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The nit rogen fie ld expe risen s supp1Cer ted by ee he n-perne gc) Ibor, 1orv 

etudies have provided sgnificant data on utlizatio of" ap nitroge11te n 


by corn and sorghum &n rtepresentative acidoiS. Post-plant n itrogeni
 

app 1ications were more eff I entl. ut i i Zed nd prndued subs tan ti nlly
1~~~~~~~~~~~~~~~ ifC ~ s ;IF1-liIet ,h0!1"1 ce i-, Ii irc eo~ ~~~~ ," e!diia ! dVi.
 

higher iel'ds pre-plantnonSiderab eI each ng os1es<L , 
than applications. 


generaly ccurred with the 
 .- pi1cations 


Losses1e through itrifiat .in may occur in the .ield under te1!cora
 

pre-pla-t ni trogen ubstantPa. 

anaerobic conditions as indicited by labora tory e xp.mts, A surrisingl.
 

high level of ,inorganic soil nicroge!n-was found evon-where no ni trogen Was ... {
 

applied. The zerolevel, nitrogen plots on a c.avey Jxisniroduced about ­

590i0 kg/ha, of corn (94 btshels/i.cre) anid still contained about i80) kg/a a
 

of nitrogen ater harvest in the top 75 cn at sol[. ntiniIus crt:png ,-. 
.,,ith. corn in pot tests with diferen: soi]ls wathout addeud nitrogen showed 

hig amutS od.wieralkzabie nitrogen rol]e a.ed 'and the ,amoimts .released *
 

w.ete not !ahavs associat:ed wi:th the organic :roa.tter con tent . ihe s~oi!s,......
 

i t was found that !a rat or.' che;i caso Ithodn I ;,eI.1 as i o ub at ion 

procedures can .providemeans for evaoc:.tint thpetmnac t... tIpc Io so,. 


to supply nit:rogen to .cu~tivated crop ,"
 

The toxic effects of atuminut,: in the sol 2]sol ution en rOOt growth. 

:of corn and sorghain were confirmed In laboratory and gree.nhousqe t>.ests, 

It-was found that- calcium in: thie soil solutionl pltaysan important role "­

had lit tle o r no beneficial effect if thecaluminui;m ceen: t-ra tL on was: lw 

and sufficient calcium was presen t:regardleis, o)f th e teve 1 of s o ilj. ac ld.tv 



A- ig od -o IF~c~ifn icy 7Th'Th ofYjj -Ye~gll,~wa1 j htj d 

aXydy&Utiso]. limed to pHJ j, 9owever, the check plots~with pH1 4,, 
in the surace soil and 4.8 in the subsoil' produced hlmont 12,)OO kg/ha, 

The clay mineralogiy studies on the Ultisol Wn (PO soils Wron 

the experimental sites,,usinq X-ray di I'fractioa, di fierontil thermal, 

and chemical analysis techo incuos, showed that kao 1 ikt',amorphous maitr-inli, 

and chlorite make Up the greater purrtion"of the eAd f ractioris Aith lesser 

44 ': 

amtontn of mica, vermiculite, and gPibhsite cc'ivrlj ut a"M rho resE oA 

cla.y traction. Research is now belm; cli rec ed rioward te la tinv the 

- ., : . ? '•. :.: J • : - :• " ::V ,i• 'i " : " , ••,!', •,. 

the 
' !. • •;, 

mineral:. composition-- -? :. ':,! ., -.,- :,, of. thp clays to: - i ' : i ", :, the properties, -:i ,:: , : , of.: th~e.' •: MoI/. ':' IS a":: MI" .< _ ,'-: '( 

whole and their relation to plant
i: .L, :iiL . F :.-,,:'.!..: "'.:''i/: ; .: { it L ,A 

growth.
i:i -' ;:L . -i -' i: "- ./ :. . ,-i/ !: :i ; : ?. : :): :i' : ;is .'4) 

To interpret m~ore adequately thu resnlt of:the soil Fertility 
1 •, ! ) experiments in•' . : I 

-. :.! -
,:./_ ::!iC _". relation to Cho clijatic environnent, tests 

: •i C -' " ' /;- . . . L . D ;
:/ : y'i -, 

? "-: :I , , ' . :. :, / ' ,-,: - •.,/5.> have been -­ •:,•), ''-
-"/ ':, ; -:L'I 

: :;., 
-

initiated at the experimental, sites to deuermnO the rate oA infiltzation 

1 • ;,:"i .''. 
obf 

,, 
water

{ 
into 

: .? 
the
.:" 

soi 1 
- -::: 

rate of'O • : 
moveme~nt throughX "" .O - .. V!L the/.. soil,"i> and ... '.i water -­ : :!'' ":,:, .:i,''!..' 

retention. by the SOLI at diff erent tens ios 
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eguinous low clup; IN-OLE a & ~ .r 1/.1.t tci,&d ansfa-

~(2) to obtain VLONgIMioAydQ wnlo wilt Lg.vncy tOte WE 1.o.LtttVte 

Irnportanue ot leaching -Od (1~l.L.i i n I , oii"rd U..~ndar 

which the tWU fllCn&"n nly~i01 MUO L ii io tflltS 

Jhu. RAn L~JI fUIItid e% 1 1MOLLI, I""~ VLng -it K~ka n It o 0-s LrMwuond 

race Ot nir togep app! i, t so n. Walt r N u cd M it rou Ij n n di ! i~.ont, SoL1IS. 

Mhe moll at each IL Lead ciaraLlll,1.ii 1, YUiniia.tnt:CW 01 CoUHJL~vunart 

;W I c xt en IOU' in otciaW Cc Y1 . o Wt 1 L u.~510 f II ob: and KWtlmoi') 

Thle four: soils used In Guam~ cxpv~ioNn 5~~rdo. n t4t lj.c a, 1fia under 

the now USDA 03 1loLconmy vue: 

HLuCatiui ch £i.oJ (fI paI L fl,p ;h"PI !A= Ai;Wl LC isoyerhyErthmIc. 

Pias-()3iaj (Phsanurnt it Hap 1i1 ch~ snd sakup~c hurMLL) ; andl 

OAJ ~i Vk-1 pOpt. 1C hap iolMA I~ ,1 IA" 1 I.i , j olnyPrieniiI c) 

.00,ed'Urt~w- A Aaaonhid VCol", riino: s-b na j an t.i Aot iiwA v n and l1ay, 

WO2 at th" IOUt vIteS WWlI h~c Nof~-oi vlg nm'pa to WOheTa in -d i and 

Vo1s 9/U at, nkro.c nic tM 14&i:ta~, :0i LL. AAo WA&Guod alLE1~ Mh fi rs t 

n=tf Lrap am~tcs~, oeWC Soil p,0uon 
 th,-I
~s t 1i&L thins tKys. judged not LA b(, 

ay 19/1 L IU Iola ILL-~ havvt ;hi poP 1oI P" 

(JhflcIN i nO ult rvgcfu ti ia= *a 14 /i,nts v~l 0. a3134 kg/na at N a,; 

urea an 7 kg/ha o sslu ne iaalid" i~lu lwdw
 

mtamileft and 34, 
bi7 , atta W3 kg/ha otf ~ kitie osp] ld As a postplan't sidcdtess 

The sidedresN *wm ajpIJ~ed whun thiL plwnts waic apF GXfLaLt~v V-4~5 CM hlh 111h1S 





labito J Urn Yil andi Nun-cgen uptako a~, :icL(,Liin)~ 

Trentmen ka/ha 
. 

n-2! gi' hA 

. . U z i .
 

'I,q 
r-ow vc v 

*/t W.p~; 19-1n Vn .1 Yd 

Tu -. F'n tFy 

ojV 4- j~ 11 pt Icr U Q 0 U1 

Fcv L
 



. ... 
 . g, . 

dist rihution P1 laV i been Lhct o.a:t I : thLe 'iL, dc 'Oild )Ifl Lhve U,te
 

was n~it UiLedt L 1 -.ard. D t i A)- / iAi10ldtp .. rh: Nil 1pt Lt.
 

thatt .Pn& eid t : vv nJ a .I Ijtth ~r 


ait LtC ld 6t1 i'c~t t rt
l i 
1 , 1. L,­

f ~ 1...!.e zec:u~rd anQd I '10 Ic,2.rrt2. ;I th:1, t ,a: at:>;- r* ;..s p>;,.pI at w' 

...- 7. t; Ia u, ma h: ' .i'ab,+ ri tl a .l ast23..nd >1)- c::r , :. a.Lh~ , c, ~r h O 33
 

percept: of. the .i: . g.'ha ptco itar . ;t rl : a l!dohiad: ta, depths hlI'l,
 

75cA":ot n ftW h )O... ea0ii " 


below i l- c 1.. 1 t 

ni u o o . I .. ... .,c,rLc-1d ti na L' -isaasc. . f . . 
no a drIon..uit a .11 i-I rL Ic,Li-.Lt:h,.,1 ;:cnI illKh.% l
 

t , rue .trthe .id etH 


~ Iur 1 ,;.n.u t., al i.& r:' 

was applied sdL..I saridumr ~r,,)o "a:t ;.r,' n , :4.<1n .a 

di:erence inC'dsac ghum1)cy 1ei IstamVgr L ii t Ogeai. t i. s ;1, tS h- , 

.prevloua. corn crap. f~he aver age . ;tritz I iJ.,WilI,, k(gi'aw ith t dng ':....258S a 

ofh 2270 ) Li . . . 1: .. tt 1 .ill ""nto. 291)0 ikg/a. o .. . 1. 1 . r "r I 

The itrogen up t hC-,iove g oundo part ion : .b aoken Ia!ate 01 t th-p ant 


abu t 52 1g/ha,.: ... . . . 7: .. , . : . . .
 

