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COMPARATIVE AMELIORATIVE EFFICIENCY
OF PHOSPHOGYPSUM AND SULFUR IN SEMI-TERRESTRIAL
MODERATELY ALKALINE SULPHATE SALINE SOLONETS
OF THE LIGHT GRAY EARTH SUBZONE

Abstract. The article presents the data from field tests for determining the relative ameliorative efficiency of
equivalent dosages of phosphogypsum and elemental sulfur on the alkaline saline semi-terrestrial solonetz. Based on
the analyses of soils water extract, higher ameliorative efficiency of elemental sulfur and fast amelioration of alkali-
saline soils with the use of sulfur have been detected. Ten-month incubation of phosphogypsum and elemental sulfur
in the semi-terrestrial alkali-sulfate moderately saline high-sodium medium solonetz from the area of light gray earth
had significant influence on the content and composition of salts, by altering their ionic composition, increasing the
amount of salts and reducing pH. Flushing initial primary and the newly formed secondary salts from the root zone
of the soil had little effect on salt removal (only 0.032%) in the variant with phosphogypsum from 0.527% to
0.543%, while in the variant with elemental sulfur, considerable desalination with salt content decreasing from
0.527% to 0.354% was observed. Moreover, after flushing salts in the variants with phosphogypsum became more
toxic due to the "peak" of alkalinity.
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Introduction. Soda-saline (alkaline) soils have been widely distributed in the two regions of the
Republic of Kazakhstan: in the grain belt of chernozems and chestnut soils in the form of solonets and
solonchak-solonetsous soils (more than 25 million hectares) and in the southern part, among the most
fertile soils of the foothill plain of the Northern Tien Shan meadow-chestnut and meadow-gray soils
(7.09 million hectares) [1]. The main method of melioration is the introduction of gypsum and
phosphogypsum. However, recent studies have found low profitability of traditional meliorants of gypsum
and phosphogypsum on soda-saline soils due to a rapid decrease in their initial efficiency, due to the
coating of the crystal surface with an insoluble calcium carbonate layer, which isolates them from the
environment [2, 3].

Among the meliorants, sulfur is the most effective. Therefore, it was practically not applied and the
problem of increasing its reclamation efficiency was almost not dealt with. However, the recent rapid
growth in the volume of oil and gas production in the republic led to a sharp increase in the volume of
their processing and accumulation, its byproduct - elemental sulfur, it’s volume in the republic exceeded
more than 8 million tons. The country became the largest in the world (second place after Iran) by the
sulfur storage [4], in connection with which the problems of its utilization increased. Our research resulted
in 2009-2012. It is established that in the first year only 25% of the added sulfur passes into its oxide
forms, samples of sulfuric acid. Hence, it takes four years to obtain a full meliorative effect [3].

Thus, the above-mentioned circumstances prevailing in the republic, i.e. the presence of a large arca
of alkaline saline soils in areas of intensive farming, the low economic efficiency of the currently used
ameliorant of phosphogypsum and the huge amount of accumulated sulfur requires the development of
technologies for reclamation of alkaline saline soils using sulfur. In our opinion, the solution of this
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problem can be achieved by accelerating the oxidation of elemental sulfur, which is possible with high
dispersity of its particles.

Program and methodology. The studies were conducted in 2015 and 2016 on the territories of LLP
"Amiran" of Talgar district of Almaty region.

To establish the comparative meliorative efficiency of phosphogypsum and elemental sulfur on soda-
saline soils, we selected a site of 0.5 ha. Soil soil is a soda-sulfate-solonchak semihydromorphic salt. The
field experiment was carried out by applying calculated equivalent doses of ameliorants. The doses of
meliorants were calculated to a depth of 0.5 m according to the formula of B.M. Agaeva Phosphogypsum
of the Zhambyl plant of phosphorus fertilizers and micronized sulfur of the Atrau refinery were used as
ameliorants (1966). [6]. The scheme of the field experiment is as follows:

# Variant of experience Doses of meliorants, t/ha
1 Control -
2 Phosphogypsum 15
3 Flemental sulfur S

The plot arca is (3x5) 15 m?, replication of the experiment is 3-fold. Samples of soils were selected in
the spring before the introduction of meliorants (26.06.2015), in the autumn after 4.5 month incubation of
ameliorants (07.11.2015), next year in spring and summer before (26.03.2016) after (28.04.2016)
washing. Correction of ameliorants into the soil was carried out by plowing to a depth of 29 cm, followed
by disking. The depth of sampling of samples is 0-20, 20-40 and 40-60 cm. In them, the composition of
the ions of the water extract of Arinushkin was determined [7]. The field experiment was conducted
according to the generally accepted method [8, 9].

