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Crop Response
 
to Liming of
 
Ultisols and Oxisols*
 

Edited by D..J. Lathwell" 

ABSTRA (: 

Expcn illnts% cr ( at ied out on reptesviltati~c ltisols and ()xisols of'IPuerto Rit., .inI. (hinnli, .mi1d Petu t (lefivc the lite requirement o1
these %oiIt for o; niutnil pIlodutiion IIf crops. These soilsWevjl t(1
g4eit'lllV Ila% .Ilta oll ctx |lI.ang. tap lut.la SIle thle soils are acid. theextlia.t compltx 1%dtommatd Ine)xc(hltgcal)lc Al. Crop response to
littlea i,1. ell tllill IinIl these oils. CljNpt)%t*. If) lime isatributed to
ntilerali/ati,)mi o! tclimigeal)le Al aad ;I some iII1tances bo limination o1
Mn loxi it. Flic exhog.ahle Al otitent o !et.e soils povidesa reliablemleastlr- of tien- limc requinremcn. A fIew tli soils have a low cation
extl~ange taj)ptilM ind a low on em of- exchangeable Al. Their limeritlmeitl isreLtielh low. .)ii 'tir soils, liele additions ilay ennillnce
Ilt" availaeili, of Soil pihosph-rs. Weathering of nincirals such as Al.
tiloret" anid miticalization of or,#iic )rovidematter sources of cxlatgeatle Al in (crlain soils and iincre-jv&t their little requirement. 

suptIn
enwtinder frewtj h (ton;ru(ts u'o North (C.ar, uair . s. md tac

*IMs lMudJS'.S11k)7 4t) tthe LidwusAgrix %utniemnAtonal IDcwlop.
ulra I'r ,r ,4|.2Ix an

125I6. aind Sih (:,'ii rIf tiu criis (sd.24.0. tic. I tait. 1441%'04..id 
t l'rNof . Agiunoms Iklmatnnt. Nct York katt.f (:Wk- olI Aguholure and We Sr. 
ucs.(:tnvil [iver i$ . Itha..N. 1485, Pirmr"i 'lhk a Visting Professor o(Soil%irnc at Nnh t rolina Stair 'nrrst. kakigh. N.C. 
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SUM.ARY AND RECOMMENDATIONS 

The Uitisols and Oxisols upon which the liming studies reported here 
ha~e been made hate a wide range of properties. Generally. they air 
hight%- weathered. and the (rustalline clay fraction is dominated by kaoli
nite and/or gibbsite. with onhk minor anoutats of the more activ, 2:A clays
such as Al chlorite. Most. I nmt all of them. contain substantial cjuantities
of amorphous materials rich in Fe and Al. 

The exchange complex of most of the soils we have .tudied is domi
nated by ext hangeable Al. which varied from as little as 0.5 me w as much 
as I) me/1 H)g nsoil. Al msturation rangei trom about 60 to !Hpercent.
A few of th: soik are lmi in cxt: inveable Al. even though they are acid. 
Cns"leictk. the effecti'e CEC of tiese soils ranges from less than I me 
to 15 or more ine/ I(H)gm of soil. Astibst.,iial portion have ef'ective CEC 
of less than 5 mell(H) gm. and most of them ha%e a great dal of phi
dependent charp,. 

On .he Litisols of (hana. %hich hase a low effettive CEC and little 
exchao'geable Al. response to liming has been modest. lhe intifence of
lime on phosphorus availability in these soils., however, isnot clear, and it 
is possible that for short periods of time oal one or the other need be 
used. Lime rates on these soils should be onl enough to provide suffhcient
Ca and to neutralie the acid tesi. Les cau.ed by addiig nitrogen fertiliz
ers. On these soils, rates of I to 2 tons/ha are more than adequate to meet
the Ca demands and probably Are suifficient to neutralize residual aidity
ofany fertilizer nitrogen that nay be applied.

In Pterto Rice oil and crop resnisers to lime have been variable.
Normally. the Oxisois ar; less responsive to lime than are the Uiti li at a 
comparable soil pH anJ. percentage of Al satur.tion. Cofire. sweet 
potatoes, and stargrass are tolerant to exchangeable Al or Al in solution. 
Motz other crops are sensitive to A]. and the exchangeable Al must be
reduced to low values for optimum production. The Ultisols of Puerto 
Rico contain large amounts ofexchangeable Al and still contain reserve Al 
in the form of AI-ohlorite. for example. To reduce exchang-!able At to
levels that do not interfere with crop growth, it is recommended that 
about 2 tons of lime/ha be applicd per me of exchangeable Al. Thus,
these st's have a high lime reqdirement - in many instances several tons 
per he.-tare. Where high rates of fertilizer nitrogen are used. the lime 
requirement is increas-.1 even further. 

The soils of the Cerrado region of Brazil, and zo a lesser extent -Nose of 
the Yurimagua- area of Peru. appear to be mcre highly weathered than 
their counterp, is in Pu'rto U).' as evidenced by th",ir effective CEC.
The sils examined all had an effective CEC of less than 4to 5 me/ 10 0gm
of sol, and most of them were less than 2 me/100 gm of soil. Tie large
response to limingoberved on these. "oisgenerally hla been attributed to 
remov-al ofexchanoeable Al or Al Ci-om the soil wlut'or., alth'ugh direct 
response to Ca sdditiorcannot be precluded. On the basisol'he results to 
date for the Cerrado soils, liming recommendations have been ieveloped 
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according to the following formulation:
 
t lime/ha = (2 x exchangeable All + 12 - me (Ca + Mg)].


Thus. for a soil containing I me of Al and I ine Ca + Mg/100 gm soil. 3
i/ha of lime would be recommended. This formulation robably applies
only to those soils with an effective CEC of less than 5me/!00 gin. It has
been used successfully in the Cerrado region of Brazil. 

Work still remiuns to be done in defining the range of oil conditions
under which crops respond to additions of lime. On those acid sois where 
exchangeable AI dominatcs the exchange complex, the amount of ex
changeable Al provides a reliable measure of the ime requ*i4ement.
Procedures remain to be developed to provide an acurate estimate ofthe
lime requirement of acid soils that have a low effective CEC and little 
exchangeable Al. The role of Mn in the deleterious effects ofacid soils on
plant growth needs to be clarified. Weathering of minerals such as Al
chlorite anc mineralirgtion of organic matters, which provide sources ",tf
exchangeable Al. may have important consequences in developing long
term liming programs. The factors that influence leaching of Ca in the
profile need to Ue zharzcterized and incorporated into the liming re
quirements before liming programs can be completely described. The 
continued development of the species and varieties of food crops tolerant
 
to high concentrations of Al in the soil will likewise minimize the need for

lime additions to acid Ulisols and Oxisoh.
 

INTRODUCTION 

The Ultisols and Oxisuls of the humid tropics are usually acid. Liming
ofacid soils is generally accepted as necessary for improving crop produc
tion. This report summarizes the results of field experiments made in
Puerto Rico. Brazil. Peru. and Ghana to measure crop response to liming
of acid Ultisols and Oxisols. The specific objectives of these experiments
were to determine crop response to rate and depth of liming, to evaluate
residual effects of liming, and to relate soil properties to ;me require
ments and crop response. The goal of this field research and supporting
study of soil properties is t(, make liming recommendations that fit the
specific soils and croppiig situation of individual farmers. 

Several recent reviews on soil acidity and limi'ng of humid tropical soils 
ate available, including Kamprath, 1967; Kamprath, 1972a; Kamprath.
1972b; and Pearson, 1975. When appropriate. rtference will be made to 
the pertinent literawtre. 



CROP RESPONSE TO LIMINC 

Pueuto Rico expenmemts 

Lime roe expenmiitc. Experimenis were established on three UIt;ols
and two Oxisoh to study the influence of liming on yielV of se,.ral 
important crops. The details ofthrse experiments have been described by
Abruib et al., 1974b, 1975. The Ultisols were the Los Guineos clay,
Corozal Wiay, and Cialiko. clay; the Oxisols were the Bayamon loamy sand 
and C7,alina clay. A small amount of lime (0.45 t /ha) was applied to a plot
Of each soil to measure crop response to calci.:m addition. This low rate of 
CaCO5 was insufficie to subsntially alter the degree of ha--saturation, 
except 	possit.ly in tlh, 2avamon loam) sand. Also, varying amounts of 
limestone wetc :.pplied to plots of each soil type (tables I and 2). These 
amounts were based on an estima,- of the litne requirement of the soils 
and ipplied with the goal of achi:ving soil pH values ranging from less 
than ,.O to more than 6.5. All of the limestone treatments were applied 
bc ire the, fir, crop was planted, and a .ries of successive crops was 
grown wit'rr further additions of lime. 

