Reelamation of a Saline-Sodic Soil by Use of
Molasses and Distillery Slops
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INTROCDUCTION

Reclamation of saline, and saline-sodie soils low i organie matier
constilutes w polential major problem in many areas of the world. Removal
of soluble salts by leaching from & soil high in free salts and low in exchange-
able sodium may vesult in the formation of solonetzie horizons at lower
depths by a mass-action effect. Simtlarly, the ramoval of free salls from a
soil with a relatively high content of exchangeable sodium may result in
the formaltion of sodie layers in the entive profite. The inerease in the elee-
trokinetic potential by the enhanced dissociation of the hydrated sodium
1ons results in the dispersion of the soil eollowds with the corresponding
clogging up of soil pores which ereates poor air :water relations.

REVIEW OI" LITERATURE

An mbensive search of the hterature revealed that not o single attempt
had been made to use rum distillery slops as o soil aromendinent Lo improve
structural conditions in saline-sodic and sodic seils. This may be because
most distilleries discharge this waste-product directly into the oceans and
rivers.

Dhar and Mukerji (2)? appear to be the only investigators who conducted
experimental work using blackstrap molasses to help reclaim solonetzic
soils, They elain: to have brought these soils back (o “normal conditions”
in a period of 6 months when molasses was applied at the rates of 30 to 40
tous to the acre. They believed that their results were produced by the
acidity of molasses and the organic acids such as acelic, propionie, bulyric,
and Jaetic, produced upon decomposition of the molasses. These weled to
neutralize the bases and carbonates present in soil vich in alkali. 1t was
ulso proposed that, in the process, the evolution of CO; from the molasses-
treated soil rendered it porous and improved its tilth. It was observed that
microbial activily, which is normally low at the prevailing pH of sodic
soils, was considerably increased. Soil nifrogen content was mereased from
0.0025 to 0.05 percent. This inerease in soil nitrogen was caused by greater
fixation of atmosphene nitrogen by micro-organisms.

! Associste Soil Scientist, Agricultural Experiment Station, University of Puerto
Rico, Rio Piedras, P.R,

2 Ttalic numbers in parentheses refer to Literature Cited, p. 217,
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MATERIALS AND METIHIODS
The soil used i this experiment was a saline-sodic Fe clay of southwes(ern
Puerto Rico, Lt is associated with other soils of the alluvial fans in the semi-
artd sections from Boqueron to Cawyama, The surfoce soil in a cultivated
feld s u grayish-brown granular ealenrcous clay, very plastic when wet and
either granubar or coddy when dry, depending on the moisture condition
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Fia. Lo—X-ray diflraclogram of eloy {raction of Fe soil.

of the soil when plowed. The subsoil, to a depth of approximately 20 inches,
is light pinkish-brown or purplish-brown plastic calearcous medium-com-
pach columnar clay. Montmorillonile, as shown in fig. 1, is the predominant
clay mineral in the soil colloidal fraction, Kaolinite and quartz arve found
in fraces.

This soil was 43-percent sodivm-saturated and the conductivity of the
saturation extrncet of the soil was 67 mmhos per eentimeter. The soil was
broken up with a wooden rolling-pin and aggregaies of 2- to l-mm, size
were separated. Seven hundred and fifty grams of these aggregates were
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placced in glass tubes of 124-inch derior dinnetor and 24 inches long. To
msure uniform soil-packing, the columns were subjected o a vibrating
inacline for 1 minute. The following treatments, i duplieale, were estab-
lished:

1. Control,

A third of soll column wetfed with slops.

Two-thirds of soil columm wetted with slops,

The whole soil column wetted with slops.

A third of the soil column wetted with 25 percent by volume of
blackstrap molasses,

6. The whole soil colwnn wetted with 25 percent by volume of black-
strap molasses,

LExactly L day aller the treatments were applied 3.1 inches of tapwater
were added 1o the soil columns, Thereafter, the colummns were walered
every olher day at this rate. After ench foot of water had been passed
through the column, the leachate was colleeted and the following measure-
ments were made: 1, Volume of leachatle; 2, pil; 3, specific conductance;
and 4, sodiwm, caleinm, and magnesium contents.

When 6 feet of water had been passed through the ecolumns, the soil
fubes did not receive any additional water for 1 month, This was done to
delermine whether n drying pertod would alter the effects produced by use
of blackstrap melasses and of distillery slops. When this period was ended
watering was resumed as before.

After a tolal of 12 feet of water had been passed through the columns,
the soils were taken out undisturbed and eut into seetions 5 inches long,
The following measurements were made on these scetions: 1, pH; 2, satara-
tion percentage; 3, specifie conductanee of the satwration extract; and J,
content ol exchangeable sodium and caleium and magnesiium in the satura-
tion extract.

