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Improvement and effective use of unused land in conditions of land poor of the Republic
of Armenia is one of the crucial problems in the field of agriculture. The purpose of the work has
been to study the reclamation condition of the uncultivated chestnut lands of the Republic of
Armenia and recommend a system of measures to improve them for involvement in agricultural
turnover. The chemical and physical properties of the lands have been studied, as well as the
degree of rockiness, and the content of nutrients. It has been shown that the lands are characterized
by medium and firm rockiness, the presence of cemented horizons, weak and medium clay-loam
mechanical composition, and medium and firm calcareousness. Land reclamation measures have
been proposed, which will allow the establishment of perennial plantings on the territory.
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33 uwywywhnnnigjwl  wwjdwuubpnud  wlogwnwagnpétih hnntph pwpbiuygndp W
wpnntbwybun ogunwagnpénudp gjninwnunbunijwl ninpnh wplnp hhdbwpuunhpubphg Gu:
Whwwnwlph Uwywuwwyu E GGl niuntduwuhpby 33 sdpwydnn 2wgqwlwywanylu pwppwpnun
hnnGph JGihnpwuwhy Jhtwyp L wnwowpyt, npwlg pwpbwydwlu dhongwnnidubph hw-
dwywpg® gjninunbinbuwywl pppwlwneniejwl Ut Ubpgpwytint hwdwp: I6nwqnundt] Gu
hnnGph phuhwywl b Shghlwywl hwwnynipintlutpp, pwppwnnnniejwl wuwnhdwlp, ullUnw-
wnwppbph wwpniuwyneeniup: 8nyg £ wipdG, np hnntGpp punipwapynd Bu Jhghu W nidtin
pwppwpnuntejwdp, gidGUinwgwé hnphgnuubph werywjniejwdp, pnyp L dheht yuwdwquwjhu
JGhuwuhywywl Ywaguny, dhohtu W nidbn ywppnUwwnnipjwdp: Unwewnplytp U hnntph pwnt-
(wydwl JGihnpwwnhy Jdhongwnnidubp, npnup pny) yunwu nwpwépnd hhdubp pwgdwdjw
inuywnpyutp:

Utihnnwghw — pwnpwnnu — pwnbjwynid — gbdtluinwguwd hnphqnl — nkanwnwghw

Viyamenne n 3GQEeKTHBHOE HCIIONb30BAHNE HEHCHONB3yeMbIX 3eMeTb B yCIOBHSIX Ma-
no3emensst PecryOnuky ApMeHUst IBIIS€TCS] OMHON U3 BayKHEHIINX MpoOsieM B 00JIaCTH CETbCKOTO
xo3stiicTBa. Llenmpro paboThl OBIIO M3YYNTH METHOPATHBHOE COCTOSHHE HEoOpadaThIBAEMBIX Kalll-
TAHOBBIX 3eMelb PecryOnmkn ApMeHNS M peKOMEHIOBATh CHCTEMY Mep 10 MX YITyUIISHHUIO IS
BOBJICUCHUSI B CEJIBLCKOXO3SIMCTBEHHBI 000pOT. BhUIM M3ydeHbl XUMHUYECKHE U (U3HUYECKHE
CBOMCTBA I0YB, & TAK)XKE CTENEHb KAMEHHUCTOCTH M COJAEPKAHME NMUTATENbHBIX BeLIECTB. bbuio
MOKa3aHO, YTO 36MJIM XapaKTEPU3YIOTCsl CPEHEN U TBEPAON KAMEHMCTOCTBIO, HAIMYUEM CLIEMEH-
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TUPOBAHHBIX TOPU30OHTOB, cabbIM U Cp€AHUM TJIMHUCTO-CYTTIMHUCTBIM MEXaHUYECKUM COCTaBOM,
a TaK¥XKe cpenHeﬁ " CWJIBHOU Kap6OHaTHOCTI)IO. Brutn NPEAJIOKECHBI MECJIMOPATUBHBIC MEPOIIPUs-
THS1, KOTOPBIC TO3BOJIAT CO34aTh HAa TEPPUTOPUN MHOTI'OJIETHHUEC HACAKICHUS.