•the- time O i plan£tg, ,lad\coi appl&&Ie .te lI Iit.! .nLtrogcn , Jnsquf .) t t.. .... <.;: _ 



T[here wais SWf cIMA011 10i5r', in UP 01 PI10 Infr:'..'C VUqY
 

of the~ cro~p , vex>; few weeas , no app! " Lnsociy
r.oo nro h Jem, andlc 

nlv Very'*.s g h ,i rd da ag , nhne v. !'-I, tf I div 

wsti genera P ah u mles tha nu A1' NOIh '~VLsit hi aNI 

tyieldi'i*I1' isl:igti higrs's e is!th.'s i 7a- stil Atr~ Si Fl)c5 bumeen~is 

It re tsi . s 's si s i sx' 1 ' ' j t 1 1 l1 1,t I ii K i l I (' 's Isj iV C T 



. .. . . . . ­
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Table 2. Corn :ield and nitrogen uptake - clayey Ultisoi (1umatas) 

Yield of Total Total N Recovery of 
grain Yield of plant minus fertilizer 

Treat. Treatmen t (5%H)0)l qt.ove N check NV N 4/ 
No. kg/ha.N- kg/Fla - kg/ha .g/ha kg/ha 1ercnt 

1 Check 4479 '471z4 - 4 - -.­

2 34 preplant 423,5 a 4985 ad 107 3 8 

3 67 prep.lant 681 a 32 acd 111 8 12 

4 134 preplant 5897 be 6322 1 '145 41 31 

5 34 postplant 5078 1nc 6141 bcd 130" 26 76 

6 67 postplanr 6275 b 6426 bcd 145 1 614] 

7 134 postplart 6571:( b 6741 bc 180 76 57 

67 S.C.U. preplant 4996 ac 5722 hcd I19 15 22 

Coe fficient of variation

of corn yield 15.9% 

Coefficient of variation 
of stover yield = .18.7% 

./ To covert to pounds per acre multip]y by 0.89 

2 / To convert to bushels per acre multiply by (0.016 

3/ Stover N +' Grain N + Cob N 

4/ Total N Minus Check,N 100 
Fertilizer N Applied 

" :I 
: : : 

• : :- , : ' / ! ' " .; .' , :: : : : 

5/ Numbers followed by the same letter are not signfffintlyv
 
different at the 5%. probability Level.
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The low recovery ofopreplhnc ni rrgen can be p Iartially,xpl ,-d b the 

fact that 15 of -tin fell betweon the 0(2app1 zIon oapproxima1,,y cm 1.1) t fO 


preplant 7 and the a
fertili 2er planting, resilting Pi Lt' ps i b1ii that on­

s iderable the root,
S portion of fertier w;s l.ached below the ne.v Some 

fertilizer nitrogen hav e oi although itmay ben C ruo was 

p eowed before rains outred LL cl:e observed durng po1t­under the Jas 

plan soil sampling t thesoil 50 was manyLm bel, waterlogged 'n Cses. 

This could have led to denitriiijcat ion of! the added nitrogen. Tb i[sis 

assuming ethat theadded urea had nitrified tao :in this slowv niC rifying 

the days tction. ! o11eLer, laboratory datasoil in 41 aLter its appi 

indicate that denitrification below 50 cm is,unlikely. 

An in'.terestin difference acee, ,his o Ind the 'lavey Ox('isol s 

that there was a substantial response Lto nitrogen .ermi lizer on the c layey 

Ultisol in spite of the fact that the soi 1. contained 300 kg/ha of inorganic 

N.in the top. 75 em of soil .beore,,piama log, almost as much as thie 380 kg/ha•. 

in the clayey Oxisol Wehere there was norespose toadded N. A possible 

explanation is that losses of nitroge by dnitr 1 icat ion or Ieach ing mayhave tsou I C.e Ioccurred on 

haveoccrre ltiol ~e may been 'Neld inontheclacy r ntrogen have 

a,form not readily available to the pldnt. 

Root examination approximately 80 days after planting showed god root 

p roliferation in the top 6A0 Cm of soilwith a few fine r 0 s growing o. 

75 cm, 

After the corn harvest the soil, inoriganic N content in the top 75 i 

was still 195 kg/ha. As there was asignificant response iA yield and N 

uptake to only 67 kg/ha of posrplant applked4N indicates that 1muchof :this
 



•10­

195 tWg ha o, f i :,n r,man i: N' '..,q no t n, i _ ,, 1,, ,_ : 'l > r t n , , -, :, { ,. 

e~ p .af~it ~ )f 1- fl-explantrion1 . ,LY; tha, .in Lhue M~Ot~nd &,. irojlan.& :i N( M atr~c: [.itj i., Dv.in.E Used 

sormc orpoi wnpN' :, nvr>o ,d vasu in
 

p o ss~i~i i I . .L! f ' t s th , L. .-. o i : :] :: ,: i:; ,, i..c-

N ,l5.'2 . Drt I. inil . ]. 

all the M , r in U-2,,:I". TA n- -" D En 


du1te rmlfinn i n., na ! a({i] .uh, i", 
 , .- pl.;. &]7t rr.iu., qu.pp)o u-l­

which: w.as- ,a sub.... 11 , . t, ninc ' .. , 1. , , . . j;.r. K{,, , ,: 15'3n. . tt,. , 

kg/h2 A in nr A an ann jp1,1 M f-!4Kr 
 lni
 

the cor yI' dHt!70 N h r i n 

was. ava[t able ..le..t.; plan us:;-,..? " .. :CA, ei::il , A. Ot. ...0 1 G t o.­

pOSS O MI5 "I'.;l W s>J].Ky':( 1 , f n 5 c, :.Z1
. tc : r. A 1 . : M 1 noit v:i 11s j: i Y- i~i gt i.. 

Ano ter iii - . olI', , .,t!,' i- O !a . P,,tW,'nt <'pp!I 
catllions lg fer.l'i acci.,to> corn' :0}, P'i " az: 1n;,.vo.- :;s 1 pycau<,]tjA flus-h Al 

a l-a k K in,,KLO - SM . •riv 


Lop "/5!cmli,M 


miu 1. N ,por.nn plus 

.S-, , F,-!U : dt ' romd M La 20 vwi',7, et, Popt. .,nt: !or! tL,.e ; LieaLt­

m,unlLwL. 'l]TV Q urlt~nqPtP P: vd,,t~.c E-VuMMOMt,_7 -i.so: "c';' ] d in] gioner.' 1 '
 

iec''I2IV 'd L M ied N. Tty' N ioILe in the prep lint Ira, tre.ltrhents 

rangu;td f ,rm 7 to, 0i ' po,":cU'Ll. 

b. Sor'ghum -- Winter ' . 

HIevly rains h,i; :mudiat elv after the preil-nt and blanket fertili ­

zers were plowed under at the site andit was It days and 1cm rain41 of 



later before sorghum planted2* othe -he.. the ould be At t postpl,ant 

application of fertilizer the whole fieLd appeared nitrogen deficient 

except for aaarea in the upper section of :he field w,-e the pthants were 

darker green and taller. Tnrganic N analysis of t e soil showed a1 

elatively small amount of N Left fromthe prpiant reament ., 

There was a very marked respnse to tao puOLnlant N aVp1 ica ii n; tLha 

~could be o],served beginning 2'-weeks af t:cr, the appIi cat o. Tn::!p0s t plant 

plots turned dark geen and began to grow ore rapid ye Ihe dli terenc.e 

SC olots an rest of the t reld-was so striking 

that the color cifferencca culd 1t-.-. obr,c....._ved lfrom a distance of at least 

a mile_. [The so.rghum plants conta~n: ng more ni trogen motoued up tO 3 weeks 

sooner than did the N icent ve-f pl(I1a , 

Thi froTn yield from th-I"plots recei.V i a postplant application ofN 

were significantly larger than that OL the. preplant applicaions (Table 3, 

ie a, the s as funct6on N rate tihegoating grai yeld a of resuted h 

commonly observed hyperbolic relat ionsip f'or the pus tpl.ant N a{pplication 

(Fig. 2). There was norsignificant yield response to the additions of pe­

plant N. This lack of N response to the preplant N opp] ication was sub­

stantiated by the very low recovery (average of 7percent), of fertilizer 

• N from the preplant N applications. 

,:;.The' maximuml grain Yield, was 4284 kg/ha :(68 buhes erhre) Which! was: 

}:-: considerably hiigheri than the htigh ! 2900: kghaot-ne n h Oisol 2-The. ° 

fairly. low recovery, average 40 percent, of f er tilizer N rom pos Cplantr tne 

treatmen ts is riflect idn of the sma I quant it ies of N that were -ibs0r bud 

by the plants, The maimum plan L N',, f ound iin sorghwnmC at tIis Lcontent II 
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was 71 kg/ha wheretas wich oinLoo max.im,,XIw,, 18I '
 

Ro t '' ,bj-flns U leVe.id 'i l ly
tati cos .'ia: I'Y reisitr icLed to 

the topsn . At Lh. i tu o; WI ,; ,tiK61:L PK. ., . a. xl ­

[at ely 20 CM L . 'i:I,'T" w n '. L, ' i' trc .r 1,th It, ]-.k I. the 


horon -
L a <2~r J. i ni,,:l'O'. ".' 1!01141,0 


coaJ~ted withaO~ 


I 10 K ... . SlUt 

I1"'"! 1W vU .'hwl org& mttor
Pifl 1n 

leached r Eop- * '-,- .. w.L n- n-lid,i edt 

por~tionl P. Tihe K:;," 
 i s~:: ,.d rw.oL
r i,,, . K nan}i vi,.'v. n ,..:: rnot un.vp.,- Et.d ,AS
 

the lowi'.~ pH ar n i 1 : , K2 v qI . p,,n !c h-

Seils,1L t' oSo Minini "7,-, 1nun .V Wa,1t= 
 , vtv j. l t . i ro t rowlil 

inl thu. su il.' Th 
 s i V' AL i n1 thhI ]t .tit ]], ln A l oao*,L ui''!< <: . i . . ' [J ;< ' [-4," i<:
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 is vy' rho' amount P;
 

n ir o e ... i i '' 
.. r n ed]IL n~ 
ti l', L opD 2 0} t o: 2 c m]' v o utl]d_ b e_, il:! { i ,a l . lo r
 

atbsor ptio .
 

3. siiso .. te - and ' isoI 

a. Corn - 1...... 97) 

During te i i.t MW weks dfer planting a number of seedilings 'ere 

killed lby the l'oscr Cl stalkIZ Or and 'niL deftiiencVy 


observed. le olin boer't V .. <:. , With 


' i, SYMDLOSi , Were 

l'iI c CCAl.i tMhe IIrriva1 of tIC,',vv railni~tal 

and zinc defIciency sym'.Ipt ,'m"' Wi IaC ,i'I IiC taOd ol ia pp-icatio oIf 

0.5 percmnt ZnS),. 7 It.,t). The plant gre<, tairly, well, although not as 

well as at the other si.tesm, reabin a,g MiAIU height O)aa.little over 



! ----------i 5 ,i' 

2 meters. The plants were severely tf'kected , mo stresscstwe lurin
 

tasseling and silking".
 

There were some N deficiency symptoms before tasseling 
 but appaentvly
 

the plant w.'ater stress during the critical silking period reduced al yields
 

to more or less Lhe same level, as there 
were no significant differences
 

betwee 'ntreaimencs. The average yield %was.about 
 3000 kg/ha o, gran (48.6
 

bushels 
 per acre) and 470 kg/hla of stloar. These l0w valuei were undoubtedly 

due in part to the water streSs during silking.
 