The pH of the leachates and of the soil was determined cleetrometrically,
employing a Beckman pllmeter. Calaum and magnesium contents of
lenchates were determined by the ILIDVTLAL method (7). Specific resistance
of the saturation exiracts and of the leachates was determined with a
Wheatstone bridge using a cell with a constant of 1. Eleetrical conductivity
was caleulated by multiplying the measured negabive resistance by the cell
constant, IExchangeable sodium was determined by plotting the values of
soluble Ca, Mg, and Na into » nomogran.

Sotl organie matter was determined hy the ¢chromie acid reduction method
(6). Cation-exchange capacity of the soil was delermined by the barium
acetate method (4).

Particle-size distribution was determined by the pipette method, as
modified by Kilmer and Alexander (3).
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The minerals present in the soil colloidal fraction were determined using
an RCA-Leiments Crystailoflex 1V X-ray diffractometer with an automadic
recording device.

RESULTS AND DISCUSSION

This reclamation experiment in the laboratory was a complete success
and the results of these studies and the characteristics of the Fe clay soil

Tasnw L--Sodivn content of leachates collected during the percolation of 12 feel of
waler through sotl coliwmns recled with distillery slops or molusses (neq. por
leachete) ul different lovels

Font No, Check Low slops | Medium slops i High slops | Low melasses [High molasses
1 169, 53 201,35 259,94 276.206 224.28 275.27
2 55.98 65, 10 42,49 42,02 74.0% 47.72
3 15,89 18.97 15.08 13.91 15,01 10.78
4 11.36 14,42 14.02 10,60 12.82 8.28
5 7.65 10.35 8.74 8.18 8.7 3.49
6 5.89 8.76 7.50 6,88 4. 006 4.47
7 8.34 8.77 G.70 .10 4.7% 1.64
8 7.08 6. 40 3.99 2.36 4.02 1.66
9 6.78 4,42 2.13 1.24: 2.27 104

10 3.24 3.50 .63 A5 .91 02
11 2.17 2.87 .51 32 4 38
12 1.88 2.02 .23 .23 . .23 .36

arve presenfed in tables 1 through 5, and in the following tabulation, showing
some chemical and physical data on the Ie elay soil:

. Cation- Condiuc-
Chrgante- exchange Satura- finily, Exclange
awatter, capacily, lian, C.C. X 108 Na, Sand, Silt, Clay,
pE Pereent  Meq. /100 gpi. Percenl Mmbhas Pereent Percend  FPorgeitt Prereemt
8.2 3.00 47.7 75 66.7 43 16.8 20,6 62,0

All soil columns treated with slops or molasses at the end of the test
exhibited excellent drainage characleristies. The first 3 acre-feet of water
passed through the treated soil eolumns removed approximaltely 92 per-
cent of the exchangenble, or free sodiun salls present. Complete wetling
of the soil columns with either slops or molasses, followed by nrrigation,
vielded leachates that contained more caleium and magnesium than those
undet all of the other treatments. As was the case with sodium, the bulk
of the Ca and Mg was also removed by the first 3 acrefeet of
irrigation water passed through Lhese columns.

That most Ca and Mg was found in leachates of columns treated with
the highest level of the slops or molasses may have occurred because of
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the production of organic acids during the decomposition of both slops
and molasses. These organic acids rendered soluble the CaCO; and MgCOs
present 1t the soil, The recovery of applied water varied with the trent-

TavLe 2.Caleinum content of leachates eollgelod during the percolution of 12 feel of
weler through soil enlunims treated with distillery slops or molasses (meq. por
: leachalie) at different levels

Foot No, Check Low slops | Medium slops | High slops | Low molasses (High molasses
1 14,61 15.17 29,63 49,96 26.53 47.82
2 2.03 2. 54 1,13 2.20 3.16 11.25
3 .81 .80 .50 .53 .70 1.32
4 .79 B8 .88 G .99 1.74
5 .37 .29 .27 A2 1 1.61
G .18 .23 .32 G5 A3 1.28
i 19 .25 24 LAl .38 1.54
8 .16 .21 37 3D Ab 1.12
4 = 16 .37 43 42 6
10 i 08 .46 48 it 1.12
11 12 A7 .46 44 il 1.11
12 Al .53 .64 .40 .62 1.05
Parne d.-—Magnestem content of leachates collected diuring the pereolation of 12 fect

of watey throwgh sotl cobummns treated with distillery slups or molusses (meg. por
leachate) al different levels

