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Abstract

According to the natural and climatic conditions, Russia is located in a zone of risky agriculture: there is a precipitate deficit
on 80% of arable land, and excessive over moistening on 10% of arable land. This is also complicated by climate aridization. In
drought years it is practically impossible to implement intensive agrotechnologies and adaptive-landscape farming systems
without the use of land reclamation. Currently, in Russia, the total area of irrigated lands is 4.27 million hectares and 4.8 million
hectares of drained lands. The average productivity of irrigated land is 2.9 tonnes of grain units/ha. In the case of land
reclamation, it is possible to increase the productive potential by 3-4 times.

The methodology of increasing the productive potential of agricultural lands by irrigation and drainage reclamation based
on the energy evaluation of land reclamation activity is proposed. The energy assessment includes the calculation of the
bioclimatic potential, the energy assessment of the state of the soil and the vegetation cover. For the energy estimation of land
reclamation, a new indicator is proposed a turbulent energy output, the difference between the radiation balance, the energy of
soil formation, and the energy accumulated in soil humus and crop production. This makes it possible to predict the productive
potential of agricultural land, depending on the amount of energy invested in land reclamation. The proposed approach makes it
possible to move from a real evaluation to a unified energy estimate. The calculations of productivity according to the developed
method for various natural zones of the European part of Russia are performed. Chernozems showed the greatest productive
potential. It reaches 7.7 tonnes of grain units/ha, and in case of irrigation it can increase up to 10-12 tonnes/ha; the productivity
of sod podzol and gray forest soils under natural conditions does not exceed 1.3-2.0 tonnes of grain units/ha, while irrigation
productivity will increase to 6-8 tonnes of grain units/ha. Irrigation in the semi-desert and desert zones of the European part of
Russia allows increasing their productivity up to 5 times.

The proposed method allows selecting the most favorable zoning soils for the reclamation, justifying the crops that ensure
the maximum yield in these soil and climatic conditions. The article shows that food security will be ensured during the
development of land reclamation in soil and climatic conditions of excessive and insufficient moisture.

Keywords: food security of Russia, production potential, melioration, irrigation, drainage, climate change, energy
approach, yield forecast.
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OLEHKA 99®EKTUBHOCTHU MEJIMOPAIIUU B POCCUHN
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Abstract

Ilo mpupoTHO-KIMMATHYECKUM YCIOBHsIM PoccHs HaxXomuTcs B 30HE PHCKOBAHHOTO 3eMIICACIHS: ICPUIUT OCAJKOB
HaOmromaetcst Ha 80 % MaXOTHBIX 3eMelb, a M30BITOYHOE MepeyBiaxHeHne Ha 10 % mamrHu. DTO OCIIOKHACTCS apuan3anueit
KIuMara. B 3acynumuBele TOABI 0€3 NPUMEHCHHS MEIHOPANUU IPAKTHYCCKH HEBO3MOXKHO pEalM30BaTh WHTCHCUBHBIC
arpoOTEXHOJIOTHH M aJaNnTUBHO-TaHAMAPTHEIC CHCTEMBI 3eMienenus. B Hacrosimee BpeMs B Poccuu iomanp OpoIIaeMbIx
3eMenb cocTaBisieT 4,27 MIH ra, ocymaemsix 3emenb 4,8 MaH ra. CpeaHsAs NPOAYKTHBHOCTb Ha OpPOILIAEMBIX 3eMJIAX 2,9 T
3.ell./ra (3epHOBBIX equHUI). [Ipu ruIpOMeETHOpaIiy 3eMellb BO3MOYKHO YBEITUIHUTD MTPOYKIIHOHHBIN MOTEHIHAN B 3 -4 pa3a.

