Stability of Soil Aggregales Treated with Distillery
Slops or Blackstrap Molasses
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INTRODUCTION

Many types of cementing agents are responsible for bonding and stabiliz-
ing soil parlicles into aggregates. Among these materials are: CaCO;y,
hydrated oxides of e and Al, organic matter, and syunthetic chemicals
such ns VAMA and many olhers.

Use of blackstrap molasses for this purpose has received some atlention
from various investigators, but no attempt has been made to determine
how long soil agpregates persist in soils when stabilized by the use of either
this material or distillery slops.

REVIEW OF LI'TERATURE

Vallance (8)? demonstrated through laboratory and field studics that
molasses and chopped sweet sorghum additions to soils resulted in better
and more aggregation in a heavy soil. The rates of molasses used were 3 and
12 tons an acre, and of chopped sorghum, 14 and 35 tons an acre. Soil-
aggregation decreased with time on the treated plots, but aggregation was
significantly higher on these plots than on the nontreated plots.

Novak, Watt, and Hiller (5) applied dextrinated molasses at a rate of
10 tons an acre fo a heavy soil, and obtained excellent increascs in soil
aggregation. The dexirinalion of the molasses was accomplished by using
certain strains of bacteria similar to Leueconostoe which often infest sugar
factories. The authors claimed to have formed by this process a product
similar in nature to the synthetic resins. This study has been responsible
for the idea that blackstrap molasses should be subjected to a dextrin
fermentation before applying it to soils.

In 1957, Beckman (1) reported a study in which increases in weights of
nursery forest plants and an merease in the percentage of plants tubed was
noted when blackstrap molasses was applied to soil at a rale of 30 tons to
the acre. The hest response oblained was with a soil confaining an apprecia-
ble amount of clay of the montimorillonitic type. The results obtained wore
ascribed to improvements in soil acration produced by an inerease in
aggregate stability.
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MATERTIALS AND METHODS
The soil used in this investigation was o Whippany elay of poor internal
drainage characlervisties. It is developed from glaciolacustring or marine
silt and cay sediments. The predowinant minerals present in the soil
colloidal fraction, as shown in figure 1, are vermiculite, quartz, and traces
of kaolinite.
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Frg, 1. —X-ray diffractogrum of clay fraction of Whippany soil.

Alr-dried field samples of this soil were crushed with a voller and passed
through a 2-mm. sicve. Six pounds of the soil were placed in metal cans
coated with horticultural asphalt and seeded to various test crops.

The following treatments were included in this experiment:

1. Check.
A fourth acre-inch of distillery slops.
A half acre-inch of distillery slops.
A fourth acre-inch of blackstrap molasses diluted to 11 pereent by
volume.

il al
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5. A half acre-ineh of blackstrap molasses diluled Lo 11 percent by
volume.

It was decided to use such low levels of slops and molasses sinee, if higher
levels had been used, an undesirable fertility level swvould have been intro-
duced which might have been rveflected in the crops. The soil pH was
brought from 4.6 to 6.8 with CaCO; .

The treatments, replieated 12 thmes, were arranged in o randomized-
bloelc design, Wherever signilicant differences were found the sequential
method (7) was used to make all comparisons,

Four successive crops, namely, snap beans (variety DBountiful), Sudan
grass, wheat (variety Dual), and barley (variely Wong) were planted in
this seil. Prior to seeding the suceessive three crops the pots received the
equivalent of 1,000 pounds of 5-10-10 fertihizer an acre,

Soils were maintained at 80 percent of field eapacity by weighing. Since
the molasses and the slops supplied large amounis of plant nutrients,
especially potassium and nitrogen, it was considered desirable, in order to
minimize differences other than theose that could have been brought by the
{reatioents, to bave the same amounts of nutrients in all plots. This was
done by applying compensating cations and anions as C.P. salts, Germina-
tion counts were made several days after planting, depending upon the
nature of the erop.

