POR AID USE ONLY

A Q ( AwroA

AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHING TON, D. C. 20829

BIBLIOGRAPHIC INPUT SHEET

Ba

A, PRIMARY
n i‘::":ﬂ Food production and nutrition AF25-0000-GG50
F‘C‘::'ON B, SECOHDARY

Soil fertility,Fertilizers,and plant nutrition--Tropics

zEPgu AND SUBTITLE
ct of soil pH and related acidity factors on yields of sweetpotatoes and
! soybeans grown on typical soils of the humid tropics

Y colar sRaul

4, DOCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMBER
1976 : 9. v ARC
7. REFERENCE ORGANIZATION NAME AND ADDRESS

Cornell

8. SUPPLEMENTARY NOTES (Sponsoting Organisation, Publishers, Aveilability)

9. ABSTRACT

9. ABSTRACT
The effects of soil pH and related ac:.d:.ty factors on the yields of

sweetpotatoes, Miguela var., and soybeans, Jupiter var., were determined on typical
Oxisols and Ultisols of Puerto Rico. The study revealed no significant effect of pH
and acidity factors on the yield of the sweetpotato variety, which was quite tolerant
to high soil acidity and exchangeable Al. Yields were similar to those obtained by
other researchers who worked with other varieties. Soyheans, although relatively
tolerant to high levels of exchangeable Al, were adversely affected when values
surpassed 5.5 meq/100 g of soil in a clayey Jltisol. Exchangeable base content was
directly related to soybcan yield grown on a light textured Oxisol. Yields obtained
are considered excellent. Highly significant correlations between soybean leaf N
content and yield was found in the clayey Ultisol.

10, CONTROL NUMBER t1. PRICE OF DOCUMENT
446~ 027

" 12, DESCRIPTORS ‘ .

Acidity - Tropics " PRg31050500

pH Yield

F vbean | : 14, CONTRACT NUMBER

oybe AID/ta-C-1104 Res.

Sweet potatoes 15, TYPE OF DOCUMENT

AlD 890+1 (4+74) : v



azpsie C-10¢

Cee ”f,/é( /’? €.
PN-AAC - 02 g

Effect of Soil pH and Related Acidity Factors on
Yields of Sweetpotatoes and Soybeans. Grown on
Typical Soils of the Humid Tropics!?

Raiil Pércz-Escolar®

ABSTRACT

The effects of s0i! pH and relatr g atidety factors on the yields of sweetpota-
toes. Miguela var., and soybeans. Jupiter var., were delermined on typical
Oxisols ard Ultisols of Puerto Rico. The study revealed no signiticant effect
of pH and acidity factors on the yield of the sweetpotato variety, which was
quite tolerant to high soil acidity and exchangeable Al Yields were similar to
those obtained by other researchers who worked with other vaneties. Soy-
beans. although relatively tolerant to high levels of exchangeable Al were
adversely affzcted when values surpassed 5 3 meq/100 g of soil in a clayey
Ultsol. Exchangeable base conten! was directly reiated 1o soybean yield
grown cn a lign! textured Oxisol. Yialds cbtained ar= considered excelient.
Highly cignuficant correlations between soybean leat N content and yield was
found in the clayey Ultisol.

INTRODUCTION

Considerable work on the usefulness of lime applications to increase
soil pH 2nd inactivate harmful ionic Al and Mn, has been conducted in
both the temiperate zone and in the humid tropics. The widely different
results found may he attributed to a number of factors, including the
test crop itself, soil mineralogy, cation exchange capacity. soil moisture,
and type of liming material applicd.

