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Amelioration and Utilization of Alkali Seils
of the Solonchak and Solonechak-Solonetz
Types in the Region between the Rivers

Danube and Tisza

S. HERKE and I. HARMATI
Agricultural Rescarch Institute, Szeged (Hungary}

The alkali (*“szik’’) soils oceurring in Hungary’s region between the rivers
Danube and Tisza, except those lying close to the Tisza, contain large amounts
of CaCO,, and varying amounts of Na,CO, and other salts of sodium, with
here and there salt efflorescence. These are soils poor in humus and nitrogen
and their adsorptive complex is dominated by Na*. Such soils are classified
as solonchak and solonchak-solonetz.

Most of such soils are to be found in low areas and, previous to their
drainage about 1920, they used to be periodically flooded, partly by inundations
of the Danube, partly by inland waters draining from higher areas.

Highly calcareous alkali soils containing varying amounts of Na-salts
have developed on sites where, year after year, flood water have evaporated
for thousands of years. The accumulation of Na-salts was particularly high
on areas without natural drainage. It has been established that even water
of the Danube, containing only small amounts of Na-salts, but plenty of
Ca(HCO,), and generally considered to be excellent for irrigation purposes
may cause alkalization when large amounts evaporate from the soil surface.

High water-tables contribute to the accumulation of Na-salts and alka-
lization of soils. The water-table, even in drained areas, is generally 1 to 1.5 m
below the surface, but at some sites and periods it rises to within 40 cm,
30 cm or even closer to the surface.

Depth of the alkali-rich layer varies from 70 to 250 cm and, from the
north towards the south, it becomes gradually deeper. There is sand and gravel
below it down to a depth of 10 to 60 m, and this forms a natural drainage
system which renders the leaching of these soils possible. For the time being
these soils are covered with a natural sod, the composition of which depends
on the properties and hydrological conditions of the soil. Since the establish-
ment of drainage the leaching process is predominant, something clearly indi-
cated by the change in composition of the vegetation.

The first requirement in reclaiming alkali soils in this region, the first.
thing to do is a thorough regulation of the hydrological conditions. Subsequent.
utilization of the soils can be done on two different bases, namely:

1. the quality of meadows and pastures will be improved by various
processes, such as fertilizing, irrigation, weeding, etc. but without chemical
and physical amelioration;

92." by carefully chosen chemical and physical methods the soil will
be reclaimed and made suitable for growing field crops.
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Table
Change of properties of solonchak soeils resulting
i . CaCo,
| Depth | “"’uf 1 ka pH
Treatment I om.
; 1952 1952 | 1958 | 1958 | 1959
& 1 0—20 13.7 | 35 9.31 | 9.18 | 941 | 9.09
20-30 21.9 | 34 9.51 | 9.32 | 9.58 | 9.28
30—40 31.9 | 33 9.59 | 9.35 | 9.63 | 9.30
40 —50 - 32 9.54 — — 9.30
50—60 — 26 9.42 - — 9.24
Gypsum 122 g/ha 0—20 13.4 33 9.33 | 9.10 | 9.28 | 8.67
(= 72.8 gfha CaS0, - 2 H,0) 20—-30 21.4 34 9.62 9.32 | 9.52 9.20
30—40 31.0 34 9.66 | 9.37 | 9.57 9.25
40 —50 — 30 9.62 — e 9.29
50—60 - 27 9.46 — — 9.20
Cypsum 244 gfha 0-20 14.5 34 9.30 | 8.83 | 9.09 | 8.56
(= 145.6 g/ha CaS0, - 2 H,0) 20 —30 23.0 35 9.63 | 9.33 | 9.50 9.14
30—40 33.5 34 9.61 9.32 | 9.52 9.22
40—30 — 31 9.55 ress 9.18
50 —60 - 26 9.42 e - 9.06
Gypsum 366 q/ha 0—20 13.7 35 9.30 | 8.62 | 8.88 | 8.35
(= 2184 qg/ha CaS0, - 2 H,0) 20-—-30 21.0 34 9.57 | 9.30 | 9.40 5.01
30 —40 20.3 34 9.61 | 9.33 | 047 | 9.01
10 —50 — 31 0,58 — — 9.09
50 —60 — 26 9.45 — — 9.08
CGypswm 488 qlha —20 13.3 36 9.27 | 8.32 | 831, 8.14
(= 291.2 gfha Cal0O; - 2 H,0) 20-30 18.2 35 9.57 | 9.22 | 930 | 872
30—40 25.1 34 9.58 0.28 | 9.38 8.04
40 —50 — 31 9.60 — — 8.95
50 —G60 — 27 9.43 - — 8.92
ky == ¢sticky point™ aceording to ARrRavy.

