haul it back to the family upland
application arnl lcntui li/er givcrn al that limne would be field. Ifcomnpost is made at ione it is generally used 
wased.Ihese perceptions nll inlicate that larllers in tie home garden, especially around fruit trees if 
feel fertilizers have Myi!,, a shoit-terrn lenefrt and economic vale, as a mulch inn soil arendme tit. II is
that, due to the limited accss t0 inl)US ill,ur Jayai. also incorporated into the areas in the home garden to 
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bC used Cofr1ood crops. 

Afcr tho soil has becn cletred of weeds, the 


desired soil amcn:dmcne: added and th cfith foed, 

ph,s are fmlled, 


Vost of the upland felds in Am Java alrc
sopilig, 
'o; lc tepl. i::rncr.., thrcforC. Iashion laIrgC 
tcrral. II'dts \,,ilt lrai natC canals oin thcse slop InI, 
ildh- to run-10ICeOInrltIti!C rIill aad preen 


Ceisi rir..'A areor. !11anlticilailoll of lh,
c !ovcnt-
l'ril prori, to provide. t101, \\ ih cmo s, hrc 
plarrcd lor g.assa'c aloe tIr rtrtlls of1c, lhcir 
,h1ir.,Iields. 

'i.rrrhr rarl.\i%]1art lvl 0ure crop illthcir l orheX 
rrCe c.lcrdrl anyIV I t rIeIIMrtircin_erLe'I ,teaSOri. 
qi-:0ll\ tw r i()Ips IssOVbiii, pCiLitI.I1i)L such 

a,1.Lrr aid rice (Irr tire wet Season)No, ill be 
<trite, I. fc-' aricd ill ai\,Il I,,' ehekcriboard 

K*-lii 'rr.i[htCol, ld ea,\av aI\ ias pLilld ahfor. 

c(lrivo ry r tr;ices aita spalill_,oflIbc'e 5) - I 


rrr her crr-ti plarts all 2 - 5 it etwer rows. 

'I lit.linc. oI plalltini, is een'I aIN farrllicr 

riliall alhd theire Nv r11r)li ii, itlh wht1
,ruc \%, 


tlhcir irniredi'I icicfrhorS are plailiiti-. Falrmers feeCl 
that if tlt.c% lac t o t ! hChiird tlcir iciirhbor. it 
phritil" s atllrd ric tHrv villlikely have 
pi~lrlearNwiti illcI ,aid disease. Thc plaintinie of 
i'C'rltts e,Tl'l.s ,o!Viless ti ire -dpeideirt alttongl,. ill 
or!cr to ctt.l1rC a bcttCr riralrket pi i(,e,lr-irilers trv to 
be tlrire the I IS to plrilt his cro i I'possiblc. 

Ire e'loirillOll 1t1yto c-ops use a dibbleplt isto 

stick to ni akC C':Cnlv Slid> Ad holesC 12) - 25 cm apart) 
into \vhich ccdl are philla'd. lire rate of seeds per 
role varies dcvlndieeol the crop,and the quanltityii' 
arrd Llat,, 0i sed \a'ilbllc. (Ge:erail\., to to threc 
so\ bcais perl"iio ie,one to twt0 Peailt tsc'tis. two to 
lie cil-r seeds and bet weCI fi r ild ten rice sci Is 
orilaplulicd per hole. HttIe sccd is an',llarid/or oil 

poor (ILIaIit v it, \ill IV tIsCd. SoMCiMiCsore seeds 
flairirs will ,ldd ICrtiliter LIsUalhl' TSP) to thC sccd 
coillailcr so I.at it is mixed toe!iChcr willi the seed 
adll addel du iring plailill.This hs bicn tliser'vcd 
dllril i- crice adilliilaiii. 

(Ir teeCseds e ti1laite,.d Ian rcrs will oten cover 
the. seeds with a. ofl hand o ysmall allor;ilt soil I 
"'swcCpirrg' the inewly plailcdte la with a cassava 
branch caursilri Soil Iofill inll(tile hole. The preva-
]CirCe 0f frCC-rriaillill ehikciis illthe arci, CSIpCcitllk 
arounidlthe irlili Irl n makes this praltice ic's 
sary. The .illy ilistaicc obscived wliere sec'ls wcrc 

not covered immediately b soil occurred during ice 
planting in the upland field. If the farmer thought rain 
would fal! sthortly, the holc; were left uncovered to 
be filled in later by rain. 

Approxinm Ly~kfour to six weeks aJher planting 
(or loncr depending on the availability of labor) 
these newly p1mted fields are weeded. This is done 
wiI a small hoe known as a kort'! (Javanesc terni). 
I:Crlilizcr is .)'then broadcast at this lime and is 
iltcorporalcd into the soil as the koret scrapes tile 
weCT.S froln, tihe surfiace. 

W\hell a crop is ready fImharvest, the whole 
fItiliN galthers to assist. Soybeans are cut at their 
base aid g{,attCrc'd 111tpiles to be transpoirted one to 
two kiloIe,Cters homre for processing. The leaves and 
talkKitat remain aIer the grain is removed are 

elither uscd ill tie home garccni or retumed to the 
niand lfcld to rot on the field and be incorxrated 

lae'r. P0caint t, however, are generally pulled up, the 
eants reioved ut the field a tile pealnut residue 

fet to rot on1the soil S;urf ace. The peanuts are 
transportcd home by tihe sackfus for processing, 
('or1i is sinltilarly cut down and the ripe ears removed 
ii the field. Oiily filears are brought hone for 
processing. Rice is harvested al( tihe grain removed 
illthe ficlC. The linal cleali ald drying occurs at 
honle 

Conclusions 
Tie soil-nitanagcnient practices and percept ins 

reported here apily to both the hoie garden anJ 
upland field with one exception: lFiers tend to use 
nore inputs in) the upland field than in their home 
Lnirden. The use of fertilizers and lime in the upland 
field is greater than that in the home garden whereas 
conpost is used more frequLIentlV in the home garden. 
This ge'talr use Of inputs corrcsponds to the greater 
economic benil Iarmcrs feel they tictiVe from Food 
crops in their upllaid fields. Indeed, the only crops in 
tie hiie gailrlen given ertilizer and linie seem to be 
iIC food crops that will te sold. Fruil trees and vege
tables are given firtilizer infrequently, if' at all. It is 
nt'ore likcl\V that (20111DioSI will le used o1-these crops. 

The farmiing practiccs leritionCed iere apply to 
()ioc village illSitilitg and, tiierefore, cannot at this 
time e considered representative ofl practices 
alihCri'd to throurii(1ut Sillie. Ilowever, since 
b1iers tend to consult OlIC arnther regarding best 
practices, aiid perform certainit activities similarly, 
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thee ,olm ai ct ien in..a, tpices reprsnt 

noud ;i.activitieseral pitireof it tileoJ[ tI 

I miplic iions 
B\ MdO i in.currn lUnrnir prilti,:. rcs,rc'h-

Cr>.Can heltier [ta!idl (RQ'pctilili. S,'i ilidsi, Yftt 
Ic h!:q ?., tvcJt:l )l'l 'q.
i lhl',~II'K'I:tllt 


hililic',al t i a nl t ll ,lIncn l rs. h110 t ".; t 
SI iIII [c' icl laIl ,; I'tf1 l.L' iotItla] tII,'l [t 


,et lsei ,,,_ll
,;vC ,',c't it, , lcl.e ci1tihe lituMCi 
1Ji lld lac'l~ i'llI(tt) l',lw [n cr enabl, rc-lii' ,ia \1i 
51 tille,.' wtt o ' ,p i., l ;t 'Cl lilcI the 

'lov] ,. .1I . \-[2Ii.
i.2 1 

IAU;llurtt ("id 

Il \,,irit!. I. 1' I:lh~iciu .,; ,nii ill 
 i 
e,.", vhil\\ lj 2 ]lh.rItc~ilr,'shO-w,. \\asititot 

1 cri 1,11(iiriaH 
cttp 

' 
)t'h: ' I(i I o;odtCiIt IAiIlIlaniit ittol ,lioi. 

( imlpntoll, H . 84. )cl wiltw rj]ltll'iitn sllu iI l 
,SitilIIln , \\cs( >SL:IIi 1 . i', ti2_i .Nt1 t 2 ;IiiSand . 

W\',tS Ili;atr: '1 tll]-;Ttil!, Io 

('~le ,( 'f1. . ,\\';,I\ti!i Kllrdiwli. anld 
S , J.di h1,1ttlp 111', i[. tti ",lm llitions alnd it 
plcl ices inti tiIllii_ 5,>telll- res.atet. "lropSoils
ProI Ieel-peI,\\'Si ,ntira. 

Modification ot Soil-Mnngement Systems 

A Survey of Small Fish Ponds 

!ihUd(; I)IUlcy, I 'Iiivc.it<('/ Hawaii 
1/,1 al. 

.' ,1 N oi',( ,o/ir, U/,'re /'tlwuii 
h I/n hl ('t'' WW 4'5dlxRowt'c'tli 

ersily 


i" , clv p!acticed 'tit.1Is[ih ,ultlii, popularthi rottehi
t'rcll l ltl stiisit.Ahniost .1i)0,(000 filt jaltdohllia.se
holds pn'tuce ahib tlb).(1)(lton], . lish froi
 
r,.'sllw itcr Iish ponids. 

IlnW cst S u o\'t.l1(r,(){() tonts of ih teli,altl'l " 


catue.1 t utLIt,', ol this is 110ll 'C,Iil.
b I) thco(' 1 t\v'cr, 
about ( t)os() 15 pcteo'll) ire, It1o1 irc' raj1-I, ShWll 
IacuIlture. Il th" 1nll:1ifi are'a-, such , Sitiutl,, tle iii

p llatic optalnIr'lhImcl cp or ittiellrcd Iislc:.; 
is cotuidrAlC. Al!Ilij Martie fishCs (nroStlv 
f'olii I.id )tallre nakCte net, SiWtai , 0it arc 
rlali'lv ,Xt2l.ltsiVc. 

Slt~totics lor t;ic dstrict of, i Iuttt-Siitijt;i 
lisla t(111 lishIcatch (f al)0ot500 to(nls of which only 
1(6h tons (1S,: ) are ";oni fish ponds or rice-ficM fish 
culture. The provincial fisheries scrvicc reports a
 

io>. e
C';linlatc of pcr Capita fish colistilipiol al ().6 

half ail 
perye. Indoibtedly the comnunition of fish inthe 
SitiutiaraIII it, chlowt,,0'i. A Ircent report 
(ChapinanI[98-1) indicat,d tat slighly less thaiai 5W ; 
ol' the Survey households in Sitiung had lov" Iless 

kg p' g o.WrIouil the national of 19 kt, 

than 34 grams p)Cr da,') proteiti consunl-Iipo.
 
Chaptn an sugg estcd that increased fish cosmup,tni
 
(anllion oll.r things) couli help to alleviate sonic
 
potential nutritional problems.
 

Allhounh fisih prt(ductiotn is relatively urnimlortanl
 
ill nialny small fish ponds have been built as
Oie area, 
a result of !ltadiliolis hrourlgh fronit Java (CS)CCially 
anong tie Sittnidallese) iatd gov'rmit plograill.
Most of ihese ponds arc located ntiar ihe hou e in the 
hOC gal(lrde, aid as a coisequiCeC, may becOmlle ail 

intC1zral paiil of the ardCeillgJfaiine ssCi. Otien
 
lcflover f'ood is throwitinto the poi1d, Wash Water
 
,ns i ito the pond a111d il t acll folrr watcr be It.ise 
Vatering garden crops durilt drv periods, Pond iniad 
is Iused by sontic as a oil additive as well. 

This siit;vcv was tintctakilti to discover the reia
tio. ship bCl\ell'0i current pod ninan 1agenil practices 
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and the hoeic faninguc system, and, i- particular, to 
drctcr ire ways in which ranagemcnt of tke home 
,ardcn lilrpond and sediment taken from it could be 
improved to optini>'e betd its 1o tre atrniors arid 
their falflies. Incetrreral potential :cl,'its are 

thrccold: increased N1"..of !i:hlto Ne eaten or sold, 
improved rvcyeliri, of Waste p)rodlucts 1n0n the 
,.r~l-i nd Lonschold. an"d u'eC of pond ,Ar and 
11thI (polld se'lilletlt iinlt Ichirc t2ardel'l. 

Ihjt,cli ,iThus, 

!be o11..iv A tI-; silt,!) ver 10 (4oIerli:IC 
the optimal ti t lIi ipord(dt arnd lishfpotid sedi-

niCeIts ill r(\iir! and L10rop p'OdtlCiOll inl
soil, ', 

irOlIC jaII'tL'liS, aid 2 realistic tech-10 (±'trern ille 
tii,llt's 1or eilhganrillnthe il t( I of fish raisirw 
aind oilier p)ond CtivitiW: inro the over;ill nian gllctll 

I(111c Iwillt 1aldenr. 

P'r0C dil t's 
I'nds in Siniurne V and Sititle I wcrc Yurvevycl, 

InCludCd ill tile nies;ti0rln:ire were questions about 
tIre I ps of fish ,ir 11,fish feeds used, fertilizerS1 hIO\ 

Lied, si/ of the pirihI, ace of the pold, uses of pond 
IIILIdS, aind harvet. at i s, annullrrts arid uses. In 

addilion, :tsarirple of' pond onnud was takcl frorir each 
pond. 'Iiris sample v;.s obtained by (racinc a small 

can (o'ertIr botioin nf tire lpond in two or three 

pyn fi takirii: these saipIcs we atrcnriptcd to 
sarnp!C Irhe surac' sediment laflCr OW uldcrlv-raer' trl 
inn-soil. It,wouldbe this sedineli ("'lunlirrf wlhich 
would be reniox ed tle polids periodically.:Irni 
lese crab sarfles wre placed ina bucket aril 


Sarmprl e of t 

in a labeled soil samrple ba. 'lre scnrplcs were air 

dried aznd tested for extIracta ble K, Ca, Mg, P and 

Al,,\i. 

i Xed. A\ tre resufirg, mixture was placed 

VcsMlts 

1. Risin, ti./h 

General corrsilc rat roils: 

Fish ponds can be rrraraged in a multitude of 
ways. Inrgcerrial we can calgorize pond inanage-

1nirlit by ire airounis of food and fertilizer added. 

I-xtrii vel rIairac!Cd ponds rely to a largce extent ol 
lC naiinil produclivity of the pond watti.". At th, 
otlrer extr'e'ne, ienr<,itcw iv mlrlagtld pornds mighit 
receive liiair ' k0i!n, rare s rIish food and ferliliZer. 

The complexity of pond ndanagement increases as 
food and Icrtil/,Cer inputs increase, although usually 
fish output and profit also increase. With very 
intensive managcnient, there is the potential Ior 
depletCd ox'gCn and discas,-. Increased water flow
 
can alleviate some Of the protbems by removing toxic 
substances (amnonia for example) and by bringing 
ini oxyteriael watr. i1situatiolls where many fish 
are grown logether in crowded tanks or raceways (or 
ponls) itrea.wed water flows arc usually necessary. 

vcr intensive fish culture is generally carried 
out in flowing water. 'Ihis requires substttllial 
supplies or good water. Viruallv all ionvis in tie 
Sitiurrng alCa Wouil fall into tile eXtensive C(ry, 
.ut possibilities for intensification exist. 

.lohst of tile lisheS crown inl tlrer parts of' irdorre
sia cani be 'rown in Sitiurre, assuIring fingcrlings are 
available. h'liemost comrrmorn fishes round in Sitiulng 

fish ponds are members of' tile introduced (from 
Africa) :cnus (ruo hrmn i.s(foinierly incltid.o in the 
gerus 7ThWAi. lie M ossarnlbique tilapia r.Orcochro.
mi. ,nossum 'tus), krown locally as mujar, is very 
cirormorn both illniatural waters and in ponds and it is 
likely thtieven ifritey were not stocked iin the ponds 
tley ire present, having been irntroduced wilh the 
water or with other fingerlings. NIujair are rather 
prolific nouthbreedrs (tile fernale parent carries the 

eggs in her irouth arid the young will take refuge 

there when frightened). In many ways iujair ire a 
tood pond fish. They reproduce readily, they eat 
algae of various sorts, especially planktonic and 

mud-surface diatons, but will eat artificial foods too. 
Ingenerl they do not require high-protein foods, but
 

will grow faster if'riven them. On the negative side, 
llrujair very small size and age (aswill breed at a 


little as six iioths) arid can overpopulate a pornd
 

very rapidly with s;mail fish. ]i the Sitiung area this 

may e niorc acceptable than in other places since 
small fish are eatel. 

A close relative of"mujair is the Nile tilapia 
()reoclronlis nijoticus) locally called nlia. This fish 

has bevi iriroduced by the fisheries deparinent to 
fiipro,_: tie prospects of ilapia culture. Research has 

shown that irila will grow larger before it spawns 

Coripared to riujair, aid it has ibett2r growth rate as 
well. Otherwise Ihe two I]hiss are \,cry siniilar and 
are easiiy grown under adverse circumstances. The 
two species ar- iot easy to tell apart (although the 
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farmers may believe they can) and they interbreed 
readily. Iftrue nila ai- aval'hic, thev, woulM be the 
tilapia of Choice for polld culture. t ntotiiMiate, , is 
likcly that ti nila inthis area aif not a.pure ,rlain. 

This t'edlue> die b (ei1efi;,of ril
ttsine ra1hr thei
mujair. The cIos\!cdin, (dt tIe, iwo s:pc.ics is an 
itcnl of ullcertn ill (Nil.rr-the ll +Iiplpic. ias,efl! . 
ana t,. I S 

\fthlill k\,wde ':d. the,se I\ spccie, mC llot 
partitn illan11o-1i far llhnfouoeia. I over, MVihcy, arc 

prohblv :he t +'sif.' nl;ril, eS'(..iali\ in the 

1\1)c ( mihfds olluIinlititii,,;Illd
are very popular
 
inloilIer Ilut of1
te \w ld. Inliwt the Pond 


-
iueit ('RSI' seIctCd (l'h,, t, Iis Isil,c iuC 

Speuics to %wokw\ith atal! it>lh t,- arouid the 

\k rI, 


/,t unih U \',l'O 'o''' ou"c 111n110 irl I)t 

Sceill I' eif spcies \\ lieuI Ilot
1 residellts of, 
,S-;iti e vItu) \,sld like ,.o\\ Ran Ilas is si l w 
btll tie tccl liqtw<,f-r spl-, i1C L II isluc,l ill, ti-s an 

tI nc aI+'hit um. coiullicatcd than that Io
arn!fl 

liljaidr or Ilila.."\slso pmils arc -;owlllt.w nuor
tllCe 

successflul it the.re iksotme ',\Atier l!. Ikail nias 'an 
be enllin ponds it' thc Ifr,.scd) arc availiable. 

;\t prc;cit tkan cieed irC obt.ilned Iroll a1cas 
distat Irom Sitiutne. HaIn matsi(,ts: vlrictv of 
ooiti 1111n1ailld planlt 11naei' i;a. It can beCIloCcas'0onaI 
r\, .... feed , . elf..Altllmouh ikan rasarti: 


cn be 2rown in Siunc,-, it is iot the best fish
mis 
I'rthis I)ur'Ose. 

Ikai // ( 'Iarmju lutr hus. walk in.cattish) is 
not ver cotllIlionl ill ish i)onls At present, bultSit:uil" 

lay be gro\in, il importaimcc. ll,:au fcleis bolh 

poptlar 'and suiled iotihc(oditions in Sitiune fish 
ponds. Becausc of special niodilicions (0t ihc ill 

i'cIes, ikan lcle is able to breathc alir
and isnot 


(dCeendciut on iood 's aICIL.flualitV for oxVceil. I 'Iact, 
ikan lel can live out of u1)tJ eight,aI'lot.' ioi's. 
IkLn Ile is a bit harder to hbiced in ponlds than ntu'iir 
and itila, but thc tCClui(lCs ai, Well withinl the 
abilities of m1ost Sitilil_ pond owncrs. RIeasonably 
cheaiip and simplelnunua,., desi'ribilm these nicthiols 
inIndonesian arc tvaiLaleIc (lor cxanple: Mudliman 
1)8.l). Itis likel\ that as ititi,ls-cd sto:ks ol' ikaii 
lee becole availablc in 1thCSiututarca this spCcies 
will be crow) in ilnorc londs. 

Iikc the ahove spccics. it,an ICc cain bc grown 
using, naturaflf\ ceCUrFIu'foods, hut al) i's)onds 

Soil Ma' agemn t and People 

well to "itdcd foods and f,rtilizcrs. 
Another fish which isnot present in Sitiutn, but is 

often relfercd to illpopular fish-culture articles 
alrold the world, is the grass carp (Cteoilbw.t
'+odon i'/i',). 'f'hii ish is a fast-growing hecrbivore
that reaches -() kg anl coul b g-own in areas where 
ahundatnt veletation is availablc It would not be 
recoinmendCd for Sitilf' ltids, Nt would be idealuu 
for eonolliiu, v'getiot hilocal irriction canals. 
The ma..ss carp is relatively hard to breed and would 

rCqnire a liatChery source for fingerlings (seed). 

huTne-+local situation and fish culture practices: 
Iish ponids xulliiued within thc tallusnllgration
 

areas had an :mTvcra.'c
Si1e oF about 75 sqnare meters 
.but raellCd frni 
 to 600 n' While the avera-c size 

issmall by \,cstcl stindards, ,alldby conmercial 
fish culture stads, they aiC large ellolgli to 
s l l .,,.,r v fishes, paitieulaIly tilapia (niujair 

or nila) and walkin- catfish (Ie). I lowever, the 
imoun+)1It of' fish prodncedI nlnder averC e.to good 
conditions will n1ot exceed I) 3 k.g per !11n pv year.
 

Thus a It) i x 1(1 inl pond canI o)n ly p1o(h1tcC 30 kg at 
bCsi, Or .about 6 kj_p'r capita per year (for a 'lalmily 
of' fivc). Sies ti'on such a fish harvest Could coi
ccivzably brig tile Vamily 45,)0( mipiah if' all ihe fIh 
vere sold and the ia'ke-i g piobleins were over

coin (both .nlikelv). Nevertheless, tht would be a 
substatlial alilolint of lllnCy, givell the Iollillal Costs 
of iI.ost o1 thc pond operatiolls. 

hi manylponds in Sititung limited water availabil
ity' is a '.rious barrier to ilh-pon(d construction. 
NMnty fish ponds built 'hrCI' rely on rai,i for the water 
S:.upplyI.IeCCauSC our survey was diirected;at "sece.:s
fI!" fish ponds; the dita do not reveal a number of' dry

"more or less" fish poinls inthe area. Some .runer'
 
were atlfeptilg to grow fish in ponds that had 
waer
 
f'oir only part of the year. 

Ilnvery few cases did the pond owners have an 
accurate idea of what was added to the pond or what 
allount of, fish was akm Reported harvestsl out. 

miced from .3(f to 15000 lk:g/ha/year. 'he tlppor cni 
of this e)orcd range is clearly imnpossiblc tn(er 
pond conditions inSitiun:,. Values inexcess of 300( 
kg/ha/yr (3(0 kgjI (0tl /yr) would be very ti.n.uSUtlal. 
I lowcvcr,most infomniation for Sititng ponlds falls 
within amorc realistic range (Figure I Under ideal 
conditions perhaps. 4000 klha/ycar woul be a 
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Soil AMinagcmueut cm( People 

Pond Harvest (per 100ml per yr) 
Fish Food and Pond Harvest(n=26) 

18 110 
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AMoLl 0 of Fish Produced ( g) Food (kg/1001n'iday) 

Figure 1. Pond harvest per 100 m 2 per year. Esti- Figure 2. Fish food and pond harvest. Y-axis:
 
2
mation from farmers. Number of ponds vs. kg of harvest per 100 m per year. X-axis: fish food added 

harvest. Numbers on the X axis indicate the upper 

rcalistic larot if' the pond \yere well managed. received fertilizer. Urea has been applied to five of 
Spocial techniques and better watlr supplies might Lhe ponds, and onl), two received manure ats fish food 
allow lIcAher harvtslS, bUt will not be availabl. (a lw odiers received ininitial application of 

.About two-thirc of Sitic pond owners fedi m antire whlen the pond was r ;,w). This is unusual in 
som, sort of lool to tlhcir fish. The most colllon h:l manure is readily available and is a useful 
foods were I-ie bran (dedak) aid ;t."over food1 from addtilive for tils type of pond. A partial explanation 
Ihe houss.e, R atcs of addition of food to the ponds for this is that !arors in Sitiurng V, where most of 
iai*i cX Iriii ieroisto almost. '7 kg/lda/l( )in'. Tlhe the ponds were sitrvocd, did not ;ethave cattle. 
rlvaiio) of ile fCCdinirate to rcported harvcst, for 22 I annre has. ec. lound to be extremely usefli for 

pondc~s "whetreo feedin 7 rte and harvest intorma- gro\ving tilapia, and several appropri ate ichinolooiies 
tionl were giveCn by tile farner, are shown iFi,rure 2. re availible for Using livest(0k wastes in fish pon1(ds 
TwO OnItVilig" points .vere omiited: one at a feeding (e.g. Pullin and Shehadeh 1980). These include the 

rate of -I k.,/l ()ii'/dav and anotlher at a harvest rate growing of chickens in pens over fish ponds which is 
of I4(1 k-/1 )fl 2). The rIlt.ionship fccdil already practiced in parts of West St.nra. Whilebetwee 1in 
raite iidIhia-csl is not "Stilong__ oe for scveratil Sitilng pond owniers do not have the Iinanci'al 

1ire variales 
best. Also other factors aflect the harvest, but are that the chickens he fed,) they could build the night 
only niipcrtecl llo\vil troill lhcsc ponds. For roosting pens over one side of the Fish pond. 

icasolis. ' dai a for bthii is approxilialt at resoLIr'CeS to grow chicketns in pens (which requires 

CxmiipII)le SoniC pon1ids a1re bui t on whit Wis l)revi
'
ousl\' lloodCd rice (si liil o[hers aire liilt Ol 2. P!ondSoils 

ullti)d airea';s. PrCvious aericultUril tlaltlllit my In Siting V, only five of 26 pond-owters 1-1d tot 
a'It' later poild production. Al;o :i!rictllturIal used pond soils isa soil additive onl crops (especially 
iictics (I1 sLirotiII1nu ]i lIs are likel' to alect t tes). Owners in Sitiing I scened less likely to do so 

i-sh producliton. hut the sample was small (only one of four had even 
SurpriSi gv, v rV few o1 the poiuch;,4 stirve),yed tried usinrg sedimicenl). TIhis difference, if it is real 
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Table 1. Summary of pond sediment data from 39 small 
flshponds InSitlung V and Sitiung I. Pconcentration in 

Ca Concentration in Pund Sediment 
(n=39)

12-
11

10 Sitiung 1 7Z 
9 Siliung 5 [ 

8 

S0.31 


S0.27 

//0.40 

/ 

0. 1. 2.5 3.5 4.5 >4.5 

M,Conlcetlaonrl(meq 100cc) 

Figure 3. Concentration of Ca in pond mud. Each 
bar shows the number of ponds which had mud 

may be due 1o th hilelclr availabilitv of atiinial 
manure in Sitiun, I or eotUl be due to the fIct that 
mllore Stlnda :, live, inl Silitin V andl are familiar 
With the USC (11pond tmud as a soil alditive. 

A strll arv (t the atnaly\'sis o1 sedlirais from 39 
potnds is given in Table 1. Seveal fators may be
expected to allct tihe sedimnt nlutrient levels. Some
of tlhes arc: ace o 1 lhe potld, a.iOt of Ierlilizer and 

fod alCd to the potd, growth t1tn(l sCdimntation of 
tiltrocon- hxiIi-, al"ae. In oUlr SuIV, th atl"1(.tnunof 

food ad(ed to each pond did not secl' to have aty 


OitCarin,, K or 1Pin tihetie ZiottllLt of CI'a, )onld
se(linint (Figures 3, - nd 5). Presunally at higher 
food itl)UIS over lonCr pCrioxds a positivc rClation-
ship Would be apparettt. Tlhe span of polnd ages ill our 
StRN'e s,isiltlisniciet to eXamite theCeffct of this 

variable. IhIC potiS itl Sililunl1(1 V were less than two-

Old, Siti un•ild-OlI-hil yetis I; 1i(1 m1ost irt I were
less than live vears old. 

\hile se,'vCral coiri b tiOins to tile ClCniistry (1f 
sttbitneree-,d (espcially sawalti Soils are available (De
)atta 198 1), these ire if lint i ted ttsC whllt (Iiscussing 

the Use 0of fishp-l)oid se;dirlle'lt. This is becaisEC the 
reaclion ,akiig place in the roCtleCCed envirOlnmenit Of 

ppm, others In meq/10O 

AI+H 

Sitiung V0.13 

0.18 
0.58 

0.58 
0.27 

0.18 

0.22 
0.62 
07,.067 
0.67 
0.13 
0.130.71 

0.18 
0.18 
0.18 
0.18 
0.13 
0.13 
0.13 
0.13 
0.09 
0.13 
0.13 

Sitiung I 
0.73 
0.13 
0.69 
0.52 
0.220.60 

0.65 
0.340.77 
0.65 

0.52 
1.81 

n 39 
sum 15.27 

mean 0.39
var 0.105 

Sitiung VOnlyn 27 
sum 7.64 

mean 0.28 
var 0.041 
vr 
Sitiung IOnly 
n 12 
sum 7.63 mean 0.64 
var 0.163 

Ca 

4.31 

3.14 
1.57 

2.57 

2.00 
3.00 
1.86 
3.00 
2.29
2.57 
2.14 
2.43 
1.57 
3.86 
3.291.43 

1.86 
1.43 
2.29 
4.00 
2.71 
2.29 
2.43 
1.86 
4.05 
3.71 
1.71 

0.24 
0.66 
0.29 
0.27 
0490.50 

0.33 
0.300.25 
0.39 

0.55 
0.25 

39 
73.89 

1.891.519 

27
69.37 

2.57 
0.707 

12 
4.520.38 
0.018 

cc. 

Mg 

0.94 

0.93 
0.39 
C.43 

0.41 
0.47 
0.50 
0.75 
0.67
0.68 
0.53 
0.54 
0.45 
1.03 
0.830.34 

0.45 
0.78
0.86 
0.75 
0.65 
0.49 
0.45 
0.83 
0.43 
0.74 
0.60 

0.74 
0.75 
1.01 
0.95 
0.97
0.96 
0.75 
1.060.90 
1.09 

1.18 
0.92 

39 
28.20 

0.720.052 

27
16.92 

0.63 
0.037 

12 
11.280.94 
0.018 

K P At sat 

0.65 27 0.02 
0.39 11 0.04 
0.24 7 0.21 
0.39 9 0.08 
0.30 13 0.18 
0.33 13 0.07 
0.42 10 0.09 
0.41 9 0.04 
0.33 19 0.11
0.56 9 0.05 
0.19 9 0.18 
0.22 9 0.17 
0.23 9 0.23 
0.79 25 0.02 
0.56 25 0.030.28 28 0.26 
0.33 4 0.06 
0.65 17 0.060.39 14 0.05 
0.52 34 0.03 
0.45 7 0.03 
0.62 12 0.04 
0.43 6 0.04 
0.70 12 0.04 
0.54 31 0.02 
0.56 24 0.03 
0.59 12 0.04 

0.37 5 0.35 
0.55 82 0.06 
0.62 18 0.26 
0.56 11 0.23
0.36 9 0.110.41 4 0.24 
0.24 8 0.33 
0.67 30 0.140.45 13 0.320.39 5 0.26 

0.34 14 0.20 
0.27 5 0.56 

39 39 39 
17.31 609 5.28 
0.44 16 0.140.023 181.8 0.015 

27 27 2712.08 405 2.21 

0.45 15 0.08 
0.025 68.7 0.005 

12 12 12
5.23 204 3.070.44 17 0.26 
0.017 433.5 0.016 

247
 



Soil Management and People 

K Concentration in Pond Sediment 

12- (n= 39) 

11-

10- Sitiung 1 Z 
Sltiung 5 [9

0 7 \X 

E X\ 

3- _4-.1
2 

-r T -.... - i r0 
<=0.1 0.3 0.5 0.7 >0.6 

K Concenit ratnl (meq 100cc) 

Figure 4. Concentration of K in pond mud. Each bar 
shows the number of ponds which had mud with 
the indicated concentration of K. 

the hottoll inuds are al IrevCrsible \vhen the 1ii ud(s arc 
cxpo cl Io n oJXidizii environntict. A remaining 
0ucs!iOl is il'and how nitlricnts 13iiht accunL ul atc in 
po1d(11 throuih the addition ofseclimnCtS otiler tnanl 
alloclithonlous iaterial to the ponld. 

('OncltIsitnSI nd 1111p licatiOnS 
Ifaidditional inform ation onl the origitis of nutri-

cots ilpond sc(Inits is desired, then additional 
d;nta will havc to he collected. It seems reasonable 
that pon(d scdi ments can be of some use at present. 
Zn oldWOUll usC onh,,of rvorc crops iI pond-nianage-
ni ir prctices were inteisi t ied and additional 
lorci en nialiter flood .: fertilizer) vc re added to the 
ponids. It would be uiscI to0 have iniforiMationi about 
nlinr(),il (ifit were lost thiroutih dcnitrilication for 
CX.aluipleC) and a,bout niiconiutrints that mayibe 
necdCCd on crops. It is unlikely that ponld sediments 
will rCplacC otler fertiliZTr sources, or that pond 
fishes will bcom)i01e a1imajo1ir food itnm, but their 
iliteeratioln into I, lv)IIe l"lnin., s\'strii iay 

prnvidc neeTdCd assi.tai1cC t tile sial Ipond owner. 
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P Concentration in Pond Sediment
 
14- (n=39)
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Figure 5. Concentration of P in pond mud. Each 
bar shows the number of ponds which had mud 
with the indicated concentration of P. 
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Improving and Sustaining
 
Productivity in Farmers' Fields
 

One goal of soil ScienceiS o e LInhleuSCrs of l ICSOI ces to predict soil behavior and crop per
fto'man-ce at a1v location, at :111y iYoiiCet, f6r a wide range of agr1oclimatic conditions. This
implies that soil behavior an1d, there fore, Crop pelrtmance vary from place to place and from 
moment to imollent. Soils behave in this way because the attil)Iltes that cause them to behave in 
a particular way vary si ma lt aneously over space and time. It is this elusive and ever-changing
qualitV of ieavhir-deternining land qualities that has prevented soil scientists from applying 
their knowledge to predict soil behavior and crop performance.

Prediction of crop performance cannot be made on soil information alone. Pre.diction 
requires integration of soil, microbial, plant and atmospheric processes in a coherent fashion.
This section provides examples of research on microbial (mycorrhizae) and chemical (phospho
rus) processes, and prediction of crop performance based on crop-climate interactions.

The ultimate objective of these efforts is to enable users to predict the impact of soil
manage Iflent practice on productivity and sustainability many years into the future. 
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Productivityin /arm(rr'C Fl/ds 

Matching Crop Requirements 
Of Rice, Maize, Soybean and 
Peanut to Soil Characteristics 
With Crop Simulation Models 

;iwr U i I irsiT1 iaiiiVI o1II 

li-lile Ntl, Ul rvitv o)lltiwuii 


A,; reiporitc lst yal, cil rodIsCI for ico an1d tw(o
lramil Ic'nllcs, IONIcalltCanut, will he uscd withe'll 

d'ala sets oblailicd ill o'c.l Ilavaii and Sitiung. 
Ihowevcr, due to pCi',;oni chalne oil site ill 
Siliune, data1 SCts 1 Ir rice were riot tvailable. Lxpcri-
flicnls : 'r peanit ai sobeal to collect tlic .;ti 
dard nidinit dala sets wcrc dclaiycd. )ata scts for 
rice Iroii experi merits planlcd illI awaii arC rcporiced 
herein. 

()hIcclie 

'Ilie objCctivCS o ts I ) to idcritily
thI stIlrdv welC 

the rn ililiL isoil, clop, aid weather data needed to 
predict tire p rilonilanicc of rice, nira/e, soybeanr and 
l)eanut Cullivars in thC humifd tropics; 2) to test. 
validate and modify existirig rice, riraizc, soybCan 
alrd Cairt siflil atioil models using le niirinirtii 
dLtai set; ald 3) to ISe rice, rn aize, soybeai arid 
pCalrt siriulation modelsIas screeling devices for 
\'arieral testing. 

Procedures__ 

h'lrer iifriinluli data set idonitilied inl the previous 
tnual report (Troj5, ils 7c chniralReport, /985

19M) was uscd for the expcrinients with rice. Tables 
I and 2 list the Irowth stages and corponient harvest 

codes that arC LsCd to cOrIllie the lllilinltlnl data set 
for Crop irhenolrigy. Dates of 5()w; cllerer ce, 5M, 
of mai n tillers with tirrce collared leavcs, 5(', 
anthesis, aind physiological maturity are ;corded as 
part o! tile IllillirllulI (ala set. 

Ixp,, ,rerlts wii.h live rice cuhivars grown ill 
both IowlanIJ aid upl aild coIditionis were plarnted 
over two seasosllS at t \Vailua Experimenrt Station 
oi the island o1 Kauai. 're. uplaild expeIrillerit was 
planted by direct scedimrg while tile lowlaind was 
planted with Ifrarsl)larted rice seellnos. 1he Seed
lings were planted at the samle tirie as the directseeded uphld trial. 

Results 

The iumbr of days after planting to emergence, 

panicle initiation, heading and( physiologicdl maturity 
Ior live rice varieties are shown in Table 1. It is 
evident f'rom tile data thlat soil-ianagement practices, 
such is lilroge fertilizatioll, that depend on tinling 
with phonological events for best results will be al-
Ifcted by cultivar and dldc of planltinri. Through trial 
and error, . farler will eveitually flnd tile opinir 
time to fCrtiliz.', irrigate or prepare for the lext crop.
The faier may bc relictal to g LIP a ramiliar 

cullivar for a promising ncw one because his trial
and-error krrowlclge is rot likely to applY to the lcw 
cultivir. A crop lodel dial predicis plhenological 
cvenl.s for di ffcrcrIt Culfivars, dates of planting and 
Icatlion call assist !arniers in thcir soil- and crop

nllamu.clilt practices to tile phcnlojical character
istics of a new cultivar. 

Th1e nuirrilrim soil, weather and crop datla to 
sinIulate tile rcsulIts ilrrTable I also have been 
colleeted. corn Pirisoil of the observ'ed aid simulated 
rsultls will be completed soor. 

'Ile grainr yield 'arrd straw weighit cxprossd in 

Table 1. Observed phenological events of five rice 
varieties planted in two seasons. 

Days after planting 
Panicle Physlolog. 

Variety Emergence Initiation Heading maturity 

(1985 Winter) 

Befemont 5 43 79 118 
R-36 5 52 89 129 

K-C-A 5 48 85 122 
Labelle 5 42 78 117 
Starbonnet 5 61 103 142 

Summer) 
Befemont 4 45 76 105 
IR-36 5 59 91 121 
K-C-A 5 53 85 113 
Labelle 4 43 75 104 
Starbonnet 4 61 94 123 

Planting date: 09/05/85
Planting date: 06/10/86 
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ProduchviV inl:iiriirs'li('I s 

gin/m for live rice cull ivars grown under upland and panicle initiation and physiological maturity alter 
Jowl and iood)(.le(l conditions in the wiinrcr of I()5 planiting. I c.w do so tor any location where maxi
and sumLmer of 198o are sho ij'!.]Ii'61' mumI I anid mniflirnun air teiperature and solar radia
type by cnvirolilenl interaction is even niort on data are available. '[he model issensitive to day
pronouncdC when erairi yicds tthr tli;m plhoo i- ngth, and this information can be obtained fronm
 
cal events arC usedI s an index. AllIInuI:.jr soil- latilude and (La' of tileCar.
Ill 1 ( tl ro-,, 1 I his \ Clin ,t ,.v kepl hi ,h or 

11cnt, it is clear thaitthilw llollic oplintlirn ,\oul i iiplicatiOis 
'ar with Culti\'ar, daic W, plantine lnd loctioll. hi Wst SLuilatl'l, Wiler'e iCC is grown from 

The soil, veather mnd geneL(tic inlormatioti warm lowlanids :is Siliung to high uplands as iniin 

needed to simulatche I resutC l
sI shli\\ in'[abC 2 has Sukarami, the dCvClopmntll rale of rIcc vanics Corsid-
ICe, colicCted. A COMl-,:Iisomi of bhscT, ed anid erably over shoil distances. 'Thi,,research enables 
,im.lated results \will becav ailabe son. users to predict importatt pliclological events of'rice
 

cultivals at any locatonl and (latc of planting without 
('oncliusiu : berenclit of trial-a+d-errlor field experiments, So that 

lle i el has been calibratCd and validated for rice Cultivars suited to each location C;al be identified 
,inmilatirin and prlictine, the date ofeCtllergClIce, with elaC;ltivCease.
 

Table 2. Final harvest of five rice varieties in Wailus Rice. 

Experimental field 

Grain Straw Total above Grain/straw 
yield weight biomass ratio 

Variety Year Upland Lowland Upland Lowland Upland Lowland Upland Lowland 

1985 351 3 301 3 568.8 794.4 920.1 1098.7 0.6 0.4 
Bellemont 

1986 360.0 8359 471.9 728.0 832.0 1563.9 0.8 1.2 

1985 174.2 1289 7433 9959 917.4 1124.8 0.2 0.1 
Labelle 

1986 3!5.3 1048 7 532.2 1389.2 847.5 2438.0 0.6 0.8 

1985 325.5 159.5 10738 1269.9 1399.4 1429.5 0.3 0.1 
IR-36 

1986 546.6 10063 635.2 1111,2 1181.8 2117.5 0.9 0.9 

1985 496.3 3068 904.8 892.6 1401.1 1199.4 0.6 0.3 
K-C-A 

1986 667.0 1351.9 693.4 1312.7 1360.4 2664.6 1.0 1.0 

1985 11.5 11.4 1530.9 1975.1 1542.A 1986.5 0.0 0.0 
Starbonnet 

1986 227.2 1070.4 721.5 1301.5 948.7 2371.9 0.3 0.8 

251
 

http:AllIInuI:.jr
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P)-od i itj v ill tarnlwr' lIields 

Assessing Field Inoculation 

With Introduced and Indigenous 

VA Mycorrhizal Inocula by Crop 

Growth and Yield on Soil Cleared 

Of Tropical Rain Forest 

A:ffect of VA Mycorrhizal Species 
On Tolerance to Soil Acidity 

Rue v .'. :,,. r ,, ,IIn: m 


A'Ulr! .Y' ..I iv,', lawaii 

V\ c/ l'I1.ne, / :','ritPrv, Ilii 

Vi111, .11 I m1htcrtv o/lhm-mij
lh Ian, 

;r, th-linlitine toi, illtlroical agricultural 


tit ieeassociakd With,\ ste HIM have ile "acid soil 

ilrtil it'N pl'x i cludc tioxicitics of ,l and Mnl 
nd elcicncic, (11certain essential clemcnls such is 
11.1K (':. Nuard Nl (,\dans 11).4 ). h'1ecorrectionl 

eIAlc,c 11(l ,l loxicilies Iy timiu,And the soil is not 
.c\ASlcw il;idll feasiblC illthe hrilh-leaching 

P11 C Mlntpeciesandtieic e SI vaIrities Within 

,,.cie, at,' kiln n to diletr ,kidclv intlwir tolerance 
heilk",cto, anldi.solmdSof e 'lCthscew eleces are 


.TlWeicallv c0'ntelllCd, lVIicLJle: in the 1rii cat-
Ilv 


p[:tI'LlheuItes. I)ilCIrcilial tolera.,:c 01 trl,)i.:al 

cetric toaluitti nut anlnia has bC
Illd esc 


dklel1nt 1 b' ArI\hd IQ07 ,Sl,
klt), Iv 

'lhc cents, / .lll ,huns provides a mnihcr of1 
sp cies, :ull Mtivar., re eiw- uSCd for iur proN c that 
i.!!., ,et and semiarid iropical reionspa,,iure, ilbhth 
Hurt cLal.P),-1 j. For instart:e, thcrc has bcenl recct 
tt'Vcr.>t
il 1) ,U;!t§ ',Cutlbecause of its od adapta-

t1e lli'l2itv wCathere.d acid soils of the tropics 

1ut it pclis!tni uvder cia/inc (tirol l0-2 and 

1()').1I1'icc, a \ aible ,ploaclt to the prohlen (1t 


acidl ,.oil infcrlilil\ lo.-clcct plaTs with trcalcr 
tolcrance to ;At ilillacid tropicalAc>.tn/or 
s~us, 

\ttricnt (ll clICHl'ics illinlL'rlile soils cat be 
0'Mrcon" h, USC oI ItIili/cr, or ,,\tV coIrr i/;fl 
inoculalion Itisno. \,ell Cstaltilld thal11ii11 
plalts tloin ck,ithi/Al aIs,-ciatiolis tliairll\ result ill 

increased U take (of ph,,shprus from !oils Ib, iithis 

ClIinrI, :11ad
Uplake>.of (utte- nulrhetl!s also have 
been reported t be enlhac;ed'. II Iuev miad Smith 

198)f. 1 owever, little work has been done on tile 

assessment of possih' interactions through system
atic multipIe-variable studies on a range of represen
tative comhiiatiolns of liming, l) fenlilization, soil, 
VA INycorrliZiil fLlI..
nUS and plantlype. 

(Objecl ives'. 

The oljctives were I to examine the liming, P 
fcrtilization and VA nlycorrhizac effects on growth 

responses ol'De.nodium species in a Al-toxic soil; 2) 
to evaluate the beneficial e ffects of VA myconhizae 
interactions with soil liming' on two D'smodiwtn 
species on two aci(tic soils; 3) to compare tile 
acquisition of MnI froll soil,s between two 
D'.,tnediim species.
 

Procedtires
 
'lie upland soils between the
Paaloa soils are 

Schof0ield kFtaU and Koolau Range on Oahu Island, 

Ilawajii. These soils are found at altitudes of 300 to 
52) Iland with Ilannual rainfall of 1750 to 2250 
mnl/vear. The annual rainfall is so high that N1 
apparenl\ leaches Irol topSoils becaLuse total soil 
M content oill,'(.10Q, . Because the soil pl isalso 
low (ab)out .4.2), Paaloa soils have greater A solubil
it,exlricted by 0,02 M CaCI, solution (loyt and 
\Vcbber 1974), than Wahiawa soids 'Table I).In
 

contrast, the moisture regime of the Wahiawa soils is 
characterized by alternate wet (Novenlbr to April) 
and dry (,May to October) periods. This alternation
 
facilitates renmobilization and reprecipitation of Mn. 
Mian.anilferois soil concretions have been located in 
the Wahiawa soils (Sherman et al. 1949; Glasby et al. 
197Q). amd their total Mn content is as high as 1.5%. 

Ilithe first experiment four factors (Desmodiun 
species, nycoirhizac, soil types and soil p1l) were 
compared. Seedlings of two Desmodium species 
were transplanted into plastic pots which contained 
4.7 kg of soil per potl. Samples of Paaloa (Hunioxic 

°ropohumull) and Wahiawa (Tropeptic Eutrustox) 
soils, used inlthis experiment, were collected, sieved 
and furniiated. Powdered reagent-grade CaCO. was 
addedO in increnents t0, 2, 4 and 6 neq per I() g of 
soil) so th:tt soil plIwas raised to the level suggested 
oi(r
rltuciiig soil toxicitics olAl and Mn. Soil P was 
aniendh.d with KI I1,O.,to provide 0.06 mg/L P ill 
selutioin, extracted with 0.01 M CaCl, solution. There 
were three replications of the treatments, which were 
arranged ina split-plot design.Plants were harvested 
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42 days after transplanting. Desnodiun species. l'here were Iour replicalions of 
In the scColld experilmerit I'M the treatments, whiclhor aictorsq were arranged illa randonized 

(Dcsmodiumspecies, rt\'corrh iiae soil ,
tiand soil complete block design. Plants were h:i-.vested 3)
 
P)were compared. I)esmofitn intortfu and 1). days alter transplantirwi.

