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Analysis of main reasons of unsatisfactory ecological-meliorative state of the rice irrigation

system (RIS) has been carried out. Ways of improvement of water-air and salt condition of the soil
by efficiency enhancement of the drainage system on the irrigated rice fields have been identified.
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®opMyBaHHsI €K0JIOT0-MeJTiOPATHBHOTO CTAHY HMPHIYHANCHKAX PHCOBHX 3pPOIIYBAJIb-
HHUX CHCTEeM Ta NLISAXH ioro mokpamennsi. Typueniok B.O. [IpoBeneHo aHai3 0CHOBHUX HpH-
YUH HE3aJOBUIBHOTO EKOJOTO-MeNiOpaTHBHOTO CTaHy PHCOBUX 3poiryBambHuX cucteMm (P3C).
BusHaueHo HanpsiMK MOKpAIIEHHS BOAOIIOBITPSHOTO, COILOBOTO PEKMMIB TPYHTIB IIUISIXOM ITiJBH-
eHHs e()eKTUBHOCTI poOOTH IPEeHaXy Ha 3pOLIYBaHNX 3eMIISIX PUCOBHUX cucTeM. Kniouosi crosa:
JPEHAX, EKOJIOr0-MeNiOPaTHBHHMN CTaH, PUCOBA 3pOIIyBajbHA CHCTEMA.

dopMHpoBaHHE JKOJOr0-MeJHOPATHBHOIO COCTOSIHMSI TPUAYHAHCKMX PHCOBBIX OpPO-
CHTEJBHBIX CHCTEM M NMYTH ero yiaydmenusi. Typueniok B.A. IIpoBeneH aHamm3 OCHOBHBIX
MPUYKH HEYJIOBJICTBOPUTEIBHOTO HKOJIIOT0O-MEIHOPATUBHOTO COCTOSHHSI PUCOBBIX OPOCHUTEIIBHBIX
cucrem (P3C). OnpeneneHsl HapaBIeHHU YITy4IICHHS BOJOBO3AYIIIHON, COICBOTO PEKHMOB IT0YB
MyTeM MOBbIICHNS 3PYEKTUBHOCTH PabOThI ApeHaXka Ha OPOIIAEMBIX 3EMJISIX PHUCOBBIX CHCTEM.
Kntouesvle crosa: TpeHax, 5KOJIOrO-MEIHOPATHBHOE COCTOSHUE, PHCOBAst OPOCUTENIbHAS CUCTEMA.

Ecological-meliorative state of the
RIS is defined by several factors, being
natural (climate) and technological
(irrigation requirements, volume of the
drained water, structure and parameters
of the irrigation and drainage and water
discharge network etc.). Most signifi-
cant impact on the RIS ecological-meli-
orative state is exerted by the drainage
and water discharge system, which is
one of the most of important factors of
the RIS. It is built for drainage of the
surface waters from the rice fields and

regulation of the ground water level in
various periods of rice vegetation as
well as further cultivation of other agri-
cultural crops on the same fields. The
drainage and water discharge system is
the main method of active and targeted
interference into the water-salt regime
of the meliorated area and ground water
during the vegetation as well as irriga-
tion period of rice and other crops and
is a core condition of the soil fertility.
Analysis of the drainage effective-
ness on rice fields of Danube river
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delta [1,2,3,2] showed that the drain-
age, built in 1960 s as per then active
standards, does not ensure acceptable
drainage conditions of the rice fields,
which is one of the main reasons of
their unsatisfactory ecological-meli-
orative state and decrease of the rice
and other crops’ yields. Rice irrigation
systems in Ukraine, including those in
the Danube river delta, were built as
per the well-known Krasnodar-type
scheme of irrigation (KSI) and large
checks of broad front of flooding and
discharge of water (LCF) with one-
side and two-side water control mainly
open-air irrigation and drainage and
water discharge canals with in-be-
tween distance of 200-500 meters and
field drains of 1,5-1,7 meters in depth
depending on the soil-and-hydrogeo-
logical conditions.

