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Abstract Unsustainable agricultural practices have
resulted in extensive salinization with the abandament of
large tracts of irrigated land in Central Asia. Asconventional
strategies to combat salinization are costly and ar usually
beyond the means of private farmers, alternative dations,
also offering potential income opportunities, are eeded in
order to ensure sustainable livelihoods. Moreoversuch land
rehabilitation measures need to be easy to upscdler wider
adoption. In the context of Uzbekistan, interventias should
also be tailored to fit the prevailing national agrcultural
policy priorities to be successful. A case study ipresented
that describes farmer adoption and up-scaling of &ld-scale
bioremediation approach with help of licorice Glycyrrhiza
glabra) to restore 105 ha of abandoned land. Through a
government-supported initiative, remediation has ben scaled
out to 640 ha in the Syrdarya province of Central Aia. A
Knowledge Alliance was formed that served as a suessful
complement for relatively weak public extension safices that
enabled knowledge transfer and dialog among sciests,
farming communities and state officials. Adjustingpolicies to
encourage farmers to implement a bioremediation apach
in combination with conventional practices has thepotential
of cost-affordable rehabilitation of abandoned sahized
irrigated lands.

Keywords — Licorice (Glycyrrhiza glabra), Salinization,
Abandoned Land, Irrigation, Degradation, Knowledge
Alliance.

|. INTRODUCTION

More than half of the dryland resources globallywéha
undergone anthropogenic degradation with a correfipg
decline of agricultural productivity (FAO 2011). Is
estimated that 20 % of all irrigated land suffersnf
human-induced secondary salinization (Ghassemil.gt

1995); these areas have progressively increaseit@les

considerable remediation efforts. In the drylandaar of
Central Asia, land salinization threatens sustaiitalpf

irrigated agriculture (Chen, J., Wan, S., Henely,Qi, J.,
Gutman, G., Sun, G. &Kappas, M. (eds.), 2013, Batlet
al, 2003) affecting ca. 12 % of the irrigated areas
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requiring substantial investments to recover thaseas
(Bucknall et al, 2003) and in severe cases abandonof
land and are duction of the irrigated area (Kadyauad van
Leeuwen 2012).

Soil salinity and drought have implications for doo
security in Central Asia (Goldshtein et al, 200@a#n et
al., 2006). Salinization processes in the regiaruodue to
climatic aridity with an index of 0.12-0.3 (Chemisaw
and Bakhriddinov, 1989), the over-application oigation
water and associated rising saline groundwateresabl
beyond a minimum level of 2.5 m below surface doe t
dysfunctional field-levél drainage systems (Rakhimbaev
and Gasnova 1986). According to internal reportghef
Water Management Agency inthe Syrdarya province,
Uzbekistan, 2 % of the irrigated area in the progins
taken out of production annually due to salinizatio

The problems of land degradation and associateéhdec
in water quality in the major river systems are lwel
recognized by the Central Asian land and water
management authorities. Annually, allocations ofb®f
the state budget for water management have been
committed to the maintenance of collector drains fo
remediation of ca. 15,000 ha of abandoned land.ddew
land reclamation strategies are narrow-focusedliamted
to technical rehabilitation of drainage infrasturet
coupled with pre-season salt leaching. These giesteare
capital intensive and often beyond the capacitythaf
national budgets (Buknall et al 2003). At the saimee,
virtually no alternative amelioration methods aragticed.

Convectional rehabilitation options are often natable
for private farmers (average area of farming emigepis
approximately 100ha) who are financially weak and

Jesource-poor (Rudenko and Lamers 2006). In additiee

ecision to invest an individual’'s limited resos egithin a
centrally planned agricultural system with a fixatbice of
crops, penalties for unmet production yields anbeiot
associated risks, must be accompanied by the assura

! By law, inter-district and inter-farm conveyanoegation

Kyrgyzstan, 60 % in Uzbekistan and virtually aleas in  canals and drainage collectors are maintained k& th
Turkmenistan (Kappas, M., Kleinn, C., Sloboda, B.governmental water management agencies, wherdds fie
2007CAREC 2011). Salinization has led to a declingeve| canals and drain ditches must be maintaingd b
inland productivity and reduced net incomes, ireif f3rmers themselves.
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that investments will yield ‘quick and tangiblehéincial 2004, Kushiev et al 2005, Toderich et al., 2006e€eE can
benefits (Noble et al., 2006). Hence, there is adn® be grown on marginal quality land while providing
provide an appropriate remediation approach, whgh commercial timber and palatable foliage that carfebeto
attractive to and adopted by farmers and creates kwestock (Khamzina et al 2012, Djumaeva et al 3009
enabling environment whereby farmers can perceineetd Over the last decade, a number of plant species bhesn
positive benefits to themselves through their owevaluated in Central Asia for their tolerance tdingy
investments in the rehabilitation of abandonechedlands. (Piankov and Mokronosov, 1991; Kurochkina and
Sufficient yields of the green biomass and marketadiots Makulbekova, 1984; Shamsutdinov and Shamsutdinov,
of halophytes can be viewed as the indicatorsgolick and  2005; Toderich et al., 2007, 2008, 2013a and b) e
tangible’ outputs for farmers. Since halophytes wderate shown to be highly productive under harsh saline
saline environments and potentially reduce salinitconditions, digestible and palatable to animals.thWi

subsequent cultivation of conventional crops sihviaeat
and cotton becomes possible due to restored
productivity.

Despite a ‘vicious cycle’ of deteriorating land aneter
quality, reduced productivity and declining incom#ere
is evidence that there are farmers and farming camitres
performing at significantly higher levels in terncf

appropriate screening and through socioeconomic and

laedvironmental evaluation, bioremediation can bec@me

integral component of farm production systems oft€é
Asian countries that attempt to address produgtiwitder
saline environments.