OVali/olimn scCdlim-'s wilh or without ntycorrlizial Observation of the rhiizospheric pi1 changes:

treatl I cuts (inoculIated with live or killed spores of Ih'smodiwa seedIling roots were embedded into the
 
(;I(1olnus ,'i,
r't 
 nl were transplanted into plastic broinocrcsol purple pit indicator-stained (0.06%(' agar
pots which conitain)ed I.) k2 of lmnicated Paalol soil mcdlium had originally been adjusted to p11 7.2 (red 
per pot. Soil plI was adjusted with (aO ) to s)il pII color) for 15 hours. 

) of -1.2.5 and 5.42. Soil PII:1 kas amended with Plant measurements: Shoot and root (rv,,weights

KI I:'(O to Iuovide ().()0)0, (1.052 ,d ).8-l()mnll. 1)in were (lctennirnc( at Ilar'ost. Mycorrhizae intectiorn
 
solulion. e.\tractCd with 111 NI('a( 'I, solutior. was tleterriined at harvest b%the Phillips and
 
Ptassium, sulitar, rLa-rlcoi . . boron, zinc, copper Ilavian 1971 ) method. NuIrienit concentration of
 
mid nloRxdC1mfl wcrc added ill'ivolllltls conrsiderel planit shoot tissues was determined in ball-milled
 
aIdettlate ;t(-" [hC plant rCetlirll1ClltSt. Tlere w\ere 
 plant \amiples with arnX-ray (fu1ultonreter (Applied

three r1i1ic;Ctt, rtie treaitrmentts, which were Resealrch l.aboratory Model 7-000).
 
lrr~uetl inl \plit-plot WVhole plt lrcata1 Whoi. 

merHIS. wev tIlVeorhi/k in. ann11Lts olrde.r to1,.ill Resulls 
fri flli/e tT'o5,,cot;mInuiftiof. PlaJnts wcre haeVetd tlirst e.tpritmnf 
.4-12
,.la\ s ater transpLiitifri. Chemical proltles of the two soils are given il 

Il the third c \p.cr cltf. ,Codilites oI t,.o Table I. The Paaloa soil contained higher Al ard
 
c) il, ,.y.,\ o wri in plstic pois ,.hich lowker Ni
smn ,in Sci es re than the Wahiawa soil. In contrast, lhe
 

conltitlfcd (1.5 k.! 01 soil witl ci!ll coliliratioris o \Waliawa ;oil contained high levels of Mn and
 
Iaaloa arid \Vahiawa( 
 )oils.Hy nivingf thesc to soils relatively low levels of Al. As expected applicalion

with va;rious ratioS, r:,ci tt(ttal soil Vn cornicrit of lime reduced the levels oF both Al and Mn inl 
hld\11n ill(oI so[tlIll .tonCt Lutiicd. 'Thips lpp'.ll (.02 1(IaCI., solutint .
 

\'Wta; uCll 1 tC.onr 1rlu .'lt cquisilion of two PIlat growth 
was strongly influenlced by both the 

Table 1. Soil chemical properties of samples of Table 2. Shoot P concentrations of two Desmodum
Paaloa aid Wahiawa soils. species grown In potted Wahiawa and Paaloa soils. 

Soil CaCO 3 Soil pH Al In Mn In Desmcdvm Desinodium
added solution solution Intortuin ovalifolium 

Soil Soil pH Mycorrhizal Inoculationmeq,1Og of soil -mg/kg-- + + -

Wahiawa 0 5.23 0.4 55.7 Shoot P concentraticn (%)
2 5.49 0.2 20.4 Paaloa 4.27 0.14 0.06 0.11 0.04 
4 6.05 0.1 7.8 4.44 0.16 0.06 0.16 0.04
6 6.45 0.1 1.2 4.78 0.16 0.07 0.16 0.04 

5.60 0 15 008 0.14 004
Paaloa 0 4.27 5.7 1.6 

2 4.44 1.3 1.3 Shoot P concentrationt (%)
4 4.78 0.4 0.1 5.23 0.18 0.09 0.21 0.06 
6 5.50 1.1 0.4 5.49 0.21 0.13 0.23 0.06 

6.05 0.25 0.11 0.28 0.05 
6.45 0.27 0.10 0.25 0.05 
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100 

Relative 
shoot 
dryweight 

~pH 6.45 

D. intortum 
p 

MYCORRHIZAL 

D. ovalifolium D. OVOONJ17 pH 6.05 

D. htrpH 5.49 

NCNMYCOHRHIZAL 

D. ovalifojium pH 5.23 

Figure 1. Relative shoot growth response of two Desmodium species to mycorrhi
zal Inoculation and soil pH in potted Wah~awa soil, where 100% = 19.54 g. 

IX 

Relative 

shoot 
dry
Weight .
(%) " 

pH 5.60 
D. intortum 
MYCORRHIZAL
 

D. ovalifoliurn" pH 4.73 

D.mlrun.Op 44 

NONMYCORRHIZAL 

D. ovalifolium"1 pH 4.27 

Figure 2. Relative shoot growth response of two Desmodlum species to mycorrhi
zal Inoculation and soil pH in potted Paaloa soil, where 100% = 5.67 g. 
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presence of nivcorhizia arid soil acidiiy., As indi- indicative of P deficiency (Table 4). Both 1). ovalifo)
catcd in Figure. I and 2, p1)LaIs without in ycorlrizal lium and D. intortumn lkl:ts studied here were highly 
associ atioiis 2reW vCrv p )orlv. Where rvcorrhiae mn vcorrhizaIl-depe ndent. When solution P concentlra
we r'e absclit, inereasin g levels of limre did not tion was 0.008 and 0.052 P mg/l and soils were
 
incre'a e pl ant ,rtr Li. 'his scems, io be dLic to 
 liimed, seedli ngs of ). ovah/i)Mw "and1). i/rtor/ut 
extreme P stress ('lable 21. wiIthi I' orrhi,l :ss(OCitions grew larger (I-;gures 3 

\lre no 'rrhiz'ac kere prescnt, plants re
sponded 0 70) fold to app] icllion of) ime depending Table 3. Shoot Ca and Mn concentrations of two 
on both soil and pllaiit : )'ies. (0 11h' Wahiaai soil! Desmodium species grown in potted Wahiawa and 
1). it.rtu grew larger than 1). ovali/idium. As P; aloa soils. 
indicated in 'ible 3. response to lime onl he W-_
hiaw, soil is pro h:ibly due to reduced I Itoxicity.
 
IevCls ot ,\li il fklia tissue ranged Irom 500 toS 
 i Plant Species
 
,00(i n I)Soil Soil pH DI" DO
.1 ))O lilh /il il l /A : CI :ill. [riSS I ())[ 	 DI DO1'hkrllt '\,C())iS


1) oeaI[{/(,[tlanat. [Lvels of (",'ain iissu.'. wvere 
 Shoot Ca Shoot Mn 
higher in 1). val:6/ui~m tilan il I) uitort'. S 'Ip- cenc. conc.
 
tomis of %l toxicity kl %
Crilirig ald Cilorosis) -- mg/kg 
dis,'ppeareld il I) intotun at conceitraions lower Wahiawa 5.23 1.11 1.28 3149 4827
 
thai 10)0 iind at soil p]l greater thai 5.49. 5.49 1.16 1.56 1068 3413
 
l lowcvcr, NMltoxicitysYlpto n were observed at all 
 6.05 1.29 1.86 558 2441
 
S'il pi! 's (even ill pll 0.45) it /). ovidifahnm. Foliar 6.45 1.35 1.99 496 1904
 
onlcet rationr of . ii rerliai0ned high I(.19() mg/kg) It Paaloa 4 27 0.51 0.91 89 286
 
this pit1ol soil. 4.44 0.79 1.14 141
on\Vlliawa 245
 

In Ilialoa soil. bv co(nlrast, grow~th of both planlts 4.78 1 .07 1.29 142 198
 
illcrea-cd is Iinr wias applied aid inerelsCd :4oil 11 
 5.60 1.!9 1.32 122 179 
from .1.27 to 5.1(). 1). ohv dai!,liowever, gc,_
 
larger thn,1 dM 1) isa (I 2). Where soil pit
eM (Figu re 

wis lowest ()11 4.27 ard 4.44) D. intuttmin plants DO= Desmodium intortum,
 
died four wrecks after transplanting. Poor orowth ofe
 
ihs species was associated with lower shoot Ca
 
concentratiorn (Table 3) -- a coninmon symptoi of Al 
 Table 4. Shoot P concentrations of two Desmodlum 
toxicitv. species with and without mycorrhizal Inoculation 

grown In potted Paaloa soil. 
2. 	Scond I'.periment 

The two )eSmj(diuleM 5pCCiCS Iifiered Desmodlum Desmodum
 
iarkedlyv iii their growth responses to liming and P 
 Iesolum o fum 

fcrtiliz,,tion i Al-toxic Padoa soil. Uider low to 
iiCdiul]i S0i oCridi tioris, growth of hoth Soil Solution P Mycorrhlzal Inoculation 
mycorrhial )csmodium species rear ly increased as pH g/kg soil - * 
soil pli was raised Frori 4.25 to 5.42. Without lining_
 
the soil. however, the use of hcavy dressings of P Shoot P concentration (%)
 
fertilizer (up to 0.75 g K soilsIPOpartially
ok 0.008 0.14 0.06 0.11 0.10 
a'lleviated( Al toxicity inl 1). ovali/'olum (Figure 3), but 4.25 0.052 0.15 0.08 0.13 0.10'ot 	 f(,Ir non-Al toleranl I) itortwn plants (Figu rc 4). 0.840 0.28 0.17 0.23 0.14 
Ill contra.st, there ,wvere iio re.pIlniSCS to liriie ill 
ii01iiii V\'cir'rhi /al plants that crew it) soils with low t) 0.008 0.15 0.06 0.13 0.09 
Ilie(hiun P lCvCls. Shoot f) Conceltrations of nlonriv- 5.54 0.052 0.18 0.08 0.22 0.11 
corrhiZial plants were eqral or less tIlln 0. I1% ani 0.840 0.34 0.18 0.32 0.16 
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and 4) and tiid hiMlcr shoot P concentra
[iIi(il1ll(TibleI 'C( -1) thantloseI1 ofni tzaI I). Nt(klout 5CC (Il llS../ 

Thcre '. s no si,,nilcant growth dilTer-

eni~c" Itw?.,'; ; lvcorrla land lionllvollf-rhi/Al plants w,,'hen Soils were limed 
alhl solutiol P was as l:ih ;i ().8-10 P amo/ 

I. Nh sc c1 al.,(I /3)in ,rred that the 

tl sliCld CI:oinc lraion ,i'hll 1t S
Cl l 


L.a Ilek []1 ) 1) l 'y be lo'. Cred whel they 

lt. ilICCtcd WNill niveonirria '.'he fIcIld 
reIsults o ' ost alld o\I 1979) ofrsome 

'ililts \\Omtl ll o' this viewpoillt. 

]iitJ 'lit.I.! peto'h'tln 

'lotal soil Mln wai varied ilthis 
C crill ill b\' a'lvil' the ',,1inllt f1 11 

t0IltiiIl . ,oil in hC soil lli\tnirC (lable 

). tal S,)il l io !'OI tlIOlr) .( )()to 
1. ,l soil rall- 12 to'ani p11 ! (.dIroill .1. 

.l iiRci",Ultaili levo Nm in soil 
.()Ill .a with 


I(V,; l",waloa ",1ilI to s
li.!h as 3.9 mt./ 
k_ \ ilhthe nli e \Vahia a,soilifxtf 

;'Ild < il. aId ,l._ill dcrceiased
41; l'aaloa 

to i H/. ,\%.,itI(h( '; \alawa soil.
 

(;roth\%li o 1) inu 11%r0 was at a 
I 1) Hliii IV-11CICillSoil SOILti l l \--I.)l he e N 
'.i'tAh'l"111:111 30 M l nI r w h:\1l/11/kf_'.1
l-'VII 


OeC'>,rsplided to Iliar levels of M n 
I'c;ati'" tcill I )111 orl)./ne/k1u (W;rowth 

,)V/li)lium. however, did llot Iollow 
lCv'ls of Mn1 illsoil solution as Closel, 
(I'Tabie 0). katicr, Ierowili ws, r'edneCC( 
\-1 C, C SSL1 1 1 , 1 11h ; ltC iI I t i X Ill l h L a 2( ) o flli : .( t 

was \Vahiawa soil. 'his CoIrc'pe1kds to 

less tai ().(',, rowtlhtotal soil Mn. The 
of /). onivi/lo/I'iump was rC lItivcly C'lrlc
lated wilh total soil NMln (-0.X () **). Ill 
.oillras5t Shoot dry wo.i cln1 of 1). intor-111 
was ilcvaltivelv c'orl atcd with M l in s(,;o 

Sollioll 1-).,0 I hUt l()tC(e;rClatCd wilh 
(Ital Soil M n. 

Withii 15 hrs.,1) OvA1liidUM 

ly aidi licd Ihe broi 
wNh'ose color chanecd Irom red (pI1 7.2) to 
yel low 11I) . 5._ . wvhilc" 1) imntun did 

stroil circsol purple, 

l II o servat11-5.21i C1) ol did 

.ir ng,.. 
slu 


100
 

/\ / 

5/
 
Relative
 
shoot
dry 
weight 

() 

Soil pH 5.42" 0.840 
CaC2-extaclable 0.2 0.840 

Al (mg kg) 4.25
 
MYCORRHIZAL 5.1 0.052
 

5.42 Solution 
0.2 (mgkg) 

NONMYCORRHIZAL 4.25 0.008 

5.1 
Figure 3. Relative shoot growth of D. ovalifolum to mycorrhi
zal Inoculation, soil P and soil pH in potted Paaloa soil, where
 
100/ 3.34 g.
 

. 

00o'
 

' 

Relative 

shoot 
dryweight 

(%) 

Soil pH 5.42 "-

CaCI 2-extraclable 0.2 0.840Al (rg kg) 4.25MYCORRHIZAL 5.1 0.052 

5.42 Solution P 
0.2 (mg/kg) 

NONMYCORRHIZAL 5.1 

Figure 4. Relative shoot growth of D. Intortum to mycorrhizal 
inoculation, soil P and soil pH In potted Paaloa soil, where 
100% = 7.07 g. 
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Table 5. Soil pH, Mn In soil solution, total soil Mn, shoot dry weight, and shoot Mn con
centrations of two Desmodium species In mixtures of Wahiawa and Paaloa soils.
 

Soil Soil Mn In soil Total Shoot dry* Shoot Mn
combination pH solution soil Mn weight conc. 

Wahiawa Paaloa DI** DO DI DO 

-% mg/kg % g - mg/L 

100 0 5.00 6.8 1.50 2.04 3850.37 1040
 
80 20 4.80 11.0 1.22 1.74 
 0.40 520 1088 
60 40 4.70 34.9 0.94 0.62 0.38 1253 1403
 
40 60 4.78 33.2 0.67 0.64
0.78 1413 1439
 
20 80 4.50 32.7 0.:,.) 1.00 1.15 17Y 1800
 
10 90 4.28 22.3 0.25 1.73 1.27 
 !07' 1042 

5 95 4.17 21.6 0.18 1.69 1.05 ....
 
0 100 4.12 0.3 0.10 1.75 1.38 ....
 

*Average of .1rpolicates (10 seedlings per replicate). 
**Dl=Desmodiummntortum, DO=Desrmodium ova/ifourm. 
-- Data not determined. 

th'a the 1). ovd/olium plant roots produced chemi-
cals which co,!,l lower rhizospheric pll and thus 
incrCase Mn solhilizing capability. This might 
explicate previous experiments iii which 1). ovalifo-
Hum and 1) iniortum were shiwn to respond differ-
c110%y III I IM111 iftc rous soil: the former Al-tolerant 
species was miiore susceptible to Mn toxicity even at 

)[l 7.0. 

Conclusions 

In sunmmary, there are two main reasons For poor 

plant growth in acid soils: 1) the presence of' tox;c 
elements and 2) deficiencies of plant essential nutri-
ents. In these experiments we altelpted to coimpie 

the pIhysiological responses on acid soils in two 
Desmodium species ald assess the possible a(daptive 
nmechanisms in the plants. 

The improved growth responscs of both D. ova/i
flium and 1). intortum plants associated with VA 
mycorrhizal inocl:tion clcarly demonstratcd that 
they are highly mvcorrhizal dependent. bene i-
cial influences of iii vcorrhizal associatiols arc 
particularly i'" portan , for these I)csMOdiuM species 
arc grown on tropical F-ltixiin soils. As indicated in 
thesc '-xpcrim ells, however. phint tolcrance to toxic 

Table 6. Linear correlation coefficients between
shoot dry weight of Desmodlum species and soil 
Mn. 

solution Mn 

mg/kg 
mg/kg % 

Desmodium -0.86 0.07 NS 
Shoot intortum 
dry 

weight Desmodium -0.12 NS -0.89 
(g) ova/ifolium 

1% level or significance, 
NS not significant. 

elements in acidic soilh imay not be improved by
colonization with mycorrhizae. 'l'hus mycorrhizac 
appear to aid in alleviating nutrient deficiencies but 
not in climilinaing elemenll toxicitics. Inherent 
tolerance to Al and M1Ioxicitics is ju sl as important 
as ensuring the plants have avigorous inycorrhizae 
association. 
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The tCaLurC distinguish i;.ig 1). 0a1ablilium from 1). 
ilto-tum is that in a variety of situations D. 
,VOlfIOlitn accumulates1Mlore Nin in pItin OiSL1cS 
and is l~~ir tolcralnl to AI toxicity. A possible 
Cxplanat ion Ifr .hsc;, dii ler.'IcC isth'i the roots of I). 
M)Vlif/} li/,jl pi 0(l1CC OlIlnic CXIltelCS aid lowe\'r 11C 
rhi/o p hcrc pl1. ( )lallic acids (c.g., oxalic, tril'tric, 
ali,\i(et\,C a eK-en 'Il0tos,ratCd to be c'c il 

dtli I\ilqt AI lic ct al., 19 85 ).'11c -. ,. 'pr1-
eIcs of cotl)plexationi with oreaniu acids (froln root 
c\udatcs) Iapparcllly lead; to al oppw,o consC
qutCeC by increas.,ito: the sollnbility of Mn illIanan-
ilCrow: ", il, evel il ll'lld soil. This al-rc, tly 
a'tLISCs Nball !(',icit\ iIl ). > i evalix 'nmO\'l ill tile 

:itltiainins~ti \\'aiiaeat s,il of Ilaw.lii. Thi: 
ll\ tfllci\, howe\'er, reqlivC1 Iitlhcr c'e\'.lt;i!otlo. 

'lhe dlillc rciial aiilit \ ol l)c.Aldium lpecies Ioi 
,ur\'i\ Soils ,ilti ill Alh ll cIts III:,(lislit-
1ii o1 its speciCs. )n the hasiS fIlthse eCt)ilnnCis 
it is slesi.edM til these l)r,V1?diU1?m Species have 
e'vlvd lad )(1e idaptcd to SpCcilh: .s il chcinit1Cn 
cal niclcs. 

iIllplical ions 

Th Csialishilient ofl planls in acid Soils is 
difI cull IlilcS tile aSsocialiol s of mvcorlIizal 

plaits, It'eilii:ttioii aiud lining arc criti :illy matched 
to the spcci:ic aicid soil inltcrtiliy" coUplex. 

Ni1c'1,lin1isMS rCSpii blC lot' ihe successfil 

oIce'rllin plant spCcies iI 
cl\'irilnlticsi, 	 for example, AI- oc N-Ii-loxic Soils, are 

ilitclcst t, bofh ccolog!ists and pi\ si(logists. Better 

N 'wih 	 Uiinl nulritionilLl 

UridClrStaldiIlti of orealtic collilC'xatior rcactiols in 
Soils isexpected to yield nccd..d ill.si lis into the 
bioclienti.ltr\ o' thc rhii/ospliere. 'lie role of o.aii ic 
acid conlllexitlnli ii) thC rIlli/ospllcrc ini pkln toler-
alicc to ,.\1 ani NIl has potciltial to i rove acid-soil 

nitariiieitn. Such kno\lCdC, sCems u.Sefuill ill idCIfi-
tvine_, adaltcd l cic. and possibly in tile develop-
Mcli oi L'ot'litic Pro 'antl Ihfte selection of 
sUl)Crior plnlt Species or varictics thai will tlhrivC 
uiiCer aidversC coiiditior s. 
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Modeling Phosphorus-Lime 11"(IClS ' 
Interactions validat the phosplonr2)[10 test 1iltl -linllc mol in 

the field usitlil oh crvc d ard siilitet-lp11, soil P, 
(A' m i'('ii i1' .II, v /i! '0ivv.,.,!,,!' V ,ij plaint tljI~a,.. ciI'p pertoimli c .asindices f(or

h ',,t,<.ti,!,;l< ilc 1 I;7p~hoslph(ol])(,L.,/,h ;,,l l c:1),,n-ifVlp {,ew cotl llali 1 [) t andoi 
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ProductivitY in Fart.ers'Fields 
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Figure 1. The effect of applied N and P on maize grain yield. (R2 = 0.96) 

the results. While there was no statistically signifi-
cant response 1o P, the effect of P rates on crop 
development was significant, as shown in Figures 2 
and 3 which show the effects of P and N rat2s on 
days from plant; ig to tasselling and silking, 
respectively. "Phusc results provide strong indications 
that even niId P dfelice,cics will have imnarked 
elcots 0:1 tIle JCveCopment and rate of nlaltl;IN ')f 
Inai ze. Similar CXl e ri mCnls Irave been conducted ill 
Sitiung where soil 1Plevels are low. These data are 
currently hei rg celleetcd. 

Conclusions 
Tie results reported above provide strong indica

ioris that even mild1P delicieicies will have marked 
effects on the development and rate of i aturity of 
rnaize, Tile P component of the phosrorous-linm 
model must be able to predict these effects Io any 
sitc and soil. 

Similar types of experiments have bc,'n cnn
dueled in Sitiulg :,nd results from them willi,', to 
be evaluated to furthi: develop and test the phospho
rous-l imC niodel. 

Implications 
With adequate site and clim ate data sets, crop 

models for maize and soybean can eventually be 
used to approxim ate potential production in areas 
where the cr,-,ps have not been grown before. When 
the phosphorus-lini model ,soperational, it should 
become par of these crop models to more adequately 
describe soil and site constraints to crop production. 

Literature Cited 
Ayers, A. S. and 1-1.1. I lag ihara. 1952. Available 
phosphorus in Ilawaiian soil profiles. The Hawaiian 
Planter'sRecord, Second Issue 54:81-99. 
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PmductivitY in Farmers'Fields 
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Figure 2.The effect of applied Nand P on the number of days to 50% 
tasselling of maize. (R2 = 0.87) 
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Figure 3. The effect of applied Nand P on the number of days to 50% 
silking of maize. (R2 = 0.95) 
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Land Reclamation: Soil Physics
 
And Soil Conservation
 

Increases in crop yields from fertilizer application have not been as h 1l1 as anticipated. Soil 
physical problems appear to be limiting further increases in crop yields, The farmers' inability to 
obtain profitable yields from fertilizer application leads to rejection of inputs and acquiescence 
to extremely low yields. Low yields in turn lead to neglect and soil loss through erosion. 

The purpose of the research described in this section is to enable crops to respond fully to 
fertilizer inputs by eliminating microbial and soil physical constraints and soil loss. 
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Land Reclamation 

Role of Soil Physical Properties 
On Land Quality for Sustained 
Agricultural Production in Land 

Cleared by Heavy Equipment 

(C.ro Lhar,, Cniv r.Nit' of/tlawaii 
Lo/it Arna, Llniveri:v' oilhawaii 
Kith (assel, N;rth Caro!inaState Universit' 
(;radiiate,'ntvwa, And la." University 

"T]ic soi I scientist hired to take responsibility for this 
project arrived on site late in the reporting year. Prior 
to his arrival, the project ascertained that his talents 
WMI ld be bttcr served by rcdirecting the project 
,)'jectiv'Cs inltoi tie ar-ca of soil and water conserva-
tion. These objectives are stated in the work plan for 

New Project Update 
Thi.s pro'/ct hasl ot l)t'll u'der way long 'noutgh to 
vitl a sbstantivt report, but should be inentioned 
l)e(tuS' o/its imtportanc' to the pro, ratn. 

Ilext 'ear. 
In readiness for this new thrust, eqluiplent is 

beine purchased to measure in site soil water. Power 
supply for the laboratory has been upgraded and 
ilstruments for soil and plant analysis for this work 
have been re fi rhi shed. 

Two faculty members from Andalas University 
have joined the project to assist the project scientist, 

Thcsc facul:y will use data collected by them to 
fulfill requirements for advanced degrees in soil 

objectives
The objectives ofl this study are l) to identify ie 

soil physical parameters that are advers- ,I modiified 
by mechanized land-clearing; 2) to be able to 
recommend safe, inexpensive and acceptable post
land-clearing soil-nianagenent practices to reclaim 
soils damaled by mechanized land-clearing; and 3) 
to develop an economic model to identify the best 
combination of land-clearing and post level clearing 
method. 

Procedures 
Soil physical properties associated with water 

infiltration and retention characterization will be 
determined by standard mechaniLal analysis for soil 
texture. Several sites were sampled by the Soil Con
servation Service and data sets are available for 
several experimental sites in Sitiung. 

In situ water content determinations with depth 
and time will be nade with a neutron probe. Calibra
tion of thec probe will require gravimctric determina
tion of soil samples in the field laboratory. The range 
of moisture content will be narrow unless the calibra
lion can be made in the dry season or under a field 
shelter. 

Several of these determinations will be made to 
complement on-going experiments such as those on 
phosphorus and lime. Solute movement and distribu
tion in the profile and root distribution studies also 
will be considered to better understand field observa
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Land Reclamation 

Pasture Grass and Legumes 
For the Humid Tropics 26, 1984, except treatnmnt 23, which was planted on 

March 15, 1985 to replace a dead accession: 
("'111 ,l~vns'cn, Uilvcr'itV f fhwaii
 
Russell }os. Unni'cr.sitv o/ltacwaii 
 Trt. Species Ahbrevialior CIAT 
YOxVhilori kain 'hire , 1:i ?ri~v off'cI'aiisi No.
 

cald (;utvto , I ,'ri', itV a/' italvaii 1) Aesc vnnomn hrinrl AItIS 
 9690 
2) Cenroseina arcnariuvn CARIEN 5236 

The imporlace of, livestock and the difficulties ill 3) C. bra.vilianum CBRAI 5234 
lindin- adcituatc eed iln the Sititng area have sug- 4) C. brasilianuin CBRA2 5712 
ocstcd the need to assc,,s more proluctivc lbraoe 5) C. na'rocarpun CMAC1 5062systeis, lo~rac species are aiso usf ciis reen 6) C. macrocarpum CMAC2 5065 
iliallllrcs lilc w'er crops adl in plantines for soil ad 7) C. puht'sc('n CPU B1 438 
v:itcr Collsr'variol. lhie CXpCrinicrts arid tire (lenroni- 81) 7Ube'sCltS CPUB2 5189 

s!ration reported irer' are cdesig-ned to eelect prom is- ) s.vp. CSPI 5112ic1 10) C. sp. CS 112 5568iri,_ Ira,,e :ind 'cover-cropI it species arnd to deternince 
lier crr 11) Dexmlodiuln ovalifolium DOVA1 350m 12) D. valifbiliun DOVA2 3784 

13) Phiratia Plha.;oloides PPIIAS 9900Objectives 14) Stylosawht,, capitata SCAPI 2252
11ti'' CS I15) S. capihtcz SCAP2 10280 

Tlihe objetixes of tinfs stndv were 1) to evaluate 6) S. gruianctis SGUI1 136 
Zer7n piashi of psture leennies and grasses, ral 17) S. ,uiancixso SGU12 184 
with low fertilizer inpnls under Sitiing Cdiiphaic aid 18) Zornia lati'lia ZLAT 728 
cli inatic coniditions: 2) to deternMinC the most prodnC- 19) /. sp. ZSP 7847 
tivc foragCs arid to consider applications Is green 20) Ar(h'opogon gayanus AGUY 621 
inlariCs and cover Cnps Oi sn11ll faitris; 3) to 21) Brachiariadecumbens BDEC 606 
Ljtarltlify tire yield response 0f 10.r tropical loragc 22) B. dicionira BDICT 6133legumes to di Icrcin rates of linie, niolyb(cnurIn and 23) Setariaaic'pts SANC
 
Calciurn su laiic 
 and 4) to assess Al and Mn tox. ;itics 24) Calopogoniun coerulewn CCOER 
oi this soil using forage species with well character- 25) C. nuc'onoides CMUC
 
ized tolerances. This p,ject has been expanil",d 
 to 26) Macroptilium atropurpureunMATRO
 
includeIas additional objectives: 5) to quantify ithe
 
yield response of four tropical forage legumes to 
 The first 22 accessions were sent from CIAT,
di ffecrent rates of liire, ncolvdlienum , and calcitunl while the last ['our were added Iccally. Lilie was 
sulliate, and 6) to assess Al aid IMn toxicitics oil broadcast over all plots at a rate of' 375 kg/ha to give
Sitiig soils using forage species with well charac- about 0.5 creol Ca/kg soil to a 15cm depth. TSP was 
terized tolerances. These objectives 15 and 6) have banded at 40 kg P/ha and the seed were planted in 
been accomplished in air experiment (Calcium and rows 50cm apart. Plot dimenisions were 2ni x 5m. 
Mcii ldeiIMl Response of Forage Legumes) which harvests were iMade during rcnininl and maxilum 
was supported by a USDA/IIniveisity of Ilawaii rain"all periods, at which time I in' subplots were cut 
collaborative agreeiencl ('TI.406). at three-, six-, nine- and I2-week intervals. Aside 

froi these intensive halvesting periods, Cuttiigs
Procediires were nade aboul every three months on ,4 112 harvest 
1. CIA/' iocaI Trial 1 areas. No additional fcililizcr was applied until April

This experimcrit is plarted oi a Typic Ilaplorthox 11, !986, whcn, in response to reduced plant vigor,
in Sitiung 1aid is arranged in a RC3 design with 25 kg N/ia was applied only on the grasses, arid on 
four replications. The treatnments consist cf the all plots, 25 kg K./ha and 20 kg P/ha .were applied. N 
fblllx,,,ing fora,,e accessions, planted on December and K were again applied at these rates on June 6, 
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Land Rec/amation 

1986 anuI therafter approximately every three 

months. 


2. a'nid I'.PIoS /ah'am/molnhlnnu"d I 
l-,'imnes 

This experilnent is planted oii a field adiolning the 
CIAT 'rial and is laid 'lUt ill :1randomized complete 
block design v ilh a comlpletc facterial arrangelcnl 
Of' the following' IOraeC species \ Icrtilitv factors. 

Species: 
I) Pexm,nl/in itmrtaln (AI scnsitive, Mln tolcr-

ant) 
2) 1), o eali/b/ium (Al tolerant, Nl sensitive) 
3 ('entrOseN0' ]u/W)'enS (standard species) 
-1) C. Mi¢ 'T(punn (promising on acid soils) 

Fertilit v levels: 
S('heck - no addcd ('a or Mo 

2) Calcium ,,ellate - n(IOk,/ha (to provide 2(1(1 kg 
Ca/Iha) 

3) Lime - 3.0 T/lia (to 25 , AIl I saturaion) 
44 M - I kg N o/ha + 50) ko limc/lia (2001 kK 'a/ 

ha) 
5) Mo - 2 kg M/ha -1500 k1g lime/ha (2(( kK (a/ 

ha) 
6) Mo - 4 k Nh/ha + 500 k lime/ha (200 kg Ca/' 

ha) 
7) Lime - 10 TI/ha (to 0 5;. AI+ I satturation and 

p11 > ) 

This report covers the ,4tablishnlicnt period of the 
trial (five and one half months) and tile subsequent 
tjve forage harvests. The following blanket feitilizer 
a-)plIications were linade to all plots at planting: P 

l'SP) al 100 kg P/ha; K (KCI) at 33.3 kg K/ha (1/3 
of the annual alpplication); and Mg (KieseriIc) at 6.9 
k Nig/ha. The lime and calcium sul f:tie treatments 
were broadc:st and the NM (supplied as Aminoniim 
heptamlolvbydate tet rallydralc) was dissolved in water 
and applied with a watering can. All fertilizer, and 
inlelldlelllS were incoroorate.l to a dptlh of 15 cm1l 
with hoes. 

Seed of D. ovalif(liu,;iT No. 350) was(I',' 
Obtained from C'IAl', while scd of D. intortuntand 
C. pitbesce'w.. otaio lcd Iroin the University of 
I lawaii. (entrosema un(TroCar(u CIAT No. 5062) 
was planted by cuttings obtained from a CIAT trial in 
Sitiung 11. Seed was coated and the cuttings were 

drenched alter planting wwi Jhizobial inoculurn 
obtained from NiIFTAI, in Ilawaii. All seed and 
cuttings were planted on April 16, 1985. The species 
were planted ioi four rows, 5 in long and 50 cm apart. 
The total plot size was 12.5 in2 (5 in x 2.5 i). 

Istablishment of the trial was quite slow due to 
prolh;nged dry periods. Some irrigation with watering 
cans was necessary for the survival of the cuttings. 
ReplMting of all the species wvrc done as needed in 
ilid-InC 1985. 

The (entros',na 'iuhcsiccis established very 
quickly and required almost no replanting. The two 
l)esmodim species established very s!owl y, particu
arlv 1). intortum, which began to show chlorosis and 

mortality on the check aInd calcium sulfate treatments 
within tile first oltlll fioil phrnting. The month of 
June was extrncicly dry (51 mim (if rainfall), so 
growth then was minimal. Ilowevr, in July and 
AugUst, well distributed rainfall caused a strong flush 
of growth and tile plots began to, fill ill well. 

The first harvest was made on October 3, 1985, 
and subsequent harvests on Dlecember 21, 1985, 

IMarch IX, 1986, June 19, 1986, and September 25, 
1980. For all harvests, the harvested area was the 
central 4 n12 of the plots. Potassium v'Was reapplied at 
the rate of 33.3 kg K/ha on October 10, 1985 and on 
April 5, 1986. Before the third harvest March 18, 
1986, nodulation of the Iceulnes was assessed by 
subjectiv'ely rating sinlllIsamples of suirface soil (0-5 
ciidepth). Al! plots contained nodulated roots except 
some of the 0 lime and CaSO, treatments. No other 
fertilizer treatment or species differences in nodula

tion were noticed. 

3. Foraged(monstrati,.i 
The forage demonstration is located in a home 

garden borro'.ved from transmigration authorities in 
the center of the transmigrant village Sitiung Vc. The 
demonstration plots consist of four grass species 
(Setariaancepts, Brachiariadictyoneura,Andropo
gon ga'vanus,and a Pennisetun sp.), two legumes 
(Centrosenla;aacrocarpu aund D,tfodiuln ovalfo
ium), and two .r:ss-legumeni mixtures (IBrachiaria + 

Desmodiumn and Setaria + Albizia.fiicaaria).All 
these species have proven to be productive and well 
adapted to Siiung conditions in previous TropSoils 
experiments. Low levels of lime (375 kg/ha) and 
phosphorous fertilizer (200 kg TSP/ha) had been 
applied at planting of the demonstration on April 24, 
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LandReclamation 

1Q96. The first cutting took place at a field day on Results
 
September i8, 1986. 
 1. C/AT Reg'ional TrialB
 

The intent of the forae denro sttr:u ion is to intro-
 '[his report covers initensive (every three weeks)
duct some p'roductiC r'(Cl"Sp)cciCe Into thle area foragC harvests during the wet season (heinning

;1nd1 gair1 IarmerIs' pcep~tior ISab 1rthi r VaIlue, in December 28, 1985) and duriing the dry season
 
local tatiin sstenis. 'This is al ;,.pccially O Igi
hclvunirg Jtuic 26, 19S6) aid regular harvests on
dciionstratiorl since Iari'rs in Si'irie VC 'irc l)ecernber 7, 1985 and June 5, 1980. hlie fOrages

expecting goverl ent-supfhied cattle in the near 
 grew well during tie first few harvests but ICgan to
future. Silc Sitiurre Vc is i) tire riddl, of rcccntlv display chliorotic leaves and decline in vigor in early
Clear'eI d 111',( v,iih rio near 1y gr'asslr,1 s, I'ar eILrs \will 1986. 
hae to produl'C1their o.n foras. One v iliage Since rio additional fertilizer had been applied
olliciali .,Ud th;,n die Lick of lorags hlas dclaycd the since, planting arid all clippings were removed from 
arr, (t % t1ic.of tire the plots, Ihrese were uridol btCdlv nut rient-delficiencv 

sviptois. It was usciul to determine how long tile 

Table 1. Forage yields (oven dry weight basis) at 3-, Table 2. Forage Yields (oven dry weight basis) at 3-,6-, 9-, and 12-week harvest intervals during the wet 6-, 9-, and 12-week harvest intervals during the dryseason 1985/86 from the CIAT Regional Trial B. season 1985/86 from the CIAT Regional Trial B. 

Harvest Date Harvest DateSpecies' 28Dec85 18Jan86 8Feb86 1Mar86 Species' 26Jun86 17Jul86 7Aug86 28Aug86 

kg ............. kg'ha
 

BDICT 999a 2178a 2630a 4452b BDICT 1285a 1464a 3137a 3860aAGUY 623 b 1193 bc 2569 a 6185 a SANC 655b 1065 abc 1489 cd 1651 defghiSANC 526 bc 1255 Lc 1201 bc 1960 cde BDEC 562 b 918 bodet 1943 bc 3423abBDEC 524 bc 1423 b 2315 a 2967 c CSP2 341 c 521 defgh 1140 detg 1369 efghijCMAC1 371 cd 864 cd 1429 b 1937 cde CMACI 338cd 1016 abcd 1278 cde 2298cdCMAC2 356 cde 714 do 1120 bc 1907cde AGUY 333 cd 1281 ab 2263 b 3607 aSP2 329 cf 603 defg 687 cdefgh 14126 deg CMAC2 242cde 454 efgh 1017 defgh 2077 cdef
ZSP 325 cdef 597 defg 879 bcde 1204 defgh CBRA1 220 cdet 470 efgh 1247def 1438defghij
SCAP1 266 detg 357 efgh 419 defgh 828 efgh CBRA2 199 cdefg 502 detgh 607 etghijk 1172 ghilkCBRA2 249 defg 517 defgh 806 cdef 1077 defgh ZSP 199 cdefg 606 cdefgh 1058 defg 1533defghijCBRAl 2,14 defg 653def 1226 bc 1516 deg SCAP2 1.6 cdefg 330gh 422 ghijk 748ijklm
ZLAT 216 dofg 453 delgh 1131 bc 1905 cde DOVA1 195 cdefg 949 bcde 2498 b 2737 bc
SCAP2 198 defg 217 fgh 179 gh 552 tgh ZLAT 185 cdefg 526 detgh 1277cde 1806 defghS I1 194 defg 653 del 1606 def905 bcde DOVA2 164 defg 721 cdeg 1952 bc 2220cde
CSP! 170 defg 472 dolgh -85 cdefgh 774 etgh CSPi 154 efg 401 fgh 480ghijk 862ijklmAHIS 159 defg 311 efgh310 egh 456 fgh CPUB1 141 efg 325gh 570 efghijk 1113ghijkl
CPUB2 147 defI 155gh 256 fgh 395 gh CAREN 124 efg 271 gh 947 defghi 1437defghijSGUI2 146 defg 612 defg 976 bcd 1277 defgh CPUB2 111 efg 253gh 457 ghijk 780ijklmCAREN 132 defg 428 defgh 778 cdefg 1408 defgh SCAPt109 efg 213gh 298 hijk 725jklmDOVA2 126 efg 625 del 1066 bc 1929 cde PPHAS 102 efg 267 gh 859 drfghij 1225 fghijDOVA 1 123 efg 647 dof 1075 bc 2099 cd SGUI1 79 efg 323 gh 852 defghijk 1986 cdefgPPHAS it11g 255 efgh 651 cdefgh 892 efgh CCOER 52fg 161 gh 123jk 3181m
CPUB1 106 tg 120h 201 fgh 469 fgh AHIS 51 fg 107 h 235 ijk 2661m':-MUC 76 g 22 'qh 339 efgh 510 Igh MATRO 32 g 428 efgh 126 jk 275 Im
MA;RO 58g 89h 107h 228h CMUC 26g 57h 109k 131 m
 

SGUI2 24 g 214 gh 528 fghijk 1068 hijkl
Correspondrng species name for these abbreviations
can be found under the "Procedures" section of this *Corresponding species name for these abbreviations 
report. can be found under the "Procedures" section of this
Note: Means followed by the same letter do not differ repcrt.
significantly at the 0.05 level according to Duncan's Note: Means followed by the same letter do not differ
Multiple Range Test. significantly at the 0.05 level according to Duncan's 

Multiple Range Test. 
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forages could be pro(dlctive without lertilizi/jg Since 
local farers prohably would not apply f'ertilizers, 
hut to Conlilue the species comparisolnS, a low-inlpUl 
Icrili/alion schiedule was beiun in April 1986. The 
t('rage.'s rece-Ujtlen Cf lr NK applications. 

I)urimi the l9X5/,n season tile species A. hi.ytrik, 
1. wr,l'rppu Snu c'1i1tlta, and /. lati/idiahad 
hi.hl mortality rates (up to 5()',4 ) o older plants. 
I (, Lc-1r, /IiSri k. S. c',itt andZ. hl, )lit I as.. l 
well as . ,k'1mll/liv aid ' gUll'illcl'tl,is Powerecd anld 


rcscecd d tliniscl\c,, heavily, recstablishii their 

;,Illds. l'hhe I slm .stihe orage ie Ids during the 


Table 3. Forage yields (oven dry weight basis) for 

regular harvests at three month intervals during 

1985/86 from the CIAT Regional Trial B. 


Harvest Date 

Species' 7Dcc85 5JinP6 

kgha .I.. 
....... 


BICT ,53"3 a 59,12 a 
AGUY 3,121 h 6314 a 
R-_ 1 3166 bc 5848 bSGUI! 2563 cO 299,4 bc 

DOVA1 2493 de 3486b 
CMAC 1 2431 do 2627 bed 
DOVA2 2,113 de 34 10b 
SG 19 2268 (if!cresponse3504SAN2b 
SANO 2051 dot 2 1 92 ede 
ZSP 1821 etg 2171 cde 
CBRA1 1790 nfgh 1641 def 
CMAC2 158 tcjhi 2122 cde 
C[BRA2 1414 fghij 1465 of 
CSP2 1365fghij 1250 ei 
CSP1 1309ghijk 942 fg 
AHIS 1262 ghijk 1037 fg 
PPHAS 1202 ghijkl 1312 ef 
SCAP1 1074 hijklm 984 fg 
ZL.AT 1009 ijkm 2699 be 
CAREN 970 ijklm 1625 det 
CCOER 685 jklmn 772 fg 
C2UB1 622 klmn 717 fg 
CPU92 594 klmn 549g 
SCAP2 504 In 1129 efg 
CfMtUC 395 rim 571 fg 
MATRO 235 n 112 g 

*Correspruding species name for these abbreviations 
can be found undur the "Procedures" section of this 
report 
Note: Means followed by the same letter do not differ 
significantly at the 0.05 level according to Duncan's 
Multiple Range Test. 

intensive harvests in the wet season, Table 2, the 
yields during the intensive harvests in the dry season, 
and 'able 3, the regular harvests after approximately 
three-innth growth periods. (enerally, the grasses 
out-yieided the legumcs w,;ith Brachiariadictyo'neura 
"andAndrot,'oon .'JantilIs being the highest yielders. 
Ilowever, Andropogon tends to go to seed and get 
very fibrous alter about nine weeks making it a less 
desirable forage. )1'the leguies, tie C'ntrosema 

ahclrocarpwi and l)'.mo diun ovalfidliutn were 
consistenitly high yieldiling, especially at the longer 
growth intervals. ()ther llules wlich yielded well 
included Centros,mabrasilianun, Zornia latiflia,Z. 
s., and oil Ime longer growth intervals, Stvlosanth's 
,',titt'i sis. There were no consistent diflereices 
between wet- and(ry-seasoli yields. 

2. ('alciumi andnitndlbdnum r'.ponsv' /f'rage
legumes 

The forages had become well established by the
 
irst harvest, with the ,-xceplion of the Desmnodiulm

into itun, which showed a very strong response to 

lime application. The unli med plots of this species 
had very sparse stands due to seedling mortality, 
while the plots w 11 caliutim sulfate applied lacked 
vigor. Uilimed and low-limed plots of this species 
gradually died oif during the successive hlarvests. 
The o0 cr three species showed no clear, visible 

to tile fertility treatments, except ,at the 0 
lime level, which in all species appeared somewhat 
chlorotic. An analysis of variance lor lorage yields
indicated that species and fertility factors caused 
highly significant yield diflerences at all harvests 

while the interaction of species with fertility level 
was noni-significant. 

In Table 4, the mean sun dry yields of each of tile 
species at each of the Ieilizcr levels is presented for 

three of the harvest,. For all live harvests 
CetirtroSL'/fia nacrocarpttmand Desmodium ovalifo
lium were very productive at all fertility levels, but 
(lid respond slightly to lime applications. The 

lesmodiuntortum and to a lesser extent the 
Centrosemapubescets responded strongly to lime 
applications, indicatiimg problems with Al toxicity 
and/or Ca deficiency. Three tons of lime per hectare 
produced InaxilllUl yields with all the species. Thle 
highest rate of iime (10 'T'/ha) produced lower yields 

signi ficant. None of the species responded to 
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Table 4. Treatment means for forage yields on a sun dry weight basis from the Ca and Mo response of foragelegumes trial. (Values in parentheses are percentage of maximum species, species means or fertilizer means 
yields.) 

a. Harvest on October 3, 1985. 

Desmodium Desmodium 
intortum valifoliuni 

Controseina 
pubescens 

Centrosema 
macrocarpum 

Fertilizer 
means 

Check 
CaS04 
3TLime 
1 kg Mo 
2 kg Mo 
4 kg Mo 
10 T Lime 

308 (7) 
860 (20) 

4329 (100) 
2392 (55) 
2769 (64) 
2866 (66) 
4152 (96) 

4682 
4864 
6230 
5815 
6104 
5544 
6196 

(75) 
(78) 
(100) 
(93) 
(98) 
(89) 
(99) 

kg/ha (0%). 

3557 (67) 
2964 (56) 
5321 (100) 
4146 (78) 
4,136 (83) 
4200 (79) 
4792 (90) 

.... ............ 

5218 (81) 
5190 (80) 
6083 (94) 
5716 (88) 
5779 (89) 
5766 (89) 
6,181 (100) 

3441 
3470 
5491 
4517 
4772 
4594 
5405 

(63) 
(63) 
(100) 
(82) 
(87) 
(84) 
(98) 

Species 
means 

LSD 

2525 (44) 5634 (98) 4202 (73) 

(0.05): Species = 462; Fertilizers = 611; Spp.xFert. = 1220 

5747 (100) 

b. Harvest on March 18, 1986. 

Desmolium 
Intortuin 

Desmodlum 
ovalifollum 

Centrosema 
pubescens 

Centrosema 
macrocarpum 

Fertilizer 
means 

Check 
CaSO 
3 T Lime 
1 kg Mo 
2kg Mo 
4 kg Mo 
10 T Lime 

0 (0) 
441 (7) 
593 (100) 
203 (34) 
122 (21) 
550 (93) 
274 (46) 

... .... ... ... ... 