Faot No. Check Low slops | Medium slops i Tligh slops | Low molasses Ii-l‘igh molasses
I 2422 30.77 Gd.. 27 84,55 443,07 095,64
2 7.3 8.23 4,84 ¢ 7.6H 12,34 18.20
B .80 ] i 92 .94 3.43
4 .7H .08 86 96 1.26 2.12
5 .83 .08 LG4 B0 .70 A7
G Lo .32 .34 03 LB 1.17
7 h5 .32 .42 1.49 L6 1.56
8 L 24 14 .30 107 A9 1.25
0 A7 .08 .75 1.26 s 1.27

10 A3 07 1.56 1.306 J94 1.12
1 A3 15 £33 1.40 1.15 1.48
12 .20 . 68 1.30 1.34 1.20 1.23

ments, and ranged from 84 to 92 percent with the slops and molasses
treatments, respectively. The water recovered from the control treatment
amounted to only 51 percent of that applied.

During the course of the experiment the infilfration rates of waler on the
slops and molasses treatments were very satisfactory. Although infiltration
rates were nob determined, observations indicated that the rate for the
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poorest (reatment was about | inch per hour, even alfer 12 feet of water
had been applied, This estimale would have been higher if a constant head
of water had been maintained in the soil eolumn,

The average pH values of the leachates of all treatments after the passage
of the 12 feel of water ranged from 8 to 9. These bigh pH values indicate
the removal of alkaline salis such as NaCOj , CaCOy , and MgCO, .

As will be shown in a fortheoming publication, the aclive soil-aggregat-
ing fraction of the slops dissolves at high pH values, and it would not seem
logical that its effects would be so long-lasting 1n these soils, when the
relatively high pH values of the pereolating waters ave considered. How-
ever, it is possible that the presence of high quantities of free Na salls
may have reduced ils solubility. Further dehydration of the aclive material

Tasri d—Leachale volume, intal Na, Ca, and Mg eonlenls, und pll values of
leachates collected during porcatation of 12 feef of water through soil coluinns

lreated with distiflery slops or molasses al differeni levels!
Average RO | Water oy
Trealment 1151?\"2?:?& |)zcr l'CCOV(.l‘:r::lli in Na Ca My }CI.JLEL.EJ:L,R
acre-font leachules aEREE
- C¢:.‘ I ] Pereend Meq. __-“-Sfet]. Mg,
Cheek 234,33 51,03 206, 67 12,65 41,06 9.0
Low slops 400,00 85.40 362,64 21.43 17.51 8.9
Medium slops 416,29 88,76 361,88 35.26 T7.42 8.5
Tigh slops 426, 00 90. 54 3066.29 57.48 103.77 8.3
Low molusses 411,38 87.72 35h3.14 35,54 (7. 07 8.3
1ligh molasses 430.25 | 91.74 30631 71.89 120,41 3.0

YA {oot of 110 equalled 469 cc.

may be involved. 1t should be pointed out that dehydration is not only
atlained by using heal to drive off moisture, bul it can also be achieved
when salts ave present in huge quaniities. This reaction is like the “salling-
oul” phenomenon associafed with chenueal precipitation of profeius.
Dehydration phenomena have been considered for a long time to be an
integral Tactor wvolved in the stabilization of soil aggregates.

The untreated soil columns underwent some reclamation in the upper
part, but the lower Iayers, although losing some exchangeable sodium, still
contained enough markedly to retard water movement. 1t should also be
pointed out that, when water was applied to the counlrol columns, it re-
quired around 10 days to collect 3.4 inches ol percolafe, amounting to a
recovery of about one-half. Apparently waler loss by evaporalion was high
from the top of the column, since only 51 percent of the applied water was
recovered. Water infiltration was observed to decrease with time in the
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chieck freatments, which ean be explained by the dispersive action of sodium

adsorbed by the soil. )
The fact that the adsorbed sodium svas partly removed {rom the top

Taew b Chemical propertivs wl varions sotl depths after treatmend with distillcry
slops or molasses, and the percolation af 12 feel of waler

Saluration gxteact Soil
Lreatment Salura- | Eleetrical B ]
Depth 1 ° '1 ionl conductiv- 1Ca + Mgl Na P Exchangeable sodium
ity X 104

I, Percert! | Muthnsfem. | Meg. fl. | Meq. [l Meq. f100 5. Percen!