Different salt-accumulating halophyte species dile &
significantly reduce soil salinization (Keiffer arldngar,

productivity and farm incomes than the average,levhi2002). The halophytic plant licorice grows on salspils
curtailing environmental degradation or coping withof the north-west Caspian region with yields of dmgitter
prevailing constraints (Scherr, 2000). This pagesents a ranging 3.2 — 4.5 t Haand roots that develop down to 1.82
case study where individual farmers in the Syrdarym (Shamsutdinov 2002). The licorice develops extens
province, inspired by a field-scale soil remediatiand roots of high commercial value in the fourth yedr o
economic profits from licorice cultivation combinddeir cultivation, yielding 25 — 30 t Haand containing up to
efforts to adopt remediation strategies to addmems- 23 % of glycyrrhizin acid. Glycyrrhizin acid is aixture of
affected abandoned land on a large scale despierssd potassium and calcium salts and is generated fioen t

policy settings and environmental conditions.
objectives of this study were twofold: to demontgtrthe

potential of a bioremediation approach to rehat#it
saline, long-abandoned irrigated lands using loeori
(Glycyrrhiza glabra); and to present
implementation strategy for
bioremediation by combining the efforts of farmens

collaboration and support by local administrationd a
scientists. In the absence of functional extensiervices

bridging the knowledge gap between scientists anddrs

was achieved through the establishment of a Knayded
Alliance.

[I. C ONVENTIONAL AND ALTERNATIVE LAND
RECLAMATION STRATEGIES

Conventional soil salinity management practicessaite
based on the land reclamation principles develdpeitie
1960s, when pre-season soil leaching is conduotdilute

and remove salts through extensive drainage neswork

(Ikramov, 2004). However, performed without funotd
field-level drainage infrastructure, leaching isuster-
productive (Akramkhanov et al, 2014;Forkutsaet2@i09)
and often causes unacceptable elevated groundtaates
that mobilize primary or fossil salinity that ocsuraturally
under arid conditions (Ibrakhimovet al, 2007). Tmual
water usage for leaching often exceeding 5,0000005,

m®ha’ is unsustainable due to frequent water shortagH%

(Olimjanov and Mamarasulov,2006).

In this regard, introduction of bioremediation
technologies through the establishment of agrosfoye
patches (Khamzinaet al, 2006) or salt-tolerant gtajtes
can assist in the remediation of salt-affectedssasl well as
provide an income to resource-poor farmers (Dagal.e

Thextracted salts in the soil profile during the depment of

licorice (Popov et al, 1990). This acid is 40 tinseeeter
than sugar beet and has medicinal properties (PepaV
1990). Extracted from the roots, the glycyrrhizicidais

a successfulused in medicine as water-salt regulating substahase
a wide scale use diormonopoiesis and other functions and is used for

treatment of even serious illnesses (Popov et &019
Moreover, the glycyrrhizin acid is largely usedaafiavour

in food, tobacco, alcohol and cosmetics. In additio
removal of salts by roots, the licorice creates noxpores
preventing capillary upward flow from groundwatenda
develops dense above-ground biomass, thus shadiang t
ground and reducing evaporation from the soil swrfa
Harvesting of licorice roots enhances soil macrmgiby.
Apart from the use of licorice to ameliorate soils,
pharmaceutics and food industry, this plant is alsed in
the paint and varnish industry, metallurgy andikestand
many others. In addition, the green above grounchass
of licorice is fed to livestock.

The effective use of licorice to remediate salidss
encouraged a research activity to remediate lomg-te
abandoned saline irrigated fields in the Syrdam@vipce,
Uzbekistan. An experiment with licorice as
bioremediation species was established on a 18 ifi
the Navbahor collective farm of the Syrdarya proeiover
a 4-year period from 1999 through 2003 (Kushiewalet
2005). The research focus was concentrated on zngly
e effects of licorice on biophysical attributeattincluded

a

soil salinity, groundwater table and salinity, amsdil
fertility. This was compared to a neighboring almet
10-ha field, which served as a control treatmerte T
control treatment was left in its abandoned stateughout
the duration of the study.
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lll. R EMEDIATION EFFECTS OF SALT -AFFECTED
FIELD WITH LICORICE

3.1Yields of Licorice and Cultivation of Conventional
Crops on Abandoned Field
Green biomass of licorice harvested in 2001 yielg8&d

+0.06 t h& of dry matter and contained 12 % of protein;

Over the next years, forage yields progressivetyaased
reaching a maximum of 5.11 +0.17 t*hin 2003. The
yields of licorice roots in 2002 and 2003 were 5319

and 8.55 +0.82 t hi respectively. During this period, the

plants were able to utilize groundwater as surfa
irrigations  were reduced from initial four
applications only.

The vyields of conventional crops, winter wheat an

cotton, planted in 2004 following the harvest aethoval
of licorice roots significantly differed in the tolicorice-
cultivated field and the control site. Comparisatween

the two fields demonstrated that germination of athe
seeds was 71 % and 30 %, and for cotton 67 % arfd, 15

respectively. The yields were 2.42 tYaad 0.87 t hafor
cotton, 1.89 t hdand 0.31 t hiafor wheat, in the licorice
amended field and the control field, respectivéye to
remediation effects of licorice, the yield of cottwas 2.8
times, and of wheat 6 times higher compared tatimgrol
site.

Thus, licorice has the potential to generate gositive

income for farmers through the production of greeﬁ

biomass and the sale of roots. After 4 years dairice
cultivation, conventional crops cotton and wheatreve
successfully grown on otherwise unproductive abaedo
field.

3.2. The Reasons for the Restored Land Productivity
Following Licorice.

There are three main factors that contributed
converting salt-affected land back into economycuaiable
production:

3.2.1. Lowering Groundwater Tables to Favorable
Levels and Reduced Groundwater Salinity

Over-irrigation and inadequate field-level drainagese
elevated ground water tables that result in maidilin of
salts within the soil root zone. Measured priofitorice
cultivation, the average groundwater in both thetrcd and
licorice-grown sites was at 2.52 +0.06m (controlyl 2.43
+0.04 m (licorice), hence atthe 2.5 m thresholdrdfcally

shallow and acceptable levels (Rakhimbaev and Gasnd

1986). The effect of groundwater abstraction bgrice is
evident from the groundwater dynamics: in 2003, t
average groundwater table rose up to 1.99 +0.08 the
control site, thus contributing to more extensival s
salinization, whereas it became deeper at 2.626xh0n
the field with licorice. Importantly, the groundweat
salinity at the licorice field decreased from iait6.35 in

1999 to 3.99 g1 in 2003 due to salts extraction by licorice

roots or precipitation within the soil profile. Alhe same
time, groundwater salinity remained unchanged ip
control site fluctuating between 5.19 and 6.11 g |
respectively.