7dW I. Some chemal properue of me-iurated Puerto Ico O160h -
B6yamon loamy rand and Catahna clay. (Samples taken 6 iuwths afier lime 
ap~ftatonl 

Sed Lrt S~p( Sod pit Exthalme Al 
rak I S C4Oov*s Mto rao 

Ca - 3g Al 

1/d 	 ca ea/100 __" 

Bayamon 0.00 0-15 5.1 0.7 0.1 13 
loamy and 15-30 5.1 0.6 0.2 25 

0.45 	 0- 15 5.5 0.9 0.2 is 
15-30 5.0 0.8 0.2 20 

0.76 	 0-15 5.4 0.9 0 0 
15-30 .I 0.8 0.2 20

1.05 	 0-15 5.5, 1.0 0 0 
15-30 5.2 0.9 0.1 10 

1.9 	 0-IS 6.0 1.2 0 0 
1 L-O 5.5 1.0 0 0 

Casaina 0.00 0-IS 5.0 5.6 0 0
chy 15-S0 5.1 5.3 0 0 

0.43 	 0-15 5.1 5.9 0 0 
15 30 5.1 5.2 0 0 

4.72 	 0-15 5.4 7.0 0 0 
15-S0 5.2 5.4 0 0 

7.30 	 0-15 5.4 7.4 0 0 
15-!0 5.2 5.4 0 0

11.63 	 0-IS 6.2 10.9 0 0
15-30 5.3 6.5 0 0 

6 
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The soil in all plots of each experiment was sampled 6 months afterliming. Some chemical properties of .he oIs ar- given in tables I and 2.Generally the two Oxisols,were not as acd as the Ukisols and were muchlower in e-, ,hangeable Al. Thz. coarse-textured Bayamon loamy sand. inaddition, contained only very small quantities of exchangeable Ca andMg. Because the cation exchange capacity of the Bayamon soil was ex.trerarly low, t. ly small amounts of lime were added, and therefore thequantities of exchangeable bases increased only slightly.clay. on The Catalinathe other hand, contained sizable quantities of "'"angeablebases even w.thout liming, and these increased significantly upon liming 

hMe 2. Some chtrnicaj properties of lime-treated Puero Rico Ukisols -Cuineas clay. CoroAl clay. C a&ibtc Lcsclay. (.amples taken 6 months after lime
appliaton)
 

SO t 
 Lue 
 S'mWP$ S: 'ph EirAltaith, .1tr41, 
i~pk7~oqheq~o 

Ca i.Mg Al 
i/la ca 
 =I,100 CM
 

la Guineo 0.00 
 i- 15 4.6 5.7clay 2.8 3315-30 
 4.7 4.9 2.70.45 0- 15 4.6 5.3 2.8 
36 

15-S0 4.7 5.5 
35 

2.65.65 0-15 324.8 6.7 1.8 21
15-30 4.9 5.2 2.18.73 0- 0 295.4 8.4 0.2 215-M, 5.2 7.4 
0- 15 5.4 9.3 

0.5 
0 

6 
0 

13.77 

15-30 5.0 8.2 03Corozal 30.00 0-15 4.7 a2.3 4.1clay 2515-S0 4.5 9.5 11.8 550.45 0-15 4.7 13.4 2.3 1513-30 4.4 9.1 84 481.22 0-15 4.9 15.0 1.7 1015-30 4.5 9.1 12.44.52 0-15 584.9 18.6 0.9 

15-30 4.4 9.9 

5
 
12.99.81 0-15 475.5 20.5 0.3 115-30 4.6 13.2 8.9 41altoS 0.00 0-15 4.3 7.3 4.1day 3615-30 4.3 55.5 6.6 55OA5 0-15 4.5 7.6 3.1 2915-30 4.4 6.1 4.33.27 0-15 414.7 9.8 1.6 1415-so 4.55.45 0-15 

&8 4.4 394.9 12.0 0.9 7
15-30 4.4 61 4.78.78 0-1% 4453 14.8 0 015-30 4.5 67 4.6 41
 



because of the higher cation ex(hange capat tiv and greater lime re(sirc
ment. Although tlhe phl of the Catalina did not reach 7. it reachcd 1.pI 
above 6 after lime was added. 

In the l.tisols. h-owccr, ; )tlh the exchangeable (a - Mg and the 
exchangeable Al were high. As the rates of liming it rcascd. exchange. 
able Al and percentagc ol Al Satr.tion declined.Soil I)II vaurs inreased 
onh slightlh. but thev dcdined to ncari the original %alicsbs ,'.- later 
smipling dates. 

A rcslixic to liming was found on all soil it luded m the eq)criments 
itable 3). With thir Bayamon loaim sand. the responsc (except for snap
beans) to the .)45-t/ha application was ah:ut s great as to ,iiis of tile 
higher rates. Such a response %%asnot tinexpe( ted l-riause t his soil has a 
coarse texture and a l tatiort retention capacti. like-isi. the first two 
crops on the Catalina res "onded 1',isorabl to the 0.4 5.01h lime applica-

Table3. ick] resiximwc -oi li of .Asequen.c oi rops g1'.% i o %nrotl tUi11sok 
and ().ku4s of li'ui-o Ruco (Yield is oI m.rkcrtmht pr-|luoi) 

Tr atuin )'i44A 

Sod tim3 u~ Anp . 
1 
1al:f , .V etI S~n MaiasOW %1Ozt 

t a4 48 Per inirazsArfte 

,aranxmin I) 1.210 2M0 1.325 4.621) LIll) 
kIum%und 11.45 2.715 475 1.910 5.235 2.305i 
(Oxfohl 0,76 2.155 850 1.595 4.3(0I 1.785 

1 0 2.91o 1.0101. 7!6 5.430 IA. 4) 
1. 92 2.970 1.670 .470 5.9i 2.320 

(alina 0 2. 795 6.915 4.i35 
d.: 0.45 3,AM ?,.290 4.2(N) 
107ol) 4.72 4.595 10.640 4.")Ap 

7.31 4.145 6.164 5.070
 
I2.8M 3.580 9.185 4.h25
 

Loi Gut. 0 11.730 6.745 12.185 1.995 31.825 
nm csIj 045 10.530 6.764) I1.950 1.750 33.700 
(ul'iudij 5.65 14.245 7.705 11.200 2.285 2,.155 

8.75 14,345 9.810 13.9i 5 2.335 32.9Y23 
13,75 15.780 9.4 W) 14.820 2.49.5 31.670 

cofoz,, 0 7.100 4.010 13.125 
(a 0.45 8.165 3.834) 14.135 
(L'hiv',ll 1.22 8.510 4.855 13.350 

4.52 8.805 5.075 13.955 
981 9.410 5.995 13.595 

Cialitrs 0 7.020 5.04)4 
clay 0.45 8,815 -754 
i41t"l) 3.27 9.715 5.4W(J 

5.45 10.650 5.521) 
8.78 10.000 5.840 
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lion. Abrufia et al. (1975) have shown that the Ox isols ofPuerto Rico, evenwien extremely acid, contain little exchangeable .,: " ,wever, they oftendo contain rather high coratents ,. -xchaigcable and easily"reducible MnThus, it seems that both enhanced (Casupply and reduced In availabilitv(Ontribiute to im)roved yields whlen these soils are limetd.
With the three LItisols, relcivelh little respomse 
 was found to tile0.-45-t/ha rate of lime. except for Ibz: snapbeans (which were tae firstcro)) on the Corozal and Cialito ciays. With subsequent crops, howevcr,tile 0.-45 t/ha had little effect or vield. In general, tile greatest increase in 
ield was obtained with the Iirst rate of lime above tie constam 0.45-t/harate. although will sveral ci'ops the highest yield was obtained at tilehigher rates of lime. On these soils, response to lime increased as tilep)er(entage (if AI saturation declined. Maximum response to lime wasobtained s hen the Al saturation fell below about 20 percent. Sinceadetuate ("a and Mg were present in these soils. neutralkation of extractable Al %%as essential for optimum growth (Abrufia et al.. 1974a, 1975;

Perez. [scolar. 1977).
Response to lime tended to decline with successive crop!, in tlese soils.

perhaps becatse of a gradual increase in percentage of Al saturation.Ss eet potal(o., were somewhat less resipnsive to lime than somne of tileo#!ier crops. Plantains grown on the L)s Guincos clay did not respX)nd to
lime. 