[IpemnoskeHa METOIOJIOTHS TOBBIIICHHS MPOAYKIIMOHHOTO TIOTCHIIHANIA CENbCKOXO3SHCTBEHHBIX YTOAMNA OPOCHTEIbHBIMA
M OCYIIUTENFHBIMH MEJIHOPAIMsIMA Ha OCHOBE JHEPreTHYCCKOH OIEHKH MEIHOPATHBHON NESTEIbHOCTH. JHEpreTHdYecKas
OIICHKA BKJIIOYAET pacdyeT OMOKIMMATHYECKOTO IMOTEHIIHAJa, YHEPTeTHYECKYI0 OLEHKY COCTOSHHS IOYBBI W PACTHUTEIHFHOTO
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MOKpoBa. {1 SHEPreTHYecKOH OLEHKN MENHOPALMH MPEJIOKECH HOBBIM MOKA3aTeNb — MypOYIeHMHAA IHeP200moayd, ITo
NpeAcTaBiasieT co0OW  pasHHIy MEXIy paAdallMOHHBIM OallaHCcOM, »JHEprueld MoyBooOpa3oBaHMS W DHEPrHEH,
AKKyMYyJHPOBAaHHOW B TIIOYBEHHOM TyMyc€ M  PacTEHHEBOJYECKOHW NPOAYKIMH. OTO TIO3BOJSIET IPOrHO3HUPOBATH
NPOIYKIMOHHBIA MOTEHIHAI CEeIbCKOXO3SIMCTBEHHBIX 3€MeNlb B 3aBUCHMOCTH OT KOJMYECTBAa BKJIAJIBIBAEMOW SHEPrHM HPHU
npoBefeHUH Menuopauuii. [Ipeanaraemblii moaxoJ MO3BOJISIET MEPEUTH OT BEUIECTBEHHON OLIEHKH K YHU(DHIUPOBAHHOM
9HEPreTU4ecKol OIEHKU. BHIOIHEHBI pacueThl MPOJIYKTUBHOCTH 10 pa3paboTaHHOW METOJMKE JJISl Pa3IMYHBIX MPUPOIHBIX
30H EBpomneiickoii yactu Poccun. HanGonpiumii mpoyKIMOHHbIH HOTeHIMan y uepHo3eMoB. OH nocturaet 7,7 1.3.e11./ra, a npu
OpOIICHUN MOXeT yBenwdutbess no 10 - 12 T.3.em./ra; MpOAYKTHBHOCTH IEPHOBO-TIOA30JUCTEIX W CEPHIX JIECHBIX TIOYB B
€CTECTBEHHBIX YCIOBUSIX HE mpeBbimaeT 1,3-2,0 T.3.em./ra, mpu OpPOUICHUH MPOAYKTUBHOCTH YBEIWYHTCS IO 6-8 T.3.em./ra.
OpomreHrie B TOJYIYCTBIHHOW M ITyCTHIHHOW 30Hax EBpormeiickoit wactm Poccnm mo3BommT 10 5 pa3 yBenW4HWTh HUX
MIPOLYKTUBHOCTB.

Mertoauka MO3BOJISIET BEIOpaTh HanbOosee OIaronpusITHRIE IS IPOBEACHUS MEITHOPAIMN 30HATBHBIC TOYBBI, 00OCHOBATH
CEITbCKOXO3SICTBEHHBIE KYIbTYpPbI, 00€CTIEINBAIOIINE MAKCUMAIbHBIN BBIXO MPOLYKIIMH B JAHHBIX TOYBEHHO -KITMMAaTHIECKUX
yCIOBUsIX. B cTaThe moka3aHo, 4TO TPOAOBOJILCTBEHHAs Oe3omacHOCTh OynerT oOecrieyeHa NMpH pa3BUTHU METHOpPAIU B
MOYBEHHO-KJIMMaTHYECKUX YCIOBHAX N30BITOYHOTO U HEAOCTATOYHOTO YBJIAXKHEHUSI.

KuroueBble ¢10Ba: npoaoBoibCcTBEHHAs Ge30macHOCTh Poccuu, MpoAyKIMOHHBIN MOTEHIMAI, MEJUOPALIKsI, OPOIICHHE,
OCyIIeHHE, I3MEHEHNE KIIMMAaTa, SHEPreTHIECKUH [TOX0I, IPOTHO3 YPOKaitHOCTH.

