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Abstract. The paper presents data of scientific researdh@onditions of the Bukhara oasis

of Uzbekistan reducing the salinity of collectoairage water through water plants Lemna
minor, Azolla caroliniana, Eichhornia crassipes aoientific and practical recommendations
for the irrigation of cotton biologically purifiedollector-drainage waters. A decrease in the
salinity of collector-drainage water with a salnitf 3-5 g/l was achieved with the help of

aquatic plants Lemna minor and Azolla caroliniansing them as an additional source of
water for irrigation of cotton variety Bukhara-102,high harvest of raw cotton, as well as
saved river water and prevented environmental fiofu

1. Introduction

Over the past 60 years in the world, drinking wat@nsumption has increased over 8 times. By the
middle of the century, many states will be forcedntport water. Water is a very limited resourae, s
now its sources are becoming one of the causeenfliat situations and the basis of geopolitics on
the planet [1].

World agriculture annually consumes more than BoBisand krhof fresh water - up to 70 % of its
global consumption, or 7 times more than world Btdu Almost all of this volume goes to irrigation.

Worldwide water consumption growth at such a raed$ to a global water shortage. The
development of new water resources requires arasang investment in the maintenance of water
management systems. Each cubic meter of watercefit more and more expensive, which will
complicate the solution of the problem of accessvéter for developing countries. In the case of
maintaining a modern model of water use and aneas® in per capita water consumption, its
availability will steadily decline.

Today, the Republic of Uzbekistan uses 54-55 hillilbm of water, of which 92 % is used in
irrigated agriculture. The average annual use demeesources to irrigate the land in the Bukhara
region is 4.2—4.6 billion A of which almost 50 % (1.9-2.3 billion cbm) is mwed out by collector-
drainage systems outside the region. Mineralizatiocollector-drainage water is from 2 g/l to 15 g/
During a period of water shortage, their directseeun irrigated agriculture can increase soil
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salinization, which will negatively affect the grthw development of plants and contribute to a
decrease in the yield by 30-80 % [2,3].

In the practice of irrigated agriculture in the VadofUSA, China, India, Israel, etc.), due to the us
of scientifically-based on irrigation regimes innditions of water shortages, water-saving irrigatio
methods, the use of collector-drainage and wasterwsavings have been achieved in river water and
increase agricultural productivity crops by 10-15 %

The use of collector-drainage water to irrigateiadtural crops, as well as the effect of their
mineralization on the reclamation state of irrigat@nds, was carried out by scientists: K.M.
Mirzazhonov, F.M. Rakhimbaev, G.I. Ibragimov, G.zBerodov, M.Kh. Khamidov, S.Azimov,
S.K.Urinboev, T.Razhabov, M.Makhmudov, A.Abdukarimd.Turdialiev, L.Stepanova, S.lsaev,
D.Balla, S.Maasen, and etc.

According to some researches, in arid and semi@idatic zones, salinity prior to nutrient is
considered as the primary factor restricting cropdpction [4,5]. Saline drainage and fertiliserslos
are co-products of agriculture, which could beiretd in vegetated drainage ditches. For water-gavin
purposes, irrigation with light-salinity drainagecycling is suggested as an agricultural pracége [

Couple of researchers studied duckweed plants alcium-mediated responses of greater
duckweed under diethyl phthalate stress were iigagst [6]. Some other researchers studied culture
of duckweed (Lemna disperma), their use and eff@gts

Research of some scientists showed that salt siieigsted N and P removal by L. minor. Higher
salt stress exerted more inhibitive effects on M & removal. High-salt stress severely injured
duckweed and reduced removal efficiencies of N Bnelven to negative levels. Longer cultivation
time helped duckweed remove more N and P underskdivstress and, conversely, induced more
reduction in removal efficiencies under high-s#éiless. Their results suggest that L. minor shoeld b
used to remove N and P from water with salinitielw 75 mM NaCl or equivalent salt stress [8].

Some other scientists’ study elaborated that plantl algae are able to cooperate with
microorganisms to enhance organic pollutants anttiemts removal from POME, which can
contribute in improving our environment in the ftguAlgae species were suggested to be used as bio-
fertilizer as an alternative to mainstream synthéitilizers. This is due to the increased cost of
chemical fertilizer that cause soil and water coniteation. In comparison, algae are a cheap source o
nutrients that do not cause pollution. Further gtigations need to be carried out in the futureaon
actual scale such as agro-waste POME pond for tinalusurposes [9].