The mineroal N in the top 75 
 il p Am

:. •_m ); ...s.. h.efore, plian ing- Was daout 290 

,kgiha, surprisingly high for such a salldy soil. After the corn crop the
 

conten if the check treatment
Lrabouthad doped 10 kg/ha Plants
 

receI ing ferti1ze c contab nrd
nitrogen 1 or e nitrogen than the check plants
 

with an average of approxnateiv 15I pMLU,. f 
 the applied fertilizer bei,n
 

recovered 
 i n h e v I C L thI-I a Lop
 

t he top 7"5 c''o1 
 soil plus plat N ranged ome. 27 to70 percent with an
 

average of 54 percent 
 for the preplant urea treatments and 40 percent for
 

the p splant treatments. There was almost, 
 no excess soil N below 75 cm in
 

the two 134. kg/ha treatments indicat ing that there wa 
 l ittlIe ]ichlng of
 

N below this depth.
 

Root eXamj~nationl at Chis, site revealjed thatlwte stress was parLiv
 

caused by restrictIono of the majority of the roots Lt.the 
 op 15 cn of soil. j 

by a hardpan. A few roOts grew to 20 cm \'nd the very fev"$AhIt. were able to 

* p~netrate. the hardpan grew to a deprih o approximately 60 cm 'rhe top 12 to
 

15 cm of the soil were a mass of roots 
and many of theC root tips at; atdejpth 
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plants wei'0 approximauelv^3 0 cm hrgh and darker grecn, This trea.... t 

mature d 3 weeks Def.ore any otheL treatment and "oseIUently was more 

severely attacked by birdst,. The plants responded well to the po ,tpint 

nitrogen application and overcame their deficlency symptoms within two Weeks, 

'fThe grain wero c site ing iram toyields quite low at hIs rng 119 2457 

kg/ha (13 to 39 bushels per acre), The top yields of 2331 ad 2457 kg/ha 

were obtaincJ wit.. tle 134 kg/ha rnt~r The g ara .yield iol the 134 

kg/ha pr ep]ant t eatn~ent w,a: somewc,ht. reduced by bir:d damage 'lh stayer 

.yield for this t.reatmant w~'s Signliiccm-nr<ivlarger than1i _or all oither treat- " 

ments. As th layey S the recovery was higheron e Urtisol 11ertliter nit rogen 

from the postpan1t JeatmM ts, 23 percen, than frm the prepiant t eatments 

8 : -Ce.,I 

't .is reco~mmended that for scrghum .h.' post lant: N application be applied 

when the plants arie 15-22 cr !te r ., , da. aI planting,hnigh 3J 

Wait ing tll th o plants _ere 30 cm high r ,..,t.l in Ndef, ..i oncv.smpt ms 

and probably\ somI reduction in y d s d N. LtI1'Iaio 

As on the layey Ul tisol , the ggrain ieId tron the 7 kgia o1 ni trogen 

applied as sulfur c.aLed urea was sighty higher, and the N uptake con­

siderAly higher lthan the Same amount applied as ureao Some of this I ncl)eased 

i ~uptake may be nitrogen from very ilwi decomposingsulur coated uea 

appi ed tno t h e vious ,ecrp 

After 80 g row t thle systeoi pr imairIly conmfijned the1( Cmdays roo t was to 30 

I nches ofsutface exrcept L C16- bY the! SUbhSO,"i ('I These0soilI in the hpol,]8Caiused 

channel s con t ained surface so i I nd root g rocwt h e t ended down thei1r Ieu,,c h. 
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The cxoil, I au t h Isld I*, irind conI)s dLtI it)Iv Iess7 iiC 

matter and inorganic nitrogen than at Lhi other sites. Consequetly, the 

grain vieId inC reased almost linearty1vwh increased appLicationS o . 

nitrogen (Table 4, Fig. 3). The yield jncreued from 1700 kgiha (27 bushels 

per acre) with no nirogen to about 5000 kg/,a (S0 bushels per acre) with 

134 kg/ha cf nitrogen. As it does n: appear that the yield curve it.1ttens 

out much a 134 kg/ha of r'it rogen, ,creased iuantit los of ferriia er would 

most prebab v have produced even h i~the c viatds, 

An. average oft abo'ir 47: peice.n tfe.e tat Lllizer N was recovered, by 
,~~! 44.­

1e pln ih Lsighl higher percentae beig recovered, rom the pre­

:plant treatmenrs . Thie rihe pepo!.,.n'. ar s y icid ed s!,:.ght ly hIgt-er 

atth6 adi.3,k/h rate than th.e, ... ruson.di u preplant t.reatments, the 

differences w. re not significant. The la<.k ,.tl a sign f icant dif erence ikn 

N recovery from he prerdant verss pestp3ant app1 .cao1vn c N is in partIL 1 C, '7., 

due to a comb intion oif low rainfalli duL fog the gr owth of r le crop mid a low 

le uf sol inorganic N resultng in very .1.it.e, t any, ]eaching .loss o'11 

the p replant N, 

Root g.owth at this site was mainly confined to the top 20 cm of soi 

There was some root growth down to .75 cm but this occurred almost excluslsvly 

in vetcicai channels oIf( softer silt-like soil. The main sotl mass between 

these channels was extremely hard and brit I! I t brokeeasi,;lyinto sma l .::"•:.:: :t 

granules when disturbed, but had an uxtremelv higvur riist-a cecal 

penetration in sIAu, For. eample, it. was hpossible to pnerrate the soil 

with hand soil1 sampling tubes, even when rhoc soti was, mois;t 

-wt' hnd....s .smp~g [.j ...t b s, v n.w e,-.. :i Q-h /• oit~ wsm i t.i... . .. ..</ i i....." , :i .::, .... i." 
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Table 4 - Corn guW d and n it-rogcen uptakv - An'(4 UxI sof oo 

Treat. TreahmuntL Grin stve P ''Ut minius l tili.Wer 

I 
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34 prpat 

672prM w 
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.4 

5I24 

50 

8 !)7 
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8 . 
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07W . 

n ,* 
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"., -' 

*st1'pt5( f 

5 0 A ' 
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1 .41 94 

43 
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As meni oned earlier, it w:s de:cidd to abindcn [:i. site ,:tcif. tehc 

first crop, as t.he soil properties wore not judged to: e r presenciative of. 

any extensi.vL re n :::0. ha..d :: ;"o W,.:::- H shrc, 

Greenhouse anid Labrllr' Vtutieo Mrgo S-uv*inPoe
 

Corsideratbie 
:ffm L hai be .- *p 17 -,:,= ,,- tn avluat' he N
 

supplin; poe'a -: L' 
 aw irvn clk KLi:rlp p'(duu e11 a. a 

n t m h v ,ro! fiC-K.,: : l i V r 0 ,Cn C a 1 A . L&1. , z d'ti ( [u.'I! , tI 

hiiLvdi l: * ;"iW iliMrs i LlQ...i rL nn ik, hine 

resulte fr Wesi SLUi- KLt i nYKV botW upyn
 

poe li rnp ,A sa 
 ' 
 r 01p K w r h~~a. M A K I 
 r z d
 

t j{: :I ? 1Thu 'dt2: a~~dhr a vwpvr : (,: W .chI e power. oofr esrrsukIa t ''';'L I i:' ,[ . is::[',-1 . : h l *;t%. s.upplyxing tr I.3 

rarwsuen ive 00a ot" io 

c roppin i n th YI' VrP OW,. QWT 

li-n. in mosirud Q' contintuous 

iru~ut in se V L , sorghum, 

corn, orna :CK ' . f:l ' .LI (31 ini.,i,. ir s ( . ca whiiclih i.r :s 01. o 

werie gro'wn. Vaion:. chii etacion pro~cduryes we rw emploe And We 

rl ation outwoon:hre 1::siii! 1 N : r ac AJ~ thsme rodgucs,; minteraizablu IN 

hv ilcubla tioll, ,oi N tihiOvted h Colt L uL ti'olpi .',S meuisS uidow,a in atdd itiln, 

the efflcst ofdryingJ '. SOI IS sui. i.tbiiivYd SV upoI oneni:N. was tested in 

uth1 greenlse.tl 

Proce.dures
 . Oi the 10 soils usetd (Table 5) in this study collected during 

Sep tiiber and Novemeber, I9/0, 9 were sui ace sai pel.s (0-20 cimi) and I was a sub­

so il (10-30 cm11).ci) 'ti .soils ,tt io a I IA screen, iltooug.,ly mtixed,twrirpua;ii 10m 

and air-drnied imnmedli ,[. was used for a gr:enhiouse study andtt One subsampl.e 


http:greenlse.tl


Cno ther was pa"ssed through a 2 !mi screen and st:ored inpy thylene bags at 1)'m 

temperature for analysis b, chemical and incubation methods Details o the
 

greenmhouse :procedures and laboa tory methods a e givenin App)endix I . 

1ResultS and Discussin, A lI of the soil Iamples sed i n these expetLmen s were 

collected from Ga T-'CSte culiva i n k he samplesC teareas under .hough 

Cial:i tos, Humatas, and Los,.uineas were -in past ure, wihca taeywere. ccoi e< ted. 

The rea LpT collect ed fippar eatvI.'~ad nout cult tvatedererho saplewas buen 

to atix extent in recent yeas.. .. .All of the samples were c lay except: fot the
 
Pifas Whn was a :oamy sand.
 

As shown in Table 5 a wide range in rol ph existed which undoubtedly was 

a reflection of past treatment since al olt hiese soils are moderately to 

strong.y acid in the natv ,"ae except pssioly the Nipe. The soils differed 

widely in organic matter content and total N content although the subsoil sample 

of Cialitos the laysoil matrer This(2S) Was Lny a%* rganic Po and total N. 

saaple was tak'en to rovide a-wider range :.a organic mat Let and t;etal N in the 

clay soils. . 

The Nipe samplc came an Iu whre o had1ike].y f toni arMea(" some the r faceusoil 

'Ten removed since from other loavons nave higherIrganic.previousLy sa1mples I0a 

Smatter and total N conT.ent t'1an the saEinple used in ri sestudiesdC/N Tt: ratio 

was noT unusual in the e sa0ils and is fairy typic-al of oils fou dIn tei r 

. areasw ihe mean values for-C and N content arte very simIla tO the owI soil . 

s-d *.hby Brempner,NKed 

These' soil.s confcai)ned substantiLai rjuantLtes I niN (T11ab 'Isof C. 


extracted by3 1 0' N KGI ThIie CatalIinIia anIid Lo Gu i c o ) cs. noaI-nenc
ns sample 



Table 5. 	Some Chemical Properties of Soils Used in Study of Nitrogen
 

Supplying Power.
 

