The revival of land




“...It was a prosperous re-
gion with [ertile fields and
[lowering gardens, deep, teem-
ing with [ish rivers and forests
abound in game. But a terrible
calamity befell upon the coun-
try. It was bewitched by a
wicked magician who neither
annihilated the people nor de-
prived them of their riches, but
turned the land into a desert.
Over the years, people forgot
how grass grows, trees blos-
som and [orests rustle. Child-
ren did not know the smell of
flowers, singing, of birds and
murmuring of streams.

Once upon a time an old
man came to the tzar. He was
also a magician but a good
one. He said: “I shall save the
country from this calamity!”

Then, as the legend goes,
the magician climbed up a
high mountain, bowed fto the
four sides of the world, whis-
pered the words of invocation
and. .. trees blossomed out in
the desert, tender grass shot
in the meadows, a green haze
of wvineyards curled on the
mountain slopes, streams be-
gan to murmur and birds
started their songs”

G. PETROSIAN

Director, Research Institute
of Soil Science and
Agricultural Chemistry,
Ministry of Agriculture

of the Armenian SSR



About which mysterious lands does
this legend narrate? Perhaps, about Mesopo-
tamia — one of the flourishing states of the
Ancient East which mysteriously rapidly fell
into decline. There are evidences that grow-
ing soil salinity played an important part
in the breakup of this state. However, sali-
nization and especially soda salinization of
soils is still a great calamity for the agri-
culture of many countries of the world. Ac-
cording to the FAO data, no less than 509%
of the world’s irrigated soils are affected by
salinization.

Soda solonetzes-solonchaks occupy vast
areas in India, Pakistan, Iran, almost in all
countries of Alrica, and especially in Egypt,
in North and West China and in Mongolia.
Such soils are spread in Australia, Canada
and the USA (particularly, near the Great
Lakes and in Central California), in Mexico,
Brazil, Venezuela, Chile, Uruguay and Ar-
gentina. Solonetz and solonchak soils are
not infrequent in Hungary, Rumania, Bulga-
ria, Yugoslavia, Czechoslovakia and Spain.

In the Soviet Union, soda-saline soils are
spread on the alluvial plains of Eastern and
Western Siberia, in Yakutia, Transbaikal
area, in the Urals area, in Moldavia, Ukrai-
ne, Georgia, Azerbaidjan and Armenia.

The Armenian Upland... Magnificent
scenery: snow-clad mountains with peaks
towering in the clouds, fast-flowing silvery
rivers and - streams winding their way
through deep canyons and flumes, small la-
kes of unbelievable beauty amid mountain
sides. :

Mountain topography makes Armenia
short of agricultural lands accounting for
only 46% of its territory and comprising
18.3% of arable lands, 26% of haylands and
pastures and 1.7% of vineyards and or-
chards. About two-thirds of arable lands are
situated on stony slopes and occur in small
patches.

How hard working, patient and skilled
should the Armenian peasant be in order to
till these lands and to raise crops! Only on
the left bank of the Arax River abundant
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yields of fruit, grapes, vegetables, as well

. as guard, cereal and industrial crops are

obtained in large land areas due to favour-
able natural conditions. But even here na-
ture could not but play insidious tricks: the
cultivated fields are wedged by considerable
areas of barren lands affected by the most
malicious soda salinization and, therefore,
extremely difficult to reclaim.

Soda solonetzes-solonchaks in the Ararat Plain

Closed horizontal

drainage



Vertical drainage providing pumped water for

irrigation

Primary soil levelling by JI-20B grader

Salt accumulation and solonetz soil for-
mation in the Ararat Plain are caused by a
number of historically shaped natural, social
economic and technological factors. Infil-
tration waters from the tremendous catch-
ment area of various vertical bioclimatic
belts, whose salinity increases on their way
from the area of formation to the zone of
discharge, discharge in the Ararat Plain.
The chemical composition of these waters
changes depending on the geologic structu-
res and substance composition of rocks. Wa-
ters circulating through andesite-basalt
rocks of bicarbonate-sodium composition get
enriched in these salts and acquire an alka-
line character of salinity.

