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SOI. PiH AND YIELD OF WF.TPOTATOES AND SOYII'FANS 83 
- o .27 	 that yields may decrease when the soil becomes ntra lor alkaline. Nye 

and Greenland (8) reported that swe.tpotato yields icreased by6.,e.. 

Effect of Soil pH and Related Acidity Factors on iming in only two or a number of trials in Ugnda ut,s.-ls with pH
Yields of Sweetpotatoes and Soybeans Grown on below .0. n similar tests in B~tzi, Canargo 3 show.! t'*.:t sweetpo-

Typical Soils of the Humid Tropics" tato,. did not respond to liming. On the other ha. l.,wAI.Ijpez et al. 
(4) reported yield increases of about 36 7 when :I acid .\qlicTropohu-

Ratl PNrez-Escnlar' mult was limel. 
ABSTRACT Recearch with lime on Soyheans has received at tention in many PartsThe effects of soI pH and relatr-a acid, factors on the yields of sweetpota- Of the vorld. Rogers et al. (10) studied the effect ofsal pi on soybeantoes. Miguela var.. and soybcans. Jupiter var.. were determined on typical yields proluced on a Benndale sandy loam. Their yields ineu.ased fromOxisols and Ultisols offPuertRo . The study revealed no significant effect 	 13 hu.htcre al-pl 14.8 to more than 30 hu/acre at pt 6 1 N ,%.renhas etof pH and acidity factors on tme yield of th, sweeoatvaitwchws* p . moetrn.( uar tpI61Mi-.rnase

quite tolerant to high soil acidit! and exirhangeable AL. Yields were similar to al. (7) tbund that dolomitic linie increased soybean yield. :311 in a Redthose obtained by other researchers who worked with other varieties. Soy- Latosol in Brazil, even though the initial soil iH w.1, 5.. with no 
beans. although relatively tolerant to high -vets of exchangeable Al. were
adversely affected when values surpassed 5 mer,'ioo g of .so in a clayey eichangi.ahle Al. Mascrenhas (6)also f0 
Ulhtsol.Exchangeable base content was rectly re~ated to soybean yield with pi 4.8ewas not responsive 	to limt ppticaticn. ,,eres(11) found
grown on a lign: textured Oxasol Yiela cbtained are considered excellent.

Highly ;gnjficant correlations between soybean leaf N content and yield was that when Al saturation was reduced to 10%, soylivan yi,hld, increased
found in the clayey Ultisol. 	 sharply on two Red Latosols. Spain et al. 12) reportfd hl, responses 

INtRODItCI'I(N with up to 6 tons/ha on an unlinid p114.3 Colombia Oxisl. even though 
most of the effect occurred with the application of the fitst 2 znslha.Considerable work on the us:fulness of lime applications to increase fheprefet study investigates the behaviorof tw high yielding 

soil pH and inactivate harmful ionic Al and Mn, has been conducted in The ri sy ieties th b i e r ft H yiedin 
both the temperate zone and in the humid tropics. The widely different sweetpotzto antd soybean varieties growing under differeat pH condi­
results found may be attributed to a numher of factors, including the ttons. 
test crop itself, soil mineralogy, calion exchange capacity. soil moisture, MATERIAI-S .Ni METI ODS 
and type of liming material applied. The experiments in which sweetpotatoe, lpona.wa b,tatas Miguela 