to two

International Journal of Agriculture Innovations an d Researcl

Volume 5, Issue 3, ISSN (Online) 2319-1473

3.2.2. Reduced Soil Salinity

Assessment of overall salinity in both licoriceagroand
control sites within the 2 m soil profile indicatetbderate
to high salinity levels in the root zone. Over theriod
from 2000 to 2003, the initial total salt conteh2a5 t ha
decreased to 185 t ha(14 %) under the licorice-grown
plot. In contrast, the total salt content in theatcol site
increased from 210 t Hain 2000 to 305t Hain 2003
(31 %). Following licorice cultivation, the soil lgaty was
at the threshold of slight to moderate levels. Muming
showed that the contents of harmful ions for créips
chloride and sulphate ions) slightly increasechia ¢ontrol

ce

Site over the study period compared to the licegiavn
site, where these ions decreased. Chloride ionsrumaht

arked decrease within 150 cm of the soil profilder the
icorice-grown plot. These results indicate the konative
effect of licorice cultivation on the total saltléwace for the
research plot.
3.2.3. Increased Soil Fertility

Soil organic matter has an important role in mairig
the structural stability of soils thereby improvipgysical
properties. It remained unchanged over the entivélg in
the control site due to the absence of vegetatidrereas
ca. 80 — 90 % increase of organic matter was obdeon
the licorice-amended field. Similarly, the contenfsN, P
and K also steadily increased at the licorice-eatgd site.
This can be attributed to the prolific and exteasroot
ystem of the species and possibly organic exudates
associated with root growth. The positive impachigher
organic matter on soil properties, including agagteg
stability and hydraulic conductivity, would sigroéintly
enhance the amelioration process. In addition, biglanic
matter would also facilitate improvements in theldmical
component of these soils promoting the overall theaf
ttohe Soil.

IV. | DENTIFYING WAYS FOR KNOWLEDGE
SHARING TO FACILITATE FARMERS-DRIVEN
UPTAKE OF SUCCESSFUL REMEDIATION
APPROACH

An example of the above-described research study
clearly shows advantages of bioremediation as friesft
intervention to restore the productive capacity of
abandoned irrigated lands in the Central Asia. idely
dopted, this option could be used as an impoitatidl
step of rehabilitation of large degraded areaheregion

nwhile significantly enhancing the livelihoods of ral

communities. With proper screening and through
socioeconomic and environmental evaluation,
bioremediation can become an integral componefdraf
production systems of the Central Asian countrinden
saline environments. In this context, it is impottdo
monitor and evaluate the performance of licoriceeir
bioremediation of saline irrigated land over a &argrea

ygnd longer period.

The major issue was to identify ways to dissemirtlage
research-scale approach and knowledge to a wider
agricultural community and to encourage farmeradopt
and apply it under current constraints such asdhigictive
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state quota production system for wheat and cottomanagement organizations, total irrigated areauigently
difficulties in accessing financial credit outsidlheat and approximately 293,000 ha, of which 54 % is consdeio
cotton production, low investments by farmers intde affected with low salinity, 25% with moderatdirsty
productivity improvement and other impediments. sThiand 7 % with high salinity (FAO2003).
knowledge sharing was a challenge since the existeh The Galaba collective farm (N40°23’, E68°49’) isdted
formal extension services as a conduit of reseeeshlts in the central part of the Syrdarya province, niexthe
and technologies is still at a fledgling stage en€al Asia. Navbakhor farm (Figure 1). The farm’s irrigated aiis
It was therefore suggested to disseminate the alea 3,115 ha of which 1,149 ha is classified as higing very
bioremediation among farmer communities through anighly saline (see Annex). Some of these highlynsal
innovative approach consisting of a formation ofireas have been abandoned for between 10 — 15 ybars
‘Knowledge Alliances’. This became possible witlthe territory is characterized by subtropical semi-dese
frame of the Asian Development Bank (ADB)-fundectlimatic conditions with average annual temperatafe
project on enabling communities in the Aral Seairbés +12.9°C ranging from — 1.8°C in January to + 26.#¢C
combat land and water resource degradation thrdagh July and precipitation of ca. 324 mm that falls edin
creation of ‘bright spots’. A Knowledge Alliancegplorm entirely in winter-spring season. In contrast, pt&
was established in the Galaba farming communityhef evapotranspiration amounts to 1,600 mm indicatiriggh
Syrdarya province in 2005 and included farmers, whdependence of crop production on irrigation. Thikssre
expressed their willingness to participate in thiiative silty loams, representative of large areas in thaddy
and improve their farm performance; scientists frdta Steppe with bulk densities of 1.36-1.50 gtin the top
Gulistan university, whose objectives were to tfanshe 1 m depth. Yields of conventional crops such agonot
concept and methodological guidelines through huoeh (Gossypium hirsutum) and wheatTriticum aestivum) rarely
and demonstrations to the farmers; and local aiigésyr exceed 1.6 and 2.6 t ha respectively. Average
who were interested in addressing degraded land agbundwater levels are 1.5 — 2.5 m below the sarfasing
increased productivity of the agricultural sectdrhe t01.0 — 1.2 m during irrigation events having 3,608,000
acceptance of the bioremediation approach by, atidea mg I of salts.

support from, the local governmental administraticas of

significant importance and contributed to the sssdg this [ =

endeavor. The process of dissemination was achieved ﬁ‘i \
through discussion group exercises and the disiiuof rljf.ff'b”,"m A
leaflets outlining the successful remediation pcast To I ovoiorfos

l’{f\‘/ Navbakhor farm

streamline activities of the Knowledge Alliancegesigthen
relationships between all members and to create the
common platform to discuss current and future plans
round table meeting with all actors was organiZEde
major issues raised by farmer representatives gduitie
meeting were the concern of present and futurestipp
farmers’ rehabilitation efforts from authorities dan
scientists, security of land tenure and agro-tesini
operations for the growing the licorice, among otksues.

