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Foreword 

is OIs h g d sollilitUion cpefeyhcacwrigt 

i!'iprtc ~i qulity filcrl clfs Cl\tNlr C I )(iIat­iritl andt h~its. SUIj( C 

i ltut t tl ukv ,o andiIIJ itslSfromrr I duv,(pIcs Siigitist IIIitiiit41 

for(pI~tIc (IIhicsscait (i(Itrt rSI rr w tf1it-(I and ;ilaiiriirig. 

g(iliii trllmitiorrmsl IIwfrill itit p Iisast(td ims t%[iio ivito i 

lSi ifan itiori.ti lic l tii(m. So(ilsllll rotimt Ahmst Ire iilsto is of 

ilil. t tx(Irriritrr1(lt~citihrs .Iutotrt 'll( tiuir Is rhrirrrl and cirtilh ir ti 

lhi irialso Il iti I these lcrticalols Tle sc lts allrcrir lli il~sitilll 
liar ltripss l Ifcirii dnthlit 'I I t;III x~ltiiif srcal iic iIot i( i rid tie 
cauti~i istt lic in um I() iiiIwkv ill (lrsla( ilbotl ilu iit. trlt ul iian 

nig itt (ff(I' i iraIs;w I(i1tri lii [l)im MI11t ailiti ( llf tos s tof 

(011(lit IirI Ill I ( t iep[ If Ilrtyl ) ilrtetirriirk toils or~it ,is toir 
rgcmi i Ipirrition s disasfti ;\I t. ot %\II tr li ttt;Is is lc adrrfius llre 

keyiitrttaie~ plt l i l smii 111i1iiltilr triview lnt%%dt 1oi anid/ 

((IVIES 11a lm' r. Tll iis Iortskit Soils anoitiseraiv) Uifreuesite f 
Haoiiwllt indhl it~ sll be1tris [ticrd I (xtiaJ)Izatimls ill Btrair nR)and 
sAte walih (m nmsiinrlili~ti . mis [ft lIlii siilir has bcan il I entullitl 
l)\'ihi (S(Ill a liii \ItiCiLIo II lllltlti aul sw5\Scigt: Iliil ad ifir 

11all('riiclll viicusc nd M ;1"Ilcu 

http:itiori.ti


dicX'Coped~ by lvilt, U S, I)cparinii of AgiiiltIilC With (f1C ft('Ip of 
Inli\ cotllabIoratoris HIIi ouiili ihc worldl. Thei fifith level of idissifica­

all Soils witiil ai stl e'rotip-ili filiji-tl level of classificitioit-uvioig 
simiilair phivsical thud lt iliititiiil (fif~iiiaffet I rt'spliscs to 

sificl ill dic s4oil fatiliil I(,\ ci, ,stilts shnould I,- iiriitsfcialc lot use-per-1 
hiaps witl S(il0liii odwl i.1 (ie( somimoifi ltitns-it (iiisis iilily wfier­

souis.cvm'tiie A bankliLill till( tillit t uiliiioltviisf idtioadata 
bast;I'mittlo\ idrsica ilatl sittd ilssland50 andtilturalt i lIt ilabis 

liiti dlites wu (I( \\) Id. .\illtiut ii (-o fso l sl ( :Sall ~ eli icti~its 

Thrit iii It imis5tiik SolsouistI!ii\\ si ii. Tis ie fti util 

ijitsf, ittl istil\ It( iltluit 'iifd iials,litiil"h iti a uiliuil siluiifi 

So.'fl 8 titliii r lsb(1t iojet frit helpeda te.e resetehy irsrie 
(ilel a!i isit-tiutti rijitiSm titi teeini)tiocs, i iliis csihisis 


l ia'tuiliij t'\f-t Silrii iteii (N 
 newSrtuistd tes.lilutsosi l Bfcminh 

in lll agitllutitI i itiid h\ert-twtd susoni I( oh i of' im \nviuionk 



Foreword ix 

oil thlrce soil Iiiiilics ill (iflft'rcit orders ol' the Soil Tilxonomiy. The proj­
('.( has ctmtliicid and conltritied t) seerll sciitllific ,leetings and 
pullishetl a nwslette, Benctiniark Soils News," so thit informiation 
atou thIlclBechnlark Soils Plirject and its results coul be widely dis­
sei ttet. St'veral other touliritl's itliopt('tl prol(9tt toncepts. Il 
palutictu'ir. India \vitlh its gieiltt't to inctreise the it'Intensity of its 
soils, illisht'tl "l+,cmliinark Soils (f lInlia,' al niajor colipilatlion ofillfl l Irm li ll atbout 65-1sch'ctt'd soils, ,ll lh i nlt < 'ht 2thl Internatlional 

( nIIg"ss ISoil S ieit licid ill Necw I)elli in lXchru'arv 1982. 
And what o)I tih l( ;tt'rsi lyp licsis;' Ill the end it was found that 

restilts ofdsoil llllltUt'llltlt t'xlt'lIltttlls coIld b liter predicted wit4hi'n 
c;Ul f tt three soil Ititilifis tiat zllmt4, tlt'i. 'lb' sloil tiil ,vassists ill 
tOw t of stil ialat'illeltt iio1tito nd tIl pr'dliction of soill(daith'r 

Ill aldh liti)n, p)Iqc(tI I-WrI till[ h ' 'Xlutl. l'lt- still 
;lit'lllt'lll iliU Illilli; ( ]l- ;111(1 stil lall;Igtllitilt licthuds. T hes 

tht' (.;[ ~ ~ til Inan­

ttstilts shtiltid ' ust'till to allltenhiii-rk Soils Pr tojct partitipatts an0d 
to( all w,.ith ,ilila tl ( Ltssillcel stils. l"urtt'rilttiC, it is ntt dificult to 
t'Xtla tljittll icSlt's tl lie-s, itictilarl, • those that diflerI ttlicr stil 1 

Is inu tItl I t i tlil sttil t'gillt's. Lxtraphola-M si el ttll turc t)I lltlistlll'Cl 

Ithot t t cl failtllits il t vitlte prit'llicilts l'csigndt'(l 1't0 that pur­
hi+t'[ill lJ h' hwo[h't ll't lmiltc lvNis limnited Illit IS ~s ' ;111(1 I Still tiui 

I n'llw11)( ' I'ora.ttmlimt . it' rt'stils ()I Cxjltlini tttl work within a 
silttsh' sil lttih taikl Inr xtt'itlh'tl tt ttlltel stils iui svstctIiltic and 

.tttit ]tI 
'l'hielt'iit Iitittk S ils l t't Ithis t,'ciiotisttct how sotil. manage­

t 
it 

sills h a 

patih Itwillt itlt' t pitntpI'rlc l;tsil' nliilAltis used for research 

lto ilit' ias itltt ' tlll tuIst ' tllit d, the w stil sci'I* CIXl 

(-ill b m n l Cb~'ln limaih;lk s,,ils il all so~il in;nat ttn 'ltl'll lct 

ia itiatin hllisi st't (fdtstiseltlldratiithit will tllolwpl'tolcoihlacter­
iz itt i till, t sls i niit t. wltltbooksitn lli ti r ttnllci 
ail sutillrshle pt te' rIlss colntry (I regin shouldtet deid ;trtit eIt e 

pt'if~iiii~ttitI welsecfe ex'pehriltent heolletIte (ttitltittnii illilut st;diit'ri';iitk "tiltes ttlsre iig(lt tiilt w ill phostlphorus,"
orI "'tilt- sm~ls have' at yttt'lIt> st.- they,, should give spc­<r InIStctld, 
cilic r-.tllt:; ,, ltt ipr~qy rly cl~lssitf"Wd ch izcd Soils '111( tht'ir'Mnid (tactc 
p-l-t'lilit c• undth'r wcll-spcciidt lltitiimis, lR'cadus will then bet able 
tt lmakt c'lI it\-is' cs tl'thr'.";t ta~t; fil'-mn their undecrstanding ofl'soil llanl­
atuilntllit an ll(. Iwidnchnuuk s~ils conce'pt.. Adlaptive' rescearch will ce­
talikI -,tIll] be n t'rd to ;I 91cll- or h'sst'r de~tlhpendintg oil tile 
silnil allc Iand l ' 1-ifl.ncs (f' the( soills becing ctmql ,uarcl, but efficienit 
co~lmmunicationu of1" lr'.'.l('ctlth r Sults and lprincilehs call lbe achieve'd r-e­

suting in a i'ductio) n \';st'tl research timc and resoturces. 
The IBenchnark Soils Project has done ciitith lot- soil scicncc. It has 



x For'eword 

Conltribtedt( to redhicing the daingers of' dcscrtifica loll. Buti its hIn-icts 
wvill bctrcIizcdI llost 1"111% in the Ifuturc Nwni so)il scicricc responds more 
colliJ)!etcly to thu (oulilitiIUInMInS r-evoluitionl (d todlay. 

D~irector ( ;inerau 
liItcililia Crp RcIS~scair1 Inlstitute for, 

theISeI IIi-;\ri (I TroI)(cS (1( :R IlS.' ) 



Preface
 

it (li alitl lfltttI li(w I li-rlt I.ICIIs 1tie ThirI theW Itill I. l ghtiou 

(C trtiiteictt lieli i: Buciatist Ii 197:1 and tie \World Food ((C ilh.tCnIie 
hu'ld Ii R li(-u iit 107 1. lFrl1orts to coti l,it III(. steaditily' worst-ninlg fiod 

stl t.ol tiorlldtt, l\ ilt)tilt;t il it lttIit5tuSrlt tottt itliict It ait lhat 

lilil t' l n ()'I of i l Ilt ' t t i'lrti t iilt 
it ith tis th tlt, ;u l l, t'l i l jilttl lit ai3tionus.IIIti ttt h 

itlaicr loiooil Lin t k l ) ]s tdwith n rtlwth itus iIititi'ieni:' a Ioulati 
iht'. dh'\tclo iing w lrld, Owt lodl~ ivic ( pil yIn'ill h'd( ''' c 4 ~ou!lli­

by III( i 
i(ii'la'kil lof hi'ivctd(aind.

'' iT'Hh;i , shownvi thati ill(' ct rapio;!lamtmt of1 airicultull t'xpi-ICiit'Ct 

ti~h'(1111 IoICCo)llliit'S ICiliiI) Ir;11C' ziilit' toi dt'\rt'h ingh cont iii't's 

riti iiUiJiti'c nlly 11(2 a ll p wl\ Mulol'pr unohlll and h-

ICV( i ll tI 

tthl ilel . ttoi ll It is a with litt' Stls l'+ ()lit Iltcas ilw inotire is 

t clicli' ll, st IlStof, It ( th o ,cstI l\.wthah ! -e< il- I all ' ll ilt' 

knii Ill;i( ltl - loi s .t- llh <'iinptra~iler gioliis. 'I'l'si imlies.< (1h;t thet 

iprolcss. ( vl ow i ll u tiic'+ iiiusli~rltlinolhop t'r t\t l iu llkt' 

p~lacc • ]r'hlu n u ] whllitli Owt tr Si. 

,S ils lr, icctt or-Ighlmt'w h i)r)1. L,. I) I l in lilt' ca+riy tcvtnII 's 
wlhtii lit' .'wasI, l)iitc lt. tf dwt tri 'xlpcrhnlcni StaiitinE\iiu +l the: 

Uni\'lr +ot , I[ Lm l\ i. T]h(-se+ild 'i v tatt Ill(U pl-atwd 11110 t\\",) tt-,CM-ir h 

propos))+'als l-ctl-cd by the' Unlive'rsitv ofIt flilwaii, (UI l) andl the+UnIivci,­
-sily ' t riit ~IRio o (UIPR) and stibulu tc'd tol thtc U!.. .,\Ag ic I+Or interi 

nationail [)c,\'doh iiu<ni (USAII)). 
Ini M%+ay 1974t, ;l (owrlat (A,\]]/Contrac<t No,. lai-(-I 1081) wa's signed'c 

be'~teen LUSAII) anid tict Unmri\tyrh of Halli tol Initiate' a pro.1ett 
t'1(nltid+"Crop)] Prtoductioi ll I +it an ap ililihs Ida Ntwo¢<rk of-Flro]) 

ic'al Soil F'mnlilics ." "Tii' ltili'-iu (A\]l)/Con)trlic Nol. lti-(-I 158)) fori the! 

Coliilolln lproj (tI, "Crop] Produchlttion ant~d L'uld PI')tt'lliai o~f' Benchi­

mar.tk So)ils o at+iih Ainitrica, ' was+isil;nted with tillc Unive'rsity of' 'lt'ito 

Rtico( it) Januarilly 1975. Tt'iet lpr'oiccts ;ill'< pop>lularly, knownt its tihe Ben~ch­

malrk Soils Plect (lBSl). 
"I'let purp~ose+t oit' the Benchmnark Soils' lProct' was to tes'+t all Innovative 

xi
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appnmch to agn)wuhmdogy imnskir Wigned to asim (hwvhqi"g uoun­
tries ill approprialcly Illilizilig, Illcil. land l-csolll-ccs 6 1 im-wast'd and 
belter quality food production. This approach lo ;tgrolc(Ill"olo.gy (I'alls­
fer bypasses till-ce major cons(raills: scarcity of qllalificd r(Acan 11per-
Sollnel, insuff-16,111 alid, almvc all, fillic liccdcd I() cI()sc dic 
widc1ling gap h(.l%%ccll ;u l''pl ()dlw( ioll and lood rcylil-cillcm.s. Thc [ra­
ditiolial approach(1):Iql it tillill-al rcscarch is c\11-cillely tillic-mlisilmill'u'. 
) l fill-111cl-s llrgclll! liccd Ill(- ilihirm ;l[ion (.()lldlj(ivc 1( llighel.
Nwids, and Hit.%( tlillw wail I . ]()( 11lcw ll( 111()1-ci-clit-l-aw ifilol Illa(ion
thal is allvad%, [( dwill \ m I 

ThC C0l1C(T(-l1;m",f(-1 Ill lilmh)"p 11-I)III mic InIpi(al wgioll to 
almllicl. (I.()I)i( A lc-,ifm ()11Ow kisis (d S()il Tiv)l1mm, It (111,soil faillik,
lccl oI chssifi( ffioli-\%ill 11,1\(. .1 Kr "lcmcl 'Atn ( m) h)(1d produ 
m id it', R-111po 111.111 111,1\ m clll ])(), ,ihlc ;11lirst h ll, (.. Irs (-It - (,tiollc(I Illav "Al 
hc profmilid. Fil,(, millions (& (hilhis \mrdi (d l.c.m.m., 11 i1m)) ili;jtl(jtl
prodll(rd I,)\' (housalld", til \%ill hc 1%ailahlv Im ilillm-dialt. 
tlppilli . Scm ild, (()"I" (d ,ilc-"pt,6 1-1c11i;11", 111''\(.I illc M lIch 
1-cach llliflioli, (d %%ill hc A Ir\ i;t R-d. Thiid,;i \\mldwidu ncm-oik 
(dexpcil."mid alld ( 1-()p&ti;t h.mk \%ill I()t,\Iw(hwmd
prmidr ilibli-111,11i'm mid latilitaw (mlillitilli(mi, m I'm d(-\(1,jpll1ciV.
Fouldl. tl twdul I, Alcil(mill),is"ifig: it 

thal gm -' w ilh il---- ill "i111111111;1(im l (14y 111(1 "\- w llls, waw l' 
fila1m gc1licill pI ;1(ti( cnl i(m (mll I(d llw,1 111r", O'r olsods 
to 11cw ull)ps, ;111(1 tilr n ilh it11, pi (Oll, lim i. 

,I'll(. locils(d dic Brildimark Soil , :It(- ;t((clciatimi ;md

reduction I)l ;Igrit till ill 11 rh
 
ing coillitlics (111-migh 111c pl()(css ()f 
 ;ILl ()(cdm, 11()t v Ilairsicr. This rr-

KRA u) USAHAoQQAv(A-xpandiwq 
 (it(, inhimmioii availAdcon
 
tIlc niallagc1licil! (d fl-()picA s()ils Io illcr(.,I (- I()()([ 
 plodil(li'm ill dic
 
tropics. 'I'll(' ohic( ti\ (A (& dw pi 
 wcw
 

to dclcilililic sciclitifil(alk. Ow (lillisicl-abilily oll ;1,nyrmlmiioll
 

2. to issi.st tiopical (miji(rics ill 1'Scssilig thc pat-Illial (11uphild
al-cas for ill w lisivc ( r(q)pi lig 1nd ill R-11'siv(. mlil I I lit'l11 all( I 

3. to dcliloll."ll-aw thc vallic (&'mil ;111d land ( 1;1,,Sil-l( mioll ill lorlilulal­
ing agricultural m-Ill plml. ill "vIccicd arcas. 

'I'll( 11cm hmark ! oil.s Pro cci oI ill(- Ulliv(.1-sity (d Hawaii was illi­
tially fulided Im.thicc Nrilrs- 197-1-77-during which linic silcs wt-re 
M)Uglit ill mopcralillg comi(rics to Imim ill(, soil family num-ork. SiRA 
were (.St;tl)lisli(.(l ()It ill(. (Ilixotlopic, isotlicl-Illic family of Hydric Dys­
trandepts ill Indoncsia, I lawaii, and Ow Philippilics. A threc-ycar
extension ofilic pro jcct ( 1977-80) was grantcd by USAID with dic rcc­

http:tgrolc(Ill"olo.gy
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MII HICII(lat it),, Ilm, ;I third soil I"'milly, ;i f';imlly ()I* tit(- he 
ilIcIlldcd ill Ill(- sc(Jp(. ()I' ac(lvillcs as I-c(lut."Icd hy Ilid(Ilicsia and (lic 
Plillippilics. Slics ()If dir claycy, kaidini(lu, lsohypcidwi-mi( I'l-tiolly ()I' 
Thycptlc HIllI-tlst().x cs(ablislicd ill I lav"ail. SIt(-s IM flic Illild s()II 
I'milIv, ( lavcv, kaolinlik , isolly1wrtlicl-lim rstab­
lisll(.(l ill ( :mlicl-mm, lildmic.sia, and ill(, Phlipplics (1111-Illf?, fill,, pri-Iml. 
Firld cxpci-Illiclit" \%](h wrl-c I m.I-lc(! mit al ;111slics (d,Ill(. thlvc 

'I litill;k llcmm.k I() (cllcr llc dala IM.(.\ ;Illlmllu illc Imiccl)( (d agr()­
wo, hc( Id, thc lit((- (d dw Typik, 
PArtiduh iwmm k md (lic iiccd to ( millillic (1;11;1 ((dic( llml (m this and 
thc ()tll(.l sold 11tIIIIlI(. , flic pr(l]"( I \;Is t l.llllcd a sc( imd cx((-IIsi()II­
fi-mll 1980-8,3-1(1 'Illm\ Im.ill,, ((lillpIcII(Ill (d &111 ( (dIc( Ilml. AH ()vrr-

I W" )IIII)Ictc(I 'I lic pl( jr( I \\;I", "I';Illw d ;I (mc­
(-;Ir, II()II-hI1l(:cd cx1clisl(Ill (() Illm%1()l Ill( 'Illph-lim l (d (h ia allalysis 

alld (d 111C A mmu Ill."Imy (d 111c 
li(.Il( Ill] I'll k sml., Plldc(l Ilul\ bt-11mild Ill App(.11(lix A. 

Hw ()LI(,(lIvcs (d dw llclldllllal! 'Smis ho.lr(i (d (It,- Llimcisliv (d 
Pilo-11() Kim clc "1111IL11-to thosr(d'dw Ull pn)jc(t cxpcrIm(-n(aI slhls 
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ILiwall Thr Ulm (-I,If\ (d'hici i(i R I( (, I ciit hinark Soils Pr(Ilc( t 
N\; s JIIltI;IIl\ Itilldc(I I'M P11,5-78. Ahcr [Ills, if \v;I s 

Im a pril(O P)81 . Till- pmIc( I rccclvc(l 
()It( rXicilsim l \\Itll()Il( Iddllim ;ll 11111(filli (,) allm v low ill(. 

I*d (.I-Iv I I ( It Isim l ()I Ill o))(,( 1 ;Icl ]vI tics h\ I)(.( (.111 h(-I 1(411 . T llc - Fillal 
Rclwi.( (d dw Pticl.(41 Kill) lit-m-limm-1, S nls hoJc(i 11)7.5-1981" was 
pub] islict I lit r\' 1IM2. 'I'll(- Fxc( ifII\ c -StiitI I ii;t I-\ (d i]its rclm rt is 

ill Alyt-Ildix 11. 
This Imal rupii t ()hhc Unl\crsI(y I& I licnchmark Soils 

Is (11\ 1(1(.(l 111to fill(-(- Imr(s. T llc first is (lic (d pr(l.lect 
tics Ill klifilling Its tIvvs mid illcludcs 1()tll. sc( Iples aild 

:mlcclms, Rccal ch Nlo'l lmd(fliwy, ( )IIalititam-c 1,*.\,;Iltl;ltl()Il of' ill(­
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Ill (his I);Ill. -SC SlIldlCS, ( MI(lIICICd bN' StUdelits supported 
by (he I , pn)vidcd lilt(willatiml (III ill(, cITC( is ()I, fill. characterlstiCs 
(d illc sold I"'lillilles ()It pri-lowilialicc, I'CI-liIlzcl. availability, and 
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Principlesand Concepts 

Transfer of Agrotechnology 

.1. A. Sila and G;. Uehara 



Ri idly~S NIt(iraiisii pouio 11115 iIirjut~ imlogits hoS)Ll(''lit ipI'M 
researchs (dii ui(((lhl alli tutt ic ill icaliithinii iii low(Jaitdl con-

Transfe ralkr 1)r\ffuswiouiWbyd cmiic ltcililcoidc 

(origil if hi hitii resarc -i \.iill) I oufl mL.(It) cllu \lt fia lll til- iiiia r 

tural [r-hilfe101 , e ltil, a(lt hdist hit l iiiill I 15~a h(it5,er~la resear 

I91). dutitisiiii siihtdI ii are lo­alead nir !ilt ihitiihihiil 

(llIrihs. Mcchltiik lowt irii-insts Hit ster11doi' (ewapiriesi 
teio s imprved buiiiscoh ii itii is (hjllthcjillhmmit rains f ils I lv 

hidchilit RitAceforaiuii hi)l yn aiciu(191) them tliitt sthgt o, iteri 

iiinale dw 
Itae, l ica s theyw Iof asseeds 
N) reasolgvdtuIns lilluiiarehc) (ednTehisil'iranstinl 

siihctrlansfer nwcmteils asuchal 

\V~d1Waald]c w al "x~liim has il idil3O 
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plarats, allillials, Illachilies, and tt.(.Illll(ltl(.s ass(wimed with tlicst, mak­
rials, (2) ill(- (Icsign transft-r slagc, III which It-clill(l]()gy is II-allslo-1.11-d 
Inallily its 1,01-tilillas, (w Illatcrials low ill(- pul-Imsc (d (.()I)\'ilig 
its dc.sigli rallit.l. tll;lll llsilit" Ille I(st-11" itild (1) (lic (.;tpaultv 
tralls!'Cr stagc III whicli scicnill-k knowlcdgr is trimslo-ircd to allmv ill(, 
hwal ()f I (ccIIII()I()p. (hilt cx1sis ckwwllcrc -\It Ifill)"11MIt 
c1cillcm '111 liallsit.l. is III( Illitj ;llim i (11;It ricllhtlral scium ist". A 
cmIIIIr\*\\Ishilig I() Ifilpl-mc its pr(duclivily II;Is (IIIcc (q)(Hills by which 
to accmilplish (apat ity IrimsICr (Fxrnsmi aml Binswamci, 1078): ( 1) 
thl-mit'll dirc( I trillistCF. III \\'It It w( Illml(wic's fi-mil ;IIC 
S( I*CCI)t1d alld (lic 1)(.Sl adapwd mic(.") trcd witlimit III()dIII( al Iml Ill 
alw illcl. S(,I(lllq, (2) (111-m igh IcSr;fI.cII (() llmdil, m . I-c(Icsigil 
w( IIImI(;,tIcs 11-mil whul ( (IIIIIII-Ics aild a(Lipi IIIcIII (() Im al 

prm raills IIII(N.I.­
takeii to usc ill(- kmdcdgc gmiicd Irmn wlicr (f)(1111rics W a 
hwill Wim hcvrr mcllmd ;I uscs, its tillillialc 
Hc is W III( [I,, pl-mim mily III Illc sll()I-I(.S( fillic and will) Illc Icast 
cNI)clisc, 

Rcquirenients fOr SuccessfUl Agrotechnology Transfel, 

Tllc Illrcr ruquil cillcills low (lit. siluccssfill II'MINk-l' f&;I1L I'WCCIIIMIOg ' 

( I ) a ba"Is Im, I1,;Illsirr, (2 ) ;I mimion laiiguagr I'M ummminicaling 
M161.1liallml IM Ir;1IIs1,C;, and (.,i ;I SmIrce (d ]nll()v;I[ Mils low (rallsfoll'. 

b(IM /W Ileln ltr 111 IIIc p;l."I . ;wr()wt.IIII(d(qv td(cli (rallAt.l.red (11) 
Ill(. krSI" (d pcl SmIal c, c.g. , it I(whimIm"y timl \\.;Is Succc.sSfUl 
Ill a pt-l-smi '.,, limlic mll( I.\ \v;I.s ;IppIIcd tooa Ill which lic was 
visit fig. II [lit- ('11% Irmillicills (( linlaw , 'mil, rn ill Ilic alld 
clit (mill(rit." wcrc slillikil, Own Own. vvas "mm. flt)pr that ill(' 11cw (ccli­
lwh)gy wmild ',m ( cud. ( )JI(.11, ll(mr\ (.1.,dIc clivirmillirl)(s diffcrelit 
and III(. Il.;Ill"Icl I-cd 1(.( 1111! dw ,y cslilw d Ill disastcr ill Olc lltbw (.Il\ 11,011­

11 v. I I ri I N. I I I I I I I . I I I i I I ; I g I I (-( Illm l( )'p , call bt. 

I I allslo-1 1.1.( 1 w r I v IIll (it!114 c;Is] li 1,71 111 i I I I I i 1 [4 n I I I I ; I I I I't "141( )l I s . I 

(;%((. ;Il( 11 1 lm( (m ill I-Irs vc 1)(.(.Il las. Illcd ilm ) agn )(111lial It' /Olltl 

I )i i Sc( I I I I I I c I I ( lifilaw am I SI)II. This 11 hils hccll IIscd cNit-11-

S,\(.I\, 
 Im. Ow I"J'al ;Ind I( IIIIIII.t. g;III /, Itl 11 ( ! V )) (11, IIIr U llkcd 

A t'l 

Nailmi.,, Im plaimiiit himir ;lgrk dc ( , hil(willifflMl ()It 
cli'llialc ;md !(.11g(li (it t ['M\ Ill" I.wd wls wwd ;Ilmw dial 11-mil a 
S 'I h1vt h;Ist'd (m Illr 1:70)00,000 FV )/UNFS(:( ) SmI NLip id 
Ilic W m .ld (1) Ilm l( It illc ( IIIIIaII( ;111(1 Still I(y .', alld 

idelink, lll()S(. m-cas bcst sillwd Im Ilml p;lrm (Illc ()I' tilar nys 

About IT50, illc U.S. Dcpar(mcm ()I Agrictil(tirc cmb:o-kcd iipmi ;I 
plan to dcvch)p a sml SVSICIII fiw making and Inwi-pi-cillig 

http:1)(.(.Il
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6 Pi'm and ('3m ptIjdrj// 

iiiVrlt the3 I1(11lu(lolog. For'3u~ifL if' (hct(13'lll01331' I11, 3'i3 is (lic 
app)J)icit(loll (df phospi i lu s ICIII'IL/lI' 14) 111;LIz/3 a SLulpffv 13113 l's(if 5l)1L3 
IlIlISI hie avaliilcf. 

Ii I(I iion, (lic ;L'IvmI~lhI- fiwl m 1jflus ililisiIm (d 1iouil31 I (351 ilt ' 

Iv \',LIvtif II Ili mLki 1c 113(3l~(\'LL13)1 ,o o( CU li ii -fi-a i,h ~it(-\\­
II(ci. Thiis 11533ill~fiicS 111,11(fi rcylL3LIii31lii'lkci IM Ili ;Iddufiiiuii i ud­

tliLt IS pi tIil 13 111'i 33li- ii'3 II f'lll~ll$l i'; i3'L I ( (33r'llisfm I pr diL131 fIl I(tt 
lilai'x't I, m %\'II I 33hc \I% 13h r 

A300'1/4y (23 3'/dh/, I(, lilt-' p p 1ii 'i l 'd3 Ii i'3t_1311. I.11 3Nil jp~ .1 114-ws 
(1'fii1dog%3I ( :1Ih( itL.5 ()L11111\ 'N 13333l3 ip l% .pLff~\.1 iti3lfkii cI '.3f'iL' 
s(loiis dIal! dr31()\ it 1] ('31\3IIli3lLfm , 1(y", P, O11 ILLLsf(I i13 (?I f1jLi­
yiei'iill..q\ Mi'i31i" (d"%cr 33L3 llfIs\\i (3 f1f1f3(is lfli( d 1 () .11ImpI 
Il(133LL co331idcrsfi s (iIf ) I 31135 1115 I f l3m3lll .1.',11( 1:111iif1s,1 IN i ll 
likely (f~tu this (c, I foll'v5 III ifc f~iff I\% 1-I3it f 3ir 

Ifli ss(\(. l3l,f(dwx 1111>1if 1w !I,11IM?./, /] w',3n/-fL;1 Is. it 
ILlust hc3 'i II f3;Llif~f3' 11i3l(.11%h1i llilli l11L 1dI t'I 3)II~3LLj, li%N11 (1 L it~ (w333 
lo cond1(itions1 ",i13 Ii i Ill i314 1 sW '1351, 111,11 55ffl ?511 i Mcs Is1 

(1351- t 1:11 

IIt 3( 3 IflliLit il 3 13c5II- 11331 11)i i I. I3 il I3'I3' 1f IIlIn \ LI 31 11133 tll Im~ 
115' p3flil l (d 11fiillI.'t~l~ 11113'I )I ~'IkI( I11l , l illlt'II i tl.f)31 IlanL1.1l 


I'(gl aIio3Ll (itf 'NlL3mIL 1151
11 II\( 1 3f3'% y3'33f iIll (f .111 Id~IllI1ilsII'lLs'1 
I'i riri3Ik ;is \\ iAf I II I~ '33 I I i Itll I fi pi33it (I I lllPi3p/l 3')c12P 

(2433Y1/i/e533 LfL;(i t- 3 hd5'fl3i3 cI, I i IfI iwd11sf('13'f]III()% Hi'C 13135:i l 

ive. -lI w\\5 I tI I ll f33w 13L~~Ili m 153 l ' IIn'- el I3S ( I 331 II(I131 

c'IIlI '\ o31 lihi .5 f3l'iillfiL(fd hf i 1 1,13'1 mliihLI311)3 ifL 3\'iii3 11111
 
ii-ci'l31i 113wspobli,al a Thr(/3~ 3
321/I b 'liii lics d1 (li crl1fw111\c Ii';~3''LLiI 


jpi'hfiilidI effrI ((IL 113'5313'3sshl 
.l3f131 (df.I 155l 3'fLc3f3\ III(11:11
Ilc llel.'s;lI\' midifj3 J q33lfIilsllt %\II(I5if1 (Inhc rl'Lif\ileif 

IIl l\,is dfdt. Ifrii' IIll'3'33 3 ll IIH l1i111(3L s11I 3 LH1 it Is fli 3i~lf\ millfk('f\ ilmi1 
iIlv 11, l1.1e'i'd t(.( f31y \\1 fsIII 1 '11ca . ll\s' t(lIII.3i I 11I (i aeIst 

((Ilt ('lli~ilkI, I$)L31 11l .lkJ\13(I'l 1 ll3os foe)pw n ililh,135 pLi3f3m3 

AgrotcIII(iltgy, 1'rinsfcx- Based oni Soil Faily ii !aic 

1113 ci'clia'~ 531 InIIlfi So 11iTli\31lIll\ ny I';lf fi'fi( , IllmLlcd kinds nI 
JLi~i'LIIiIL3Ls to3b I(Ini~f lifjell This boo mi'tatLIl' i Sl(It i'stsI c'tll­

(11III 331()i icc kindis oflL('lnclhiLk haa(l~')isi'~LLiLIlIiiiri'i'i byx
Soilf fiiiliiI Ilillics Sil~ fI\' llIL. i JiI;i\ al 1(1iILIL(;I(i role In Icli­
014\ (1';llisfi' b lls cs il(-\ silails' Ie( solils oil (Il 55'olld into 'I-i 'lac ' 
1i,1iirris gi'lliips, ii11cgrul'igL~ illc cli\ii'lillicillaf (( iliLlalie) iihiriiiliiiili 
that is ii1olmjii lil (o plaint fIs'lL t Nil* IIIOw I Slik 111111fi'lili(a (i -Llilra 
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wrist R s that alfc( I I*t,,,I)()Ils(, I()'llanagcIllclif . Thu:;, dic ()Ij IM1111v nallic 
CMist ittll(,s it (f)1IdcIIscd sciviltilic stillcilicill that till(-graws Ili(- kilmd­
c(Igc ahm il itsold \%1111its (AIN '11,W )ITIC111 . 

A W('ilt dc;II (d 1111owill;ItIml P, sl()I,(,(] III tit(. S()Il II-Illilly liallic. It I)w 
M11%, 1)1.()\ ldc" 1111(11 111,111ml "It CHN'll'"Illucli(al cmisraillis such as Iaill­
till], willp-1-milic, ;III(I md;Ir 11dkin(ml III;It arc mllsldc III(' prm-llwc ()f 
hummi hut It ak;t) makcs it Imssibic to itillicipilk, (olistrallits 
that call bc Awl-rd (11IvIlimcd b\ III;I11. Tllc Still finlilly liallic carries 
Hilownummi jb(mi (it(, kMd,,(d*M.,,C((1N, \\C(lds, and (Itscitsc:; to bc mItIcl­
piticd III III ltlc;i dw "')11%, IM [ISc as I'Mill(Lilimis Iow .'lliall 
dvcIljms, ,rptl, ( tiik tbmllpliml firlds, 11)(al I(J;Ids and SlIccls, aild 
plilvt n mll( Is: mid IIIc cpI II)IIII V (()C()IIlp;IiI;(m by tralfi(, cn)­
sim l by \vIIld ()r \:11(.l, 'Jild ill, '111m ) by [(Id 

Tllc "(61 Llmdy ( ;1(1()Il ;11"() p1m Idrs I-clated w ( ny 
adaptability, till- m.cd IM.lrrli ;mml, mid ];itc prac-
Ill (- . D II(1( I Iticilm licilivill." (d (Jll arc I.c(IIIIlvd I() assess (lic 
(ATC( is (d,p;isl 111111;1t clllc! 11 ()1* Ilu vArUillm ls :Ind I() Sl)(.(.Ill(,lllilll wrllw lli l i I Implws 1 11 '1 givcll (1-()p. S(),ls bt-Imiging w tlic 
sailic 11111111v, Ihrfvh)rc shm ild it;[%(. cS.SclitNilly (It(, s;llll(. Illallag-cilit'lli 
1-c(plilcilicill" Illd rl'simliscs itild shm ild hilvc slillilm . 1)()((-Iltl;lls 1'()I* ( Fill) 
pl(dil( 11mi, ( thc quall(ics (Ifa SmI filmily "Almild 
mAc till- it ;mdri ijf ;ignitc( 11114dw-v lws'sibic. TI-ansl'.1 
p\ h;I"r(I (m 111c St'll 11111111%, 11;I11"It'l (d alynyl till(, fliallaw­alit)ws 111(. 
III( III 1)1.,I( it( c" Ill.\ ( I(qwd 1M . ;I p; l (1( IlLir m l w iler Inclilbers 
(d, 111111111111IN odst.\\ lit-w ";I\ 111 Ow rxpl-lidittin, (If addilim lill 
!1111(1, HIMIcy, ;111(1 mmlpmwr 11)dcvch)p pm( m cs at Ilw wlicl. 
ll()11', 

AItcrnative Methods fOr Agrotechnology Transfer 

'I'll(' 11111TIc Agnw( tdl)g1( ill III( lics i(IcIltificd by a sold family liallic 
till-mit'llmo Ilic wmAd ;if.(. (('wsidcl rd allillf"glic." and (.]()I)S m. fliallatIc-
III( ]I( plfcm I-S ;IdlpIcd 1() (111', mchc 111;I\ hu n;IIls1Crr(-(! ;Iiil()Ilg Illesc 
1111A(wurs %Itli i lik'Ai IlkcIlhi,()tI (d ,ii( ( css. \"it Imi" alyn);1clics have 
becil dc uhyrd (() 11iill"Icl hlwlm y illlwll '111ah"gilus m. to 
Illati 11( ny/111;1lult cillclit rc(itilivillcli(S \\ 111)(lic appi(Illi-la(c agrfw( 
II)g1( al cmid)[WH . 

M;1l( lillig ir lwdcl 1' ;I mcdwd Il',c(I I') IdcIllIIV (lit- c1l" in'llinculal 
III( Ill. III \vIIR 11;t p ll [h 11h r roll) ill[ (O w l pr;w il( c) is Ilk(-IN,

"It( ( crd. This ((.( 1111](111C llIVldvr" ;Itl()Il (d cny Ic(
I lullclilclits 

low gr(m [1)and Ihv Sold alid 11,11;1( 1(.I.ls(l(.s (Imt ;IIC ilupwfillit 
I'M. that pal-IN Illiti. cny. Tllc w ( ny icyllivillclits arr cmilpal-rd \\till 
IIIc S()Il and climilti( -Ililra( wl-P,[I -s (d ill(. Site and it site which 
pl-m-ldrs Ilmst m. all (d (It(- (11cl-c is it gwd 
Illatt: h--is consU lert-d wrll silited fill. (d that ( nq). Wherc 
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EXPERIMENTS 

SitelIin
 
Soil family A
 

EXPERIENCE 

Site 2 in Site 3 in site 4 in
 
Soil family A Soil family A Soil family A
 

there isa 1irjsit Ii, (lie crn~ widl uin grmvwestll 1m11rss Ile leliiicy:\ is 
corect( I h lj~I;II~tcl l( 

Nlhiemic~iaI uiidils (d virious kin(Isa;re used ito)crledeei 

\ie~ iiills ilsi sli I~uil Ihi111li I ;iIiuhu.s 

;iol~ii~li ous ips uiehoe I I l I i 'l-,i i l I I lfln Ilie si lple liui(;tlr 

tAnothera;ppriiaih is to) includc iliiJiwtaint tigroiiani~c variabits and 



I-ltli mh! 11,1, h,,ic l s . illd cli v~l ps illilt-h itilaliclcrl\l h ir 1' ( ml, 

"hu'tlso).i \ Ill iai ': Ha II,,l '! ic s clllIII illm l l "llitiltwO ck iil (pre 

1to \(I i;I~ ilia' ;I li I& sI cl<s(lit~li l 1 i< ir~l, iv, lV ( i ' 1 ll( lcltWtd 

\,al(Ic 111;I\ hci~llilliil w> %!,' l , I,. d w~ N!. al(a i 

'lII- 1m p w wd Ii lc do Solll,I l i\ , tsli Sin\id!t 

11cl'i h ;Igr idl.i 

d ;1i. II~s1(,rill l I.ll\ 

phy"N) )l I.() csm , <lw 1) 1,1t In l. <, Ii ' c~ Ilia'It II ~lli 1 h ll(lildc !Ili\.il 'l'
 

wi ch oill islm i l i pil it! w li c i
m s liilkl~' ll liti l ]_<u'lItit 

T]/l-rm s lf |rlll th', .ll.itl 'tll ", 1- ls ,l(ci 1 141 III t ~ S i 

i 1.i iii~ lli llmliid( )11i(iil;w , i mi i~ll c , t11I\ ',pc( Ificd Ill.d wli (!i
 

1,il llidv , \ r i~ r i~l i l~ .
ih11( IjI~I( - 1 1 1 I ll I l i t I ]li. ' 1l ' i l I 111i1!t 

Frhltl,;IiI I , i t i mlli . 1 hi , i ~lliw i 'iI'oIi~ I, mllp dl \ ll i w t ,! 

dci c 11) dlil lill~d h t i 'I d lt~ %r \ . i t(-;ct11 I, I&<l il ic O w tlctl (I c!""' ltlll, 1<. I 

, ir illlk'I , - l I l i t I I I[ , ( i )11(l \it o r ,lI \. ,l ill(1 1 I.,t'li I Il, ' III 'it .I i I 

, I,,lt'' Ill,~iit rl .Ihc'I l l d I I wI tI, I l tl 1,,l11' d c]l ll tl i Ih 

Sp herei llllsf~ci liti~ I II.) '11 I; flld ' l- 1 \ lll l' ( ; , <, l ,ls 

NL'ill%' l lII I~c t~lll' 'll i ilis I llil ri I lll\h.- c (mllq lAll.1 11 '11"11(,li .I hc '.1 , 

Illi( iI ti lr l 11k ,il mc W i I~li!'.l Il' hci 'iS­hc d "A 'l l d t>',r;I dl~ hli \. (dt1)'llll 


pl;ill n ; , ,,I I I t ', i11 . llt/\ ' II( '"1 ,111 M S I~i,lk I ; I lix I)(.(lhtl I 1111 1 1\ I Igo)" 
-
nIq [N (I , I It(.'cII( i , .I L i ilt r I ic l I -i uiiw!i'l 'Illitll IF , 


i lltI 'I, i , I ' ,,I'1i I 11: 1i 1 l a'llm i ii l l , l ;111 t;Ilicv I I t Ill -~! 

It. [i _ l i i . l \lli! lP-l .( I ll )I N 'll i hl I I, (i ill , /eil m ? I ,!l ,Il 'l,\%l 


(I)( !ii-l.I.I"Il/c I.. <l ii;lIl I I ~I s I I Ji l
1 1 d to I I Ii ll (I-;t~ i ill I . h m c o.l' 'it 

Ilrdli ll li Im . llll,I,il Il i \ ;IllI ll 1 i ii i' )ik (to ( Ilirrd ilit (i \ill,(il ll 

-- (c h i p (h\\l\ r~ lilill\ \l w i1 1' l. tl i ill \\its.llh 'r11 1 h I 11m Iti 

<'l ll !p l'l h.1l . im Ir 1 l I s ~ )H -1d 1 i11%IIIlll \d i, ,;I llv.g m % l i c 1 

< )1 1 ' !,l i I p1, 2 it l i d : (1 1 l' II w'ti t'11,l 11 IIl I l Ih I i iI ) l'i111( lic sl 

;I!(~H m d l\ ,! Ii . 11)1tI ill(I I lt (lili~lll t t~i 1 )yil ril dt-pi t sl 

.im) 1 tII , 1. 1 I \% I " 1 i r lll I Is lll wra.tirl i ll ll l Iit . , ( -ill.,I I I 'rI l 11 

I i IIlt "lI' IIt I<i l (I Ih11 ' lllIII)IIIWlh i ti.l~ l I )I Iv1 I llcl )t' nc~l'lII ;1 di<< I 

_clil. q l i l , irlr ]Ji l tl 'dl i II I l III<t 'l ,ill.)I l ila mlid i mr'-h rt d- l il ( l. , b u 

cxill dc ' l i~ ;I~ lc llk111111% . n l l l h u i' li li i'i it)"(",iii r ('mh ,llI .
 

/ 111c;111il('1 i'w'.1111iim t(11' i I)Il ll l illIIII wliiili ll n il I I l 'il i 

w ith Xclict ilis.itr de (cre'<imisl. ill It'gillic,.. Tlht-rc is ;I hig~ih ' i l' ir.­
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simm 1('Il( c I w I III,. xc ric s()IIs ItI it I N I I.( I I IUI FA Hc. I I I I I I I; It cs. r. 12. )iIs(.(,It 
in M cdItcro"Illwall dilliah's mr xcl. I( r;Illcmi di­'s, 111 Iwt f I 1110 t,

.1 slmllm\ 
(Olers dl llflcd ('I dimll-
ThC SMI 1.111111v "I
 

It;[( hch;l\ I. llld licl I(J!III
 

lim I I I , it-"[ I III 
I tII I I rc m 111 11 1111,I IIII I I I I I I L I hc It 1 1(. 11 I - III 1, 11 Y( I I I I* I 
1111)1111;m - , I llc- c .11c (lic lilt(-[ 11.111, )11,11 1()1, :1 Ill"'(11111c IM. Ow 

I-Al I I IIIm ,(I( :RISAI III II:dl.I tlld dw lil!(.l IlAllml.ll I 
A.'I ]CIII( Ill ;11I\,(. li Ill I)II, \ I 1; Ill S II,I I( :A RI)A ). Thr'sc ( cim-l-s 
mwll ,% M M (, (II till, I -I) II()I 111WI It Ill SmI 'hwilmliv, 

Ir i:1, 11 wII 
R,I I A I I I I tit 11"lk "('11 1]11I I I I I I I I I I I I i* I
 

sp(tild" i l IIt,"C IC-11 )WI hr] I 1111,kill 
 Ill illr '11111111r], whurra Hic 

IIIs. I I I I -It!_"iI 1111111\ " )II I'tillill" Ill Ill I III II I I I 1( 1,11c( I I Irc;I.,II I cm11
(d,(i1c"c m (.111cl Ill(.\ ill .1 lilt I"III,_, I lcrl";I, , Ow mI 

ill(, lc llllr lilt II'IH Im I I 111.111 1 111,I I I ; I I I I I I I I P III( Ih 
111 J klillilic 1]:11( liw ] I I II, v,I(Ill 

It( 
\,,-]I 1 it I 1111\ "mk, ;1( it II I I )l )IIII it ) ,l IIt)II , I Ill )Iqa -

II I Z; I ( I IIII dix c lllh jc IIII. m11111.1Ill( I w II,,(.( I lit I( I)III I I(11)1.(.( h( I soIll
I )( 11; I v I ( II I I II I I II I I II q I I I I ;I I )I I I Iv ;111(1 111,111( c . 
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s ced I 'm-r hi h ill'liil, I', 1 i~l tlIV i" i tl li i<: <tll III 


p mi'lti('l r ielilio l l'' slf ll i't'uil'h. plaili that cilelge frolim
 
tll' s t. , II is 5tilsit'c Iii lii lalnl11.
vcv(\'t''. 1() ilir cliVii'tiiiiitii \ itis i 


vhetli the s dt Iillti \ ot1i lo l
, tl-l\'isl'\ 'idtll t alitSItui S< lli',s, tilt' 
i vitt'll(Iii well iii ai tc. ( li porlya>si ullh In tder l'w it.Ill with the 


iitle lli I rlIullt rt-i Ii inill l iIl l i'\I() 'l Sll,lhtl(p si i Icsivey l'e
t 

lw liitiai li ti:mii it t that lii othe,
Ih(' t eISli hic I' i i elll~ital ­

(ttril hs t I iil.mlatch itivil oilsiill ortali elli'illls ltl'Vt h limiielis th l 

kno w ltcdlgc ()1 t1;(,c lim~l illi'c lltil lilillls ()f[hc'1I I li:!rr <dlei,,ctlV't'(it andi(
 

I t iii i ittlilitt ,11 i';(iiire the usit. ll t (cr s suliitlo llc ive h ssli­

'l',-;eiri li tl oet t i t icc. l, l it' f' Sls­i lt Sttujo'il tiseihe iic iiclle)iS 

syste il iti gf)iou I()thbS it illil ;Is tl 'lplhil in .cel'Crmitl pr l)l'tes, 
+l~gilli~ i'l -iii I i I() illaximlizt , ticctst+ 1t1iiI I icsc<;t II . rlllt'lrs ;Itr(I 

liew[112100 (lle. do nt Irlieei is i.iipordiii i'e~ctir illt IlitllpIciletSoil "laxonolny 

"t't thie irt. lic to rt)rl 'tw\'ilit a coulll' .,l resources ,01"t'(c se 


SixteIigyg ll'r i : Soil (iSoil tionom.l thai are orerc isb
 
uide' gr n tlgpouii , l , ( (t
leatmkio Soinluvnd seis ur ). Ai'n llny 

tb.l itvlilahlf kilo/wlt e ailid .lv to l all
. )lltlIc d'ltnc m-cili' l w 

fllk ll t't n 


r,;Illlsll,lml ;I -l(.lcchiI~lll)gy) li , hte use ili s~.ivt, 


m." I'.(. , i (h t ()( i I(.(l ills, ilil)'lilt irteuirctilicrnl. Interinaiolnail 

t( t ()f' ai (I ln l cla, ifi­

(,itl(, lvS ti~/ltllas iuffiiet dcpII to c)l~ l-u e o p e iJll~. II li lei itS 

n1"1mis l;llg< ilt andll ipulat'ti n l"S l1 '1 an man:( ih. il t , n:]). 

"lTaNOM MINl tVI IC il, lt' i' ('t 01' tt'(1lint0l0g 1rlIiSleT'l. E~X­;S ht SS lritiCl ' S,<il T 

Olllomly} (So~il Stllrvcy S[ tff, 10175) pro'<videts a ci l'tlsivt- c:lassiticltIoMi relll 

Syste l(lh t giroups'- So<ilswithi Simiilair phsicai'l andi(chemicall p~ropetries'. 

thatl aff 'ct the~ir bechaivh iornd Its.. 

Six Cate(goies lle recoglfnized:( in' ]'oiorSi ll]X)IIII. hey,are order, sub­

orderl grleatl group, sublgroCupJ, tlainly), andl~ As in ainy:l
, series (lF'i<ure 1). 
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SOIL,TAXONOMY 

Suborder 

Great group 

Or d e r 

io: 

1 011 
47 * 

\200~ 

fdttea i f 
knollatl 

et 

liiS~ Fnig.f 1. TlI li II!II ti\.( ! IhcI I I lls BI(ISI li Jla(bmt lltif ft 

fItirlifess dug i (d (itII tfit III(it rtiu iit~t1 ()1'i% J11,1Iliiise 

lthe liiifjsti cacg 'tiilltu~s, Ilfl 41n lc4fl flitiltulut ifiioftf Il (Iflif je)( 

iitcgoi S to i st' ltI Toi;:)OI s "Iifli.efiti; 
. ~lils,( Stoii)] iti 

Coboeqielii\ hit Ilt ~itIlq I-~lfi (s m (doIlc IiciiiiI)(mlv fI)it tiefd 
mk fhean fe ofhialgo, kfiiitute I(.t ulvc(il.)(tc~~ 

Ase 'itnof tue eitII iiiui 1k Sol TiNfojeef Wcs ?I()esfI f lie hivptlf hies 

Jst sIitcllittg tao,(Ittlwf Iaos leireo ;iI~ll iliopiio thfh at;s \\11ro­
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et'oltigit';illv ~ii;ii. Thiis lINpot(licsi5 is liasctt on [iut- pj-ii'iisc. thal Iio Soil]
ta11Iii s ilctilic I In Soil Li~ttiioiv stratijlits itoc ~i't W~\iInii ii 

Ilarlog\ aitg a1ltluisS11'iil l;it' tfiil'.li fiuilechol tImi o sl lt ol 

soli' aiiit'ssuc agisnilt as Ii'~i itiitl',,si I~io' Ii~n 


ils' .gfS Il(tihIs ha't'usarc Ili iidhtgt'i c il.T csd1116 

ost'e Sucha ithlia t'ast~it i \stn t'iIitIi lI itopoIfo 
sp t'iit'oso , i jitloh'sillin ti'i o Itits a t hosilit dlt1i isi Sil idst 

fIiiiv ' s f'li stils sii ilylo ll aal psnu'o ol al t' in11;1 Soils,trit'­fiiiit''as 

i)nt tl1ist' a ltS oi 'tlll ticlih\' t lc St' f il ultIbtiiih i'i iott lli~iis of',
 

Sl ilt('oillihiifoaiiols f'iiit'i antdtio ikthith otod i 
 Ill cuii -licci~s 

l't'ttn ito' , f'ft'ii iiliI't' l'IIS if'(S sottin l ant ilau a ght'tii'o'ts.' ts 

higi''tatgl'i' lt sciaoni'lctIs ;In cisi ifi lnicipt'ii(d i lii itiacinl'sSo 

Ia -sc t'l i l(itl 5Vmil-l 5n1Vn( fittil s ip(ils ti'l dgl' litt 

iln~c 2I ills Ni'a1s it subgriioupstFirhi'il\'tpinn Iciltl 1v1citll s11(1 soil
 

fcti'1111k s![]) n5.tv ptrtclnasIzeg li's't lsf sil
Iostiit ihitisitiriis st'\ t tiI Xitlo 

l11' ltts shiiltati'irc i. ll i'sis nyll d T liiim ~i l)l (I liS ilals of,(CCIliatcmmtS 
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16 triNA t/de and ('onc/s 

100 - ...- I ---.. ,. 
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0­
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Equilibrium Solution P (ppm) 
Fig. 2. R6-lativc hl cit yie~ld i, it fu11 'ti<,n of1"oil-sohnll, phtoslholus 
and te'lpc'raturc.. (Cm: -rcsytdl,. Rj.lmrs, It'niktrsitv of Idahio, Nlos­

cow, Ilalo. ) 

to ob)tain 9.5 pe'rcet' of Illxillun yields as wilpCraturc de'creases, Ilhe 
soil teillpratiiis at s.i;tralilied it \. il,l (1'jwrt ierolic), mod'erately
col] (th r .()()I~ (,]mcsic<), andl (.o~ld (frigid) fo.:r tt' lp".+-l,+t climt e~tts; 

and isolpecriltrmic, isodrilnit, isttllilsic, ;nd istf'rigid 161 (11c tropics.
T h is ., t r a t i fi <. tin ,rn d rl> t h etc t o gy>,. (c u'l t s - pro-l: ( io l l t tc. l l l re nd cri tt 

(I tilplj'dritur oitItt rtislerit ti ito widl' stpiarattl pars of' tIle world 
that h tve stils lctohIltit Ol (ttsitl oil flt'tl. i' hus, it is lit)r' lea­
sollaht i( I tr;sletr Ow( rt1l-llhtttO loll t teielothtgly fro 1 tll slopes of 
Nit. Kilimanijaro tth ilt' shttps of Nlauit .ta (hlalfvv lt he ''rl 
b)ut1 ill tI( satnl soil famlily) than tot aSSl~lil similar crl)-l)roduc(tiol 
rt'uirie'ncuis oil widtlv di fferenti sttil famiilies ill either re.gion. 

Using Soil Surveys and Soil Classification Systems 

(olucting s'oil str\'tys istd oit t cotll1l-l1nsi\t clssifictiUll sy'stem1 
is it netessailVrsy .;I ilit no1 .L'arlitut"thtir proptr Use. Tlhx­siep, dh(oes 
otioliists dtc.igii stirvtes a.nitd cltssilic;ititl syvsit.1115, bt( tlie agrollo-
Illists, ellcriilt't':., and1 p)l,tnrs ,st ilie systems andl Inllily of these11er' 
canlot interprt sttil survtVs. Thus, a tilajltr se ontl toie of taxonoimists 
is to expain wtstis and pteilt i sers il u soil surveys.0luw to TIe 
ustrs in torn Inust seek tl help of th taxoniiilists to enisure that soil 
surveys are used in the best possible way to aicive desire'd goals. he 
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uSC of Soil] SlliVCNS, III sliort, shouild lx ;i joit ilort bet(ween tax-

Agrotechunil Tv if' r in the Tropics 

Soil (ltsslit'tti Ill ItI-IpS its lowlttItt Soil lbt-haim. atitd etiliitt Soil] po(teI­

ttM1 Ht IIStlia l Iof tV Soll T- om I Is ;~ttirtIS, toJl )I,St 1 ntill stssli jotsaat 

ttitliritlv t stllcd cItS lat~llla ,i 'xM)Ch IAlrs dt I suotesshll; t (I in the(11 
Tis-\\125t thj ittito. c iiin clisi hItitihit's t 1111that Is lalog 1is­

M~tcs~an c ht-ttithwia (thltIII n. tlllllog t1s t'In rittit tItI htit.ai-llto 
itideVIS thyf it 1 pl1(1 ttithttsttiiiits tt. t' ittit helipsil jtieuhta sill­

te cnologalIt Ist iltst' cr Ilk(,]\~ittuist e r.chrcst piii(­s:1tilttitt 
r I t(lt llI ih tIcst l tlt l berillg ;ts thitittcirk titisp-utvi­

tlt )I IIt Ihi1uist ]t [ s.ttihiltRcscan ttit siiil iis or11IC ~sMV ply I 

piaies, hm\i( diitiiti;~d wiliitht pyisahih. 


e A II ttehan 
is-vrr rtpttO el ilinti 

sirvey. ot' isii~~tl (h Simtilrciiet li c~ iti tis in the irollits 
h)I Stlinm~ itsi ;tltu111(1 ( serve te oitt htssfintiornMto
 

ettise (httQliilt' cf thlanlg
mmtt din tS;heauilsinvetoyha 

bratief tlsIo . of ealchstlttIolwl 's researich liptalsiis n troestdcics 
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flology mu t tttsidt( (hc tuuIitS iltlls! cutittiuic, it is tII(- cxchiuat ()I 
tchnuhugs ptigcs \Vithiii tlhu tripius that ofur !uhcltulvtt'~st pr)ouilist. 
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pr(Ijc( t s( Iff r(wicv. c( I p I I I) Iis!Ic( I s()i I s I I rvcys (F(Imc c( ;I I - , P 172 : S;ii( ) c( 
al. , I !) :q to (Icn-l-Illinc tll(. ill cas ()f ilitcl-cst . and illen ( ()Il(itl( wd I"IcId 
illvcsl igations (d p )(cm ial Sitc' . AIII-cl-s;Illipling. and LII itwan 11 I hill ;I(.­

)I 6)r 'wil sainpics 1)1,(.( rdcd (Ics( Iiplioll, 
and ful-111cr lahm ;It( )rv ( 11 11 it(w ri/illit in. 1):Ii( IrLIli, 
wcl-c ills() ust-d ((I p] (-ill( I flic ()( (In I-cm c (d a 11 11 li( IlLn s()il in .1 Llifl­
scal )c. 

