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1 INTRODUCTION

Most ac1d and infectide sos of humud tropics can be readily modified
with Itme and fertilz 15 wind made quite productive for any chmatically
adapted crop

Many of these sous have excellent physical properties ase well
drained and zre found i land scapes characterized by smooth to gently
rolling topography  None the less agnculturil production 10 such soif
areas conbmues 1t a low level and they contribute very little to the devel
opment process 1o Latin America This 15 doubtless due to many peogra
phical historical cultural socinl and above all econcmic facto s The costs
of fertihzer and hme on the fiem e high and crop prices are low b cause
of distance to mwhet nd lach of adequate transportation arterics Inputs
will always be costly until muket wfrastructures are developed

How can the ever sncretsing demand for land and employment  for
more and better food for rural teopical families and exploding urban
populitions be mee? One approach to the problem of low soil pro luctinity
vwhich does not require ceessive lime ind furtilizer 1s through the sclect:on
of specis which are better 1dapted to the natne sorl covironment and
require a muumum of high eost mputs Many speaes are well adapted
to extremely acd serl conditions and we also efficent at absorbing natne
sl nutrsents Mango atrus cashew brasl out and rubber are mong the
more acd tolerint tree crops  There are many acid tolerant forage grasscs
and lcgumes and 2 number of long season starchy food crops such as
cwssava tropical yams and certan plantains  Tropical farmers have made
use of these specis for centurtes both for subsstence and commercral
production  There 15 however a general shottage of cereal grans 1nd food
legumes as a basis for adequate diets

Tn recent years 2 number of annuals ncluding cereals and legumes
have been shown to vary markedly between varicties and cultivars (n fegara
to acd soul tolerance  However no systematic effort has been made 1o
screen trapically adapted specres for agronomically acceptable materal nor
for sources of germ plasm for crop improvement programs There 15 no
ather region 1n the world where such varietal and species differences could
be more unportant than i the humid tropics of the Americas

The CIAT soils program in cooperation with CIAT commodity
programs imtrated a screeming program mn 1971 at Canmagua an ICA
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covered eastern plains of Colombia “The Station 1s located at 4°30 Norcth
Jatitnde and 71°30 West longitude at an elevation of 150 175 meters above
sea level The men annwal temperature 15 estunated at 27°C  The ramfail
distribution from June of 1972 to September 1973 is shown i Figure 1
The trials encluding cassava field bewns maive nice and cowpeas have
been conducted on an Oxisol with the characterstics shown mn Table 1

Targe plots were established with lme kvels of 0 05 2 nd 6
tons/hectire The 05 ton level s sufficent to supply claum and
magnesium s nutrrents but does not greatly alter pH nor cxchangeabic
Al levels The 6 ton level 1s sufficient to neutralize most of the Al and
rase the pH to approvimately 53  The mtermedwte level neutralizes
30 35% of the Al while raing the pH to 47 (Ligure 2}

In addition to annual crops a number ot forage grasses and legumes
arc under study as past of a search for ~conomically feasible solutions to the
problam of extremely low levels of Incstock production on natural savan
mihs under present management  There 15 no doubt that the majonty of
the allic” sotls of the tropres will remun in pastures for a long tune to
come thus justif,ing much greater efforts than wre at present beng made
m the wrea of pastures and [nestock minigement m the tropics

I MITHODS AND RISULTS

The methbodology of the fust year of screening for aud sl tolerance
are summarized mn Tigure 3 There was suffivent genchic s imbeliy
most speczes sereened ta warnnt further trls The results of these trals
have been summanzed for 1772 and 1973 and are presented below for
m ize nce grim legumes cassavt ind forage speces  Other species m
cluding peanuts and serghum have recenved only Limited attentron an i are
not included m this report

IIT RESULIS WITH MAIZE

Inutil screenmg of muze at Cinmagut wis earred our at Al four
lime fevels There was httle o no production without Iime and near normil
prowth with & tonsyha The extremcs were eliminated in succueding, tests
and the 05 tons/ha Ievdd 15 now used to mdicite tolerance to low pH and
high aluminum fevels and the 2 tons/ha Jevel to show genetic potential at
about the highest econonucally feasible e treatment for this zone _nen
present freight costs and crop prices