After each crop three replicates from each trealment were removed and
the following treatments made: Hydraulic conductivity and percentage
ageregate stability, To determine the effect, of the treatments on the uptake
of nuirient eclements, nilvogen, phosphorus, potlassium, and ealeium
contents were determined on each cyop,

The nitrvogen coutent of the various crops grown was determined by the
standard Kjeldahl procedure. Phosphorous was measured colorimetrically,
as the reduced form of ammonium phosphomolybdate, employing a Lame-
tron eolorimeter and a 660 filter. Potassium and ealcium were determined
by flamne photometrie techniques, using LiCl as the infernal standard. Soil
organic matter was determined by the chromic acid-reduetion method (9).

Cation-exchange capaciiy of the soil was measured by the barium acetate
method (6}, Particlesize distribution was determined by the pipette
method, as modified by Kilmer and Alexander (4). Aggregate stability of
the soil was deicrmined by the technique developed by Bryant, Bendixen,
and Slater (3). Hydeaulie conduclivity of the water-saturated cores was
measured by a modified method of Bower (2).

The minerals present in the soil colloidal fraction were deteruined using
an RCA-Leiments Crysialloflex 1V Xoray diffraclometer with an automatie
recording deviee.
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RESULTS AND DISCUSSION

The chemieal nd physical charaeterizalion of the soil i presented 1o
the following tabulation:

Cation exchange

Craatic matler cu pacity Saud S (lay
pH Teveent Mg/l gm. Percent Perecu! Prrcent
4.6 2.84 24.0 3.2 3.1 82,7

The organic-matter content of the soit does hob seem Lo be low, and one
could perhaps explain therehy why the soil had a relatively low nggregate
stability. Tt may be that the reduced fors of ron and manganese prevail
hecause of the poor drainage conditions of (he zoil in the field. The oxidizing
agent used in the ovgante-matter determiination does not distinguish be-
tween reduced Jormis of wimerals and (he organie cawrbon, It is also (o be
woled that, even (hough the eluv-size nutteviad s rather high, 62.7 peveend,
a good part of it wus quindz, and this ean explain why the cation-exchange
capacily, 24 meq. /100 gm., is not i accord wilh the cation-exchange
capacity ol vermiculite which ranges from 100 1o 150 meq., 100 gm.

Table | presents the germination pereentages, dey-weight yields, and
the uptake of N, IX, I, and Ca by suap beans grown on the Whippauy clay
soil. Vidues for hydraulic conductivity and aggregate stability are also
listed in this table. The treatiment of a fourth of au acve-inch of slops re-
sulfed in the highest germination percentage, {ollowed by the treatment of a
hall aere-inch of stops, which was also higher than the control. The (wo
moelasses freatment= vesubied in a bigher germinalion pereentnge than on
the untveated plots, The geruination pereenfage was higher for the low-level
slops than for the high-molasses-level trealment. Snap beans are known as
a crop which requires proper wrswater relations, particularly during
germinnlion. These conditions were present in the soils freated with sfops
and molasses.

Dvy-weight vields did not, however, follow the trends noted in the
germination data. The low levels of slops and molasses produeed yields
Huk were higher than those obtained in the high-level treatments ol these
materials, or in the eheek, s helieved that the Jower yields produced on
(he Tigh-treatment levels of slops and molasses resulted from a rapid loss
of waler from the soils, hernuse of greater water-infiltration rates induced
by lhese treatiments.

As pointed oul in diseussing experimental procedre, in order (o minimize
differcnces other than those that could have been produced by the treat -
menls, compeusuting cations and anions were supphed to the (reatments
as sadts and aeids, D Grentment= 3 andd 3, phosphate awd sulfale differences
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were balaneed by using phosphorie and sulfurie acid, vespectively, Use of
these acids did not lower the soil pH appreciably, but, nevertheless, may
have exerted sonie influence on the availability of minor clements to the
plants,

Tanne 1o Germination pereentages, dry-aweight yiclds, aned nuirient nptake by snup
beans, and hypdravlic cowdietivity and percentuges of water-stable soil aggregodes
in Whippany clay soil after harvest