The removal of the tertiary salts formed as a result of the interaction of phosphogypsum and sulfur in
2016 led to soil washing. The calculated norm of washing water per plot was submitted in 2 stages (6.04
and 14.04.2016) in the volume of 6900 liters or 4600 m3 / ha. During the entire meliorative period,
optimum soil moisture was maintained.

Results and discussion. The analysis of the water extract on the initial salt composition of the trial
options shows the average degree of salinity (the amount of salts is 0.5-0.7%). Salts are represented by
soda-sulphate chemistry (table 1).

Table 1 — Initial composition of aqueous extract
of medium-sulphatesolonchak high-sodium hemihydromorphicsolonetz subzone of light gray soils, (mg-eqv) / %

Variant Depth,cm | HCO; | CO* Cr SO& | ca® | Mg | Na"+K | Totalsalts, % | pH
0-20 144 | Her | 0.65 825 | 437 | 250 .34 0,692 8,0
0,087 | Her | 0,022 | 039 | 0087 | 003 0,076
1. Control 20-40 162 | Her | 035 838 | 475 | 275 3.05 0,715 82
0,098 | Her | 0019 | 040 | 0095 | 003 0,070
40-60 L70 | 037 | 0.0 888 | 500 | 288 3.70 0,774 8.2
0,103 | 0,011 | 0,021 0.42 0,1 0,034 0,085
0-20 112 | Her | 075 863 | 425 | 288 3.37 0,777 8,1
0,068 | Her | 0,026 | 041 | 0085 | 0034 0,077
2. Phospho- 20-40 156 | Her | 070 425 | 175 | 138 3.69 0.454 82
gypsum 0,095 | Her | 0,024 | 020 | 0035 | 0016 0,084
40-60 164 | 048 | 0.60 413 | 225 | 150 3.10 0.459 8.3
0,100 | 0,014 | 0,021 0,19 | 0045 | 0018 0,071
0-20 148 | Her | 0.5 775 | 400 | 288 2758 0,659 8,1
0,090 | Her | 0,022 | 037 | 008 | 0034 0,063
3. Sulfur 20-40 192 | Her | 075 538 25 175 229 0,516 8.2
0,117 | Her | 0,026 | 025 | 005 | 0021 0,052
40-60 232 | 060 | 075 438 | 200 | 125 4.80 0,560 8,5

0,141 0,018 | 0,026 0,21 0,04 0,015 0,110
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In the soils there are all the ions in quantities, which adversely affect the growth and development of
plants. But the greatest damage is noted from solonetsousness and high alkalinity. The soda of the soil of
the section is indicated by the presence of an appreciable amount of [HCO) 3 ” - exceeding its
threshold concentration of 0.8 meq per 100 g of soil). Its content, as a rule, increases with depth, reaching
up to 2 and more mg-eq per 100 g of soil. It should be noted that only at this depth (40-60 cm) there are
normal carbonates (CO32 -), also significantly exceeding the threshold concentration (0.03 meq per 100 g
of soil) in connection with which the lower horizon has a higher alkalinity (pH 8.2-8.5).

The content and distribution of the chlorine ion along the soil profile is uniform and almost identical
(0.60-0.75 meq per 100 g soil) in calorific values twice exceeding its threshold toxicity (0.35 meq per
100 g soil). This distribution of chlorine ion indicates the absence in the soil profile of both the wash and
water effluent regime. Of the anions, the highest concentration differs, sulfate ions (7-8 meq per 100 g
soil), exceeding the threshold concentration (1.7 meq) more than 4 times. They decrease with depth to 4-5
mg-eq per 100 g of soil. The anionic composition noted that the soils of the experimental site are
represented by soda-sulfate type of salinity.