Me.mopauuﬂ — KaMeHucmocmys — yaydyuleHue — L{&l’le‘Hl’I’lup()()’aHthlj 2OPU3OHM — ()62[7(1()(11414}[

In the context of global climate change due to rising temperatures, lack of
irrigation water, and improper land use by people, the processes of land degradation are
developing with great force (1, 3, 11). Considering the case of land-poor Armenia, there
are about 24.5 thousand hectares of saline-alkaline, 15.0 thousand of hectares secondary
saline-alkaline soils, 11.0 thousand hectares of wetlands, about 34.5 thousand hectares of
rocky lands, 50.0 thousand hectares of lands polluted by technogenic elements (13, 2, 6,
10). Armenia has 942.23 ha of unused lands, of which 463.95 ha are rockiness lands.
The abovementioned lands can not be used for agricultural purposes without melioration.
The total area of unusable land is increasing year by year, which is due to degradation
processes. It should be noted that 74 thousand hectares of unused lands are void of the
surface fertile soil layer, and 623.3 thousand hectares are eroded in various degrees. Ten
thousand hectares of flinty lands in Soviet Armenia were brought under cultivation,
where perennial plantings were cultivated. We should note that improvement works
require too high capital investments. Consequently, there is a need to change approaches
in the process of land improvement, such as local land improvement (when only the area
of crop nutrition is radically improved), which can be facilitated by modern, powerful
technical means, as well as the introduction of a drip irrigation system that reduces the
area of nutrition, as well as volumes and losses of irrigation water.

According to the conducted research, it is possible to improve about 100 thousand
hectares of the land plot and be involved in agricultural turnover in Armenia. However,
in recent years, it has been increased uncultivated land plots, amounting to 50% of
cultivated land plots, connected to a number of socio-economic and other reasons. In the
conditions of the land-scarce Republic of Armenia, the proper and efficient use of lands,
an increase in fertility, improvement of saline-alkaline, heavy metal-contaminated, rocky
lands, and their involvement in agriculture have of great importance for the development
of the country's economy.

The soils salinization and alkalization processes are global issues that have a
negative impact on the chemical and physical properties of soils, resulting in reduced
agricultural productivity. For the sustainable development of agriculture, it is important
to improve the ameliorative-ecological condition of saline lands by using different
ameliorators (5, 8, 9).

Reclamation of rocky soils is of paramount importance for the efficient use of
land resources. Vast plots of land in the foothills and mountainous regions of the
country, which are often quite fertile, are not used due to rocky conditions.

Rockiness is known to reduce the agricultural value of lands. The surface, semi-
buried, and buried stones are complicated and often exclude the implementation of
necessary agrotechnical and reclamation works; they reduce soil fertility. Therefore,
improving rocky lands and increasing their productivity is critical and requires
immediate solutions.

Materials and methods. The object of study was a land plot with an area of 50 hectares in
the Parpi community of the Aragatsotn region of the Republic of Armenia, which was located 700
m north of the Ashtarak-Gyumri highway, at an altitude of 1100-1150 m above sea level, in the
zone of distribution of chestnut lands (fig. 1). The studied area had various inclination levels, mid
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and low-level rocky surfaces, often with half-buried stones and in places with deep rock
formations. Still, overall it was a pasture land with an even surface.

Fig. 1. Rocky land plot of Parpi community

The purpose of the study was to study the degree of rockiness of the mentioned
land plot, the chemical composition of the soils, and, based on the research results, to
develop ways to improve these lands.

Forty soil diggings of different depths were laid in the study area, depending on
the digging ability (30-100 cm). The degree of rockiness of the lands, the chemical
composition of the soil solution, the content of available nutrients and humus were
studied in the mentioned area. The chemical composition of the soil solution and general
chemical analyses were carried out by accepted methods, according to Arinushkina (12).

The kind and degree of rockiness were determined during the research work to
organize the technological process of stone cleaning properly. The nature of the
rockiness is characterized by the fractional composition of stones (large, medium, and
small), as well as their location (surface, semi-buried, and buried) (7).

For agricultural field research, soil digging with a length of 1m 25 cm, a width of
80 cm, and a depth of 30-100 cm were installed in the study area, depending on the
digging ability. During the cutting, the stones removed from different layers were
isolated and stacked in the form of a known geometric shape; the volume was
determined so that the quantitative calculation of the stones would be correct. Based on
the number of stones removed from the soil digging, the number of stones per 1 hectare
was determined. During the calculation of the stones, stones of different diameters (10-
15, 15-30, 30-50, and more than 50 cm) were sorted out. After calculating the amount of
removed stones, it was multiplied by a factor of 0.7 or 0.8, depending on the degree of
porosity of the heap of stones. To convert the obtained data into m®t/ha, it was
multiplied by the volumetric weight of those stones.

There was a calculation of the degree of rockiness of the soil in parallel with the
establishment of the land digging. The calculation was done by grouping the stones in
diameter and location rather than the usual method.

The number of surface and semi-buried stones was calculated using the following
formula:

P=(h-b-1-y-k-kl)+ Pl

P- The weight of stones in 1 hectare

h- The height of collected stones

b- Width, m

I- Length, m
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y - The volume weight of stones for tuff and other porous rocks 1.2-1.8 t/m3,
basalt, and other rocks with a solid structure 2.0-2.5 t/m?3.

k - The sorted stones' porosity coefficient is 0.7 for large stones and 0.8 for small
stones.