In 2005, with the consent of the province authesitil0

abandoned fields occupying 105 ha of salt-an‘fecteg2 Field Data Collection and Statistical Analyses
agricultural land were released by authorities graup of .Three out of ten fields representative of the aedacted

e_igh_t farmgrs th express_ed th_eir V\_/iIIingness thhate for licorice-assisted remediation were chosen fetailied
licorice with their own financial investments. Tkes data collection and analysis. The dynamics of thié s
farmers beca".‘e active members of the ngwly estelis salinity and fertility, groundwater table and lim® yields
Knowledge Alliance in the Galaba community. In orte in these three treatment plots of 10, 14.2 and d 6vbre

aesess e ffect o orice ulivten on Imedialr gnaieed and compared agans e nighborig i
P o ; . .. 4.5 5 and 7 ha, that served as control. The coptots
approach, monitoring and analyses of soil salinit

roundwater table and salinity, soil fertility ayiélds were Ywere left in the abandoned state throughout thelystu
gonducted on three selectedy’sites with yrey‘reseetatbil period. The period of the data collection coverée t

. . " Pr .. licorice cultivation dates from planting to matyr{2005 —
physical properties. In addition, an economic dmstefit

Co C 2007) and beyond (until 2013) to analyze the chsrige
assessment of licorice cultivation was undertaken. soil conditions.

Soil samples were collected from 0 — 15, 15-50 &

V. MATERIALS AND METHODS 100 cm depths in three replicates for each of tbatinent

5.1 Sudv Area plots, air-dried and measured for_ the electricaldewmtivity
dy 4(EC, dS ), and total dry solids (TDS, ppm). When

estimating soil salinity a major attention was p#adthe

Soviet salinity appraisal system; EC was measutgthgl

the first year with a purpose to establish a refetnip
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Fig. 1. Geographic location of the Syrdarya proginc
Navbakhor and Galaba farms

The Syrdarya province covers 428,000ha, of whick 8
are considered to be potentially suitable for ategl
agriculture.  According to provincial agricultural
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between EC and TDS. Soil fertility was assessed falifferent prices, inflation rates, capital costsdapield

organic matter, available nitrogen (N-WHind phosphorus
(P,0s) and exchangeable potassium.

scenarios. The data and assumptions used in théatoa
are based on cost benefit analysis using enterpudgets.

Groundwater measurements for depth below surfade afhe production cost data, including variable (irgpuand

salinity (EC and total dissolved solids) were cortdd
each month during 2005 — 2013 in the three reptaSea
fields from three monitoring wells installed in bacf the
fields (total of 9) and one well in the control pldhe
monitoring wells were constructed from polyethylgriges
with a diameter of 4 cm closed at bottom, perfatatethe
lower sides and filter-protected from clogging. Ale
wells were installed to a depth of 3 — 5 m thusagiw
capturing groundwater table. Measurements
through September were retained for further analyse
exclude natural decrease of groundwater levels.

An ANOVA test was employed to estimate differencesollected through farmer

between soil salinity, groundwater levels and dgliand
sail fertility in the research fields and contrdks prior to
and after the harvest of licorice using SPSS itzls
software. When necessary, a logarithm transformatias

fixed costs (taxes and depreciation), were coltetiieough
interviews with the farmers participating in theoliice out-
scaling activities. As the licorice cultivation ismdertaken
in cycles corresponding to the maturing of licoricets
with required pharmaceutical properties, a longiteost-
benefit analysis was applied and indicators suchets
present value (NPV) and internal rate of returiRR{l were
computed.

in April Taking into account the cyclic nature of licoriceots

development, the agronomic results of the reseacele
experiment (Kushiev et al., 2005) and on-farm data
interviews, the cost-bienef
analysis model used the following five scenarios:

Scl. Licorice cultivated for 5 years (Scenario L&Yy

Sc2. Licorice cultivated during 10 years (LC10yrs),

Sc3. Licorice cultivated for 5 years, then farmeitshes to

used for data normalization for ANOVA analyses. Theotton-wheat rotation for the following 5 years €8ario

significance of differences between tested varmhlas
compared ap<0.05 level.
5.3 Land Preparation and Agronomic Practices of
Licorice Cultivation

Licorice planting activities started in the lated80- early

LC5yrsCW5yrs),

Sc4. Cotton-wheat rotation is practiced in the hégtine
area, without rehabilitation of land using licoriggcenario
No LC)

Sc5. Current average profitability of cotton cudtion in

2006. These activities included cleaning from weed&e Syrdarya province, all levels of salinity comdu.

ploughing to a depth of 25 — 30 cm, harrowing, liexg
and chiseling to 20 — 23 cm. Prior to plantingiobtice, 90
cm spaced furrows were made and irrigation waseghpb
replenish soil moisture. The roots of licorice wighgths of
13 — 16 cm and diameter of 1 — 1.8 cm, having laids—
5 cm distance were used for planting to a depth8of 20

(Scenario No LC, Only Cotton).

Taking into account the difficulty to remove licoei
roots before planting cotton and wheat after land
rehabilitation with licorice, costs of cleaning thelds from
licorice roots before planting cotton or wheat are
incorporated into the costs of the Scenario LC5yWsgrs.

cm at a rate of 70,000 cuttings per ha. Planting wa The following main assumptions are made in the

conducted in September — December 2005.

Application of irrigation water for licorice is nessary
especially during the first years of cultivatiomtiu the
established roots reach the groundwater pool. Quitiire
growing periods from 2005 to 2006, seven irrigationth
the amounts of 66.5 +11 and 60.4 +6.6 mm, respagtiv
were applied in each plot under licorice. In 2003grice
was irrigated only three times with amounts of 6343
mm. It is necessary to mention that since the adaen
fields, which were released to the farmers for rlzm
cultivation were salinity-affected and hence,
productive, the priority of the freshwater suppty the

province is given to a more productive land under

conventional crops. Hence, especially in waterisikaod
moderate years and peak irrigation periods albtrelable
freshwater is mainly directed for cotton and wheatps.
Although the water management officials supported t
Alliance farmers by allocating water for irrigatioof
licorice plantations, some of the licorice fieldsceived
reduced water for irrigation.
5.4. Economic Assessment of Licorice Cultivation

The ex-ante economic analysis of licorice cultivatis
based on general agronomic attributes of licorecavell as

low-

assessment:

1. Annual discount rate is equal to 10 %.

2. The yields of crops and amounts of applied irrmati
water are obtained from the on-farm data provided b
farmers through interviews and the earlier reseasch
described in Kushiev et al.(2005).

For simplicity of comparison and better understagdi
the data were converted on per hectare basis.

