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3) Executive Summary

The objective of this project was to set up the technical basis L0 establish a cost effective and efficient
sysiem of removal of heavy metals (HM) and nucleides from contaminated soils of Kazakhstan and
allow a renewed introduction of sustainable agriculture into these areas.

In order to achieve this objective research was conducted by the 1eams in Sede Boger and Astana,
sometimes by tocal investipators and other times by mixed panticipation of both groups. Dr. Alikutos
came 1o work to Sede Boger during periods making use of local expertise and instrumentation that was
not available in Astana.

€ Work in Israel has started with two types of plant species: {a) crops such as berey pea. tOmats and Mmacse
and (b) Some well known HM hyperaccumuiators like Typha and Phragmites Work focused on the
gdetermination of agrotechrical methodoioges and biochemical characienzation of key enzymes rvolved n
the production of phytochelatines in order Ip understand betier tThe key Metabolic systems that provide the
plan with means to cheigte and accumulate heavy motals.

< Most hyperaccumuiators store the heavy metals teken up from the sod i ther roots whech makes mace
cumbersome the harvesting of the storing plant organs from the fisid. Thes i a problem of xylem ioedng or
in more biochemical terms, the activity of heavy metal ransporters st the xylem parenchyms of dist roots
Work was caimied out to find such transporters which were sventually found @ some Kazak riatve desert
plants. Work is under wey 8t the moment to identify the HM-transporter and msolste its gene for eventusl
transfer to other plant spacies used in phytoremedistion of contamnated sof and weter

€ Work in Kazakhstan has been carmed ot with Amaranthus. AQropyron and AiUrpus Specats SEsestng the
capadity of this species tc remove heavy metals from sois and therr BCCMUENON IN OCtS and Shoots.
Several methods to enhance the HM uptake capacity by these species have beer studwed and rieresting
new apporaches to faciiitate HM uptake by the plants. The Kazak nvesbgators have alsc determane the
changes of HM removal by Amaranthus dunng the kile cvoia of the piants to deterrene eflectve stages of
growth for optimal removal of HM from the soil

€ Work has been carmied out in paraliel at the physiciogical. biochemical and heid levels with good ressgratcen
among the different components, as evicencad in some of the results shown The results obtained
suggest the necesity of a larger scale pilot project (o optimize the efficiency of the selectad species
to remove HM from contaminsted soils under field conditions, based on the essons learmed so tar
under lsborstory and greenhouse conditions. This pilot stage should be an intermediate stage
betwee lab/greenhouse ressarch and large scale pytoremediation of contaminsed solls.

All the work camed put during project was in compliance with the stated cbjechves indcated i B grant
propcsal. Collaboration between the two groups has been axcedent with the active parbapebon of Dr Visderir
Kuzoviev gnd of Or. Zerekbay Alkuiov. The research unit of Allkulov in Astans has been the prje of the
scademic euthorities of Gumiley University and show case of inbatie hard work and soensh: meres 20 Suid
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practically from nothing into a source of gifted and well motivated young and independert scentists. The
development of this seif-sustaning group and the research tools at their disposal sre sn excellen] example of
what AID/COR support can achieve in Central Asia and other parts of the world The prowup © perfectly capable
to day to define and sotve numerous problems reiated to the development of advancec agnculture and
management of natural resources.

Quite a number of papers by the princpal investigators of this project are in preparation G 1 kather dets
analysis and time consuming task of mproving on predimtinary drafts. Results of this work have boen pressoted
in several Intematonal Scientific Conferences end in National Scientific Conferences in Karakhstan and other
Central As@ countries. where they elicited great mierest from peopie interestad f phyoremeckabon



4) Research Objectives:

Oversall aim: Removal heavy metais and radionucides from contaminated soils by the use of ssleciec annual
crops capable of taking up and immobilizing in the plant biomass large amounts of the pollubng agents.

Speclic objectives:

1. Preliminary sekection of sppropriste endemic snd/or non-endemic (8 rae and endangered! annual plant
populations with heavy metal eccumulstion potential with snstomical charactenstics which faciitete ha~vestng.

2. Study of the bicsynihesis of metal-chelators and transporters n roots and shoots of the selecix] plants, and
determinabon of optimal metal accumutation dunng the plant kife cycie

3. Application of simple agrotechniques such as fertization with nitrate, suffate and Mo I enhance iomass
production and the chelating capacity of the selected plants.

4. Study of adgditional chelating mechanisms in the plants and determination of optimal conditions for hedrvy
metal infux, transport and compartmentation.

As could be expected from the bmited funds and the ime svailable to this prosact only the prelimingry aspects of
selecting suitable native plants and studying their characiensiics as possiie hyperacoumulators of heavy metal
has been accomplished. This, howevet. has been very instructive and it can be s8id todsy that we herve seversl
native plant species that are vely promising phytoremediators of soils and weter contaminated with hervy metal
andvor radionuchides. The next stage should be 3 pilot field project to test the effectivensss of the selectad
snd studied plant species on the actual removal of heavy metals from comtaminated sofls and the
optimization of large scale use of these plants to reclaim sbandoned soils and retumn them to fruithd
sgricuftural production.

5) Methods and Resuits

Plants sbeord lead and sccumulation of this metal has been reponted in roots. siems. lsaves and oot NOduies.
increasing with the matal ievel in the soll. Some piants are sbis to ieraw wxxees of lead by iMvohwng DroCasSIes
like exclusion, comparmentsization of synthesizing metal detoudfying pepbdes or organse sads. Furthemore
the metal remains largely as a surface deposit or costng of plant organs. Costing isad of folage mary contan up
to 100 times the level observed in unwashed leaf surfaces cof the crop. Pubsscent issves have beer: cosid with
more isad than the smooth surtaced leaves due to regular wash off the metal by the rsn water Fom the Smoath
leaf surtace (Karaganov et al., 1995).

In higher plants the monocots have been studed in more detall than the dicots for thes BSPOMEeS I heevy
metaly Howsver, mmmmaed'abc'a" awarewmdhmmnmd

MW&M&WMWMMWW%.MEMHWM
metals from sewage sludge were studied

One of the main sources of heavy metals pollution in Kazasihstan an industrial instalistions as well 83 NuCiesr
and non-nuciesr weapon teshng grounds which relsase not only heavy metsis but aisc hghly tonc
radionucides. Waste water and dust from mining industries and weapoh WBSting grouncs COMRBIwWNG Ny
metals and ndionuclices contaminated vast aress of Kazakhsian

umdmmmwm-mmwmwmummm

succass of this endeavor 15 bgsed on the capacity of plants to teke uD and accumuisis heavy metals basad on
their uptake by roots. couphed to rapid plant growth and 8 simpie harves! (Saft et ai 1995 Cunningham and Ow
1996). Plarts absorb heavy metals that are accumulated it roots, stems. eaves and roct Rodules. NCTeas-"gly
with the increase in metal ievel. Soma piants are able to toierate axcess of lead Cy ifvohvng processes Eue
sxclusion. compartmentalization or synthesizing mata! cetoxifying pepties of orpsnec sads
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The content of lead, cadmium and zinc is generslly higher in south-easten Kazakhstan than repored n many
studies of gther contaminated regions of the world and they can excesd by many id the maxmai slowed
concentrations. South-east Kazakhstan includes Oskemen, Kyziorda and Shymikent distnicts.