Sweetpotutoes are among the crop. that' seenm to respond in a limited var., were used, were conducted ia aBayamon loamy satid lan Oxisol) 
manner to lime applications. Wtts and Cooper (14) determined the and in Los Guinos clay and Corozal clov Ultisolsl. Bavam6n loamy
effect of soil acidify on the grot! 'n Yie!d of.cw:cetLpotato Ivar. Porto sand. near Manati. is a Typic Haplotthox from quasrtziic sand deposits.
Rico grown on a uston fin, sa.dy ljoaa. by lowering the pi1 with Its organic tfatter content average.s 0.55 and it hat.s a cation exchange
H.-SOI to between 5.0 and 5.5, cmripared Io rillranges of55 to6.0.6.0 to capacity of 1.3 nmeq/100 g. Los Guincos clay, locate( in Barrio Mameyes
6.5 anrl 6.5 to 7.0. The average itnrlit:la, yields ofplanLt were: For the itt J.1vuva, is an Epiaquic Trophimnult from tufiaceous material. Its 
very acid plots, 339 hu/acre; fr-thre sligtll a:cid, :383 h/acre; for the organic matter content is 8.1. and the cation ,xch '14,'cap.'city is 16.0 
very slightly acid, 453 bu/acre; arnd fir tie neutral, 375 F-u/acre. Bos- nietito/1 g. rhe Corozal clay, da ived from tuffacous material, is io. 
well (2) has indicated that, with othi-r factors fvorahle, sweetpotatoes cated at Corozal Agricultural Stbhtattin ill Corozal. Its irg:iic matter 
produce highest marketable yielrls on noorhrately to slightly acid soils. content is 4.7-,and it-s cation exchanlge c:apacity iv 19.0 neq,'100 g.
Steinbauer and Beattie (13), .irking with thrc( swectpotato varieties, The sweetpotato and soybean crops b disc~a~svdiito were the third and 
concluded that the crop does best in slightly to moderately acid soil, and fourth in a series of experimients performed at each of the above sites to 

I Manuscript submitted to Ediii,iial IarI Mlarch 12.1a7. study the effects of soil pH and acidity factors. Lit ie applications were 
Joint contribution trini the Agricultural Fxlerinient Station. University ofPuerto made in Bayam6n loamy sand and in Los Guineos caN during .July 1970,

Rico,Mayaguez Campus, Rio Piedras, P.R.. and the )epartment ofAgronamy. Cornell and in Corozal clay during March 1971 before the fir.'st two experiments
University. Ithaca. N.Y. This study was part ifthe investigatiin supported by U S.AID (field cornand snap beans). Those results have been reported by Abrufia
under research contract ta-c-1104 entitled "Soil fertility in the huniid tropics." et cor Five t ns re s e r rnged in aa1d ea , l t five t er 

Soil Scientist. Agricultural Experiment St.tion. Mayaigiiez Canp-,. Univerity f Ct al. (1). Five treatments, replicated five times, were arranged in a 
Puerto Rico, Rio Piedras, P.R Latin square design in the Bayam6n loamy sand aid Los Guineos clay, 

h2 

http:lpona.wa
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and in a complete randomized design in the Corozal clay. They consisted 
of: check, 337 kg/ha of Ca(OH)2 and sufficient lime to bring soil pH to 
5.5, 6.0 and 7.0. 

The sweetpotato experiment in Corozal clay was planted on December 
30, 1971; in Los Guineos clay, on February 18. 1972; in tbh Bayam6n 
loamy sand, on December 27, 1972. Sweetpotato vines, 30 cm iong, were 
planted in rows 75 cm apart and 20 cinwithin the row in plots 4.5 x 9 m. 

- A month after planting, 1120 kg/ha of a 10-10-10 fertilizer mixed with 57 
kg/ha of Mg as Epsom salt were applied to each plot in a band. Just 
before budding, leaf No. 3 samples were taken to determine N, P, K, Ca. 
Mg and Mn. When the crop was 6 months old, the two center rows were 
harvested. Soil samples P'om 0- to 15-cm and 15- to 30-cm depth were 
collected right after harvest and analyzed for pH, and exchangeable Ca, 

Mg. and Al extracted with 1.0 N KCI. 
Soybeans. Gifrine max (L) Merrill, Jupiter variety, were planted next 

on all but the Corozal clay site. Before planting, a fertilizer mixture 
containing 285 kg/ha of P2O., 148 kg/ha of KO and 114 kg/ha ofMg as 
Epsom salt was broadcast and mixed with the 0 to 15 cm soil layer. 
Soybean seed were inoculated with Nitragin "S" and, therefore, no N 

wa ple.4.0was applied.Guines 
The seed were planted in rows 45 cm apart, but due to different 

germination rates at the two sites, the average distance between plants 

within rows was 15 cm in Los Guineos clay and 7.5 cm in Bayam6n 
loamy sand. Harvest at both sites was 4 months after planting. Soil 
samples from 0- to 15-cm and 15- to 30-cm depth, were collected right 
after harvest and analyzed for pH and exchangeable Ca and Mg and for 
Al extracted with 1.0 N KCI. Whenever relationships between yields, 
foliar composition and soil acidity factors were apparent, regression 
analyses were run on both sweetpotato and soybean data. 