The prices and costs are kept unchanged over the
years, their current levels are used, and they are
expressed in $ US Dollars (USD). The conversioa rat
from UZS to Dollar used in this study is equal 50
UZS per 1 USD, for 2006, when the data was coltecte
on costs incurred on that year.

3.

4,

5. Licorice roots reach marketable quality at thenfifear
of cultivation, and once harvested, the roots take
another five years to regenerate to the appropriate
quality requirements.

6. In addition to the roots, licorice provides biomass

fodder for livestock. Therefore, analysis takesoint
account both the economic benefits from the li@ric
roots, as well as benefits from its biomass asdodd

the on-farm results of the above mentioned research

activities. The purpose of the economic evaluai®ro
analyze the profitability of licorice cultivation nder

Copyright © 2016 I1JAIR, All right reserved
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VI. EFFECT OF LICORICE ON SOIL AND There was a strong relationship? (R 0.98) between the
GROUNDWATER sum of salts and measured EC of the saturated (Fagtee
2). The relationship was used to estimate EC vabfes
6.1. Reduction of Soil Salinity at the Licoriceplanted  S3iny ~ for  the  unmeasured years.
Research Stes
20
18
16 °"'.
o @
e 14 ..-~".“
2 12 o
o 10 ' '.co’ °
: S
6 4 y = 7.555x + 0.337
4 R*=10.980
0.5 1 1.5 2 2.5

TDS

Fig. 2. Relationship between the sum of salts dectrecal conductivity of the saturated paste.

The soil salinity assessment in the research bigézre 1). Analysis of the individual anions and cationssoil of
development of licorice roots and biomass (in 20@906) the treatment plots based on the Soviet apprajstém
and in the control plots revealed that the topI®B-em soil (see Annex) showed that the soil salinity is ofisodtype,
layer was characterized as moderately saline, [githyh typical for the province.
saline at the depths 15 — 100 cm (Abrol et al.,819&ble

Table 1. Descriptive statistics of soil salinityQEdS nt) from the three soils depths at the licorice-gramd control
fields of the Galaba Farm in 2005 — 2013.

2005 2007 2009 2013

Depth Mean SD Mean SD Mean SD Mean SD
Licorice

0-15 7.41 1.62 6.73 1.72 5.65 1.53 4.64 1.27
15-50 9.69 0.95 9.93 1.9 8.15 1.14 7.27 1.16
50-100 15.23 1.36 15.62 0.04 13.9 0.58 12.31 0.54
Control

0-15 7.44 1.98 7.57 1.99 7.7 1.89 7.73 1.95
15-50 11.06 2.66 11.33 2.88 11.18 2.55 11.37 2.87
50-100 17.02 0.36 17.31 0.43 17.16 0.3 17.28 0.42

Over the course of time, there were no changeslinity  licorice-cultivated plots. These changes were olegkin
in the 1 m soil profile in the control plots (Figui3). each of the monitored soil layer over the cultimatperiod.
However, there was a clear decrease of soil EChén t
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Fig. 3. Changes of the soil EC, dS in the licorice cultivated and control plots digrif005 — 2013. Note: EC2005
through EC2013 — electrical conductivity of thel soitract in different years.

The ANOVA assessment revealed no statistic#lt the same time, similarly, the statistical difface
difference in soil salinity in the licorice-plantegiots between the licorice and control treatments wasifsignt
during the establishment period of licorice rootsda only starting from 2009 onwards. The reduction adfrsty
biomass in 2005 through 2007 (Table 2). Howevee, ttmay be attributed to the absorption of salts by the
statistically significant reductions (at p<0.05) ebil established roots of licorice in a process of sgsith of
salinity since 2009 through 2013 clearly indicatee t glycyrrhizin acid.
desalination effect of licorice cultivation on soWer time.

Table 2. Assessment of soil salinity (EC, d%)inetween measurement periods in licorice-growmsphith ANOVA
95% confidence Interval for Difference,

Measurement period Mean difference Std. Error Sig. bound
Lower Upper
2007 0.016 0.366 0.966 -0.879 0.911
2005 2009 1.538 0.360 0.005 0.657 2.420
2013 2.703 0.328 0.000 1.900 3.505
2007 2009 1.522 0.184 0.000 1.073 1.972
2013 2.687 0.228 0.000 2.129 3.244
2009 2013 1.164 0.135 0.000 0.835 1.494

* The mean difference is significant at the .0&ele

6.2. Lowering of Groundwater Table groundwater salinity was in the range of 4 to 6'gl
Average groundwater table measured prior to thgdicating severe implications for crop developm@yers
establishment of licorice roots ranged between @@ and Westcot 1994). Such shallow saline groundwaster
1.22 m in 2006 and 0.82 — 1.13 m in 2007 (Table 3Jearly a major source of salts in the soil profile

indicating extremely shallow levels. The average

Table 3. Descriptive statistics of groundwaterdabhbelow surface in the representative reseates isi Galaba farm in
2006, 2007, 2012 and 2013

Measurement period

Field Statistics

2006 2007 2012 2013

1 Mean 1.22 1.12 1.22 1.75
SD 0.18 0.29 0.23 0.32

5 Mean 1.14 0.82 1.47 2.01
SD 0.15 0.54 0.3 0.41

3 Mean 0.97 1.13 1.69 2.32
SD 0.31 0.32 0.22 0.39
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The results of ANOVA analysis showed that thesignificant at p<0.05, suggesting that the liconaes able
differences between the groundwater tables initweide to satisfy needs in evapotranspiration entirely mfro
grown plots in 2005 — 2006 and 2007 were insigaificas groundwater. This is also proved by the history of
the licorice roots have not reached the groundw@@ble irrigations: the last irrigation conducted in 2008.

4). However, in 2012 and 2013 these differencesewer

Table 4. Analysis of variance between groundwateless, m in the licorice plantations during the itaving period 2006

— 2013
. . 95% Confidence Interval
Years Mean Difference Std. Error Sig. Lower Bound Upper Bound
2007 0.088 0.139 0.529 -0.194 0.371
2006 2012 -0.353 0.123 0.007 -0.605 -0.102
2013 -0.916 0.117 0.000 -1.156 -0.677
2007 2012 -0.442 0.142 0.004 -0.730 -0.153
2013 -1.005 0.136 0.000 -1.283 -0.727
2012 2013 -0.563 0.121 0.000 -0.809 -0.317

*. The mean difference is significant at the 0.66dl.