In Kyzilorda which is located in the Aral Sea basin 0 Kazakhstan, the envichmental proldems are of
catastrophic proportions. As 8 resull of the implementation of 3 massive imigabon schemes 1 suppor: the cotion
and nce fields in the former desert virgin land, the water flow to the Aral Saa was reduced i iess than hall As s
resuit, not only its NaCl comtent but also that of heavy metals have increased in the water snd 508 and have
been deposited over larpe areas by winds, entering the food chain endng in the large human popusabon of
Alarming concentrations of lead have been reported in dust of densely poputated urban gress such &t
Shymkent. Water and land of this ares near the industrial waste disposais The man lead producing plant 5
located in this oty in Kazakhstan dating from the Sowviet period The level of lead m the emvronment s not
constant and has been increasing rapadiy due to industrialization during the last several decades An Nrease of
total and gvaiiable lead in the soils in Shymhkant has besn obsarved. bmigabon with untreated sewage efuents
(Karaganov et al.. 1995) increased soil contamination. Another major source may be jead alkyt dervatves ¢
gasoline which are cracked to release lead in automobde exhaust in the form of lkead aerpsois (Smath 1971}
This results in extensive contamination of the metal near road side. The soé and the piants siong the oS I©
Shymhent are rich in Jead contert. The metal tended to accumulate in the surface layer where af 0-15 om depl
in last three decades iotal lead ncreased from 8.5 mg/kg to 27 4 mokg. and delected a very hegh 120 5 mgig
lead in street dust (Karaganov et al., 1895),

Piarts absorb lead and accaumulation of the metal hes been observed in roots, slems. leaves and oGt NOdhies
which increesed with the increase in the exogenous metal leval. Some plants are able In tolerake axcess of leed
by involving processes like exclusion, compartmentalization or aynthesizing metal detacfyng pechoes o¢
organic acids. Furthermore, the metal remains largely as a surface depost or lopecal asroscl coating plant
shoots. Lead associated with foliage coating may contsin up to 100 times more lead than the unexposed lee’
surfaces of tha crop. Harry leaves have been coatad with more iead than the smooth surfaced isaves Oue D the
frequent rinse of the metal by the rain water from the smooth isef surface (Karsgancy ot i . 1595

in higher piants the monocots have been studied it s0me detail for their responses to haavy Metals N QENeE TN
the dicots. However, new studies are needed to beter undecstand the responses of the plants and mechanem of
tolerance to the metals, or sccumuiation of tham in severs! piant species. particutarty i hakophyws Halophyw
plants are widespread in the area of south-eastern Karskhstan. Theretore we studed the capabdity of severs
piants. including halophyts plants, to extract heavy metsis from indusinally contaminated scds s an agnGuRral
soil contaminated with metals from sewage sudge.

Materials and Methods

Seeds of Amaranthus and Agropyron wefe obtained from the Institute of Botany ane Plat nrodccton of the
Kazakh Academy of Sciences. Seeds of Asiuropus were collectad from plants in sandy sabne sols. n the Karak
region of the Aral Sea in September-October 2001. Soils for the stixdios were colectad from Shymkent where a
lead-exiracting ptant s located. and from Kyziiorda near the Aral Sea Uncontaminated contro! soils were colected
from the Turkistan region iacated between the cibes of Shymient and Kyznorda

Seed priming method Ory domant seeds of the plants wers mdibed n dstlied watsr of 1 waler solutions of
molybdate or tungstate The seeds fully saturated with the water of with the solubons during 3C h imbibtion Then
the seeds ere dned on filter paper gt roorn temperatune. the seeds reached thsr ONQENg: Cry weeght after 25-3C h
Gemmination of the seeds were carried oul on moist filter paper in Petn dishes or in sandy 508 with or without hesvy
metal. Contact of the seeds with oxygen during imbb&ion and subssquent Srying ed D garminanon abiion whik
the germination percent of the seeds mmbibed under oxygen was high ¢ the sesds permnsind mmedaity sfwr
mbibrdon, i.8. omitting the drying step.

Egliar fortigation Foliar applications were carmed out during the earty mOMmung whah th SIOMEa were open anc

2t i Gl : ML VAM fungal inoculum was Qenersted from Asksropus
plamscoaecudfromundyuhmwhmmnms.lmdmnw Agropyror. collectad from the
stappe naar Astsna city. Amaranth species was collectsd from different regions of Kazakhstan hat nc VAM
inoculum. To produce the VAM fungal inoCulum, Asiropus Flormlis and Agropyron Cese/TONAT PIaNTS with intact
mycorrhizal roots and edhening sol wers transplarted imtc 15 o digmeter PO CONIMINING SIIOGEIVEC COMMTOENC
soil coliected from Shymkent (27.4 mg Pb™ &g soil). and uncontaminated soi collected 1n the Tukesta~ srea A%ter
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growth during 1 month, the pot contents became the source of infective inoculum for our experiments (Kasymbekov
et al.. 2000). Tha dominant fungus presant in the pols was identified as Glomus clervcystis.

Preparation of tissue exiracts, Leaves and roots of the plants were macerated with ackd washed sand in ice-cokd
extraction buffer containing 50 mM Tris-HCI pH 7.5. 1 mM GSH. 10 uM leupeptin, 0.01 mdM Na Mo, and 0 01 mit
FAD. All the extractions were done at a ratio of 100 mg Aw/1 mi buffer The homogenate was centriksged & 3C 000 g
for 20 min at 5°C and the resuiting supernatant was used for analysis.

Determinafion of MoCo activity Cofaclor activity in seed lissue was estimated using 8 NR-mutamt i1 of
Neurospora crassa. The mutant of N. cressa was grown in the Department of Biclechnology and Selechon of the
Plants (National Bigtechnological Center in Astana). MoCo activity was determined using the haghly sensitrve
modified method developed by Savidav et al. (1998).