S OrganIc Organic Total Inorganic
 

0.1 N Matter C N N2/
 
Soil 11?0 KCI 
 PPM 

Pihias - sandy Oxisol 4.1 4.1 1.4 0."'1 0,072 25,5 

Nipe - clayey Oxisol 5.7 5.5 2.4 1,45 0iOO 20,2 

Catalina - c]ayey Oxisol 5,4 5.2 i4.7 2.92 0M280 90,5 

Los Guineos - clayey Ultsol 4.9 4.. 5.7 3.66 0.328 74.1 

umatas -cs:y.-Yy Ulltisol 4.9 4.0 	 2.50 52.2
-47 0.220 


Cialitos (1) - (-layey Ultisol 5,8 5,1 5.3 3.26 
 0.320 35.0
 

Cialitos (2) clayy LI 6.4 5.9
- Uisol 5,8 	 3.26 0.335 30.9 

Cialitos 	(2S)- clayey Ultisol 6.2 5,7 1.8 0,127
1.01 	 23.0
 

Cialios (3) .- clayey Ultisol 59 5.4 4.0 2.24 0,238 35.1
 

Cialitos (4) -clayey Ultisol 5.0 4 
 3.1 1 67 0.196 27,3 

Average 
 3.9 2.27 0.222
 

1/ Subsoil ot Ciai-;itos (2)
 

1.0 N KCI 	extract. About equal amounts of NH, 
 and NO were generally
 

found
 



par tic'!arl y large quantities of inorganic N. TI,?se sois in geueIal contained 

somewhat more inorganic N than those used ' Bremner with th average being
 

substantial ly higher. Ina,,ad nabou half of the ino gan c N found n thes
 

sails was present as exchangeable NH, with little variatton among sols being
 

found, The of N in soils tourcontent inorganic remaining the ate consecutive
 

crops was fairly high and again about half was present as exchange +i and
 

ra e ot1er half as NO.-. In only three soils; " d
 

was there a marked reduc:ido in the inorganic N 6oncepn. of the soil as a result
 

of. cropping. tt of n Md1z:n. a (uL ne u
Ncontent 


soils was apparent,
 

,ether the method of handt ng the apvles influenced these :resuLts is not
 

rnownthe pls.... re removed from rhe sots .immldia.e.I after the ourth crop
 

was harvested and eair-dried and stored as before until the analyses were made.
 

g were few 	 ad drying 

Little effect copptin elai rgan nnc or,Lothelothet 

Nodt o thehanalyses made within a aays of cllecing the
 

.
.samples.. Analyses made at various time's aicer collecting: both hde-original .­

samplesand the after cropping samples gave essentialy the samne results so that 

S storage apparently haji little effect on the results. This agree8 with the results 

of 	 Boemner so that likely the inganic N content of 'these soils after cropping 

represented the actual conditions of he soil.
t 

, :17 7The amount of N extracted by four' crops from these -soils.('able .6)varied .. 

: widely among thie sols. ,'Differences in sufply frorm the: soil 'decreased,with .. •: 

: 	-found. S:::oils with teigeh:gest olr1anicd mattet7:content :supplied somewh:at more N :,,J.t-:,
 

tol;::::.t):b 6p ithan thoi aIloia1wer atrcnet ::- .
he( fourth c.dr se w.it orai 	 lmtswas : : ,:
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an e)Ception in 
char its ability to sup N fl3l 1
radly to a rather constant
 

and relatively low value.
 

The amounts of 
total N found in the soil extracts before cropping as 
measured
 
by the four methods used 
are given in Table 7. 
The total extractable N varied
 

widely from soil to 'soil and the differences persisted through the.cropping
 

period, Although the quantity of N removed by the 
 extracrants varied,
"u 
 the
 

values were strongly related to 
each other.
 

The relatjnm.ip between total 
yield of and N uptake by the four crops and 
various methods of evaluating N availabiliy 'are given in 
Table8 
 All of the
 
correlatioa coefficients shown in Table 8 ate highly 
 significant. Total N in
 

the various soil! extracts 
 and N mineralied by incubatLon were particularly
 

closely relatted to yield 
and N uptake by che tour :rops.
 

The dry matter produced and N uptake 
 by a corn crop following a drying cycle 
after the fourth crop was higher than that found for crops grown just previous
 

to the dry-ng 
 cycle. These results show that drying of these soils induces a 
release of soil N upon subsequent rewettIng and cropping. Furthermore, the
 

release of soil 
N can be measured under greenhouse conditions.
 

Conclusions
 

The results of these experiments reveal that these 
 tropical. soils can supply 
substantiail quantities of N upon cropping. While the absolute quantities that may
 
become available under field conditions. 
cannot be deduced. from these results
 

significant portions of 
 thetotal N requirements of all but the most demanding
 
crops may be met by 
release from the soil supply. Furthermore, th 
data presented
 

demonstrate that laboratory chemical methods as 
well as incubation procedures 'can
 
provide means for evaluating the ability of these tropical soils to supply nitrogeu. 

http:relatjnm.ip
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Table 6. 
Yields of Four Crops, Total N Vpta-e by Four Crops, and ne Quantity
 

of N mineralized by Incubation.
 

Yield Dry Matter N Uptake N Mineralized 

Total 4 Crops- Cjops . wks._ wks. 16 wks, 

Soil , / mgk_ Sil 

Pifas 7.7 55 15.0 
 16. 36.0
 

Nipe 7,1 
 42 15.6 . 20.5 45.6 

Catalina 13.4 142 84'2 95,3 135.6
 

Los Guineos 17,0 
 229 188.1 193,4 259.8
 

HuMatas 10.9 81 
 58.2 68.5 117,7
 

Ciaiitos (C) 
 .7 143 99.0 117 .5 172,2 

Ciaiitos (U) 11.4 117 121.3 148 6 178,7
 

CLalitos (US) 5.2 41. 
 6,5 10.8 28.9 

Cial toS (PI 6.9 53 22.2 32.0 48.2
 

Cialitos (2P2 ) 7.6 9 42.4 52,6 . 793
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Table 7. Total NH -N contained in soil extracts before cropping * 

Soil NH4 -N, ppm 
1 N KCi. 1 N K2sO 0 l.OI CaCI. 0.05N Na.-P 

PWas 28.3 47.6 60.6 66.2 

Nipe 20.5 3. 9 43.6 

Catalina 81.0 131.6 137.1 122,0 

Los Gulneos 94 8 146.6 176.7 116.6 

IuMLaS 42.5 70.5 106.7 70.3 

WMulO' (C) 52.5 8.0 113.2 93.3 
Cial itos (V) 63.4 95.5 149.5 106.5 

Ciu1jtos (VS) 34.7 55.1 53.4 43.8 

C[alite;; (MPI) 40.2 62 .8 80.2 69.5 

Civil icw; (MP2 51.5 79.0 74.6 62.8 

Includes exchangeable NH, + and organi.c N removed by extractants. 



Table S. CO!!fa 10n Bewe MAl And~ N 'ptdke and Various Pro>ceQdures 

,or' .surinl. N,.'i !Aca lic 

Correlation CNuf Iicients (r) 

Variable Total Yield Tur'a![ 

Corre].at ef! ., 
....1, t, U tai: , "}./'=:< Soil 

-p, 

. . .. 0 .79 

So.il 00y ;.( : 0,70 0.73 

Pa}. 1. ,) 8 0.90 

0 S 0.91 

( U O,9 i, 0.92 

(j NU-- 0.87 0.87 

Minerali;zale N:: 

(a) weks 0. 92 0.96 

( ) 1 e-e 0 95 0.94 

(W 16 Week,' 0 .95 0.95 
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SOI.L ACIDITY IN'VESTIGr;ATIONS 

Laborator,, and Crenlhous Stur ies 

Tie objec:.v,.. of ,es stud ires is to define the interrelatiionshirpq in 

repre,;0 ntativo 'ix in and i']tisol betwe.'n solub le t e:cha-voa:i le aminum, 

soluble and exchagi aoe calcium and r-,-r banes, a&,t ,i rcla od to plant root 

growtuth. A b-trter u 'da : ,g of0 ,hi rel n-q Th )r ie :nraore 

adequ~t e bas 1 4; i or - ( pt: i'vi.' v o 1.:;4 0 2 ' Q:i j-!r mat . 

thoa-t 't''''a' A i I'>tho '':. t* r ',r'i Lo ' tes has.' indict d t at 
thel(peru,.ltnwqe b,:on rat.ion .w al'::minun!: i:- Q P, c,,t:[n.: ,.xrhang, sites. i., s-oils is 

re!.nted to Pre,.pH! of the FOKi Nn,d W:,PlanU::'t=,r:Yth-. l ff ren.t c.rops; var,. in 

LhI(' rI t:olurai~ce tCo f.L," nrr 2ent,'tu tt i,' Y~!l. t:1u!nnn lq fo; exa-mlr!e,a in' qoi :.r 

,:cmtou is;r'arhr si'f'i'.ve W,: rcoo givyutV ,:.q Ko r tr t p,-r~,if the( satutratio~n of 

aluminum is nor- th.an W perce, :ile corn M1 t leate un to Am percent or 

trequentiv not e } 1, uoder different sol ondl itio'ns. lore recent work has 

indicateOd that. the amouit of aluIin'm in th.e soil so.lution 3 .a mor,e roLiable 

i as1'ure for pr'.,li,'ting plan t root growth. lo test this app-'a5:lPP , xperi Cents 

have been carr <-ite. t to, l er ine the rl o I,,sht-I betw'een distplaced ..qoil 

slu) ution, Compoviini i mid pa:nt root roi th on r'rreoc:ltbt i'st" Ox ,iso and lt'-so]ls. 

. R..le! tj:io-'i'-h 'tic t.'. ooi thp.O_(- 00t[tion tof soil o[tutins listpiace.l fro!, 

a Clavov (xIS'o (C,,to) awl a alavev F IISol (ltumat: ) and root behavior 

. ime rcqti renct curves were de termi .ned for both soils and three 

pH levels were esitablished 1for each soil. nisplaced soil solutions were ohtained 

and their composition determined. 

http:si'f'i'.ve


Three hundred and fifty grams of each of the treated, moist soils were 

put into a number two tin can (previously lined with a plastic bag) taking care 

to avoid compaction of the moist soil. *A saran mesh disc having the same di­

azeter as the can was laid on top of the soil. Thirtv grams of a potting mixture 

composed of a filter press cake and a sandy loam was put on top of the saran mesh 

to serve as germinating medium, 

Corn (Ploneer 304) and sorghum (PS671) were used as test crops. The rate 

of seeding per plot was five seeds for corn and nine for sorghum. Each treatment 

was replicated four times. 

After 34 days, the plant. were aillowed to wilt it, order that the ,oil be 

depleted of moisture so as to make the retrieval of roots easier. The soil 

root mass was taken out of the cin 'by pulling the plaistic bag. All the roots 

growing outside the soil mass, i.e. between the plastic bag and the soil surfaces, 

were trimmed off and discarded while those growing into the soil mass were picked, 

drzed, cleaned of loose soil particles, and weighed
 

The data on root weights at the different pH an( soil solution aluminum 

levels are given in Table 9. The most striking feature of these data is the 

large decrease in aluminum in the soil solution as the pH is raised from about 

4.0 to 4.5 with the concomitant increase in root growth especially in the case 

of corn. Also, as has been reported by others, sorghum roots are less tolerant 

of soluble aluminum in soils than corn. 

