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A 'rogress i:eprt on the Rosearci into Acid Soil Problems 
of the T1as~os- ),po fl( I C;tob~y 

Jooo Coutil ho, Ana F., llirs, Estor Portl a and JUre. Ahlrichs 
Inst it ut o UuVrsi Lario de Tras-os-Nontes e Alto Duuto 

August 1982. 

I. 	 Pasture, Forage and Hay Studies. 

1. 	 A Survey of Pastures and Forages 

2. 	 Mineral Cov"po!it.ion of Hays 

3. 	 h ponSv of I'asrute and: Forgc Sprc,, to aolo't . 1i.ir.estone 
/ 

d. 	 Calci ur aldlMargesium Content of 13'bred Corn after a Dolo itic 
anA Calcitic'Li:;,e Application ( 

5. Li, d .,Dryland Pastures "--

I1. Vineyard Lxperiments. 

1. 	Field Studies
 

2. A Greenhouse Study
 

ITT. Rapid Bioassy for Acid Toxicities.
 

1. 	 Experiments With and Without Lime 

2. 	 Experiments at Increasing Lime Rates 

IV. Specie: -I-d Varie", Sensitivity of Cereals to Acid Soils. 

V. 	 Soil and LiMriestone Analysis. 

1 . C, : ar, Al ..l:,"tion of the Exchdw"e Co:.plcx of ttnc Sol 2z 
of th: legiol. 

2. 	 Di ;til jution of Acidity I.ithin the Regi on 

. ct: ri] ,,,;. j CIu ,' for ]*hree Sol1, of "r., -or,-!onie, 

4. 	 Aml wvi of "r - .. .....e r;est lono..... Il-O,,si ts 



A Pr ojr :,, eoort on the .Reserrch into Acid oe! Prec,.eros
 

of t ir :. -, o. e .
 

iXtro' opidity of the soils of must be ,fM orse 
th- . riogicultiul p.robl.ems of the rer icn. It not only .;bc 
nff,rti . , .:nt fowth throiqrh aluminun toxicity and dcficioncies o:
 

1- rnv r::'c-it biit i t riast liktbes be tnff-ctiii n a1 anrl hu,-.t!

nutrition.
 

Studies on acidity in the soils (f Tras-os-'c-nte s were mostly begunin 1 )3i. Throu,:hI,0our ro,,tire soil t" pa 3:lwellt-tin, projrat,. as- fro- mareo 

uc.r uf... t!.d at solectrj sites we now have so=- k..:,edoc of the distrib
ution of so-1I ju the different p! ranges. It is too soon to have much 
irnformn, ,tion on t,. rezpon -i to limingC, hut experinr,:nts are being conducte.d 
arz' the .resultc.av inaie .'iil b.. u :io ed b).]ov. - .. 

I. Pasture, Forage and Ha, !tudies. 

1. A Survcy of Pastures and Forages: 7 

1'ot of t-ic soils of the region h:vo a lo, con.tent of calcium, and 
crn. which be a problem for animal and plant nutrition. We <'um could 

a ... i . ,-,, of the pastures and of :c'e of the forage crops 
x : L;ie are or not suffici,.t trowthto ¢i. ; if I aeve are for the norm.al 

o ....... vn:1 re:" afcrml r8"trition. Samples of so.l and corn (used ao
 
VCr,:.! feed und silagre) we-e collected in the Vloro-ste and in part of the
Icr Tro rr '!''rtano. Pastures and ureen forac :ere also sampled" 
repeatedly in late -vinter vnd spring to determine the effect of season 
on the calciu:I andc.neoiun content. 