.S()iI-gc()1II(11 phi( IcLition.,111ps lj, rd cmull"k ck i'l Im ',i((-S 
ill ill(- Philippilics. Indmit"'i;l, 'Ind (),Ill %hrrc S(,il Snr\cy da[ , 
WC!V 111Mvitilah1c m, il it\ (11 limi(cd Ilit( urc, I'm silc.,, ()Msidr 
I law aii, lll ldu \\ idl ;Ippr()pI.i;l1c 1()%cl 11111cilt ;nId 
rescarch institution, n) 4)1)1,liii Ow 111-11)fit ill-cm ilm (,il N(w illist"'. 
Wm-kin,, \\i(h thr,,w ,(iil ;(I( 11111,1 . pIf)p,(( p"'Ism int'l (.\;Il)I;II(-d "t %cI'll 
silt's hy (-\illllilliln ilw c\iw IiII1clI(;II w(plism -S, iIItlIJ:'w, 

\\illcl, :tdc(lilaw tll(l lit-in-licss 11­
till fa(ililic ;. hi 11cm .k. S;((I m oll. "()il pi(s \vcIc (Ing and ,(Iils 

6,1 (lialacicri/.;ition and(lassifi(alioll 
il( Ilm lim l(, S(Iil T IX4)[111111v (S()il S lllx c . S1,111. 19")1 , 11)75). FiL Ilrr I 
slio%\, (Ili- ncmmk ()I till- diccc ,,(ill knnihcs ;md 10)lc I h)(ittc, dic 2-1 
(*Xl)(.I.i Iill -III'd Addi(iml ll dt-fail" (ill radl nr in(' kvll in AppcII­
dix ( :. 

Characteristics oftlic Soil Families 

Pr(dilt. Iilm ')w , 'Ind 1;11)(11 Itm v (1;1(;1 161- (Ili- S')ils al cach Sit(' ( 1 -1 S()il 
pr(d,11cs lvljlvm.willi , I ',ilcs) I (d1ccicd and cmnpilcd ( lkawit. 
!979: Pvillndl P)7(1) Flw thl.cc Slid laillifics licking III till.(.(. Sf)iI 
"I'dcrs: Ili( rptimds, ( himils. mul Uhisals. IN Manly (duadi o"Wr is 
mltlill" J ill I!Ami" \\ ill) ill(- s()il (haracn-I isti( s m. pr(q)cl-lics ;Iss(,­
cialt-d \\ idl Ill(. lifilm Ill laturc at dic S(,il family Ict.-cl. Tablc 
sIIIIIIII;Iri/(- (II( cllclal chill-ilm .l.i.stics ()flhc S()il faindics. 

S(Iil TIx()II()Tm wi-I'gili7cs (liat s(jils havc Inally that havu 
(;I11"'d icl;jti,)wdlip 11)still Tlmsr w illi (Ill- I'lcalcst 
Inimhul m 

;II)d (ait-I'mics. Classes ()f (lic systcIll arc ill 
lcrpi, (d S()il Imycl-firs, but is a wildclicy to placc illorc \N-cil"Jit oil 
s(iil pn)prrtic , (d at4lit I-clcaIIcc, particularly at the I(m.cr lcvcls. 
licuiltisc (Jil pi(q)(.1lics s,)il hchavio), dic taxa ()I'Soil Tax(m),mly 
simuld Icllccl hchil\ ioral pau -rlls. 'S(61 faillilics ;II-c dificl-clitiatcd within 
it givcii sul)Ljmil) p0wdly on thv hwis 4 mA dam"cMd"k swh as 
WNWIV, In incrilh)gy, and S()il (cilipcraturc. ill"d they provide classcs 
having I-CLItivi. Imilwgrilcity ill pnycrtics important (o plant growth 
and indi( mivc ()f S()il-\V;lt(,I,-Ioot relationships. Soils classified ill the 
sallic laillily slimild, thercliwc, havc nearly Ille sallic fliallagi.-fliclit 
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Landscape oftle Hydric Dystraindept wi )tone of' th n y 
ciancer c'ons associated will t KolialaN1ountaLiti or' I lI vaNI!IiiProfile of'a.I H)dic Dystrr ndepi a( tile 10! 1, il1s l int Ko.d 
region with a dark brwI'n i "fo anmdia diak r-c(ldiSh brown sub­
surtJLIcehoizion visible, 

Pineap~plesi shown inl landcscape, iJcCUJ) 1mmlic of' 1;Iiiirly~':
Level landscape of Ii -opeptic Fu ruslax in Ilw lii. lrofJe sihowsiTl'0peptIC 1'oi riI.IOX ;I( Waipio (WAI) sitwill dahi rk re'ddish
briown) surlhice and duisky red and reddish brown subsui I iie ho-­
rion w101%ioderaic expression of'sulia ngular blocky stI11Ciriuithi 

r5 

~v 
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'Illc Slopinfg land(scape 01, tIlt( I p11 P~idekidll i)i n w OO l 

I)tOrc I)eling tciclI('(I i (lit pil c( ( cx)vIiI~lI hici of ti 
',(if lin dw11 Lxpcililit Simicc (CAM) itileirinli-i'.lnl, 

I'%IIIhiisiiiiv~ Ilily \eicllmh ii'vvI arlttii hlizcci. 

1\1 examIIpit *l ic ki Oct of, SlopinIig illtIC. asite d i th 
A P'lNI~L1MIS an1d PI'Ceudtll i! I' 11011dl IIIiII1 SII,lt~ Intin 

0lsaI PI ilvI shows -1110511 Pok-hutit LII jil 1(1(15) t 1,151111LIII 

as% yIc P)1.Iltcuilih, It thec N ikILI (N\K) ittt I iI piotograph 

*iko shiows a oh dllii ash Itivcl iIvv'th llict hcorizon.lit 



Typic Paleudults 
M Hydric Dystran'depts 

* Tropeptic Eutr'stox 

2_ 

Cameroon---------- --­

_-_-_-_-__-_-_-_-_-_ 

Philipines ,-Hwi 

;*,Puerto Rico 231 

Fwot 

3!ndoncsia 

Soil2PrazWt 

Brazil 

Fig. 1. The network of three soil fmni is of the licnchmark Soils Project. 
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'Ihbl 1.- Soil family neitwork of experimental sites. 

Locat ion Arca (lica rt-t city~ 

I ixotr Jpic, Isotlterinlic Ilydric Dysti-andejits 

I Iawa Ii 	 I fit%%:IIiv. iii 
I luituka.! I mi i 
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I'lIip P li(tImm 	 u olifc 
PIs,i ii li ilr lt 'l/; 
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Brzi jiibi Ma Gcrill 

PItltttiit Vlotl ,riMolokatNRrin 

Ph ilimt Ihi I ,i iI ( tilvI)I,; ito I (ii V ii t,)tt 	 I 11; oiuttlJ 

ofSantesoitit 	 oqomtl\.ItEM tiC l.iV itteiC \\inc Luzo iSiSII 

Inollic i it Ko~i'ttettts WLt (.pinu. (I Ciitt th ilii t 

nitrovrttLSe- anl) g ittIj)JmetiX Suir itlZCti itte i 
ICI'iiltili(ii11111theesiu htrthi Sthe,11i 

Sitlt 

IOLF 
K U l 
IIAL 

SA-2irlcsSit 
A 1 

PA Kt 

s,, 

hR­

iiilt 
ittKC 



TIibic 2. Ilicnmark Sajils P'rojctl soil fiamilies and associated Soiil Ipr()lnities 
atile). rlati to tlie taxa in Soil laxonoinly. 
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Table 3. General characteristics of ti Bench mark Soils Projcct soils. 

Hydric Dystrandcpis iopCJ itc Etntrustox Typic l'alcluctits 

Caig hi( i h iollC i )\il horiz o ..\ illi h iz 

ttu tUslitU~dic mclio tr moist itrisisiu L'i c
r l'',ilc llt cr'Ittalk +ll'r',illic' w g'' 

lBulk dt' ibit( ii i li ((.iit itsilli s ( ai l)'rV;ihbn in artcthc ra, 
WoltcFr I'tt'Htho l) tll(-t.- apa It;' (by N I I itA() i, h'st io Ml( l ( vIII illvairlh Irlacti +l ofI ",,ili, Ih llwt' (11 hvs',/l() ( ILt%. Ilht 2{0- I( 2(0( mIIiIoln 

nass th;III (.alioii' i.8t5 l/i ( ',1ili ttslli l from 1 il( lio i i t l )
tCXthanlit' ilp .\ ii, N II i: ii Ij n1cq( ), 1,,i hrlqillic oi;,ie 1:ndomllillaltwd hm ;ol l ) Im Iolht4 "m+ <]P) lw (l,d disluibilli<+nl dc'( Wl'ast, is 

t- ()m'ri l l ill il it ) ' i 1 lt \ilh hiti t() to c lhi 2i pun (ilof),.ic iic 
si l - tl iim i/ Ni I( ), ploItIo (\i i iliIIII II within 

andrfioh cxl.rilt t ltIN . I .1Itl owsoil sil ".1. tw I 

Rii asifcatio; olfhS 0il.)X
 
cintdr, it elcti htrnis, )x , ns eiaam
. \.iene(al 

pv tlasI;Ili Illa Ittial tim h , It() [ Xltll Il s l
 
wight Wis l.r nt d Ihneh 
 t Su pr Scervi 

nIhit iSllerl , ce n tlolgr
Illtodhlat in IJdc~h. 

O rlganlic"carol'l l is ill ()rg alli¢' ( arl' l I ,, )t'g+lli( carbont~l is Ic'ss 

lurg duing whai 16 kanote uwas l .9 ter vlelitti thaol dict 

,te prpeecu 12w)as s tha 

.soil. 

Ba;se ,salllllraliol Ba;stcNa tll';Illill is,"M( Balstesatllraiin is Ic'+;'+isltcss 


than 50 Fcr cm (~v ( ictl rttit Ill olrlt (bv, Ilhia 35 Fpctc nt at 1.25 ltn 
NF .OAc) ill all NI 1tA h,'how tulplcr Ib<untary o()\) it) majolr pl~m't
(aoram "ofl Agiv1(1161S erioaceeoneislbhtorizolls Intwelv ~ ~~ ol'o it I.o.izol i ltl(le­if ( lvcty argillic: Il. izol of. l.8,111n 
detlhs of'25 and 75 (-li. 01* 3 - l€ l if hm, bhch:vNPI' (i~t l wSoil sut'l"Ic' . 

Paludutseletedfbrst idy o[hSoileu atReclassification of Some Soils per 1A51ite (ida-

Ill till. site sehlectionl p~rocess, the genera:l'l landscape: of' thle arlea of' inter'est 
wals exM in1cd and effortls weet mzade to samp~le a I-'tlesei lative Soil 
pedonl fill labora~tol-y charaterizatoll and classilicttlol. Sm~e of the 
sites wveft laterl IrceXamtllc'd by; tht( Soil N/1"lagelnclt Support Ser-vices 
(a pl-ograll, Of' U.S. Agclicy lot' Ite~nationtal D~eve'lopment itniple­
mleited by the Sill Conservvation Serv.icet, U.S. Decpa;rtmnent of'Agricul­
ture) dlurng+which ill)( another pcdollwas c'<llected f'Or ft'ither verifi-
Catio n . T h 'c w ev\a lt ia t [ oils rCs uh e d I i lleS~- vIth' l s if C;t lo o Of'1 1 u11 ' the 
Paleuduhts selected fewr steedy. The lPaIleUduh 'It the( I)A\: site (Minda­
nao, fie Philippines) was reCChtssiiccl as it 'fiO]Audhtlf because the cation 



27 Soil Family Network 

Tablc 4. The original and new classifications of three Dystrandepts and four 
Palhudults of the Benchmark Soils Project. 

Soil and Lo.cation Original New 

Ltj~:.PAl., 
aord BUR Sites, 

I I'dic I)yst radcps
thlixo-rplic, 

Hlydic l)ystralidps 
thlix Jtropic, 

llilippillcs is,.dtw'rili isohlyp)..crl'lic 

I )\V sic, Typic 'iahcinltis Uhti" "li'otidalts 
I'llililpi[tIs l;ltc. kaolinitic, vcry fin , kaolinitic, 

isohy ctcrtic isolyp'irthtii ic" 

()R sitre, 
I'hilippinics 

Typic lPaktihuilts 
clhh,'ev,kaolinitic, 

Ortlioxic lelchuitihs 
t'laycy, killinlitic, 

iSo:hyFclrt hcI.nfi( isolhyF, rlhcirn it-

NAK silt., Typic Palctndilhs OrthuXiC PillChumuh11s 

In om'iusia claycy,kaolinitic,
isolhylpcrtherliic 

claycy, kaitlinitic,
isohlypc(.therict 

IBU K )it(-, Tylpic lPalctidtults O,'thoxiv Plcih'ht,nmhs 
Inidhlcsia lity linitic, chtycy, kauolinitic, 

isolIlrtric isofiy,/Ui tiiiit 

exchange caFpacity vas hflow,,IIriinIlehew salriple and the base saturation 
was consequently :Iilcuhltcd to be more than 35 percent. Paleudults at 
the SOR site (ILuzon, ilie Philippines) and at tihe NAK and BUK sites 
(Sulnlat ra, Iidonesi;) were reclassified as Palcliiiultlhs because the 
organic carlbon was higher Ithan 0.9 percent ilthe pl)er portion of' the 
argillic hiorizoi. The recl;issilicati lro rm1n laltidults to Plalehrunults 
also nccssitatcd a ()I(irtnt lachange illsubgrous-l-fi typic to 

ortlioxic. 

The Benchmark Soils Project reclassified the l)ystrandept sites illthe 
Philippines isbelonging to the isolhypeetherniic rather than the isother­
onc fatrnily (il the basis of weather dtta collected at the sites. Thle 4 
shows tl original and new classification names of the soils. 

Rcclassi. cation of the ltydric 1)vstrandepts at PUC, PAl , and B UR 
frori ai isotherriiic to an isollyprtiertriic soil fariiily meant that these 
sites were expected to be moire suiteid foW iMiCize p)oduction hut less 
suited low prodttction )1' such cabbage than tileWCrops is potato and 
I-lydric 1)yst randept famnily with an isotherroic soil temperature regime. 
Reclassification of the Typic Paleudult at I)AV to Ultic Tropudalf 
meant that this soil was better than previously indicated. Thus, the 
experimental resuIts obtained at this site were expected to differ from 
those of the Paleudults. 

The reclassification of, the three Typic Paleudult sites (SOR, NAK, 
and BUK) to Orthoxic Palehumuts meant that these soils had only 
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slightly ilore organlo (al-l)ol thain tatll wthosepriiOlusly Caissific1.
 
Because bothth hvp.c Pyl)cPlhildahs arid tfl()rhoxi, lihuliliults have
 
low cation exchl~iiig. (apaciity aI loetaisii, il this clSt., )oth moils have
 
nearly similar chll;u(r.is, tht' t'XI)vriniii(tl resilhs obIaliicd at
 
SOR, NAK, and I.)K w'rt ()('Xl ('l (0)wto'lihw il'Fil tit) tlirs in
 
the Benclhma-: Soil: l n-il l'il(h'lt Luilwiit'woik.
 

Extension of the Sphere of Transferability 

A soil clissificu;tioii \stcl stjh i8s soil lixoilv (iliol)lcs c'01) 'eq(tire­
1nt1nt; 10t tildltautivCl
lits /bclli(l I( soil chira( tWiisti(s. (Cr)ppterfor-

Ilil!Itic' illh[)'o\c('.s i ti w illIl 
 " (df Inis iiitt'lics h)(t\,,i c soils(b'1)S lilth 

(iiiiiinislQs, ;111(1 soil clissiflt tiiumcliles its us 
 r's t(o lti il)atc Ilis-

Ilatclics soithat (il li hIl(ui;SIlls ( :m bc inslitult(l tlliitl, soil mal l­ictiv 


agl'iit'n. V,hilh two liailliuittihit i (lissifi'atimill mnust dif[i'r illone
 
of 1101m'(l;ir;i 'elristits, soils th;It (li1fi'r in classjfiiuittWil can ls()I
possess

t' Iti. I
nianv 'L (h tz Iii~ It s Ctllinun()nil]Jlv (dlth1;1ractr istics 
iliolig soills hilt(lifh1 ill (Ildissil(atl i (lthat ('O ll)lls (1(l to lit''fllll
 
alike fow (i).hlai iiscs. 'lith situtuioui is i]lustr;atd ill tdc -hlnlnl'k Soils
 
Prl'cjt silts wl1(., Il)1)U ((ir1il\si, tie s()ils wt lattr shiowtn 
 to 
dIffer i-i CLassifition fitot~ ,)lt they Wtelt' 0iigii;ill\ tlwlcnlt tuI)b'. 
Small thif 1'( ill soil t('lI )(ltril ,l ms,se s iuratioj, nlin l.;ilogy, and
 
orgluit MiltterYont('lit, aid strict itlicrl(en to thw 
 liUJts of soil (lassifi­caltion ret' hll illllw flultl
d'assililc'tliell. A Illcall aiull]l soil t ilnlpe'la-

Ill 'tire of (h lt i't(viitgtl-;liti( mi I lilaSi' Sdtlt l thiift''iir'n(, of o in r'!'­e 

cent was sufficitehi ll00c ltcll~iill situations to (clialigc 
the soil laxa.
 
Thus, die( splre of trIlist'ruibility (ofuigrotcilnology is no restrictd to(
 
siilar-n lIiekinds of soils t ) iliv soils tiatIm)
)uit 0ss(ss ia t'oiillni set
 
of charatcertis(Ic tht fil ills ('ilt lil'lllci ­(ech ,ill 
tioo. This illiplies that if tii' splihles of' ugroteilint)ilogy trllsft' is to I)c
enllrgcdl, infoIitlitim on th ilC( 'ileliItsof e'C;h trinsficr;ii( tchiiil­
ogy must be( do<culllt('il il(l( Ilt(l1' 

ltsof elit )lo (i('s 

avutilal)l' In illc ;1l)5nlc:e of such 
infima'nltion, agrotcclinlh igy truisftri Inust ficc.ssati'il, be ilite(d to 
simnilarly naned kinds ofsoils. 

The Network in Perspective 

Three l)lnld soils of til'tropics representing (1) "ioist and cool," (2) 
"dry and -arm," and (3) "noist and warnm" agroenvirimililints and 
having Ilie potential to h t)roductive under apl)ropriate managemnent 
practices were selected to filfill the general objective of the Benchmark 
Soils Projcct. These soils were (1) tle thixotripic, isotheiinic faumily of 
Hydric Dystrandepts, (2) the clayey, kaolinitic, isohyperthern ic fain ily 
of' Tropeptic Eutrustox, and (3) the clayey, kaolinitic, isohyperthernuic 
family of Typic l'aleudults, respectively. A total of' 14 soil profiles repre­

http:chll;u(r.is
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senting 24 sit.es (9 I)vstrandlpts, l Flutrustux, and 7 Pacuduhs) were 
ulletitl and (cmilpiied hvb lie Beliiiiiiik Soils Prjtct w establish die 

thri,' smil flluiilv notw rks. () die 2.1 sitres, three of tII'Il)ysr;u itlepts 
ani(l ()illi, i l1 iletihlils w i ilter a seitiit i silt' ihct k.evtItlissilit.l 
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-=-0.40
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-0.85 

-1-.5-0.40 0 +0.40 +0.85 +1 
Phosphorus (coded value) 

1F~ig. 1. TllitI m41lhIIillmi 44daIppJicd l 1 14Y)14llsl411 4~~icl 

s4 11( fi0411 -0l.81( +0l.85. 

hvlw a InMildt (1 1 ,1(5l c~ I ). addI~itio trIliil wc1:4VII ll ill(e(Iiti~l c alli (-Xpe(I­

tio trhatoec ivi 1(lliil i 1idu jitWw N Ii bu41t nISceSSil(1 blank! app!lri 
c()Itotll f 1Iotsi'.m (lIVtI and 14) j),l(. 111 a( icd lilit l(hI p Io lillcl rllia-

Ilalniies, raw ,C lbut1 t~l 1(ll. of, P h - halI4ll lllol il5c lIII 111I',1 l(orilig 

,lNVCI'C iils1t (o) provj~id ilnformalt ion (1OH I thcSJ)Isps to N 110wito ), 
anod 1) Nviio(I tN, a~s xvell ;is lo Ile l1(-issionl of ill( laickI f'etlizej, 

Fcirtilization Rates and Application 

ol.Detailed jpr44e0(1111s 141 l-1(1aciagellwlt ofO the llSfer CX perihoeuls, 
iticludiooj brt ili.u 1111)1, p11011iog, ilti1gation p)est con(ltrl( etc., areC de-
Scribed ill hl(- procedurles 1011(1 gUidelnes 1)OlbhiSi(Cl i' (1he Pr'ojeCt SMtl 
(lien-chinark Soils Project Stalf, 19812). 

Nito.o', rates. T1hC ac(t u~lui lees (1' N appli1 ell wer~e clclated from thet 
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Table I. -c IcvIS (f trcattncilt 

combinations for P x N Itranisfer cxpcmluntI. 

To IIIclItII Pl'h pi.l-tr s NitrI .IcnI 

- 5 -.8" 
8 -Ai8.5
 

-. 81)-.8+:.1V - .85V 

I) + 85 +85 
F -.. 1 -. I 
S-..0 +.410 

(;+..I) -.IO)
 

,j () ()
 
K -. 5 (1,) 

I -", 
WN + 5 

() .cr) ( (I~ lh'l. (11111(d) /CIO) 

I) /c) ((l) l I) l ( ( 1t1()l) C41) 

Not. \II t11,t44?d , -) lIU.,414141)4 II liii 41 '44 
l]t k,. tltpph(* ,tj k, Idhit, ih. i m me) , 

c't) dh'€l l cts bV VII -- I.) an tl h.ttlilo. , lit- ht,, (AI;t l-5 kg,/ha u + I1.00)h'x't' at 

2))0 kg/ba. h ilit i 15 N/iri t 5I;()I c'(y)\\as hci)\4 (l lii nth k, ;it IaI 

.,i't rt11ul (h I Ii) b
gi v(1 v,'c)t +il mllt i ) ,+,itl /, v() N . AIso), iis thc 22 ;) 

kg/ha ni ti alplw;ircl td h1w Ii),i'.Iiilititl \il' 4) iii;i/c iII It' trlils, H 
(l i ll t\\;is scl, .dh'c s ily r 1111111 (d til('l. t t1( spil(rt. Tlc( md)h' ()h-v('l is 

tli(, Il ldl rim) ()f N al(l I., o n)t ;I,t, ) -- I ')/ 2 () .5 kr N/ia. 

,Stil(- tii 1)\,(st N h(- 'l i, Lh ti'rl o)2.5, i tu;ils. 17) is ;4 I(n whicih q 
I 7.")l.:.g N /hia. thic tmidhd (' ric(,t< N . T hc ic't (r IrI';H llitt: are' 

(oold tchv Cah'ulatio kv, N/ha 

+.85 +).5(-.r =A 8h7. 811 
-i-i{l 't..4()( .h -) 1753 = I' 

-.. I) I() - 7(1<).- -. 111 ) I I, 
-.) .) I( 7.;a ­

'Il(.rcfIo'c, thte livc N i1'at; ints ie 18. I1.., 107, 70, anil 29 kg/la. 
Tht same ratt's ,d N ,,'.) itI't ;t ill sites ill i threc soild fniilv net­
w(or ks. 

]hl,+ o s latr,'. A'(t alilli tt'+;t(1 (.II 1 ' itlI )ldi( Ias I-tt It,,,It'lltI Vs ,+tclr , (cs 

c.St ; I)IishIv ;IfIt I-I.,I It.( I1-((It,d lI ut()g ' i(.iiI fl I. I) \,,;r+(h trt .1 til(I f'n ,tIIt th( 

i'xp ilii ti l luek I l< liit s)il s;lIlpIi hs. All ;[itcrinatw i,,tl od \\'its 

1) l )(h\'v hl~j)itl Ii) ttlet',eiiui stil (c," li,'))l lis il().( mitll 1itc (ils rp­
Hi)m pr( i((hrt ()I,Foix antd K;,pttlth (1070). This iltli)d was initially 
uli;d to lil( iiM ..ri stil 1) i d w;is tIh basis low sttilling tlc I) i( ret nictts of, 
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sill-c I V 1t utit)ii r ltil 
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silais Itud g t P tl\t\tat SSllr t)s ltt it
byt hc l n ,;t t iV ;illt r t­

c tt il ' i l ,s 1l", t il tl llttl air r1 1 I!+Ima .(nl15 Ill.gj/ 

citaI lijlI wtil ( qti 1 lil is'((. l i/tl Ill Uc - sicte-.2)--!()cX11.;( im;it'h \t.h u~~ i T S iln l rrebcd tIdsmll '\lhti+i tllq (Nt'IIt'tll. I)rfatlt )ill(.'

Zlttmditic ;I tt llwt>,td
i lci.l h mt,.-+t ill A p,,,ld] .Fitl]T rt r'..+im isthtIt< t ipl+
 
bcxtr\t IlIt-t'Ip
1c I;tIitldtl i t lil
sdc<, wd~I)\.qt":ilttcxt;lt'm ht c ltad 

.Yts\%n-tIlc ilu< ' t~h",l;I t iw , ill .\] ipf,is t I S".. ttl( hl.(d I 'i11
 
SQRT'l , sdt[")
x','t iltiit 
 l w"cx\ t, t
1,-u t ' lIl:,ll-t'hi di<'t + l a lt' pptit'ltl)­

(ioli~~~~~ Ir111'~ il 1) 1+,, .)+ ] 1( ) i1' (i Ihi \ 

+
N. 1,111(i(.th ,lifi,!" (I <,+m I tlt uti€~~P . ]t 1( .xtO tl dt. IctcljlU ).tts wtt 

]'ll'sI t t"-I'l t
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Y = -_!<I t+ 821 -S >I\"'I( X:) 

Tlh '( wit A'It'\'t' + X(ll2' ppn+l I,i suhsl"il :tt". liI and< tht' c'ultliton
 
s()Ihtvd hm it , ,h, 204 
g q his ;.. --I .M )N]tV', \\hih' thl(-lI+ ilw, -1.0)

]t",'t'(). 'l'h k lt.,1 iis, ,lli ,,,iiiithlit is'20 1'/2, wvhichmh-d ()1<,1 11Ic",'cI 

m+ 10 g h K il. ~ . .. .........s .......Am a
 

- Il 1 (--4-85:1 4 i _, 189,
 
illt 10)2H ill) 1(12 1 13t 

.111 1 )2(- W )i-1M 2 = Ill 
•85 1+(12"-,+'8 4 1012 = I
 

"''L t' ' ,it airt 
soil. Thlc atual alllmlits ()1 1) .pplditd ;t a(julsttd t-~ ilht-

ore., ilc fivc, P1 -crt'llt'l 189l. 1,-13, 102 (1!, ;ill( 15 /.+g1/,g 
bulk dens't.ity

of"thc'so+il ;itihlc sill., \vhich is 0).7 g/lin'i U sit,+..at thI _( -R Shincc thl(. 
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appl1Iittim i I 11a3I 133 (133-3()) 15 3(3II dilt factor to~ co(rivurt 1/olI, Pg 
to kg P/hia is 1.0.5 kO,7 x 15). lhcil-ti a13381 t (d pple(1) )jJ3lo1(31Il 
fivv Q1 arc33rcatnc3( 

Cooled evi kg P/ha 

1071 

Ali th iulUV Icil/auA'c / n/bv/ow'3 33c358(333 .333 33itr i ti blanket 

applic 3I3tion3331(331 :\3 d331I ,111 y, IP,3S It3(33 i,.Ii( [1 131(('.Slfr ( ( ( 

81)1 li('3333331(d 3 'l 11
3t 3CH'l33TllcI 3'1134c (11,333133'13 t111(31 .53333333 )f 

ma;3tria3ls itsed .333 ' i\'l TIII 2. >33311313 ;ipp n 

wX icr.(3') (Il\ I33l(31 Is a\'iI)1('bl pr~ d 33133 S. 

an n 313 (S) \\'~3s i III; 38'l 

3'13SI3;3 to3 j338 

;,1)/)/i33/i33 o/ 10h-i Njj,,>3Ir33gvI I \\*;35 aplicdla its~ wh'13 1)I was 

ilig ;!11(I 031 l 13 Io (d 15(illI) 33 3 s533)1'I'l(13 3 .N 3v.35 

(13'355((I mic3-Il3ird at310) JaN'S .31 33'wc333t3'3o_.31t c.33 3333-lh('31 at (;ts55cIi1)g. 

i I( '~ m .inling si((-

K 100(-2001 K( :1 

X T."10-I 50 N1,,S( 1,71 11,( 
Zoo3 .5 /(3>3 )o 1l.,() 

B3 N;t3,IIJ .5t11) 
S I() S 

Crop and Plot Management 

1131 CNJ)CFI13333'3318 .33Ir; was ('IC(1l b\ hand1( (33 1338t13inct ill 53)333 ca3ses 
1gl asses firt wl'~Y~ T1)lc arci3 wa1s theli plowedlst \ith g4jlpimsaw. 

and3(p)13)I \Vt''1 Ill3cach rot'1(131' 11331 doks (i31), randol(33i/3'(la3id(ou di ()om­

J)I(1( 1)1()(-k (icsign. P~ilots 33333 cithc3 )b 6i )3-3 by 8)1113,dcpc1)3313 hu l on3 

Ow33total3 a3(8 a3vailabIle. 

'113 ('ro/). Mal~ize (/3(1 mlap3 I . ) \\'it 333s 135 d13333(lI c teI tI3)p il all 



.... Rlam 'tl /I , lldlodloho, , , 

sites to )rt'ilte iltt flt tIt, fist o l tIiiin isiiiilitv. NliizA has ti l t i ill­
tage of' l)cit ;I sliit-tWti m(p (11,1 is 'latit Ivh' casy to lllailtele,, i;is 
gtol disc asct ti , 1 wioll ll it lit's iir clt is 4t ta )a cst s.11sitlivt 

cit \ily lii iilc+i,i , liiit- l l. \,ichhi 5 ',il5 t.t tit s h ItItl it wi l i tli i­

fitUl n fillditiai i i i"s ;li ilit,,i \\yi \\(t t I t to all'dii lltit s 
tii ti ttiltli ill ilt' in t i , it \.is dc'tihs it lt: tillc "liil't aitwal d" 
•.,ict t iii tiptlh cmiilli lv. In titlst \ Owlu c ' lr l tottill (dOt's 

famlit lit i tiall t t W' c ild lw liti t- v NI i l; iy tii
\ailft,,. lwt "hct'st <mlatic( +

"l \ arity 
b" ia wti'tll-iiiistt,,d%;vi tllte \rm-l'+ y t'(wv Znllt-llitt 5)V 

tlit'hi tl l ' stt Ii its rii s i thittl li . 'It ic ;liz ti rli tit'S illi­tizilly iailttc(I ill d wlt tI'alls+'t t~ l l+ rl"'in w i'ltS (t ti w rcc slll''il fatlul]V lIw t" 
\''W ks ;irt' stmltinair izc in Appcmt i i\ F". 

"I thi d( vi s (',tli It()um' tclft' " tsl ma q al it y I i tl sit' il \'y lia i,. 

I) at't ill iIt i I t/ t 51\illiiii t'i.tl ifI I t lt il t ii tcis lti t la( it hi abust 

< I) tajt'll i t I Wil Il i t it'iI t,': It ;t if it iri; (itl[ I' t tIfi i . ts'l)t ' tlit rii 
etr i11 llih ,I ais v s('11aii if) ;ii tilll i l . alit tlsp ( v.1lifl( . tli, t,\' i t\it's In, atlp licdt N mid~iP' jcrnili ,r ,i;t,+ x, ; >,.;tc.i 

Piit?4 ta l 'l.ri t' thrit\. i \it\ ';( il( , \Ili( t ,lli l iti\it'tvt wla in i t­
u iht' i r t,l litt 1 lit'llil i wldl
I ,, t, s i i st ) t ilitlls iii
 
th< lb t >ilt(tws lill i*1it't\\'i A t I~lri i il., i l
\\;Is id l 1i1cti l l' ! ] i il~l t, 

Il\.tVO it I )\..l,.+i"hjd~ 011A. I .. ttlyinnin ill PI ~lI . It vvils .swtl?..tplibir~t nt
 
thm\ ry\ iliildct\ tdis,,,is+ (]$ + .,Ds +: : 'l;pp. 
 ) M\lid.l i + lp <.it-val lit ill tihr
 
Tlytpit Pl ~ t]it1t t 'iws' mtidl 
 hlttd it, hrc lr!'[! (! \\ ith dii. I'll llfjcitltc Inlal­
laxl.\.
il laiii t't i i IJ('lttlt' ha ill hii ' i v ll titiiil., <li';iis',i li i wi .t !'iiieant.trd 111ili,,mm]. FA].\ llilitsi. w.rl-t, Iplatmit, ill 1)(111tll h (, \ti andi~
 
driy scasiSil (d t';l li \carl tol i st'S 
 (ht i \ c dit'l t'itial (d" i' w St lScall.'+,
 
wh it 1t g'c i',;il
a ll l \ iihit i hc, Il i 1nilhs o)1'N Ltir(If-,%I \, andi( N ttv ii ct+­

ilim it in gi,1it( lilt-.
 
N'laizc' sctrdl \wctl't llr'cit' with ( ;a;ti ll t 
 midit Mh<ire di'l y\ tildcw\ 

(A -10'1Ot.ltie'-lJotSI jo : sptil. l octctulil-cd(, ,ti'ls \.t'lrt als()t itrtcaltr \\ id) Illc'~llaxVI 
]bt'ornt laililing. Tlht' I,61ti. row\\s in ca 11tt]plwl w\'trtc Spai T -).([t a partil' ,

andit St'\'(S '+\'crct plaiilm-dt by handit in hills+2:; (-fi apartll \\ithiin rows. 
 'lk\'o tcr 
three't s-;'tcd,- \wtr< iv lil I 5 u)lhl ."-T in dlT~t inl tnwh hill. \\' t si .l l~iin 
trct' ll l ltl.j (k1i, t, 1) Iliad fimtil 1t111.--11ii irt,+cd h'a\t' , (Iht' wcrcl't thinlli('d
nt) ()It(- pctrl flill. T1is u'i( atpo) ()l i onit()I ali ltlt 58,00)0)( planl ts<lpcr licc(­

]r++C'aU.. il Ihtlc ltt( livu( of1 tht, frlilicr~l c+.pcrifllcii I wats to pri'o­
r il t .vidhe yictdl dat(lali ht l ril(tt( wd N, i 1) v wll as, loca+l so)il andl(and ts 

tcliniatic( 'onlditilm. . if \\ a ll c(l c"'Sall' n() miii tilll all ()lhe'r nli-tcXipte i­
111iltlli I'ai(loris. atl adcqatc(~ t o)" iilia -opt~illitillil €(o lli i i ls. °'t'l 'tl ()l't, h'ri­
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HljarjJ he xptlt ri .nit-tS.T 
 was hllttitit, e'd ,ild,-phys\iological ,Ratiritv
had betjt n yeaIltd i s indi t I1> (itt (i it itItt t h I IioSittl' la ir.T ltuih -

iejsr row on lahsi h1 cittah phot"tI
S it it vt. With t i w e s-n r
lordeIlrona Wttt l hiiitl i '.tt ilr a d i . th ( 1d lt ltills(tasselin illt 
t iIdlet two F,,s wtr l arw~ight+ W,,IN~tl"t+m.() .(l c(l, ,ad+Ht .i n1111u111itui VtclA\ {ttal ol 31),:tl rt ''tU( hl\crc fl'ii ,it tir t'l'),| {HR. 3+b)v
 

6 ni T 81a it 2 tlsItnt s rm, tHR. 3 bl,8 t oinotsi
 
p~t' :; t I8 or\+"":','ttd at ) lots ajnl HR. 3 


Ais;trlserlo(tts, Jo t'ars fi'o~tlwas'r c' t ' itoran(iull fri- I)\. 8,,'cach plot andl (tak'cn to) 

p tit la)' 
t,i" \trIl Soilslld Proca tu~th, hu19r8i2lh().ig,ds l,ilt tcMa()lntgc nll
t, dt 100 ks'll('Is ( rintid. A anqp]<, gntil]\V(i(

tai ii also t i-(hCiuli Ii t llha tls ils.i'si te (lorstalks (.stovte r)wi s sl"it od at rislol ciiipoi [ctp , deitt .stel,] tak'naand 

IMn .mmplm*1,. \\hR'l 
50( pciirtcm silking had€ be)t'a{taim'( c r-c' 

illIIa+s \%crc" t ) it il 'trijis ( plu. "ix.lte e'leaours e f-lo)jt(iuvll
itdi rvcslwteights w'etrf.roew lroadctlu'rillitird(and{ {dit"a;llph, 
t t)()il(W ta\',.w>, p)(tii f)lo I trh ,< it.(dand gr', ('r( ,t( and ( -\und , and~ 

+hilplpcd to,I [la,.ai+lot' ('htclllital atlily",sis-,

,%//+amp/in# S()il s tilph, (0)-l:5 (t111) wc'rc'tcllcuwd,( prio)r to planting
to)at+, tlc Inu it nt stattus (df(th' , il s,,o
t.,+ that adCh(l tI( nt11triCHt C()Uldbetsupptlic, I ()thc' ( top 
 OhR. (d)fandI also to((ef, l(l e~t ratw Illtat sho)uldlbe(ap)lil.I Pos)ldlarvc.t soil satllt.c wc'rc atlso( o(lh'tttcf, c)'ol ac(h p)lot


to)as| cs .% 
 m'ilrlicol(l' 1'c'lla~illifi l, r op]')ping 
l. to)11(ight coresI , 0)­15 (.11 (h1tcl), u ( o()lhc( 
e( 

w( 11-(il t' h lothl ind (ol)o().d fo~r chemn ic-alanatlysis< ". 1)'stattt's of lotsl+ 
ct


w...s
tl+(,d to 
 v()a'liLh tIlt, ill1) law s,:-c'Xlpcrir.R-w s whurct rtjilual and Irapll[c P mnadc(1 1) tHR' P lI
 t lt.
Sotil sallp ,cswt'rc shippttd tfI Lm 
rcil 

wadi liar
clhcilltcal anal~lysi.;j
D:+/:a od/h'i/ion and/ ,.Piwi/,hui(l da~ta,l og 
 dt ()1'.5()petrcent,
vinutrgctnuct
dawir , : pcfi()i)-cli~t tassctlill, , (lat( , p'Ihyvi(ohgi(c Inai+ll­,ily welir. rt(}~,iili 'lttIplt, ,aswast p;lnt hteight aitfo~ur wt'tks+afte'tr.5)0
perucetnt tcntt'r, t'nlt, atnd al'tcr I()Off)percent tasse'ling, Pet. , insec'(t, and(dlisc'ast dalage; wcn. ratitrd,and rtc(()rihd al 5f()pivel+(t ssl
' ing. Plo(t0)lJSc'rVati+)n; wu'rc kcpit inl
a \wtcckly lo) andl data r<c'cn I ()i
s.p cially­lpreplared l(a;slhctst.
l"onns fo~r lai ng'+ tst+,,
u w'.orksl.;heva;Iluaio[n J(1,1r­lials, tf('1ddhafa .slic't+. and we'Itler (dala sh('tets \\ctl'tprepiaret

rt d and artvs n ' l
Ipe cii c i Rlimarlllk So)ils Pr(!jcct: Sta~l'l'( 1981+2). 

Management Experf~ients 

M~anagemewnt e.xFeriment 
s wel-(: also Car'ried( outt aIttile prilliary sites tostudy agrollni( Fprolemuzs of'hlocal importance+and to develop Inanage'-Ilitl p~lt(ctic.,c,fiw" local til'lltl'S Wit illlitt~d rT~souITC(S. The ob jfftivCSof'the mnanagemetnt e xpetriments we~re to)tpr+vidt, information to local 
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government agencies oil ways toincrease productioni by improving the 

availability and utilization of,"rcsoutrccs, and to prowide basic infbr1ia­

tiol to local tilarniers vwith limited resourcs for improv'ing crop yields at 

different levcls of, imllageitll't. Ii. iwriil-ti 101 gaied fr1o1 these exl)cri-
Im 1ts sliould tvcittlally lili to ,ldetermination of' the most economic 

and clficicilt lgicultural )rtcticts for a couttr, and provide inforiita­
for'stubscqucnit so)il interprletation and land capazbility classification.tio)ll 


The niiliaglllclit expwrililits rcflctetd thc widte array of transfe,:­

abhl informaitioln that tl prljct generated. 'lht'v included test.r to 

iet'rilii' the liulitig t)tricits illtsoIl, the cffects ofdrgaulic ma ntaulire, 

tll J cul l)illts, tlo( residual cffeCts of p)hos)horus, phospl)o­sacilng (f 
irllslaccili'lit, rcSpl)h1sc toill'MIS sourtcs of,phosp)horus fIerilizer, and 
coillmrisotl of soil I lily rlloppiag systelils. I'lhecse experiltnil s not only 

had iiilnediate imopact lot tie iol-ctlltrV ylll:ll Ifarucr, who readily 

.lioph)ted 51c1 0f the results, iut alls)) carried ilipalct fI] silill farlers 
ol similar s,ollsothic'r I I opclu 

Ill cotllll~ilstl 1() Ililt 1 llil -lt'l(ptiawl nts]( age­
liv'ill" Ill cmintri 's.
 

, the dc'sign of'the. Inl 

111lit ('Xll'i)C,11its w;IS llxiltc', 'lhming Ow Bl,c'hilark Soils Pro<Jec t to 

rspoid lo,1 ),u'titif)il', -t lntry lriolitis. hlie philoso)hy of the inan­
itt'l t.'cix t'illt.,Its xas dIt.ve c',d ;itthll fi. q ., nnu~al t.oordinatiOll 

tlucct.tilgt(d rt [( )illftht.UIlli\'cl sitic.s (d' Ilawatii and Pu Rioll< 1976. Dectails 

olt'tIltemllia~ gtelltcillt wc~rc by'cach p~articipatingcxp)ri111clts tt't~' 

hloc'wvcrl, tilt.c
c'ouli+tl'w; genrllr] ,grolionlic p~ractice~s 1locwcd weret silmi­

lar tothost r ilt' tsfti 'Xl)eriueits.describeld fll tr 
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.A roitcchIgy ittiis s (l-inih .ahl\ U t (19 8 1) as h(littkiuig ()tIIIintii i'(. i 
ln rht culturl iiik vati mtiatht'll tfitti whmi lik)I h' 

tao icc'cd. l"miOwi d ft'luf Int s (d thc Bc' ltlrl(I k ivi ls i ­

cct ag ric al 1tH+ m itti4ll" ;ItI fitgtul I,, M)tl packag, 

s litill l( plhtl ts att i iN ttit I 0 1 lc (hIk tP) 1littlg, itiII1gItit ezp',',a-

,I, ' . . ," t:l +li ic mi lll t l (ltitt m c+,. 

tlm lI(d Ili r twspn~mm,- l lt I m \\! it I, IM t u -tk 

"T5iin .," t a , a lc'lh
 

it -;mt w +.;tttnt- hw clll ull 

Canl pt ofr Igoehnlg<,Iv t m Ix :.,()f " .,toC-TrIse MoIng lcc ti lkStil ] ri'(is[I ;tt101tht1 ttlt ,,h tII(.+ll 111t111',y. 

(jIs" is 1itat't ldltiiiuistit ( cis (h1itt-i- ilt\[(It Si ki tS c(ItclttI, 

(listiuti ,n '.I thait tv." li c t I o Id"l i. tt tii lo ;,I\(,tit tultIc 

Concepts of Agrotchlihielgy Transfer M odSling 

Ilr t l and an accai al dtI.;1id sltschmak Soiilsg eti tistiy 

t h still T hilthsevelfr tvcinglnlt-v \as tc pr ceal irleditive ilSoil 
w cs so~ld cliviroltn)(Illt al 

pt-oplertic~s ;a++stmClawtd \\1hh pillit gl-vt (id 
'"Imx o lliv, ich c;I.t'l lli 'ttt.. sch'utcd ;111(1 

,,', sh il ,dh+,v trillist'tlragrl­

cultural re'scarch to bctstmccssftillv,ttiiiillzc.(I. That is, smils btchm(ging 
(1C itT I lli(lonl1 Inl I [iit (11W ([heiiiiiia dg siltS. te 

as ttrto anc stisateil fitily shlml havrfppliedresponsesiiilar viodi 

ag)crlm'chnol4y. for' ~fvt~v Iy. tliyathtuiettltdevelpe i'p¢ttiiltitt evallitSi 
Tlhe Blitchimark Solils Pr()i'cct, tlrm itgh ;i nlct\,or~k (dhltwetattdi t'xpcr­

iclit'It.+(he tropihCs, wNa;s ,'I'hlclish.c AT'l tl,.'
ill ;I +rtto )bd)]c(t and 

quantitative c~lt lmlstra:ttc tr'atlslo-cticc ofImnalizt I'e'S]Illt'iscI( pplh'd 

F, )ptu -rtS;and n1itrog<c' .B:,t'.ilscI 'd1c. icnititioln m>n;tgl'Ot'lIl­ht l() tt CX~wl~tt 

V\1,0111litts dr'titled by'soil famittlies, cropl tl/Isp()'s at ImlicXpo.-rh-11tttclua 

et l Ill fi-m il,, .atrallstl.1lt111cnits tht' sitilc st)ill call bc predi'cd froil 

Illddl with Onlh, millinlt kl(Nmvlcdgc of+ tile sitc~s.it('",,' (Tlhe tcrtnis 

agroc n - llts, c..livrmiltctlts, and sites ;it-(olI.Iit' uscd 11ntcfnhattgeably). 

%,Vc'rkshopparticipatnts aitthe tille of"flh proJtct'.s Inception+ Coln­

chtde.d that nettlil. atcritcrioll liol atdi ,ianalytic lcthiodology was silf­

th~iClltly'devchOpCd for' (Itt;1titiltil~VC CVidh-littitng Soil ixontotxly aT"' as 

te'chnology transfer vehicle. Ali intc~gral part of, tile lBenchmnark Soils 

F'roject vwas fot'mu111ltilig and te.sting all accelptable validation statistic, 

With all associated probability level, for e.valluating the predictive ability 

of an estimated'¢ Crop response. transfer modetl. 
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T'( T1 iltr~I' t Il mt c I l. hlit h f¢. h ,h litl lid I'7'r3, 't-¢h 

It'S ll ~l' I t.c , ,lllilt' i 1-13131'.j\' J(1'1v. 1l
I('\ \Jl'l ilIllt'I ll cl.Silt 
I'll iiS '1, I ilI (' 1i l' I 11 111I1.3,113'lIt,iI:itH I'i lllldl 11 I h t l(( tl 

fi lli, q' ill j 31i)iil' . III l(t ' l mh Silt's i Ili l l I ,ltn 

il lIhII>13lH 11133,1' 1(' 31 I '; l!(l €33I(so l. I3\313311' I l'3 lIqllhli. lilt I I' I ilI Z] t!l\'i 

FAlNPtT RSil DvA .I PREilDlICTI 

I l111 fi11311,111ul 1 11' ll m li [h"l c 'fil . ( h p ril cila l.i
fali ;h il It'll . rill ll. l d.1H 
 (111 111L I\\lh I(, i IilI.> 11t1i<. I Ii _ 
lilll\~~ ~ ~~ ~ilii~I~ -~i Ihir~lI I I),~I~ihIlIlliiIIlt . lJ~~.I 

iVSI M 1il l ( il1, Ii I i . i i ,, l l h .- i~ i tl i ti I~l! I -i cII I im -i' ;Ill' sliti 
' l I() ll l h l t €\ , l i .\ I1,t I)\ ll,(1, <lt, i -ld I c.sp )i.m"+Im . i"l ic 

t I (."l. Iii u' vil I di . 1i 1ill ' I I II I IV I ;~I(appiedI t'.rllirlli.i I 11h1 i . lit l i(.\\,I­t Il Eei mentalll ,tio T ransfer:, new' siits1cilh i I \ll Ii t,l Ill I, I 
,itl )1.1 1 i t,.I iIt ' at i ih I(l.t, i, ll,, i ,I l l t, i;l lllstl, 1 ld l il-cd c dI, . 

it),\ ak vi tAdi Ic "p , lt ,imiII ll, !i - llI( ls<lII( I)(.\ c Isl l lt lit, V ' II,vC,IlIIil Ih 

vIl d hctii !c . ill c \%I -il h Vi l." - i ,()%I.:, ic ' lliill iill ,ilIli c.p-IJ s 
at( model evei enai n In 

CONSTANTS
 
(soil. climate) 

CONTROLLED 
YIELDRESPONSE 

FACTORS INPUTS ,kDATA- PREDICTIONS(applied fertilizers) Experimentation Transfer at new sites 
at mod el (no experimentation) 

specific sites 

UNCONTROLLED
 
FACTORS
 
(weather)
 

(past management) 

Fig. 1. S hcm't6(i tbIMinlation of ;it rii ti-i , l"(1l 161. l-rldicihg cropl y'ield
Ictsi i slcth )i i p til lit( (m S. 



Developmew (f Tanlfer FI ablati(m -17 

Thc tl,;Illsl,(,[. Illodd ill( rcilsus ill collipNixily ;is dw design is 
cillarg(id of it', tolconlrollrd Lit Iors illfluclicing yicld rcspolvw ;If.(. 
Ilicastircd and indildcd ill illc liallsicl. 

Tilt. pi-cillim. (d (his trall'.4cr mmit], Own, i.,, Illv lion oI' how 
lotich illcrcasc ill virld ( oi Im. wd II-I)m Oic appli( 16011 (d ;I Iccli­
nol().p. ;11a "i(c NdICIC Ill( w( 111whip. 11;1,, l1w hccli applicd. Thus, ilgro­
W(hII(d()gy 11;tIl"It.l. , mi hc 6 \\vd as fit(' (-XII-aliola(ioll of' it n-spolist.­
illpilt I-clatimiship, r"filli tIt-d Irmo klimNli cXpcl-i1IIcll(;d situations to 
(011cl siloilar ( (,ndi(iolli'. 

lcspmisc,, ill(. 1)1(.(Ii( wd hil Illc lw\ (11c plvdictive
V(cl -icld c."tilliatc-d owdcl foll,,1 Onc will, ii)Ahilil\ )I (lit, hr 

vV;duIw thc 1(1 omcv (d Ilw (ritw-dcl pIcdl( ti(,w, k I() loc;lSol 
\,ic](I lcspmlm. ;11flic ll('\\ silr, mid (() (:)IIIpIw (lit-ill I()(It(- limisirl. Ill'(-­
diction, alld it) ',iw- pc( if-[( plrdi (ii'll" Imm'd m, ;m.llv., k of' (If(- vields 
l1w;l"lord ;If (he ]I(.\% ilc. 

In [hc Bum hillark )()Ik 1% Ilw! hodol()gy, (-it( 11 
Cxpcl illicillill "I[(. [hr I(dc (d it ll(.\\ ilc. Alic !1.;l!l iel Illodci is
 
(.."filllillrd 1(l thr iil( In jol Ow tkil.l (11111c w hru ,itr,, ;111(1 yicl(I
 
It-Spollm. i , pwdi( wd. With it [(,I'll : 'I ' ry"I ilociltal iw',, a sysicillatic
 
sclic." (11,( '11(uhtimi" i , (lic potlic."is.
 
,I'll(, owtlwdtdm Iw Ow ylitilmillic lralvdcl (.\;Iltl:tlioIl i" pic"clitcd ill 
Ow illl, mitlioc. 

I :;I]( ulitir it silc-spr( ifi( picdi( lion cquitt ion ]()I c;i( It (d Ili(, k sites 
1) f, cd (1111% Ow \ ic1d dalit 1141111 dillcivill plots ill that sitc. 'I'llc dif),rr­()If 
(111(( .11 Ici-,N(-cTl fit(- "llu-sp ( il-l( plcdi( wd -iclds mid HIc ;I( mal N-it-lds mv 
11Allcd 11,-,pct Ilt If-winflA Vo imi" !,woii, (d lion cqualions, im Illd­
ing cpoliciltial" mid pjl ilollli lls. (iol hu usud 11) yidd rcsponsc
 
to colltrollcd lit( 11,1's.
 

LIcillil'y Illc Lrlirlitl Ilimm. (d 'Ind sclc( I Illu brst-sllitcd 
loodcl. Tilt- sillipit.."t Il;oldcr 111(drl olit"Ill im Ill(](- flic Sallic (olopo­
11(ifili, ill (If(. sitc-spr( ifi( p1rdi( (ioll cqll llil)ll ohlic firsl Swp, \lot-(. (om­
pIcX trillisfcl. modck (;Ill im orpol,;Itr om mitrollcd fitt. for information. 

3. F.Stilluitc [hc p;1lilloc(cls of fill- wd (lillisk.l. Inodcl for cach set 
or(k - I ) shus. 

11. PFCdict yidds I'm. (-,1(11plo( al ()fit- siw usilig Ow liallsicl Illodel esti­
matud ill S(cp 3 from tilt- (hla of ill(- oilicr ( k - I ) Si(c.s. Thc dillcl-clices 
b(im-ccil illc tralist ,cr 1)1(-(Ii( wd yidds alid Ow ilumal yiclds ;it-(. called 
tritlisicr rcsidu;l1S ilod 'w ( :11( tll;l((.(] widl (.;I( If sitc ill turn assuilling Illc 
roll. ol'a licw sitc. 

5. Compan. fit(- triols1c). Icsiduals with Ill( --sp-cific I-csiduals fir 
caull sitc. 11,01c two I-t-siduals ilre illc saill". if) Illagilitudc, \vc havc c.vi­
dCIICC (dS LICCCSS I'll I lot- lit(' WC11110logy. 

Tllc 1,611mving shows Ilow trallsf .cr of' ()It(- colitrollcd input I'actol. is 
developed. Evaluation of' Icclillology ( rallsi'vi- lot- both applied phospilo­
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ruIs (P)) andi~ appita nitrotul (N) Will itt piiusciiid i.Ilcr Fm tacl Sit(
(i i s a suibscript iiihi.\ for (liltslt) IIIr sits~ III( pjntiill catqiUt 

mi*, P =vd Is(-ll( P-i-itr =1 

yield, bil I ll I P'll ll i l.i sIlc (IISt I I cllillaitt oS (lit Stjra i _II~tttf­

tim'pll.-r Iv rd ;~l p le ) , 2 ,(~ Il ,q a ra l.r s o 

(an idst. III( ,-(Ir ; ~ Ic o I c ] .IIlll ll) l e w c i y d n 

applicd~~suli Pim i i(mdk sdi 
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)iP id l 'I( l hl~ (li.t .1.11 

llia l ic'sIm nw.w , Ilic 'll;l~tlt(r ' inc 11nlt~ 

I Ihl m I' ~ cm . itlttlr;w thu) 1)t(.% slics' olnd P 
. tnt';il '.olllm ctI,(li- I,; iln+,h 'I":. 

dwltip+,,h'c,.X~'i. ' '- I 'w ll.W\hctI wtcttd I. mn F"I'lll!"(ki , lilt'­

(hwnl It)ll.', ml'._P'lk' Itm~l't. .' 'lhcv,1111 n "ls() tl t Jl mIt l c m i'dc 

11 ( 1,), Ht %\',,IIIr, h',I ~ i t!Ilttt\tll .14.h pi I.I ,~I( t ' tI tl tl, l ,0 11,1 

wr , I 'lIIm q 0 [ it (-(t 1(' 1' 1 ,~'IT " 11l .II 1i+:. Il l. it ,I~ 1 I I It'il. 
,
t l ,r( llr iit 1t ti itl tt;
III(' I(lt-i 1 1 1 11 , c 1l1)ti I 1 1 t11 11t" ( Itt itl(III 

= I 
 I T +-t l
whq P SI I I I ld p I~ , I+1+)li IIpI lrtmI111.1 1( ( ) 11 tclII 

IvW1,.'h ( l+ (, ,)I - h l , 11.11 (m 'rlla(Ir+,l I 1 1l ;I it-) ll . 1 d.r(I'IIi.ti)Itt1( itll 

ltw'ln ll; +/il ('~ilt(-111.d'l' 'iltJ,lIH \ uFI;Ihvs ill ttx. li, It I It, III .d1 ing 

li-lr+c'n d Ili 1) 1("'i,llnr i,)1 (-.1(1 ',iw( Is,t'hi;ll.." -t 


"t 'l=I);b ,, ,S-i I,P5P I + SII llI l -+-[ .1 I, ( )11,11 1112 

-111.rtl I'x Ill. ,I(Ii I 'Iht( I ltht' ill(lttlw fl+,iiIlll I t~ ('t 'twlc mtw nts toll 
' 
;t11+,1 lt,111t p(m ."-,flitlIli' d)"clrvc,'d txv 

(t(ttranlsh' t.1, iti,n c(.t'tn -I%r llut' th t i 

th+,1) ]inIt;II +,itl; l ) c ."Illh( liwrlls of" 

i~ll+ t I I() r lctlods 

(dlcm it~ Ilhic (~tl ' ha1salnnlltI)Ic,rugre's.'­lptllini, c'(i!Il; It'cd i')(.1111 hr,lIIrsI 

stilml nn ;t w+itllh I InI.ti< llt%.I]ialrs. A\lilat i\vely, rcla­trI l d+,nt th+,' 


imiship." bl wrc\ ihll ,'- lt'i ( rt'-,lffi(t rtt[]( bli
''tll t ills,c,.g., and , 

Ihw ",(),Il I .h bN '1 fin+,'. "i t,'tp andl stli>+,P'%+lu' 1 illlt' sl'-;lill lwh 


i]+Wt~' w.,Ill I l i ) ]'tSPCl+" ivtrIV.
+'lt.", bc'~ ,. 