With the exception of groundwater levels in onettd  levels during 2006 and 2007 and significantly dife
plots, the effect of moisture extraction from grdumter levels in 2012 and 2013. During the period 20120432
by the licorice roots whereby licorice lowered gndwater the deeper groundwater contributed least to sdihisa
levels can be observed (Table5). Comparison of thierough capillarity, while at the same time prodde
groundwater table between the licorice treatmeotsphnd sufficient moisture extraction for the developmentthe
the control plot expectedly revealed similar growatér long-rooted licorice.

Table 5. Analysis of variance between groundwatkelet m in the licorice plantations and a contfot during 2012 —

2013
Period Treatments Mean difference Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound
Field 1 -0.010 0.208 0.962 -0.446 0.426
2006 Control Field 2 -0.307 0.208 0.157 -0.742 0.129
Field 3 -0.585* 0.218 0.015 -1.042 -0.128
Field 1 0.297 0.208 0.170 -0.139 0.732
2007 Control Field 2 -0.278 0.218 0.218 -0.735 0.179
Field 3 -0.221 0.109 0.053 -0.445 0.003
Field 1 -0.182 0.124 0.131 -0.947 -0.417
2012 Control Field 2 -0.929* 0.129 0.000 -1.194 -0.664
Field 3 -1.150* 0.126 0.000 -1.415 -0.885
Field 1 -1.212* 0.140 0.000 -1.513 -0.910
2013 Control Field 2 -1.471* 0.143 0.000 -1.772 -1.169
Field 3 -1.778* 0.148 0.000 -2.079 -1.476
6.3 Increased Soil Fertility 0.87 %. According to Musaev (2001), the contentgslaft-

At the onset of the trial in 2005, the soil orgamatter available N and P and exchangeable K are charaeteds
contents of both control and treatment sites wer¢ha low in the top 15 cm, and expectedly reduce to Very
edge of poor to moderate levels (Krasnouhova et@88, category in the deeper horizons. Monitoring rewealee
Table 6). In all fields, the initial contents ofganic matter Same status of SOM and N, P and K in the contratspl
in the top 15 cm layer in 2005 — 2007 ranged 0.77 Jable 6).

1.77 %, and in the 15 — 50 and 50 — 100 cm lay=58 9

Table 6. Descriptive statistics of the soil orgamiatter, % and nutrients, mgkén the licorice cultivated plots and control
plots in selected years 2005, 2007, 2009 and 2013

SOM, % N, mg kg P, mg kg’ K, mg kg*
Year Depth Mean SD Mean SD Mean SD Mean SD
Licorice
2005 0-15 0.77 0.04 28.67 6.66 17 0.17 144.33 3.51
15-50 0.69 0.01 17 4.36 14.4 0.8 133 4.58
50-100 0.23 0.02 10.67 3.21 7.77 1.06 113.67 1.53
2007 0-15 1.77 0.23 53.33 9.29 20.07 4.9 131.33 97.0
15-50 0.9 0.69 39.67 5.86 13.7 2.25 124.33 7.57
50-100 0.33 0.15 26.67 2.52 9 2 111.33 4.16
2009 0-15 2.37 0.15 62 8.54 18 5.29 120.67 6.03
15-50 1.7 0.2 46.7 6.51 11.67 2.08 109 6.56
50-100 0.7 0.36 31.9 4.46 10 1 104 4.58
2013 0-15 2.53 0.12 66.33 7.02 21.33 7.37 104.33 51 5.
15-50 1.93 0.31 49.33 12.9 10.33 451 95 5.57
50-100 1.03 0.51 32 4.36 11.67 6.66 88.33 1.53
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Control

2005 0-15 0.77 0.04 28.67 6.66 17 0.17 144.33 3.51
15-50 0.69 0.01 17 4.36 14.4 0.8 133 4.58
50-100 0.23 0.02 10.67 3.21 7.77 1.06 113.67 1.53

2007 0-15 0.87 0.23 28.67 9.07 16.67 4.73 144.67 53 1.
15-50 0.7 0.1 17.33 5.03 12 3.46 135.33 4.04
50-100 0.33 0.15 10.67 5.51 6.33 2.31 115.33 1.53
2009 0-15 0.77 0.25 24 8.72 15.67 2.89 143.33 2.52
15-50 0.47 0.15 14 3.61 10.67 0.58 136.33 6.11
50-100 0.3 0.1 8 1.73 6.33 1.53 116.33 0.58

2013 0-15 0.87 0.31 25.67 6.43 18.67 3.51 144.33 53 1.
15-50 0.53 0.06 15.33 2.08 11.33 1.53 136 5.57
50-100 0.3 0.1 8.33 0.58 6.67 0.58 114.67 2.31

There was a significant increase of the organidenat
the entire 1 m soil profile during the monitoringays
(Figure 4, a). By 2013, the levels of SOM reaches32
+0.12 % classified as very rich (Krasnouhova et18B8).
In contrast, the SOM levels remained unchangedven e
decreased in the vegetation-free control fieldsil&rly,
the contents of nitrogen increased over the yearthé
licorice plots, while slightly decreasing in thentwl| plots.
The available P was increasing over years in thelB cm
and 50 — 100 cm, but decreasing in the 15 — 5Cager | In

contrast, the contents of exchangeable K were isfead
decreasing overall years. ANOVA test of the mean
differences (not shown) indicate that the chandesl dour

soil fertility factors in the control plots weresignificant.

At the same time, the positively significant diffeces of
the dynamics of SOM and N, negatively significant
changes in K and no difference in P between thaitie
cultivated and control plots over years could hetatted

to the effect of licorice on soil fertility.

Fig. 4. (a, b, ¢, d) Changes of soil organic maitet NPK in the licorice cultivated and controltplover the study period
(2005 through 2013).
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VIl. ECONOMICS OF LICORICE CULTIVATION

, mg kg!