2604 (67) 
2980 (76) 
3902 (100) 
3386 (87) 
3850 (99) 
3315 (85) 
3389 (87) 

.. . . .. Kg/ha (%)_ 

215 (11) 
619 (33) 

1890 (100) 
887 (47) 
877 (46) 
925 (49) 

1584 (84) 

1976 
2483 
3345 
2559 
2399 
2669 
3602 

_ 

(55) 
(69) 
(93) 
(71) 
(67) 
(74) 
(100) 

_ _ _ _ _ _ 

1199 (49) 
1530 (63) 
2433 (100) 
1759 (72) 
1812 (74) 
1865 (77) 
2212 (91) 

Species 
means 

LSD 

255 (8) 3346 (100) 1000 (30) 

(0.05): Species = 493; Fertilizers = 653; Spp.xFert. = 1305 

2719 (81) 
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c. Harvest on September 25, 1986. 

Desmodium Desmodlum Centrosema Centrosema Fertilizer 
inortuin ovalifollum pubescens macrocarpum means 

kg /ha (% ) ---.-.......-.... . - - . --

Check 0 2070 (56) 607 (27) 2006 (53) 1171 (48)
 
CaSO4 0 2377 (64) 884 (39) 1732 (46) 1243 (51)
 
3T Lime 648 3689 (100) 2269 (100) 3108 (82) 2428 (100)
 
1 kg Mo 0 2652 (71) 1268 (56) 2971 (79) 1723 (71)
 
2kg Mo J 1865 (50) 1079 (48) 2753 (73) 1424 (59)
 
4 kg Mo 0 2766 (75) 1268 (56) 2364 (63) 1560 (64)
 
10 T Lime 0 3112 (84) 2143 (94) 3770 (100) 2256 (93)
 

Species
 
means 93 (3) 2647 (99) 1360 (51) 2672 (100)
 

LSD (0.05)- Species 297; Fertilizers = 393; Spp.xFert. =786 

increasing levels of No,and there was no evidence Table 5. Soil analyses before and during the experi
oi incrased N fixation (such as .recncr leaves or in- ment, sampled to a depth of 0-1 5cm. 

creased nodulation ) due ic Mo application. 
Soil -:IaN'sof samples taken before the experi- Lime pH AI+H* Ca+Mg* K** P** % Acid 

ment and during tle growth of the forages is shown rate Sat. 
inTable 5. The soil is quite acidic with a high 
extractable Al and low base content. These soil 
nutrient levels are quite reprcscnltative of those t/ha -- cmol/kg-___ ppm 
coillmonly found in the Sitiung ara.April 6, 1985*** 

0 4.2 3.97 0.60 0.10 N/A 853. F'orage (lc'ionstration 
The field day, which was organized by Suwandi October 10, 1985 

(a CSR field technician) and Carl EvCnsen, was 0 4.2 3.83 1.18 0.16 51 74 
attended by about 30 flarners as well as Various 
TropSoils team members and staff. Thie village 0.5 4.4 3.28 1.86 0.12 38 63 
secretary, representing the headman, and two village 
unit ncads (kepalajorong) assisted in organizing the 3 4.8 1.41 4.62 0.10 35 23 
farmers and calling the meeting to order. Local 10 6.2 0.05 10.72 0.10 46 0.5 
extension agcnts were invited but lfortunlately could 
nOt attend. 

During the field day, each species was described *Extracted with 1 N KCI. 
as to ncthods of planting and harvest, value as -Extracted with Mehlich I (double acid).
 
animal forage, aid soil fertility requirements. "Composite sample before treatment application.
 
Possible uses wci(C suggested, such as plantirig On
 
terrace risers and on steeply sloping land to control
 
erosion ar' in undcr-Liilizcd spots in lionie gardenus,
 
such as under trees. But it was stressed that we are
 
interested in farmers' idC',s abo.t whether these
 

270 



species would be tsCIul and how they could best be 
utilized in tile [arncr's system. We then allowed 
farmers to collect planting materiials of their choice 
and noted their minc.s and the specics thc\ to,)k.Twenty farnilers took pling materiald all a~reced 

to allow Isto r1iroilor tlhci r proc!r Cs'. lhie Solria aid 
tr /'e'fllis'trum Specics, which arc? uprighl, hunch-
t~lp _11,Ir;Scs. CiC ill Ialono withithcgrc"atest dmirin, 

lkcsm)diuum I'-ollow- p has irlvolvcd visiting tire 

Iarniri'S 11oSCC hW\v arc tlSill.lt l',PCs, 

oh crvinr lor e erowrlh unlcr fanrncr'S corrditiolrs, 

alild uschlircss of
scekinl2irlnr ciuiccptiois of tihc 

the boralsC. ( ernerlly' FariirIs'l
rave tpfrdtrC 
hinch-t pc cr.ass , arid plain tr'ch almnrost cxciln-
sively as i)orders ato their hoie garderns arrd 
tL11aid ticihls. Pat.ii-Cs or hlocks of' t'oraesc for Cul-
aind-can.i\ ri e ar not popular. 

onclusionsuirs r implications 

()I ic tlour
Lrass id 15 IC.nirr spcis tCstcd ill 

1hC ('IATli-l ,tIneC asC lProdluc'd abotit two to 
thecc tiircs as ioucir Iiorniass as thc L:"tilgcs, arid 
wC P)'C rtplroductiyelCrCd ih\I imie,. 'lhC 1iii1 
"rass was lTreh hiiri dic'*v0mwrt, although Aiidro-
] ' .gay\',aat Ira/rvest iiervals less than nineion r.Y, 
weeks (to avoid lIClinciirss, was aIlso attractive. 
Ihowever, loc1iI IaieirI'S atirost aill i)rfClr Steuria 

Land Reclamaion 

anrCtsbecause io tSupright, non-sprCading growth 
habit and high palatabilily. Even though this species 
was not as prodLcti\'y, Setaria should probably be 
considered for most future forage plntings in Sitiungsince it seems to itwell into existin f;aniring ss

rcins. or the le'i._nmcs, the most productive were
 
('enutt'lwwlll lRatOe(Itpu arid fl 'smodium mvalifio
ium,wlicil. since they comlini well wiih gras.ses, 

sliourld he considered for mixed rass-leguni 
pastures, if theCe ae apol)l)itpriaite. PaStIrS wonuild 
have particular role\ ance lr Soil ,ro.sion conttrol. 

All fIoir' legtinme sp)eciC.S tested ilnhchcaleiiin and 
iny responise expci-iicnt respondehh to11 VNernu 
limin-, even the "AI tolerant" legumes, Ccntroseina 
macro'arpnwrand Desvodiutm ovalOlium. Ilow
ever, none of' the +,peciestCStel showeId Iyield 
increase or evidence ofihigher N ix ation due to Mo 
application. i)esmoditt tnvmlolium find C'eroscilra 
11M "Oea(r/nui'n were fairly equivalent inyields, except 
ill tlirsCcoil aid O'irld laTsis, whenl the onler 
l)IodtcCd liglrCr .yields. 'itlhCr spCciCs would be 
p)ro duictive ;it Oarly,low lilnirng levels ilr SiiunOg. C cl 
this SiJi urgt soil, Al toxiciit islie inainil
problemn (as 
shown by poor growth ofDesmodium intorttn) 
while Mn toxicity isnot a probleni (as shown by tie 
good growth of Desmnodiim ovalfiolim). 
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Management of Organic Materials 
InIndonesian Farming System'.+ 


Carl tvf.vn/i, I liiver.vitv ofiHawaii 
Ritsscll Y Lt. ht.sit\Ini / lltiwlaii 

.Jam'S t Unlil./l'- itv /IflIilvaii 

,icha[l Vhc.A',tu CaroiindShmtt nnvcrsitv 


ILollsc of 
il preVious CXepcrilCnt<S in Sitiung has suggested that 
the ploclIIIIIqClw!I[ Ol'rlllic materials 

'the Ilarkc rt.I ,olllc crops to gr Inll;'.tre 

amfight 

ictluc tile Ieed t lime and tertitlicrs on Sitiung 
lilill,. \ serles atf 'XpcliellCllts has bel inlitiated in 

)I-I) ,illil the influencCCe01 green Maure:+ 
alILp \ lict,, 2 c\',tliatc trCC and tCrrlcCoUs 

tee i uSe Siliung farms, and 3)to irIcorpo-1li,1' ill 
ittci11i)11;elinII troin sitiung trans.'migrants Intie 

SClitlll ( !'IWin-M rill" 
tlilihtl,>, IWia tlesCe hitliCs should contribute to 
better IIL111uAittlIIhlA orelallic materials on similar 
'Oiill h ,itks'-,it thc thtunlidWd else\IIere ill 

11'pics. All e ,ps I y lnporiant colll ibutioir is the 

idnlieaictliol al uscltl ticC aid covcr-crop species 

ftr 11",,if] tr1r ltpii, Or rclay-croppine with food. 
Crops. 


Studics (i organic latter decomposition and Al 
ci)liplexing are also uidclr way at the University of 
I lawaii to elucidate niechanisms involvi'd in the 
r-Cthicliol of,Ai toxicitv by or'' oic maiter additions. 
A soryeey or th it r'atirme concering the abi ity of 
certain orealic materials to Irducc Al toxicity 
sllo\,cd that organric lieanids illy iliodily AIphyto-
toxicity by: I)Iolintg soluble complexes with Al 
that arc lon-toxic, 2 reducin, the ctricitration of 
toxic, solIblC Al by fornling iiisollIc complexes, 
and 3 preveltiil,! hvdrolysis and precipitation of At, 
a'lli tossihly mairtaiiline, toxic levels in the soil 
sofLiiOn at near ireItra p1 1. 

Little is known about how the elf ects of'organic 
im',aterials oi Al toxicity chai ge as the organic 
material decomiposes or whether application of 
organic matlrials can protect a crop through its life 
cycle. RescMaC mlo hnese issues has recently begun at 
the t Jniversitv of I lawaii in a series of 'laboiatoryand 
grcenhouse studies which will lielp to backstop and 
explain obscr\'atiOns from the field research in 
Sitiu ig. 

Objectives 
'11Cobjectives of this study arc 1) to quantify

yield increases of crops grown subsequent to green 
manurcs (from alley-cropped trees ,nd herbaceous 
cover crop legniies), 2) to quantify the reduction in 
limie requirement and the aniclioration of Al toxicity 
associalcd with org, iic natter additions; 3) to 
dccimiei the adaptability (including Al tolerance) of 

sciected tree and herbaceous legunc species for use 
in trasligi ant tannin ,systens, and 4) to incorpo
rate Irnn- funaily ilform ation from Siti ung transmi 
gran-ts illtile selection and design of legume manage
ncnt systems that provide N and soil protection. 

Proccdires 
/ Alhev-c-,' .ing eXptrinent 

The experiment is planted on a Typic Paleudult 
.JIe in Sitiung Vc and is laid out in a split-plot design 
with tonur replications. The treatments are as follows: 

Main plots: trecespecies 
t ) Albizia filcataria(grown from sced) 
2) Calliandra calothyrisus(grown from seed) 
3) Gliricidiascpium (grown from hardwxxd 

cuttings)
 
4) No trees (control)
 

Subplot: liming levels 
I) No lime 

2)Low lime (Ca supplied as a nutrient at 375 kg
lime/ha/year to provide 0.5 creol Ca/kg soil to 
15 cm depth) 

3)1ligh liming rate to reduce Al saturitio, to 25 
% (.2 lime/la applied first year; about 1/2 1 
lime/hIa applied second year) 

This report covers the crops grown during the 
1985-86 rainy season, including upland rice, cowpea, 
and the growth of the tree hedges themselves. The 
tree hedges were planted 4 in apart in December 
1984. Subplo: size is 5.5 m x 12 in (consisting of 
three hedges 5.5 i long and 4 ni between hedges) for 
the alley-cropped plots without trees. The harvested 
portion of tle subplots cosisls of tile central 3 in of 
tile to either side of thecenter tree hedge and 2 i 
hedge for fbod-crop yichi:.. 

The trees were first pried on September I-' 
1985, nine months after planting. They were sampled 

to detcnnine lcf fraction, wood traction and di 
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matter content, and tihe piunings were spread irnthe 
alleys to dry. Aher fou r dly', lCaVcs were shaken (ItT 
branches and wood removed from the plots. Lime 
was rCapplicd On tle high li1e plots to bring acid 
saturation to 25 ', (abott 0.5 t lime/ha this season to 
make a total of 2.5 i/ha on tle'," plotS) and at 375 kg 
lime/ha oin the low-linic )lots (to make a total of 750 
kg linchl). Also, '51> anid K ('L wcrc bramdcast, 
each ,t50 kglha (i.e. kg K/ht). All1(0 kg P and 2 

these lertili/ers and amcndnments were ilcorporated 

with hoes to a depth of about 15 cm. 


A local vari,.tv fl'
upland rice (disncasc-tolcrant 
and prlerred by local ulicrs) was planted at a 
spacing of 40 . 15 cm oilSeptcnilb : 25, 1085. The 
irees wcr pruied w ain on Novcml r 2 1, 1985 to 
r duce shadi tIC of the ricC: the prtIilgs weVie uscd a 
muchIIbtweCCn tihe o\ so rice. Blast, 
IlcintlthsS'.poriuril bow1,n spot and lodgili caused 
some dam ace, but the' rice I,.:ovcrcd well and 

podIUced a '.,U crop ot grain. Niat ur. panicles were 
harvested oin Ftbrua-v 3,19). The straw alld the 
remainder of tie later nlriliriuc panicle, wec 
har,,es1ted Onl "Ce'ruarV 13. 'Thlre .,ravwas rt Urned to 
thc 	plots anld buried. 

lie 	trees w pVrLrncd acZain Ol Ichir v I8,.aad 
T 	 ' as broadcai at 5) kg/hl (It) kg P/Ia) and 
inlcorpornt by Ioc \ith the Icac., A local v arictd,, 
oF sClli-dctCrii iiiate c wa's: eCd at -10 x 20]' pl'a: 

cillspaci on1 N'larch 0, 19SO. 011 Alpril 12, tile ireC 
hedges wv )r the pmrtlilligs appliCd ;IsPmCd Mid 
1u liCbCt wCCur the rows of CoWj)C. M;ture pods 
were hiarvcstcd on Nav 5, and \'incs aid tie remain
ing P )ds ha rv,-.icd On(iMay 15, I1980. The Irces were 
allowed to crow nllcut illto the dry Season. 

2. 	Source and tna,cmcnin f .rcn mtunure 

This experiment is also plaited in Sitiung Vc oil a 
TpIic PilCudult soil. It is conductd LSillg Out illi 
K'>,andomlized Cormple teB lock dcsicri with the follow-
inc treainmeils: 

Experi mental Faclors 
Species: 

1)Calopogolll'.iium 11I Ir'Iidt'S 
2) Crotalri, 11Sdh1MofltiUs 

\ '-troscmati'ld ]prm .o 
Metht,.1..
of grcii- riaiure alpplicalion: 

I) IlSitu incorporation 
2) Cut aid carry 

Land Reclamation 

3) Root residue and stubhlc fromn plots used 
to produce the cut and carry material 

Levels of' lime: 
I) LO = no lime 
2) LI = 375 kg litne/lia 
3) L2 = liming to .l()' Acid (AI+II) sat. 
4) 13 = liming to 20)% ,\cid saturation 

Levels of nitrogen: 
I) NO= no N 
2) N I = 30 kg+N/ha (split application) 
3) N2 = 60 kg N/ha 
4)N3 = 120 kg N/ha 

Experimenitlal trealmenls 
Trt Green man. Applic. method (N.lime) 
no. species 

Grout) I: GM species and application methods) 
I) species I method I (N0, .2) 
2) species 2 method I (NO,12) 
3) species I method 2 (NO,L2) 
4) Species 2 method 2 (NO,1L2) 
5) species I method 3 (NO,12) 
6) spccies 2 method 3 (NO,12) 
7) check (no GM) -- (NO,.12) 
8) species 3 method I (N()I2) 

Group 2: (lime response with GM a!so applied) 
9) species 2 lethod I (NO,!.0) 

10) species 2 method I (NO,L2) 
I1I) species 2 method 1 (NO,1.2) 
12) spcc:ics 2 lethod 1 (NO..3) 

Group 3: (I .inic response wi lhno GM applied) 
13) check (ino GM) -- (NO,1,0) 

14) check (no GN'1) -- (NO,1.l) 
15) check (no (M) -- (NO,1,2) 
161) check (no (',lI -- (NO,1,3) 

Group 4: (linorganic nitrogen response) 
17) check (no GM) -- (NO,1,2) 
18) check (no G,, -- (NI ,12) 
19) check (no (-;l) -- (N2,1.2) 
20) check (no (M) -- (N3.12) 

This report co.'ers tle crops growillduring tie 1985/ 
86 cropping seasoin, which inciude tie green mannire 
(GM) crops giowir duritg tlhe 1985 dry seasoit, aid Ilien 
upland rice aid peanuts grownl during the followiitg 
rainy seasorn. A ulliiolnii-iil l Iwas conducted on 
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this site be!fOre the treatments were imnposed, inl 
which all plot.: received 40 kg P/ha as TSI". Alter the 
tuilrloily trial and plot selection, tie liminu treat-
trlis \wore applied accordintg to tie treatiment pkil 
ot .litle 1.3,198,5. h'lie(M Crcips (see experinrental 
!actors aboe were plamted on June 14, 17: 5,at at 
,pacill of 4, o..11betrcweei rows. The plot si'.C was 
0 Il x 4 It.''hC rirorrtIs of i.Ure,JuI atnid A utust arc 
.!crr;Ayil]uilte dry, avcfrair l((0 in of rillall/ 
ti1tl[h, is Olpsed Io25(0 o 40() 111ti1 durit tile raity 
scas(,i.1)urii these dry tnth11rS cr1) produCtior is 
tlurtC IcltatiV"e dill tanerns oftCn leave ilt1ir fihlds 
1iilcPA'. TihSCe (;,I crops were plalricti dirill, Ihis 
rirrt;rl]kl Ihlw pri'od to ti!akc this teclurrlo._, t:irtC 

tlir;Icti\'eT hr IrslCr Sil' tn0d crotps ate ritIV-
plac cd. 

first harvest of' mature panicles on January 21, as 
well itstile final harvest on Felmiary I, 1986. T1hc 
rice straw was all retuned to the plots and huried by 

oc along with 'ISP at (1kg '/Iha. 
A local variety of red ealllt (Vailcii type) was 

platld at 25 cm x 25 cur oil February 16, 1986. The 
peallut g.rowth was quite good and irtirnor rat darnage 
was corrected by sligily reducing harvest areas to 
Cxcluie damaged hills. 

The peatnilswe re harvested oin May 13, 1980 
with tiost lrarx'esI areas being 8 nr?.Excellent
 
lodulalio! was observed oil most plots durIrg 
harvest. f tlre Iretmllnts, only rite linlirrg rates had a 
clearly observle irfilerCC Ott peiIulti yields, Willi 
lIrhlCr rles l)r((ILICilllarger', greener tops airtd betler 
l 0lin9,Iertis. A ter peaitli.tHIl iaRst, the greeri-

Tlie ( iM clops \cuc hrretdslctt c5l)lterl;.I r rrcatliieirtS were" again plted. 
\\ ilit ;Iml i alt'si l .1illx 2.-4 Ill. cori'a a d i 

piatcd wvith Iocs acc'mordinr, Itothe irearllrrlCr plarrt as 
\.iei die Soil sirliacc aid ootabove, litcr (1t 

reidure i'rodLI(Vd li10e1trns erle alsoc y iicll w 
c.irrih,since tis is Whai is itlitt the _,reciI 
lIairrC reCsidue titiIertiS. Iwvol stuips, each 41 till 
\,ide. arid -1llithn, \eretchitarvesic illeachIl ltIe 
erecri ttiatic residuc p ts (ireatmliert itibil rs 5 anrd 
0 ).Surface litter aini stubble was col lecld arrd rool,; 
(Iut to 31 c)i depil ard sr;tkCil free i1 soil. Tle;S 
SaillpIcs \wrc dried aidletn sieved to rcrliiove 
iCrrrairrinre Siil. 'Ihis siIrplC p,,rocclure did r1r01 result 
itl ColllplctC recovery of liC i!(feelp roott, aid is (rrnly 
a roLilh Csi i'iaiC. 'I'S(10 kg P/fra) aind K(TI (25 kg 

3. 7 "!egtui' wc%Ipeoc'S a+.'s.vIIiset 
Tlie se'd fo0r tiis trial was obtained fImii tile 

Nitrogten Fixinre 'Trcc Association it I lawaii as a parl 
of 'leir effort to assess Iast-growiirg legne trees 
1tn0er various evironteiirtal coiditions. The trial is 
plartcd oil two sites that conitairn differeit numbers of 
species arid LIr(l tial plot sizes. Thlie iain plalltirlg is 
i the Ccritcr For Soil Research offic,. corplex near 
([tirti. Medani, andti cosiSis olf large (6 illx 20 Ill) 
utircplicatecd plots of trees it illx I llspacing. Thec 
following 13 species were planted: Acacia auriculi
.rmis, A1.nani,'ium, A.mearasii,Alhiziafidcataria, 
.4.procera, ('alliatundra craoth,vrsus, Cas'%ia siamea, 

K/ha) were also iricorXMraCd at tile s:llrt Iirle Istile (;lij 'idiaseptium, lb'('ftla div'rs'fid/a (K156), 1.. 
grcl riarures oil ll!
plois. 


A lcal varletv of upland rice (disease tolerin: 

.ilrd 0 fariers) "iwasplaited at a
1r1-cre, by local rs 

spacing of 25 cii x 25 crir orlSeptember 24, 1985. 
Ilaif of tire required niiroger was applied in the N 
Ireatiie;s oil ()ctober 2.3( 15, 30, and 60) kg N/ha), 

•ami(dtlie (iher ralIon Noveiber 27. Blast arid 
Ilel iilto:-poii irii Brown Spot caused severe leaf* 
damae ir Novenil er, but aniazirglv hy Decenher 
the rice hlad produced new leaves aid recverd well. 
Thiis tolcIrIICc to discasIs is tir reasori ilocal vaiety 
was growi. (iraiii set was very heavy air unilforin 
arid trealtnlerrtilcei s were intevidcirt. 

Very heavy winds aid raint near i-rvest tlnle 
caused seriotis holginrig titr-orIghout tiee xperrriii.. 
Due to iti lodgi r<g, were reducedtire harvest areas 
to potions olfthe plots that were still intact for the 

e'o ,£'vhala (K8),Jilthecellobium duce,Saman,.'a 
SaMrM. aid Sesbaria granlif/a,a. The trial is de
signlled to add (i new species as seed becomes 
available. A secoid:.ry planting was made at a home
garden site ittSitiung Vc village. At this site, plots 
are 4 nix 7 i,wlih trees at1I i x I ni spacing aid 
tile species plarted are A.auricrl/' fizil/ris. 
cataria, /1.Iro'c'ra, C.cala/ad*yrsus, G. sepium, L. 

iv'crsrjfiulia, 1. leut'ocel/ala, ar(i S. saman. 
The trce ,ceds were plaited in plastic bags iria 

tirsery oil September 3, 19X5. No fertilizer was 
applied at either site, nor was the soil tilled. Seed
lings were transplianted oil )eemiber 18, 1985 at [lie 
0iut11 MedaNLLI site arid oil January 2, 1986 at ilie 
Si iullrg Vc site. Mally of tire A1.mearv.vi died withinr 
two ilonlhs firoir trallsplatiti rig and the Sesbania 
were tranrsplanted too late and were very rootbound, 
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so that these two species were discarded from data Table 1. Growth and yield of tree hedges, 1985/86.
collection. 'Fhe Gunung Medan site was weedcd in
 
Fcbru.ary and ill aRd tICre lfter the iost.,.y l
Ar il, 

vigorous species. began to shade Out the weeds whilC a. Leaf yield
the less 'iJ19r)USspe ciswerea l to compete, ;IS Tree pruning date Total
best they could with the1 cod SincC tile Sitiung Vc Tree sp. Sept.'85 Nov.'85 Feb.'T6 Apr.'86 annual
site was on a honre ,ardcn. it wa, wecded about once 
imonth for he Iirst three month!, and infrcqucntly
 
tlcrcalier becam e fanrer, the're like their home 
 kg/ha
e'ardCns cle.'an of wccds. Trce lcihl arld basal Albizia 1489 538 264 220 2511 

Calliandra 397aii(lt WV at 531 590 332 1850transplanae the (n n~dnsitel l, ixne I2(Gliricidiaa fte r tr ',nslplai-iti n, it the n d iti site (20 172 196 90 68; l o."I 
 526 
trees per plot) and llsix montlths atlthe Sitiung Vc site LSD (0.05) 335 154 141 87 600 
(tel trees' PCr plot ). 

-1.h 'n. +/',,i/i m Uvi'H!.on Al toxicitv 
Several n;'.thod,, arC available to
 

Study how dccolFp(.-ition products of 
 b. Wood yield*
 
oraLInrC nrate.triis inlluCntcc ,'\1plecie-
 Tree pruning date Total Fuel

lion and phA t+xicity. A ucilod has Tree sp. Sept.'85 Nov.'85 Feb.'86 Apr.'86 annual
 
beet)de'ch lcd ov I)r. N. V. Ilile wood"
 
t(IIniv'rsity of Ilaw0aii) to purify soil

soluf.ti( IsamlICs to illo Inire.,;urcmlrcIIt
 
of low ni dccular \xCighi il iphatic and 
 kg/haCi Albizia 2685aroniatie acids thatire known to 416 408 101 3610 3093Calliandra 496 391 150460 1497 956
coniplex ..\ by I P .,C.Another method Gliricidia 180 111 77 39123 257
 
involves p.ssi g Soil ;olution, through
 
cxchan, C colims w horc foniis of Al 
 LSD (0.05) 969 120 139 30 1092 1069
 
canI hc -eparIated, pro\ ding mealliuilCre
of
 
the proportion of solubihle Al ich is
 
cornIplexcd with organic i ,auds.
 

[)ccomlpoSiti()II Mid A,\IVu1IplCXillg studies
tCoarpoiiorS[)C~e rI.CAln~nilexie sdies usingusing c. Tree heights at pruningthese techiniques havew becgun at tire Unix ersity of 
Hawaii and are beinrg condlucted by James I-lansen Tree pruning dates 
with the assistance of' Dr. flue. 'The studies follow Tree sp. Sept.'85 Nov.'85 Feb.'86 Apr.'86 
earlier work by Dr. Hue in whichlie providcd
 
evidencelilat Or(ani c aci(ds reduce Al toxicity as
 

eaIsu red1 b ' root1. el lt iOr. cm
 
Albizia 253 161 173 92
 

Results Calliandra 131 143 174 94
Gliricidia 109 94 98 571.A llc3v-cropping Cex)riment 
The yields of leaf and wood, and tree heigits at LSD (0.05) 71 20 23 9 

prruini, are shown illTables la, Ib, and Ic, iespec
lively, and are calculatcd orltIe basis of total inter- 'Yield in kg/ha is calculated in the basis of total inter
cropped lain area. (Clearly Alhl:.a Was the most cropped land area, not just yield per hedgerow. (To
productive tree spCciCs illtie first several prunirigS, calculate kg yields per meter of hedgerow, multiply 
but by February, Ca/liaidra had bcconle the most yields/ha x 0.0004).**Fuel wood i,:the sum of only the September 1985 and
V,ig.omus arid producti VC species. lceause of the huge February 1986 harvests, since the wood was taken off 
anount of leal and wood produced by the Albizia 
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during early growth, this species produced highest 

yields during tile first year of pruning. Alihzia wood 

yields were especially h~igher than tile other species: 
however, the wood is soft and, according to local 

ftarners, is not as dcsir:.ble a fuel wood as is 
Calliandra Gliricidliwas far less vigorous and 
productitve. It is probably not as well adlapted to tile 
infertile soils in Siliung, although it may be at a 
di sadvantaa( iln this experiment because it was 
stuted from cuttings. The Alhizia and Calliandra 

were grown from seed and therefore have the benefit 

o!strong taproots. Analysis of virialice of leaf and 
wood yields reveal d that neither l;me nor lime x 

species interactions caused signi ficant differences in 
yields. '[lhcre was, however, a tendency ;or the 
(;iriiidi, yields t,,ilcrease with increasing liming 

levels. 
Rice crai VieldIs il ereCased with both incremen 

of limc, but were r' .i niicantlv 
-

diflerent in 
respo;nse to ai pli_ .lol of i:leen-lCaf in annures (Table 
2). Ilowe\ c, there was a tendency for rice yield to 
dcC rease in conjunlictioil with m1ore vigorous gowvtil 

of the tree hedges, p!'obably dtlc to shading of the 
rows of rice ciu;est to tile trees. Timely pruning of' 
the tree hedg-,es to minimize this shading seems to bevery important. Tafe 3 show.s thai cowpla grain
vryldunlikelii.c ncreas tiat grainBetween 

I y with only 
the first increment of lime. Also, the application of 
..Ihi.ia green leaf iantirc caused sigi lficantly 

greater cowpea grain yields than tile other green leaf 

manure species or the control. The interaction of 

green leaf manure speciez x lime caused significant 
di ffernces of rice grain yields, but not of COWpCa 

yields. This indicates that only in the case of rice 
grain, tie crop response to green leaf manure 
application differed at the dilferent lime rates. It is 
especially interesting to note (I able 2) that for rice 

Table 3. Effects of lime rates and green leaf manure 
species on grain yields of cowpea during the 1985/ 

86 season. 

*ree species High lime Low lime Zero lime Species 
means 

.___kg/ha-_.__s
Albizia 921 849 427 732 

Calliandra 652 510 213 458 
Gliricidia 556 459 138 384 
No Tree 536 478 121 209 

Lime Rate Means 666 574 225 

LSD Between species means = 209 
(0.05) 	 Between lime rates means = 143 

lime rate means for same species=287
Between species for the same or different lime 

rates =313 

Table 2. Effects of lime rates and green leaf manure Table 4. Green manure crop yields.
 
species on grain yields of upland rice during the
 
1985/86 season.
 

Tree sp. High lime Low lime Zero lime Species Green manure Aboveground Soil Root 
means species dry matter sutface residue 

yield litter 

- _______ 	 kg/ha__ 

Albizia 1804 	 1219 939 1321 .__ kg/ha 
Calliandra 1901 	 1511 883 1432 Crotalaria Lime 0 1923 - 

1938 562 1504 Lime 1 2806 --Gliricidia 2013 
No Tree 2349 2113 464 1642 Lime 2 3408 75 690 

-
Lime 3 3710 -

Lime rate means 2017 1695 712 Calopogonium (Lime 2) 2198 400 640 
--Centrosema (Lime 2) 2303 

LSE) Between species means = ns 
(0.05) 	 Between lime rates means = 287 LSD (0.05) 949 

Between ;ime rate means for same species=576 
Between species for the same or different lime - No data available. 

rates = 774 
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grain at tie zero rate of liming, there Table 5. Regression equations for peanut with and without green
is a strong tendcncy (although not manure (GM). 
significant) for grain yield to 
increase with increasing am ounts of 
green lca nanure application. This Liming treatments with gm 
indicates tie possibility of reducing X-Varlable Equation Range of x 
liming requiremeris by green leaf R-square 
manure application. Cowpea grain
 
yields (Table 3) were higher in re
sponse to AliZia application at all % Acid &at. Y
= 2024 - 20.8x 24 - 78 0.6709 
liming levels (although not sienifi- % Acid Sat.Exch.Ca* Y = 2115 - 24.9x + 0.04 x2 24 - 78 0.6713Y = 201 + 807xcantly so at the zero li111level). The Exch. Ca* Y 0.22 - 1.76 0.7717= 528 - 156x + 501 x2 0.22 - 1.76 0.8153 
possibililt 
 of reducing lime require- Extr.AI+H' Y - 2007 - 723x 0.66 - 2.12 0.595Ements by application of reen leaf Exch. Mg* Y 
= -33.7 0.12 0.30+ 4889x  0.4585
 
manure isthus suggested by this
 
data and confiimation will have to
 
be sought inthe next season's 
 Liming treatments without gmresults, along w.ith inf,,,rnation onotersults, eithctsof green lf
lng X-Variable Equation Range of xother [possib~le effects of' orecin leaf Rsur 

R-squarp
a1res.
mnu 


2 Source a114 /nanai,,ent',grecn % Acid Sat. Y = 1741 -18.8x 23 - 74 0.7167 
manure % Acid Sat. Y = 427 +41.6x - 0.61x2 23 - 74 0.8434 

The yields of the grecii-inanure Exch. Ca* Y = 288 +536x 0.27' - 2.00 0.6522 
crops are shown in Table 4. Above- Exch. Ca* Y = -375 +2265x - 803 x2 0.27 - 2.00 0.9137
ground dry-matter ','iclds of Croto- Extr. AI+H" Y = 1941 -871x 0.80 - 1.79 0.5937 
laa increased] with increasing Exch. Mg* Y = 296 +2681x 0.10 - 0.37 0.3409 
liming rates and was higher than the
 
yields of Calopoi'onium and Cen-
 Liming treatments with and without gm 
tros el at the equivalent lime rate
 
(lim,"2). lowever, all green-manure X-Variable Equation 
 Range of x
 
crops grew fairly well and produced R-square
 
fairly large amounts of (rv matter,
 
considcnig the d(lres of the %Acid Sat. 
 Y = 1862 -19.6x 23 - 78 0.6551
 
growing season. 
 % Acid Sat. Y = 1319+5.18x - 0.246x2 23 - 78 0.6734

The growth of the upland rice Exch. Ca* Y = 268 +636x 0.22 - 2.00 0.6528
 
was very uniforml and yields quite 
 Exch. Ca* Y = -78.1+1573x - 454 x2 0.22 - 2.00 0.7133
high, averaging 3150 Kg/ha (with a Extr. AI+H* Y= 1879 -732x 0.66 - 2.12 0.5184 
range of 1880 to 4330 k,/ha). There Excl. Mg* Y= 195 +3463x 0.10 0.37 0.3689 
were no signilcant treatment 
effects. It seems that at the moder- x-values are incmol/kg units 
ately high liming rates (to at least 
40% acid saturation for most of the treatments), the to 2000 kg nuts/ha (with an overall mean of 980 kg
upland rice did not respond to either green manure or ntuts/ha). However, the residual effects of green
nitrogen application. A crep more responsive to manures applied in September did not have a signihi
liming, such as maize, should be used as the test crop cant influence on yields. The overall C.V. was 1I,.6%
,'
xt year. for the upland rice and 25.1 % lor the peanuts.

Yields of tie subsequent crop of peanuts were Coupled with the significant replication effects for
influenced by treatment eflects and ranged from 100 both crops, this indicates that the preliminary 
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uniformity trial and special Table 6.Analyses of soil samples (0-15cm) taken during the growth of thr
efforts of stratifying plot peanut crop on April 14,1986. 
variability to replications 
helped to reduce expcrimenta! Lime Rate AI+H* Ca* Mg* K** ECEC P % Acid 
error duc to soil variability. Sat. 
This inay prove to bc ",useful 
technique ill field experimenta
tion onl soils with high micro- __ cmol/kg mg/kg 
variability, such as on newly 
cleared land. 0 1.84 0.31 0.12 0.23 2.51 6 73 
ling significantly 375 kg/ha 157 0.63 0.19 0.28 2.69 4 58i n 40% Acid Sat. 1.12 1.22 0.21 0.2-. 2.82 5 40 

increased peanlut yictlts, but 20% Acid Sat. 0.86 1.70 0.30 0.27 3.13 4 27 
linear regressions with or 
without grCCnIinaiirl ' did not 'Extracted with 1NKC. 
differ signiiicanlyI, as deter- -Extracted with Mehlich I(double acid) extractant. 
mined b' comparitg conlfi
ilcnce intervals of slopes and 
Y-inte:'.ts. To bettlr identify the soil chemical 
f'actors associatld Will! peanut yield, regressions were 
calcut ated bctwCen grain yield and tnumber of soil 

test var;:hlcs (Table 5). The quadratic regressions 
with excha geable Ca (creol/kg soil) have the 
strongest r :llti onships to peanut yield. Also the 
weaker re ationships with extractable acidity (Al+iI) 
suggest that the Ca nutrition rather than the reduction 
of Al toxicity is more important i~i liming for peanut 
production. The major point of interest, however, is 
that green zin and methodsanuring using die rates 
described, did not reduce liming requirements as had 
been hv,othcsizcd. Table 6 :bows soil analyses for 
samples taken during the growth of the peanut crop. 

3. Tree legtmeCpecies assessment 
Ileight and basal diameter measurements are 

shown far the two sites in Table 7.The most vigor-
ous species are Alhizieaiflcataria,Acacia mangium, 
Calliandrac'aloth*vrsus, anld Cassiasiamca. These 
species have pr'oduced large anounts of wood and 
leaves and scen to be tile most promising for future 
agroforestry work in areas with soils and clinlatic 
conditions similar to Sitiung. Soil analyses from 
samples taken in May 1986 are presented in Table 8. 
These soil test results are fairly representative of 
those coinlorl y found inthe Sitiung region. Morni-
toing of tree growth will continue for at least two 
years from transplanting to adequately compare 
species performlance, 

4. ETffects )l organic materialson Al toxicity
In preliminary studies in soils of high Al toxicity, 

addition of cowpea tops peritted increased root 
elongation in a soil with high extractable Al. Addi
tions of lime or calcium hydroxide also increased 
root length in the same experiment. The Al complex
ing of organic breakdown products is also under 
study. 

Conclusions 
The leguminous tree species, Albiziafilcataria 

and Calliandracalothyrsus,show potential for use in 
alley-cropping under the soil and climatic conditions 
in Sitiung (i.e. acidic soils, low in base,;, and a warm, 
humid climate). Gliricidiasepium, does not grow as 
vigorously under these conditions. During the 1985
86 growing season, tile upland rice crop did not 
responrd significantly to these green-leaf manure 
additions, but cowpea crop yields were increased by 
addition of'Albizia prunings. 

These results indicate that alley-cropping pro
viidcs only a marginal benefit to farmers during tile 
First year of cropping. However, as the tree pruning 
and cropping sequence continues on this site, it is 
quite likely that the frequent additions of green-leaf 
manure will cauise increased soil fertility and crop 
yields. Also, the hedges of trees can provide other 
benefits, including an aninal forage source, fuel 
wood, and erosion control when planted along 
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contours. These considerations indicate Table 7. Tree heights and basal diameters at Gunung Medan
that further study of allcy-cropping in and Sitiung Vc. Tree height Incm (basal diameter Inmm).
Sitiung is warranted, along with assess
mert of lfafmer interest illtechnology. 
 Guu MaIlie legume species Crotalaria Gununq Medan Sitlung Vc 
IuSarrtlOcs'is CalO)Ogrnti itllJIclunolides, Species 4 mo. 6 mo. 9 mo. 6 mo. 
an1(Ce'ntroxnapubSC'S Ctallbe SuC
cessfully grown as green manures during
 
the (ry season in Sitiu ug. Ilowever, during 
 cm(mn)
 
the 1985-86 growing season, neithcr
upland rice nor peanuts responded to A. auriculiformis 86(10) 129(14) 210(21) 120(12)A. mangium 94(16) 218(29) 368(38) -greei-manure application. ]The well dis A. falcataria 256(32) 445(45) 625(51) 357(37)
 
tributcd rainfall may ill part explain the A.procera * 35(10) 34(12) 35(14) 29(14)

lack of response, since rainlall was erratic C.calothyrsus 179(19) 258(26) 324(32) 193(18)

in plevious trials in which strong re- C. siarnea 102(19) 185(26) 316(36) 

splorlcs to grcen Inalllres were ob1.crved. G.sepium 67(15) 71(19) 91(20) 95(19)
Also, in previous trials, green manures L.diversif lia 108(12) 142(13) 179(14) 
 165(13)
 
were brought inifrom otf-site and at least L. leucocephala 90(13) 125(15) 150(17) 175(17)
 
part of the response can be explained by P.dulce 65(8) 79(9) 90(12) 0


im otn o'urensro oeS. semean 68(16) 76(21 ) 97(24) 103(24)inporti rg of nlutrienlts. A crop mol(re 

responsive to N and less tolcrant to Al, *Shaded heavily by adjoining plots after six months.
 
such as maizc, rm ay respond better to green
 
manurCs. It is possible, however, that her
baccOus green ianures lprolducCd in situ on infertile Implications 
sites, and not transported in from other more fertile If, as suggested by these studies, organic materisites, may not increase viclds of a rotation of uplanrd als may be substituted for lime, this will have major
rice and pealnus. implications for resource-poor Farmers on acid
 

The bes;t adapted tre species or the 13 planted in tropical soils. In many cases, these fariers can not
 
Sitiuig are Alhizia !ulhataria Acacia Mtagiuu, 
 afford to buy lime and government subsidies are
Cassiasiameca, and Calliandracaloth vrsus,. All of expensive and short-lived. Of the technologies tesled,

these seem to have prlomise for fuel wood and agro- alley-cropping with Albizia zeems to hold the most
 
forestry uses in farniniig systems in the humid tropics, 
 promise for reducing liming requirements and must 

now be tested by farmers to determine how well it 
lits their systems. 

Table 8. Soil analyses of samples taken May 6, 1986. 

Site AI+H* Ca* Mg* K** ECEC P** % Acid 
sat. 

cmol/kg mg/kg
Gunung Medan 3.33 1.36 0.46 0.26 5.41 3 62 
Sitiung Vc 1.76 1.00 0.25 0.28 3.41 0 52 

.Extracted with 1N KCl. 
-Extracted with Mehlich 1 extractant. 
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Conservation-EffectiveRained FrminSysemsObjectives
Rainfed Farming Systems 
For the Humid Tropics 

Samir A. El-Swafv, University of'livaii 
Muti Gedjer lVid;(a-Adhi, Center/forSoil Research 

Soh'h Sukinana, Centrelbr Soils Research 
Suwardjo, Center for Soil Research 
La/it Ar' , UnivcrsitV o/lhuwaii 
.lan,'t Schutltz, U'niversit'yo/llawaii 

Soil erosion by water represents the imost serious 
cav e of land dCgratlztion and loss of productivity in 
th ;,,,nid tropi c . Transm igration areas, such as 

New Project Update 
This poJtect has not hcen under wi' long enough to 
Yield a substantive report, but should be mentioned 
hecause ol its impoortance to the pro rain. 

Sitiung, West Sumatrl are paticularly vulnerable to 
excessive runoff and soil loss due to the exposure of 
land after forest cleain g. Conservation-effeci ive 
fanning systcms, (i.e. systems that art, both produc-
tive and protective against losses of soil and water 
resources), must be practiced, particularly in rainfed 
situations, if flarming. on these soils is to be a sus-
rained enterprise. The deliberate design of such 
systems requires a quantitative understanding of all 
those factors which control the erosion process, 
namely site attributes and viable nianagement 
alternatives. The effectiveness of potential conserva
tion packages should be ultimately tested at a 
realistic operational scale. 

iobjectives of this study are 1)to quantify ie 

rainfall erosion potential for major environments in 
the area; 2) to evaluate th efi cuiveness of altema
tive cropping systems and land-management prac
tices for controlling the erosional losses of soil and 
water resources, and 3) to integrate the above with 
other agronomic and socio-economic infornation for 
use in developing productive and stable watershed
based faniiingz systems for the humid tropics. 

Results 
The intended hiring of a "soil and water conserva

tionist" as new member of the site team was aban
doned as funds were not made available for tis 
purpose. For the same reasons the plan of work 
whch was detailed in last year's report cannot be 

"uteri. Miss Janet Schultz joined us as a graduate 
research assistant beginning August 1986 following a 
B.S. degree from Purdue University with consider
able experience in soil crodibility determinations at 
the National Soil Erosion Laboratory. Her thesis 
research will be the primary erosion/conservation 
input to the program in the foreseeable future. ler 
research will be consistent with our stated objectives 
with the specific focus of quantifying the erosional 
consequences of forest clearing. Discussions with 
site team members who visited Hawaii during tie 
past months have revealed several opportunities for 
conducting this research at Sitiung. Until these 
opportunities are thoroughly explored, however, a 
primary experiment has been set up on a managed 
forest site at Kaiwiki, Hilo, Hawaii. 
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Expert Systems to Develop
 
And Transfer
 

RThe essential question is how would you deter
Soil-Management Research 
 mine whether soil acidity is really tile problem, and if 

it is the problem how do you make the best recoin-
Russcli S.Kost. Unive'rsiv o ! ',: ii mendation for solving it? 
,Stphell ]to 'l,U/nivt rsltv of I/11'aii 
Z.C.Li. 1Univcrsity of)ta/aii Possible Approaches and Qwustions 
.lantselln Univcsitv of ih'waii You might ask whether the soils have been ana

1. 1uzicn, Lnwivcrsitv of ll aii lyzed. If so, how will you use the data? What is the 
Phoe'e Kilhm, L'nivcrsiv li'awaii significance of 3 mcq/ 100 g or ciiol/kg of extractable 
a,'mi .1.(04/cr, Itnivcrxity oilawaui Al? Ilow do you adjust for the iffeTrent acid toler-

I. Put G. Vidi&,i-dzi, ( '.ntrc' OSoils Rescarch ances intropical crops? Where do you obtain data oil
Al. Sudjadi. (icnicr/; r S\oil Rcs wrch acid tolerance of tropical crops? For example, how 
lichacl 1l de,, A'rth (iarolill Stote Ulivecrsitv would yo change your lime reconmendation ifyou 

are planting cassava, which tolerates approxinately
Expert systenis or knowlcdge-based systents are 80% Al saturation, instead of niung bean, which
 
delg.
iged to record the c\pcrt knowledge and prob- tolerates approximately 0% Al saturation (where Al
 
lcm-solving! skill of experiericed persons. As a result saturation is crnol Al/ cmol of Al, Ca, Mg, K, and
 
of experienccC experts typically devclop a repertoire 
 Na)?

of Hnost likely causes i2xcinccrtahrr obsCrxVatiorIs. 
 You inight Lrther ask whether there has been a 

This -knowledge base' is what the expert uses to history of response to line applications inthe area.
 
(ct'.n irne the Iatu re and cause of a problem and to 
 Ilave there been reports ofA I or Mn toxicity or Ca,
inakc recoi1riendatio:; bascd orlthe ansevrs to a list Mg, or K dciciency symptolis? Are the roots of Al
 
of (luesti ons. Depcldiig on tihe subject, various types 
 sensitive plants unusuallI y shallow? IHas anyoneof irfor ati on are ricedel for a dIiagnosis. In expert observed the short, stubby discolored roots typical of 
systelsll for soil inariagerucit, soil taxonromic Cale- Al toxicity (Gonzalez et alf. 1979)? Do plants wilt
 
gory and soil analytical data are needed. We have sooner than usual after rains (lbid 1979)? Are there
 
been assemhling soil data from soil suivev investiga-
 (ther syniptons of Al toxicity or Ca deficiency (Foy

tions to supply data as a general background to 
 1974)? Are there symptoms of Mn toxicity, i.e.
 
specific recommendations. A well-organized inethod crinklirg of leives (Parker et al. 
 1969; Karg and lox 
oi represeniin, and retrieving such inforniatioi 1980)? If these symptoms appear, then there may be

becomes important as tle voluillC of inlfonliation 
 cause to suspect that acidity is indeed limiting crop 

and retrieve yields. The next (.. tion is: What should be done to 
crows. In auldition, we wish to capture 1
 

informatiol in a way that is more r~atriral to th?. 
 renedy the situatit,.,. One option would be to 
iin
formation aid to the usCr. measure the levels of Al and Mn ii the soil, and
 

Iii lu rther describing how expert sy:tem mi, ht 
 be interpret the values using standard procedures for 
of use put youirsel f in the following scenario: making lime recommendations. 