Several experiments dealing with the reclamation and utilization of
“szik”™ soils have been conducted for over a decade in the region hetween
the Danube and Tisza, primarily in the part adjacent to the Danube. Major
results of these experiments are as follows:

1. Utilization as grassland

Results achieved in this way are dealt with in an other report. However,
it should be mentioned that on the average of 10 years HeErkE has obtained

the following hay vields (q/ha):

‘ 2 ’ Npy I Niez Naig
@) on non-irrigated land ........ 8.17 22.94 35.11 142.75
b) on irvigated land ............, 25.03 41.36 53.18 61.87

Note: The subscripts in the headings refer to N applied in terms of kgfha.
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1,
from various doses of gypsum without irrigation
Exchangeable Na* Na* percentage
Total salts % me.{100 g. of “8" value
1952 | 1953 | 1953 | 159 | 1952 | 108 | 1955 | 1089 | 1952 | 1055 | 1ess | 1059
| 1
|
0.34 0.18 0.20 0.13 11.9 11.3 8.7 8.7 70 67 | 51 ‘ 51
0,53 0.20 0.2 0.17 14.7 12.0 9.9 10.6 115 94 kil 83
0.67 0.24 0.20 | 0.17 12.9 9.4 8.5 8.5 140 102 92 | 92
0.62 — s 0.14 | 10.4 — — 6.3 135 — — 82
0.48 — — , 0.08 6.9 — - 1.2 119 — = 4 72
0.35 0.18 0.12 0.07 11.9 8.6 7.0 5.2 70 al 41 ‘ 31
0.62 0.19 0.18 | 0.14 14.7 10,8 9.1 9.5 115 84 71 74
0.69 0.21 0.18 0.15 12.9 9.6 7.6 8.6 140 104 82 93
0.54 — - 0.13 10.4 — — 6.7 135 — e 87
0.40 — e 0.07 6.9 — — 4.2 119 = t 73
0.3+ 0.16 0.09 0.05 11.9 6.8 4.7 35 | 70 40 28 22
0.59 0.19 0.16 0.10 14.7 10.8 8.1 7.8 115 84 63 61
0.66 0.20 0.13 | 0.10 12.9 9.6 7.7 6.6 140 | 102 84 73
0.71 — 007 10.4 — - 4.7 135 — - 61
.44 — e 0.05 6.9 = — 3.4 119 - | — a8
.33 0.16 011 | 0.03 | 11.9 5.9 3.9 3.1 70 | 35 23 18
0.60 0.18 0.153 1 0.07 14.7 10.5 7.1 9.8 115 82 55 45
074 0.19 0.16 0.07 | 12,9 9.0 7.0 5.2 140 98 76 56
9.60 — 0.07 | 10.4 = 4.2 185 | — — 54
041 | — 0.04 ‘ 6.9 - - 3.0 | 119 | — — 52
- |
0.29 0.19 0.15 0.03 | 11.9 1.5 1.4 1.8 70 27 11
0.57 | 019 | 017 | 007 147 | 103 6.5 3.5 115 | 82 51 27
0.66 0.19 0.16 0.09 ' 12.9 9.4 6.3 6.0 140 | 102 68 54
0.66 | — | 008 ] 104 | - — 41 1 135 | — — 1 53
044 | — 0.06 | 6.9 - — | 31| 8| — —| 53
l a

9. Utilization by field crops grown afler chemical and physical aineliorntion

Solonchak and solonchak-solonetz soils can be used for growing field
crops only after a thorough reclamation of their extremely bad chemical and
physical properties. For this purpose several reclaiming materials have been
tested in our experiments, namely: mineral gvpsum, sulphuric acid, hydro-
chloric acid, exposed and roasted alunite, lignite dust unfit for use as fuel,
ferrosulphate (an industrial by-produect), gypsum sludge from sulphuric acid
and alumina factories. All of them have proved to be suitable ameliorating
materials, both in experiments and in actual farm practice. However, onlv
lignite dust and gypsum or their combination are being used, as they are the
ones available.