The cation composition of the aqueous extract of soils is characterized by an increased content of
calcium and sodium, somewhat less than magnesium. An increased concentration of sodium can be
explained by the presence of considerable salinity in the soil.

Thus, the initial state of the meliorated soil is characterized by an average alkalinity due to the
increased bicarbonate ion content throughout the profile and the presence of normal carbonates in its
lower part, as well as a high content of sulfate ion, which, with an increased content of Ca2 + and Na +,
form toxic salts with a predominance of sodium salts NaHCO3, Na2S04.

Table 2 — Effect of equivalent doses of phosphogypsum and elemental sulfur on the composition of the aqueous extract
of the medium-sulphate solonchak high-sodium hemihydromorphic solonetz of the subzone of light gray soils, (mg-eq) / %

Variant | Depth,cm | HCO3 | COs* Cr SO& Ca® Mg* | Na"+K | Total salts, % | pH
0-20 152 | Coem | 060 6.50 3.50 2.50 262 0,583 8.3
0,092 | Cuemsr | 0,021 0,31 0,07 0,03 0,060
Control 20-40 236 | Cuemsr | 040 3,00 163 0.86 5,06 0,553 8,5
0,143 | Cuemsr | 0,014 0,24 0,03 0,01 0,116
40-60 256 | Cmemsr | 040 3.63 150 075 370 0,739 8,6
0,156 | Cuemsr | 0,019 0,17 0,03 0,009 0,085
0-20 1.56 Her 0.55 7.13 3.63 2.38 224 0,603 8.2
0,095 Her 0,019 0,34 0,07 0,028 0,051
Phospho- 20-40 1.56 012 0.50 875 175 125 7.92 0,772 8,5
gypsum 0,095 | 0003 | 0,017 0.42 0,03 0,025 0,182
40-60 2.56 0.24 0.60 8.00 188 L13 840 0,804 8.8
0,156 | 0,007 | 0,021 0,38 0,03 0,013 0,193
0-20 0.80 Her 0.60 | 1325 3.00 2.88 6.63 0,995 74
0,048 Her 0,021 | 0,636 0,1 0,034 0,156
Sulfur 20-40 1.00 Her 060 | 13,00 4,00 2.50 8.10 0,998 74
0,061 Her 0,021 | 0,620 0,08 0,03 0,186
40-60 114 Her 0.60 8.75 4.00 2.63 387 0,710 74

0,069 Her 0,021 0,420 0,08 0,031 0,089

The results of this analysis of the water extract of soil samples (Table 2) taken after the beginning of
the experiment for 4.5 months after the control variant show that there are noticeable changes in
concentrations as in the composition of anions: (an increase of [HCO) 3 - in the lower horizons from
1.65 mg- eq to 2.45 meq, disappeared [CO) 3 * (2-), decreased SO _4 ~ (2 -) (from 8.0 meq to 4.00
meq), and cations: a sharp decline Ca2 + and Mg2 + in the lower horizons (respectively, from 4.9 meq to
1.55 meq and from 2.8 meq to 0.80 meq) and a slight increase in Na + concentrations in the underlaid
horizon with 3.05 mg-eq to 5.06 mg-eq per 100 g of These changes in the concentration of ions in the
liquid phase of the soil of the control variant cause the proportion of more toxic sodium salts (NaHCO3
and Na2CO3) to increase in the solution composition and to reduce the proportion of less toxic (especially
Na2S04) and nontoxic (CaSO4Ca (HCO3) 2) salts. significantly increasing its value from 8.1, 8.3.
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The introduction of phosphogypsum significantly increased the content of SO _4 ” (2-) and Na + ions
corresponding to c4.20 to 8.40 and from 3.40 to 8.20 meq per 100 g of soil and slightly reducing their
concentrations in the 0-20 cm layer , as well as Ca2 + and Mg2 + in this layer. At the same time, an
increase in the content of the sulfate ion occurs due to the release of SO 4 ” (2 -) contained in the phos-
phogypsum into the solution, and sodium is displaced from the PPC by calcium phosphorus ions. Thus, a
4.5 month incubation of phosphogypsum in a soda-saline semihydromorphicsolonetz had a significant
effect on the composition of aqueous extracts, increasing the content of sulfate and sodium ions in it,
leaving without significant changes the remaining ions.