The step wise selectson procedure 15 based on open pollination
partial sclection pressure on the male pollinators and a munumum nput
or profesisonal tume due to the distance of the Carmaguz expenment
station from CIAT s heidquarters in Palmua  Two hundeed lines varicties
hybrids or single ear sclections are planted each season under the twao lime
levels 1 the introduction phase with no replication (Phase 1) These
mclude new ntroductions f];,orn outside progeny from the CIAT or other

1/ Allic smls are those n 3 hich alumienm 1s tie dom nant evchangeable cation
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Frgure 1

Precipstatior and temperature in Canimagua from June
1972 to September 1973
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Table 1 —Charactenisties of an Oxisol from Canmagua Llanos Onentales
Colombia (0 20 cm)

pH OM B yII P Al Ca Mg K FCEC T tu
rpm meg/100
43 5 > 33 05 03 008 43 Clay
loam
Al +4+
phi mgfl00 g

40 v v
05 20 60

LIME (T/Ha)

Tiure 2 The effect of lime on pH and Al+++ n the Can
magua Qvsol
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breeding programs or smgle ears selected from the previous eycle i Can
magua  bifty of the best among these introductions aie plaoted 1 the
following season in single row plots two replications at the 2 tops/ha
hme level (Phase 2)  Trom this rcplicated yield trial the five best entres
are selected for semr commercial testing, (1/10 ha) on the staton at 2
tons/ha hme level (Phase 3) The best white and best yellow varety
from this serm commercial test are distributed i the zone as expenimentai
materials for on farm testing of yield potential  (Phase 4)
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Figuo 5 The fl« of kme en the gran yulds of speces
screented i 171 at Cunimagua The numb ron
pacenthesis anlicate the number of cntres of cach
5| cies

Sclection crntera 1o each phase mddude vigor and plwnt growth
potentiil on these sods resstince to cutworm {Spodoptera sp j and stalk
borer (Dirctitea spp ) tesistince to folar and ar discases and final yield
Wheze posstblc  selection pressurc 15 placed on afl fields by detasseling
undesirable individual plants previous to anthests to present their genetic
contribution to the next generation  Seed for each phase is harvested from
selected plants in sclected rows or plots «ven though there 15 oo hand
control of pollination  Ossentation of plots m the field relatne to prevalent
winds assures pollen flow from more selected material (Phase 3) towarl
the ntroductions (Phase 1)

These four sclection steps are carried out concusrently 1n each
season 2 ¢ycles per year with germ plasm moving through the four steps
as quickly as possible  Duzing the second scason of 1973 for example the
varietees selected from phase 1 to plant 1 phase 2 ranged in yreld from
3360 tons/ha based on the single row plots (28 m*)  The best yellow
and white vaneties sclected 1 phase 2 for planting in phase 3 produced
about 37 tons/ha {plot size 28 m ) The best jellow variety i phase 3
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during the second semester produced 3 2 tons/ha 1n a sem: commercial
field of 500 m? Seed of this varety will be tested on farms as an exper
imental material and compared to the white brachytic selected and distributed
after the 1972 tests n Canmagua  (Rigures 4 and 3)

PRASE No VARIFTIES
1
Intreduction 200 (2 Lire levels)
11 ¢
Evalyation Traial 50 (2 Replication }
i semi-Conmerclal 5 (1 ano m?/plot)
Trial
2
v Un-Farm Testing (CTAT-1974)

Figure 4 Crep apro ement  chane
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Figure 5 On farm testing of severzl food crops
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1V RESULTS WITH RICE

In 1972 two seudwarf variettes (CICA 4 and IR 8) and two
traditional tall vancties (Monolayz and Blue Bonnet 30)  were seeded
i 2 lime x phosphorus expeniment at Canmagua  The tall vurieties res
ponded to the first increment of 0 4 tons/ha lime but there was no positive
response to higher | me applications

Yields of the senudwarf sarwties were essentrally mil without lime
There was a vury marked respense to 0 4 and 4 tons/ha and shight response
to 16 tons/ha  (Digure 6) ligure 7 summanzes the ¢ sults of a sumlar
tral conducted 1 1973 with Colombia 1 and IR 5 replacing Monolaya and
CICA 4 IR 5 15 mucho more resistant to blast under Elanos field conditions
than CICA 4 or IR 8 ‘The negative effect of higher levels of lune on
yields of Colombia 1 15 due primariy to increased lodging and bird damage

in order to 1dent:fy Al tolerint vareties neacly one thousind Iines
from the IRRT collection and CIAT s advanced breeding lines were screened
m the field at Carimagua in 1973 at ime lesels of 05 and 6 ton/ha while
nearly 409 of the vaneties were also screened at 0 and 2 tons/ha At
about 6 weehs of age thiy were visually evaluated for resistance to sodl
aadity and blast (Pyrewdaiss oryute)  One replication was hanested at
matury for gram jicdd