In the course of our investigations the following methods have heen studied:

@) Chemical amelioration without irrigation.

b) Chemical amelioration along with sprinkling irrigation with and
without subsoiling,

¢) Chemical amelioration along with rice growing

With each treatment various combinations of manuring and of crops
were studied.
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Table 2,

Yields obtained on solonchak soils reclaimed with various amounts
of gypsum without irrigation

—
g o B R R
(coots) (grain) [ (grain) (green)
Treatment —
Yield kg,/100 m?
1958 | Tost | 1957 | 1858 | 1959 | 1960 [ 1861 ‘ 1963
|
@ 19.99 0 0 1.17 | 10.16 2.83 2.67 J 24.49
72.8 q/ha Cal0, - 2 H,0 161.60 5.83 2.83 3.66 | 21.32| 14.16| 10.17| 26.16
145.6 ,, 75 151.61 6.16 4.83 | 4.33 | 28.49| 19.82| 14.50 73.30
218.4 ., 5 128.28 | 4.33 3.66 | 4.16 ‘ 24.82 | 21.16| 16.17| 80.80
291.2 ¥ 106.62 3.50 1.67 3.00 | 28.99| 21.99 11.50[ 88.62
3. D. (5% point 27.15 1.46 1.33 L48 | 293 2501 2.000 23.66
v | | |
\

a) Chemical amelioration and utilization of solonchal and solonchalk-
solonetz soils without irrigation. — Comparative experiments have heen carried
out with reclaiming materials of various doses mixed into the upper 0 to 20 cm
layer of the soil. The amounts required were worked out on the basis of an
index number obtained by the method HEerxE developed for this purpose.
The index number is computed from the exchangeable Na* and soda contents
of the soil.

The process of melioration in the case of dry farming (i.e. without irri-
gation) is presented with the results of an experiment with gypsum (Table 1.).

The data of Table 1 reveal the fact that only the 0 to 20 em layer,
into which the gypsum was worked, has been significantly improved. Total
salts, pH, and exchangeable Na* have decreased considerably in the lower

Table
Change of properties of solonchak-solonetz soils resulting from the application
Cal0, % i ky pH
Treat me nt RepLh 1962, X.
1959, VIII. 1968, VIIL. |~ o =
|___subsoiling | subsoiling
@ [ 0-—10 5.1 ‘ 34 8.38 ‘ 874 | 8.60
10—-20 12.4 38 9.09 j .01 I 9.01
20 —40 25.3 33 9.25 | 935 | 9.36
40—60 38.8 25 9.25 i 9.41 | 9.40
Lignite dust 010 5.1 33 8.35 ! 768 79
1738 g/ha (= 191 10—20 11.8 40 9.07 | 8.12 | 8.08
q/ha CaSO, - 2 H,0) | 20—40 24.1 33 933 | 905 | s54
40—60 33.7 26 9.25 ‘ 9.3¢ 9.31
, |
Gypsum dust 0-—10 4.8 35 8.45 7.54 7.58
347 q/ha (= 191 10—20 12.3 39 0.08 ‘ 8.22 8.00
a/ha CaSO, - 2H,0) | 20—40 20.5 34 931 9.09 | 9.0l
4060 31.8 26 9.26 | 9.25 i 9.20
| |
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layers, but the percentages of Na* equivalent reveal that here the soil has
remained alkaline. As a consequence, soils reclaimed in this way will have only
a shallow layer with good tilth. In the cultivated topsoil the rate of improve-
ment was considerable even in the first year, while at lower levels it took
place only after some vears owing to the slow dissolving and percolation
of gypsum under the influence of the natural rainfall (500 to 600 mm per
annum). The subsoil has kept on improving, though at a slower rate, after
the first three vears.

Total salts in the control plots broken up, and planted with field crops,
without chemical amelioration, have decreased considerably. This is because
the upper 80 em layer of the experimental plot is a medium heavy sandy
loam with a highly permeable sand beneath; when the upper level is cultivated
an appreciable leaching probably takes place as a result of natural precipitation.

Similar improvement was achieved with lignite dust if used in equivalent
amounts to the active agent of gvpsum dust. Main active agents of lignite
dust are: gypsum, ferrosulphate and sulphur. In soils with alkaline reaction
lignite dust has an additional beneficial effect due to its organic matter con-
tent (about 85 per cent), though the nature of its action has not yet been
clarified, The extensive use of lignite dust is hampered by its low content of
active agent and consequently the great amounts recuired. In our latest
experiments lignite dust applied in combination with gypsum gave very good
results.

The progress of improvement is manifested not only in change of soil
properties but also in the growth of plants and in the vields (Table 2.).