In contrast to phosphogypsum, sulfur had a more significant change in the water extract hose. The
most noticeable change is manifested in the content of the HCO3 ion, where its initial content in the 0-20,
20-40 and 40-60 cm layers, respectively, amounting to 1.48, 1.92 and 2.32 meq per 100 g of soil
decreased to 0, 80, 1.00 and 1.14 meq. Moreover, the content of [CO) 3 ” (2-) in its original soil (0.60
meq per 100 g of soil) has disappeared. The noted indicate a fairly high efficiency of elemental sulfur to
reduce the increased alkalinity of soda-greasy soils compared to phosphogypsum. They are explained by
neutralization reactions proceeding according to the following scheme:

2NaHCO; + H,S0,—Na,S0, + H2C03§%7,
Na,CO; +H,S0,; —Na,SO4+ H2C035%3

The occurrence of such reactions is confirmed by the increase in the concentrations of the sulfate ion.
Thus, before the addition of elemental sulfur, the SO_4 ” (2-) content in the 0-20, 20-40, 40-60 cm layers,
respectively, was 7.75, 5.38, 4.38 meq / 100 g of soil, then after 4.5 month incubation of elemental sulfur
in the soil, its content increased to 13.25, 13.00, 8.75 meq per 100 g of soil or 171, 242, 200%, respec-
tively.

It is known that sulfuric acid formed during the oxidation of elemental sulfur, along with the liquid
phase of the soil, also reacts with the solid phase (figure).
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Hypothetical block diagram of the effect of sulfur on the composition of soda-saline soils
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It follows from the presented scheme [10] that during the interaction of sulfuric acid with calcium
carbonates and partly magnesium, they are destroyed, as a result of which new bicarbonates are formed in
the solution. They are captured in the analysis of aqueous extract, the data of which show the significance
of the growth of the concentrations of Ca2 + and Mg?2 + in the layers of 20-40 and 40-60 cm, respectively,
of the content of 160, 200% and 143, 210% compared to their values prior to the introduction of elemental
sulfur. The addition of sulfur further increases the concentration of sodium compared with phospho-
gypsum. This can be explained by the sodium ion displaced from the PPK. It appears in the layers 0-20
and 20-40 cm. If before the introduction of sulfur the sodium content in the aqueous extract was
respectively 2.75 and 2.29 meq, then after 4.5 months incubation its content increased to 6.63 and
8.10 meq per 100 g of soil or 241 and 354%. It follows that elemental sulfur, along with greater
neutralization of alkaline salts, is also most actively involved in the desalinization of the soil compared
with sphosphogypsum.

To determine the influence of autumn-winter climatic conditions on the meliorative state of soils in
carly spring (6.03.2016), an examination of the experimental plots was carried out. It turned out that the
surface of the soil with ameliorants was fluffy than in the control variants. Somewhat later, (March 26,
2016) sampled soil samples. to determine the influence of autumn-early spring climatic conditions on the
salt composition of soils of the variants of the experiment (table 3).

Table 3 — Influence of autumn and spring climatic conditions on the composition of water extracts of the experimental variants,
(mg-eqv) /%