RESULTS ANID DISCUINSION 

SWEETPOTATO'S 
SWETPTATESteen 

The effect of soil pH and related acidity factors on sweetpotato yield 
is shown in table 1. The effect of soil pH on foliar composition is shown 
in table 2. No statistically significant relationships were found between 
yield and soil pH, nor between yield and soil acidity factors in any ofthe 
three soils. In Bayam6n loamy sand the yields were rather low, probably 
because of scant raitifall (435 mm) and the formation of a hardpan at 15 

Trade names are used in this publication solely for the purpitse of providing specific 
information. Mention of a trade name does not constitute a guarantee or warranty or 
equipment or materials by the Agricultural Experiment Station of the University of 
Puerto Rico or an endorsement over other equipment or materials not mentioned. 
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cm which causes mechanical impedance, particularly when the Soil 
dries out. 

In Los Guineos clay and Corozal clay, both pnlucing more than twice 
the amount of sweetpotatoes obtained in the y ,in loamy sand, 
yields were high even at the lower p1 l values. III 1,0 (;uinLos clay the 
plots in the 4.0 to 4.3 pH range with 4.48 nietlof exchangeable Al 
produced about the same yields as those having highr pH values and 
correspondingly lower exchangeable Al content. In tis soil all but one 
plot had pH values below 5.0. Thesle r cored I years after lime 

TAn 1.Effe*of sil p11 (0- to 15-cm deptuj and soiJ aciditlaclora on yields of 

seeto t atco. ,f	 Yield/
Soil ptle phaloe, Aiula parle.. 

ca +Mg ution suraton Yleld 
-eaog Mfqt#oo 

Bayamdn loamy sand(Oxisolt 

4.4 to 4.8 0.35 0.69 66 34 4771 
4.9 0 2 100 0 73 

>o. 	 1n lay 100 0s5,703 
to 4.3 clay Ultiso4.48 5.51 55 45 12612 

4.4 to 4.7 3.09 6.06 66 34 13,62
>41.7 .86 11.06 92 8 12.430 

Corozal lay Wlltizol) 

4.6 to 4.8 1.32 5.24 so 20 12,777 
4.9 to 5.1 .70 5.50 89 It 13.004 

>5.1 .18 8.40 98 2 13.3W 
'Values of acidity factors are given by plot averages over the .,elected pH range 

valus shown in the first column. 

application, at which point the average pH value at the 15- to 30-cm 
depth was 4.69; at the 0- to 15-cm depth the average value was 4.56, 
indicating a tendency toward a downward movement of bases. Seven. 

out of 25 plots showed pH increases in suh:;urface smes15 to 30 

cm deep. samples 

In Corozal clay, pH values were not as low as in Los Guineos clay. 
Yields in the lowest pIT range-4.6 to 4.8-did not differ statistically 
from these in the higher p11 ranges. The aver:age p1l at the 0- to 15-cm 
depth was 5.19 and at 15 to 30 cm it was 4.59. Ba.ses did not move in this 
soil to the degree that they did in Los Guineos clay. 

The nutrients in the leaves taken just before budding seem adequate. 
The Mn content in the leaves in Los Guineos clay was considerably 
lower than that in Bayam6n loamy sand and Corozal clay experiments.
Yet, no visual deficiency symptoms were observed while the crop was 
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growing. In Bayamon loamy sand, where yields were quite low, leaf Mn on yield. No statistically significant relationship existed between soil 
content exceeded 350 p/r. Yields were lower as the leaf Mn content pH and yield or between exchangeahh, A] and yield in Bayamdn loamy 
increased to 508 and 631 p/m. sand. Yet, exchangeable Ca + Mg was related to . i.ld with a highly 

The results from these experiments generally agreed with those of significant correlation (r = 0.57**). A 60% higher yi.hl was obtained at 
Steinbauer and Beattie (12). They stated that their results with three high exchangeable Ca + Mg levels. Percenutg,, Kl.4- saturation was 
sweetpotato varieties suggested that this crop was not very exacting significantly related to soybean yield. (r = 0.44 *). E%.n though pH is 
with respect tosoil acidity. They indicated that sweetpotatoes did best in primarily a function of the hydrolysis of adsorbl a:d .-lution cations, 
slightly to moderately acid soils and yields may be decreased when the in a highly weathered light-textured soil like Bayamon loamy sand the 
soil becomes neutral or alkaline. Unfortunately, there were no pH magnitude of the hydrolysis is limited. Cation ad&.ption and solution 
values above 6 in order to corroborate their statement. If exchangeable 