In the conditions characterized by shal-
low groundwater, an impeded groundwater
outflow and exudational water regime the
capillary rise of salts and evaporation re-
sult in the salinization of soils and forma-
tion of solonchaks. In the aeration zone, so-
dium bicarbonate {transforms into sodium
carbonate and soils, enriched with sulphates
and chlorides, acquire soda salinity with a
high content of absorbed sodium and pH
9.0—11.0.

The above-stated peculiar features of soil
salinization in the Arax River basin are res-
ponsible for the specific geochemical charac-
teristics of these soils and domination of
soda-salinization processes. Saline soil loses
its productive capacity, flora and fauna
grow scanty, moisture evaporates intensi-
vely from the unprotected by vegetation sur-
face of soil, groundwater reserves are spent
unproductively, the air gets dry and the
green apparel of the plain is changed by
witish-dirty spots as if it has been affected
by tetter.

“Soil-pox or ailment that requires treat-
ment” — thus solonchaks were figuratively
described by V. V. Dokuchaev, the founder
of home soil science. And this problem of
solonchaks treaiment has become one of the
most urgent in the modern agriculture.

But it is not an easy task to cure them.
From the reclamative view point alkaline
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soils are known to be difficult to develop.
Even though such soils occupy vast areas
they are insignificantly reclaimed and used
in agriculture. Natural peculiarities of such
soils hamper their reclamation.

The strongly alkaline reaction of these
soils caused by the presence of soda and
domination of exchangeable sodium in the
composition of absorbed cations is respon-
sible for their alkalinity, hydrophility,
swelling of colloids and rather negative wa-
ter-physical properties. By inactivating cal-
cium and magnesium bicarbonates contained
in the soil solution, the alkaline reaction of
the medium reduces their reclamative effect.
The soils become practically impermeable
which excludes their desalinization by leach-
ing without preliminary chemical ameliora-
tion.

Depending ' on the soil-hydrogeological
conditions and the technologic-economic po-
tential of each country, the following speci-
fic methods for reclaiming soda-saline soils
have been developed and applied, viz. agro-
technical, biological, phytotechnical, electro-
technical, chemical. The first two are em-
ployed mainly for the improvement of solo-
netz soils under dry farming conditions and
involve various tillage techniques ensuring
the utilization of intrasoil calcium com-
pounds for the self-reclamation of soils with
a subsequent sowing of relatively salt-tole-
rant crops-ameliorants. In some countries
such soils are improved through the applica-
tion of manure, straw, ploughing in of
greenmanure crops, sanding and earthing.

The method of electric reclamation as
well as application of synthelic soil condi-
tioners have not yet found practical employ-
ment and are still being investigated.

The following substances are extensively
applied for the chemical reclamation of sa-
line soils: gypsum, gaja, chalk, industrial
wastes containing phosphogypsum, calcium
chloride, defecate, etc.

Gypsuming in combination with various
biological and agrotechnical practices is
most extensively used in the Soviet Union
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Soil leaching following an ameliorant application

and in the majority of foreign countries for
reclaiming the salt-affected soils. Practically
all methods have been tested in Armenia,
but without success.

Even though application of gypsum to
alkaline solonetzes-solonchaks with a high
content of absorbed sodium gives some posi-
tive results, due to low solubility of gypsum
its influence is extremely slow and often in-
effective. Moreover, gypsuming increases
the leaching requirement.

In Armenia positive results have been ob-
tained through the application of waste
sulphuric acid as an ameliorant for soda-sa-
line soils which brings about the neutraliza-
tion of soda and formation of sodium sul-
phate. While interacting with the soil ab-
sorbing complex, the sulphuric acid hydro-
gen replaces sodium which also results in
the formation of secondary sodium sulphate.
The coagulation of hydrophilic colloids
sharply reduces soil dispersity thus increas-
ing the filtrational capacity and water per-
meability of soils.

Apart from the neutralization of the al-
kaline medium, acid solutions in the zone of
their penetration decompose magnesiumh and
calcium carbonate compounds and contri-
bute to the formation of easier soluble cal-
cium compounds (in the form of finely dis-
persed gypsum differing from soil (natural)
gypsum by high dispersity and activity)
and, partly, calcium bicarbonates which also
replace exchangeable sodium from the ab-
sorbing complex of soil. An increase in the
content of calcium cations changes the ionic
composition of soil solutions which improves
both the physical properties of soil and the
nutritive regime of plants.