P1 - The weight of large stones from 30 cm

K1 - The coefficient for expressing the weight of the stones of the calculated plot
to a hectare.

Deep rockiness had been determined based on the number of stones that were
removed from the soil cut. All stones with a diameter of more than 10 cm, removed from
the cut, had been classed in the form of a rectangular parallelepiped, the volume had
been measured and turned into t/ha with the following formula:

P=(h-b-1-y-k)10000

In the land use and amelioration, the definition of land digging capability is no
less critical than the estimation of rockiness state, as the direction of the future use of
these lands mainly depends on that specification. The land plots were dug at a 30-100 cm
depth in the mentioned land.

In the first stage of using these lands, surface and buried rocks were collected
with the help of special quarrying tractors (Komatsu), and the piled stones were removed
with the help of special couplings in pre-separated places and heaped. The humus-rich
soil was removed and piled up for more profound reclamation work in the next stage.
Then, with the help of powerful crushers, the soil was plowed to a depth of 1 m, and
with the help of a unique quarrying mechanism (the distance between the teeth should
not exceed 15 cm), the stones coming out of the soil layer were collected. The second
deep baking was performed vertically at the first deep baking at a depth of 1 m again.
The stones that came out of the soil were collected and taken out.

Blasting operations were carried out to remove massive stones of rock formation
from the studied lands.

Holes were made in the intermittent rock layers, explosives were placed, and then
the fragments, formed by the explosion, were removed from the soil layer (fig. 2).

Fig, 2. The removing process of massive stones of rock formation

Results and Discussion. The results of the field research showed that the soils of
the study area, according to the strength of the drilling capacity, are poorly drilled (when
the thickness of the dug layer does not exceed 50 cm), as well as intensely drilled soils
(when the dug layer is greater than 70 cm).
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The degree of surface and deep rockiness of the soils has been studied. Studies
have shown that the soils are mostly medium (151-300 t/ha) and strongly (301-500 t/ha).

There were intermittent bedrocks in the land and illuvial-cemented horizons,
which were destroyed by the explosion. The presence of illuvial-cemented horizons is
due to the accumulation of large amounts of carbonates in the soil layer, depending on
the hydrothermal regime. Such horizons are an obstacle to fully developing the plant's
root system. The results of the chemical composition of the studied soil water traction
showed that the soils were not saline, the content of water-soluble salts in the profile was
0.072-0.096 %, COs3, the toxic ion was absent, the reaction of the soil solution - the pH
fluctuated in the range of 7.6-7.8 (Table 1).

Table 1. The Composition of the Water-Soluble Salts of the Soil Samples
of the Studied Area

Depth H Soluble ions, mmol/100 g of soil

cut | D EM PP fsaits 06 CO%, |HCO3 | CI | SO%, | Ca?* | Mg? |Na'+K*
1 0-22 7.8 | 0.089 | none | 0.75 |0.25| 0.33 0.60 0.48 0.25
22-40 7.6 | 0.087 - 0.80 |0.31| 0.10 0.55 0.40 0.26
0-20 7.7 | 0.084 - 072 [0.37] 013 | 050 | 0.48 0.24
2 20-50 7.8 | 0.086 - 0.80 |0.31| 0.10 0.60 0.48 0.13
3 0-35 7.7 | 0.092 - 0.80 |0.37| 0.14 0.65 0.50 0.16
6 0-40 7.8 | 0.086 - 072 [028] 024 | 055 | 0.48 0.21
7 0-24 7.7 | 0.082 - 0.72 |0.20| 0.20 0.50 0.32 0.30
8 0-40 7.7 | 0.087 - 0.67 |0.37| 0.28 0.60 0.56 0.16
9 0-30 7.8 | 0.072 - 0.75 |0.20| 0.11 0.45 0.40 0.21
10 0-22 7.6 | 0.077 - 0.67 |0.25| 0.15 0.50 0.32 0.25
15 0-35 7.8 | 0.081 - 0.72 10.20| 0.25 0.55 0.48 0.14
17 0-30 7.6 | 0.092 - 0.80 |0.25| 0.28 0.60 0.48 0.25
19 0-30 7.8 | 0.091 - 0.75 |10.31| 0.23 0.65 0.40 0.24

The carbonate of the soils was also studied; it was found that the soils in the
mentioned land are moderately strong carbonate (1.8-18.1%), which is due to the
presence of cemented layers in some areas (Table 2).