Intr )(Im lilt,, sitr'-% tII1lIti Irmst'Cr
A l~t)lal 1 ll()tIl+' Ir, itt(i+,i 

c,'lUatim~l 1ilt,1\,. t )I c ,Itmm st tIII\+,cI()bi'll+(I tm-illt'lhr r particular sito 
+
I)(illeqlit( l c(l, '\ th thctwr+,c l (,t w;,tnt' l),uq tssit c.1' arc'csthnlattd 

lrt+m i h - I ,Iw .,. Ifl t'il(-dr ut i +rlt, l (k. :I c I(l : + rI.a ii> ]''' 

t slIlIP,1 L(;f. )1 ;I l't ll~lli+, ­(fIl ll'r lllshI( ( , ¢thtr l~I t ;1t11 c(! )lll(m ." ( o, sid 

crnm l .")I.,, It.1lt]Vrtlml!4 It;tl1sh I-, tranll prc'­,Iulll( s H) \%m [ml~lll Own' tict ;c.r 

(tlltml t'pln im~l +, b srt N-c dit. till"Mllu] ti) if) pic.+litct~ :1ll+,V,site,\\'Ithill 
.,(ill lil ill l .W ith S,,ill ) Is ]t+, t, Ililc,.Ffu ,' i , ,i virlai~t [blli] + i:[i 
N()II.P' Wi<+i' I thl rt, rtcsiminsc andlll (i tianlrll lvi(t~ timl ll(.,P hitttm.i 
wm iuld t,.d tn,hr+, ' icthIn( ]) s forlbctcxplc,' :1 (]()St. fl ;t11;1 ilicitl-c l'( rlllt tih 

IICW SMt,' ;Is itll t'l li-nl'nrhalld hct.ll ( irit'd ()ill. Tlhr.sm{ll)ttcst;1(lua vxp 

\valt+, w mldh bc'thr t dy iliil Illillt Ilccdc,' l lli e w sitc' to prt'dict 

tilt(. rI,'sili sc,t,)1) lmrilli.atitml. 

m ~l 

vi+,'I, 


W ith all augiln+,'ntid tralu .c nlt v liin ltitl, attcilti+,>n Shifts
h It 

tolt'\'lu til ability ofthtlat transfer-model.l t+lvrtilic' ticitt'd We 
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agaill turn to ill(. 1)st;ltlsll( . W IRA. SC( (IM), 111(. 1)sla­
listi( Mid ille F st;iil,,(I( Im Icstilli g dic 1%(d Hic I.c."ImIlm. 

cquivalcill, dw lm 'I'llisli(N 11c 11(i lwl ( I c(lomalcill Micil (hc
tralislo-1- III(Orl hrcli h\ llilcr l( 11(111 silu 
van'thIc', arld 1)Ic"l)(n) "r. A( (wilililig IM illc 111(rr t( lim: "11111 (d

siw ,, 111,1 Ilic 1)Ic"Imil.m . 1.,,licIpfill III i(IcIm l\ Ill',- Itill)( wlaill si(c
variahic', hut Is litil It(,( will I() ,11ar;I111cc 1)1(,(Il( I]\(.
h i shm -1, IlIc ( ()1 1(.( f (d (It(. all"ItIcIM.11lr iljslcl 111(d cl 1.,,111(11( ;Itcd
hv ;I (tilihilic(I ;I11,11\ ;it LIm ( I. \%fill(. (11c 1)"(mi"m SUM-
IIIMIZCI II)c [I%( (d dw 11,111sl(T 111(dri. 

Tht. 1) 1" 1 111A 'llyc.1111HI, 'Ill 111111AI,\1 and 
dic slatism ;11(11"'(1 )1 lit(. P ,i;llls(]( has hcril (1c\t.I()p(.d (Wim)(1
and ( :;[(I\. P)81 ). 1,11hics IM tilt- Id [lit. 1) slaiisll( ;IIr MH 

1% AIt(. dl, Irlhlmml d Ilw (h.prIAS mi Ow ;1(nial
.1111cs (d Ilic 1.wa. ,Illcd qlc \;It hthlr , tIld 11crd" I()Im,( mliputcl, i4rileral­

rd ,()I r,!l 11 11)111c (list 1.11)111 [()It 

It( whrw 1) '1.,, 

(,I Ilic 1) 11;1\(, hccll dc%(.I1,prtI h\ 1,111 ;111(1 Wim'd It'Ow 
III;111 I dir i mdaldl/rd 

'21 

11( Ippn ;I ( III-,( 11111 II'l II I )I III()II \% IIII (k -- I )I IIi Icg rccs ( & 
Ilic II I I I I I I w 1, ( d \ , I 1 1, 11 dc', I I I II w csl I I Ila I I Ir;I Ilsfill*

t.(Il( t 14111c(p r ilI()111''11( )1111,IIIW ] 1( I I*()III('I k J."I h r 11tillib r i.(d,stIcs,
P, 111c (d 111-c(Imil Ili (lit, pmdcd rc ;Idwll Ilicall 

STtiliC. 111(1 1111.,,Ow (d 114)11" blimcd \\till Iw val-M­
bIcs. Kllmlcdt r (d III(. 's (11"I Ilibillif it prm Idusl1wival pi Ir% I"I C\ 11111;11,111L pi c(lit, abil,I I I Itv (da (ralls­
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QuantitativeEvaluationof the 
TransferHypothesis 

Transfer of Yield Response 
to Phosphorus and 
Nitrogen Fertilizer 

A B. C(ady, 

C. P Y C/itn,,. ,1. Silva, C. L. Nbod. 



E fty-folr tulttsfler 'xpeAimtnttts wre carried out (durihg 1978-83 on 
II,,'ric )v+stratunhep), 


isoly)crttrilic pi, l1+ihtlult solil Luilies. s,cn {c itriilictis frol
 
ca/ch f;im ily cold~ uwwd illthe triansf;etr t'\;tltluiin lwt('atlsc'o ( , ow,
 

tihe Iliixotoli, isotlic I atd clave1 ', kaolinitic, 

nlot I),' 

tr'itati ut'll q (dJ'ia,.i;1ItitOIt patter'ns
IIcan yie:lds, high ctefitli lts ,blimrtiai 

of the sit-s)rcific rtesidials, or ktit(l.(, liscit' atil ,XiltiCital pJol)­
]t'iis. 

Intra-fainily Transfer of Yield Response to P and N Fertilizer 

The d;t-i-ati'lltic flowcLiar( litire I inidicates thew stc)' of both the 
site-specific atnd traisfe il l''11 pldictioni equations\ 5(5. .itc-,peciic 
;It(sttitnatd sctmiOld mode1 iesp)tc ise s.'I t;Its, 

.i= .' + ]liP --r' ,N + b:i 1)2 + h.liN2 + I)iPN 

where .,is til'set of'plicilictcd 'iehls fif the silte, bliand b2i ire tile it" 
htb1) and N linear responses, 1);ati(l i tei ,ter P id N qunadratic 

rSOiSposes, iil bIi istlti' itll IPN iiteractioi res)oise. The site-specific 
residuials are tilt dilicrtliits i)etw\eti acch field-plot yield and its pie­
dicted vield. f xalililiatio of' tihe individual residuals for eacih treatment 
mean amd the graph of' Ot re'sidluals llott(l against the l)redicted values 
caln revel nIlori iIites c!, citII, t Il dita Ilotlie l-rclictionI e(uiitionI 
%,hich are sufftcient to withhold aili xlpt'iiet fronilltll tralli"er aalll­

'Ihe predicted yields will he the sa lic wwt her coded or tctu;l ajpplied 
levels at ltiseI. Inilatetr ,;iyshowever, :nih term will need to he 

(entered ;itz n so that the interce)t will he the site iieal. Illaddition, 
each terill nee(s to he othogon;il to each other teriti (Wood ln( Cady, 
1981) The otllogollialized valueslt' fhe response surf'ace iodel ctonl­

ponts, details offi she-spcecifi(: ;lly ,is, and a trisferi ease study are 
given in Cadv et al. (1982). 

Data analysis and tran~fir uorD'l . ial.ysis-of-va.ia lilced ''he colli)ned 

plr'ocetlute (Chapter .1, ochrlitan an (ox, 1957) call tnticipate atni 
in:',lequacy of fbrmulating a tralnsfer model with only tile terms or com­
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Fig. 1. Data-anzdylic flowchart for evaluation of agrotchlnology transfer. 

ponents ,.°fthesecond order response su.t11Ce Model. In particular, the 
site-by-niodel collponelnt miealn SdIttrCS C(iI rc'eal important interac­
tions between sites and model cobnponents. If the interactions are 
important, the average of'tthe P linear response for (k ­ 1) sites to predict
the P linear response for the kilh site will not be sufficient. The need to 
characterize the site by ineasurii.g uncontrolled environmental varia­
bles has been recognized. Extractable soil P (modified Truog extractant) 
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anti extractabhle soil N (2N KCI oxtlialt ll''asllclcils on Iircpl;in 
soil Sailipihs hadl beeIn jirl t ri't too1)(' irll)1lr'talrlt I';to(wis it) tliderst;lli­
ig andilllo(('lirIlg variabiiility ill tIl siic-Sl/e(fit( imidiil c'illp)ileltIs. As 
indicated ibv plhating, the relatioishi t) btrtw(.ll til' sitC-Slecific I) linear 
tespoists ant extllc;l)lt' l), c.xlIi,'>;t'ol l m ltit j ltil so1it, tli lie 
illodc'ltd as it st igiht lir1. 

TiR tliitimishii it) ,Vtwecthlt N ~ii'art'sliOllSt ;ilool t'att'n'actailtc N did
It()t sul'licictinly eXl/lainl tlic l attt ollion 11(i st.%.t.q ! inlconsistenitl to 

'xtraictdlel( N valucs. Al\ iidii'ct tll ,tif ivailabllh soil N, pat­
Ite'iin' afler tile' pInwtohiitc dcvtlojtd by )eatll (1954), was caculattdlitr 
each site. Specificall', vihli (v axis) was plotti against piiiplied N (y 
axis). Thit fit'cd straight ilint was xtirallaid iitil the lira' tI'ossti lie 
x axis (to IlClit'tt of WtV <xis). This cxr;iliolatd point oIll ille x axis 
wvlt'ln: N,equllis Zt'i.( is cm iisidericd 1in in l(i ) /tp~ l eiiioxtract­

aile soil N. igr sites wiire ti ti;imi iat'td line d1idll l() cnlSs thc x axis, 
txract;iiile soil N was st at I rlaltiv'('lv high colistalit illt'. 

Additiinal sitc val'ii cs lfo tihc P lidlt';l ;iind quldrati( lt'iis)nses 
\w're littcdtd. )uring tilt' List 1iil'grO\vinlg si';lillS al tiit'e locations ill
(Iht" Typic Paltuh -illy BlNI, NAK), ;lie nilaizc valriclyuIh lit1', andi~ 
was chaiigc'd anld iht'lte w,\erct i: liltlimn pr[)rll s during the dry ;;,mnl. 

(onsc(ponitlV, st';isoi (wel ant dliv), vitrlcv (pllt'n-p()ollinied dilti 
tiylnid), and lihc iilu 'raii~ bc('W(IcnI St1;I,()I lli ld "%alcy wtl'Inlrol­

iiiilts fiil l 111(ILItct'd ;ls silt \'t t' ( j(l'in flll11t51llestl hlreet lociations. 
A transler ii drll (Nhii'li 2) low thitc Iylic Piuthills \'%Is thitn forlti­

iatcd with it' P. N, 1)2, N2, ilu(l I N (aillwtilciil tits fit' S('dllic( of' r 
lecSi) insm"siilli 'l iilmdc] lanl cd h)i crltl'i iimis bt wcl¢ t'nih< fl\,. 

rtsll st urifi('l ic I tTliSdiida 1 ( siltc lTheseto.ll d wi drl]cd valiab~hs. 

inciuitti sioil sloiis (SoilI,'), SEASON, VAR IEIY ;id tile irl­
tct of SEASON*VARIETI1Y with tO lirleaIr (P) ind a(Idi;ldiratilC (1)2 ) 
rcsiollseS lI applieid )it shilllulsl, soil nitlt'il (S(IEN) with lile( linear 
(N) aid (itutiidatic (N2) it'Sionst to appfii'l itrllr)gt'nl , anid 111,ii SOIILP 
and SOILEN with tic Interliclitl ie:;i)ns (PN). Fuo Nlmltl 2 of' tie 
IIvti'ic i)Vysi-anldel1 ts , tile inlte'aciti teirmis i'lided S()IIP and 

2801I11-l (KCI) with l), SoI IP \\iti p , S( I ,N with N mrid N2, and 
SOIL andt SOIL N wlh PN. Aipperndix ( pl'esents tihe sitc-variabI' 

sit,-sieifi sliates tile odcI'vdata alid l of sccol 'eSllscin stll'flact, 

1111odil. 
Tlie clilic Illn(oiolintlg Iit rtldtiuItlsiiSiii l 't't'i'l il( elSilt St' sll'­

tIactcollipolt'llt'; Mdr tlntiOlrln'(ollti Silt: l';,'oo'S is influe'nctdi N ;Igr(o­
no11lniC id i)jiitlical CilSidciO'r'ttinS, lou0 'iXolile, tIlt" systeniatic rela 
tionsilip revealed by pliottinlg the sitc-specifitc linear 'cspoises of applied 
phosplohIrus against OI LT is curvilinear with llictr tile SOILI, scale or 
lt Sqtal'e root f ,S01,i. Linear iodel stiniatioi, such its polyniiniai 
01' seglentetd regressioll, Call le used for litting the illt rctioln relation­
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Hllinca illtiadi it e iu;' n nc11thod (Allcin ( dyiv !) Is Ilecd(li.and CI 98, 

liaI1V tra';SCr (wliaton b %c5ic ( tillcduit il)511 IIo' squtilie loot 'ualic(d 

1fintal (w\'1 i11t mu given hewi. 
Eai~~atzu~i q1 1lu IrwmA/rli/ItIl \\'il(t t\\.(,5 trmtisl{'C iIlli hits Ill)%\ 

t'es11il;ics cm-Acd tiill.;t'h l otllpalsliVCF5I)IiCC fil-ll'~ LeSIihulSiti'so'ii 

mid ttlt lch 2 IIJIdir *\Ihi' 2. A\ pirngvlot It cal IIlillig utasfi'1 sumls of' 

s1s-oIl'ltaialllce(;11iht(. ill(iNi111(h tha a friittsfcl itinthel \\,ill "nIl till, live 
lelmnIs thile ('()ltJ , IlteF '-spuonsc IlIIIhl wouldh nttl hc' SIl~iilt , timirts­

I'Cr (vltotel 1) SIIIIIS of's(jll'irt's ;It( diNi) g.ivenl in) JTdbits I andi 2. 

T;lblt' 1. Site-specific anid tranrsfer residual stlinlsol'squares (X10) furI Hydric
 
I)ystrarudepizs.
 

___1__1 u cr- farIIIil
Site Sit'-simcjfic Mudde I Model 2 tra isfer 

BUIR 0 217 :;02 57 275 
BUR 1 121 20-1 12,5 136 
k )LE 65 In0 76 72 
1011K 165 23 1 189! 174 
1'1KC 918 268 1417 167
 
IXI ) 
 206 422:35 220 

FIXKE 1412 15 5 171)
L11I 1., 122 ,1.56 154 
I P11-IH 120) Ai I M ~ 157 

PAE62 5.17 71 174 
Al'65 205 8)9 104 

I A IA 92 294-015 192 
PTIPG 2:38 *177 289!
1 U CK 58, 10)5 

271 
73 101 

P UC R 120 37(0 168) 2460 
I'UCS 96 -126 128) 23 2 

'Iblal: I1(til 4891 2,1012 

1) statislI-: 2.46091 1.20)) 

Typnc 1;lleudulis. 

28154 
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Tatble 2. Sitc-specific and trat,.;fcr residual sunis of squares (x I1) for Typic 
PaleCLiduts. 

Intra-family transfer 
Inter-fanmily 

Site Sitc-specific MNIod. I Model 2 MNucl transfer 

BAK, 18f 228 t96 2181 1(3 
BAK(: 1.6 211 161 161 1815 
BAKE 181 .107 211 215 221 
BAK" 1-16 381 196 198 214 
BPM -\ 332 .122 351 352 436 
BI( N17 216 20.1 225 429 
8I'MI1 252 10,1 200 276 526 
BUKC 116 157 127 125 2411 
BLUKI) 181 215 252 193 253 
BU K F. 2-15 285 2112 279 2117 
BU K 1, 53 73 8f) 78 1411 
BU KG 194t 2.11 212 289 218 
BUK II 196 396 25 397 251 
(CAMA 117 415 128 137 122 
CAM B 192 41291 196 197 215 
(:AN IC 1718 .13 206 203 230 
NA KA 121 176 152 1.6 282 
NAK I) 336 4))9 355 :(9) 5132 
NA K. 115 209 132 139 4 19 
NAKN 62 181 77 I10 221 
N,\K() 167 356 22)) 249 205 
NAKI' ' 50 397 172 262 1134 
S( )RA 55 241 72 73 352 
S( )RB 159 1t1) 211 221 -128 

'Iral: -1055 7331 .1729 5117 6867 

1) statistit: I .81)8 1.166 

Nowt: Modtl I inluded lih Tie li I ,1 W'cizlid lSeM[ 'spo su MSntil afol' pnicd 1'and N. 
,hod.l 2 inoldud ModdIol I tom> ulls ilcratliun cs is des rieul it il t cxt. , hodcl 3 
iodildcd Ibc salei lcrlis as Nhlhd 2 of ih I IvdIdric Iysrandepts as des(ribed in 111ctxI. hc 
(ire'r-)til,,tishe 'sil; sUmis of squares cr cICAhulwd Icmi tie cstimtm d \l(odel 2 of 
Irc I sI'ric Isl ridcri , 

The P statisit 16r tile Typic PlcIduhs is calculated by taking the 
ratio Of' tile suLAIof (lie 2.1 tr:irsfer' sums of squares to the suni of' the 24 
sitC-spCCiti r-uSdiral sIMs of squares. This equals I 166 for Model 2 
(Tlhble 2). The (listli-bttion theory of the P statistic and a procedure for 
calculating the lprohaljility levCl ol a P statistic vlue whren tie tinrisfr 
nmodel includes interaction terms with site variables Ias bIeel given by 
Wood and Cady (1981). The prblability of obscrving a P statstic value 
of, I. 166 or larger on chance alone is 0.62. Appro~ximately six out of I0 
timies, a P value of 1. 166 rfr larger would occur or, chance alone. These 
odds are judged to be sufliciently likely that the increase in the transfer 
sum of s'quares relative to the site-sl)ecilic suti of' squares may be attrib­
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ted to rauom va'riahility. \\'hereas ,li. t;ul~d'r )rt.l(i(iiiS ar tiudged
to be tile s;4ti as sil(t-s5).cifilt prlidictions within ranmh variabilitv for 
Model 2, tilt Same (tliclusion c'.anno'it be.i,'iihl for Modtl I where theIprolbtbility ol'<obsterving a 1)vathur of' 1.808 k-,lar'.cr ml,,i c lmicdut is 

less than 0.00 1.
 
For it"e ld,'ic l)vstalildpts (lt he I ), tll' prolkiliv of l)bstrvill4 
 a 

P value of 1 .208 ()ir larger il cliat' al(m is0).20. Ii lit t otls rit"
judged likely, ttll tlilt trusfer pittdictions art iiirit'tewd to bt si,,ilar 
to As. lic pl-,lictiols withinl ,'lldmn val iablilt. 11'not, tile (rlm sferit-SNH 
hyl otitisis is I]()( Supllorttl, oi" r i 1, ssiblt, tl c Iraillsli'i-,itl el will need 
to be riiodiliel. h l i lilt i lal 1+hpts, iilli.p wtd t'rasft.l pIrcdic-rtionls call be. achicvcvd Iv ilm-oduhing4 a sctaon varialbh, I'm- applie'd N, 
and by suldividing Ihic clatl-itly largc oaneof soil ) il(t Iwo ill',or hrt.
 
stiyhuuits "ih silsc(lucmt, niit illJing Iit Icla!i0lishils vitlhin ach stgiolit

(C:ady (I ;if. , 198:2).
 

r, lIMr 

valut is cmiljul6oliiin;lv ttdiolS. Aln iltcrnitivt is Olit 


"l' )Jitt ICci'r thUlttin g lhe rilblility level of a P statistic 
St;lId;IrdjziCd sta­

tistic (Ch}apter 5) 

Qk-lI)2k-2,1(p- 1) - 2mn 

,vhcrct k is Ih numlbe ol sites, ofi thIlit milbie of degres (" freedom ill
 
the pooled ,etsithil Iian square, and Ill is 
 lie total n1tlllllbr of interac­

lie nit.tiOls bt)tw i tie lT.;pIl.st Surface iiiutll terls andltlintrolleId 
sitv v',ari;lblks. This s~ltistli lhis :ppreillitatly tl hi-sq u rt (list ribut ion 
with (k-- I)p1 - Ii th'igct.s oi' fbecloill \\here 1 is fi\'( or ill gteneal, the 
nuiiihen of v;iabhles ill wnesiliatd tralnse'r model ignoring the inter-

For the 'l'ypic 'l"Icudtilts hie calhculaLtd \'aiit GltIlt standardized sta­
tisti is
 

(23)212)"2(792)(l.166-l) - 2 (12) =t . 74 

with (24-1)(5) - 12 = 103 degrees o ffieedomi. Tables of' the chi-square
distributioni, oi" a pruce.dur, from SAS (1982), tiav be utilized for find­
int. the probabitl; 1 f bostrv ing a P statistic vauc of 96.74 or larger on 
cLaince alone is 0.65 (or 0.08 ho - (lie Hydriv l)vstrandepts with d = 
544). )itffrences &twvetti trut aiid hit)proxitnahlt prolbbliilities decrease 
its ntIIl)clT'0' Sites incrCase. With lwer silts the al)proxination will 
tend to undertstimate tt prolahiCitv leel ,,s ocCuLrred with theC 
Hydic lystrauldepts (liu and Vooil, 1985). 

Cwmnpariwian a/traifi'ran7d(1it,'-iflji tld r'rspnu,pr"dictions. The P sta­
tistic is a single suLniu'y statistic and, With tile probability level, gives 
an over'all evaluation of' tr;insfer. The closeness of' the trainstr and site­
specific pr-dicted values is reflected in te frm of' a ratio and does not 
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show dirccilv itlilicasir('c ('llcdifcrcm I)tic'v ll itt'vlSi).'t'r plcdictiolls 
and Sitc-slpccifiC Jrt it'i('iions it 0nitsol kg / li. 

If lt' predictdt ,vieldriespnets for e S;iclSite arc phi}tcd aigainst both
dJimnsions of, ap~pliedt 1) a.nd~ N, [thellt 1-|SIactrCslcs Nil" t'c1.ICl-O sti­

mated irallsfel c call be gWi-lphicily comparei d with lw sit-spcific 
rCSJ)OMSC Surfiace. Nunicricidl, ih'. ;WIltill iihigii iltdcs of tHIdifl'rwclIVs 
bct ti nitheSli)-sit cfic predictiioi, Ikiscdf o sitc-spccific data . and the 
traInsfr l'pcictioIs, I;lS(Id ()Ii Idtd Ipoli' otlIRT Sites, at givcIi ill Tllbcs 
3 and A. The tailtldi \'altcs :riidbsoltie ilitfi'Ct.nccs ill ii1iits of' kg/ha, 
averagcd over combinatios ,faplicd 1 and N. 

.More sp~ccilic,|lly , thc( incrt'ase [i)lrcdict(-d yield ft'(,m t speccified 1) 
application call ,alsobc calculattd. "rli'sCl. p~cticlcd yield responses 

call bc ct)lli cirtd
tIt hlosc 110ol Sitt-Sj)CCifiC da;t;t. (livecn IibIhs 3 
and A ;rt.. pcdli(ti vicld incrtlstes (kg/iit) from a P l)aplicati(o of 60 
kg/ht rehttiv toi t 1) application (f 20 kg/ha i'l(" iiagnititdc of the 

Table 3. Site-specific and transfer P rcsponse predictions (kg/ha) and 
differcnccs (kg/ha) for llydric Dystrandepts. 

Average absolte differentic Applied P yield response predictions 

Site lIntra-fiamily Inter-family Site-specific Transfer Difference 

BUR B 210 276 1302 11 127
 
IBURD 72 
 169 1267 -55 
IOIlE 117 158 126 17., -9
 
I(-K 186 141
 
IIK(: 21-1 255 291 
 75 216 
FIKI) 168 108 30 368 -338
 
IK E 152 182 278 212 156
 
I lPlIE 139 
 209 52(0 ,112 108
 
11P1 (; 61 167 2 i6 
 273 -56
 
PALE 159 
 391 2352 2-482 -130
 
PAILF 214 245 
 1624 1887 -263
 
PAIG 149 4 13 2050 1918 133
 
PLP(; 2'17 178 
 76 198 -122 
PU(:K 
 165 256 1171 1021 150 
PUC R 210 432 1473 1178 295 
I'UCS 224 458 165 1729 -78 

A\ciragt-: 168 253 

Range: 61-247 108-4t58 

Note: l';a i axcrage al)solute tatisct ll,lidifilttiii'nt bleiwen I 0ionsand sic-s1pccilic illealn 
Ircdi(ionS (kg/ha) was avciaged over 121 grid point forined by comnbinations ol II equally 
spact'd lines forb h aplp!icd P and N. "l'ht' (inte'-lamily) diffikrences were basedinra-lktmil'
oil Model 2 of' l' I lydric IDystrandps (Mdcl3 of the lypic 'aluduths). 'T. yield reslose 
prudihin is tIh' rlcdi( to a 6) kg P applica ion compatod with a 20 kg P applica­'ud response 
lion based oi transtr Model 2 lit' Ilydric l)ystrantdepts with IW3ikg N/ha. Predictions 
wtere it va if the site-spjeiiic r-.oponsc ctrve in th range ol'lact;iici 
 2)0to60 kg P application 
was 110irralis'c. 
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Table 4. Site-specific and transfer P response predictions (kg/ha) and 
differences (kg/ha) for Tyxpic Paleudults. 

Average absolute differec ec Applied P yield iespomsc predict ions 

Site I tra-fa ily I ter-fantily Site-specific Transfer 1)iffecreice 

BAKA 132 229 1221 1262 -.t1 
BA K(: 151 262 12501 1206 .411
1BA K 1" 20:5 307 611 5115 26 
BAK. 25118 311 519 71-1 - 1951A1BI' ,M I(Ili 35() 133 .t1 133.1 11 
II N1(: 20011 635 11.1.1 1175 -311 

IMI) 1.42 655 205) 2210 - 157 
BUKC I 1.1 .tt0 1.50 111) 270 
BUK 1 3 13 667 1710 1106 5.1 .1B U KI,: 225 575 1 it! 2127 *297 
BU K 1, 13 403 9111 662 :326
BUK( 110 171 18:38 175-1 8,1
BU KI 291) 239 21535 1635 500
CAMA I 16 155 7.16i 626 120 

ANI B 09 219 131 1( 2 -28 
CAM(: 19. 255
 
NA KA 1.18 -419 16815 1511 
 1311
NAK I 140 522 12511 1079 179

NAK. 100 597 2084t 2126 -42
 
NAK N 135 .491 771 170 
 -92
NAKO 269 251 2227 22:( -3
NAKI) 162 161 2350 2235 114 
SORA 133 068 21119 232.1 -135

S( )R B 28111 599 
 171 1151) -71 

Average: 175 100)( 

Rangc: 09-3 1: I5.")5- 611 

N o ..: F; iII cv.id:lg-. 2,c I11), 1( I (. v I'I , .I.I II vlt11 Ilr, . tti,s and SI(-,I,)t ilh ct' 
ItIt t/h I , n , (I , I- 12 1i(I It II I

PI sidio (kkrI i i I t ) 1*III 1(1 )l\lIi i)i ) It I ( I IIIIy
spaecd h'vels 6tlIlh ,ipli. (I .and lhihc' Tyli, N, e(a-lamil ii pli-(s )'on)Mm~dcl :2 ,1 (i:tt-t i d.dut, I klviPal (.\huh'l 2,),Ili( ) 1IaImdvpt,I 'Ih,- el,cd-id ,'I',,sc 

prctdi(titse iSIII lrp(ldi wt+ls ,lm c tl,, i60 kti I ti)ol\ ( 108 k1,N) (,,q) 1\ili a 20 kg
P a )tpli(adoll , S ,m)t ,l 2eiM th,od ei', iV' t l it-is eej eXw,.,..i­,]t(en if ( ISit-p ( il ,. tt ,w,,..in Ihi, ,miq. )120)1, W k; P alpli(;iim, ,, n,,l Ical­

averatgu a!bs lutc diffC',(',.CC. 11d ;Ils() the diff'rn'l- .s III applied!( P yield
re:ipousc ilrc-diction1s, ;If'C: stL~icicnlvk small III g(nrlSo that th tic :,
fer predcictions could tbc use'd III practice cvCIIn if a sIte-specific experi­
ll tl ]had(IIot becl) c'arrlitd owt. 

Inter-family Transfer of Yield Response to P and N Fertilization 

An interesting auxilia-y question is whether an estimated transfer 
model, based on data fron one soil family, could effectively predict yield 

http:diffC',(',.CC
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resps e~ltforl all tlter"tliltlilly. A st11111llVr statislic auhitlagotis to thillt itr ­

fitiiilv irtilltic i tI rpiuittiiii Iostatist it,is ilit ratio of' il'suiut tl"tile 
IriiisltT , iiHIof 5 jUtiis lftr citi h liitiIv' toi th1w su tllof Iic sit(-st)t'ihI 
shuts fsqutfares5. 'h tltiVtiiriut i( thIis iFtcIr-ftlilvf tirtisfii sltlistit Is 
kl VIImv r" '' od .ch,,1c. ;t ( to llilHiom tri) ilt(- ( ;t:,qis of ,t\i 111111iit. tlitNis m o~tdel 

has. Ihtcl, foriwllaw. (Wood., 1980l). 

liTiusrl I lulf 2 (d c10Ilt, r iittldts aod Nlodfe i of the1 
I',lii I'al t ltlus i i tdifh Iwtt ('rits lf.r it stt ll( rhrt'letis oloistc s li-e 

lotr Applir'd 1) ;trid N pi sus't ,'%( itllcttoi l tt'rils. So A11L1 and~,()llPl -! 

with I'. SollIA' \At\lh P2. S(l!N with N autd N2, tand S(Alll' and 
.S()l .N wAfith PV\ l',tstft)it In tI;tt;t fro m (.;hI Itauitiv, a itiil\ trillsfe"r 
Ilitihl] is t..thiittIwt itlf r t vit'hytit rispolti to appliu'd 1)and;1I11(ts to 
N loi-cmtii ciiiitts (if thi tlhtt soil fluiiilv. Thci iIuItr-fa-1iiv tral-;ti'r 

it( "qStuatrts ;l i( . II ibli hsu I ;inll( 2. "Thlc',(the init'r-Ikim ily pro­

tl Sittistit (sAhtilit'l! as 

285t1 + 68(i7 
- -- = I l( 7 

1 8 I+ -1 "55 

Tlei pitilahilit y (t&t hsevtilg ,a \tti tlid, I .() t i7t ti rn ftticce alone 
is I thit (.8111. IT i tt il i iittituIc (kq/ha) uI tI cihI)stouI tc diffet­hs ( 
elites Ictetili ti sitc-spcf prtiititllts and tIc ilitt1-atutily pedie­tI lh 
itlls, Vc'igltil tci 'ilibiahitiiiis ol'a plii 1) adit N, ive been teu­
1tt midf iri p'tiiltf(l ini "lihhs 3 itid "1.t sttl tat the iiltir-ltiiil)y 
juiettlitiin sat stit ;ti ;is; ts ithiittf h tI l t t'l;i, a llitt, diIieattC eC 
Ituw'll ir ldtrtitf siit-sptetIfit( it'sltist, stifCs. iiltir-liilv trals­
It'r ilfa lli d 1f aliI N is iniit sitip i ertwd.
 

llylhtr (o mlii lici'il ofJ tlht- rt'::tliit( n tiliaw lil r " Illolt h ls
 

ill fthlttr ii iliit iti aftliutlc tif itfIf ilisp list is t- f li"it itSljep lts toi 
appt lii ) is iiifltituiif Kilttft ifl'sililpipholtttis. This rtlationstip 
is shtwili it 2, whtrt sitc-sitiit P iiti it;l)iises;it plhtted 
atgiiis tilr iatiial tif M()I P its iit:tstirt( by litlog. lhe figure 
rteflectst larger P litla i-isptus fi t' Ividritc I)Nvstlrtadepits at alitis 
all sil P vatllits alitl til (i irtit' Ittcwetcli the' twit liles Is inlcreasilg 
whit det:tasiug "ItutrIg \alies. lc two tsiltttel straight lilnes (with 
staindirl etios (f tIhe tlfitititis) il't 

0.9276 + 8966 ( 1/S()l I'1) 
(74) (54.) 

for the Hydric Dystratidepts anti 

43.59 + 6084(1/SOILIP) 

(203) (913) 
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for tIhe TNpiC PilIcII(I-1S. TIlC diffe-ci ce 11)tic 5itJRs of (tle I-cdtillnsilip
between P linear. retsponise ld il lc I-c(iproci tf situ 1) cal lbe stactistically
evaluaited flil ;It. mie5Itisica~ll (liffejelt (p) < 0.0.5). 

W Hydric Dystrandepts ­

c 2000­
0 

a 

c 

~- 1000Typic Paleudults 

500-
C­

.05 .10 .15 .20 .25 .30 

1/SOIL P 
Fig. 2. Istiiiii((( i(Itiitisii blwtci site-sltitifit' 1) fiiieo I-csjtoiscs
and!ilit. 1cipjiiwal itIs( )II. JTll slope~s f0or two hunes )i kg/hailit( r 9o' 

(Ilvdric Ih'sradc)san68-
 'pvimPlvtildiilis. Djifetlic dielirs ill 
pl-cilicttd 1, Jititat. rimst.is litIccti ilit I\,t ,tii flamuijics ;it- 246) andc
6i78 kg/liai I'm I /S()I.I valucs ol0. Wt)and 0.2,5, tespctivec1V 

Te itjipiet 1) ail( N tremitt ci t (lesign o ci t IJvjI )Dsrranldepts
anti lvJpic iaiil itlts Nvas also iseti IllHaIwaii (m a third(soil iililv, the 
TroJpcptic EI';OtrStOX. ThCi Ir;tIIge Mtid tliS(tiIioyI of S0()I VP x ltles for2
1 Tropcplic I'mirus15ox cxpteiiieitls was~i lit) stufitjWill to ctstiiicita 110­

iiitcr-f1-i1ttilv Ifli'Cfe. Ilowvelr csfiiilittti tirtuisf~l ilotlls fotr tile F-IN­
di Dysmnaiodept andl ivjiit iacuf tieoltiImiiis w~ere tisru to predlict

yi eldt rcspotns for tdie 12 cxperinnicitts o)it the TIropeptie otRMOsX. bi"ble
 
5 colmpares sitc-spetific sumls of squa~rcs with inter-flmiily tranisfer sumns 

Tlic ratios of iritct-filliii traiosfe rtcsjlili stunl of squaires tot sitc-sJpe­
cific residiual soi of squares vary fromi I.1I to 6i.5 (hie5). 1,arger
ratios are, ;Issouiateti with sires With lar1ge' \'ied Iesp)onse to pl)ied 1) or'
N. B~ased oi thlese ratios, ant ilthe average: atbsolute diffeCrences between 
transfer and site-slpeeific predictions, x'ieid response to applied P)and N 
fromn ill Hydric IDystriindeptS Miid T'lic P;iCodoh(S generailly C;1nnot0
be traints.errecl to thec Jiopuptic Futrulstox soil fiarix'il. 

http:rimst.is
http:lHtpoth.iv
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'fable 5. Site-specific iud inter-family transfer residual sums of squares (x 10') 
and transfer P ret:.pnse predictions. 

Inter-lamily transfer Average absolute diffcrenuc
Site Sile-spurific T1.1). T. 1. 1l.1. TI.P. 

)16 ILI 175 509 521
 
N( )LB 106 : ) 31597 8511 8-1.1
 
,I( )I1 13 125 115 -151 -12.1
 
N( )I I . 2-1-I 299 268 710 650 
INRAIN -i 1131 ()2 485 384 
Nil )I.N 16)0 2211 277 591 628 
N OI R 2,1-1 371 ,1t)1 760 795 
W..\ IA 132 185 2)7 57-1 620 
WA IIt 105 21.5 1189 617 592 
WA I I ) 167 25) 2.12 537 507 
\WAlI F 130 603 561 1059 1031 
WA I; 70 .158 .101 863 796 

'Ihtal 1697 3128 3285 

Noc: M i),l 3olf dI1 llydrit l)yuandepts (ll.D.) and Moh- -(o'the Typic lalctdults (E ) 
11i01 Tli))h 6 \,-C c tios of'Iir)tl- ti(Euistrustox sites.us(d Ib tn' intcr-luiiily tzinsl-r piedlit 
E; I( I , l).")I Ih-iu u-h' ' II luu1sl"r uId sit'-v-s pcu( I I ica citoiis (kg/ha )s . - "(ItiI cl I - I ie 
\s\;I av'ragid p firmuud Ir-.(ulltu (t cidlevels lorbothvcr 12, g.;-i oints lim ul I I e-qually Sn)m 
app)litcdP ind N. 

Soil-based l1echnology Transfer for Applied P and N 

l'rc\'i)1>;se(etiti)s have dtotnstrated tlhtelasibility ofwithifl-soil-liitily 
ttislr (dfapl)li((l 1) and N. At ihentifited nlew Sites it is possible to l)r­

(lict vieild rsp)otscs t(applied I)and N without cairVing oult an experi­
1tnut at caci site. 1lle tvw sites may otr may not be frtotn the sdlt counI­
(tI or ittti coittris where 1entchtiatk Soils lroject sites were located. 
The Ittp)rtant (lttent is that the new sites have been identified as 
ltelhtgittg to a speciicd soil fintily and that a preplant soil sampl~le is 
availlable.
 

For atntFllh, Sttl)pose that yield resptotse prtvdhitiotns to al)plied IP 
and N arc tt'dcd Ilrot al;tIdllt site. From theaiitwly idetlilicd Typic 
lBencmltark data. an -stinttaed Typic Paleltulh transfer mtod+el is availa­
ble. Three steps are then fhollowed. 
I.Based oti ltt elilant soil Sitnmples, the "luog extraction curve (Chap­

tel- 4)including luttog with it)P added, ext-ta:talble N, and bulk density
'tre detetrnited. 

2. 	The preplatt slitplh ittit,'mation is (onverted into ) code 
(PCI)ODE)and N cot)de (NC( )I)E) scales for dirteC inl)Ut in the estimed 
transfer tiodel for )reiC ito. 

3. 	Yield response is predicted for the new site front the estimated 
transfer 	model. 

As the first example, consider the qluestion, what will be the addi­
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tioi d yicl t, S )ttns, (d () kg/t;it Iappi .I 1, iipulietI at, 20 kg/hia
apl)plicationi Alu aliid N\1lttv, f I(10 kI/ia will h ii-rd. 'I'le.htlhviuig 
ScitLcrCV if SIC)S is ttitliict. 

i. irm Ii pttjlii t Sl iijait trllcxtraclale '11-1(,,o isi .. sii i if), Mi. stplsli(' ith 'rx t, t C i sV ) )"I :( +i l t ",( Is .\ 

l6+-S().R''(TRlU();). whrn S().I is s larr root, thtl it t aiitle N isAI,and l l(- bulk d e'nsitv (B D,)' is I . 

2. -a. (on,'rt1 th1' 20)an 0li(kg/}h to I )Abi I Hi 

lppm 20( 1.5- 1.0))= 1 .3 

-ilp lill (-(( I. - 1.0) = "t(0 

Isih ii ]iii"-) i ilt i') t i 'tii Io ( ttll I ) =-;ittiiltlI.()i i1). Fo(r com) lv' i'u r, tht'. r;mi., (ift we N :( )I1)F. Soah. is fi-o) t -1I to 
+ 1. :A P(C()) of -1 (-,,rrt+ l I() ', I ,.\1Dds+ll> 1,A) of1 () i))!It, andl a 
PC(()iE tof +] to).l-n-spod, I()ta 'lTRU()(; (d1 '2 . lhc.n, RADI'DJ at 

TRU-(; = 2:5 iS 

-:10 + 16-N;()IR'I(2.:)) = 50) plpm 

Using lin(; 1r tva ,hc.ola! .on ,m(W))l.! , allplic.atlim) co{rrn.spl)O-10) p ds 
to) ;I lP(()l l. = 0.6. Algt'lrai( ;ill\, 

PC( )k~. = -I + ( !/.-5)(PA,.lMlF.:)) 

Similarly, 13.T; i)p (2) k ,"1 t ltppliiiatioi) tttrrspttlds to i I'aCOI)E

of(13.31 - 25)/25 = -0.17.
c:. III tlic Benchmuark Soils Pr'r(cc(t, r.1ch c..xlcr1imtcnt III (he' T\+l~ 
Pillctidt soil laiiliv lir('tivdi it' same raltus ifajijilitl N. An appjlietd N 
level of I08 kgd/hia ct(rrsptmis (o an, N(CO I)" ttf('.d. In (th- t- ndin(m-k So;(ils Pl',(i,.,, C+xtractabic, N (EXTN) was 
ttelc iiied with ;I 2N K(CI c ixtratanit, I.vttxv,r, tiii S()ILN variale)hused if] Owlttrmasficr mod</c. \,'its bawd:( on a (cropl)-odAt,( vaduli, as 
dCtsric)(d iII ;ui tarlitir sc(tiii ],:,itisc (I' prolem s with extra;'talheh N
(ttiIiilttions for ert;iil sitces. Bascd on Bechmiiark data, it relati(on-
Shi F,l)tl wt(-t SoII,N anil 'XTIN was (atlculated to b;OI LN = 2.35 
EXTN. I"ran EXIN vati' ofl, SoliN is cqual to 94. 

. ir thiim iit\.iots sti(Js W,, v( lil tWit P(OD)E valtics ctri-c­
spondiiig t lit, 20 al 60) kg/hi 1) ;itplic'atin ratts, an NC(I)E value

(orresponitding to 
 tlb 1i0 kg/ha N apllicatiton, , T'RUOG oir SOIl IT

value oh 4 (Or I/SOILI = 0.25), intd S(1IIN = 9.-. \VWealso need to cal­
culate thc PCOD, and NCOD, valtics for the quadratic 1)and N teriis 
in the transfir model. Frot Cady ct al. (1982), 

http:of(13.31
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p2 = P(C()I (P quadratic') = (()I) ')2 - (.1.975/13) and 
N2 N(C()I)E' (N quadratic) = (N( U()I V - 111) - (4.975/13) 

Wkvlel B is a c nisiiil tital 1()0.21535 md (-4.975/13) is tlie average of 
the s(jltrt-l P1(( 1)1 (,rr N(A0)l) valucs in die treatmtn design. 

p2 = -0.0227 linr P(( )l)I= 0.6, 
P'2= -0. 1618 liv P( C,)1)I1 = -0.17, 
N2'= -0.3778 w '(( )l)l- 0.6 id N(,())I 0. and 
N2= -0.3178 liw P( C11)F = -0.17 milI N. .())I = 0. 

.. III ne <stiililableh ' ar [l th' l ctillnii'its fn ' Ilyvdit I)c stran­
(hep[ trali'rlt11)ds1 (witi ;mn1 t'l-plauI leilinl li aI p valie) anl thrl 

tl'Pi. Pll'lemnlt Iransler nmltls. NIiM 2 td [lie "lyki alemiilnls uti­
1izeCS iII(i';ni irn P)qlialilh) alid sIlK\­\iiahlh' leween 1Plintar (aInI
SO)N, \V.\ IFl'I"Y, andl SI'.,( )N \V.+IFIT1Y. Ili tilti(t ll uh trans­
h'r ( .11,ltniu thtsc, it1ttr;ttth n m i a hs l-m lincdt only I() sli.-ific 

(xl.\I)iicil(ltii (it1(tiiL SI il lwtlitt" u iatl a sits aini, h celc , sh ild int 
Iriiil hld in die 1aiiiv IntiTI timint imttinn lII nsical. Nl It(lsI am 
I th,nhtMiMtlnitl't'ose linrit liml varillhs; tile il'ieinr ])twvtii 
% lcl 1 [11(1 5Ii ii Hitiilusitmi (N uI,l 3) m emei1siml (Nitdtel ') (f) t hc 

'lblc6. Soillfamily cstitnatCd transfer ,nidcl cocfficcints. 

113 .Arm lystiandclpts Typic Plchutkilts 

Variabls Model 2 Modcl : \IMdl 2 ModeI :; Model 1 

1 
N 

3 129 
I 163 

([ 27) 
1163 

-7h 
I293 29: 

13.59 
1293 

p. 
N2 

-1.13.1i 
-7-12.1 

-1.t3.i 
-7412. 1 

32i7.() 21:3.1 
-0t6.8 -686.8 

2,13.1 
-686.8 

PN 213.6 213.6 95.1. 95.1-1 95.111 
P ./ OII/.'. 9183 8966 0W3 5361 6014 
t',S( )II ,PI -736.0 -212.9 
11-SI"ASC0N 273 () 
I'ARI'IY 121.1 
1'SIASON.VARIL Y 211.7 
N SoIIN -52.81 -52.8 1 -62.381 -0(2.38 -62.38 
P ,1/-SO1 L' 
I'2 * SEAS()N 
P2 \VA R IlE'IFY 
P2 S1,:\S( )N *VA kRIETY 

-81441 -811,11 -7871 
-224.6 
-69.62 
-32 .,4 

-76'5 -7695 

N--SoI LN 31.15 311.15 21.90 20.99 20.99 
PN. I/So111' 2178 21711 2621 2621 2621 
PN -SC";.N -21.13 -21.1.3 -22.29 -22.29 -22.29 
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preplant pHI (SOILP-I) illicractilon variable, a t'rln ilmortaltt ill Ale
Hydric DIyst randepts. 

Using kodl 2, with ;i "',tj oft) for SEAS()N and VARII71'Y, tw 
ditferelic, hwecn the pIledicted yi,'lds at 20and 6( kg/h;t J)alplicaioi,,n 
is 141T3 k /iha, vhws t',"K,.Ils 3 and .1, the prv'dictl diff.-.rtoes are 
1434 ami 1.155 kg/hzt, ,cspecivcdy. 

The p,.c,.(lilg exallJpI rcq ile l i (.t;,,Iil cuI l , 161.e t eIt '\\.'sife. If' (-xiktill i),'ifl,';uIM ficl dlit~;ftc ;i,'-illlot' a, soil famnily,
 

yielId ISJmOnst to ;ill)lid I) an( N (,;u llt iretdiclct i lIor , new sit' with­()tit (Ilc-rnihliioln OftthC C'xtralctioll . Tuvlhe calcultll ions fol1low at 
sCy(letn(cu of fivc slp. 

I.T'lte I ito'm, (l tol',ll lou\ c is a'xt~cS.et'IliS 

'-aLlld = A + BIS(Rl(X)j 

where SRI(X) is tlhe -(fl,'cn ro od P-cxtiactlcd (pp) 85 dctcrtined 
by tie ,odfiild 'rtog (Xil.'tIItol prcJc.t(Ill,', and A ,and 11at tile inter­
Ct-1 )t all SIli , ttsplctiv v of t(tt t stitlfltttd st;ight-litt relationship.
 
With I10 1-a1l( 1(ld, It SQR(t(N) is ('qu(ll to lilt lcgitiv(, vihlt of the
 
ratio of A to B, and is ;i ,llctlttct(d llleartit'e of lhe Sqluarc root
oof(sil J)
(SOIlP). VWhell (-A/B) is Ilottew d against the S(tlU't. root of. 50I,', as 
dc(lcrllinei irci\ ill Il)rtt,', Illc txpeclted stlraighi-lie rtela­
tionship, with zcrl) 
 ;llaitcdlstI slopc (of (oit is Slli)lrtcti dIw tiataile 

fronm the 2,1T'yli, l'alcudilt sil' used ill 
 the tratsler cv~iiohltutin. Th 
estilnl twd (d(ifo It( lil .mihte oligiithrlt l is 1.05 with i st;ul(ll(l 
errol off0.1)21)7. 

2. Within ;t soil tllliily, tile individlal site extralction curves ;re
expeeted to havc it (tlIlnOn slope (B value) but different inirccpts (A
values). In addition, tile intel.ptts should be lilearly rcelated to SOILP. 
For tile Typic I'htludults, this straight-iile relationship, estimated .y
regressing tile interc 1 )t il ,), for 24 sites, is 

A = . .66 - 15.,66 SUit'l'(S()ILP) 
(12.03) (4.7i I) 

where the values ilithe pirtntiiests alt. cstinated standard errors. For a 
given SOI IP valie, a soil fauily \ value Illily be calculated. The expec­
tation that tile individual site ex tition curves would have hi conmon 
slope (B vhltle) is not sulpporhad by tile daa frlnli tile 24 Tpic Pat udultSites. ih 1 value, (]Ci)C,1(igdpndP,. o ll I ulJll' i"ia1 .ll i Id I l (* ll "~

lllhlV be cstilnat­

ed, or ahteriatively, a: soil faIiiily B VLueC lor ;I gi\'T SO ITi v\'lue oaity 
be calculatei from tie relatiotnship, devel)ped ill ste) I 

-(A/B) = SQR'I'(X)- SQRTl'(SOIIP) 
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Soil lIhnily extraction curves It)1"selected SOIIP valhes arc estiniatcd as 

SO I P A it 

4 -49.26 2'1.63 
8 -86.92 30.773 

10 -1-10.18 315.05 

3. Vith 0hC aSSlnll1)Iio that ,iS01IIA vlhic (d 25 c(ocspolnds to a 
P(()I)I, vlluie odn in(1 )dbsubstliting 2.5iII(o etht' the above 
lVpic Paloldul cxrtrtioli curves, '-,iddCd vlelles 2it,1PCO(._)I)l of one 
,IrCC('ulatcd. l)ividillg thcsc vlltICS hy (WX, Will i\ P-ildded valeICS at 
it 1P(OI-E ot,'zr,. For" salc schwtc vatllis olS()lP'thet (d 

P-addcd (plmr)
 

SOILP CODE = I PCODE = 0 

4 73.89 36.911 
I8 66.73 )3.37 
16 35.1)5 17-52 

4. IPCO1)E vahlies for various P-ad~dd values Illay then l)c calcilited 
by linear ilterpolat iol. For cxallplc, P(X))E for ,iP-adlded value of 10 
is(10 - 36.94)/36.94 = -0.73. "Ibc following tablc call be calculated. 

P'COt)E 

P-added (ppm) SOILI' .t SOILI = It SOIIP = 16 

10 

20 
30 
'10 
50 
60 
70 

-01.7T 
-0.15 
-0. 18 
(1,08 
l.35 

0.62 
0.89 

-0.70 
-(.1 
-(.10 
(.20 
0.50 
0.80 
1.1(0 

-0.t3 
0. 10-1 
0.71 
1.28 

Sililarlx; vilues of P-alddCd call be calculated for preselected values 
of 1CODE. For example, 

http:36.94)/36.94
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P-added (ppm) 

PCODE SOILP =4 SOII' = 8 SOILP = 16 

-0.85 5.5 5.) 2.6 
-0.40 22.2 20.0 1(.5 

0 36.9 33.4 17.5 
0.40 51.7 46.7 24.5 
0.85 68.4 61.7 32.4 

Rates of applic-IP in kg/fha lor a given site can then be calculated as the 
product of lP-added (ppii), 1.5 and the soil bulk density. 

5. Yield response to various levels of' appfied P and N can be pre­
dicted using tIhe saune nithodolu(gy as the previous example of this sec­
tion. The res llting yield i esplonse surfaces, based on Model 2 Of the 
lypic Paleudults (lile 6), are shown in Figure 3 fo0r 11SOI: values of 
4, 8, and 16 ppm, and 2'O(ILN values of 4 and 20 pplm. 

Development of a T:ansfer Model for Agrotechnology Transfer 

'Transfer of' fertilizer N and 1)rates is presHIt(d in the prl'vious section 
using the transfer equations of' the Benchmark Soils Project. The k'.' 
requirement, in addition to soil classification according to Soil Tax­
onoiny, is a measure of soil N arid soil P at the site to which the technol­
ogy is being transferred. Soil ;,nalVtical methods should be the sa 'ne as 
those uised in dcvelopment of the transfer equation Since its coefficients 
are Ibr the specific analytical method employed. 

In general, if one wishes to develo)p and estimate a niodel for transfer
 
of crop response to one or ore experimentally controlled managemrent
 
factors in a par'ticulaMr agriCilturl aret, tile following steps must be
 
observed. 

1. From an availabk soil survey and on-site reconnaissance, select a 
soil that is representative of the major soil in the area that will serve as a 
aenchmark soil. 

2. Classify this soil to the family level according to Soil I' morny. 
3. Id(entify other areas in the same soil farnily that havc I range of 

characteristics ior the family and select experimental sites. 
4. Determine soil levels f critical nutrients for each experimental site 

using standard analytical methods. 
5. Conduct similar experiments with the same management factors 

and specific crop at each experimental site. Measure other limiting fac­
tors at each site and incorporate their effects on the yield response-con­
trolled factors relationship into the transfer function. Otherwise, any 
potentially limitikg factors are experimentally maiitained at levels opti­
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Fig. 3. Predicted yield response to applied P)and N. 
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mnal for crop growth. Gcnia~l ( rip andt phut mllaig'llltcll ofi tih'exp'i
 
nients should het simtilar' at all site's I() pl~v1) oit'
rt'\'t utl ratiisfr-oml 

i'(l~lf t' tolit 11'i ttW atIVt Clit's tio ' , :1 Si C arc oiiio-c ( Ilaii' 

alt!iil-iittt'i'it v c 'l'W iontal nl i illc in t iii p 1 [it.~iS1I llcil (.' Ilt l- l lhi an 

sccrptai ofi s'tll.Iloitlisets, itittit atnde'lsitu faltlts all( ilivedi to 

iltt tc pri6.tt tittiiii a tt~ti ll l't'toitt tio (t al'lttsl cqili tit' withie citt!) 

esailS' aa the l tit J'lit',fiaol sStl iti'ud cut tt'S't 1 faii'lst lI'))-'theittt­
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tIfllvv p;lttiUm frIinits lQmjlllC ()It it1lowl lessd phull Iiil(. thele 

SOIl III'S 111;111 (hillI Il(C(Ie( fij-it l iii',e Sliccit l .Ii(, cxp)(iiciililiiioul pro-

Reflruncs 

\Ilcij, 1). MI., mjidjF' B. ( ujadv. PIl!2 .n'\inig 1.\jwjiiiiiaj d(ll byVlegies­

H)l Is 

Plic1. hE\IAHiIvs~Scicjs 0115 (BSIP Thuh. Rct. 6i). Hadwaii Ills(. (1I lijp. 

mali/r rIjSIj)MISCj j h1ph ()itIlydi (lI )\y~,jl ljljcis ii th iltijBenchmark Soils 

I jjj\. I j\'jj 

( :()Illj~all, W . ;111h(1 M.N.Cox.. 1957j. E'xper~imental (Icsigijs. Johni~ \\ilex' 
h;ll Sonsi, Iii F. N(-\\ Vork. 

Du)j, L,. A. 151. Nici-t 1ljrjvjcl,(li . Soiljj Sj. S(oc. Ami. Procj. II8: 
.1 2.- .166. 

ilJP., and C:. L. \\,ld 198~5. .\lo~sioi~i Iljlcej~ jlitiijjjiin of the 

.\S lwjlijtuij In( . 1118~2. SA\S jisr' 4jjIjd Staiisijaj Anly~sis Sysiviui lust,­
mjuc. Im ., ( 15,m M'jidiIi tndwt 

12:5. Univ. i\cnmtoks'. 
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B IecIding )ro ..: that pcri it a t) I at ion of theimaize(Ir ma'ys L.) 
gen1otyl)e- tos.i]ici virminicnts make itp)ssill"e to rodc Maize 
filii thv e(jta l" to l1,'i5(0 (tgit'ts m. South latitude. 'i ilateh" lltoi'tl 


Ii~iilt, ietquiri'liltcltts t toi'0'i\'ii)teits is not, hot"wcr,a simple task.
 
t
Tlie lIi e isis N)i itI(' 0 t l ' t ( f t''ofi( gii';tl, and 

cdaplhic clivirltllilts-t *<cli\i'tl*(t'lctit 
st to i'iZ ic (liiatie, 

t+1 l mlici'--ill hih it isl)SSi­

.iI:tize. i 
g''" of Solil iaxot.ti il<eliiitl tht-wse nichs. This dihalmj ri'lates tilt' 
.;til-( latct ph.;ii -, usedt iI litdefinitiom of, 

bl t i r(v)w III lt B cnI ii .Soils lPriu je't, ilit smi f,utliIv ('ate­

iliuiat'tistit 5 I)pr'Iet 
.soil] taxa to uiaize l)iotiai('te ati s 1ItthretlSil soil IlliilV let­
work of'the' litelnela k Soils P'riiJtt 

(C]i:late was iII(topmiawd ilt tte (l'IltitinS )ItIe tax;a )ISoil 1hX­
ontuiiiV ;Is S()i l iistr'" and so)i ItlI,tilotui .'c cgituies. Ilc iilipowt:ut 

of these 1i-tlitiiate ae)4iiiii tiitlti<att'o (t sy'Steiiivc it l (I;tssific;Itioll 
such isS(!Il '1t1oolll;" is %\'it(t,' l w by t(t It s soil litistur" I mesilnics 
0 dlefin. the level ilitiltcase of thc Arlisols ;ind ofiosttmxa at tulti itl 
stilhortItls o)f all olther ondlet+s. Accordingt Siiiith (leaiiiy, 198-4), the 
use of soil illolisttietl .soiI tcillperatU-e regiIlICS Wlas aInatural substi­
tute fo" the+(olilce)t (ifzoital atld ililtrazo al soils Siiie' lieithr was based 
ol soiil properties and. Itencc, neither would itenablc in a natural clas­
sificttioll svsteil . Siwil tllipcrature regilles ;are used to (todflit all soil 
faiiiily eategorie!.s and Si te of'the ligher categories in Soil 'lFxooiiiy. 