In the process of long-term usage
the drainage and water discharge sys-
tem was heavily distorted [1,2,2,5]. The
canals stopped positively influencing
the water-and-salt regime of the soil
during the rice cultivation, and — most
notably — during cultivation of other
crops, when it is important to ensure
a critical depth of the ground water at
1,3-1,5 meters for Danube delta soils.

Inability of the drainage system
to ensure the required level of drain-
ing and, consequently, the sufficient
aeration of the active soil layer dur-
ing the irrigation interval and related
efficiency and purpose of redox pro-
cesses in soils and their percolation,
stimulated by the water regime of the
rice, has become the main reason of
negative processes at RIS (clay-form-
ing, consecutive clogging and swamp-
ing, etc.), decrease of soil fertility
and, respectively, rice and other crops’
yield.

The aim of the research is to define
reasons of aggravation of the ecolog-
ical-meliorative state of the rice irriga-
tion systems and elaborate complex and
systemic solutions for its improvement,
based on the principles of systemic opti-
mization of drainage parameters, justifi-
cation of the need and ways of improve-
ment of its composition and calculation
methods, which would allow to support
the positive ecological-meliorative state
of the system.

Materials and methods of the
research. The research was performed
within 2003-2016 in the framework of
the complex program for increase of
the general effectiveness of the Danube
RIS according to the common meth-
odology, which included usage of the
unified base of the long-term observa-
tions of the object; justification, as per
the task given, of the efficiency criteria
of the active Danube RIS; implementa-
tion of the water-salt balance method as
generally accepted tool of estimation
and forecasting of ecological-meliora-
tive state of RIS.

Results of the research. Danube RIS
operational experience showed that their
ecological-meliorative state is defined
by the stable work of all elements of the
rice system and, first of all, drainage and
water discharge system.

Long-term research identified that
RIS salty soil drainage must comply
with the following requirements:

- ensure unsalting of the top soil
layer (1-1,5 meters) for 2-3 years to cre-
ate favourable conditions for cultivation
of rice and other crops;

- secure necessary level of the
drainage for the beginning of new irri-
gation period at not less than the critical
depth after water discharge from field
drains (1,5-1,8 meters);
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- exclude possibility of the consec-
utive salting of soil at fields, where other
crops are cultivated;

- create and support optimal filtra-
tion speed at the rice field for removal of
salt from the active soil layer.

Effective functioning of the drain-
age and water discharge network at the
rice fields depends on the correct choice
of its parameters, i.e. distance between
drains and their depth. These parameters'
values must be calculated for creation of
the optimal conditions for cultivation of
other agricultural crops and, first of all,
prevention of the consecutive salting.

Diversified approach of the RIS
drainage assumes application of the rel-
evant theoretical dependencies, which
help to set drainage parameters for
water discharge as well as creation of
sufficient intensity of the percolative
water regime, evenly distributed over
the field drain.

Various filtration speed across field
drains leads to broad range of ground
waters mineralization and salt content in
the soil, which results in creation of dif-

ferent natural-meliorative conditions and,
as a consequece, different crop yields.

Filtration speed observations from
the surface of irrigation maps of
the Danube delta rice systems [2,3]
showed that highest value of the filtra-
tion speed (from 4 to 20 mm per day)
is observed in by-drain areas of the
rice field, within 50 meters from the
field drains (fig. 1), under condition
of absence of damming in drainage
and water discharge canals and, conse-
quently, maximal value of the pressure
gradient. Up to the middle of the drain
spacing the filtration speed, notwith-
standing the composition of the irri-
gation maps and distance between the
drainage canals, is between 1-2 mm/
day, i.e. almost absent (fig. 2).