The decomposition of calcium and mag-
nesium carbonate compounds is accompa-
nied by the release of carbon dioxide which
partly volatalizes in the air and is partly
absorbed by leaching water thus increasing
solubility of calcium and magnesium carbo-
nates. The formed ions also participate in
soil reclamation. Combining with the re-
placed exchangeable sodium, part of the bi-
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carbonate jons form soda which is easily
removed from the soil in the course of
leaching.

In comparison with other chemical rea-
gents applied in practice, the positive re-
clamative effect of sulphuric acid is achieved
over extremely short periods of time.

The sulphuric acid application for soil
reclamation is called “acidification”.

Green vitriol —a by-product of mining
industry is also extensively used for deve-
loping the solonetzes-solonchaks in the Ara-
rat Plain. The reclamative effect of green
vitriol is based on its ability to form sul-
phuric acid and ferrous hydroxide in the
course of acid hydrolysis. When interacting
with sodium, calcium and magnesium carbo-
nates and bicarbonates, the free sulphuric
acid neutralizes the alkaline reaction of so-
lution; calcium of the newly formed gypsum
replaces sodium from the soil absorbing
complex thus ensuring the dehydratation of
soil colloids.

Ferrous hydroxide and carbon dioxide
form ferrous oxide hydrocarbonate whose
cation replaces sodium from the soil absorb-
ing complex. Moreover, green vitriol partici-
pates directly in the chemical reactions with
sodium, calcium and magnesium carbonates
and bicarbonates which results in the forma-
tion of iron carbonates and bicarbonates
and sulphates including gypsum. Sodium
sulphates and part of calcium are removed
from the soil during subsequent leaching
operations, whereas the newly-formed gyp-
sum and magnesium sulphate participate in
the exchange reactions with soil and contri-
bute to its dealkalinization. The soil aggre-
gation increases due to the coagulating in-
fluence of iron ions. The reclamative effecl
of green vitriol, like that of sulphuric acid,
manifests itsell over short periods of time.

The process of green vitriol application
is conditionally called “ironing”.

The method for developing soda solonet-
zes-solonchaks by the application of by-pro-
ducts of chemical and mining industries
which has been developed by the Research
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Institute of Soil Science and Agricultural
/ Chemistry, Ministry of Agricultural of the
/ Armenian SSR has been applied on the pro-
7/’// / duction scale since 1963. The reclamation of

///,//4{ // solonetzes-solonchaks in the Ararat Plain 1s
I effected by a specialized Reclamation Trust.
The technology of soil development envisa-
ges a combined implementation of the fol-
lowing measures:

— Construction of drainage-irrigation
system.

— Capital levelling of lands and their
preparation for the application of amelio-
rants.

— Ridging of leaching checks.

— Chemical reclamation and leaching.

- Agricultural development.

Chemical reclamation is preceded by the
construction of a drainage-collector and ir-
rigation system.

Closed horizontal or vertical drainage is
employed depending on the hydrogeological
conditions and degree of water permeability
of rocks.

In the conditions of head groundwater
most advantageous is the construction of a
combined horizontal and vertical drainage.
This combination of different types of drai-
nage provides for maintaining the precalcu-
lated lowering of the groundwater table and
rational utilization of water resources. Ver-
tical drainage fails to remove the leached
salts beyond the territory under develop-
ment in a short space of time. This is suc-
cessfully done by horizontal drainage laid
at a depth of 3.0—3.5 m. The role of drainage
is not limited to lowering of the ground-
water table and creating the conditions
needed for leaching operations. It must also
provide for the desalinization of the lower
layers of subsoils and freshing of ground-
water.

To achieve a rational utilization of the
pumped groundwater all vertical drainage
wells are connected by a network of closed
pipelines with the irrigation systems thus
making it possible to use drainage water
for leaching and irrigation during the en-
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tire growing period. Upon the termination of
the leaching and irrigation season, the ope-
ration of vertical drainage wells is suspend-
ed and the closed horizontal drainage suc-
cessfully maintains the groundwater table
at a given depth.