The levo~h of calciu: and especially the ra~gnsium were typically 
lo,, in the 53 o'il sApled. Thirty three soils had less than 0.41 meq 
., per 100 i,soil. In the corn. plants, which arc the only ones yet 

...... are proAobly suffi cient for normal plantn':...iu, levels 
in the D. 11.) but not enough for cattle since 

..... ticn ,it cozidcrcd insufficient for them. Corn tissue sa.,p.e.. 
tnen Lt i: tin-, rand fro.-M 0.12,') to 0.280%with 13 samples out of 19 

2. 'ivr G. .lpor;ition of iays." • 

)' 
-...., .... ..: ,,,..L~ro arc vcr,y in port an t i n 
:;-,-rs- ,-,ntos ,- i.,l1y in the production of ha':;:., 

]o t::3; r'.: . ,te .;,2. v.::,.; inlcta!]"d, over the v .,t fouir years, 

i f~.. : tGh•~.> e n.:;. c cr-*2::yt cep ',. )" 
CI., r t C ' t -'¢" fV 

for ,y
.-.,. ' . ..... value. .. th(y are now bdinr- t"tal!r 



3, 	Psponse of Pasture and Forage Sp,ics to Dlomitic Limostone: 

This pot experinent is to study the effect of three levrls of liming

(cal , cal_, and c, ) with doloMitic limestone o:. an acid (p- ... 5.5)

granite derived from Vila do Auitar usir. as three
soil Pouca 	 test plants 
rra!75en (.cirtrd Gravn:3, Rye Crr,- ro~ciue ) an"' htwo lcgju!:s (Subterran o~in 
Clover, Vhite Clover), Dry mtter production and calcium and magOsium 
content of' the planthit the p-I change in the soil as well as the calcium 
and 	n.-ncsium, content on t!h, soil e)chan-e co7ple:.: are being determined. 

At present w4e have only th ery mrktter production. In the first
 
cutting only 
 the white clover gave a dry matter production significantly 
grcater in the limed treatments. However, in the second cutting production 
.....a r 1ir..d .ts 	 ezcetting tho-.orchardin 	 tratn -th.for. all.specioet 
rrasi, 
 in the third cutting all dry matter productfons were significantly 
greater in the lined truatmcnts. The yields obtained2 from level one and
level tw:o of lime -,'ere not si.nificantly different excepting with the rye 
grass. For this reason we intend to repeat this exreriment at lower levels 
of lime. 

4. 	 Calcium and 4agnosinum Content of Hybred Corn after a Dolomitic 
and Calcitic Lime Application: 

Corn if rowini in pots on two granite derived soils (from Teloes with 
p1 5.0 and frow Vila Clib. with pi 4.8) both from the vicinity of Vi'a Pouca
de Aguiar. Dry matter production and calcium and agnosium content of the 
plantn and pH change and exchan-eable calcium and "agnesiumthein soils 
will be determined. No data is yet available from this experiment. 

5. 	Liming Dryland Pastures: 

In the fall of ].93l a dryland pasture of subterranean clover, 
orch ,rd --rss -rd f-.e war intalled in the "Hot Lznd" region n'air 
flirann la in a lithozo! fornel from schist with a"pH of about-5. L1ght 

~... a1pied in 
ro; tnd broadcast). The trcatments were: Check; Broadcast at 1200, 2'40,
oci 3n:. kt. per h'ctare; in the row at 400, W)3, 1203, and 1600 kC per 
h,:<ct arc. 

r.t of !i~1 ye 	 two different kinds of di..trihution (In the 

n.tre
T:j'r li. ti y th- rcponse of pznttur the 
C. " r nt r:ate, of lime and to otudy the effectiveness of lime ,l-triY"ted 
in se edin- ro";:. 

D'..,,ri'. the rro',,,"h nrrod in lte winter and S.rin;j 23P tveru,
c.t t:"'_._ 'r , ^ -. tor 	 ...no..	 ' -- -redu.ction ,,.,o~xd'- th.,-- 14
r;st_
 

ye 	 '. ;,. b . l ir,[ ,- :[II c?-r; r,"neffect i - , ',n., t: o rs. Th, ti ,':
1: -11, of t tr.-i-' . . have .'o pre'kire tw not L,,. ; 