Therefore without improvement of
work and finetuning of project param-
eters of the drainage and water drain-
age system to avoid these negative
processes there is a real threat of rice
systems’ failure and irrecoverable loss
of investments for their construction
and maintenance.
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Fig. 1. Scheme of formation of distinctive areas of filtration by profile of rice field drain:
1 —field irrigation drain; 2 — field drainage and escape drain; 3 — soil surface; 4 — water surface;
5 — boundary of active soil layer; 6 — active soil layer; 7 — ground water evaporation zone;
8 — dead water zone; 9 — active filtration zone, 10 — directions of filtration flows
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Fig. 2. Vertical filtration speed at field drains na xapmax-uexax
by distance between drain canals: 1-B=200m, 2- B=250m; 3 — B=500m

According to the accepted practice
and experience, a solution for such a
complicated problem of the existing
RIS, which are — in their essence — are
complex natural-technical and ecolog-
ical-economic systems with respec-
tive change of the entire methodology,
technical and technological strategy of
their creation and functioning, requires
application of respective complex and
systemic solutions, based on principles
of systemic optimization of operational,
technological and constructional solu-
tions and their parameters. For the exist-
ing RIS systemic optimisation envisages
ecological-economical optimisation
of natural-meliorative regime parame-
ters, technology of water management
and constructional solutions for their
application.

Optimization of project parame-
ters of the RIS and, first of all, those of
the drainage and water discharge net-
work, given the necessity to create and

maintain a percolative water regime on
irrigated salty soils as the main factor
in ensuring their favorable ecological
and land reclamation status, as well as
increase of the overall rice system tech-
nical, technological, economic and the
ecological efficiency can ultimately be
limited to optimization of the filtration
speed after surface irrigation of the lead-
ing rice crop owing to the respective
correlation between water supply and
discharge under appropriate irrigation
mode. It is the filtration regime which
is created on irrigation rice field drains
during the presence of the water layer as
well as further on in the rice post-vegeta-
tion period that determines their overall
ecological and land reclamation status
and allows to assess the technological
efficiency of the drainage network dur-
ing different periods of RIS functioning.

According to [6], as an economic
criterion and condition for optimization
of the project and parameters of the RIS
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drainage during the project, we con-
sider it expedient to consider the indi-
cator of adjusted costs ZP, taking into
account the weather-climatic risk R
and bearing in mind the deviation of the
water regime of the rice field from the
optimal in the post-vegetation, autumn-
spring period as well as in the vegeta-
tion period of the system functioning to
implement the appropriate variants of
project solutions (PS) of the aggregate
{i}, i=1n

ZP =7, -k =[(C + E,K)+R]/V,
i=lLn,, )

where k —is a coefficient of expres-
sion of the adjusted costs by volume
(value) V, of the received products as per
variants of operational, technological
and technical solutions of the aggregate
{i}, i =1,n, , which is determined by the
inverse relationship 1/V;;

C,— current expenses for the produc-
tion under options of the PS;

E,— normative coefficient of eco-
nomic efficiency of capital investments
in the respective variants of the PS;

R, — weather-climatic risk as per the
respective PS.

Weather-climatic risk is the possibility
of loss or decrease of profit as a result of
the influence of adverse factors on the eco-
nomic activity, or the probability of unfore-
seen losses due to the accidental change in
the conditions of economic activity or due
to impact of adverse circumstances, etc. It
is determined by formula:

R-[5 0wy - 8 R,
j=1 J=1
i-in, )

where W, —the value of gross output
by the actual yield of cultivated crops,
obtained by i-variant of the PS, UAH/ha;

W, —value of gross output for poten-
tially possible yield on the site, UAH/ha.

Determination of environmentally
acceptable variants of project solu-
tions for the rice field and the system
as a whole in general can be presented
as necessary conditions and restrictions
for the determined, substantiated and
accepted for consideration a number of
physical indicators (criteria) for assess-
ing the water, salt and general natu-
ral-meliorative regime of rice fields and
systems: by the regime of groundwater
level in the non-vegetation period (Hg);
the duration of its standing below the
critical depth (T); the intensity of the
filtration processes under the flooded
rice field (V), the degree of salting of
the active soil layer (S); irrigation rate
(M); mineralization of groundwater
(G), etc.

ij: = (Hgks s Tiss Vigs St Mksaka) >

k=1n,s=1n . (3)

j=Tm

]
By such indicators, namely by their
limit values in accordance with the spe-
cific soil-meliorative conditions of the
object, it is possible to predict the direc-
tion of the processes occurring in the rice
field and the system as a whole and to
assess the ecological effect of the imple-
mentation of meliorative measures.