Other scientists mentioned that better managenfetitainage is a key opportunity for this justifies
the need for more research to optimize the managemgions for controlled drainage to avoid
problems with soil salinity [10].

The aim of the research is to study the conditioihthe Bukhara oasis to reduce the salinity of
collector-drainage water with the help of wateriplgants Lemna minor, Pistia stratiotes, Azolla
caroliniana and develop scientific and practicabremendations for cotton irrigation with improved
collector-drainage waters.

2. Materials and methods

Field, laboratory studies and phenological obs#matwere carried out according to the method
“Methods for conducting field experiments” (UzICO®) and methods adopted by Leibniz Centre
for Agricultural Landscape Research (ZALF), theemttional standard DIN, the amount of salts was
determined in the laboratory using METRONOM-858trim»ents, UGT-UMP-1, Multi 3620 IDS
SET G, Multi 3410 SET 7 and SPEKORD-200.

The reliability and accuracy of the data obtained whecked on the basis of the generally accepted
methodology “Mathematical processing of field expent results” by B.A. Dospekhov, as well as on
the basis of the SPSS (Statistical Package fomE8cience) computer program.

In a special laboratory of the Bukhara branch ofAME, the properties of reducing the
mineralization of collector-drainage water of agugtlants were determined: Lemna minor, Pistia
stratiotes and Azolla caroliniana in 4 variants &teplicates: in the 1st variant, mineralizatidn o
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collector-drainage water was 1.0-3.0 g/l; in theni2bodiment, 3.0-5.0 g/l; in version 3 above 5.0 g/l
and in the control version 4 without sowing aquatants.

During laboratory and field experiments, the follogv scientific studies were carried out: the
amount of salts of drainage water was determineshiyples obtained every 12 hours by an electronic
conductivity meter, as well as in laboratory coiotis; the amount of nutrients, nitrate, phosphate,
potassium was determined from samples obtainedy eb&rhours under laboratory conditions (the
total amount of nitrogen and potassium was detaxcthioy the methods of A.P. Gritsenko and |.M.
Maltseva, the amount of nitrate nitrogen using anomer Gronwald-Lyazh, active phosphorus
according to B.P. Machigin, exchange potassiumguairflame photocolorometer by the method of
P.V.Protasov); phenological observations (quantitgss and surface coverage of water) of the growth
and development of water plants Lemna minor, Pmtiatiotes and Azolla caroliniana were carried
out by determining the surface coverage of the maate its mass every 12 hours for all variants and
repetitions; the effect of air temperature on thmagh and development of water plants Lemna minor,
Pistia stratiotes and Azolla caroliniana was deieech by their growth and development factors every
12 hours for all variants and repetitions.

Under field conditions, small pools were held alapgn collectors and the following observations
were made: after sowing Lemna minor plants, ev@ydurs, as well as before irrigation water was
supplied, the dry residue, the number of catiors amons of drainage water were determined; the
amount of nutrients in the drainage water sownhgyltemna minor plant was determined every 12
hours, as well as before water was supplied figation; the temperature of the drainage water was
determined every 12 hours, as well as before thgplguof water for irrigation. Phenological
observations of the water plant Lemna minor (bisnagter surface area of the pool) were carried
out every 12 hours before sowing until the enchefdéxperiment.

3. Results of laboratory and field experiments

For scientific research in laboratory conditionguatic plants Lemna minor, Pistia stratiotes and
Azolla caroliniana were planted in drainage watére mineralization of collector waters according to
the options is as follows: in the first embodimehg dry residue was 2.74 g/l, chlorine ion —0.846
sulfate ion —0.785 g/l, ioRICO3 —0.164 g/l; in the 2nd embodiment, the dry residu4.1 g/l, the
chlorine ion is 0.386 g/l, the sulfate ion is 1.3¢8 the ion is HCO3-0.414 g/l; in version 3, tthey
residue is 5.5 g/l, the chlorine ion is 0.678 thi& sulfate ion is 2.499 g/l, the ion is HCO3-1.1811