Determingtion of enyyme activiies The activity of wheat NR in vilio was determined by using  NADM and siso
reguced methyl viclogen (MVH}), an artificial slectron donor (Alkulov et 8l 1988. In viro XOH activey was
determined according to Triplell at al (1982) following NADH production a 340 nm. AD activity was assgyed
manitoring the change of absorbance at 600 nm of the eldectron donor 2, 6-dichioroindophanot [DCIP! (Koshiaa et al
1996). Absorbance of enzyme products was measured using a Jenway specirophctometsr Bedore determanaton of
the activites of AD and XDH, the extracts of seed parts were pel-filtersd through Sephadex G-15 o separaw ow
molecuiar compounds which may contain endogenous NADH ang other reductants and may merien wih the
cofactors and products of the enzyme reactions studied.

In our experiments CHCH,COO),; 2H;O and PH{NOy); were used as heavy metals containing compounds The
corent of heavy metal was determined using the spectrometer AAS-IN (FRG) foflowing rmmenpliason of part
materials by inorganic acids (details in previous repon).

Results and Discussion.

Efficient phyttextraction of heavy metals from the soll requines high plant Diomgss with effioent uptaie syswams
Halophytes characteristically accumuiate iarge quantities of salts in shoots and can proguce "ugh Diomass Sait-
tolerant plants may also be tolerant of heavy metals and capable 1o accumulaie metals. In our study we comperec
metal uptake by the haiophyte Aelropus litoralis and the glycophyte Agropyron deserfonam. anc MSC 8 MOoerme
salt-tolarant Amararithus tnicalor.

Table AL Toxicity threshoids of Pb™ and Cd™ for Amaranthus, Agrogyron and Askwopus
(percent of survival in the heavy metals).”

Heavy metails | Conceni mM Amaranthus AgrogyTon Asharopus
Load 0 (control) 100 100 100
Cadmium 100 100 : 106
Lead 01 100 100 100
Cadmium 100 100 g5
Lead 05 100 100 1006
Cadmium [7x] a5 -2
Lead 1.0 95 93 a7
Cadmium 82 5] 76
Lead 15 85 85 95
Cadmium 80 57 85
Lead 20 [ 40 &
Cadmium 42 23 ke
Lead 25 90 15 55
Cadmium 17 2-5 x

*Flari seeds were germinated in ssndy sod. After 10 d of ssedings growsh cifferent
concenirations of heavy melal wers sppled to the soif and seedhngs were further grown LUnlS
thei rate of survival (al 25 o) was esbmated

In order to provide 8 better estmate of plant toxicty mmholds to heavy metals we studed the toierance of
Amaranthus, AwopyrmlndAdumpusupmodnvome and CAT° igvels In our DrevIoUs expariments we
studind the effects of haavy metals such as Cd, Zn and Cu on the growth of Amaranthus thooior and A Danausatus
and their metal-eccumulating capability. In these exparnments wa siso used Cd in order 10 comOare 13 effects wr»
those of Pb. A greenhouse screening study was camed out n which the ssedings of these rlam soeCes were
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mhwwamwmmmdwm* mcu"mmms(mmm
25 mM. Cadmium was found to be more muic for the plants tested than lead (Table A-1} The levels of endogenous
metals increased with exogenous lead and cadmium levels Furthermore, the toocity treshold of Cd and Pb was
found o be 1.0 mM for all the plant species studied.

Since the halophyle Aeluropus grows preferentially in saline soils. we tested the eflacts of InCraased sof sakndey
on heavy metal accumulation by these plants using s controls Amaranthus and Agropyron Prelimenany results
showed that Aeluropus litorslis grew on soils with salinity up to 6.0% in the Aral Seas basin (Sarsenbaeva  2000)
According to data published by the Institute of Botany and Phytointroduchon of the Acadermy of Scences of
Karakhstan, Aefuropus Korsés is one of the dominand plants in grazing lands of the Amal Sea basin Al these
halophytes have a remarkable ability to accumuiaie farge quantities of NaCl n ther tssues The mneral comtent
of these plants, mainly NaCl, was between 30 and 50% of their dry wesgit (Jeflones and Ruondk 1964) The
main sait accumulating organ of As/wopus were found to be its leaves (Sarsenbeva. 2000) Snce Ashropus s
able to accumuiate safts in its leaves. we tested the plant for heavy metal uptake and acournulahorn.

Table A-l. The sffects of incressing NaCl concentrations on Pb™ accumulation (mgig DW)
by different plant species (1.0 mM Pb*" added to NaCl sohstions)”.

Plant Plant Concentrations of NaCi
species parts 0 1% F2 3 f5 3 4% 5%

PhT in roots 8.7 133 80 Lad - -

Amanamhus | Biomass 97 a2 B5 -
Po inleaves | 17.0 12.7 48 w -
Biomass 100 [ 80 -
Pb in roots 14.5 03] 46 mw - - i

Agropyron | Biomass 3 g3 a5 - ]
Pb” in leaves | 18.0 123 | 65 w - .
Biomass a7 80 28 -
Pt* in roots 158 152 | 1541 178] 156 [ 142

Asluropus Biomass 100 100 | 102 105 o4 83
Pb* inleaves | 185 254 | 225 482 50.2 48 &
Biomass 100 103 | 107 108 | 98 87

“Piant seeds were germinated in sandy sod. At 10 d of seeding developinent & soition mit 1§
mMPb”mdkmashgmmﬁm:dNﬂmemw.mmm
in % of control seediings grown without Pb and NaCl: IW - growth of seediings was mnhdbeied and'
wilted after 10 days in the presence of Nall Biomass and the confent of lead «: plan: matenads
wers maasured in 35 d okd plants.

The monocols Asiuropus and Agropyron accumuiaied considerably more Pb in thes lsaves than in ther rools
The halophyls transiocated more P from the root to the shoot than the glycophyie while amaranth accumoleted
eimost equal amourtt of the metat in s roots snd shoots. Owr resutts suppest that the halop~yle has 8 greswr
potential to phytoextract Pb from contaminated sois

The accumulation of isad may depend not only on plant species but piso on the exopencus concentrason of
ead in the environment. In the next axperiments we tested the dependence of haavy metal acCumuiabon on an
exogenously supphed concentration of lead (Table A-lll)