Depth of lime experiment. An experiment was established on a lHumatasclay, (Tinu Palchiunlts) to neisure tie influence of deptil of limingon cro)p response. Tihe treatment! included liming tile 0-20-cm laver.tile (0- 4-cin laver. and the 0- 6 0-cm layer, along with a control. In thesetre~a'uie.Is, irrespcclie of tile depth of iiming, the soil was disturbed to adeplth (if 60 ril to minimnie .xoil listtirbance as a factor in crop growth.lime in the form of Ca(OI l), was applik-d at the rate of 3 me Ca for eachme of Al founci in tiae soil. *he total quantities of lime applied and(heoical data oilsamples taken after tile first and fifth crops are given intable 4. Four consecutive crops of maize were grown on the experimentand grain viells measured on all except tile second crop. where the"-ve-ground dry matter was harvested (table 5). The maize crops were 
ftllowelb. two so bean crops. making a total of six (table 5). No addi.tional litle was applied alter the initial application, which madebeforelniting was

tile first maize crop. Response to lime continuedthroughout the experiment on both the maize and soyibcan crops illus.trating a strong residual effect of lime. Generally, tle deeper the ime
application. thfe greater dl.e respomnse.Exchangeable Al was lower where lime was applied. When lime wasmixed through onl4 the top 20cm of soil. Al was inactivated in that zoneonly. When it was mixed to 40 cn, substantial portions of the Al %ereInactivated to a dlepth of 60 cmn. Exchangeade A! was lower throughoutthe 0- 6 0-cm zone when the lime was mixed to a depth of 60 cm. Sufficient lime was added to prevent a decline in pH or remobilization of Al 
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"I"Wbe 5. Y1 dhl1telit i tit iJr JAl1 -1.0i A.s inmllurntd b, d'pnl of imling of
 
1lfim.1.: -ab
 

Lista trea.sqRew Al,84i~ is, $1t tjr ifd44td 

QwtanA Mprh qt ( 1 (I.,p , 2" (,p 3 1.r i C(,p f.P A., 

/I/a IAig ru'l i pr A ,t 4 , 

II~ ~ ~ ~i; ~ L~II'I ~ ~ 4~13,1 ;35I . 1I9I24 4- IN) h1211 '.I .(I 1 .9 15 
I5f4411 1,NXII Jf 1.740152 6.-ii 1~ 21 . M~r0 , ti.l5?it 1.975 I .S15 1.9,0f.20 ) it) 7.q.411 'p7t) 6.5 I~ 2_1,21) 1.625 2.075 

"C .p2 %-1% (Itsl-lllJICI ill fhsict I %Cie grart %;C4elotui ;iik. 

Brazil experiments 
Rate and placement experiment. An experiment involving rate and
plaement of' lite uas laid out at tlhe CPAC (n a u)il cLssified in (iec
Bra/ilian s .slniasJ dkst rophic. dave' -textured. crradli.-phasc. Dark
Red l.atosol. In the United States ti;xonoimn ((:line and Buol. 1973). thisSoil jirobalblh is (lassifie( a: a Tyvpic f!aplustox - fine. isohvl-rirtlermic.
kaolinitit ..Aii area that had i uniform exchange atiditv and 1SilpA was
sel'cted for thi.%experonient. The total illioll ,olntent of [he soil wos ver%
low (< 1.5 me/i1 JO'gn soil). and alx'it 75 percent of the cations on theex(hange tomplex were Al (table 6). The experiment was laid out illfreshls brokeun savanna that was clear,'l from shrubs and grasses. Lime
stone was applied al rates oif 0. 1. 2. . and 8 tons/ha at two depths. 0- 15 cum and 0- 31 cm ((;liale2%. 1976). Of the six crops grown on the experi
ment. the first three. were mit.. the f)urtih was Sorghum, and the fifthand sixth wereV-I0 . which w. mai.. l'o varieties f',orghuln ,ere grot', "avsr J'.vans:\l to)lernt, atud RS.1 I0, '.shich was Al sensitise ..afinus, 

1978).
The viel(Is given iii table 7 show ithat m:ii:, restmne(il narkc(lh-to lime 

on this soil. At low rates of litne. yields W_ the Al-toleran: variety ofsorghum were higher than the Al-sensitive sorghum, but the two varieties
responded equally at tb" highest lime rate. The reslnse to lime continued throughout the -- crops grown, with n,- .idence that the lowerapplication rates were Ee-o.ming less effecti,'c than the higher rates. Thus. 
even ai the lowest lime rates, the rcsidu;?J effects remained significant
throughout the course,)l the experiment. 'hose treatments in which lime 
was applied to a depth of 30 cmn consisttrntlh yielded more than those
where lime was applied to a depth of only ,5 cm. Over the course of theexperinment. the response to I and 2 tons o "lime mixed in 36 cm of soilequalled the response to 2 and 4 tons of lime mixed in 0- 15 cm of soil. 
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increase over tim
e, even at the low

 lim
e rates. T

his stability probably
accounts fo

r *he long-lasting residu-,J effects o
f lim

e over the course o
f the 

experim
ent.

W
ith deep lim

in
g

, the percentage o
f A

l saturA
tion in

 the 15-30-cm
 

zone dropped to low
 values w

ith 2 tons or m
ore o

f fim
e. A

] saturation
changed little w

ith tim
e in either the 0-

15-cm
 zone or the 

15-30-cm 
zone. Soil pH

 in the lim
ed zone. how

ever, has gradualy fallen w
ith bodt

the deep and the shallow
 lim

ing. In the shallow
 lim

ing treatm
ent, the pH

has not increased over tim
e in the 15-

30-cm
zone at the :ig

h
er lim

e rates, 
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C%CItlari h tile)CI. ton.3% I %1 i'.3C i Ca \1, 11,1% II iVAtC and1leIw ligi. Alci of
(leepaio has14(l~I lt-iiii1. 11,I l)I.vt eo IlI i-VvI(It (.I I I ICI eI LvII t 0 ii I%vle 

.itotjie %% %sehi.tilli lt. gi evilei I ilin Gaiv Clee) limlinlg I e.11aiisii 1( ;411i.
,.th,. 1976fl lIiii oxd (Ca 1)11111011 ClCIliC 1.\be 11\.ICa.4 I1iiIi%'dtC III (fit' 

Extrapolation ex~.erment, Red-Ye-Iow. LatosoI. 110 aet 'ninc %%licihert 
tile rellill. isf 111 (it( ]III)- -Itl(i%ob..Itil.e ji_-i Re.,! 1.1(o (CC I ~Ii xe \ti 

151.lied tCo otIhvr %4ib .111 iwritiet \%I%(--t rued Cilit Ci 1 1 CI.(1 Io%% I i ii 
IiMydpislot - At '.i lsN\Ilitlrg.i.) allt. w CPA AN ..ho II III Ijbk 'S. dir 
P1'r vui~arCAllage.1 j %.. .i..olhigh usI Ihe 1t11aiiicdtu ..nl. I lit- .3hl)%3Iit'(t 

.iuswuzill. 411 Ai ,rld (Ca - MIg. 4oCmweei' . Inlit.
o% 40.C15tC I00i gi soli. 

ha1' e( rl - iiit it ( it ) both I li itu~l. 1 3111 i' I l t II o 4 i Il %%1111 1 ' e d 
MI 11.j 1- Nilj ti)-t I ISIi lte . and v(1 111o1. l .1 11 IIICwOi%I l)4i.l I )1.111 that 
C-vriu.rd 11 ?CrlliC IIIII eI~~1P1 3 d (11fit st)I il, ICiilit- l'n( )-Ili %a i t..%1 