Since field screcngs are time consumung and ther final resu'ts
are affected by soil varations  difterential resistance to blast and bird
damage a rapid greenhouse screcoing tost for Al tolerance was doveloped
Rice seedlings ire trown m nutnient solutions at two Al levels of 3 and 30
ppm At three wahs of e root lengths are measured and the ritio
of root lentth at 50 ppm Al ove rthat at 3 ppm Al 15 used 1s 10 indication
of Altolerwnec  This rwo s ailed reliine root length (RRL)  The
vanches were grouped inte four dusses of Al tolerinee according to theie
RRI value At present the scrcenmg of 850 vancties in the greenhouse 15
ncarh completed A correhitzon analysis of RRI values of 710 vanetics
with ther respectne grun yiclds obtuned i a field screcning in 1972
resulted i 2 corrchtion cocffrercnt of 064 s shown i bigure 8 Since
sran yicdds were affocted by many factors other theae sol aadity such as
blst and bird damage the worrddation of field results and the greenhouse
test seems very good A correlation analysese of RRL vs plant heyght gave
an r=hralue of 049 mdicating that 1n generzal tall varieties were more Al
tolerant than short striwed varicties  The same has been observed 1a the
field The rice varieties commenly used : Celombra can be arranged 1n the
foilowing order of decreasing Al tolerance  Colombia i Monolaya Blue
Bonnet 50 IR 5 IR 22 IR 8 and CICA 4 The flozting rice sarichies are
more tolerant thae TR 5 while CIAT's breeding hnes 1 and 8 are simular
1 tolerance to IR 8

V RESULTS WITH GRAIN I EGUMES

A prelimimary toal of beans {Phaseolns vaigaris I ) and cowpeas
fVigna smensis) e 1971 indicated a very large difference 1 tolerance to
soil acidity between cowpeas and beans and bebween black and non black
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tigure ¢ The cffect of hime applicztions on the grain yields of
fiur tce varett  gfro n ueder upland conditions 1n
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Figute 7 The effect of lime applications on the yran yields of

four rce varieties grown urder upland conditions 10
Canmagua 12 1973
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Figure 8 ‘Th worrilation of RRL values (relatne root lcngth)
determuned 1n erecnhouse solution culture trals and
zran vields obtamned n field tnals of 340 hnes and
vartetics of rice at Canmagua
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bewns ligure 3 summanzes the results Following this lead a collection
of 50 varieties of black beans 2 soybeans and 20 cowpeas were screened
in 1972 The collection was seeded at the same four lime levels of 0 03
2 and 6 tons/ha

Figuec 9 shows the average response of the speaies to hme appl
cations 1t 15 clear that all species responded to hming but the black beans
and soybeans responded up to 6 tons/ha wlile the cowpeas responded
sigmficantly only to the first increment of 05 tons/ha

20

¥  BLACK BEANS (50)
i

O covprans (2)
o COUPEAS (20)

o /
o

CRATII YIELD {("on/ha}

[+ ] 20 60
LIMF {Ton/Ha)

Tigure 9 Lhe effect of lime applications of gram yield of three
legume speces growr tn Capmagua  Number 1n
patentheses Jn i cate number of collections tested

A collection of 100 non black beans 125 black beans and 45 cowpeas
was screened 1n Cansmagua at 05 and 2 tons/ha hime levels dunng 1973
The results of the harvest just completed are very sumlar to the 1971
and 1972 results Very few catries of non black beans show any promise
of aluminum tolerance
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Cowpeas are of specal interest as a source of high qualt
(dry grain} for buman and small ammal diets as an e.\%cel?ent :'yeglf‘:tgfl?
In add:tion to thert tolerance to soil acidity they have a high j:eld potentral
Several cultivars have yiclded over 25 tons/ha o small plots one cultivar
yrelded over 30 tons  ligure 10 compares the yield of an outstandmg
black cowpe of Indran origen to he average of 20 entries
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VI RIS 1S WITH CASSAVA

In 1972 13% cultin s were screened primanly for aad soil tolerance
Fhe entire frddd ws senondy atfocted by 1 number of diserses 1 cluding,
super dongition coreospora 1nd bicteniosis However il development
was normal nd plants remaned essentidly discase free duning the firs
three months