The above data reveal that, in the years subsequent to amelioration,
vields did not inerease in proportion to the amount of gypsum applied or to
the apparent soil improvement; on the contrary, vields decreased. Konva
has suggested that the repressive effect of CaS0O, on nitrification may be the
cause. According to recent experiments this decrease can be prevented by

.

of lignite dust, gypsum duost and subsoiling along with sprinkler irrigation

Total salts 95 Exchangeable Na* me.[100 g. l
7 = i - - — ‘ Na' }Je’t’mntnge
To8g 1062. X. . I 1962. X. 3 of *§ 1::1]119
VILT without | with 1959, VILL. without with 1959. V111,
SleSOﬂElE e :__buhsoiling L subsoiling s subsoiling o
.08 ‘ 0.13 0.11 ‘ 4.23 w22 4,00 ! 35.2
0.20 017 .13 9.21 7.65 7.10 | 82.2
0.20 0.20 0.18 | 8.71 | 10.03 9.10 104.9
0.13 0.15 0.14 ‘ 5.7 6.93 ‘ 6.17 ;1110
0,08 o0 o1 | o437 ] 182 2,07 38.7
013 0.12 0.11 | 10.18 ‘ 3.23 | 3.18 90.9
0.18 .19 0.18 ! 9.64 6.92 | (.88 110.8
0.13 0.15 0.15 6.14 ! 5.52 6.18 | 113.7
0.08 0.16 0.12 ‘ 422 | oss | 0 41.4
0.19 0.20 | 0.15 | 9.93 2.42 | § S | 90.3
0.19 | 0.20 0.17 ! 9.48 | B.72 5.63 | 107.7
0.12 | 0.15 0,13 ‘ 5.55 | 5.08 14.13 106.7
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Table 4.

Yields obtained on solonchak-solonetz soils reclaimed with lignite dust,
gypsum dust and subsoiling along with sprinkler irrigation
(1962—1963)

! Wheat Mangel-wurzel Sunflower TRed clover Sweet clover

—— grain crop root crop grain crop hay crop hay crop

| q./ha. | o q./ha. | % q.fha. { Ly q.(ha. | % q.fha. ‘ 9%
[ I | ]

@ ‘ 6.5 100 206 l 100 6.5 100 | 28.8 | 100 | 20.0 100
Subsoiled ......... 6.9 106 220 | 107 T 118 35.2 | 122 | 24,4 122
Lignite dust....... i 14,7 226 490 238 16.1 248 | 53.5 ‘ 186 | 22.0 110
Lignite - ‘

subsoiling ....... 18.4 283 | 640 311 18.0 277 | 69.5 241 36.3 181
Gypsum dust...... | A2 195 424 206 18,0 277 | 56.3 195 24.4 122
Gypsum -+

subsoiling .. ..... 16.5 254 537 261 19.9 3006 69.2 240 | 25,7 128
SD% e, E 2.9 45 L23 60 3.4 52 4.9 | 31 8.9 44

v { 0 i

an adequate dose of nitrogen fertilizer. Experimental results of 1959—1963,
when doses as low as 35 kg/ha. of nitrogen were applied, scem to support
this suggestion.

Chemical reclamation of alkali soils for production of field erops without
irrigation is not profitable.

Table

Change of properties of solonchak-solonetz soils resulting from the application

UﬂCO;‘ k.d DH
Deptl %
Treatment I:g_ g
5 1954, 1954, 1955. 1956,
1954, V. 1v. X, XII. b

] 0—-10 9.5 36 8.88 | 8.90 | 8.56 | 8.61
10—-20 9.3 37 8.98 8.93 9.08 8.89

20—-30 17.1 34 930 | 9.37 | 943 | 9.36

30 —40 26.5 31 0.48 | 9.47 | 9.57 | 9.48
40—50 40.8 26 9.25 | 9.60 | 9.52 | 9.59
50— 60 41.9 21 9.20 | 0.30 | 9.83 | 9.49

Gypsum sludge 400 g/ha 0—-10 11.7 36 8.97 | 7.98 | 7.05 | 7.90
(= 200 g/ha CaS0, - 2 H,0) 10—20 124 | 34 9.13 | 8.37 | 8.37 | 8.31
20—30 22,6 | 31 9.37 | 9.25 | 8.82 | 9.07

30 —40 29.6 28 9.52 | 9.52 | 9.05 | 9.22

40 —50 40.8 25 9.50 | 9.45 | 9.25 | 9.22

50 —60 32.4 23 9.45 | 9.47 | 9.15 | 9.17

Lignite dust 800 q/ha : 0—-10 8.0 37 9.07 | 8.53 | 826, 8.05
(= 160 gfha CaS0O, - 2 H,0) 10 —20 9.2 34 8.86 | 9.00 | 8.90 | 8.65
20—-30 15.5 31 9.33 52 | 9.45 | 9.42