SLiC)It e tilied i3' i.% tr srd~iiiid i %l)t't!plic lItli. gIit jI OwIt.%IiCI 
orinr te 31i jldl It) tehepe lim.Xi .I soit (-. soil. till-P:, th...loa hos 
J~tIr id le he 141)goItitsed%o AxnP-15l0l kg~ .ii .I a. %Ili utp. l Inobahk 

raredsidual efec ofliig ~~~-atrri aLot~ tho. I)Imwst iC'iddvdCmid 
ifti )1 dvitacI of31A15.1! 3%iro %%pe'IN1~1At U111 A'dI. I )f i.310C 11.111411 

expected to be of shorter dluratioin0 tropital thani ini lemperate regiols 

Table eu*tImaitr hiliueirdit IiiigYil. ( iud wussn a RnA-I.~skh Iai."J 
(HKpIummH - A fruw iflit'fgtiudr 

nt r',tuu i/!,r (;vup I r" 2(.p 

0o5 4.510 1. K541 3.5641 7.650s 5.630 
4 7S 3 5.54M) 7.140 h.090 SAI 7.941~~ 

Ubme apphacd it) a 0- 30-frmy tone. and oildaar.iepr phCtlipir toil A%P wlui~o. 
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becau e l igher ramnfall and higher tellpet attire. Ia this experinlentIs") ;arle icvk of ovbiao. wei,; PrOWh i, tIe 1973- 74 %ca+slf)ark Re oil all acidher' l.itlitle flat, Ileen aPp)!id its Noeellber I 971l and onwhich 't,,,qu-r% Ih.d beeln grown sil" that tiinle ((;ulalve./ 1976).As %o( iit
is tlable 11.%iel.is intreeasc(d igmittllolh, oIx,1If ariet iltie i IiilI,'lll of l1n. .At late%greater than I till/ha. Itep-lls,%were1iila^1syta41 ott .,1thet -I %it (h it \iio{.t-lceponll, it oia %. ritl . 'Ihe %trolnglihv first Itc lment of
r(mint.d ,er, .1aida 

lile o (urred t'Ve thouigh le soilipl 
 I .1.8) and the Al %,tialration
ist 111ll% was high. This coll(it.indi alt lhit ticxtI vovarieties are relatl.clv tolerant it)re'f)(Iiid we'll it sma(l(lditions of l 

Al and 
"Ittle((on/aIk*. 1976). Betause the Ca +Mg (illlilt inthe Intrea.(( %oil(0.57 eIn./O)gin) Wv's vcrill1iv low, the cropsiaxt. iesp)indet (irc( i% to Ca. also.A.t.cr 'i earoftrol) ng. noti'eable residualin Ihis Soti! and mostl fll(et of liming remainedtflile exchangeable Al was still nettraliled at tile

Ihigher little ratts. 

Ghana experiments 
lime rile experiment. An experilncnt was cstablishCd on tile Ktm .
l\ it Paleudull) series otlli 4 ic Soil Research Institutt. station at Kwadasoto nRw'al(.e res)onlse of inani to jine. I Jute n the form of Cal(Ol) w+asapplied at rates )fi, i). . 2. ;aid,4 t it April 1975. Mfaiin April at kilte e wals nlantcdbeginning of th. rain%scas)n and harvested inAugust. AseCot{d ilnaie rop was planted in October 1975 and harvested inJanuar.1976. 1ht1experiment was laid o:t inlan larea that rccentlv had beentleared Iront forest. Soil pli and (Ca - Mg (onltents ot the soil arc+given intable 10. Onl iii the subioil was any aerialetc tlakntjt. of extractable Allound. andh even there tile aollutint %'as Ilut r at compared with manysoils. The !I ,-nd Ihe Ca ,Mg Content bIlth increased'upson imiiag.
Yield increaed slightlv %ith tile first in-renent o lime applied for both
cro)s (table I0), and a slight reoltiction occurred at the "-ton rate. Infor-


Table9. rud .1iilestt it %.j{Iotmh rI- s em grain lieldtit2 5 ' .lll'u.lrng-rAmioi a ) ikRt-i 1...m. 1 MapI suiax) 

Alq'Umag,.4 .41 g,,+az .S'vil.ansilS !V'7 -74
 
hoot a~pplud.
i/
7" 
 1. 
 V81},1 IAC'.2
i +, 


1/ha n,,,
t 4 c ,'A,. 
0I ?' 71t I,0i95 I.I)64I -N61 4t I. a4 1.87(02 t29 
 2.135 1.C121

i4 2(l 2.141 2.2956 12 7 .695 2.40.l58 3 4 2.7 311 2.260 

.o5
 



tunately, the experiment was lost after the minor season crop, so that 
longer-term results could not be obtained. On a similar soil, Ofori J1973) 
reported increases in maize yiekls from liming, which he attributed to 
counteracting the effect of (NH 1 SO. in acidifying these poorly buflred 
soils. In this experiment. extractable Al played no significant role in 
growth of maize. 

Lime x pbospborus experinmet. Two experimnts were carried out in 
liana to study the effects of various combinat.ons of lime and phos. 

phorus on yield and response of -ood crops. One was at Kwadaso on 
Asuansi soil, and the other was at Aiyinasi on Basachia soil. The site at 
Kwadaso had been cropped for a number of years. whereas the site at 
Aivinasi was cleared just before thc experiment was esablished, from 
secondary forest vegetation that had grown up after previous cropping. 
Crops were grown at both sites-maize during the major rainy season and 
cowpeai durir.g the miinor rainy season of the 1976 ind '77 cropping 
years. Yield data for cowpeas was obtained only at the Aiyina.i site for the 
1977 minor season crop. The lime treatments shown in tables I I and 12 
were applied and worked into the soil with a hoe before the first crop was 
planted. No further lime applications were made. 

At Aiyinasi. maize grain yields for the 1976 major season were in. 
creased by both lime and phosphorus. The response to lime was leis at 
Kwadawo, although the response to phosphorus was significant (tables I I 
and 12). Droulht in 1976 limited thegrain)ields at Kwadaso and may also 
have restricted response to lime. In general. the largest reponse to lime 
at both sites occurred without added fertilizer phosphorus, and the 
least resporne to lime occurred at the higher rates of applied fertilizer 
phosphorus.

In i977. grain yields were increased significantly by both lime and 
phosphorus at both site. Although grain yieldsat Aiyinasi were limited by 
drought and by damage from birds and insects, yield tended to increase as 

TAb 10. Influence of liming on yield of maie grain grown inthe 1975 
major rainy sason and total dry master grown in the 1975 minor rainy 
seaon on a Kumasi Il (Paleuduk) 

LOW Soil I EvuAwag Miaf ruo )Wks Dh-m.Mor ,sdd 

Ca + .%I/g Mep/rau . em 

0 5.6 5.86 4.990 5.120 
5.9 6.97 5.470 5.650 

I 6.1 7.32 5.220 5.670 
2 6.1 7.16 5.450 5.550 
4 6.6 10.82 4.900 5.310 
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TAde II. nflene of various cohnbiaomf kmi andOaphones on maim rain yie& pamm in 1976 and 1977nzjur runy srasw on an Asuam, ad (Pakud0h) 

PO, Low ro,. /A 
root 
r r - 0 1 2 4 Avg"
 

/g/ha Yedd.hgha 

1974 fta* uslon 
0 1.070 1.430 1,340 1.960 1.45025 890 1.430 1.430 1.610 1.34050 1.430 1.610 1.250 1.780 1.52075 1.610 2.140 1.610 2.320 1.920100 2.500 1.960 1.610 2.500 2.140A#g. 1.500 1.715 1.450 2.035 

1977 mapj usw*
0 1.040 I.1960 2.550 2.370 1.95525 2,110 2.270 2.560 2.780 2.43050 4.150 2.820 2.780 3.350 2.77575 2.!V) 2.910 3.160 3.240 2.915100 3.190 2.760 2.970 3.460 3.095Avg. 2.165 2.525 2.805 3.080 

7* 2II.Influerxn ofiaous combmnagtons of ime andphoiphorus on tield of maie grain arown in 1976 and
1977 major rain) wasons on a 5as. 
 (hsa toil iso1) 

P1,h LaJOrae. /AG 

I 2 4 Atg.
 

Ag/A. r&. Ag/A. 