The eflects of vesicular-arbusculsr mycorrhzae (VAM) on lead sccumuiston by the plerts were stuced
cails of the emerging radicles during germination, 8 colonization that effected pesitively seeding vior {Berrow
et al. 1897} Such symbiotic 83s80ciations may emprove sgit tolerance of deveioping Se8dkngs Of ASXFODUS.
Nthough increasing concentrations of NaCl inhitxt VAM growth, the yphae placed onto the roots n nct aflected
by NaCl (McMillan et @i, 1988). Mycorrhzae colonzed plants praduced reaier 1ct anc shoo! Iy weghty then
non-mycomrrhizal controls (Ru2-Lozano st al., 1996). Among the DIants orown in natve skine SosI8 e Manamem
roct VAM colonization was obssrved in Asluropus specws (Bheskaran and Setverx 1957 Wycomhze: fang
play a role in whole—piant nutrient balance by siding in the uptake of limting nutenis ranamng Tutes?
baiance under stress conditions {Ning and Cumming. 2001).
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Table A-i. Dependencs of Pb™ -accumulstion in plant parts of various species on metal concentrations
exogenously supplied to sandy soil (metsl cortent in mgig DW)

Plant species Plant parts Lead in medium Pb in the plant
(mal) mglg OW

00 18
Roots 0.5 7.2
Amaranthus 1.0 18.5
tricolor 0.0 3.0
Leaves (+shoots) 05 8.8
1.0 5.7
0.0 17
Roots 05 12.6
Agropyron 1.0 180
dessrtorum [v]2] 23
Leaves 0.5 12.5
10 175
0.0 1 4
i Roots 0.5 g5
Aeluropus 10 143
litoratis ) 0.0 21
Leaves 05 13¢C
1.0 183

In the following experiments the affects of an inoculation of the plants with the fungus Gilomus were stuceed No
infection of amaranth plants by the fungus was observed (Table A-IV) presents the results obtames from these
expenments.

Table IY. Effects of plant colonization with fungus Glomus on lead accumulation
in tha roots and lesves of Agropyron and Asluropus”.

Plaf Lead accumulation (mplg DW)
species Growth substrate Roots Leaves
Biomass| Pb’ |Blomass! PO

Uncontaminated soi 100 06 10 ¢ ¢
Contaminated soit (CS) 100 5.1 100 . 56

Aeluropus | CS + NaCl 100 6.2 e : €5
CS + inoculum 108 K] 106 | 128

CS + NaCl + inocukam 108 122 107 187
Uncontaminated soil 10 04 100 ¢ Q2

Agropyron | CS 97T | 47 100 ¢ T4
CS + nocukm 03 1 105 104 | 172

*Plant seeds were germinated in contaminsted soi coflecied from Shymken: and
uncontaminsted soi from the Turkestan area Bromass and he content of iead were pefemmned
m 35 d oid plants After 10 d of seedling deveiopmen, 3% Nl was soded o the sod

When colonized with vascular-arbusculer muccorhizee, Agropyron and ASKIopus rocts and aves scCurmulshed
higher levels of lead (Table A-TV). Moreover, the lavel of endogenous mets! Noeased with xOGENOuUSly
supplied lead concentrabons (not shown). However, attempis to inoculste amarantt plants were not successhul
Moreover, no VAM inoculum was detected n the roots of Amaranth spacies from ciflgremt regoms of
Kazakhstan.

Lead in the soil is present in the form of sohuble and insoluble salts and » bghtly bound 1o coliosdal organsc
molecules (Karaganov, 1995) Plant roots studied are able to extract some of thus metal from the sod bt
translocation lo shoots s generally bmited. Various sod condiions such as cabon axchange Sapacity and other
ions aiter lead uptake from the soil. Abundant amounts of phosphate lorm insoluble precpaates of ead
phosphates which reduce metal absorption (Singh et al, 1984) Thus. another requirement for eficet
phytoextraction is that the metal contaminants be in a form availabke for plant uptake Chemically enhanced
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phytoextraction by adding ethylenediaminetetraacetc acid (EDTA) is well documented We studved the affect of
EDTA on lead accumuiation of root and shoots of growang seediings (Table A-V).

Tabie A-V. Effects of increased concentrations of EDTA supplied
to contaminated soll on ead accumutation by the plants®.

Plant species | EDTA supplied] Plantparts | Siomass P'b"il”
% of control | mgig DW
Without EDTA Rools 100 56
{control) Leaves 100 53
1 mgikg Roots 100 78
Loaves 100 BD
10 myg/kg Roots 100 85
Amannthus Loaves 100 104
100 mg/g Roots 100 115
Leaves 100 152
1g/i&g Roots 54 15 4
Legves ] %0
10 ghyg Roots T8 6.2
Leaves [5] 857
Without EDTA Roots 100 s
{control) Leaves 100 £0
1 mghg Roots 100 £7
Lagves 100 T2
10 mg/kp Roots 100 a4
Agropyron Leaves 100 107
100 mg/g Roots 100 113
Loaves 106 165
1 g/kg Roots 96 186
Laaves 100 238
10 g/g Roots [ 123
Leaves 85 235
Without EDTA Roots 100 42
{control) : Leaves 100 ! 5
1 mghg = Roots 100 £3
) Leaves 100 83
10mgkg Rocts 100 114
Leaves 100 132
Asiuropus 100 mgAg Roots 100 £B
Legves 190 54
1 gAg Roots 100 24
Laaves 100 524
10 ghg Roots 88 | 238
Leaves 95 | £25

-mmm“mmmmmmmnmmmmmmmswmmmm
sod increasing concentratons of EDTA as indxcated m the table. Baomass and the cortet of
lsad measured n 35 d cid plants were detsrninec.

Thus, chelator application strongly increases plant lead uptake frorm metal-contamingied sols As showr m
Table A-V. EDTA in higher concentrations can be toxic for the plant EDTA & nonbsodegradable in naturs anc
very costly for large-scabe phytoremediation, kmiting its usshuiess for contnued soé apERCatON In Mt "espect.
one of the most prospective and promising directions n phyoremed:ation is the use of bohumus Blohumus
contains @ number of ingredients some of which chelate heavy metals N may be appbed at aporoxamatedy
similar rates of applicaton as conventional chemica! fertiizers Expanments on the use of b:oham.s for
phytoremediation are reported below.
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Study on physiological and biochemical mechanisms of wad offech

Seed gemination and early seeding Stands are the initial events in the ie of a plam projecting the extent of
future physiclogical and biochemical processes. Seed germination is initiated by regutated enzyme reachon
which activates catabolic and anabolic processes in the storage tssue (cotyledons and endosperm) and n the
embryomc axis. Germmination i3 nhibited even when only one of these component processes © aflecied

Toxic leveis of Pb affect plant development at physiological and biochemical levels As the metal reacts with
important functional groups in macromolecules. the activities of several anzymes are aflected, some of which
are important in plant adaptation to unfavorabie environmental conditons and nitrogen metsbolism  The
inhibition of germination by exogenously iead mey affect some important anzymes mvolved n the process. The
inhibitory eflect of lkead on seediing growth may anse from imeriemence of lead with swan (Ndole acetc Bcid.
LAA) reguiated cell edongation (Van Assche and Clisters, 1990). Molybdenum containing enzymeas are nubvied
in roots of monocots by the metal but in the leaves a differentipl effects ate obsened " MONOGCHE SPeces and
dicots as well (publication in preparation)

