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Influence of chemical contents from defecation mud-based mixtures with
phosphatic acid and defecation mud with bischofite saline solution on plants growth
(rye, lentil) was researched in laboratory environment. Optimum concentrations of
mud-based mixtures with phosphatic acid and defecation mud with bischofite saline
solution, promoting rye crops were identified. We have proven the possibility of
artificial defecation mud mineralization in order to increase the effects of its

positive influence towards plants growth.

Introduction. Defecation mud from
sugar production which forms at the facto-
ries at the amount of 9-11 % from total
processed sugar mass, constitutes approxi-
mately 30 thousand tons per one factory.

Usually this type of waste is used for soil
deoxidization [1-5], it also is a significant
source of replenishing the soil with microele-
ments (Cuprum, Zink, Manganese), partially
— with Potassium, Phosphorus and Nitrogen,
as well as biologically active organic substances
[6-8]. Researches of defecation mud influ-
ence on soils, performed by different scien-
tists, show that such approach promotes the
soul structure, decreases their acidity, pro-
motes the ability of plants to absorb Potassium,
Phosphorus and Nitrogen [9,10] increases
humus contents [11,12], and as a result pro-
motes the crop yield of root and grain varieties.

Literature also contains data about using
defecation mud as an addition to raw slurry
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in cement [13], asphalt topping [14], adsor-
bents for cleansing the water from dyes [15]
and toxic metals, as a chemical filling com-
ponent in order to receive modified Calcium
molybdate and wolframate [16].

This project [17] shows that the field of
defecation mud application can be signifi-
cantly extended as a result of receiving quan-
tity characteristics of this object complex
research by different physical-chemical
methods.

Brief analysis of the published research
shows that the most massive application of
defecation mud is found in the role of chem-
ical ameliorant, effectiveness of which is
increased after applying NPK-Afertilizer or
along with this fertilizer. As of present data
[1] 15 tons of defecation mud per hectare
increases the crop yield of winter barley for
approximately 40%; and Ng(Pg)Kg, mineral
fertilizer dose for 53 %; combined power of
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defecation mud and this fertilizer — 94,4 %.
For Adretta class potato, combined power of
defecation mud and N P Kso mineral fer-
tilizer, resulted in 100% crop yield increase,
summer wheat crop yield increased 141 %,
winter wheat crop yield increased 97 % and
triticale crop yield — 127,5 %.

Application of defecation mud at the
amount 9,0-9,5 tons per hectare against the
ammophos Ny9)P190K;99 background, result-
ed in 77,4 increase of sugar beet crop yield
[18].

The most effective performance of defe-
cation mud as a chemical meliorant is set on
research soils which complied to the follow-
ing levels: strongly acid (pH<4,5); medium
acid (pH = 4,6-5,0) and weak acid (pH =
5,1-5,5); this type of waste has the feeble
effect on soils close to neutral (pH="5,6-6,0),
[19].

Therefore, defecation mud is an effective
soil ameliorant, proven so by different
researchers. Notwithstanding, biological
effect of defecation mud, processed by
chemical reagents or enriched with special
natural minerals is not yet studied. So the
purpose of this work is to research the bio-
logical effect of mixtures (defecation mud
with bischofite saline solution, or the defe-
cate mud itself, processed by phosphatic
acid, which results in development of mix-
ture, containing different metals phosphates
in the content of received products).

Experimental part and results discus-
sion. Research mixtures were received by
the following methods. Air-dried sugar man-
ufacture defecation mud with contents of
CaCOg (51-58 mass %) (Kapitanivskyi sugar
plant, Kirovograd region), was mixed with
phosphatic acid of “technical” qualification
(w="73,5mass %, p=1,617 g/cm3), taken in
the content of outlet mixture at the amount
7,15-51,00 mass %.

Effectiveness of stimulation action of the
received mixtures was identified on research
crops of rye and lentil.