Another option wuold be to conduct field experi-Scenario meits for several years to determine response curves 
You have just )cgun to work it. .n area and you of the ciop to lime application or otherwise anielio

suspect you in ayVhave a problem with soil acidity. rating the soil acidi!y. Seldom do we have the funds,
What are the first steps you will take to dlteoine personnel, or time for this approach. Moreover, this 
whether crop growth is limied by soil i!cidity? If it would waste valuable resources that could be
is, what will ','ou do0 aboult it? allocated to other research. Ii the past, we have been 

You have becn asked to visit a neighboring ex- too quick to conduct field studies that did not always 
r"erirnent station. The ma:nager of the station suspects provide new inforiation, often because sources of 
a problen with soil acidity. [low do you diagnose variation such as weather, disease and crops inflated 
the problem and suggest remedial treatment? the experinental error and reduced the amount of 
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isefli inlformation thalt could he extracted from tile 

sied\'. Be fore resorting to a new study, we should 

first use existing information from specialists and 

pCople with experience. it order to (1o this effec- 

I .livl, iust develhopwe a s,:rics of kImowdge bases 

to ICCOrd the existine2 in-formation anid keep it np-to
kite'. TIIC use ()f e.Xpert s%'stCms and si lfintiotl 

lhdc ls lolds promise to l1ojust this task. 


W,'ith I csC s\stels we cal make the niost of tIle 
Llta llld inforI',tion available illstead of alWa's 


,0snnmlill that we iClUStLcecrafC our OwVil. By exploit-

mu existii infoniiatio'i lirst we Call avoid duplica-

li i of cl ort. This approach will incrcase the 

'fli ics\ of rescach CfIot and speed p)geCss.


.inihero ( pt iil is too collect or determine I'lndl-


ci tal so+il dat: such ai so)il p1, levels of extractable 
Al, ('a, .NI and K to find out how others with 
cx.,pericncc in tropical soils and crops have inanaged 
s.imilar situations, and to cvaluate their approaches 
alld results fIr or situation. Ilow (1o we find out 
alvoit such experie nce and research elsewhere'? 

(ml inlicatio[1 channels am ong researchers within 
the tipics shol Id be ilimproved so that experience can 
bc shared. Sharing inforlation through the few 
scifi tific journals is useful but may miss the critical 
tinli when decisions concernin.- long-Ieln research 
ie inade. As a first appro.,,imat ion we should look 


for similarities in soils, crops, availahle resources and 

via rkct structuie. 


In practice, one of the best ways to find analogous 
areas is to use soil taxa Is classified according to Soil 
Taxonomy. An example is shown in Table I where 
soils aialogous 1(1 those oif a recent sampling and 
analysis in Western Samoa are compared with others 
inl the Soil (onservation Database (SCS Staff 1987). 
In this sample, soils from Brazil, Brunei, Costa Rica, 
P1hilippinres, Papuia New Guinea. New Zealand, 
Caieroon, Ecuador, Chile, Gualemala, Kenya and 
Pakistan had similar diagnostic properties as defiledI 
by Soil Taxonom y. Ilow much do we know about tie 
.iniiarities in land use and lanagentll among these 
various sites? Ilow much could we learn and benefit 
fI'on better knowledge of' tie agricullural systems in 
lhese locations ? 

It is clear that assistance from someone wilb 
trai ing and experience in diagnosing soil acidity 
conditions would be helpful for those who, without 
such experience, must make the decision to lime, to 
crow some other crop or to abandon that particular 
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land. It was with these considerations that we 
decided to explore 'he expert-system approach and to 
develop an exploratory systern jo aid in structuring 
and transferring experience and problein-solving 
knowledge. 

H ow the Inime Reconmmndations System 
Develops a leco nmII ndat ion 

'The ACI1)-4 expert system is outlined in Figure 1. 
As shown in this figure there are several modules in 
the system. One ol the first modules is a soil database 
containing Soil Conservation Service data (SCS 
1987) for several Pacific Blasin 11nd Southeast Asian 
countries. This Module allows you to select the 
country and ;oil series whose classification and soil 

chemical data will be used in the recommendation. 
Effective cation exchange capacity, extractable Al, 
soil pI1 and bulk (feisit values will be passed to the 
expert system for use in developing lime recommen
dations. These values will be considered the default, 
but you can enter your own data for each of these 
during program execution or at the end. All of the 
data needed for the Iime recommendation can be 
changed and the system rerun. We recommend that 
you change tihe data and rerun the system because it 
is a way of seeing how sensitive the lime recomnen
dation is to changes in the data. Fron this, you can 
deterine which data are the most critical to the 
recoinmm end ation. 

After the program exits the soil database, you 
must choose the type of crop for which the recom
mendation is to be generated. The Al tolerance of the 
crop is inferred f'rom crop selection. Al tolerance is 
the level of Al saturation to which tile soil will be 
adjusted by lining, if liining is necessary. If you have 
a graphics display a graph of the estimated relative 
yield will be shown. 

The system then determines various modifying 
factors to the lime requirement. The modifications 
include consideration of the depth of liming, with 
cautions generated if the intended depth of incorpora
tion is either too shallow or too deep. If the crop is Al 
sensitive, Al saturation of the soil is high, and the 
incorporation depth is too shallow, the systen warns 
of possible drought due to shallow rooting and conse
quently reduced amounts 0f availfable water 
(Gonzalez ct al. 1979). This module is currently 
being expanded to more adequately describe tlhe 
severity of drought resulting from shallow rooting. 
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Consult ACID4 
soil database 

~JIZI 

Begin Displa 
asking questions this graph Quit 

U!tisol; Oxisol; Histosol; VErlisol; No information 
InceptIsoi Allisol; Entisol; END: 

Spodosol; Mollisol;
 

Aridisot,
 
Soil great group
 

is: 

Known Unknown 

L 

Give great group Dry Rice; Peanut; Critical Al sat. 
constraints Maize; Soybean; for the crop 

Cassava; Mungbean; 
Pasture grasses; 
Pasture legumes. Effective CEC: 

incorporation:Soil Bulk Density: Extractable AI+H 

for quality and - Soil pH: Biocarbonate P= (Consistentdjustlime rate 
fineness: with Al data?) 

Exchangeable K = 

1. Amount of lime 1. Data consistent? 1. Subsoil Al? 
2. Amount of P 2. Adequate depth? 2. Al tolerance?3. Amount of K 3. Too much lime? 3. Soil constraint?

i 
END Perform 

Change input partial budget 
and rerun? economic analysis 

Figure 1. Directed graph of ACID4 expert system. 
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The linie reqhliFlenIent is increascd or dlecreased 
basCd on obscrvations that rCCn-I;mannure additions 
SCCM to enhace crop yields di nring drought years 
('rop Soils/lndonesa 19S5). Although the yield 
increases due !o organic material are di flicult to 
.tailtily, that ore'atli- acids llodi v the toxic effect of 
Al has hCell shown by l tuc et al. 18)X6). 1!lowever, 
vicld increases Can be due to the nuLrienits ill greei 
lMaur malllt rials avinlben brouglt in frolll areas 

c ite fiel ds to determIileXlta'11l to Stidies ae ne1Tded 
the nature of1 this beulcflt so that it iliiel be more 
thlroUli1hlv uiierStood idiangiied niorc citeC-
livCl '. The incresCe ill yield due to orgcn ic inate riial 
additiois is all Cxmple of' ilforllatiol that is iot as 
veCt stiliicieritil' iRiCiSO to ibe descSribed bN' a 
i ,atiImi il al CLULiou, vCt sCCns to be al Cffet tiat 
Slhould be COInsidCed ill inakirig lime recoinm erda-
tio!Is as it could leaid I0 aiieducltionl 0unIfin ihe amunt 

Iimc rcquilred. 


Wiliin lme is to be recoili iinded qlestions are 
asked ait1out both 'ie chemhcicail aid piVi:Ical iu.ality of 
the 1iiel1. 'lhe am11ount1l o1 limIC recmnln'ledcl IS 
,Ildjdstcd aIccor-dilng to the ncuiralixation of acid 
rllive to C(a(,. An estimate of effectivenless based 
oil fincs is iialdc roml data presentedl by Barber 
(10P-l). \Ve are scrliniig for additional (data on soils 
of tropical mineralogy (kaolinite, amorphous Al aid 
irol oxides) to replace Ills approxiination. In addi-
ion, we need estimates of recidual efteC ts is i1nl1u-

cinced by' particle size so that allowai cce call be inade 
for long-terill residual eflects. 

Several clecks are made to see if tle data pre 
s2ritedlto the systiem are con.,istel with expectations. 
For exatple, il the soil piI is less than 4.5 and there 
is vir :illy no extractable Al the system will alert vonu 
that this iS LnsiuLII alld that you should verity your 
lata. The system will point out that SoiIs of kaolillitic 

mineralogy isual ly would have considerable Al at 
p1l 4.5. Similarly, it there is considerable Al at pil's 
greater than 6.0 the system will warn you Ih.tl this is 
unusual and that the data from which the system was 
developed did not have this characteristic. The Al-
based reconiricndation methodology ised by AC!l)-4 
does not dia nose all in lineralogical groups. In 
volcanic ash soils, Al Ioxicity is noit uslli the Most 
ilI portant vielI-Iilil inrg CfleCC. It Mnay be C.I iiIsuflii-
ciency, Ml toxicity or problenms with 1(felficiency 
(Fox et al. 1980). 

IE.conoiniic aialysis is another integral part of a 

]iime-reconlmendation system because it is important 
to estimate the profit or loss. We are presently using 
a partial budget analysis that considers the cost of 
lime, transportation to the farmer's home and to his 
lhd, and the costs of spreading. if faners routinely 
hoe their ficlds the cost of lime incorporation is not 
iiICltided. The value o1 the potcnItial increased crop 
yichI due to the limc is estimated from farmer or 
extension agent estimates of high and low yields. The 
Various costs Ire then subtracted from the value of 
tle crop. Ve also plan to report profit or loss as a 
percenlag, of ins\,.tmenlt ill lime. 

The ile-recollnliendation systeml described in 
this paper is still being developed but has already 
deionstrated a potential for organizing informnation, 

)oth inathematical and expeiential, into a decision
imaking fraeinwork and making souid recoinlmenda
lions. It is easy to use, and can assist you in learning 
elements of the dccision-Imaking process. 

The irifoniiation age ciallec',ges us to do what 
humnn.-tans do besl-d--eamn, organize iiiformation anid 
deal with lwceraintliV. Things that we do less well, 
such as rote mcnio.ization and direct inlfornation 
retrieval, should be gradually shiflted to niicrol)roces
sor-based technology. We should be encouraged to 
do what we do best and have tile microprocessor 
supplement and expand our capabilities in the areas 
wiere it is most useful: memory intensive activity 
and inltnsive computation. 

Objecfives 
The objectives of this study are 1) to design and 

construct expeit .y'stenis irt soil and crop manage
nent technology which implement the learning and 
deductive capability possible with fifth generation 
logic-based languages; 2) to evaluate the implemcn
tation and perforlanice of ani interdisciplinary expert 
System on soil management problems of the humid 
tropics; and 3) to evaluate the representation of 
Ianner-information within tie expert system. 

Procedures 
Informalion has been assembled from a large 

variety of sources for incorporation into the liming 
expert system. This includes information from field 
research efTorts in Sitiung and elsewhere, iilforma
tion contributed by those who have reviewed the 
system, and information from other scientists on the 
TropSoils project (e.g. work on economic analysis). 
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For the most part, project members assemble, soil characteristics the crop might encounter at
 
organize and code the infrmiation. Support staff 
 various depths of rooting. In addition, this standarci
provide considerable assistance in publishing the zation of depths permits pooling soil survey infonma
manuals and aiding in [ti di st ri 1l jtion. tion ill aImanner necessary to derive estimates of 

variability. Will pooled data the mean values of
 
Results 
 extractable Al and II can be computed together with 

Several prototype li ming expert systems have bcn corresponding estimates of variances for [thc soil 
developed ai distributed (A('II)2,ACII)3,ACI)4). area. For the Sitiung soil survey area in Indonesia we
The current vcrsion of the lime reconimmenldation have cornmputed the means and variances of ex
system (ACII)4) will be (listri bu led to approximately 
100 previous users of the other systems. The ser; Table 1. List of countries with soils of similar
 
represent , wea 
 taxonomy to those In Western Samoa. 
humllid tropics as well as ill various institutions ill 
ICtmp]Crate coullirics, who use the soft\are inl leach
ing and traithini,. In most cases the si*ttw:.re is used to Country Great group Name* Pedon no. 
provide c\amleC applications of expert-systcl apph-

Catlions. SOIIme scientists have used the software to
 
de!v0lop rcOrenlalCt io. 11o l'ar regions ar1(l have Brazil AC 
 81 308 220 

Brunei AC MutoboBrazil 84 284 232AC Haplic Acrorthox 85 729 220kn ledee bas,,e for the sy'stem now (enves froni Costa Rica UM CR-012 84 272 295 
field resea rc'h ill Siliun., it is applaent tlha't there is Philippines DY Not Designated 82 401 725 
utility in usine the sallic approach in l1laly other Costa Rica DY CR-2 82 424 295
 
areasloflIe iml lid trop~ics. ,el iilkirnatioll Callnhe Papua N. Guinea DY PNG No. 6 82 798 650
 
inIcorporaltCd into thC systcm1 and this is e'ncouraceCL 
 Papua N. Guinea DY PNG No. 6 (moist) 82 700 650
 
after Cxaniiati on and validation of the oriiral New Zealand DY 
 Egmont Black Loa 83 366 660
 
syster. Cameroon DY Idise 83 438 257
 

Ecuador DY Ecuador 011 
 83463325 
Ecuador DY Ecuador 005 83 465 325I. Soil mo)uW Chile DY Pelchuquin 83 481 275 

The Soil ('onCrvation Service and Soil Maniage- Che D'y Puyehue 83 487 275 
meint Support Services contributed their soil database Chile DY Puerto Fonck 83 493 275
 
filc lrom Lincoln, Nebraska. A soil mdule with the 
 Chile DY Puerto Octay 83 503 275
 
mininmi data set required by the expert system has Ecuador 
 HU Ecuador 006 83 453 325
 
bc,n prepared for use in providing default data for Ecuador HU Ecuador 009 83 457 325
 
uISe ille syste~. '111C
use int systM. The Soil dtIdamdModule provides HU Ecuador 004 83 461 325so prois EcuadorEcuador HU Ecuador 003 83 473 325 
default soil anal'tical data for selcted regions in Ecuador HU Ecuador 008 83 475 325
 
South East Asia aid the 
 Picilic Basin. Selected Guatemala HI; Guatemala 2 83 512 415 
profiles are provided Irolil Thailand, Indonesia, Costa Rica HUL CR-015 84 275 295
Philippines, Malaysia and Ocealia. ala for Central Philippines HU Not designated 85 603 725 
and South America, arid for Africa, or fr more Kenya HU Kenya 162/4-2 78 170 505 
specific regions Can be substituted for these data to Kenya HU Kenya 162/4-6 78238 505 
provide default dlata nore in keeping with local Terra incognita HA Thabana 82 571 000 
situation. HA Ecuador 001 83 459 325EcuadorEcuador HA Ecuador 010 83 477 325Soil (Lata were preproccssed to include three Guatemala HA Guatemala 1 83 511 415 
/ones: 0-15, 15-30, andI 3(1-45 cm, soil depths to Guatemala HA Guatemala 12 83 522 415 
which the crop ilay grow ori"which nulight resilt froni PaKistan HAA Murree 84 582 700 
falirner cultivation or mixing operations. An tie 
present time the mlodule has data recorded by 15 em "AC=Aciorthox; UM=Umbriorhox; DY=Dystrandept; 
depth increments. This perits tIns to consider what HU=Humitropept; HA=Hapludoll 
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tractable Al plus 11, effective CT:C, and :oil p1H for 
most mapping units. 

I laving these calculations stored in the soil 
database pe r its the generation of an estim ate of 
precision of the recoi mendation as it is being 
generated (Table I ). In this \kiay, the recommendation 
is bascd on more complete klowledge not only of a 
mean value but also f te cx pected variatiOn in the 
recoinmendati on. To our knowled ge this is not 
systciiiaticallydone at present. 

By directly accessing a soil database for a region, 
a person without extensive kvowledge of soil chemi-
catl mCasu rements or of crop nutrient requ ireinents 
can develop rccomicdiiitaion nearly as iccurately 
atnd coiprelicisivcIN' as an cxpeienced persIan with 
chemical data in hand. This system lu rt her pernI ts 
Iar more precise recomininenldations thain possible with 
Soil Taxonomy alone. All the warnings, inferences 
and experience suggested by Soil Taxonomy can be 
ineluided as waMi iiits or cautions when advisable, 
Key concepts or data are documented in the system 
for reference and for teaching inexperiemiced users. 

Although we currently are using soil suvey data 
oni' in dcv':loping recommenations for acid soil 
managenetit, such data will be ueft' for in king 
other soil- and crop-ianagement decisions. These 
dlata together with accuratc weather records could 
pro\'ide a soutd basis lor rapid assess;Inent of 
potetiti al uise and lor identificatioi of possiblC 
Mianagmcient constraints for lind-use )haninlig in new 

areas, and also could provide a reposilory for current 
experience and inatnagernenrt of existing systems. 
Future versions of the systemn will provide a more 
extensive soil database and will utilize water balance 
infornraion to assess the effect of increasing the 
depth of rooting on drouight resistance, nutrient 
leachitng and Cia movement into the subsoil. As 
described above, tire soil database will include 
estim ates of variance associated with each of the data 
for use in forning estimates of precision for coin-
puted values for a variety of interpretations. 

Using Soil 'l'axonomy to retrieve soil iifonn ation: 
Problems encorilctcd inthe cornmputer represenra-

tion of the infotmation contaiined inSoil Taxonomv 
are those inherent in represering data from any 
taxonomic system that identifies taxa on a seqtuen-
tially difffrc'Itiated basis, as is the case in Soil 
Taxonoiny, in a system that retrieves stored infomria-

tion in any sequence (e.g., an expert system). With 
the first system a user follows a prescribed sequence 
to arrive at a classification; foilowing a different 
sequence can result in a completely different classifIi
cation. This method of classification is called 
procedural. With the second systcm, classification is 
independent of any sequence. This method of 
classification is called dcclarativ,-. Although the 
definitions on Soil Taxonomy are in themselves 
(leclaratlive, the sequential keying needed to apply 
them is procedural. In our expert system, on the other 
hand, both actions-retrieving taxonomic inlorma
tion associated with a soil name and making interpre
tations on the soil series, family, or great group-are 
declarative. Thus when a soil is classified using Soil 
Taxonomy and then that soil narme is used to retrieve 
information about the soil from the expert system, 
this combination of approaches is likely to lead ioin
efficient infonnation retrieval from the system as 
well as misinterprctation of the in formation obtained. 

One remedy might be to enstire that the specific 
diagnostic properties are both necessary and suffi
cient to classify a particular soil in any sequence. 
Even though the necessary diagnostic properties of a 
soil category are clearly stated in Soil Taxonomy, the 
"sufficient" factor presents problems. To be suffi
cient to classify the soil in Soil Taxonomy, the soil 
must not only have the diagnostic properties but must 
also be considered or evaluated in the sequence 
prescribed by Soil Taxonomy. For example, it is 
often convenient to key cerlain taxa on the basis of 
what they are not. Ilence, Orthox soils ar keyed as 
"Other Oxisols" indicating that Orthox is an Oxisol 
that is not Aqtuox, Humox, Torrox, or I t:...This 
method makes computer-based inifornation retrieval 
of such sequenced data diil icitl since the user must 
know the diagnostic criteria for Aquox, Huniox, 
Torrox, and Usiox in order to deduce properties of 
Orthox. 

Another problem relates to the use of"or" in Soil 
Taxonomy. At various levels of the taxonomic key 
one is presented with options to choose one set of 
criteria or another. Having optional criteria increases 
the probability of having sufficient data to classify 
the soil. From a corn puter-based information
retrieval standpoint, however, this causes more 
di [ficul ties. Offering divergent criteria for the "or" 
options leads to significant loss of information for time 
user. Upon retrieval he does not know which of the 
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sets of criteria describes tile soil and thercfore cannot With tihe inclusion of a soil database and weather 
definitively state that the soil has any one of then. 

Using Iaxonl ,ivto iffer quanlitative 
soil plopellics: 

Mn-ore and nore scientists, policy-makers, and 
land-use planners are reqpuiring numerical data beoire 
making farm ing decisions. Tiaxornomic systems have 
been used to grotlup and classify objects and proper-
ties into uitis that can11 be llInLa. Mie(.LMid InalipulIted 
,conceplually. Wilb1 the advent of Inic roprocessor-
based tools for dla and infonlalii lallli~Lelient 
the ability t retrieve spieiC daila and use it in 
decisioli-ilakinle has ICel subsitaltially expanided, 
For :xaiple, those workieiiq with a large number of' 
soils usuaily cannot rem ember either the rnortphologi-
cal c imposiion of soils as explicitly described in 
profile descriplions, or tie exact nura helS oi' such 
factors as cation cone nts or diay contents in each of 
the soil hr(izoris. The same scientists, however, are 
able to retain the key features of die inforniation and 
readil1Y use these features in decision-iaking aid in 
discussiig iiera! concepts. [iscussions and (leci-
sions can be in arkedl y irnproved by access to specific 
(ata, pati u larl y if Ithere is a need to recoiIsufl data 
whel alced with an unexpected question. This points 
ouL the advanll:ge of hayvinig access to the specific 
dila wheniever anol wherever one is in a decision-
niakirig position. Intelligent databases, those which 
store both facts and logical relationships, improve the 

uinal i !y of lecisions arid pr'obleii-,olving in Soil 

iMlari.ciint situations. 


Alihough ccfiain applications of' Soil Tlaxononiy in 
tile past have taken advantage of tlhe ability of its 
cl'assil'ication system to retaiin the essential inifoina-
lion withou losin', tile detail, with the advent of'ill 

new infomllton-niageniert systenis such as 
ACID4 tileuse of Soil Taxoionly may change. At 
the same time, the incireased availability of'shared 
dalabases will allow soil and crop experts r;piid 
access to specific infornation frori other fields. In 
tle long termlthis trend may fun lariieritally alter the 
way in which Soil Taxonomy is used. 

A well-designd expert systenvl With supporlinll 
weather and soil datab;,scs co uld serve as an infor-
rnlatioll-ltrarlsler illecharlisin amniong researchels, and 
Is an1 eflectiVe decision-support sysleill for variety of, 
users firorn laboratory persomtiel wilh (lata needing 
interprclatiol to Iand-use planners with little data. 

data, such systems could be used by goverment 
planners to explore potential costs of 'vaiousland
development schemes. 'These systems arc apowerful 
new method of using soil survey informiation for land 
use planning. 

Expert systems that have been careflu ly crafted 
contain practical, experience-based knowledge, as 
well as problen-solving nethods in(, procedu res for 

(diaglosing and reconiniendinrg reniedies for soil
acidity rclated constrailits to crop growth. These 
systelis can be improved by increased breadth and 
depth of soil, crop and weatner d'at;i. Their dalabase 
forniat offers a highly accessible method of storiing 
data needed by the expel1 system to develop accurate 
d aonoses aid recoinlinolidatiolls. 

2. Economic evaluation mnodule 
The currClt ver'sion of tile recomnmuendation 

systeni provides an econonic evaluation module that 
Can generate i pailial budget ana;lVsis of the proita
bility of' lime applications. One resull of'the eco
nom ic analysis is the outstanding iin p.)ilanice of 
considering tie residual effects. A preli inhal-y 
method has been developed to express the benefits of 
residual eflects of' lile applications in Ieiis Mlne
nable to econolic analysis. 

Work oil an economlics module was initiated by 
James Hansen. This economic module was designed 
to express sonic of the constraints to tile suggested 

liming levels and reconrierdations.
 
Liming recommendations based solely on near
 

rn axiniuim ",) yields may not be appropriate 
without considering whether the recommended lime 
applications are likely to be profitable. An economic
analysis module was added to ACID4 to hel l the user 
to estimate the profitability and economic risk 
associated with liming. The economic-analysis 
1110(tile will attempt to satisfy one of three goals 
based on estimates of profit associated with liming: 
I) liming is reconinended, 2) liming is risky or 3) 
liming is not recomnlmended. Three ciiteia are used to 
delcnine which goal is satisfied: 1) a most likely 
estilate of profit. 2) a pessiiistic eslinate of' lprofit 
and 3) percent profitability. The pessimistic estimate 
of profit is ised as a nieasure of econonic i'isk 
associated with yield vaniability. Percent profitabilily 
is UsedI as I ineasurI' of the sensitivity of estimated 
profitto deviations fron the estimates of yield, crop 
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price, and liming cost. 
Lirning is recommended if' the pcssimistic estimate 

of profit is positive and profitability is grcater than or 
equal to 10(/ . iming is risky ifthe likely estimate 
of profit is positive and cither tile pessimistic Csti 
mare of profit is less tIa oI etfICa! to zero or profI 11-

hillitv is less thl 100t. l'ining is not recorl-IIenlided 

ifthe besL c.Stilniae of f)rolit is less ,iar or equal to 


erno. Estiimatcs of, prolit arc esti mi value of the 

d7l1 (ldV;,luC -ield X crop price) alecr lirming 

riiliS the yiel vatlue ilth field were riot limired 

lllillU-s
1h1Coi of hilliriI!. 

.c esiilatics of yield aid crop price are r'quired 


i!lodcr to cstiate vield ,ah:c: . lire user is asked to 

pro\ Idh,,oth :pessi istic and anloptimistic estimate 

)I, the iwo C.,ti asveied. A tedim of iatcs is offe red 
i Iro likely estinratelIf Nield. 'l're user may have 

re.ason to clater tIat cstirrimat. 'lie niost likcly 
CIillii(C of rild is use'd to gi\'C a tiost prNhhle 
estimtate (I prolit. 'he pessiistic esti mare offyield 
Imr ides a ICisurc of' tile risk associated with liming. 
The incrCase i ield e.xpCcted rom limin is based 
oil a tirodel dcscrihing experimental relative yields as 
LIIlIrtioll 1'soil Al satiratiOti and crop toleranice to 
A' lhe moIdilvieg effcots of orgarnic materials are 
also coriside red, 

Liming costs are [ased on iscr-slipplied cstimatcs 
of lite price, irricrest on credit aid the labor c(osts of 
Iri'Isl)orting,I"Spreading and incorporating lime into 
the soil. 'Village to inilcorporae lime into tire soil, if re-
qntired, is a fixcd cost. It vaCs wtili tire area of jand 
that is lirIcd, bll iro with tile aillotnt applicd per Unit 
of land. The other costs are treated as variable costs, 
and va ry wih tile ;urrount of I!Inc applied per rrrit of 
land. 

Iitt'1 Oftcn reminrs e flectvrc ni orc thrani oie crop 
scai,,or \e.at. This can reduce tire amount of lime 
icedCd ill suhscqucl years. We hav,. attempted to 
account for tinhis inrcoorric calcuI at ioris by the 
,-oncept of 'prorated cost.' Prorated cost is tile 
amount of total lire cost which cart be considered 
(Inc or alpropriat to he charged to the currient 
Cropping Near. 'T'lris rrre:rits that vith liming Inateril 

of' log r'esial effect (contilres effective for 
several years) we woruld chargu a coist to tile current 
year it)proport i 1t I IhanMot.t Of iesidual effet. 
The allioUIt ol residual elfect is calculated from field 
data slowiig by how in uch lime requirement ill 
future yearl Ca Icaus,.be redIuced b of tile initial 
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lime application. In addition we consider the f*act that 
money has been put aside to buy the lime for which 
the beuclis may oily be realized in ftire years. 
This is done by deducting interest from die future 
value of tihe lime. 

There are. several assulptionrs associated with this 

analysis, including 'he Illowillg: 
a. It is assullcd that the Farnner can deal with the 

cash flow probleml of'having money invested in 
lilie ut not having thlt money available to him 
until the crops arc grown and sold. 

b.There probabl y is some aspect Of risk that 
would tend to work against thc ilvestnietit Of 
lime ill this rmnner. Fo cxample, we would 
ISSLh1- that one >.;risking in that there is some 
likelihood of' obtaihling btriefits from the 
reduced acidity in ,be future. 

c. WC intend to include lime fiieness illtile 
residLal elfect because to increase tilepropor
tion of lime passing a I00-mesl screen, for e,
ample, wonId Co: conisiderably in ternis of 
energy and equipment wear of tire grinding 
machinery. 

The ecorlorimic-analysis m(lule deals with sequeiLl
tial and relay-cropping patterns inmuch the same 
way as it does wilii sole croppiing. Yield values are 
calcirla'ed for both crops nased oniuser yield esti
mates, soil A saturation arid tlCir respective ifler
ancts to Al. 

Several potential sources of error exist within the 
cconomic-analysis module. Yield and crop price at 
harvest time are dilficult to estimate accurately. Crop 
prices and liming costs may not be readily available 
to users of the system. Plans exist to incorporate a 
user modifiable darta base of'prices and costs for 
Sitit.Ing in a l'uture version of*ACID. flie model of 
relative yield as a function of' Al saturation is based 

m
oit a single 95% critical Al saturation and ,he as
.'rrption that yield will decrease linearly to 0 as At 
saturation increases to 100%. The accuracy of 
relative yield estiratcs may be low at very high Al 
.aturations. Future versions will improve tile niodel 
hy adding a 50 i rehitive v,.ld Al sauraioi for those 

crops for which iat; is available. 

Knwledgc rcprcsenltation: 
Two irripleireitations of the knowledge base are 

bcing developed, one in expert system shell forniat 
and anothcr using Prolog logic programming lan



guage. This approach frees us from the confines of 
one particular knowledge representation approach 
and encourages Comparison and contrast between the 
methods. Our results confirim experience in medical 
ar11d industrial expert systcm ldevelopment where 
there seems to be an im pori;nt role for expert systenr 
sliIs but on:e can easily/riO1row thiem and wish IOr 
molre llexibility as the applicaiion matures. A 
programmhrwIanaluage. wLine pro\'idi uggreat 
flexibility, also refcuires inaJor eflorls afa program-

cr falmiliariwilh lihe lautauce of1 iliplerncntation. 
We cont iirue r0 onmend experien]ced scieniistsl)i 

aId aWricultffrali'ts io explore iIplCmentaliin of 
[licir knowlcd.e.,c in expert-systei foliat. This 
method of iniormatioin disselinalioitand transflr of 
protl er-s lvi! - skill should be se.;orrsIN considered 
along wiih the usuMl uethods ofIjMurnal ppci, 
re\'iew papel and rescarch o' extension birlletirn. We 
surgccst scientiss include a diskeIc ol' a simple 
knowvledIue base alonl \v;itlr a bIcr in or re'iu paper 
to iliustrare and iullieruerni the kaiowledge de, crilhed 
in w\riiten form. 

Conclusions and lInplicafions 
The elforts to dcvelop alr expert syslem to capture 

lime- rermrmrd;rt ion cXpenrlise have Kerr successfurl 
to dale an11d insight intohave provided trCmen1dolus 

both the recormunerrdatiorrmakire process and to 
nrelhodolo!,v to Icar] and construct expert systers. 
We have dclinitely leamed a great deal thru1,h the 
effort of impenic itiine a klnowledge base in expert-
system lbrnirt aid in surbjecting this application to 
the user comunrrrity iOr scrurtirry. tIMerOuls iridividu
als, ircrlurdirig our own students aid those in Iridoire
i:ri arid other coUr'rie., Irave begUi acuuirirg expert 

systems Lchnology for their own applicalions . This 
lliy have a tremendous inpWct t( \ ards using 
mi crocolll pute r technology to solve one of the age
old prol)leins of in forination development and 
transfer in ag-icultural systenus. 

Land Reclamation 

Literature Cited 
Barber, S.A. 1984. In Soil acidity and liming, 2nd c(l. 
Edited by F. Adams. Madison: Soil Sci. Soc. Amer. 

Fox, R.L., R.S. Yost, N.A. Saidy, and B.T. Kang 
1985. Nutri'ional complexities associated with pl I 
variables in humid tropical soils. Soil Sci. Soc. "Am. .1. 
49:1475-1480. 

Foy, C.D. 1974. Effects of aluminum on plant
 
growth. In The Plant Root and Its Environment, ed.
 
I-.W. Carson, pp. 601-42. Charlottesville: University
 
Press of Virginia.
 

Gonzalez-Erico, E., i5.J. Kainprath, G.C. Naderman 
and W.V. Soarcs. 1979. Effect of depth of ilioe
 
incorporation on the growth of corn on an Oxisol of
 
central Brasil. Sil Sci. Soc. Amr. .1.43:1155-58. 

lir,eI N.V., C.R. Craddock, and F. Adams. 1986. 
lffect of organic acids on Aluminun toxicity in 
subsoi is SoilSie. Soc Am. I 50:2.8'114. 

Karg, B.T., and R.L. s-ox, 1980. A methodology for 
eVluatilrg tihe mnganese tolerance of cowpea 
('igna nngniicrlata)and some preliminary results of 
field trials. Field Crops Research 3:199-2 10. 

Parker, M.B., 11.13. lHarris, I-I.D. Morris, and H.F. 
Perkins. 1969. Manganese toxicity of soybeans as 
related to soil and fertility treatments. Agron. .1. 
,1:5Il5-i8. 

289
 



Publications
 
Agus, Fahmuddin, C. J. P. Colfer, S. Ev".asen and 
Sholch. 1987. F: rmer and Crop Responses to Diffei-
ent Sources of F,1,tilizers: a F-anner Managed Study 
on Home Galdcrls. i'ropSoilIs Field Research Brief
No. 34, SitiOung, In mesia. (Inpreparation.) 

Colfer, C. J. P., B. Newton and If Agus. 1986. O),; 
people's perceptions of :;oil--Sitiung, West Sumatra.
In Proceeding., Cent;c for Soils Research Annual 
Technical Meetiings, March 1986, Bogor,Indonesia. 

Colfer, C. J. P. and B,.Ncwto:,. Inter-ethnic contact 
and changes in people's percenl ions of soil-a case 
from West Sumatri. (To be submitted to the Interna-
tional hIournial ''nttrcultural Cotiummi;alion.) 

El-Sw',i fy, S. A. 1987. Contrasting thc conservation 
and imnanageinent requirements of Alfisols, Oxisols 
and Ultisols for improved rainfed farming in scmiarid 
areas. In Proceeding of tlhe Fourth International Con-
ference on Soil C,,servation, I. Pla-Sentis (ed.), 
Venezuela Soc. Soil Sci., Maracay, Venezuela. 

EI-Swaify, S. A. 1987. Soil-based concerns for soil 
and water conservation research and development in 
the tropics. In Proceedings cl, de International Work-
shop on Soil Erosion and its countermeasuics, S 
Jantawat (ed.), Kasetsart University, Bangkok, 
Thailand. 

Evcnscii, C. L. I. and] R. S. Yost. 1986. Alley-
cropping Experiment-I1985/86 growing season. 
TropSoils Field Research Brief No. 33. 

Evensen, C. L. I., R. S. Yost and Y. Kanehiro. 1986. 
Source and Management of Green Manure-1985/86 
season. TropSoils Field Research Brief No. 36. 

Evenscn, C. L. I., R. S. Yost and Y. Kanchiro. 1987. 
Calcium and Molybdenum Response of Forage Leg
umes. TropSoils Field Research Brief No. 38. 

Evcnsen, S.1986. Characterization of Home Gardens 
in Aur Jaya (Sitiung VC). TropSoils Field Research 
Brief No. 32. 

Evensen, S. Soil and Crop Management Practices in 
Aur Jaya. TropSoils Field Research Brief No.35. (In 
press.) 

larper, D. E. and S. A Il-Swaify. Sustainable agri
cultural developmen, in North Thailand: Soil conscr
vation as a component of success in assistance 
projects. In Proceedings of the Workshop on Soil and 
Water Conservation on Steep lands, Soil Conserva
tion Society of America. (In press.) 

Huang, R. S. Influence of Vesicular-arbuscular My
corrhiza on Leucaena leucocephala Growth, Water 
Relations, and Nutrient Acquisition. Ph.D. disserla
tion, University of Hawaii. 

Huang, R. S., W. K. Smith and R. S. Yost. 1986. 
Influence of vesicular-arbusular mycorrhiza of 
growth, ,,,tier relations, and leaf orientation in 
Leucaena leucocephala (Lain.) de Wit. New Phytolo
gist 99:229-243. 

Marlha, E. R. Peranan wanita tani dalam proses 
pengambilan keputusan di lingkungan keluarga dan 
masyarakat dacrah transmigrasi Sitiung I (Fann 
women's status in the decision-making process in the 
family and the community, in the Sitiung I transnii
gration area). (For submission to the CSR journal.) 

2/1-91
 



Publications 

Ndiaye, J. P. and R. S. Yost. 1987. Influence of fertil-

izer application nonuniformity on crop response. (In 

preparation.) 


Sigm'an, V., C. Colfcr, K. Wilson, R. Yost, M. Rauch 
and \I. Wade. Farm-based research iin the TropSoils 
Pro icct, Sitiung, Indonesia. (To be published by Case 
Studies Project on Intra- Ilouschold l)vnam ics and 
Fannitus Svstem s Research and Extension.) 

Si'ieh, i., G. U.chara and C A. Jones. 19S5. Simulat-
:icorn (lea macs I.) pcrfoimlance in the iropics. 

Papc: read at annual meeting of American Society of 
.\gronon ', Dcc. 1-6, 1985, Chicago, Illinois, 

"'ralnmar, 13. h., R. S. Yost and G. Uchara. 1985. 
Application o eostastiStiCS 1n sial sludil.es of soi! 
propertics. Advmces in Agronomy,, Bol. 38:45-94. 
Acadcmic Press. Inc. 

"lranmar, B. 1., k. S. Yost and G. Uchara. 1986. 
Spatial dependence and interpolation of soil proper
ties in \West Sumatra, Indonesia. I. Anisotropic 
va ri ation. i1 S~i. .o . Am. .1.50:1 39 -1395. 

lra mIlar, B. 1., R. S. Yost and G. Uchara. 1986. 
Spatial dependence and interpolation of soil proper-
ties in West Sumatra, Indonesia. I1.Coregionalization 
and cokrigiig. Soil Sci. Soc. Am.J. 50:1396-1100. 

Trangimar, 13. B., R. S. Yost, NI. K. Wade, G. Uelara 
and IM.Sudjadi. 1987. Spatial variation in soil prop-
ertics and rice yield on recently cleared land. Soil Sci. 
SoC. 4m... 5):66'8-674. 

Uelara, G., 13. B. Trainmai and R. S. Yost. 1985. 
Spatial variability of soil propemrcs. In Soil Spatial 
Variability, eds. 1). R. Nielsen and J. Bounia. Pro
ceedlings of a Workshop of the ISSA arid SSSA, IL.as 
Vecas, NV, Nov. 30 'c. 1, 1984. 

Uchara, G. and R. S. Y'ost. 1986. Spatial and tempo
ral agroccosystem variability. Prepared for annual 
meeting of Soil Science Society of America, New 
Orleans, Louisi aria. 

'ost, R. S., 13. 13.Trangmar and J. P. Ndiaye. 1986. 
Geostatistical comnputatiorn software for microcompu-
ters. I. Sel Iivariograms. Research Extension Bulletin 
Series 074. 1lawaii Institute of Tropical Agriculture 
and Ilunan Resources, University of Hawaii. 

292 

Yost, R. S., S. Itoga and G. Uchara. 1986. Applica
tions of expert systems to soil management. Paper 
presented to the Society of Manufacturing Engineers 
at the Agri-Mation 2 Conference, Chicago, Illinois. 

Yost, R. S. 1986. Informlation transfer. Paper pre
sented at the XV International Forum on Soil Taxon
omy and Agrotechnology Transfer, Apia, W. Samoa. 

Yost, R. S., S. Itoga, Z. C. Li and P. Kilham. 1986. 
Soil acidity management whh expct systems. Paper 
presented at the I SRAM Asian Regional Seminar 
on Soil Acidity, Land Clearing, and Vertisols, Khon 
Kaen University, Khon Kaen, 'Thailand, Nov. 10-20, 
1986. 

Yost, R. S., G. Uchara, Ni. Wade, M. Sudjadi, I P. G. 
Widjaja-Adhi and Z. C. Li. Expert systems in agri 
culture: detenining lime recommendations for soils 
of the humid tropics. College of Tropical Agriculture 
and I luman Resources, Research Bulletin. (In press.) 

Yost, R. S., G. Uchara, M. Wade, M. Sudjadi, I P. G. 
Widjaja-Adhi and Z. C. Li. 19' 5. Ai expert system 
for making lime recommendations in soils of the 
hunt id tropics: a user's manual for ACID3b, Trop-
Soils Project, University of tlawaii at Manoa, 
College of Tropical Agriculture and Human Re-
Sources. 

Yost, R. S., S. Itoga, Z. C. Li, J. Hansen, P. Kilham, 
G. Uchara, M. Wade and M. Sudjadi. 1985. An 
expert system for making lime recommendations in 
soi's of the humid tropics: a user's manual for 
ACID4, TropSoils Project, University of Hawaii at 
Manoa, College of Tropical Agriculture and Human 
Resources. (In press.) 

Yost, R. S., B. B. Trarigniar, J. P. Ndiaye and N. 
Yoshida. Geostatistical computation software for 
microcomputers. II. Point kriging. (In press.) 

Yost, R. S., B. B. Trangmar, J. P. Ndiaye and N. 
Yoshida. Geostatistical computation software for 
microcomputers. Ill. Block kriging. (In press.) 

Yost, R. S., B. B. Trangniar, J. P. Ndiaye and N. 
Yoshida. Geostatistical computation sollware for 
microcomputers. IV. Cokriging. (In press.) 

http:sludil.es


Acid Savannas
 
Cornell University
 

Preparedby 
Tie TropSoils Acid SavannasProgram 

Cornell University 
Douglas Lathwell, Program Coordinator 

293
 



Contents
 
Introduction...297 

Personnel...299 

Nitrogen Management...301 
Nitrogen Availt,biliy from Legume Crop Residues and Green Manures to Succeeding Non-Legume 

Crops...302 
Evaluation of Mineralization Potential of Legume Residues ...304 
Estimating N Mineralization by Laboratory Incubation wuid Effect of Soil-Sample Disturbance...306 
Soil- and Crop-Management Systems for Acid Savanna Soils Using Green Manures and Crop 

Residues aLsN Sources...308 

Water and Chemical Budgets...311 
Fertilizer Nitrogen Movement in Cerrado Soils...312 
Ion Movement in Cerrado Soil;: Effects of Gypsum Amendment on Charge Properties of the 

Soils...313 
[on Movement in Cerrado Soils: The Effects of Inorganic and Organic Amendments on Sulfur (S) 

Availability...315 
Crop Water Requirements in Cerrado Soils...318 

Soil Constraints to Management...319 
Characterization of Root-Restricting Zones in Cerrado Soils...2.20 

Publications...323 

295
 



Introduction
 
The vast, tree-dotted acid savannas found in tropical Africa, Asia, and Latin America represent a 
frontier in t.,e agricultural development of many nations. Past research in the Cerrado of Brazil 
has shown that the soils typical of that savanna-highly weathered, well-drained Oxisols-can 
sustain high crop yields year after year if properly managed. But, wit-mt adequate lirn; and 
phosphorus, crops fail. The soi!s are acid and infertile, with levels of aluminum toxic to plants.
The challenge in the Cerra0-, as in other tropical savannas, is to devise cropping systems and 
soil-management technologies that make the motst of the costly amendments necessary to over-
COnie these constraints. 

Research at the Cerrados Agricultural Research Center (CPAC) has already led to a basic 
understanding of lime and fertilizer management in the C'trrado. TropSoils' program here seeks 
to expand several areas of this understanding in order to increase the efficiency of certain soil 
amendments, and to learn how research results from the Cerrado can be applied to other regions. 
TropSoils work has focused on three topics, developed in collaboration with Brazilian scientists 
at the CPAC: 1) management of nitrogen, including the use of green manures; 2) quantification 
of soil water and chemical budgets in order to understand the fate of soil amendments; and 
3) identification of soil constraints affecting management, such as restricted drainage and chemi
cal or physical baniers to roots. 

While agricultural development in the Cerrado has made great strides on the basis of past re
search, the agricultural potential of other acid savannas remains largely untapped. The studies 
reported here, which have had the advantage of an association with established research pro
grams and modern facilities in the Cerrado, are intended to help unlock the soil resources of 
savannas in other tropical regions of the world. 
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Nitrogen Management
 
The goals of the nitrogen-management work are to find effective wvays to manage crop residues,
biologically fixed nitrogt ,. -1d fertilizer nitrogen for sustained crop production and the mainte
nance of soil fertility in the acid sav;uats. The research program emphasized biologically fixed
nitrogen for several reasons. Organic nitr'gen sources have been successfully incorporated into
cropping systems i;i the northeastern U.S. Corneli has conducted a sustained program of organic
nitrogen research. Work in the Cerrado of Brazil has suggested that higher crop yields ire 
sometimes attained using legumes and manure as compared to using fertilizer nitrogen alone. In
addition to supplying nitrogen, manures and legumes can also benefit crops by affecting nenut
todes, tplant diseases and the rhizosphere, and by increasing soil organic matter, which can 
improve soil structure and water availability. 

There may also be strong economic reasons for including organic nitrogen sources in the
cropping system. Fertilizer nitrogen is expensive And easily leached from the cropping system
during tropical rainstorms. Fhe governments of .,.any developing nations subsidize the use of 
fertilizer nitrogen in order to increase food production. Money thus spent frequently goes outside 
the country to pay for raw miiaterials or the finished product. It may be as reasonable to subsidize 
the production of legume green manures, as the mowley would be more likely to remain in the 
country. 

The projects described here have been conducted in order to learn how much nitrogen can be
fixed by legumes in the acid savannas, how much can be used by the succeeding crop, and how 
to incorporate organic sources of nitrogen into practical cropping systems. Work done thus far 
has demonstrated that several green-manure legumes fix sufficient nitrogen to satisfy entirely the
needs of a maize crop. Techniques using a fallow plot to fallow inorganic nitrogen accum', ation
have proven to be very useful in screening potential green-manure legumes for their ability to fix 
nitrogen. The next phase of the work will be directed at designing planting sequences and crop
ping sstems that effectively use organic sources of nitrogen and at determining the effects of 
green-manure legumes and crop residues on long-term soil productivity. 
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NitrogenManagement 

Nitrogen Availability from LegumeCrop Residues and Green Manures 

To Succeeding Non-Legune Crops 

IV.Shaw Reid, Cornell University 

RobertiJ. Carskv, CPAC 

Walter T.Bowen,ClAC 

Allert Suhiet, cAC' 


Nitrogen rcmains the most difficult of all plant 
nutrients :o manage for maximum efficiency. Green 
manures can provide the nitrogen required by 
succeeding crops such as maize. For maximum 
eficiency, the N mineralization rate fmm the green 
manure must approximate that of crop uptal 2. There 
are many legume crops that can be used to supply N, 
thus a method is needed to provide an estimate of the 
N mineralization rate and crop response to the 
nitrogen without the necessity of field evaluation of 
each legune. The fallow-plot technique examined by 
Bowen is one successful method. A second method, 
the buried-bag technique, has promise for evaluation 
of the differences in the total mineralization rates of 
green I mies. 
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Figure 1. Relationship between aboveground 
nitrogen in maize at harvest and Inorganic nitrogen 
accumulated In fallow soil at 83 days (dry-season 
experiment), 78 days (wet-season experiment), or 72 
days (intercropping experiment) after planting 
maize. 

