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Researchers have reported sulphur (§) deficien-
cies in many of the maize production areas of Cen-
tral America. Work by Fox and Blair (8) indicated
that although S deficiencies occur frequently in the
humid tropics, the problem is not as widespread as
might be expected. In general, many variable-
charge soils in the tropics are capable of absorbing
significant amounts of SO, when soil pH is low
(13). Kamprath et al. (10) indicated that the ad-
sorption of SO, is dependent upon its concentra-
tion and soil pH, since adsorption is limited above
pH 6.5. Sulphur deficiencies would be more critical
if not for the SO, retention by variable-charge soils
which can buffer the S supply (8). Weathered or
intensely-leached soils in the tropics are those
where the potential for S deficiencies are expected
to become worse with time.

Because of the geology of the Central American
region, volcanic ash has a widespread effect in soils
where maize production systems are located. Blair
and Lefroy (2) and the International Fertilizer De-
velopment Center (9) have shown that S deficien-
cies can be found in soils derived from volcanic ash
due to the presence of allophane which can bind
organic forms of S. Blair and Lefroy (2) indicated
that weathered tropical soils generally have a
higher anion exchange capacity versus temperate
soils and a greater capacity to adsorb SO,. Alter-
natively, Chao et al. (6) conducted studies that sug-
gested that anion exchange was not involved in the
retention of SO,. Further work by Blair (1) noted
the tendency for rapid removal of bases from the
profile of soils formed in the humid tropics under
high moisture percolation. Experiments which
Pearson et al. (12) conducted showed that 90% of
all water soluble bases were leached as 8O, in acid
Latosol and Red-Yeliow Podzol profiles. In the
maize plant tissue studies, critical S levels have

been determined but invariably showed poor cor-
relation with yield (711).

Maize production in Central America is unique
because over 65% of the area cultivated to this
crop is on eroded or eroding hillsides. Each year,
2,000,000 ha are cultivated to maize in Central
America with over 65% of the production on pre-
dominantly eroded or eroding hill slope soils that
have been affected to a greater or lesser degree by
volcanic ash. In El Salvador, almost 80% of the
maize production takes place on marginal sloping
ground. This represents approximately 320,000 ha
cultivated to maize on marginal land, about 15%
of the total area in the country. The use of mini-
mum or zero tillage is one of various alternatives

_that can be used as a soil conservation measure.

However, this practice on already neutral-to-acid
soils can result in increased acidity in the surface
soi! horizon (4,5). The common annual practice of
burning surface residues prior to planting in Cen-
tral America is a major problem with respect to
soil erosion and can volatilize up to 75% of the S
present in organic residues (15).

Blair ef al. (3) indicated that phosphate ions are
effective in both displacing previously adsorbed
SO, and in reducing the capacity of the surface to
adsorb SO,. Furthermore, phosphate replacement
of SO, on the adsorption sites of soils along with
the continued use of non S-containing phosphorus
(P) fertilizers may lead to a decline in the S status
of some tropical soils (3). ‘

Materials and Methods

Fifty-three fertilizer experiments were estab-
lished in maize (Zea mays L.} production areas
within Central America from 1989-91 (Table 1).
Each experiment employed a randomized com-
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" Table 1. Locations where P and S rnethod-sourcé éxpenments were conducted

‘ m Central Amenca 1989-91
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Country 1989 1990

Panama Las Tablas Las Tablas Cocobola
La Honda {.a Honda La Honda
Parita Parita Parita

Las Comadres
Costa Rica Esparza
Nicaragua Nindiri
-Posoltega

El Salvador  Metalio Guaymango Metalio Guaymango Metalio Guaymango
Sacacoyo Opico Quezaltepeque

Honduras Caguira Siguatepeque
El Tejar
Esperanza
Ologisi

Guatemala La Maquina Jutiapa : Cuyuta
Zacapa ) La Maquina C-16 San Gerénimo
Retalhuleu La Maguina B-6 La Méaquina
Jutiapa PC San Gerénimo
Jutiapa AM Chimaltenango 1
Jutiapa VT Chimaltenango 2