1976 maOr,ej,
0 1.050 1.380 2.230 3.080 1.93525 2.630 2.790 2.700 5.010 2.78050 2.920 3.100 2.990 3.420 3.01075 2.900 3.130 3.200 3.060 3.070100 2,1030 3.440 3.610 3.330 3.300Avg. 2.470 2.770 2.950 3.180 

1977 maw sMom
0 715 910 1.525 1.635 1.19525 1.515 1.965 1.735 1.610 1.7055 1.550 1.915 !.80 2,555 1.97575 2.160 1.415 1.855 2.740 2.045100 1.430 1.780 2.165 2.330 1.84

Avg. 1.340 1.600 180 2.175 
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tile rate ohnil,tppfied it rca..iI. A i Cile prciolui% %ir. lte largct
 
I 
 CISllSe1f)h:e ,( Curred w|Ielre Io fJCrliiler I)II(%|)Iti1ItlS IlaS applied.rit. %-icl(iso tile icro-lilje plots ill(ieatd UluhIn, .tor( lwill added phsl
phorus thant did tile phi.s IIa received Ix)h litle ad phosphoIrus. l'hus. 
the reslpvnw co litle %,.sreduced Ibv the application of flrtillier l)hos.
phoruis. (:oupea iclds. hou,c' r. %%erenot affet(t-(d bv lime al Aiviuss in 
fle minior cropp)ling wa.soi 

Mfer arialv#ing Ktit lsi %oil ,.irmpls froilm .a icarh% lo tioll. 
Mughogho (1977) concluedllhat lclcs of exit .,iIdh-e Mt Ire Mullfi. 
cienl' lo to predhus itfri |'inlwg .sia s tiIis l.ei tot litle respl)%comilthese particular 'thisoh,.
 

The chemical dlata on tihe .\AN.,
,i%oil giscil it table 14 ShoI deliuitcl 
[ha exchingeale Al uais not a facior ill aesion-s- Io little. Ioilh soil 1)11
arid exchangeable Ca increased with lining. Blcauir . ilds oinliaicsd Co 
increase, uI ) to the highest rate of lining ex(cept the highict rate of 

Table 13. Somul r i prmvpirimi-' vatItie.Implicli l j1.aI ,. ii htlllllln
 
I.ample tAii At cild l firol (loll)iilg s-CAwiI
 

II..dpI ! Il t .11// 


if,( ct , Ca Af 41 

0 5.i 9 1.56 ) 29 4,40l 4 
1 6.4 5,9 322 (0 M 
2 66 i.2 379 (1 I!1 
4 7A 70 M.21 033 -


Tabe 14. Some chCmkal propieftr;of tileHAh.laltn l as Afelied b, liming
(Samples ak atend ot first (fi~lig CiA11iIt 

T,,nuatm=¢ aw.i .Sidpll Iz#g'aN,t¢ ~ .4 

t/A ,,m .e 1iOO tgm tt~ 

o O-i15 4. 4.2 0.9 0.4 29 

15-34) 4.2 3.9 0.47 0.90 66 
0-15 5.0 4.5 1.96 0.13 6 

15-30 4.6 4.A 103 0.55 35 
2 0-15 5.7 5.3 3.02 0.03 I 

15-30 4.7 4.3 1.10 0.45 29 
4 0- 15 6.0 5.6 3.62 0.03 I 

15-30 4.8 4.3 1.15 0.45 28 
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applied tertiliier phosphorus. it is d(oubt'ul hat tile response can beattributed loI Ca alot. Rather it seems to be related io an increase inavailablt phosphorra which probablv cf(ur bel'acI, ause)lie lime enhan(es mierali/ation of ogani. phosphorus. 
As shown in table II, the B-sachia soil from Aivinasi contained moreexchatlgeaiule Al than did [iae Ast.'mii soil. esliecially in the subv)il. Thedegree of Al s turatio in the subsc:i! probably was high crough to restrictroot growth. The col(ctt of (+i - Mg %Vas s.o low in the untreated soils,again esl)ecially in tie 15- 30-cm one. Adding lime had several effects:both soil i)I atI exchangeable (Gi +- Mg increased: exchangeable Aldeclined t) ser% low vilues; and Al (turationdecline( in the subsoil .oabout hall tile original value. In addition. there was evidece of move

melt of (a - .Ng into lie 15 - 30-int lone. 

Peru experiments at Yurimaguas 
Continuous cropping experiment. The objective of thic Yurimaguas research program i$ tc ( evehopt of viable alternatives to shifting
cultivation oil tile L'Iisols oftite Ata~o. iungli. region. rhe research hasbecin directed at evaluating the effect:. of1 land-clearing methods on soilI)roperies and crop yields and s'lectiti-' tile most practical croppingsequences and fertilizer requirements for sustained crop production.Although experiments aimed at developing specific lime and fertilizer
practices were not made. selected treatments were available to measurecrop response it) lime. These soils are strongly acid and vey low in CaMg content. especially in 

+
the subsoil (table 15). rhe percentage of Al

saturation is high.

Data used 
were derived from a continuous cropping experiment inwhich several cropping sequences were introduced on land that had beencleared either by traditional methods of slash and burn or by bulldozin, 

11W IS. Sclrtte! (ctrnf:l la ltin rs f,(,. VuruasltguAS uW 
of Peru 

SaM.N, AmleIpl1 Eliza'geoU, t425in .41 

•Ca .%is .41 

0-5 3.. 1.44 1.17 45
5-I3 3.7 0.1 2.14 94


13-43 
 3.A 0.15 2.82 96
43 - 77 4.0 0.08 2.73 
 97
77- 140 4. 0. 10 4.19 98

140-200 4.9 0.14 3.51 96 

iource: T)Ier. 1975.
Includes K & Na. which in koer horiont contitute 30j
to 40% bates. 
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Table 16. Yield tit isc~c tiona% itrii cii 1)Inhiiig m itt
 
Unfld rt.1 in in31citahx i di L 118itiii u88. 8~ i hein g
h 8 ii r d.I [ti 

(18,8 8!cl It Cilictit,I. 9'73
 

r~~,~3".le~ 
4 1 j. me 

R,(lc I.,.4a A. IIII. Ia1ii4 

Su'VCISirjtIuU i61 !'45 2.34617 .31
 
S411brras.41.% *1415 s.87'
Mia 31 I 18848
 
t ind hcian.. Is%.i4vil fit tie ~ i8II '
 

S-itrter %euberi. ,
 
*All grAm irldsM Cce(ci4 (.uinc8 g:.a.s u.lintr %irljuf jar I tiingi.
 
ti toragr
 

Tabl 17. S)mV (hCMk.11 J)r4);wrt1Cl, (it )ltJ1111lap'UN.I ASeallrund b. lAnd-4nCAving.81 
mcrhcd (Sampled After fiIr trop. 1488(18 rcicie rti trrimeni. Atilt2 after ht ( trip 
tohkh rtcoved basic pl~iriAnoti 

(.,( - M l.~t .4 1 t A 

Samp q(tn 'iris un'treared ervp 
0-10I 4 4 1,40 I 50 52 1 4 067 2174 7 6
 

10-30 4 3 043 2.621 %6 4.3 03.26 27A 92
 
SaMP14t a/tnr P~ts hmia',au-d trop~ 
0-10
 

-U me 4 3 1 90 .741 47 
 44 1.508 114 56 
-IUme 6,2 (18) ((2if 2 6 1 5.411 1),10 2 

10-303
 
-time 4.2 4),70 2.54) 74 L.3 0.50 3.00 116
 
*lina 4.4 3.638~ 2.2o3 58 4.5 1,20 2.40 67
 

Source: Seubeut. 1975 
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(Seubern, 1975). A first crop was grown on these plots without any further 
treatment. Se.vtral treatments were imposed after the first crop was har
vested and before tle second Was )lanted. including a lime control treat
ment and one receiving 4 t/ha of lime. With both clearing systems, all 
crops showed a greater response to lime than those that received only the 
complte fertiliter (table 16). The yields on the traditionally cleared plots 
were. on tle wholc, higher than those from thie buildo/jd plots. The 
response to lime. Iowever. was not greatly different on the two groups of 
plots. 

Some chemical prperties of tit soils taken at the end of the first crop.
Whlich re(ei ed no treatment. and alter tle second crop (treated) are
given in ta)le 17. Compared with the original samples (table 15), soil pH
increased slightly at tile end of d'e first (rop (6 months). Ca , My were 
icin;..l llhigher ittle sall).les from burned plots, and tile percentage of 

Al "aturtion was rcduted in the surface layer. At the 10-month sampling
oil both le burned and bulldozed areas. lowever, the Al saturation was
rtdluc ed to low lrscls as ;'result of ine application inthe surface horizons. 
The effect of lime at e lower depths was minimal. In Ix<th the burned 
and bulldo/cd soils, response to lime was associated with a reduction of Al 
aluralioll.
 