Sweetpotetues are: among the crops that seem to respond in a limited
manner to lime applications. Watts and Cooper (14) determined the
effect of soil acidity on the growth and yield of sweetpotito (var. Porto
Ricor grown on a Ruston fine sandy lowm, by lowering the pH with
H.SO, to between 5.0 and 5.5, compared to pH ranges of 5.5 10 6.0, 6.0 to
6.5 and 6.5 to 7.0. The average marketable yields of plants were: For the
very acid plots, 339 hu/acre; for the slightly acid, 383 bu/acre; for the
very slightly acid, 453 bu/acre; and for the neutral, 375 bu/acre. Bos-
well (2) has indicated that, with other factors favorable, swectpotatoes
produce highest marketable yiclds on moderately to slightly acid soils.
Steinbauer and Beattie (13), working with three swectpotaio varieties,
concluded that the crop does best in slightly to moderately acid soil, and

! Manusenipt subenitted to Editerial Board March 12, 1976.

# Joint contribution from the Agricuhiural Experniment Station, University of Puerto
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under research contract ta-c-1104 entitied “Soil fertility in the humid tropics.”

? Soil Scientist, Agricultural Experiment Station, Mayagiez Campns, University of
Puerto Rico, Rio Piedras, P.R.

52

SOIL PH AND YIELD OF SWEETPOTATOES AND SOYPEANS 83

that yields may decrease when the soil becomes nautral or alkaline. Nye
a.nd' Gn"(-nhmd (8) reported that sweetpotato yields were z'ncreas;‘d l))
liming in only two of a number of trials in I:Yg.m«lu an sauls with pI?I,
below 50 In similar tests in Brazil, Camargo (3 showe! trat sweetpo-
t:;llO('S did not. rcs;?ond to liming. On the other hand, Lo L4ipez et al.
:n L{:;\)\o:itl(lln}l ::]ld increases of about 36 when 04 acifd Anuic Tropohu-

Rescarch with lime on soybeans has received attention in many parts'
o{'thc voorld. Rogers et al. (10) studied the effect of sl pH on sovbean
¥ields produced on a Benndale sandy loam. Their yields incisased from
13 bu/aere at-pH 4.8 to more than 30 bu/acre at pl.l 6.1 3"~ arenhas et
al. (7) found that dolomitic lime increased soybean vield- 307 in a Rcd
L:'ll(:sol in Brazil, even though the initial soil 5H was 5.5, with no
c.\fch:mgnublc Al Mascarenhas (6) also found tha, ancther I\'.,:d Latosol
with pH 4.8 was not responsive to lime applicaticns. Suires (11 fmind
that when Al saturation was reduced to 10%, soyhean vields increased
sl!arply on two Red Latosols. Spain et al. 112) ropom«i linw responses
with up to 6 tons/ha on an unlimed pH 4.3 Colombiat Oxixnl, even though
most of the effect occurred with the application of the first 2 tons/ha.

The present study investigates the behavior of two high yielding
sweetpotato and soybean varieties growing under different pI:l condi-
tions.

MATERIALS AND METHODS

The experiments in which sweetpotatoes, Ipomaeca batatas Migruela
var., were used, were conducted in a Buyamon loamy sand (an Oxisol)
and in Los Guinceos clay and Corozal clay (Ultisols). Bayamén loamy
sand. near Manati, is a Typic Haplorthox from quartzitic sand deposits.,
Its organic matter content averages 0.5% and it hits a cation exchange
capacity of 1.3 meq/100 ¢. Los Guincos clay, located in Barrio Mameyes
in Jayuya, is an Epiaquic Tropohunult from tuflaceous material. Its
organic anatter content is 8.17% and the cation exch inge capacity is 16.0
meq/109 3. The Corozal clay, deiived from tufTaceous material, is lor
cated at Corozal Agricultural Substation in Corozal. Its organic matter
content is 4.77 and its cation exchange capacity is 19.0 meyg/100 g.