Not sur)risinglv, miisideratiol ticrop protduc'tio i stroilgly iniflu­
(teiitio t1)' soil otooisture 

'I'le 1d!owing are the dcfitlitions of' the .ariius soil muoisture and soil 
telill)trIturc rtgittcs in Soil ilxontoily. 

eneetd til. oI))th itlid soil ttillperatur rIgimes. 

Soil Moisture Regines 

There ate sevetl soil criteria that are elements of' five quiatitatively 
defined soil liistute iregiiues in Soil 'laxonomy (Soil Survey Stall, 
1975). Probability values off the three soil water states-dry, moist, and 
wet-are comuiputed in percentag( s to determine the aquic, paraquic, 
udic, peruLdie, ustiC, xtrie, til aridie/torric soil moisture regimes. A 
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soil is considerecd dry if (btilloillt xt ractablc or availall water is 
rIt ill t Suttion o01tt'nsior (f 15 bar,, (4)I more0. This \vall (wirlSpmI(ls 

to the early concetdof tl lcrimtntt wilting point usted by plait physi­
ologists. A soil is c(m0 ildhrel wet if water is beld by lht' soil ul(hr a pi,si­
tive prcssurt. ()rIztt) tecnsiom, .. t waltt-sat'lr;td soil. \ Soil is (oil­
sidered Illoist ilfvate'r (,iilM '.tt fIl-nil a (coinllinle(l s sillnleh with
 
a tecnsiom aIwecn 0t ;lltd 
 I bars. llc ;ommilt l, wattl. availlabIc fo lih
 
plant to vta\' i cr
extr t, hl' ies witl soil irq)crt itfs. 

'Ihbe nilar of (lays that cah (d" thcse' watr states (,xiStI, in a given

So4il withuin a sp',iflicdepth lii h.ll 
 a hbasis 161. (lefjtujn" soil lllo)istLI' 
4L'j-ill(cs. 1)st soils alt'rnuttly bave all tbrcc states vcr at(;cniratlly,


period of tinli. ~m lu' s il. , arc'vu.it pr-c(Imtlfi ltly wel mndry. The
 

specifi -d depth within a1S()il l)dlil)htlut is )Ised to (Ilt ri IIll th- wtcr 
content is oferr. Iw as tlo soil liilisturc t(ntd 5((l )tiatn( is 
(lescribed in dht;il if) So"I 'lxlnlu. (io s (f the Sol lli)s­lhcu ( iiIti 
tlel'C ,'tglleCs liste I t w ;,au ;,. !;Ica liIS ()1I th sc compljiled by 
Bl inot h (1983). 

Sol wale/ tor .io eopual to 0 
A(L.UIC In illost years, ie soil is s;It(iri;e( with <Xygen­

depicted wtw,' at S)me, S,;s()I (of bi)ogic activ­
itv, but the water table ImIyN be hl.vwer In ;aioth-er 

Soil water tension betwe'en 0 and 1.5 banA 
UI)]C IlIiost v'O.)is, [h)0 soil ii)(lstur,' imlrol section 

is IIcve dry i aty liar, '-t -s lmg as 90 tnnU­
hlti\cl'ays, Ilint it isnot aqh(uic. 

USTIC In most ycars, tih somil moistre c(introl sectin 
is dry iII SO1Il part fo0r m)re thuan 90 tti iiullative 
Lays, but it is dry Ibo less than halltit, growing 
Season it all larts in the telljierate1(w Iliddhle 
latitu(hs. In the t('olpics ()-bmvt l tt(ifes, tilt
 

mtois t utr e: (' ) l , ( l S c' t i m), Is flm i1 1 l ic tl p a rll 

for imo)re than 90 'O)0sitstitive dlays In Illost 
ycars. in,t loUl Ib hv ill ;ill Iarts fo)r Ill'or tIlll 
90 days, or een biolorw e thnIll 110 days, c(tn1t­

liut ive.
 
XERIC Ill six or iiiie yl,'S 
wit ofl, 10, il(e liOistu 'e (Oll-

Sn,5,1)1i IS(Oiit intiuslv HlOist forMIloire tban 
45 days Inall Narts in Wiit. ;ad is contiinuoiusly 
dry in all parts iinsuinic fbr morc than 45 
days, and tilte soil telliJ)traturt is thermic, 
mnesic, and frigid. This regime is restricted to 
temperate conditions. 
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Soil moi'sture tensionr4rah'r Mtan 15 hats 

AIPIDIC/TORRIC In most y'ears, tht soil nmoistt iC Control section 
isdry in all parts more than half the growing 
sasol anI is not iiioist in sonic part for as long 

as 90 coi.seciutivc (lays during dic growing sea-
SfIl. 

Soil Temperature Regimes 

Soil laxonomiy defline's and dscribcs (en soil t<_.lop-aturIcregiies. 
Reportcd tcaii annual soil tclilpratnurc values an prccnrsuiiat ive of 
tcill(rnttnCs ;itaidepth of ( cii. Where directily miieasured values over 
I pulrio l (IA''ars arc unavailable, a fitirlv reliable tstinialt can be Made 
lrii ihe iieai ;in11111 ;air eleiil)eriure. BcatilUs tht1lris i lirect rela­
tionslhip bt Ilwtiec niin ainllual ir" tell)iratl( airic ilt soil t,'iip)er­
,tturc /at50( i , tilt( n annual~l be(es'.timaftedl byini til tt'np-urattIll.( call 

,addcing I A :('to+till.Iln mu i l tn tu l atir tw llpf-rl'tttlrt. this dcpthl,At diutrnatl 

flluctuationsi5ar iii ilizc and i(ll itl dL IIl;C Of t S+oiill (htllgt5'+('ll b 

)ehinitions f6r eaich iegilnIi \VC (&JI'llrlined fiOiii Xl)C-iIintI., amid 
o)bstrvtions- o! lic go\v.'iig l)iiOd ,f Iniioi ;igrictIlhiiral crops. For 
instauit. iill ( :aid 22"+C isotlIuiiis iZ'j)tSU ltthe 'algt'!'tCiiilW a­
lure fo f)roplouctioni olsiiall grains ill iic' Ceintral and aid WCsierii areas 
ofl'ic United Stiii., (oiitiiidil me srttrtI i tiet' eCorn belt. The liiiit of 
22'( in ilhu eastern flait oftthe( United Statts Sp)ar;atcs theccitrus iLd 
the winter vegetal ]chs. 

F;or cropll pro'<dutioin ill areasl distinlct andIiio.t Itclill)'lTailt I I'C i it 


iieiiaStirIC)lt hCiii)tIi iFC iflrC' lCiiCebetwn ; andstinilnum winier. Soil 
teini)eraturClr giiiiCS fomr Whichlh iiicaii winler ;nd sullnci tepeliia­
lures dififTrbyIore thin 5 ( are caitegorizei(l hi oh laxoiitiiiy is 

legiulc Nlican amnuald soil tIemnptratr 

' i 1)(g ()t'ni,Ct r i (i 
, trost is pwi'S'lil) 

( r()"(0C tii ( , 
Frigid 0(( I 81 (wai ierI hlin c ivisilluin'r telliipeiilures) 
NIsic i I8 Ito : 
hh rniic 15 ' (: to)22' 
I I vi hirnlic >22 ( 

Tlhe littemr thrc arc those )'interest for agiricultural l)lanhlig and 
developiient in 1)01h , and tropical locations. In tropical andinepeate 
subtropical areas, where the liean winter and summilner soil temIpera­

0
tures generally (o t differ by imoire than 5 ,the iso prefix is added to 
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the flOiiieclatuRe of th. w;lrIie Icil)lir rt Iregillies. C]ld and Wil'Ill
 
tCIll)eI'iItore-s lssti)tiiitctl with wiinttr a l Summrll"h;ixoe ilt Iilllillig iII
tilt tro)pics. isticad, t'et ryand (11sasOlls app-aer IlntIc lp riatc 
wher siuch distinct tuilsllS occtir. illc t,.Xtt'l ofhtt wet atnd ([rivseasons 
affects crop pl)O tuctioi ill(lift tlicits ,vltrcas (lietiit)l If frost h+ fi'si
 
d(tei'llilos Ithe growiot, 
 Sealso illttiliitrl'itt ar'as. 

Moisture and Ibluepcrature Regimes of the Three Soil Families 

TheC soil iturt mid .,oili 'lpt'ratr, rrgiliis (Wfillc thrc soil families 
studied vli tI Benchinwik SOils PrOiectI are part of their iitxonoilic 

.iO)lii aIllct 'iI rc two Soil ii1i;Stt r its-tli udic ailtlSlic'-int S~i il
t\\.'t) t 'pcr turt. n.,gilnti.s-th im)c 
the 

-mtni d (ift(i.~v 
l)crthicIIiiit-/nOtiil tilt thIrtC soil faiiiljtcs. Tllc ke' \wrds lir soil inOis­ttire lrtuillic.'+ill Illc' w n>llli are'tttll'rc I lvdric and Pitit'ntuh~s lw tilt 
idic and EutrtstOx fin. dt ustic inoistl t itglit"s. Silyl+,l, staed, ti 

soil iostiire an "OIsoil ieiil)traturii itgiiits ofl'lht thretc soil liiiilits can
 
he xl)rt55e~l as iciwig (I) liioist and COOl 
 lItrtit lldric I)vstrIIIdept)s,
(2) dry aInd warn It ie'lill.j LtitltrIstOx, ant (?)liioist and inlir

for tilt,
Typic Palhutltls. Tit. latter woiitl ti(res) t the conlitions
of ie hiiiid tropic,,, while (he olhrS would cI(l to cOitlitions of 
ite tropical uplands ant SiV anias, I(Sl5ttivly.
 

Rainiiall andI tctniulr;itiiirt r Ucols lctt t'll 0t til'
in ec silt's'c
suni;liizcd ini i.gl'all hni:ii ;atI arc pal stiiic l iii li hillowiog sc­
tiol0; attcrding no 
 soil famiily. Btciause tift Bnchln;ik Soils Project soil

finiily network txtwindc u\er cmtlitry hotniiu rits, tiet
data sets have
hc'll stllilliarizcd )y soil famiily ant t'itlitry'. "he setetirils wertiol­
lectdtI frii, 1976 tin'mgh thieclose f field aictivities in 1983.
 

"lhtbhi
I is t sunnmatrv of meical daily \altics Otf'weatlher data recoCtltld
 
at each site over a inhl]bel'
ofvcars I)v soil ftiil. Air tIcinpurture, rc]a­
tive hulily, 
 wind sptetd, x\illdltlirtctii, rainfiall wureC;,t,lI colhected 
with a battery-Opiwtetl weatlir station. Suppciliintnry rainfall and 
Iiuaxinillii antI Illiillttrilt datt Viiprait;wise as) catllctud a 

iofback-utp (diuring llypu'id iittCh;ilit:al Lilhii. (l bal sofar radialitin
data \were nicasureil and rectil'etul with a silicti pyrlmillitltr selnsol 
and mcrhanical integra;itir. \ ttliei dVeitl;tit;ttniilniarics I eXl)eriilicin art
reported clstwlire. (l etiucin;k Soils Pir(Jcct , 1979; 19I82); daily weathi­
cr (lata allIlliaintail ltpe.

Il this andiht ifllhwing st-ctioln Of this Chiptrt, weC Will review tile

recorded data iii ilatio to hoti tile soil tioistutr ant soil tiinleriatire 
regihiies as designated illtie clissification ol'soils by criteria estalished 
in Sil lhxonoilly. Illadditimi, wc vill consider thi appropriatte use of 
wVet and dry seasonls in dcscrihing the planting seasons t1 lic transfer 
experiments. 

HI;dric l)j.tlrwndeps: ivothermic, udic rnIime. 'Ihe nine experilnentil sites 
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TaIble 1. Summary of mnwan daily wcather variabllcs, latutude, and eleation of 
the Becth ;i'1.iSoils Project's sites. 

Site 
TMAX T\IIN TAVG RifI SOLAR WINI) I.AT ELEVI (C) (d'Yea-, (C) ( C) ( ) (ly/A y) (lin/hr1) ) (m) 

Hlydric I)ystrancpts 

Hawai 

I A, 24.2 16.7 20.5 80 107 W0.!8 2)N 500 
R) . 6 2-1.1 !,.! 20.1 77 :;79 12.:! 2u. 550 
K!,"K 1! 25.3 17.7 21. 5 77 :lt; I.12!N 100 

II'KA .5 26.0 I.7 20.8 77 1 5.0 OS 1280 
1.1'!1 5 27.'2 lo.:; 21.7 8t :;7 : 7 hs II100 

1,1' 2 .8.7 1t.I 22, 79 :M1:! .1 h. 1250 

BU( 6 28.6 21.2 21.) 8 1 :318 10.61 13N 125 
PA, 6 31.2 211 26.:! 78 :125 .! 13N 10!! 
PUC( 7 3 1.2 21,6 20.1 7!8 11 7.6 3N :350 

Trolpeptic ELIIrustox 

NI()I. i 27.5 19.3 2:!.! 11V .17; 18.9 21N 275 
WA I i 211.7 19.8! 2.1.2 7! 19!! 1.0 21N 150I 

/31021 1 1.7 16.I 21.1 67 121 1.9 15S 510 
I'urt, RI, 29.!3 2!!.3 21.7 71 't2.1 -1.5 I8N 1:30 

TyIIic Paleudults 

(am.,,,, 
IARK 3~ T. 22.! 27.9 10 26!! 1.3 .5 N 170 
( 313,7 22.5 2!!.! 77 :116 2.! 5N 18) 

IBtUK 5 :1.0 2.! 28!.!! 68 :;! ..5 3.S 200 
MPII) 5 31.2 V 27.7 69 193! .8 3s 50 
NA :t11.8 2 .21.) 65 6 :1.! 5 t!1 

I )AV 6 :-:.( 22.A 2!!.! 71 122 .5.7 7N 5!! 
S()R :11.0 22. t 26.7 75 :71 8. I !:!NN 8 

N ,i v:h",i .t mrdI'm rht i 1 .1 n till(11 h'i , ill itj"1.1BIIil R>i i(11 'vi1 I)bc' c. ,,i in M 111a
 
(;ri;tiN. .11d h' . Pur'iH
Bradi, l 
 n.rik ,, I'lih\\caihl' \mliold], inJ1 .' ui,1xhin1, 111nm -

II ll..ald .i%l'.l W 1lpr'lilllr'n.I c1.1li\,.h1 idil 1%il rla iii I
, ":1;11 , m ,lt inid I wccd 

o (It"Ilhlixoirolpic, isotiu'rlinic Hydri' I )Vs!ranht)! soil 1iunl' ii'cwurk
\NTRIl ilal mI slpcs of'dorl la1lt of, c~il II vo~hanocs IIIinsulhr ,gt'l­
gr'aphic"sculinig.. 'lho-rc wvcrr' Iircct s l ',spcr :oillllV. Ill bolth iOw Unitcd 

SIaws ( lawii) andi! lw Philippin's. 11w !lirutc[ itr' wsltc illrclalivr'lN 
d~oscr.phy'sic'al ] o:ii oiic aiinlortlianito~ l ithosc I1 iolicsia. 

Nk,.can ainnul Iitpeiaturs ruc'ordcd] at caci sitc' alltshown griaphli-

Cil)' ]iv CotlllllV i ]"g<urC I . SlCill hi awili Mid( 1n1on-Sia ]liIVC 

isohiini 1t'rliTiluru rugilliis wlict';is Sitcs io Ill Philili)its hia' 
d'itdcdly istli)Iiic rliuc rcginicsias Iheirt lll\ni lucs arc greit'r 
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dan 22Cu. °)niitt irct di'flit,.)csvwithi itparticular iountrywere
 

ttriuitd todlifil Iciicis lcviievt lthe landscape.andi, and position ill 
to hboth Iitc andcl hvathii a3( €'tmulomog inis. 

site'. cdiuild iAll i t. i c\sid r,+d to Ibe tdic. Adteqt Iat l itdi l distrihu­
tl)i)I lhrou himt tdc yai r Itwo'to ltc soil ii iistuct tliitd on ltiol sectiol 
fiemi hc'omitS,dry I"l more than 90 day's in tiwa." (Figure 1). Thiile 

cul tl lliil lv hd 2l00 mnn sititivc r it illl i.ci-'s Ilioni less than lo s ill 
Hawaii lioniI 01;1t :MW)(11)1olt tlv S('11I' Ico t 'aegehilip)ines. htI' 

(d cuIllS li ive i l dIi \'l lt's dIslilt tion tI m ghottu yha")Iits the 
cann hci it/tei-.v x tr~m 6ti wli. ldic ist I '-gid (ith crit'ri or sl wi ie. 
lData ccuted fr t, hr'cr .t rlhIc h -tims tIm- (this,icfamily like'ly 

rspnls ta ra(gls sts)-nutpvittn ba .t f( livy 
Truslie't-r i.Xl evrcfplo R i ll hcc ( and dlry cass..'ivtrcts In v,%'u .­

F:or tHoc 1t).o.tpal t,t.'planting pt'timls ( M ayl',;,.and jle'cm-l-t-Spli ded 

to thc dry stsiilltt ith thl Ilitiflland Itndmiesia, but eriod t 
the ,.ti ill Siltippine iSitlit ti ligscts)ll both . i'li, plai duing the 
lperimd lfrom httt- N Y.vtinbcui w carlyv .]a11tiatly corrcsplided itothe( wet 
NtISca)isill Ibwh I law.vll and IndmicsiM and ti,.' sca;smn ill thcdry,, lhilip­
p:ilics. Ilcw csti1)gly, t11migh, (th,- ics and tlt','ti tch th i hlPhilitpt .

linge Willi ;iti po's ic'iiiatnd inht silis Ill(he smi;oth.•
Wlo]J,,'pli(El+ m.hIt~x,iLm'ivy:+Hwd IWI'. .mr. th littmt1', (7 Bo .lilc. I la',,.aii 
w,.crc part <ta nt'vwmk thItt liclud.cd hmith P l't't¢ D~ataI(M :( IBrazil. 
sets t'owiht'+.t 11'c hby BIM -twh( 198 2) thehatt-1v sites V'lpm-wd in F~inal 
Repo)rt (fthi' Uni','e'sitv (d Puerto R+i I c ctm tk S"oils Project. 

lRtccmdcd tellpt'ratttrc mi~d raniil] data mvrt. (lFig­thc six year"lpermidc 
tmet2) id~lc;it thati hith sites mlilt thtu is<(hylpcrthIiclic temiperature 

• 

1tcgilll(', tilt!so1I'alige v,"ith;ill tlstitIlli:+-;urt wh1C t+" S ltn ,istuffe control 
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sculioll is dry ill sonic or .111parts I'm. ;() (ki "m. Im)Ic ( IIIIIIILII ivu days ill 
it year. This gelici-illIN, oc( urs 1'rollijuly (1)Scl)(cinkcr. 

'I'llcre is ;I (list illct willp-I ;mIn. p;Itt1-I-II lot 1)(11 If lot al ioll. . AItu Wcl! (IT
Illontlis ills() um IcspmI( I I') (I)c I-cl;I1 ivvl cooN.I. p-l-i(ids oI Ihc ) ra], With 
slifficirm Ilwki ifIc lod dw fit c\ ifIing I 1- Idc\\ ill( I", Ihr I (-: lIll illf. coolcl. 
soil (cIIIpcI-;II 111C." NN(11(1 I(Ic(pII(( Im p Ialo pro( It1((ioll ( N Iall Ii(IlIc c(
al. 11 Illllo',l ;111ill.,,[ ill)( ("', polido pro,!, tioll !Ilotild hc vvrv 
pool. of. ill it[) isollypri'llic. m i( ;tll(l ll',Ii( clivil-ollfficlit. 
From Ille dilt;I sll()\\[, ill FiL"ille '-!,willp-1;IIIII-1, ill hoill Si((-S (ould Iw 
clas"ificd ;Is thri-Iiii( dlllill , Illc lllmldl holo I)r(clllhur to NLIlch and 
hypul-Illef-Inic ImIll Aplil I(, N(,\vmhri. 'I'll(- \ui (()rn- q),)odcd to 
dic(lit'l-Illic pc!i0d '111d lllcdl- ',(%I',mI I()Ilic ll p-1-1 hel IIIi( . Tllc (If.\, sca­
S()11()Itll(, fl\.(Iii( H\,-. Imlldrpls old I)pi(
 
wcm-1-thall lllr\ ct
 

Tq,,i( Pa/,Iohdl IIh,
 
at cach oI ill(. c\cil 
 (d (Ili- 'I pi( P ilctidiil( nciwork
 
rellc(l tlwis(dl pridl( I-IIIi( 
 hmiilv\ illl %;lItIc"l-miging
I-i-om 2:5 to Si.\ (d Hic \clc"i1c." silliawd 
ill licarly sillliLil Litilildillal hom dw c(plat')).. 'I'llu BUK,
BPNID, and NAK siw.s ill S()mIl SIIIJI Itr;l, Illi-loncsia, vcrc ill Imi(Ildc

:N: CANI ;md BAK ill ( :;mwi0on \uic ill W thc I)AV .,it(- ill Ili(- Phil­
ippincs w;ts ;it 7,X md (if(-
 Y )R sitc ill III(- I'llilippilics \;I.s locillcd ill

SOLIIIWIII 1,11/oll ;it 1:;N. 'I'll(- low clcv ltioll (d cml) dwil. low
siw ;111(1
la(imdiiiiil Lkuly coll(rihim'd I() dw (()IIsi.sIcIIIIv wal'Im.l. (CIH­
perallircs.
 

The -lic"ll wlllpcr ll Ill (- (d (lic P 11(m!Ili( :;il(.s Very

similar. I lowcv(.1., dw i.,;(dIyIwIlIIrI-IIIi( 
 rc!"ilm, of Ow 
I"'1111-tistox Iwady lowrl. thitil Illo
 
Pillclldtllt, , PcI-Ij;Ip" t(-IIIpcr f(IIIv 
 lll ly 11- to dis­
tinguish si(cs with icnip-ramics ill cmcss ol'22' C.
 

Raild"Ill (list rihillion I-ccolds 3) indicow 111;11 all 
 ;cvcll silcs 
havc a Ildic Illoistill-c n-gillic. (kcill-f-clice of alld dry scilsons werc 
similar for dic silcs ill Illc Ilol-111cril latinides. Tho dry sc;lsoll ill Calilcr­
ooll, llowcvcr, heg;Ill ill ];it(- whilt. lll;t( ill dic Pllilippilws \\.its 
gvIlerally ill law I)ccrfillw].. Thc \vcI sra.soll t1sludly maricd ill May for
both localiolls. Tllc wcl illid (11-v scaso ,is ;it just (hc oppositc 11,111c
ill Ilidolic'sia. As ill dw Dysiralidepi Iletwork, Ilic rainfidl (list ribul ion 
records and utimulativc anioull(s of, sit()\\, the ritlige of' both 
withill illc Ildic Illois(III-c I-cfillic ol'this soil fillilily. 

Weather: A Sitc Factor in Crop Response 

The ilitcgratcd ohlic(col-ological paralliclers oil crop growth and 
development NNICIV V0IIsidcIvd collipolic-Ills ohlic uncontrolled variables 
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(It.mtc f: Ic' ors i )- it p.11.( 1([d; Ir ]()('it( (.,I I (I;,( v(dlcct,. d 
MICY :III Cx(cildcd pul ",)d d (III)c III( list 41 pi 1)\ [dr v;d1lei;
with wilk 1)1;,J. fill" (It'. ( llwafi( Ic"illics ;I( dw.'w 1()( stit. 
(PAICS ilk' Ill 111111111, 114*flim"1111-c illid it 111pri ;mll c I glilll('s
ils.io cI Itc( I N\ 1( 11 1(11 1)[11 ill(.\. ill(. It()[ :1d (v !I;llc IM its(. ill 
illfcrprctill'. Irl-11)(11A cllc(li, (d ( Il llml.,imlc Iil(l rr;ltulc (m trop
1-csimmsc. C11111,11c 1 .111llllpw,, till ,lw Iii(Im :111 
partl(tilill. cl(lp 111,1\ hc \%Ill) 'I'li)c dc"'Irr(d it) Ow ]oca­
floll xdww ill, ( 11111,11k \(.w ((d11'(hd. iIm\"\cl, ( l(pp." :t-spwid to 

illd dill!'i1c. IIt( wil iml (d
mallc '111d Ilw f 'im"I lcyllw" flic 11,mi(m lllt illid rct(mlilig, 

plwllmlicll l m 
It is r"11CIIII'd it, wn I :ilitl 110(willittiml (m "m] '1111illt,

Cill] ;Ippl!)pI-1;lW
lHiMil"CillcIll 111('11 imc,. h(ml flic \\("Ifllcl dalit pic"rilird ill 1"WhIVS 

111(I Ill I"Ilm ill it. P, :1sit(. 1;1,(()] *11"11 )p rr­
;'lld 1!1.Ihl(' rillloc(d Ilw pill-IllwWl's 

w II I I I I I I I I I I I I I t 11, 111 1'K I I I I I I I II I I I I iI I I I S I I i I I I ) r 
I t I ()Its I I I I I I I I I I I I I I I 

B ( ) I I I ( I I ! ( , I )( , 1 1 1 , I I t Is I I I I I I I -
I I i s IIc I I I I 11 1 1 1 1 1 1 1111 1 1,- I I I I II I I I I s I I c a ( I II c. I m I , I(­s I -I I I I I I I, I d 

I I I I I i I 'i I I I I I I I I I I I I I.! I I'l g ;l I I( )I I S
 
W I I I I I I I I1 )1( -I I I I I I I I I I I I1 1
1( 1 11 1 1 111 1 l I c . c l 1( 1, , i I \\ its it( Hh ic t c \ ill I I - I Ic
Imssl I I ,l ) I I I it

I I I it Ic I lliw. I rc( I k N I I It ( n q I 
purfol-Ill;mcc ; I i I h( 1 .1,1 lul (1\1 1"I I Tlw] r c 111 1 hc plillillilig 
and 11111 d I I m 1(1 C\1 )(11 Illwnt." ;Illd Ill ill(, 1111crpr(Aillitm (:I
 
lusill(" lrfjl l Ill'-c rXI wI lllwllt, "('11
. 111m,"1111 C Wij,, ir .sljmcd 1() hr it ImIl­
ci mst I'm It \ 11 I'lldc dut lll ! dlc 'Ill 'Illd dr\ Ai)p1licilt (d Ow w iz( 
cn)p. !c'! dnlwjl( thili wvclck 1111111c(I ()Ilr( (. , (d it I illid 
ill(cirsc p o I 11 \rlr II I I \ w(()(,'IIl/cd 111 AIC( wd h\ 1;1 

ph( 1!1):I!(li't,W Ilid ir" 't I I I. lit( I( I m)( ()I)\ Imis 111 1110sl
 

cxjwl illi(AH" 
 ,Xt cp( I:j dir lllslitn c ( f ;wistniplm c\ c I I I s Stich its 
t % I )I I I I I I I i I I I t I x n I I I, -I I ( i I I I I I . t I I I I I I I I I I 

A 1C; I I I I t r, II I It I I C X I I C I j I I I C I I I c I I ­ 1;11 1 1 1 1 - - I I I 
Ill I L, (,I itil. I I v" wi is( o I " Tllc cl!u( f d cal It(,]. slil(is( I( S 1. sitc
 

I'm I())." ( all hc 
 c hv cXimillimg 1will cn)p pcI 

ql,;tlll 1, ;Ilid( r,c., ., 1(.!( J) tAlik WIR V, (,.I; . . h 11"Ill (dilic L rmvln l 'wa. ()11. 
I h r ;1\ cl-;I,-(. 11111111w r ()f w )till-\ cSI I(),. S()Il f'Itlllll\ illid sitt's 

w1111:11 dw 11111111\ (d)('1111cd Irmll Izcd &1la 1-clwilcd (.;It It(,],
(licti, Imi;irk ()ds )'I (qc( I . 1079: 1982 ). i I; irvust (Iittus shim Id imt hc 
CM11,11scd wIlh (1;1,(. (d phy"n)h).gicid Illmunly 1*()I- ('11111-c cXpcI-llllrIIt.flic 
In Illwit ills(ilm cs. 111()sc ph't-i with filglirl. illptil Ici"cls reaclud pIlysW_
logical filaturity cill1k.l. Ouill tllc I mltro! and low ilTiltiliClit plots. Fo.. 
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logistical t'casolls, hll rvw datcs w w hvhcst tcrtc Scheduled 111c h vw titatinlwnt 

plot. '. tVttVVliil'. li t 

itittltttvtl), tlt( dry isolli coliiljIiscd of
s is [t illoillhis vi the
 

gicalts'ttpo t'lilial 1Ir 
 plmit ,orowlh wilh n-,.cct to ;vailabh" natural 
(litltigy. ',ittt tfor tlgt Tl'ypic PalShitiilt ( :itc. !nidittiitl ('lhll 2), alllo ail l i l t i ~ Ill : i sh mlitc r ~til a gli c<l <gi lill v ic ]h ,'hurmilio i ll l d(i y s t 'ai <l l . 

I ocl t r tiSe sonI tic.h I n ll i ,tililit \ ti r ut'd w tlic Short­agct of'\;imcr' tw *rrig,11,0111.
 

"ltl t ;hvt't('xtc of\,iIlh di sfi illmi iu!. , ilX Iti(;111 mtil gitict thg litS(111 < i l M iiOW;L' l l11g;l 'S: '11 ll( )\\ 'l b N,Owuc ',o.11c r Il l t irl iv dl im .t ' i c 

liialccroprt I ll thos' ctttd i d tiCAw i ;Ii0Wl Il ilf till Typic 
). e onl %l ICbIy\; io hLilrve IlTblh ii (' oth e. c \IS l latig ll t .dc wl i . I l \vd r l lP v',i i ali d t' <tll d l i t l -lll c'i E'is w w'\V 'l i (qp cp~ c u tr is lt lx .
 

IfoJ lv t'., ;IVe't v hia I.itl nt nI h

I dile Ia(v t Avr1ge wcrc s[ I- Avelaeil
 

D)av.s n) liilu liilv flw iiliiz' \wiihil di taliliilk wcrc Is h v al-Ililo ltl oi," 

Ill e iOw)y,.ralncptiy ]iwy ill ih(- Philippiw , llt- 'I'op'it:Fllltl ;Iox Ii ]>'lll R ic(), ailld ilu' Tl'.pic ]Palitu~h.I"ll C( alllcl'rOoll. 

w.t i h ili-cl a ly i 8718 1i 8(1 s and' I l 1 11' 1 741iiii8r8t 

t Oltt withi 


anii llaiititiiiIt,til ,ril(lIt-s Ill (he( hilipplic sit 1cr75"C4 


r li tt l Sil t's I1Ic6r i10 pccIIlV so6l I'tillih, N 1511111111 
' to 7 

ilc variet hares yield harvest yieldll 

Table 2. Summary of the seasonal cfets on lh( linte of planting to harvest ad
alveragc.grain y'ields. 

D~ry WVet 

Maize Days to Average Days to Average 
Site variety harves! yield harvest yield 

Tydric Dystrandepts 

I Iawatii 11610 151 87581lndolntsia IP; 1501 180 74186773 150 511.5 

lPhilippintcs UP(, -1 120 6052 127 64574 

Tropclptic Fuirustox 
Brazil N301.1( : 150 7597 180 7514
 
1lawaii X30 .W( 150) 9522 180 
 8858
 
Putol'~ Rico X3011t 120) 8458 1201 8183
 

Typic Paleudullis 

(]lCmeroon X:M(l-C( 90) fill10 105 5707
 
1]nd of Ites ia H-1, xmmct( 120 6 1713 135 7508
 
I'hililppirnus "l.iiguil>, 120 6652 
 120 6178 

X31IC 



86 A1(1c/iing .1141is,' 'qu u onn te)u 4'l~U1)41wn 

Thle Influence o(II tl1111Sunlight and1(1 l1i mij)'144o(il cropJ response can1 
be 5141(ied with tile u1se. o14114:o 111ci4144.l 11415i. The4 cow44'~ o firllcp 
Ul11111 is C011iuiolII C'1 ill 11'4441)C4:4C ;40':4S 14) itcll 1114 phl4l40l1gi1:4I 
deve'0lopmentI4(d i ro to wc;4I~Icl j4:44:4lic'ers lit ordil. to I'4'1414 tile 
Sutabdiility(,I ai~]h4licul44 g('44444\j) 1to ;I eographJ)1ic 14ulion. The1 1114114­

1)ro Iilv therma4l lilis (l)IL) \%,its c111141414'1 lisil)g r(he cla;l4ll 

wilr 14i' a :45111d 1 arcil illc1 (1ilkl Il4:4Xi1414fl an1d( W41 -nal'14111 


1)efl41111s, lc l)1cl I[\.( y, ai44 8 
 (Ilic hlms( 11'lp1alIle uised(1 f01 41:izs.. 
Using is cqu:lton, liit': I 117 \4.I)41.s (d a4pproximat:1ely 1100 and 
210)- e'444fU(I14l f~44 1e4I 1114I'l:4gs )blillm to 5iO 
percent4 0lselill",:414(1 11)14I)414ill 1 Jgl4iIloit:4 lI4:lail\ ori 14:41-

Thet i1'Y4lfs i44l);411 Him41 l;I4 iio~c likc N:)(:, it \:4itri\t iistil :
 

sites acrs(41 1141 -c NSoil4 'ihilliilics, \vIll 41ljlli'1 nealy I 100) 1)11 t1oI4i t I­
ate4 tasseling and( about(4 
 2-100l I )1b to rc.111 1il44il\t 4144 lll4111'4 \V11l 

l1114fil' illk-c \:411tics \\441114 1)4 a 114141(441 o41 locat4ion 14111 a4ssoc4'law site
 
vaiabllles. B~\ )L41)\\il4. it 441l444)44l \:1l4'IN' i4 clhsi:1 ll4 il\ 444'1,\41k
 

:4111 h) 11)illiz'i11l molst .544l-lcIlae1 14itcls, a4 4 l4:liar41 If 4,11144141(C5
 

51445 to1 auctimuLtic IIIQM 
 I)hlis could)hc) 444:114.
 
ReilSlis (m4 of44iu from44
4 (1;1\s pltilIl. to) IdT5(lingI wc111: (5 day4\s 

ill(. (1for111 '1(1I~. &t\."45 110'It I )\,I :iritn1'pts, and14 7 1 day4s 1(11 1114' 
F'utru45l4x. 1l4c 41:15s thill \ (.",1 l4)Ii4(c thle sa11h11order1: 1I1 I days lot
 
X3:0-1( gl 455441ill ill I);4f44 1 29 day\s 4iI) i D\)sl l:1411'ls, mid( 155
Phe 11 

IIIyprlilIlYllc\' 1141.11t ohhc T\45phPIXiu oud i 

1tice sllye,1)1)1:44ll l ()114 he t11l41(j\1'(Ie l4Iil C)4(lI(1.i4441 :4111 b~e 

corr'Ietly1'i 14lii~ wili stl:40'441'41s 1 to1( 1hr differenallI 110:4-
Stules 1:lkcl' to14 414. 14)4Iimm (11c4i's o('oISIhi 1 II l4: 

Ali tmdcl1'stal:41illg oI1' eimclgr;1d 4'latioIl.sIlip I)1wce55'4'e4 11:41ilC 
WC;(':414tI J:41:41l41 'll 4414 s44:1 1Ia1:41 

111I14141 llip':14 \\i114 5140 

SM ais d rlilid(I, :41411 I4:ilil4l an1d( 

11 il :41411i.anSoil tri41p4'l urc1' regilllts 
(hefilled ill S:)I1 T:45.1)1)4445 is 1'i'51' 441ill to) 1llllZil ( 141) IC(IlliriIliclits 

wilh Soil :111 iId:I (-l1:4I;I1C1le-Sil. RC;':4:IltIlV go()d41 j)I4Xhi'lillIlS )4l 
pownc~ti1I crop1 pi)1t i [;Ill(44C :41111length11 ohIits groIillg 54:4541 (all1 thenl be1 
rIiade. 

Tihe 1isll!licss 441 141.Sol f4114i1\' :1411 irs iISSO)ei;41C( I pr'rlCeS fot' Pie­
dliction (d1 crop) Ipt'4foll14:l is qulite' evident. 1vcn1 with1 knowledge of' 
tilt' r'ange4 an1d1 varIiability (d sit' f'Latols rehlated ito wcllhier, it 't4lic:4li 
r'eliabhle Sta4tement4 call be1. miade iegcii'di Ilg mal~ize performai~nce ill each(1oIf 
the iree soil fiiilics. Ho~wever, to assess the effect of' aliy onec illeteoi'o­

http:41411i.an
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logical paralvl', to,cro;, rcsponisc or lpcri--nanicc is very difficult. The 
c(dlec Iiv l 1" cfl'vct s d I tc()1()1ogi(, a I-i rI ida i II t1,IIt (f l t'I lI)ar IIt ls 

elial)hic tiaracl'risil cs assowiaetd with a sitc havetill greater illpact on 
crop pe'rformnlnce. III(hc tidlhwving scutionl, edilphic or still chiara,:tcris­
tics aIssoci;Ited with dhr sod ililh w.,ill b~c r-cvic'.vcd. 

Soil Properties, Land Quality, and Maize Production 

A wealth of0jhri,tatioi is\iihli in hie littr, rti ,clating llaize Ir­
ductio Io .;oilp'opci-tics. Nuch o thlte'carlic,' work tivatuiid maize
 
prllouctio and grail yithl ill IIlaiioll to s'oil plopcrtits and valrimblcs' 
ianu'il, iitriclnts Such a s itri <'n., and
 
potas sium. 'lhcsc'propc'rtics i(hh exture. Strut lurc, and watcr-hold­

;usmcialcd pi \%wl n pho~sphoru~s, 

ilg capacity. IlI IMt, atCilliiiL i ILiinwav ( 1977), soilt, l ansci itl 

Pr1),cltS IsCIllv'ts iltclclawld thai interplctation is (lfftilIh.
 
thlw,.'-I, ,ith IitSa lcilt ;pproach 1llsIm iltvlrrcltionships of' soil
 
tmpr( 1w orgalizc'd Ito or ip,,cdictiOnl
crtics call allowx it bctcr ;IssCssII,.rn 

nIot ()II I fIlizci llotu tion )t of lliducit tim l ol ()ilh.]coJps.Thi list 
of Soil alldl()iiin stiCn­an( its soil lmily altt'oiy allows agritlitural 
lisIs to IioNV grolup soils il onllv l Soil ei Ill also onchialcrislics illlit 
climlatic ( hal-amt-vistics to dctl-lincth<i Implic'ations for crop. Soill, 

()rI il lpo t dlq (I~lV oo' 111LII~I~ ~ iv)(- IIIHotIras.ci lIh IC()lie lldlt i sstlllliiig liigl-qliaiiy t\' thf~hgit" and lcililtohlgic 

tiiaa is 1t,c0h1)lc a soil inlel rcltcr t1oplctdic rc:ismiablv itccuralc soil 
and -ro[) pvrfrlnc, dltt. A\ key clcmcnit IIIobltaining initerpreted ])cr­
l'ornmanc dlata is tom+ Lu:tl to,crop rt'qttircilntlnts. A land(I,.lialiltes 


iltc oI' a t 

sotp. Normalllv, atlilmll luallty dcllics diittct .mcasucilcilt;itis usually 

quality is a eoilllh'x ,ttibtv soil it is it,Ill)ltirs in ilt lind­

mthrough s\lthcsis of ai 
Wcrislics (Ilatclretiltim of pcdologic datit) and thlcir IIIIcra'tlolls with 
em-lh othc. Erosio~n hilardl, toerc.,anleh, is it landl quality that I-cstlts 

arriveld it tIlt IIIII)tI" of individual soil tliharitc­

froiii tli intcla liol of Slope aligl, slope ltligth, pt'rilcilility, soil 
structllrc, i liult i lNdlt Bec.usIt it s tilt­l ilt.niiy,l other charlcteristics. 

' hIIegiCI (if sIidlI iitclactiols that controls c1op prfilormalnc and soil 
Illglicy ilclit, itis Il-felahlv t) ,v\hlliat. soils ill tcIlls tot' land qualitits 
ratlhr thal ill t'ris of individual soil ald land characteristics. In [ie 
following discussio, land qualizics and tlle (ol'lonlitilint soil lllIllage­
illelt' lII'l{itiI s of illportlance t( IlliaiZC pr)I tlllCtin ;llirv estimated 

frooi tiIe diffrtItl ii defining a soil fiallily and Ihe accessory properties 
ofthe taxon. 

Characteristics of the Thrce Soil Families 

Thvolropic, isohermic famil) q Hydric Dysirandepts. Phosphorus defi­
ciency is CheMost frequently encountered limitation for maize produc­

http:IssCssII,.rn
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Because of the low cat ion-exchaage capacity of Lutrustox, the abso­
lute amounts of potassium retained ii the soil are snall and may be 

tcpheteiC undeir tIolongehl4C cro))ing. Since there are no or Iew primary 
minerals that (OUl0(1 weatieiWr t) 'lcase lases, potassium fertilizer is 
equi'cd for sustainlcd cr)p producttio . 

lltrustox are readily workaible (i( t the stability of' soil aggregates. 
\Wlwln drv howver, tile surfalce soil has a tn(le c, to harden. Tillage 
operatills, therefore, aret.1beSt pcl'forlIned whein thec soil has a Illoisture 
colltelt uIidwav h)'tweci field cal)a(citv and \villinlg poi. 

(,'arct, Aao/iti , ztoni oor/f/wrnit' ahlrdu/ls. Because these 
soils -c highly leachted of bases and have little ot'- no weather;le min­
eials, the, is g(o) crol) resl)onsc phosphorus, nitrogen, lile, and 
tile illa(lo- aiU Illi('olluintiiet felrtizer-s. (,oiiiparlcd with tih l)ystraln­
depts, Illehawlntt' ttlts ofd Irtilizer phosplhorts aret r('quird. Subsoil 
aciditv andlo Io f-'eitilitN ;ae tlit IllaJil coustl aints to crop lroduttiol in 
this soil. These soils r'firiiic littrint:,s suih ts potlssium, c'ticluui, and 
Inagneisiltlii bccause bases ha' beln leachcd flr(l thIm. Because oif the 

lvcv pasrticle-size (las,, the- subs(il h,1's a high iloisuurc-sttora;ge ca­
pilcitv. 

,\llot _ul e.xtia lable alliI InIIIIIII is in )t e l(ct ci t) be high in the 
lPalcinfults with low ai tiy'it (l;l,'s, it net lehss iiav ralnge rl-ou I to :3 
iuieq ill til Ipli' portionis od'thc amgillic hoizois. Maize is n101 its scisi­
tivc to almitiui a> MV sbealls i' cotto)l: Ii)w\v'', It is Ill)l'e sensi­
tive tlhall crops sufch atca.iin'alill )jr 

,\linuiiim toxicity luust lu . ic ('(f to tolerablc le\ls (less thall 4(0 
pl'rci(nt alhiiiliiuii satiilrtti))l ). I,11itc is generallv irct(iiiIl I )lcor'r'ect 
atluiiiiiiuii toxicity ,ltlii frt'tlntv t (itoCo t ahCillcli de-iciency. An 
,tpl)liciltioi i1 I2(1(f kg (',af()O,/ha is eiitlN'l ,p;licd to nueutralize I 
InIe(loc xti';ctil e alliIIIIIIIIIII. ( ,oilllete f'etilizers ottaining Iitrogen,
po(tatssiuml, phosphor~us, Inll isllt i ll, anld tlict lllit'l'llutricinls mutst tbe 

ilddcd.
 

Soil woikability varies with surfaice textii'es. Ii 'haivey ittnilies, (feep 
tillage is ofltn lceai't' ii) l)i'i) e deep i'ooting, loiweve. if' acid, 
infetlerhd subsoil is brought to th' su'l'acet during dcep tillage, lower 
yields can occul. without pioper illinaglncnit. '16 avoid this l)roblem, 
subsoil iipping is icco ciinendcd. (o i'etiou l'subsoil acidity reinains a 
serious probillm ill this Soil. 

Unlike tile I-ydic l)vstzaiudet:, Typic laleidults oil steel) slopes 
are sul).je(t>o ci')sil, and it is vi'cy dilicult to reestablish vo-getation 
l)ecalise ite eXlltxs( subsc.] is extremely inf'eitihe. Soil conservation 
practices shouil be aii integral part ( f' Paleudult allnagement. 

lsohypuerthermic fi-imilies (f' laleudults are fr'mee fioim the hazard of' 
hail but may encounter pioblIhms with high winds (typhoons). More 
importantly, the warm and humid climate indicated by the family name 
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(Cliapter 8). 
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I Ilts. 11. I I II ( r(i~iI I mI clt) \i mi Ic71 1 I I I, li ii 1- I I IIcg W/I Ii(d 

[~I ml. Is \,]is a l iL -( c IIIIis 

Illutiz lt clts 'S .tiiitli et Ilumv tt lmo i o s is Iiii ~-feilc 
fIiilcliV miemwomk t11tmh ljuisi lsx ttihlt. IIw 1i lIt(Iitn iiiuizc tollset 

pandI(-ohml 1 (mla(-xpeiisigiilt(- lilv Iem (il~ic (ttt (c1eimirtl 1I9c82;~ 
!tihIuII- Soils1N Iijct l978si 1982a)c AllC eem a1979,hpc oftIsIeI 

treime im(I a Immout of- fie~l meseamx-l xlml. il t lme nasctm 

tmlilmlai oIn il wds tjf- the croprithe rojgct to ioammIly,, rLeltinip o 

geiccseacd lclcII ll- ~](.Silc tli 11ti~l ~ ;I 19n3p o 
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ill tile aIiti (Aafltiie fllaiml~iatl) Sloe-s N-itliill a "kill filitl ll t Int wa-a­

recoi zedaii atobeh ae a-I ii ,;lgt tIail axatc~l la. i l fl tasi ljc;atl. alha
beJ)tt ilad II till 

to ' 
B, (d li(a k aidsIlInoijl la-im Ia-ill ii a - aaaaItf ar 

(11 1tll g s. l d ( c s l l c s l 11 1 1 . Ia a l h s (l a m l, ; g ­ m 

c It lax ()fllaIt(ll ialm ;altiL4-~Sin c k iisPr ic ilt al hit~cIllhc-' ( ite :(4 

filel d iinc ;Lii I ,Il~l IkI IwIi is (d at-ill]aa sa-iil liiiaa al ;atwv \LarIll ii an i 
to (flal ls t l c afit(, -al lay li haa (di No1ltlII ll slyts- to 11(1a i ll(a­
tanse o-la,x~ )g l Iit-m I l 1-it salall lllaaa jlalaaaasin li taasandaxsa-iinaa-aa 

alIt w iI allaaasIlsiaaa 1 ilds lw~ilua .' ' Ia;[ia Il."ifI I& i le nalutiI huut 197.5s
0fat a lllillaa-

1\ll s ;aaai la ai;I ptta i Illal lal l a s aaj i lYtaa-t 
eackS(] taIaaI~fiaalal k Ahi \\ I dllrI a aa-l WI 1a. li isl was fjal--il 

rta (alca taa IIIa a.1 vi a la s i l ai 4111 IIIs it rIj o*ll 1 s faa l rli llut. 

talIa~l(-ia~\il-a 111 ll(lis iamausis \xa Nl wt-ialia plante 1\;lilal lsha 
Ita-saCxpul I 11111cits ll Ill /11 (Al 111I Iaml r bil (m stil 1-1,2k).c 

%\i ll tajal I lil~l lla lay (faI tli- tst 1 a1mI\mkI TxxiS -\14 iaataa CF 

til 3SI 1it-.:\a w ;aa11,1 1ila x 1(i 1ll'S-l- llxl( sat islalI~ 111 ll tia-i1T aa itast­

\\illII~t) sit . (d tax IN Pliaa R ()alltiii~l 11aat1aaalII \ I-tsxaaak t ilta (.~­aIta (la ll ~a(dagayaill, ltax aIa- \aia-t\ llalt' iaacl6% all it I i..1)sl .cpcl 
loop ticc I ill ati\1 l t atdI'ltll- aailis,aa ;Islit- aatlta saa I"f~wilut (S aaaaaI s1 t\\( (a(itila I xtt Il t ](177 i iar ana Pa)8la ta- xav2ar).llit 1 

It lavai Fbc ;tillaau I taarliaaaa5~i )tt. aaxt-ttia.-all tilt -If Iitsp Iliti fil hC Il
Jhf).(( Rlaatf() ;!1( t ;iial ;1a1ati'-t a l ilI 'd hI ltiaxl, i)-sici per­
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Oiw 11 Vdric I )stri'jiucpt ili'wctik. With suchi rcstiils, X3t.iC tdisjiili'ti 

il( lcah l \';liict aI li ll t ilt Phli~ili ilics I IydicIt i)ys I iiiii't sit's ill 

S981 

ai' lailiK iscctlici>ntig .I 


2iii . IiSS i 1 hc iuia. i;)cI 


lu/Al lidc a'n S(d I li i :a 

iiil~id cIlcl ((' uth tmiix a~ l~~. 

Ila 1 i 6 c aks s1inug i oicri Ipu cic ic Ic ici ii m .hikn w fo 

l(sisl-alt iclciii t.gh 

7m. It is lso) illi' ccchwl \ iii)i' i ii Ica lisiasi, idl lltIlI lit, an 
iism cllalvr IV I) pvscii amlial an 

tilt'-1 lic 

-1.i It ics ci ltc's~ )V l iaiil! icsw liii ISc ill l ii . li tcl'Iiis c li c (i 

i t
5.'p c cccxiclx a s ilcI ll () dallIL~ causc iiipai krlu s i." tii( i 

6. t i ra I(i ]I'h fcl i (iiClCi(slwc h iucc lt mll l'tl ()'l ic5'il 

tii ttIlljci l a sit(IIc li( fuci ci t. apipcttictw iiiix' tIhc hccdliisiitil 

i (cliciii ic aticaren 

)ic'c 5 i 981 'cilhliict'l Prll c(Wel~\il'ii'c 

Iet(I tIllaxitci (that ,,io 't c siii ict owii nii 

ti . : 1980)i titisil st­

xci a dLstpt'ta)iis hi\ ~ mIIIIImIIyi ; it I tI isia:I t(l tit. 'iiS'II[w cI Icd.J Iv;i' i It' t'c 
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I \Il iIId(v (Pl~onih,/'7uiaO( sly. ) (;IIId.~r 

tcilijieratnrc rcgimt of 15J-22 C) (,itioliliieits. On thc other hnd, inl 
the secondl~ iitwoik Ufte litab~lislicd l ill((letayc, kaioliniii, isolhv­

J~ei~eiiiil t'Ilil1\ of lvpic IPaleltiuhs, tis (isejilse Wits i StIIils JPeSi 
Th[I Solllyjeeitherimz (inrreic than 22"C(~soil w(ii jeIltir Icgiliic) adl 
tii rcgileis lI\Iorcd tills olyillisili. 

Te lesson 1cind b ll(li Beiitlimiirk Soils Proj tit pti-silic Al)-ilIi'i

jiurtl I\e il~ti (11idgit al informatn~oion 1,(I- p I' l


by 
i /ddipnio'.. (jnti nini 

llItll-ir oIil [r Itci'es at it vI~ldit (cmlijtics of 21-26')f 

down'ly i(ict'd 'ih'ijsinIl's il iiipturcinp tO32 '(, xvet antd 
NvailIi niighits, and( a wcs(lictss peri id ('(ilpturc li i'allg's u 30 0C1(j) 
duinig dai;IiiC1. 

Ill it seise the p~rojec't staiil ediscU\''ed what hlis ht'en known to plant
pathologists. What Is necw is thl~u wve arc iiow abile to reclate what isknown to pathologists tU named ki nds of soil envi ronm entis. It is know­
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ing dicsr kinds of relittionships th;n cnahlc pcopIc to trall.Acr knowk-kc 
and expcricm c milong widcly scl);11-awd locations in fit(- tropics. Wc call 
now maw "Oh son""hymc olumifidt-m c th;il downy mildcv,- will not he 
it scrious prohIcill in ;nly soil \\ ith all isodicrilli( or ( ooIrr (("Ilp-raturc 
I.C. hut is a pow liti;ll Ill. )1)1(ill ill clivilollillents w illi isollyp -1-ther­gilliv, 
luic (warlil) and ndi( (111111lid) 1-c!'illics. 

S1171T), (!/ 1)ot wo lit I ill c'. TI I c I iclic I I I I I; I 11, Soi Is Projc( I cX p (.I -ic I I( c wi I I I 

the dowlIN, Illildcw" htjll! In oil i qui( k icaliza(ion th;it ill(- soil lamily 

Unit could I)c its(.([ Im rillu, i:11'm Inxioll otllcl- Hunt that dilvUlk, 
re];Ifcd to Soil 'li) 1111-111cl. subst;n1liatc (hc Soil falll;lv's 
utility in limisirl rillt inhirilultioll lhmll ( 1-op prolc( tion, ;I surv,-y ()It 
illaize pcsts Onou,,, hmn ill(- Bcn( hni trk siw, \ ;ls colllpilud in 1982. 

Ill thc sljrvc dw p-sts \\cl-c (,i\cli I m-%cl il r;1lillu (d -M- il,Illcy 
wclv pl-cs(.11! m dir ',i((- hill of Illillm ilnpol-( lll( c, and ;I "S" rating 
it flicy pwwd ;I lll tjm' 1111-ca( n, (11c ( ny ;111(1 (vuld (;Iusc appl-ccii1bic 
Iosscs ("n-mcl ll!;Ill 5 1)('[*( cIll ) ill "'r;1ill vidds. 'I'llciv wrc ;I fc\v prob-
Icnis in coniplu(ing Ow Nur\ q4 such as ImpT idouilbotion of the pvms 
and sill licc(ivc bi lsc.s in 111c (d).sr] %cl-'s (pl;lIil;1liv(- ra(illg-s, bul It(-\ crilit.­
luss, 11W suivcy was cHn lk c ill su nll ll;1vizillo-- illc cxp(-l-i(-ll(-cs (d' llic 
Bellchillark Soils Pj'( jc( t p.l."olincl tlld illr di"ll ibillion ;11111 illip,111;lm r 
ohn iizc prsts in (it(- nci\\orks. 

Pcst InobIrIlls nsu;lll dillcr ( wlsidcr;ihl Iloill Ic"i(Ill lo rcgioll, but 
(livre ;it.(. sollic pust" (11 1( ;Irr widcl di"ll ihufrd tllrml llml( (It(- llulize­
growing 1-cgion" of dic %\orld( PG')). 11)1hc 
clutworills, i-j-'Issilopp-Ts. ;111(1 ;lphid" \uw 1)nlld lo bc (ollinlon (() 111 
sitcs. I Io\\cvcl-, onk. ('11c p ll (i( Illar pc( ic'. llic ( ,1 11 lc tf ll.'Ilid I11,11opillo­

)iIA llm 111(lido Fi(( 11), i(Icillifird al ;111Illc silr, . In 111csc 
iliscos wclv of Inillm c %% Illr cm cptioll of cal-worills,idl 

cmlscd scl ions illic."l;ltimis it lilllr, ill Ow Phi!ippilics ;111(1 ( :;nll-
ITOoll. 

Whcil 111Ow ,ilrs (d Ow till(,(- ncmorks i( r()s-, ill(- f6ur colLihorating 
coull tIir", \\clu ( ml, id(Tcd. Ill(. sli'Mit'l( ;1tioll ill Illaizu pcm. by Soil filill­
ily \v;lv, 11''t (.\ i(Icill . :,It(. lrgiml- ,pc( if-]( lutnin. (dlll;lll oftlic pcsts plll' 
dir quali1 11ki. lialuic (d ill(- lalings wcrv thc 111aim- const raints. For 
('N;t I I I I) I(', (11C ,IF;ni I'W; II io I I (d (1mvilv I I I il do -\\' by ,oi I I", I I I I i I y (m I I (I I Io t bc 

Olllplclcl \ cl ificd sim c dic disr;lsc is llollvxk((,ll( ill ( (Typic 

1-11clidull llci\%ork) ;tnd I Li%% iii (I I di ic 1)ysir;nidcp1 nt-tv,-ork). Nccd-
Icss to sa ', (onllmrismi, bct\\c(-ll ',()il 1,1111ily liclwork" wilhil, a (oullirv 
sliowcd ;t lli'v'hcr c (d Tllc icsillis Ior dic indi­
vidual Iocalcs of I Lmmi, 111(14,11( si;l. ;111(1 ;hr Philil )pill(- mv pl-cscil(cd 
ill (hc loll(ming scclions. \\,Ili( It had its slunc of pcm prob-
ICHIS (CM-11 CMAVol-Ill'S, col-li borcrs, rodents, and birds), has bccli 
cxcIudcd in ill(. discussion silluc sitcS ofonly oil(- iictwork CXimCd in OIC 
country. 

http:pl-cs(.11
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Table 3. Persistent wceds at Ilawaii sites by soil family. 

Conlrnmo toTropeptic Eutrustox II yvdric l)ystraIIdepts bh faiies 

Ceeevoldt ar.'ni I. I+,UJitn ('1 -,idp' I BIden.epide,. I 

,'I aantlinls pu o . 1..eel/ I lei,.tit-' /i,w//i.e -.n. i/emia so /hi/ilia I.zu. ( 

Rdt 

tniacr+lle /eece':uziAmUario, ,Iha; a \ a r. bK'/Ii/i Rotlh. ,In,/cn oh'at n. L. 

C,;'p.'reo telei c 1i. (L/pcll. /.-pe/c/ce :o I ilh. I)ce'fiv ngtinalis (L..) 
Stol). 

(,'cnlhrcc, cc/c ella...i1.L.'.'/eei l / cc ee ( . ) He";ittl-'. 