....' o" :' t tm 1 , I! .r .c..... r A t i rti on l o i o!-, 



11 . Vinuey'ard E, pert rnent s, 

Zones of i,,cad or dyihr vines appoar In some Tr--ontes 
v'ineyards. The lower leaves are red or chlorotic and often become 
n,'rcrotic as the syei o:ris advalce. S)r:pt.oms first ,ppear as earl, as 
Ilay and are qutte advanced in July and August. Soil testr for potassiu-m 
a1d phosphorus are usually high or very hiigh, especially for potassium. 
iWhen the plant, .0hhov. a Lypical magnesiu,,i deficiency chlorutis the soil 
analysis, Lve- shoiln low exrhaigeable nagnesiim levels, so-notines near 
zero, and high ptassiua levels. Soil pH has becn around 5 or lower 
on the areas studied, Poor root develornent, aluninnmi toxicity, 
aiu!.iwu inducqd phosphate deficiency, or nagncshi,, defIciicy accent

.......±tedby._high. poQtnsslum coupctitlon' could. all "" 'osi~c
 

1. Field Studies: 

In one vieal: zone, individual plants (2P sick and P healthy) were 
carcully phioto,:raphd and rioted last Septewber. Tissue and soil was 
splcd from each and then treatments applied to individual plants. 
Doloitic and calcitic limestone at rates up to 3 kg per plant, 14gSO 4, 
irnd boron were used alone arid in some co.-ibinationz. Similar treatments 

ere applid to rows rather than individual plants in two other vineyards. 

Follar sprays of 2, 10, and 15Z' 1gZ 4 are bf;ing applied at monthly 
intervals. A i.) uroa solution is also included for some plants. Other 
plants red leaf sympto:trs are recievins sodium or a-rimonium phosphateAith 

foliar cvrays. Some of these foliar treattents are being done in three 
vi neyards 

It is too early to be sure of the results of these treatments.
 

2. A bnrv Study: 

An experiment in pots was begun to study the rooting problem of new 
plants usng th, rootimg stocks of Vitis vinif!re 199, A very acid, 
gr'.!itc derived f,oi of Gu1ae, with a p11 of about 4.5 and a granite de r Ivcd 
soil near Vil;, Snca with a pH of about 5.0 were usedi. Puth soils are low 
in crga',c . tr and 1,ere 14- zones of vl:ak vinct with rootin.'g proble:c*s 
for ew 'ines. Liming rates of 0, 6, 12, 18, and 24 grxins of calcitic 
].T:.stenv pe, 5 k;ilogramns of soil ( 0 to nearly 10 metric tons of IliiiestonLe 
pcr 2 11].ti, ' Vioyre,, ]1mct-tare) v; :o apl ted. 

Sveg.tative growth is bein onserved on the n.w p1l nts and, 
the r'oo.t a, tii r.rorphoigv vill be '&atnilrodml.icroscouicly. Chel:I ca-L 
a,,,;,yv:i , wii be, done on the tissue. 

Inhet fit r,t t~mreru, Oth[" Of fr. h r:oro, di fffc nrC:, ie ob rv, 1 
it, IOp t~trOWm ii t.1b een the 1 rIet r Iat ri;,tdal ; I~ecI the two soils. h, 
fi rut,t lev.,.,1 of 1,, resed etprci ally Irpart ant to enable root Jng in I e 

" ". i, 



131], 	 .IaljI Bj.ozisnay for Acid ToxicitiQ5. 

T 1is the objectLves ofstudy hjas four 
1. 	 the prevalence of acid toxlcities in Tras-os-Montes. 
2. 	 the seriousn!ss of Ow, toxicities. 
3. 	 the amount of lime needed to remove the toyicities. 
4. 	 the sensltivity of specles and 'aviotias us,'4 and being 

considered for use in tile region. 

Evidonce of acid toxicity, predominantly altuninuz toxicity, is 
clearest in vineyards where zones of weaki vines co:mmorafy occur, An 
aIondance of red 'leavOn. a, well as chlorotic ones ofti characterize 
s,;uuh areas. The literature suggts that the red colo: could be a 
phu,,JPhorus d(xficiency induced by hd h alunin:,. levels and that the chlor
osis could be a magnesiuLm deficiency,. 