7.1. Scenarios of Licorice Cultivation. cotton-wheat cultivation were combined. The NP\lug
The economic analysis demonstrated that under 8oenzscenario is 222 USD Haor 22 USD haannually over 10
LC5yrs the NPV of the net benefit is 112 USD*har 22 years. The cost benefit ratio is equal to 1.1. UrStenario
USD ha® annually over 5 years. The cost benefit ratio iBO LC, the net profitability is negative with loses USD
equal to 1.2 at the end of the fifth year. Simjlatinder 258 ha'for the 10-year period, i.e. USD 25.8 hannually.
Scenario LC10yrs the NPV of the net benefit is 28D Thus, the analysis clearly demonstrates that thagialy
ha', or 25 USD hd annually over 10 years. The costsaline fields, which are now abandoned, cannot be
benefit ratio is equal to 1.3 at the end of theftgmear. To cultivated profitably under cotton or wheat at thesel of
analyze the profitability of switching to cotton-edt Salinity. The NPV of the net benefit makes up 1&Dlha
rotation after 5 years of licorice cultivation undgcenario * for the 10-year period, i.e. 16.9 USD hannually. Table
LC5yrs CW5yrs, the data on licorice profitably fraime 7 summarizes the results of the analysis.
Scenario LC5yrs with average costs and benefitshef

Table 7. Profitability of licorice cultivation undeifferent scenarios in the Syrdarya province

Indicators LC5yrs LC10yrs LC5yrsCW5yrs NO LC No LC Only Cotton
Revenues 689 1,132 1,829 1,217 3,380
Costs 587 880 1,607 3,800 3,548
Net benefit 112 252 222 -2,583 169
BCR 1.2 1.3 11 negative

Annual Net benefit 22 25 22 negative 17
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The scenario LC10yrs comes out slightly more pabfiée  licorice cultivation were assessed based on costftie
than scenario LC5yrs, scenario No LC, scenario Onbnalysis of on-farm enterprise budgets.
Cotton Model (all salinity levels) and scenario L@ The cost benefit analysis included farmers’ exptemeli
CWS5 yrs, and much more profitable than cultivateitper items of input costs such as weeding, soil proogssi

cotton or wheat in highly saline areas. irrigations, etc. and yields and prices of licoricets. The
7.2. Business Evaluation of Licorice Cultivation analysis demonstrates that, at 10 % of annual griceth

Since the licorice has positive effects on soiinégiand  both for licorice roots and input costs, the finabt benefit
fertility, the business evaluation was undertaketh whe ratio (BCR) for growing licorice would be 1.9, ijger each
purpose to assess the profitability of licoricetigation for ~Uzbeksoum invested in licorice cultivation, thenfar will
farmers’ incomes. With the hypothesis that culiigst be able to generate 1.9 soums in total revenueblgTa
licorice is a low-cost option of managing salineda and at 8).The net accumulated benefit at tHeydar is 596,014
the same time a livelihood enhancing strategy domers soumhd, at 18 % of commercial interest rate, the Net
in these areas, the production costs of, and tisrfefim, Present Value of that net benefit would be 139348 ha

!, or about 110 USDha

Table 8. Estimated cost benefit analysis of liaaltivation for 1 ha in UZS

Designation 2006 2007 2008 2009 2010
Yield licorice root, t/ha 0 @ q ) 10
Dried licorice weight 0 Q @ ( T
Price 1 t/root dried/uzs 120,000 132,400 145,200 592,200 175,692
Total sales 0 0 0 q 1,229,844
Net profit -173,000 -96,80( -106,480 -59,895 1,032,189
Accumulated net profit -173,000 -269,80( -376,280 -436,1175 596,014
BCR at the end of the period 1.9
Discounted value of the net accumulated benefit 139,349

Worldwide production and trade of licorice produids  V||l. GOVERNMENT -SUPPORTED UPTAKE OF

considerable being on average 30,000 — 40,000rt"y#ee BIOREMEDIATION AND | NDUSTRY
import of licorice in various forms into UK and US4 ca. DEVELOPMENT

16,000-17,000 t yeaand into Japan about 6,000 t of roots
and 1,400 t of extrattIn Uzbekistan, exports of licorice
are regulated through licensing procedures. Inntegears,
there has been a significant expansion in the nater
licorice processing capacities. The exact volumexgplorts
and of internal processing in Uzbekistan are diffico
evaluate due to lack of available data. Howeverijsit
noteworthy to mention that a private company OZUQ
LLC, one of the leading players in the licorice gassing
sector in Uzbekistan, has the processing capactiesore
than 100 t month and communications with company’s . ; .
management revealed that currently the company e province. Moreover, thellntern.atlc_)nal trade tb.é
experiencing significant shortages of raw material. products of licorice processing will increase radio

: : . As a result, in the same year the gowarhof
The average price paid by the OZUQA LLC for 1 tdn of€VENUes ’ ;
dried licorice roots of required quality standaisi€a. 100 Uzbekistan has approved this strategy and relezse@40

USD. The company bears transportation costs ofitieo h?].OI] abandonﬁd |rr|gat§d are?s Iio th? ?rme;s”r_rt)am‘ A
roots from the farmers’ fields to its processingilfaes. ich were the rr‘l‘em ers ot rnowledge » lance.
Consequently, the licorice-producing farmers wolde I|cor|ce-proqessmg Syrdarya Licorice Extract P‘a.has
much better off to sell the raw licorice materidisectly to  Peen established in 2013 to process the rootsaide into

the processing plant instead of middlemen who aifmut & Powder for export purposes. The plant with a citpaf
50,000 UZSt(ca. 40 USD 1), as it was indicated by the MOre than 9,000 t yeat of roots contracted the licorice-
experts during the Round Table Meeting. Therefane, producing farmers with extra payment for dehvenfytkue
addition to the beneficial effect of licorice cutition on O0tS: _Currently, the plant h_as devgloped a bus+_ptzm
soil, the value and thus, economic benefits ofrlamare an(_j S|gneq contracts with international C(_)mpanr&m;nf
encouraging for increased production in the netarréu China, Thailand, Germany and Japan to deliver &inaet.