Lime rate experiments. To study the elei.t of rate of liming on crop 
response, an experiment was estahlished ia July 1974 oIla field that had 
bkin cleared and burned in August 1972. planted in rice once, and 
tIhereafter maintai-..i in Guinea grass without lime or fertilizer additions 
(Wade, 1978). The chemical properties oIf the soil without the additions of 
lime show that tile soil was very acid and high inexchangeable Al (table
18). Lime was applied inone initial treatment at rates of 1.2.3.and 4 t/ha
and thoroughl% mixed into tile soil in tle 0- IO-cm zone. Four plantingi
of various crops were grown witlolut additional lime treatments. Crops 
grown and ,ields obtained are given in table 19. No maize crop was
obtained in crop 3 because the weather was unfavorable. Without lime. 
crop yields were a failure. A substantial increase in yield was obtained at 
the I-ton rate of lime. and yields of most crops in the sequence continued 
to increase through(out the four plantings. Wade showed that these crops
had mtaximum yields wilen tile Al saturation was reduced to values of 30 
to 40 percent or when the Ca - Mg content was raised to 2 me/ 100 gin of 
soil or more. lie concluded that liming to reduce Al toxicity was funda
mental in these soils but that the crops may be responding to increased Ca 
supply as well. 

In addition to the treatments where tile lime was thoroughly mixed into 
the 0- 10-cm :one, two application methods - mixing with a hoe and 
applying t) ihe surface - at the 3-ton rate were used. Yields from these 
two methods were somewhat lower than those from the thoroughly mixed 
3-to treatment, but still a significant response to lime was obtained. In
another treatment, only 0.6 ton of lime per hectare was spread on the
surface before each crop was planted, and sirprisingly good yields were 
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Included in another experiment were lime rates of 0, 2. and 4 t/ha
(Villahica. 1978). As shown in table 20. response to 2 t/ha was substan. 
tial, but above that amount it was insignificant, except for the maize crop 
in the SAM (soybeans- rice- maize) series. 

Adding lime to this soil increased the soil pH and the content of 
exchangeable Ca - Mg (table 21). it drastically reduced the content of 

T"I. 20. Effeas of bm- rates on sields of
 
several crops gr-own in 2 cropping sequences on
 
Yunmagltas A.Il
 

sent$,anid
 
liit raft h 75 10/71 A170)
 

l/ha kilgra, per kctar 

M.48 teorwO la:e Rice S'"brarl 
0 2.150 3.2.5
 
2 3.391) 3.670 Crop
 

3. 410 3.713 fAlure4 

SAM sevo* 5Irtwan Ru,.f MCAZI 
0 420 2.160 14C 
2 2.590 3.660 3.2m) 
4 2.540 3.795 5.273 

Source: Villachica. 1978
 
*M = mate. A - rice. S =:ubeans
 

Taole 21. Some chemical propertis of lime.reated Vunmaguas soil as influencred h
 
lime race in 2 cropping seqjuences. (Sampis taken at firm and third harnn's)
 

Lba Sod pit Eukang~M Ezelm.Ms Al
 
rate 
 Ca .MI At W4rVfDWN 

61;3 8176 6175 8/76u;; A 8176 6/75 8/76 

I/A Site00 'rm I~fe 

i/h.141al /MA$.nw/J 

0 4.8 4.1 1.8 011, 1.50 2.43 58 73 
2 5.2 4.5 2.52 2 II 0.42 1.23 14 37 
4 6.1 5.2 4.40 3.32 0.15 0.17 3 5 

S .. ru', (SAMPhsknaomaw 
0 4.5 4.4 1.00 0.74 1.50 1.9r 60 72 
2 5.8 5.0 2.41 1.77 0.30 0.62 1I 26 
4 6.4 5.3 4.24 3.08 0.10 0.30 2 9 

Source: Vilachka. 1973. 

24 

http:Ezelm.Ms


exchangeable Al, and the percentage of Al saturation consequenty wasreduced to very low values. At the later sampling, exchangeable Ai increased slightly and exchangeable (a + Mg decreased, with a resultant
increase in Al saturation. 

L e x Phospbons experimen. An experiment to determine the optimum rates of lime and phosphorus for Guinea grass was carried out(Lopez. unpublished data). The first experiment was designed to determihbe the best combination rates of phosphorus and lime for optimum
forage production. The chemical properties of the soil used and ofothersoils at the experimental site are similar. The area had been cleared ayearbefore establishing the Guinea grass in October 1973 and had grown a crop of rice and a crop of beans without fertilization. Lime and phosphorus were applied before the establishment of the Guinea grass oaly.The grass was harvested on an 8-week schedule and atotal of 14 cuttings
were made. 

As shown in table 22, amodest response to lime was observed in the limeand phosphorus rate experiment and only at the 2-ton rate. No furthergain was observed for the 3.5-t/ha rate. In addition, response to lime washigher at the two lowest rates of fertilizer phosphorus, sugesting thatlime was enhancing the availability ofphosphorus through mineralizationof organic phosphorus. Given that Guinea grass seems to be tolerant ofrelatively acid soil conditions, only modest responses to lime are found. 

Tml. 22. Yield of Guinea gr us forale as influet.ced
by various combinations ofltn r and phosphorus on
Yurimaguas lnh. (Ase ,ge of 4cuiings) 

P/S IJow ratsi. I/A4
 
r'ar
 

0 2 1.3 Aeg. 

Ag/An )'mid I /A 

0 1.99 2.146 2.73 2.52
57.5 2.64 3.483.47 3.20
115 3.16 2.99 3.09 3.08 
230 3.03 3.38 3.52 3.31
460 3.60 3.-3 3.28 3.40
Mg. 2.83 3.21 5.22 

Source: Lopes. unpublished data. 
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PREDICriON OF LIME REQUIREMENT 

Soil properties 
Soils of I le Illllid 1lopic.d reglohn% sll i illn [hir tlhentnical.minerah4)gioll. nd phi sical properties, b'lw s)ilh :a.r tsualli .ttil yi

(ollitletioial IrIta eslrt411(1 :tii. lile 4(li s are often reomnninidetd t)correct this t )ndilion. In spie o the great ldealof work done.a11 soills olthe huuid tropics. uiiversal agrecmeit does not exisl asi4 I he naur, 4ot
tile aci(lim measunretd. tie caluses o ;ixr growth ot planits o1 it-w 1(,soils. and the criteria needed to delcrmi 

arid 
lilethe quantities of limec rei VolIit Inorae the acidii%. Pearson et al. (1977). it) their siu(15to 

(i)f )t.4
ise response of trir-t plant species in soils (i lifte s)utheastern UniltedStates and of Pu...rlo Pico. hound diflferent response )aIrltn. whiwhh %-.errnot cleark related to elher crop species or soil altegor. I hitr restullssupli)rte(l it" ir lessthat at islacrthr plant gli )5'5h1 ll Pl(liltWIi| he aciI

soils of Ir()itdl region-, at so(niewhat lower pi l'setls than oil ile %ijl (i1teiperate regionl,. lhi' al5) cotluded that liming exper rience g;f'''ed illtemperate regions should he used with caution lor at'il %oill.f ( opi al 
regionS. 

The L'lisols avnd Oxisols weith whith 'e
h% 

hac %%orkedare (lhait'tried
a low elfc-tisc(ati)n retention capacit%. aio tittivt f vxchlilge.ahleCa and Mg. ind a low degree of - s.:turaliOln of fte excharige complex.in addition, mans of theii are domiated i KC(-cxtralt.le Al. Some()xisois. such as tie oto llt( I Catalina ( lasis of futerto Rito. (ontaillonlksmall amounts ill Allt (atn hias e rather high t)n(1its ofi exc hngeabhle


anl(1 easily reductil)c Mll.