9
30 —40 22.6 29 9.30 | 9.52 | 9.50 | 9.50
40—350 28.4 25 930 | 9.57 | 957 | 9.57
a0 —60 29.6 22 9.30 | 9.50 | 9.55 | 9.5
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b) Chemical amelioration and utilization of solonchak and solonchak-
solonetz soils in combination with subsotling and sprinkler irrigation. — In order
to accelerate and intensify the rate of leaching and to develop a deeper tilth
on saline, sodic alkali soils, as well as to secure a better water supply for the
crop plants, we have been conducting experiments in recent years in which
chemical amelioration is combined with subsoiling (i.e. subsoil loosening)
and sprinkler irrigation. By subsoiling to a depth of 60 cm, the strongly
compacted “B” horizon, which is an obstacle both to leaching and to penetra-
tion of roots, was hroken up. As chemicals, lignite dust and gypsum dust
were applied. In 1960 and 1961 sweet clover was grown for green manure,
and from 1962 on various crop plants were grown in rotation. In 1960 2 x 30=060
mm, in 1961 3x 25 = 75 mm, in 1962 12 x 30 = 360 mm and in 1963 6 X 30 =
= 180 mm water was applied by sprinkler. Because of the low infiltration
capacity of the soil more water could not be applied at a time.

The resulting changes in soil properties are shown in Table 3.

As revealed by these data, sprinkler irrigation, because of the small
amounts of water applied at a time did not cause significant changes in the
soil. Irrigation provides a better supply of water for the plants, and increases
yields (Table 4.). 44 kg/ha P,0; and 65 kg/ha N were given to the experimental
plots in both years.

According to the average of two years data, sprinkler irrigation produced
satisfactory vields, and subsoiling considerably increased the yield of all crop
plants studied.

3.

of lignite dust and gypsum sludge to land for rice growing

Thatal. el % il iy
vost, | ot | s | wse | ume | vecs | vess | tess | tese | aese | s | tese:
Iv. X XII. X, IV. X. XII, ] X, Iv. X. XII. X,
j |
004 | 014 | 007 | 009 | 7.6 | 43 | 85| 33 64 | 36 | 29 28
018 | 013 | 011 | 010 | 7.1 | 6.6 | 6.6 | 45 | &7 | 53 | 53 36
025 | 017 | 014 | 012 | 111 | 84 | 87 | 67 | 105 | 80 | 82 64
036 | 016 | 014 | 011 | 99 | S84 | 85 | 61 | 106 | 90 | 91 62
033 | 016 | 014 | 0.09 | 82 | — 78 ' 51 | 108 | — | 103 67
0.23 | 014 | 012 | 008 | 52 | — 54 | 43 | 88 | — | 102 62
014 | 014 | 0.08 | 011 | 6.5 28 | 12| L1 66 | 24 | 12 | 12
018 | 014 | 0.08 008 | 7.9 22 | 29 | 19| 78| 21 30 19
032 | 014 | 0.08 | 0.06 | 104 7.0 | 38 | 36 | 125 | 8 | 46 | 43
033 | 013 | 007 | 0.05 | 83 | 61 | 45 36 . 117 | 86 & 63 46
024 | 012 | 005 | 005 | 71 | 52 | 3.4 27 100 | 94 62 49
015 | 011 | 0.04 | 0.02 | 38 | - 29 =11 63| - 63 47
018 | 014 | 010 | 007 | 88 41 | 30| 82| 66 | 31| 20 24
0.18 0.16 0.13 0.13 TAH ] 90 | 5:2 4.6 | Ho 51 38 34
032 | 010 | 015 | 013 | 98 | 98 | 73 . 65 97 | 96 | 72 64
0.35 0.20 0.15 0.14 9.3 8.8 7.6 64 115 109 94 80
0.23 | 0.19 | 013 | 011 | 80 ' 7.2 | &7 | 53 | 140 | 126 | 100 93
0.20 ' 0.17 | 0.11 \ 000 | 63 47 | 34 i 126 | — 93 68
! | i
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¢) Chemical amelioration and utilization of solonchalk-solonetz soils for
rice growing. — The question of utilization of solonchak and solonchak-
solonetz soils for rice production has been studied since 1954, along with
attempts to bring about their amelioration. It has been established that on
such soils — because of the high degree of alkalinity — chemical amelioration
is an indispensable prerequisite to successful rice growing. Applications of
reclaiming materials for rice production are considerably smaller than for
other field crops. Rice can grow satisfactorily in soil with good structure to
a depth of 10 to 12 cm. In soils of coarse texture constant flooding will bring
about considerable leaching and improvement, so chemical amelioration of
the top 10 to 12 em layer may be sufficient. Finer textured alkali soils, however,
have to be reclaimed to at least a depth of 20 em, not so much for the sake
of rice, but for the sake of the field crops which are to follow it.