2. Effect of salt concentration on pH and soil solution aluminum. 

To explore further the relationship between the concentration of 

aluminum in. the soil solution and p1l as affected by the amount of salt present, 

a clayey Ultisol (Humatas) was given varous treatments. These are shown in 
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Table 9. Oven Dry Weight of Roots ol 
Coih and Sorghum at Different pH and Soil
 

Solution Aluminum Levels.
 

Al in 
Soi Sout i n Corn Sor hum 

Soil T)Hpp /p:Iipo 

Clayey Ulti';ol 3195 9.3 209 19
 
(Humatas)
 

4.45 0.7 874 296
 

4.75 0.4 93L 400
 

(I iavev Ox isol. 
(Coto) 4.05 2,8 
 389 128
 

4.45 0.8 
 630 126
 

4.75 0.', 
 687 344
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Table 10 with the results obtained,.
 

The outstanding feature of these data is the large increasein the con­

centration of aluminum in the soil solution and only a small decrease in pH with
 

thei addition of a relatively small amount of KCl. There was also an increase in
 

Ca and Mg in the soil solution. If root growth is related to the concentration
 

of aluminum in the soil solution, one would expect chat the large increase in
 

aluminum as a result of the salt additions would be very harmful. However,
 

recent chemical and root growth studies at Cornell on an Oxisol from the Llanos 

of Colombia indicate that the toxic effects of aluminum on root growth are not 

governed solely by the concentration of aluminum in the soil solution but that 

the caIium present in solution may play an important role in counteracting thc 

toxic effects of the aluminum. Preliminary tests with Oxisols and Ultisols from
 

Puerto Rico indicate that these soi.ls may act similarly.
 

s a result of these studies, it is postulated that reduced root growth is 

the result of lack of Calcium at the growing root tip. The inabilitY of the 

meristematic cells to avail themselves of enough calcium may be caused by n 

barrier zone in which lon activities are regulated by exchange phenomena. 

Consequently, if the calcium level is very low in the soil solution in comparison 

with aluminumplus other ions, root growth will be severely restricted. But
 

if there is an adequate supply of, calcium in solution, root growth will be normal'
 

even though substantial amounts of aluminum and other ions are present in the
 

isoil solution. However, much more additional experimental work in the laboratory,
 

greenhouse, and field will be required on a wider range of acid Ultisols and 

Oxisols to verify this hypothesis. 



Table 10.- Soil pH, exehd.gabl, cali;ns and dis laced soil solution composition of a clayey Oxisol
 

(Humaras) treated with voriu amount .f COX), and KC.
 

Treat. 
 Soii Exchangenblcations 
 Dispiaced so!i solution
 

No. 
 Desc.iption 
 pil
 

meq.,__0_, _,q.__ 
 Meq,__,g 
 PPM meqiliter ppn
 

1 Control 
 4.18 8.9 .il 
 3.8 2.02 nil
 

2 0.50 ineq co (m0)/I:Oo 4.20 10.2 1.46 nil 3.0 2.68 nil
 

3 1.00 meq Ca(O) 2/ 4.28/0Og 8.0 1 89 nil 3.2 3.46 nil 

4 1.25 meo Ca(OH) 2/0; 4.30 9.3 .29 nil 
 2.0 3.55 nil
 

5 Treatment 2 + 0.5 
 4.01 9.3 
 1.36 
 nil 16.9 5.86 nil
 
meq KCI/lOOg
 

6 TreatmenL 3 + 0.5 
 4.07 10.2 1.89 
 nil 12.8 7.42 nil 
jeqKCI/iOOg
 

7 Teatmnt 4 0.5 
 4.11 7.4 
 2.2 
 nil 15.0 7.95 nil 
neq KCI/100g, 

8 1.75 meq Ca(OH) + 4.08 8.2 .70 nil 
 21.7 13.45 nil
 
1.0 meq KCI/iOag
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A,-,, there are extensive areas of Oxisols and U-itisols in the tropics with 

very low calcium contents, these studies have important implications for the 

management of these soils especially with regard to liming and fertilizer 

practices. As calcium is usually the predominant base in most of these soils, 

a better undeistnding of the interrelationship between aluminum and calcium in 

the soil solution and on the exchange sites as related to plant rot growth is
 

essential. Preliminary tests have shown that the ratio Ca in the soil 
4 AI+++ 

solution is equal to a,constant times ICa in the exchangeable form and that 

plant root growth is a function of -'Ca++ in the soil solution. Confirmation 

of this relationship in field, experiments should lead to the development of 

simple laboratory procedures for predicting more accurately the most economic 

amounts of lime to use to obtain desired crop responses on a wide range of acid
 

soils in the tropics.
 

3. Aluminum and Manganese Interaction, 

The purpose of this experiment was to determine if there exists an
 

interaction between aluminum and manganese which could influence the effects of
 

the former upon root growth. A bulk sample of a clayey Ultisol (Los Guineos) was 

collected from the site of one of the field experiments on liming;. Some chemical 

properties of this soil are given in Table l. 

Preliminary> treatment of the soil was done to determine the amount of 

MnCl to be added to achieve a definite concentration of Mn4-- ion in the displaced 

soil solution. Five soil treatments were established (Table,12), The treated 

soil was put into number 10 tin cans previously lined with plastic bags; each 

can contained 2,250 grams of soil at field capacity. Each treatment was 

~replicated four tlies. The pots were~planted to tomnatoes and kept in a1 

2 



-36-


Table 11. 	 Some chemical characteristics of Los Guineos clay
 

(clayey Ultisol)
 

Soil pH 1:2 sofA to water 4.25 

Moisture at 1/3 bar 44.6 percent 

Organic Matter 9.2 percent 

Exehange ab le
 

Ca 2.24 meq/!00g
 

Mg 1.19 meq/lOOg
 

Al 6.8 meq/lO0 g 

Displaced soil solution 

Ca 128 ppm 

Mg 26 ppm 

Al 2.8 ppm 

Mn 0 ppm 

K 	 72 ppm
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greenhouse ; howeveir , the plns did nnr~t fair"N1:2.1r1 sp wared to sure 

from lack. of KaI After reeJL4 YeM nr-4 chev *w r- Mcard Na th 

poL w-ere p1.a to corn whic alne1a toRa oinmnh l h
 

, tO-nnA~wc r mayves
"'-4..,.,- and 'op corn roots~ 

in thi ni at the lee tczed
 

f:(U a 1 !1CQ ' pr ' "Kn ;, -IV 1 L 0 7 ~ ,i1 d 79 

lo in A..l "~ exII. - A-' un 4 sev ri an a t 
 M I fa r r bu there
 

i1efeciv a thu hi'..lec,ins S soil is~ veo.ry ow~ '~ in calcn 

Site w.'ith Whe Same trea~tment ano the preous ef5xp~eriment show~edI no d!1ff4 roncec 

in v~ield be'tweni I r~ t: tO. All of tho vlotm were aiffecited by the Youtheo 

lw b ight hofo th coh *nd
4.4'o ful I'.'o~e 4( a' L44Is't'cniClLl the grinr'I 
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K) was soft and fluffv 'and the yields were low, averaging about 1600 kg/ha. 

Before the blight struck, the corn was growing vigorously on all plots and 

there .'ere no observable differences between treatments. Though the )!Iis 

5 oniit is very oi,in aiumium aui manganese and has .I 

r~latively high level of exclangeable calcium, about. 4 rnaeq t90 g. It is,:. 

not surprisIng, therefore, .har there ,as no indicot.ion of a r 

on this soil een th It is qut d 

Table 1. orn. vied a.d soil 

Oxisol, (Pinias) . 

phI inreps ,oe -o .lme l evels •on a sanldy f 

Treatment 

Check 

Ca(011) 336kg/ha 

Ca(O.I) 2 tdt p1 , 

Ca(Ot) to pfl 6.0 . 

Yield 

kg/ha 

72 

4 

803 

1.949 

1 

5.15 

5..48) 

5.41 

3.52 

pH­

]5 30 cr 

502 

5,. 

5 9 . • • : 

C 'a(O -): to' p1-, 7 .0 ' . 
' - 1915"bi: .':• ,,:, .5 .6::_,0 .... i '.5 43."" ',: : ;( ) ; . 

'
 

'K :Z =< ,:< ::% , ' : (' : : :', .{: . '} :,.< : -i .'••. }- : [ . •: • :
.:• • ., >,- 5 ; . 5 . ' :: ::: < : 


•.' : " " ,:;:(,,;: .L ! ' ;:;." 5'?; , .:,; : .: : ' ';- f '} .iI
,/':':-- :" ; ..: 5; .•";;•,./? : ,, /L , 
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F3. 
 Clayey Ultisol (Los Guineos). (a) Corn .mngexperiment withacA . 

corn similar to 
the above showed striking responses to the different levels of
 

Slime. Unfortunately, the 
crop was destroyed by cattle about two weeks before
 

o
harvest and n yield re'cords were obtained. This soil 's very acid p
 

Shas 
 relatively high content of exchangeable aluminum. Strikin'g responses 
to 

lime wouldbe expected on this soil and it is planned to repeat the liming trial 

-ith corn at this site. 

(i>(b)
'{ /i]: Green beans - The Same liming treatments were used on green beans
 

i(Bountiful variety) with someo
.resuls.as rather strilking results as sown Tal 14shown inin Table 14. 

Teeata' is the high yield of the check plots 

in spite of .th~e i,,pil of :the soil, about 4_5 in the surface 1,5 cm. There was 

......a significant response to hehigher Iiiing levels with a very high yield of 

almost 16 tons 
of, green beans per hecc; re at the highest lime level. 

Similar trjils at two other sites of clayey 1J1tisols, gave comparable 

results. Though the yields were not as high, they were quite respectable, about 
i{: ~1 to s p r hcetae for the high, lime treatment,,.. -: -, 

"";PHOSPHORUS EX-PERiIIENTS "- : "" .: . .':: , : :
 

bj e c t iv es
SThe ebpnrimenss are:w r uf dhephosphesn 


(1) D)efine the response curves for applied P fertilizers on representative 

OxisoLs and IlLltisols.. 

(2) Measure the relative. efficiency of banded P fertilizer versus broadcast. 
(3) Estimate the residual. effects of the broadcast 'and banded P fertilizers. 

42 Field experiments to meet these objectives were originally planned for two 
!iites;,one on an Oxisol and one onianilltisol. However, circumstances were such 



Table 14, 	 Yield of green beans (Bountiful) %,Jth different leve]1s of lIme on
 

a clayey Uliso(Los Guineos..
 