The sweetpotato and sovbean crops to be discussed were the third and
fourth in a series of experiments performed at each of the above sites to
study the effects of soil pH and acidity factors. Lirie applications were
made in Bayamon loamy sand and in Los Guineos ¢ ay during July 1970,
and in Corozal clay during March 1971 before the first two experiments
{ficld corn and snap beans). Those results have been reported by Abrufia
et al. (1). Five treatments, replicated five times, were arranged in a

Latin square design in the Bayamon loamy sand aad Los Guineos clay,
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and in a complete randomized design in the Corozal clay. They consisted
of: check, 337 kg/ha of Ca(OH), and sufficient liine 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 Guincos clay, on February 18, 1972; in tho Bayamén
loamy sand, on December 27, 1972. Sweetpotato vines, 30 cm fong, were
planted in rows 75 cm apart and 20 cm within 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 from G- to 15-cm and 15- to 30-cm depth were
collected right afier harvest and analyzed for pH, and exchangeable Ca,
Mg, and Al extracted with 1.0 N KCL.

Soybeans, Glycine 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 P.O,, 148 kg/ha of K.O and 114 kg/ha of Mg as
Epsom salt was broadcast and mixed with the 0 te 15 cm soil layer.
Soybean seed were inoculated with Nitragin "S™ and, therefore, no N

- was applied.

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 Bayamon
loamy sand. Harvest at both sites was 4 months after planting. Seil
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 KCl. Whenever relationships between yields,
foliar composition and soil acidity factors were apparent, regression
analyses were run on both sweetpotato and soybean data.

RESULTS AND DISCUSSION

SWEETPOTATOES

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 siymificant relationships were found between
yield and soil pH, nor between yield and soil acidity factors in any of the
three soils. In Bayamén loamy sand the yiclds were rather low, probably
because of scant rainfall (435 mm) and the formation of a hardpan at 15

* Trade names are used in this publication solely for the purpaose of pmvidi;g specific
information. Mention of a trade name docs not constitute a guarantce or warranty of
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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gl:;%w:‘:ifl causes mechanical impedance, particularly when the soil
In Los Guineos clay and Corozal clay, both priducin i
t}}c amount of sweetpotatoes obtained in t!‘:c Iinyuﬁ.:»?lmiimn;:ge
yxclds_wcre high even at the lower pH values. In Lox Guinceos clay the'
Plots in the 4.0 to 4.3 pH range with 4.48 meq of exchangeable Al
produced a!)out the same yields as those having higher pH values and
correspondingly lower exchangeable Al content, In this soil all but one
plot had pH values below 5.0. These were recorded 1'/2 years after lime

TasLs 1.—Effect of soil pH (0- to 15-cm depth) and soil acidity factors on yields of
sweelpotatocs, Miguela varicts i

&il H F h 1, E h i B
P Al Ca + Mg ulur“:elion wuﬁuon Yield
Meqll00 g MeqiloOg % 3 Kgiha
) Bayamdn loamy sand (Oxisol)
.4 t04.8 0.35 0.69 66
491053 14 .83 86 :l‘: :.:;;
>5.3 0 1.22 100 0 5.703
Los Guineos clay (Ultisol)
4.0104.3 4.48 5.51 55
44104.7 3.09 6.06 66 ;i :::gé;
>4.7 .86 11.06 ‘92 8 12,430
Corvzal clay ( Ultisol)
46t04.8 1.32 5.24 80 20 12,777
49105.1 .70 5.50 89 11 13.004
~5.1 18 8.40 98 2 13.360

! Values of acidity factors are giv:
given by plot averages over th
values shown in the first column. # © relected pH range

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:
teen out of 25 plots showed pH increases in subsurfiuce samples 15 to 30
cm deep.

In Corozal clay, pH values were not as low as in Los Guineos clay.
Yiclds in the lowest pH range—4.6 to 4.8 -did not differ statistically
from these in the higher pH ranges. The average plf at the 0- to 15-cm
depth was 5.19 and at 15 to 30 em it was 4.59. Buses 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 Bayamoén 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 yiclds were quite low, leaf Mn
content exceeded 350 p/m. Yields were lower as the leaf Mn content
increased to 508 and 631 p/m.