Research were performed in June-
September 2012 at the land plot Ne75 of
“Zoria” gardening community (Plakhtianka
village of Makariv district, Kyiv region)
under the sunshade, without influence of
direct sun air on local sandy-loam soil, con-
tained in wooden boxes (box with rye with
dimensions 58 x 38,5 x 15 cm? and box with
lentil— 60 x 30 x 15 cm3).

Rye before sowing was put in water for
1 hour, ditches were made in the soil where
4 grams of mixture were put at first, then the
seeds were planted to approx. 10 mm depth.
After that soil was put on top of seeds
(11 seeds per row with distance between
seeds — approx. 25-30 mm, and distance
between rows - approx. 55-56 mm.)
According to calculations, biologically active
mixture consumption reached approx.
14,5 kg per 100 m? of the soil surface.

Lens after 30 minutes of presoaking, was
planted in ditches to approx. 15 mm depth,
1 row contained 11 seeds and 20 grams of
yellow earth was put into ditches under the
seeds, and 4 grams of biologically active mix-
ture — atop the seeds. Distance between lens
seeds was approx. 25 mm and distance
between rows — approx. 45 mm.

Young crops of rye and lentil after sow-
ing and during first 3,5 weeks since sowing
were sprinkled with 200-300 ml of water in
the morning and evening from the sprinkler
(each 1-2 days); after 3,5 weeks since sowing
were periodically (not every day) sprinkled
with 0,6-0,71 of water in the morning and in
the evening.

Table 1 shows the results of biologically
active mixture, received by the offered meth-
od to the young crops of lens, planted on
17.06.12. Table 2 contains results of such
mixture influence to bare crops, planted on
29.06.12.

Tables 1, 2 show that the content of phos-
phatic acid in the outlet mixture with calci-
umcarbonate residue from sugar manufac-
ture 7,15-36,20 mass %, gives positive
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results. Therefore, defecation mud and
phosphatic acid give biologically active mix-
ture which increases germinating ability of
crops, increases average height of crops in a
row (38,7-64,0 % for lentil and 10,3-27,5 %
for rye), increases the sickness of plant
stems, leaf width, and better tilling capacity
(of rye); earlier emersion and quantity
increase of pods, third, fourth, sixth leaf and
flower buds (for lentil) which provides a
possibility of using it to stimulate plant
growth in the agrarian sector [20].

Other series of experiments, bischofite
saline solution at the amount of 8,3-31,3
mass % and the process of heating the exit
mixture of the mentioned content of the
named content is performed at 105-115 °C
during 1-2 hours.

Bischofite saline solution had the density
of p=1,19 g/cm?® and molar concentration
of magnesium chloride C,; = 0,07 mol/L

0O.N. Nepenenuus, T.B. MeTpeHko, B.M. IweHko

Used phosphatic acid was of “technical”
qualification, its density p = 1,617 g/cm3,
contents of pure phosphatic acid in which
o = 73,5 mass %. Instead of phosphatic acid
of used qualification, the proposed method
can employ its industrial wastes, but then
they are to be controlled according to the
contents of fluoride-, chloride-, sul-
phate-ions, as well as toxic metals. In order to
assess the activity of only bischofite saline
solution, at first, only the influence of sepa-
rately taken clear soil samples, the defecate
mud and soil with admixture of 6,79 mass %
bischofite saline solution.

Rye seeds were planted to loamy soil on
17.10.12. As of 25.10.12 and on 31.10.2012
was proven that the influence of the tested
substances in all tests is similar (sprouts
height and germinating ability of rye).

Figure 1 shows that bischofite in mixture
with defecation mud has no positive effect

Table 1. Results of the research of the influence of the chemical composition of
mixtures on stairs of lentils, planted 17.06.12