An oxidase catalyzing the oxidation of indole acetaliishyde (LAAND) and sbscesic aldehyde (ABAK) 10 ndois
acetic acid (IAA) and abscisic acid {ABA), respectively, is found t0 be the molybdenum Contareng enzyme
akdehyde oxidase (Koshiba et al., 1996). Much atention has recently focused on plant aidelyde axidase (AQ.
EC 1.2.3.1) because of its nvolvement in the adaptation processes of plants 10 the anvironmental stresses
{Omarov et 81, 1538} It & proposed that the main function of plant XDH 15 the production of unc acd whsch
plays an important role m the scavenging of ROS formed dunng the dxadative stress

Nitrate assimilation is widespread among plans. The regulating step of this process appears 10 be the inital
reaction catatyzed by NR. This enzyme is considered to be a imiting facor lor growth, development. prolen
production and final yweld of plamts (Hageman and Lambert, 1983) Nitrate assimiaton 13 nhibded by 10 10 100
mM P in different speces of higher plants studied Relatively lower concentraton 100 uM of lead ribaed
nitrate uptake and /n vivo NR activity in cucumber seediings (Burzynski and Grabowaski. 1064! The activity of
NR s also inhibited in soybean (Huang et al, 1974) maize and pea leaves { Sinhg et al. 1988}

Lead teatnemt of seedlings can creale water stress to the plams (Burzynsii and Grabowsia 1984) 18 ¢
causes the axdative stress in plant cells. Formation of reactive oxygen specaes (ROS. highly nesctive oxygen
racicals} 1S a common reaction at the intiat steps of several types of stress nchuding exposure 10 hedvy metals.

The eflect of Pb%" on root MR snzyme seems io be due primarily (0 its interlerence with the de NOVG Syrehess of
NR molecules. Induction of NR activity was significantly inhibited by Pb™ (0.5 mM) in the Agropyron leaves
mmmmmm.h”mm’mmmmummaa’ on
both i vivo and in vitro NR activities {data not shown).

The toxicity of Pb™" on Mo-enzyme activities could be amehorated by MoO*. The response of NR actvily 1o isad
i different when the enzyme s assayed i vive or in vitro methods. wheteas the o vive NR axctvily was
generally mhibited (Table A-V1), the i vitro assay was largely unaffected (data not shown)

Table A-VI. Effact of 1.0 mM Pb” suppiied to sandy sofl on the activities of plart Mo-eraymes®,

Plant Plart parts MoCe AQ XD NR
Control| +Pb | Controfl +Pb | Control Control ; +Pb
Amaranth Roots 18 14 430 35| 12 10| 27 20
Leaves 21 16 | 705 603 | 2% 26| S0 38
Agropyron | Roots 24 18 67 .4 810, 25 22 54 42
Leaves 18 15 40.3 s 18 14 37 2
Aejuropus Roots 3.0 24 a6 758 34 32| §8§ 45
Leaves 24 16 66.2 6271 21 D 18] 27 1 Z2p

|

*Achvites: MoCo in umal NO ; formed by nit-1 NR g proten howr
AD in nmaol DCIP myg protery men’™ XDH @ amol NADH mg " hour
NR in umol NO™ my™ protein hour”'

A possible direct effect of heavy melal on the enzyme may be due to the metal wgh binding affinsty to SH
groups. In the ahsence of molybdenum. newly synthesized Molo could be nactivated by heavy meals such as
Cd”, Pp¥". Hg®. Cu™. Zn*" and arsenite (Wahl et 8l 1984 Rejagopalan. 1992). These metals show heghes
affinity to the vicinal dithiols than to monothiols (Simons et al.. 1990 Aposhar et @l 1952 Ercal et i 1996
incubation of dithiols with Cd-saturated metallottuonen (MT. a polypephde containing recuiat monoltacls!
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resuited in removal of the matal from MT showng the high chelating capability of diffdols (Zhang ot of . 199C)
We showed also that 2.3-dimercaptopropane-1-sulfonate was abie to remove heaivy metals bounc o MeCe

The side chain of MaoCo contains vicinal dithiol groups (Rajagopaian, 1982). Our experments with active MoCo
isolatad from wheat embryo showed that heavy metals such as Hg™, Pb”" and Cd” have hgh affiety to MoCo
dithiols. The presence of reletve high concantrations of MoO™ and reduced condition protected MoCo drthuols
against heavy metal binding (manuscnpt in preparation). it seems thet Mo-deficiency and the presence of the
heavy metals lead W the nactivation of newly syntheszed MoCo by the iatter in n vivo assays.

To test these hypotheses we used seed priming with molybdate and its chamical analog tungstate mbihition of
the seeda in molybdate solution up to 50 mM did not inhibit their germmngtion.  In a separame experment we
studied the infiltration of 50 mM ammonium molybdate o the seeds during 30 h mbibibon. The corent of
ammonium ions In the seeds determuned with Nessier reagent was relatively high. The effects of seed pnming
with molybdate (or tungstate) on the activities of Mo-enzymes in plant seediings grown n the presence of Pb
was studied (Table A-VI).

Seed priming with molybdate resulted in a consiiarably increase of plant biomass (Table A-VIT) Since effoent
phytoextraction of heavy metals requires high biomass producton of plarnts, seed prming of met-accsmulating
plants may have a positive effect in phytoremediabon efficency. Seed prming aiso mproves seeding stand
size resulting in higher yield, and may be therefore expecied that the plants grown from Mo-ormed seeds wif
have a higher Pb-accumulating capacity.

Tabie A-Vi. Effects of ssed priming on the sctivities of lo-srzymes in § days old seediings.