The results from these experiments generally agreed with those of
Steinbauer and Beattie (12). They stated that their results with three
sweetpotato varieties suggested that this crop was not very exacting
with respect to soil acidity. They indicated that sweetpotatoes did best in
slightly to moderately acid soils and yields may be decreased when the
soil becomes neutral or alkaline. Unfortunately, there were no pH
values above 6 in order to corroborate their statement. If exchangeable

Tasie 2.-Effect of soil pH (0- to 15-cm depth) on foliar composition of sweetpotatocs,
. Miguela varwcty
Foliar composition’

Seil pH N o K Ca Mg Mn
% “ %* % % Pim
Bavamon loamy sand (Oxisol)

44t048 4.44 0.74 2.24 0.77 0.45 631
49t 53 4.37 75 2.17 .72 .52 508
>5.3 4.37 5 2.27 .B3 48 352

. Los Guineos clay (Ultisol)
4.0t04.3 4.87 .39 2.53 .87 .33 51
4.4 t0 4.7 4.79 44 2.58 .88 33 43
>4.7 5.01 .46 - 2.60 1.27 38 27

Corvzal clay (Ultisol)

‘4.6t04.8 5.69 .66 3.85 54 .39 146
4.9105.1 5.66 .62 3.88 54 .39 163
>5.2 5.55 .60 3.92 .64 .30 129

* Foliar composition presented was calculated by plot averages over the selected pH
ranges shown in the first column.

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
4.0 to 4.3 range in Los Guineos clay included average exchangeable Ca
+ Mg values of 5.51 meq/100 g. This is more than enough, in spite of the
high exchangeable Al (4.48 meq/100 g). General experience with crops
having cycles of 6 or more months indicates that they are more tolerant
to Al than short cycle crops (9). However, there are short cycle crops,
such as certain wheat and barley varities, that are highly tolerant to Al
4).

SOYBEANS

The effects of soil pH on yield and foliar composition of soybeans,
variety Jupiter, produced in Bayamén loamy sand and Los Guineos clay
are shown in table 3, and table 4 presents the effect of soil acidity factors
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on yicld. No statistically significant relationship cxisted between soil
pH and yield or between exchangeable Al and yicld in Bayamén loamy
sand. Yet, exchangeable Ca + Mg was related to yield with a highly
significant correlation (r = 0.57**). A 60% higher yicld was obtained at
high exchangeable Ca + Mg levels. Percentuge buse saturation was
significantly related to soybean yield, - = 0.44*). Exen though pH is
primarily a function of the hydrolysis of adsorbul and ~olution cations,
in a highly weathered light-textured soil like Eayarion loamy sand the
magnitude of the hydrolysis is limited. Cation ads.uption and solution

TasLE 3. —Effect of soil pH (0- to I15-cm depth) on yields anid fuliar composition of
sovbeans, Jupiter variety

Soil pH Yield Foliar cur rmition
—_————— T —
N P R Ca Mg Mn
Kgiha T DI 5 4 T T4 Pim
Bayamon leamy sand (Oxisol)
4.81t05.1 1905 3.89 0.4 1.63 0.90 0.34 185
52t 55 1786 3.8 42 1.64 94 34 159
56tn5.9 1955 3.51 .36 1.68 .9 34 144
6.0t0 6.3 2100 3.97 44 1.65 - 1.3 .36 122
>6.3 2584 4.17 .38 1-80 1.08 34 14
Yield vs. £ Ca, Mg, K, r = 0.71°*
Los Guineos clay ( Ultisol)
4.0¢t04.2 1402 4.99 .20 2.08 .59 39 27
43104.5 2194 5.70 .21 2.28 90 42 22
46t0 4.8 2509 6.05 .21 2.11 1.13 40 16
>4.8 2452 6.12 22 2.10 1.1¢ 40 16

Yield vs. oil pH, r = 0.62*

Yield vs. leaf N, r = 0.84**

Yicld vs. leaf Ca, r = 0.79%*
Leaf N vs. suil pHl, r = 0.57*

Al are low and therefore, pH may not be a good criterion for prediction of
yields. Likewise pH 5.0, which is generally acceptable, does not mean
that the amounts of bases are adequate. A pH value of this order may be
due largely to the acidity of the suspension water.