Ne The Content | Grains » 3
p/n | weight of of sown in | E|9 .
sam- | the initial | H3PO, | the line ® Eled
ples | mixture | in the item, Date and number of stairs, p |8 .5 [.8 & =
P = 3N : o N
defecate | initial P 98 2L =
and mixture, - ’S HeS |85
phospho- | mass.% o ot lov lov low low low low | o088 _'g o2 %
ric acid, el el il b B bl el e S R B
© © |© |© (¥ | | (= = @ .
g S =2l Iely gls
— | |8 | > (18 |B |6 | =
ot <N S -\ S N O - X O Y S RS i =
1 4 0 11 2 0[3[4|6|6/[6([5 | 62 54 | Back-
(pure S gro-
defecate) 2 und
2 7,15 11 % 416 |6|6|6|6|6]|101,7 54
3 4 14,40 11 é 6|66 |6]|6 57| 98 54
4 4 21,60 11 g 68| 8|8 |7 6%|6%| 92,3 72,7 I
5 4 28,60 11 g 214|566 4% 4% 86 54
6 4 36,20 11 g 71717188 |8]|8]| 906 | 727
o8
7 4 43,40 11 g 11213 |4|4/|2¥[1%| 65 36,3 I
8 4 51,00 1w & [ofoflt][1[1]ofos] o 9

I—increased growth (increased height, width sheet); II — growth inhibition stairs (reduced height, narrow leaf).
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Table 2. Results of the research of the influence of the chemical composition
of mixtures on stairs of ryes, planted 29.06.12

Ne | Mass | Content | Sown The Germina-| Note
p/n of of grains | Date and number of stairs, p | height of | tion, % | (state of
sam- | defe- | H3PO, | in the the east | (in the stairs
ples | ca-te | inthe row, | . line of + row) 18.07.12)

or initial P :: 2‘ 3‘ A 2 mm, as of
mix- | mixture, = s s s ST as of 8.07.12.
~ ~ A (=} . . N
tu-re, | mass.% S |8 |9 |« |5 | | |18.07.12.
NS GE RN~
g S |or |on w18 |0 |
R e B OC (e |
21212 =
©
1 4 0 11 3141819 9 191,9 81,8 Background
2 4 7,15 11 4171819 7 232 81,8
3 4 14,40 11 % 516 |88 |11]9%| 2117 100
4 4 21,60 11 % 518|888 7¢| 2243 72,7 I
5 4 28,96 11 S 17101011 11{10%| 244,6 100
6 4 36,20 11 g 4141919 216,2 81,8
7 4 43,40 11 (‘,}«3 0 1 261,2 44,4 -
8 4 51,00 11 010|010 0 0
9 0 0 11 101010 | 10| 10| 10 205 90,9 111

* - drying some stairs from lack of irrigation; I - similarity in average ranks Ne 2 Ne 6 is 86,9 mm; stairs strong,
thick stems ~ 2,2 +0,1 mm broad leaves; II - depressed growth of stairs; III - weak shoots, stem thickness ~ 1,4 0,1

mm, narrow leaves.

towards the plants growth during first two
weeks after seeding, and in concentration
over 9,53 mass%, even inhibits the growth.
So it is necessary to define the biological
effect of mixtures, containing defecation
mud and bischofite, processed by given
quantities of phosphatic acid upon prior
heating.

Likewise, mixtures of bischofite and def-
ecation mud show the same indices if the
contents of bischofite lies within 3,64-9,53
mass % limits. Upon bischofite more 9,53 %
(verified mixtures 11,94 and 14,08 mass %),
a significant decrease of average sprouts
heightis detected (approx. 50 %). Therefore,
the mixtures of bischofite and defecation
mud have no stimulating effect on the rye
growth.

So in order to study the effective stimula-
tion activity, biologically active mixture is

Ty« planded i peeund with comiend &, 79 mam S
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Fig. 1. The dependence of the average height
of stairs rye (h) from content of saline solu-
tion of bischofite (mass %) in the mix with
defecate (planted 17.10.12.), (curves 4, 5, 6)
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prepared on the basis of sugar production
defecation mud, bischofite saline solution
and phosphatic acid.

In such a manner this work has a purpose
of finding an optimum content of bischofite
saline solution in exit mixture, in order to
define the concentration interval which pro-
vides an increased biological action of the
received end products.