Sesd priming Plam Biomus1 WMoCo| AO XDH | WNR
conditions parts i :
Amaranthus tricolor
Roots 100 18 435 14 3
Control {dry seeds) Leaves 100 23 686 29 c4
Roots 6 13 3%.0 12 22
Control {dry mpb")' grown | Leaves 100 16 16 26 34
in of
Roots 108 18 45.4 17 33
Seeds + priming in H;0 Leaves 109 28 T0.2 FT] (%]
Roots 100 13 402 14 24
Seeds + prmingin K0, . aaves 103 15 80 30 36
Grown in presence of PY
Roots 83 S. 187 iC | 2
_Seeds +primingn Pt . [Leaves 86 0a | 375 i7 2
" grown in the water :
Roow . 45 04 37 67 C5
i Seeds + priming in Pb™ Leaves 0 03 236 18 o4
| grown in presence of Pb™” |
Roots 11 2% 488 @ 19 (T3
Seeds + prming in MoO* Loaves 112 28 T30 29 82
Roots 107 22 478 19 ag
‘Seeds+pfmin9hhl00;= Leaves 108 28 725 28 80
. grown in presence of Pb
Roots 100 1.7 170 15 1
Seeds + prming in WO* Leaves 100 24 230 15 1z
Roots 57 1.2 09 12 ta
Seeds + prming nWO*,  TLeaves 55 20 04 G (R

_grown in presenca of Pb




Agropyron dessrtonam
Conirol {Ory seeds) Roots 100 25 68.0 24 50
Leaves 100 1.8 410 18 36
Control (dry seeds), Roots o5 17 805 22 40
grown in presence of Pb” [ Leaves 92 13 %0 16 30
Seeds + pnming in H;0. Roots 10 28 702 14 52
grown in the water Leaves 107 20 413 19 35
" Seeds + priming in Roots a7 29 682 23 48
‘:fzgsgmhnm Leaves o4 22 420 20 33
" Seeds + prming in Pb”, Roots ' 85 26 | 823 20 as
| grown in the water leaves ' 82 22 | %6 16 27
| Seeds + priming in PY°, _ Roots 48 18 W4 15 18
| grown in presence of Pb” i Leaves 52 15 208 1.0 08
| Seeds + prming in i Roots @ 113 12 T34 28 58
| MoO", grown in the Leaves 109 23 a7 2 T
| water
Seeds + prming n Roots 105 33 727 26 53
MoG™*, [Leaves 108 22 463 23 32
grown in presence of Pb**
Seeds + priming in WO" Roots a7 29 284 18 19
Leaves 100 12 180 12 14
Seeds + priming in WO Roots 53 1.7 205 13 [1]
grown in presence of Pt [agves 57 13 135 (8 ce
Ashmopus ftoralis
. Control {dry seeds) Roots 100 3.2 810 32 . 54
Leaves 100 25 657 25 27
Control (dry seeds). Roots 100 26 750 34 44
grown in presence of P [ Leaves 100 16 50 23 18
Seeds + priming in HO. Roots 105 a5 223 31 48
grown in the water Leaves 115 25 6.3 7 30
Seeds + priming n Roots 103 35 788 28 a5
. grown Leaves 107 25 640 28 221
in presence of Pb*”
Seeds + prming in PH° Roots 100 32 752 28 25
grown in the water Leaves 100 23 650 25 23
-Seeds-»priminghﬁ?r*‘ Roots 90 22 520 18 E]
grown in presence of Pb Leaves 95 16 530 15 10
Seeds + priming in ' Roots 10 . 37 85.0 16 (1]
MoO* Leaves 18 28 678 28 12
Seeds + priming in Roots 108 386 ¢ 806 0 54
MoO*. Leaves 12 25 644 28 2%
grown in presence of Pb™ ; ‘
Seeds + priming in WO Rooty 100 33 M2 20 08
Logves 100 22 73 12 [¢J]
Seeds + prming n WO, Roots 65 20 213 15 c2
grown in presence of Pt”  [eaves 62 1E 188 0E c2

Thus Mo-deficiency causes z decrease of the activibes of Mo-enzymes partcudarty of AQ that pigys an
important role in the tolerance of the plants to environmental stresses. The mveshgatons of Saicheva and
Vunkova suggest Mo 15 very effectrve tp increase Coid resistance and produCtvity of wrvies whedt grows on acxd
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soil and snow cover (Vunkova et al, 1989), a phenomenon whose mechanism is sill unclear Heavy metals are
very mobie and easily teken up by germinating seeds and growing seedings n acxhc sois. On the contrary Mo
becomes less avaiable with decreasing soll pH. Under these conditions, AD is inhibted by heavy metals bt
treatment of seeds with Mo protects against heavy metal inactivation.

Ptants have evolved a capacity tn take up Mo via active ransport sysiems in roots. The form of Mo it neutral
and alkaﬁqa soﬂs is the soluble amomc molybdgte ion. This tetrahedral oxyanion resembiles sulhae and

sulfate and phosphate transport (Heuwinket et al., 1992). The contents of S and Mo n the plavts are 0 1% &
0.00001%, respectively. Competition for uptake between S and Mo takes place m the presence of tegh SO
concentration at the root surface. In sakine soils in the Aral Sea region 23% of total solubie salts is sudphate, and
50% is NaCl. In Kyziorda the proportion of this ions is only 14% and 24%. respectivety (Akhanov ef 8l = 1995)
Al the same tme, Mo content in the soils is beiow its critical concentration These factors may factrs hat
determine Mo-deficiency in plants, particulary in the Aral Sea region and Kyzdorda Suffur sssmiaborn s
important for phytochelatine synthesss (Heiss et al., 1999). Sulfur takan up from the soil NCreases. the formaten
of metalchelators such as phytochelating and metafiothioneins in metal-accumulating plamts  Saturaton of
seads with Mo through piming allows 1o escape the inhibition of Mo-uptake In radicies anc ots by sod sufee
Seed priming with molybdate increased considerable lead-accumulation by plants of Pb-coramnasd and
refatively sutfate-nch soi (Table A-VIL).

Table A-VIR. Effect of seed priming with molybdate on metal accumutstion

by plarrts grown from primed seeds®.
Pb” sccumuiated in the seediings (mglp DW)
Plant apecies | Plant parts Ptants grown from Plants grown from
_ seeds primed in H;0 | seeds primed with MoO"
Roots 1.4 87
Amaranthus Leaves 8.0 87
Roots 4.4 4
| Agropyron Leaves 65 73
Roots 52 &5
Asluropus Leaves 6.7 76

“Primed soeds were germinated in conlaminated sod colfected from Shymkert Lead
corerd was determined in 35 d old plants.

Ancther possible way (o escape the uptake barmers (sod pH, compeatiion, st ) by roots s fohar ferbicrabon wir:
these elemednts. Foliar fertilizer provides nutrition to the cells in the leaf when the demand I the plant is grestsr
than uptake. or when there is 8 competitive uptake of the ions Foliar fertkzation engbies o comect mnery
geficiencies. The efficency of foliar fertilizers is greater than soil apphed fertizerns One advantage > fokyr
nutrition is that it often brings about immediate improvemnent (within hours) m plamt health and prowt: Koot Mo
content was 8 tmes greater, after follar apphcation, than thal . legume plants not recening 8 fokar restTent of
molybdenum (Bronck and Giler, 1991). The eflects of foliar fertdization of molyixiate on Mo-erZyme scivibes ©
plant parts and their Pb" -accumulating capacity were studied (Tabls A-DX)
Table A-X. Effect of foflar fertitzation with molybdate on Mo-anryme activites
and metal accumuiation in the parts of different plant species”.