(.'h'uri barbalaS ,'art' 

were high, cst)ecially at the lole site, and if t(i e'ontrtolled, losses of'sced­
lings rotdhr as high as 1(i)(rlCuttt Tnh tlic:k, grassy \,vgVuttltiOU grow­
ing in l)h)(ks prior to )lantitg ir;aly, ittpI)orti d t high pou)ttlation of
 
this pest. Iat'vte ('dt'tV)v'Ie at tl l'.ttt'lstx sittes was ntegligil)h 
 sittc 
veguttlive grow'th was spa l)e ecuse (t'th rty 'otdittis.
 

Stt't tile t\\,() Se)il I'alilis atre it) (list it (t it 
 tic ZoettS, the' w'eud spe­
'it's ()I 'cah sila Wt'" \'t'r\' liflt'tnt ('lihe 3). \Veds (f' the Tr­

pu)tic Flttrts(x site's a;' ,tcl: e'el tadap
ee It)Ihtititts, 'Itel't'l+c;v those of, the

l ydricl )ystr'd el t'.'ttt livirorn:tlict s. ]Bu'1V'ee ,hilo a L.,
t t t ,(i 'mil'it
 
eonu;'eiiu< I., 1)4i11(a( i a/i (I 
-.) S(op., andt Sne/i UeO/'rac''us I. 
ha\'' wile ceologi'al adalttio s att we'r''t' f tttl ite; ict soil fattilius.H-urdtus ( 19<79) qut++ itatti\',-l\, chatric't,.riztcd the' wcctd con] lit]lz~lit's att 
the Nhloh)ka; anl \Wiipio site's atdI fi)It(l that tile' wc'c'(l S)tcits of thtes' 
tSV l'ropep)ti( Ftttrustox 'it(-s wt'r \crtv sitnilr. 01' tic' 17 weed spc'ics
found t Molhok;ai, 12 etsie ourtted at \Vaipieo, ()Olti B./)ilosa, S ce/ea­
cu;ie, and 7ic/achm' inuIaritswo-e'tr Ittltnl in all (f Ithc' 18 ar':tF sattIi)ll ar
both sites, for a cOttstte'\' t'ting eel 1() itpt'eent. A 1'ttrth Splies, R '',­
th']/2trn'i itp'n?, htad aa 91-9 'ru'tt rattitg atl thltt'ee ther spuuivs had pet'­
tentagus hi gher than 65: /,. ­.AnCh/fia, 72 pccl't'e't)( pII/me'I /Ird)/a,72 ptr 
cutt; flh/e'ricuiamericana, 67 ptrct. 

Indonrva. As )treviouttsly discussed, downy tttile,' ( :h'ros])eorti
spp.) was plet'uv at the "l'Viu !5cltttttlt site's hut not at thu Hydric
Dystra:°lupt sites (Thbl 4). (tnly at one Hydric' U'*'iralt lupt site,
[PH, rc t.rhere occurrt'nues, anti even then, tlhcdaintatgc was less thaen 
I percent. The dovny niildtw inf'cstationis wereo or'sevuere lring ihewct months of Deccobt r and jat,try. 1lvtoother dise;%scs, comnmon 
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Table -4. Ma~ize (Iiscasc inlci(1nco: and Sv.'criov ralting~1,0r six 1ndiidnsjan sites. 

1)Ll . NAK MINI.1)Disc.,se 	 ITKA 1.P I IIK 

,(( i Slm 

(n . inn ( ) ) (INI 	 N%0 

r .11iihli"ilti 	 S S N1 m' N1Sui11citi 


S.ilk roI 	 N I N I NI1 0 0 0 

.*\hI..,1/ 'Il S( Im I Prn I I 

p I I ~ .,,11111 

toi	the waiiiiii 1\'jIiiI'iholicsH. 
Soullicin II.iI Nighti 11.iv~ mid ldw stilk tois ((U,/n'n//da sp. andi 

I Ivdtiu I)ystrmitlpi ncmiwrk. lm1 Oclt, ii lulil dl"CisC~Si wCIl ib0m1 

1980). 

fili l I F (V Wibn(II 

i' ts ii liiii iili 
Tlv Illagrwn Ill((Iil iliolip sites CMIIIMiii ceo)111 

amIc andly ofcolOOt)i at111ticciiiii Tlco ii 

wa iticI'/iv/n' ;I stv (It(n Isyd,( P /durih//nne) si, ltlhoug l-~u 

1 nsl'iici'Saplid 

'I'llu io 1(.\I srle s i lt I ldri lr l wasii;[~I, l 

Ircae idil ocil- NIlat it 1n slio wViil tIllsciixi( Iwi) 

P)v ud SM."11 (ItIII 

tIllWCt'lel ihes to siloS showedat hatd doughv sare dtetil il-Io aili 

PLIC andiii' RM itli oha itheHydic, Dtiiracl n regi . lime thr data 
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cases obil)Si'vc ii lt I Philipplik Wi'>\TieIllt sali ais listed for H-awaii
(Tahble l)libil Ilt Ij 1irdilsmiillltiil leaf [diglit (II. mfayiLV) ald J)\til
10th 3rot (Py//n'llIl sp. ) Ilwsr (fiscasci5 all deemedtt of' Iiilor i111jo iliee,weret 1,0111d ;ii all slics (f Ittili SmII l iicje \viIlI pl-eiIel, ilisllions 

withi ItNc)ti Ii liie t cs. I lit iclcoIt dftaillage cauised b%' 5033Wc 
II'\uilN)Ills(s (li ;s111(1ca \t. XwiiC ;tssociawdt morle with thie pr3e%Mling 

mili (HIliw/imrrpa (ta'a Iotei 111(1tilcmii sreitlIii Iliagig(( (Al/u-i 

werie IISIu and'ioul callct~;1is1iiet1 inlc~I iii I (Itt percent loss
\'iel(Is. Cuitwormis, 1I,;ilIopjjc~s, aund aphidts (Itfaf v wr io 

t 1 Ill sites. 

Soil Fertility NMajiagecnit 

I'/laV/~i/ts Tllc phli)51li03us.Sorltii ill UeVs of Selectedl sites of, thle
HI d lic Iystraiilejt iItllan t ropeptic EnIllrostox nexv~orks p)Itsellte(I illI"igiire I Illustraite two fptiaits. First, sites oI* tile samne Soil faiiily duis­
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- Hydric Dystrandepts 
......Tropeptic Eutrustox 

0 1000-
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P in solution (ppm) 

vg 41414- 111cl4t114 III plslimi1 (4414) I41441t w s I() 41
4> IIIr iIl 44.4i41I i4\ IS Iill 

I)\.4;4r41'~still 4444sr4i l jI\444 pi)41I4i4 . Sr44m14d. (It(. I'lIIIIIINV of 

l P l i111 du;1 ,11 1111Cj 

1114 p4I444>will4I 41 44 [liI\ [,mts4 (d1 1114cxi44I11414441;Il s51145 witilI it fitll-

I4511i4lii~1445iic444tI 4.444d4144 I(ioiII4! il IN(-).14Iil4 IcvcIS ofii 

(l~ll1011 (14 loc.> (d4I As f114.441 \;IiI;lIc !14n~p~lti1 such1. 

rc54Iil54 4d111114114Ill appl4icII 1lIIII/c44 ',I((i1-51IIir(. Fig4­k-14i1144 I 

il414 2 4111144 (14 145j4441154 ()I*shm14V.ilt( 441phru 1i454144>i1411 44441uI411 

;I1441(ilii 


~p)1( I541 )\5ysiI!ldl~ 


(rl;1sf4l 4Xi4Ii114411 4 1141444 (45 (Appirldiix I") I() lci( 

surcl av\llic 1414 11 III1v4 4II 414141 

4IMl 114414Ir ;it 1144 114i(141i( (441 i(\4i Is listedI'1w 1441 i 4d111445~)itsI44 
1(I- 54'\4rl stirs (d, 111 IIIh' 44 .11 ll II 414..5. T11w ratcs 5414 tr-

Illi by i144c II44(li4i Tir4144 (441ST uls144ifir4thec valuet'XI11 cIII4vc m 

(425 ppi)11a il5 -1 (mdc(1 4140'i(( .I11i)('l-1). As call bc cerx(II. IntI4.h 
11144W pilorl~its wals 41i(I ill Ow14Hy dric DNvsut11buiepts tihan ill tile 
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]Pwas tt111. lij(dm'twllcTl h ;,Itrtl li d N S icust ll (Jw~ ,,2 Fl.1111i, ;11.IltSI,,, 1,x Ic.'l ild If,
l,d1id I)(,[ 

lilt' I 'il (If'
l(m III Irmill ,' -I•11 h.l 
 k tIl lt ,I [hr,iw 'l.vml,, hu r,',ic
(0, 1c'll1", i I li;liz(. ('x 1tcr tll, d 11 Ow1{i ( (!tll l ( '( Pucin)(':t R~l'lI({ )


h.J~,.I'azi,
.int il s h c ,.! If()t ichl rI.:ft,H.,,HI i,,I N,,itlfIIIp alk t~i 
ItII's,.;Iq IIII i l- ,I czl.I '2 1k! I- I Ih lJ i,r..,I ". I( t' iI It, 
1!78 ) ;Iti r ' I,
it It,....II it -(, ,,f \V ,illw , II 'mvIlii.Il N P KIt ,'

lII1;Igc
l c2<
lll'l 
 1",.HI ,1,,it'l

T hc1,r~x( , If.~ K~ith .1 ,1hIc,,1,1t.1c.1),, , 11)1)1 ,,iI)1 )11 ,,'( I ;,l,, .
"-.1 I l If) II I l t .1"l0'. 11IH,I I tl, Im 1 I;" -It, I,, I .\ 

.l if ,Ii. ,.­' 
v,,i II l h tj ~l-b i.l I .: ii-.. ;iii.
 .m ].Il i
t I ".7,,m-. I K/
10 0lg Sil,\.'.h ""~ I', Ic' 1c " ,], "( III(Ii. IIH I I,tl 'I ,'" It1h',!IlI',,I l1 ­%t tir 

S1' il :,+ L11 lldl ( "1,,,ii,11l qI , t .,,()I l. m p lmi t isll ith 
,t. ; I\Llhl cH I",,miq'i,"i. ll" lkl 11h ,m y l .p d \ % il 
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Modified Truog P (ppm) 
Fig. 2. Rehl imi hilphI .,wt%\
n .I[(',1,c,ill( P'litwm rc, plst, c-ftitcivlts
 
and tvxtrilclabhc Stilp ,sphi tl, 



.1 ihe loI NonaIn Thlr Per/i nnad Anv'ilo nmrt 1015 

lt'e mtddlc- applied P) talc fort (h'TtSIII-cie fCtit' Sol fiatut!y. 

1, Sil P P) Soil P 1)Sil P 

(IpplI) (Peg (pln) (pI4/l.) (ppm I (tig/g)
 

I"5 22 lq 12 250 

1(1 44111p IIi1X11ll 1111111. ts IIii.t- I()A si)) ota sium XX'.i'ac-Palclidl 

Illctll' N i tl lclIts, )i '1 I (Ill'l II andlI I t( P 1 pilcIt Ii i) ed1k 

chil ilIIl'Xti Is asl',l1llll'X i~l Ilhl' p~ )pIt i 1'- 1 It~; 14 it's tIll' 

Il 2 Iil IIIt1 (h Ill ),:;X iIlwI I 55 "I) 1I smtit I s tili\ Icvc (1 hIv tt
 

I c l I I c11 I I I II ll iI( it I till I I. I ( l l 1 I ;\l Lcr /illill.~ 711
 

i 's Iwo I' Ill li m IIt\ i c a sl1 1\ il'''l;-111(Ill 1 I 11.1'SI 11) 111 CI11 I t iw k I w )11 
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I)V',(ra' ldvpl iwi\\iik, APpil-I )"I\ M icnilicK(T 
,I fill­

.1p.l( 11%T ill. IlllW I'tic \\,t,
hall fillic" lilt- '1111(mm A1111111111m. Ilhjl ImIlci lilt,a p 'll it\ id fill, (oil fit 111(- J( Idc',wll llcd pI I
Ict, (.1(d tnot I 11, 1
 

In 11till'i'l. !il:i,- 'Ipph , 
 ;111(1 tilt. .It(J­
11,1%f .1 ll tjrl_ C 

pf I 
Rl(() "11(-, dwlc p;isi

.111!k .1r mIll;[( c pf 1. I m CV1111­
.11tilt. ill Rio1) 1111lm \ 4ij ;111111m ilitlill 

illc jmdu( 11(m Ill 1()\ IS
1.2 . -1 lit. lp pll( l(l,)n 11111C J( AI'lic ''I f) lli(.(l 10 )" Illswd ill(.II 

Crop Mallagellicilt 

Tllc flallsici 
la( fill's 

sm It ;Is I,1-1-114* 1)1;111( plWrl ill M. P1,1111'lliml, Irll lt%, "Ild t)lIlcl. 1111(riclits
W(Tr flullill;l1lird llum. (q)[111111111 I(-\ k Im if\. (d dw (IcIllflicilt cl Iculs
(d ;lfld ]fill tw o11h-l I IfI I 1/rl. Fidd (,prr lllmls. dala (.()I­

I)n)( (."mll", I'lidi''d alld 
if( hm;ti k Soik, P,(,'jc( illc 

I a 

Ill 111k liall"It-1, Vxp( lillicill tit (114, si(c i'll fill- Philipplm 

m 1, \\ ls I)(.( rs, ar\ 1111 11 vicids. I'llu -0.8.5 P ph)l I t ( ( , . 

(yi P 1)1(j( 2 ki P/h;t. BwIj 111()(i'v( ckcd 186 ki4 N/Ii;i. ird 12 kL,, and tilt­
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lliall;lgellicill ill ;1( it c" IIli (iu jmtit ill sitt-s td a Iamilv netw(irk. 16 say 
Illc Icilm, (114,illipicilwillmitill ill till. ll;llv4cr (Alwinliclit %%,its all 
llmw lask, 'Illd !h'. ,it, (l.'slill qll.illlil;ilkc \cliI_1(;l(ioll (d (hr liallsfer 
Ily1wilicsi" 1wilks 111k cilm i 'Is 1 1111imicl(mc ill il ,rimmili( ficId 

It lli ,Im%. 
Iw cst.1hir"lillwill (11 1 ""t")d'I'llid ')I Ill'ti/c ill Ow cXp(-l-illlcll­

(;d \\,I." Illc 111"'I wp t( Iil.till irstil(, A Ili"'ll qllidil . It ill\(dvcd 
lllilll (1p.l.;1limis ,it( 11it, Lilld , lcllill 4, plvp irlliml, pLilitill'u" 
;111(1 '1lic c-\p, licilt ;It ('11111cl( (I h\ plljc4 ( pcismillcl ill 
MW "I'd L111111" 11W Ill ""il il%lll illw ill 
\\tllk , ;III'l lilt-it i), (Ir'lli, (Icillim "(1.11, (i (11,1[ il ,I'll kim ik f w llp ill , 
\\;Is illdccd I'11"lilk 1 111ill 11161 

"'ilt, .111,1 111, :11ill.11 lit ti itm (d (It'. klild 
W A S it, d h \ 111.1,flil c l , . ,.hill It ',,'I (w .11) if)ll ill it cl., 
(k.sit'lllwd 't" r',p, I lw 11,11 1di't 1. v, I 1r,11,111 , t if .11 .(! lit'(11ii'llk with 
illlp h Illc lit', 1:( 11 'l, Ill.t( Ilric '. 1 111(1 It( w , I"tilti ( 1c ,11illt,, %\;t it 
im l, It lilm 1, (1111-1( 1'r'l, I I It If I )\1 [I '111(h 111 '111, 1 k p lk P;t1c ll­fill ill ill( 
(111;1 :)( 1\ , I 1, Iw o Ill( llw i [ t-11% 11'11111cill klllp lltl [cd 111\111 i'llit grm\ (11 
,)I I Ilf. v,ccd % ( )It(- ''! I It(- 11,11( !(.,t \%urds 1() ( %\its;I 

I , I , . hn , !, !.;,"I 'i. , !1i,1, \\ 1, ill(' (If pi'llit sp ., it-, ill Ili( 
A(i(L 1111'.1 lilt- I % Ili( P'llr ild lill ill 111(b ,1w ,i 1 ;,11(1 1, 1 1 w I ( 1, -,q I cr 
ill Ih( Pili!Ipplic". 11'.1hi(idr u":1 c\14 11Ilws( 
i!( " kill (11, ((d p lil'i i') (ir it, (.11cl ik ( ;I 

ill 111i, ili'll't r m il(m illu llis III illc !]\,Ili( 
_md I%pi, P,11( It( 11111' 

I d (Ill. li(.Il( k , il, Pw ic,11111,11 thc %\,ilkiiii,(illcr 
illtt pj\\( I'll h I -) 111,1,( pl,\%I I (.11"ilic ;111(1 c(plipp-d witil 

1(,hl It I lillil,, Ih(- (IIL I'll I"11,11i'm (d 111c scc(Ihcd was I)v fill 
Illc !!I11w I I I I i, I i ,t i if Icl )t , I I i i iI ( d If ),,\ bulk (lunsit v \\-;is 
lilh-il (11111t 1h -1 f 11 ,k, 111(1I-\ ci. midri %\ri tmditioir , it iimis[i( k\ (Ml­

%ilh ,\%I-d Ii11,1' f q)(.I I I if 11" ( 1 '111i I it Ic 11 g , m )( I I cst lit ". 111 (h c 
Phiiippill! , Ill( I I I If '11! - il Ill )I I I I I I't ICIv 5( ) I wl c[I I Ic\%cl I I lailliml I's 
v, 1-1 c I I-( it ! iIrf I I , , I i!I I 1 1 1 i i il.i( I I it I to [c p [ s( )il I h a ll a 
'I P it P 'll, 11(h ill ,,)il. 

I1w % ( )ik;il )iIii \ ( )! t It(- I I m Pillcm Itill im I 'I 'I qwpl it I"[11 Iit',[( x 'mils 
'Is hi"'Ilk dt-pt'm luill Iiil IIlri I Ill( li',l it I u ( I '11(clit . I)rv so lils wi-l-k. hard 

;111(1 1\\ ') till lt4c p;l ,cs %cI r ',('llict iljw , It(.( (I vc;-( It I hc Jcsil cd 
ph I\\ Icl )I h d 15 ( In whilc \ ri sf )ils \\ cn- ju t 1 m ick to ) w( wk. Iii ;ill\­
( ;1st, . ;I( ,itit(-] Ill I ( d I Ili ImIi.,,t tit 1, s( ;[I(. Ik-stillud ill a vcry c1midy 
wc( Ibc( I . I lit. it1( 11 1 If li ,lun. ( ( m(cli I If )I I illagc ill till- T6 )1)(-I)( it Fllt rils­

) X Y) i I i,, iwtj I5-kii wiisiim (2 1 pci t (-lit w/w) ( 11cim-w I 1, 1982 ), At tit(, 
I(qwpl i( I.tit Ilist( I%"in's ill Ila\ aii (it-\, blm ks v,-ci c ( li'tcn sprinkIc irri­

gillcd 1() if)( ',()il thrcc 1k)Iwir days prior to filling. Ill Brazil and 
I'llcrn) kill) w, till pra(li(cs clilph)ycd wilcil planting 1-csidlial 
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phosplim-tis fid1mv-tip cXpcI mlcms, M;Iizc \,Whk did [mI sc(.III ;IfIvel.m.k. 
alfi-uwd, itild cXpcrIIIICTI1S Cmidlicled 1( hwm) R I( (), simwc( II 
Illat vic)(IS fi-mil m)-till pims wcrc 1I.s IIIqh I., juld" 11Atilt (()]I% (*It( hilial tIl­
lagc ph)[S ( BcIIII-()tII, 1(1112). 

Plaldl'11, . Tlw trillisicl cxp-lillicills \%cic plilm"d (IIII-IlIq Ihc (11.\1;III(I
Nvct periods (d IIf(. Yc;l I'. Hill; m Ig II I Iw", All\\ Iwd wr (II scas,)l I Lcll­
crally II-1i III (hr pilircd mowh.,, (d Mai AIi-NLt% mit I No\ cm1wi -1)(-(cm­
bc I..N I i I Izc n )ps pli I I I m I (ItIIII Ig If;( . wk. I "c'I.Sk )I I UIC :11\\ ays stisrc IIhIc 

dallialqc iltrsc( I b\ ifmic in Ifm. '11i Plit'l 1() RIf.(), IIldmic­
sla, illid csp(.( 1;111\ Illr Plillippilics, \'.III( 11It(-', III dic I\ phoml hch . Nhwv­
lwcr, (I Ilic vcm's P)8,2 '11)(I P)8 3 st-v(.1-c' pmlmigrtl dimn-Ills wcrc 

;it ill(' T lm P Ilctidljll sItrN III ilild ill(. Philip­
pilics. 111h)III"Itt"ll illmill (;w!"l ()pIIi( %\("Itllcr c,,clits that 11;1\(. ;III
(11,6c(i fill flic p(Ocilli'd ()I Ilw lillid (allimi bc cxtriwwd Irmll
[III(. still i.11111k luillic. 11 laild'sdw slisccl)(II)IIII) to
(11-migill (;w, Iw tilk-lic(I 11mil dw It.1111wrilturc wl_ Illlu. 'I'llm Is, a (.(ill­
s(illilk \%ifill) ('11%II(IIII11clit shmild bc 111(we SCII_
Sill\( ((APrrwd,' Id (1, Illim .1(()()1( 1 i1st)(11crillit

111c."lillir W"HIW. 
Tllc III'lizi. srcd.s %%clr I)\ ll;IIld 11'111)1111(. Scrds wcru 

(11-111rd ('1111c l III h(d(-, illfd r %\fill't ,(I( 1,(1111111111(m , IIIId( \,,1(h ;I
1,1111(m illi" imph Ilwilt, \Vh;j((.\cI III(' III'Awd, dw, ct, w.s( (()
pciAmIll III tht. 11,4111 "('11, 10 Ilic ll%('l H 1)\1 '(1.111(1cp1s. DIbblc
 
h(d(-." wclc illIjIw,( jmpi 
 jhlt I,, mA r Ili Ili(- I, w,( , th\1 ,,)I] id Ili(- "h()_ 

Ili Ilw m .l (itk\1 T\ Im P'llcildlill ,, 11. Ill ( it(
tIIIII()I till% Ill[ 1(1\%, III (11t.'It I'Im m,ll. t1I( IIII-Itm illi4
illipli-Ilicill hild ((, hr mm h hc;I%14-1'Llf) Ilml l1wd III Ow I Ivd] 111) 's­
(Ialldi-pi" illd tllt-l ub% w(jull rd lilm 11!il,)l c (11 ;111 pmcl H)ptill it. Tllc
(q)IIIIIIIIIi p la llillit, (Itpill \% I, -11, 'T plitill
 
at Ow T1*()p(,pII( FMrw I(,\ ,11(:, 1:.( [1!(. 
 ,m !..I(( "fill (11.1cd n1pidly, and 
a( III(. I I vfIrk I "11"tild t III Ilr ,. "1111- Illc 11"'Ilt , ;[.sit still ()1lCIcd Icss 
phy"N ;II "uppirl \1"(" m-cd,, pl;mlrd "11,111(m k slibic( I If) I-micilt 
;111(1 bit (I tt:;t( k,,, I'm (6%WWI ICA11MIN i( \\a" mm It casicl If, ;I( IIiCVC it
11111 firm I'l;IIIII11g.(It-p ill III (It(. I [\(It If I)ysl I Illd up l s()il.

Tllc Impulatiml dull"lf.%(d Ow III;Il/c city Ill Ow 
N ;is 58,000 pllmt.,,/h i. Thl." (d phimilig wits ;I s(all&lid prac-
Hit, allmill. 111;111 (, IVIlcill( llcl, ill Mmaii illid thr PlIllippillus al Illc tifilt 
firld c\pt-l-Illicillifil"ll Subsc(Illcill d(-IrII.\ Iri'lls cmidilt-wd ull­
dcr ilrlg llrd (midill''lls ill (lic Illlcu iictmwks Hidic;tird tha( till,, pi)pula-
Will twill. If)]. Illr (1111cicill Ic"I \;IlWHcs Ill imill dic 
\%'ill ;111(1 (It.\. ;Ilid al 1mv ;fit(] high soil lcvrls (Bcn( limark 
S()ils Prt)),c( I, !978h). Ili (It(- Fluirtist(J." slt(,S, whcrc s(dal. radi­
awul lcvcIs aw IlIgh. l(OgIllf, A.."as still it Illi6m..1 ill dclisHICS 

111;111 60,000 plan(s/lia(lif, Inri)(h, 1982). 
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Illonly ;1\ ;tilabjc Illawl i jl, ill Ow (I\ck)( .11c( (moolics.
 

Both pliosphiw nji kN \ci t. (.it( 11owd 
 ill I lijllrl -t lmllld 161-111 ;111(1
;tl"() ill I 111(dil-ird lot ill. I lit, N, Iill ( :.it ()Iiii;t to( k \\ ;I,; wwd ill ;I lilivsi­
(;111\ midificd Ito ill, I.(.. , Illinii, I.,111111cs u 1111111 Illc filick.
L', K :1 t Ili( hilldillL u ( lit (Tildc 11, :1] (Ildcl 1()n )Iold IIIIo.l i.Ii 11,illt 

dcw l 111111c \,. 11'.1h ri lo illii. l I(.(Ill( (. 
 clIct It\ '.11cs.s. 
Tllc ( :cill d 1,!(-IId.1 I()( \ I, AS() [I,(,, I in dw limm"I ;IIIIIIal It'l lit, It()\\ ­
c\ "I"!l hIld ill(, I)CCII p'll I I Ilk 1(idul;twd k ( cil( i.c. ,111.1 ilh II ;P(

20 pui( cw d ih, id I,( it 
 h. .; : ]I-i,, ;,.

11)ill II'l II It 11.Itit'!1 , , . I In it ith11.111, 11 
 ()(Ili( I c l % ,.(I Is Ihc 1)im I­
ilo, t 11 1.11 1;,11:,,: 1 '1 It(- , 'I)i(-( (i\ (d Illi" I t\.t 11)1]c ic r-
II I I I ( -I I ( I ),t I 11, it I(ItI I , I I I ( )I : tt h.(111tit I I I 1 (.11( .( Ii\ c lic "S 
I I It i II It )( It I , I %I ( ,I II I . I 1 1(k I I ' t III I 1.111I- II II y
I II )I 't 111 it I )h - '-! 

I I III I)I (.(I I I I , I lw I II I I I I , I I I I I s 1 ;1(
II I I t IIr litI I I I , it % I I, I , , I I I I I , III IIIz, I I I I I I II I sI I I I


Ill pll( 1"p il'tw I( ( k \\ till '111,11111 11 ',ili( m r , ,il(11it, ()li% ilic o r
 
pullii:lr, .11willp'.1 m m (- , d I1 -0) 
 (( ;-150 Ill tddl(ioll Io 1), (his

Io;II(.Iiid ( mil'tiord Ill p-11 (.111 p I(clit tlld 1.5 licit cm Si. 

It e s c Irc II NIv tII , Io Io g y 

.Sclucwd (11cmi( I, ImIp.] [I(.", lit ',( il salopIt." from [lit- two cXpcriIllcII(aI

sItcs al c prcscl I I t., ! itI , I Ihlc i Tllc ;mal 
 sis ( d sim iplcs takvii ininit-di­
alcly lwfi)i c I&III tiliq (lit -1-11s( ( I(q)itI.(.Ionsidun-d it bc 11;( W11I(*I)I-(.S(.Ilt;i­
tivc of Illc (ll(.Ijli( ;if (,It\ iloillocill dul-illq Ow 1wriod )j [hr cxIm-rillwills
 
I-cpm wd Ilmll Illu ILtssifi( ;IlijIl sallipIcs. ( :oIIIp;II-km1 (if IAI vallics
both ill \\ ;Ilcr Illd K( :1sllm ill(, Typi( Palclidult to hu sli ,1111lool.t. 
acid thall dw II (111( 1)vsII-;IIIdcpI : 111c Typic PAcildolt is 
hight.l. ill 'I lic 1) ;t)I-pI it)II ](,\.(.Is d Ilic I Ivdi-i( I)ySI ra Ildcp1 iffc 
approxilliawl ri"'Ill Iillic, (hat (d 111c 'I pi( hIli '11cqual 1) soltl­
tioll (.oil( (.111 rati( 11 , 

For boill flic II%(It I( I ) '11;IIIdcpl ilil(.Il( ;Iiltl dir Typi( Palen­
(11111 CNIM-FillICIll ;I splif-phit Ilscd, illl phosphorus raws 
as 111c maill Idols ill ;I I.111(h)mizt-d compIric hh)( k du ,igii and phosplio­
I'll" soill'i. C." its Ilic sl1hplor". Fm. Olc first plall(illqs IllwA (P!(it(- limill plols
also colitailicd ;I phosphorus ( olmo]. For subsc(picilt rcIdamiligs (licsc
colin-ols S(.](.( livc]v liscd for rc;Ippli( ;Iti(,Il (,f tlpcrphospllmc lo 
providu a comparison widl ill(. IusidII;II ('11i.cls Ili Ow S()Ill( cs. Be( ausc of,
(lic rd N.ic]dS of, S(.( ('It(] scasoll I.c.sidual 11-c;I(Ilicills, ncai­
invills muciv"I n-apykahms (ITP S()Ill.( cs for ill(- third sc vovl. I'm. pul.-
P)WS oranalysis ofvarialicc, a four raic (Illaill plot) by five Sourcc (sub­

http:ilil(.Il
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31. C(hcrmlcil propeties of 11 Ilu rfacc Soiil tlc two CXperimucntil sitc.Lhk'l 

Il:Iipic ) (I nd e ia) 

sal IlphIIi I iiim l ((Io) Ii 7 lI (1-12 01-15 

(nicq/100") (C 3.8.: 0.97 7. 11 2.23 
N o. 0. 61 01.59 1 1I1 1((09 

1K 01.27 0.08l 0.76 0.27 
S111 4.7.5 1 6.1 9.34 31.59 

I ((hg) 1.20 - 0.0(5 -

AlstmIiil 21 %, - I %0 -

I I III ) 5.4 5.15 4.112 49 

IdII KJ 11. 1 IN) 4.5 4.61 4.16 4.53 

PIlai pl -0.9 --0.541 -0. 66- -0.43 

F\1 1,1(1ic Pb(ppiaa) 

Miuldil-t-d h-uog - .11- -

Bia1 (7.1) <0.2 -I A1 

IlI\I (,;( 1 7.5 - ­

(,,(If pg P 111] 200( 25) 
0(.2 pgqPI 1u 26 56 350 

Ilh .11.1iIII dimilli (.) %%a, cI 'I Iiijaa( ajia f(aj i n ... inlilc. takci, bIma 4.sOCm I 

I( 1c~w (k.w-t, I a IIa il , (dumn (h) :Il Na 1 %iAill, (ai s;~l sc akul ill[( 
Iiii I( I\pi I I,lli , a , m, a(.aiiauq (a 1;'1(T pt~(ala 

('xj)i'iiiciltS. (cnci;'l iiiainigcici o11 tillt expji-1cilits wasi siliilai' to1 

Ilic 1i-arisloti cxptiiliils I ill(- Bciidmiiark Soils P~rojcct (Cliaplcr 4). 

scs of \ ;irc liOv.nBaycsiaii Lcast Signiificanti 11ffcliuct (B13.51)) ;it til( 
5 pci-cciil lc(el was calciilatcd (Du)incan, I 965) ats illw (,i al root of, 

(21.S!3)(t .721)2('1I,- 1 ) wluiF is iii( 1-ilil) aill IhC P-Si1li(C 111C;1n 

5(jtai(c to (h 5tiI)II exc~(iiniciiial cri-or mea~n syilumc (MIS) and 1.721 
is flic apppiil al i of ilic t si;ltisli('. 

I';llcnIdUI1 NOIII SOuIV1ilsWcit p)11i1(( to avoid at dolwny ilde~lw attack 
oil (lic liiii. '16 aIssluiic that no liiricnll other thanl P linii1tcd crop yicld, 
bl);I app~licatiouns of' N, K, MIg, S, Zn1, and B1wcrc niade throughout 
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dic period oftlic expcrilliclils. Additional information ()It [he phosphate
Illawrialsmid Illc cxperiflicnts k b . I'Lirris (19,83). 

Comparison of'Plicisphortis Sotirccs 

Graill viclds aw pic sclitc(I ill Fit-tirr 1 161- illc till-cc IlmxcSIS ()It Illc two 
soil". I'm. (It(. ficst ( mps ()It Ilic mo soils. Lll-,L c dificrcliccs ill yicld
bowccll sollr(rs is ()It Hic Dystraildc1m. whcrc;cs Owl.( , It()
sigi Iifi( iI I It( IiI Ic I rII(cs I)(.[\\ ccl I st Ipcrp Ii(,s p I I; It c 111(I (fic oI hcr sm I I S4 Ill 
the Pal, ''Itill . 1. )11 Illc I) slial](11:1)l (It(. (Jrdcl 1)1* diminishilig, (Afc( livr­
ness of - !I( rs is !-AI 1) > = N( :lit = ( Tpmi ThoY P N( :1 = > ( A-1 

Slip-riority ()I I-M P i ( ](.;[, k 
 r\ idclil )!ld 1111N cllc( I i . Iw[ iflrilmlahic lo 
dic NIL \\-lit( li it iipplic hu, ;tllo. if Iht. !,I( I th'it ;ill (d Ilw (rc.ll locills 
rc(civ(d 75 k[, ;is sli!1xr .1! pi'millit . Thr ill I!Ixd diflurclicc 
b rt\ cr;i il:,- N (,i ill ( :,it (Jiii i I-it k ii:,l [hr ( :(-!it i il !-Im i& t I (), k ()it ill(,
DvSll-,I1)t!t-pl dclllw: (J I c.s ilic diltrico(c ill rr t(ikit\ id (lit- I\\,) i-mks: 
hm."cv(.I, im lit(. P dclidldt dw ck ,ci: (d Ipt[ilu lcl(li it\. is Ilm c\idcII(,
ind i(,Ilivit 11111 (ill 1,111 Ow -Ilr(l. Dut. to 
bol.(1- illicst'iti(ill ;1111.1 i )s.m-lillg 111d i [%plwim dlllijlf Ow 1:11c, par( of 
tlIcgrm\iIl.q 'w;[ ,(111, irjds \\(,I(. 1,, \ [ dic l)\ ,f1-.1lidcpl sm.,til(i it \icId 
plawatl \\ as lim c\ i([(-Il( 

For tll(. sr(mld (I()p, ilc%\ ipphi wim" (d sIll wl plw',pll;I1c \\c:r 111.1dc 
to S(.](.(I(.(] (mlll(d ld''Is I'' p-lillil I (m1)p.Ilis(jlI \,illl Ow 1csidlI;1I (Alt., (
of (It(, o0lcl Iwa(l1will'. ( )[I ilw dillcivil(cs ill rcsidoal 
clfc(ts I'm lit(. dillcicill ;lir c6d'.111, Als(). dw rcsidual 
clfccl dlhc ij(l-,smlI((,(-)lllp.1Ird !11Ow lc ,idll ll (.11c(I (d S.SP is higlicl.


(lic Im\
 
()it (It(. PActidtill (\\Il( Ic -,f)vbc;fIl1; \ (11(1pLifitcd Im [lit- w(mid ( rop)
 

no Signifi( 11)1 dill, lcmrs lwl \ccll illc ru.sidual (Alc( Is (d thr ]mk smo-(cs

;rld supcipl1wpli.m. ;[I(. c\idcIIl. This is ( mi"Iswill 
 \\itll Ow (6.m.r\cd

abscmc(lf dificit-litus swo(c, h'i Ow ii; ,l ( 1,11)(m tll 
 s
 

Dill. I() dw Illmc 1;lpid (d Ow Irsidil;1I cllr( 1, (m (ht-

Dysiralldcpl. ;ls m illp ilcd \ illl :11(. P llulldlill. 
 ;Itir ll (d (rc;I(­
111clits \\,;Is nc(cssar\ 6)l. Ow (hild ( '(y Im fit(- Dy"Imilik-pl. ( )II Ow 
Palctidult, 1(%Ippli( Itiml, (11 Iil (d dw ,mll( rs %clrIll;Idt. olik, Im (it(­
lowc.sl 1) 1rcitillclo ( 10 k!" P/Iji), it, Ili( h 70 kl_ Plh;i appli :d to pci-
Illif vilh 111t. lcsidtl;d Is ()It th, llr llllw lll" \%Ili( 11 had 
rcccl cd 80 !:g 1,11lit hit Ow 1_111 !(y. I'llu Icstills ill Fit lllc I for 
illc 111i'd ((;II.sr( 111ki. sr;tsml dli,\v n() .1111dillciclu-s bowcull 
.1 M] Ow Palctidlih cvcll Im. th'. vhi( It I-cccivcd Ircsil 
;jppli(;,6Oij.s (d 70 kg Ill (mm,;!sI, rvidclit fors(ild(- dilk-l-t-flurs arc 
dic reapplit;t:l(ill.s ()It Ilic I)ys(laildept I ). For tlIc treafflivilts at 
(It(' fliglicst (:].,I hild si.QIIifi(;lrItk vicids fliall (hos( ()I' Illc 
oflicl. 1) Sourcus Mlich indi(;l(cd Ill;1l partial acidulation illlprovcd dic 
p(.1-161-111alicc (d dw ( :cIltral Florida Rick. Yicl(k oftlic FNIP ti-catIlICIlt 
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Hydric Dystrandept Typic Paleudult 
Philippines Indonesia 

First Crop 
BLSO-5373000] T 3Doo LSD486 AA 

2 50 0  I -.0 
2500, A 0 

-o A : 

200D-; 2-O""- 2000' 

0 

1!0 i1500. 

•0jO U 1000 

500 11111 500- ' 
A 500 ' '- ­

15 30 80 120 10 20 40 80 
R1 
 RI 

Second Crop
 

a00 U , SO-608 or 2000 1 BLSD- 430 A 

0h Fresh appihcaion 
or, controls 1500 0 

A A 

L ResIdual 

2000- s 0 10 02A U Residual 500­

oL _o-_ 


RI or R2 RI ot R2 

Third Crop 
BLSD0798 8000- I 
BLS798 80 BLSD-977 

5000 Reappihcaton " 
7000. R appi~c ations 

(R2 R 1 
o 

A 
f (RI P3) 6000. A 

4000-" A 
*~ 5000' 

3000, o A00 / 
A*L IN Reiidual 
A 3000 A 

2000. U 00 A A 
AU '"% Resdual 2000 0 

1000 - A * 112A 
j 1000-I L 

5 30 eo o0 .40 oo10 20 40 -0 

lRt+R31P~f R2 RI.RI R31o1lR2+R3l 

0--- SSP(H.D.) r TSP (T.P A CFpsm1 
= NCf 0 Controt converted to SSP or TSP 

I= NCm ' FMP 
A = CFI 

Fig. I. Yi'h is mim' ,graull t'N()t l0l. w S'(.)I1 (rop (moph' 'icudliit ( o,'­o 111, 
b'an). Ihos.phorus ra .s (kg I/1i;m) ar' idc'itiI by R I, R2, ad 10 which are
r1', pr~rively dw( raw~s ap~plic.d I'M-r first, st-m.)i, and)(thirdI crops. 



IN' Ph/Iphor,II \ , I;elelM(ta I?I ;l( rad SOI 

wICC '011cosist,.ndty highcr-I thantllt( s'S, g",' 11il(t(- Ih,rc.,lmt.t t.1.c
 
T his is .s-imila," lt lict rctilt ,,llti.cd!III dwt Ils( I nip .
 

WV ithI r w'. t tI 11 ht it il,' I t t k so) I I( - s I. I tI tc I)v S1I;(II I(h ( t 
 hIII h 
is Ilic sm ] I l, ( ;It<)\\.(t'+ l it(. ( .t s Jl ,.vctcll (iltII 'c,), I Il gr IItI[(itt III~tI (df
th ",,hil-hly -v- c itivc. N oI th (:;I]( II[ I( l. Itlidl IIIt)1 1.(t 11, r (. li. Ivc t~s:.: 
thIS c.'-;lI' m,intl li L'pfilc. Ihi 's. tiIt tu ltcIh I"~.si~.mA I'mU 

,atc,'h,-rt'lctvc Cima
(:t' . I l(r dt rm. 1, Im ltiAt a( idul l, i, (:it(! iIIn ,,)%c(hcS: 

cht'( Ill~tc('lvst,%'<t1 ( ,l'all% ItrIm i r 1w 'alc 
11 i.~ 

'I*hc'I- l, kl,. I d !h.c t'xpcri'111 tl s ) i ltII . u h lil Metli ; llomt 1;1t it is. al 

in,('tro tc' ill t, rt'.ltH\vitv, ;111(1 :-;,,gi'rs 11h,1 it lll ..' Al () lit ;ulIq; ttwd 1'()I­

,tqi rt'II~s hlighly pt:<tv'ihospihalte- t't ktIt, pi dr(,h( yid cll m ipm."rtlhhtI( 
thi(, t vIlh ) ( i~~l, C'mtl Is[dclill!, llIlit';t[ prtyc,lit's Il't(,­;l O wt( I 

St'lilt([ l 
 I T I t'r ,;. III(. (11 l cit'[ l't)(' iH ilt'lt(-ic ) l I t, It '( p)lm~sp h aitct 'tck 
Ill till',, . (-v,i() i laI lIII c t'] I.'~w 1 t Ite it't' l th l t ' J'Actlt ll t !1;1(1 l;1.,light hy
hl',, .'r tll antd ;I cmutsithr;(lhly 1v , 1) s,;twpth l ca', i l~ll dhtw I),.',,­
trmltllrlt, lh,'mt r l'ish Stiull I'il I)(\i;t mss I f'rtlci rt;tI 'll 'Ircsl-c ()It (tc
I-clali<l.l i]p bctwt'cttll t~ I() nicks+ mod soil, tts>(~shosphate, t propcNriVS 
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R esponse t0 phsphlotrs (P)fertilizer applhit isafttwd ly the 
)


aVal~lailily (, residuatl 1) fi'I')Iprlior in(orpor tiOll ()1' 1 sourcs. This 

W8ts C(i(Otltitcr( ill the Bett'ltintl'k Soils PIrojtic soil fai-milv network 
+
)Iwhere soils di llered ill their listoiv 1 ;1)plication ani level of' residual 

Lgrr ltotviwtl-ottt it ,,'as 
silItc to assts tlS otf ",l itl rsidltal 1) le'v ls. lhis sttldv was 
ut(lctrttkt'l to of lm'\Is(d rtsidttal P on 

l). Sitcc 'tlts ,li-lIrt(td at 'xprriniitltal Sites, itopos­

htt'tmic thte clfityt 01'lI(rentt 
soil test 1) vallues tnd on thc vi' Itrt"sponsc to niewvf apyplied f'etilizer P 
withill a cot at~l ;tll ) |Vil'(l li llt [. 

la\'8ltttilots of residtuit 1) tistl;llv initldttb l ;ants'se l(tlltnt of changes in 
liotots which :alle'Ct I'lics. iutt'itsitv nid (timinthP availilit\. ihcluIh 
I('1t tl- e i r pow,'r tu1teutSUred r tl1) ppli­nS t ])ullC1 ])(t (' ; I Soil, aft fT(tili1 
Cation. The inttsity\'lto" is (vttlim Idv t e;isuigin1'1)t lentr;ttion 

ill thle soil solttiml or inl a soil (xt:t('t (o0.01M1 C;Cli, with a solo­
tioi:s)il rtti) of Iofor lcss. The (lttntitv fitotr is ;iss sst(l l) (I) isotopiC 
(ilttio) t(Ihi(lites, (2) resin cxtra, tionu, or ()) chemical extractiot with 
;ti a(id or alkalinte solttion..\ P-s5l)tiot ( r ltovidles th( relation­o 
Ship oI' the inltenlsl(itynln 1 ;tllthlt ):-s, estilittt o f, (lieI't anld thuls alil 

Iltft'IC pIower of a soil. ,\It cxtrat(oitl (itItV(, oit th(i othet hand, depicts 
the elttottishi1p of tht (fttitity tltto and 1)added, and all inlcx of the, 

l)lfft', l(O,,er. Biological )rotlures htve aIlso I)efl isetd to etvltte tlie 
agronomic \alutc (f rtesi(dual P. through cxpcrimcttatio) in l)oth the 

grecnhotse t d fild. 
Nlany Stt(lies have Itt le(tO('tto the CvaltMtioti of rCsidual P (Bar­

ti,+,1980). Ihe plcsctit investigttion ini(hit(ls stttlics on (1)change in 

extratctahe soil P with tiine, (2) tnaize resp)onise to P ap)licatilons at (if­
lerent leVcls of resiMut 1', (3) calibration of soil test values, (4) l)-sorp­

tion and extraction curves, a1n(d (5) evaluation of )hlpl)llorus reapplica­
tion methodology. 

Establishment of Residual Soil P Levels 

Experiments on maize response to P application to soils with varying 
levels of residual P were conducted on a Typic Paleudult at Nakau 
(NAK), Sumatra, Indonesia, and on a Tropeptic Eutrustox at Mauna 
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Loa, Nolok;ti (Nl()!,), Il;iwii (\Vi I ti, l9!c . '1Thc soils 

described ill Chaptlr: i. A itig.c t l'tuilldl siil 1' evls wis 's(dl)lislitdby,, allowing d.if t. ,ntv inea s ol'alpllicd P' too clilibrincto tl. p ointl wil,'r. 

each resiutltt I' ].\(l (main il1 a) raru.g Ifrshly applied P in) sulhtds
 
in al split-jplto t'x tiritlwtt 
 . I l it n)irl t l)lisih tIllt isuistl ranige (of1-csidt,;l sofil P', a, ll llililll (&l 1) V,.ils appllie~d thatl \\aIs (';l]cullc 1 gieic 

the l .I I1t I 

(lite ising h1.rP-soipliml, (iv .
 

sttil 1) Al w( I()im)ilis (d, tquilibrtioni. This WvOts 
pr ,ot [uic iii l"x atnd lx.limilrali (1970)

which iiidit.tid ihot r lvptihtt Patlctudttluh silt, t soil solution 1) hlvcl 
of'0.01 Ag P/l1, o ilt r llttil byiI v l((Ilildit oIf 120 g lP/g soil ow 
240 kg,I)/hit. A rangto soi P W.ts-t(thicvcd ]v1 )plyintg 0, x/,t, x/2, and 
3x/ of IIii P 1Irtiliz(.r (x) 1 iclirttl to tlllt lt txl rl;dl P)rctuile lte lt 
(0.0(1 PJ/1111) m I IIte ;t wi 1(0 hittil~ t fiili ilitll y ields. 1 Itw s
assumed that1 litI 1) iprI.sils Ilit (1'o w tinitial ihec soil 

ol'tnns ;ntd lox ( 1976). lou l11 Ix'pi( Ialenidtlt sit, Ihc l) ir-i's were
 
0, 60, 120. nid 180 kg l/ht wNhi(th wi. applied 15 ortlhi- Ichc thei
 
Itlaizi Wts laItltltn. [ r l~lt i , pli ]utrst.x silc, it was 
 estittedthat 60 kg: P/hatvt ru'qllirt'cl 1( ;ldhic,.v Illaxillntili yie'ld. TlhtcrtcI* ,..c 1) 
rates of (), 1,5, :))(, ;in l 153kg: Pihat wveret appllie~d 8. illmilths priio to+the" 

Illaie ext-rinItil S tmglttrtt \\a." ntitilti S!ti)isltIlletit (I'i rsitI­utal Soil 1) hlevels at{ Imi,(h sit s...A( Ilh(' (illic Ill izo. w.a;s la nted it was
 
assumed( that re'sidulu~s)il 1) h',\.'('Is hadI 
 c's:.,nliv rea]chedw( a "s;tdy 
state." Fertilizer rates lot It1 stt.t aplictuiont \ ct, 0, 10, 20, I10, anl
 
80 kg lP/ha ot-iii' l";dirhilr, and (I, 10, 
 2(, 10, tnt 6(0kg lP/ha tImlt 
]Etrul'tlox. 

lutcli texperimntt \\'its installtul ,ts atsplit plr , with Ite residual levcls
 
as Ilin phn)s in t r;tnldoized ilpIlic 
 lotck dlesig rnd the reatlpliedrates randomfized w,,ithin cac.h main lot . The} 2G, Iteaiteln, with f'outr 
replicationt.s, 1(11 thern filttlial iitttiltlntitns (I1 lhetiot residual levels 
and five reapplield i;tes. ( erall'l lllill;igelltr of thie Jxpc~iriinetrns was 
similar to ltato lhlt ai;nisfer eXptlilll tll, lti Becllellihmark Soils Proj­
ec (('hptetr). 

Change in Extractable Soil P With Time 

Collp)osirc sallpts wele Iik(l ;ir hetlhetlUdulr site fritin Ceh Main plot
aftel. harvest t" tie sitgliull c,'tp ad its ratools, anod similar samples 
were tatken 1 harv'test (dlte 1,izcotp ftrom eacl sulltt th1attltier In did 
not reeive terrilizcr P. The dcCsC in rCsi.al 1)Lfoin the al)pliCation
of 60 to 1N0 kg P/Iha was 1.25 to 1.75 rig P/g soil/100 days under 
sorghum, and 2.0 to 5.0 img P/g soil/100 days under maize (Figure 1). 
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30­

0 kg P/ha20-


- 82 120 kg P/ha 

uJ~~ 0Okg ~P/ha 

Tillage0 

/ u7 - I I I I 7------r--­
0 8 10 12 14 16 18 20 22 24 26 

Months after application 
4- sorghum 10- maize - tallow -* 

2nd ratoon 3rd ratoon 

Fig. 1. C:hang(-', inodilitd 'Il-,ou,c.xt,;raibh I ) oilill 1)' rtsidlia] I Ihe TFvpic 

ThW hightr ratw'oftdilcas.c III (Xttxiltrflh P)undcr itaizec was probably 
(h1 t0 ('ttit',(ionl Oftllt soil prior to pliutittng the tImaizt crop. I is culti-
VIfionI IIix~d IM1tidt's whiCh wt dllrt'lialh, silturawt'd will) ). Thisi 


bromught alb ut ;Ire-cuquililbratioll that ,.tili slow ieattions whichllittcl tile 
(c't rt0tled tixt 't;Ctil)lC fucIIs of' i into noll-extractable lortis a1(1 result­
('(I il ; ttoR Iipid dCt'ttast if) etxtractablt 1). 'i moudified Tiruog 
extractablu 1) it plots that rtcucivel 120 kg W'hi;t was in itially high, but 
declined to tIl critical level ol'soil 1)(12 pg P/g) within 2 Vtars. 

At the lFtrustox sitc, c ol)site saim)les xti takent l'oto eiach nin 

plt eerv 4 wcks durinHg the sorgltin etrop. Modified litucg P was 
detetilitide i llldtilooIi dcrT;is with ti1ILe'all t atruFtruell; I-Ceivingt(0 in 
1) (riure 2). In ththerre;ttrt nt that did not re lce " ) feultilizer, extr'actla­
ble P in1creased slightly dut to tile decoimpositioni of fresh orgalic mllatter 
incor)oratetd im(, th soil during land cl:aring; am I lte io0n.',it In the P 
fertilized plots this release 01 organic tllttter decoullpositiontIain 
 of l),, 

was probably masked : the magnitude of tlc sloiw reactions o"P. The 
tnodified 'I11u)og extractable 1) levels in p)lots that received 30 kg P/hi or 

tmore remained al ove the critical level (18 pg I/g) lOr the cntirc 28 week 

period of tie expericnient. The soil P Stat us tUndier a1crol)ping systetml 

depends on the rate of* 1 application and tihe( intensity of' crop cultiva­

tion. 
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30­

45 kg P/ha ,
20- - 30 kg P/ha 

na-
'0 15 kg P/ha _a0 kg P/ha 
0 

~ 0 

0 12 16 2420 28 
Weeks after application 

Fig. 2. (ltmigcs i tlldilitd Iltog txtractahhl l of trsidlial 1)oi the
pcpltic l: tr !x 

ro-

Maize Response to P Application at Different Levels of Residual P 
Maize re.sponst, to thc sconl P application vlrd with established soil
J)levels (Figurt 3). ''lt response crve othif n phi A (Palutldult), ATe­
viously tinlt'cilizcd, was stecl.cr thatt that of main plot B, which pre­
Vi)tusi v ret\'e(,I) 'hIl itkg ~P/ha. curme.c main plot (C, that received 
120 kg P/h\was almtnst fltt anti thert was no resp( llSit main pilot I),
Ihat ItCeived I1() kg P/ha, since yiels of all rales of frecshly applied P 
were on tit. vii d plateaut. A simitar trenid wa,;is app;-tl fi' 11c l(titrus­
tox, ihu withit sotnc variations. "I'lt viciti res])o se ctrve lor main pint A 
(unfertilizcd) was st ttptr thian oItfs tit tili ectrc'atotents ati ,,'i MeL
fo. the two higlest P tIls wcrc oit the \ iti pl;ttt:tu tt inatilht lot 1) (15
kg P/ia). TorC was intti variation ill tie 'ved rcsp)otst of th B (1.5 kg
P/ha) ai(i C (30 kg P/Ita) main plhts. (;enttaillv, it) both soils ithc Itigher
the levti of rcsidlitl 1), ithe smaller tilt v iId .espotsc to P appli catiOn. 

Calibration of Soil Test Values 

Composite soil sampies taken frout each it1ain plot bt'lore the second P 
fertilizer al)plication werc analyzed iw -extracttible P using modified 
Truog (100:1 soliution:soil ratio), Bray-1 (30:1), Bray-I (10:1), and
Olsen (20:1) ext raCtants. The soil test vatlues for each extlractant were
arranged in ascending order, along with their associated maxinum 

http:stecl.cr


Evaluation o.Residualt'lwsphoius in lu Ro 	 1Benchmark Soil 

10­

8­

6~ 

0I .--- ­
-0 

0)0 
4--

Typic Tropeptic
"o Paleudult Eutrustox 

o 0 kg P/ha 0 kg P/ha
2 o 60 kg P/ha 15 kg P/ha 

[A 	 120 kg P/ha 30 kg P/ha 
S-80 kg P/ha 45 kg P/ha 

0 
0 10 20 40 60 80 

P application (kg P/ha) 
F ig. 3. M a~im,, rc..pton s~c1(, 11appli im l a(t diflit lcvck,(dNIrsi ual P oil 
tlicT'lylmi:Ia 'll h d xl'l ;~ "l ,Awp i n IItuIh x (stlid). 

(ialngc in icthl, whchiti i tlju (tht c t i yitld of11'l- t l)((.I1 tll glcs a 
[\''; t l t l l I'tl i l p hlt ; 1 1 1 ( 1 tOwt v.i c[ l ( ) I ti l t- c t r ol ] ) ]lo t o f' t ha tl i tlllh i 

mlainphl. A- variantt analhysis iitlh(od, modilited hy N'lson and Andter­

soil (11977) was ustil it ititino tltt Suil tst valuts into dasscts. Tllt Soil 
(tCs valurs \e'rt, iruilpt(l Into hlctt ' cl;issts lisingi )rcs rilbtd )rincipls

fi w~ t u 'i ~! dlw bo~u lid a wsu h qrolmp . Th ese 'a rc:h igh , In od ­g'm ic 'so f l 
t ra wt, a nd l i t t hc/ n<mr .'.'q > m)t ' t I P :ap p~lica t i on . "lct h l t at i V C't pa 'tit i o l l of, 
.,;oil 't va;l u elts [ 'o Illail l ,. resim lis 1 () 1)l a ppllic a tio n -sr tdill g f l l) t hi s 

,ut1i,,is is sIo%,I, ill l th I lor th ( lypic lil udiulh ;a d "i pcFtic
EulruISt()x. It Is ;Ipl-lnt 11thi iIIcrir'lation oI, tht' lutdillted "l'og and 

13IaV- I (30(): 1) aluts t;llI IO )t tralsli'tlrrd ttxtttil t wlxo soils sinC
il t '.c ri tic a l h1( t\.(.I l>s t w h ich t hl rt 'Is lit t h ' o r III) ru s pli nm . to l 1 l~ ~i a 

tion art 12 andi1 18 ii Ig'/g with ntodififd liug, andI 16 and 21 jig P/g 
xvhil B ay- 1 (30:1) f il thlt IV Pitiltudt lt and "lopitil ptic iLutir stox, 
rtslttivcl. Critical hcvt Is iuthtr ( )lstii 8lind Bray- I ( 0: 1) iiithods, on 

[Ilt oht'r hand, alt t'ilniil)it til t i "oilsl;io but their range of 
VAltls is iN;irIokv, indicMiting a lack otlstisitivity to varialions in soil P. 
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Tabl. 1. Tentative partition of soil tcst vahlis ((.g Pi,) for maiz' re.sponse 1toP 
application on the T'ypic PAIldtilts and Trnjwpttic Eutrustox. 

,,aizt rv%1.onsc I, P 

Soil 'Ist So it fan Il' i I ih N1 ttuIai(c lhit 

NhI()ofi il cd ,"II I I g I IcuitI I<h - 12 > 1:2 

(1.ll-'I, :itli Itox0 i s <12 12-Il8 > 18 
ray-l l'aludull <8 8 - (i > If;

(3():1, I mill) lF.1tlristx <11t 14-21 >21 

Bray- 1 ah'idt < 5h 5--10 > 1010: 1, 5' 11111) E'Util ,tnx <5 5 -_9 >41 

() l al'uilulI <3.5 1.5-7. 0 >7.O(20: 1, 30 min) l'11111'ust<x <.0 5.0-7.0 :>7.( 

P-sorption and Extraction Curves 

A -su;'pliio tlE\l hiiht Illilt l Samlc wvas dh'l'lilintd witlh the 
ll)'CdnlC(l'. + I ) md;uKamplratl (I1970). lP-s<,-ption data ;it( lpicscitved 

as It sCHtIi-Ihg ph l 1 , Iiiuth ,i s ill tll'tttrc I. Slopcs olfhlii so Jpliot l ('ti'Ves
for tilt" l e u lt sfiitf . Alll ol Vilint';ir, hill lillIu" slightly, (slprciallv for 

.lower h\ ,js (d sor.od I' ( :tlv , til thct lF trllust() \ siltc, (mtilt "thcnh ild, \,N,'rc ( tll-v'ililll l".it ,, \ t I1 ;1,, lincar" low" , ()ll l in cl~ltllts an ll( if'­

lfrt(d ltltlkttlv ;ir fit h)\\.l hrv l d .:(l)I lP Th ,istell tifd tilt gtCatltr
>vr'iaiiiltl i l(- t) ti lt l lwp l . I .' !) \ ;is 'ti tj it-cfIH t) ltain a 

givenl level of P) ill sMhtiI (00.1.2 Hg Pil) ho w1h11vith higt'li-u lev.ls of 
rusit lua P. 