The improvement achieved in alkali soils of coarse texture by chemical
amelioration and flooding is shown in Table 5.

Leaching and improvement caused by flood water alone was considerable,
as shown by the data. Gyvpsum sludge was more cfficient than lignite dust,
because of the higher active agent content of the dosages applied. It may be
noted that, because of the inereasing permeability of the soil, the water
requirement for rice increased yvear by vear, corresponding to the rate of soil
improvement.

In course of these experiments the following rice yields were obtained
(Table 6.).

Table 0,

Rice yields obtained on selonchak-solonetz soils

Rice yield g/ha

Treatment
1954 1950 ‘ 1956 19567
ot 1.97 7.15 % 11.57 22,84
Gypsum sludge ...... 32.40 12,60 | 22.00 | sweet clover
Lignite dust,......... 48.60 28.00 \ 28.00 sweet clover

The data show rice yields on unreclaimed soil was not satisfactory in the
first three years, but increased year by year. Though the reclaiming effect
of lignite dust was Jower than that of gypsum sludge, yields with lignite dust
were higher. This may be due to its stimulating effect on plant development.

In heavy alkali soils the combined practices of chemical amelioration
and subsoiling appeared to be the best.

d) Manuring of recluimed solonchalk-solonetz soils. — As alkali soils of
this type are very poor in organic matter and nutrients, particularly in nitro-
gen, but often in phosphorus as well, manuring is indispensable. The potassium
supply is usually medium or good.

For the methods described initems 1 to 3 manuring experiments were
also conducted. The results show that organic manuring is neccessary partly to
provide nutrients, but partly also to improve the physical properties of soil.
If no farmyard manure is available, green manure may successfully be applied.
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Application of N-fertilizer is essential and greatly increases the yield
of all crops except legumes. Phosphorus used alone has a significant yield
increasing effect only in the case of legumes. Generally the joint application of
N and P fertilizers has proved to be the best. Potassium hasno yield increasing
effect. Tiffects of fertilizers are greatly enhanced by irrigation.

Results of experiments with joint application of fertilizers and irrigation,
deseribed (under item 3.), are shown in Table 7. Results indicate the first class
importance of manuring in reclaimed alkali soils.

Table 7.
Fertilizing of solonchak-solonctz soils reclaimed with lignite dust 4 gypsum

dust and leached (for 342 years) while growing rice (1961—1963)

Riee ! Wheat Maize Mungel-wurzel Ited clover
. grain erop | grain crop our erop root crop hay erop
Treatment | ‘
1 o/t ‘ o ! ufbn % o fha ‘ oL 7 i qfha ! ot ‘ qfha | Y%
i ‘ G — .
o 208 i 106 1.9 . 100 ‘ 220 1on 202 1 100 ‘ TH.8 100
B 2511 111 14.3 : 120 26.2 0 116 | 372 : 128 | 120,1 150
Nias 320 154 | 217 182 48.2 ! 213 605 1 207 [ 111.0 139
PN, 34.1 | 164 | 282 | 2386 | 46.7 | 207 713 244 [ 1100 | a
S. D. (3%, point) 24| 12 i 35| 20 102] 45| 33 i 18| 116 14
' ‘ . \

The treatment subscripts refer to the feffective agent kgjha™,

Summarizing the results of our investigations it mayv be stated that saline,
basic, calcareous alkali soils (i.e. solonchak and solonchak-solonetz soils)
can be permanently reclaimed and made suitable for growing field crops with
the use of proper chemical materials. In order to obtain a quicker and better
result and to obtain efficient crop production, irrigation, subsoiling, and manur-
ing (with organic manure and fertilizers) should be implemented.

The great irrigation scheme now being developed in the region between
the rivers Danube and Tisza, has given carveful consideration to the results
of our investigations and our findings will be used extensivelyv in the project.