Treatment (hli-!iginm' l‘)"-\\;’i‘:]‘;'i?ll‘ ‘ :‘\"m"":'r"l""i“"‘ . ‘ H;‘utjnlt‘ll:llrm . 1\1::;}{!::
- N P i K Ca livily appregates
: ]‘f‘""!:'(‘li! .-{r'.”!. i J-[;gm,I i ,1[:-;11"_ ,il.,»:n,t -:‘.f,r‘)');!., .| Wln. S . .Pr:m_'rw“;'m )
L Cheek 30| 2238500 | 65 ) 502 A0\ 0.7 | 420
2,0, aere-ineh 76 25.03 708 1 83 740 | (83 2.30 65.3
slups ‘
3005 meredneh |7 1045 0 747 0 61 | 548 | 495 | 6.06 8338
slops
4oty aerceivch 0 64 0 23D 780 1 6 805 | 488 2.53 | 72.0
fuokbasses 4
3. ' aerc-ineh | 57 1844 TN 50 | 553 1 504 | 2.60 75.0
milisses j : l : ;
U Lenel uf significance?
& pereent I percent
Glerminatinn 28451 234851
ry-weight vields 1213845 12135
Nitrogey n.s, n.s.
Plosphorus 12135 1.8,
Potussitmn 12135 B.g.
Colebim 12135 n.s.
Hydvaulie eonduetivity 35421 n.s.
Aggrogate stabiliby 15421 35421

2 Any 2 means not underscored by Lhe =ame tine ave different ol tho indieated level
af significavces,

The total amount= of X, P, K, and Ca removed trom the complete {ops
of snup heans =how that nitvogen upfake wus not dfferent in any of the
{reatments, It was observed during the third week of growth of the plants
it those in the control series (urned 2 pale green, indiealing a possible
nitrogen problem which may have reswted from poor soil drinage.

Phosphorus uptake was higher in the low-molasses Trenlment than in the
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high ~lopx und high molasses {reatment=, wd The eontrol, but was nol
sigaficantly higher than the low-slops treatment. Smikar velations were
observed wilh polassium and caleiam uptake by the pland-,

Hydranhe-conductivity values and the contents of water-stable sotl
aggregates prosent i the Whippany cliy alter the [ust erop of snap beans,
show that the ierease i the content of waler-stable ol agreg:tes, and
the effects of these aggregates wre refiected in hydraulic-conductivily vidues
hecause ol the slop= wnd molasses treatments,

The soil {reated with the most slops contaned 83.3 percent of water:
stable soil wgoregnles, Tiis value wax found 1o he highly signilican! over
the low stops and (he control values,

When the =oil in Uhe pots was exomined aftor the growth ol the fist
bean crop, it was obxerved that the soil eruwmbs had nuuntained their
stubility, even though the =oil bad been heavily watered during the summer
season. W\ blackizh coaling scemed to bind the primary soil particles {o-
gether, This was voted in hoth the =lops and molasses treatnrents,

The content of water stable aggregates in the cheek, allhough tower than
in Lhe slops and molasses treatments, cannot be considered as low, The
values obtained, however, are in contrast with the observed behavior of the
aggregates while watering wis conducted. Breukdown of soil ageregales
the cheek treatment was obvious al the very start of the experiment, It s -
believed thal alternale wetting and drying during the growth of the crop
may have been responsible for soil-nggregate stabilization in this Lrentment,

The germination pereentages, the dry-weight yields of Sudin grass, and
the upfake of N, P, Iy, and Ca are presented in table 2; hydraulic-con-
ductivily and aggregate stability values are also shown. Tn this second
experiment, no difference in germinadion of Sudan grass were oblained
between the treatments which were initiadly applied. Grasses, in general,
are somewhat more tolerant of adverse soil conditions than ave snap heans
and this may have heen vesponsible for the faet that vo differences were
obtained.

Dyy-weight vields of Sudan grass obtained in the slops and molasses
treatments were significantly higher than those obtained from the conlvol
trentiwenl. There were no differences, however, hetween (he various slops
and molasses treatients, '

The tolal wmounts of X, P, Ix; and Ca removed in Sudan grass tops show
that nitrogen uptake was significantly higher from the slops and molusses
treatments than from (he contvol, No differences in phosphorus uplake were
found between the various treatments. Only the high-sfops treatmentd
yiclded differences in W ouptake over the contvol plots, but the Ca uptake
was higher in both molusses and slops Lrealments, when compared with
the eheek,
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During the growth of Sudan grass it was obsevved that the control plants
were pale moeolor, probably indiealing w nitrogen problens.