1) vere parallel (mtulv oil 1) 

A liodi/icd' Tlrui g-tcxtrt', ot l (iur\(- \\;I ;11l dc(lc'i l ';, tlow ca ]b 
Illil p1it. P-tXlI;l lil ri l laa wc lta+ct','tcd' Ov I. iullteatiotils and 
plhtttd in liguitv 5. 'Ih 'xll l-i( nl1vis hit oIllatill s ..\, B (', and 

.\ are shown it1 l"i.,urc 5). lI'lii Shtys (bl) (f
the c(lives \',rit d sliolik, (2.2 to 2..4) fiw thto(- tl tdut, while thoise t' 
tht lootrusix silt- hadf a \\ilfet lihigct atnd latgt-t values (2.7 to) ,-.5).

il'hcst. sh( )t-s otfl tilti alt oUtt ll 1f l' tt ' ll(d td htiing alh tt a uii it 
ull(ltasc ll t.Xt Pba;It- V. Thr-\ lt (d (-If/h 1 ) is 'qu al t o - 1t h I­'P rt' 
li()ll cm'1-1cfl'i t'l (d tillt' S(ill.t I til sii f101wt -smf and cii;f tiol-l tu iftd t() t - right ;vs t level 

of' residtal F) itntett;ta l, so, thal h'ss P \Nas rt-quired t(o bring l) il tilt( soil 
sOIltItin ( xlrCXtlla'ft-hlh toh) ict fh'sit'l cxltta! P lttl)tilitt ltit or " t i­
cal livtfl" oft.c tl.at abih. R. 

Evaluation of Phosphorus Rcapplicatioln Methodology 

Ihe elt of resit .L P oni tmtii+ tt5lmm to reshtly alpilitd P tnadc it 
necessary to delcvelop a pioceduie 16r deterinining P rteapplication rates 
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300 - 0/
Typic 

Paleudult 

0 0 kg P/ha6 0 60 kg P/ha 
o 200- A 120kg P/ha
 

A 180kgP/ha
 

150 ­

0 13100 ­

-n 
0 50­

50 

300-
Tropeptic 
Eutrustox 

0 0 kg P/ha. 0 15 kg P/ha
 
) 200 - 30 kg P/h
 

CLA 45 kg P/ha
 

"10
 

-O
0

50­

0 I 
.002 .005 .01 .05 .10 

P in soil solution (pg/ml) 

,rptiFig. 4. t'-s I ru.I. 

for additional t'rtilitv e xperiments ol plots ol several transfer experi­
nits (scc Chapter .4for a th'seriptioIl of a transtCr cxperimcnt). The 

recappliecatiot lait procedlorc tMt(erptcd to reestalblish thc P levels so that 
tle saae P rcspolflsv (irve would bc exl)e.te'td.cfor a t-atsfcr cxpcrinent 
and Sobs(qltlt hnageh'eo (rcapplication) exNpl'iments. No strong 
cvidfelcc for rejteting hYl)othCsis of cfal 1) response corves wasthelt 


ilitcrprcted( as ('otfidet tc in tti Soil test c'afiljlritjcl l)rocefure to rees­
talblish thi P reacaptlicatiol rates ofthe original transflir eX)eriment. 
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100­

;2£-75- A 
o A 

S50 .p...........
 

c
 

a_----------------- / Typic Tropeptic
25 f Paleuduit Eutrustox 

/0 0 kg P/ha 0Okg P/ha/ / A 180 kg P/ha 45 kg P/ha 

0 20 40 60 80 
Extracted P Qig P/g soil) 

Fi'g. 5. M\lldlIfic iW44(. c\4441 1 ll'l' (d1 (III ipi l-li4II4il 

1514d lI. A l(1lul4 4
4 ( I 4 I lr4\( sl l -x c-~~It p1441)I%,~ S 

Sample~fs 11(4114 41 I Il h)( 4 ( .(/IIm o)[]ii ) h o 1lw(4 IIIr ic ilt-u, g
 
111cti144. IlU 'I ('1 
 Iti u11 ll(l 


(Il a 111inc 


k WI f i N Iic III 1t~ce andt Sllf) 

I\\I411 'Y (1144 1jpplied4 1) i4\4!" (d1 illit (llsli U.xpe11111411 
Usingi at 0 114 4l4(1cI 54(1A r v1llh - 1() +1 1,, 11 ;ll4fpl( I) and1( tiuc 

squaI rc N)(d X\S4I I I sl -11414vcsl ilhi InnThog c lm wasJIItI1 

(dI4I4stalu. lwi P lIIIIIgL III dw S()ilIw Ssolb il III(()1 
v(pl(It4d4 14 i 11-1 gilIIl 4\l;411441 41urvr (IIschi14 

dt4 liht 

Ii)-~ ISII tIIt PapljIite 
raw." (d1 d114 trll4N ln cXi 1 1114'iII ). ;11141 dil cq alim~i4l s441\44 I'M1 Y (1,
 
adidtci). 1114. (i11ll t 4 1I\441 
 11 I ~ la 541f (4\)Ist Il d)1h 1 ) 

INc il (I () li l cxlra m curvSIIjSIIt i Ill q iva m t l.1)w sil i lII 

1&1) 4I-cyd li(144 I'(i14( 4 Il' (I llgi l a pplt11iiX 1): 1 t(j III11411 

pmN (I*xiill i(C-t appli) al's Tlel mllc111IMn ;the~ \c Asoisine ~abh 

i 
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nu)iu.d m+ahk Nlihtr do~n dhw -1 w+ h( '.~d1'1i' t'nlation cluT' H~ing this 
.,:htitmishilp i
 

cd l X YTlhis,c~t't l i< a'.,, lol't'N Nhici ,.,. ssc, t'c,' ti l too (lit, v.hic , ,givt',. 

dilili'l i 1i 
tllidhth' t ica;tt lctitt h", tht t itnt lt into 
\ - 12.0 I hc I Iun lit Ificd rlt' ili niig il Iht soil at (he. 

. Tlhis t'.tinlaw (d,sold 1) \ ,i,'; 11cl u 
lilt' m-iiil l c.xtrati tn llrv (tlsri w ,'-statllish Olw, l"aplplit'd ratets t hetl 

tr cn+lprtlritt;wilt) hur (th,' 1rl;uii. hilp lbtcvcct' P <ddldl andl m<,dified 
.T) lim" <' riut:ii)lc 1)

Y= -0+8 - 2 S(.)l ( 12'i) 

2i1Vq g 6'i 

This i'uait i \\;s ils., u Im. Y \'with ,c ifli'd 'liit to0 g P stt etqual 
thc h.-,ir-l '.,il 1) 1i\l (& 25 tpiitli Y =-5:7 2 pi, Pig. l)ividin [I is 
vat I,\i2 avc in lppli'I I (d27.6 tq ( midlh levi!. The dii­P/g at illt 

fcilr' i i ms,m' ten li. isiiih stid P \..iiH sc its i iild tId, 21.(, and 
; l }lid P :l flilt, m id. h' It.\ d , 27.6, ,,, s 6.0 piI I/g whitI is the 1) 
lr'lilrd ,(, ,. 's i l~l>!h,' m}igiul l apFptlic'd 1) atv itIh.'- Imili t (:.f' 

t11 l t " lPa )'.Ith 'ti l itllplli r utci',i sei(c t ilishtcuits described 
ill ( ',1aptul I . 'h 1ttc '()l Il c ivt O(ii rii(d; Bi'vI0b, Pa)dr . 6I, 0.0i , 
8tI. amdI I . I ) ,/i l-iiil. 

''lhi p1( ,(v l'ti',.; t(' Lost lphastc (d tll( licncthm arkl( tilizcd du~ringu 
P~b, In+(t(-l, rwapplitali ,t+ c il'ill t sntOw rattws \,vcrtl,,jc't. li<'l 

'st ;l iiit d7. litu,;tl (l int • ,tthit ,.,.i. srnlitil hut dir l-irii t il that ihci 
]n)i f. litcin :)1I i )liic' am -cimiic.ltlinlc tilotht' a hd alp)lited 
iiitlg (d,-1 it) +1 ,as i anj l . ;d dw ca li(.iti l rawt+ %vai<Stalt­i p 
ishrd itl h il Iit 1ii ,ttl five anptli d r iit. 

lcir l liai m1 ×lp1uiiitinit itisri.i il 
, 

) ,t't.- ,i lilt. thrc families 
of si s clixnchmark S" ik r(l iiitjiii r ll Imt sized hctii.is tile Typic 

.s iet d"luh lctilislt'i'iiid trap:licrit Xpurioii lts Vtrc utilize.d, including 
sit'eml at BAK CAN! inn ('mitTt9n;nd,lofll adnd NyK in Inh ­e 
nc.sid ; and l () il tlh Philip lics. l'hesc' itb' a:de scr ibed i Cphap-.­
t,.rs 3+and 7. Ili addititm t<) the' first r(calpplicttiol e.xperimn wvith ca;ch 
(d)thc. 1:2 transft'r c'xpwtiun uti'-, at .,'rumid re.applicaition '.,.as- esltablished. 
()I scv.11t ()I (t.'12, ;uIn( at hird re:appllicatuion (d' 1) level.s. o l lt.,. ) lhdi 
seve,t . im atvl,tlim r1-' c++ , inud c( igin ).l 1:2Ill 33(.r..xl~wrillclnt <ingu (tht. 
transfel'tr and]-2 1 rcapp~llica+tion (-t.\pt'rinwnts. 

vva!: stalisti<callv ,:vahlaw~d by co'm p:aring, tile P 1-cslist. (11rves for-c'ach 
se;tt (d dict 12 tratnsf,.r ;in( rca)pllica:itioll e:xperimetnts using me'thodohlogy 
(Icscrihtcd in (Chapte'r 19 of1' Allen and Cad,.y (1982;\). B+riefly, tile qua­
dr'atic. 1polvnim ial lm d)e,.l, 'i + hlip)+ t-2YP2:, (l(es..;-il),ed in, ChIaptl' 5 is 



136 l') 1"1,1(,, i 1;, n , fl /f 

cmI )lIro'd ,N'it Ii (III 
rt*.S )I I,,C ud tn"vs (h Ir 
It ]Iu sl \.\liti,} J It 

mi;j()it'\ dtilic 12 ".l, 

tfl i 
f I 

+ 
I-

I . 

Pl+ 
Y'tl f lIf 

It le 

1 

mI1hif lt, 

. i i. IhI itI h,\ I, ItII lc 
q \ If li ll, ,II l tI I:II tI(, 
il1%t 1f 111i )I h) 

lxi lft i imtf (d l vlt' h ; ,l.111,1d d'i' l \t' i fl ff1 itall h'r 

xp\ : i,'l i~r, .flit851 . I fi l I l ff ll 1 I thm 2fI 
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Table 2. Environmental characteristics and mcanl tree height at sites of the 
nitrogcn-fixlng tree trials. 

SoiI surface fertility 

'lbmpcrat tre Moisture pilI Ca BS 
Soil regime regime (KCI) (fite/110 g) (%) 

lDystranidtpt lsmthcrili, Urdic .4.6 7,1)
'111n'ustox Isollypt-crt hic l ii Ust it, 

21 
1.8 ' 1 66

Pa1(ludtlh lsot'hyl)crthc mici: Udi, 1.8 3. 0 3 1
"l' ptid;1d1f S()1ypclhcfrmi( Udic 1.91 9.3 82 

Mean tree height (in) 

Soil iLI Div Ses Cal Aur Std err 

11nWyear 2.0 3.1 1.,5 2.3 1.0 1.1 
t 's 2.1 5.3 - 4.3 2 5 1.A 

Eutrul St ox 
(tne yeal 4.4 4.9 3.2 2.1 2.1 1.1 
two vas 6.2 5.9 3.7 2.6 3.1 1.9 

Palcudillt 
O(itl year 2.9 3.1 2.0 2.3 2.5 1.2 
two years 4.3 5.1 2.5 3.6 5.2 2.A 

l'opIudalf
 
ont, ar 
 7.3 7.9 6.0 1.9 1.8 2.5 
twovcars 10.6 11.7 7.5 6.3 6.8 3.2 

Noll-: D~uc it, 1pa t vi, ~iL,~ .t, t it'I udh + ,til , l v1N,,itc with hI'mcxmial t;1l)h, p~hov++ilh­

lip+ ill it(l t ,i l/ l. II ' li lt(ImolIrclhli,-,it'll I<,,ca(h1,il (It mtit ' iT)is htc sllh ildfrlv r(dacm ,.p, Imut11tc"[ il ,al \',ilh Onrclpiai ; ptcl s fl cllv) '1Ew' vc.1r llt'­
mlt'lll'lis at lilt P;ifrulh m Acit it 201 m<,lh,.\,vitc tae T[hc fic rc-pliatc'd Spcc(i(-S ill( huh.l.1'ala,'ln i,,m,,t,7,h, (1 1u), /.1, d/te,'xl/O/ ), . ;Ihapil,1~am (lDi "wil l+,m (Sc'+). Ca/iandt
tal(thp nu(C al ). mm h,, , ,a:wumt l/,,,11t, (A ).l 

had grown vigorously. "lHc other two) sites both had [,vrbcclimatic 

cnivi'onntnlts, isllypcrthert ic tele)eratur and utdicc IlnoistUre re­
ginics. T he LUltie Trolillalf, with 
 overall better fertility, including
higher pl1, caltciti, and )imsc sattra1tionl levels, showed thcbest growth
during iC earlyMittNths after sccdling establulishminentt. 

Plant gtl)Intnlastilrc(nt ns (heitght, Isal diatnlcr, and diameter at 
breast liight) were recotdcdl at vatrious time intervals. MacDicken 
(1983) gives an extensive analysis and discussion of the data for various 
ages and eliartcteristics, including wood volume calculations and com­
parisots anitng the species. Here the emphasis is on evaluating the use­
fulness of, Soil "lxononty if) categorizing environments for successful 
matching of nitrogen-fixing tree requiremnents. Height data on the 
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r'eplicatled Slu-ltes. ieitie Onc v'ei at'1v(1 ilt'-secdiligs Nvere.( pilned, 
wel' ilt( 1(41st \iiaici~( of Ili(' several Iit'415tilil~ls andt ;it.. sho)wn IlI 
1Ttibl( 2. 

Overall, tree devclopilin'it \\,is Icit'ta in il(U ic TroJ)(ili sitc, wvihi 
;at XTI''iagt growth ralte of (0_5 iiI/iii(Jitil !oI. ilt'I rplictcde~ snecics. iTle 

ildilii))! I() adIlatct 1 11;t'oil kt ' ill( Sit'. Sceelil 1t i bc all ideal enivi­

duingii. dir '(-'iiitiil hil of llut g4.lowig y'ar didl 1101 pt'rloii wvell. 11wl( 
;11'ei i)io'litc i' 1 tosm. (dry)TFyp .uttiiilsox silt', \\'iim is in (11c ilisture 

Itc'gihlit' lwgall to Shio\N signs of \it Strcss Ini ilit laitti pal of ile( (li 
suasonl ( 10- 1l iii4)litiis aftw i lliiitii). 1''i clit4(1 of season oil ilt'­
growth raiw" (A it( (1it.:.s \%;ts moiist prlitliit(' ill thet Ilydi I)suiml­
(lt'pt Site. Th' jiiiSix lonthlls od gtiiwvtli oi'eiirrt'il tiring Owile Wi t­
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il li giiix'th lawis taistd by scaisoa aiilg'is wyill lbt iitiiii iit'iie po 

IThie droiiughit htlrltct (f.-((CIIt' nuiii'11111ifl \%.its t'xitl with its gii'tll leaves andt~ 
colitiiiw growi (1-iig a sIimointh drouitghlt Ii Suimatra, Indotnesia, wh'iile 

ldj;te iii I ice(s drhit ii e eavc't e ct'i'Csetd gri 55'ii,and ill Still)cc' ses inl thea 5td(id 
Itrog0en-fixing tO.c c 1vi-ji nunt 
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atimi !(-I Iill/t-i N. Thus, iiltl() cll lf-I ljll. cl is lor a sill­

t !r ]()I,, I.,tillci limil Im I II)IIIII(M M ;I ( It)]) sc(Illcm c. Rrccjitly, ;tit 
liddrd ()It( I.,[1 11.1, Iwrn ill,- Im lc;tm. (d Ilknwcli lit b(all surl"m c and 
LjmIlld hmll(.. ,. Thc ( :F'R FIS lilaw. !II(idrl (('11"Idcl s Ill(- iiltl*()g(,Il-

S\ "Icjil ;1,, it %11(ill.. 
I'llu :1.11\ F-S livil/j, llmdd cs(lllmtc , III(] clficit-lin, 

alld mill)"cil 1(.;I( llllu hcvmid illc Imil /mw Im.t lklllg IIII() 
(lic lil;tll\ rs ;Illd qcll, !Im '.' of both(d 11111*() ;tlitl (11'. 
%\;IWI lild IIIII(wril. I ilm Ilml ( midlilmis 111(1.()L cll solliccs include 
I-c"I(ItIA Illillulill Illinwril Ill Ow Still prim. I() ICI.!I1Iza(I()II, If'rtilizer 
11111*() and IIIl1I()gcII \\111ch 111mcralizc." during (lit, growth of('Il. 
ill(. 1.()I). 'Flic rchtl\c slxr., ()I,HIc"'r S()Ill( cs aj. . allC( wd I)v (lit- ratc and 
tiljllll. , oll ;tl)l)ll( ;illm l, 1)1.(.\.]()LIS ( tIh III-;d Im l( (I( cs, alld (lic rate 
(11,111111clalMmoll stahlc m-l'aiiii. Illam-I slid. 

No aclual mc i.-mivinciii.,, d IIIIiial IIIIIrI,;tl Ilitrogell (mcclitratiolis 
glimit (it(- still prol Ic or raws oI illi llcraliz ll ioll available for 

(lic Ilydric I )NI.Stralldcl)l expci"Imcnis. Assinnud Initial soil nitrate and 
;tiiilll()Illlllll (oll(Clitrallolls Inalliellialically ad'ilisted Lintil tile 
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mlodel accura~tely silitilaiied kerijl millIi)eti 'I, ilit( hi~gh hloi*V Hcl 
inent. Model adiftsi liliis Iereildc ()it (IIto SI (Iif cNJ.riliiiciI~i, 1 daa. 

Wand 3 piiiglllS the to *isecwpillcd01 V i (iif:i( III [il lii n 

So)Il pri-eIis sI t-IeI is )I'cnI I(l owi II.uii I I-IhI I, ow;ul I Iingeii, bhulIk 
dciis t y, andl (csIl l(Ilol II) nmilig wcVii;ssliiiid Ii )(bc iiiii fo0i all 
experlimients ;t( it m\iI midliw taikcii Irmiii B~enchmark~i Soils l'ioj-
Cut Jplhflicalills andu %c"mIi i',tit 11illf(ii. Reeordcdu w(;llicl, dait 

tioii.wa Aiuliciiii) mumlints iI~iwere iiihr1merwliiiie'.'.1d) 11t(I, 
plntui~uii \\lt is i(iilih liiiwr vii liiim-hi9W;)afd Singh (198ii,5)ii ri d­

tioin~u il iiili ),11iili iufiiig plilo11.;i1( (Iil llos i siiuii~on resuilts. 

MVIaize Responhse to N it rogen Tircat ide nts 

lihe2shows Ilit ((til Idsiiiiilawiie ~ln vielids of Iie ItiglisI Nl 

Ilaiwili lli firs it11 cXlciiiiiiis ltusciiiliil Ii 'libli 2 wercii (iii­
iltilil mIcoI k (1ijW I )\. sIr; to fupi aim ic Ieii;I ize va)iriel x was 1I 610t. Thle 

(lixgihig) wcre lii1i i htiifeil hiiis 'illis fIi't is rI() siiiiltaulwiht hei 

suffere(d severe IiOIlgilg \\AI A. I I ) was slirimiilw. As expected, tile 

lodging of' lalgI p~lants wais silts. 
R~eliable (stimawits of silkirig dtfcii yilId cull Ip(iliIcIs, illd grainl yield

if) tile hligh f-rlillitv I rcitillciil Mi ill(, lnIi eopii I'iIiii~tsliX ieirilIits 
genrlly wvere siiiiiliil hy Ilec liiiii(l. Onl Ill owlir hiandl ilie y'iel

l)I(iitimis Ill f'uii i if' ilec 
 iight ivxpriliiiiis i'iilicd on thle 

FUydrie IDvsti rlfilits sx'ei' mi withli W.''ii slaiilriil-iiirs (d,' tdw;ii 

Also Jiresejitii Iiili 2 are the- a ill aiid siiillitilw griiii yviids (df
the lowecst N (29 kq/li I) irof high P n-iathielit Ill (lie, saii eXPiiiiis. 
Grainl vields well, riioiricd lby iiiuis igir defIc(ieney. Ini 1IAL 11-22 and 
l0O1, 1-101th iii(hl micllfiled lie nurilmber per ear. Thiis 

ltoIlnay have heer du ll-iiiilmss Inducedt~ by fliirogel dleficiencyV ad/oir
daimage to thle kernels hy cornii ciirworils. 

TlIh odel predlictioiis againl were hut sat isfiory onl thle Iydrie
Dyst rahidl(t cxpo.-rj meiis, whiereats the predlict ions on thle Iropept ic
ILutrustox sites generally were wirthin Iwo standard er-rors of, t ie( actual 
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Able I. NI ahcz grainl yields (kg/lid) ftwo N levels on I I dic yst raII(Iej)s 

(H-AL, It UKIt and 101.E) and IiO[)el)li F.Ftit itistox (WVAI and MIOL). 

29 kig N/ha I186 kg N/ha 

I A -11 9 1 13 8'16(9 1MIi 

!l[M. B1-22 5' !0 1-lM T )1 

KtQI1xK-21 502 098Ii2 1! '- 1 7852 7092 
KIK CI I 08(i ,58( 6701 87681 8929) 

K UIK ( A 2 720 74 YW2 1262 7587 
IKIK 1)-21 V8111 5h !79( 116 828 8131 

R()LF V1IKoi .1l4 6263 0 12 7 768 81463 

It )LFI- M .1 1I9 3268 17t,2 00 823-1 
%VA I A-I( ( (p)t 'i ) 7B111) 105 1:1 10676 
\VAI -I I G231 5973 ooII 8.191 10504 

\VAI B11) )0 815)1 7111t 115301 11999)! 

WAI I)-lIu( 738 666 1 707 9992 108.11 

Ml()l. Aii0 163 79.57 11571 104 11 109 5:1 

N1() Ill 11)0 825 .19831 511 81773 1(0889 

iigtie shw l'olll he('~ (lfl-Il atIiV for ice(timildtlilc from) 

l'x'tlrum11 Si(S lk~Itlc (hc glfo'i yPd tll'utit 1)11 i f iill; 

glaill ;1t1( l, irol~~il Ilol ll ad sin thilt''s fsta initidcmdCXIot'i 

101siim h' 15miI) l)5th SlMl1')c i t (' .' N'4l(i Wl I-11llIgt' or~ 

Jili)51 )f ()il (w!llditasi. l (l(l~dltot' o lll llltlllmight 1;wlclucgaes 

\tlllJ( OlCUI 1(5 i(lF t( 

(ltS tt'c f , SefiS 

wmiicW0 ftist ll t.)fti~~~ll 
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Fig. 1. C(ommlxtrisoIn (mlsitittlate(I "it (Oltel circh.) ;i1d actual yield- two staMtard error;s (as mark,(I hyItvh''ttjcal ipt,of' x values) ilexpelrimems otI Hl,Isic ),'stral)
clts. Tllt actual yield is the tlid­
point IltCu iltt x values at icit itvtl (,l'aplllcd N. 
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Nitrogen Management Application 

The u111dt was also iscd to siiiitilat cflff,, sutiiuier (May 1)arid 
wvinter (1)cr'libc]r I ) l~ltil dwts, {'ultivars, :tit(Iapplicd N oil thtc two 
soil faimilit's- it]I lawaii. Lo{)li-ttellll a\'uv c \vcallho.-r data wctrc ulsed for 

both illc. Ilvdri(' lys.traildhe]) (K()LIl" site) arm the Tlropeptic ]".trl <lx 

("MI sie) soil litiilics. ( ,top growth ,iWasnot liiiited by ,VitrSulpply, 
as tlit n10(1(1l was pr(ogliiiitied to "irrigiltt" antiavoid wttr strtss. 

t'lhelicT)pepti( l'ltrustox hlad higlicr potitiial yitlds than h Ilidri 

l)vstrand ptolir la tli +llsi ilei;lII(l \\iitil" ilitiigs (lTIblh 3). These 

sitllitta results artc il acctd evithtili looinihzrk Soils Pilijcct data 

(Table 2). Siilarl' grainyveds a aftdr by'ledpticnitruns­(vg/hicr's 
tox sim ultlationts ait all [lit . l l"gr'(+xill,sca;+tro)gtll r'atl'cIllspilt' (~"t~)I*i 

so)Its,ssoc'i;lltrd with tll(' -l'(Illwl(l tc(',dcr. 'lil ,gra,l'Hyich]{sV.{ 't ).\( ill 

thl(I (dric anttilv oI Ow limitin solar r).li ioth.)+storl)dpt l }tcat-; 

.ic'M s v,'l Api lc 's.Sc',is,1;t (liflo-'rclic's ill\ Ill 'rc l~ cit n (kg/hadif 

as.o)i td with "'il f.1t as. sitd;tiois show t at the( Nrili
Thcst 


M)). 
1hclcIDnt,, Mllav o s(a77l2tllothru ,ithill o5l 

'IlK m . (tllvt'{hp(. l (n scas(ll {Tlhlc '1l( optimal N rat,76, 
vxtr\' 01c 	 a 8l55ily In 

t )t( l r olt'" l') {ctllVc 1-l'C " at llaiillIItll()o l~l}s O wItilitr ( II 1- I' m us}I.;c i cl ll ;I, 

TEwcr N att c grwtht 	 3l98 
+ 

2I7l5ta()(orscaust isli(2it((l by l1 i ll 71 (t7635­
pter"tturc'alld l " u)a liol) ll l t uilitc' ipUkIIt lig": ',ic ds," ; . l ; 	 n'"lI p()tt'lltiat] 

'l- s o i npu]~ltts ;irc( ;dso dt-tc'ri by,t(i clinintic fatortif'itnagctl't ;T 

Thlc ll;lizc cultivar X3O t 	 1 11061)0 n th Soil "its sul'16i0r to (thi,,r 67(
flilnilic., (Tlhlc 3). A simuilar o(ncltusion Iby (thIMcMwhniak Soils lPr@.'et 
Itcdto) r-cllatcili, tht' 11610I cutlti,,'ar ill the plro(.(.Cts Lifer t'.X.:pcrillcl)ts () 

Tlab~c 3. Simulated maize grain ywcls (kg/ha) tsaffected by ap~plied nitrogen,
 
soil family (Soil) planting date (Date) and culhar (Var.
 

Applied nitrogcn (kg/ha) 

soil Date Va r 1) 30 70 108 200 

NII: X3().I{ H19l60 13 7.196 8(662 107711; y 
1f1610 3890)( 57M) 716.1 B317 96.46 

1H1) Mlay XM0,1T" 1772 .1802 6659 8.355 929!7 
F1610) 1526( ,237 59)31 71053 8135 

TE lcc 	 X30,l( 132H 8),' 6582) 7571 76i35 
H610 1178 '3910((6006 6780 6i780 

I-I) lDc X30,C 887 197 5302 7315 7566
 
I6WO 982 3323 52M)( 69(66 6966
 

Now(: Thc twtj soil families arc 'lropct-i( 1c'2u slox {TI.) aid I lydric' D ystrandthits(H . 
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the Hydric Dystrndepts (Chapt;r ). Tli Iiiaiti dif'ierlice f)etwN'Iil thetwo maize CUltiVars is ;issociatt'i with poittriiial kt'rtIcl rli t.i'
per car

(G2)and potential grain ratfill ((;5). lhse gclictii coeffic ilits giveX304C cultivalr a higher gr;iii \'it'd plfoilitill, filtilv ),cttlis of it
higher 0.2 vallue. 'I 11610 (tilhlv.tl has itslightly high r (G5value irad 
may perform btettr than X31,( ill('oilcr t'livironinlicuis, t.g., winter 
plantings in tile I lydric l)vstrandpt 11i1ih1.

As illtistItetd bV this i)pfl)iatioll, siimil;tittili ld)ling 
can fill) in 

stIch II llIIlagCt:ntCl( (lTecisiois s st,]tlttill of \arictv, plantling (dite, andfertilizer raw. A systeiiis-biscd r.cst.aich stilthgy ccicts oni a balainceddevelopmiient wo icomlp;inets 

bases. Plrcsclitly, tih' dveof)pilitvt ii;l'pproprilt 


of' tt (c ipiiicnits (lOf) hini(ils alind dlat 
crop iitidels is liniitledby inad.(fl;itc lil, (ii)p, wedtih, anid llllglllit dli flol1 widely

Contristiig ehIvirolinienistS. ihoongh validatio of'sinitinlitioii Io(dcls isfleessuav fNefc ill(.\, call be hfy otilized as a i(ol Ir iigritechriiilftiv 
transfer. 
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13 	 Rainfall Erosivity in a 
Benchmark Soils Network 

A. Lo and S. A EI-Swaijj, 



E rosioin is a fiuncthon (If'cliiiate, soil, to)tigalp)hI ' and land use-. Pre­
dictive erosion models ha\'e lv,.en foinitiltd to estimate potential haz­
ards and to design control icaA;urres. Among them, tli Univers:tl Soil 
Loss Equation (USI;) (Wiscluicietr and Smith, 1978), based on exien­
six'e research, is ihe' best know)n and has been st(cessfitlly applied ill 
1iaiV parts of, till-United States. flhtlouh the equation illprilhple is 
Iransfe'ral)l,, the etpirically ledrix'el l)ariimnet crs pre~clnt alnv direct 
apt)li ation t) other agroelmivironinents withlit apl)ro)priate adaptatio(n 
and \Criification. The objectives od, ils stu(y are (1) to demionstrate (he

utility of'ihe eicthiiark ,o)ils+
P~roet Fletwork of experimniital sites and
 
acconllayiltg (tai sets ho' assessment of' potential rainfall erosion, (2)
 
to test the transf_'eral~ility (of (urrtcly availal)l erosion )redictiotn and
 
control technol()g), (USLEI') to (lata-de-ficienit areas like the tropics, and
 
(3) to test the soil filnily "hylpothesis'" applicability t()rainfall erosivity
 
and subsequent inter-ir isferability among sites.
 

The Erosivity Factor 

The raintfall f'actor (R) in the USLE quantifies the potential ability of 
rain to cause erosion; itistermed the erosivity index or, simply,erosiv­
ity. Erosivity has been defined l)y the EI30 index; E refers to the kinetic 
energy of' rainfiall (tonne-nieters/lia) and 13o refers to the inaxinum 30­
minute intensity (cn/br) oil'the rain fall (Wischineier, 1(5(). "Thekinetic 
energy is calculated f'rouil the expression 

Kinetic tnergy = 210 + 89 Log 1 I 

where kinetic energ), is it tonne-ircters/ha/cni and the intensity I is in 
cm/hr. This storn-based intdx has been succssful in quantifying rain­
fitll lly agroclitnatic zones including the tropics (Bols,erosivity in 
1978; Bhatia and Singh, 1976; Lo et al., 1985; Roose, 1977). However, 
the utility of the El 3 ) as a rainfltl erosion index has been questioned by 
some workers in the tropics. One important basis for this criticism is the 
requirement of elaborate rainfall records, which usually are not availa­
ble in many developing countries. Another is the fact that the successful 
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use of' El'0 in tellapcrtt' regions such as its plat'e (of origin docs n( lit''­

Cssai'ily assure al)l)lit'ahility to regions with sulstaitiullv clitf'rtnI cI-

Illates, Suc(h its tlht tropics. "l16 \,rl'fy Its list,, contllilluo)uS stormlI r'ct'or'ts 

o)tained f'ro'j tllt' ntw'voi'k of Bc(',mt' rllll'kS, ifs l i '.i sits 'wti ailla­

lyz'(. lrosiv'ity vallues alciilt( l m-ctiiitling toj W is'h-lo'icl. and Sillith 
(19781) weel obtainel fiw 17 sits lroi Ilawaliii Iild tcsi~l, Plhilippiiics, 
antd Caiic'rjjj fi Jll ,lli,g period.s ranigitli, f' -om 2) 7toT i mit.s. 
Of' these, tight sits (I)I.;,, KUIK. aun(d I IAL. in Ilawaji: PIU(, PAI,. 
antiBUI )ithe hli l)jllcs TIA tl 1Ail in lthndi cs(i)i he ngit 
the dlhixto,-opic, i ['t Icl v vi )ystrandcpils, twu slicts (NL . mid 

WAIiiiihij', I h elo I i (tr lay ty, k hi i, l fa mi I ls tiil( 
pclltic ii tiustI x,tJegi lo-h c it'n si I lt':,(I . 1 
sipics; NAK,I',UKl anti BIj'PII io Inmi'sht: (;AN, I and BAKill 

U ld tt' I V ,(R it theeshil­

-Callicn)lo Ithllgloy 0c chycy, k.ailinliic y Typic Pt 
'hitdtlis, Dhuliiii of' ,itlen lih,. rAsitc w;Is lcl lassilicdl asia .ver I1tc,I'ii'si. c, 1. ishc silt -oli"l't'lalf'. soil J',liilv il slhei N i si llhis 
sitnll. III0isIll( I-c , imJ. (.udic).uis Ihte "lN.pic Pahcludlh. Tlhc' IAV rc'stlts 

arttliscusstl Ill'Is a " Iyl Pi 'alil s). 'lta 'ls(dfh pi t',riuCllct 
siltes and titclha cilstics a(dt'le sli milics in ll rSil' t a sc g(" Chaptelrs :i 
rIld
7. 

Monthly Rainf'all Distribution 

The (istlIillitS ( of IJjNlthily litl alt' uts dlIill-. ,ai o averag the 
niolitovi-o, p,.wi<,l .anl slics withinl a coutrty Is shown ill bar,grap~hs ill 

]rguacs 2,t, and 1. Most sics hi;iiv signific'antly si'Jillmrc inysome 
"-Illonllths thatl ill thCls (wct a lit'dr' slliisllls). Thet hilll'gil h, dC-lil 

o l', and l, oiiisia sili' .a'rc halact jizied Il singleI' xilrd it ' ti Juting 
or just oafndr hf high-t l i lltal I Iawaiilll , t';to a ltll o \t'cursil 
wimcr uiotls 'm in'l), ' t whil ltwts iti' 'tht' islns of'(Nlil ntlch) 
fHoatal sysilt'spsilt' .(.I' 'ii;l chlin',aFol lt sites (htr ,ai'y scel­
so287 gill and alsd. Ar, to, l'38t3Jililll I o'orwgathy,5e­
vatio n,alod txpos.vc I') l i wil Is ilhuslratcd by sonic si.t 
pairs. Uor ,Xanllhi, ih(' \VAI sim: . 'td oil ll. leewrw d side of, thl( 
island of, 0,1111 rccci\'cs an ;timluatl rimlidl mean of' 1028' aml, VelStiiS 
294(0 1111 at the(KUK siltc ( ;lit'(]Il ilth wiuldwardl side of, thc island of, 
H-awai.. The PUt: site ill dhtc Ihilipplins ait 300 Il elevation receives 
211117 inlll pcrl y\'arl, ats complarcdl to3851") min at t,.w BUR sitc ait 42.5 li 
elevation. 

Erosive Rain 

An erosive rain, according to Wischineier (1959), is defined as rain 
showers of' greater than 12.5 mm and separated firon other rain periods 
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a
by 'hss hll 6 hours, or lililiiltt ll 111111 illif raiitfall ill 15 minutestl.'l 

or le~ss. Tle(alitllf oflcrlvci\t ra+inl
co(mpute~d using tis dhefinfition was 
c'o~l);ira w\ twta l a m oltia n d is s+h ilnFig u r'e1 , 2 , cd ith th t' l ra idl" mni o w n,' s 

'lId 3. Ill net'ral, tlhriougilut lt vt'utr, Mitt's with \'ttt'l" Iiioisttire rt(­
gilxlt's t'lCi.xp( lt Slightly hlihtcr p>ropolrtions o)ft'r-osivc.lo ttotiralifItllIthili wVith (1 t~Slitt's11~ I-Ull(ISi.tl(, n-tgillltcs. ItI fit-othII(-( t' a ( tatapIw; Irs I d 

i'iit l'Cettivet'i <for11iig th w('it,t'iS(o is tilllt' crosivt at all Sites t'xce)t tilt' 
Dlsti lit illth I'l Most (alive 70t pcrcett) of' the ratinsIl)tS hlili)htIt's. 

wlhich fI'll ;'(':tSi tlher-thail tile Illhil
durtlrig tile co'ilsc (&dwNht, ite's iFppil
 

l).stranii (S was tro.+v. Incontrast to this, onlyabout half'of the rain 
R'~'~ +(d itl tile d ry (o CCH,,JI-11C ;111 t1SC'l) (t NWaS ,'O­v p -'rid b u 't\v tt1111l)~ 
Siv,t "itlitll I'litisto.x sitl'sill I luwaii. 

Rainfall Intensity 

The ft'eqtlelt N (lisilitiol liithe ii.XmllUtll 30-inniit. r-aintall intel­
sity isstulitmarizt'd ill "lj)l I. A significattt difterenc existed between 
the intensitv%tlistributil If,rualif1l illHawaii and that obtained in the
Phililplics, Indn andl~ C-amerooin~l. A 1;11-g(. prop~lortion of*(Ile er,­es~lia+;, 


sive stoltlii hai liiiixitlil 3l(-iliilntite iteisities )1 -less 12.5 mill/thain 
hr. Illi'itc,
il(lo lill .(1liercent (Ifthe tinie lr the liu,'istt)xand 5) 
pertceiit 1)ttie tile f(li tit l),stltlt;1 )tsites, ile IllXI1iitulin .30-fiinute 
intensity ilevel excccdttd 12.5 iilli/hl. than 50 tili/hrIitensities greilterl 
Were i'ecor(edi less thil 5 pelrctent tl'the tiilie for these sites. 

Unlike the Hawaii sites, a significant proportiot of the rainfall inten­
sity ocCttrtied inthe higher intensity classes at all (lie other sites. On the 
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Table 1. Distribution of maxinmn 3 0 -miinute rainfall intensity classes in 
pcrcent during the nonitoring period. 

I iilinsit) -lass (nmn/hr-) 

Site 0.0-12.5 12.5-2.5 25-5 50-75 >75 

Hydric Dystrandepts
ttai'aii 

[I(AA 7! 19 9 1 
I(UK 58l 26 14 2 
1IAI. 71 20 7 2 

PIL( 30 38 25 6 1 
I'AL 26 37 28 8 1 
BUR 

Indonciia 
27 36 31 6 

[TK A 27 43 24 5 1 
I1H 20 35 37 7 1 

Iropeptic Eutrustox 
111 'ai 

SM'I 44 26 28 2 
WA! ,17 24 24 4 1 

Typic Palecudults 
Pllippin<r% 

IAV 
SOR 

]n1d,'( 

12 
23 

34 
37 

37 
31 

14 
8 

3 
1 

NAK 14 27 41 13 5 
BUK 13 29 42 12 4 
BPMI) II 33 40 12 4 

Camcroon 
CAM 16 35 10 6 3 
BAK 16 39 35 8 2 

average, about 10 percent of the title the intensities were gr'eatC than 
50 nuin/hr. In tensities fe1l below 12.5 nini/hr only about 20 percent of' 
the tinle. IMor intense stor'mllS oeeor1lllSCd ;it the Paleudult sites in Indone­
sia, 'olliparativelv, thali 3at tile other sites. The 0-minute maximum 
intensitNy of 56 percen(tlof lhe rainstorms al Ihcsc sites was greater than 
25 inli/hr. SixtCCn i)TCenit of thc storis had niaxiiun intensities 
greatcr than 50 hint/hi. About 4 percent of tie rainstorms had intensi­
ties greater than 75 Imi/hr. 

Mean Ann;u ! Erosivity 

The avejar,e alnniual crosivity values for each of the sites is listed in 
'Thb/e ') along with its observed range during the study. Among the 
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Hydric l)ystralhdcpf.;, Ihtc Irce i llt..atcs yicdh'Jhh'nSIvts 
val'LS th7:1it htI If I lavai "MCS. 1th 1r th'II0(M 'I(I11 (1 ("l -1IC(11i 
IF.utrtstoN, b7il I I 2 alit5tial c71-1iv2vit slit2ly igher Inca 

v,'lic (61i til0 'AVA\73asth it NI(I site.1h10 csi­21M7 Itldo 

sitt's 511 thc lil ilit. and 2l1igher1 2Sl:tht0 t2ll h ;lils 

an U i.t6yl7 (15r3m t, 5 ­l+ idillts. It is frmii TIN(h 2 that ((t' 
nitid< ()I th. b t h . 1 ys 9ldI 1171lil' l1179'rosiitv 1()I t )5 4i - l lills is 
[tIrtcc w U Hn s,gilt: 'tittis .;t, lD ifl'i 'ltt':- ­t1t,a l tha l 11t.t btwe.v cti l 

Siv.ity v.'illcs ;il'tc D y3Str-,,n(h-pt 'It()t Siglilhlc lt I'M.(th(- [Sd f l 'ahctidults. 
Ilowvc r, Ih C'r ).'itVI \\ithlltl(t(. D) '-tril)h'r t ilvtl.'aied n lc ­

r
bh'+lliong <l i vfll ,il()t'I\I6r7mlillt. .2,6 us 1 6(( ila1169-2s2
(5781'-16t6i tlint-m/hia) ",vtlsightly ltvss (81l­tian t'itlnm ictsit Slit'~s 


Ta6ble 2.Annual rai7fll and 6rosiviit
values.
 

Av5rag Anual rainfall
D~uration anntual erosion index 

Site ( onths) rainfall 11111) 1115itil r-g
 

flydric Dysti. ,depts 

HO. 73 200 6081111 1117-1 17 
KUK 6 6 29510 1161 '164 2,':52 
11A I. 

PhDi/ippili's 
37 2112 57 1 27 1-1025 

PU(: 73 2887 I1881 932-4t 10:1 

RA1.
IIUR 

58
67 

3300
3853 

2562 
27013 

511-1122 
1H92 -3059 

I71dnt sia 
Y'IKA 53t 1949 8171 673- 1ON 
S()R36251111(7IPI 1 67 263'0116I33(0 45-24869-2202 

Tropelptic Eutrustox 

1\10I, 61 876 365 1816-62 1 
\VAI1 57 10281 524t 160)- 10l88 

Typic Palcudulis 
PI'ilippill,-% 
I)AV 59 24111 11352 111-1-277-1 
S"()R ~ 36 2 54t8 11307 1,157-2147 

It1
don:.-itt
 
NAK ,45 233 5 2159 159-t-2880
 
BUK 46 2668. 238 1 1639-3642
 
Il'M 1) 51 225.1 2000 11 f,t-2606
 

Caller. ,u 
CA.Mv 32 2 106 1,13 7 106i9-1771 
BA K 2(0 207,4 1362 13-t11- 138" 

Not,': Thlt'ciisioin il 'x is inlli ulrcds of urri units ( m'it ntrii uoittil rirtlnn'icir'tt'rs/hr;): 
0.567 En.iglisli uit (lt-tons/aic ). Thc last illollnlhth li miioitoing p I)t'tblit'iriod wa'Dics (9(12
cmupti fortI IAI, (101/111), ITKA (12/811), and NAK (7/8 ). 
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1630 totric-ji/ha), but conlsiderabl lhssth i lt Philippint sitcs (188 1­
2703 tonne-si/ha)I' Disut' nibvlowr nAh hinly u Me 
infr equ nt OCCuITltuc fiullaxillut ll li-r I.lit' aitr fi l in lnsitics gra 
cl thal .50 h s mttionetd r-,lici. Asot. (1ntlPaluduhs vajia­tionls ,alig differen t ;agr, wn,.'ill(IInS w.ent' mlinlilal. 

Tilet ranlg, of1,'rosivilic; mt cilh >,itc' was ]large'. TIhe w'I,.s Illo ,t 

pr,'e um 'd at Ilhc I tawaii al 'lilipin s ites tha s; ,tt tie hig , sia 
and Cameroonj sits. This ;ai\ rtcntly ttiis du , flutns, irm illvriahilit 

(lliuml raieal intl t, Sott6i,t l il ip f.o
nt n\dri Itt'l tni, t Ilth s It hi­i'siat ;a l ( :am u'lc,,,r. "'H w'rchirc, it is (,]'ar that hI-t ll rainfall 

recrt ds Il ust Ih ,tv iil-h to l ' llivlc)lt 'sittllit ilit'l,tcrs i h tz­
erdsiit oay,i\ (-I'f ti. 

Id is ilstirlei\tr iIhutl lben cxagimNosr tcti Aprl.s t, .'cthltracl ris­
tits nfd 3311wc l' s ot r ith (Ih'elli!t'sl M;he \'iOv vaneh )lc t' si l iel'~h'scr,.'cdl llril !, thf(. t .,ilto itlg ipr :(d,l 11 [hct \ ;II'itotw, site's..,A : m r 
(, Owhtsc (,hmlact, i.. icso'tlcl ill Tildh. :".VWithill(( , (If( I tvtlri, l)vs-
tr-allhdFm., illc I lawalii s.ilr'; rc', 'i\,'rl ItlcLag<'sl stor,. lllolt [Ill Ilhtc 
Indhlisi;Ianmt l.c PhilipliC. t 'ri.c In't','t', tr t- the hil'hcst 
short duvltti ,t illtc'asitits. ( :,otIlp;IIill the' ratio, (ift'tosiol illhx to, raiul-
Cal ilmu t ('li h 'c ;), (fl . ' t m,., ii s+lic's ,i ll ,,t tl l(' h -Icls l s v 
stoJrms, Fl. tile' 'l<lTrolcti( F'u~nt x Lot-gc" ' wrll [hctov:e Ow .I mt ',,I Silte 
w',as llfllo:-l tv',icut is t.ll)Si\'% l (1 I( ic Tlhe same~t chlarac­c as ;11t IIh< )I. 

Ic'ristic, tcxlr,.lllc'] high 
Short dutlla ion ifl~llt' *,M cit', -rIs o hst'r'',d al 111c' 
P'hilip~pines ant helllndh lt'rsia site's Ih lll'ti gt I f(tit"lylpiC Pleudh lh soij 
fi ilvl. '1. v siu,nilifictml lille ,,t <, is+ thalt theyv w\,r- of1 ve'ry shortThe ' 

durationm ls htt'lehss thanl 10)hoHrs.
astcd; 

Seasonal Erosivity Distribution 

C(IunIIIative' Ilu othlvy (list rilltionS oft t'r0~Si\ity- v;IluCS withinl tile year1 
;Ir-( show\\n lotted against lit)(- ill lFigure A4.For tile ' ystriln(CF,lS tile<,

hIndone sial and 
 I lawAii sin,' dliplld siAr erosiditj.dixtributils­
low values ,,,v.rc'c(;rc Ifrolu M;ay to (OctobIer 'Ird hligh values front 
Novemhber to April. lFor the IPhilippine sites, ill contrast, the high cro­
sivity vahlis wvere observed durzing tile' period front May to (Ocltober. 
The' t',,o< l".tistox Sitlrs follow:ed thet cl'lslitll trend oblseruved at tile 
lDvst,'amll site's ill I law.aii. A'umng til Plch'uhlhs, high crusivity 
value's we\'rr c,,Hirlud to MXay to: ()c l ~ttile Ph:Fhilipplic and fth-
Cameroon site.s, ;il Nove'tmbetr to April lotr OIC IIh:nI.Sii Sictes. It is 
In 'tstingto,ntet haIl;t allill tile' PhilippFine andl lte Cameroon(()l sites 
more thim 75 petrce~nt 0f1' rra ltud(O ur,,sivity' occurredC dulring tile 
p:eriod f'rom May to O)ctober. Tlhis is also true lot. all the Hawaii Sites 
dluring thu+period f'rom Nov',ember to April, The higher perce~ntages (43; 
lpermen and 33 lpefrumn, reslmctivly ) received 1)y, the MO1L and the 



169 Rainfall ErosiviO,i'n NetworkaBenchmark Soid 

Table 3. Characteristics of tie most erosive storms recorded during the 
monitoring period. 

Max Ratio of 
lotal 30-main Erosion crosion 

)uration rain intensity index ElM1 inclex to 
Site (hr) (cm) (cm/hr) (metric unit) total rain 

Hydric l)ystrandepts 
Haw'aii
 

1011F 107.5 60.9 3.0 383 6.3 
KUK 1311.0 107.6 5.0 1203 11.2 
1IA1. 52.5 28.8 5.A 339 11.8 

Phiipti ne' 
PUC 61.5 73.8 9.8 1769 24.0
 
PAl, 59.)) 77.1 10.8 2035 26.4
 
BUR 52.0 72.4 9.0 1579 21.8
 

Indo 'leiia 
ITKA 8.5 10.6 6.4 17:3 16.3 
1l,111 83.5 23.5 8.0 3181 16.2 

lrol)cptic Eutrustox 
wlaii 

NI(OL) 27.5 16.9 5.0 196 11.6 
WA 60.0 25.4 7.8 439 17.3 

Typic Paleudults 
I'hih/q,inev
 

I)AV 4.5 18.7 11.4 578 :30.9
 
SOR 48.5 54.8 7.6 973 17.8
 

lndone'.sa
 

NAK 3.5 14.8 9.8 406 27.4 
BUK 7.0 16.9 9.0) 409 24.2 
BPMI) 7.0 14.4 8.8 333 23.1 

Came'Uo)II 
C(AN 1.5 9.7 13.0 352 36.3 
1BAK 6.0 9.1 8.8 205 22.6 

WAI sites were caused by two majfr storm occurrences in January 1982 
(Thble 3). 

Information given ill Figure 4 is usef I in determining the period dur­
ing which the erosion hazard is minimal so that activities which involve 
high erosion risk, such as land clearing or other disruptive pre-pltting 
or post-hlarvesting operations, may be confined to these l)eriods. 

Alternative Estimates 

l overcome the limitations of short-term observations it would be 
desirable to extend the data base for rainfall erosivity estimation. To 
deterinine which readily available data would be most desirable, linear 
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regrcssion allalysus wclv CMI(IMIC(I IWIWCCH ill(' (TOSioll ill(ICN ;111(1 HIC 

corresimildilig rallifilll milmilit (m dally, Illoillilly, alintlill, and perstol-111 

bases. Vlmimls illdh mors 411, raillf"Ill allmlill1l varv collsidcl-ah1v In dwil, 

succcss (&plvdl( Illig rillillill] rn)SIvity ;11 Ow v:11.1mis hitallons. Allhoug-11 

ill(- plvdict loll MI illl hasis Scullis slightly lw( lcl m crall , I he small 
sallipIt. size rell(Icn-d Ow 1-cl;mmisillp ullr(,liablc. In :Ili allt'llipt to illi­
I-ov(- ill(- filmi(Illy (m.1-clallon, illowlil\ cm."1\,lH"-' alld rallillill allioulits 
WCIV SCf-Fcg;lt(-d IIH() [\\() S("l."(111 1\1w". Thr Ilis( (\I)(- dividc(l (lic ycar 
Hito [Wo ",C;IMHIS Nmcmlwi it, Fchrti ii\ ill([ Nlitich (i) ()ctohrr. Thu 
second (N'I)(. dividcd Illu julic Scl)(cm1wr alid (klobrr to11114) 
May. Tht- sc imm typc with ill(- highcr ((ii-rchilwl iclil i t it parlic­
(if, r s1w was S(.I(.( wd fill-dirr purlmscs al (11;11 sitc. 

In Smilf. IM. :alm-nmill mid pitris ()I'Indmicsia, 
lolig-term raliliAl datil ;i1c mim (. Usio, lillorillilt l(m ')btallicd 
fi-olll publi"licd r;11111,1111 1-cl (,lds ;111(1 Ilw 11-1-cs ;lml Ickl(Mil'ships. devel­
Or-d ilkovc, 1-chabIc rallikill cr()S1%,1(\ \;Iltl(.s wcrc ( milpillcd 101. 10 sitt's 
('Iltblc 'I) Imi-wrill cStlillil(cs %\crcmllsldcrabk, whell 
cmilpm-cd mill (lic slim-1 -wml (-,lilllmcs cmcpl N)l lll()Sl ll;IN\;Iil .'11[cs, 
which 11;iu rxjwl Wm cd smm- sl"'11111( ;1111 dlmwlll ' during illu Illoill­
(orm".prl Iml.s. 

;11.(. \ahl;lb1c [()()Is Hi ilssessillgille 
Soll biss (Im, (4)rr(), H)11. Fm ;I Imit](uhl. Imatiml, wlicle Hit- land use
mid veLclaniOll 1(1111 1 1

;l it Illit It111t.-rd, Ow h)ss will bc dilvctly 
pl-opom mial 1()(It(- (.I.()Sl\ H\ ()f (It(. r llll ill (11;11 1()( allm l. 'I'll el-clore, [hc 
allioullt (d m-dillwill tiall"p)FIrd \\ ill :)(. ill (111,(.( ! pl-lyorlioll 1()(lic 
sk-Py. \VHh it ICW 11WASUrcolcills ol St'di'llicill lrallsporwd it) ill(. rulloh, 
Ior (1111,(.1-clit lll((,Ilsl(\ r lllls it Shmild bc ImssibIc 1()t."llillaw, it( Icast 

ill(- (Itimmly (d S()il lf)ss dill-Ing dillt'l-cf)[ pcriods of tile. 
ycar. 

Predictive Capability of'Soil Moisture Regime 

Tllc dlreu Soil I"Illillics usud In dic liclullillark 'Solls l)l-().V-ct ilicludcd 
soils witil (he tidic (Typl( l'alcildlills), (lit- (11.1cl. thall t1dic 
(Hydric Dystralldcpts), mid dit. 11"lic ('16ip-plic Fluirlisto.\) illm'StUIT 
rcgillics. T ilt. lldl( 111GIS1111'r ;t(m ldill.t' 0) (It(' (IL-Ililitioll ()f'Soil 
T"ixommy (,St)ll Suiwc\- St;jIl, 197,5), implics that In most vcilrs th.'. soil 
liloistuic mlltn)l S(,( []()It ((Its( USSC(l ill (1('t;lll ill SMI TINOlloilly) is 110t 

dry Ill ally 1);11.1 It)[' its Imig. its 90 davs (cullitilativc). Tllc lll()isltll,(, coll­
trol scc(lon Ill Ih listIC Illol's][1111, Iv : . dl-v 'it Sol]-,(. or all pal 

gillic is , I -ts,for 90 

M' lllol*C Clllllt1l;:lW(- davs 111 !',lost VC;H-S. BLO ill(' lllolSlllFC COlltl'oI SCCtiOll 

is illoist 111 S0111C I)MIS for 'I'all 180 climulativc days, or it is coll­

(ilitiolisly fliolist Ill S0111C IMI-ts lo: it least 90 colisculitivc days. The Ildic 

lllOiSt1llC R-11illiC Will bC fliLl('Il %VC(tCl- tll;lll 1hC UStiC 1110iStUrC reginic. 
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Table ,1. Comparison of conIukcd and estimated rainfall crosivhiy values. 

Conputed Est iatcd 

Mean Data pe:riod Mt':ul Data per'iod
Site annual (yrs) anr,ual (yrs) 

[1yIdric Dystranidct1 s (sli hgl IIIy(IrcI I tn i(' tOiSlt i ct.) 

J(l .60 ti8 6.1 863 32KIJK 1t60 . 772 26I IA, 578 3..5 922 28lPhilil,lpi, 

1 (: 1881 6.1 1150 15
Rl\ I. 2562 .1.8 1517 20 

U R 2 70:) 5.6 1217 20 

ITKA 171 4.4lPlJ I 1630 56 

Tropclptic Eutrustox (ulsli(" 11mkiitlrm 1.' illl(.) 

IHawaii 
.\( )1, 6:5 5.1 2418 53 
%VA 52 1 4.8 587 9 

Typic Paleudluhs (ndi( 1misulrc I-cgime.) 

1152 4.9 1462 20'( )R 11107 3.0 1140 20 

N:\K 215' 3.8
 
I1l1K 
 23111 3.8
 
BP.I 1) 
 2000( 4.3 

( :,AN I 113 7 2.7
 
BAK 
 1362 1.7 

Additionauly, (lie rainlfll alfttiing tli' udic moisture regime is fiecuent
 
ant id..s.. This h'adls to the CXpt.d (rend of' high 
 crsivitv values 
with tiudi(t Itimisturc rt('gitml and low tIrosivhit values with (h '1,StIC

(l)SC('v.ltm~stur ,q I Ii I . ol]w Values dt'riv(cd t'r()Il thlis study Sup t~lr 

tils l )}lir s ('lhleh. .t). l-iw\wtt, iltis is it fi01(1 (jtitt;tliliug otitraitll 
aia t uli \ c l()cation and tlis(c it'lla titi t19)sivil' within (ibis­l 're'l s. ' (ilic • tltt on11 't crosiV'( s 

Oliei lrc(lucmttv of oituir(nc. 

t of ( s,'r Mid 
(dttac at' d tot ;tcturatcly tc'lliytt' re'liable 

rainlfall crosivilies. 
I(owvct'r, rtainfill er(si\viv ,.als \Ve S(tnI to dillPr only slightly

within the s~ae soil filnil]y or sijiill"inoistue' reginit's, its seen in Table 
4. This )rovicls, i1 gross assumptions art prrtittcl, a useful tool for 
estimating the rtinid! crosivity at a new location. F'or example, a new 
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site belonging to tile thixotroplic, isotlcrillic stoll faihiiv of Ilydric I)vs­
trlidepts lc,('aittd il ln(.t)ne i;would bet t'xjcctttt to have a simnikr rllin­
fatll erOsiviv ZasIWreviouslV (oltiilcd 1,u tile' Slint Soil f.niiily' ill I iIv;lii 
or the Ilhilillpines. Sinice tdit IlvlicD Ni)vsttiiofepts experience alsimilar, 
if not slightly drier, illOistlrtiilegilic to tie 1Typi(lletidults, tile erosiv­
it valles observed for tllvTypic ]llidetiulis illtilt,Phiippltn(-:, lildole­
sia, o ICmerool take e ofWlh ' ( may iW lae1 Hydric l)N'StrlndC pts in 
-lawaii or tih- PlilippinCs Illtiltea)ovc CXillllplh. Obviously, tile long­
ltel"lle,()Si\itv valuels, if stch data alla\'aila)le, ;ire preferred for calcu-
Iltoll of nloe ielilhile estililc(. 