Yield of Beans 
:. . . ... 	 kg/ha , " -


Ca (OH) 	 .. a30 .pg! 5,50.
 

Ca(OHY - tp5.5 14, .
 

Ca OH) ,- t) p7! 0 I 300
 

:,,, ' '• ... .Ca ( o H ) - ,to p11 7.0 	 1,800 :­

: A.j-: ": : .: : .; ! : " , i t ' :7 ! : ' - ;. . ' <7
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hatLt aS I10t f ~ tbito irni t i to eiv1(1. .r i. O: OL~i' 

The c lavev III Li ,Iite ,as choen after con.i dera. le fiel, ,he-nt, and grC.nhor. 

and Iac ratcr1s);os,rzi LIr ' hal( re, ti ve,cv'I L': ava labIe P and a 

'rcInhoise Lests -i U ean a , an ind ior crop f [n te respons;e to 

app!Id tP. 

So rg h u: as uIedu as the sest crop in the fied trials. The.]0 treatments 

us4ed were as%Co !{lo-w: 

I re;t-,. Broadast P Banded Po.0 (first venr) (each .ear) 

kg /ha 

3 1Si) 0 

4 36()) 0 

5 11.20 0 

6 360 9 

7 3a 2 2 

8 _45 

9 __ '9090 

10 180 

T'he plt: se was /4.5 by ( meters. A b]nke t app lin tion of lime and ferti lizer 

ot her than ph ,pho r us was app] eId to a .1 p Iat s . The sorg hum was plan ted in 

November, 107f) and harvested in April, 1071. 

.ln MIy!moerte'.v ls ,ec, obt ined; he lveram for all riots was about 

:i], '1, 1 ra n an ,. in I ic.ant ' re ',' ,:,' di ! tor,,nce, between treatments. 



Apparently, there was enough residual P in the soil in 
the check plots to satisfv 

the requirements for the yield of sorghum obtained; yet a response was obtained
 
%withbeans to applied P in the greenhouse test 

There was some question about whether to continue the phosphorus trials on
 

this site. It was decided to follow the sorghum with corn to determine if there 

w4ould be a response of the latter to different of P. eanwhilethe levels 

.another -clayev ultisol site has been selected which appears to be more favorable 

for the phosphorus experiments ,.ind field work has been initiated at this site. 

in order information wider soilsto get on a range of to P response and
 

its residual availabilitv, it is planned to Ftart'a series of tests 
in bottomless 

steel drums sunk in the ground at a convenient location. Surface and Subsoils 

from representative sites will be hauled in and placed in the drums. Corn will
 

be used asvthe test crop for rates and .nethod of appli~cation of 1Pand interaction 

with different lime levels. 

CLAY .!I'NERALQGY STUDIES 

lhe objective of iese studies is to characterize the clay minerals in the 

soils of the field experimental sites in order to aild in the interpretation of
 

the responses to applied nutrients. 
 This will. provide a sounder basis for
 

e.xtrapolating the eperimental results 
to similar soils in other areas. To
 

date, the mineralogical characterization has been completed on five s~oils., 

one sandy Oxisol (Pithas) ,two clayey Oxisols (Catalinia and Coto) , and two 

clayey lUltisols (Ilumatas and Los Guineos) . 



The qua.litlva minera!,gy of tice nand (2100)-5)0) fra<c!:i,nq on In irn
 

free basi .ere 
 Lier-:-.r d b; X-ray diffraction. Y,,herahle minerals that 

wouni funs i -- hie Wer 
 no tom!, M ni fation were
 

d1mna Jdby cuU m t ; ,.- npL in " eh p1 of . ev
, 'Itivol (.s 

Guine: as) w..:tre yi .-,bir;m 7.a.s:pr s,:-cn in adii[L nI !- qqi.rt2, TKP,- ,i t f racJtionsq 

w'ero cupoe prULnni of qurz I~w ~ien ereasce of
 

k '-ao t nd niI .
i . .... -. , ie ", qirtzi in the silt 

:1 in e r aI, i Wi -t m di f.fre n''
.ffr, ti. l o m a 

a±nd Moica; twiis shw~ ML amr v ta~iv and( chlor ite?v tA 


(2: 1 - : : ,'rlp, ,'rj u p . g L .- .v p'eth .... "o ra Nc I I 
X-avd fr M q.. .. V o A A t er a in' ,ivns.'l idict e, that the!~n ] 

r oit 1!. l- d e ined A a ! in. alk", 't ex tihntract 'in." ha s S O , te 

,"olni I"a - tt: "aceIC .... .o n in th cai on e t 

hlovrp co nnt oi M - 2:t2 inteq inAe inivlue o1 theA t iniiclantiig2 ca nacio ). 
i l t: v no tlec~~r :. I i t rIe cp c i,tv , 0 II, 0.,~' r ci c .;irs q1,ii :.O IL on Cc' 

vdOi ti Cet' "l i in e:r P-2:2 in Kel ci AttI a cs Kin ddci t ; nte 
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those of aluminum. ica, vermiculite, and chlorite aree 

to 8 as separate entities, but the lisLed values should be interpreted as
 

equivalents of the respective 
clay minerals, as X-ray dlffraction re.suits
 

indicate that the three clay minerals occur 
as a randomly interstratified 

species . 

'The absence of greater amounts f gibste in the c.1v fraction of,
 

these sols is probably a result of the presence 
 o- ciiart- in tho o '
 

fraction. whic c upprtL s... . Ict of Sui
.lio- e ,t, (nil)C th prtevnr.ts
 

de-siIication of kalciniretofor. giCboiL? and/or the. preferent ial, prec ipitat c
 

of alumin:n in hvdr-,v polmerc form in the K-depleted interlaver SPaces Of'
 

we r: .i . .(:.. to
vermicu.i.t.e) 
 .emi-neral(2.:1
a .. -"2:2 antergrade). 

The research to date ha gvon fai: 7 vIew the nature ofa omrehensive of 


tne c ,ayzsized thesePur:to
-.ineralsin can oisls and Ltisol s I tu re
 

resear ch 
 wi 1 be direc: ted t.ard relaing the mineral compos ition 0 e lays
 

to the 
prop 'rties of the so as wholein ther n ral )a r tnLrc11L1r,
 

ithe electrochemical :properties o tLeLhe soils il be 
 invest iat ed: to determine 

th e dist rib tion o f positive and n chc aa gan ctio of pe id isa : .t 

cullCent ration. Also, these studies will,. bt! extended to sim-ilarr so!Is .[n 

ot-er tropical areas. 'f forts willI be made to correl-ite the results thi. :of 

research Adth data obtained bv other invetsi.gataor .who.have been doing si.mi.lar 

work on soils of the~ tropics. 

http:prtevnr.ts


Figure 4. CTnpo,;it fol of Cspta Ji , sIIi )roftle clay fractions (cla.vev ox. sol) 
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Figure 8. Composition of Los Guineos soll nrof ie cav f a ooin; (crl yey IltIs1oT 
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in some cases 1/!( bair is us;ed for the lower tenSW limit. If indeed, 

subsequent an, !',ses should confirm that 
for the _oil -tudWcl., the lower
 

tension limit orIf:ield c:ap ci-tv should b 
 in th, ran-_ oF 1/50 to. /1.2
 

bar, this ,oqld iaer ."ar subsnnt LaIIv and in 
 ome cases. double the calculated 

values for "available" water. 

wuTAR'7 1';COM EMIPI STUDIES .R LATiNL AIERICAN COU'TRIES 

1. In ou,.pc ra:fon M the InLernn W center .11 "ropic:1l 

Agriculture (TIAT and i: 1:-::-' ,ri tural. ute ahi:a , L.uti (ICA)., 


field stly 
 is beirng' cO:-,d. , M W. n i. ,. ttion to alui:nur to.;i a ty
 

and p.flnt rout ,ro'. 
 n, ', ': ,I ; 'n 


and sorghu:m rar th Lest crops-, 


.-- . :ecK Ka of ojj:ii. Corn 

T .isw .: 'A:-r a l. l.: p x: pro iminarv
 

lIbor;iLorv :d 1r th1ou o n udieqt'os .no:aiict..,J it 0 nrvtiC' v,7r.
ri u.7u, 17oO15 

Prl]ininarv resu.lts indis ., Mat: I> ', I,::. r ww';'t in th, soil solution 

m:ay pla Ain mW olj M. e/.Lin ,: ' ' ; . l:'1 t oifa ouble 

alumin um. 'hs Uv Kly Wn:!', tint Kp:Io0c,!,4 fCor tle :::.lgoment f 

the highly ac:id soi cspu,.:.llv PH.'. regard to efficient liing andes 


fertili:er pact' ces, 

2 F e i t ai.lIs are he.i n, conduicted in the, Llnos of" Colombia to 

LeSt methods for t!h control of a phvsi0lpg cii. disease of rice called 

"ye.lowing" or: "bro;v .ing." It in geineralIv noreed that the trouble is
 

reI at ed t o somehn tvo r.hle con ,ition in the o LI and h as causad a se rious 

reducton in rice vi.eld:s in many fields in the L,.lanos , Thi-s o: iswalso 

being done in cooper'al Lion with CIAT And ICA. Previous laboratory ,and 

greenhouse w'rk n thie probloni i ha00cLhahas; provided s:-ome leds wh L11 are 



• : - : : i # : " i ...... ,,~~~ :• ~ ~ ~~~i ~ ~ ~ ~~~~~~.... .....-V::-:, 

being tested in the field, Preliminary, finding inic that,iae tho protIem 

is related tOincvaon f the roots bY iron oide oxxi i i 1hi ch 

reduces greatly the needed oxygen supply to theiur, f icial roots. 

3. A cooperaivesol fertlity research proosalhs .. beenproject .. .

developed for work on the highly acid soils of thL Campo. Cerr dos in the 

plateau of BrazilLcenralThis project i volves the collaborat ion of 

ornell and/North Carolina state universities with the B azilian '1inistry 

of Agriculture and will b ~e at station about I)kmceacered anexperiment 

northeas t f The re ecerasli w lollow u the revious e eri­

mental e-station -nvolvewor': done and J, studies on the efficien 

utilization of nitrogen, ohosphorus, potassiu, lime, and micronutrients 

by food crops, 

paper onA -i the soil a-iictv si wc'es presentedwas at- the Anniual 

. :eetings of the Southern Agricultural Wrokers AssoCation in Jacksonville, 

l od on February 3-7, 1971 it is being submited for pub].icaion In 

t e Soil Science Society of A(erica Proceedings. 

A2. thsis has been accepted at C(ornell which deals withAPh.D. 

.am Lnumtoxicity in te highly weathered soils of the tropics and 

involes st.udies on the acid soiI.s of Puerto Rico and Colombia. A 

manuscript based on these studr ie,- is beLn prepared for publicatilon in 

one of the Soil Science journals. 