The hydranlie conduetivity of the Whippany clay treated with both
fevels of slops was higher than the eheck, The vadues Tor hedraddic con-

Tasww 20 Gerwination pereendages, dry-weight yiclds) and auleiend uptabe by Sudan
grass fops aud hydvodic condwetivity aud pereentages of waler-stable soil aggregqules
i Whippuny elay soil affer hoareest?

Treatmenl - Germina - i]',-"rA\";\\'ci;:hl .v\l”l'l‘f"[ 7“111%”“- ]E:,(;l,m;:hl a \El‘lll]ﬁlle
B I P B e | Uiy | amrgates
f’l’t"!ﬁl'”’l’ V(im. ‘ My, Mou. JI;:;J;. s Mym. , Ir;;,/rur, Peveent

L Cheek COSS O IRGT 108 0 49368 L 82 1 | 8L
20 b werednels L 80 2206 1 163 a2 . 1 57 ¢ 3.97 0 363
slops ‘ |
B0y aercebeel 88 0 2208 UG8 | OBI | 500 | G2 s.97 ¢ SR.T
slops E ; ’ : :

4. 4 weredineh 88 1 22,04 0 165 0 51 490 0 G4 1 230 ¢ 8L7

moligsey ; E

5.7 acresineh |01 1 2245 1203 53 885 61 1.07 | 87.0
maokasses ' : :
Y Level of sigrificance?
& pereeit I perveent
Ciermibizilion 1.4, n.s.
Dry weight vields 53241 ad 211
Nitrogen AN 21 s
Phosphorus 12345 n.8.
Potassinin 32451 32451
Caleiwm 433521 13521
Hydraulie conduetivity 32451 s,
Aggrepgale stabilily 35241 365241

T Any 2 means nol underseored by the same line ave dilferent at Lhe indiented tevel
of signifiesnee.

ductivity in all slops and molasses treatinents were higher, hul the experi-
mental ervor was of such magnitude that statistieally significant differenees
were fownd only at (he two Jevels of slops.

The content of waler-=table soil aggregates was higher jn the slops and
molasses freatients than in the control. The percentages of waler-stable
soil aggregates tended o nerease i hoth slops and nrolasses trewtments
and to deerease slightly iy the contiol, ~
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The thivd erop planted in the Whippany elay was wheat, The germination
pereentages, dry-aweight yields, nulrient uptake by wheat, ax woll as the
hyciranlie conductivity and pereenlages of waterstable soil agpregates
after the erop wre recorded in fable 3. No dilferences in germination were
obtained under the various Treatments. In the third crop, vields of wheat
were higher for the high-slops treatment when compared with the conlrol,
and the low- and high molasses treatments. Yields of wheat from the low
level of slops and molisses Greatments were, however, signilicantly higher
than from the control.

As was the ense awith the fi=t two crops, nilrogen uplike by wheal was
Ligher from Che treated than from the control plots. No dilferenees existed,
however, hetween (he various treatments, This veladion was also true for
phosphorus and potassnnn, but not for ealeium uplake which showed no
differences,

Values for hydraalic conductivity were the highest for the high- and
low-slops (reatments, In the treatment with o half acre-ineh of slops the
value of 8.60 nelies per hour was highly significan! over the other treal-
ments, Higher values (han in the conlrol were also oblamned in the low-
slops treatment. The values obtuined i the molasses Lreatiments, even
though they appeared 1o he higher than the control, were not significantly
different, beenuse of extreme varintion m replicate smmples,

The content of water-stable soil ageregates jn the slops and molasses
freatments was consistently higher than i the control Greatmoent, No
difference, however, was apparent between the slops aud molasses treat-
IS

Table 4 prezents data coneerned swith germination, dry-weight viekls,
apd N, P I and Caouptlade by badey growo as the fourth evop. In addi-
ton, hydraulie conduetivity and content of watersiuble soil aggregates in
the =oil after the removal of the barley erop, are also listed. Exceellent
gevmitnation of barley wus obtaived i the untreated chesk. Crop yields,
however, were wmackedly higher in both slops and molasses treatients
than in the control.