MBHMOPEHHH " HCINONb30BAHHE 3ACOJIEHHBIX ITOYB THNA COJIOHYAKOB
H COJOHYAKOB-COJOHUOB B MEAYpPEUbe HYHEH u Tuecn

Hl. XEPKE w H. XAPMATI
Hayuno-V ccneposareaberiift CenberoxosancTseHnetit Mucturyr, Ceren (Benrpusn)
Peswme

30C0eHHBIC TTOUBL! THIIA COM0HYAKOB H COJOHYAKOR-COJOHLIOR B Benr pim pacnoaraiores
B HCPBYE) OUCPETL HA TEPPITOPHIT, Jdeskanell mexay pexavi Jyvnail i1 Tiicea. 9TH M0UBLL co1ep-
JKAT B OOJIBIIHX TFTH MeHBHIHX KOAMHCCTRAX CO/LY M IPYVIHE COJIT HATPHSL, a Tawske Golblioe
KOANUeeTBo KapdoHata Kalbinisl. IyMycom oan OIHBI H X TIOUBEHHONOTIOMANILHIT oM
Jere Hacnimen natpies. [puuinoit passHTist 3THX N0UR SBISIETCS] 0THACTH HCHAPeHIe HAKO-
THIBIIXCsE TTIOBEPXHOCTHLIX BO/1, OTUACTH KAIILISIPHOEC NMOIHATIC 3ACOMCHHBIX TPYHTOBLIX BOL.
TTu1 3acOJIeHHBIM TOPHBOHTOM, TOJHIMHOA B 0,7—2,5 M, XapaxTepHavIonmmest IAoxXok crpyK-
Ty poil, Ha raviune 10—60 M Haxo1res 210 rmecka 1 rpasisl, KOTOPLHT co37aeT ecTeCTBeHHYI0
JPEHAMHYIY CHCTEMY 11 3THM CaMBIM BOSMOYKHOCTL BBLILICTAUHBAHNSL (ITPUMBIBARIS) ATHX TOUB,
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B Hacrosiuiee Bpems 9TH MOUBbI HAXOAATCS TIOJ SANENDBIO H HCMIONL30BAHNE HX [0/ MOJEBHE
KYJILTYPLl OYACT BOSMOMKHLIM JIMIUL [OCITE KOPEHHOrO YVUIIEHMH MX Kpaiilie HeGraro-
TIPHATHBIX XUMHYECKHX M (QH3HYECKHX CBONCTE.

Oauam w3 cnocofoB, paspaloTAHHLIX B 1e7sX JIYUUIETO MCTOJIB30BAHHS ITHX 110UB,
ABIIFIETCST MOBLILEHHE YDOYKAHHOCTH ecTecTBeHHLIX Bhimacor (Puccinellia limosa, Agrostis
alba) myrem BHecenust yaoGpenuil a, rue BOaMOYKHO, U OPOLIEHHEM.

Hpyroit meron, KOpeHHOro ymyumeHHs, npM  KOTOPOM OPOH3BOJHTCS  MONDLEM
[j1acTa 3a KOTOPLIM CNEAYET XUMHUECKAST MEJIHOPAIMST M 0CCE NONEBLIX KYJILTYD WM Tpan.
B rauectBe XHMHYECKHMX CPENCTB MENHOPALNU HCTIO/IB3YIOTCS PHIIC, MM JIMTHHTHL MOPOLLIOK,
MIIL 3le CMECh 000HX BeulecTn. B pesynbrare Xumiueckoit MeNHODALME XHMHYCCKHE 1 (prsu-
HECKHE CBOHCTBA NMOYBbI MSMEHSTIOTCH MPONOPLMOHAILHO I03aM BHCCEHHLIX MENIMOPHPYIONIMX
pemects. CTENeHb YAyUINeHns! IOUBbH HAKGOBIIAS B TIePBELE JBA-TPU I'01A, HO npouece yayu-
WEHNsT NPOAOJRATCS, — XOTS U MEJUICHHEE — M IIOCJIe 9TOr0 CpoKa.

15 KOPEHHOTO yNyulleHHsT TIOUBLI TPeGVIOTES 04eHb GOJIBLIMNE 1036l METHOPHPYIOLIHX
BCIECTE, TI03TOMY, KAK NPABHJIO, XHMHYCCKOH MeNMHOpauMH HOABEPraeTcsl TOALKO CpaBHH-
TEABHO TOHKHH (20—25 cm) sBepxuuit cnofi nouse. B pesysibTaTe 3TOr0 HA TAKMX ILIOIA/SAX
BOZMOXHOCTL BLIDAIIHBAHHS TIONEBLIX KYJIBTYP 0€3 0powCHHsA CHILHO OIPaHHYEHA M HepeH-
ra0ensHa. P OMBITOB Z0KA3a M, YTo HaHG0IIee ObICTPLIM H 0CHOBATELHBIM METOL0M VAy4LIeHUs
TAKHX TI0UB ABJISIETCS XHMHYECKAS MeTHOPALHST B COYETAHMH € ODOWIEHHEM, LI0CNE KOTOPLIX
W UCI0JIL30BAHHE  9THX MOUB CTAHOBHTCA peHTafenbHbiy. Ha reppHropHsix rae npose-
ACHO DEUYIHPOBAHHE DEK VIKE OHO TOJBKO OPOLIEHHE MOYKET BLI3BAThH 3HAUHTCIBHOE YIIyu-
wenne, CTeMeHb yIYULICHHS 3ABMCHT OT CTCMEHH BLIIIEI0UCHHOCTH NOYBDLI, 4 TAKIKE OT KO-
HCCTHA M KAUECTHa OpOCHTEe b0l BojL. OpolieHHe MOBLIIALT H S(P(EKTHBHOCTE XHMHYECKOI
MEJUIOPATNHM, T. €. Bech NPOQHIL 3ACONCHHBIX ITOUB ¢ DoJee MErKHM MEXAHUYECKHM COCTAROM
MOMKIIO B COBCPIICHCTBE IIPOMBITH H H3MEHHTh.