The following observations were made duning this crrly period
before differences were mashed by diser e symptoms

1 Most of the cuitivars responded visually to lime up to 2 tons/h
2 Some cultivars performed equally well at 0 05 and 2 tons/ha

3 Most of the cultivars were very adversely affected by the 6 ton
level of kme and some even by th~ 2 ton level this was thought
probably due to lme induced micronutrient defictencres There
were however exceptions some cultivars were not affected
the high level of lme perhaps mdicating differential varietal
tolerance to low micronutrient levels
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At four months after planting samples of the first fully expanded
leaves were taken from four cultnars two of which were severely affected
by lime levels of 2 and 6 tons/ha and two of which were apparently
uriaffected by the higher levdds of ime B was though that leaf content of
nutrients would help rdentify the cause of the negatnve hme eftect observed

The results of foliar analysis showed 2 very marked effect of hine
on mineral content of lemves The very large positne effect of the first
merement (05 tons/ha) on 7n Co Mn and K was followed by an even
larger negative effect ar levels of 2 and 6 tons The tole of hme at [ow
application rates appears to b~ more as a fertihzer than as 2 soil amend
ment a source of caltum and mgoesum At higher levels 1ts effect as a
soil amendment becomes «vident as pH s ncreased 1nd ledf content of
Mn Zn Cu and K 15 deccrased  These results are different from those
cbserved with forage legumes (n the grecnheouse primany at the first level
of hime where Zn and Mn content of forage was lowered even at 150 Lg/hr
level of ime Thes can be seen by companng Figures 11 and 13

The final root yicdds of most cultevars 1o the 1972 trd were Tow
because of disease However the effect of hime was very marked as can be
seen mn ligure 12 Jt 15 mteresting to note that each of the four varreties
sampled for folar analysis responded mn a different way to hme CMC
169 responded to ltme hhe many cther crops with miaimum yield at 6
tons/ha CMC 199 responded very hittle to lme at any lesd CMC 87
responded shi_htly to the first increment but yields dropped to cssentially
mil with six tons/ha  CMC 128 jrclded rlmost nothing without lime
responded vy mrhedly to 05 tons/ha after which yiclds dropped to the
ongmal leset 1t 2 tons he and there wis no jwdd At 6 tons/hn

VIl RISUT IS WITH F1ORAGE LI GUMIES AND CRASSTS

A series of greenhouse experiments was conducted m 1975 ot CIAT
Palmura to determine of tumu n levels of hime for four Jerwmes and three
grisses on 2 Canmigea Osisol  Time fovels were 0 150 1000 2000 and
4000 kg/he of C1C O, cqunalent usig the owudes of Ca and My, and
muntumng, the sune € Mg re (10 1) used 0 most of our | ming
expernents  Tigure 13 shows the rosufts of the first cut for the four
legumes  Muamum yield was achseved for all four at 150 kg Ime ‘ha
The shape of the cunves s most unusual probably rcflecting vanous fune
tions of hume The first response 1s hihely 1 outrient response to Ch and/or
Mg The effects of hme treatment on the Mo Zn P and K contents of the
forage are shown in bigure 14 The effcct of 150 kg equivalent of CaCO
on Zn and Mn 1s surprisingly large

The depression 1n yreld at 1000 and 10 some cases 2000 kg/ha s
sumular to results obtained on the same soul with cassava 1n 1972 The high
yields at 4000 hg/ha are difficult to explan

The negative effects on dry matter yield of the 1000 and 2000
kg/ha lime applications were not observed in the second cutting  As
the first cutting maximum  or neasly maximum yields were achieved with
150 hg/ha  Figure 15 shows the effect of lime on dry matter yield of the
four legumes averaged for all harvests
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Figure 11 The effect of Lime applications on the Zn Cu Mn
Ca and K content of cassava leave samples four
months after planting.
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cassava cultivars ) months ofter plantmg,  Carima
fua 1977
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Tigure 13 The effect of lime on dry matter product on of four
legumes grown 10 a Cunimagua Oxisol fiost cuting
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Figure 11 The effect of hme on forage composition of four

legumes grown 10 an Oxisol from Canmagua  furst
autting
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legumes Carimagua soil average of z and 3 cuts as
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The response curves for grasses are quite differcat from those

observed for legumes for the first cuthng but quite simiar for the sub
sequent cuttings as can be obsenved 1n Figures 16 and 17
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Figure 17 The effect of Iime on dry matter production of three
prasses average of 2 and 3 cuts as mdicated