I. 	 Exper iments U11th ar d Withou t Line: 

Potted soils,with and without limestone or other treatments, are 
w' tt ed LoI field capacity and planted to already sprouted seeds. The 
potL are covered to reduce evaporation and photosynthesis. After about 
five days the seecling plants are removed and root elongation and appear
ance are observed. Root differences arc assumed to bp from toxicities in 
the soils since nutrition during the short growing period is coming from 
the seed. The varieties used to date are Barbela wheat ( a regional var
iety asswu.,ed to be quite tolerant to aluminum toxicityv), Abe wheat ( a 
sun-itive variety) and Limagrain 21 corn ( a French h~bred of unkno ,n 
sensitivity). 

The 	 results of the first experiments show the following: 

Ave. Root Length per Plznt % Increase 
Soils and Spocies Without Lime V.ith Limm from Lime 

Schist dcrivc-l (Guiac) pH 4.5 pH 7.0 
Barbela 34 cm 36 cm +6 
Abe 10 cm 26 cm +260 
Limagrain 21 16 cm 28 cm +165 

Granite d,:,rived ('Vil a 
trbola 
Ab-
Linagrain 21 

Seca) pH 
42 
21 
21 

6. 8 
ctl 
r-
cr" 

pH 7. 4 
37 cm 
29 cm 
22 cm 

-12 
+3?F 

+5 

l;-A.ite (,priv,(g (Tr'(. 
Fart1 1 a 

) , 
35 

5.0 
cm 

IA 7.4 
2C cm -20 

Abe 9 cm 20 cm +120 
lina;ri 1:, 21 21 cM 27 cri +29 

G 	: ,:ie,'i V:r',' (10 eaC ) HIi,. tIl 6.1 
!ctrl, 21 c:: 36 cI +24 
Abe 21 cm cd, +19 
J~in: a; .n 21 17 cm 20 c!", +1 P 

. "T}.c !; d rflf'- ,nr i i! root aj. .'s :.ar~c, L '1:, 5t:ii 5 Ir-r~u:<..';. .]. 

-	 - ,.4 - , * ": 



2. E..enimatits at Increa, Ing lire "ates: 

Another schi st derived soil from Gulacs (pH 4.2) incubated for four 
day. with 1lihe or uperphosphate and then planted to LIraraln 21. corn and 
Abe wheat gave the following results in five day root lengtlis: 

Lime (tons per hct:ar') 
0:'0: 1 2 '8 -

Limagrain 21 I8 cm 18 cm 26 cm g6 cm 35 cm 42 cm 

Abe 12 cm 12 cm 16 cm 19 cm 30 cm 34 cm 

1 500 kg P205 was added to this treatment as 1*% superphosphate 

L.....apcnse to the. lia.. contLinupd..up to the ci.ghttonrato ..... Several .... 

rcpets of this study at rates of 0, 2.5, 5.0, 7.5, ad 10 tons of !imestone 
per hectare gave similar results with both the wheat and the corn reaching
ria<rt5Um response by or before the 10 ton rate. After one inonth of equil
ibration the pH was 4.2, 4.6, 4.8, 5.1 and 5.5 rer-pectively in the 0, 2.5, 
5.0, 7.5, and 10 ton per hectare lime treatments. This soil is obviously 
quite well buffered even though it contains almost no organic matter and 
is not high in clay. This may be a buffering from the high exchange sat
uration with aluminum and the interlayer aluminu.i which would be expectcd 
in this soil. 

IV. Species and Variety Sensitivity of Cereals to Acid Soils 

Several varicties of wheat (Roazon and Barbela), triticale (Mapache, 
Beagle, IMItA 532-15, IhNMA 532-14, and Deira 518), and rye (vila Pouca, 
Morntelegre and Gimonde) havc been tested for tolerance to soil acidity. 
The three rye varieties and the Barbela wheat were included as regional 
varieties which should, have some acid tolerance. 

The vxIperi; 1ents were done in pots using a schist derived soil from
 
Sabrosa with a pil of 5.0 in water and 3.5 in RCI and 3.0% organic matter.