Traifer of Rainfall Erosivity 

Th oloSt suctcssfitl rainfiall crosiv'ity indcx to date, the El0,was clli­

piu(d at 17 locutions ising tile( tontinti; ralinfif net­records fron a 
work of tile li.-'tark Soils l ti oect sites. Although the temlporl varia­
(io1ns \\(t'e Sg,;;ii: tile
'tilt, rlti( of, trosi\'t to total rainfaIll w;), sim ilar 
and renaiud within 70 to 85i )t'(Clt at various Sites throughllout the 
y'tr. owv\er\ V ll intensitiets MR1( diniti.10,Vto thl';i t lolles doninit­
cd the eros', e ..t0)I lls i I lawaj; lioire thaol .0 lntof thie liie nllaxi­
nnuml 30-iiinu, r',l,!ui iictt'nsitics were 12. 5 mii/hr or less. Whereas 
at tilt other siltesill the Ililipinaes, Indonesia, alnd Canleoon, erosive 
storls we-e oi'sholrte'r dhr:oils. On the average, rainfall iltelsities of 
gtater than 12.5 inni/lIr (tculretd ilorc thaln J lelcent (If'the time. 
"ThelilaglitlidC Of Mn - for tillit uilil ersivit, i)vstr;depts ald 

Plelludiits was nful thr'eet t four tiilt'S g reatel tiar for tile l' utruistox. 
\,ariiations lliol ille tile Simie soil ltihil, and also hetweente sits w;tlil 
Soil fuIlnilites fo0r iltI)ystrlndcl and lcildilts, relatively silall.itl were 
Seasonally, high"r (rtsioil hlzad or railttall crosivity coincided with 
periods of' 1llXilluILl ralinlltl. which were froll No'. ,lll)el tO April for 
Hawaii anod Indonesia., illl h olo May to October for tile Philippines 
and Calnle'ooil. 

\'arviig thgree: (oIfSLIUCCSS fI'loill regressionIesulted stepv,'iSe linclr 
iilalyscs hteivcel rainillli clOsivities nidn c-orresponding rainfall 

;1noutl1ts. RclatioilShil)s dieve)lo)etd Iy seggrt-ing monthly rainlfall totill 
into two sasoll types Were choseni to provide relibtle long-term esti­
inlates of rainfall tosivity at the Bleundiark Soils Project sites. 
The predictive cll)pability of' tibc lioisture regile classific;tion was 

liiited byl tile lack of dhtal tue alacl'ttistics of elosive stolmIIS lindfil 


their fr'eItlelncy o)' th noistuire regime aloneOtOurCl',cwe. The use uftt soil 
fefl sho-t of'fu;liltif'yillg ertsivity. However, the clIseness of rainfall ero­
sivities within the same sotl flmlily and different agroenvironments 
enables erosivities measured from ore location to be transferred to a 
new location. Aside from the same soil flmily requirement, this approx­
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imation is further justified if their erosive storms are of, tile similar 
intensity distribution classes. 
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G ood plant nutrition is a necessary condition for high crop yield. To 
achieve high yields essential elements must be present in plant tissue in 
proper amounts. vo general ways to diagnose the nutrient status of 
plants are (1) ain examination of the nutrient concentration iI ;Iparticu­
lar plnt part of a given age or stage of development and (2) an exami­
nation of the nutrient ratios in the same tissue. In both approaches, the 
nutrient status of' the test sample is (ollMpared to the nutrient status of 
similar samples froiii a population of nutritionally healthy plants of tile 
salle species or ('Iltivar. 

Diagnosis based oi nutriilit oo(ntratioii.. suffirs from several 
inherent weaknesses. Environmental ('0000 ions and crop culbivars used 
in the tropics differ on i those in temprate regions. These factors can 
influence the "adequate range'" or "critical" tissue nutrient concentra­
riIls at which acceptable crop growth is obtained. The use of incorrect 
cri'eria for diagnosis of nutrient deficieiiciCs from plant tissue analyses 
could result in inaccurate fertilizer recomniendations. 

In 1973 Beautfils published a system of calculition based on ratios of 
nutrient concentrations. The ratios obtained fiora a healthy or high­
yielding population of' tilesale crop aiC used to compute a Diagnosis 
and Recommendation Integrated System (DRIS) index for each nutri­
en t element. DRIS is fundamentally different fim the conventional 
critic:tl nutrient concentration al)pioach due to its u:Sc of nutrient ratios 
and normalization of indiccs. Proponents of' DRIS claim that this 
method of nutrient diagnosis is less sensitive to environmental factors, 
cultivar, age of l)lant part, and plant part sampled. References to their 
claims and a comparison of the DRIS methodology with the conven. 
tional critical nutrient conceitration approach on Hydric Dystrandepts 
have been given by Escaiio et al. (1981 b). 

Studies were tndertaken by the Benchmark Soils Project to evaluate 
the DRIS system. In addition to tilcomparative evaluation by Escafio 
et al. (1981b), del Rosario (1982) established DRIS norms for maize 
grown in the Benchmark Soils Project network of three tropical soil 
families and also attempted to determine the influence of environmental 
factors such as soil and climate and the influence of' genotype or variety 
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on DRIS norms. Data firon; ertilit y studies Of the Blicrihnark Soils 
Projeon, as descrietd in Chalter 4, wrc tilized. HIre, iih data base 
Consisted IlIIiI)N' Of glri yIields iII(I (It c(!rii'etSl ldinll ehiIr f ntl ieil 
analysis at 50 perCem tasseling. Thesc experimiental data bases, as vell 
as tile i)r'oC'edIres ult. ll1t'ih(I0,J()( y ,(II)lOyetd ill ItS in'cstigatiorls, 
are described ill detail in tilt( dis:;utatiomls of l.scafio (1980) ant del 
Rosario (1982). 

The DRIS Methodology 

The DRIS ystmi lirml )5t:dby Bmuifls (1973) is a illells of hadling
it( z'ollection, slor;tqc, aml calilbr;ti l of' large alliolltlts of'data andtlhe 

diagnosis awto l' tlllllatlt loll -cqtui irctd(l(0imlprove llnit irodctit'tion. 
DRISL'Co'/t.. lIt,' mll st illplortllt lil(ept ii I)RIS is nultriellt bd­anlce. For t+c h pair (& 11ltlrlillt ct'h nl )(llS illc is aill o[,tllltllll ra;+tio. 

Hence, tile otiitlitl itc ct'tl iltl ol &f a itltlt ilt is dtk'pt dett till tile 
CeltrlatiOll ,,ftlhC It ll HltlihiltS. (31Jli itl itIllratios al assullle(i to be 

equal to tIt' lian values of'ratios fiom h'sirulble or high-yielding poplj­
lations. Itese nilc ,,'; ls (tdisn tif arc lefrrl'' to as "tllini'Ts." Nutri­
ent deficiety or t,,xicit il t'Stl sallilples is diagilnstId by 'Imliparillg
tile test ratios with opiilmiol ratios t lorills. )eviat;mIs firolm tit opti­
mu or nIllsls ;alt i5'(l to ca(ti~ulat, I)RIS ililices t61' tilt different 
nutrients. 

Another [aim oioep, is the s c-alledeoblli'ability of the calculatedDRIS intdi'es, Ill thc r:iliu:ij 111utr6i/lt c011C1111a!trlttl a[lr<ViaCh to nutri­
tional diagnosis, the' concetrattiont of' oncu lllltriclit ca+nnlot 1be directly 
Compared with thai ofa nitilel' ltlli'it'it l)et'attse (thl (tillmil levels of' 
the various nutritnts differ. Also, tile reulatiollshi) betweenC tIcropyield
and the deviatioiofa utriellt froitl its O(tiilltlill ('ilietra tion is differ­
ent for each nutritnt. I)RIS provides a licalns of lormalizing nutrient
 
indices 
 m11that all inlites can be directly cmptll)aurtd. l'Ilt' )R IS ap­
proach then consists of' two Inajor tasks, nlamnlely, tle estallishment of 
DRIS nors iltd tilt' 'atlluiilti DOR IS inlices. 

DR': (ciculati.n. I)(RIS nonrs are ilean lutrielnt ratios derived fron 
it population having desirable characteristics such as high yield, good
color, orI a desired quality of' the crop. lhe Iltall valie in ilt desirable 
population is the nol'nl fr a given nutrient ratio.

The DRIS internlllt'iate Iluitrienlt ratio Imeasutres the de'viation off a
Particulai'r Samle Intric'it ratio froll the particular norll. The sinpli­
tied formula for c'aleulctintg the DRIS ilte'nllediate nutrient ratio sug­
gested byJ Ones (1981) is 

(sample nutrient ratio - norlll)/std. dev. of norm 
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(l\v'l ( a (Ilon Ill lilet Ilicll andill d Standar)d d(evitI lilt arc ti)t 
Stlt ail e 'roil d csilcd population. Nlillustrdtviation the tils Im­
th r,if' and K fill Nutri'ni, inquestion. nutrient ratios arc N/N,1), ct 

P,N/K,and P/K.The tiacrcCoITw'ST)"Idingit IIri(iilttc I /i./s
nuri'iN 
aire' li 1 diz d (d cIchtillttofst)i(d feviatiolIs dcsc nutd'itell r'atios 
t'rul the'ir For ('x;Illll]¢',dil-l-clic t wv r'lrt'.spccti,.c florils, tht tll(" 

N/P sanplc vDaltiiC i (, D i is ii cd ilth N/P standard 
+ttviatian.
 

PCl t u olliS oth( RIS ildiceti s sltilO 11 RI interits il ing, f't " ­
diat in loftel lt)tsclililti iligltll p,-I)ti1 itiotllr'i'llil il qu stion and

1111b r(dl rld ividIng Ibv (iltc D)R IS"III 'lia c I)iIIric I t ;ItIos..Tlhe sitIl 

of)IRI indiccs is . Tlhler,lit ral t aszo inclH ciait ile't' Sign iftile 
nutrient i ll astiolis ile ill(' theul ane i e sign ifthe n1tri­lcrator ll.tgRlitie, 
tle ill ( uicStlIslic lis lil:itl.t tieo i I il 

i ,RIt inlld Nisr (leISt leritlredi,;.n lP 
+ I)RIS"hItcrnediatc N/K)/2 

IDRIS Index for P' (1RIS Iintermediatte P/K 

-ItRIStI termedithe N/)/2
DRIS index for K =-(I)RI," Intermedliate N/K 

+ d)RIS Itninutltitti P/K)/2 

Plant RIS inices Cn sidered oil their il isnit give an automatic 
indication of,tile nature ao d ioullt ofsnatl uromth lement whicl ust
be added to the soil. Ra;the'r, the'y simply indliC;IIC tile nMturt-:Od .l-Ce 

of'lrutrient 1 lesect il tilte plant. The m stngaltive, indx inl :a cs at
tile clemenC~t uIndC'r stludy is Most required b~y tile( plant; the' m~ost po-:iive 
indlex, oil the: otherr hiand, is tht(, re.quired. Ani index e:qual to zeroleast 

Corresptndsll ithe barincd Strituatn it plant.ields eiee 

Cussed here. 
Ill gCller(Il, ;ItIOiW yield levels tile I-i' g,'s if nutriCnt e,0tieelitatiofls 

varied widely, but as yields inereased, the associated rtangu ot'tissli CIll­
centrations narrowed. Interestingly, tile apparrnt oi)tiilltllll colilcIltrl­
lion is Characteristic (Figure 1) for a soil fianiily for 1), K, N g, S,and MIn 
while, f6r other nutrients, a grouping of concentraltionls by soil faitiily is 
riot apparent. Some nutricnt ratios coalcsce: to a point (Figure 2) or 
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Fig. 1. Relationshi l between grain yield and concentration of potassium in 
maize earleaves (50% tasseling) in experiments on the Hydric Dystrandepts
(1), Tropeptic Eut rustox (2), and Tyl ic Paleudults (3). This is a modification of 
the original figure from del Rosario (1982). 

12,000 

t2
 
10,000 2 2 2 

2 2 1 2I 
"22 
 2 t 2 

8000- 2 
CD 

6000 

4 000 

2000 

0 
0.00 0.03 0,06 009 0.12 0.159- 0.18 01 024 020 2 7 030.30 

P/K 

Fig. 2. Relationship between grain yield and concentration of P/K nutrient 
ratio in maize earleaves (50% tasseling) in experiments on the Hydric Dystran­
depts (I), Trcpeptic Eutrustox (2), and Typic Palcudults (3). This is a modifica­
tion of the original figure from del Rosario (1982). 
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remain grouped by family similar to the relationship shown illFigure 1. 
Consequently, tile soil tlanily can contribute to the varince of the nutri­
ent ratio. 

Comparison of Low and High-yiel, ing Populations 

One of the assumptions in DRIS is that sonic nutrient ratios are consid­
ered more important than other nutrient ratios (Jones, 1981). Thc 
desirable (high-yielding) and undesirable (low-yielding) populations 
could be compared to deteriiiiine so-called "important" ratios. "hripor­
tant" ratios arC those nutrient ratios in which either the means are 
significantly different betwCCn the low-yielhing and high-yielding l)Opu­
lations or tile VarialTcS in the low-iclding population are significantly 
higher than tie variances inthe high-N'ieldiig p)plahtion (Jones, 1981; 
EscafTio et ;1., 1981 b). 

Inl each soil faniily, the Iiieans and variances of' 10 nutrient ratios 
involving N, P,K, Ca, and Mg were compared between the low-yield­
ing and the high-yielding population. The high-yielding population 
(H1YP) and the low-yelcliiig population (IYP)were chosen by taking 
the twto highest yields and tx o lowest yields from each block of each 
experiment. A summary of the results is given in 'fable 1. 

The nutriiICt ratios in the low-yielding population in the Hydric Dys­
trandepts has significantly higher variances compared to the variances 
of the same ratios in the high-yielding population. In the case of' the 
Tropeptic Eut rustox, the rIreans of most nutrient ratios were signifi­
cantly different between the two populations and, in general, were 

Table 1. Summary of "important" (see text for definition) nutrient ratios in 
the Benchmark Soils Network. 

Dystrandepts Eutrustox Palcudults 
Nutrient (n 174) (i= 42) (n = 64) 
ratio Mean Variance Mean Variance Mean Variance 

N/P ns * ns
 
N/K ...
 
N/Ca ns ns * ns
 
N/Mg Is * s **
 
P/K ns *ns ns ns *
 

P/Ca ns * ns ois
 
P/Mg ns ns *
 
K/Ca ns * ns ns
 
K/Mg ns * ns * *
 
Ca/Mg ns *ns ns "* *
 

Note: Statistical signiticance ( and denote significance levels at 0.05 and 0.01, respectively 
and its denotes a significance level greater ttan 10.05) was based on the t-distribution for means 
and on the F-distribution ft;r variances. 
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higher for tile high-yielding popt lltil. On titc other hind, it I ic
Paleuduhs showed signifhcant difil'rciCtCs in 1oth nn;tms and v;Iriaiic'cs 
of'nutrient ratios iotwtcIltheW)to ppulations.


Resuhs from tile threu 
 soil 'a-milits suggest th ta two (ctt'irtldifftrcitit 
p)oplaiitio1s Con be isOdatd ,iil( o loc lhwiltg will Ib obseuved.1.No significant mean (fift'f'cnct c)etwccl two) pojulations ml tihe
variances il tile I Ii\ay bc significifiy ltigli(lirth imelvam'i;MlCT)s in 
the JYP. 

2. Means (oInuritrl iatl s IJtIa\ bc significantily difernlu )itwuwclI 
I"vo populat iols, but (lie vmriarc.s il ulmy notthc I.YI , bc significamhi,'ligier ihbm tihe v; ri;liics iII lhe I I P. 

.3.Meiitsof vt (5 lt~tumtictt be sit lifi -iltlv Ii ff-ere it between)t\wo )opulations mnd tc \dtt rill~tcs IllIlt. L I' im\ bv significanly 
higher tln Otc vauttllcs illie I INT.]

(ase (I) mtyi I). obscrv'cd wiet 'tltricilt 1llitts ill)th l) ptla­
lions Mrc relativclv bIalanced ulndi ffirItricyields l;'c
produtced becaisc
of nion-nntritiotto;t liittjitLP faictors; Iltorc f.-Xombl iactors will prominote
high yicld altd lcss ht\.'vorah ol1s will restrict yicid. (One of the basic
assumptiols in I)RIS is thlat the Itit-ilit rattios illthe IYP atrc colsi~l­
trtcd oJ)tilunt. It riots JIt neCCssutrjiI' ttt.;t, lo\vcvrI-, tilllwhen1 nutri­

cut ratios arc optiiItmumt high yields will alwxays be p)ssibie, siltlc fitt-ws
other'l" taIll lint iti,) InIlybelwutvs presctt. lilothecr words, )oth high
and Iow yields may bcjp)ossiblc at so)ctllcd "o!)t ilitilit" nutrient ratios.
Cases (2) atl (3)Illay bc ol)servetd whe nutrition, illfact, is limiting
growth; thtt is, whtcl ttere is Ilitrict imbalance illtile plaitt. 

Benchmark I)RIS Norms 

The first tnlajor task illDI? *s the establishment of, DRISoptinluni vahoes for imlricnt s coming from um no-irls orhigh-vilding p lla­
lion. Since. optimtm concentration is I necessary but nt sufilcient 

dillon for high yicids, it was itccessmrv to design 

Cn­
a mtthd of'sclccting a

high-yielding lpopulation which 'otlld inlndHC silinl)ICs f'ront lo\el-­
yieldin g vntrictics ttld locations li'ovc
\ie'(is wecte it)t liiiitcd b iluitri­
tio. ill other \voi-s, tie desirabe pop) ation norsisted offsmnipies ill
vhicht the yields were coitsidicrl-c high ctml)ugh for iw sl,!b-)p)ilai)n1

being repl)rescnted. lHsc;uFiC( al. (198ha) coliparcJ iclmds to deter­
Il)111 the optinltlltlllcoccttlllallion or Iaigc for each ltli'it ll . H'erc, the
Ihigh-Vicliing .)ultlin was seihctd )ytaking th two higiest-yilding
trealimcnts fion cuch block of the rariidomizcd comphlete block design
with tlhrcc r!,:i, at-'s (six simnlphes per expCrilinct).

'hen1 nutriellt I.tios involving N, P,K, Gua, tand Mg were gcnleraled
from each of f0 samples ;mmt(i tlictiealts of each of' Ithese 1(1 nuricnlt
ratios were calculated tnd compared with published norms front Sunt­
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((er (1977). It wa',s 14, (I (( 11(1 I14 I~copiIIIIII(I vallue l(41Ou'tI4Si(I 


ln~r~cu( hC)(I((hc(4S1I(I I((al((1()\ ic
r;0 H d ) li ( o (14')-caiIcd high­

gc.ie1'Iawd( from O ('1 111iBcnchn(i((i(k Soils I'(ojcc( unetwork cou1ld IvaI­

(ilcT2).Morelover of( \alcii(hc1 1)11 j1(l)IISI((( pop4)I~iS III71 cxpei((' 

higher than(1 (hose ofIthu B-,n('Iu(ark Soils Pi'wjeu 4Iors. ThlllS 1)igh( b)4 

dilul I (4 (I)Ia) (abl Owl))1)(11 N aii-I I' N (and14(cont-wr(i~hs 

I(o ' (NI0Ii((( I((S. f)Vlhil)I\11 4(iI11c aIl I' tfh 1h( (hllaf ( chlI((r itcds 

Mad 4'I(4'(( 

work suggcst opLn (:Ian M oncw4tHol, W 

'XIso, Illw lligh4 l((4((4I(( ra0i4s with 4:;( (4 gl Ill tl1 ( ((1­

that ~um 1(11 (11(4 (((S low'r ill 

(1(1c p11(1b ot e1hc 0 \(1 ;(1t lll p o p ul a ti o S t o4g4 4 1 ( ( c i (c(;(4 5 ( f ( l. 

Tellce 41 ha(.I,siflg ((( that((50(1) ((1 ((017.4' I ( Mi of most(elve 

nuicii'd tIl j(iIljatom thu cxpr51(1)4to (11(1 h)rISillIi(4l'( g'(h' 

fi'0l'l( fI r01)(l( ( (f II ton's of\io(44c((((11(l 5 whcI(111 4'1111(( [I; (a4 50 efg., 

Table 2. Mcans and V'1ria1*( fr comuparin~g Benichmark 1)RIS 
nourms with publishedl no4rmls (Sunnr. 1977). 

BenchIimark 
Published no~rmis DRIS no4rm4s 

Nutrient­
ratio Mnl41 Varlian4ce Mcan Varlianlce 

N/I' 10. 0 2. 27 1(.5(.51, 3 
N/K IlA9 0.(1( -1.71 0. 13 

N/a5. 13 0.51) 6.78 2.61 
N /M g 101.3 21.1 12.9 15. 

P/K0. 5 0.000.16 ((.. (1.1( 

(/%g I( ((.2 1.23 (0.12 
K/Ct :1.07 0.1(26h 11 

K/Mg 7.1-1 22.81 7.09 .5.701 
(;;/Mg I 14m (0.16 1 041 (.39 

Now t';hlu P/K \'4lilIn(cs %%ill0,001. 

http:0.000.16
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olri"Il)yvst
and 1), iit Imaize Inilt HydII ran~det,ts1in1lawaii. ,'llhchocally-cal i­
bratted l)RIS n(orms wtr 'sh(owil t) ill'rc,Ihc(ligi(osfi(' ittc 'accuray)'

)R IS. 

Sources of Variability Among Optimum Nutrient Ratios 
For cvaIluatiIg sorI rc's of variIIbiIIty IIIo Ig opt1111ti nll ri I r;iIos, asubstt of, fertiliy ty.\l)trilitlls was set:('t(dl. Tht two)hi hts{ t 'vatlltent 
('(o)llibi;lli()l; of 1' tl N fronm c'ath (l' th'it'c )loks (six plots)
litilizet vere

fromti ('hrliXl ttiliitiit. 'tv((' tit'ikS WW''Il('t'Iiiitladtlly cliosll
frolsl tatli Siat' fit (l'l' ('\~eiitirit \'ili I (('to1t1ielet of\'+ltri;tion ltssthanl 20 ])ter('el. TJhctwoIV)sitt's \+''(rvt
(h(ostll fri)ll 
cacth coutry with 
exjletriliitii ll0 a tgi\'ti tS)I] fillmil'. SiicS iichlth ILlE, KLJK,lO IUC,lAL, ITKA, anti I. I fo)Iti ll i- )ysIr n MlOl andiidtps; AAI
fin, flilt' I Jut)t'J)t. Ii li|st.x\ ;llt I),AV, S ,NAK, and,( BU K f wrIhe
l'ypic l',c(tults. Clui;ijttrs 3 and 7 g,iv( al(lita details on tlitcsefcht(ud sitcs. lhis5 ni',twork of 21variability + tXJ)tricii t;swasallionll l10 ([,+tlVli)l.- ')"(H h (p 

a;lyze:dt that theilt~'lIlt'(ttI ~(
\';rit~iif ;iiii g Ilitu 
1h( 

114 ohscrva,ititfs fo6r tiill oltfiiitLiiii Iltt'It rie('(ou 1)(. i( ;hc lid it)iiti.n anlloiig \,;lii()tls 
uI)

statrCts of 'ivirit lioll. This wats dtit
lising a li(',irithica ;ti dysis (tf'v;ianit' p)rioelfr,
va';riattionl wiere t'tlh soitr'c tifinc(ludhcd 'var-ai ilt (ofthe( 
 ccts o)'l
lht' ]ltstcd(.o-;( i'i.:tIti()n.
 
Actro)ss ilit' t.Xf)t'i-iltfcitf llt\\'ofk, flit' jitiiritm rafios \ere higher ill
 so fit( lgli-yieftliig iltts ill 
 soilt soil fitilifics thaii ill others. For
 

Inlstanic In('st igli-yicldiug expcro.icits 
 il the I lydric liystrailtpishadlov(,i Ng il thi'ti'ler;irs, litiltr iitrtl r it ts v\ih Mg in tilt'((ihnli(l,, wct Ctittttlifiii\t',: higher thill (iost of the oiler two soilhinitli's. Siriilfrl , flit higfi-yi (Iiilg pl(s illthc Al'ip-pti I'Aitrustox

hfl fowtr K e(unftif iMitlit 'arlravts c iiip;irtd 
 to cithcr tit' -llydricI )vsIraitfah'1 it toi Iyo;i Paentfit t,.Xltf ics, h ic(it-,tih fititritlt ratioswith K in li t tlt'l( ifiiti;ftol" wVt hiiglitr ill lrc )tfi(, I'lirustox COiii­

t tfpar d to Ihfl os itl t)fh((r iwo so)il fiIimiitcs. In litc (tsc ()fi'ill 'fy)it
IPalfiuluhs, tosts fhigli-yictilg cXptriIiifets hal nwt'r Ca 
 toitfit iflit
carlt'ivt's, Ifelt' ltiicr it ient raits with (a ill the d(ltnilnator
c()llipatIt'd (otht'tdo lt'thi t'ir two stoil fiiilics. Itvis ltt very deil,
howvter, whether il(v
:t w Ng, K, adtf( (t ioncentratio)ns ill tht tar­
lf;t,.s wv'rt, duc 
 to \.irict;l chatra tcristits r It) til soil availability of' 
West'eeeft'iitii s.
 

lhe ini(poirt c ttf tinlt
stiirci's of' vtriitio loisted in fleIt: 3 is statisti­
cally evilutattltte,,comparing it malln s(uaretillilicdiattely bdow:, it. with theil ean sluaitrellhcIlost (')nsi'StCnt ;Md Ob~ViOLIs .SO;(tCrt(f"vitria­

frilibility is tit! ti-rll r tif. fieste( within :Ites. This v\aritl(t' dfueto experimernts iiight be tssociatct with different treatments Chosen
from each exptri nienti, as well ;is'xisting seasonal or varietal differ­ences. The variances shown by p)ots within un experiment might beconsidered as experimntal en-or but two additional f,ctors must be 
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'Table3. Sources of variation, degrees of freedom (d), and optimum nutrient 
ratio mean squares for a nested model analysis of variance. 

Source of variation df N/P N/K N/Ca N/Mg P/K 

Soil famtilies 2 .48 .6.) 32 88 61 
Sites w/i hi'ttily 9 17 .59 114 62 18 
Expts w/i site 12 7.7 .19 7.7 33 16 
Plots w/i expt 119 1.2 .02 .63 3.5 2 

df P/Ca P/Mg K/Ca K/Mg Ca/Mg 

Soil fatmilics 2 .33 .75 35 66 628 
Sites w/i faltily 9 .11 .69 5.9 47 208 
Expts w/i site 12 .05 .95 2.9 40 119 
Plots w/i expt 119 .1 .01; .A5 1.3 7 

Now: "l'li hi'r~irihi;tls(urC'eS 0 'LtMid iielUdt' soil tIn1ili's, sites within (V/i)iotl titnily, expe. 
ilneilts (Ixpts) w/isies awl y'.v)ts w/i eqwrillt.wt. The P/K ittnd Cai/Mg rtins have beet itulti­
)ltied by I0It, 1 nd 10 ItSpcttv%'ly. 

considered: (1) the plots within an experimernt may be associated with 
different ttettents-speciiclly, the selected treattents iissociatcd 
with the two plots selected trot each block can vary from block to block 
and (2) the ojptinttn nutrient ratios were untdjusted for systematic dif­
ferences frotit block to b!od clue to soil heterogeneity. 

The soil fam1ly in can sqiter generally is not latrger than the site 
within ftitily tItean square, which, in turn, ttight or might not be 
larger than the experintent withitn site inean square., Any differences 
tnong soil ftnilis iught have been effectively eliminated by the treat­
nent tnd bl;tnket fekrtilizcr al)plication. 
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he term 'cropp)ing systems'' can be used to connote different mean­
ings. It m;,y rfcer to a systems or holistic tppioach, describe prevailing 
traditional agricultural systems, designate multiple cropping systetms 

such as intercri)pping and secquential cropping, or even refer to a nionlo­
crop iII regiors growing only one crop during the year. III the present 

study the term "cropping systcis"i refers to year-round sequential 

crop)ing patterns, including sonic i1tercrops, cultivalble in givel agro­
environments. 

lr')pical regions provide a un iqwU opportun ty tfr year-round agri­
cultural production because of the ginerally consistentlv favorable tern­

perature andl solar radiation conditions. A maJority of the small farmers 
in the tropics take advantage of such conditions thiou gh sequent ial 
cropping. It is therefore .l)propriiate to evalate the clrop prodUction 
potential of tropical agroenvironinents through year-round croping. 

Conventional cropping systems rescarch may be location !pecific due 
to pool' and sulbjective c haracicri.ation of the research sites. Also, 
despite substantial progress iW. identifying physical determinan ts of 
cropping patterns, the ineasuiciernt of these physical determinants in 
relation to their associated cropping patterns has been overlooked. Con­

sUcltmuen tly, the results of cropping pattern trials generally have not been 
interpreted based on the environmental characteristics of the site. As 
pointed out by Zandstra et al. (1981), a thorough description and classi­
fication of the environment is required. The validity of the experimental 
results bcyond the experimental area is dcte:rmined by the quality of cli­
matic and soil classification data. Year-round cropping also integrate; 
the effect of agroenvironnient oin the crops during tile entire growing 
season and thus is an assessment of the yearly productivity of al. 
agroenvi ronniert. 

After consideration of tbe above concepts it wvas concluded that crop­
ping systems experinlenta:ion on fully characterizcd sites would b. par­
ticularly worthwhile. The availability of the Benchmark Soils Project's 
network of taxonomically classified and (daily) weather-rnonitorcd sites 
presented an ideal opportunity for year-round cropping systems trials. 

This chapter describes the performance of year-round cropping pat­
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terns conducted on ihree tIopital soil failie-s (clayey, kaolil,itic, isohy­
pertheriiic lron-ptic l llistoix; lhla\e, kallnit it-, is(Ihvlvrthci-int-Typic tPalcudults; an liilixotl-r)Ili(, isml(llcilliic l l\dric I)y.stranldcl"is). 

i)l dTie goal w oas Ito cvt-)tnriit)ing SVsteiiS tccilnlotg, hu ll orlale 
thlicCon tof a st(iiitat-( If croplililing fIiinilvtothe fil iih;iracttrj-
Ziltion. SI-cifi- obCCtiVCS inchded (1) develolieint osl in!S iihy-buased
Cro)ping pattlcrils, (2) deieriiiination of tilh stratifictilii ffifitncv oif 
tile soil fliniv level ol Soil "hximoimlv loit of ro) bctlav ior,
(3) eviluiatioll of Ilia,le Ji-iforiiCu. it' iaaitiiluIrMi (ioJ)j)iiig JlMl tIn under 
diffirent ,igr(w1eii\'llilOitlts, id (4) iisSSSliilnI (d ild CheCoiln)ara'iv
potcnliial (f tti Irtic i,iii-oliiiliitlils to slistail-l o ll.r-iC-lnd crorping 
withOtit irrigatiiM . 

The Experimental Sites 

Trials wre (arrite(i(litil i experimental sites in Hawaii, Indonesia,
and tilt lhilippinci:s. 01' these, f1r sites (101A.', UK, PAl, LPH)
belong toI lie y\tlric )ystrantdcipts. twi sites (WAI, MOL) belong to 
the Iropicpt ic Lii trustotx, and ilte ther thr'ee ()AV, SOR, NAK) to the

'ypic Palcuduhs. I)(-rails oftlhc eX)tiintnial Sites and chalralctristies of, 
the soil liinilies ;a c'ixv-n ill ( hapters I aid 7. 

Design of Cropping Patterns 

Cropping patteils were dusiglitcd by illatitng troi ) retItlirelnents with
 
tle Characiteristics tf 
 the Yrtilviroiiltllt. Inforiaitionl about the agro­
climate inferied fromiilic sitl fliiilvh llilltnti ulrc , couple d with the
 
past wvtatll"r data anti individual crop rquicilcls lot nIloisture andternperatlrt ttiitciiet frinii ti liteiolu. w(et Usetd to scicci i set of' 
Crops. Slasnnal variailaln f'r;Iiiliiall anti [tniel)r-attire was ('0tnsiti'i-etd for 
fitting crops titllt a vi;ablc t'r()1)ing S(ltltiitt. liblC I l'tItS crl)pping 
patterns tilriig-til vt ;i-i twtileth il filliilics. )esigni pattrns, ill 

tClilion to Illill lililiithlvN tnIll)rtiiilts aid iinairills, hi tile TypiC 
PaietId it, IItld ri I ridet, anid 1th IilJ)ept iU. iriistox soil fanli­
lies arte depicttd in ligurcs 1, 2, and 3. 

7"rqm Pa/codnt.,. Tie ilcl)piIIg ptt .rn todsitt of upland rice Il­
lovetd by soybeans (otr lnallut s) and Cmvxpcas (or illlnibcalls) in the st­
oni anrdthit cvcs. Ti-c cio)s weret sclccttd ill relation to tile isohy­
])erliheriinC ttli-ljT;IIl-lit e l d Idi lolisitlurt- regillis. Rice is tile llain crop during the first cyclet, whitl starts with tile rainy stason, and is 
intercropped with mlaize. (harvested as grten-l coln). Ylitc dr season 
starts during tiht- scc-i cVcle bi t rainfall anid residual nloiSui, along
with the hight-r teiiperatrie aii(1 sola- ratdiatithil, arC suftfiCicnt fbi- a 
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Table 1. Cropping system designs for the three soil families of the Benchmark 
Soils Project. 

Cropping paer 

Soil family 1st ,y clc 2nd cycle 3rd cycle 

Hydric Root crop \egetable crops Grain crop
Dystrandepts (Irish potato) or (bush beal/grcctl (soybean or 

vegetable crops corn o bsh I'all/ teanrt) 
(cabbage/carrot/ liustard cabbagc) 
hush bean) 

Typic (;rain crop Grail. crop Grain crop

Palcudulhs 
 (upland ri c anod (soyhewaii or (ci'iwpca or mu ng

tImaize) pcariut ) beal)) 

Tropeptic Root cr(lp (,rain crop G rain crop
Eutruslox (Irish pottio)i (soybealn) (maize) 

Notc The siart of( l(e raiiy siasoin, which mav dilter fromi site to)sil, is designatedias O, andtt end oh the third cytlt is t2 oit ;ia ri thlv scale. liig-ttrii side (r0Ji)s include tarti for theHvdric l),,sraridcis, cassava fi)h l lit( IT'ilihliills aio (assiv , piigeitfmip , aId taro fIor 
the Trlopeptic Fuirus. 

grain crop. Cowpeas (or mungbeans) aret matched to the hot and dry 
third cycle. 

Hydric Dystrandpts. The pattern started with a vegetable crop combi­
nation of cabbage, carrot, and bushbeans (or Irish potato as an alter­
nate), followed by alternative vegetable crop combinations of bush­
beans and mustard cabbage or bushbeans and green corn. Soybeans (or 
peanuts) were planted during the warmer and dryer third cycle.The isothernic environment of the Hydric Dystrandepts matches
well with the tempe..ture requirements of the cool-weather vegetable 
crops and Irish potatoes. These crops were planted during the start of
the rainy season, which is also the cool period (November-December
for sites in Hawaii and October-November for sites in the Philippines
and Indonesia). The udic moisture regime and excellent physical prop­
erties of Hydric Dystrandepts are other factors " make these soils 
ideal for vegetable crops. 

WIopeptic Eutrustox. The cropping pattern here Irishwas potato Fol­
lowed by soybeans and maize. This was considered to be .n appropriate
match of crop requirements with the isohyperthermic temperature and 
ustic moisture regimes of the Tropeptic Eutrustox. Manrique (1982)
found that the lower temperatures prevalent during the wet season are
conducive to good tuberization in Irish potatoes. The soybeans and
maize then benefit frr'm the higher temperature and solar radiation of 
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be expected, plot mianagetnent problems ;,rose with (oneor more crop­
ping patterns at most sites, thereby creating tlifficulhy in -ohiparing pat­
ternis within and across soil fatuities.
 

'\arde( 1984) ialde ;ll evatlhtioll Isctd oi 
year-rolnd irrigalted crop­
ping pattern experinents. Caloric and protein levels were suIIIniIarized 
over the crops and cycles within a year for ealh crol)ping pattern.
)etails are given in the \"Krde dissertation along with the field data. 

Reported here is a stuniiary )l'the,11a.1or results. 
At 'IT'opcptic lutrustox ('E) sites the I'1pat ternit gav. Iigher calorie 

and protein vields Ihan all I ydric I) stralidept (I1)) i)tt',ru coilbina­
tions. 'Ihis imlicates that the I E patte'rn was a proper choice for the 
Tropcplit. ,ttustox soil Iifv. l t 

cal/ha) anld ri')tcii 


''l'cl'ectord calorie (.6,580 k 
(2100 kg/ha) yields werc o tained with the 'T pat­

tern oi theITrop pltic l"1tristox site of' WM\ (tiing 1981-82. At the 
K.1K site of eli-lt y I )strand pt the specitf ally desigied HI) pat­
tern tcotiliiiations prodtuced less calories than the 1l'IL" pattern due to tile 
high calorie 'ield of naiize (TEpaltt('i'li) and higher yields of the Soybean 
crop (iring Oie sc'toild crop cy(cle (TE pattern) frOm April to AUguSt
relative, to soybcal yield in1 the thir'd cropping cycle (Ill) pattern)
between Septelil)t', to.jailtia''. 

As expected, tileIll) pattwini lci-,f.icd battcr than tile Typic
Plaldlt (T'P) patierns on lost I lvdi'ic l),strianlept sites. I lowever,
the PAl. site bchi,.td difl'rently thin other l)xstranndept sites. In this 
case the T'l patterti gave higher calorie yields than the Ill) ittern.
 
'his heliavior can, bc athitbuted to ti ,,liisnnatlch bet ween ti cool tenl­

pati'e 
 (tops of te)11I)pattern andI the high telnperatutre reorded atPAl. site.thet' I )ur'inge, the period of' this study the tneaun ;air and soil tet­
peratures ill Iwee cotisistently over 24t-OC, arid sonlet icis as high
as 27'(:. Such tcnil)e,-attircs are tivorablh to warin climate crops such
 
is ice, s ill, f)elatilt, cowpea, inld IIngheal-wlhch constituted
 
tile TP patt Chpn.
Clihutt's 3 and 7 support tie premise that ti teampera­
ture regime ('f ,ihPAl. 
site is indeed isohpylrtliernlic. 'I'he generally

higher caloric and protein production of tile TI pattern, when coin­
pared to ti 111) pattern, on all Typic F'aleudult sites reflects the properselection of crops for this vanm and hu,mid environnent. The relatively
cool and wet cnvironment of tle Hydric l)ystrandept soil -Iaiily is not
conducive to good growth of' the warmer tempe.rature requiremnent

1P p,attern crops. 

of
 

Performance of Individual Crops in Relation to 
the Agroenvironments 

The Benchmark Soils Project matched crop requirements with environ­
mental characteristics to design cropping patterns for three soil families.
Primarily, soil temperature, soil moisture regimes, and seasonal weath­

http:bchi,.td


The (Ii IfCrict.c ill Crop adaplIaIbility to clivil-oint is refkectcl ill 111c pxol 

growtV hi of' 11(1(1 (;tIbag( (BrlziZia olarmi-a var (ap/iI~tta) and~ goodi growvth 1)1C llots 

(JDainl eamoa) ill illt moist (udic) anti warm11(isoityp).tt(iicrinic) colrlollllcll ill 

Nlittliao, 111C I'll iiippi ics (top), which is ill marked contrast to the cxclIicnt 

gro~wtht of both crops5 0 i 0( ois (tiic) aini cool (isothertoic) cnvir-onmenclt oil 

the( isiatid of, I I awaji (bottoml). 
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er variations Were considired in IImaking til choicc o>fcrops for a crop­ping pattern. One of the objcctives of crolpfping systcnis w irk is toevalti­ate the crot)/eiivjronntcn,, mattchinti process Mid protfduce conclusions 
concerning tile itgroclilziltic reqtitclntIt.; of, 'ariotis crops under tropi-Catl
coniditionls.
 

Sufficicllt di.t W ,,C
ilablC front seCven crc'of; utilized as coitlpo­
lients of threetilt- cropjping Systtt.is. IL;scd (tt thcir rcspotsc to [iltag~lFrocn,1\'111'1Ott', 
 cr'op 

s we're platced into, two grllps. 
1. (rops highly SCtSiti.C to ttiipcrattit, atof tiisture variation


within the toIpfical r,ltc. This tot if)Includes the head cahhtgc, mus­
lard ca)h)ai, lrish pfillta, (arlo, atd hiushl)ca of the ilvchric D's­
trandlt (o pfing );ttttt (Irish potato is also par( of the Tropcptic 
FutrIst\ pilticri). 

2. ( !r )5fwith aiwidc raii .,,c)fittlatptitiliht tii rtituiIic 

tiuc con iiitils (f)cinttts anld s( ')ctitits).


Irish lotai)ti(lFigurc 


o t ;itil1Ittos­

), mustard cabl);gc, lichll c'tbIhayc, callrot (Fig­
irC -1), ;11d fushAitl ,tlc toil wcat'hcr crotpjs aid dheirt. porrlanc,, aseXp)cctcd, tegatixcly corrclc lt .o soil 

lation co'leflicncuts (f at least -0.73L 1lightcst yielhs of these crops wcre 

wa . lvvect'ly teti]l'itl- u ( oneC­

obit;ained itllin a s,)il tcilltttraturt, (;It10 cill depth ) range of M8 to'23 0C.Generally. fth(to)is ftifled hcvotol ani iavcnacsoil teiiperiature f1'

21'°(:. [-howcvcr, irisrh f t~i ;ndl lushlhcait were less tolcrant to high
temtiif)crttiur cinp;trch to hclad &iil),); itti lliustar-d cablagle.

The ligur -1 piots 
 teitif-il f)i'vilis *,titetictlts (oncenint g tile

batch of crop refLuiritclits with Ic itoiNc 'i V iintt. High

potato yicls ark. ,ssociatth witi sites froil both the 
 IVchiy ),,stran­
dCpts (isoiheuunh) iiiif Fieitc LItioX (isoli)crthccnnic) soil Iaui­lies. I-lowexcr, within tile overall 
 isolyperthicrnli, teliperattu ' regihic

of' the Tropl.ptic. lAIIItrstox sitcs. teitpcraturcs ire ctoher during tile first
cycle (Figlre 3), thereby pettitittitig illIrish potato crop to be pail of
the TF croppitg pat teIrn. 'he 
 two plots (&Fligurcr-
 also hJlow tile isohi'­
1=erth c rttitc temrperatur rtgitnce of the PAL site (identified as "I").

There is also an indlication thatt alothetr 
 Ilydri. f)ystranccpt site, LPHI
(idltifjiled as IP) had al aertage soil telliperatUr greiater than 22 C,
at least (ittntitig tile first cycle ofi both 1981-82 and 1982-83 c'op years.

iowev r,data ftI "liti' I olhaptcr 7 shotw that tht LPH site shouhl
 

be categorizecd as so itheitic.
 

Potential for Rainfed Crop Production 
Another objecve(i\ c of the croipping systenis research was to evaluate tile
possibility of' raitnfi, wititlotit SUI)flcental irTigation, crop production
il tile Iftcc soil f'ainilics. T) i hieve this obhjective tile cropping patterns
designed sl)ecifically for each agroen'vironment were tested both with 
and withlout irrigation. 

http:Systtt.is
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Fig. 4. The relationship)l)ctwct'cl soil ilcl)eraturc and crop yields oil bench­
mark sites offt vdric l\ystrandcltS (I, K, I., P), Tropeptic Eutrustox (M, W), 
and Typic Palctdulis (1), S,N). 

The overall trend is illsta;lterd by the performance of the soybean 
crop in the three soil ftmuilies (Figure 5). The histogram, calculated by 
averaging yields over sites within each soil fainily, is in accordance with 
the moisture regimes specified by Soil 'Ixonony. Differences between 
irrigated and non-irrigated grain yields were minima,! in the Hydric 
Dystrandepts, followed by the Typic Paleudults (reflcCting their udic 
moisture regine), and at maxinmu in the ustic Tropeptic Eutrustox 
agroenvironinents. 
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Dystrandept Eutrustox Paleudult 
Fig. 5. Yields of irrigatt,d (I) ;11nd 'ion-irrigated (NI) sovbeanis on the 
Cxperimental nca.wrork of thceBcnito ark Soils Project. 

In the Hydric Dystrandepts the performance of most of the rainfed 
crops was not statistically significantly different from irrigated ones;
and only in very fliw instances (6 out of 61 test crops) were yields with­
out irrigation less than 60 percent of the irrigated yields. Out of a total
of 21 crop trials on the Typic Paleudults irrigated and non-irrigated
yields were similar in 11 cases and only in four cases did crops without 
irrigation pro(uce lower than 60 percent of their yields with irrigation.
However, inthe ustic moisture regime of"lropeptic Eutrustox soils, 10 
out of'a totad of 12 crops failed when irrigation was not provided.

In summary, the soil fiamily level of Soil Ixonomy achieves a stratifi­
catiGn of'soil temperature and moisture regimes, and biological, chemi­
cal, and physical soil characteristics which is useful for formulating
cropping patterns and evaluating their performance. The successful 
transfer of cropping systems technology depends on matching the
requirements of a cropping pattern to the characteristics of a farmer's 
field. 
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Names play an important role in technology transfer because they 
allow crop requirements or land characteristics to be associated with 
identifiable ol)jects. Also, namICS contribute to economy of thotught and 
action.
 

For example, cassava (Alanihot esculenta) has difierent requiremients 
froit potato) (Solarum tuberosum), and pigeonpea (Ca ganus caf rn) has dif­0
ferent requirements from soybean (GC/cim max). By the same token, a 
clayev, kaolinitic, isohypertherinic Tropeptic Eutrustox differs in char­
actcristics froi a thixotropic, isqthe-nic Hvc'ic Dystrandept, and both 
differ from a claycy, kaolinitic, isohyperthliermic Tyl)ic Paleucult. A 
sul)sistei'e taricr who cT,hivatcs clayey kaolinitic, isohyperthermic 

Typic 1Paleudults frequently grows cassava hut almost never potato. On 
the oilier hanld, a fanIner on thixotropic, isotherm ic Hydric Dystran­
depts will cultivate potato instead of cassava. The farmer's choice is 
dleterlined not so i11uch by what he wishes to grow, but by the capacity 
of his land to accoinlcodatc the reluirements of a crop. 
The closing of the technoilogy gap depends not only on technology 

developmient but oin development of methods to transfer technologv to 
the right places in a itimely manner. A technology is appropriate only 
when it is used in its proper niche. This chapter illustrates how cropping 

patterns and' soil ainagemnent practices can be transferred to new loca­
tions by relating their requirements to soil characteristics. 
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a/lc by and i.i) ii l,In//b wal I.naa g',in ti. / /iThii /i .vx i/in tic! / Soil iiax­

pp. ' c ( .l,/ia iiali/ iioi' '.1 i c/i/ i 

"LA ' - 4 1 dili/i' i t toalxii VIa, i ri/a'i % iliif lI ''ii 11'1i . a., c/rl/'d d .itla .ur 

'iod . ci/OI/ a c fh,c r'/ t/,I a '(iic 01;l,.,il /i .i.It i i ch/c Oi/ht cN oni' I!'t/: 
altor t, 'M 'ldl./oI Mh" flnlt'l o la,.,r vl:o 


Intrduction 

I ;air(l a.Icssinl(nt is oti;Inew sullp(cl; iII Itct a varity of m'galizations 
prin~ciples of'ande Indiv'iduals pict~cl tilc( carl'y AtOI-rs wo estllishl tile,. 

hnul aisscsstli'cil (F\). 1976). Tht principle is Ibsed on rIatching the 
bioldogical reqluire'ments of :'il andcl t' lIhIlchiltactt'
1 wo the so)il OIII.il(tti 


tt..ristics()I, ilhc 1:1d. Tbc nt~wt )I,, y f61rland assessment (lcscr-ilcd III 

tIis atidc (ifi'rs f'rmll w)thr (.11,0rts Iil(th 'vay lnd characteristic's ;t( 

extracicd frlonlte inl"wrlatiomil onidrntofId ihc taxia .A'Smil'litx(ImImy
 

(Soil Strvey Stait, 19)75). Sol] 'litiiiliijil' Jil't'scnits se'v'r'al ad\'intagts 

not ofl'"red by tlt A; !.'l8ssiifi' mtiins.It is a ql'attiti\tic, cilnprt'hc lisive, 
IIIi -C'I-gOIri(,; sy.,sttemt mid dcvchkycd Jiow"(L'sigil ,,'idcapplicit­

timi. These itdv,.llntagcs were txhftt to develop aitmethodlology 

(1(.sigutx.,l it widel ra;nget ()I(.ropIs <m a wor+ldwide basis.to ber appliclbhr ((I 

Methodology 

lilt nethodoloigy (Ilanrique and Uchara, 1984a) consists of'four steps: 

() compiling data onl tile characteristics and requirements of' the crop 

under study, (2) ascertaining the scil and climate infornation needed to 

assess crop pert'rnilrleland extracting the soil and climatic infbrma­

203 
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tion froml raxa of Soil 'l~axonoly, (3) synthesizing land qualities neecs­
sarv to assess crop l)erforititnce ioit the soil and climatic info'tiatjon
extracted fr'olSoil ihx)onotny and other available data, and (4) Inatch­
ing the reluircireMn: (d the( crop to th(I qualities anld (haractcristics of 
tile land in question, and assessing te suitability ot'a land for cro) pro­
duulion with Zer), low, and high levels of mlalnagcntll inpult. High
levels of' Input Include Iicantagenrent practices such as irrigation, fertil­
izer and soil allcundtllll[ apt)lication, and other agrononic practices
which will ensure toaximnium crop yields. A zero input level describes a
situation where no miattage('tec l)tactices are utilized. The low input
level isan intTrMncliatC situation lWCtVtw n zero and high inpt levels. 

G)uc rmqui'ewtxs. 'I'lt (tclhtodlohgy t(ires that (Toll re(ltiiretnents
be knownt itt order to select impololant land charactetristics from soil sur­
ve's. Crop tequiretmtent is ti level (o'a certail soil or climatic chtartc­
teristic which ptrmits ol)titltnm l)lant growth and yield. Ihle1shows a 
suinmtiary If tpo()and forage ligunlc requitretients.

Land qualotic'.. The selectiotn of lattd qualitis rclevant to c(lop pioduc­
tion )ecotmes crucial in the ttatching l)trocess. Land(lhiritetertstiCs are
the attithittes of'thlt land thlat affect eto )( rormance, such as soil phys­
ical and cleicital propetics ;tl tlvirolltncnl;tl characteristics. For
exaitple, Soil ItXotll)Ny pt-o\idhs readily availahle indoittIatiol to char­
actet-izt a few of, the to'C impl)ortatt lanI qtualities; for ))tato produc­tion. ihble 2 shows a stimnary of' dignostic 'it tsed to define 
Soil]e land quliti,,s t''l'walct to pottto prtcdkl ti0t. 

AMaIchi,1g ploccs.. Matchling is lc ('011fir-Otlit ll of OW CoIe) requiire-

Table 1. Sclcctcd requirements for potato and forage lcguics. 
Recq uLi nitremnc 
 Potato Foragc legumes
 

A\ir l.llpe' tll '("C 15-20 25-3( (C.Pube fc, ,S./ccti/o, 1). unc(inatu., 

1).Int,,rftmc) 
Soil ttcccj)ttraurc,C 15-22 25-3() (tIccist sp'ccis)
 

Soil ttoisture tcgitnc 
 Udic: U ic-ustic' (C./ ,'c,'broie' 'i,, S.4,uia'letl 
I). ihtotu;nt) 

Ustic t'lic (S. humnih') 
Udic (1). luonattin) 

Soil acidity, % Al sat. <20 <4t0 (S. ,uian,n'%is, S.hmilii, C. pubecen.1, 
I). intortum, 1).unccbatum) 

Soil P rag kg"1 (P in 0.20t 0.20 (establishtntcn, 1). apatines)soil -",,tion 0.01 (second ('t,1).aparinci) 
Soil K, ctnol (+) kg-I >0.25 >0.20 (most sl-:cis)
(ammtonium acetate) 
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Table 2. Diagnostic criteria used to define some land qualities relevant to 
potato production (Manrique and Uchara 1984a). 

Main diagnostic Alternative diagnostic 
Land quality critcria criteria 

\Vatcr Nioistitrc availab~ility Soil liioistluc rgilli'
availability indhex (M\AI) 

Oxyg(.n lPerce ntage c'laV, Soil Particle-sizt. class, Soil 
availl)il'ty lnioiStul'e Iregilltic, ail IniOiSlIl'tl lgili, alid 

niinralogy class iiincalogy (lass 

Soil thicritial Sod clilpcatue' legillit, Fotlnativtc tlc lcnts and 
regiltic anid Illall a it ial soil C.xtlagladt, in tIaxa 

ICt111pettiore 

Soil acidity Al situation IllI in IM KCI 

Nutricnt Exchimgca1le1K (norn1;l PatticI-sizm cl;iss, Soil 
;tvitil~ilitv axMilnlinm awctlte) nnloisture' ttgizlle, andlc 

(Plotassionll) mineraloigy class 

Nio ricit Orgalilic atlltte content, Soil illOistuItl regilic,
:1%aila bility C./N Soil te'n rllurtc r'egii t., 

( Nit rogen) flitiativc elinltls, anid 
XI rI';gl iicd ini IIt 

Nutric'nt Availal)!c P (Olsein PalIitIc-size clss, 
availability method) iiiiint;ilogy (lass, and 
(l'hosphl-uis) soil tcllpt-r ntlrt regille 

Now: MAI I'! )/lTP.w'l rc I'lr is dtpcendahhic l(lccipita;tiin and ITIP is potilnial evapitran­
spilatiton.
 

ments with the land qualities to give an estimate of crop perlormance. 
'he matching process takes place at two levels: (I) the matching of crop 

requirements for a patrticular land quality, and (2) the matching of crop 
requirements with all land qualities included sinultaneously in i cluan­
titative analysis. A simple colmput ing procedure was leveloped to han­
(le the mtatching l)rocess (Manriquc and Uchara, 1984a). The niatch­

ing pro-ess is a critical step of the methodology. The level of' matching, 
as indicated by the land suitability classes (lhble 3), is letermined by 
the degree to which the lanl in question meets the requirements of the 

crop. A misrmatch results when the land qualities fail to meet the 

reqouirenien ts of' the crop. Because mismatch can be corrected in some 

cases by soil management, the land suitability varies with input levels 
(Table 4). 

The ystem of classfication. The systen has three categories: Order, 
Class, and Subclass (Table 5). Order reflects whether or not a land is 
suitable for a particular use lass reflects the degree of suitability 
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4.. 

" { .' .. 4 .7 ] .:rowth'andcG;,. t , development of potato (Aberosum" .. '" 
. 

volanum) are'influeniced by' envi-!<4 7, , . . '.;:;;''on1ta'l cons rajatits. A good.' match "- -
' 7 

i' 

between (fie poiato's r~equiremients "and 
-... ,: the environment'is demonstrated by thieexcellent. 

tn ntecol(steilc.- "Hydric Dystranchdt site at Java, Indonesia (top), while a mismnatc~h is evident':':: .in the poo r <at- ,growththe Nvarmi (isoh' perthieimic) ' Tyilc Paleuduilt site ini
• Sum atra, Indonesia botto rn. . 

S' within each Order. Subclass rellects the kinds of limitations within:!'-?oasses..Cl': For example, the Typic Paleudult of Malaysia (Table 4) is clas.­::-~ ': sified in the Order Unisuitable, Class 5 (Permanently Unsuitable), Sub­
.:T class U5-TR with limitaitions in soil temperature for potato growth';: -<-. :.(M anrique and U ehara, 1984tb).7 - ; .. , .: : .. "] 
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Table 3. Suitability classes for soil thermal regime. Crop: potatoes (Manrilque 
and Uchara 1984a). 

Suitability class 	 l)iagistic criteria 

I Good 	 So~il with all iow,,u 'it of. iso.thtl-rlm t<'nlpwratiu' C 

rv'cilll'. 

