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ASSESSMENT OF EVAPOTRANSPIRATION
OF LICORICE UNDER SALINE ENVIRONMENTS:
CASE STUDY FROM GALABA FARM, UZBEKISTAN

Land salinization is widespread in countries of the arid zone, including in the Aral Sea basin, where
4 million hectares of irrigated land are salt-affected, causing high economic losses. Current saline soil
reclamation practices include soil leaching and deep drainage to remove excess water outside the irrigat-
ed zone. Growing pressure on limited water resources makes this practice ineffective. An alternative is
biological methods of salinity control, which are not widely used in the region. In this study, the licorice
plant was considered a potential crop for restoring the fertility of salt-affected soils. The study has two
objectives: (1) to assess evapotranspiration from licorice fields, and; (2) to track changes in soil chemical
properties as affected by the cultivation of licorice on irrigated land. The results of the study indicate high
evapotranspiration from licorice fields under irrigation. The total amount of soluble salts may increase
in the soil profile; however, after more than 10 years of cultivation of the crop, no accumulation of toxic
salts has occurred and there was no deterioration in the chemical and water-physical properties of soils,
while at the same time soil fertility has increased.

Key words: Soil salinization, Aral Sea basin, licorice, biological reclamation, soil fertility.
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Mus aakanTapbiHAQ Xep 6eTiHAeri 6yAaHy
)KoHe 6CIMAIKTEepAiH TpaHcnMpalms Ke3iHAe 60AaTbiH OyAaHYAbI OaFanay:
Ffaraba wapya chepmachiHbIH, MbicaAblHAQ, O36eKkcTaH

JKepaiH Ty3aaHybl KYprak, LIOAAT EAAEPIHAE, OHbIH iLiHAE ApaA TeHi3i 6acceniHiHAE KeH TapaAFaH,
OHAQ 4 MUAAMOH reKkTap >kep TY3Abl, OYA YAKEH SKOHOMUKAABIK, LbIFbIHAAPFA OKEeAEA|. TY3AbI TOMbIPAK b
MeAMopaUMIAayAbIH Ka3ipri 8AicTepi: TOMbIpakTbl TepeH, ApPeHaXk asCblHAQ KYY >K8He CyapMaAbl
aMaKTaH TbIC KOAAEKTOPABIK, — APEHaXKAAP apKbIAbl LWbiFapbin Tactay. Cy pecypcrapbl TanlblAbIFbl
ecyi >araanbiHAQ BYA BAIC THIMCI3 60AbIN Typ. Ty3aaHyFa KapCbl KOAAMAbI BUOAOTUSABIK, SAICKE OTY
KaxeT, Bipak OGYA 9AiC ekiHillke opar anMakTapAa KeH TapaAMaraH. bya 3epTreyae mus Tambipbl
TY3Abl TOMbIPAKTbIH KYHAPAbIFbIH KAAMbIHA KEATIPYAIH bIKTUMaA ©CIMAIri peTiHAe KapacTbIPbIAAAbI.
3epTTeyAaiH exki Makcatbl 6ap: (1) MMg aAKanTapbiHAQ 3BanoTpaHCNMpauusaHbl Garasay >xoHe; (2)
CyapMaAbl XXePAEPAE MMNS TaMbIPbIH 6CIPYAiH 8CepiHeH TOMNbIPaK TbliH XMMUSAbIK, KaCMETTePiHiH e3repyiH
6aKpblAay. 3epTTey HOTMXKEAEPi MUSI AAKAMNTAPbIH Cyapy >arAalblHAQ KAPKbIHAbI 3BarnoTpaHcn1paums
npouecciH kepceTeai. Tonbipak, NPOMUAIHAE epUTiH TY3AAPAbIH XKaAMbl MOALLEP] 6asty apTybl MyMKIH;
ananAa, AAKbIAAAPAbI ecipyaiH 10 >KbIAAQH acTaM YyakbITbIHAQ YAbl TY3AAPAbIH >KMHAAYbl >KoHe
TOMbIPAKThIH XMMUSIABIK, XXOHE CY-(PU3MKAAbIK, KACMETTEpPiHIH HallapAaybl BOAFaH XOK, COHbIMeH Bipre
TOMbIPAKTbIH XOFAPFbl KabaTblIHAAFbI KApaLLipiK MOALLEDPI apTThl.