TAsLE 3. -Effect of soil pll to- t) 15-cm depth) cin yields. andl [olr coJmposition of
 
TA3. 2. -Effect ofsoil pH (0- to 15.cm depth) on foliarcomposition of sweetpotatoes, soy3-bfans, Jupiter variety
 

,,gul tanrwy 	 Soil pH Yield V',l:ar n-'ot-Aliguela caban.Jpi.rlity_________ 
Sip Ye____Foliar composition' 

Soil pH __________N P K cok Mg Ain 
N P K Ca Mg Mn N _P __________ 

% Pm Kglha % "q 1 PIPS 
Bayamt'a loamy sand (Oxisal) 	 Bamdn h~am , and (OxisoD 
4a.4md0 loamo 2.4.8sand 4.44o 	 to 5.1 1905 3.89 0.44 1.63 0.90 0.34 185 

4.4 	to 4.8 4.7 0.74 2.7 0.72 .52 S 5.2 to 5.5 1786 3.78 .42 1.64 .94 .34 159 
4>53 4.37 .75 2.17 .72 .52 32 5.6 to 5.9 1955 3.51 .36 i.rs .99 .34 144 

6.0 to 6.3 2100 3.97 .44 1.65 • I.1a .36 122 
Los Guineas clay (Ultisol) >6.3 2584 4.17 .38 1:80 1.08 .34 144 

4.0 to 4.3 4.87 .39 2.53 .87 .33 51 	 Yield vs. - Ca. N4g. K. r = 0.71* ° 

4.4 to 4.7 4.79 .44 2.58 .88 .33 43
 
>4.7 5.01 .46 -2.60 1.27 .38 
 27 	 Los Guincos cky I Utisol 

4.0 to 4.2 1402 4.99 .20 2.08 .59 .39 27 
Corozal clay (ultisol) 4.3 to 4.5 2194 5.70 .21 2.26 .90 .42 22 

4.6 to 4.8 5.69 .66 3.85 .54 .39 146 	 4.6 to 4.8 2509 6.05 .21 2.11 1.13 .40 16 
4.9 to 5.1 5.66 .62 3.89 .54 .39 163 >4.8 2452 6.12 .22 2.10 1.14 .40 16 

>5.2 5.55 .X0 3.92 .64 .30 129 Yield vs. soil p~l. r - 0.62* 

'Foliar composition presented u.as calculated by plot averages over the selected pH Yield vs. leaf N. r = 0.84" 

ranges shown in the first column. Yield vs. leaf Ca. r - 0.79" 
Leaf N vs. suil p1l. r = 0.57" 

Ca and Mg are available in spite of low pH, then the results obtained are 
explainable and reasonable. For instance, plots with pH values in the Al are low and therefore. pH may not be a good criterion for prediction of 
4.0 to 4.3 range in Los Guineos clay included average exchangeable Ca 	 yields. Likewise pH 5.0. which is generally acceptable, does not mean 
+ Mg values of 5.51 meq/100 g. This is more than enough, in spite of the that the amounts of bases are adequate. A ptI value of this order may be 
high exchangeable Al (4.48 meq/100 g). General experience with crops due largely to the acidity of the suspension water. 
having cycles of 6 or more months indicates that they are more toterant Neither N, P nor Mn content of the leaves was affected by soil pH 
to Al than short cycle crops (9). However, there are short cycle crops, differences. This was also true for leaf Ca. Mg and K when individually 
such as certain wheat and barley varities, that are highly tolerant to Al related to yields. When Ca, Mg and K were combined and their values 
(4). 	 related to yields, a highly significant correlation coefficient, r = 0.71"*, 

was obtained. This agrees with the significant relation between ex-
SOYBEANSOyiEAN changeable bases and yields reported above. 