V.ilimred sol] was c'parod to a treatment of 5 g of doloIitic Ilnstone per 
3 Lg of soil (3. 3 trns of ]i.miestone per 2 million hg hectare), The INRA 
532-4 and Veira 5l; triticales and the ,ontelegre rye were the only var
let.les rc;'_rndi :ig to liiestone on this N1 5.0 soil 

On a r:ore acid schiht derived soil from Gui',tes In water ofwith p r,1I 
.... 5 2. Corganic rmatter the vxpri:.ent :as repeated1 o. 3 ind 

wi tIAi a slit1il~tIy different group of -p.civs ( Triticale varieti s 532-14, 
53.-15, FP-$,, 7,1-EP-4 , Et-48, EI'-295, P-296, EF-301; Abe and bar,,la 
Wht;:_ knhtc,leie rye). The unlr.ed soil is cinup,.,ed with a treatrat 
of dol)cmi tic I ,,eton at 10 g per 3 1,kg of toil ( 6.7 tons t::,stone er 
2 Idlion [-,1 h rctaro), In the stages' troA')h.. ,.aniot 1}thr' pli I ary of"I1 ... ..01l th..Varietie 
,-,. C, r, 1ja.U .dt~ i O : .' 'poo: wi (p'. tabl s), >u':vh. O Li::, ml~jiU.,. :.'r~I., 

,:, A:t]. I :.", y ofcont t.e cr ~I',;as the rot t to1urIallt aciditv 
bt evn It reo.d,,d to 11 itilr.; tile iareia wheat and all of the trit eal es 

ere ri ;( I,,, ;'l ,id jO'tly to I 1r 1;,.]of t)I.r t, lIos 
r';p~r'ar:d ;,L:,z~ r c,a t;t e /L~t ~:.r;5 .... t; 0'-4"1 k"t 

5
 

r
111 t] ( P ',.t h!in i ]i ,'J :oti *, G o im . h alI ;r :,, ,, ....tx s:Ve,,., 1': 

very ' ,d n: tlh., 1 *" ',, ,',iclh 1. -"a ~2" "i' ~' :~'
~l;~~~ll dt et]o,' .of6$* ~: ~ nayi, 1t o+| c. lr-,,' 



iI) ,V. Soil I (ILi A lynis 

1 Ca, Mg and Al Consp,. iton of the Exchnne .c.iC' of the Soils

of t:N Etgion: 

Fro.m thu largo mwnber of samp]e being roultnely analirpd by thelaboratory sapler
are being nlectod to represent early all of the
 
frut ria., T..c.....
r 
beinG alised for exchangeable Ca,paramimti'ors which enter Mg and utherinto definition of soil roaction (pH1, organic
iiattr, altunintun etc,)
 

This work is intended to detect, ill connection with other work, the
zones wuhere the alpp~lcation of dolomitic limestone 
 would be prufered.Thus magnesium deficiency in plants and animals could be reduced at the same timo that acidity is corrected. 

..... Aal.-ia.thuj 
.far-show-a-greatrange-witth- rfo. ' 1tn.;0 e hig.p! soils and 
some having high magnesium contents. Hiowcver, most soils
hixvu, lower pH and low magnesiu, contents. All of these soils are being
retained for a comparative stu y of several lime requit.rene:t vet:hods to

be related 
 to titratieo' or neuiralization curves vf the same soils. 

2. Distribution of Acidity within the P.egion: 

Ai ,arlys,,ary based on only 1171 samples sentanalysed in the In by ACP andIUTA laboratory for the PIROCALrN; lrogram is given in the
table below. 
 Data it by agrarian zones and concelhos for values of pH in
water and is given as both absolute and relative frequencies under Six

classes of soil reaction. .
 

Data is groupod by concelho because grouping all data toether cdoesiOt adequately reflect the diversity in the reglon. On the other hand,
grouping by s':allcr units, while 
more advisable, was not yet pssible because of t lirited nu rber of samples anallsed fron, many frc;ucsias.
Even some conce]Iho. had too few samples.
 

In additioni, 
concelhos are adrninistrative units and thus 
are artificial
and not ho:r.ognto"Ynoi zones. This redune confidence in lhe co:wi ni.,
 
w cih can be ,+,this .a.
.
 