~3.. Somhe of 'the more significan t reSUlts of tHie. n itroge,- s tudieUs 

during the past year are now., being' compiled and written up for subissfou 
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WOKPLAN Fo 1)71 1Q7 

N',IReGENEPRLY 

The field experiments wl be Continuedat theif.Ut sit'eS in" PuerL Rico 

... r fanother year with cor. as the tes t crop, riodic soil sampling i I be 

continued to gain add itiOnil informatiOn on the eff ic lent ut Ii]irauon *o: applied 

nit rogenas affected b rate and -f pic - . 1-th-u r w 

- done oti the amount of nitrogen mineralizo d fr'om sulJ organic" matter aind crop• : 

residues, The work done during the past year: indicated the feasibi Lity, of :'reses
 

eveloping- a simple chemicalziaeIg fr the soil nvrogen supplyn . 

alcitr durig the cropping season ard th1,is Will be tested fu th e q. 

SSO IL ACiDIY -E RIMiE ­

" The relationship between extractiable alnminum and exchangeable calcilum and 

Sother :cations in relIation to plant growth an~dcrop. production w4i!l require : 

additional stud. Field experiments with corn, sorghum and legumes willt be 

;:, .oritinued in Puerto• Rico. sun~alemented by ;laboratory, and ereenihousn studies... 

the studies bewritten ow 1Th1e: 

obtained in the field trials in the Lianos of Colombia and stuppleentiy labo­

raLorv work wil be analyzed and prepar.ed: for pUbliation. A study ll be­

iitriated on the influence o!foroganic n at.t arIIinu t xcit, ... 

SOme of completed will up pubIiaton, data 

PHOSPHORUS STUDIES-

The field eXperient atL the Clayey U1ts.ol SitIe i 1 Contiud wIth 

corn as the test crop and. another onie establisihed at another location which 

appears to be more favorable fur the phosphorus experimwents. In order' to get 

information on a wider range of soilsq on response to app] Led phosphorus 

http:prepar.ed
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1hu.: sic, "this
next: P{ . r-,ovir.ch w.i.ll W, dtrecte,.d Lowa.rd 'rulatinq: Lhe m:ineral 

com11pon>it.W on wl g:,: a L:io: p~ropeO.L.:lc4 -; tw , _u". n-1 v ,: Wi le in 10 : ri na, tl r l 

.:uaI . O w I 1 i P! , FL' T , L-v uP W :,' h ! VUA iVtL W<twt 

. ,.:And no! ,nn , it .: ,r"tk . . , .W ,i -, be :,du on highly 

ua hA d ; ;C I a 13sr2 p, ,_ i mij H th "C m o - ra o 

A L un, rAI p:±, i. 

oni many thl c d s is I i th huid i r~c t~ On Us pr I't' u WoIll thught. 

Con ' hoqULt'. . l i , . I , u t. on a l 'Q- IcIr' t' ium will tct IIIli I i111 Ul-kFi :1w v . o;. i ' 'v Lit:X:.i X '\~ItcU '1.I t.?i> Ufi".,ti Lu-I &Ip.:(l h :i~' 

Metthods" I,)apl ic: , l:r. Corn: followe,'d K,. ,:wv c:ann :,": l be Wic LOWt crop..'. 

(:A." I SOIAl O Wil') K:5i NNA I.:1IK S ii, 

I L Ls- p.Lanned t, ini tialte lld, g;r,:'enhouse, and l.abtoratuc v soil fertility 

researclh at lt .vriLt. neare(:! Station BrasilIa, This will be in co.laboration 

witi thi , . inistrv , Agitculture aild Northll Carolina State University. A project 

http:r-,ovir.ch
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proposal has been agreed to by all parties concerned ind implementation of the 

research is planned for the Comin11g year. Thleproiyaea rthsuetd 

research may include (1) methods of economicaslly supplying Lte nitrogena requirce­

ments of important food crops, (2) methods of economically correcting sol 

acidity cs a f-act-or limiting c-op productiona, (3) miethodsofcoorily 

suppiying phosphorus foir sustainec rop (4) colirrelation iedsprd ducion, ef 

wit roprtes'sil tidcliatSso as to provide a sound bal or- appl icatILiona 

of t Oxp n 
[I 

U lS tO Cther areas lin thLLn his, (5) deteri 

mi1ru! Cf deficien[IC 4_is tho AII,so 

T lant is ai 

tinu 1- Ient L1 oertion!1i analyiis, 'plantI 

inly I nd y Gl CC1pon"e oxeLmets plainned to provide hull 

time oi Specialist Lo s ~ EraIia cjlIabIvorate­fe-rt-lit t bef- a to sn toi L w ithLI 

the ;rIlia si l!n lmplem in' prjet t101'ientI:ts the 1,t te1f Shr u
 

cons lant and c hnil D' , pin will pr b'y Co:n)l and? o(r- t
t backs I,' ded 1-1 

Carnlin senoTcen'it oiu 

V.: ] 
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PERSONNEL 

Profession. personnel, wi ti full nr part t ime L.av l.ve:w(nt in the project 

during the year ae" 

Cornel. SWKI 

Dr. Matthew: Posd-ff - Profess;or of Soil Sc i:o c, Pro.ct Diiecto 

Dr. Ri H Fox Assisti Pofess- 't - of So-il S.bnce, 

i L-. or ,of Operatiens in Puerto Pic,. 

)r. Nobert N. Y.i tve, Py.pf ;c-	 ti'Fn w 011 ce, 	 ,i 

Dr. Do vid R. Buld.. - P'rofessor of, & Science 

Dr. D ,uglas J. at'el. - 1rofessor of Soii ScLence 

Puer to RI.co St i
 

Mr. Jose Viceue-Chlandler- Direc.tur, 
 Puerto Rico Agricu.tural 

Experiment Station. 

Dr. Runl Per. : - Assoclte Sil Scientist 

Dr. F"r'edrick B..,t .th - Assistt Soil Sc LentisL 

Dr. Eduiardo Brenes - Associate So Scientit 

Dr. Har i Dubey - Associate Soil Scientist 

Dr. Socor ro G, taimmbide - Assistant Ch emist 

Mr. Jaime cordan - Assistant Agronomist 

Mr. J a.n ,a,,;rc" - Soil Scientist 

U.S. 	 Deprtmient of Ariculture Staff
 

Dr Robert W. Pearson - SoLil Scientist
 

Mr. Ferndndo Abruna - Soil Scientist
 



APPENDIX 1 

- OF1):.I..LDETALSPROCEDURES FOR TIE NAROCTN FIED ,SPIFIENS. 

The spring planti.ng of corn in 'i970was planted by hand in 75 cm rows at
 

a density of 87,000 seeds per hectare and thinned to 43,500 plants per hectare..
 

The sorghum was planeed in 50 cm rows by machine at a density: of approximatcly
 

11 kg'aof seed, The 1971 spring,corn Planted in 75 cm rows by machine at
pas 


a . adensity .f 48800seeds/ha. Missing p iants.in the centler four rows were
 

A1 blankt, appiLcatioin of 112 kg/ha o as KS 4 , 224 kg/hia P0 and
25 

o r56 kg/haof 'I p e n fore plantlng All sites were Limed to 01 5.5 ' 

w The limc to 

tons/ha of CaCQ1 for The clavey Ultisol (Humaras) and 5 tons/ha for the clayey. 

Oxisol:(cata]in,) and lsandy Oxio (Pilla-)s'is. Additional Ca(0H), " 

Sto 6 with Ca (O0 H qCaities If a)pIied We equivalent 7 .5 

-


Caf
equivalent to 3,800 kg/ha of wasapplied to the clayey ulti ol before
3, 

the fal sarLhUm planIn' The blanket ferti er:-ppLication remained the 

same for the other two piantirngs except that 17 kg/ha of ZnSO 4. 71120 .was added 

to the Pina soil afer Zn defic'iency was observed in the first Crop, and the "' 

rate of K.0 was increased to 170 kg/ha for the spring 197.1 crop at all1 sil-es. 

A starter fertilizer was applied to all crops at Lhe rate of 11 kg/ha each of 

N 1 ,K20, and .20 5" This was banded 5 cm below and to the side of the seed. 

To control soil insects the soil was treated with Aldrin for the first: 

crop, DI-syston for the second, and Parathion for the third. The soils were 

tested for the presence of nematodes and D-D was ,plied athe sandy Oxisol 

site to control the high population encountered there. The plants were sprayed' 

weekly with DDT for the first crop and Sevi1n for the subsequent crops in order 

http:iants.in
http:planti.ng


to tLon~rn Fail army~ wnrz Seinws apio'1 every other day 
for~:2 Ws'at
 

i nar a.Sl kig , i . iro.cvn pi,- L o - ,j' ww,'s o,, o h per]Lv nI s 

c gaL<,i ,:r t [ . - ," it .. : : LO,. <" . .: i<. , _],1"=.. AlOMIL Uii (e 
eac 

in" 
1 

! , L ; v. A , 4 
1 'tten W ch ear7 iL10000-. h u w,,,r i;hu was' v , (: n a'.," wit,{isn a[a t g ai 

'eg fucm as'', a Ib rdi: < : i ,t i ' 
v u < P- i''m s.u< i,.d ,a :.c rlv efIfu'n'Lliwio 1 e'n d ofnd 

rw~t hin ' lt: [ t'C : ,wo KWMa ,~ c -[ !c, t.i L ~ 1.!l t' f , ii,: o c i OI uPkraS!A'I hr 1 ; , c i7 s , ! ,'I1 b or therV ar Y K iu l 0 p,'''):tu d I 1Yilt ; Z a lK.' h .it VoK to it dh Oqll ofYef the 
-Ii ;Io irbl i l- a M 4 'lW 0oic , n " i ac pi 11 k K0 0 C 1 1 1 A 1 0 Pplat 
 , odycos ti.nper deeos;
<.nA i;Sli<L~ l ichomnt' .ii 

Yd 
:lil, wer ivi t!o : Lh , [i !! l -myWeii gr L ¢r<W o U..zl' cnt rol­zA10.0n nutt'i p: .110i cc P.' -Iti'-.10W190 Aic Nown
 

~iR ii I r i,: lt: ''1.'., ,v, ,'li . ;,, ip~ I a r -:i:t- l 0'L:n0 ~ l 

sorghumraVANLnb\ whcU Kondi prLp Ih~ i:b o'i1-s. o OILLIn c 

an i ppectury And t LiA> pp~w h wt. Flycno ro cinytrs xe htpfo pa oae forpl 



as possiblIe and keep th!10 raff ic over the fielId Lo a mimjvum.
 

1eds worc io lled fr ., and I prei all
cotr by, iband the i~ "i~ b 


application of -Sltavm ine for tile t-hird.
 

