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INTRODUCTION AND REVIEW OF LITERATURE

The use of sulfur in reclamation of saline-sodic and sodic soils is known
as one of the fundamental practices used (4). It is recognized, however,
that sulfur acts quite slowly in ameliorating these conditions. Additions of
organic matter per se with sulfur to these soils are of little direct value to
Thiobacillus thioozidans which has been shown to derive its energy from the
oxidation of sulfur. Acevedo, Bonnet, and Ortiz (1) have shown, neverthe-
less, that a sulfur and sugarcane bagasse treatment is conducive to a
more rapid and effective reclamation of a saline-sodic soil than either a
sulfur or a bagasse treatment alone. Bagasse additions are effective in
increasing the absorption of water and salts by the soil, thus lowering the
osmotic concentration, and improving aeration conditions. It is believed
that, during the decomposition of bagasse with the subsequent evolution of
carbon dioxide, acid conditions are created which apparently are favorable
for T. thiooxidans activity.

Dhar and Mukerji (3) appear to be the only investigators who
conducted experimental work using blackstrap molasses to help reclaim
solonetzie soils. They claim to have brought these soils back to “normal
conditions” in a period of 6 months, when molasses was applied at the rates
of 30 to 40 tons to the acre. They believed that their results were caused by
acidity of molasses and the organic acids, such as acetie, propionic, butyrie,
and lactic produced upon decomposition of the molasses. These acids acted
to neutralize the bases and carbonates present in soil rich in alkali. Tt was
also proposed that in the process, the evolution of COs from the molasses-
treated soil rendered it porous and improved its tilth. It was observed that
microbial activity, which is normally low at the prevailing pH of sodic soils,
was considerably increased. Soil nitrogen content was increased from 0.0025
to 0.05 percent. This increase in soil nitrogen occurred because of greater
fixation of atmospheric nitrogen by micro-organisms.

To determine the effects that molasses and distillery-slops additions
might have on the use of sulfur in reclaiming a saline-sodic and a sodic
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soil, a greenhouse experiment, was conducted, using two soils obtained from
southwestern Puerto Rico.

MATERIALS AND METHODS

In these tests No. 6 metal cans, with openings in the bottom, were filled
with 2.3 pounds of soil. The soils used, in separate experiments, were the
saline-sodic Fe (Fe or Faith, in English, is simply the name of the soil; it
does not imply “iron” clay) and the nonsaline alkali Guanica clay. Their
physical, chemical, and mineralogical properties are shown in table 1.

Prior to placing the soils in the cans, the field samples were passed through
a 2-mm. sieve. Since these two soils had been sterilized after arrival in the
United States, they were inoculated with 2 g. of field soil.

Tasre 1.—Physical, chemical, and minerological properties of Fe and Guanica

clays used
Cation gon- =
Nirlr;; of pH ?;Eﬂ‘éf 2[;?1;:5%? r%\i}:g; Etérllcf;{ clﬁ}lggc Sand Silt Clay Clay minerals
ity 103
Percent I%eg;!{. Percent ;jg,mc':f:s) Percent |Percent |Percent |Percent Percent
Fe 8.2] 3.00 | 47.7 75 | 66.7 43 16.8 | 20.6 | 62.6 | 90 Montmoril-
lonite
10 Quartz and
kaolinite
Guanical 9.0] 3.36 | 58.6 | 165 5.5 35 13.2 | 24.0 | 62.3 | 90 Montmoril-
lonite
10 Quartz and
kaolinite

The following treatments duplicated and arranged in a randomized block
design were used:
1. Check.
. Sulfur—4 tons to the acre (to meet gypsum requirement).
. Slops application equivalent to the field-moisture capacity of the soil.
. Slops application equivalent to field-moisture capacity of the soil
plus 4 tons of sulfur an acre.
5. Molasses (20 percent by volume) application equivalent to the field-
moisture capacity of the soil.
6. Molasses (20 percent by volume) application equivalent to the field-
moisture capacity of the soil plus 4 tons of sulfur per acre.
One milliliter of a Thiobacillus thivoxidans culture was added to the
treatments which received sulfur applications.
Even though it was not intended to evaluate the treatments in terms of
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crop yield, three test crops were used. In both Fe clay and Guanica clay
soils, corn (variety N. J. 109) was planted as the first two crops and snap-
beans (variety Bountiful) were planted as the third crop. Befors seeding the
Fe clay (saline-sodic soil) soil, 11 acre-feet of water was passed through
the cans practically to remove free salts.