1. Introduction

The total area of reclaimed lands is 9.44 million hectares, 4.67 million hectares of irrigated lands, and 4.77 million hectares
of drained lands in Russia. The majority of all reclaimed lands are located in the European part of Russia, even now in the south
of the country they already experience the lack of water for irrigation, especially in Kalmykia and the Caspian lowland. Irrigation
in this region is an essential condition for the production of agricultural products. Currently, in Russia, crop yields are four times
lower than in the UK and Germany and two times lower than in China (Figure 1). This is due to the lack of reclaimed lands and
their high productivity. The average productivity of irrigated land is 2.9 tonnes of grain units/ha, 2.2 tonnes of grain units/ha of
drained lands.
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Figure 1 — Dynamics of wheat yield in Russia and other countries [1, 4]

The area of reclaimed land used is 5.8% of the arable land area. We propose a methodology for calculating the productivity
of agricultural land with the possible development of hydro technology in Russia.

2. Methods

The assessment of the efficiency of the irrigation and drainage systems is carried out on the basis of the energy balance and
depends on the radiation balance, anthropogenic energy, including agrotechnical, meliorative and other necessary measures
aimed at harvesting. The balance takes into account the energy received from agricultural products, the energy stored in the soil
humus and the energy expended on humus formation, as well as that part of the energy that is dissipated, i.e., is consumed
unproductively for the specified system. The efficiency of the system increases with decreasing scattering energy [8]. In order
to assess the energy efficiency of agricultural land as a natural system, we propose a new indicator — a turbulent release of energy,
which is defined as the difference between the radiation balance, the energy of soil formation and energy, soil humus and
agricultural products:

J=R-Q, —BER, —BER,, (1)
where J is the turbulent release of energy, kJ/cm?; R is the radiation balance, kJ/cm?; Qp is energy directed to the formation of
soil humus, kJ/cm?; BEPg is the energy accumulated in soil humus, kd/cm?; BEPs is the energy accumulated in crop production,
kd/lcm?,
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According to formula (1), it is possible to estimate the amount of energy that dissipates and is not involved in agrocenosis,
which reduces the system's efficiency. Schematic diagram of the energy balance is shown in Figure 2.
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ol N /\
Top soil |
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Figure 2 — Energy balance diagram "Atmosphere — Vegetation layer — Soil."

Let us consider the definition of the individual components of formula (1). The radiation balance can be determined by the

formula [2]:
R=0-(1-0)-1, )
where Q is the total short-wave radiation, kJ/cm?; a is albedo, in unit fractions; | is the effective radiation, kd/cm?2.
To assess the energy state of the soil and its changes, depending on the incoming precipitation, we use the dryness index:
R=-R_, 3)
LO
where L is the latent heat of vaporization, a constant value equal to 2.256 KJ/cm?; Oc is the sum of long-time average annual
precipitates,
The energy of soil formation was estimated from the dependence [3]:
-0,47-E-
Q =R-e Oc, (4)
n

where E is the evaporation capacity, mm, E = 19*R%57, The rest of the notation is given above.

In carrying out hydro technical melioration in order to create the required water regime for the growth of the agricultural
crops, the magnitude of O, is taken to be equal to the water consumption of the crop.

The energy accumulated in soil humus and crop production can be estimated through bioenergy potential (BEP). The
methodology for calculating the bioenergy potential of any organic matter, including soil organic matter (BEP4) and plant
phytomass (BEP5), is presented in the work of O.B. Khokhlova [9]. Depending on the ratio in the soil of the humate and fulvate
humus [10], the bioenergetic potential changes. For sod podzol soils, BEPg is 3.95 GJ/t, and for the most fertile black soil, it is
5.8 GJ/t. The amount of energy accumulated in the crop yield (BEPp) was calculated for grain and is 4.8 GJ/ton.

The productivity of agrocenosis can be determined by the formula [7]:

P=S-CL, @)
where P is the potential productivity of vegetation biomass for given soil-climatic conditions, t/ha of air-dry matter; S is the soil
index, which determines fertility; CL is the coefficient of climate favorableness, which directly depends on the magnitude of the
radiation balance, precipitation and temperature, irrigation rate and evaporation.