A co':rect use of thv data i& to get an approxi::te ".dea pffirequ.::cy dl thetri ,. on of soil reactions and this should always e
acconp;Ii ed by the rtarlrd deviation andThus!.: k! r'ov the nu li.D,. of satnpla,da: f)',+7. c,",nyllm!,. '-nnh.as Chaven, C'on;-:V.d.Vail. "?'-, ,+,+++,'
-"', " :,'.,,I

vSi on"+ ; ,: i inlurirtion because 
 of ranv !:Z eVA aiMW ... 
Id, : ft<vj h) , Wfn . W L.,*; extMerM ar NI wirandl1.h I ~~Or a,'"urce, -ir!t.: do I)Cl (''+; it+7xo'-L jSj ".da) , Ci Mta. NOori vc' aj.:I\'i1t. .+rV
 

!C C;:; 4 1v,iK M O l 6I0deviation.:, Th sc IM I.tr . r., .,v
arud W 

(+~~'K.-: ~
"itlM.:t,,- within the COnl 0110h .

A. i ,:. : , S.a it U t,, > .) t h,n 4 at ro. t 011 a I 

tIl o ml rut ]'I,. Thi; ia o I ;oni1 for o un:Vult Tr,4 

IK .. h,,
444..::44: Ij%++,,);.45 . 3 tt+ IP;1 , b: PfI,:,; 
 .+. .
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thIhcti1,i~11 ou 1,h "v, dopcI )Z sf of 1 i *1c I~i rt: 
1-iVC 1 Io!- t'h .. , " of 4I t I ~10 t 4- 03r i I~ 

I -I It I t a 7,4 , All of d. I I i ... ... 
had v . .% of.. .. z,round, . 

Tin, neutral t value (i') of :~ost of tho sapes fro, t II Serrra 
do Vi ' L u i r tpJ Ijy v, ! 3 (M' vou I 
to or rfiter t: .m 1,5). All ,=a~e, fru,,, Valo do 1'Prco avc values vry 

Cons1derin only t:h( c:c;:i.cal tin4ysls, t:he lir ,tonos of the two 
zonel, P):eecd tl,. , eih ctlrlstieu reqiuired by Iaw forp ricutlt,urdl 
U~k. Thtw' i' thei.ddeQd adv'ora o of the dol,.n.mtic I 1 Cen, 1)11ton 

,iff ir!] t l for,.- di rctly or rix., wIth the cilcitic
to othr Sn 

lie: twlno v, the i.ea'. needs for ncsiur, or UtalcttT,requirc, 

The vorl in s(I] fertility at ILrIA includes 10 different r4-seirch 
studlies ihieh relte to the acldlity probler. of the soils of the req(on.

P.,oli~y foI ; Llion from thOme studles indicates the follow1ig: 

1. Sore regional soils tre so acid as to be toxic to all species 
tested. 

2. The triticale varieties being tested for use in the region 
apear to be fairly tolerant of acidity, about equal to the local 
Parbea vheat, but. less tolerant than the regional ryes. 

3. Forage anr! hay samnples in survey studios indicate Ceneral low 
rc.,i. leTl. iin plant tisue. Soils also often test very low in 
:.1gn. 1ur,. Mogn... iu deficiency syptoms are comonly observed in plants. 
7hur, ,oc.ni'ic 1icortroe ptobr.bly should be reconendcd for liminC 
in mtch of the recion. 

4. 1_ . ' to ]nI t:-,c occurred wth a ii,,..r of speci es 
on s(\ora loi the gr -m1oue but ovidence of birdl ar roso n'm 
in thi field h*v ,,ot yet. beea obtained, 

hr.r f,':. n; r5*h: O; 

,mc -u.n _, It ) 



4 
-,,. fo u o4. t 

I i t I 4:~1 *t'q.' i?'1,~dI I~tv r I uw I o41 f4 hf,$ fitltI (it i oi 

r~'tb~~4I c%: ~r tiro 1A11j tIr, als~$1rcdio. The" thIre'o troi 

%,i' 1d 4, 8qui .''.1 5. od'i I ,.k4f'n " ' 

Mi 1 . o , x l / 10" ~r 

0.9 

4.~il.. j", 9 