The effects of soil pH on yield and foliar composition of soybeans, In Los Guineos clay, the effect of soil pH on yield was significant (r 
variety Jupiter, produced in Bayam6n loamy sand and Los Guineos clay 0.62'), and the relationship was quadratic (Y = - 24195 + 1006.4X ­

are shown in table 3, and table 4 presents the effect ofsoil acidity factors 929.2 X). When exchangeable Al was related to yields, the correlation 
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cata'lcient. r w.-:-, signficait the, -f 4 was also0.80" * highl all t~it 

quadratic (Y - 62.2X 1:17.1 X:I. When vxchmigei hle' Al188.7 SUIaSS (I 

surpass d 5.5 meql/100 g. .. ie.hdim inished by 50',-. Exhange-
oy.a:

able Al playved a imore i:mpruatat ti'le in reducing wVlds than the ex-

chainge-ahlch' lae cont1t d.0 ill ir sii.tI-pol:dUrti). P'rce'nt b:.oe 

saturalton wa; signifiCant1. relaia'dt,) . Ii viyhls Wa6.I 


Leaf N and Ca w arv r tcd Ii v wiis Ita :0 ill y significalnt
la . ' hlh- aa hig hl 

way. with 0.84 and ).79 co-rvLiin ca,,iilnis, 	 N valuevs1.an rv..-splctivvly. 
increased from 4.99 to 6. 12"; . while tho.., of Ca iacreased from 0.59 to 
1.14'.. Soil pH was significantly correlated with leaf N content Ir = 

0.57"). As ltited out b-flare, N was not applied to the so bean crop 

TABLE 4. - ia,, ,, ,~~r .a.- ~t~a,.1upiterfilla jrja,jig-aan to 
B(.-%unuTn /,aa'.asanaif ard al, ,,a, 

na an,;&,lo, y la.ni 	 laa1'. ;Ul.- clay
EzIchlal1a
'.-laahAl ,'n|rhxl E .l,a,..rta" \I Y,'Ild 

0 o 2131 	 24.50 1 	 0 5 to 3 0 02 	 0.1 1619 3 1 lo. .a 2-145 
-0 .3 15S4 3 . 5 121) 

r.N S. 	 r 0 SO-
Exchangeabh. Ca %Tg Exchbatg,. h.Ca * 


06 to 1.1 152S 16 to, 200 13.11...9 

1.2 to)1.7 21124 2 1 tla3 0 1691 

>1.7 2402 3 1 to .i 0 23M 
°* 

a- 0 57 -40 231 K) 
r. 	 A 'S. 

Basei turataon 	 Baaa*sat.t,oraI,la..I',,-,+],. 

fill t.,75 143.1 25 to 50 1716 

t 	 ,ta190 1771 51 t, 7.5 L46.4',..ar-,a
i'.i 212"a -7, 257.7;, 

r 4 	 in4+... °
 

was inoculated with Nitragin 
inacivjt.v1ad aioic Al but alsoa l.avtaaaly affeted the I xatiot of it aoltcu lar 

since st-,-d 	 S*. Increasing soil p1l not only 

N 	 tt ava Ibl| ' frat,jarts 
The e r,'-ults agree with ra-paart,.d hy Roga.rs tit:al. aIt)). .4,y-thi,,a-


bea.|ns Can l' o m.:-dlerad a rlativi't l a-rant crup titexch:ngaable Al,.-, 
especia l.aif cati.nic nutria' n, 'q-t. aditeta As infa uotd in l te ailou IIs. 
S t.xt'~ aes, .Mnvalues an';v)ar to h. quite low. yet vh-a .ids,,,tat 

were excellent. No visual detcitncy synptoms fair this element could be1. 

observed in the fi ld. iel'. 

IU.SI"NI.N
Se nltL--	 fillvli .. 11 
Sv l ro -,.-:ac." ,'en-.-.;..,am it ata,... .-, Ina,,. ra- u.,,z ,. ,-n-,-n t,a-I ,.'t, ,h. ld 


-1,o, :ac:,- d. aaac,-z e ra-ndamnant,:.iitd 'a
h.4-up- o .r hn.. a ta., 1-oIra,-d.adnabas aaO... varaea-dad Jupteri. 	 au'U Rui.n.sen~hraaas en oxai..aha',yaultas,-la+, capacuaada,.Puerto Racaa. 
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pll ,,nr. srr -af.a.frar,n t gito0- 1.I f 'd,I l. r-nlad... de batata y su 
ala.a,. i ."r ,,t,, . 

taalar;aah-a ,Ialt,- aaaaI~llala-r,ai ii' 

f.aar lm.l-.i c'i,n.l,.,.t,. ',lr,.aa aar.a , a ,,l I a. ,, .....a .arcall dat ordamn
 

hS|~l ,' ~ a.;Llajaaa 	 +,, ." ,a,aIntrr'ambaathle. 