Variant Depth,ecm | HCO; | COs™ Cr SO | ca¥ | Mg* | Na" | Total salts, % pH
0-20 170 wer | 050 | 425 | 315 | 080 | 2.60 0457 31
0,104 0,018 | 0204 | 0,063 | 0,059 | 0,059 d ”
Control 20-40 1.60 mer | 050 | 475 | 325 | 09 | 270 — g1
0,098 0,018 | 0228 | 0,065 | 0,011 | 0,062 g ?
40-60 0.52 wer | 040 | 500 | 150 | 030 | 4.12 0421 73
0,032 0,014 | 0246 | 0,030 | 0,004 | 0,095 ’ ’
0-20 0.88 mer | 030 | 600 | 508 | 083 | 126 0,495 7.8
0,054 0,011 | 0288 | 0,102 | 0,011 | 0,029
Pliositio- 20-40 138 CIL. 023 | 625 | 292 | 053 | 442 0,558 8.1
oy psum 0,084 0,008 | 0300 | 0,058 | 0,006 | 0,102
40-60 126 056 | 033 | 625 | 2.83 | 056 | 472 0,585 8.2
0,077 0,59 | 0,019 | 0300 | 0,057 | 0,007 | 0,109
0-20 0.73 wer | 023 | 592 | 425 | 096 | 166 0,472 12
S 0,045 0,008 | 0284 | 0,085 | 0,012 | 0,038
20-40 0.90 mer | 027 | 717 | 325 | 083 | 425 0,582 7.6
0,055 0,009 | 0344 | 0,065 | 0,011 | 0,098
40-60 177 056 | 026 | 667 | 350 | 070 | 5.06 0,647 7.8
0,108 0,59 | 0,009 | 0320 | 0,070 | 0,008 | 0,116

From the analysis of the water extract it follows that the effect of climatic conditions on the salt
composition of soils of the control variant does not have any appreciable changes, whereas in the variants
with ameliorants, the concentration of [HCOJ) 3 ” - in the 0-40 cm layer on the phosphogypsum variant
is reduced 1.5 times (from 1.65 mEq to 1.13 mEq) and in the variant with sulfur in 2 times (from
1.65 mEq to 0.82 mEq).

These changes indicate the continuing chemical and physico-chemical processes that took place in
the soil with the products of decomposition of the dissolved part of phosphogypsum (Ca2 + and SO4 (2))
and formed sulfuric acid during the oxidation of some part of the elemental sulfur. They are manifested in
marked increases in the content of SO 4 ” (2- ) in comparison with the control variant. So, if on the
control its content in the 0-40 cm layer of the soil was 4.50 meq, then in the variants with phosphogypsum
and elemental sulfur, respectively, were 6.13 and 6.55 meq per 100 g. Soil content. The content of Ca2 +
up to 4.0 meq or 0.80 meq is more compared to the control (3.20 meq) in the variant with phosphogypsum
should be attributed to the part of phosphogypsum released into the solution, and its growth up to 3.75
meq-equivalents on a variant with elemental sulfur-account for the calcium of its carbonate, released into
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the liquid phase of the soil as a result of its decomposition by sulfuric acid. It should also be noted here
that a higher concentration of Mg2 + (0.90 meq per 100 g soil) in the sulfur variant is compared to
phosphogypsum (0.68 meq), which can only be explained by the magnesium of its carbonate, which also
appeared in solution as a result of its decomposition with sulfuric acid

The content of sodium ion in the water extract of the soil by spring is slightly less in comparison with
the autumn one, which can be explained by washing it with autumn-early spring precipitation.

The effect of the ameliorant content of sodium ion turned out to be different. The effect of phospho-
gypsum on the content of sodium ion in the solution is manifested by the amount of calcium formed when
dissolving gypsum phosphogypsum, providing for the displacement of an equivalent amount of absorbed
sodium from the AUC into the solution, and elemental sulfur by the amount of Ca2 + formed by
decomposition of calcium carbonate with sulfuric acid.

Thus, a ten-month incubation (26.06.15g to 26.03.16g) of phosphogypsum and ¢lemental sulfur in
the semihydromorphic soda-sulphate mid-solonchak high-sodium mean solonetz of the serozem zone had
a significant effect on the content and composition of the salts, reconstructing their ionic composition,
increasing the amount of salts and lowering the pH of the soil medium . Some reduction, especially on the
variant with sulfur, requires the next stage of work on land reclamation washing from the original primary
and newly formed secondary salts from the root layer of soils .

Before washing, the soil was plowed up to a depth of 25 cm. The soils of the control variants were
not washed out due to extremely low water permeability, but were moistened with water of 1000 liters per
plot or 667 m3 / ha. Washing of soil with ameliorants was carried out in two stages (6.04.16 and 14.04.16)
by submitting design standards for washing water in four cycles (two for each stage). The total volume of
supplied washing water per plots amounted to 6900 liters or 4600 m3 / ha. The water supplied by the last
fourth cycle (1500 liters) to the plots with phosphogypsum was absorbed significantly slower (5 days)
than in the cases with elemental sulfur, due to low soil permeability, (2 days ). The noted indicate a weak
meliorative efficiency of phosphogypsum on soil water permeability .