The cffect of hnung on the chemical composition of the four

legumes and three grasses 1s shown 1n Table 2 It 1s clear that the effect 15
much less pronounced with the grasses than with the legumes
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Table 2 —The effect of hm applicaons on forzge nutrient content of
four tropical legumes and three troprcal grasses grown in an
oxisol from Canmagua Colornbna st harvest

Spe I'm N T h C Mg M in < i3
e 1 L) 4 4 - ppm  pm  ppm ppm

Seylorentbes 0o *( 013 1% 1. 079 213 103 50 4
EHYIRENSIS 1623 016 18 13 026 119 05 60 28
La Libcrtad o 26 014 19 16 026 9 38 73 24
2000 -3 019 "2 19 0 4 79 28 87 "0

1000_24 013 i 21 §30 37 7 47 21

X316 015 19 1~ 07 112 32 63 23

Ce 1t asema ¢ 73 D12 10 2 017 126 63 57 16
prbescens 150 1y 016 1: t1 017 126 45 98 20
1000 "0 019 12 12 018 115 5% 14 7

000 18 016 11 13 018 104 TT 2y

4!}00_2(} 013 0 14 020 83 ki¢ 109 24

xi) 01% 11 1 018 112 41 a6 1

Piera ¢ i} 6 01 14 09 Q@27 0 67 3
1 hasealor les 150 19 0?2 14 14 a35 201 6 70 11
1000 18 015 13 14 0z0 170 i7 G0 33

000 26 O01F 13 13 021 147 27 (7 30

1000_ o0 813 11 1% 09 1720 _? 60 9

N 015 13 13 0 3 172 S0 65 33

Desmodium 0 3 0 0 10 0% 172 120 o n
L 0e tum 150 o1f 12 029 167 110 33 27
1000 [4 019 16 13 0 9 17 7 37 M

000 35 010 16 14 Q7 121 5 21

1000_27 017 13 13 407y w7 45 o 21

x2° 0l 5 13 078 111 78 i 1

H)',r bt 0 iy 0oy 10 01 029 166 35 71 16
I 150 1 olo 14 0f 019 115 78 76 14
1000 135 Do 1> 05 024 136 23 ‘6 16

000 17 410 11 o 021 12¢ 21 80 12

oo _ i niy i1 06 022 14 19 80 11

x18 009 1 65 02 11 25 75 14

Melimis 0 11 007 0& 03 O 7 110 73 80 7
m autiflora 150 09 007¥ 07 03 030 108 58 69 7
(tanve Hnly) 000 10 067 06 D3I 03 1 49 61 7
2000 10 007 07 03 033 97 47 60 7

4000 10 007 06 04 045 106 48 30 8

x10 007 06 63 034 107 35 6% 7

Brachraria 9 09 o008 03 01 007 31 41 107 b
matrea 150 07 008 04 ©¢2 0908 33 44 100 5
1006 07 008 05 02 o1 4 33 93 5

2000 07 009 06 02 01? 44 14 93 2

4000 _ 08 003 035 03 015 34 35 107 5

x08 008 05 02 010 37 38 100 4
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It appears that hme 15 required primanly as a source of Ca and/or
Mg for the tropical forages included in these tnals Many trials reported
ia the hterature use 1 ton of hme as a first ncrement It may be that
the most beneficial range of lime applications has often been completely
bypassed

In pracuce sufficiente calaum as a nutrient may well be apphed in
the form of phosphate fertdlizers Simple super phosphate contains about
2095 Ca tnple super phosphate about 15% Colomban basic slag (from
Paz del Rio) contimns 45 60Ch CaCO, equivalent to 18 249 Ca In all
trals mvolving low levels of hme or calcmm 4 non caloum source of P
has been used

VIII CONCLUSIONS

H it quality food crops can be cconomically produced on mans
alisc sorls with mimimum hime requirement

Cowpeas 1ppear Lo be the most tolerant food legume  black beans
are intermediate while the non biack beans (both are Phaseolus 1ulgarss)
are the poorest Ruce 1s the most promusing cereal grain crop Withm each
species there 1s considerable genetic vaniability as regards naid soib tolerance
In the case of uptind nee there are tradibional vancties such as Monolaya
that barddy respond to the first increment of lune while mamy of the new
seml dwar  varneties respond stohingly to lme and produce practicaily
notturig 1 its 1bsence under upland conditions  Soul wardity 1s normlly not
& problem wul flooded rice suce pH increases marhedly 15 the soib s
reduced