Ptart species | Plant parts AD XDH NR [ %

sccumulated |

Cont. | FF FF |Cont | FF! Comt FF

Amaranthus Roots 402 T 422 1121 13 [ 18 118] 18C 177

Leaves 587 | 815 | 25| 25 35 {46 152 158

Agropyron Roots 615 | 838 | 23| 24 | 42 (44 148 150
Lesaves 378 | 402 | 13| 12 As 38| 170 1158
Asluropus Roots 747 | 782 | 32| 34 [ 42 {427 142 150
leaves | B30 | B86 | 17| 18 | 1B j25(1&L 203°

“Cont. — controi plants without foliar ramﬁzat:an FF — folar fertikzec piants. Pants were
grown m sandy sod containmg 1.0 mM PE°" and from 10 0 of seeding growih Ihe eaves
wers s5prayed every 3 days with 10 mM malybdate soluton Enzyme actvibes and =ad
conten! werg deterrmined in 35 d old plants
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it is interesting to note that the biomass of Aeluropus shows @ increasing mstead of decreasing Indency as wat
expedaddueloma’easmgofcomcpncmtahonmhegmﬂmuhﬂuu) The response pattem of
Asluropus litoralis to the supphed Cu™, according to the biomass. seems to be & combmabon of some
stimulating and nhibiting eflects, mmmwmmdwmuo, The biomass of Aaiuropus
reaches its maximum at 500 pg g~ Cu. and then deciines at 1000 g g, Tras might sugges? that the stImulabng
eﬂecttomeplamgrwmhadbeenofdamnanceommenhbm\gbebmmemppermrt’se
growth media increased to 1000 pg g™, and thereafier the nhibiting eflect becarme stronger.

Table B-4. Biomass (DW) of Asiuropus Hroralis after two-weeks of culture in Cu-snriched medium.

Cu concentration | Root Shoot Total
g’ (mg) | (mg) (mg)

0 93415 | 180262 | 273478

125 90220 | 213332 | 303450

250 97408 | 25340 | 35024 4

500 ‘13 0426 | 30.0:77 | 430493

1000 ‘9017 257+88 3475102

Results are masns + SD.

Regardiess of the mechanism involved in the stimulation of plant growth n the presence of Cu{NGy» m the
grauﬂ'tmed:a Asluropus could be considered as & Cu-loleram species, snce even at the teghest tresiment
(1000 pg g”') . the buomass is higher than that of the control {no CU(NOy); added)

The copper concentrations in the roots, stems and lesves of Agropyron and AshrDpus grown m sarxdveTraculie
mixture supplementad with Cu (NOy); are listad in Tabie 5 and 6. Copper concantration r: the plant & sigrefcansy
affectad by both the copper content supplied in the growth mediym and different piart orpans of AgropyTon as
well as by the interaction between these two factors (Table 5). In all the organs of Agrogyron tw mean Cu
concentrations increase without exception as the metal contents m the growth medum increase The copper
concentration in the root s, 10 a arge extent, directly proporbonal 10 the metal contert I, the growth. medeam
Vvhen the copper supphed in the growth medium doubles. the metal acoumutated in the ot of Agrog)yron aiso
doubles as compared 1o the copper concentrations in the root between any par of the wanal treatments (Table
B-5). However. no such double-increasng pattem of copper concentration 5 cbserved n the cases of stem an!
leat.

Table B-5. Copper concentrations in root, stem and leef of Agropyron desertorium
sfter two-weeks of culture In Cu-enriched madium.

cu Root Stem Loat
wag') | oo™ | aee™) | ame™)
0 12557 31120 26213

128 10852211 44130 85114
80 22152378 145267 L
500 4680+512 | 5752112 | 13201172
10006 Q27541024 | 12873276 ! 2670:537

%) sccum 01 87 w2
Resufts are means ¢ SO

The heavy metal content of plant tissue is impontant n determining thewr sites of accumulabor @ the plant
Numerous studies demonstrate that heavy metal concentrabon n plant & a funchon &f hesvy metal conten: n
the envinment When the soil is heavily contaminated. the plants take up the metal through ther roots Nwosu
et al. 1995, Xong 1987} In the case of Agrozyron, the plan! roots are the largest sccumuiators o copper
contammation (23], white the sterns and leaves accumutate about 172 of the tupper taken up Thus the copoer
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concentration in the roots of Agropyron is more closely related to that of the growth medsam than n the stoeem
and leaves.

Table B-5. Copper concentrations in root, stem and leaf of Aeluropus itoralis afier two-weeks

of cutture iIn Cu-enriched medium_
Cu Root Stamn Leaf
mog') ! meg') | ooy | meg")
0 98122 25810 26174

125 11035 3028 7551140
280 178254 | 55217 | 848611070
800 225480 - 145231 | 2122841520
1000 3174110 | 5731122 4267036374

% accum 0.7 1.3 B8O
Results are means t SD

Aeluropus tumed oyt 10 be a much more effective accumulator than Agropyron both i amount accurTwisted &g
preferfod accumulation site. The use of Asluropus would sliow sffecthe removal of Cu from the sof jus? by
removal of the aenal part of the plant. leaving less than 1% of the Cu accumutaind by the piart in the ool n the
sol.

The crucial fectors determining Cu distribution in different plant organs may be in the Cu TBASOCEDON Prooses
from roots to leaves. Several anatomical biochemicsl and physiciogicsl mechanisms may be rwvolved v Meevy
metal transiocation in the halophyte Asiuropus iforalis. storing most of the metal sccumuiated n sboveground
ofgans in the case of soil contamington. Thus, the Agiuropus plant sccumulated an urusually high level of
copper in the tssues during the growth penod under the sxparimental condiions descrived {Table 8] Ths
means that the plants can be compared to transpirabon driven pumps whatch can axtrac and concertrale coDper
tom the growth medium. Thecreticaily, the higher the ratio of hesvy metad comant n piant 10 that » grow
medium is, the more poweitul the ranspiration-pump will be. In our study. ASIIMEUS JEMONSTIE & Mty
powerhu species in axtracton of copper vis root system, Mmmwmnmmq\uw
as the Cu-tolerant ability concemed, Agiurapus would aiso s88m to be supenor % Cu-hyperaCoumulaiory. Since
ltdidnotshcwmhmsymmonmdanMCummMMWmmwwdum
evonlttmmghcsttraahnem(mmmn)ﬁabhﬂ presumably to more sffioert use of NOY e
accompanying anion of the Cu cation. Furthermore. accommg to the inCressing wndency of coppe
concentration in Aeluropus leaves from 500 pg ¢ to 1000 pg ¢ trestment (Tadis 6). The plam abdty %o
accumuiate copper weulkd not seem to have resched its peak o1 the 1000 pg ¢ Testment Higher copper
concentrations in the plart would seem to be expectad when the Cu comant in the grow™ medium woud e
further incressed.