Check {5 82 1.00 G.70 330 1 8.4 0.72 1.51
H-10 82 1.33 6.70 6G.60 | 8.4 1.92 4.G0

19-15 102 3.00 3.67 § 26,83 1 8.9 15,42 32,13

15-20 114 2.00 1.94 1 18.06 | 9.1 14,588 31.00

Low slops 0-5 78 1.25 9.51 ] 2,05 |82 .29 GO
5-10 82 .79 5.98 1.91 8.2 23 .48

10-15 84 .72 5,00 2.21 8.2 27 .57

15-20 55 70 5.0 | 2.31 | #4.4 .31 1.02

Mediam slops | 05 81 1.13 | 835 2.01 8.1 .25 53
5-10) 02 i) 4,43 2.08 ¢ 8.2 .22 )

10-15 8h 102 7.70 2.46 | 8.2 L2 .41

1520 85 .75 6.08 1.43 8.2 .24 .50

High staps 0-5 81 1 1.5 1210 | 3.66 | 8.0 29 61
5101 80 o .81 . 572 2.38]8.0 .22 A7

10-15 56 .52 4 92 3.29 1 8.1 23 i

15-20 83 L 1.1 7.00 1 3.51 0 8.1 33 4G

Fow molasses (-5 &1 1.62 12.48 3.793 | 8.0 75 .72
H-10 &6 .71 5.02 2.08 | 8.0 20 5]

10-15 &6 06 7.29 2,261 8.1 27 a7

15-26 81 1.14 8.761 2.71| 8.0 .29 0]

High molasses 0-5 83 1.89 14,15 1 4,751 8.0 .2 N
a0 82 1.20 7.78 | .83 8.0 26 .65

10-15 | 85 .21 7.81 | 4.60 7.9 .35 74

15-20 87 1.17 6.6+ H.0L | 8.0 .33 .68

layers of the check treatment, can be explained by the cffects of soluble
NaCl on the solubility of Ca and MgCO; . 1t 1s known that the solubility
of these salts is greatly increased in the presence of NaCl, The addition of
ocean waler, high in NaCl, has proved to be a beneficial practice in the
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reclamation of sodic soils, so long as the soils contain free CaCO;y (5). This
praciice, however, presupposes the additions of this waler with decreasing
NaCl as reclamation progresses.

After the sixth acre-fool of waler had been passed through the columns,
& whole month was allowed Lo pass before any more water was applied,
This did not exert any apparent effect on the infiltration rates of water
which had been previously noted.

When the cores were sectioned for analyses, an excellent stable soil
stracture was found in all molasses and slops treatments when compared
with Lhe highly dispersed controls,

SUMMARY

Data are presented on a laboratory study condueted to delermine the
effects of the use of blackstrap molasses and rum distillery slops on the
reclamation of n highly saline-alkali heavy clay soil of southwestern Pucrto
Rico,

The study revealed that even the lowest levels of distillery slops and
diluted molasses, avound 2.3 acre-inch, were sufficient to lower the con-
ductivity of the soil-saturation extraet, from 67 mamhos/em. to less than 3,
and the exchangeable sodium percentage from 43 to less than 1 percent.,

It is believed that most of the Ca and Mg found in leachates of columns
treated with the most slops or molasses may be atinibuted 1o the production
of organie acids during the decomposition of slops and molasses. These
organic acicds rendered soluble the soil-frce CaCOy and MgCO; , widening
the Ca and Mg Na ratio to substitute the sodium by a mass action effect.

Subjecting the soil to a dry period in between the 6 and 7 acrefect of
waber did not alter the movement of water and resulted in a complete soil
reclamation?

RESUMEN

Be presentan los datos de un estudio do Iaboratorio para delermmar la
accion de Jus micles finales y los mostos de destilerias sobre la restauracion
de un suelo areilloso con un alto contenido de sales y sodio intercambiables.

Tl estudio reveld que atin los niveles mds bajos de mosto v miel diufda,
en I proximidad de 2.3 acre-pulgadas, bastaron para bajar la conduclividad
del extraclo de saturacion del suclo, de 67 mmhos/cm. a menos de 3 nunhos/
em, ¥ el sodio fwtercambiable de 43 por viente a menos de 1 por ciento.

Se cree que el hecho de que las eantidades mds altas de Ca y Mg apare-

3 Trade names are used in this publication solely for the purpose of providing
specific information. Mention of a trade name does nof constitute a guarantee, war-
ranty, or endorsement by the Agrieultural Experiment Station indicating or implying
superiority to other similar products not mentioned.
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cieran en lax aguas de fltracidn de las colunmas que contenian altos wveles
de mosto y miel, se deba il aceion disolvente de los dcidox orgdnicos que
se formaron de la descomposicion del mosio y de fn miel. De esta manera
=¢ daunientd da proporeidn de Caov Mg/ Na para =ustituir ol =odio mediante
WA eeion ¢n mats,

Cuando el =uelo se sometid a un perfodo =cco entre el sexto y el séptimo
acre-pie de agua, ne hubo alteracion eo el movimiento del agua, resullando
ast en unan completa restauracion del suclo.
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