Capital levelling of the reclaimed terri-
tory is very significant for developing sa-
line lands. A qualitative levelling creates
favourable conditions for a uniform distribu-
tion of acid solutions and dry ameliorants
on the soil surface and for their subsequent
uniform absorption by the soil thickness in
the course of leachings.

To promote a more rapid penetration of
acid solutions, the soil, prior to the applica-
tion of sulphuric acid, is “slitted” or deeply
mellowed and the checks are banked with
protective mounds.

When applying green vitriol, it is uni-
formly broadcast on the field surface and
then plowed in the top layer of soil which
is subsequently leached.

The required amounts of chemical ame-
liorants needed to neutralize the alkaline
medium and to replace the absorbed sodiur
are calculated from a special formula devi-
sed by the Institute on the basis of experi-
mental data.

The necessary concentration of sulphuric
acid (0.8—1.0%) is achieved by diluting it
with irrigation water with the aid of an es-
pecially designed automatic metering de-
vice.

The leaching requirement is determined
taking into account the particle-size distri-
bution of soil and character of salinity; the
depth, salinity and head of groundwater as
well as the amounts of ameliorants to be
applied to the soil. It is calculated from the
well-known V. A. Kovda's formula partly
modified in accordance with the salt distri-
bution in the soil profile.

Chemical reclamation results in a com-
plete neutralization of soda. The {otal
amount of salts in the one-meter-thick layer
of soil decreases to 0.2—0.3% and the con-
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tent of water-soluble sodium drops to 3
4 meq.

The land allocation for agricultural de-
velopment can be withheld until a complete
freshing of soil to bring it to the condition
of old-irrigated soils of this zone. However,
leaching is known to have an attenuating
character: the removal of every new tonn of
salts requires greater volumes of water
which is not profitable under an acute water
deficit.

During the first stage of agricultural de-
velopment of soil it is sufficient to decrease
the salt concentration below the threshold
of toxicity to plants and to accomplish fur-
ther soil improvement on the background of
crop cultivation by applying a complex of
measures preventing the capillary rise of
salty groundwater, moisture evaporation
from the soil surface and salt accumulation
in the root zone. This is achieved by grow-
ing winter wheat in the first year of agri-
cultural development of soil followed by
3—4 years of alfalfa cultivation.

The application of an ameliorant starts
in spring and soil leaching terminates by
autumn. Winter wheat, serving as edificator,
is sown the same year. The status of crop is
indicative of the quality of reclamation. Ii
necessary, the detected reclamation blemi-
shes are eliminated upon harvesting.

Establishment of the optimum irrigation
regime and practices is one of the major
components in the complex of agrotechnical
measures ensuring further improvement of
the reclamative status of soil.

Application of irrigation norms exceed-
ing the water-retaining capacity of the soil
cropped to winter wheat and then to alfalfa
makes it possible to achieve further desalini-
zation of the soil profile and to remove salts
which remained after the radical reclama-

tion. The downward movement of water en-
sures the salt discharge with drainage wa-
ters beyond the territory being reclaimed.
In the conditions of good shading of soil

(sown to the above-mentioned crops) the
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leaching regime is preserved requiring by
far smaller amount of water.

Depending on the salt content of soils,
waterings during the first years of agricul-
tural development are applied when moisture
of soil equals 809% of the total moisture ca-
pacity which by 25—30% and in certain con-
ditions by up to 50% exceeds the calculated
irrigation norm.

The irrigation practices applied are of
great significance. During the first years of
agricultural development furrow irrigation
of reclaimed soils does not ensure a uniform
leaching of the remaining salts from the ir-
rigated territory due to the redistribution of
salts on the bottoms and crests of furrows.
Even though sprinkling irrigation provides
for a uniform distribution of water over the
soil profile, it is not economically advanta-
geous owing to the sharply increased irriga-
tion norms and intensive evaporation.

The most uniform freshing of soil is
achieved by flooding irrigation of bands
5—6 m wide and 150—200 m long.

Sprinkling and furrow irrigation is em-
ployed after a complete desalinization of
soil.