In laboratory conditions, it was found that gooda@iption of chlorine in drainage waters with a
salinity of 1-3 g/l was observed with the use df thater plant Lemna minor. If before sowing an
aquatic plant the amount of chlorine in drainagetewavas 0.216 g/l, then at the end of the
experiments this indicator was 0.195 g/l. This @atlor was equal to 0.204 g/l in option 2 with an
aquatic plant of Pistia stratiotes and 0.208 gbption 3 with an aquatic plant of Azolla carolinga
The control variant — in the research variant withgeeding of aquatic plants, the amount of chéorin
in the drainage water was 0.235 g/l.

If, before sowing, the dry residue of drainage watas 2.74 g/l, then by the end of the
experiments, in option 1, when sowing Lemna minbis indicator dropped to 2.40 g/l. If in the
second embodiment, when sowing Pistia stratiotesdty residue decreased to 2.55 g/l, then in the
3rd variant, when sowing Azolla caroliniana, thdicator was 2.60 g/l. In the control variant, thg
residue increased by 106 % relative to the infgault and amounted to 2.90 g/I.

The analysis of the results of the experiment terdane the effect of water plants on the amount
of salts in collector-drainage waters with a s&jif 3-5 g/l showed that the amount of chlorine &
the beginning of the experiments was 0.386 g/l.(Ejgthen by the end of the experiments, in option
1, when sowing Lemna minor, this indicator decrdase0.278 g/l, which shows a decrease of 28 %.
If in the second embodiment, when sowing Pistiatistres, the amount of chlorine decreased to 0.312
g/l, then in the third variant, when sowing Azotiaroliniana, this indicator was 0.345 g/l. In the
control variant, the amount of chlorine increasg®® relative to the initial result and amounted t
0.416 g/l
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Figure 1. Water plants’ effects on the amount of chlorinériainage wate.

As a result of the experiments carried out to redhe salinity of drainage water, the Lemna minor
aquatic plant showed the highest efficiency: inewatith a salinity of 3-5 g/l. the decrease in the
amount of salts in the drainage water was 28 %litorine ion and 22 % for dry residue.

The same results were obtained in experiments @& ZAWLF laboratory (Germany). The
experiments in the ZALF laboratory were carried twtstudy the dynamics and the degree of
decreasing in the salinity of the collector-dramagater by the Lemna minor aquatic plant in 3
variants and 3 repetitions: in the 1st variant {aid) the salinity of the collector-drainage watess
0.3 g/l; in the 2 embodiment, 1.4 g/l; in versiqr23 gl/l.

The studies showed that in the control versiorhatldeginning of the experiment, the electrical
conductivity of the drainage water was 988/cm, then after 17 hours, this indicator was @%ftm
and this is 731S/cm less than the initial indicator. By the middfethe experiment, after three days,
this indicator was 86@S/cm, and at the end of the experiment, the etattaonductivity of the
drainage water was 82i{S/cm, which is 163uS/cm less than the initial indicator. During the
experiments, 4.8 mm of precipitation fell, and éwvaporation of drainage water was 10 mm.

In the second version of the observations, the amolsalts in the drainage waters was 1.4 g/l,
then after 17 hours of experiment this indicatos &8 g/l. On the 3rd day of the study, the amaofint
drainage water salt was also 1.3 g/l, this indicdicreased to 1.2 g/l and remained until the énd o
the experiments. The electrical conductivity of thrainage water has decreased. For example, if in
option 2 at the beginning of the experiment theteleal conductivity was 2990 uS/cm, then after 17
hours this indicator was 2900 uS/cm, which is 9cpdess than the initial indicator. If by the miield
of the experiment, after 72 hours, this indicat@sv2820 uS/cm. At the end of experiment 2 of the
option, the electrical conductivity of the drainagater was 272QS/cm. In the second variant, a
decrease in the conductivity of the drainage water270 uS/cm from sowing to the end of the
experiment was determined.