It is defined that in the tests on loamy soil,
concentration of clean phosphatic acid, corre-
sponding to the formula HyPO,, in exit mixture
is less than 12,0 mass %, and bischofite solution
— less than 22,2 mass %, than the received prod-
uct has a less stimulating effect towards plants
(rye) growth, Upon concentration of clean phos-
phatic acid in the exit mixture more than 29,4
mass %, the received product has an inhibiting
effect on plants growth and germination.

Therefore in the tests performed on
loamy soil, only the contents in exit mixture
(defecation mud — phosphatic acid — bis-
chofite) from natural bischofite solution in
quantity of 22,3-31,3 mass %, homogeneiza-
tion and heating the exit mixture upon
105-115 °C during 2 hours, provides an
increased stimulation biological activity of
end product towards the plant growth.

For tests performed on loamy soil: stimu-
lation of plant growth (rye) by means of bio-
logically active mixture, the later was received
by means of air drying sugar production
defecation mud with contents of CaCOg
51-58 mass. % (Kapitanivskyi sugar plant,
Kirovograd region), which was taken as a
part of mixture in quantity of 57,6-32,7 mass
% and mixed with bischofite, taken as a part
of exit mixture in quantity 34,0-19,3 mass
%, and mixed with phosphatic acid (p =
1,617 g/cm3, o = 73,5 mass % of pure phos-
phatic acid), taken in quantity 6,2-35,0 mass %
(in calculation to pure H3PO, acid). Mixture
of three named ingredients (weighting was
performed on technical scales with toler-
ance up to 0,02 grams), were blended in
porcelain jar till receiving homogenous mass

0O.N. Nepenenuus, T.B. MeTpeHko, B.M. IweHko

which was poured into porcelain crucibles
and heated at 105-115 °C during two hours.
Received (after cooling) a free-flowing end
product powder. Ingredient content in the
end mixture for tests on loamy soil (before
heating) is specified in table 3.

While blending the exit mixture and the
following period, reaction between magne-
sium chloride of bischofite saline solution
and calciumcarbonate residue with phos-
phatic acid, accompanied by creation of
chloride acid and carbon dioxide gas release,
we received viscous mixture after blending.
This mixture was poured into porcelain cru-
cibles, which were then put into drying cabi-
net at 105-115 °C and kept there for 2 hours
(loamy soil). This operation provides
extraction of chloride acid from the mixture
(harmful acid for the soil).

Mixture stimulating effect was identified
on research rye crops in laboratory environ-
ment. First series of tests were performed
since 8.10.12 till 20.02.13 in G-713 laborato-
ry of NUFT on the windowsill, without
direct sunlight influence on local loamy soils
(with upper layer of digested plant leaves),
poured into carton box with dimensions
46 x 27,5 x 13,5 cm?3. Soil layer was 11 cm in
sickness. In the soil of the box, walls and bot-
tom of which were covered with triple layer
of polyethylene foil in order to provide
water-tightness, holes with 10 mm diameter
were made and 0,3 g of dried mixture from
the named three ingredients was applied.
Rye seeds were planted in the middle of the
mixture, left approx. 0,5 cm of free space
and poured the soil atop of the seeds. After
covering the seeds with soil, a small hole was
made to where water was poured. Each row
had 8 or 9 seeds. Distance between each
seeds of the row was approx. 40 mm, dis-
tance between the rows — 30-35 mm. Rows
were separated from each other by means of
wooden walls, placed in the soil 80 mm deep.
Seeds and sprouts of rye right after sowing,
and in further — during first three weeks
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Table 3. The composition of the initial mixtures of defecate, saline solution
of bischofite and phosphoric acid (before heating) to produce of biological activity
mixture; planted in loamy soil

Ne's/n Mass % of Mass % Mass % Mass % of Mass of mix-
samples defecate solution of 73,5 %-st H3PO,, | pure HPO, |ture in the row,
bischofite p=1,617 g/cm3 g

1 57,57 33,98 8,45 6,20 3,50

2 53,02 31,29 16,37 11,94 3,75

3 47,85 28,24 23,91 17,60 3,50

4 42,40 25,02 32,58 23,95 3,00

) 37,75 22,28 39,97 29,40 3,50

6 32,75 19,33 47,92 34,96 3,50

7 76,04 0 23,95 17,60 4,00

since sowing, were sprinkled with 200-300
ml of water in the morning and in evening
(from sprinkler unit).