M3-32 GOMBLIOH MACCH! BOALI, HCIIOAB3YEMOH NPU 3aTOMICHHI PHCA HAHGONBUICE BbILe-
JaunBAHHE M YAYULICHAC TI0YBBl HAGILIOAAeTCA TIPH BLIPALMBAIMH PHCA HA MOUBAX, MOJBCPI-
HYTLIX XIMHYECKOH Menuopanuu. Ha Taxux yuacTkax nocie 3—5 ReT BO3AeNbIBAHMS pHea
MOIKHO € YCHNEXOM BLIDAIMBATE OOJIBIIMHCTBO MOJEBHIX KYJALTYD B YCAOBHAX OPOIICHHS.
BrunenauupaHiie MOMHO YCHIHTB 3eMIICBAIHEM.

B revemde pana Jier HAMM M3yyanach BOSMOMKHOCTH KOMILICKCHOIO MCIIQNb30BAHHA
JOFKICBAHHST, XUMHYCCKOIT Mesropars i semieBannst. XOTS HCIOJb3YEMOE NP 9TOM METOC
KOJIHECTBO BOALI SHAUHTEIbHO MEHbILlE, UEM [IPH 3ATOMNEHHH, — M CJIEJOBATEILHO M TIPOLECC
YAYHUIERHST TOUBLL WIET MC/J1CHHee ¥ MEHEE HHTeHCHBHO, 0Ka3LIBACTCS, YTO PACTEHMA H TaKHM
00Pa3OM MOKHO 00ecneunTh HCOGXOAMMBIM JUIST HHX KOJMUYECTBOM BOJBI, TO €CTh II0JIy4HTh
BRICOKHE I yCTOHYMBLIC YpOykan. B 911X onbITax 3eMIeBaHHe B COTCTAHMN C TIYHOKHM PLIXJe-
HHem (60 cM) MOYBEl TIOBBICHJIO VpoxKaiiHocTh BCEX YuaCTBOBABIIMX B OTILITC KYJILTYD Ha
20—50%,.

BBuay Toro, ure 3acolieHHbie [0UBHL BeChMA (BXHLI TIHTATCXIBHBIMH BEMCCTBAMH, 0C0-
OCHHO a30TOM, IJIA 00CCMEUCHHS COOTBETCTBYIONIEr0 YPOBHS YPOMKAHHOCTH HAPALY ¢ XHMU-
UeCKOfl M MeXauueckol Mennopauneil MOUYBbl HEM30EHCHO BHECCHHE yroGpenuii, HanOonee
BKHLIMI SIBISIIOTCS a30THHIe YROOpenusA. Ypo)kaliHocTes GONbIIMHCTBA TIONERLIN KYILTYD
BHECEHHEM OHMX A30THLIX MHHEPANbHBIX YA0OpeHuil MOMCHO MOBBLICHThL BABOC. Y poyKai-
HOCTL DOOOBRIX KYJIBTYD JKE MOXKHO TIOBLICIITh BHECCHHCM B [IEPBYI0 OUYEPE/Ib MHHEPAJBHEIX
vaobpenuil, comepyanx gochop.

Flpn ocymecTBICHHN IPAHAMOSHOTO NPOCKTA OPOLIEHIs Mekiypeubst ynast u TuHcchl,
MPOHCXOAMIETO B HACTOSIICE BPEMST, YUTEHBl U PE3YNbLTATH HAIUMX ONbITOB H OVIVT COS/AHDI
VCI0BHS Uit WX WHPOKOro BHEAPEHHSI B [IPOMIBOJICTBO.