TyHiH ce3aep: TOMbIPaKTbIH Ty3AaHybl, ApaA TeHi3i 6accemHi, Mus Tamblpbl, GUOAOTUSALIK,
MeAMopaLms, TOMbIPak, KYHAPABIAbIFbI.
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OueHKa 3BanoTpPaHCNMPaLMM C MOAEH AAKPULLbI:
Ha npumepe XossiictBa Naraba, Y3bekncraH

3aconeHre 3emMeAb LIMPOKO PacrpoCTPaHeHO B CTpaHaX apUAHOM 30Hbl, B TOM UMCAE B
6acceriHe ApaAbCKOro Mopsi, TA€ 4 MMAAMOHA ra OPOLUAEMbIX 3E€MEAb 3aCOAEHbl, YTO BEAET K
GOABLLIMM 3KOHOMMYECKMM MOTEPSIM. TekylliMe MEeTOAbl MEAMOPALIMM 3aCOAEHHbIX MOYB BKAKYAIOT
NMPOMbIBKY MOYB Ha (hOHE FAYOOKOro ApeHaXka U OTBOA KOAAEKTOPHO-APEHAXXHOIO CTOKA 3a MPEAEAbl
opoLaeMoit 30Hbl. B ycAoBUsIX HapacTatolero aemimMTa BOAHBIX PECYPCOB 3Ta NMPaKTUKA CTAHOBUTCS
Hea(hhEKTUBHON. AAbTEPHATUBOMN SIBASIIOTCS OBMOAOTMUYECKME METOABI GOPLOBI C 3aCOAEHMEM, KOTOPbIE
K COXXAAEHMIO He MOAYUMAM MOKa LUMPOKOrO PacrnpoCTpaHeHWs B pervioHe. B 3ToM mccaepoBaHmu
AAKpMLLA paccMaTpuBaAacb Kak MOTEHUMaAbHasi KyAbTypa AASl BOCCTAaHOBAEHMSI TMAOAOPOAMS
3aCoAeHHbIX MouB. MccaepoBaHme npecaeayeT ABe LeAr: (1) OLeHWUTb 3BanoTPAHCIIMPALMIO C MOAEN
AAKpULbl, U; 2) MPOCAEAUTb U3MEHEHWE XMMWMUYECKMX CBOWCTB MOYBbI MOA BAWMSIHUEM BbIPALLMBAHMS
AQKPULIbI HAa OpOLLIAEMbIX 3EMASX. Pe3yAbTaTbl UCCAEAOBaHWS CBMAETEALCTBYIOT OO WMHTEHCHMBHOM
3BANoTpPaHCMMpaLMU C MOAEN AAKpULbl B YCAOBUSIX OpolleHus. B mnouBeHHOM npodcurae MokeT
MEAAEHHO YBEAMUMBATbCs 06llee KOAMYECTBO PACTBOPMMbIX COAEl; OAHaKo 3a Goaee yem 10 Aer
BO3AEAbIBAHWNS KYAbTYPbl He MPOMU3OLUIAO HAKOMAEHUS TOKCUYUHbBIX COAe M YXYALIEHUSI XMMUYECKMX
U BOAHO-(hM3MYECKMX CBOWCTB MOYB, B TO XK€ BPeMsl COAEp>KaHue ryMyca B BEPXHEM CAOE TMOUBbl

YBEANYMAOCD.

KAtoueBble cAaoBa: 3acoaeHue Nno4s, 6acceitH /\pa/\bCKOFO MOp4, AaKpuua, 6uonormyeckas

MeAnopaund, NAOAOpoAME NMo4B.

Introduction

One of the main reasons for the low productivity
of 424 million (mln) hectares (ha) of topsoil in the
world is soil salinization (FAO, 2005; UN General
Assembly, 2015). Soil salinization is widespread
in India, Pakistan, Egypt, the western states of the
USA, and in the Aral Sea basin (Stavi et al., 2021).
The area of the irrigated land in the Aral Sea basin is
7.9 million ha, of which 28.5%, or 2.25 million ha,
are subject to moderate or severe salinity. Pankova
E.I. (2016) summarized previous studies in the
basin and made several important conclusions about
causes of land salinization. She noted that before the
intensive irrigation of lands in the middle of the 20th
century, automorphic soils did not experience the
active modern salt accumulation, although the soils
had easily soluble salts in their profile. Under natural
conditions, only hydromorphic soils experienced
the process of salt accumulation. After developing
the virgin land in mid-20™ century, because of low
efficiency of water distribution and use in conditions
of insufficient natural drainage, automorphic soils
pass into the rank of irrigated-hydromorphic soils,
subject to soil secondary salinization. According to
Karlykhanov and Toktaganova (2016), soil salinity
is a major cause of unsustainability in farming in the

lower reaches of the Amudarya River. Reclamation
of secondary saline lands under irrigation has
required their artificial drainage and intensive
leaching practices using extra water resources.
Increasing the water resources shortages makes it
difficult to supply the additional water for leaching
salts.