Ioxcept for the low level of mwolasses, the other treatments showed o
marked incvease in the uptake of nitrogen over the control. Culeium uptake
was higher by plants grown at the two levels of stops, as wel ax at the two
levels of molasses, than in the control. No differenee o phosphorus or
potassiwy uplake wis apparent among the various reatment s,

Hyvdradic conduetivities ol all treatments seemed to be lugher than the
conlrol, but statistienl analysis of Che data indicated no signilicant differ-
tnee.

The content of water slable soil ageregntes was shghtly inerensed ju all
treatments, exeepl al Lthe fow slops level,
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After the removal of the Tourth erop it was observed Uhat the large soil
agaregntes that had persisted duving the growth of the first three ¢rops
showed sone signs of breakdown, The relatively high conlent of wutcer-
stable ol ageregates present in the soil at the time of removal of the fourth

Tavre 3o Germination pereentoges, dey-weight gields, and pudrient uptoke by wheal,
aud Jgdvaadie condueticily and pereentuges of aeater-siable soif aggregates in
Whippany clay soil after hareesd

:

P . ) Nulrient wptake [Tydraalic | Water
Trestment {"":'{]{:::m' 11)'--“:.}:']‘;;5“{' 1 t‘.\olnil:‘l:: -“ ; Sl:l!)];:
o i : . . b livity | apgregates
; ; PR P oK ta ¥
o Pereead G, C Mg, C Mum, § Meni. 1 My, Bl 0 Pereend
1. Cheek o 8F 282 B2 ;15 J &1 L 11 207 o337
2000 acre-ineh 0 H6 0 3.064 T2 07 L 1 4,37 % 83.0
slops g ;
#. 'y aerv-inch [T S N & S - 20125 17 8.60 - 85.3
slops { 1 1 :
; p 1 ‘ : : : ; &
A0 uere-ineh  8F L 300 - 7L 24 108 | 14 283 85.3
tolisses i ‘
.l meredneh 6L 328 0 T 27 108 A6 A3 007
melasses ; ‘ ' :
Y Leredl of siguificaned?
g perceal i pereent
Cierminalion ' 1.5, .8,
Diryv-weight vields 32511 324841
Nitrogen d2541 32511
Phosphorus 382411 35211
Potassium 24821 348521
Culeium n.s. .8,
Hydraudic condaetivity 42541 d2541
Aggregnte siabibily 54321 d4321

2 Ay 2 means not underseored by the same Jine wre diTerent al the indieuled
level of significanee.

crop 1= indicative of the resistinee to decomposition of the organie cement-
ing, or honding, agents which ave present in the distilery slops, and are
re=ponsible for the formation ol water-stable soil aggregates,

SUMMARY

Data are presented on the effeet of the application of {wo levels of black-
strap molasses and of rum distillery slops on some =oil physical conditions,
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and erop wnd nutvient vields of w poorly drnined soil of New Jersey, A
fvorable lasting effeel on soil aggregale stabilization with the application
of a fourth of an acre-tuch ot distiliery slops and bBlacksCrap molasses was
observed whoen these materials were applicd (o thiv =oil. The effeet persisted
even after the growth of four consecutive erops Gnap beans, Sucdan grass

Tasuk L~ Germinnlion pereentages, dry-weight yields, and nuleienl uplake by harley,
and hydrantic conduelivity and percenfages of weler-stuble uygregates, in
Whippany clay soil after hareest

|
Nutrient uptake !

i

Freniont (it-:*;;:]i:m- ?I)l'f\.'-i::l:.li?hl ? : . : | If‘:’];;::gl:{h( ‘::\”:;({1:'((.\
g ! N oo K | Ca | : RIS
: Perveent | i My, Mo, Mgne, (\ S, fu jhr. Fereent
1. Cheek L 4.13 81| 2 26 25 o2z | oy
2. 104 acre-inel | 06 400 103 29 o203 | 37 | 3.33 0 N7
slops | ; : ‘ ‘
%05 were-ineh | 96 501 P03 | 2% 270 | 35 | 420 90.3
slops : | ,
4.3 aere-sineh | 96 1 4.50 M 28 213 0 35 0 J.18 | 880
maolasses ' 1 : '
5.13 aeredineh 06 . 4.FT 103 0 25 | 213 . 87 | 3.03 | 883
molass : : ; 3 i :
L Lerel of significunce?
i peveenl I percent
Crermaination n.3. n.&.
Deyv-weight vields 326811 M.,
Nibrogen 12541 1.5,
Phosphorus T .S,
Potassium 1.5, H.E.
Caleimn 25311 s
Hydraulie conductivity 1.5, ..
Aggregate stabilily 35421 35421