All of lhe %oil msith wt e %na
I het"t orkted are highli w%%e.aered. .andthe crist;illic tlai Ir ontthis (ilomina;tedb kaoliite with ',inaller

arnOunts of gibbsite. Al-cthlorite. atmi trstflc irotioxioes (goetlittl orhemaljzej. Al.-\). 2:1-lavcr silicates are 4otien |)rec.it in hlicai Iraction.The mica. ,erriticulitce. a1:d Al-c,.hlorie are ot separate 5i)c( its )ut inste-ad
 
are randonly interstratifiedlmixtures. In ad(itiol 
 t) the cristallirie Ira'.lion. all of the soils ((,ntai a siiable clay traction consisting oflamorphousmaterials of Si. Al. and Fe. rhiese amorphous materials. along with organic matter. contribute to a substantial p Il-dependent charge iii mai%of
these soils. The clas fraction of the Ultisols usually is dominated hy
kaolinite anti still contains 2:1 nincrals along with Al-chlorite. The tlai
fraction of the Oxisols, oil the other hand, is donminatcd )i iroln oxi(es.gibbsite. and amorphous materials. with only tra es of the 2:1 minerals(Cornell Universits Annual RClxrt. 1971; Weaver. 197-1: Tyler. 1975).It is likely ihat the weathering of the Al-chlorite and hitt-2:1 mineralsprovided the main source of neutral sahextractable Al foun(d of liteexchange complex of these soils. Menlcl and Karnpratlh (1978) have alsoshown that organic matter can contain large (uiantities of' Al. which isextractable with CuCI2 but not by KCI. This large reserve of Al probably

contributes to the acidity of soils as the organic matter decomposes and 
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thIIlAl is releac'ed Io t Ile %oilSlulion. 'I its, in many of [lie Ult isols. as theexcliatgealile .Al is bing neutrali/ed bv limi jig. additional exchangeableAlI is generatled In iseatlherinig of Al-he;irintg minerals or hs idcomix)siion
C orgainic M;Iter (Itio atid Kampratlh. 197M). This generation of ex(lhageable Al r)it well explaii the short-t-rmn liming effect or poorresidthal effet of lime nioted hi llearson (1975) andid reflcted in the PtertoRican stili s (.Ab, -ia ;I.. 1975). It likrew-, :plains whi Wade (1978),
whilcea lie xperriments in Yurimaguas. found a decrease in soil pH1 and:in increase,- il exIangeaitle Al onlya few months afitr lime additions.Exchlingealrl (a Mg had changed little over the course of his experi, 
meit, indicating that fhe lItaching it bases uas not a significant factor in 
incre,,sing ;aidilt.

Oin the ot hian . in the Oxis;,l. which have a much tinaller or nore.rse.of AI. (-x( hai eable AI is tot likely to tx"replenished. In thesesoils. t li Ining elfcrt shold hIe 1'i rch longer lived, a (onclusion that isIxre t in t ie Substantial residual effects of linet: found at CPAC inBra/il. The ( )xisls, rht,-. ,hould require less Ireclutent maintenance ap.plit atitni Of lii.me aid at lower rates thain shoald ihe lltisols. 

Soil pH. lhe soils reported here all have p!i values betwe.en .1 anid -iefore trealitnt, ex(ept for (crtain ones from Ghana where the surface%oilp1I was Ili thi-ilo%5 range. The sutsoils usually had pli valuies ini the 4range. The relationship between soil pl-f and lime application was veryerrati(. howeser. In inam soils. there was enough pH-t-dependent chargethat large lille applicalion brought aboaut only modest ;Iid. ill sonicinstances. rather Iransitor% p)ll changes 1se table I and 2). After thetltisols a Ocisols r1 Puerto Rico were limed to abit p1. 5.2., no further
increase in viei %wasobtainedr
(Abrria ei al.. 197 1a). rheir analysissluggests (hat mletn these soils hiva I)II of 5 to 5.5 and (a is in adequateStijpll,. no response to further ;dhlitiots of lime. Will be Obtained b.xausethere is no Al in sliaion at pI .5.2 or higher. 

Aluminum saturation. In addition to being tzxtremelh arid, the .'ltisolsand ()xisls Contain arppreciihle qlantities of Al. which is exlrncte(d by a
neutral, unbuf fered salt solution. The effective cation exchange capacitV
ll" these soils is con.+idered to be the sum of the e 
 ' hangeable bases (Ca -,Mg) plhs the tihrtffered. neutral. salt-extractaie Al at the pH ofthe soil.lii highly acid Mils. runst of t lieeffective exchanige sites are occupied byexchangeahk Al. The percentage of Al lturation in the acid soils we haveworked with has ranged from very low in the Catalina soil (Oxisol) ofPuerto Rico ;ind the Kumasi .soil(Ltlisl) of(;hana to as high as 90 iercentin some of the other soils. The Al saturation was in range of 60 to 80percent in most of them. and the actual amounts of exchangeable Alvaiied from as little as O.7- 1.0 me/fIOg m toas high as 9.9 me/lOOgm in 
one of the LUtisols of Puerto Rico. 

iming experiments carried out in Puerno Rico have been summarized
it a series of papers (Abrua et al., 1974a. 1974b. 1975: Perez-Escolar, 
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197 7: P rc -E 'ola i t-i .l A.. I19 7 .i. ! 97 l 1 I W il li.mi i .i ld pil c. i1 .. i 
CI|%C r'lAtillt | Jill t'Id lfell1l"e oflA .I Jititll Icmi Ic4l.WI %4'An %i and 

lhe degrecof Al si trathll ofhe )iald 
 .i titih Ic. J.jil IlldiIc Il 

showed little I sp-: i1c Ii()litle. em.ept ill t l .i . .i lI1.1ll%.lii% 01I c 
A I lisrinor: readihud -1) pet et it aild %iclk Is e1 - ' l 1.1 I 1ht411% %Ititl 

pC ive| gco 
howi eici. inc re.sld pr igtci c \il . 1 11.d11l.IIili l ,.1.1i lt.,I /e 44, .ill 
soils. I'i il.ld of suct'i h .1 4o 

.l higher pIIaii d .I I .er Al %.IIot.IllIll. Yle'hli I I I .1e' II. 

lijI qillc holci.lill o l . idil, 
Nboue( Ill) %i IiI li ii I l i o)Il llii Ig. S4 I\ W.i II% %l- c IIII i.I lu tihle. ill 
their reu(pi M ind. ii1 g cir.al. %icI!%,vic I((l it.d b)Il ligh .1111411111% oh 
exliJIIgebJl)le Al. 

A i iJAci .II (I 975w h.ac slim mi .I ta il:hi I c() itl ttliIt %li IitIIIh% 
it)likcd lid a highri 4oqe tit, .iIl\ ic(il.h' l t I n d \.iIll. l\ m Ii\t% 
it, lolu F~I .dlueii w.% olik d Ill p4 . iml.lnt gim ill. l11h. uJ;w'1 he. 

tontluded that bi th .l .ai \I crc %il .:itimn I&l 
 ) %ll44 %iiil)l) .a 3.1 
)i uoils b!m.i)t l .1).1)jnd Ihat .i (J: \in raio iii ,th t i il jltj( 22') tllil 

Ih retjuil ed lor ilaxiiiull %ichil. I Ilhc .d7. --.:;"g %1:ddial .. high Iv I of 
, aililIh- (C. iti it% cl elfc(I tlic ill au i tiullillig 1I. fle.t. ici.%t c I of
re'cs, NIn I 1)1.1111, 

Brie .%i dilieal i 14 31:I mcisiurcdi f s i I%iio i ll hililI I.11.1/cI III%i i 

,anid m1i.rgrI%% lo)l)t% t .Al II ldie il 
 'it l auilua 1iJdw tt)litt aIti II l 1 (.illU'liso)li anid A C; )i tIi li% ( 111ob.iv hia li millli k f il%I I Ail 

rcstritctd rH,,i griivt tit iic/e. )ightin bilil Ii i toilliuf o idid Il4)l deillillilil
.alli f ett t.:rtr.a root%. .'faitCIlooti l ll %i .Ii t.d it.ccd 44l1 stliei dlie 
saiuration ,Ju Jl.)%)c .30 t ciii. Sin jh.tiuuli4 lot44 4liiit. 1%s h lil)l t .
duced bl Ill%Icicl )f :Xfih \e '.(, Illie Inc.ilneab AIl 1 .t Ic' I ihv, testel. 
.A1UluiiIznumin .(il it in thl uIt-l VfhIE ranged fromn i. I I3 ni. a Ihe 
lowest pti to oni It000I9 iiIM ii" hIllgiet iii Ithehe itulnials (i.