Prior to seeding each of the crops, a complete fertilizer (5-10-10) was
added at a rate equivalent to a ton per acre.

After the first corn erop was harvested, the hydraulic conductivity of the
soil core and the pH value of the top 3 inches were determined. Only crop
yields and hydraulic conductivity were measured in the second comn crop.
Acidity was not determined in the soil after the removal of the second crop,
in spite of the fact that it was intended to follow the course of pH changes
produced by the action of T thiooxidans. This was because of the relatively
low volume of soil used in this test.

At the end of the third erop, the pH value, hydraulic conductivity, and
exchangeable-sodium contents were determined in each soil core.

The pH values of the soils were estimated electrometrically on a 2:1 soil
to distilled-water suspension, employing a Beckman pH-meter.

Specific resistance of the saturation extracts was determined with a
Wheatstone bridge with a cell constant of 1.0. Electrical conductivity was
calculated by multiplying the measured negative resistance by the cell
constant.

Bxchangeable sodium percentage was estimated by plotting in a nomo-
gram the values of milliequivalents of Na and Ca 4+ Mg per liter.

Organic matter of the soil was determined by the chromic acid reduction
method (8).

The barium acetate method (6) was used in the determination of cat-
ion-exchange capacity.

Particle-size distribution was determined by the pipette method, as
modified by Kilmer and Alexander (10).

Hydraulic conductivity of the water-saturated cores was measured by a
modified method of Bower (2).

In the identification of clay minerals the less than 2u-size fraction was
used. An RCA-Leiments crystalloflex IV X-ray diffractometer with an
automatic recording device was used.

RESULTS AND DISCUSSION

S0DIC SOIL—GUANICA CLAY

The germination percentages, dry-weight yields of corn, the hydraulic-
conductivity and pH values of the soil after the removal of the first crop
grown on the Guanica clay are presented in table 2.
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Seedlings had not emerged from the soil in either the check or the sulfur
treatment when the counts were made. The germinations on all other treat-
ments were superior to those in these two treatments. With the molasses as
well as with the sulfur-slops treatments, germination appeared to be higher
than with slops or sulfur and molasses treatments, but the values were not
significant. Although the general appearance of corn, even in the slops,
molasses, sulfur and slops, and molasses-sulfur treatments was not %oo
good, despite the good drainage conditions, differences in growth and dry-

TapLr 2.—Germination, dry-weight yields of corn, hydraulic conductivity, and pH
values of Guanica clay soil after the removal of the first corn crop

Treatment Germination | Dry-weight yields cg’é‘iﬁﬁﬁy pH!
Percent G, (In./Hr.)
Check 0 0.25 <0.005 9.2
Sulfur 0 .28 <.005 7.9
Slops 50 1.91 1.75 9.0
Sulfur and slops 75 2.51 b 7.6
Molasses 75 5.76 .25 9.1
Sulfur and molasses 50 3.14 1.76 6.6
1 The pH value was measured on soil from the top 3 inches of the pots.
Levels of significance?
5 percent 1 percent
Germination 563421 50634 21
Dry-weight yields 564321 n.s.
Hydraulic conductivity 634521 634521

2 Any 2 means not underscored by the same line are different at the indicated
level of significance: Treatments: 1, check; 2, sulfur; 3, slops; 4, sulfur and slops;
5, molasses; 6, molasses and slops.

weight yields were obtained. The highest yields were obtained from the
molasses treatment despite the high soil pH. It was expected that the sul-
fur-molasses treatment, with a soil pH wvalue of 6.6 should have produced
the best yields. Further, the soil of this treatment had the highest hydraulic
conductivity value. It should be remembered, however, that although the
sulfur-molasses treatment produced the greatest change in soil acidity, it
also was responsible for bringing appreciable amounts of Ca into solution
from solid CaCOy, which was present in the soil. This may have produced
an imbalance of ions which results in lower yields than from the molasses
treatment.

Soil pH values in all treatments receiving sulfur additions were ap-