Possibilities of potentially higher benefits fromcéal
processing of licorice roots encouraged the s@enfrom
the Gulistan university to address these issuegh&
provincial and country’'s authorities. In 2012, tireject on
local processing of licorice was developed, appidwethe

yrdarya Khokimiat (local authority) and submittedthe

abinet of Ministers of Uzbekistan. Implementatafrthis
project was in line with the general strategy o th
industrial development and utilization of margiteaids in

IX. DISCUSSION

’Mana Kai Rangahau. Growing licorice. New Zealand
Institute for Crop and Research Institute, A Crown

Research Instituteyww.crop.cri.nz

The alarming speed of agricultural land salinizatio
Central Asia and high costs of conventional recpver
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options call for alternative measures to combats thiAlliance groups is that they do not only represanmers
degradation. Since farmers are the main decisiokersa but also representatives of provincial governmeict lacal
regarding the land they work on, the success tur@aiof businesspersons (i.e. licorice traders). The Kndgde
rehabilitation measures depend to a large extentheim Alliance group held meetings, in which informatiand
attractiveness to and hence, adoption by farmet®e Tdiscussions related to the cultivation of licorieeas
efforts of individual farmers and especially thedllective highlighted, work plans prepared and responsibditdf
action, in salinity remediation is an importantgmedition different parties agreed upon. The formation of gheup
to addressing this issue. However, current agucallt can be seen as an attempt to institutionalize land
policies create disincentives for investments. ,Edjate rehabilitation efforts within local communities.
guota system retained from the past dictates ongppi This study suggests that if a greater number ofidas in
patterns and yield targets leaving little room dtternative the region would adopt this strategy, it would teso
crops; improved actual yields of conventional cropsse significant positive benefits to all actors and the
immediate reassessment of planned areal prodyctiviénvironment. Reverting adverse salinity effects and
followed by increased quota without offering anynéfits  restoring productivity would enable enhanced préidacof
to farmers in return. Obtaining financial crediter f both strategic and alternative crops in a much watea
agricultural activities is very difficult despiteffigial that otherwise remained unproductive.
announcements of their availability to farmers. rénotly, Bioremediation withGlycyrrhiza glabra can be regarded
there are no effective strategies, instrumentsimacehtive- as one of the potentially successful options, whslcbuld
inducing policies to encourage farming communittes not be conducted outside of, but on the contranypieal
rehabilitate their land. Moreover, if these existdtere is with, the resource-saving irrigation and functiodedinage
no official structure such as extension servicesjdliver infrastructure. There is however a need for mordepth
the required knowledge from science to the farnellend study of the other suitable varieties of halophyted their
among farm communities. effects on land. For instance, there are potentgative
This case study is an example of how a simple costapacts associated with the introduction of plgecies in
effective approach involving licorice could be ustml the process of bioremediation that need to be densd. In
rehabilitate abandoned irrigated lands. Apart frand the case of licorice it has all the attributes camnto an
rehabilitation, bioremediation also offers addiibmcome invasive weedy species. Its extensive root systétm tive
for individual farmers with relatively modest interents ability to sucker makes this species difficult tontrol
thus rendering it attractive for implementation. diso without the use of herbicides.
demonstrates the existence of superior farmershe t
Galaba community, who are willing to improve thkind X. CONCLUSION
and produce higher crop yields even under unfaverab

environments or policy impediments. However, how to Among the most effective ways to combat extensivel |
achieve out-scaling of such approaches in a widea? salinization in Central Asia and beneficially di
Conventional extension services as commonly used #9arginal resources is to equip individual farmersd a
disseminate knowledge among farming communities afgrming communities with efficient, affordable and
non-existent in the Central Asian countries andisit profitable solutions. Bioremediation offers suchediicient
unlikely that such services will be establishedr@evledge alternative solution, however, no structures such a
based platforms in the centrally managed agricallturextension services exist to transfer the requirenimedge
systems within the foreseeable future. to the farmers and initiate dialog between all exto
Hence, innovative approaches in addressing thigcluding governmental authorities. Innovative agmh,
knowledge gap that links the products of researith the  the formation of Knowledge Alliances including fing
farmers as main actors and other beneficiarieseapgired. and scientific community and officials, offers an
This may take the form of creating linkages betweegiternative. A case study in the Syrdarya provimde
farmers, researchers, management authorities arket®a Central Asia demonstrated a successful out-scatifig
It was shown that the creation of the Knowledgeahite research-scale rehabilitation of 105 ha of abandlone
was the key strategy of exposing the potentialh&sé jrrigated land. Importantly, it offers not only faer-
superior farmers in an extension role that bypasses supported remediation of degraded land, but alsefiie
existent extension services. It was also evideat th to all actors by promoting the development of tbeal
implementing this collaboration the support of locaprocessing industry and international trade. Tipisraach
authorities is important. However, the scientificda ig out-scaling innovations may be an appropriate

institutional Support for such incentives need@eq)ut in mechanism that could be promoted by the government_
place.
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Annex. Soil salinity assessment in Central Asia

Currently, soil salinity is assessed based on b®tviet system of
appraisal and standard measurements of electricaductivity (EC). To

assess salinity based on the Soviet system, theugatypes of salinity are
classified (Table 9, Bazilevich and Pankova 1972)

Table 9. Classification of salinity types in Cehthaia

Type of salinit Aniong Ratio of anion
Cl-SC, HCGOs-Cl HCG;- SCy

Chloride Cl >2.k
Chloride-sulphat SC,-Cl 1.0-2.t
Chloride sodi HCGCs-Cl >1 >1
Sodic chloride CI-HCG; <1
Sulphate sod HCGQGs- SC, >1
Sodic sulphat SC,- HCG; <1
Sulphate chloric Cl-SC, 0.3-1
Sulphate SC, <0.:
Hydrocarbonate sulphate HCOs- SO, CI 51 <1

hydrocarbonate chloride

Soil salinity is further classified as non-saliskghtly, moderately, strongly and very strongliirsa based on these soil

salinity types (Table 10).

Table 10. Degree of soil salinity from toxic sains (g 1)

- HCGCs-Cl, Cl-  HCGCs - SC,, HCGC; - SC,
Salinity degree Cl SECI HCO, SO, -HCO, Cl -SsQ SO, cl
Non-saline <0.3 <05 <10 < 150( < 100( < 150( < 150(
Slightly 03-10 05-12 1.0-50 15-25 1.0-25 15-30 15-30
Moderat: 1.0-30 12-35 15-30 25-35 25-50 3.0-6.0 3.0-50
Strongly 3.0-6.C 35-70 3.0-50 35-6.0 5.0-9.0 6.0-14.0
Very strongh > 6.0 > 7.0 > 5.0 > 6.0 > 9.0 > 140
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