In the 3rd research variant, 2 g/l sodium chlonves added to drainage water before sowing
Lemna minor. If before sowing the amount of sattghe drainage water was 2.8 g/l, then after 17
hours of experiment this indicator was 2.7 g/l, tlee decrease was 0.1 g/l. The research results
showed that after 72 hours the amount of salts2uag/l, after 84 hours their amount decreased3o 2
g/l. By the end of the study, this value was 213ig#., a decrease of 0.5 g/l in comparison wité t
beginning of the experiments. In the 3rd reseagniant, as well as in other variants, one can see a
decrease in electrical conductivity by the endhef éxperiments. At the end of the experimentsr afte
144 hours in the 3rd embodiment, the electricabloetivity of the drainage water was 4758/cm.
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As a result of the experiments conducted to redlieesalinity of drainage water, high efficiency
was achieved by growing Lemna minor in drainageewatith a salinity of 2.8 g/l. With this
mineralization, Lemna minor provides an 18 % reituncin the amount of salt in drainage water. And
in drainage waters with a salinity of 1.4 g/l, teeluction in salt will be 15 %.

Field studies were carried out in 2018-2019 in Klagan district of the Bukhara region, in small
basins located along the Ubachul reservoir. Duttiregfield studies, the mineralization of the waier
the Ubachula collector was 3.4 g/l. Field experitaamere carried out according to the scheme (table
1).

Table 1.Experimental scheme of field experiment on cottagation through biologically treated
collector-drainage waters

o . Norm of
Pre-irrigation soil mineral
Variant moisture, fertil Irrigated water
% ertilizers,
kg/ha
1 irrigation  with  drainage  water
(control) (without water plants)
5 irrigation with biologically cleaned
with Lemna minor drainage water
70-75-65 % N250; irrigation  with  drainage  water
3 P175K100. piologically cleaned with Azolla
caroliniani
irrigation  with  drainage  water
4 biologically cleaned with Eichhornia
crassipe

Pre-irrigation soil moisture of 70-75-65% HB aneé thorm of mineral fertilizers N-250; P-175; K-
100 adopted on the basis of recommendations Uzl @dkhara region. The dimensions of each
pond: length 14 m., Width 6 m., Depth 4 m (Fig. 3).

At the beginning of the study, water plants Lemn@aan Azolla caroliniana, and Eichhornia
crassipes were seeded over an area of 20The growth and development of aquatic plants was
monitored every 12 hours.

When sowing Lemna minor, the surface area of themeovered by the plant was 26, rafter 24
hours it was 26 A after 72 hours - 45 fnand at the end of the observations, before usiamage
water to irrigate cotton (after 204 hours) it wag 7, i.e., the water surface in the pond was
completely covered.

When sowing Azolla caroliniana, the water surfacsaacovered by the plant was 26, mfter 12
hours - 25 M after 72 hours - 50 fafter 120 hours - 75 Hand at the end of observations, after 180
hours, before using drainage water for irrigatibeatton it amounted to 84n

When sowing Eichhornia crassipes, the surface afethe water covered by the plant at the
beginning was 20 mafter 24 hours - 22 frand at the end of the observations, after 204shdafore
using drainage water for irrigation of cotton, i&sv30 M.

Comparing the data on the growth, development amohdss formation of Lemna minor, Azolla
caroliniana and Eichhornia crassipes, it can becloded that in collector-drainage waters with a
salinity of 3-4 g/l, the best development was inok& caroliniana, then in Lemna minor and
Eichhornia crassipes.

Decreased mineralization of drainage water by aquatic plants.

The results of researches relevant to the influefeeater plants Lemna minor, Azolla caroliniana
and Eichhornia crassipes on the salinity of calledrainage waters are given in table 2.
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Table 2.Influence of water plants on the dynamics of mitieation of collector-drainage water

At the end of resear
At the beginning of

ions . Azolla Eichhornia
research Lemna minor - .
caroliniana crassipes
gl % gl % gl % gll %

cl 0.36: 10C 0.274 75 0.28¢ 78 0.29¢ 82
SQ, 1.308 100 1.088 83 1.14 87 1.158 89

HCGs 0.45¢ 10C 0.252 55 0.27C 59 0.272 6C

Na 0.328¢ 10C 0.281 85 0.291 89 0.29t 9C
Mg 0.397 100 0.282 71 0.299 75 0.305 77

Ce 0.21€ 10C 0.162 75 0.18¢ 87 0.172 8C

dry residu 3.3 10C 245 73 2.6 77 2.6E 78

To determine the effect of aquatic plants on thenisa of drainage water, good absorption of
chlorine ion by the water plant Lemna minor waslelsshed. If before sowing the amount of chlorine
in drainage water was 0.363 g/l, then at the enth@fexperiments this indicator was 0.274 g/l. The
chlorine ion content in the variant with the agaatiant Azolla caroliniana was 0.285 g/l and in the
variant with the aquatic plant Eichhornia crassip&98 g/l