Another strategy is to adopt advanced irrigation
technologies, such as sprinkler or drip irrigation.
This measure intended to improve on-farm irrigation
and off-farm water distribution efficiencies, can
reduce groundwater recharge and gradually lower
the groundwater table. This long-term strategy is
not enough alone to deal with salinity issue and it
has significant barriers to be solved. For example, it
requires significant investments from the countries
of Central Asia to make wide-scale irrigation
modernization possible. This approach to salinity
management is itself a big issue and as shows the
experience of Spain and other European states,
implemented such projects, the intended objectives
may not be delivered (Berbel et al., 2019).

The third strategy discussed in this paper is the
use of bio-reclamation methods. Salt-tolerant crops
with a deep root system are able to intensively
transpire the available soil moisture and groundwater,
thereby reducing the level of groundwater, as well
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as improving the water-physical and chemical
properties of soils. One of such crops is licorice.
Despite the great interest in this crop due to the
numerous products that can be obtained from it, its
water regime on irrigated lands has not been studied
enough, which is the main objective of this study.

There is 4 million (mlIn) hectares (ha) of
salt-affected land in the Aral Sea basin. Salinity
management practices on these lands include
intensive soil leaching and deep drainage to remove
excess water outside the irrigated area. Growing
pressure on limited water resources makes these
practices inefficient. An alternative is biological
methods to combat land salinization, which have
not been widely applied in the region. At the same
time, many studies indicate that biological methods
can reduce soil salinity levels and improve land
productivity.

Licorice is one of the native perennial plants that
grow in the salt-affected environments. Long-term
studies have shown that the introduction of this plant
into the agricultural land can contribute to obtaining
a crop from abandoned unproductive lands, improve
soil’s physical properties and increase the biological
activities of soils. On irrigated lands with shallow
1.5—2.5 m groundwater table, deep roots of the
plant reaches the groundwater, intensively pump out
water and transpire it to form big biomass, and at the
same time lower the groundwater level and perform
the biological drainage. Of particular interest are the
studies that took place in the farm Galaba, Bayaut
district, Uzbekistan.

In2007,an alliance of farmers in cooperation with
the Gulistan State University and the International
Water Management Institute established on a 100 ha
licorice site on abandoned lands of the farm. This
was preceded by the experiment of the farmer who
grew licorice on abandoned lands on an area of 4 ha.
The farmer started growing the native plant on the
abandoned land and after three years has found, that
the groundwater table went down and soil salinity is
reduced. After harvesting the roots of licorice in the
4" year, he sowed cotton seeds and received more
than 2 t/ha of raw cotton (Kushiev et al., 2015).
Following this experiment, the group of the farmers
planted the licorice roots on 100 ha area which
allowed them to lower the groundwater level and
arrest soil salinization. The outcome of these efforts
was establishing a joint venture near the farm for
the production of a primary extract from the licorice
roots for the subsequent extraction of glycyrrhizin
acid.

Even though the beneficial properties of
licorice have been well studied, the amount of

evapotranspiration of this crop on irrigated lands
remains uncertain, which complicates the planning
of its irrigation. The goal of this study is to promote
licorice-based bioremediation of salt-affected soils.
The research objective is two-fold: (1) assessment
of evapotranspiration from licorice fields, and; (2) to
track changes in soil chemical properties as affected
by the cultivation of licorice on irrigated land.

Materials and research methods

The studies were carried out in the Galaba
farm, Bayaut district, Syrdarya region. Climatic
conditions are typical for arid environments with
hot summers when the air temperature rises to 40°C,
and warm winters, when the air temperature is in the
range of (-5°C)...(+5°C). The amount of the annual
effective precipitation in some years drops below
100 mm. There is a strong wind in the spring season
from east to west and in the autumn from west to
east. The soils of the farm are compacted heavy
and medium loams by texture with medium and
high degrees of topsoil salinity. The soil has a high
content of coarse silt fraction (particles 0.05-0.01
mm), varying from 24 to 50% in the upper soil layer
of 0-50 cm. Groundwater is 2.5-3.0 m deep and has
total dissolved solids above 5000 mg/1.