Irrigation changes the radiation balance of the territory due to additional moistening or drying, the dryness index changes
and the productivity of the agrocenosis increases, which also depends on soil fertility, the integral indicator can be determined
by empirical dependence [7]:

S =6,4(Gg +0,2G,,)/600+8,5 IYNPK +5,1¢"! "7+ 1" (8)

where 600; 8.5; 5,1 are coefficients; Ggk and Gfk are the values of the humate and fulvate humus in the soil respectively, t/ha;
N, P, K is the fraction of the optimal value of nitrogen, phosphorus, and potassium in the soil; Hg is hydrolytic acidity, meqg/100

The model considered is applicable for zonal soil types, since it takes into account a large set of characteristics and basic
properties of soils. The performed calculations have shown that the comparison of the results obtained by the formula (8)
correlates with the yield of the crops at the sort sites.
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3. Results and discussion

Calculations of the magnitude of turbulent energy output in accordance with formulas (1-4) under natural conditions and
during irrigation and drainage meliorations for zonal soils have shown that it is possible to increase productivity by decreasing
the value of turbulent energy transfer: in the wetland zone, by dehumidification, and in the zone of unstable and insufficient
moistening — by irrigation (Figure 3).
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Figure 3 — The importance of the turbulent release of energy under natural conditions and during irrigation for zonal soils
in the European part of Russia

The greatest efficiency of irrigation is noted for the regions of development of chestnut and brown semi-desert soils. At these
soils, the release of energy decreases from 118,3 — 144,79 to 60,83 kJ/cm? at irrigation. In typical chernozems, the yield is
practically balanced, and the yield is 62-52 kJ/cm?, which indicates a large energy reserve of the soil. For these soils, irrigation
is necessary only in certain years, when natural precipitation is not enough.

The proposed methodology makes it possible to evaluate the effectiveness of irrigation or drainage in various climatic and
soil conditions. Calculations have shown, and practice has confirmed the high efficiency of hydro-technical melioration for zonal
sod podzol, chestnut and brown semi-desert soils of the European part of Russia.

The calculation of productivity was carried out for natural conditions and during irrigation for the leading crop rotation in
specific soil and climatic conditions. When calculating by formula (8), the zonal soil parameters were adjusted to the optimum
limits for the amount of humus and basic nutrients. The features of the properties of the leading crop of crop rotation and the
applied system of farming are assessed. The calculations are performed in grain units on average for a crop rotation for zonal
soils in the European part of Russia. Calculation of productivity, performed according to formulas (7-8) for natural conditions
and irrigation of zonal soils in Russia is shown in Fig. 4.
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Figure 4 — Change in production potential in the irrigation of zonal soils

As one can see from the figure, the most productive soils in natural conditions are ordinary chernozems, their production
potential reaches 7.7 — 8 tonnes of grain units/ha, and with irrigation it can increase to 9.7 — 10.2 tonnes of grain units/ha; the
productivity of sod-podzol and gray forest soils under natural conditions does not exceed 1.3-1.6 tonnes of grain units/ha,
however, when reclamation is carried out, the productivity may increase to 6-8 tonnes of grain units/ha. Thus, irrigation makes
it possible to increase the productivity in the acute drought zone by almost five times, and drainage in the zone of excessive
moistening ensures a yield increase of 3-5 times.

For example, in 2011, when reclamation was carried out in the Klyuchevsky district of the Altai Territory, the yield of the
green mass of corn for silage at 47.6 tonnes/ha was obtained from the irrigated area of 1800 hectares, which is 4.7 times more
than in rainfed lands. In the "Josefov" farm of the Rostov region, with an irrigated area of 230 hectares, 70 tonnes per hectare of
onion per hectare and 60 tonnes per hectare of vegetables from a 260-hectare area, which is 4-5 times higher than without
irrigation.

4. Conclusion

A methodology is proposed for substantiating the development and location of hydro-technical melioration, depending on
climatic and soil conditions. The methodology is based on the analysis of the energy balance of agrocenosis, which takes into
account the supply of radiant energy and its expenditure on the processes of soil formation and crop formation. It is shown that,
depending on the soil-climatic conditions, the efficiency of the incoming energy is different. The most favorable conditions for
the cultivation of crops are the zone of distribution of chernozem soils, in which without regular irrigation it is possible to obtain
up to 8 tonnes of grain units per hectare, and in case of irrigation, the production potential may increase up to 10-12 tonnes of
grain units/ha. In the zone of excessive moistening in order to obtain 5-6 tonnes of grain units/ha, it is necessary to drain it. In
the southern steppe and semi-arid zone under irrigation, it is possible to achieve yields of up to 6-8 tonnes of grain units/ha or 3-
5 times higher than without irrigation.
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