Cocuin 
Bowen completed the analyses of the mucuna and 

soybean mincralization experiments conducted in 
1984-85. The conclu:ions were as follows: 

1. Inorganic N in the fallow soil was proportional 
to N uptake by maize, provided leaching did not 
occur. N release from freshly incorporated mucuna 
was expre.ssed as Y = 25 + 0.81X (r = 0.91) for the 
dry season and Y = 43 + 0.85X (r = 0.97) for wet 
season: where Y =kgJha of N mineralized, X = (lays 
after planting maize. About 60% of the N had 
mineralized from mucuna after 179 days during the 
dry-season experiment and after 80 days during the 
wet-season experiment. 

2. The uptake of N by maize was proportional to 
the ir.nrganic N accumulated in the fallow soil, as 
show,- in Figure 1. 

3. The nitrogen accounted for as aboveground N 
and residual soil N was approximately 80% of the 
inorganic N accumulated in the fallow soil, as shown 
in Figure 2. 

4. Tle mucuna and soybean residues had very 
different mineralization rates (0.32 vs. 0.21 kg/ha/ 
day for mucuna vs. soybean residue during the dry
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Figure 2. Relationship between aboveground 
nitrogen in maize plus residual soil Inorganic 
nitrogen (0-120 cm) and Inorganic nitrogen accumu
lated in fallow soil at harvest (dry-season experi
ment), or at 78 days (wet-season experiment) or 72 
days (intercropping experiment) after planting 
maize. 

302
 

http:1:1-Y-3+0.81


NitrogenManagement 

season experiment, yet inorganic N in tile fallow soil soil and soil ilixed with various legumes from ihe 
adequately predicted N uptake. experimental area at approximately (ehld capacity

5. The measurement of N mineralization1 in the within the maize experiment reported by l13OLldi n ci 
fallow soil can he used to evaluate the ability of al. (pages 304 and 305). The relationship between the 
various green inan ures to supply N 1o the succeeding N in the bags after three Ionths and the N uptke by
I aizC Crop, but leaching- o-ther N not accounted maize is shown in I ieure 3. This method for measur
for---will make the cons! niction of niitrogen budgets ing the relative N mineralization front green mannures 
difTicult. looks promising and will receive further evaluation. 

C:;i,:sy buried thin polyethylCiu' bags collajijinlg 
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Figure 3. Relationship between inorganic NInburied bag after three months plus Initial soil Inorganic N 
and then uptake by maize. 
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Evaluation of Mineralization 
Potential of Legume Residues 
lDaridR/. /o u/din, C ornell U2. 


JlUnirsi 

Allert Suiti't, CornA(' 


Objective 
The objective of tis project is to develop 

screening procledures for legume green manures. The 
two l)rocedutres tested here are incubation of soil 
samples in the l:boratory and measuremenls of accu-
IlLition of mincral N in fallowv plots.. 

Furoced res 


uC'lll. lr
(lt'lanur es were grown dung 
the \\el season, and their value as N sources were 
Cv'aluated und.r irri,atior i duiring tie ensuing dry 
scason by a) mcasurino accumulation of inorganic N 
in hare fallow plots, b)accumulation of N in soil 
sar'.lqs taken fron the plots and incubated in the 
labor,ltory, and c) croppilg to in aize tnder irrigation. 
'ht' four luis used were: mucunla [Alhuna 

art'ritna(Piper and 'Tracy) Merr. 1,crotolaria 
(r'ro olariapaulina Schrank), jack beans ICanavalia 
en'sitornlis (1'.) DIJ, and zornia (Zorrialatitolia 
SM). 

At tile end of the wet season, tho bare fallow 

plots 1or n.casu rineg accumulation of iineral N were 
established as follows: Onc )lot that had grown green 

manure was left fallow. On a second plot of green
inaniure, hlie.tops were removed and place( on a third 

plot, which had been fallow during the preceding wet 
season. A fourth plot, which had been fallow, 
received nothing. The four plots allowed us to 
comfpare the roots, tops and the whole plant as 
nitrogen soulCCS. 

In each block, one plot of green manure was 

planted to maize and one of each of four previously 
fallow plots was treated with 0, 50, 100 or 200 kg/ha 
fer-!ilizer N. 

Results 
The results are summarized as follows: 

. The yields ofcorn grain arid N in the above-
ground dry matter for the first crop of corn following 
the fallow and legumes are shown in Table 1.Table 2 
li,:s the value of the green manures as a substitute for 

fertilizer nitrogen. Crotolada, jack bean, and mucuna 
all replaced about 150 kg fertilizer N/ha.

The mineral N in the fallow plots, 100 (lays 
after incorporation of the green manures, was well 
correlated with the yields and nitrogen content of the 

aboveground dry matter of the maize grown on the 
corresponding cropped plots. The resuits are ,4hown 
il Figure 1 

Table 1. Grain yield and aboveground N-uptake of
 
corn, dy season, 1986.
 

Corn parameters 

Treatment Grain yield N-content In 
aboveground
 

(mg/ha) (kg/ha)
 
Fertilizer-N
 

0 Kg/ha 3.74 69
 
50 Kg/ha 4.60 96
100 Kg/ha 5.57 123
 

200 Kg/ha 6.72 172
 

Legume 
Zornia 4.72 116
 

Crotolaria 5.81 149
 
Jack beans 6.14 169
 

Mucuna 643 159
 

Table 2. Value of green manure as a substitute for 
fertlizer nitrogen. 

N substitution value, kg/ha 
Legume 1st crop (1986) 2nd crop (1987)" 

Zornia 50 10*.
 
Crotolaria 140 50
 
Jack bean 160 30
 
Mucuna 170 45
 

"Average of results with aboveground dry matter, grain 
yield and N content of aboveground dry matter. 

"Aboveground dry matter. 
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N in fallow plots, Kg/ha N mineralized in 1 week, microg N/g soi 
Figure 1.N content of abovrground dry matter of Figure 2. N content of aboveground dry matter of 
corn plotted against amount of Naccumulated In maize plotted against amount of N mineralized in
the corresponding pots kept under bare fallow. N one week from samples taken at the time of Incor
accumulation under bare fallow Is the average of 62, poration of the green manure.
 
77, 98 days after Incorporation to a depth of 60 cm.
 

Fej =Canavalia; Cro = Crotalaria; Muc = Mucuna; Zor = 
Fej =Canavalia; Cro = Crotalaria; Muc = Mucuna; Zor Zornia; CK = None.
 
Zornia; CK = Check (fallow); 50 = Mineral N in fallow
 
plus 50 kg of tertilizer; 100 = Mineral N in fallow plus

100 kq fertilizer N. 

3. The mineral N accumulated in the soil samples fallow plots, varied from about 50% for the Croto
during two weeks of incubation in the laboratory lafia to about 80% or more for the other green
 
were correlated with yield and uptake of maize. The 
 manures. 
results are shown in Figure 2. 5. Both laboratory incubations and fallow plot

4. The fraction of de ota, N in the tops of the sampling are suitable procedures for screening
different legumes incorporated into the soil, which !egume green manures.
 

,, recovered as net increase in mineral N in b:'re
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Estimating N Mineralization
By Laboratory Incubation and 

B 

Effect of Soil-Sample Disturbance 

StuartD. Klausner, Cornell University 
Allert Suhet, CIPAC 
Douglas.1. Lathwell, CornellUniversity 
David R. tuldin, CornellUniversity 
,JohnM. DaL'burv, Cornell University 

Laboratory incubation of soil has been used cxten-
sively to characterize N mineralization rates. To (,ate, 
the validity of soil incubation as a predictor of N 
mineralization in the field is qustionable, 

Most incubation studies in the past involved tra-
ditional sampling procedures whcre the physical 
integrity of the soil was destroyed by mixing, 
grinding or sieving. Since a portion of fhe organic N 
pool is thought to be in a physically protected state, 
soils that have remained relatively undisturbed 
should have a larger percentage of protected organic 
N than those that are tilled frequently. Therefore, the 
effect of the physical disruption of soil oi the rale of 
organic niatter decomposition becomes important. !n 
the same regard, a disturbed soil sample used for 
incubation )urposes may mineralize at a different 
and more variable rate than in situ. The value of a 
laboratory incubation procedure for predicting N 
mineralization may be improved if the physical struc-
ture of the sample is maintained. 

o ctives 
Tth'; objectives of this study were I) to evaluate 

the effect of soil saniple disturbance on N minerali-
zation fro i sampling locations differing in soil man
agement practices, and 2) to determine the suitability•undisturbed 
of a laboratory incubation procedure fbr estimating N 
mineralization from soil organic matter and additions 
of green mlinure for corn production. 

Procedures 

Four dark red latosols were sampled. Treatment 
designations and land use are as follows: a) 'native' 
Cerrado (CE) presumably in its natural state; 
b) forage grass (FG), sixth year of andropogon; 
c) corn check (CK), third crop of continuous corn, 
and d) corn followAg a legume (CL) cropping 
sequence of corn-mucuna-com-corn. 

Disturbed (traditional mixing and compositing)
,nd 'undisturbed' (cored) soils were sampled at the
end of the dry season to a depth of 15 cm. The 

samples were processed irnnv'diately, to avoid air
drying, by saturating and equilibrating to 0.25 bar 
water tension on a pressure mcmrbrane apparatus. 
After equilibration, the aggregate size in the dis
turbed sample was reduced to less Chan 1 ram. All 
samples were aerobically incubated at 350 C for a 
two-, four-, eight- or 12-week period. Moisture 
contents were adjusted during incubation 

A second soil sample was taken from each 
location to determine the effect of grinding on N 
mineralization. Air-dried soils were sieved to obtain 
aggregates of 1-2 mm, and plint residues removed. A 
subsample was completely crushed to less than 0.21 
mm. Samples were mixed with sand and water and 
incubated at 35" C for two weeks. Inorganic N was 
analyzed by steam distillation. 

Results 
The rate of N mineralizaion for each location 

was best described by linear regression. A test of 
homopeneity of regression coefficients (Table 1) 

Table 1. Regression equations and decay rates of 
organic N. 

Site Decsy rate', 
Sample kg N/ha/wK

R2preparation Equation" wiihln between 

CE disturbed Y= 1.4 + 2.39X 91% 3.2 a 3.5 b 
undisturbed Y= -4.3 + 2.85X 97% 3.8 a 

FG disturbed Y= 4.2 +0.78X 86% 1.2a 1.5bY= 1.4 + 1.24X 800/ 1.9 b 

CK disturbed Y= 6.1 +2.69X 93% 4.5 a 5.3 b 
undisturbed Y=-1.9 +3.54X 80% 6.0 a 

CL disturbed Y= 0.4 +4.06X 89% 7.0 a 7.9 c
undisturbed Y=-0.9 +5.1OX 88% 8.8a 

Decay rates followed by the same letter are not signifi
cantly different at the .05 level.
 

"'Y net Nmineralized inppm, X= time in weeks.
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showed no significant difference in mineralization 
rate between the disturbed and undisturbed sample 
within the native CCeTado, Continuous corn and 
second crop of corn following Il ucuna. TFIC andropo-
gon site showed a small but significant increase for 
the undisturbed sample. An analyss of conbined 
regression coeflicieits showed incralization rates 
oil the order of: corn following inuctuna - contitiLIOU.t 
corn - nalivc Cerrado > andropogon (Table 1). It was 
postulated that Ihe lov mil rali zation ratc in the 
andropogton site was due to a wide C:N rotio of tie 
large dense root mass ii tile soil sample. NIineraliza-
tiii potential in newly cleared Ccrrado soils could be 
improved with tie addition of lime and Pzrtiilizer. 

Fallow plots, containingiI the same residual Ie-
unic treatments (+ dl - titculla) as tihe CK and CL 
Sampling siies, were maintai ned to allow for soil 
profile N analysi: without N loss (ie to crop uptake.
The dat a in Table 2 suggest that N mineralization in 
the first-vear residual nmucuna treatment was not very 
different front the rion-legunie check. [le absolute 
difference between the two is due to residual N 
carryover from the previous season in the nmucuaa 
treatment. 'Hic correlation between N minc ization 
ill laboralory-iimcubaled soi il with that in tile fallow 
plots showed 110 niea1irifug til relationship. )ifferences 
iii corn yield and N uptake between clleck plot 
treatncts was die best inmdicator of ilic N SlitUS ill 
th soil. 

le effect of vigorous soil disturbance (ginding) 
oil net N ilineralizatiori is shown in 'Table 3. Nitrogen 
produtction du ri ng a two-week ilCuhatiton increased 

Table 2. Inorganic N in the top 120 cm. ol fallow 
plots receiving two legume tre atments. 

Days after corn emergence
Treatment -32 26 57 81 114 

.. .. kg N/ha 

no rnucuna 139 137 129 158 195 

mucuna 231 259 249 241 308 

appreciably when the soil was finely ground. 

Conclusions 
'The (ata suggest that as long as some degree of 

:;oii aggregatloi exists, soil disturbance has no effect 
oi N mineralization. lowever, more vigorous 
disturbance, such as grinding, caused a significant 
increase in mineralization. A mechanism for physi
cally protecting a portion of soil organic matter 
against short-t'rni N mineralization probahl y does 
exist. The mechanism appears equally effective 
within the context of nornmial soil sampling aund 
preparation but physical protection become,; ineffec
live when soil aggregation is completely destroyed.

Laboratory incuiblatio of a soil planted to corn 
over-predicted N mineralization in fallow plots. 
Incubation may be effc. ye for qualifying differ
ences in N mineralization based Oil soil-rnanagenlen
practices, but it does lot appear to be a quantitative 
Imasure of the resi(It al N etffects fromn a legume 
during the second succ,.,eding crop. The predictability 
of minera.zaion in the field was not improved by 
using an undisturbed soil samiple. 

Implications 
Preliminarily, it appears that norial soil till agc 

will not increase the ratc. of N mineralization by de 
stroying the physical protection of soil organic matter 
unless a significant amount of soil aggregates are 
destroyed. Further investigation, through well
designed field experiments, will be required to test 
the validity of this observation. 

Table 3. The effect of soil disturbance uot n-et Nmin
erallzation during a two-week Incubatlon at 350 C 

Sampling Grinding treatment' 
site 1-2 mm < 0.21 mm 

____ppm N 

CE 24 a 59 b 
FG 20 a 27 b 
CK 
CL 

29 a 
24 a 

40 b 
51 b 

Means followed by the same letter, between grinding 

treatrnts, are not significant at 5% level. 
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Soil- and Crop-Managernent 
Systems for Acid Savanna Soiis 
Using Green Manures and 
Crop Residues as N Sources 

I),ou ,s.!. [izhtim '/, (,r llwlI Uvcm ' 

Rid1. ou, or'tiL
lm, llUvti, ,Yitv 


ike,'11r "T.
] ewf't(-. 
I( Costa, ('ort. !!I ,'r 

O)hiclkes 
Work (,!]
this priedt mta\v be divided into t 

plrts. 'he ohjcdti\c W4tWIf Vrt part, condlci,2d at 
(A'AC, was to Cl-ly methods of usiig green nr anu re 
Icnjri st,',hcvIiWVi fitted into soil- ,.ndOat bhte 
drIt walr.iltrlIlt tcnr-. The obictivc of tire 
sc,.'ono ptrt wis to develop an (.\tilapoIit:o silo 
v\w'l!rcsull obtaild at ('P".(' night Iletested 
under di ffereit ,, iland clinatI conditio:. 

l'ro-r'vss, ()bjecfivc I 
(,'r /'uzrnr'ISUN./1N ' 

.Xperiureints we re carried out at CPAC to test tie 
ciiIfrc'reCC anon1l greC,T lallrle Igume. a N 
;(tices, lin LO0e\ a t ,'tot rncei niarnurietile clect of 
Icmures or N .nireraliat ion ard ac,.n miiiation of in-
or, :rc N illfllow soils. 

Phc first study was conducted to n, 'IsurC the N
 
-ccurruIlation o1 four leglume 1ii
ire ralt reS an 0o 
measure the rale of' inorganic N accurul ation in bafre 
fallow plors fi Olowi ig incorporation of lreilegumnes. 
Thre f'Ai ieg.I;tic: cV''ate'd wCr (jdalro aia 

accumulated ,nder the Canavalia green manure. 

N voai,',..:io,, frF fromaIn a secoO~l ext~erirjr.nL, N v'olatilization or,, 

suiface-placed green manures urting the coarse of 
microbial degradation was investigated. A ,reen
house experiment was condulccO in xihi.h mnineral N 
accumUzation was reasured i: fallow pots in the 
e'. ll when' 1LucuIra li.aves were surfacereenhouse 
placed or mixed. 'I..decomposition of the surface
placed macral was ctiemt-nined by periodicaily 
collecting tile tire surface anrd analy ingresidue froli 
for tota! N. 

The resuits werc as f01lows: APer -19 days there 
was tvice as ur uch minraIl N in the pots where 
munlcuna was rnrced as compared to surface-plaeedA 
'lltuennla. i1 clit.mixed treatnient, this was alout 45% 
of the ortanic N added. The total N in [he surlace 
residues decreased rapidly and, after 49 days, was 
60'%;, of Ihe all"notlnr added. 

Similar studies were made in a field cxperiilent. 
The restu.lls I'm tile field experiment are currently 
being!a)ve in detail, but preliniinar examination 
of the ,ata appears to agree with the resutnis obtained 
in the greenhouse. 

These resutifs indicate thatigreeiinlatMres should 
')e incorporated ir, volattliorder to prevent possibl 
/aiiori losses from surface applicalions. 

Scr'enitng legumes for drY-season use 
Alncx peririwot to screen legumes for dry season 

survival in acid savanna soils was begun inFebruary 
'19X7. started under the auspicesThis project has beer 

ilsil/i(/lcrL, Cro;U,,'alhi pwvli/la, !XO/ic'es l/hl,/, and ilof the TropSoils CRSP 'but most o. the support for 
Al, I atc' ine,. 

The lemnies wr,e rvi duri tire wet sCesoil 
9:r (,)5n(
and were rct)re
pora icd or surfacc-placcd 

on if), soil at tile beinning of tile asrof ,(i!1y sesoll ' 

Tie ploLs were llailtal c' in bare fallow ltl'in, tie, 
dry sec lri.r,,Ittaonl 'NAlter was appied to kcp the 
plots moist. ilut th applicd vvai;alotil kcpt slill 

cinoNiih inany (inc: irrin1tior0 to prevc;lt leachig 

beo iid abMt 45 c i dcpii. Soil sam ,pesw,r,takc'ci 
periodically i;d rinirail N ac;ltllhltionii w i 
deterin iicd. 

The baulk dclnsity (l "J Soil sampIes has nol vel 
been detenmii.wd so that a (iiaiittlA C Stliirrl'ry of 
the results is ilot complete. Preliiminary exatlilIation 
of the restults indicate the n:)st mineral N was 

this project will come froni the Special Research 
Grans of UD)A-AID program on factors linitiing 
symbiotic itrogen fixation. Two sites at CPAC of at 
least I Iha each were set aside for conducting tie 
planned expnerir erits. The two sites differ in soil 
type; one is a red yel1low latosol (Acrustox), and the 
other is a dark red latosol (Ilapiustox). They also 
di ifferinwile; table depth. Botn sites were cleared of 
tntive Cerrado vegetation several xears ago, aiJ 
inve been cropped .rnd fertilized, with only tillage 

varying as a1 ainagenic t fact ', Ihilate Febrituary and 
early March, both sites were no!dlboard-plowed, 
disked, limed (I I/a red yellow, site, 2 i/ha dark red 
site), aid fecrtilized (2() kg/ia of P20 and 120 kg/ha 
of K,(). 
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Fifty-two different legumes were sown at each 
site during the period March 19-21, 1987. Each 
leguri, was sown in plots of 6 x 2.4 m size (fbur 
rows with 0.6 m between rows), replicated three 
times at each site. The CPAC soil mirobiology 
laboratory provided Rhizobium for inoculating all 
legume seed at planting. In addition to the 52 leg-
unies, a limited amount of seed for 35 liles of 
Canavaliaspecies, oblained from CIAT, and seven 
lines of Arcna sativa, selected for good dry scason 
productian in SouthCni B,izil, were planted for 
observatio, ;it onc site. 

Inplications 
Information gathered from these projects will be 

useful when cropping systems are developcd for arid 

NitrogenManagemet 

savanna soil.. Efficient use of nitrogen in cropping 
systems developed will te ,key to their successFil 
ad;aption by fanners. Likewise, only green manure 
legume systems which use them effec!ively and eco
nomically have a chance to succeed on tie farm. 

Progress, Objective 2 
We have devoted, considerable effort to develop 

an extrapolation site in Africa. While possibilities 
scem to exist no,ic have materialized as yet. Mei~n
while, Dr. B,'ven has been stationed in Brazil on a 
temx)rary basis to assist the program at CPAC and to 
investigate the possibility of doing some work on 
extrapolation ,)fCPAC results to Manaus in the 
Amazon Basin of Brazil. 
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Water and Chemical Budgets
 
Previous research into methods of increasing the rooting depth of plants in order to overcome 
water stress during dry periods has broadened to include work toward a comprehensive descrip
tion of the fate of amendments in acid savanna soils. These studies are investigating such factors 
as the transport and distribution of water and solutes, and dhe chemical reactions influencing 
crop yields. 

Results from this program of research will be integrated with data from previous studies at 
Cornell aid the Centro de Pesquisa Agropecuaria dos Cerrados (CPAC). The ion-movement 
projects will develop and test a simulation model similar in approach to models which have been 
used to describe salt movement. Laboratory and field studies will be used to guide the model's 
development. This model, and the quintitative understanding of ion movement derived from 
such studies, would be valuable in the extrapolation of experimental results to new locales. 

One study in this group. "Crop Water Requirements in Cerrado Soils," led by Susan J. Rila 
of Cornell, has not been under way long enough to produce results and is not presented. The 
study's objectives are to determine the components of the water budget; to quantify the effects of 
tillage practices upon the ability of Cerrado soils to hold and conduct water; and to develop aid 
te,' a simplified model relating water use to crop yield. The model is expected to predict how 
crop yields on different soils would be affected by periods of rain or drought, and would be 
useful in estimating the benefit of increased irrigation. 
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Fertilizer Nitrogen Movement 
In Cerrado Soils 

Susan J. Riha, Corncll University 
i. .1.Wrgenct, Cornell University 

!lias Freitas, CP-C 
AIerL Suhet. C!lAC 

Objectives 
The objectives of this study were I) to develop a 

comprehensive description in simulation model form 
of nitrogcn movement and translormation in cropped 
soils of the Ccrrado; 2) to use the model of(!) as a 
guide l intterprCting previous studies and in design-
ing holthcr field exicimeits to increase understand-
ing of nitrogen fertilizer fate in Cerrado soils, and 3) 
to develop , simlplified model of nitrogen fertilizer 
fate in ,errado soils that will be useful in guiding 
nitrogen manacment pmgrams. 

Progress 
Objcctitc I 

A lCnera!-purpose simulation model (GAPS) of 
\vwzter movem eat in the soil-plant-atmosphere has 
been developed. The prog.'ram contains user-friendly 
input/Output routines and allo,s the user to select 
from procedures that simulate various components of 
the soil-plant-atmosphere s 'ystem. In addition, the 
user can choosc from a vaiict\ of procedures repre-
senting the same componcilt of the system (such as 
ETP or soil-water flow routines). Procedures can be 

selected on the basis of the data available to the user, 

the particular modeling objective, or tie level of 
complexity desired. Extensive documentation of the 
simulation procedures accompanies the software 
package. The program structure allows the user to 
incorporate additional procedures into the program. 
We are currently developing procedures for nitrogen 
transformation and nitrogen-soil particle surface 
reactions. 

Objective 2 
We have been compiling both the necessary 

input data and results of previous CPAC field experi
ments to run and evaluate our current nitrogen simu
lation model. We have initiated a field experiment at 
the CPAC to determine the efTects of varying rainfall 
on nitrogen translormation and movement in highly 
weathered Oxisols planted to corn. This experiment 
is being conducted during the dry season, so that 
water input can be controlled and manipulated 
through the use of a line-source sprinkler. 

Objective 3 
A comprehensive literature review of nitrogen 

fertilization of maize in tropical regions has been ini
tiated and is near completion. Additionally, we have 
decided to use a nitrogen partitioning model similar 
to one developed by C. T. DeWit, and linked to a 
simple expert system as a guide for nitrogen manage
ment programs. 
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Ion Movement in Cerrado Soils:Effects of Gypsum Amendment 

On Charge Properties of the Soils 

Murray B. McBride, Cornell Univcrsit , 

Eugenio Marcano-Martine:,Cornell Universit' 


Tic application of gypsum as an amendment tw ever-
cone deleterious effects of soil acidity has been sug-
gested by some authors (Ritchey ct al., 1980; Reeve and 
Sumner, 1972). The greater mobility of gypsum with 
respect to lime makes the forner a better source of Ca 
to promote root growth in the soil's lower layers. 

The rate of Ca moment is dependent on the 
relative retention and reactivity of the accompanying 
anion and on the charge of the soil minerals. By 
s(udying the adsorption of Ca and SO4, and tie 
chemical processes affecting their retention, we can 
understand some of the factors that determine 
gypsum fate and efficiency in these soils. 

Objectives
The objectives of this study are 1) to estimate the 

sulfate and calcium retention capacity of the A and B 
horizons of a dark red Acrustox (DRA and DRI3) and 
a red yellow Acrustox (RYA aind RYB), and 2) to 
study the effect of sulfate and calcium adsorption on 

the development of charge in the soils, 
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Figure 1. Calcium adsorption Isotherms Inthe dark 
red Acrustox. 

313
 

Water and Chemicals 

Procedure
 
Ca and SO4 retention were studied by adsorption 

isotherms of CaC12 and I,2S04 in a O.OIN KCI 
medium using a soil solution ratio of 1:10, in all four 
soils. CaSO4 adsorption was also studied in a similar 
way but only in both A horizons. 

Results 
Ca adsorption isotherns followed an almost 

linear behavior and conformed to the Freundlich 
equation. These results are shown in Figure 1 for the 
DRA. When Ca was applied together with SO4 
(gypsum) there was a significantly higher adsorption 
of Ca above an equilibrium concentration of 0.04 
iN. Precipitation as CaS. 21120 cannot explain 
these results because the solubility product of this 
compound was not exceedcd. 

SO4 adsorption isothernns had a Langmuir shape 
in both cases (K2S04 and CaSO4), but the best fit was 
given by a Freundlich equation. SO4 adsorption was 
also higher when gypsum was applied than when 
K2S04 was used as the adsorbate, as shown in Figure
2 for the DRA. 

Ca adsorptio:: was not signi icartly different 
between the A and B horizons within each soil; this is 
probably due to the higher concentration of APl in 
the A horizon (see previous report). This strongly 
adsorbed Al3' would block the negative sites. 

8 

6 
4
 

"0
 
E
 

5
 

4
 

c 

I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

EQUILBRIUM CONCENTRATION (mM) 
Figure 2. Sulfate adsorption Isotherms In the dark 
red Acrustox. 
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SO4 was retained more strongly in the B horizons 
than in tie A horizons and the dark red Acrustox 
showed a significantly higher retention than the red 
yellow. Tiis can be attnibuted to the higher iron 
conlent in the first soil. The CBD-extractable Fe 
levels were 7.82 and 6.37% or the DRA and DRB, 

respectively, and 4.00 and 3.73%c for RYA and RY3, 

respectively. 


Ca adsorption did not affect tile p Iof the soil 

iii rincrease tile retention of Cl-. Onl the other hand, 

So, adsorption increased the pil of the solution
 
alImost linearly, this efTct being more noticeable in 

the B horizons ind whcn SO, was applied as KS0.
 
The retention o1 1K' was al ;o aflected by the adsorp-

tion of SO., as shown in Figure 3 for adsorption of 

K,S(}. Application of CaSO., also caused an increase
 
in the cation retention which was less linear than in 

the previous case. The increase in cation retcntion
111a'bCdueinart o al icrese i pi tht mkesmay be dlue in part to an increase in pll that makes 

the soil surface more negative (file to dle pl -depend

el charge of these soils (see previous progress 
report); this could have been the case for both B 
horizons, where the increase in 1)11 might have 
caused a significant change in negative char'. In tile 
A horizon, tile rise ill pll was smaller (probably 
because of a buffer effect of o,ganic matter) and was 
not enough to cause a significant increase in negative 
charge. Therefore, the higher K' retention is attrib-
uted to creation of negative charge upon SO.,adsorp-
lion by a ligand exchange mechanism as shown in the 
following reaction: 

011,] /01,] 
Fe + SO4 Fe + 011 

0,( -ISO_ 

'his reaction can also explain the higher plI resulting 
from SO4 adsorption. 

l maximum Ca adsorption measured in this 
experiment represented between 55 an( 88% of tlhe 
total CEC of the soil at its natural pl1; thus, Ca 
adsorption could be explained by a cation exchange 
mechanism. SO4 adsorption for both K S(2.and CaS'1 
treatments was higher than tile anion exchange 
capacity of the soil measured by Cl- retention, on a 
equivalent basis. This implies that SC) adsorbs more 
preferentially than CI in these soils, probably by the 
ligand exchange nmchanism shown above. 
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Figure 3. Effect of sulfate adsorption on the K,retention capacity of the soils. 

Conclusions 
Sulfate and calcium retention are dependent on 

the equilibrium concentration of these ions in 
solution. While calcium retention was almost linearly 
dependent on Ca concentration, sulfate tended to 
approach a maximum adsorption which was not 
reached within the experimental range of SO addi
tions. Retention of both ions conformed to the 
Freundlich equation. Gypsum application caused a 
greater Ca and S)4 adsorption, probably due to ion 
pair adsorption. 

Ca wa'; adsorbed as an exchangeable cation 
without affecting the pTH of the soil nor the total 
surface positive charge. Sulfate was adsorbed by a 
ligand exchange mechanism that caused dist.,lace
ment ol hydroxyls from the surface, raising the pH of 
the seil solution. At the same time, SO4 caused an 
inruease in the total negative charge. 

Implications 
)ata from this study support the specific adsorp

tion mechanism by which sulfate is adsorbed in 
oxides. This mechanism affects the balance of charge 
hn the soil ard can be used to reduce cation leaching. 

Application of gypsum increases the retention of 
both Ca and SO4 by the soil, as well as the total CEC. 
Th1iis can have some practical use because ,f the im
portance of these nutrients. 



Ion Movement in Cerrado Soils: 
The Effects of Inorganic
And Organic Amendments 
On Sulfur (S)Availability 

John M. i)iaburlrv, Cornell Univ-ersitv 
Jetc'r l.A!otmavlli, Cornell UniversitN' 
WeCnclczul Goedert, ('l-W 

Oxisols of the Cerrado are potentially deficient in 
sulfur, ,toueh the use of ordinary surcrphosphate 
and gypsuni has largely prevented deficiencies from 
occurring to date. Rec-mniendlcd ianagenent
til 

practices for these acid savanna soils include large
additions of phosphorus and lin:,, tboth of which can 
affect stilfate alsorption and mobility inthe soil 
profile. Recent work by Cornell TropSoils research
ers las shown thal legunies, such as nitcuna and 
crotalari a, grown as gICn 11nan rcs, supply SUbStail
tial amon1tS of itrogern to succecdling crops. The 
green rttanures would also he c.\pected to supply 
su1lfur through nine rtalizati on prncCwsses, and could 

further illfILCncC sulfur availability by alteration of
 
soil chemical properties. 


ObJecfive , 

The purpose of our stUd\' is to evaluate the 
effects of inorganlic (Ca, J)and S)an(l organic (green 
ianures) aiendinients on three components of sulfur 
availability--.adsorption reactions, movement in the 
soil profile, and iniveralization of organic su fur. 

Progress 
LaboratorY studies ofsulJ}ur intinralizt.lion and 
sulfate adsorption 

An incub.,1ion experiment was perfonned using
teiA and B horizons of a dark red latosol and a red-
yellow latosol inorder to evaluate sulfate adsorption 
over titne as affected by additions of a green nianure
(alfalfa) and an organic anion (o;xalate). Tie experinental design a!owedn us to separate heeffects of 

and of organic additions oti 
and to measure sulfur mineralization. Soils were 
incubated for 0,8, 15, 

pl-l sulfate adsorption, 

29 and 63 days. At each tirie, 
Mineralization was measured using distilled water 
and 200 mg P (K 1,PO,)/I extracting solutions, andl 
sulfate adsorption was evaluated at levels of 0, 120 
and 240 mg SOIL in 0.01 M KCI. (3ne group of 

Water and Chemicals 

alfalfa and oxalate-treated soils had p11 adjusted to 
the pil level of tile control in order to examine pit
effects oil sulfate adsorption.Addition of alfalfa caused soil p11 to rise imnie
diately by about 1 pl unit, whereas oxalate addition 
depressed pl1 from 0.5 to 1.0 pil units. Soil plI 
continued to rise upon incubation with alfalfa to 
about pi 17.5 to 8.0, while the plI of oxalate-treated 
soils gradually rose to that of the unamended soils 
(4.4 to 5.3).As shown in Figure I,addition of alfalfa 
immediately reduced adsorption of SO4 relative to the 
unamcnded soil and this effect wa: maintained even
 
120 

0 DAYS a ~ALFALFA pHA JS E 

100 
 OXALATE ADUSTED 
ALFALFA pH NOT 

80 
 0 OXALATE )AOJUSTED 

60 

40 

20 

0 

-20 
63 DAYS 

100 

80
 

60
 

40 jj i 
20 - A 

0 _J
0 
-20 L II 

LEA LEB LVA LVB 

Figure 1. Relative adsorption (untreated control soil= 100%) of sulfate after incubation of the A and Bhorizons of a dark red latosol (LE) and a red-yellow 
latosol (LV) with alfalfa (5 g/100 g soil) or oxalate 
(10 mg/100 g soil). Adsorption measurements were 
made without pH adjustments and after adjustment 
to that of the unamended soil. Data represent the 
mean of values obtained for equilibration with 
solutions containing 120 and 240 mg S04/L. 
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LEB200 20rLEA 
after adjustment of p-I to that of tie 157 ALFALFA 
control soil. The effect of alfafa on 0 ALNALOA 
SO, adsorption persistedl throughout 1140COTL 
the 63-day incubation period. 

Oxalate addition also tended to F 71 

reduce adsorption of S(, bill tihe , 28 
n1agnitude of tie reduclion wasT _l 
initially sensitive to pl Iand the a --15 

tua200 -LVA LVB
 
elfIkct was transient. Thie 13hioni- L 
/15; of soil.; adsorbed more LL 157o)0th 

sulfate than the A hori/ons, perhips :1 

due to higher native organic mtter i 
lcvCls ill the A horizons. 71 

TIhe range of sul fur iinerali ia

t11n after alfalfwas added was 28 

between Q.2 and 36.7 mi(, SO)Ig Soil/ 
wek. The patterns of S iineraliza- 0 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

tion varicd both between the soils 
in(soil boilzons (iure 2). TIME (days) 

,U/f ti' mfovefnt ill)ln-tem Figure 2. Mineralization of sulfur in A and B horizons of dark red 
(LE) and red yellow (LV) latosols amended with alfalfa (5 g/100 gci(7)t'rlt'ltsf. Or thrk-, od(lhzuo/s (It sol._______________________________ 

C11,11Csoil). 

Three-year P source experiment: 160 A NPS
 
Soil samiples were collected to 120 cim from one 140 - kg/ha

repetitioo phits which haid received various levels 0 0- 0,,

of P amd S feriiliiers. The soils were extracted with a 120 2U) 'A -0 12 52 0 

),solution and sullate determined by iOO 72 52 64 
ion chromatography. The results are shown in Figure , --A- 72 0 64 
200 ppi1 Kt ., 100 -0-

3.Without added P, plant growth was poor, uptake of - 80 

S was low, and substantial amounts o"sulfate were L 60 0'

found in the upper 60 cm. With 1Paddition and much D 4 , "
 
better plant growth, soil sulfate levels were redluced. W 

20
Five-year gpvlsunl experiment: 0 

ihree repetitions of plots which had received 30 60 90 120 

gypsum additioi;s (0, 107, 306, and 427 kg S/ha) in
 
197) were sampled to a depth of 120 cin. All plots DEPTH (Cm)
 

exc(-pt ihose receiving 306 kg S/ha had also received Figure 3. Effect of three years of N, P and S fertil
4.7 tvl' izer treatmentslirae/ha. Extractable sulfate levels were deter- on phosphate extractable sulfate In 
nined as p .'viously described and are shown il a red latosol. 

Figure 4. 'lie higher rates of gypsum addition 
resulted in more downward ,movenment of sulfate, laria, rice and natural vegetation) were grown three 
which also appeared to be accentuated by lime out of the ten years. Crop residue was either removed 
addition. A significant correlation between ex- or incorpora;.ed and two levels of lime (I or 4 Mt/ha) 
tractable sulfate and Al was found. had been applied the first year of the experinent. Ap

proximately 500 kg S/ha, contained in simple super
Ten-year green manure experiment: phosphate, had been applied over the ten year period. 
Different green manure crops (mucuna/crota- Levels of phosphate extractable sulfate in tile soil 
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Figure 4. Phosphate extractable sulfate from a red 
latosol seven years after amendmert with gypsum 
and lime. 

profl~e are shown in Figure 5. )ownward movement 
of sulfate was generally greater at the higher lime 
rate, but there was no cffcci of incorvoration of crop 
residue on sulfaIt nIIoi 

Field c,,'aluatnzolO/''f,,l immures as a sul/ir source. 
A hecld experinment was begun onl a (lark red 

latosol at CPAC in November 1986. Treatments 
consisted of an incompleIc factorial design with three 
rates of g vpsunm (0, 60 and 600 kg S/ha), three green 
Manti re treatments (0, 10 Mt/ha Canavaliaen
siformis, 10 Mt/ha Panicum max icum on a (try weight 
basis), witi-and-without lime treatment (0and 3.4 
Mt/ha), and with-and-without crop treatment. Only
unpl anted plots had the 0 lime treatlent. Plant 
material for green manure treatments was harvested 
from adjacent areas and passed through a forage 
chopper befoe being spread uniftrmly over the 
treated plots. Then, were three replications of each 
treatment. A blanket application of 65 kg N/ha, 200 
kg P[)5 ha, and 150 kg K20/ia was made to the ex-
perimen4tal area and all plots wre rototilled. Corn 
(Zca ina'ys L.) was planted on . Decemiber 2,1986 and 
an additional 165 kg N/ha was split into two applica-
tions later in the season. 

Soil and plant samples were collected at regular 
intervals throughout the growing season. Preliminary 
results of extrac-table sulfate in soils from the hare 
plots showed that liming appeared :o improve sulfur 
mineralization, especially in the Panicuin treatment, 
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Figure 5. Effect of seven years of cropping Inter
spersed with three years of green manuring on 
phosphate extractable sulfate in a red latosol. Green 
manure crops were natural vegetation (A), mucuna/ 
crotalaria (B), and rice (C). A total of 500 kg S/hawas added in simple superphosphate over the tenyear period, except for the unfertilized treatment 
(A). 
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and perhaps also promnoted downward movement of 
sulfate. The experiment was harvested in early April 
1987, and results will be forthconing shortly. 

Conclusions 
Soil sampling of'several long-term experimentst' 

at CPAC confirmed that both iline and phosphate ad
ditions to Cerrado Oxisols appear to )ronote down
wad movement of S() in the soil profile. Thlis could 
eventually lead to leaching of SO)4 from the profile
aad to S deficiencies when plant nroo~ting dlepth is not 

ocat. 
The klt, Slies Showed thatratorv incuin 

add1(itionls of,planlt malzterial to O)xisols c.nb xpceto redlue S adsorp1tion. Several mechanisms,i 
tord • SvrlnchiinsOidopin n 

eluding CfCCt on soil p1l, surface chargetNebraskaand ex-L-
tractable Al, may be involved in this process. Sulfur 
afso mineralized readily when alfalfa was added to 
these soils. 

Crop Water Requirements
In Cerraco Soils 

Susan J.Riha, Cornell University 

R. J. Wagenet, Cornell University
Elias Freitas,CPAC 

uthe
progress of this project has been greatly helped 
by the enrollment of Ariovaldo Luchiari as a gradu
ate student of Dr. Susan Riha. Mr. Luchiari con

lducted several experiments over a number of years 
with irrigated %heat that will allow us to test several 
models for potential use in predicting wheat water 
requirements in the Cerrado. This year Mr. Luchiari
visited with lDr. John Nornian at file University of 

to learn how to use a comprehensive crop 
Naska todl how tie a cope e 
canopy model (CUPID) he has developed. 

New Project Update 
This project has not been under way long enough to 
yield a suhstantive report, but should be mentioned 
because of its importance to the program. 
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Soil Constraints to Management
 
The goals of this grou Ip of projects are to identify the chemical and physical factors of impor
tance in the nnargement of' acid-savannal soils, and to understand these properties in a way that 
leads to imlproved management techniques. While the Oxisols of the acid savannas are generally 
considered to have physical properties favorable to cultivation, there is evidence that soil ero
sion, compact ion, and root-restricting panis can develop with long-term, mechanized cropping
unless a better ullderstaindin, of soil processes leads to more appropriate farming practices.
There are also differences in water tables and drainage among these soils, and a method of 
identifying areas wilh restricted drainatge would assist the selection ard management of agricul
tural fields. In addition, there is evidence that dispersion of clays may result from addition of 
chemical amendments to these soils to improve their fertility. Mechanisms resulting in clay
dispersion and structural stability need to be understood to minimize chemical effects on soil 
structure. 
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Soil Constraints 

Characterization of
Root-Restricting Zones 

In Cerrado Soils 

Eric R. Stoner,CIPAC 
Elias1,'reitas, CIMC 

Concern over le effects of exces:.ive disc tillage, as 
traditionally practiced in nionoculture cropping sys-
tems devoid of rotational or fallow periods, has been 
growing arnong famers and researchers in the 
Cerrado region. Researchers at Brazil's National 
Soybean Research Center have noticed unexplained 
decreases in soybean yields in corrected Cerrado 
soils after tcn years of monocrop production, even 
with the use Cf improved varieties. The occurrence of 
reduced yields is often accompanied by farmer 
observations of superficial root development in soils 
that have had adequate fertilizer applications and 
enouh time to ameliorate subsoil acidity. 

The pressure packing action of (isc tillage 
implements is well known to be capable of greatly 
increasing the bulk density of frequently-tilled soils, 
especially when these soils are tilled at high moisture 
content, as is often the practice in tillage manage-
ment of Cerrado Oxisols. This greenhouse experi-
ment was conducted as a complement to the study of 
root restricting zones in Cerrado soils in an attempt to 
observe the severity of root restriction of several 
important crop plants under controlled soil density 
and moisture conditions, 

ObJectives 
For Cerrado latosols of varying clay content, the 

objectives are I) to identify which of the major crop 
varieties commonly grown in the Ccrrado region are 
most susceptible to mechanical impedance of root 
development, and 2) to determine the critical soil 
bulk density levels beyond which little root penetra-
tion can be expected for these crops. 

Procedures 
Bulk soil samples of lark red latosols were 

collected within the Fcdera! District from surface 
soils of sandy loani (16% clay content) and clayey 
(.53%, and 7)% clay content) texture classes. Fertil-
izer and lime were added according to recomnmenda- 
tions based on soil test levels. Rigid 10 cm diameter 
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by 10 cm height PVC cylinders were prepared as 
pots with gauze bottoms to hold the soil in place and
interior walls covered with paraffin to avoid root 

exploration of side walls. An appropriate amount of 
soil placed in the pots was compacted with a hydrau
lic press to a depth of 5 cm to attain the desired 
density levels of 1.0, 1.1, 1.2, 1.3 and 1.4 Mg/m3. 
Three to 4 cm of loose soil were placed on top of the 
compacted layer for seed placement and to assure 
uniform seedling_, .evelopment among the compactcd 
treatments. 

Frequently planted crop varieties in the Cerrarlo 
region were s;eeded three to a pot (thinned to !wo): 
maize (Zea mays, var. Cargill 11), soybean (Glycine 
nav, var. Doko), wheat (Triticlnaestivwm, var. 
13R 12), and beans (Phascohts vulgaris,var. Car
ioquinha). Four replications were made in a random
izcd block design. 

A system of subirrigation consisting of a 2 m by 
3 in gravel and sand bed tension table was devised to 
maintain a constant moisture tension near field 
capacity tiroughout the one month growing period. 

Plant roots were harvested by first washing and 
dyeing the superficial roots, followed by washing of 
the roots in the compacted layLrs. The visual contrast 
of dyed and undyed roots served as the basis for 
comparison of root development among treatments. 

Results 
Roots of all four crop species developed nor

really in the sandy loam dark red latosol, even at the 
greatest bulk density of 1.4 Mg/ml. In the c!ayey 
dark red latosol with 53% clay content there was root 
penetration at all bulk density levels, although slight 
root restriction was noted in all four crop species at 
the bulk density of 1.4 Mg/ni3 . 

In tie clayey dark red latosol with 70% clay 
content there were serious restrictions to root pene
tration for all four crop species. Critical levels of soil 
bulk density, beyond which little or no root penetra
tion occurred, were as follows: 

1.4 Mg/nIl 3 = no root development in soybean, 
wheat, maize or beans. 

1.3 Mg/m3 = no root development in wheat, 
maize or beans. 

1.2 Mg/nI = no root development in maize or 
beans. 

1.1 Mg/n 3 = no root development in beans. 
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Conclusions Oxisols. The prominence of high clay latosols in the 
Of the four crop species tested under the above- Ccrrado region is lemonstrated by data from the Soil 

mentioned conditions, it can be concluded that -Survey of the Federal District that show that 48,; of 
susceptibility to mechanical impedance of root the soils in this area are mapped as latosols of a 
growth is greatest for beans and decreases in the clayey surface texture class. Of these latosols, profile
order: maize, wheat, and soybean. By far the most descriptions show clay contents ranging fron 40% 
problematic soil studied wa:; the 70% clay content (from a profile at CPAC) to 88% (from a profile at 
dark red ;itosol which impeded penetration of bean tile core of tle Guided Settlement Plan fanning area)
roots at a bulk (lensity of 1.1 MeN ll

3. with an average clay content for the 41 profilcs 
studied of 70%.

Implications Dark red lalosol profiles from colluvial sitcs 
Severe restriction of root pcnetration in the 1i. comprising the main experimental area at CPAC con1-

I.I Nle/m3 soil bulk dcnsity range for the major crop tain surface clay conternts of 40 lt 45%, well below 
species grown in the Ccrrado region should be cause the average clay content in excess of 70% for [Ire 
for special concern, Iiven tile disc tillage practices more commllon plateau level dark red latosols where 
traditionally used here. It should also be pointed out most of the farming is conducted inl the Federal 
that these root growth restrictions occurred under District. 
conditions in which soil water was not a limiting A consequence of this study will be that sam 
factor, indicating that similar bulk density levels in pling studies of root-restricting zones will be footrsed 
the field situation na:y be even more critical for root on farns in tile Federal District where these high clay
development under low rainfall situations, soils occur. It would be advisable to plan to have 

Results from this experiment indicate that the future on-fann tillage trials located near the coopera
high clay content Oxisols may be more subject to live hreatquarters in the Guided Settlement Plan of 
root-restricting soil compaction than low clay content the Federal District where these soils occur. 
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Introduction
 
Rainfed agriculture has failed to provide an adeqwiate food supply for most countries in the 
semiarid tropics (SAT). There are multiple reasons for this shortfall, but a primary constraint to
agricultural development in the semiarid tropics has been a lack of suitable soil- and water
inanagement technology. Soils of the semiarid tropics frequently have low water-holdi:.g capaci
ties in an environment with recurrent rainfall shortage periods and high evaporative demand. 
Chemical constraints, particularly soil acidity and macronutrient deficits, also contribute to the 
inability of the soil resource to support adequate food production.

There have been several international conferences in recent years that have addressed prob
lems of agricultural production on the soils of the semiarid tropics. Each has concluded with an 
extensive list of areas of research that urgently need to be initiated or expanded. Unfortunately,
1lnancial resources and political Support to fully implement such efforts have not been forthcom
ing from the LDC's or donor institutions. The funding and implementation of the TropSoils
Semiarid Tropics Program is a significant step forward in fulfilling this need. 