Cuyuta Zacapa

plete block design with three replications. These
experiments were designed to evaluate mono-
cropped maize grain yield response to additions of
S as hydrated gypsum (18.6%3) at varying P fer-
tilizer rates: 0, 13, 26, and 39 kg ha~' as triple
superphosphate. In each experiment, other treat-
ments were also included to evaluate response to
applied P, legume intercropping, and other soil
management variables. However, only those com-
parisons that related to S response for mono-
cropped maize are included in this report. Yield
response to S fertilization was determined as the
yield differential between means (treatment com-
bination receiving S minus the same treatment
combination not receiving S) for each experiment.
Regional S response was evaluated by plotting the
yield differential due to S against the average yields
for all treatments at each site (environmental
mean). Environmental means were determined by
averaging the yields of all plots (30-48 plots per
experiment) from a given experiment. Nitrogen
(N) as urea (46%N) was applied at a rate of 100
kg N ha~'! in all experiments. Maize germplasm
used for each experiment was the best available
genotype for the environment in each country (hy-
brids or open pollinated varieties). The plot size
was 4 to 6 rows (0.7-1.2 m row spacing), 5 m in
length which resulted in a net harvested plot area
for yield of 10 to 20 m? at all locations. Because of
the altered row width, plant populations ranged

from 45,000 to 65,000 plants ha~'. Weeds were
controlled with pre-emergence herbicides and
manual weeding at each location.

Ears were hand harvested from the center 2 to

4 rows. The number of ears, plant population,

plant height, lodging, and grain moisture data
were obtained in each plot. Additional information
for each site included slope, rainfall, and elevation.
A standard analysis of variance with non-orthog-
onal single degree of freedom contrasts was used
to evaluate treatments. An analysis over locations
was also performed.

Resuits and Discussion

Maize grain yields were significantly greater
when N and S were both applied as compared to
N applications alone. The average yields were 0.36

- %= 012 Mg ha~! for the 1990 trials and 0.23 *
0.12 Mg ha~" for the 1991 trials (Figure 1). When

N, P, and S were applied as compared with N and
P, maize grain yield response to applied S was less
than that noted in the absence of P. The average
overall combinations receiving P in Figure 2 were
0.08 Mg ha-'. A positive response to applied S
when no P fertilizer was applied was found at 70%
of the locations whereas only 60% were found to
be positive when both P and S were applied. How-

ever, a lower magnitude in response was noted for -

the latter. Work by Raun and Barreto (14) from
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Figure 1. Relationship of the environmental mean ver-
sus maize grain yield response to applied S (treatment
receiving N and S minus treatment receiving only N},
1990 and 1991 regional trials, Central America.

No P Applied
12

Figure 3. Soil organic matter, % versus maize grain
yieid response to applied S (combination treatments re-
ceiving N, S, and/or P minus the same treatment re-
ceiving only N and/or P), 1989, 1990, and 1991 regional
trials, Central America.
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maize experiments on volcanic ash-derived soils
reported the presence of a PxS interaction when
both nutrients were applied together in a band.
This work suggested that when N-P-S fertilizers
are combined together, P was mostly precipitated
in the metastable forms of dicalcium phosphate
dihydrate and dicalcium phosphate. Consequently,
the amount of P fixed as iron and aluminum hy-
droxides or complexed with amorphous allophane
was reduced. In addition, Raun and Barreto (14)

indicated that SO, blocking of adsorption sites.

could have increased P availability by reducing the
amount of P fixed by the soil. However, when N
was applied in a band separate from that of P and
S, yields were reduced significantly, suggesting that
the method of placement affected the response to
applications of P and S.