To determine the effectiveness of soil washing two weeks later (28.04.2016) sampled soil samples
and determined the ion composition, their sums and pH of aqueous extract (table 4).

Me—3IKe6

%

Table 4 — Pe3yipraThl aHaIM3a BOJAHON BBITSKKH 00Pa3sIIOB IT0YB,B3SITHIE IT0OCIIE IIPOMBIBKH,

Variant | Depth,cm | HCO; | CO* Cr SO~ Ca® Mg? Na“ | Total salts, % pH

0-20 304 1075 1 025 | 317 | LTS 0.33 2.40 0,738 8,0
0,185 | 0,022 | 0,009 | 0,152 | 0,035 | 0004 | 0,124
Control 20-40 304 | 064 | 036 | 342 | 158 033 5.55 0,545 8.6
0,185 | 0,019 | 0,013 | 0,164 | 0,032 | 0004 | 0,128
40-60 237 | 043 | 030 | 366 [ 142 0.26 3.28 0,503 8,0
0,145 | 0,012 | 0018 | 0,176 | 0,028 | 0003 | 0,121
0-20 373 | 032 | 035 | 275 | 130 0.30 3.50 0,617 85
0,349 | 0,009 | 0,012 | 0,132 | 0,030 | 0004 [ 0081
Phospho- 20-40 300 | 040 | 035 | 275 | 192 033 3.83 0,469 8.4
gypsum 0,183 | 0,012 | 0,012 | 0,132 | 0,038 | 0004 | 0088
40-60 231 | 024 | 030 | 337 | L75 0.40 4.07 0,455 83
0,141 | 0,007 | 0,011 | 0,168 | 0,035 | 0005 [ 0094
0-20 198 1 040 | 030 | L75 | 237 0.30 1.60 0,315 8.2
0,121 | 0.012 | 0,011 | 0,084 | 0,047 | 0003 | 0,037
Sulfur 20-40 201 | 036 | 020 | 333 | 362 0.63 0.55 0,393 82
0,123 | 0,011 | 0,07 | 0,159 | 0072 | 0008 | 0013
40-60 28 | 035 | 025 | 266 | 233 0.57 4.22 0,471 83

0,172 | 0,011 0,009 | 0,128 0,047 0,007 0,097

From the analysis of the water extract, it follows that irrigation and washing of the soil promoted a
sharp increase in the content of the ions [HCO) 3 ” - and the appearance of [CO)] 3 ~ (2-), ie.
"flash" a sharp increase in alkalinity, especially on the control and on the variant with phosphogypsum.

— Q] ——
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For example, in the soils of the control variant before irrigation, the average content of HCOO in the
0-40 cm layer of soil HCO) 3 was 1.65 meq, and [COJ) 3 (2-) was absent, after irrigation, the content
of [HCO) 3-grown to 3.04 meq and appeared [CO) 3 ” (2-) in a significant amount (0.70 meq).
Irrigation of the soils of the control variant contributed to a marked decrease in the concentration of the
sulfate ion (from 4.50 to 3.30 meq), calcium (from 3.20 to 1.67 meq), magnesium (from 0.85 to 0.33 mg-
¢q) and sodium growth (from 2.65 to 5.47 meq), which resulted in a significant increase in the amount of
salts (from 0.467 to 0.642%) and alkalinity (pH from 8.1 to 8.6) .