2 Any 2 means not underseored by Che same line ave diffevent ol the indieated level
ol signiticancs.

wheat, and barley), The emergence of snapy bean =eedlings was favorably
affected by the slops and molasses treatments, but the emergence of other
erops was nol influenced by (hese treatments.

The uptake of I, I\, and (‘o by snap beans wus iwnercased by these treat
ments, as were the crop yields. Soil hydraulic-conductivity vulues also
tended to increase with thue in the cheek trentments, The values also
tended to increase in the slops (reatment, until the third crop, and =lightly
decrensed after the removal of the fowth erop.
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Two possible explanations ave offered for the deereaze in hydvaudie
conduetivity i contrazt 1o the slight inerease in aggregale stahility with
e, These arer Fiest, sgeregnte stability wos determined using 0.5- 1o
2o sizne agaregales separaled front the =0l by sieving, Sinee abreakdown
ol the muerenggregnte was obscrved 1o ocewr alter the Jast crop, the 0.5- Lo
Zommsiged aggregates whieh formed from these larger aggregales were
quite =table. Farther, sinee the smaller aggregates tend o ereate finer pores
which retard waler movement, the hydraddie conduetivity vatues were
reduced. The =econd possible explunation s that, since roots had been
accrmulating in the soil because of e growth of Tour crops, these probably
plugged the maero- and micropores, thus sealing, 1o a certam extent, the
chamels that would have been available for the movanent of watoer,

The relatively higl content of water-stable soil aggregutes present in the
soit at the time of removal of the fourth cvop i indicative of the resistance
lo decomposition ol the organie cementing or bonding agents which are
present in the slops and miolasses; and are responsible for the formation of
water-stable soill aggregntes.

RESUMEN

Se estudih of efecto que Ta aplicacidn de dos piveles de micles finales y
mostos de destilerfas tuvo =obre algunas propiedades fisicas, los rendi-
mientos de cosechas v los natrimentos, en un suelo de New Jersey, de
desaglic deficiente, Se observd un efecto persistende sobre la estabilidad de
los agregados de este suclo, después de uwna sola apliencion de un entrto
de acve-pulgada de mosto o miel final. Kl ofecto persistid adn después de
cuatro coxechas conseeutivas, I8l efeeto sobre la pemsinaedion de habichuelas
fue favorable, pero vo se observad electo alguno sobre lus otras tres cosechas.
La absoreidn de P, W v C'a por lax habichuelas auunentd significativamente
con los tratamientos de mosto y miel. Lox valorex de conductividad hididu-
liea tendicron a =uhiy segiin przaba ol tiempo, en el caso de las prucbhas
teatigo. Ton las prucbas en que se aplicd el mosto también tendieron a subir
estos valores, aungue sdlo hasty la tereera coseeha, disminuyendo ligera-
mente después de Ja aliimn, Se sugieren dos posibles ragones para explicar
esla disminucion en la conduetividad hidraulien, en contraste con el ligero
aumento que hubo en la estabilidad de los sgregados. La primera es que a
esinbilidad se determing usando agregados de un famaio de 0.5 a2 o,
Iistas agregados habtan sido pavte integranie de los nmuacrougregados, los
ewtles no se desintegraron hasta después de la dtima cosecha. osta desinte-
gractn dio Jugnr a que se formaran poros as linos que rel ardaron un poco
¢l movimiento del agua. Lo segunda explicacidn es que Ias rafees acumu-
Jadas después de cuatro cosechas conseculivas puedan bhaber ocupado los
espacios porosos Lan necesarios para el moviniento libre del agua.
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51 alto coutenido de agregados estables win después de o dliima cosecha

indiva ta persistente resistencia a In descomposicidn que poseen los agentoes

rohesivos que <e hallan en los mostos v en Jas mieles linales,

1.

2.

=~}
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