Objectives
 
The objectives of the TropSoils Semiaiid Tropics Program 
are 1) to develop and adapt, in

cooperation with national and international centers, improved soil-management technology for 
productive, sustained farming systems in marginal lands of the semiarid tropics on an agronomically, economically and ecologically sound basis, and 2) to foster the transfer of such technology
through a network of institutions with similar interests. 

Program Implementation 
The TopSok'. Semiarid Tropics Program is a multilocational, collaborative research program

involving sevel,,.' Texas A&M University on-campus and overseas senior scientists, and counter
part researchers fiom other US, host-country and international institutions. 

Program Coordination and Personnel 
Dr. E. C. A. Runge is responsible for the overall coordination of the Semiarid Tropics Pro

gram since the departure of Dr. Frank Calhoun. Dr. L. R. Hossner was appointed as interim 
program coordinator. The program administration is handled from College StAtion. Mr. Ruben 
Puentes is the program manager. Ms. Gloria Northcut was the program secretary up to May
1987. Margaret Parker is the new program secretary. The Texas A&M Research Foundation 
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(TAMRF) is in charge of tile administration of the grant. Ms. Sandra Wheaton was assistant 
amin istrator and Ms. Juanita Shihadeh is the project specialist for the Semiarid Tropics Pro
gram at TAMRF. Ms. Suzanne Cardwell took Ms. Wheaton's position in May 1987. Equipment 
and slpplies procurement and shipping arc handled from Lubbock by Dr. C. W. Wendt and Mr. 
N. Piwonka. A list of-lropSoils semiarid tropics personnel and collaborators is included ol 
page 337. 

Supporting domestic research is carried out both at Lubbock and College Station. Drs. C. W. 
Wendt, A. B. Onken and R. lascano collaborate from Lubbock. Drs. L. R. Hossner and L. P. 
Wildiug collaborate from College Station. On-campus personnel, mainly Drs. liossner, Wendt, 
and Wilding, are responsible for coordination of graduate pursuits by junior scientists, and 
training of' American and African junior scientists in the areas of soil fertility, soil physics and 
soil resources, respectively. Christophe Zaongo (from Burkina Faso), Steve Long, William 
?avne, Mohamadou Gandah (from Niger) and Jim Gardiner are junior scientists who have been 
posted in Niger during this reporting period and have returned to College Station to complete 
analysis and reporting of research results. Bernard Yerima (from Cameroon), Elizabeth BLui and 
John \Vendt have completed their research programs and left the TropSoils program. Annc 
PlfOrdreshIr and Mamadou Ouattara (from Niger) are finishing their on-campus program prior to 
their departuire for Niger to conduct field research. Abdoul Sow (from Mali) and Julius Takow 
(from Cameroon) have just arrived at TAMU to begin advanced studies; both are supported by 
external fundi ng and will be conducting research under the TropSoils semiarid tropics umbrella. 

Research Sites 
Niger 

Niger is the primary research site. The Institut National de Recherches Agronomique diu 
Niger (INRAN ) is the main host-counLry partner institution. Collaborative research has also 
been conducted vith the !CRISAT Sahelian Center. Other institutions involved are the Univer
sit , of Niamney, Direction de la Meteorologie Nationale, AGRHYMET, CARE, and the NCRP. 
Dr. N. Persaud is the TropSoils semiarid tropics senior scientist posted in Niger. Dr. A. Manu 
has been recently assigned project leader status with a partial appointment as senior scientist to 
the Niger project. Ms. Jessica I)avis is the only TropSoils junior scientist currently conducting 
research in the country. Ms. K.at v Ferrari is the project secretary in Niger. 

Mali
 
Mali is the secondary research site. The Institut (I'Economic Rurale (IER) is the host-country 

partner institution. Implementation of the pronaim in Mali differs from the program in Niger: 
there is no in-country-posted TAM U senior scientist. Most research efforts are conducted by 
national scientists from the IER and one TAMU junior scientist (Mr. M. Doumbia) un'er the the 
supervision of on-campus based pIrO,ject leaders. Mr. Zoumana Kouyate (IER) is the TropSoils 
Semiarid Tropics Program's research coordinator in the country. 

CameI'roon 
TropSoils involvement in Cameroon was initially targetedl to address soil-management prob
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lems of Vertisols. This soil order occupies large areas of the semiarid tropics; however, it is not 
extensive in Niger. Vertisols dominate vast tracts of lands in nc.thern Cameroon. The research 
was conducted by Dr. 13. Yerima. The National Office for Forest Regeneration (ONAREF) was 
the collaboraiine institution. Initial objectives were achieved and the project was suspended due 
to financial Constraints. I Iov,'er, the lropSoils Semiarid Tropics Program has prepared a new
 
research proposal to leinitiate activities in this courntryv. ile proposal has been submitted to the
 
TropSoils Manaleinent Elntity for consideration.
 

Research Areas
 
The scope of the prograivi was 
gradually redefined after four yea's of operations. Research
 

:esu lts frout initial s'IrveV-type studies, recommendations from the External Evaluation Panel,

close Contact with scient i>,ts flom collaborating institutions, and recognition of farmers' 
 needs
 
tliroull direct observation, were all elements that contributed to narrow the Io,:us of the
 
Semiarid Tropics IPro,,ram. El70lorts during 1986 can be grotiped into two main general research
 
categcori.e,: I Isoil waler and fert ii, management: technology development and evaluation, and
 
2) baseline dat a studies. I urt her ilcfiement is presented in the 1987 work plan.

The TropSoils semai arid tropics reseairch activities dealing with soil water, fertility, and crop

manail IcIllent under iainfcd ,.onditions include experiments 
on a wide range of agroilomic prac
tisc.,. They in lude cropping sCquenccs and intercroppin-k,, tillage, fertilization, residue 
manace
ment, bi OMass control, 111icrocIi mate 
mod ificat ion and rainfat Ill and runoff nn,1agen tent. These
 
experiments are grouped into several interdependent pi'ojects being carried out both in West
 
Aflrie:l and Texas.
 

Nlost f this applied researcli, which represents the main effort of the Semiarid Tropic:

Program, requires som support from fundamental studies. Without these studies, teclnology
dC\'elopmtent e_fforts w ml(1 includeI an element of uncerta.Minty that the program cannot afford. Ex
tLapollation of restilts v,'ouIld also be risky. These basic studies can be grouped into !hree main
 
area;: I ) :t. roc imat 
 illtt a base. 2) soil data base, and 3) plant behavior Under semiarid environ
menis. 

Research objcl.tivCes, brief descriptions of experimental procedures, main achievements for 
thi-; reporting eriaO1,a)t,antfit ire activities are (lescri bed for each individtIal project. 

Progress and Achievc'cients 
This section wvill briC ly summarize main achievements for this reporting period. 1The reader 

may look for specific details by referring to the individual pro ject description. Project numbers 
are indicated in parenthliesis. 

Climate has been radi tionalIy considered the key environmental factor for explaining food 
shortages in the sei iarid topics. Extreme variahiliy of precipitation, both in time and space,
and high evaporltive en and interact with soils with low water holding capacity. These factors
determine the len gthI oft he 'rowing" season and have important effects on crop yields. Sahelian 
farmers have de\ cloped cmpirical perceptions of tile reliability of the rainfall regime. These 
perceptions underlie many soil- and crop-management decisions. The TropSoils Semiarid Trop
ics Procram has pr vided a more obiective insigcht into rainfll reliability. The compilation, 
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analysis and interpretation of available rainfall records by TropSoils in Niger has resulted in 
tables vith probabilities of receiving specified decadal rainfall totals for different regions. 
Temporal vr.iation has been quantified and some trends and periodicities have been established 
(p. 340). 

Probabilities o specified rainfall totals can be used in conjunction with data on evaporative 
demand to defile length of growing periods with specified levels of reliability (p. 340). The 
'l'ropoils Semiarid Tropics Program has conducted several studies to estimate soil evaporation 
and 	plant transpiratiol. They include both field measurements under different vegetative cover 
conditions (pp. 360. 363) and the development of mechanistic models (p. 344). Information on 
length of the growing season is important not only For decisions on soil and crop management 
htt also for l1ant-breetlin programs. 

The consideration of soil hydrological properties is an additional element to refine the soil
water balance. Characterization of the soil moisture regime for soils in the Sahel has been an 
important topic of research Q1 iie TropSoils Semiarid Tropics I rogram (pp. 340. 347, 358, 360, 
372). A valuiable data base has [bccn collected on infiltration rates, hydraulic conductivity, and 
evaluation of soil-water storage ti icougl'out the growing season. Soil moisture regimes are being 
correlated with soil physical properties and toposequence position and the soil-water balance has 
been characterized fbr di flcren, land ases. This inlformation supports applied research on crop 
and 	soil management technolog development. 

Fxcessive emphasis on Soil-water management aspects has frequently masked soil fertility 
problems in semi arid regions. Aln important fin(ling of the TropSoiIs Semiarid Tropics Program
is that inI mni loc'ations soil fertility, not lack of water, is the main constraint for increasing 
crop producti on. Signiificant interactions between soil-water management and fertilization have 
been found in muost field experiments (pp. 358, 360, 363, 368, 372). In many instances, a break
throutn •h in viels can only be obtained through adequate fertilization or the removal of chemical 
constrainls. 

The research program has shown that nutrient deficiencies under rainfed conditions result in 
poor titilization of available \water (p. 368). Water use efficiency (biomass produced per unit of 
evapotranspirateJ water) has bec n sign ificantly increased with proper fertilizer practices. It has 
also been observed that in order to increase water use efficiency through soil fertility, efficient 
and responsive cutivars must be identifiled and used (p. 368). Under suboptimal conditions, on 
the other hand, local varieties, better adapted to a harsh environment, may show more consistent 
yields (p. 360). These findings have important implications in soil management and plant breed
ing. For many regions in West Africa, widespread use of fertilizers and amendments is limited 
by economical constraints and/or difficulties in availability. In addition, chemicals will need to 
be applied judiciously, dIe to the lragi'enature of the Sahelian soils (p. 368). Research effort,; 
are focused on llow to optimize interactions among soil-water managenwnt, limited fertilizatini 
and varietal differences ill order to secure consistent yields for farmers whose decisions are risk
aversion motivated. 

[oth water and nutrients are taken up by plnit roots. If a soil factor exists which limits root 
growth, it may contribute to water and/or nutrient stress and low crop yields The identification 
of stich limitin g fac tors is being addressed by TropSoils scientists (p. 366). L .maticeffects of 
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some soil properties have aheady been detected (pp. 358, 366). Sol acidity, which appears to be 
widespread in the Sahel (pp. 347, 353. may be one of dhe most common limiting factors. Once 
these constraints are identifled for each type of soil, the strategy may be either to develop man
agelen t practiccs to eliminate them, or to select ilrnpro'ed, tolerant varieties.
 

All these research endeavors are 
aimed at providinrg lasic pieces of information for techlol
ogy developmentt and transfer. Extreme spatial variabiIity, consisting of drastic differences in 
crop establishmcnt i]andgrowth over short distances, has evolved as an important obstacle for the 
interpr.tt ion of field research. The problem is present both in Niger and Mali. It seems to be
significant at the tarnier level alt lihngl an assessment of its aereal extent and g ographWical

distribntiori is still 
 lackine. TropSois is preparing an aereal survey utilizing sophisticated infla
red video imagecy to determine tie extent and can se of nmprodIrci ive s,ilareas (1p.347). Parallel 
efforts are being devoted to determine causal relatio nshi ps between I nproductive areas antd soil 
properties. Some sources of var ialitv already have been ident itied, such as terMni I mnOds,

proximily of tyees and past hntman activities: however, the 
cause of tie problem for extensive 
areas rerta in> elusive. Nultiple workirg hypot heses are being tested (pp. 3,47, 353). interaction
 
betwueii ,o'lacidity and enic pho,sphor,rous deficiency has been also identified 
as an impor
lil t cau sal tue'loI. 

o ite
The ,)ial iropSils Scliarid 'tropics Procrarn is to develop aind adapt soil manlage
merti t,.linohocy that \. redu,.e costitints to plant growth.ill Inovations mnuist be agrr-iomi-

Celly. ecown,.,nically and ,cohical l soni-id for"dIevcIOpir'i conntries illthe scmrird tropics.

T'here are tlre iainsoli-et,o information that are supporting research efforts by the "ropsoil;
Semi:iiid T'ropic' !>r rarn. Tile first is basic principles of soil matagement that have been
 
devChbpetd in semiatid arCas S.or elsewhere,
inthc 1 .. which cciuld be transferred or ad;ated to
 
\Vest A.frican col itiior-s. The sec nd is itho fir.st hand inf,.ormation and data base gathered by

Trop.Soils" scicntists, hl]ou.h',
four years of nin-site activities. Some of these achievements and
 
coneuISiiinS have eerI 
already reviewed in tis section. [he third source of in formation is a 
carcli con sideralion of tie idi.cenco s knvowedge data base. Sahclian farmers have been dealing 
with thcse Soil rirnai ent corist.a ints for centnies. Their altitudes ard approaches cannot be 
neglected. 

Several technology components dealiinge with ..oil- water, fertility and crop management for 
the SahI-cl region are -cing deveked and tested by l'ropSoils. The approach is to gratdutlly
integrate these iinproved practices into several alterniatie low- and neditn-input farrnling
sstems. Various soil-mainagemenrt systems paratior, ,liin antLiftilization combinations)

'are
being,compared inMali (pp. 372, 353. l'iIlage treatments include deep plowing, ridging,
and tied-iidig. Stundies are fMused to determine what combinations of practices are techni
callv. socially, and econornicallv feasible. iesults ilidicate that fertilizatiori is 1iiorC eflfe live 
than simill studie, incliifing effects of planting dates, plari densities, residue manage
mce-:t, water harvestin,., fallowing', bionass co ftrol,and rniiierCxilimate modification are bCirig
 
carried onut inNigcr (pp. 358. 360, 363. 372).
 

The eff cts of liih w n,and residue rariernlemt (m-soil-water slora c werelested at three
sites in Niger with atwid,, range inaverage ra inal (p. 372. Storage of water from rainfall in 
bare plots was low, thns, all.(wirig does na t appear as an efficie-t method for water storage. 
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I)ifferent mulch rates were also tested. Results showed that mulching did not significantly affect 
the amnount of water stored for the next cropping season. However, residue management may 
have other beneficial elects, such as decreasing wind erosion and capturing blowing sands 
ip. 347). 

Water har,,esti ng principles can to applied at the small-farm level as well as at a small
\aatershwd sc le. The potential of watcr-harvesting techniques for increasing grain yields has 
been dentlntrated h 1ropSoils' research lindings p. 3581). In reducing evaporation losses and 
increasing weed control and rainfall water-use efficiency, the technique shows advantages in 
\,awer con ,erati n and inrceasing grain yields. The next step is to detennine specific water 
halrvest ll u practices \vh ich can he adopted by local farmers through the utilization of local, 
readily available nialerial. A further step will be application of water harvesting principles at 
the small walr.shed level: extensive, impervious laterite plateaus will be evaluated as water 
harve,,tilg areas for intensive agricultune in small sand basins located at a lower elev tion 
(pp. 347, 358). This traditional farming system, which is common in several Sahelian regions, 
cotlhi be improvCd. 

ldc~ill,- vvaporati Inlosses from crop stands may result in a lengthening of the growing 
scasol (p. 3.10. oal millet varieties exhibit high tillering capacity. Tillers p1ay1). an important 
le in pl',mt gitmi h and grain yield. But from a water conservation viewpoini, tilers transpire, 

and, itnt rtpducticv, they increase the ratio of' water used per unit of grain production. Trop-
Soi, rcre; tr has d(.kinoslrated that tiller removal may have a positive effect on grain yields 
(l). 30() . \'arictal dillcre nccs and interactions between fertility levels and soil-m'oisture status 
were fi, td si,'jnific at. Thi simple, labor intensive practice looks promising as a tactical tool 
during droght per hiN, particlaryan t the end of' the growing season. 

NIicr(xlimatC Modtification is another alternative strategy to decrease evaporation losses. 
Tro Soi 1' Stuidies; on giO\vlh and yield of cereals between rows of neem tree windbreaks have 
shown hioher relative humidity and lower pan evapoation within the windbreaks (p. 363). Ex
tensive, tet- year-old neem plantations are being used by TropSoiis for these studies. The planta
tions were established by CAR, I Faners perceive advantages in increased comfoil and protec
tio for thensetlves, their dweings and animals as a result of being shielded from high winds 
and diust. "l'he ,v also interested in harvesting wood fromorw these trees. Tropoils' research has 
shown that v indb'reaks Significantly increase millet dry-matier production. There was also .a 
ilirportant (23' .; a)thonch statisticalty nonsignificant increase in grain yield. Finally, some,: 
WOodl-arvestiitc methods, such as partial pollarding, would allow utilization of the plantation 
for Wood but Would not serioisl\' affect protection from prevailing winds. 

Although training is not an explicit c,,ntponent of the Soil Managenent-CRSP activities, the 
CRSP phii sdlv requires cmose link, 's \vith local scientists and strengthening of the hos! 
countrv research capabilily. Joint activities at both planning and implementation stages result in 
more int'vative appr(cites and effective results. The TropSoils seitiarid tropics has imple-
Iteitted a .It1Lit ri c itt!i, pr,,rant throlgh \vlhich both African and American g'radu ate students 
are traited on-thc-joh while a lvanciing in their acadenic degree prograts. 

Fiia,i h antd implcmentation of a research in several remote locationstle initiation ogrant 
with min imui infrastrtucture facilities, involving oit-cantpus and overseas University personnel, 
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host countries counterparts, IARC's, and graduate students require careful administration and. 
ImIanagement. The TropSoils Semiarid Tropics Program has emerged from a period of budget
constraints and personnel adjustments. The program has adopted important adjustments to the 
modus-operandi which have h,:en successful in rationalizing budtgeting and acCounting. SOCew, 
staffing problems are still being addressed With minimum disruption for the research program. A 
new "-ive-Year P1t1'" is being prepared by project leaders which will address recommendtic)is
from the FITl reviews, from UJSAID's missions, and suggestions from host country counterprlrts.
Priori v research topics have been identified and t;,rgetting will increase the efficiency of the 
research in\'stmcnt. 
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Soil and Agroclimstic Data Base
 
The over.i ding factor in chractecizing the Sahel is climate. The variability of precipitation and 
the hie e,'apotra lspiration in relation to rainfall has significant effects on crop yields. As a 
conseq nence, iml-provedl ,,oil nan1,menent svstem"s f6r this environment would necessarily reqtlre 
a qtt~ntti alive znaderstal(ine ol rainfall patt.rns length of the growing seas;on, and soil water 
balance. 

Baseline ixnfornation about soils is also vital to the (Ie\ lopmIent of soil-managenent technol
ogy. Soils in the Sllfl areand drhghty. and comnmnly exlhit nutrient dcficiencies and
toiXcitics. pat;al variabilitv of soil properties is common, and constrains the transfer of research 
results unless research sites are carefully characterized. 

"!'his section reports atrange of sttdies related to climate and soil characterization. Rainfall 
patterns ha\ e been analyzed from the standpoint of agrictltural production on the basis ofrinftll t obabiIties. Data presented offer guidelines for selection of planting dates and crop
varieties as a function of location and length of the growing season. Other studies report findings 
on soil characteri sties, particularly soil physical, chemical, and hydrological properties and 
relationships with topography. The problem of spatial variability ovc." short distances has been 
particularly addressed. 

Results from the agroclimatic and soil data base studies are supporting the technology-devel-
Opment projects discussed in the following section. 
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Quantification of Rainfall Patterns 
And Hydrology of Representative 
Cropped Soils in Niger 

Narajuic J'trsaud,Texas ,4! Universit , 

1.A/ri, Direction dc: liMicteorologic Nationale 
,MamadouOuattara,IRA/IN 

Mohanadou (andah, I,,ARN 

'le a',iotint and di sribution of rain fall profoundly 
iiituencc crop andilivestock production in the 
scmi arid tnpics of' West Africa. The variability in 
spi:ce and (lie, and the irregularity of the rainfall in 
tlhe /oe of settled rainfed crop production result in a 
hii:h risk of Crop failurc. Traditional fIOOd-produCtion 
strayltlics aise in respon se to this high-risk agroecol- 
ogical environient. They have evolved from collet-
fi\'e experience and obs \'atio over iany gcenera-

lions. Sahelian farmers hlave developed empirical 
perceptions of the reliability of'tihe rains aInd scmi-
quilantiative notions of the probalility of a certain 
rainfill annunint ocCurrig at atgiven time Iduring the 
rowim"isason. [hese pceptions nmilrliC man 

soil- and crop-nianluement decisions. 
More qtuintltaiyeiV insight irto the rain fall 

reliability, probability of rainfall amounts, and risks 
of crop faitire can be obtaiei hy analysis of avail-
able poi it rainfall records. ''he derisityv of the existing 
raingauging letwirk in Niger is very low. However, 
the rain fed agriculturat region is fairly homogeneous. 
unbroken by marked changes in topography and 
landscape. The i:i.ii source of the rainfall variation 
is the behavior ol the monsocnial air mass circulation 
over West Africa. These facts increase the confi-
dence in extrapolating re2sults i f[erred fromir low 
deisil point raiinfall records over lager areas. 

Objectives 
'le objectives of tins project areI) to (fuantify 

temporal variation and distribution, overall trends 
and periodicities, patterns of wet and dry spells of 
rainilfall, and leneth of the growir e season: 2) to 
measure and/or ca talogi the physical and hydrological 
propcrties of majt'r croppe'l soils ii Niger, quantify-
ing moisture I(ss patte ohs and iiiin-use eflieicticy; 
and 3) to estimatle evapotrlispira(ion of ecomahini-
cally iliportant crops from climatic data. 

This report addresses activities related to objcc-
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five 1.Experiments related to objectives 2and 3are 
describcd on pages 372 through 375. 

Procedures 
A compilation of available daily rainfall data for 

80 raingauging stations in Niger from their origin to 
1965 was done anti published in 1966 by ORSTOM 
(Office de la Recherche Scicntiflique el Technique 
Outremer, France). A record of these data was kept 
on magnetic tape as part of the meteorological (lata 
bank at the Centre AGRYMET (Centre for Training 
and Applications in A ,,rometeorology and Opera
tional Hydrology) in Niamcy. This file was updated 
by staff of the ICRISAT Sahelian Center and in
ludes available years of data from 1966 through 

1983 inclusive. These data were obtained from the 
Dirction de liaMeteorologic Nationale, Niger. 

The dlatabase was carefully checked for data 
erit ry errors and '.hese were corrected. All stations 

with 25 years or more of complete record were 
chosen for analysis. There were 43 such stations. 

Tlhe calculation of the probabilities was patterned 
after similar studies in the literaiure for other geo
graphical areas. Rainfall Ioals were accumulaled by 
decades, for each year. These tolals wem surmed 
and avt raged over the years of data to yield the mean 
rainfall for the decade. 'Thetotals for each period 
were then ranked in descending order of magnitude 
and tile probability of a specified rainfall total was 
taken as the number of years in which the specific.] 
total was exceeded divided by the number of years of' 
(laur. For a given rainfall amount this ratio represents 
the counting probability of receiving at least the 
specified amount of rainfall or higher during the 
period under consideration. Probabilities were 
calculated for the following specified totals: 5, 10, 
15, 20, 30, 40, 50, 60, H0, 100, 120 and 140 nim. 

Results and Discussion 
Overall ProhabilityPatterns 

Tables containing results of the calculations were 
prepared for the 43 raingauging stations. All tables 
were included inlthe TropSc ils-SAT report "Proba
bility of Receiving Specified Decadal Rain fall Totals 
for Selected Stations in Niger, West Africa." One 
example, the station Nialey-iero, is included in this 
Progrcss Report (Table I .Geographical c(ordinates, 
altitude, mean annual rainfall and number of' years of 
complete record are provided !or each station. The 



Soil andAgroclimatic DataBase 

Table 1. Probability of receiving specified decadal rainfall totals for the Nlamey-aero 
station.
 
Station: Niamey Aero 
 Code: 320001 Lat.: 13 29N Long.: 02 10E Alt.:221m 
Mean Annual PCPN. = 585.25mm Years of Record = 41 

Decade Mean Probability (percent) of receiving at least the following amounts 
begins PCPN (mm) of precipitation:

(mm) 5 10 15 20 30 40 50 60 89 100 	 120 140 

APR 1 1.72 7 7 4 4 2 0 0 0 0 0 0 0APR 11 1.08 7 4 2 0 0 0 0 0 0 0 0 0
APR 21 2.55 12 7 
 7 2 2 2 0 0 0 0 0 0

MAY 1 3.79 19 12 4 4 2 2 
 0 0 0 0 0 0

MAY 11 10.34 48 39 26 19 4 
 2 2 2 0 0 0 0
MAY 21 20.51 65 58 
 36 34 24 19 12 7 2 2 2 0 
JUNE 1 21.97 68 60 51 39 31 26 17 4 0 0 0 0

JUNE 11 29.67 82 75 58 48 39 26 19 14 9 2 0 0 
JUNE 21 27.18 90 82 78 63 39 14 12 4 0 0 0 0
JULY 1 36.82 97 92 87 82 51 36 24 14 2 2 0 0JULY 11 4 100 95 92 S7 80 70 	 46 395,,). 
 17 9 4 0
JULY 21 G9.04 100 100 90 87 78 70 60 53 36 17 12 7AUG 1 5782 97 92 92 92 80 63 53 39 17 12 4 4
AUG 11 66.0,1 97 97 97 95 82 70 58 51 36 19 9 2
AUG 21 68.38 100 95 92 92 73 65 56 48 36 17 9 7
SEPT 1 1909 100 
 92 90 85 68 46 36 26 14 12 2 2
SEPTI 11 34.34 
 85 78 70 65 48 36 26 19 4 0 0 0
SEPT 21 13.78 65 53 43 29 12 4 2 0 0 0 0 0
OCT 1 7.43 36 24 21 19 4 0 0 0 0 0 0 0
OCT 11 3.99 17 17 7 4 4 4 0 0 0 0 0 0
OCT 21 1.82 17 7 0 0 0 0 0 0 0 0 0 	 0 

code numbers given for each station are those used 100 18 41 o BiLMAoriginally by O RSTOM . Since rainfalll pattern is 18-1 59 A ILA
tunimodal everywhcre inNiger,only the probabilities 	 -. 8 14 54ATAHOUA
 

< 80 
 14 5 4"THU 
for tie period March 13 through Noveniber 6 are 0 13 29. NIAMEY
 
presented for each station. Outside of' this period 
 Z 
 11 59 * GAYAririfall can be co:isidered to occttr with zero proha- 60
 
I)i _J
lit v. 3•~ 	 <E L 

he rtMC;.a 	 o riballlial raiil fall anild reasi ig 40decldalnlcm1eanri E0Iie ofnl nenIct icflectatio
recipitr 
latitude and the inluencC of the :dvancc and retreat o 20
of he intcr-tropical coivergernce zone (I'I'CZ) oil the z 
rainfall Patter over Niger. Fieure I sliovs lh llheeant w 
decadal rainfill plotted \erlsus time Io live slations 0 
itdiffcreiilt tatlitl C: there is a!derease o close to 
2111111 I)C"lilltit 01 incrcase ill latitiud.. M J J A S 0 

TIcc rCSlits COl Ii rn lwr\ ious obsCrvatliollS that DECADE 
the noihward advancc ofltli. ITlisslower aid more Figure 1.Mean decadal rainfall for five stations In
irregular and variable than its rCtleat southwlrd. The Niger wlii , mcreasing north latitude. 
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10 0 Table 3. Parameters for fitting the gamma distribu-
E tion to the frequency hystograms of decadal rainfall 
E 80 P (->R)=25% totals; Niamey-aero station. 
J I P (-R)=50%
 

u_ 60 -4 P -)5Station: Niame7-aero Code: 320001

Z I P (-R)=75% Yrs. of Record 41
 
T_ 40.
 

0-f 0.5 PET
 
PE Month 

H- 0] /.3..PET 	 And20 / 	 Parameters0.35 PET 
. +/" ". 	 Decade
 

0 VT 'I r, , x m A a b 
A M J ''I& 0 

DECADE
 

Figure 2. Example using date from station Niamey-	 May 2 13.3 9 0.584 0.075 0.993
3 20.2 4 0.783 0.038 0.776 

aero to illustrate estimation f the length of the
 
growing period based on PET/rainfall relations for June 1 23.7 3 0607 0.041 0.966
 
different leve.s of xceedance probability. 2 30.4 1 0.460 0.041 1.233
 

3 28.6 2 0.165 0.112 3.197 
ons: 	Ci of thle rain\ saCsonStCnd.s to hc more gr'adual 

July 1 36.8 0 0.168 0.085 31.282 55.0 0 0.101 0.099 5.120the probalbilities ()I he sp 'ilied rainlall totals for all 3 63.6 0 0.149 0.055 3.506 
-13) .:tsticns. For ',peci ted amnount, the protba ilitics 
incrCase ,ridualllv to a inaalitint but fall oth rapidly g 1 57.8 0 0.145 0.062 3.603 
as thc scasonH cdsk. The hi e'St proIabilitics occur 2 66.0 0 0.101 0,077 5.116 
during the lding dccade oflJuly and thiro.lIotl 3 59.6 0 0.251 0.036 2.147 
Au.1'\
: t. vwhich is the period () Ilost rCliable rains in 
Ni¢r for all station;. tlich decadal rinfill totals Sept 1 49.0 0 0.153 0.070 3.421 

2 35.2 1 0.398 0.040 1.407aVe a1IW p I)I~ iit ty o01 O UIenee . Toals ol'603 	 14.1 1 0.523 0.078 1.100b 
r1it11 or mle tocc(ntjr less thatll 5 (,;of the time cCI ior 
(Javaa, the most SOntherlv Station. 

1,ill imcnrj)oliatinll betwVCell Itbnlated \valIes is 
possibhlc: lhree mclln ds are dcscribcd in the above
mncitiond report. (dCl lttions arC easily pcrfonlcd Dfinition ofgron'ingperiods 
with a pteranmlIablle, Iliand-hld cal enlator. 	 The probabilily tables car, be used to dchlne 

growing periods with speLified levels of reliability 
Table 2. Length of the growing period based on either directly from the tables or in conjunction with 
PET/rainfall ratio, at three levels of reliability; data oil evaporative dermiand. 
Niarney-aero sation. To illustrate definition directly Irom the tables, 

let the reliable growing perod be defined as thai in 
wihperthe decadal rtinfall total (R) be at Icast 30 min 

Growing period in days with 75% probability (symbolically: 
Reliability P(R>=30)=75%). Using interpolation, the beginning 

Rain > 0.5 PET Rain > 0.35 PET 	 and Cnding dates for station Niamey-aero are July 1 
Iltrough ScptCm1ber 10. Variations ilthe dcfinitioni 
can be selcctcd to suit different crops by specifyiig 

75 49 	 68 tie ippropri ate clti a for the beginlling arid ending
50 69 	 83 of the growing se:ls:"l. 
25 114 127 When data for evapotranispiration are available 

these can )e used in con junction with the tabulated 
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16
 
12 May MayMa
8 1st decade 2nd decade May decade 

0 20 40 60 
 0 20 40 60 8'0 0 40 80 120160 

~16 12une Jun .une
2nd decade 3rd decade
S8

4

0 20 40 60 80 0 40 80 120 0 20 40 60 80 

16 July July d dJuly 

0 40 80 120 0 40 80 120160 0 40 80 120160 

Rainfall (mm) 
Figure 3. Fitting of the gamma distribution to the frequency histograms of decadal rainfall totals for several 
decades for station Niamey-aero. 

results to obtain better (lefinition of the growing obtained by an empirical counting procedure.
 
period at specified levels of rcliability based on 
 Another approach is to fit a theoretical probabilityrainfall supply/dlerfand relationships. One example is density distribution to the frequency histogram of the
shown in Figure 2 Ic! station Niamey-acro. Decadal dccadal rainfall total. Once the parameters of the
rainfall totals (R) satidying the critcrion distribution are obtained, the fomlia for the distribu
P(>=R)=75 / , F'(>=R)=50'4; and I (>=)=255'i. lion can be manipulated to calculate probabilit;es as
These Curves w.vC smoothed using a Foier series, required without the need for the extensive tabulation 
trunlled to two hanionic ternm s. Also drawn on and interpolation processes. The gamn a density
Fignre 2 are the cn es corresponding to 0.5 and 0.35 distribution was fitted to the frequency histograms
for mean ldcadal polential, cvapotranspiration (PET) for 23 stations with more than 40 years of data. This
calculated bV the PInman method. The growing distribution was chosen since it is flexible enough to 
periods, based on the two dcinil!ions of the PE'T/ (escribe shapes of early and late season and also ofrainllfll ratio and for the three levels of reliability, are miidseason rainfall distibution totals. 'Table 3 shows
shown in Table 2. Similar ci!cul atlions an be done for tile parameters and other rest Its for fitting of the 
otlier locations in Niger. gainia distribution for the NiamCy-aero station. 

Figure 3 illustrates graplically tile Fits of the gainma
Probabilitiesh.vfitting theoreticaldistrihutions distribution for several decades for the same station 

The probabilities presented in Table I were The suitability of the gamia distribution is clearly 
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Table 4. GrowIng periods (in days) at different levels 
of reliability for the Niamey-aero station data using 
both the empirical and theoretical probabilities. 

Reliability Growing period in days 

% Rain > 0.5 PET Rain > 0.35 PET 

Emp. Theo. Emp. The.. 

75 49 48 68 64 
50 69 74 83 9050 14 94 17 1 

demonstrated: as the season advances, the hi.stograrns 
become more nonntal and less ;kcwcd. Table 4 
com pares results obtained for the growing periods at 
dif ferent levelI; of rcliabilitv irom the Ni am,,,-ac rO 
station data using both the erpirical and theoretical 
probabilities. 


lmplicalions 
Results obtained frol this study provide a 

(luantitative insihl iInto the reliability of the rains 
during the "roWinselson for m1anV locations in 
Nicer. They can1 also be uOd by plant breeders to 
infer quantitative definitions of the length of the 
growing season to various degrees of reliability, 
either directly or in conjunction with data on crop 
evafotranspiration requirements. 

Water and Energy Balance of Crops 
With an Incomplete Canopy Cover 
Rohert I Lac ano, 1exa AgriculturalI'.tperimnent
 

Stt, t
 

Cort:e!iU', van Bavel, 7exOS A&sA'I University
 

*Ierry L. llat.eld,USDA-ARS, CroppingSystetns
 
Research Laboratoir
 

Dan R.Upchurch, USDA-ARS, CroppingSystems
 
Research Laboratotry
 

In semiarid climates, such as that of the IHigh Plains 

of Texas and Niger, West Africa, crops suc'cotton and millet are commonly cultivated L der 
dryland conditions, seldom developing a leaf area 
index over 2.0. h'lherefore, throughout the growing 
season a large portion o! the soil surface, mostly 
between roy,s,is not covered by the plant canopy. 
'lius, in order to describe soil evaporation and crop 
transpiration, the %vaterand energy balance for both 
the soil surface and 'he crop canopy must be consid
ered separately.
 

Objective 
The objective of this project is to mechanistically 

simulate soil evaporation and plant transpiration for a 
row crop with an incomplete canopy cover from 
standard weather data and soil and crop properties. 
The experimental objective was to test the proposed 
model by comparing measured and predicted values 
of soil evaporation an(l crop evapotranspiration. 

FProcedui'es 
A 100 x 100 m plot at the Texas Agriculrural 

Experiment Station near Lubbock was used in this 
study. Cotton was planted on north-south bedded 
rows, I m apart, with a plant population at emer
gence of 139,000 plantsqa. The experimental site 
was divided in two plots: dryland and irrigated. Each 
plot was instrumented for the measurement of water 
content and temperature at five locations within each 
plot. Crop evapotranspiration (ET), over the growing 
season, was determined from the weekly measure
inents of the volunetric water content profiles; daily 
soil evaporation (E), at two time periods, was 
measure(] with microlysineters. 

344
 



0 

Soil and/Agroclimatic DataBase 

JUNE JULY AUGUST
E,, 

_10 z 
., I I1 II 

0 -j 

I-------4F---'
 

SOIL EVAPORATION 

IRR. 100w IRR.LI 80 
60 

20 -40 
L - 20-

I , 
0_L. 

145 165 185 205 225 245 265 

CALENDAR DAY NUMBER, 1985 
Figurel. Leaf area Index (LAI), root depth and rain or !rrigation against calendar, day number for the Irri
gated *'.ottoncrop in 1985. Dates of planting, emer( :nce, start and end of simulation dates, and the periods 
over wh)ch measured and simulated soil evaporation rates were compared are included. 

- 8 
E
 

.E, 
 AVG.+1 SD6 

X SIM. 
LQ. 4
 

Cl 2 

208 210 212 214 216 254 256 258 260 

CALENDAR DAY, 1985 
Figure 2. Comparison between measured () and simulated (X) daily soil evaporations (mn) for the irrigated
cotton crop against calendar day number. The bar equals one standard deviation (SD). 
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Inputs to the rolCl arC the fl0lowhlg: 28 0 
leaf area index, root distribution. iniial E 
water and tent pe.ratur re profiles and weaflicr E 2401 T 

v'ariables ( elobal radiation, air temperature 
and hirditv, and windspco). tlhle above 220nlpults xxcrc mlea<su redt oeri the growvinlg 
StCaSIIS1.-- [ .' 

thc I's! of the imlodcl consiscd in) 
ollipal inc asulld to silltilated valies of < 

clo F', soil I" and walcr ald tIrpl'aiture LI I 
grolics. Thc e \pcriiierital period was 78 U 80TII 
1las. he dC'\elovinoeIat of l'a aeal,, index, > AVG + 2 SD 

roo! dleptlh, ald raill ald irriaolioll ateaiin-st f -
.

caleIl ( lay nnhilu 01r rp J4I SIM.fr'r, 1wc irri'tiicd __ x 

. Iown inc I . Also shown DRYLAND
il arc th 
daes the crop wa,, plalncd and e0111crged, the _-) , 

'ltand the cild o! tile simulation pcriod. U 18 C 200 220 240 20 
ald !he two timen eriodCs durin which soil 1AR 

s i.CALENDAR DAY, 85 

Figure 3. Comparison between measured ( ) and simulated 
Resulls (X) cumulative evapotranspiration (mm) for the irrigated 

A Coulpa risoli of Ilueasured alld simlulated cotton crop against calendar day number, 1985. The bar 
daily soil E-'rates for the two time periods il equals 2 standard deviations (SD) and n is the number of 

2 r.licates.Mii hi if.was measuired is given in Figure 

lc at,tertlll Of the averg'.I-e daily soil E under 400 T 
the crop Calopy shlows that the daily rate 

therl'ciiallih.'l r elativ elx' co n l e (Inll rlllingl firIst E 

Icriod it 5 mim/d lor tlhrce CLas 'and thereaf
icr decliled to a Constant v'alue I mm/d).in u) 300T 
the ,ccond time period, [hle daily ralt z 
decrcased graduhall from 3 to I nim/d oxc r i L: 
six-clavy nro. TIhese rCsMlts carty slhw 0 

CLthlat Iie calcultcd dai ly soil E rates were < 200 
wx'ilii tihe vazrian11ce of the lleasured values. > 

Collparisonls of Ileasured and simulated 
c(2uuhtivC 'Lw[ 1rrieated LJUthe i arid (lrylald +cottonliop are shownil i 3 -1, > AVG. 2 SD 

Iespeet i\el,,'. Mleasured aid siultlled valCs X Sim. 
show clhie, anrccllllt. Givel the adequacy . n:5 
of the illodel in[calculating valles of daily RR 

soil E, the sinlitated values of crop tracrspi- U.R 

ration Should he (I COrnrliiCirSlrate acctrICy. 
180 200 2 0 240 260At the eild oI the expCrirmenlal period the 

rh1io of cilctdl orl crop trallspiration to CALENDAR DAY, 1985 
total IEI' was, ,.a8g for the irigated crop, aido 7. lor the drvland trr coa Figure 4. Comparison between measured ()and simulatedS) CCrop. (X) cumulative evapotranspiration (mm) for the dryland 

cotton crop against calendar day number, 1985. The bar 
equals 2 standard deviations (SD) and n Is the number of 
replicates. 
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Conclusions 
 Soil Resource Evaluation 
Experinental verification of'hc il I soil E and In the Semiarid Tropics

FT rales, as cornputed with a I odel fr a cottlon crop
fhorll slandatrd weather and soil data, showed good Larrv P. W'ilding, 7h'.vas A,&41 LUnivcrsitv 
'greeMl ct vX'Cr silulated and 1C0,tisued Elisaheth Bui, Ic va. A&M Univcrsityvvalues. he v'rillatiori was (lone over a pCiiu)d of 7-1 Bernard Y'rima, Texas A &M Univerxjt
¢lt\vs in a sc;ara if clir c ro',hzv irZate, the a small .,irn, I'/'rdrcsh'r.Texas A.,A&M University
 
!cf;irc'a and over a wide e
in te .x 
 sol! wetness Ruben Iuent. "'(xas A&M .IntiiVrsitv 
and tClrvcraturcs.The resuIts sow illt t0 total soill Manadou ()uattara,INRAN
F. bor tile Conditions (4f the test, was a-out 3Wi of tile AlrdwW AWln, 7eas.A&AI Universitv-INRAN 
total FT. l'rcdictiots of' water and t'nmpcrature

profiles (data not hllowl) Ialso show,'d gIood a.lc-
 Research conducte.d under this project inclides the 
mct with nrcrsurerrrcnts. characteri,.atior of dust inputs into Niger, classifica

tion and charactcri.atiorlrlrplicaljlits of INRAN target research
sitos used by TropSoiis in Niger (Chikal, Kale Pale,

We conclude that tile proposcd model is adequate and N'Duria), classificationl andilapping of tlefor calculathmg soil CVep1r1ttion ;n1 Clop tral spiratol spatial vaihbility sites inl Mali, soil moisture/cIlemis
epratly, for a r;,w crop with anliicomplete c;a)opy try d1rNamics in Phtatu/Dry Valley toposequences in 

cover. It is suiwgestcd thataitints model w[if \VWsternle use Niger, soil ;truct rerrosity dynamics on 
tool itnau:;lv'rrig altcrnalivc irrigatioll and crop physical and hydrological properties of Vertisols inlilpl,X1!'ila crll \ atcr-I inlS'stenlis in icd areas,. ald in the semiarid tropics, quantifying areal (listributtion
thdcg;i arid arltvsis of fold cxperimcn, regard- and extent of poorly responsive millet areas insandy
iln. water use fliicicn over the clire cre'vi ngid of Ni and development of' a semiarid
cy'cle,. tropics rsearch initiative inl Carieroon. Major 

conclusions of research completed by Drs. E.Bili 
(1986) and B.Yerina (1986) were reported illthe 
TropSoils Te hnical RPort,1985-1986, and will iot 
be duplicated herein. 

ObJeciives ii General 
The general objectives of this research arc 1)to 

establish baseline soil resource conditiorns for major
soil and targeted research sites in the semi-arid 
tropics to faici!iiate understanding of soil water/ 
fertility interactions and technology transfer; 2) to 
establish the quaitity and cornposition of dust inputs 
into sem iarid tiopics as a nutrient renewal vecor to 
soil water/fertility interactions, and 3)1 to integrate 
soil, climate and pi:_nt interactions into a land 
evaluatio n model closely tied to toposequeuce/land 
use relationships for raillet and sorghuma. 

Chemical and Physical Characteristics 
Of Dust Inputs in the Sahel 

Dust sr.rplcs have been collected in opn-bucket 
trap designs at Chikal and Sadore, from the period 
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.Jullc 1985 to) cat.SiXtCC salllple, haivc bCC Insufficient :t,mp)ling has occurred to verify 
anal v/ed. (ollcct ion hcuts \\,.' it 3,. anid 7 m positive relationships between total dust inputs, 
abovc th 2i'roujId Sullacc bCilc 111C\ were clancd particle-si/e, and seasonal flutes. Most (lust samples 
ho 2.5 ai."! .. lt i ,% I. ; l are distinctly 'ilcr-erained thian surface soil hori/onsiii Iki ll ( liecli(w Id l.'s 
for bolh loclions havC bCknl I slplit-, Ili IImmIedia1C area. Dusts are higher in total claymtl l 
,'tcvals rIane frtlll Iot o six illontlhs, corlespoll- ( 2 ill) and fine :.fits (2-21 ill) than reference soils 

I t;lto se)ln h' rmatan dus an1d raitlall c,,InS. ('lablc If). About [),; Of the dust samples have clay 
Sai1 IpIcs aC hei;, chal:aCtri/Cd Ior ptl-ickl-SI/c, cointlns that range from 15 to .101(' while lay
solune catio~,< exelincabl cations ({IA. nIiieriil- l)viccttta, s Ir the surtace SOilS tottly I'a1nge 

ow% ald toal clcniltal (ia ad K. liont I to .(,. 
l'hc p( tliA lot nutrintl renCwa%l ill tIe Salcl (hcminicllv. d',st saitIples cotttaiti I()0 .() times 

soils via , inpt inite (111e1 .it [ililicalt isehcr lcvcls (f , wchangeabh. Ca, Ni,, Na and K than 
(Tlbh.e I I. )ut- i ut, paltici-,i/M anid clhwiial rcirencc soils ('Vahle i ). Annu:ul inliuxes are 2.7 kg! 

ropriCI, 'are hl\ sitc TC ific.?1aC.le variable ha (',. 0). kgli Mg, (0(-41 kga N;1, and 1.2 kg/ha K. 
alld itllCpcsfcnt (f sil ii.: ..'iplfs Z.5 , s.' III). 'Ilic (1'C valics of (lust are about five times higher 
( )11ie avera0c iulds R','tttlh/ thIll rel eence soils. The dust samples are essentiallyilpts ;pJrIlatlle (.S 

IrapI)t 5i i.\ eai or a ,,,on1 I'So() k .!'i: ar base satll'ra.cd while sulTace horizons of soils ill this 
ll' Iul' I I.This conItites a ln-tern IcIlCA area corniotly arc only 2f0 to 30J} ba5e saturatcld 

i'illux to these: 'oils 0thi lhllps, c\piflill i'j'crvcd de'pth \vith exchaneablc Al comnprising the remainder of 
(,istrihltioins 01 uirtlicll Vae atiitils1 illf the cations. l.ol g-telll impact of (luts otil surlfaceW V,, 
n ili teualo'_.v hori;o/s o soils is CvittCl in the Iccumulation of 

Table 1. Physical and chemical prcperties of dusts and reference soils.* 

Property Chikal site Sadore site Mean (both sites) 

Dust Soil Dust Soil Dust Soil 

Total dust inputs (g/month) 
0.3- 1.3 - 0.1-2.5 - 0.8 

Soluble cations 'meq/1) 
Ca 0.1-14.0 -- 0.1-4.5 - 3.0 -

Mg 0.4- 3.6 - 0 1-2.6 - 1.1 -
Na 1.3- 3.8 - 0.8-8.9 - 2.5 -

K 1.0-3.8 - 1 2-9.1 - 2.7 -

Exchangeable cations (meq/100g) 
Ca 2.3-13.0 0.1-0.7 8.5.11.7 0.1-0.4 9.1 0.3 
Mg 0.4- 3.0 0.1-0.8 1.3- 6.2 0.1-0.2 2.5 0.2 
Na 0.2- 1.2 0.1-- 0.4- 2.4 0.0-0.1 1.1 0.1 
K C.6- 1.7 0.1- - 1.5- 3.8 0.0-0.1 2.0 0.1 

CEC (meq,100g) 
3.415.9 0.5-1.8 15.2-18.5 1.2-2.6 12.4 1.5 

Clay (%) 
-1.4-24.6 1.7-3.1 0.1-27.5 3.2-8.0 14.0 3.7 

'Diameter of dust trap is 28.5 cm = 0.064 square meters 

3-1, 
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Small qulIantities of Siectite ;nd mica, common to 

dust sailles hut less evident in subsoils. Kaolinitc is 
the donillli; litmineral of thc clay fraction ,while 

d4ri1nhairt 

dtSts an1d soll,. Se .uar 

kILiiIZ ik, I)or Silt aild sald Iractiols illt(li 

quantiiCs 0f lClspir ilso 
Occur ilI te oarSer sCprl'tC o f(llsts and soils. 