The main objective of the study was to estimate
the evapotranspiration (ET) of licorice plants under
irrigation as affected by the age of the plants. Crop
ET was studied at the representative plot (N —
40°22°38.8”’; E — 68°50°54.7°"). From 1 March to 1
November 2020 soil samples were collected twice
per month to determine soil moisture content. Soil
samples were collected from soil intervals of 0-15,
15-30, 30-45, 45-60, 60-75, 75-90, 90-120, 120-
160 cm and 160 -200 cm and below after each 50
cm. Soil moisture content was determined by the
drying method. From the same depths, soil samples
were collected for chemical analyses including
total soluble solids (TSS) and organic matter
(humus). Soil texture is determined in laboratory
conditions. Soil bulk density is determined using the
cylinder method. Chemical analyses of soil samples
included: determining electro-conductivity of soil
water solution of 1:5; anions of HCO,, CI,, SO,?,
and cations of Na*, Ca™, and Mg™; exchangeable
cations of Na’, Ca™, Mg™, and; humus content.
The humus content is determined using the Tyurin
method. Soil properties are compared with data for
2014 (Kurbantaev et al., 2014), given for the same
site.

Crop ET is calculated using FAO method (Allen
et al,, 1998). Reference ET is estimated using
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Penman-Montheith method. Crop ET adjusted is
calculated using formula as follows:

ETa = (Ks *Kcb + Ke) * ETo

ETa — crop ET adjusted, ETo — reference ET,
Ks — stress coefficient, Kcb — crop coefficient, Ke —
evaporation coefficient from wet soil.

FAO Irrigation and Drainage Paper 56 (Allen et
al., 1998), a standard procedure is applied to compute
actual crop evapotranspiration under standard and
non-standard (stressed) conditions. Crop ET is
estimated using the excel-sheet developed by Allen
et al. (1998). In the spreadsheet, the root zone is
treated as a single layer from which water is depleted
by the crop. Since crop coefficient was not available
for licorice, in this study, the crop coefficient for
licorice is taken to be equal to the crop coefficient
for alfalfa, the other widespread legume crop. Soil
crop cover, crop height, and root depth are taken
from the field studies for different phases of the crop
development. Following indicators, expressing the
impact of soil alkalinity on soil physical properties
are calculated using results of chemical analyses of
soil water solution 1:5:

1) Sodium adsorption ratio (Wascom et al.,
2010):

SAR = Na* / (Ca™ + Mg™)**

This indicator accounts for changes in soil
filtration properties. If SAR exceeds 13 this
indicates poor filtration properties of the soil and
potentially, soil physical properties may affect crop
evapotranspiration and biomass.

2) Ratio of concentration of Mg*™ to Ca™. If
Mg'¥/ Ca* > 1 then the soil has excessive Mg"™
-ion that also can affect soil filtration properties and
reduce crop ET and biomass.

3) Percentage of exchangeable sodium in cation
exchange capacity (Corwin u mip., 2007)

ESP = Na*/ CEC * 100%

where Na* -~ exchangeable sodium in mg-equ/100g
of dry soil, CEC — cation exchange capacity, in mg-
equ/100g d.s.

If ESP > 15% it indicates poor filtration
properties of soils.

Results and their discussion

1. Evapotranspiration from licorice fields

For the period of 1.03.2020 through 31.10.2020,
reference ETo amounted to 1109 mm, crop standard
ETc 1272 mm, and crop adjusted ETca 1009 mm
(figure 1). Crop ETca was 20% less than optimal
ETc, which indicates a negligible influence of soil
salinity levels on crop evapotranspiration.
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Figure 1 — Reference ETo, crop standard ETc and crop adjusted ETca for licorice estimated
for the period of 1.03.2020 through 31.10.2020. Galaba farm
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2. Changes of soil chemical properties under
licorice plants

Changes in soil chemical properties under
licorice plants of different ages studied in 2014 are
given in Table 1 (modified from Kurbantaev et al,
2015).

The field data presented in Table 1 indicated
reducing soil salinity levels, low risk of soil
alkalinity increase, and improved soil organic
matter content under licorice plantations. Soil SAR
under the licorice plantations was less than under
the cotton field and significantly below the threshold

level, when occurs degradation of soil physical
properties. The EC value showed that the soil
salinity level reduced from low-saline to non-saline
under the licorice. At the same time, abandoned
soils were moderate saline in the top 0-15 cm layer.
Ratio Mg?/ Ca*" was less than 1 which indicated
no negative impacts of Mg?* ions on soil filtration
properties. These results showed that soil physical
properties were favorable for growing licorice, and
had no negative impact on licorice crop ET and
biomass. These findings were confirmed by the field
studies in 2020 (Table 2).