1i1 o-rder tO study the nitrif icat ion, mlovement, n ro'covery of tht. applied 

fertIlizer N, Soil sam plIes wecre tAken, LbfOlt2 pLint ing, iltmmediatelv before the 

potlatferti i'Zer plcainndatrhret u)teoriginadl samlplings 

2 cre Cpr plot 'crctt taken nl opoij~ gAive one saimple per block. La tCr, 

pltswc 6 rcLures 


The sample deptLhs wee 0-2 ;,m, 2 ;-50 -m. and -50-75m e "eptIfeuirs th 


whe ini~dua bengst udied 1 per pl-V were composited, 

arvestE when 75-100 cmad 100- 15 eeas akenl.Lmsnne 

gen m1VadeW~._ after thley, had b(LenIogi nC 1Ltr, C' :1r lye of thie ica-ples 


quickL"Iv drie in. a grehos 1 Sc0nan a frteZet.,: 
 InorganicI N ana'lysi's 

w;as cCimpli hC2d by Sh graml samples akng 50 ; Coone ilOur on horizonital .. 

s halkel- 100(l of .I .0 "C1 an hn le ing i1t throug!h a 'Buchner 1,unn1el 

anld fil ter ThiEIu chin a - I r - o f 1.0 N KCl.:Paper. la i,: om")It ed Ir-l 15t mi 

1mmonum nli trorget deer1,1aiae Im ai 2L lilt) Lt L1was h0 d1tlln1T 11l of 

extract: Wi th~g10 nto 2 boric icdand* titrat Inig wich ;:anorlic..i:!d 

Deva-da w-as to al iquotl Salmple red i -t toS alloy Le the and the i Ied deteurminle 

the NO con~tnt. It was detLermiAned that INO2 wasi never present- except Ct(I 

SioUnal in minI.u te qualtLitiesC' 

Roots of the first two crops were examl.ined at. all itLes by digginlg a1pit 

between plt ap~prox'imately 80O days aftLer plant ing. 

-- Corn grain yield was determined by picking thle ears from 7.5 meters of 

each of the two center rows of thle plot. The -stovcer was har'vested from 3 mete-rs 

of each of the 2 center rows. 



Sorg~hum ytelds wero* deiterined by harvesin th h eadiics fr cm 6 meters aind 

stover' fro 1ii 
 1w~ th A n w r r s i G pliA A su Ipj 

uf raiW' vrve wi anly1 fo A Ilin percenw , moisture and Nccitent. 

The entir A-7" prun pvnio W~ th pi= yan later hidadreoe
 

ROM aisben cc~lected a 11 sies Pola W iti=i s be ing 

Au t IW PO KI,! w K , AjSV ~ iOn 1A 

b il h iit v was dv omi c a!~* ' 
 a Q t i , M e s~e ~ a lm i c 



APPENDIX I I 

DETAIL: OF PROCEDURES FOR THE GREENHOUSE AND LABORAORY STUD LL'S 

ON NITROGEN SUPPLYING POWvER 

Greenhouse Study 

To det rmine the ability of these s o supply N, 4 consec ut ive CoPSi 

were:( gr-own on each soil! in the greenhou1CLse. Onl ill so, I~s e-_xcept. the G~ialitos (3) 

and C"ialicios (4) thec cropping sequence w-.as co-rnl srghum Cornl, LCrn Onl 

so,ils Ciaitos (3) ajnd Ciailitos (4') consecutve crODS o(con0er gr:ownI 100 

grams uf Sol (e!xcpt oru Nipe and!Pii soils where 2,000 g of oil was used 

per pt)) as placed in polyethiylene bags in~ 15 cm plastLic po t s. Two treatments 

or5 re-)L ic a(_ionns eachIIere uSedi; C,,e waS ,a_&opetC trTeatLment incl1ud in1F Mg, 

and ic ronutrients, wleteoth-r w"as i'dentical ,xcepL that" wa.s omitted. 

All1 soils were lmdwhiere necessary cu bring the pil to 5.5 L,- 61.0. [n adldit io n 

a small applicarion of lime was made to tle 'pe soil to suppy CakiIUM. Seed ; 

of: corn or sorghum were planted directly into the, pots and were thinned to 4 

plants per pot for eep(rri andC plans potor fer sorghum. he o uts wLerS wa.ered 

w,,henever necess-ary, (at least dlaily) Lficngth content to aIpproxiatelywziter 

the field capaci-ty by weighIng . 

In aill soils except Cialitos (3) anrd Cialitos (4) theC first Crop was 

planted on October 13, 1970 and wsgrow,,n for 4 weeks. Subse(quent crops: were 

also grown for 4 weeks with the fourth crop being harvested March U6, 1971., 

~Soils Cialitos (3) and Clalitos (4) were included i the experiment on 

December 3, 1970 and the fourth crop on these soils were harvested April 13, 

1971. Between each crop the soil was removed from the pot anid mixed and 

refertilized except before Lhe fourth crop where no additional treatment wa,.s 



added . 

rceivin , N wore r."' , ir,: Ln o,-, tho lyLhe 
 in iie in 
th r u h u e, " n i w r 
 Ua e in .h:, cmdW:,.(,1 din-Iry i u i- t hed 1 

"
V[(!LTvy11. 0VL r i A, ol<]!i i N in'(f4i 5y w1ui j KY iy l , V id[ pT aH determ/ L.;in the.!11.24 " . i. 1 

E c h'r t e a i e s t.. '\&Y a n,2 O.'-r ganict:, aar.bu.t was:,> c.c i t ,A. 'IA! Vt~t ! N,:, LO:AS. N" A th: K' e:,,ah, 

uwthp , t I orini mi'. to thot 'b an
;,] 1 I. i:":o 3 mUv p11inI oran ~ici A r[o' iinin: d.lt t:.i .q em , L b k g \
,n sp wav d s.h!iii ingtO~ 2 of soLLe it;h . 

. i... ani n 0A N W. hy t 
 L a Soi W M ri tto of 1:2. 

40 fil ",f .0 , , I,' ' , r! l- ',,r ,A l .t, A W iiN, through a uchner funnu.l, 

I~~~~~~~~~~~~~~~, ' ). I. LIP1 ,.cI.,1 '1 ! KLI !or ,atota l of 100 

i of tXLICL. ,('I itm N was determ ined A l fIi A 2.) AI aiquot ot the 

VILr',ct With .>IgO Ilto huri'ci acid usig a ,A so iii ,o-KI drah apparatUs and- A 

t.itr iP g With st,i14.ld IIC1. A second listillt i:on with Deviuda's alloy cf the 

aliqtiot tis d e~irlier l ,P Ni, + d et r'nati t o ' r oi vllu, o N - -N 
,. 3 
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Extraction Methods 

Method 1-

In addition 

(Estimation ot 

to the direct 

N extraCted by 1.0 INKCI) 

distillation of NHl 4 N and NO 3 -N f rom the 

1.0 IN1(01 extract as described previously, a 20 mil aliquot was heated with 2 ml 

of concentrated sulfuric acid in a 100 ml Kjeldahl flask on a micro-11jeldahl 

digestion rack until the digest cleared. Digestion was continued for 1 hour 

after clearing. The NH, -Ni the digesi vas determined as described 

previously. 

M-ethod 2- (EStimration of .Nextracced by 1.0 N K2)S04 

-n chis methiod both tc, extraction proceidure and the determination of N; 

in the extrct,, was idehticnl t o Melthod I e-c apt that 1,0 INK SO4 was substituted 

for 1.0 N KC I 

Method 3- (E1:stimation of N cxrracted by boilling 0.01 M GaC1l2 and 

Potassium sulfate solution) 

Gacl9 

This is essentially 

was u~sed instead of 

[lhe procedure, of 

w,.ater and 0.5 ', 

KeeiieV 

-;0so 

anid Byemner except- that 0.01 

dto wa4sdisedo 

M 

10% K.rSO( solution. 
2 4 

and treated with 30 

Flvu 

il of 

rm of soil were placed in a 125 ml HErlenmeyer flask 

0).01. M Ca l7 soluu cion. The mixture was boniled under 

reflu7 for I hour. After the MiXture had cooled, 2-0 ml of: 0.5 N K so4 solution 

were added, 

filtered on 
.............. .. 

the flask 

a Buchner 
3....... ...3 

was sw,irled vigorouisly to mix the contents and the 

funinel. On one 20 ml aliquo. of the filtLrate Nil 
3............ ............ ..... .......... ....... ... .... .. .. 

mixture 

-N 
.. . . . 3......... ...... 

was determined directly by dIstllacion as described previously. i~n some 

3 -:,: 3 

3 

instances INO5-N was also determined bythueo Devarda' s alloy in a sub­

sequent distillation of the aliquot used for the Ni + -N determination. A second 
34 

20 ml laliquot was treated with 2 ml of concentrated sulfuric acidsanid digested as 

3:}: :: : L :7 : :L : ; 7 : : : , 3-

nn3- O ,on3 O e3 3 3 e-{lti { 

3 3 3 

3 3 3 

;: 

3N 

3 3:l 

33:' 

3: 

3 37 

before Amemonium N was determined by distIll as described previously. 3 



ethd 4- (Est i;thftl of N etrac ted by (.05 sodiunm pyrophosphate and 

0 .5 .t- s i ,- ,u -,t, - , t n
 

1F thi:nL U ,S, t' ii,)dri 1>1 tr1.PQ. those desacribed K .L: ord 1) qof s-oHi 

was 1)1 in a 123 a] Fr e•mover flask a:> . ml O 0. N ..sod ium p''rphosphatre
 

was added . Fho,. Vl~ A:k wa sha'::Fitken~ f-, 30 .!- .[ina arinu at sha1
in azas £ io $kerY,
 

A fter ,'-;hi: -Pt( ;:1 , [ -o i, .. a 
. v 3 .
 t. ,:,,i' ',1,rle 

. m!'n .! C0. N ....0 w i :.s P'asfI swirled
 

a~dded to King the ; .- LreatML th soils' 'ee transferred
 

to 250) ml Erwm1a
it-P'itKWA 
 wqv: Wd Aide v; biny the soilis to
 

fieldI I . t LAnd
Lv 
 :o With 
 Me treatments wer 

Tkt-,'-'tA 02,, ,1j and th za se :! v.+-e.d ,k 
 y rf . oInta C mia
 

Lieon o I and NH, N n -NI., Me 10 0 ..ri IereW1Uhtll0, 100 . 

of 1 (_, -CI f i1 .- oI.-a hizn i K tU o l by 1 hingi thiugh a 

Bnl I f l I .lit hi h . a,L I'p 'h 2 ., . di n .. 15- ittit m lof 1M N 

toal. m eX:KCI making OW a2 of the ao. Ammnium -N and NO) -N in the 

Lxtrac'ts We et det'rit nel bv ir distillat ion p'rozeLidur'es de:c':rLbd preVI OV SLV. 