An assessment of the environmental
reliability of PS variants in respect of the
parameters of vertical filtration speed on
a rice field drain, which simultaneously
reflects operational and technological
aspects of water management of the RIS,
is given in Table 1.

Optimization of drainage parameters
included optimal parameters of vertical
filtration speed on the rice field drain,
which simultaneously reflects oper-
ational and technological aspects of
water management of the RIS, as well
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Table 1
Assessment of the ecological reliability of PS variants depending
on vertical filtration speed at rice field drains
_E 2. | 2 5 2 = 52
88 g o g g 20 2= | 8&F<
2> > Q 5, Sl Sl S S > o= O
£87.5 &3 8.0 8o 8o 8.0 S85
SE3°| Ex | ER | EX | EX | ER | 3%E
S o O O O O =g
0,5 0,80 0,82 0,51 0,43 0.24 0,56
1,0 0,95 0,98 0,55 0,50 0,28 0,65
2,0 1,00 1,00 0,67 0,60 0,33 0,72
4,0 0,93 0,93 0,73 0,75 0,50 0,77
6,0 0,87 0,89 0,80 0,86 0,61 0,80
8,0 0,80 0,93 0,89 1,00 0,74 0,87
10,0 0,67 0,86 1,00 0,83 0,77 0,83
12,0 0,70 0,86 1,00 0,73 0,77 0,81
14,0 0,65 0,86 0,75 0,67 0,83 0,75
16,0 0,59 0,82 0,63 0,50 0,96 0,70
18,0 0,50 0,79 0,50 0,33 0,91 0,61

as the established optimal parameter of
rice share of 50-60% in crop rotation
cycle.

According to the results of the fore-
cast-optimization calculations, the opti-
mal and economically advantageous
option of the project decision as per the
estimated distance between the drain-
age and escape channels and projected
closed drainage collectors projected for
the Danube RIS conditions is the vari-
ant with a distance of 100 m. This drain
spacing, unlike the existing one with
200-500 m, ensures the creation and
existence of a percolative water regime
on the rice field with an optimal speed
of vertical filtration of 6-8 mm/day.
The economic optimization criterion is
ZPo=0,74.

Conclusion

In order to improve the ecological
and meliorative state of the RIS lands,

increase the rice yield, create favorable
conditions for redox processes and elim-
inate the prerequisites for secondary soil
salting, it is necessary to increase infil-
tration under the rice field and ensure
uniformity of its distribution along the
entire surface of the rice field. The task
of rice system drainage as a unified way
of regulating their water and salt regimes
is the soil unsalting during the rice culti-
vation period, creation of optimal water
filtration speed in the soil throughout the
vegetation season and ensuring the rapid
drying of field drains in the post-irriga-
tion period.

According to the received calcula-
tions of the distance between drainage
and water discharge canals for the con-
ditions of the Danube RIS, favorable
water-and-air regime of the soil can be
achieved by completing the drainage
network in the form of open field drains
by individual closed drain collectors,
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which should be arranged along the
field drains, maintaining the calculated
distance.

Improvement of the project of the
drainage and water discharge network
makes it possible to extend the period
with favourable level of ground waters
during the irrigation interval by 30-100
days and bring its total duration to
200-220 days. This creates conditions
for the complete oxidation of all recov-

erable toxic products before the start of
the new irrigation season.

The proposed project of the irrigation
field check enables reconstruction of exist-
ing rice systems with minor investments,
since it does not require the installation
of systematic drainage, will significantly
increase the efficiency of the intra-field
drainage network and will enable drainage
process management in different phases of
agricultural crops cultivation.
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