The results of the conducted washing of soils with meliorants proved to be ambiguous. If the soil
washing on the variant with phosphogypsum resulted in a significant increase in the content of [HCO]
3 --from 1.13 to 436 meqand [CO) 3 " (2-)to 0.37 meq (not before washing ), then on the variant
with elementary sulfur, respectively, an increase in the contents of [HCOJ 3--from 0.81 to 2.00 and

[CO) 3~ (2-) from 0.00 to 0.38 meq, ie . the latter created more favorable soil conditions for plants.
The washing also had a positive effect on the content of SO_4 " (2-) in the soil, substantially reducing its
concentration from 6.13 to 2.75 mEq for the variant with phosphogypsum and from 6.55 to 2.54 meq for
version with sulfur. The effect of washing on the content of Ca2 + in the soil solution manifested itself in
significant decreases from 4.00 to 1.71 meq / eq in the variant with phosphogypsum and an insignificant
decrease from 3.75 to 3.00 meq per variant with elemental sulfur. The same pattern is observed in the
Mg2 + contents, although its concentration is much lower than that of Ca2 +. The flushing led to a
decrease in Mg2 + from 0.68 to 0.32 meq for the variant with phosphogypsum and from 0.90 to 0.46 meq
for the variant with elemental sulfur.

The effect of washing on the content of Na + in the soil of the variants of the experiment also turned
out to be ambiguous. On the variant with phosphogypsum it is noted that it increases from 2.84 meq to
3.66 meq, whereas on the variant with elemental sulfur, it decreases significantly (from 2.96 to 1.08 meq
per 100 g soil) , which explains the high water permeability.

The results of quantitative changes in the ion composition of the liquid phase of soils from the
introduced ameliorants, as well as the conducted washing of soils, had an ambiguous effect on the amount
of salt. So, if the introduction of ameliorants led to an increase in the amount of salts in both
phosphogypsum and elemental sulfur (with some advantage in the latter), the washing had an insignificant
effect on the removal of salts (total 0.032%) in the variant with phosphogypsum from 0.527 to 0.543 %,
and on the variant with elemental sulfur to significant desalination, where the salt content decreased from
0.527% to 0.354%. Morcover, after washing the salt on the variants with phosphogypsum became more
toxic due to the "flash" of alkalinity.

Conclusion. The above factual materials obtained on the basis of the field experiment on the
determination of the comparative meliorative efficiency of phosphogypsum and elemental sulfur on the
medium-sulfate solonchak high-sodium semihydromorphic solonetz subzone of light serezems testify to
the considerable advantage of elemental sulfur over phosphogypsum, which makes it possible to shorten
the melioration period to one year.
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H3zeecmua Hayuonanvnot Axademuu nayx Pecnyénuxu Kasaxcman

K. Ky6enkyson, H. A. Xoxan0aepa, A, X. Haymaoaes, H. Cefitkamm
Kazax yarThIK arpapisik yHEBEpcHTETI, KasakcTtan

AIIBIKCYP TONBIPAK ANMAFBIHIAFEI JKAPTELIAN THAPOMOP®THI
OPTAIIIA CONAJNEI-CYJIb®ATTEI COPTAHJIAHFAH KEBIPJIE ®OC®OTHIIC IEH
IJEMEHTAPJIBI KYKIPTTI CAJIBICTEIPMAJIEI METTHOPATHBTIK THIM/ILIITT

AnnoTtamust. JKorapsraa KenTipreH aniblk Cyp TOIBIPAKTAp aMAKIIACBIHBIH OPTA COAANBICYIb(ATThI COpPTaH-
JIAFAH KOFApbl HATPHIII >KapThuiail THapoMop(dTel Kebipae (HocOTruIC MeH 3IEMESHTAPIBI, KYKIPTTIH CAIBICTBIP-
MaJIbl MEJTMOPATHBTIK THIMILTIKTEPIH aHBIKTAy OOMBIHINA JANANBIK TIKIPHOE HETII3IHAC ANBIHFAH JEPEKTI Mare-
pHATAAP 3ICMCHTAPITEI KYKIPTTiH (DOCOTHIICTICH aHTAPIBIKTAH APTHIKIIBUTBIFEIH PACTAHABI, COUTIN MCIHOPATHBTIK
KE3EHHIH Y3aKTHIFBIH O1p XKbUFA JCHiH KICKAPTYFa MYMKIHIIK Oepei.

Tyiiin ce3aep: alkali-saline soil, fertility, amelioration, sulfur, phosphogypsum.