With a view to increasing the efficiency
of the irrigation system preventing an un-
productive expenditure of water on infiltra-
tion and uplifting the groundwater table, a
modern irrigation system has been con-
structed on 200 ha of the reclaimed soils at
the Institute’s experimental station. Fruit
tree plantings and vineyards in an area of
26 ha are irrigated by a stationary sprink-
ling system equipped with DD-30 hydraulic
sprinklers. 62 ha of alfalfa and winter wheat
are irrigated by “Volzhanka” sprinkling ma-
chine.

The rose pelargonium plantations are ir-
rigated by sprinklers using the head water
from a vertical drainage well. To the rest of
the territory water is supplied through rein-
forced concrete chutes. The seepage of water
from the irrigation systems and subsequent
overloading of drains are practically ex-
cluded.
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Thus, the correct alternation of crops
combined with the optimum regime and
method of irrigation on the background of
appropriate agricultural practices provide
for a complete desalinization of soil during
4—5 years since the beginning of agricultu-
ral utilization of the reclaimed soils.

Upon the achievement of the predeter-
mined level of freshing, the soils are sown
to vegetable-guard, rose pelargonium and
fruit-grape crops.

The success of chemical reclamation is
stipulated by the improvement of the main
physical and water-physical properties of
soil by increasing the number of water-
stable aggregates and especially microag-
gregates.

The water permeability of solonchaks
being equal practically to zero, amounts,
upon the application of an ameliorant, to
0.28--0.40 mm/min and this parameter ap-
proaches that of old-irrigated soils.

The root zone of the reclaimed soils is
characterized by a decreased apparent den-
sity and specific weight of soil, a reduced
maximum hygroscopic humidity and an in-
creased field moisture capacity. These fa-
vourable changes evidence a higher degree
of cultivation of the reclaimed soils.

Chemical reclamation sharply changes the
content and availability of nutrients. The sul-
phuric acid applied to the soil promotes the
transfer of hardly available phosphorous
compounds into the easily soluble ones.

The reclaimed soils of the Ararat Plain
are well supplied with mobile forms of pho-
sphorus, potassium and trace elements: the
crops being raised over 10—15 years after
reclamation of these soils do not respond to
their additional application.

After reclamation the content of available
nitrogen is extremely low and the reclaimed
soils require an annual application of nitro-
gen fertilizers.

The quantitative and qualitative compo-
sition of microorganisms and the intensity
of microbiological and enzymatic processes
undergo significant changes during the pro-
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cess of solonchaks reclamation and their
agricultural development. The microbiologi-
cal and enzymatic activity increases with
the desalinization of soils which reflects vi-
vidly the degree of soil freshing and culti-
vation.

Our experience shows that high economic
efficiency of the development of solonchacks
is ensured only by a complex reclamation.
A solonchak gets reclaimed and retreats as
a result of a frontal offensive involving a
complete complex of hydrotechnical, soil
and chemical-reclamative, agrotechnical and
biological measures. Only this approach
guarantees effective reclamation of soils and
high yields of the cultivated crops.

The revived soils produce 300—350 met-
ric centners of rose pelargonium, waterme-
lons, tomatoes, apples and pears, 150—160
metric centners of early potatoes, 100
120 metric centners of alfalfa and grapes
and 4550 metric centners of winter wheat
per hectare. Depending on the intensity of
crop cultivation, all investments on the re-
clamation of soda solonetzes-solonchaks and
their agricultural development are repaid
during 3—6 years.

High-quality sweet wines distinguished
by their intensive colour, pleasant taste and
flavour are produced from the grape grown
on the reclaimed soils.

Chemical reclamation promotes the revi-
val of soils and restoration of their favour-
able properties which condition the soil fer-
tility. Land again gives agricultural pro-
duce.

Some investigations are carried out in
collaboration with the Research Institute of
Water Management and Hydraulic Engineer-
ing, Research Institute of Mechanization and
Electrification of Agriculture, and other re-
search establishments.

The method of development of soda so-
lonetzes-solonchaks elaborated and proposed
by the Armenian scientists has won wide re-
cognition among scientists in many coun-

tries of the world.
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The scientific consultant of this problem
is Corresponding Member of the USSR Aca-
demy of Sciences, Prof. V. A. Kovda.



Sweet wines produced from the grapes grown on the
reclaimed soils

Photographs by G. Shakarian

JIT 4 Cowasnoaurpadnpoma, 3ax. 2078/2