Grain vyield as related to applied S was not a
function of the environmental mean whether or not
P was applied (Figures 1 and 2). Given the number
of trials included in this work, this could suggest
that increased rates above 20 kg S ha™' are not
necessary even if removal is expected to be higher
when the environmental means are greater than 3

Figure 2. Relationship of the envircnmental mean ver-
sus maize grain yield response to applied S-(freatment
receiving N, S, and P minus treatment receiving only N
and P), 1990 and 1991 regional trials, Centrai America.
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Mg ha-'. This could further indicate that even
when positive response applied to § was found,
increased rates where environmental means were
higher would not lead to increased yields since
some other climatic or soil factor had become lim-
iting. . '

For the different trials included in this analysis,
the magnitude of response to applied S was greater
when soil organic matter was less than 2.5% (Fig-
ure 3). Soil organic matter levels were generally
lower at the sites where slopes were greater. The
lower scil organic matter levels are also associated
with those sites where maize has been produced
continuously and where increased weathering,
such as higher rainfall and lower elevation, was
expected. Because the majority of the experiments
were conducted at sites where organic matter levels
were less than 3%, the range restricted rigorous
testing of the before mentioned hypotheses. Simi-
larly, the response to applied S was greater when '
soil magnesium (Mg) and calcium (Ca) were low:

- <4 and <8.5 cmol kg~! (Figures 4 and 5). The

sites where soil organic matter levels were low were
also low in soil Mg and Ca.

Figure 4. Soil Mg versus maize grain yield response to
applied S (combination treatments receiving N 5, and/
or P minus the same treatment receiving only N and/or
P), 1989 and 1990 regional trials, Central America.
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Figure 5. Soil Ca versus maize grain yield response t0
applied S (combination treatments receiving N, S, and/

- or P minus the same treatment receiving only N and/or
), 1989 and 1990 regional triais, Central America.
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Maize grain yield response to applied S dem-
onstrated no clear relationship with soil pH (Fig-
ure 6). Work by Kamprath et al. (10) indicated
that anjon exchange is significant in weathered
soils (1:1 clay minerals) and those with pH < 6.5.
In addition, Kamprath et al. (10) indicated that
increasing the phosphate concentration in solution
reduced the amount of SO, adsorbed by the soil.
Only three of the regional trials conducted in 1989,
1990, and 1991 had a soil pH in excess of 6.5—
most were below 6.0. Given the weathered tropical
soils evaluated in these -experiments, it was not
surprising to find a significant Px$ interaction
(grain yield response to applied S in presence and
absence of P) noted in Figures 1 and 2.

How eonvincing is the evidence of a regional
response to § fertilization from this sample of 33
maize-growing environments? The magnitude and
variability of individual trial responses are impor-
tant elements. However, low experimental preci-
sion for treatment comparisons is a limiting factor
in declaring statistical significance for observed S
yield responses except in a few localized instances.
Using average levels of variability from these trials,
one must observe a yield differential of approxi-
mately 0.8 tons ha ! between two treatment means
with an average of three replications before statis-
tical differences can be declared significant at the
5% confidence level. When analyzed by site, less
than 20% of all § comparisons were declared sta-
tistically significant at the 3% probability level.
Nevertheless, in this sample of preplanned treat-
ment comparisons (S versus No S), consistency of
treatment effects across the environments should
be considered when deciding on the strength of the
evidence for accepting or rejecting the existence of
a particular treatment effect. In this case, despite
the variability of the results, S fertilization benefits
are obvious from these data.

Localized yield responses have been identified

Figure 6. Soil pH versus maize grain yield response to
applied S (combination treatments receiving N, S, and/
or P minus the sams treatment receiving only N and/or
P), 1989, 1990, and 1891 regional trials, Centrai Amer-
ica.
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in the following areas of Central America: Gua-
temala (Cuyuta, Chimaltenango), Panama
(Azuero), and El Salvador (Opico Quezalte-
peque). However, jower variability estimates might
be necessary to statistically detect yield responses
due to S fertilization throughout the region. In-
creased yields with § fertilization in the absence of
P might suggest either greater soil S availability or
enhanced soil P availability (14). The differential
response to S fertilization in the presence or ab-
sence of P might be important in generating ap-
propriate fertilizer recommendations for maize
production systems in soils affected by volcanic
ash.
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