Crops that are tolerant to soil acidity are also likely to be more
¢fficient ot reco enng apphed as well as natne plant nutrnts thaa sus
ceptible crops cven when the Itter are grown on Iimed sels Tt s almost
impossible to cffectinely hme the subsod as a result suscepuible crop 1oots
are often limited 1o the plow fayer ¢ven after liming  Tolerint crops can
develop wider nd deeper oot systems 1ad thus explott « larger volume of
so1l for needad nutrents and mossturc

I'he response of mwny speces to sm Ul appitcations of hme when
prowa on Owsols emphisizes the unportance of Ca nd My as nutrients
n soils with lugh exchangeable Al kaels relatne to exchange ble Ca and
Mg ke caloum content of phosphorus fertihecrs may be sufficent to
meet the nutrent recwirements of many crops

It 15 dear that some cultvars of crops that have evolved mn the
tropical allic soul environment are extremely sensitive to over hming  Most
of the 138 cassava cultivars screened at Canmagua were adveesely affected
by 6 tons of lime/ha and the yields of many were depressed by only 2 tons
of hme It has also been observed that lumuing of cashew trees may be very
detrimental at rates as low as 1 ton lime/ha However most acd soil
tolerant species and cultnars we have observed are surprisingly tolerant to
2 wide range of Lime rates (up to 16 tons/ha)

A tentative hsting of food crops swable for allic soils 15 given
s ‘Table 3 along with hme requuements for the more tolerant cultivars
All indications are based on expenence at Carimagua on an Oxisol with the
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characteristics shown 1n Table 1
soil tolerant tropical species

The kst 1s not meant te include all acid
It 15 drawn from personal experience and

observations of CIAT s staff prnimanly in the American tropics

Table 3 —Tood crops sutable for allic soils with mummum lime require
ment Lime requirement figures are for acid soul toler.nt cultrvars

¢ROP LIME REQUIRLMENT
Upland ¢ ce BT
Cassava WBWnT
Plantair (topocho) 142 T
Cowpeas {veuctable) 51T
Co jers {gran) 11
Peanuts 1/ T
Corn (vegetabl ) 171
Corn {gram} 177
Black beans 2T
Sesame > T*
Sarghum 17 1
Frusts and tree crops
“Mango K1 T
Cashew AT
Cutrus W, 1, T+
P naappic Yuia T
T tt

The most promising forage species for actd souls include stylosanthes
(3 guyanensis}) desmodium, kudze and centrosema among the legumes
and molases grass (Melrmrs munutiflora) pontero (Hypharrbema rufa)
brachiarra (B decumbens} and pasto negeo (Paspalum plicatulum) among
the grasses

The results of our work although preliminary in nature cleatly
emphasize the importance of teams of researchers made up of breeders
phystologists and souls speciabists working together on problems of low
crop and pasture productivity on the aod soids of the humud tropics in
order to atfect a more efficient and ratronal development of these regions
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IX SUMMARY

The differential tolerance to soi} acidity of vanous impoctant food
crops and pastures was studied Many species and crop varieties were
screened for acd tolerance and results are given for maze nce gran
legumes cassava and some forage species Maize vaneties dotng best with
2 2 tons/ha hme treatment produced over 3 tons/ha 1 sem commercial
filds Traditional nice vanetes responded ooly to 04 tons/ha of lime
while the semidwarf vancties responded markedly up to 4 tons/ha A
greenhouse method 13 proposed to test mce vaneties for Al tolerance by
mesuring root growth 1k nutrient solutions with different Al concentrations
and companng values for 3 and 30 ppm Al

Tt 15 reported that whiie freld beans and soybeans responded up to
6 t/ha of lme cowpeas only responded sigmficantly to 05 tors/hz

For cassava very hrge differences between culivars were obsen ed
However most of them responded visually to Iime up to 2 tons/bt and
were adversely affected by 6 tons/ha  Poltar mineral conteat was strongly
influenced by liming esen at the lowest lime rates

Fot grasses lime apparently 1s requured primacdy as 1 Co source
with positive results for 150 hg lune/ha nd yreld depressions can occure
already at 1 ton/ha
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