Table 1 — Selected soil chemical properties in top 0-50 cm soil layer as affected by the age of licorice plants. 2014. Galab farm

Age of licorice, Soil layer, EC CI/S0,? Mg*?/Ca™ SAR Humus
years cm dS/m [-] [-] [-] %
1 0-30 1.91 0.15 0.63 0.60 0.6
1 30-53 3.02 0.33 0.72 1.11 0.4
4 0-30 1.55 0.35 0.99 4.24 1.64
4 30-50 2.20 0.56 0.34 2.19 0.4
6 0-20 1.61 0.11 0.71 0.80 0.74
6 20-40 1.48 0.10 0.43 0.70 0.34
10 0-30 0.81 0.08 0.33 0.06 1.5
10 30-50 0.85 0.09 0.25 0.48 0.81
Cotton 0-35 0.65 0.18 0.49 1.13 0.93
Cotton 35-56 0.34 0.17 0.66 0.74 0.38
Abandoned soils 0-35 5.70 0.26 0.33 1.63 0.72
Abandoned soils 35-60 3.20 0.29 0.35 1.08 0.25

Notes: EC — electrical conductivity; SAR —sodium adsorption ratio

The field data from 2020 indicate minor
increasing total soluble solids in the topsoil;
however, none of the indicators considered show
negative impacts of soil chemical properties on
soil physical properties. For example, there are
reductions in CI/SO,> and Mg*/Ca*" ratios, and
SAR. Moreover, the humus content in the top

0-15 cm soil profile is increased from 1.03% under
3-years old plants to 1.58% under 5-years old and
1.86% under over 10-years old plants. The data
presented for two consequent periods indicates no
degradation of soil chemical properties and negative
effect of soil chemical properties on licorice ET and
biomass in long run.

Table 2 — Selected soil chemical properties in top 0-50 cm soil layer as affected by the age of licorice plants. 2020. Galaba farm

Age of licorice, Soil layer EC Cl/S042 Mg™/Ca™ SAR Humus
years cm dS/m [-1] [-1] [-1] %
3 0-15 1.61 0.36 0.79 1.59 1.03
3 15-30 1.67 0.24 0.80 1.29 0.70
3 30-50 1.26 0.25 0.76 0.97 0.53
5 0-15 2.19 0.34 0.66 1.95 1.58
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Continuation of the table

Age of licorice, Soil layer EC Cl/SO42 Mg*?/Ca*? SAR Humus
years cm dS/m [-] [-] [-1] %
5 15-30 2.33 0.12 0.43 0.96 0.91
5 30-50 2.07 0.10 0.42 0.82 0.30
10 0-15 3.20 0.15 0.52 1.59 1.86
10 15-30 2.70 0.09 0.31 0.79 0.70
10 30-50 3.20 0.06 0.28 0.61 0.38

A comparison of the soil chemical properties
for 2014 and 2020 showed a bioremediation effect
of licorice. There were no signs of degrading
soil’s physical properties, and the redistribution of
soluble solids in the soil profile was compensated by
increasing the organic matter content in the topsoil.

Conclusions

Licorice can contribute to the bioremediation of
salt-affected soils. This legume crop accumulates a
significant amount of nitrogen in the top 0-50 cm soil
layer, which is a base for forming high biomass and
gradual increase humus content in the soil profile.
High biomass and the deep-rooting system indicate
a high transpiration rate. Crop evapotranspiration
under optimal conditions amounts to 12,000 m?/

ha, while crop adjusted evapotranspiration exceeds
10,000 m*/ha. There is indicated a gradual increase
of'total soluble solids in the topsoil profile; however,
the content of the toxic solids is reduced. There
were no degradation of soil physical or chemical
properties and no negative impacts of soil salinity on
crop evapotranspiration and formation of biomass.
The results of this study show that licorice, with
its bioremediation and bio-drainage capabilities, is
a suitable crop for creating a fully circular water
use system on irrigated lands prone to salinity. The
estimates of crop evapotranspiration were based on
the assumption that the crop coefficient for licorice is
the same as for alfalfa. Further studies are needed to
refine the crop coefficient for licorice. It is expected
that the actual crop coefficient for licorice is higher
than accepted in this study.
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