2 Fair So~ils with ,a hylpt'Itht-lrnli( of+ isollypcrl 1 '11nl I t tlt''l 
. [ ' 

fill.(. ltillilt. and \1 -\S' +I'1 2, oI ll' rtl I',o(\V-l 

.Soils %%iuh; lll~it (oi th~Il ic[I tl( i l l itijiirit', 

Poor Soils Nilh vii i i , i i f, nkI i t rlidllpvl l' le(gilIc, 

rlclfoIrt'ltt f (t'ree lSaoil b le 4. S a iiltsoii d e l t hiptx-it-i 

illllaia
4Sutbliltly 
USoil l ll io11!,1.t 	 LiL 1sLd 

SXiii I.\ li i' ,i , t ;li e ~'pcrii I assi(i Cit,d irt I'1vll'~ illm lt.im 'm-ni, ( 4(l ' 

lv NiAST = ll-iiuuuti.l Iiii i m, i ll .5 ill 51 

Table .1. S uitability cmlsses for selected soils at tIrc differcilt lcvcls of input, 
ljtillCi;rilurhiu' i rlas'i ii! xili~ll!. 4h 4 1'., 

Suitability class­

soil 	 Locatin ZIL Lit IL 

Tylir I ydrathlls I awil 4 4 1 

Ustl lic ( :;atIII l lids I tawaii - 4 1 
"llTicPi ( Ahrniusttrts Ilwaii 5 5 3 
'lypic l-vislrilrthpts
Tyvlic I-latpludults 

I lawaii 
Ne'w Zealand 

4 
4 

4 
4 

2 
1 

\li Dlyst'i thrtilts N(-%% Za;iand 4 4 1 

Oxic (Hirpilustalls Brazil 4 4 1 
liodc (l;chuda] fhs lsrazil 4 3 1 
"ypic Pal, s oduh l, Malaysia 5 5 5 

I lliss tAF n )l ilxs ilays.u;si )i ;I 5 5 5 

Forage 

Legumes 

Typic Hydrandepts I lawaii 4 4 2 

Usltolli( C;anilborthids Hawaii 3 3 1 

Typic Cihrolinusterts I tawaii I I I 

T'ypic (;it)ljsil-Iiltoxs Hawaii 3t 2 1 

= 
Notes: ;I) Z11. zero input hevvi, I.11, = low inpli c<l 111l+ = high input level. Suitable 

(Class 1, 2, and 3), Pairtially Unsuilahhblu WIlos 4), Pcrinanently Unsuitable (Class 5). All lan. 

q)iities wire inclued in i iathiu198I , , 
b))Sonurce: Nlanrique and Uchiara ( 1IN 
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Table 5. The categories of the land assessment system 
(Manrique and Uchara 19 84a). 

Order Class Subclass 

Suitable I (Good) 
(S)
 

2 (Fair) 
3 (Poor) 

Unstitable .1(Partially U4-WA, U4-NA. 
(U) 	 Unsuitabhc) U4-A, U4-SS 

5 (Pernanicntly U5-OA, US-ST', 
Un.uitable) US-'TR, U5-R I) 

Note: WA = water avail;ability, NA = im:rivnt availability, A = soil aidity,
SS = soil salinityand s;o i(ity, ()A = oxvgetn availability, SI = soil tilth, TR 
= tlrmal rtiginic, R I) = root dclohipinit. 

Testing the Methodology 

The land assessment for potato was tested Using soil sUrvey and Soil
laxonomy information of sixty-two soils from lHawaii, California, Bra­
zil, New Zealand, and Malaysia (Manri(lue and Uehal-a, 19841)).
Potato experiments conductted in three of the sixty-two soils showed that 
potato yield response both with and withot]t nanagenent inpluts as con­
sistent with tie lani ass itssincit, land assessntent for forage legulnte
production (gen ra Sty/oan MIus, ('Centroscna, and le)smodiun) fir twelty­
one Hawaiian soils were also obtained using tlte salln iethodology
(Man rique, 1984, Unpubilished data). Land assessnin Itbmsed on lour
qualities, nutrient availability, water availability, soil acidity, and soil 
thermal regitne, indicated that nutrient availability was the land qtality
that most fiTcqueintly failed to nce the crequircilnents of,tropical forage
legumes. Utilization of high levels of itanagci-et input nlmade all 
twenty-one of the stttdiedlHawaii soils suitable fbr lotage 	leguie pro­
duction while even low levels of management itpti t significantly re­
duced the number of unsuitable soils. The land assessment was consis­
tent with 	 published field results on forage legunie perflorinance in 
Hawaii. 

Conclusion 

The methodology described in this article provides a systematic com­
puting procedure to use soil survey data based on Soil Taxonomy to 
assess whether a land is suitable for crop l)rodluction and to determine 
the kinds of management input needed to obtain optimum production.
Limited field testing of the methodology indicate that reliable estimates 
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of land use capability can be obtained by using this Soil Taxonomy­
based land assessment. The use of this methodology in developing 
coLunt ies could increase the likelihood of success ill assessitng which 
adaptcd crops can be recominended for a specific location, consequently 
redcding the risk of crop failure. 
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PART I I I
 

EXECUTIVE SUMMARY
 



Executive Summary
 

In May 1974 a conlract (AlI)/Contraiet No. ut-C-1108) was signed 
between tie U.S. Arency i International Developnment (USAID) and 
the University of lawaii (UH) to initiate a project entitled "Crop Pro­
duction and [and Capabililes ol'a Nctwork of 'li-opicail Soil Families." 
A companion contract (A1D/Con tract No. ta-C- 1158) was signed with 
the University of, Puerto Rico ii January 1975. The contract activitis 
have been known more briefly and popularly as tile Benchmark Soils 
Project. The purpose of the pro, ect was to test an innovative approach 
to agrotech nology transfer. Ihe irtmmt was to assist iess-developed coun­
tries (LDCs) in niore efficiently utilizing their hliud rcsou rces to increase 
yields and improve quality of agricultural proh(tion by wpassing 
three major constraints: insufficient capital; sciiriv of' qualilied re­
search personnel; and, above all, the tim,' needed to close the widening 
gap between agroproduct ion and Ibod requirements. 

The Benchmark Soils Project's goal of the acceleration and reduction 
of the cost of"agricultural planning and dlevelopnmient in IA)Cs through 
the p)r(cess of agrotechnology transfeir ire] totl(ats USAID's objective of 
expanding the infcrnaton available on the mailagelment of tropical 
soils to increase ftood production. The object ives of the project were 

1.to determine scientificidly the transferability of ,,groproduction 
technology among tropic:d and subtropical cooitries, 

2. to assist tropical countries in assessing the potential of upland 
areas for intensive c:roppin anid intensive soil management, and 

3. to dcinonstrate the value of soil and land classification in formulat­
ing agricultural development plans in selected areas. 

The project established experimental sites in three soil families in a 
network which included Brazil, Cameroon, Indonesia, the Philippines, 
and the U.S. (HL woii and Puerto Rico) and conducted a series of paral­
lel -linked cxperirments with maize to determine the grain yield response 
to P and N fertilizer applications. Data generated in these experiments 
wre used to test the hypothesis that agrotechnology can be transferred 
on the basis of information contained in the soil family name. The proj­
ect received two three-year extensions and continued until 1983 when 
sites were closed down. All field operations officially ended on May 31, 
1983, and closing ceremonies recognizing the contributions of the local 
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staff were held in each Country. The Following is a sunirn.-y of sone of 
tile accomplishments of the University of Hawaii Benchmark Soils 
Project. 

Establishing a Network of Benchmark Soil Families 

Three soil famijies froi'm upland arcas having tIe potential to lbe p,'rluc­
five finde,"appropriate lia;anrollet liract'ices vere selected to test the 
hypothesis oi agroteclinology transfer. Soil surveys were conducted in 
the U.S. and cotmntrics in S. F. Asia and Africa to establish a network of 
18 sites. [ie three selected soil amilics werc 

I.thixolropic, iotitcrmic lvdiI I)vstrandclt s, 
2. clayey, kaolitiitic, ishypertherrmii Tropleptic Entrlustox, indf
3. clave,,,; b-atdilitic', ist4hytCerthcrilic Typic Paleliuhlhs. 

Of the 18 sites, three of theli)ystla;tdepts and fbr" of the Paleudults 
were rcchissifird after a second site check. "Aiall (Iifferences in soil tem­
peratl(, base salulation, miner;lou\, uid organic matter content, and 
strict adherence to the rules )Ii clas,siticatim rcsullcd in the final 
classification. llowevcr, since the s)llere of tr;isfaluilitv of agrotech­
nology is not les;trictcd only to sirnilar-namd kindls dfsoils, but is valid 
for any soils possessing a coilin.iom set of' char:ztcristics f'ulfilling tIe 
requlilrcnlets of the tc:'lnology ill (icstion, it vas e x pected that tie 
transfer of tglo- tlchlogy lasci on the soil thMiuly would take place as 
the soils hld approq)priately similar characteristics. 

Establishing hnetwork of' soils required a ( ombira,iloll of negotia­
tions for land aind teclouical cooper;itien, soil surveys of )otential sites, 
classificttion of soils at these :atcs :ic ordi'g to Soil laxonomuy, and the 
ao)l)ointrmit of1a project leader. Each project leader assigned to head a 
prolect on hocatiolr in the coop e ting country was trained in Hawaii in 
the agronoric tccnliltCip Is etoi fllovwed in tileconduct of the transfer
 
ex perimenI ts11.
 

Successful Test of a Model for Agrotechnology Transfer 

Al iriportant re' tilt of the proicct was the development of a miethodol­
ogy fim- the statistical evaluation of the hypothesis of the transfer of agro­
technology-including a suimoary statistic, a transfer or prediction sta­
tistic.
 

TIhe statistical test of the transfer hypothesis was completed for the
 
H1y0Iri( l)ystrandCp)tS and Typic Paleuduts. As anticipated, the intra­

famil transfer predictions of maize grain yield respotsc to applied P 
and N were judged to be the same as tile site-specific prcdictions (within 
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randon variability), if ,a neasure of soil P and N was included in the 

transfer equation. 
Also as expettetI, ,dhie to the greater inul,.cr of variable factors, the 

evaluation of uldr-:/ai)l'y transfer of agiotechnology intlicattcd that yield 
rcspon:, to applied 1) and N could In( be accurately i'cdiIetd for the 
ly)ic laleuduls using the trans!er equation off Ihc Hydric Dystran­
deplis anitt vice versa. according to the iwer-fainily prcdiction statistic. 

Siiiiilarly, yies :pi to ) and N could not be predicted fbr the 
roitelppt ic llrustox with tl traisfe'r equations of tile Hydric Dystra_­

(leplt so 'I',,piclPaluduhlt:. 

Upland Areas Shown to Have Potential for Intensive Cropping 

NI aize iinduction was highest in tht lotl)ltic lutirustox (provided 
iloistuic was atcqtuatc), next highest in tilt Typic Palcudults (provided 
soil aciity and plant nutrients were not liniiting fhctors), and lowest in 

the Hydvic ystrandpts (even when soil acidity and phos)hoi'us were 
not const raints). 

Thc iliaturity datc of Illlaize reflected the soil teill.'iratlire i'egillies of' 
Ow' soil flanlihes. Maize g w n ill tile i"'Octiviiiioillilli of tilt 

'I \'pie Paludults iliaturcd earlier than itat gro1',tl in thtewai'iii 'Tiopcp­
tic EtiustoX O' cool Hydic Dystratepts. Although both the Typic 
IP;dcuduhts and Tropeptic twrustox have isolhypc'theri:ic tel~lperature 
ietgiilies, the llall ;int[ul teinptrati'' (.thetlI' oIpptic IEutrustox was 
nearly 5 'C lower thIn Wit of the Typic lPaleuiluits. This suggests that 

ainothier telil)ei'ati iC roe.gii ii' +eyntdt ( to further divide siteu; with 
mean annil teiilnperaturc's in excess of'22 o(. 

Cropping systeii expleritlents evaluating the pim'l'oince of year­

round croplping patterns designed to iiatch agroenvironnients de­
scribedh by the soil fatiuily were conducted at ;elcICecd sites. Cropping 

patterns designed for()one soil family werc also plantcd ill one or two 
othei' soil fatilies foi' the pIirpost of evaluating ciop pe'rfrntiances in 
different envilontikents. '[lil highest cahorie (16,580 k cal/ha) anid pro­
(ein (2100 kg/ha) yields wei' olbtiined with the Tropel)tic Elutwrustox 
cropping pattern otil he liopeptic Futrustox site. The pattern specifi­
cally dlcsigned for a particular soil family generally perfi'iiied best at 
sit's of' that f'Wiy. Crops found to be highly sensitive to teniperatule 

and iiioistui'c vaiatioli included head cabbage, iiustard cabbage, Irish 

potato, cairot, and bushbean; while peanut and soybean had a wide 
lange of adaptability to teniperaturie aid ioisture conditions. The 
Hydric Dystrandepts and Typic Paleudults, with their udic !noisture 
regine:, were well suited fbr year-round rainfed crop production 

(except in years with prolongd droughts for the latter). 'The Tropeptic 

http:inul,.cr
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Eutrustox was able to support rainfed crop production only during the 
short wet season. Stratification of the teillperittllet anid moisture re­
gimes by the soil family of Soil "laxonomy proved useful in formulating 
cropping patterns and evaluating their performiance. 

Soil and Land Classification Demonstrated to be of Value
 
in Agricultural Planning
 

The amount of applied 1Prqtuirtd to Ieach (he critical level of modified 
Ihiog eXtraclabh' P was foiurnd to be higher fhothe Hy(lric Dystran­
depts, with thie,1 lion- rvstallinc minertalogy (tliixotrol)ic property),
than for the other two families"with crystalline, (lay uiinrcalogy. Resid­
ual soil P was shown to have t marled effect on P availahility and crop 
response to appllied 1. With higher levels of rcsidual 1) hcre was a larger
anlOlillltf ext ractalo: P, grelater relative effect iveness of' residtal P, and,
conset(lutietly, retued (flntities of needed to attain the 1) rcqu,ire­
ment for t)IM1p11 crop growth.
 

The y'l)pic lahitcttolr sitcs in Indonesiawe;t weef1(1 
 to be well suited 
for the direct Ippi ( ation of phosphate rock of high and intermediate 
reactivity, and results stgtrgest that low icttivity pliosplhat, rocks may
also be suitalc a eIIIcILdoiriis h )l' listsoII tlh.se acid soils. In c(mtrat, the 
Hydric l)ysrra edtipt sites in tl Philippine-s required highl\ itractive 
phosphate ok (0p lir, yields cotliparahlc to those viithso pclil0os­
phat.
 

Mean annual crosiviy ho 
hlil)ys rardepts and Plledults was 
found to range from 5781 o 2713 tonmu-rii/ht and !'i 62 t( 2381 toiiie-in/
ha, respectively, which, on t(. wholc, is thircc-to-hnLi' tircs gre{,ttr than
 
that of the lutrustox, which ranges f'rom 
 365 to 521 tominc-ni/ha. A 
large proportion of.rosive stormis in Hawatii had low iriteositv rainfall,
while stor'is in the Philippines, Indonesia, and (anlroon we~re of high
intensity. The soil moisture regimec (,fSoil laxonomny alone was not able 
to quantify erosivity. By analogy, howeve, the closeness of rainfall ero­
sivit~cs within the saiic soil fanily in the allowable range of agrocn­
virom;ieits would seent to enable erosivities meastred from one loca­
tion to be transfei,-'d to a new location in the same family.

Manual o'rImcchianical workability of' the lypiC Paleudults Iid 'ho­
peptic Eutrustox was a fullction of their clayey tex1ui'e, kaolinitic miner­
alogy, and soil lmisturc content. Both soils were characteristically very
hard when dry aind very sticky and Il;stic when wt hPower require­
ments to work these soils were lower when the'y were moderately dry.
The Hydric Dystrandepts, with their thiixotropic properties and low 
bulk density, on the other hand, had t lower power requirement over a 
wide range of soil moistLr'e conditions. 

The soil family stratified the occurrence of maize pests within a coun­
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try, although not over all couo ties hecalis tilt' occur­if rigioti-specilic 
-
rerice of i1.10y of the pests. For example, dowily lddew (t3,ronwscro 

sorr Sil)p. occurs in lill esia and I It lilill)ines,) Iiilooilv but not 

ill Ca4iiloollor 0!lawat l)(t\vitV iil(it'Vw illthe waril,wii, was most i,'(vc 
moist cl inltilzlltl (dfthe Typh' Pa~ltcl ltsa :- Iminter ill tileid,',-ivclyv 

c( l. hlloist I ly'ric l)y'straii(llel)ts. 
Nit ituc'n-flixilng let' spc(itS, mostily Iguiies, tlaitcd in each off the 

soil l.iiiiilics I-cl(t'ttIl tilt diffl'Cwccs ill soil Iltoisili ,and temiperatutre 
regimics oflIlhc sil f,iiilh ill their growth as et'arl as six titonths after 

pltllliiii illtilt'ichl ;111( d flwit I e's WItc still alp:tvclit twO y,'earvs alter 
pilarting. )f the rteplicaici spccics, LAUinahna dandt':xiio/a ;tld (,'all'andra 

caloI/it'rtoi wcrtie hest ,iil;ii~te'i to lit cool, moist clivi\ollillleit ofl tlt, 

I lydic l)\'strttldclt site, whilI..L 'oco'p/halaan l /i. inifsi;lia exlhilbit­
C'tia X. ii' ialtg' kldatptii )ilitv b, iliej li'rhiul'lt ill tie v;irIII, loist 
C'mnthtiotis of tih' lypi( Ptla tltidital Ultic iioliitidall Site', Is well aS Ill 
ile \tailll dr' co ldlitoll: ofth h Tl lii tlstix i­'opt-ptic sit'. .'il ia a+trcurb 

/iirui ;i.il als) .A. miall.,'itu exhibited toleia;iie to soil acidity and severe 
drollil t th 'il'iiicPaleudhlt sitc. 

Crop and Soil MIanit ageme i In formation 

(rop, l. \Vtalllt'i (ta lotiransfer, tI;nai;igemntieii, Vair'ietNsoi;.uth and 
txp)'t'iiteiitis \X'vI icolipilel and stored ill tile, enchuark Data Bank. 
These ila~haveccti used b l p)ersoiiuc'l, wellpolc'i ;Is as tesca-Cehcrs 
t'lotii ohir ilsthiltions, for basic agrilloiiic studies, ctosiX'ity studies, 
itivestitiol ol wet;ithti relationships, and testing4 of ,iiXth silitilatiOn 
mottdels. 'lhirst+ dl;;t.( 11ruu itC Illthiat theyv \vtnt obtained fruoli sites 

with fully li,taictcrized soils, cnttinuous wV'athil'i daa, and cat'efully 
conductctd expo'ii its hoc;tted in widy Spart'eit;ttd geogr;apihic areas in 
the tri)ics. lhesc data sets IllaIV be oi l the Ill(st itliihrtilt mtintribtu­

tioluis o tlile Bencihm;rk Soils lroI'ict to researchters anitare_- available 

A Network of Cooperating Countries and Age'icies 

The p'ojecit pltyt(l an itll)ortatnt role ill the groXX'ing network of coni­
intlhiciitiig adl( I cw)tcratiltl) I'SIlt'Ch ilisitutiiis f(cttsing o1 food 

protlems of tlie tropical \vorld. 
The "\Voirksliop oin lxperimental Designs for Predicting Crop Pro­

'' 
ductivity with ]Flivil-olillic.Hal ;ill(]ct E(oill~ic Il+ was field at tileplts
 

University of' I lawaii ill 197.1 atd autt'ed by 38 patuicipalits from the 
United States and abroad. This ivititl workshop of the Benchniatk Soils 
Proiect wa., devoted to disctssions relevant ( tll research methodology 
and tile xpe'inental designs to be employed by the project. 
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PrQject personnel participated in the organization and conduct of the"Second International Soil Classification Workshop" ill Malaysia andThailand in 1978 and in the Third" and "lourth International SoilClassification Worksh ol(S)" in Syria and Rwanda, respectively, in
Ap,'il 1980 and June 1981, under a special grant 'ramii USA I1) through
the Soil Manageien t Suppor Services (SMSS).


Advisory (omlmittees cmvened 
 hy tilt llilippine (XCuncil for Agri­culture and ResourcS Research and I)evclol)tnen (I( ARRI)), Center
for Soil Research (CSR), and Institut de la Recherche Agronoinique
(IRA) included ,',opeating agencies ill the Philippines, Indonesia, andCaineroon to I)rvide guidance in ihe conduct of regional progratus bythe project and to serve as a bridge b)etweel lost-colntry scientists and 
planners. 

Project personnel ha\'c collaborated with SMSS scienlisls in plrese'int­
ing forums on "Soil 'axonoiiy and Agrtechio gy 'Iransher" in Fiji,
the Philippines, (Cam'eronl , Thailand, and Paputa New Guinea.
 

'[he New Zealand Soil Bureau 
and dic international Society of Soil
Seience (ISSS) invitedl the Benichmark Soils Project to partic:ipate inan1 inforilative olle-day svtnpt Sillil on lpro ject accomplishmnts andimpact during the iternttioal coherence oin "Soils with \ariable 
Charge" in February 1981. 

Training on Soil Taxonomy and Agrotechnology Transfer 
Awareness of pro ject goals was generated throughith deVehelOltent of a
training program oit "Soil laxonomy and Agrotechnology Transfer."

The project conduccld hivt training workshops. The first was a work­
slop on "Soil Resources and Utilization of Agrotechrology Transfer for
Country Development" 
 hield in the Philippines in 1977. It was con­
ducted jointly with Cornell University and incltded 
 42 participants
from Brazil, Indonesia, Malaysia, the Philippines, Thailand, and the
U.S. (including representtlion froti Puerto R iCo). The next was a
workshop 
on "Seil "lhxom y" held in the Philippines with 10 partici­
pants in 1979. 'his was fbllowed by a workshop ()I"Soil laxonony
and Agrotechnology Transfir" conducted in Indonesia with 25 lrtici­
pants in 1980, and another on "Agrotech nogy Transfer" held in thePhilippines with 24 participants in 1980. The fifilh workshop was on"Soil C',a::.itication and Agroteclinology Transfer," held in Cameroon 
with 35 participants in1983. 

Nine graduate students have received advanced degrees from the
University of Hawaii with Benchiiark Soils Plroject support. Theseinclude one from Cameroon, with an M.S.;N three from Indonesia, oneM.S. and two Ph.D. degrees; three from the Philippines, all with Ph.D.
degrees; and one from the U.S. with a Ph.D. degree. Seven additonal 
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gi'adua,,: students supported from other sources collaborated on re­
seatcli probl ints related to project concepts and objectives. Their con­
tributions are repor'ted, in part, in the Final Report of the Benchmark 
Soils Project. 

International Awareness and Utilization of Project Concep, 

Dissetmination of rc e.arch results and the theories an( iniplieations of 
the p)oject , through lMticipation in conferences and through publica­
tions, has stimiulate'd intetest in the project and has served as a catalyst 
fir the utilization oftthCse concepts in various areas. 

The mailing list for Benciimark Soils Project publications gi'w to 
over 2000 people fin more than 80 countries. Expressiotns of interest 
in the pi'oject wect rccivC(l frotii countries throughout the world. The 
mailing list was eveintually used jointly by both the a)nojectand SMSS. 

Thc pj)Occt lpublishcl the Bewchmark Soib Nc,. as the primary n e an s 
of disseminating iiifli'niatioii related to project concepts, activities, and 
accomiplishiinelts. In addition, a total of' 1{) clihnical Report:; and three 
confei'iicc/scIiilar procecdings haC leci ljblisled. Numerous pa­
pers have been prscntelcd at conferences ,and workshops to Iboth local 
and international audiences. 

A seitinar entitled "Uses of Soil Survey and Classific,ltion in Plan­
ning and Iplementing Agricultural DCvehpient in the Tropics" was 
organized by thelBenchma'k Soils Pro'ject anl1d the Internationial Crops 
Research Institute for thw Seti -Arfd Tropics (ICRISAT) under the 
sponsorship of USAI1). It was held at ICRISA' ini Hyderabad, India,
in 1976. The lurposc of the seminar was to establish communication on 
us( s of soil survey data in i'elatioi to land use planning and agricultural 
develolmttent for cropj1 I)ioduction. Piroceedings of' the seminar were pub­
lished in Sod-Resource Data fJr A,4ricultuwal Developil'7t, edited by L. 1). 
Swin lac. 

The Benchmark Soils lProject coacepts formed the cor.. of the discus­
sion at a worksho) entitled "Operational Ihplications of Agrotechno­
logy TVansftrence Research" held at ICRISA'I Hyderabad, India, in 
1978. At the workshop the Soil Conservation Service of the U.S. 
Del)ai'tiieit f Agriculture agieed to "internationaliz.e" Soil 'lxonomym 
and participants agreed to create an international body to oversee soil 
iesource ilvento'y quality control and to mobilize talents and i'esourees 
to begin collecting soil and ci'op data for soil inteiprCtatioll, soil coirrela­
tion, and agrotechnology transfer. 

A joint p'oposal prepared in the Philippines by the Benchmark Soils 
P'roject Advisory Committee (consisting of' personnel from the Bureau 
of' Soils, PCARRD, the University of the Philippines at Los Baiios, and 
the Benchmark Soils Project) resulted in the funding of a 6 million-peso 
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(U.S. $600,000) project tited 'Classihation of Philipplinc Soils Using 
the Soil Taxonomy Framework for Agrotcchnology 'ITransfer.' 

Both Indonesia and the Philippines decided to adopt Soil I"Ixonomy 
w ,lippleilentary soil classification system along with thi ow t local 
syst':ins. Pa'rticipants at the Benchmark Soils lProject-spomsored work­
shop on "Soil Classification and Agrotechno ogy Transf.'r" iIi (;;ner­
oon in 1983 endorsed the fOrmnation of a proposed National Soils Cen­
ter. This body, eventually cstablished in April 1983, proposed to 
encouratgte the sinmhullancots use of' three soil classification systems-the 
F'rench, A(,O aind Soil laxonomy; to develop correlations between 
these syseins;n to0 dcvchl p teiilitC to conduct staudilard soil SII­
veys and use alU'otcclmnology tramA~tlr in the cotilllly. 

In an efilt to plve tile a'y for 'ffe'tixc utilization of tit- prim iples 
and ConctCtls of' th lcclimuark Soils Project, a "Panel Consuihatioti on 
Straltcgy for laud lEvaluation and Agrotechnology "ll'nsfi-r in the 
iropics and Subtrop)ics- was held in March 1980 in Romme, Itily. The 

Ineeting, a fillow-up to that held at ICRISAT in 1978, was organized 
and conductth iojoitly by the Benclniark Soils Project and tile Food and 
Agriculture Organization (FAO) of' the United Nations, -ad held at 
FAQ headquarterCs. The intent was to develop an international strategy 
fbr land ealuition research and ,oil-bascd agrotecihnology transfte.r in 
tile tropics and sub tropics. The "Panel" ret oinilimded that an Inte'­
national Network of Benlcimmark Sites for Agrotechnology TFransfer 
(IBSNAT) be established for the tropics and suibtropics. The mai 
obljective would be to eluicidate tim funlarimental relatiotshtips betwe.e'n 
land characteristics and crop I'Ieiietnnts to facilitatc the exchange 'A 
agrotechnological prOdUction methodologies. This project was funcled 
by USAID and is the successor of the Benchmiark Soils Project. 
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Appendix A 

History of the 
Benchmark Soils Project 



1973 

A project statenient t) fn.1d the Bcrichinrk St)ik 1Pr(jtvt was submuit­

ted to t he "l'ichnicitlAssistalitre Btre.uitt/Unitecd States Agency for Inter­

national Developinit (IA,/USAI I)) Air ti isidt'atio. 

197.1 

A workshtp onttx rinrtt'ttl l)'signs f Irctltictiog (ro lCropProductiv­

ity with Elivironlitentatl ,and t ii hipIttJttLs'a' hheld at tilt! University 
of F laii (UH) to develop strittgy oil expct ii twillaol ;tifnd (o) (etcr­

min the lib)r of'sites per soil taitily.iet 

A contract irttplciclltilig the Brnot- Iark Soils Priicct ,. ;ts signed oil 

Vlav 31, 1974, by OWSatts Ancyy Iltitcrnatio)ntl I)cvclop­uc Unitd , 

nient (USAII)) tnd U 1. 

The tlixotrol)ic, istthi ic C )'StralltO(l)tS, tnid the clayey, 
kaolinitic, isohyprtherioic Tfropeptic lF.t1ttistox soil ftitilics were se­

lectecd to test the atgrotcchnrologv tr;isftr hvlpotthesis. based on the 

important role these soil fhttrilies Ifltv in atgriclttrt in Hawaii and by 

the tlact that the'y possibly wtoild be identified in Asia atnd ,.\frica. 

Hv(l ric l)ystr;tittepts in K wa:s initiattd.Soil survey for sites on atw;ii 

1975 

A contrtct to iipleiient the Bvnchmark S(ils lroject in Puerto Rico 

was signed by USAII) and the U i\'ersi t, 0f*PiCrt o Rico (UIPR). UH 
and UPR would work cooperatively using the li)le)picElotrustox Soilo 

fanily ats the com,':.,ri basis for research. UPR would idenitify the 'To­
peptic Eutrustox soil faiiily in lucrto Rico and establish sites in Central 

and/or South America. 

Hydric Dystrandept sites in Hawaii wre established and the first 

trwnsfer experiment was pla ted. Hydric Dystrandept sites were identi­

fied in the Philippines atnd Indenesia. 

223 
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1976
 
An agreenvn was 
signed 11y (liv Philippine Council for Agriculture

and Resources Rcsearch (PCARR) and U-I to impcileiieit le Bench­mark Soils Project in the Philippines. Three Hvdric 1)ystrandept sites 
were established in diec Bicol region of CaIariles Sur. 

A workshop oil Usc(s of S;ail Survey nd( (lassification in Planning
and Impleimenting Agricultural I)cvelopiint viwashcl(I at the lnternia­
tional Ciops Researeh Insitite foi the Senii-Arid "lIopics (I(RlSAT), 
Hyderabad, India.
 

Soil surveys fui Hydrhic )ystrandclms, 1Jiopcptic Iltrusto x, or anUhtisol Soil famliily ill Ghana, Nigeria, (:ani',)on, Kenya, and Tanmzania 

Were initiated. 

The first on-sit nihiihiark Soils l'roject review was condIuctCd by anAl/)-appointcd review teamn. A reconiiiiolatio was mdc to continuC
the l)roject for ihree years and to include a Ili-d soil fimily )eloging totie o(dr Ultisols as requested Lv the Agency r'Agricultural Rcscarch
and l)evclopnlcn((AAR)) in Indoli'sia and PCARR in the Philip­
pines. 

The first (oorulinuition mccitinu, (if the I and UPR Beicnhmark Soils 
FProject was h'hld in NIliv'iguez, Pl'rtlo Rico. 

An agrccnit was signd )y the Agec'y Ifor Agriculural Recsearc hand )evehopnlicit/Soil Rcscarch Institute (AAR/)!SRI) and ti Bench­mark Soils Pro-ject t implement the lechmark Soils Project activities 
inIn ioncsia. 

l-hre Hydriu I)ystranhpt sites in java, Indomesia, wene established. 

1977
 
A training 
course on Soil Resouices Inventory and Utilization of'Agrotechnlogy 
 Iansfer tbr Agricutural l)eveloplent was held at the
University of the Philippincs atPh il ilp Ios Bafios (UPLB), College, Laguna,pin s., 

,
 

Ihe secoil l: enehiark Soils Project coordiination tieeting was heldilltile Philippiie ; oin coimnon icitlohlogics and Iiatllgcilnt pac­
tices used ill the cOW(flt otf transfer CX)crients ' 

Soil survey and(study fur a common Uhisol fahily was initiated in the
areis of tropical Africa, Indonesia, and the Philippines. 
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First Benchmark toils Vews newsletter was published. 

Paticipation in the Intrnational Workshop on Hilly Land Develop­
ment in the PhilippinIes and tl( lnternational Soil Classification Work­

shop and C(orrelation "l61t, in Brazil. 

1978 

iT l'tutustox sites were established(l the islands of Molokai,)Cl)tic 
and Oah,, a-vaii. 

Typic l'ah'udllt Sit. (.Si.)ili:Alt in Inho esia and the Plhilippines. 

A workshlo)m hill(- )l.c tional Implication of Agotechnology 
" 

"'ransterence Research wal hldht at l(RIS'i , lyderabad, India, to 
plan log-riig' activities in thet utilization phase of tile Bntchmark 

Soils Project. 

lirst approximation ion t the t llrSlJlmalysis using experimeltal data 

froni the Flydric l)ystrandcpts sites was C0oitpleted. 

1979 

°Fhe second on-site BItchniark Soils P,'ojtct rview was completed 

with a recommiiliendlaition 1( i se(od1(l three-vti extcnsiofn to complete 

testing of the transfer hypothesis. 

The first instruct ional workshop ()n Soil hxononmv was con(du('ted at 

UPLB, Lagun, Philippines. Ti l)atrticipants included government 

planners and soil specialists from the governlent agencies, agricultlral 

colleges, and universities. 

A memorandum of understanding was signed by the Benchmark 

Soils Project and the O)fice National de la Recherche Scientifique et 

'Ibchnique (ONAR VST') to implement the Benchmark Soils Project in 

Caileroon. 

1980 

The Benchmark Soils Project and the Food and Agriculture Organi­

zation of the United Nations (FAO) invited international agricultural 

to discuss strategies fOr soil-basud agrotechnologyscientists to Rome 
transfer in land evaluation for the tropics and subtropics. Plans to estab­

lish the International Benchmark Sites Network for Agrotechnology 

Transfer (lBS NAT) were discussed. 
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Soil TIxofliy and Agrotcchiiii4\y Tralinsfer wooikshps in Inlonsia 
and pilihiuitppi sIwictill iihiit10 il sPijit il we,/e p scientists. 

The Benchmarkioilslirtoiccit ganizcdIi i in-htimc (1orkshop at iltst u 
U,!ivcrsitv I ll thal v,;iu lm niavr tch­iawi Iltrdiscilfi~lirV sitssiv 
ntlogy trli i ster. ;cchiill( al wtin; ",ct ti lirCSCiitCttwilk ,Wil o , agricuil­1 

ttN'al SIici e-s i itu tsl Otestmlt i miitt iiiiI l i,idli ( t' iiiS, iiti .iii i aiid 
nut ritional scicIIc,+. 

Ty(ic Wlc'ilh .i"t)I tir cisti li,. i ( tIti t t it i 

Brazil and tiicr,)it ti)i1 t ctmil Ictci.licl ititn,, .\t ,c 

Accomplishments (d the icncimt;ik Pnrjtc r presentedStills w h tothe( congre,:ss (Wt(liclt' tcl-latitonal S1(",)il at its(duct .Science+ ([SSS) 

Conferent ()I Si with ,rinaes(c hiun it Massey University. 
PalmroniurtoiNorth, Ncw Zala . 

Oil r-c(Itst ()t' thl IIIIci-litti l Smil Nitiscun Iin thet Nc-thcrlands, sofil 
mloniolithls lrcp~rt-c~jIiti+ h llt'- s)i1 fimilly Ietw''+ks wVClc pi'vs-..illcdl 
for use va if)incrnlat i ma reclrc and disp~lay. 

Mlalag 'Iol l(ttcxpvriItcIIts (III crn pplf" ,,vstcmlls tlldl 11itr1)gcn-fixinig 
tlrtets (N FY)]' \Vti c itp i~hm<.td to cciumnstl+;ntt thct cfl'ects of, soils and 
tctiVil'tolmnitllt: (m (t'l) pi) I+ l illm c.I 

1982 

iworlkshop on Soill "letxoei. and AgrttchXthgy Triansert was 
hl eld iY jCiltc andits iif a,eH iteioi , it'. cil p ratio ll with tile Soil 
Manag eet Support Serlvices (S S.), the [nstitut dc lepRechethe 
Agronoqu. Id m adFAit.HI we i 

19r13
 
l]F'iIl. oi-.site r,c'view c o lt ed.lc A\n on-fund cd extension was granted 

to May 198l4 Ito co(llllet collpilmion (of"(datastts anld r'eport writing. 

operations of'th echmark So>ils PlimjcAll fiddc ill- three soil f'amily 
network were comlehted inl May 198:3. The NFT expecriments with the 
Philippines, Indonesia, ,III( Hawaii wcerc maintained unltil the second 
quarter of' 19841. 
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Filial Ilecting oft Ihc U II projct I ;adehs was held illHawaii to discuss 
the final project re-porl, liquil;i offproject funds, and turnover of 

equipmenlt and supplics after di" wrin;itIon of the Benchmark Soils 

lPiro'ct in e;ielh (01111 I-v. 

Schedul for plublic;itIa oftl' fii,1l project report was outlined. 

1984 

Secend io(l-I'im!,'- exte!nsion was granted to December 1984. 



Appendix B 

Puerto Rico 
Executive Summary 



Editor's nute: 7his E.autic Sum mniau' i. reprinted from Research on the 
Transfer of Agrotcclinology iransfer. Final Report of the Puerto R ico 
Benchmark Soils Project 1975-1981. Bhinroth, A i. 1982. Maya!uez, 
Pu'rlo Il?o, Unijeersilyof Puerto Rico. Pp. 7-11. 

Reference Background 

The Benchnmrk Soils Projcct (BSP) of the University of Puerto Rico 
(UPR) was established in January 1975 u n(lIcr contract AI)/ia-C- 1158 
,idi the U.S. Agency for Internationail Development as a companion 

ploject to a simil-a All) contract ofthe University of Hawaii. While the 
UPR/ISP iad a durition of sevcn years and termninated ii I1-ceinber 
1981, the contrac, of thc Univcrsity of lawaii becanie ecff'cctive in 1974 
and was ol)erational through May 1983. Both projects were closely 
coordinated and constitMed ;in integrated joint e'ndeavor, o1' both uni­
versities. 

In the first cnpreliensive studv of its kind, the BSP ventured to sci­
entifically establi:sh the transferability of agrotechnolory, particularly 
soil and crop tuanagenient experience. Central to this effort was tle 
benchmark soils concept 'nd the soil faliily as defined in tihU.S. sys­
tem of soil classification, Soil "lTxonoiny. ThIe intent of the soil faiiily is 
to group together soils that are relatively honiogelieous in1 properties 
important to plant growth. Consequcnflty, comparable )h-Iasesof all soils 
ofa family should have a coninon and predictable response to manage­
tnent practices, correlative input-output characteristicS, and siliilar 
crop production potential. The transfer hypothesis underlying the BSP 
is derived from these principles and is that empirical agroproduction 
experience gained with aI soil of a particular fanily can be transferred 
and extrapolated to all other coitlparablh nieibers of' that family, irre­
spective of their geographic occurrence. 

The general aim of the UPR/BSP wa; !oexperimentally and statisti­
cally validate this hypothesis. The primary research objectives were 
1.to demonstrate that soil management and crop production knowl­

edge can be transferred among tropical countries on the basis of soil 
families as defined in Soil lhxonomy, and 

229 
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2. to establish that the b~ehai'or of, (ro)pic; soils and tIfIvtl p Till for 
food prlodluctioni unii - various ](-\,(.Is (Ifiiiaaiiliit Inputs call be pre­
dicted fi-otn soil Taooiilmi~lit'111
 

A\ svconLtlry objllctivc 
\vas To1cxpxid ille knowvlcdgc~ basefiic l illia­
:lIgciliciti of a f I ofiv iill soils (lro(ppic Futriistx) InI pairticula~r
toisidcriitji of 1111 l lli( (Irll imIl cm~isiii l (fl smiall fiiiies III 
L DCS. 

Tllc balihtCi( RI10(015 lflfiiir (diSl(li Si) am)uX( was lidnot sci ofiii 

iliti l~l t;t ]IiTIl (w(cW crIthI~ t' (ll c m q n t I( a.cIa
 
1S1i11mlfcniiiic-i)I S~t'S w andI\lcilj~llcr1( uidillli nd stailsils;h
 

COnare HiriIl>;I jrIS(h(;) ll' Lj\lds l'11I ~(ilwj 

ttil sultiloI ({~~I-m s (illd soil stilx S(I eprai ftill ~IIinI wlmlli. 

dta !)alt:,,if Itilli~stljstll -y,sid iin \Ii lt. l it wa~ill ighl ,('Iiyptrilll
 

vdilitiltill 
(s hh/ t1,)pinlIst III). lillti 1:tik v~a)(ciuhlllil iccltlsif~ 

tileSnix rillicull IlilliWnI' iovu hlisloil. itiil XIcl X idIIe fbrc trais 

eraiit,' Bail [lI.itc ith the(Imwidill(li wi:r-sles Ponelsau o 
Iteyltiii .I Mtein i;rsdrwI-N11 Thii( Itext llO ile wIi 
inistaltw( isnuil iprisll(. h III Iuihfr( ali ofliilgIIn rawice 

Ae etor (' il13 Ie.mrliits c i u t d i(il( i -'c lc 
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if crltaiilt :11-c cosideredt, 

reSpoillSt' at i IlUw Site call bc fictf(litel ofl) dii lais of tNJpttitl lls coll­

(lt i l ottltt'i Atsil withi the~ SOllic sioil filmlI cSsclltialyV 0 i llIIa b ;ll~ 

T he grap~hs Shoiw that, Site' \'aial)thil'( f'CImlizeci 

pi isit enw(slt'expgroliilc coiutc ­

cc,(I P1(11(1 iOn batlsii\ c Sta(isicaWlStu iesli'i an itsid vaiti(I ol oil 

ptilot 10d gli f'C I lodsplis anti by kmpl/aton ()fiiil((ogn (-iiltt' 
\ICHIM1lS wilt' il~ ilh :;is kglt.lie h1 ot (I'll'i CO'K'lll5 1( lb' 

tIoni1cu \r lil t '~lst iid iptti to lsidii i l'l ifliclti il [.titol III ill . 

liis i mid'is ,rlii oln, (ictt tii~t. I isve'mi~aiitSiltil~ii\ c iI-ut 

iill isiitIc slalltit If to 

kghi.so~vr90 ghlwn bale l tct ioadBai \[l 
lotc (dt Fltrt with \cl.l nus (i3(J() 200(1 

t(CNkuI N. liii"'.s ii sse ol (NPihs t to all b'fictaIt that 11 dcps 

(h cirgliolt st oi'tti' itotitti, flower11in ista;dit that the lone 

pI'il)(l C0lt't s lic u lC' Ic~i lti~tstudySIdtt'SS 8Itoiz'I s(Cotl 

'fcigllogc camt itnienas indisateethat lit' toitodiz "n prtollIV ht ints 
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complete tillage is not necessary fbr each planting, and that plowingwhen the soil was almost dry resuhed in the best seedlbed preparation.Maize stover as a crop iirulch can be effectively usel to conserve soilmoisture and increase yields under rainifed conditions. 
Ai intensive hii\icropl)ing exp'Ieiiri(nt using a 20 x 20 areati ofEutrustox yielde( produce valued at U.S. $1160 over a 27 monthperiod. The study showed how sirall plots ofland can be intensively uti­lized with modest inputs to effectively improve the quantity and quality

of the diet of* esourcc-poor fbnr fhnilies. 

Dissemination and Impact 
The Benchmark Soils Projcut was lrominently exposed and discussed atmany internatioial conferenices and workshops. Project rationales andfilndings were further dissemiinated through a sizeable and effective pub­lic relations and piblical ion l)rogranr implelerenteil and sustained bly theUniversity ofl'-awai BSP.More than 1200 individuals and institutionsill 89 countries ;are roirtinely inirnmec ;lal)Ot BSP dCveloplierIts.

International soil classification workshops organized by UIPR andheld in Brazil, Malaysia and lhailad, Sv'ia and L.ebai)n, andRwanda miade a signifiitri Contribution to t tc LilizatioI of the bench­mark soils concept. "'llt success of these workshops was instrumental inthe establishment of'a new AII)-spolnsored prograi, the Soil Manage­ment Support Services (SMSS) of' the US)A Soil (onservation Ser­vice. The goals of this irograi are to assist ILD( s in producing the
quality resouIrCe inventories that are the prerequisite for soil-basedtransfirs of agrotcrhnology, to ;'.ie Soil 'laxonorny, and to proriote itsapplication in the Third World. h'lreSMSS is thus closely related to theBSP and facilitates possible fbllow-ul activities. 
Planning nieetings held at ICRISAT'V and FA() developed strategiesfor tle implementation of the benchmark soils concept and lSP princi­pies in a l)rograrii of Iiore comiprchensive scope and wider geographical 

extent.
 
The rnaini impact of 
 the BS]P toI (aie has been the creating of wideawareness and hamiliarity with the proect anl its philosophy, instigat­

irIg support activities, 
and generating considerable momentum for the
 use of' the benchmark concept fbr agrotechnology trarisfer.
 

Conclusions 

With the overall success of the University of Puerto Rico project, theBSP has begun to scientifically establish the validity of a soil family­based model for agrotechnology transfer. The encouraging results of thepresent project are expected to be reinfbrced by the findings of the ongo­
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ing project of the University of Hawaii which vill he based on larger 

data sets from three different soil families. 
Itisproposed thai these results be utilized il a follow-up program
 

and a model for the analogue transfer of agrotechnology is )resented in
 

the report. A logical culinatlion of the turrent BSIP effbrt should be the
 

national and international agri­estaolishmient of a prototy)pe network oif 

culture research cenlters designed to demonstrate the steady flow of 

agroprodtuction technology fron research centers to ftiriner fields inthe 

tropics and subtropics. 
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Key to Site Designations 



Site 

PI1Jl 

KukaatjK U ) 

Niul~ (Haiv~vaHAL 

II~~~I-1 

PA 1, 

BUR 

(NIn NIC)!i.)n 

UKA 

[.it ionl 

IIson o a Is .iii. of Ii Lmiii I , awiiii.S.A 

Norht IsIhiiofof isido I'fmiiIiio U..A 

Pitipinu( ln, > l;i. i Nag iiCof~jii Pd (iijimm 

[c~Iland of Iizcfhii Il I iiftj, Iohuihiii 

Pa Icst i i ili 1,l1ii i,o I a i (i i v, if ;isi i iaii iii s ti )r 

A iIsandofLuon i(lilipil ifof ( sii 

B u~~~~~ci)I itb I,( a ; i li , N; ; Iii CaiI iI IIi I sfiti ofr 
Jril, khifiuznPhsipiii 

b;iaoi otiuI ila(Iltti it n 

i Cijo 

I ,tittii l t iiiii t) S t-u u g im ,W s 

Jav iilof inic i Isnntfiiis I no c 

linkituKcitiiii vm tianiii iijiig IS~iti-Day~c 
1sdviicnf ti ii iluCi~i S iaiiiii Jiilo ho) 

235dll',Pl~HC S~d ldlLS~ 



Appendix D 

Ranges of Characteristics for the 
Benchmark Soils Project Network 



hydric Dystraindkpts 

lbi(wi Q75R ('20: B2 10 k (NJ1, HiR 2q) Kun 5 R 3m/2) 
hliions rinc Iioii &~irk ind %ci daInk I %tvui da lk >~ish brown 
Iti shI5 1ij%%iI (i\1R ;/2. hnlmni ( II)'i I( .) B2 (IU'5I 2/2); B2! horizns 

:i/I)llmN4)Ia d Il i ws n f(( -Iv (L: o ki r5'1i.I I (il h i k I IOYI(i 

dMI~ 1/4~ ~ bnw(55to1nQSY~ bmwn~QSYP1 11( n-yi ! 

)IMYR 2/2). 
Organic ca1rbon rxinges ()iganii ;ali liiges ( )rgali ciihoii raiii'is 

homMI-L5 m7 p h n 2to i p-r~m 1 oI to 0l p-l ili if) onc 

(cxsupi ilitll I/I I)to iioq Ntill siit 11)1 Il t i; fr 

~iiihicv which ill lltli tl.s)) iiicq) 1112 ii 

for I-(l l ( ( iiil 2;l E111)111i tilII F. Ia 'l c(1( tili 

lan s sfili~oii ics talss 5 to I llc .linrsiiioii I) ~iilIcIiil ill dw 
toI ocIi (l ((irtl lot ll- IIIlgc surao ) hutio1) Iio~i~ inll2( oi o i 

d 11 L hosll'ac hia irgs8 Ilc ) 2 i ne ll Ill(, 

to6ill i ll( .ili 011111 

D)epthl (Ifsilllt ',oil is I )pili of' siliati soil is 410 )cjiili ii Stir-ficc soil is 15 
less thanl 25 tiin. i1 60)tri. tioIf) 11i. 

I wyetrings atiiriliiito ii) laveings amt flu ai-Jii Ll npil amc not alppa­
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Appendix E 

Procedure for Developing 
Phosphorus Extraction Curves 



p!cC2i(. Ii ;tsuiv i u it (siulid t spl \ioi-w tisl ( lwti. 

u 1i hlvit Ihi Sli r (. 5riidtt'tl Ow c s 1 cr' 

liii is ititl 

itiL [,,tI ): (P.III 5> y io t 

(N 6(+2)w ith atscmilmi l ;*d [wtil l .Ii t :\'111di;l (()st'ilt I ,.'I Iol 

1I ,-) l' lIi) \'t' sd' t t -( ;r't IA 1l( t II Wh teIs iltid thlI,' ii (bIt ttI (ItP Ett'u'tilnt :\ rn'anll }Extrac ;t;i. -nilt ' l it 'l'i(li i't 
lt:tr tiiLs,c lt ticsI 'It I II I , 1ktuh t C m ' it litiitIItI it ilt l u oil I) 

OA.()81,%(N}11l0,N( ).I 


it'( btrtil it t i (('lpiatt lI ). t 

t NI IkC~I , I9' (.\Vtitl1t 
P Equilirtion ind lxtraction 

]ht',v'o/s. 1l1ct . geit'Cs utite: 

I.,eagien'd Al:iLs)oletI) ( monititiitd): 0.25iN H.rOlyd + 
, <iI( 

H (Nj 6 2 stF(litJ: ( itt(l).I),I wt0 

stai itrI' s, uti (&2,'5 l ill. 

I . wlMot0 oll( illintilhrd issolr t02 g. 
P' tis I to2010 

/hte+dim1. 'lThmt',tihiV tlllX so~il samItclh andi~ j, - thiough] 2 tminlsitCxVt. 

",V'i-h g (di:,i(J ' baisiiiit"l smIilics l vtt- ) 'nt1 () ) [Ill laiti(I)()(­

do.sa ;i to ;t­t dd 0tIl(600(pig, P/,. S() i tslu,sti ltrdt I) s Itdim is. Tlho. 

tit',(& .al'~tdatt+ ",Im~ul gi\vc S()tihi< im is,tltwtr1) :(it'd(( t l((MCti ('t'itl'It quili­

lht'atioltl ), \\(tl 'i.1 (h'pldt~ I)itldsm-pttin\vryins 10}tilld J ;1t1(l ,.'ill ()tt 

,harit';( Ml~kt hil \v >huttnt trd with distilhlAtristius (dI tictstill. tt () 
.'+vttt'l, atdjtisting I'M. sm]iltimtistltrt bw d)tth' altcm ttl't. (:]h).L- aizld silik<+. mIt 

ic rt sh.ci r lowt }lim it 126 itmIu. At Ilhe,( wa~u(;tittg 2.1 rs (iiu th ttm tid (d 

' 
t li(t, 20 nill+iltt;'ivadtIictbtth' gi\v s its+(Alti~m (d (tht drsit'id c~m t''n­

traItim (0.0)2N II,.";(Yj ().0)''((N II1)2S(; \\'itS(tsti:('Xtrmtt~ ~+ )0) I * t 
(d"1:I100. Shatko- (In Oic'rc'tilpr< sha~kt'r lowr Owlitc nattdttittgu 1/2 houri, 

(I'terl'nilntc })Intiltecxttact.
 

P Determination in Soil }Extract 

]Rr+,rnls. "ltc( two'+ic-,gctls al't:
 

I1.Rea~genit A: D~issolvet 12 g of' ammniliuml lpau'molyibdate 

I(NU I- 094 wa'terand dissolve 0.29 g0)6MOc7(." -I 90 1 in 250 il t~fdistilledl 
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of II It i I 110 IIV Pot Iss I I I I I I k 1111,; 11c 1)()-(: 101) 1 Iflcd 
water-Add boIll."(11111 IoH.,,[oW0() mhd 5N sll Ifillic uld III 2s() I IIIiX
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Appendix F 

Cultivars and Pesticides Utilized 
by the Benchmark Soils Project 



Alaizc (Xiiiivars 

CountrN Cultivar Ds:scripuion S.ource 

ITOdrfrDiL- Atrandeplox 

IndonesI'iaii Harapa) 116~c Oiiilc prissifhd ic 
liUSA 

iiiivtC-Ilfl ti hn ili Im")d C:iuiuv. Bo(~t 

P~hilippines 

US (Itiawai 

UPCA-ui I 

X304C 

Opci phIi;z d 

()pczzIt juliinaIl 

Naric(\ 

riiv 

Cfl-L4uI 0f I'Iu 1 (1i'.. 

( XzzaI I r>I i dIt.1111itru t 

)I~:,l'~ii)p.iiuCS 

Io(-1 MIrops. 

ll 

14mgor 

Brazilr X304C Singh. rins IiI rid PizO;c I BHoI J11u(1liti;ni. Dc,~ NIoircs. Iowa, 

C-i 

'C-SA 

aluut 



Pesticides
 

Chemical name Method of
(ISO) application Target pests 

ilal);IvyI:oliar spray plaillf l, 1.l. r yw1(,scb,r-tcs, 
 r
 

carbollran Balldcd wvithScud ol. top ,r~~c> 
( x w s %.Af<]in. 

ciiorpyrifks doliar spray tlannt lpiS . itl. b1t" '. ra.shoppcrs.I t I t;t iIl )
 

diazinon 
 Foliar spray 
 til, I - i s.I.,:.rs, trms, 
spidc,' llite, 

Fungi,Kdel 
inancozeb Foliar spray northern imd sm)idwnIclla blights. common 

ineta]axv] Seed treatment d(,wn'; iildcw 
zineb Foliar spray northei n and stmtirn ]cvafblights, common 

rust 

lerbicidej 
alachlor Pre-emterge annual iFtasses
 
atrazine 
 Pre-emerge bridlcax -- and anuatl grasses

glyphosate 
 Dii coed spray weeds in ftilh)w arC;J prior fild )reparation 

Note: ISO isthe InterlnationAl Standardiz;-;-,n Organization. 



Appendix G 

Model Estimates and Site Variable 
Data for the Transfer Experiments 



Typic Palcudults 

SITE SOILPH BI SOILP B3 B5 SOILN B2 B4 VARIETY SEASON 

BAKA 4.7 1022 5.4 -1.419 137 21.0 27 -661 0 0 
BAKC 4.5 1223 5.3 -1011 106 21.0 -33 296 0 0 
BAKE 5.1 -4-47 1.6 21V) -I)1 15.3 373 -457 0 0 
BAKF 5.) 609 91 -2416 27 21.0 -288 -1059 0 0 
BP., 4.5 152t9 . 1 - 1329 94i8 5.6 872 -635 -I 1 
BPMI(: 4.2 1123 i.1 -12418 470 4.3 923 -221 -1 -1 
11P.1, .1.119441 3.1 -1766 943 .8 887 -998 -1 1 
BUK(' 3.9 1256 5. 1 -1313 290 21.' -27 -130 -1 1 
BUKD -..) 1591 -4.6 - 1580 321 21.' 1.5 -454 -1 -
BUKIE 4.3 148} 4.9 -2066 262 13.1 593 -688 1 1 
BUKF 
BUKG 

-1.6 
..6 

1108 
1738 

4.7 
5.7 

-944 
- 1661 

-1o.5 
304 

13.5 
21.10 

242 
2-43 

-19) 
-336 

1 
1 1 

BUKH 4.3 2188 5.2 -2282 51 21.) 14)) -116 1 1 
CAMA -4.8 128 19.0 37 85 12.2 5.5 -396 0 0 
CAMB 5.1 299 17.0 -9u -129 13.2 53 -196 0 0 
CAMC 5.() -422 19.1) -335 -347 21.) -1- -121 0 G 
NA KA -4.6 1-129 3.7 -1975 -104 8.0 718 -432 -1 1 
NAKD 4.1 957 4., -1593 393 5.7 899 -351 -1 -I 
NAKJ 
NAKN 

-1.2 
-4.6 

1853 
903 

1.2 
-1.7 

- 1866 
-918) 

368 
83 

101.7 
21.0 

51) 
-262 

-576 
-114 

-1 
1 

1 
-1 

NAKO -4.. 2248 3.6 - 1718 167 7.9 880 -210 1 1 
NAKP 4.3 2193 4.O -255)1 771 9.3 781 -989 1 1 
SORA 4.2 1917 2.9 -235-t 1156 4.7 863 -594 0 0 
SORB 4.3 162-1 3.4 -2039 1128 3.3) 159)2 -709 0 0 



Hydric Dystrandcpts
 
SITE SOILPH 
 B SOILP B3 B5 SOILN B2 B4
 
BURB 
 4.6 1430 4.9 -2276 693 8." 625BURD 4.5 -81 
IOLE 

1142 
3.1 1114 -639

6.9 -1275 405 
4.2 4109 42.0 - 189 6 8.1IOLK 4.4 633 

8 19 -758
15.0 - 170 88 8.5 820ITKC 4.2 -83122 109.0 -5o - 138 6.5 -9'; -425ITKD 4.1 37 75.0 -101 6 17.4 360iTKE 4.2 -145181 79.0 -436 -95u 18.6LPHE 4.4 554 9, .0 1)1. 188-8 -386-. 16 453 15.2 239LPHG 4.4 109 -534
36.0 -380 315 14.3 317PALE -2254.5 2432 3.7 -2156 268 21.0 115 -46PALF 5. 3 -1341 -196 21.o 47 

4.4 1647 
PALG 4.0 -1841855 5.4 -2057 312 12.2PLPG 4.5 n3131 36.0 -194 -352 5.3PUCK 4.4 1114 -10601107 6.7 - 18 18 157 16.3 296PUCR -624.4 1737 5.8 -2069 968 5.6PUCS 932 -7704.2 2228 4.7 - 1506 216 16.8 194 237 
Note: Site variable infrtiwtation in ciudcs preplant IN KCI pll S()II H). ppm prcptnt exiramthITrL." rng (SOlI.1'j). pp. p pclant cxtra(SOILN), and sitc-spctificb estirates ,of the sencond order resptnse surfacetnmel (m and 03 

tab, nitrogen 
n~e1' lit,-ar and respons-s. Btahtic82 and 84 arv N linear andquadratic tesponses, and 85 is the 1'N incra tion response in kg/ha). 
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