K. Ky6enkysos, H. A, Xoxan0aepa, A. X. Haymaoaes, H. Cefitkamm
Kazaxckuii HamOHATBHBIN arpapHbId yHUBEpcHTET, AMarsl, Kazaxcran

CPABHHUTEJIBHAA MEJUOPATUBHASA 3OPP®EKTUBHOCTD ®OCP®OTI'UIICA U CEPBI
HA ITOJYIHAPOMOP®HOM CPEAHECOAOBO-CYJIb®ATHOCOJOHYAKOBOM
COJIOHIIE IOJ30HbI CBETJIBIX CEPO3EMOB

AocTpakT. B crarbe mpuBeACHBI TaHHBIC MOJIEBBIX HCIBITAHUH OIIPEICICHHS CPABHUTEILHON METMOPATHBHBIN
3(()CKTHBHOCTH SKBHBAICHTHBIX 03 (POoC(orHIca U 3IeMEHTaPHOH CEPBI HA COAOBO-3ACOJICHHOM MOy THAPOMOP(Q-
HOM conoHue. Ha ocHOBaHMM aHANMM30B BOAHOH BBITSDKKH NMOYB YCTAHOBJICHA OOJEE BHICOKAS MEIMOPATHBHAA
3(PEKTUBHOCTD NEMECHTAPHON CEPHl M BO3MOXKHOCTh YCKOPCHHOH MEIHOPAIIMH COJOBO-3ACOJICHHBIX II0YB,C €€
MPUMCHCHHUEM CephL. JlecaTnMecssanas HHKyOauusa (Ooc(OTHIICA H HICMCHTAPHOH CECPBI B MOy THAPOMOP(HOM CO-
JIOBO-CYIb()aTHOM CpEAHECOTOHYAKOBOM BBHICOKOHATPHEBOM CPEITHEM COJIOHIIE 30HBI CBETJIBIX CEPO3CMOB OKA3aIH
CYHICCTBCHHOE BJIMSHHUCHA COJACPKAHUC M COCTAB COJICH, NMEPECTPOMB MX HOHHBIH COCTAB, POCTY CYMMBI COJICH H
cHmkeHII0 pH. HekoTopoe cHmkeHNe, 0COOEHHO HA BAPHAHTE C CEPOH, TPEOYET MPOBEACHHUS PpadOT 0 MEITHOPALIIH
TIOYIBCTO MPOMBIBKHA OT HCXOAHBIX IICPBUIHBIX H BHOBb 06p330BH.[I/IXC}I BTOPHUIHBIX COIICH M3 KOpHeO6I/ITaeMOFO [GA)(0):
TIOYBEI. Pe?)y.]'l])TaTBI KOJIMYCCTBCHHBIX H3MCHCHHH B HOHHOM COCTABE )KI/IZ[KOfI (1)33])1 TOYIB OT BHCCCHHBIX MCIIHOPAH-
TOB, 4 TaK XK€ HpOBGZ[eHHOfI TPOMBIBKH IIOYB OKA3aJ 1M HCOAHO3HATHOC BIIUAHUC U HA CYMMBI COJICH.

KmodeBnie cj10Ba; COI0BO-3aCOJICHHAS TIOYBA, IUIOIOPOINS, MeTHOpams, cepa, ochorurmc.

Information about authors:

Kubenkulov Kanaybek Kubenkulovich — candidate of Agricultural Sciences, Associate Professor of the
Department of Soil Science and Agrochemistry of the Kazakh National Agrarian University, Almaty, e-mail:
Kkubenkulov(@mail.ru.

Hohanbaeva Nurzhamal Aybatillaevna — PhD doctoral student of the department "Soil Science and
Agrochemistry", Kazakh National Agrarian University, Almaty, e-mail: nuri.310385@mail.ru

Naushabaev Askhat Khamitovich — doctor PhD, associate professor of the department "Soil Science and
Agrochemistry", Kazakh National Agrarian University, Almaty, e-mail: tatan-askhat@mail.ru

Seitkali Nurzihan — doctor PhD of the department "Soil Science and Agrochemistry", Kazakh National
Agrarian University, Almaty, e-mail: Nurzi.seitkali@mail.ra