Classification and Characterization 
Of Research Sites in Niger 

Rerlc',Cualirve ,,uils at VNl)oril el, Kale Patc, aild 
('hi k i INRIK,\N ('cuteiis were described iinJuly 1985. 
aintll , iill clrlr.'ctriicd ill ]98u. 'I'lhCse ire 
thc .itc iv\reMr. \Villianm Paync ald ('hrisloplie 
/aot.(r condurted their v.;ate.-hir-vCsti ir and watcr-
balanc rsarc ii185-f80. All soils are coarse-rh 
Ic.tired alid hi,, 'iririkir Ihydrological plopertics, bul 
dil cr siezni lhcirnl'' iHi hett icall propertis. Sciclcd 
ph, sic;l ardl chcmic:ail dila are prscirnled in Taile 2. 

ie N'I)otr.'I Site his ire Strl"01,Ll. tcxltLral 
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dilfereitiatiir, finest-tCxturcd suIhsoil, a continuous 
131aid exhibits moderate levels of exchanlihle, AI 
excepl inl stlrl.lce hon/os. The 'Kale Pale Isielhi 
loani, saild 1illcllac i1hinds from 40 to 185 c'mIiltl 
aggrcgalte a tolal thickless of 13 em1.'[ris s",il has tIe 
highest exchanilgeable Al pci-ntge aII(l,lowest basew1 
saturation o the three sites. 'llie ('hikal site is ihe 
driest of hleetree climatically, and h1aS tie highest
hase saturation, JAI anld (,l(' per unit clay of ile 
tirce soils Studied. Snmall qiuaillilics of silecictenl 
mica illthe clay iraction 1 the Chik;il Site ocLr 
throughout the proiile, MII lli,explain tir hirer 
charge characteristics. 

Sois til1re N1'1ouCa Site are lssi ied;I aS 
Psanmeitic Paleustalls, relcctiir , their sandy nalUre, 
thick argillic horizon ald higher base saturation at 
dcpth. Soils itKale Pate are classiflicd as Alfic 

Jstipsairerni., rclccting iheir sandy naiturc, slight 
textural diflt'iliatio, diSconliiuou.s '..:;ed BI 
lanlellac thaIt are too thil to constitute a1nargillic 

horizon. and lower base saturation. Soils atlk e 

Table 2: Selected physical and chemical data of sils at N'Dounga, Kale Pate and Chhai 
INRAN Centers.
 

Harizon Depth Organic C pH 


(cm) (%) (H.,0) 

1:1 
N'Dounga (Psarnmentic Paleustalf)
Ap 0-7 0.1,1 
A '-26 0.08 

Bt2 39-60 0.10 

2B1 95-!,40 0.14 

2Bt6 198-220 0 06 


Kale Pate (A!fic Ustipsamment)
Ap 0-12 0.12 
BA 12-30 0.07 
2Ab 70 78 0. 2 
213:b2 102-120 0.10 
2Btb,i 1 23 5 -

Chikal (Ustic Torripsamment)
C (0.16 0.13 
A 1b-32 0.11 
Bw2 52-79 0.10 
BC 79-120 0.11 
2C2 150-210 0.04 

51 
52 
4.8 
50 
5.8 

5.7 
5.2 
4.7 
5.0 
5.0 

5.5 
5.8 
5.6 
6.0 
6.3 

Sand Clay CEC ECEC Al sat. Base sat. 

- % - (meq/100g) - % 

94.2 2.0 1.0 
95.1 1.7 1.1 
90.5 4.8 1.5 
86.1 9.5 1.9 
88.7 6.6 2.0 

94.8 1.0 1.0 
94.9 2.2 0.8 
88.0 5.7 1.2 
85.9 5.1 1.2 
86.9 3.7 1.0 

90.2 2.1 1.8 
883 4.7 2.5 
86.0 6.5 2.8 
85.0 7.2 2.9 
94.6 0.6 0.9 

34() 

1.0 10 90 
0.5 ,0 27 
0.7 43 27 
1.2 	 17 53 

- - 65 

- 30 
0.4 75 13 
0.6 83 8 
0.5 ,10 25 
0.5 0 30 

- - 72 
44 
79 
76 
67 



Soil and,1 roclimati 

clasCd a!s 
r-llecinc tite r sanitv natui. 
Chikal site ;ire 

re!ine holellite to I sic, weak texlural ¢liffcrentia-

ton. ;tilrclativcV thin ,ol11 thickness, 

Classification and Mapping 
Of Spatial Variability
At Research Sites in Mali 

At the lit.c ( 'li/.tu.tlIescir. h ( eiter. M\ali, a detailcd 
iil n+ wa, , i+; irclch weretplts which 

hi li'. arihi. u;theil i'.Ii,: e to ,grjilsorgllui. 
orty-oiur oer\t:,(toinC [ phi) mdelmee 

or it area of abot0il 1.5 haito rcCOrd the morlhlo-
ho'ical oil hlitc'ts 1tithwt nlhi impacl sorghumIl1 
ospon>eIC.is plroeniC, tiCluded Soil rcicliol, 

tlticki'os, alt Icxltrtt Sarlice lld o'in, of and 
dcl!h to the Ito(t- ilnd a%%ater-reStrictivc ilintlhl i _yer. 

l)ata Base 

stsic [(irripS:.itn IncIs, 
allaridic soil moisture 

Ahe rceaIiswa nllpped ott thc ha isof thesecgiIld 
ohscrva; otilsinto thrcc soil tr'. ;itcorrpil'p:dcd 


t1( tilfercnt slope. c "iiltsof tle gclicr l p:I alOa 
Phs soil Stl\, Sl'S ;isa resource base or Mr. 

ialMdonll i)outiia's researc) ii'iapproiecth will 
hC intlltpratedLillt!o, repor:, 

.\ou t 21K oifthe pilit areai ws relrcClnted bv 
well -drained soi ihtwre' stron l \ acid to I SO cil. 
'lhe sc ,,il are classified islile loi v,siliceous, 
hiNpcrthIcriiic, h'Ilhic lPaICuslulvS. They occupy the 
cnii ,ivtslopingt2 3,';3 , Sli'htl\ convex Lipper slopes 
0I the plot arc',I In Itv abouLt 25 cn oItsand' loam 
,rfIaceo ocr 25 cut if anSlld' suMtlmoi],Cl\' om1 Bit 
'.hicht in tull o\ crics alsatiidv elay loam to clay loamli 
phil ut lciro all)nt. The plinlhite liver is 

iiil yroot 'atd lc reIStriti\e., alld limits thC 
clcci y'root /.lit 1 lieso soils to ( ctill.A detailed 
dcscri ion tfl this soil and sample1s for llaractlriza
lioililel\sC were collected 1r01m1 ;a)it.ist oUtsiCl 
the,. l)oullbiia will anal\yzcpklt !'ordcr. NlIanadtio 
thesc slples and inllcorporallt th bisolit data into 
his rcsearch proioct repolt. 

Over 75'.; of the plot area occupies atnearly level 
I1(,)bWk topog raphicallv seis betwCCnlope Illat 

ic better dralined ;oils above and less well-dlraiilcd 
soi!s below Those sioils havc illoderately to sI tlro! 
acid srfiace and uplpe subsoil horizons that becoimC 
mi1oderaly acid at a dpClh of about I il. The surfalcC 
hiizo, arC IhIickcr and coinmonly have 1(0 to 2(0 cn 
(if recen Iituvi al MCylwash sCdinmerits that bury the 

original suriface. The plinthite zone is again strongly 
water and root restrictive hut occurs at a depth ol'85 
cm to 1 r. Thus, these soils have up to twice the 

effective root volume of the adjacent better-dra~ned 
sloping anahlogucs and are less acid in lower subsoils. 
Tlhcv are classiflied as line loany, siliceous, hyperth
ernic Plinthic PalcustalIs (provisional placemcnt). A 
detailed dCscription ol (tlis soil and salples for 
laboratory characterization were also collected from 
a pit beween Opits. 

About 511(of the rizsctrch plots occupied slightly 
dconc:v., soncwhat p-oorly draileId ailuvial toeslope 

po."tions. These soils were narkedly influenced by
 
I'riites in thle subsoil, resultine in clavier textures 

and lear lieulrll soil rCactions. The soils were classed 
;IsPlilthaquic Paleustall (provisional placement). 
Thuy will be avoided in future plot layouts hCaulse 
flhcv ,re not rcprescntative of the general plot area. 

('onclusions 

I. 'his sui-\'y will provide a database to define 
the variability in nacro-morphological properties of 
these research plots. 

2. The spltial variability in n acromoirphic soil 
propeilies as delineated in tie soil map does not 
appeir to be responsible for the variability in grain 
sot ghiumI observed over these plots. The scale and 
conliguration of iacromiorphic soil variability does 
not appear to coincide witli diflerential grain sor
ghui response. 

3. Sandy soils in this region are strongly subject to 
surface crniistilrg and water runoff. The effective soil 
thickness is dletenined by the depth to plinthite. lle 
iron pan does not apparently resaturate during the 
rainy scason but does perch water at the pan inter
lce. 

Soil Moisture/Chemistry Dynamics 
In Plateau/Dry-Vailey Toposequences 
In Western Niger 

Water table versus water-quality monitoring intlhe 
Dallol Bosso. Niger, was tci'iiiated at the beginning 
off this year. Access tubcs implanted into channel and 
adjacent dunal plains along a N-S axis of the Dallol 
losso were destiovd byvsandalism shortly after 
eit placelnielit intihe Iall of 1N)85. This work will not 
be reinitiated because the 1986 TropSoils Review 
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Team in Niger placed a lower priority on this erloti 
ilview of tilelinlitcd bidget ald cxpccld hrie fits. 

A n1l.w rCsealcl lrirli isbCi]gI initialed t' Mr. 
NLaniLadoI ()naltar; oi INR.-\N. rnvslI)R1i io 'll 

the d.nlmilics of soil iioikturc/soil chten,istrx- chanc, 

alon, twci pteau/),ti i.-lle) to:weNltciu s of in 

treasii-, railll in\'lHccri olci'es of 

this rscearch ,iick and chiracteri/c soilsI)to clasill' 
aloe the t oposeCteliCes with cillj)iasis Oti':oil 
:cidit aidl phospihorous 1]\avtioi cilt: 2i to 
dCtCrineik" the soil uoistir ine, asrel' a finictioti Of 
tot)osC(Ln'ii poitiOn (1l101; thC ,i'inMIsason: 3; 
to dfCriilie uiflelCc oip crow Ill Jaa 
Iltlial of toposc'tetice,psiliol, "ld .1 to irev 

f.el l i.tt'lrs
proflenls eitlt ed by f illIlllarlicriill o1 
the ik] () lie t eui )rv- V'illc' \ stC I. 

Structure/Porosity Dynamics 
Of Vertisols in the Semiarid Tropics 
\Vc'rtisolk okC'tl ll'.c ill-tllarid ic ioiilsof 


.\fica. Ior 5().tiuilt,occur infI iilhillha tihe 
SnIdil, iiill un illI.1tlhi4 , ;and lieaiv .3ilillio i ll The n1iaelittlde of this problCi , however, his not 
\\'e- \lric. iilclulili, (ticirtu Nli, B rkin, 
laso, Bcnil. 'Ino, koI\ (Coli,- tad Ni<Tcr. Potecniial 

i\ is hi,,li,piodtc il\ li bil litanieuie, t iS 
c\ircilictl\ utu Io qt I,oil>,\t irietaic-tltic
t( 
tiolls ditat re.sull in Strillk-lsx'efvltultirc cflairnClst uponl 
wettin alld (ht, Nels. 'lt.csc pflsical reictiollsil,,_ 

dircll\ ovriiii rccil\ 1.oxeii soil tilth, workability, 

iifilrt i in.xxalcr r'ccharlc. inlriiial drailage, 


aeration, surflace !Ui1off, Ifoodine erosiol.
ailld 


()bj.c Iives 
SpeCi IiC obcit iV'es of tI,s work are I ) to develop 

iute'lidologie's to lin itaivCl' anal veit charlweo1s of
 
strucltiral conditions of \'ertisols at both ilacro-and
 
inicrofl'ric level, :,t1d2)to apply mcthodologics 
dcxclo)p Ito ilivesti.gca rlpitIs of chalge ill 
sriructurtal .oin,!i;,,;i oi physical anld hydrological 
plpcrtic ()IVctiofs illscmiarid rcnioris of"'cxias 
ill \vcs A friea. 

Progress 

'To f;itc lfale r'-:;crJl sites have berl selectcd, 
a rc'irtu.u iCerexiew, c iltedtid saiple's colltCCIld 
to test ineliodolo ,ics for s;itilldrl'ing arid prepara-
lion. l-ulipliteili has beeI liroctired for imagc analv-

ses o l1hit-sectiolns brt it has noeti been pl into 
scrvicc. A total of 64 sanplcs of surface and near
 
slnrface lorliolls have been collected froill
Pellusterts 
tlider dillereI! long-terl land Use (nnctlIiValted 
meadOws o1 v;lriIs agzcs versus conilnoliOlsly' 
ciltivaitcd croplands) and diflerent cropping, svstems 
(colntillUOUs Conventional ,ersIt s conser'ation 
tilliec). This work has been initiated at thc US)A_-
ARS alld Texas AtltriClture Research ('CIterlS a1t 
Ricsel and 'I'cilple, Texas. 

Miniiiin.,fabric chantges du1rir Sample dryill 
is heing test.(l hv risilg IlInCid of aetolle repilace
ilt (conibiHCd V';iporf,[(uid traiSFr). The proce

dure requircs ncar\ ()daNs for saturated samples. 

Quantifying Areal Distribution 
And Extent Of Poorly Responsive
Millet Areas In Sandy Soils of Niger 

Areas of poor erowtlh in nlillet tieds associalted withsholl-lolic x'aiabiilit'y of soil trop c r rc e lieved 

to ",e a .ignilicant problem in sarndy soils of Niger. 

been ilveifld. It was the rccorlledallioi of' the 8)X6 
FliP "lropSoils Revicw Te:uu iii Nicter that this 
should be Lone befor0 frtliehr effors he devoted to 
nlnestl ndllithe cilsal soil fCtors. Itlnce, the 
objcCti 0' research is to qtilf the arealof thi: 

CXetet ail distribtiion of"poorly responsive areas
 
within milllt fiClds with the Liseof
oriilfrared video
 
ilmerv. A grolind truth Survey will be Conducted to
 
help calibrate the infrared speclra with probable soil
 

causes iderified in he field. Areas to be imaged
iiChride the lallol Bosso, Phaleau/Dr),-Valle) SySS
temns aid Sandy Plains east of the Niger River.
 

Development of a Cameroon Initiative 

Dr. ermtr-d Yeilu, ;anat ive of Cant eroon, devel
oped a draBif research proposal for expansion of the 
"ropSoils-SAIT proer'ill iri1o that1 coull ry. The focus 
of lhis prI-irl;U-1 was I)r1,irlitratl resotirce COrIsMr\'atiOl 
:id lforet; recemcrlioll l 2)cstablishmerit of soil 
1ertility/llllageeierlt practices to chllaicce Sogiul/ 
coixpca ir:tcrcropping oil V itisols arid Alfisols in 
niortheni (airoo. The draift was suibmiicd to tlhe 
"l'ropSoils Nlariagenit -ntitv for further corusidera
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tion and possible action. The TropSoils program 
would collaborate with appropriate divisions of ilme 
Ministrv of Agriculture in Cameroon to enhance 
adoption of research resLlts for lateral and horizontal 
integration into the ag,..ultural system. 

Implications in General 
Long-term inputs of(ldust as a nutrient renewal 

vector to sandy soils of the Sahel appear significant, 
especially in this environment where leaching losses 
are lililll and renewal to surface horizons is 
primarily by biocycling. Nlica and feldspars in (lusts 
are sou:ccs (f K rescves that IaV explain why these 
soils rarl v rcsrind to K fertili.ation. I'stfl ishi ug 
the ar, al Ct.\ crU n d dist ri hution of [X(I-l v rCSpOnsivye 
millt soils in saud\ resourCes of Niger is a piercqui-
it,1 tIO rllCl"rese:rlch to develop lurana1celielll 

tCchuologec's to rectifv this production constrarnt. 'Ic 
aIpplicahilit , of infrared video imagery to aplraisc 
s'oil resources and crop production in developing 
countries Will he tested. of miianagemnentIVrdicior, 
Consrtslraitlls ot soils wvill be enhanced by elucidating 

soil moisture/chemistry dynamics as a function of 
toip)sequence/clinmatic interactions. Planning soil 
management strategies for Verisols that reduce 
unfavorable physical properties depend on a knowl
edge of porosity/structure changes under different 
land Ise ,ad tillage practice:;. 

Technology transfer in the Sahel is based on a 
knowledge of soil resources. Charicterization, 
classification and mapping of target research sites 
will provide thi.; necessary input. 
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Causes and Control of Pronounced 
Plant Growth Variability 
Over Short Distances 

1t \/,A li ss ,t /f oltA ,-,'IfI illv'INltv 
/!oBt'. I.(,h ,(o.,"1,,.1A ,riv'ersiiv 
.'?,Il 1)ljttlm \ ' IN)u 7',i'. M I :iver 
Johnt/ I < it, /'ltth'h mvit'lr'iv 
A';" t h],b I.AI1t], t'/ 


]Pc'ti, ',ittk. ''i r . 

c'\Itcnslit'AS of tit. 
'the ,,il,, vaN r1ikcdl\ 

Iltll,,]. acid soli. domiinate 
n lmhicell ill Afica 
ill11lickrc, associated 

e'col dcpot sl ;lld ,ci llric 1,1 t r' s, ailldr Irld 

ret]cC h ciriolnilert'l!tS ,lid
iscliiiariid tropicali 11101V 
pilviil mpI'i clirlak's. In ntarilM\ tc:nllrs Of tile SafrCl, 
thcu srtil li,,'i tinrarked spltiall vlriablilit\ iM,.ro1t 
t Stllhlis'r..ernln and el %ilflillhr\ild irt Sinle' IlId 
\Vhilc oil \ ir~ita ilitviiJ\ ret( n,itiN be iltritul edl tI 
tIre C,siclcc of rCt iln t ,pt to Ir s.i1inmiid \iliiit te 

,
I'r\ 0i(0t, r l)ctorItl!llfir atCiVt\',MilI 
various; l t, .loLi lrrccti lint a proLonCte Vlriabil 
itle!\xib 0Ct.'r 1rOil thr.taricc., V.rich do 1rtipp 
to tall itoh frc11cat t , I lc lltcr htlrllic anod 


row)l call i
ririiilh llnt iigl pirdutivc Stan(fslo 
conlllplcl,' b: irr l sin er fistirllc'es as hirt i:, 
tI(o i1cr\. "llcc reiiti\ el\ snll u-3(0 it diaiile-

let).iilllar arild lliltchc. of poorofen tii'.ittlrul 
growth nrol ottlv er, ovrall jeld losses [or tie 
SalhCliinr fiirlr btl also coirfo tliritllclit cffects(1iird 

ill fie]l expeoir]crr.-. 

(j)eelt
ies 
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sites where variable pI"nt growth has bcen docu
nicnted have been localed, representative soil 
sallpls takCl 'oil prod livcy ald tillprdlul'ive 
areas for latoratory analysis aid gceenhouse ;tudies, 
and fild plts established :Ateach site. AIlhonghi a 

iiumbher of possible amendillells are being evaluatlcd, 
tile two Soil properties that appear to be most limiting 
to plant growth recsoil acidity and p osphnis 
leicie :y. Thercfore, much of the work being 

Condueted consists of characterizii.e the aicidity 
paramcers of the soil and evalnating tie fatC and 
reaction of phosphate applied to the Soil. Results of 
labii'oratory iand trel.iholSe2 StndieS rC eXtriolited 10 
the ield in the 1oitu of feitilizer arid lime recoHMonCn
datiolls. 

l-al1lOatOr\ dcleriliiindtioils iave Ciricrally 
inclled .Soil textilre, pl!, exefiarigCable AI arid II,
CxclraiIgeablc basic Cationis (Ca, Mg, K, Na) anrd 
lrae\ Cxtracablce . Lfectivec ation exc hangc 
ca'iixciy F('-.iL(')is
calctular d arid te lercent Al 
Satiratioi dcteriliillcd with 'e;!b inthe soil profile. 

s ihave bih eorilud 
dry Se;oll to C\ aitlt !lhe illulteCe o1 soil a.ilrrd
nerrlitlls oilcrop growth, plariw comtpositioi nd o(sil 

prolp rlis. 
Fieldi exprhirrllts wcre c(ondicted oil re1carch 

(, ttlh rli e e durillg tie 

ertC r-s ari1d ilI'illef fIlds. Plots arc gClleriy,Smanll 
ard rCepliCatior dillicnlr rhiatne o tllreeCausC Of tilre 

Spatial variability irl ir field. treatlclts generally 
involved blrnket appli,:aion ()1nirogci at I other 
nutricnt with variabl. rales of limii andi P or other 
soil mllarageclirt inrputs. In addition, a number of 
excursrolis to farmnlarrds in tie vicinity of NiaieNy, 
Niger have becii nade to gather productioni history

The objectives Of tills are I) to (I)CrietlllllProjctC alid exanire characteristics o 'faflected soils. 
soil chrarartictristics; thai typif\ ;c.;irlrs of poor nmillet 
Or sorinirrr g'rowitll rconlpicl( l-ions Capable of 
SUI)IpOttirre Vi,2r) Is iltnl-,ii: to dclclllllt' specif ic 
soil prrpcrtlis thall ocCi ihin illfilernptlctive 
arii iantd tIre r mIillet aird Sr,,iinurae'oril lr )11 
irolli,t idi3)to rccotrrtmd a'i!i)iotic practiccs 

that will i OWpv.Iric ltis'itY ill areas of poor 
plaiit mrowll. 

lroaditlres 
Rer'rlh prolec.'S in Nicr anti Malli coisist ( 

corn )iric( erectlihon sc and fIeld trialslaboraltrrv, 
dCSigircd to uCtciliiltMirliCer idversC Soil chcllical 
prop ritics are liinmititt- pliit ,rowtlh ii fi eld. Field 

Results 
Acidity I soils of ile Mallel lmV be attribild 1o 

I ) the illdigrCnous tdity(if parill sanl(is, 2)tfe 
develollCnit (f acidity ill soils weathered iurder 
wctter paleoclimas ,3)leaclhing of bases from 
Shahllow soil systenils nIlder coliCnllporaileou s cli
nmates itih corconillilatt dcevlopient o acidity, aid 
4)vector N'vllrilics i)AVtecll base rellewal to s.Irai'' 
]l)ril/olls alnd hmse lOss tIo lsver sulisoils by leachiil ,
uder coriteririporl'ane.ts ciiiates. It is mitost prbaiblc. 
lrwe.vCr, tIai acilily it lrese soils icflectS 1ultiple 
catses anrd cotilltrbalrici ng basc'rnccwl vectors. 

A1tidlA tiiurrsaitritiOr lid 1llI with (!sptf for th1ree. 
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Al Saturation, 
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Figure 1. Aluminum saturation and pH of Labucheri. Dayobu and Gagani 
soils with depth. 

soils from tlie ICRISAT center near Niamey, Niger saturation of the Labucheri is highest in the surface 
are prescnlCd in Figure . The soils vary in profIle and approaches 60% at 15 cm. Below 70 cm the 
ihickness to the latente with tlhe l.ab)uchcri being percent Al saturation is 10% or less. The Dayobu and 
4reater than 20() cm, t)aVobU I cm1) ;and the Gagani Gangani soils have Al saturations of 50 to 80% 
35 cm. 'hie pll of the Dayuhu and (lagli soils is 11,1ouighout tile prohle. 'I'hc labucheri and Dayobu 
near 4.0 through thc entire I)lh, %hile that of the soils are used for millet production. 
Iacher r from l to (l). .\lulninu In an effoil io determine whether soil:" could be,anges 1 5.0 

visually diagnosed as being unproductive, ields 
Table 1. Characteristics of unproductive "ganggan" around Niamey, Niger were examined by Jimes 
soils. Gardincr in 1986 for color, structure, texture, pl-I and 

other characteristics that could be evaluated using 
1. Markedly red color 	 field observation. Without exception, soils with the 

2. Loamy sand texture .	 characteristics showai in 'Fable I prove to be unpro
3. a rm 	 (Incy. These characteristics are representative ofsarfltastuture wh 	 soils which have been eroded with subsequent 

that of biown sugar 	 exposure of the 13,horizon. Ilistorically, these soils 

4. A pH4 in water below 5.0 and pt-I in 1M KCI have been unproductive and have been tcrmed 

below 4,5 gangganiby the local farmers. which in the Zharnl;a 

5. Low topographic position 	 language refers specilIcally to the presence of a 

6. 	History of low productivity suf'acC crust. 
A second factor which historicafily has resulted ill

7. Surface crust 	 increased millet production on West African soils is 

application of P fertilizers. A great many authors 
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have examined the P contcot of Sadlli an soils. IlTCre 
aIppe;arS to he iC;.ai greCenlnt that Africanuna11tninIOts a1 
soils il generil, and Siahclialn soils in particul arc ar 
dleficienit in P. Phosphorus applicd to ite acid sili. 
soils will tcld to recIt with AI and Fe o)xidCs and 
hydroide,. IRe:ction wilh .\Ain ;id Soils Iout 

iCeasCIheC ii1\.:Canceill" 0O.\I, but at the 
saic lime', cducc lhc xvIillli ol III' ipplicl P). 

TraPl: t tcndutedol rl. trr' h in 108llscr Il 
were deigd tO >tudv life elec otf vairlos Soil 
Illit~ilneini lprJiicc nikl Papjfliclitilo.roil 
nlldpt1 liclit'i lot nilet. It. 'i!:F,''l,.> had areas Of 

un.l)iodt l,, ' ',, ich , ,. !.outillictd ;a 
able I 

i)irlc,Clid ill 9 in.icate limite'd'table 
lillct heI0espoIs' of to . i wil-iin-ioarict 

praiticesnhl l i, icld re',spolls to applica-
lilli 	 i:icatns .crc liladc oil heOl 	I tleril/Cer. A 
bsiis Of c cll li!,c,ihc AL. '[lic d1ii~ itlicialc thai F' 
app~li:lion ll rcc qulics,\ ilh lsmll pockct 
aipplication of N. ic'ii ld illIit hi.,hest yield tIalc 
S). aeof 11 :ipplicitionl \'.erc eximenie'' mh, 
\ddliioural rc'echl i,;nck-Ito dcWIClm ptimal 

Table 2. Millet production at Guilheal and Damari 
near Niamey, Niger, in 19136 on unproductive and 
productive soil as influenced by soil treatment. 

Production 
rreatment' Dry matter Grain 

Guillleal 
 - kg'ha 
Control-unproductive sol 6 0 
Control-productive soil 2,834 1,178 
Tillage to 30 cm 106 1 
Mrlch 1,037 24 
Heavy phosphate application 6,009 1,369 

Daniari 
Control-IJunprouctive Soil 4 0 
Control-productvo soil 1,071 31 
Tillage to 30 cm 28 0 
mulch 321 1 
Hteavy phspnal appliucton 2,699 181 

-~-----
*Phoesphate was applir-d aIS atfunction of thoe level of 

exhateable Al inlho soil. This rate avergod 1100 kg P/
ha at Damari, and 2,100 )g iP'ha at Guilheal.
 
Nitrogen wi-e applied to all treatments at a rate of 47
 
kg/ ha N.
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Soi! imd A groclimaicData Base 

ratC.s ol I> On they ga,.lg'gtj,'i soils. 
Prelinlinary Studies cOil(luctC in Mali are incnn

'tsivc at this time. Field trials ill1986, designcd to 
'St the col tosorgIhurni growth,1c'i linie anid l 
Sllw Hile Clci (0, citlcr input. secedlings in the
 
felC ehhitid poor lr'Owlh rcdrl' 
 o1 treatlenlt 
comlbiialiol. The sytollms)li ill fhie JIld iiicludC 
purifliiig' o lCives. 'cllowinialllnd lccrosis of tihe lea 
tip. illore devclopcd p)!lans. exhibi i iervoilrial
 
C'hlortoSi-S illliteYolnger leaves 
 d (iCuof, tlhe
 
i(, iliL point. 'licsciilial root develops ihalrd
 

r1cioi albotil 2 Ciii froil the base of the plant below
 
which at'ive ,rOWIlhIm Iyru'n;Lle,. Ad'.i lilious rolots 
l' lieWr crow ilmost parallel to (he soil Surface. 
Bcttcr growlh occurs ol file niicro-high corpired to 

nc thethe ubero-low iocnlisols ill fild.
 
A partial "oil amnal', i of plt 14 productive and
 

tnpo chtive, 'eat"Cs
by I)r. Art (-)iiS' lahi rator' at 
lubbock is prc,crnlcd ill'Fable 4. IL.alorator\ and
 
greehouse ri ls durin, thes(li sso were usedt to
 
sUbstlnillte u'1 !()80 1icd trial.s and test 1,!. other
 
possible dcl-wicinic.s o toxicities.
 

Table 3. Millet dry matter production in a pot study 
after three weeks of growth on unproductive soil as
 
influenced by fertilizer and lime treatment.
 

Dry matter 
Treatment' production 

g/pot
 

Unproductive soil-control 0.06 
Unprouctive soil-fertilized 0.62 
Productive soil-fertilized 1.83 
Unproductive soil-iimed and fertilized 0.49 
Unproductive 	sell-no linie, fertilized, 

heavy applica!ion of phosphate 4.21 

Fertilizer was pocket applied at a rate of 0.37g N as urea 
and 0.14 g P as triple superphosphate, per pot. 



Soil and(A r1 ")D 3limliRase 

Con cii: iolls Table 4. Exchangeable Al and pH of productive and 
1. UnprodLuciive so)il ()lNiglr canl, !)c id'lltil'ied il unproductive areas of plot 44 at the Cinzana station, 

the icld is havi12 th w prope-tie!: red Mali.iolrovfin, 


color, loan; ' sand t.. cre,w, ak strkmtjirc, p] I-- 5.0. 
lower-topmg rapil'. position, a1hmr ust, and Sample pH Exchangeablen at 
hi:story of low producti 'a. 

2. Soil aciditv and cxtrtnrlec 1)dclicicircY appear to H20 1M KCI Al Acidity 
he w0 f'ators wichl v'eVrIn crop growth of the acid. 
sd:-, unrpr{}lU tiVc :oils o1 Nicr. 

.r,)cIalicains oF ph(o phatc IFCleili/.'rs in -- meq/1OOg
courllhinano{nl with noltIt rates'',oflnit rocen resulte1 inlxce1hllnttmlleWth 1i potCS Studieadfield , ill plot 44 - productive 5.6CcCcllt~i millct \ ic, ill pot anld lhClH sttidic.-4 oil 4.3 0.034 0.055d,,, 

iiprodtuctii'C ,oil. plot 44 - unproductive 5.0 3.9 0.275 0.317 
-1.Studics in Nllli 11" ils o1 \'at'i:l)lC productivit[N 

arC incon}cltsiVC 1tthis i1C. 
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Technology for Rainfed Agriculture
 
Small, subsistence farlmlS Of rairled millet arId sorghum arC the Most conO use of land in the 
Sahel. The farmers here use tools and. techniques that have changed very little for centuries. The 
objective tuiFnc lion of each lanif ing unit is to mn inilmize ilhe risk of production failure in a nati
rally difTicult arid unprdiable enironieit.
 

Because of the high risk of crop failure in this environment, farmers typically will not attempt
radical chanCes in their methods, or invest their limited resourc-s in the intensive management
of one crop, but Will spread their inputs over different types of' crops proven to be reliable, and 
over different soils and larger areas farmed less intensively. Thus, land productivity would not 
necessarily be improved simply by providireg farmers with inputs such as fertilizers. For this 
reason, 
luch of the research presented here has focused on low- or medium-input tecliques for 
improving or Stabilizing the yields of traditional crops. 

InNiger, millet isthe most common crop on1 sandy soils. Traditional A. ,'ican varieties of 
millet, which are well adapted to this environment, have given the best results. So far, no new 
varieties have been successfully inltroduced, largely becaulse die African soils where millet is 
grown are not well understood. Significant iIlpr, vement, in cereal production will depend on a 
k:nowledge of the complex interactions of water, nutrients, and plants in these soils. The research 
reported here has examined these interactions, and inc!tides experiments on a range of agro
nomic practices. including croping seqnces a,,. intercroi)ping, tillage, fcrtilization, residue 
manage ment, biomass Control, microclimate modification, and the management of rainfall and 
runoff. These studies have been designed to be applicable not only in Niger and Mali, but in 
other semiarid environments as well. 
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7echno/oov fr1 in/c/A1riuure 

Rainfall Management 

To Increase Crop Yields 


I'rSuld. 7}'ftl'x 

(i'lri. )/ 'Au,i q ." . .A l 


riml't .A,/ hi~ive'rxitv 
,11.#iV rsit\ 

re olictl s('il inI div soils, bcrolre start of 
r'iil,. 11raIill llk tli rh:1 ennnat'rll 

( ,r a- tihe 
Tcquircd f'r il is. 

lccw.ivcd.s arc spotty ;ii(1 replailtiiicth. ctp standt is 
icccsarv. l'thcprolhll Ililhit hc allcviatcd aind th 

:-i -a.ild\ idM, si ili'cdl baihzresiit,
e.cli ae, 


inuiail\ aiLoh I ,ln,k'apc
t Nicr, lile is chara_'-

Icri/,d b\ clvai'd hareICitC IlcriT srlia's adija-


to I(o.'r"a,1"1 Of Celtu'iiiuni and a, vhiMI
lluviuLIi. 
:Ilc ulki itlc'lin soreLhurn tiud llct, l)iri c rains,, 

!w ',ti; u,ic., ino11 Ilie inIIpcr,,i Lu..lt'rilc areas F111" hci~m ,[Ill,...'-;\U kic'L'llIl. 

> Hiii;tuiii iil e]u' II >iouill tilisl' "ilriulatioi. 

thie \,,_rec'mlJl beh "cador illpouildc~l alnd 


;ilhn.\'d it)iiiritiAC 1i,ilt_' v 'N-. I' poCteill esisIs 

1i iCei,,C 1 iillei I OdUn tio i by'>
li,(ih1iiild 


'i le ie e'rralic riniill rci.inlc. At iC S'a!e 

inic \cli iiIIhtiOil ail(l ( iOSiOli oleCiiis would be 

wlle'\'utCd. cases the hiarcdltCed Illteril
IlII
ll,ill\ 


:urfao.ishii11I lire is soil.
lldhe a deep,underlyin 

'lhis Surfla.ce (1,l0d be brotlken ilIl.,trips, which would 
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Figure1. Effect of water managernent on millet yield at 

three locations in Niger. 

CSRH =Contour Strip Rainfall Harvesting.
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receive the runoff from adjacent strips witih the 
surface intact. This technique could bring into ust for 
crop production otherwiC unused land and at the 
samne tinie permit rcforestation and a;qroforestry 
practices.
 

()hjcc ives
 
'l ic tlis project is to
P'iiCr',l objcctive (it 

inliprove r1iaigelleiit of ra,.infall to enhance :ilfJtra
tion/raillfafll and e\'raotrans[iyatiOl/iiltration rltios. 

The specific expenin taf objectives were I) to 
dten eC fiehter conl[ti"strip rainl,] harv,,sting 
((SRllI) has ipol litial for cereal production in three 
main ai,rocliltic regi-ons of sandy soils in Niger: 2) 
to 1ioilir the le\'Cstcd '.'atrC; aLd .I3)to evaluate the 
iIlIiuciLc, Of ,rtili/atiOti and li;t:1 density on the 

ar\'cl t, s"stems. 

I r(ceur(l12s
 
Coitourstrip raliiall hlarvCsting (CSRII) Was
 

IIcJ'd a:'the water ilt
ianauenlc techiiqie to test the
 
polC tiia 1or l riill all distrihuiiplroviiig the initurai 


ioCInllthrough te growing: se.isi . PolyetliI;,Ic
 
suceting was used to direct rain water onto para.llel 
adjiliccillt c ultivted strips. Grain soretlilii and pe'ilI 
Imillct were grown sepalaely at three (different 
!ocations, with dilferent raintfall rgci, s: Kala Pate 

0-50 
Eo 50-100 

"" 100-150
 
'-

u 150-200 L]Traditional 
System
 

-' 200-250 *CSRH
 

250
 

...
L T__, 
0 10 20304050 00 70 

PERCENTAGE of R007ING 

Figure 2.Distribution of roots with depth for millet forthe traditional system compared to CSRH, at high
plant density (15,000 hills/ha) and fertilizer rates of 
22.5 kg P205/ha and 45 kg N/ha. 
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_echnolog vf. i or Raitufedi Agriculture 

(650 moim average), N'Dounga "Table1. Effects of water management, fertilization and plant density 
(500 num average), and Chi;d on millet yields for three locations in Niger. 
(3 0 0 m i a v cer.. ........... .. .
.. .. .. ..... 


Treatrnlcni: included [eriilisalinaln inisiclue. fertili/'ia- Sitetionl anld pl t densities. F~cnili/a- Water management* Fertilization- Plant density** 

lion levels wcrC a)no fCrlilizer and Trad CSRH Nnne Fert Low High 
b) 22.5 k2ha of I>, and 45 k./ha
 
or iitiro,!C. Plant dcnsities werc a)
 
10,000 and 15,000 hils /lia w Kala Pat. 464 a 1019 641 a 841 786 
 697 
I iIlet, and b) 11,0() and I(0)0() N'Doinga 923 a 1667 1135 a 1455 1216 1374 

'whllis /1ao[en I There eW Chikal 401 a 644 476 a 569 518 527 
three plants l'Cr hill for t!h plait -rad=T-raditional water management CSRH= C'intour Strip Rainfall Har
dcnsities, vesting. 

"Fertilization rates were none or 22.5 kg P,01,/ha and 45kg N/ha.
Results " Low plant density was 10,000 nills/ha,and high plant density was 15,000 

Results obtained frout this hi!lsiha. There were three plants per hill for both plant densities. 
cxnIC1cimc showed s y lllca lt a. Significant at the 95% probability level. 

CfTCLs dne to waer-lii ent
 
techniques. Dry Ii/ltcr production 
 Table 2. Effects of water management, fertilization and plant density
 
was dramaticallv increased v,ilh on sorghum yields for three locations in Niger.
 
CSII I. hncreascs in ,,rai yield___

ranged troni 5c<',4 toi 20,4. A
sinificat f5et or ('SRI Sitec Water management* Fertilization" Plant density***
 
obtaincd on all sites except for oiC Trad CSRH None Fert 
 Low High 
s.IrghLunI c.\peim et(i grown1at 
Kala Pate. Millct ;elds for lhc 
three loeations are prCscnled in Kala Pate 321 501 274 a 547 334 486 

iIure 1. Grairr yiCldsax inflti- N'Dounca 1140 a 1814 1204 a 1751 1035 a 1920 
enced by water Inat1111iacn , Chikalfell it-'v i ll ll llant-diiell [,l 288 a 312 255 a 345 257 a 346 
fcitilizaiioiril anlait-density *Trad:= Traditional .ater management; CSRFl= Contour Strip Rainfall Har
treatmlllnts are shlowr]I in 'Tables I vesting. 
and 2. "-Fertilization rates were none or 22.5 kg P205/ha and 45 kg N/ha.

Ihe (CStII technique induced - Low plant density was 11,000 hills/ha, and high plant densiy wa, 16,000 
a deeper rootil lg sysICm, as shown hills/ha. there were three plants per hill for both plant densities. 
inFigu re 2. Na xim root (ICI h a. Significant at the 95% probability level. 
increased froii1I0 cil oil lhe 

(_SRI i . 
increased capacity for ruts to absorb water and yields. This site has the most fertile soil. The ampli
nutt rictis. 'The in t1ot-iig o1 harVesld Water helhav- tudc of the crop response fron one site to the other 
ior and crop response reve aled thlt this technique can strongly suggests that soil fertility problems must he 

control to 221m ,i lli This resulted ir an nedium rainfall (N'Dounga) produced the highest 

lengthen the growing season hy making early addressed if eficient utilization of water is to be 

planting and latc gro\lh pIossible. achieved. 
Fertiliiation had significailn effecls at all sites Grain soiglun yield increased wilh the higher

and with both criups. , -lie clfccts of lertilization on pianl density. With pearl millet, plant density did not 
sorghum yield are shown ill I:i2enre 3. Results suggest have any significant effect. This difTerential behavior 
that nitrogeni and phosphorous lertiliiers lould be may be due '.o tie tillering capacity of illet (auto 
uscd if' hi gh yields are to he expccicd. The site wiih adjustnelrit capacity). 
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Figure 3. Effect of fertilization on sorghum yields for 
three different locations in Niger. F',rtilizer rates 
were none and 22.5 kg P20 ha and 45 kg N/ha. 

Implications 

Contour strip rainfall harvesting (CSRI I) has :r 
potential for cereal production for reions with 
limited rainfall and sandv soils in Niger, grain yield 
heine the criteria for evaluation This technique 
exhibits advantages froi the standpoints of reducing 
cvaporation loss and weed growtlh, and increasing 
wate co;'servation. Thus, CSRlt is a promising 
tcchnique for securing hi eher cereal yields. I lowever, 
more studies must be undertaken to deterine themost economically, socially and technically appropri-.
ate wvay to ada! thisoci e tehile l 'al needs. 

Evaluation and Development 

Of Management Practices

For Rainfed Crops
 

Naraine Persaud, 7e.xas A&M University
 
Ouattara,INRAN
 

fMohamadou Gandah. INRAN
 
Wiliam I'avne, Texas AS A1 University
 
.1.Gonda, INRAN
 

Soil water and fertility are the principal soil con19traintsto crop production in the Sahel. Itis esti
mated that millet and sorg0huni require approximately 
31W nm of available soil moisture to reach maturity. 
Short term drought stress during the growing season 
is frequent in the Sahel, and can lower yields or 

result in total crop failure. PracticCs such as bare
 
fallow, residue managemcnt, bionass control,

minimum tillage, response fanning, etc. can be used 
to enhance rain-use efficiency and crop yields. 
Information about the responseof millet and other 

crops to different soil moisture deficits and crop 
management practices (cropp*ng sequence, fertiliza
tion, tillage, tiller removal) is essential for the 
development of appropriate soil and water manage
ment technologies. The need exists to understand the 
effects of these practices on soil moisture storage, 
patterns of soil moisture use by the crop, patterns of 
soil moi,;ure loss, ald 1itrtilizer-usk- efficiency, No 
that they can be adapted to increase or stabilize 
tainFed crop yields. 

Table 1. The effect of planting date on plant length
(in cm) for three millet varieties at N'Dounga In the
 
1986 growing season.
 

Planting date
 
Variety 1 2
 

-cm --

HKP 130 cd 120 d 
CIVT 132 c 123 cd 
Local 156 a 144 b 

Planting date 1 = June 17 
Planting date 2 =July 7 

Treatments with the same letter are not significantly differ
eni at the 95% probability level. 
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Technologyfir Raife(dA ,ri'ulr 

Objectives randomized complete block design with plantring
The ,er ral o jecli ve Of tlis projecl is to evaluate densitics and varieies split on planting dale. TIhcrc 

aid/or (evelop mW- to inlermediatC-input soil-, were five replicates for each treatnient. Soils samplcs
\water-, or crop-Iaa"ienllcti practices to increase were utken for chemical and physical analyses. A
 
and/or sabili/c yielCds of rainf1'd crops. Saturation and drainage stuLv was perfonitcd to
 

octenlille iniltration rates and hvdraulic co.idiic
'rog ress 
 i 'iIv.
 

'hisiI rporl adklrcss two cpcriIeriltS rClateCd 
 to Soil mroisture was lmoritored with a neutron l)robe
the project objecive: (a) Soil-mo1(isturc use pateins to a depth of 1.8 11)in for the first plaiitil!, date, ald to
and gra.in yil ui~dcr c(Intrastill llil.nleil '.So) in or the second date. Weathcr dta were r-
S,.stCmS: aild (b)Tiller reCniova, l-xpericnits evailu- corded with It sinple weather station. They includedxl 
;aritlleffctf of Illowiln2 ani residue Illaia!c111Ci daily air temperature, air huillidity, wind run, rainfall,
;ire describcd (om;agc\ 372 tlhiontli 375. 	 solar radiation uld pan evaporation. 

Several 1la:1nt rnelasIurenents wcre made durine 
the growing sL(soll, ilitIdirig illetig and plant

Soil-Moistlre Use Patterns colts. At harvest, data recorded consisted of
And Grain Yield Under )oCLuets/plot, plants/poquel, height of plants, nurmber 
Contrasting Management Systems o inteiodes per plant, lnumber of heads per poquel, 

length and weighl per head, grain and dry matter
)hjective', yield. Root counts were performed after harvest. 

A Iel xpimeri \ as condutld N'l)ouniaC.iat 

to sttd\' ill i'rpsj0 c1of n0iillct \'arietiCs 1o plant Restills
 
dcensilies, planltii, 
 dlc arid soil moislurC. The The information gathered Iromri this experiment is 
ObjcctivCs or tire CxpNrilCrIt w'ere I)(toqualili fy soil being analyzed and interpreted by Mr. NI. Gandah.
 
MOisture under millet statlds througho0t a grox \Iring Total rainfall for the season was 377 mi fron 
 which
Season; 2) to evaltnate the eIllcLs of soil loi.stir c ar1d 347 illii fell fronl planting to havest for the first
 
cliimlC on tilerowtlh and ViCld of1three iui illet planting date, and 11. nini for tbe second planting

v-icliCs; 3)to CvalunaLe water Ise patteriis: and 4) to 
 (late. There was only one dry period affecting tihe
evaluiate the cllct of planling (lensitics arid dates oin first planting date, and none for the second. This (dry
tile growth id vlil(l period w,'as July 22 (12ild of millet. 
 mill) to August 4 (22 mnim).

Preliminary data indicate that planting date had i
Proced iIres sigiifi-litive effect oi several yield col ponents

Thee xpcrilinilal design was a factorial illa 	 inCrid dirig height of plants, weight per I(XX) grains, 
and grain yield. Interactions were recorded with plant
density and varieties (Figures 1 and 2). Plant density

U 	 restlts were mixed (lie to dififerent thinning iitensi
l'- 50 "l ties: three plants per poqtret in the no1nal dCnsity,

Z~~l 	 aid two plantIs Per po(Iuet inl thle high dlensity.Q2 
 Dersi ty did iot affect the height of the local millet< 251 
- i 	 varietv, however: the local Variety showed signifIi
- 0 cantly taller plants at high density. Within tie nonial 

.1 -JNOPMALI -- - den:ity, earlv planting produced heavier headsEARLY 


-	 LATEAI (Figure 1).Also witii the rio al density, 
I 

IHKP andZON(O 	were riot significantly (ilfferent but both 

produced 	lieavicr millet heads than CIVT. NoFigure 1. Effect of date of planting and planting dilfernces amorie varieties were recorded for the
density on weight of heads (g) in millet.3). 