If before sowing, the dry residue in the drainagatew was 3.35 g/l, then by the end of the
experiments, in the variant with Lemna minor, thiglicator decreased to 2.45 g/l. with Azolla
caroliniana and Eichhornia crassipes up to 2.685 8l/1.

The effect of irrigation with biologically purified drainage water on cotton productivity.

In option 1, where the irrigation was carried outtwdrainage water, the cotton yield of the Bukhara
102 variety was 3.27 t/ha, which is 0.87 t/ha bbs® in option 3, where the irrigation was carred
with biologically purified drainage water using Aleocaroliniana and 0.83 t/ha less than in optipn 2
where irrigation was carried out with biologicalhurified drainage water using Lemna minor. In
option 4, where irrigation was carried out with Ibgically purified drainage water using Eichhornia
crassipes, the yield was 3.65 t/ha (Figure 2).

cotton yield, t/ha

variant-1 (control) variant-2 variant-3 variant-4

Figure 2. Effect of irrigation with various quality water ohd productivity of cotton, t/h

In option 3, where the pre-irrigation soil moistwas maintained at the level of 70-75-65% HB,
against the background of the N-250, P-175, K-1§0& mineral fertilizers, the irrigation was cadrie
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out with drainage water, biologically reduced maiteation and enriched with nitrate nitrogen with
the help of Azolla caroliniana, the most favorabtil, water, air, salt and nutrient regimes were
created, which ensured a high yield of raw cotton.

4. Conclusion

The irrigated lands of Bukhara region comprise 22bhousand ha, of which 170.1 thousand ha (61.8
%) of lands with mineralization of groundwater /8 96.3 thousand ha (35 %) of land with salinity
of groundwater 3-5 g/I, 8.5 thousand ha (3.1%)aoil with salinity of groundwater 5-10 g/l and 1.2
thousand ha (0.45 %) of land with salinity of grdwater more than 10 g/I.

For agricultural needs of Bukhara region, 4.1-4liioh cbm of water resources are used annually.
Every year, 2.1 billion cbm of water is dischardeam the irrigated territories of the region to use
collector-drainage systems. During the years oteasbortage of water resources, 61 % of them can
be reused, and 5.23 % of the collected collectamdige water can be used in irrigated agriculture
mixing them with river water, which reduces the atidge consequences of the water shortage.

When the water plant Lemna minor was grown undeori@ory conditions in drainage water with
a salinity of 3-5 g/l, the best results were acbtevthe amount of chlorine was reduced to 25 %, and
the amount of solids to 27 %. When growing aqualants Azolla caroliniana and Eichhornia
crassipes, the decrease in the amount of chlanidleainage waters was 22 % and 18 %, and the solid
residue was up to 23 % and 22 %.

In option 3, where the pre-irrigation soil moistwras maintained at the level of 70-75-65 % HB,
against the background of N-250, P-175, K-100 kgtftiaeral fertilizers, irrigation was carried out
with biologically reduced mineralization and enedhwith nitrate nitrogen with the help of Azolla
caroliniana, the most favorable soil water, ailt aad nutrient regimes were created, which ensared
high yield of raw cotton: up to 4.16 t/ha.

5. Recommendations

In the years of severe water shortages in ordexdoce its negative consequences, as well as da lan
where river water delivery is difficult, farmersrcaise drainage water with a salinity of 3-5 g/l to
irrigate cotton seed of the Bukhara-102 varietydgucing them mineralization with the help of water
plants Lemna minor and Azolla (Azolla carolinianalis creates opportunities for biogas production
using aquatic plants as bioorganic waste, as vgebiafertilizer production, a product of processing
water plants used to reduce the mineralizatiorraihdge water.
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