ulM-I. I a-i,,l.aI.. txa ura lviana d.I ,r,i..!-I .'. . ,.,relacan 1vcitiva 
Stenir-
 ,r 1.a Ir-, a. a ,*..,t.-ad,0,aal,sh n %lam ..al.Ia hall, I N en 1as
h . -. ',,ia - ,, e-ul ,,l ar-al, ..% --I..- a,,,.,, |,a.vcorrn-lacionadis
 
enfr , lt aaa,.Iat,. -- ,aafh at.v l .'llda,.,.*w saa if, ,u. *.f.,,.-gnifi.mvnen a
 
Al,\r, I'm I.. N I- .hl,|,;nEa 


I:Il I
 

IAr,,,. I.. j',.,, . W . ,,i ''.r,-/ I. , a-hr. I. I a,,,. F,,.- ,, - frn and barI 1ari,, , 2, I ifrnna.,,, *,,n lylca I')Of hit,d.,af H Ian EIear 

a-a,,.-,,I a. ,.,iAm.ricaa ,, AIra.da Ais.raI, "-l.m.ar.-k,.,t if North 

2. 	 Ias .l*V .a g-raa aa,,Il - USDA Farn,­it . a ,wi an d~ rve,tjarT-; ,aa-jas .
 
l ut 21120 lati,. i
1 95 

' P . F,.rt,. E . • ,, V.1II* I'Ia,* . ' C . I.Iaa1, I., ..- r., p , la s 
-*l.+, n-. a.a }; +.ita..a +,a ,a.i,,i ,.iral,anl :a .. . ''.1,1,.,ia.;.l, '..j." d,-rav+.al..+ 

4 F,,+ . .Arnug,-r. W . lhaahit W a,:. I) A r.-ntlahl anua,II II I. .and I'. ia!tahar.,to',I ssh,'al;ad lr ,.-.,,,ra,-.,,. ,, .aa , )-. . Ar59-. . I ' 413+17 145 
5. ig.", l J, A . If-raoi,. .- ataa,. FI-. .arl A ., I,,. ,fsome,to.p..ae 

t,, - . -, t , i ,f fi,.. , ,, I,,'a la'.,, I. ... 'XP STam Il ],. 
I'gIt l',h It P.q- %.. , !I'.. , 

,.. I A .xI . , .--. S a- It! ...T. A,,... ,.ai....., VII F-f,-tOd
 
hiI,- r.-. t I 1-.-, . . -,,--,a, I-., . , ,Cm va.g.-l0a
 

"In i 1,1, .- - 7 275. :
 
7+ , II A . , S. laaa-. If r,-,,.-. . . i do SrIrda.G
 

II.-l,,,-t.,- l|a-,,., , ',.t a, ,i ... . I,,,,a-riaal i. .- hIa¢,,- L a-t-a,l M,, aI a
uI.,at+,,.- a 

j!,\,. ?., - 1. 21. t:.
 

S 	 N'.I Ii .,,|;..,- ,i I .1 .1 h,--.,,i -hia,t,1n-a-.,,n Com nCoin.r eme tha 
I"Ir 1 . t, ,,;,I uTT ,ta 1 4' I:.1.. 

9 ., ,, , I ,;,. 1,.1int Agr BuDl 
', '
 

Ii I{,,,.. i,, ri. "I "lha.,R.. I ... l,,... I" . f'.,,-. ( '. .,., Wa-ar..h,h, I 
- I,- ,...- It,-,.a,, 1, aa',.-.Aulatrn 1"lv Aair .xp Sta Bull -413. 

1 ,,-.. w" V . I.,,I1,.1 . . I-: . anad ,,ade.rnan. G; ( .Cr I.amang . oIE. arai 
th,-, t,,I"Ia 2 a1 tahaa;,.rrnn1 aT,.a.ad All r,-d- Alvaran,.I I 
,,d,|i.,,r S- l M . I I N IP aas-a,+r.,t:1',.-- aa1, .. TIT ,,, Aa,,-raa into'ar,,,,-- St.aI, ,
 

12 Spa., . . . Ira-a,.. a A . IHi,,lahr. It W .and ('av,,. F . i),; ,..t.ai rpr-a,-. anI 
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