D,: Early Planting (June. 17) 	 hr 
D: Late planting (July 7) 	 Diflferences in dry rnallr production were onlyN.Dn: 	Normal plant density, 10,000 poquets/ha, signific-nl for varieies and planting dales.The localthrue plants per poquet variety, wilh irs high lillerinig capacity, produced more

H.Dn: 	High plant density, 40,000 poquets/ha, three dry' matter than tire improved varieties. hrre was ro 
plants per poquet 
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i('Lcholot fVor Iyiiui/c',AiYf7( ',id re 

.sr-ilticanlt diflcrofnce in dry ni iricr prodLiCton 
'ttv.,c'i the two inmproved viariciics 

Gra \ichl a mltr ail Pai i t ( crls r \li 
only for th11Cfirst plantingL dale (Iiue ). 'ihis hig f 
pliilt density iapparcllly did ino re;ich tile hc\el where 
plant Compelitioll for tilliciil>,l.. t ,ri d water would 
a ffcct ,rai ii yijid Ni, d\If1rce> vcrC recordCd 
between varieties lor Ie sccondl tLl;aiil dat, . 

Tiller Removal 

Miny tilcrs are pridued durin; i,,e growth cycle of 
n ailletplants: the tilll lltnltx'r depends orotile par-
ticula' Ciovpe. It sCCms tha tlialditionail ml1ltCI 
via es Ii Ni .cr have Kerr selected for hielh 
tillCring Cirvi'6l, prNOiibly IcaUSe I ) iniillet residac 
is used Ir husi1c and ill(ie industlry, arnd is 
aninal Ic t tie Cid Of thW sCasoi lthe sCili-
Crct l 'eaves,C :rs hauvesi% tiurfaces;uet ioln ratiltall 
aind 3 the tillers provide adlit&iiil surl;cC for 
pliotOsiltliesis, tiiI, couieTrilsalini Ior trC siort 
growir ig perid Wicethclr lhsc c rat i(1i ali/aitiolls are 
l"iactir:al or liot Catil oil\' be dccidcd bw tilu.' rsearchll, 
ItowCvcr, it sCrills safe 1t aISstulic, that tillers, onily a 
smaillll pOcf'r t lgMhich produce fClile heads, pla\
an11iiipotalkilt role ill roth. dclvel ic l arid raii 
vicl. 

iroll a viter-ei(rlsetiuirpollt, tillers\ciC\ 
transpire zltlr, aild, if Init productive, tlie\, ilcreasc 
the ratio ofl wat'r used per unlit Ot ,riai _ield. 

-,500
500-

I-LUL 
_1- 0 

S EARLY " - H IG H 

O)hOjective s 
Fhe spccific objectives or this experincnt were 1) 

oI,study thc effect of tiller removal on growth and 
\,held of several millet vauieties uncier different soil
water conditions aind levels of fertilization; 2) to 
illVesligatc tie effect of tiller removal oil soil mois
ture use Cfliciencv; and 3) to determine viietal 
dilfcrenccs alld illeractions wifh soil nloisture 
content and fertilizer levels. 

T[le rcsulls of this eporinielit will indicate 
M Clhr tiller rcioval has polelilil as a low-input 
tchiliqlc o,r soil-water inanagenient . If proven 
successful, it %%ill increase the resiliency of tile millet
 
,nower by helpine him to tailor his crop hiornass to
 
the varyvue local rainlll pilitern. Yields may be 
slabili/,d, arld, ill addition, tillers removed llla' be 
used a.,, animll Iodder. 

Procedutres 
Ail expcrinieiit was conducted lita factorial 

design to studx, the eflect of four levels of tiller 
reioval, three millet virieties, and two fertility levels 
Oili iillCt rowth, yield arid water use. The experi
rlicitl was completed thuriie fhe ~96 season. 

Results 
PClliriiiVarv ICsults data show a significant effect 

(ft* tiller rnmoval oul crain yield Under rainfed condi
ltions. Iltwvcr, itore inforiniation is needed, an.d it 
would he prerlilattire to extract general conclusiorns oil 
tile usefulness or practicability of this technique. 

25 

"17 

_KL0CAL P N O R MA 
LATE" LATE-1,JORMAL ~----NORMALA---JCIV" -HIGH 

Figure 2. Effect of planting date and planting 
density on grain yield (millet, kg/ha). 

Figure 3. Head weights for three varieties of millet 
and two planting densities. 

D,: 
D,: 

N.Dn: 

H.Dn: 

Early planting (June 17) 
Late planting (July 7) 
Normal plant density, 10,000 poquets/ha, 
three plants per poquet 
High plant density, 40,000 poquetsiha, three 
plants per poquet 

LOCA: 
HKP: 
CIVT: 
N.Dn: 

H.Dn: 

Local, long cycle variety 
Improved, short cycle variety 
Improved, long cycle variety 
Normal plant density, 10,000 poquets/ha, 
three plants per poquet 
High plant denstiy, 40,000 poquets/ha, three 
plants per poquet 
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Modification of Agroclimate, 

Growth, arid Yield of Cereals 

Between Rows 
Of Neem Tree Windbreaks 

Xaii\c' ]r'ct.J,. 7ThzxA.\!,I Irivetsit' 

StN'c Lonr , ,t, ,.A .lIii'r.:t
A 

A'amao,.O)WUIN7, ,./,'A' 

1Wthdd l (;t !'/i*.\'
,i. 


< !'.'L ),/', ;liv,'r',' v 

11,' nenil tree, irlrrccktld trout Ilndia, is now 
ubiquitous inth,." isovet ill/oc otli ol the 250-30( 

Niger. Il197S,(..\.R.I . liltcrilatiori'l, with coopera-

tiol 110111 local c feiits. initialed a s\stcillatic
 
pliine o'ucei trees ill th1 iai aCY of SOuth 

('Crral Nic, 1Or.dl+til,tllut tr-es havec a ,1()kii Of 
been plnlitcd ill doublh .ilrow,%s l00)i prt, orieHiel 
approxilitatelv. !Tllt/sOlilli ilciovs the lot]! axis (d ti l 
valley. 'IIese plairtiicis, provide art Ortrtt'l) f0r 
Snucikii,. the rolc lf 'diclicrelwts :il \wivndlhrcaks in 
Nil'cor iiirvire crop groth aield iririllet. 

\Cili of 
ilng tlc,c plantllillts. Mhotivalit oll ila\ b C rnlailllv tO 

ThCl tcl Nicr is in Luclc in xtclitt 
du 

[11c viiilaer,,' accetanlc (t tins so il-aid\warer-
coilsC:e prlcticc. arruic I r IitL rc yratliol 
clCcts in i\tu cuervati,, crop1 n'.r,,ttl' , O 

ichls. linll tic pcrit'i\ ,incrwakC, ill c l(ll ;uicf
1ii 

Table 1. Effect of protection and fertilizers on millet 
gain yield, above-ground dry matter and average 
grain weight per head. 

Ave. wt./ 

Grain yield Dry matter head 


Treatment kg'ha kg'ha gm 


Protected 488.0 35105 13.0 

Non-protected 3965 2092.5 11.6 


... 


Fertilized ,18i5 2861.5 134 

Non-fertiized 397.0 27411 5 
 11.1 

Means are significantly dfferent at 95% level 

Means are significantly different at 99% level 

Means are not significantly different
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7hchb'IO/(l,,,' r RainlCd Agri idture 

protccuion for themselves, their dwellings and 

animals as aresult of beini .shielded fronl hi h winds 
and dus. They arc ai..o intcrested in harvcsting wood 
from the.sc trees. 

(irel'.,StudiCs arC needcd to understald the 
CI fCcts Of the present w inlbre,ak rows on the phyvsical 

wenvironment of the crop itid to rclatc these eflcets to 
crop growth and yield. Such studies wil providl, a 
rational basis fir further plantings and, thuls, optimi/c 
benefits fromt expcendcd tinic, money, cf'ort.s, and 
from Iaid removed from production. It is also 
ncCCssary to st udv variOUs wood -harvest inc procC
dures to CecidC the (lptirturn mtlhod Of cuonorntically 
obtaining wood vicIs witlrout ,,iginficant rcductiol 
inltlC Pl'tcclic efllV ' kir,dlbrak n'-ciC .ici of the wS. 

()l. t ives
 
Tle objc'tives Of tis project iare
I ) to dcterlilie 

it aitd holw chiitc artd cereal gr1tith arid vield are 
odifc'd ,hC ilcv-c'rOllpecd Ib 'eCnCncci tree 

windbreak 1(\%s, ari, 2)to irv'stigaiC t01e iillheirc , 
of sc\'cril possilk wood-l harvCsting nicdhKIs oil 
wind lnte'tliot b,,'ccii the windbreal,s rows. 

PFcCduir(s 
jf','t.s on inmicro/liutht and c'rop yields
 

A fichll study wLas onld uclCd during the 1984 and 
1985 growing sCason; to ,valuatc tire respolse of' 
rrillct arid sorghtum to sheltcr front double-row Neeril 

Table 2. Effect of distance from the wlndbreak row 
on millet grain yield, above-ground dry matter and 
average grain weight per head. 

Distance Ave. wt./ 
from row Grain yield Dry matter head 
(H=10.54m.) kg/ha kg/ha gm 

0.5 11 327 a 2179 a 12.2 a 
2.0 H- 593 b 4211 b 14.5 a 
4.0 H 572 b 3858 b 14.5 a 
6.0 H-1 565 b 3971 b 13.7 a
8.0 H 447 ab 3661 bc 11.3 a 
9.5 11 424 ab 3183 c 12.8 a 

Means followed by difterent letters are significantly dif
fc,'ent at the 95% level using Duncan's new multiple 
range test. 



\\indhrtCiks. ItHInCtlhIC cvilIKlitit o ClIeCcs or 

t 'riili/aioli alld dit"irllcc i!unl the willdwarld ro, 

l-.riilit/er IeitInticiis And 2 k2.5(,I'C )
\\'cre ICm k 
ald -5 ki,of N per le.arc1. I)istinccs \wcre 1.5, 2.(, 
.1 ad.'7 tac" 1(),1() licrchil I II (oIthe 

the %idllwir l , .. IIJl!c'l (iR-0l
\Al \'alie[, 


(h ,t e . lAIe t 1 ()0
s l!a'd 1deitSiIV (fl 
p n tsC"Iper cti c. N tel.ic'i \ iritblc.' sutch a: 
,.idpcdt il' hc-Iht, Ib vc !1loUllid, wind 

'lilccti litcultperrllite. c hunirirt. alrlair relali 

Ce\;ltr,iti ;ii i ,olatio ,t rsl
%%cm1: c'(lli; timol 

in Itit rld !b()tll inlside and ortic the windbreak 
rM,. to deteun1'riici 11h e,,lhatrlir1.S b\'\ hi shlielcr 

t1c "l Miis iVI Viiticlit. lk'riodi' e.,rasrm
I tlre Illct-

ia so! htov rtllarsaULI!lit, )li' 'Lnerloilate
w.s o 

tt, ic loI 'c'illhe sil pWrofil hItillhfot the 

,nis ir: s , . 'Yilddtaili lil
\crc ,'mlicrd ill 

pkth, ied iitI'tIc(oltid0s%itdlbIvAs.
ailri 


)(t"rI-lik -I wete C 
lj t(1"iilqltc pollaid a11llc'c'iiW do(rhic 

IIIIIIC'l( I 5. , c-St cl i )iXiC(C&sillL) 

i il ol ;I 

Iow polLirded, itcpll d r! (fitl'
o Ilovili, 

,iloo)d tllani - Ia lie irdt (hi
kluc ,ihos 
)Ilct is% p d iii ll i lli (tii of liecasteilr row 

1la1ddc'. I lk illti)L I if: )ic'Ill'vCry' 

ott-~ditlcc L'I(p ic" If0 t oa double
'tIottr e ill 0i 


10%kiSS 'lh itt J c ti C s\ crc' i kVrl d lCClt
! ,ti t[hi es 
';icll1dl,r V re al',es,\ iltiCCL nit t le s btw Ccn erll 

..... - - .._.._. 


- 600 - . 

"~ 300J 30 

" -NO FER1-> j OR20 

Figure 1. Effects of wind protection and fertilization 
on millet gain yield. 

WR =Within neem rows 
OR =Outside neem rows 

NO-FERT = No-ferlilizahion 
FERT =22.5£ kg P 0O;ha and 45 kg N/ha 
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trccs in either row: and (d)Partial polilard: removal of 
tle hrarchcs overhang1in1g the ,i;eNys from b thlsides 
oithe dotbi eCrotv hmnri6d by Irces. Tle effects of 
thes tiralllents werc Compared to all uncut control. 
.l\IIdwe.et beteen .June12 'arid June 5, 1985.-k rCvrad 
V..vera I,hi-ir01 teS. nl'asurCd on a sanirle of 80 
rt.L: Isl!).7 Ill.S 

\Vilitd-tioiiitor i l Consisted of,irtslrulic llation 

five a c l ttorie rs, otri(i oil low\'ers atI 10 , 317,
 
572, XI Iand I 15 cl-it abovc tir rotid One such
 
tower ct up outsidC lie tree. ard artolier
was 


positionCd at liVe times the hCiIt on tire easternll side 
ol the trlicte row as apprria t o"each treatment. 
A witl direc lionrsclsor was Itollurted oil the outside 
lor. hsCr\ alits of willispec were illac 
.inittrliti 'V outside thiCinside.arILI plaintatiOll it 
(-,.ic l i ats \ ilh alitollialted data-loggingd lltlo 

equi!ipritcn. e 0 heCsebsrvCed
otIIiC values were
 
oulplnt Ithralt-liourlv'i tcrvals.
 

)Dalaitt hlc I slhow lhat piOtccliorn by the 
s\irnibr"ak ro\'s sirniicantly increased dry, matter 
pmltiei. There was a 23'; (4,88 vs. 396 kla) 
.slatisticallynor-sieniiicant) increcase inmillet ,raiin
 

icd Ill rlrillC. Dalila reSClItCtL inFi!ure 1 show thal
 
rairn rind dry irtatter )i-elds were sigrnilcartly
 
i c eCCd lire
rlltIr wiitilbio'k rows. 

Fertilizcr application sigiihcantly in rcased grain 

700 A
-, . 

-A ---- -A ,-&-] 
 I...-i -, FERT 

,_ 5 NO FERI 

2 4 6 8 
DISTANCE in H 

Figure 2. Millet grain yield within neem tree wind
breaks as influenced by distance from the windward 
neem row, for two fertilizer levels. 

H = Tree height 
NO-FERT =No-fertilization 

FERT =22.5 kg P205!hla and 45 kg N/ha 



Teclno/og)' for Raiq/dAgriculture 

aIledc 
matter production. ertiliers increased grain yield, Partial pollarding proved to be the best harvest 
rC2enrdlcss of distance from the windward row 

yield and average head weigchit but did 1not dIrv day lower within the windbreaks. 

inetlod, with the least loss of efficiency. /ks ex
(Ficure pcled, the coiplete pollard conisiderably lowered 

wiiulpccd crop llciglhlRcducijoi in d,.crsc it i) tile proiection fron winds for all directions, espe
fle cent[er (I til'1,d Co0iiparld 10 'ithai ot.,ide the cially from
1 tile S\V, which was tile prevalent wind 
windbreaK \ a bcell '),;ad .11"; . eravc direction. Reduction with partial pollarding for most 
daily min and 1ijiiil tciperatures wyore nonlilI combinations of height and direction was ts good as 
siglilicaintl. a!fCctcd hN tlhc\ indbrrcaks. 'MaxiniII the uncut control. Except for winds fron the NW, the 
dal\ airclpcri eI'"kr I-<1_." (.rij'her inside tie "'one-row" aiM "one-in-four" xollardIs signfilcantly 
,inidhiCAK A-\vcr,I!,cdll Irlatli\ .,htinliditv \'as reduced wind protection compared with tileuncut
 
nearly hn; hij:her it J J t\rauora(thn wa, 1.IAIl/ Control. Partial pollarding aily mu1lCh
not yield as 

total wood as tile oher methods but 
Table 3. influence of wood-harvesting method on averaged ratios of reduction inprevailing windspeeds 
inside to outside half-hourly mean windspeeds sampled at different greater ta-u .10% can he maintained 
heights arove the ground for main prevailing mean wind directions. hc.weeri the rows. 

Iniplication;t
Height above ground cm Tree windlreaks, by modifying 

Wood-harvesting No. values
 
method 108 317 
 572 811 1152 In sample 

ing wind, in Niger serve as a serni-
A.tlean Wind direction interval SW +22.5 degrees Permanenit method for soil-water 

conservation ar(d as a practice 

against wind erosion. The trees, iiUncut control 0.58a 0.59a 0 68a 0.7,1a 0.8,3a 89 rationally harvested, can provide
 
Complete pollrd 09 b 085b 0 9tb 0.93b 095b 49
 
One-row pollard 0 73c 0.72c 0 79c 0.82c 0.87a 75 muh needed tlwoo wito
 
1-in-4 pollard O.85d 0 81 d 0.87d 0.92d 0.98bc 
 56 seriously impairing their wind
 
Partial polklrd 0.66e 0.56a 0.59e 0,64e 0 76d 45 protective efficiency.
 

Results front this study show Ihe 
usefulness 01'tie trees in term of 

P Mean wind directon interval = W + 22.5 degrees modification of the physical envi
rollilient aid crop growth. Such 

Uncut control 0.41a 0.44a 0.51a 0.59a 0.67a 46 information is indispensable in
 
Complete pollard 0.81b 0.73b O.80b 0.81b 0.8 1b 30 
 planning layout of future plantings 
One-ro, pollard 0.64c 0.63c 0.77c 0.70c 0.74c 60 and their subsequent managenent. 
l-in-4 pollard 0.65cd 0.63cd 0 67d 0.70cd 0.77cd 63 
Partial pollard 0 58e 0,50a 0.50a 0.54a 0.64a 45 

C. Mean wind direction interval = NW + 22.5 degrees 

Uncut control 0.55a 0.5,ta 0.63a 0.73a 0.79a 14 
Complete pollard 0.82b 0.72b 0.88b 0.76a 0.76a 16 
Ore-row pollard 0.65a 0.63a 0.65a 0.67a 0.70a 14 
1-in-4 pollard 0 65a 0.61a 0.66a 0.68a 0.72a 24 
Partial pollard 0,47a P.44c 0.48c 0.52b 0.59b 14 

F-statistic significant at 99% level 
Means not followed by same letter are significantly different at 95% level. 
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Jl'rUh,,ol'gyv i.r RI i/lfd Agri 'ulurc 

Rooting Pattern Studies 
On Sorghum and Millet 

li,1 f ll, i~vmr.I is A-& A! iotArsirv 

Is.lN ia , A'vlainc'v. 7(.' ,A. &AfI Uniimv'rsit' 

.. ,lr'iw .1Lum, I,\\'A.Y-7)op,i!.\ 

.\n:,U ' ''r.\,t. lkit A,0, 1lI ilivcritv 


a-ikn'lllic production ill th,c 
:triuhlCd to lack o ',Awtc r a1dor utrinents. Both 
Vlir anmd uimuilciit; ;are taken till b the oots: therc

it a ,oil 'actorCexisis %\hiclhlimits root krowth, 
lhi> 1imiil!, I,ctol could e the cause o watcr alid/or 
iliutrlV .ic,, ill tfl alaw. n sr-licl soils. The 
elcltiticatiol )Ih lltc _[Lcir owccillbinatioil o, .actors 

vitich liiuit, it ot !cittwii i ncc'ssarv Ir lic dc-vel-
(lillc'it oh i- ialrliuur tcticcs that ritild ovcr-

iuclt his Iiiiiio.uhctlvl, the nptake ot 
11e aidkiilntilricills \olld he' llcrciad, and erl-

haii<c ipr)dLctiVi\' would 1oh0%. 

I l! SahCel has hee'n 

)h i.c'iC\t'xc1hageabl)e 


,luc oti thik projct ai le.scribe
oh1cs I ) to 
t1W 1001t \teri ltcpth, e\tcnit, (lrisit\), witcr 
tipItac uteril, plint lrowtlr, and yield of sorl hirlnl 

Root count, 

00 75 150 
1 

N'DOIJNGA 

25 

E 

~50 

A BDF (local) 
SA I m TX415 

and millet varieties on soils of Nigcr; 2) to quantify 

tile variability (laterally and vertically) o! several 
physical arid chmlical soil variables within soil 
pedons: 3) to identity tile primary limitations to root 
growth in two contrastimw soils in western Niger, and 
to dcternline tile lc\el at which these variales a1rc 
limitiing and 4) to dcternmnc the effcct of soil amiend
ments on tile clnical rror)erties of, thecsoil, seedling 
emergence aid survival, ild millet root growth and 
composition. 

Proced tl res 
Post-hIrvest 1980 root studIc il hr.e millet 

varictic, and threc sorghmir varietics were carried 
out ill two locations in wcstern Nigcr (Kolo and 
N'-oUnnga). Root-trench protilcs were excavatcd for 
cach of thc.se varicties. A I mil x I iil grid with 10 cm 
x 1() cil SUiarcs ( 100 squarcs/grid) \wsis laid over the 
side of, acll trcich with a plaint stm in ieach of' the 
upper corncrs. Soil samples werc takcn from each 
t"rid sqrari fr thC rulenstrielmnts of )vailable 1, p11, 

acidity (Al and 11), exchangcable bases 
(Ca., Mg, K, Na), arntd extractable soil Fc Mn, 13, aid 
Zi. Th pit Iace w\as sl ',m)ohcd, one ccltirmeter ol 
soil wailcd ofT with a valor spray, aid root mtither 

(#/I 100 sq cm) 

00 
 125 250 
I - I 

KOLO 

25L 

50

75 (Al tolerant) 75
 
, ICA Nataima
 

(Al susceptible)
 

100- T 100 
Figure 1. Sorghum root distribution with depth for three cultivars at N'Dounga and Kolo In 1986. 
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__'chrIo/ogy./r Raiqii'd A gricidnire 

within each square was counted. The lalboratory work 
and statislical a.alvses arc currently underway. The 
I1boratory anal yses are heig accomiplished in 
cooperation with Dr. Andrew Nann of tlhc AID/ 
INRAN Laboratory Support Project. 

Resulls 
The dranlatic ClTect of soil properties on root 

growth orfsorghum and millet is shown in Figures I 
and 2. The root growilh patcrns of the three millet 
arictics are similar ill actual
both locati(ons, hut tile 


ittinhers oflroots artmarkedly di !fcreul. Sololll 

root s\stCIms show11M%;ia teLeper dCclinC illI01 

nIrruml
'r ith (cptll than do millet root svs;lers. 

hmcvcfr, in Afio,
ll.\1-snsceptihlc \"ariclv had the 

,rcatst rooti i.,deisity ol tie tilire \'arielics, 

Root count, 

0 
 120 240 360 
GUELADIO 


205 

E 

50. 

e LOCAL 

whe reas in N'Dounga the local varicty exhibited tile 
greatest rooting density and the Al-susccptible 
varicly had the lowest rooting density. These data 
will be related to the soil properties at these locations 
when the Iahoratory analyses have been completed. 

Implical ions 
This rescarch is designed to provile infornati on 

and stim ulus for [he development ofrmanagement 
practices that will diminish the detrimental effects of 
those soil factors which limit root growth arid water 
anid nutrient uptal-:e. Corrcclion of soil chemical or 
physical propcries that have an adverse effect oi 
soreltUmll and millet rooting would be ot. stratecv. 
Selection of improved varictics with tolerance to 
adverse S)il pr,0)prtisC \,ould be asecond possibility. 

(-/4 00 sq cm) 

00 50 100 
N'DOUNGA 

25

50

75 (long season) 
m CIVT 
/H(medium season) 

75 

100 A v(early season) 1 00 

Figu e 2.Millet root distributionwith depth for three cultivars at Gueladlo and N'Dounga in1986. 
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7'IchnologyiwrRaiti/'UdAgrictu re 

Water-Use Efficiency and 

Soil Fertility Relationships 


.,rhturB. Okcn, 7Y'. xas',riculturall.t7r(,rimnt 

S'tion 


('harle.s W WtI'enj. 'O.u[,A.'ri-dra/ J.7perriment 

Station 


Rcs,arch Is shown lthat nutrient dcliciencies under 

ru.infd cotiditions r'sulL in poor utilization of 

ava ilaI'l waltcr in both the A,\ricanl Sahel and 'exas 

I lich Pihins. It las becn shown that five-fOld in-

"creases ill productior cal re_"ilt from proper N 
ind 1) lC'tilizatill. Water-utsc eficiclcics ")iolas/ 
1-'i havc h,:eui ii lcreascd , , tindcr (hylalid conli 
litlS it I .luh)ock. 'lexais, with pr'opcr I., tilizr 


prat'ices. \Vhiilc rescarch tCnds to indlicalc thal 

hiertiass/unitl I v'atr tranisl)irCd chain1cs oly)' il 

c'ses of se\Ve l iiCient Ic icic ci. resea rhrwei-Cis 

aLine, wc yixln plt nutrilioin requiremnents
iiie 

icCC,,>sar\ to obtlaini tta-'i ni div-inlunr i)rolductiori 

pcr uni of walr wlCi1 \ atcr is limiting. It is well 

recOctli/Cd 013.t lulrielt deficiencies, p)auticularly N 

aild l), grctl. infIlihit crop )roduction in Sahel iarn 

Africa. I urhr intformiation is lackinti relative to 

felnilitv levcl-water level interactions and the role 

nC kI" idClntifiCd ntilriClt use eflcieni cultivars light 

p iv il ',':arer-uc e licicnC,,. 


Objectives
 
The objectives of this project are 1) to enhance 


water-use eftliciecy of crops with applied plalt 
nutriCnlts and CItivlr selection, and 2) to improve 
soil physical aInd chemical properties through use of 
IcrtilizCrs aild soil aieindlents. 

lProcudlre.i and Resiflls 

Sa er-/i 'rtilit\'sttdi',
 
Strdics in rminilysimecters (751-) in rainout shelters 


and dilIferentially drip irrig;ted field plots were 
conducted to1 fetrtline the effects of amounts of 
availahle water and soil fertility level on water-use 
Clfic iericv ( WUF, kg of grain/imnn of water I'1) of 
sorgihum s. Girtint sMfi'hun citltivars (SC630 and 
NI139-41 ), idcnti flcd in )revious re.scarch as di fferinrg 
in rit - lrofution it low N atid 1) availability under 
rainfcd conditions, were growrn at five N levels and 
two water levels irl tririlysinreters in a rainout 
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shelter. The minilysimeters wcre scaled to prevent 
evaporation. Dry-matter production was a linear 
function of transpiration, Figure I. At the high water 
level, (100% T replaced we,.kly) there was no 
difference betwcen lines in dry-maicr production 
(tops and roots) per unit of water transpired. low
ever, at the low water level (60% 'F replaced 
weekly), M139-41 produced more dry matter per unit 
of water transpired. Water-use efficiency was 
influenced by water level, N fertility, total N in tihe 
plant tissue aid sorghum genotype, Figures 2 and 3. 
At low available water and all levels of fertility, 
1,139-1 1 was most water-use efficient. M139-41 was 
most N-usc efficient at !! levels olN fertility. This 
shows that in ordcr to i!icrease water-use efficiency 
through soil tility, eflicient and responsive culti

vars mUSt 1e ;,lntllied and used. 
For the yield study, three w:ater levels and three N 

rates wee iltposed oil a commercial hybrid with 
cood yield ptential (NK 277ye). Water-ulse data were 
obitained fOr the growing season and plant growth 
mleasuremlenls were nade at head initiation, 50% 
bloom and black layer. Soil and plant samples were 
analyzed for N and1P. Leaf-water potential and 
lhotosynthesis nmasurements were made on all plots 

at two dales after visual water stress was evident in 
the low-water treatment. At head initiation, plant 
weights and leaf area were greatest for the low-water 
treatnent. By 50% bloont, leaf areas were similar 

Table 1. Water-use efficiency (kg of grain/mm of 
water ET) as affected by water and N fertilizer. 

Water level Nitrogen treatment 

kg/ha 

0 20 80 

kg grain/mm of water fT 

4.34 3.2 3.16 
W2 6.07 6.34 7.40 
W3 5.25 5.88 6.08 

W1 - prpfplant irrigation only 
W2 - preplant irrigation + 50% of ET weekly after July 10 
W3 - preplartt irrigation + 100% of ET weekly after July 1 



Technology ./T Rain/ed A,.rihzure 
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t- 350 / 
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Figure 1. Relalonship of total plant dry mater and transpiration (')for iwo 
grain sorghum genotypes grown at two w'4ter levels and five nitrogen leiels. 

a- SC630 

u- MB9-41 
Low Water 

CI)- High Water 
0 5.0 

x 

10c,4 4.5-

13 0I
4.0
 

033.5

3 .0 1--- -d - 1 

0 10 20 30 40 50 60 70 80 

N RATE, mg/kg 
Figure 2. Effect of N rate on water-use efficiency (WUE - grams of dry matter 
produced per gram of water transpired) of two graln sorghum genotypes 
grown at two water levels. 
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"CChl/l()!og y/gr Raitil/edAgri/ure 

CI) 
0 5.0 ---- 9--UMB941 Low Water 

4 - High Water 

0N 4. 5
 
-- SC630
 

"N _Q-._ MB9-41 
4,,0
E 

3 
o . 5J- SC630 

3.0 L l 

I 2 3 4 5 6 

- 3
TOTAL N mg/plant xlO 

Figure 3. Effect of total plant N on water-use efficlency (WUE = grams of dry 
matter produced per gram of water transpired) of two grain sorghum geno
types grown at two water levels and five N levels. 

between wator treat mcrits, but plant weights wcre ,Soilstudies 
still S amplcs fro'n sixten profiles of a toposequenccIhigher for the low-water treatment. At MIaturitry, 
both plant wvchi.,htsamd leaf arca were least lor the o soil '-fron thc Citnana Experiment Station in Mali 
lw.)'-watcr trcitltncis. At 5M(, bloom and maturity, werc analzct f'or particle size, water pl1, 1.0 N KCI 
plant heights were greatest at tie high-watcr treat- p 1, cxchangeablc acidity, exchangcable aluminum, 
metit. %Icastired piant pararnlctcrs 'er- .no alfected Cation exchange capacity, anion exchange capacity,
V watier treatment ttn by feritiicr alilica; ot, exchangeable calcurnl, in agnesi ur, p.tassium and 

Grain wciit per acre was detcreased by I.'rtiizi/cr N 50di i and :;il rest pr+osp'>horus. few1m With only a 
Itthe low-watcr level aid iincreased bv Fert iicr :it notable cxceptiors, these profiles contained large 
tile two IIier watrIclvel s. illerilnge was creatcst at aniourts ,l'sand (>70/) and small amiounts of clay 

li',il-waicr level. Water 
iricvrased by N application when N increased yield low (<-I me 1/lO0 p,), partici arty in the surface, 
and was dc!eCascd b, N wher applied N restited illa i:dicating low buliering capacities. 'Itlese soils were 
decrease inl \teld ('fablc I). IrcrCa.scd available water generally acid (IlIl vwith exchangeable acidity 

th,, use eliciercy s,'Is (<20%(). Cation exchange capacities were generally 

< (.0) 
itcreased 1-:1',\vl crcrs. N rate had rio cffcct ol E'T. ranging Fron 10 to 40%. Several samples contained 
Water level had a significant effect oil leal-wacr si gniicant amounts of exchangeable aluminum. 
potent ial, but N rate hal no effect. At tie second date [Exchangeable calcium and inagniesiurn were fre
of lleasurlrCllnts the mcdilurIrn- and high-water iuently present illabout equal (ualntities and occu
treatmlets had itigher Ica'-waler potentials thian the pied ai)out 50% of the cation exch'lnge capacity. 
low-water treatlnille. Photosytihesis, at both sam- Anounts o1 exclangcable potassiurn indicated 
ping dates, was a better indicator of wall stress thall potential deficiencies of this element. No sodium 
leaf-w.iter F )tential, showiig aldecrease belore a hazard was itrdicat,.d. Anion exchange capacities 
change in leaf-water potential could be mcasured, were low (<0.3 neq/l00 g) and generally 30% or 
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less of the cation exchange capacity. Soil test 
phosphorus was extremely low and indicated a 
deficiency of this element in every sample measured 
with Ihe exception oF one profile. 

Nitrogen raics of f), 20, 40, 81), 1(),320 and 6-1) 
x 1t)"/gram of soil (equlvalent to (), -10, 80I, 1I, 

320, 6)4(1 128(0I lbs/:.k) as mca were -addedto a
am 


(ill/tlla, 

colntaineis. rioisenced to Icld capacity, and incubaled 
inan oven at 30T U. Samplcs wcre removed and p11 
llea.surCd a[ wck lv iritCvals. The initial effect of tile 
urea was to raise tIhe soi pI due to ammonium 
release. SLSLsflnt conv'rsiol I arnurtllril to 
nitrate rCsult d in I)ldeprCssioin. I)UC to tIe low 
iflren caLpacity f tINS soil I ( '( of ].A nmle/ 
10()g), significant dlicss iois ini pl1 occurred with 
additions o0urea. -'ouilibriuit conditions had not 
been reatchal except atthe 2) ppin rate, due to 
tcrmination of the cxpcrinwLt. Ilowcvr,Ihe results 
irdicJtc IOtCllial IprblmCs of apyinte acid-fIrn1in', 
f-rtilizers to these acid soils with low bulIering 
capacity. "lclcinsi rock plosplire obtained mronr Mali 
was C'alurated for use oil six of the siraITce soils front 
the (.inlalla k xpcriliinl Starion, which wvcrc prcvi-
ousl vcharactCri/Cd and disc;usscd. The llnlhod 
stie.,esled by 'hient SSSA.!4-1:200-279) was ursed. 

csulls shOw tlrar thC mChod of (hien (p)crhaps with 
somi irodiflilor, rrrai 

surface soil frout tire l-xprinrent Station in 

be useul inev'alualin 

Malralr soils for pt2iittial usC Of rock phosphate and 

riot all of the soils ised are :siilable lor use of rock
 

I)hosphiate CvCi: though they,wereiall acid. 

7echmo/ogy for RaijecdA griculture 

Conclusions 
Strong interactions exist among level of available 

water, cultivar and soil fertility in efficient use of 
available water, measured in tenn., ' both [T and T. 
These relationships and associated met llanisms 
should be carefully,delineated illorder tlat specific 
cliiIi vars can be identified and appropriate treatnents 
defined to most effectively utilize available water 
resources in semiarid areas. 

The nitrogen and phosphorus studies indicate tile 
need for extensive research into the reactions arl(] 
fate of fertilizer materials added to these soils and 
correlation studies with crop response. It may' lbe 
n1ecessary to modify or develop analytical proceIlHres
 
for use ol these acid soils inthe Semiarid tropics. 

Implications
 
It is clear that :;il Fertility arid genotype have
 

large effects ol utilization of available waer.The
 
soils of the senriarid tropics of West Africa are
 
extremely deficient inN and P.Soil mitanagerment
 
practices to increase tihe
amount of'the water re
soturcc available to crops will tbeeconomical only 
when N and P deficiencies ire corrected alone with 
the use of responsive genoypes.Coitrollei gm',t,'s 
are needed before ti. mi'encraluse of fertilizer is
 
advocated ari amounts t be applied selected. The 
research reported here inG;cates potentially harmiful 
effects iffertilizers are mi used. 
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Increasing Crop Yield
And Available Soil Water 
Through Tillage and Fertilization 

it'0nt. Te.us 

Stationt
 

Charles It'. ,Al,,ricultural L-vrperiment 

Naraie,' I'(rTMd Ii'.asA &Al U'ivt'rsitv
 
Z,)tItiUma Klolvate', h.stijtt 1) l 'ononieRural 

Art/r B )nkn. "/U:,-\Arictultural Lperinent 


.'t(Ition 
l11'illi1A..I'aviw, "1'a.A &M Unhicrsitv 
R.l.uisi thzmimhadt. hlas ,'riultural lpEfjriient 

Mhtiol 

It is comm on know ledge that the S'ayel has a detcrio-
tin, ecosysteili, as is inanfc.t in widespread 

famies. nc ll ci cvi vise vliliitedLI water supplies is a 
viajor factor inthis (lcterioratiovi. Indeveloped 
cotvriC.s tillage techniques, Cing vierivig strUcvlirCs 
and croppilig systems have been developed to 
increase soil water stora c and stabilize or increase 
crop yields. Problenis coinmon to the scmi arid areas 
of Africa and the United States include soil water 
Cevapjorat ,iOcusling, ruoIffill avid winld erosion. It 
may be possible to tranisfer mechanical concepts 
developed inWest Texas to solve these problems to 
the Sahel. 

Otler actors if] the deteriorating ecosystem of the 
Sahel are the soil ch,:m istry (low plI, Al toxicity) anid 
fertilitv (low N and P)problems. In some cases these 
problemis are so severe that the c;ops and rangelaids 
cannot use limited amounts Miwater efficiently, 
Chemical amendments avild 'crtilizers should be 
applied judiciously, because of the fragilc nature of 
Sahel ian soils. 

Because the costs of tillage, soil amendments and 
fertilizers are high, it is important to find what 
combinations of practices ire econotnically feasible 
to increase crop yields in West Africa. 

OI)jectives 
'lhe general objective of' this project is to develop 

approprilte tillage and fertilizer techniques to 
increase availabl, soil water and crop yield under 
rainfed conditions. Specific objectives are 1) to 
compare several techniques of soil preparation, alone 
alndIincombination with fertilizer application, and 
evaluate their effect oil water-use efficiency and 

yield of sorg'.'ml; 2) to determine the water balance 
and millet yield oi different locations with similar 
physical and hydrological properties but diffcrent 
amounts of rainfall; and 3)to compare the effects of 

different tillage treatments and cultural practices on 
infiltration and soil water storage. 

Evaluation of Tillage and Fertilizplion
In Water-Use Efficiency and Grain Yield 

Procedures 
On a previously fallowed loam ,-,oil at Cinzana, 

Mali, a study involving the ifluenco of deep plow
ing, ridginig, and tied ridges with and without fertil
izer on sorghum growth and yield was implemented. 
Appropriate chemical and physical analyses were 
made. Measurements of soil strength, plant growth 
and yield, water use, and potential evapotranspiration 
Vere nade. From these measurements tile influence 
of the treatlments on water-use efficiency was 
investigated. 

Results and Conclsions 
The data obtained show ic importance of 

fertilization and deep plowing in the loam soils in 
Mali. Deep plowitng decreased bulk density and soil 
strength. These were probably factors contributing to 
better rooting, yield and water-use efficiency (Table 
1). Since root data were difficult to obtain, not all 
treatments were sampled. Plots with deep plowing 
plus ridging had significantly higher root weights. In 
the ridged treatments, fertilization increased rooting 
but no more water was used. The fertilizer increased 
yield and the water-use efficiency almost 50 percent. 
This increase was much more than the increase in 
efficiency due to deep plowing (24%). 

The importance of fertilization and deep plowing 
is further emphasized lit the bottom of Table 1. 
Fertilization increased sorghum yields almost 700 kg/ 
ha, while deep plowing increased sorghum yields 
over 3,,0 kg/ha. The increases due to fertilizatiop 
were independent of deep plowing. Considering the 
cost of energy to deep plow, fertilization may be 
more practical because a response can be obtained 
without plowing. 
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Table 1. Summary of tillage and fertilization effects on rooting, yield and water
use efficiency. 

Tillage Root Depth of Effective Grain Water-use 
technique Fertilization* weight rooting* ET yield efficiency 

(g/cm3) (cm) (cm) (cm) (kg/ha) (kg/mm) 

No-till 	 FO 26c 61a 372 1311b 3.52b*** 
F1 13.5e 2055a 

Deep 
Plowing FO 1811 b 

F1 23.3bc 2266a 

Ridging 	 F0 32b 67a 395 1451b 3.67b 
F1 22.3c 41a 70a 396 2145a 5.42a
 

Deep 
Plowing F0 1629b 
Ridging F1 24.3b 2454:1 

Tied 
Ridges FO 1580b 
(BC1) F1 20.7d 1934a 

Deep 
Plowing FO 1514b 

Tied 
Ridges 	 F1 26.4a 3,a 68a 390 2623a 6.72a
 

Fertilization 
(FO) 1549b 
(Fl) 2246a 

Plowing 
Shallow 1746b 
Deep 	 2050a
 

* F0 - No Fertilizer, F1 - Fertilized with 100 kg/ha of 18-46-0 and 50 kg/i'a 

of 45-0-0 
Intensity rooting (IR) and Maximum Rooting (MR) 
Means not followed by the same letter inthe same column are not significantly different 

at the 95% level of probability. 
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mm at Chikal) than the souitiren site (9 ilnm atWater Balance and Millet Yields N'I)ounga).
In Different Agroecological Regions 'hle soil water and yield are presented in Table 2. 

Raini'all it the lrowinrg Season varied from 219 toProcedures 392 ni. Storagc of rainfall in .lie bare plots ranged
Three sites with contrastini average rainrtall were f'rom 4 mi at Kala Pate to 8 1 rm at N'Dounga.


selected in Ni gilr at ('hikal, IKala Pate and N'l)ot1nlgat. 
 '[i.s, bare soil fallow is lol a very efficient method
At each site [ire soil was classiied accor(ding to Soil of Storing soil water.
'xlxonv an(f appropriate iastUrleeits to estimate In the cropped areas yields varied from 33(1 kg/ha
p[nt-tial evapotrnispiration and witcr balancc were at (ikal to 117(0 kg/ha at N'l)ounga. Kalla Pte,llade. \illet Nicld was (fetcriried at tile end of tIe which received the most rainfdll and had the lighest
s;eason. 1Hllowiuc harvest tire influenc of mulch on evapotralspiration, did not produce the highe'st yield.po' r-hbrvc'st watei loss \k is deterliired. 'Mris indicates that water was not tile primary .'tor 

lirnitnr yield at this site. This is further emphasizedRestills and (Conclusions in the watcr-usc efficiClcy calculations (kg grain/
'lhe soils w re classificd as fOlkows: Chikal--tlstic inch F1'). Kala Pate had time lowest efficiency (1.38

Torripsameir; N 'Dnirca- -I'sauw ticF 'alt; kg/lia) followed hv Chikal ( 1.54 kg/ha) with
arid KAla I --Alkfic I sItipsanreirt. PtIenlial N'L)oung1_!a ha'ving tire highet efficiency (4.27 kg/lia).
cv'apmoralispi ratin r (i. ) i) dete i'mi ed hy lhc TirouLhoit the world inulchcS are proposed to
mo,.ifled eirniai elualtiionr viricd 'ronr 4 ili ill protect tire soil surface anid decrease evaporation.
.illirary to 9 rnum il April and liy. '[lie PET ll all Mulch was applied at tihe rate of 25 lons/ha to plots 2
localiols was sinlilar exce;pt for tire period prior to in x 2 ill at all locations. 'hie resulls obtlaincd (Taiblc

Ili I)Ce'iirrriu"2 of' thir ri" ' scason in .lune. At tins 
 2) Show thal tir mluIlch did not alfect the amount of'liiu the ortric imsire had si ciii ficairtl v hcr\ PIl' 5 water stored after the growing season was over. 

Table 2. Rainfall, evapotranspiration, yield and water use efficiency
data from the Nigerien water balance study. 

Site and Growing Water use Post harvest
Rainfall season Yield efficiency water loss** 
(rnm) Treatment ET (kg/ha) (kg/mm) (mm) 

Bare Mulched 

Chikal Cropped 214 - 1.54 9 3219 Bare 172 330" - 55 62 

Kala
 
Pate' Cropped 321 - 1.38 
 63 63 
392 Bare 317 443 - 55 61 

N'Dounga Cropped 273  4.27 45 41 
308 Bare 192 1170 67 67 

10mm, 36m m, and 33 mm fell at chikal, Kala Pa ,e'andN'Dounga respectively
prior to planting. 
- Dates of measurement were as follows: Chikal - 10/16!75 to 3/24/86; Kala
Pate' 10/2/85 to 5/3/86; and N'Dounga - 9/25/85 to 4/10/36.
***Estimated yield from adjacent plots -Plots at Chikal were harvested by local 
farmers. 
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Effect ot Tillage Treatments and 

Cultural Practices on Infiltration 

And Soil Water Storage 


ProcedIires 
Infillration was dclerminied on various tillage 


traltments and cultulral practices with a rainlall 

simLultor in Iubhock, Teas. 'lillag.e ItramentS 

which were implosed on :anl (1oll loall soil included 

chiselin 1nld fUltrrow dikin'. Oil hOlh crlsted and 

Uclllut.;cd Soils. ()n an1A',, tF loamll Soil various 

cuIltural lprcAticCs nieiClud1itte_ colttiluous cuon ild 

sorhliuni uiltcr convclitioial anl1d rtclhced tillaoe. 

wheat, and lhllo\ho\ re' C\ alnatcd. 


Results and (Conlicisions 
In the initial studics with the rainfall sinmulator,
 

infiltration wiS dCtetllinCd (onc1hisCl-and-ted tiduge
 
treatlmnts with an1dowilhout crust. 'liCd rideCes anid 

the abhsence of aicrust si niicantIv increased! itfiItt; 

lion during a onc-hour pcriod ('l'ahlc 3). ChisclilL,
 
did not sien ilh catnlv ililucncc in ilt ration. 


There were no si.,nifiicani dillCrciices in infiltra
lion due to cuItI-;,ltura tices. '1111e
relatively high 

L.S.[D. values indic'ltC variability btwCCn trlCl s.
 
Infiltrationl was sigilcaintlv lower in the fall thart the
 
sping due to the di Terices in soil water content at 

thle time te stldiCs were condctd. 

General Conclusions 
1. Both tillage attd fcttilization increased root 

weight and intensity ill Malli. 
2. Grail sorghnl yields were increased bt)v botht-Cultural 

tillage and fcrtilization in Mali. Fertilization was 
illore effcctivc thilal tilhac. 

3. Rainfall is not the primary fLctor liniling yield 

it Kala Pate, Nigecr. 


4. Mulches arc not nillCfctive nlCthod of 
conserving soil water between growing scasoiisll 
Niger. 

5. Tillage had norc ffeet than cultural prictices 
on infiltration at Luhbock, Texas. 

Implications 
The site at Cinzana was apreviously ftallowcd 

loarm soil. lhc significant increase in sorghum yield 
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due to fertilization was therefore uncxpectcd. The 
yield increase due to fertilization (7X) kg/ha) was 
twice the inctease from (cep plowing (30 kg/ha). 
Due to the high cost of ener-y to deep-plow, If'rtili
zation appears to be a more : ractical option to 
inc. case sorihuni yields. 

The fact that sonething hesides rainfall is limiting 
yields il Kalil Pale suppol. other findings in Niger. 
Other rcsearch indicates that on some sites chemis
try-fertility problims arc mtich more linimiting to yield 
tian water. 

The intpOl-rltancC Of uslil tied ridgCs 1n li illnliz
in'mcrustili- to incrcac infiltration was pointed out in 
the L.ubbock Stutic. Since thOoils o1Mal and 
Lutl)ck are similar ill niaiy physical paramelcis h1is 
prohable that similar result!s will he obtaincd when 
itliirationl studics are ititiatci inl N/Iali. 

Table 3. Iniltration (mm) data from tillage and 
cultural practice stody, Lubbock, Texas, 1986. 

Tillage practice Total Infiltration (mm/hr) 

Crust No crust Mean 

Tied Ridge 18 22 20a ° 
No Tied Ridge 15 18 17 b 

Chisel 16 22 19 a 
No Chisel 17 19 18 a 

Mean 16 a 20 a 

practice Sp,'lrg Fall 

Wheat 51 (8) 12 (20)* 
Fallow 43 (13) 13 (25) 
Conventional Cotton 48 (12) 12 (21) 
Reduced Till Cotton 48 (12) 14 (22) 
Conventional Sorghum 51 (12) 10 (26) 
Reduced Till Sorghum 33 (13) 13 (26) 

L.S.D. 19 (3) 9 (6) 

' Means followed by the same letter are not significantly 
different at the 95% level of probabiity. 
* Numbers in parenthesis are the volumetric water con 
tents at the time of inf'tration was determined. 
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