Table 2. Physico-chemical parameters of the soils

Adsorbed
Depth Calcareousness, % cations, TOtaII’/ Adsorbed cations, %
cut | P 7 mmol/100g mmo 70
cm - 1009
of soil of soil
CaCO; [MgCO3| Ca Mg | Na | K Ca Mg | Na | K
1 0-22 2.3 0.8 245 | 06 | 0.7 | 0.6 26.4 928 | 23 | 26 | 23

22-40 | 10.6 0.6 230 | 04 ]06 |05 24.5 940 |16 |24 |20

5 0-20 2.1 0.9 276 | 07 ] 06 | 0.6 29.5 936 | 24 | 20 | 20
20-50 | 184 0.6 170 1 04 | 08 | 04 18.6 914 | 21 |44 |21

3 0-35 | 10.6 0.7 234 | 04107 |06 25.1 932 | 16 | 28 | 24

6 0-40 | 15.9 0.4 251 [ 03]07 |04 26.5 947 | 12 | 26 | 15

7

8

0-24 2.3 0.8 246 | 07 ] 06 | 07 26.8 925 | 26 | 23 | 26
0-40 | 18.1 0.5 210 [ 04 ] 08 | 04 22.6 929 | 18 | 35| 138
9 0-30 43 0.4 260 | 06 | 0.7 | 0.6 27.9 932 | 22 | 25|21
10 | 0-22 1.8 0.7 246 | 07 ] 06 | 07 26.6 925 | 26 | 23 | 26
15 ] 0-35 | 141 0.6 270 | 05] 06 | 0.6 28.7 940 |18 | 21 | 21
17 | 0-30 | 163 0.6 239 | 05]07 |06 25.7 93.0 |19 | 27 | 24
19 | 0-30 | 129 0.6 283 | 06 ] 07|05 30.1 940 | 20 | 23 | 1.7
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The composition and ratio of the exchange cations of the soils were studied. The
amount of Ca prevails in the composition of the exchange cations of the lands, which is
91.4% of the total amount of adsorbed cations, the content of adsorbed Na is below the
permissible limit (up to 15%).

According to the laboratory research results, the soils have a weak to medium
clay-sand mechanical composition, and the humus content in the studied soils is 0.6-
3.4%. The soils are poorly supplied with nutrients such as nitrogen and phosphorus and
moderately good - potassium (Table 3).

Table 3. The Laboratory Research Parameters of the Mechanical Composition, the
Quantities of Humus and Available Nutrients in the Studied Soil Samples

cut Dirr);h, gg;cg‘::i'ﬁcg; Humus, % Available nutrients, mmol/100g of soil
N P,0s K0

1 0-22 59.28 15 351 2.67 29.44
22-40 33.32 1.8 0.74 1.67 15.20
2 0-20 39.32 2.1 2.85 2.66 129.28
20-50 41.24 0.6 2.17 2.47 128.16
3 0-35 40.4 3.0 4.29 2.00 64.00
6 0-40 40.4 2.8 4.94 1.66 26.24
7 0-24 32.88 2.8 2.86 2.01 28.40
8 0-40 29.6 3.1 143 2.33 43.28
9 0-30 46.6 3.1 2.88 2.32 40.56
10 0-22 47.30 3.4 2.17 2.00 54.24
15 0-35 41.76 2.2 2.82 2.01 35.04
17 0-30 38.35 3.1 2.85 1.33 31.84
19 0-30 32.64 2.7 0.76 1.68 28.24

The ameliorated land plot is planned to be planted with perennial plantations, the
root system of which extends mainly to the deep layers of the soil; therefore, it is
necessary to create favorable conditions for the uniform distribution of the roots.

Conclusion

1. Studying the ameliorative condition of the rocky brown soils of the Republic of
Armenia, it turned out that
The studied soils are not saline; calcium is predominant in the adsorbed cations,
and the amount of adsorbed sodium is within the allowable range.

2. The soils are characterized by weak and medium clay-sand mechanical
composition and medium-strong carbonation, which is due to cemented
horizons.

3. According to drilling capacity, the soils are poorly and strongly diggable soils,
characterized by medium (151-300 t/ha) and strong (301-500 t/ha) shallow,
deep rocky soils.

It will be possible to include these lands in agricultural circulation after reclamation.
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1.

2.

Suggestions
To realise removing of surface and semiburied stones maintaining humus
horizon of soil.
To remove cemented layers with the help of a powerful leavening machine
(Komatsu) to realize loosening with a width of 80 cm, a depth of 100 cm in
rows of perennial plantings, collecting and removing large stones.
Trees should be planted in the way of the planting hole, removing the soil
previously and preparing the soil mixture, which will consist of the soil brought
from the humus horizon and three buckets of rotten manure.
Considering the extensive slopes of the territory and the degree of rockiness, the
irrigation of the territory is realized by the drip method.
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