Neither N, P nor Mn content of the leaves was affected by soil pH
differences. This was also true for leaf Ca, Mg and K when individually
related to yields. When Ca, Mg and K were combined and their values
related to yields, a highly significant correlation coefficient, r = 0.71**,
was obtained. This agrees with the significant relation between ex-
changeable bases and yiclds reported above.

In Los Guineos clay, the effect of soil pH on yield was significant (r =
0.62*), and the relationship was quadratic (Y = — 24195 + 10046.4X -
929.2 X3). When exchangeable Al was related to yields, the correlatior.
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coefficient, r = 0.80°*, wus highly significant and the effect was also
quadratic (Y = 188.7 + 622X 1371 X9 When vxch:mg:-uhh- Al
surpassed 5.5 meq/100 g, sovbean yvield diminished by 507 Exhange-
able Al played a more important role in reducing yvields than the ex-
changeable base content did in increasing production. Pereent base
saturation was significanthy related 1o sovbean vields (0 0.66%),
Leaf N and Ca were related to vields ttable 3 ma highly significant
way, with 0.84 and (.79 correlation cocflicients, respectively. N values
increased from 4.99 to 6.12 . while those of Ca increased from 0.59 to
1.14%. Seil pH was significantly correlated with leaf N content (r =
0.57*). As poiated out before, N was not applied to the soybean crop

TABLE 4. — Effict of sot! gendien fuctors on sovbean cduputer tae 1 vields grown an
Bayamon lamy sand and in Los Guineos elav

T B:A'\-am;n lll;l;n)' san.d Lon Guineus
Exchangeabie Al Yoaold Eachangoeable Al ""'m_;,_
T Megrmag T T Rshe o Xghivig T Kb
Jto0} 2131 4310390 2465
02003 1679 Jltess 2044
~0.3 1584 3.3 1270
r.NS. ro= 0HQ*e
Exchangeable Ca « Mg Exchangeable Ca « Mg
06tol.l 1528 1eto20 1359
1.2w 1.7 2024 2130 16891
~1.7 2302 3l1twin 2484
r = Q 57°° 40 23%
r.N8
Base saturation Base saturation
l" l‘;
80 to 75 25 to 50 1716
6 to 40 51te 73 2464
~8 33 2877
ISR LR ¥ A r 066"

since seed was inoculated with Nitragin “S”. Increasing soil pH not only
inactivated 1onie Al but also fivorably affected the fixation of molecular
N to avaiable forms

These results agree with those reported by Rogers et al. 1103 Soy-
beans can be constdered a relatively tolerant crop to exchangeable Al,
especially if cationic nutrients #re found in adequate amounts. As in
sweetpotatoes, Mn values anpear to be quite fow, vet sovbean vields
were excellent. No visual deficieney svimptoms for this element could be
observed in the field.

RESUMEN
Se presentan ios resicltados de dis capenmenos en los que se estadio o efecto del ph

¥ los factares de aaaez ded suclo on lus rendimicntos de batata, variedad Miguela. v de
Rabas 50}, variedad Jupiter, sembraagas en oxisules ¥ ultiseles tpicos de Pierto Rico.
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No ol pHown os factores de seidez del suclo afi
composicinn quimica ol Los resultados con
obtenidos por ot mvestigadages

Las hubas soas, sunque tolerantes o alto- rontenndos die e e intercambiable
furron .I!'vnl.hl;n cuanido estos sobirepasaron 50 meg Aoe g e or aretlla del ordl-r;
ultisel En el suelo de textura hviana del orde g onisol <4t wna relacion p«miti\'m
entre s bives intercambiables v la produccmn de habad s 1 contenido de N en las
hujas dee sops sembridas on el ulienl arcilloso v el rendimnenio estatun cnrn-luciunud‘us
en forma altamente siprnificativi ElpH de cte suelo tuve us o it o tnificativo en ia
absoraon de N oper L bt " '

rrun o] rendiniento de batatas y su
rdar en termmos generales con los
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