Table 4 shows research results of mixture
with bischofite (increased effectiveness),
received by means of suggested method on rye
crops growth, sowed in loamy soil on 8.11.12.

Table 4 shows that the content of bischof-
ite solution (22,3-31,3 mass %) provides rye
cropping at 75-88,9 % and increases the
average sprouts height up to 209-277 mm
(27.11.12). As of 6.12.12, stimulating capaci-

ty of enhanced biological activity mixture
was observed only in samples Ne 2-Ne 5, and
in samples Ne 1, Ne 2 and Ne 7 such effect was
completely absent. If the bischofite was not
used in mixture (sample Ne 7), then germi-
nation capacity constituted only 44,4 % and
average sprouts height constituted only 171
mm (27.12.12).

Figure 2 reflects the dependency of aver-
age sprouts height (h, mm) and germination
capacity (figure 3) of bere from the content of
phosphatic acid in mixtures: saline bischofite

Table 4. Results of the research of the effect of biological activity mixture
of increased efficiency which obtained by the proposed method on the stairs of rye,
planted in loamy soil on 8.11.12

Nes/n Sown | Mass of dry | Content of | Germination, | The height of the stairs
samples | grains in | mixture in |saline solution % in the row, mm (1 mm)
the row, the cell, of bischofite, 16.11.12.
P (+0,02 g) mass % 27.11.12. 6.12.12.
1 8 0,3 33,98 75,0 209 227
2 9 0,3 31,29 77,8 247 267
3 9 0,3 28,24 88,9 228 279
4 9 0,3 25,02 75,0 234 244
5 9 0,3 22,88 88,9 213 240
6 9 0,3 19,33 55,0 186 235
7 9 0,3 (without 0 44,4 171 233
bischofite)
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(33,98-19,2 mass %) — defecate (remainder),
(planted 8.11.12)). Figure 2 shows the depen-
dency of phosphatic acid with more than 24
mass %, and in this research, stimulated rye
growth, but even upon concentration increase
up to 34,96 mass %, mixtures from these
three ingredients after 19 days have more
effect in promoting rye growth than the back-
ground contents: defecation mud and 17,6
mass % of phosphatic acid (without bischof-
ite). Figure 3 shows that the contents of phos-
phatic acid more than 30 mass %, inhibits rye
growth.

Upon increased contents of phosphatic
acid in exit mixtures, namely: 34,96 mass %,
germinating capacity of rye constituted 55,5
% and average crop height reached 186 mm
(27.11.12). Rye growth observations allowed
making a conclusion that the mixture
received from incgredients free of bischofite
— is inefficient and the mixture, where bis-
chofite saline solution is equal to 34,0 mass
% also has low effectiveness.

Therefore, only the content of saline bis-
chofite solution in exit mixture 22,3-31,3
mass % (loamy soil), and its following
homogenization and heating up to
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Fig. 2. The dependence of the average height

of stairs rye (h) from content in mixture
(defecate —biscofite — phosphatic acid) of
bischofite and phosphatic acid, (planted 8.11.12.)
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105-115 °C during 2 hours, provides a possi-
bility of receiving dry, free-flowing product
with increased effectiveness, which may be
added to the soil.

6.03.13, a second series of research was
performed. Dry white sand was used instead
of loamy soil. Researched exit mixture was
heated at 105-115 °C during 1 hour. Before
forming nests for the mixture, the sand sur-
face in the box was sprinkled with 0,2 1 of
water in order to allow making holes in the
sand. These holes had a conic shape with
average diameter approx. 14 mm, and
approx. 20 mm depth. Distance between
centers of such holes were approx. 35-40
mm, distance between the rows — approx.
36—40 mm. Each nest was filled with 0,8 g of
mixture from three previously prepared
ingredients, and one rye seed was placed
atop of the mixture and filled the nest with
soil in a manner to leave a 3 mm deep hole
in the soil. Afterwards, each hole was sprin-
kled with water from a sprinkler to create a
wet sand layer above the seeds. Then the
sand surface was equally sprinkled with 1,1
1 of water. Depth of sand layer in the box —
110 mm.
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Fig. 3. The dependence of germination of rye
from content of phosphatic acid in mixtures
defecate — solution of bischofite — phos-
phatic acid, planted 8.11.12.
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Table 5. Results of the research of the effect of biological activity mixture
which obtained in other proportions of ingredients on the stairs of rye, planted