Sorghi root gjrottihii (Ir4oppeI .aiitl)l% 
 ila lie ftirt IM rl.lltnltll of %oil. 
solutionAi . Al.. lc 0 )li grout ili IIusau .ls4 ret ltit ted. bu111 i t t e It %illit 
AI was reft iire(i 1j)(at!%( t " ,,ie rcd'utlin il lX)ll lilt lh iit )fh I iiijl/e 
andl sorghuim. Bvr-t is Jl tl ll'ei nii11'7:11 aih%4) lill t i Ht grli ii i didl 
not differ aoit ong %ariousspecie giouli11Ii er ite t'l'ii4I I r ( )thl khol 
w en the -l-oI-soi-iion Al Icc %asi ic -.,line t. e c lim aIu.h lthIicii 1i.1 
root inhibitioni n JCil Ii Ui tii.t p l iis i%pir il a icutiilof soil. 
solution Al toxicimi. lhc a ci f lil t'111tcr.11.d ,es 41illi %oil.ls , ltinded ,i 
solution thati (a should I, deiliac it in grl ,ii IIpi i eiii Ilie lll . aid 
soils. 

Karipratli (197(0) (c it luffird that r'istl litle applici.1ti, Iites ti. 
Lhtisols and ()xisols call laiu'cd o1 t lngesbli" cxir-tie iti'lati Al 
netral. unbuffcred salt. A qu~iii (if limeciiiiit tcxt flalllgtchanle Al
reduced Al s turation to less thin 3.)I percelt le shttd tha! below. p1
5.4 the buffcr capalt of Iht-s soils was determined niirll In ex
changeable Al. On thc oher hand. Aintice andI I (I19 7 "a. 197ibi 
sh'w.d that the amount of c-traclable Al reioved Ironti sclcral hiighily
wmilfb,ered troiical oils. and one New York soil greatIlv Ulmilerc-tiiulaled 
the u.rount of CACO 3 that would rcatii ah a sil ii Ill lliequliratioii wilh 
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an excess of CaCO3. Even so. tie exchangeable Al content of these soils 
provides the most useful measu;re of their lime requirement(;onzalet (197t:). in his studv of tie liming of tile Dark Red Latosol ofBrazil. fOund that Al s' ijratior of 50 to 60 pwrcent was critical: below this range, the ((;2c(*:,ra:bn of Al in soil solution was r.duced to low values;
ai)ove it. soil-milijmie: Al inu(realed suibstantjallv. [he activity of Al in
sollitjill is generally covtrolled by tile solubility of lx)rlv organized 
hvdrox%-Al ( ii ,:ids or. in Som'e instaicCs. by gibbsic. GontaleCsobservation.s suggesl that tie addition of small quanltities of lime (I to '2 
tonls/ha in tle to) 15 C11) re.ults iina rapid detrease in the snil-solution Al on ci'tratio~n. lhis marked decline undoubtedly accounts for the st ik.
ing respoli cof Iliaie ti tile low rtes of lime lon i in the Bra,,il expe,-i.
mcmi (,-e table 7). evenlhlfiogh the degi e of Al saturation of tile effective 
(CEC aied oi n 30 to 50l etent aflter liminlg.

in t lie other hand. Zailstra (1971) (oncluded that 110 single value
-l'asure of soil atidit% %,assulficiently reliable to explain variation in
rlai/c om sorghtun root gro%,th. lie ocludcd that the so4il-so:ution 
paranetc s pil - .-l(;*a.,l !)pAl - !ip(_l Were Suliprior tociher pHor .)AIiiexplai iung the %aiationin rort growth ,l.A.serd.Predicin* tlhesUtioni rah,) of ( and AI oniheex(hange complex should effective;y
explain how .Al icxi(iv in various soils aflfc(ts root growth. Thus. 
ZJ.idsrrI (niluded that 'xchaigcAlc Ca and Al in tie relation 

J'" . where ( is the i f euxchatigcaLle ationsi til/e! 00 gm
(AllI' C.1' 

soil. gave a useftl iwcfex of AI toxicitv in soils that have more than 80 
percen.t of1their ext hange comiplex saturated with Ca pus Al.I'le ifst. of organit mat ter to alleviate Al toxicity has shown promise incertain situatos. Evanad Kamprath {197(1) have shown that soils with 
increasing organmi -iuatercomtent hiad a lower soil-solution Al content at agiven pii. Santiago (1972) found that organic matter rich in C(I was aseffective in ieutraliing exchangeable Al as was C(zOH ). Wahab andL.ugo-l.olt' (1978) have shown that adding decomposed coffee leaves tosoils resulted in decreased soil acidifv and exchangeable Al. Coffee leaves 
were mnore .letive than Pangola grass in inhibiting Al toxicitV. "rhe,indicated that organic matter may well complex soluble Al and therebY
reduce its toxicity to plants. 'hus. soil organtic matter and organic-matter
additions ,othe soil may help alleviate Al toxicity. 

Lime- phosphorus interactions. The evidence from tile experiments in
Ghana and Peru indicatr that a strong iteraction occurs between limeand phosphorus.The addition of linit' in these experiments apparently
enhancts t e availabilis-of native soil phosphorus  a change which mayderive from increased ,ineraliaion of organic phosphorus. Phosphate
fertiliters sull 1v Ca to the soil and thereby may reduce Al and Mntoxit |ties. mucli as adding lime does. Little is known'about these reactions, 
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although WodrulT and Kamprath (1965) found that liming increasedthe efficiency of fertilizer phosphorus on acid soils that contained anappreciable amount of exchangeable Al. Mendez and Kamprath (1978)found on some Latosols of Panama that liming to neutralize Al. when
combined with low levels of added phosphorus. increased plant growth.When Al saturation was below 60 percent and large amounts of phos
phorus were added. there was no benefit from liming; and when Alsaturation was above 60 percent. not even large phosphorus applications
could completely overcome the detrimetal effects of Al on plant growth..uch work remains for clarifying lime - 1erti!izer interaclions to improveassessments of the need for limL' on hltisols and Oxisols. 

Cadum keaching. Although it has been suggested that Ca leaches morereadily from tropical soils than f, m soiu of temperate regions. Amedeeand Peech (967a) found that smaller cumulative amounts of Ca wereremoved by successive extractions with water from highly weathered.humid tropical soils than from a New York Fragiochrept. The concentra
tion of Ca in solution was proportional to the degree of Ca saturation ofthe soil. Juo and Ballaux (1977) likewise found that Ca losses through
leaching were relatively small in an Ultisol from Nigeria. Only I percentof the added Ca was found in the leachate (r had moved be'ond the30-cm depth during 10 weeks of cropping. These data indicate that Cal,'.,hing from the highly weathered tropical soils isnot greatly different 
lf, m that in humid temperate-region soils. 

]%a: tolerame to acid soiluurew. An alternative approach to mnodify, igthe soil enii-onment to provide a suitable medium for optimum plantgrowth is to select or adapt plants that thrive in the presence of adverse
conditions. The selection of various food crop plants tolerant of acid soilconditions i& usually accomplished by screening presently available cultivars for their tolerance to various levels of Al in solutkn. The long-term
go"l, however, should be to develop varieties more tolerant of specificstress conditions than those presently avaibble. Such an approach requires extensive genetic stulies to identify the germ plasm responsible forthe tolerant condition. The current status of our knowled4e in this area
has been well developed in aseries ofpap:-rs edited by Wnght (1976).
As part of these projects, and as a follow-up to the eatiier work of daSilva (1976). Salinas (1978) carried out an extensive greenhouse and field program to identify varietal tolerance to Al stress in important crops ofthe Cerrado region of Brazil. One of the striking observations was thatBrazilian wheat varieties developed under acid soil conditions were much more tolerant of Al stress than Mexican wheat varieties developed undercalcareous soil conditions. He also showed that rice, beans, sorghum, andmaize, in addition to wtea. have wide ranges in tolerance to Alstress. Helikewise found that greenhouse conditions for ranking varieties were 

similar to field onditions. 
In asheit aspects of the studies, Rhue a.ad Go-cn (197C, 19771 de
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v-loped screening procedures which allowed reliable ranking of inbredmaize lines with respect to Al tolerance. They also showed that Ca and .Mgcan protect maize roots from the toxic effects of Al. A wide range oftolerance to Al was observed in screening solutions: the toxicity of Al wasreduc Aby increasing the Ca concentration in solution.These studies show the potential for developing and using Al-tolerantcultivars. They will be most useful in enhancing root growth in otherwisehostile root environments so that the plant can exploit subsoil water. 
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