Ne's/n Sown Mass of Mass % ingredient in mixture The height of the
samples | grainsin | dry mix- before heating stairs
the row, |ture in the (£1 mm)
p cell,g | Defecate | Saline solu- | H;PO, | 14.03.13. | 19.08.13.
tion of bis- (pure)
chofite
1 11 0,8 78,53 10,81 7,83 57,2 130,1
2 11 0,8 73,06 10,05 12,40 48,2 108,1
3 11 0,8 69,28 9,40 16,38 60,6 131,9
4 11 0,8 64,14 8,83 19,86 42,6 109,9
5 11 0,8 60,44 8,32 22,95 42,8 114,1
6 11 0,8 57,15 7,86 25,7 30,2 93,0
7 11 0,8 77,94 0 16,21 32,3 61,2

Table 5 reflects the contents of exit mix-
tures and results of their influence on the
seeds growth, planted in pure sand.

Germination for each sample (row), con-
stituted 91 % and the increased effectiveness
of biological activity was observed only upon
contents of bischofite saline solution at
8,3-10,8 mass %.

By comparing average height of rye
young crops planted in loamy soil (first
series of tests) and in pure sand, we discov-
ered that in 8 days after sowing, sprouts from
first series of tests were two times higher than
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Iepeneauys O.I1.,  Ilempenxo T.B.,
Twenxo B.M. Ximiunuii cxaad i 6iosoeiuna
aKMmueHicmy cymiwels na ocnosi dedexamy //

Liopecypcu @ mpupodoxopucmysanms. — 2015.
-7, Ne3-4. - C. 40-48.

Y aabopamoprux ymosax docaidiceno 6naug
XIMIUH020 cKaady cymiwelt degexamy 3 docpam-
HO10 KuCLoOmow ma Odedexamy 3 dochammroro
KUCAOMOIO | COADOBUM POZUUNOM OLULOPimy na
picm pocaun (scumo, couesuys). Bemanosaeno
ONMUMANBHT KOHYenmpauii Pochammnoi xucao-
MU i pozuuny Oiuodimy, AKi nOcuLI00My Picm
pocaun scuma 6 nocieax. /Josedero mosrcaugicnms
Wmywnol mMinepanizayii degexamy Oas NOCUAEH-
Ha eexmy 1020 NOFUMUBHO20 ENAUBY Ha picm
pocaun.

48

AHHOTALMA

Ilepeneauya A.IL, Iempenxo T.B.,
Hwenxo B.H. Xumuueckuii cocmagé u
OUOoN02UMECKAR AKMUSHOCL CMECell HA 0CHO8e
degpexxama / / Buopecypcoiunpupodononssosarue.
—2015. -7, Ne 3-4. - P. 40-48

B nabopamoprvix yerosuax ucciedosano 6aus-
HUe XUMUMECK020 COCMasa cmecell Oeghexama ¢
Pochamron kucromoi u degpexama ¢ ochamiol
KUCLOMOU U CONEBBIM PacmBopom buwopuma na
pocm pacmenuii (posrcy, wewesuya). Yemaroeaernt
ONMUMATBHDLE KOHYeHmpayuu pochammnoii xuc-
A0MBL U pacmeopa Guwopuma, Komopvie yousu-
sarom pocm pacmenuii pacu 6 nocesax. Joxasana
BO3MONCHOCTL  UCKYCCMBEHHOU MUHEPAAUSAUUU
depexama Ons yserunenus @gexma e2o nou-
MUBHO20 EAUAHUL Ha pocm pacmenuit.
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