EMcient phytoexiraction benefits from higher vomass procuction with good ransioCeton from roots I Neves.
metai uptake by & halophyte Aeluropus iforalis and a glycophyte Agropyron desestoryum wis compared in the
study. The leveis of Cu increase equaRfy both in roots and leaves of Asluropus and Agropyron Bt Copper
concentrations were much highes in leaves than roofs in AgAropus sugpesting 3 very sffectove xyiem nadng
mechanism of Cu in the roots of Asluropus. presumably dus o the axmstence of a3 Cu fransporter n xylem
parenchyma. This as yet hypothetical Cu transiocator would be an important gene to isolate for eventual
improvement of other heavy metal hy peraccumulators. The iransporte: mechanism Droduces very fagh Cu
concentrations in its kesves Aejuropus is s Qood hyper-sccumuiptor of HeCl in s esves 3§ Mechansm
charscteristic of haiophyte plants in above ground tasue material while mudhibiting 3 high D:omass produchon
Saft-tolergnt plants may aiso be heavy metal-toierant and furthar may be able to sccuruiste meteis
COMPOUNGs.

A higher shootiroot ratio of heavy metsl conten in Asiuropus Boraks 8 MPOant N pracics: phytoremedabon of
heavy metal-contaminated soils. In our study. Aelanpus litoraks shows § 136 shootiroot rabo of copper content
it demonstrates a supenar ability of Aeluropus litorahis to accumulate not only coppet but aisc cther mBgvy
metals (see our previcus reports) from the soil vis the rpot 1o s shoot This piopeTy car enabwe
phytoremediaton of the heavy metai-contaminated sods only by harvestng the thus simpifying the agncullure
practices for sof decontamination of salt in general and heavy metals = parbculer Furthermone, the cuthng of
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the aboveground parts of Aeiropus litoraks allows imensive negrowth of new shoots, resultng in the Ncease of
density and growth rate of the plant shools resuling in enhanced heavy metal accumutation Thes, our results
show that Aeluropus, an andemic Kazakhstan halophyts, I8 an exceflent hyper-sccumutator of heavy
matals.

bichumus on Cu acc h

For the successful practical application of phytoremediation a number of variables must be considered Among
the most important of these 1s the biomass and metal content of the plant makenisl.

Heavy metals in the sod are present in the form of soluble or insolubie salts tightly bownd o colicadal organ
molecules (Karaganov, 1995). Piant roots of different species wane able to extract same of the compiexed metsl
from the soil and sccumuiated in root. although xylem loading and transiocation 10 the seripl parts i ganerally
limited. Various sail conditions such as cation exchange capacty and other ions siac heagvy metal uptaxe fom
the soil. Thus, ancther requirement for efficient phytosxtraction is that the metal contammnarrts can be ir 2 form
aveilable for plant uptaka. Chemically enhenced phytosxtraction using the ftreatmert wnth
ethylenediaminetetraacetic acid {(EDTA) has besn documented. The effect of the chelsting agent EDTA on leec
sccumulation of root and aerial parts of growing seediings of the plants Amaranthus. Agropyron and Askropus
as been camed out and reported in this project Although the application of EDTA strongly mcreased plant
uptake of kead from contaminated sois, at higher metal concentrations the chaisior was toac 10 the plant EOTA
is nonbicdegracable i nature and very costly for larpe-acaie phytoremedistion processes, ming 23 (sehiiness
for long term sod cleansing. For that reason the effect natural chalators such s bichumus were stuced
Bichumus containa a number of bioactive ingredients some of which chelaw heagvy metals. Though MpOES] wilh
wprommahhmhrmhsofapphubmasmnﬂomldwmm!brﬂmlndupmofchomnghuw

Materiais and Methods

Plant weste processing looks more profiteble if it con fumnish products for the enhancement of food production
This approach has been ysed for the utilization of wheat strew Al the first stage the wheat sTraw was converid
by cyster mushrooms into residual substrate and mushroom fruit boches. The residual substrate was corrvermd
imo biohumus by warms (Manukovsky ot al., 1967).

Organiams. The cuitures of oyster mushroom (Pleurctus florida Fovose) and colifornian worms (Emseres footids)
were maintained at the laboratory.

Wasies. Stems, leaves and roots of potato (Soisnum tuberosum L ); Whest siraw (Trihcum sestm L) Modures
of the former two wastes (1.1, 1:1, 3:1 potsto/straw (dry weight) wers tasted) Prapamation of the substrsies fom
the unused biomass of crops (fragment size 1-3 om) was moistenad t© TO%. placed intc Cultivabon vessels and
sterilized for 2 h in steam at the prossurs of 1.0 atm. The cultivation vessels were 3 ber giass jars Eacr vessel
cortained 400 g dry weight of plant material midure. After steciization and cooling. the substrasle m the % wis
inocuisted with oyster mushroom spawn. The jan were placed 0 an constant Impecstune NCUbeIor

Sterile condiions were kept under spawn running. The giass |ars with substra and mpture DI ware
transported from the thermostat 10 the cropping chember 8 box with piass doors. The frame of The croppeng
chamber was made of stainiess steel The croppng chamber was supphed with 8 fluonescent lemp o Nitan
fruiting and with a speay®s to sustain the air humidy. Mushyoom it bodies developed in the tropping chirrber
under non-sterile conditions. Two butches of mushrooms were harvestied. The first was harvesind between 50-
B0 cays after spawn inoculation and the second betwsen 70-80 days from inoculation The overst e of oyster
mushroom growing was sbout B0 days. Microclimate parsmeters under SpBwn funtng and ing were
maintained according o the recommendations for oyster mushvyoom growing.  Resiuls suDState wBs used I©
adtivete worms.

The residual substrate was Tansierrad from gisss jars to wood boxes 10 x 10 x 40 om’ and trested with aduk
worms st the rate of 5 worms per 100 g of wet substrate mass. The worms were cultveted o six monds The
resuting mature biohumus was a mixture of residual substrate and worm cists During this penod Mocshre
cortent of the substrate wes maintained at 75-80%, at tismperatures between 20-25C

The wohumus was then cleared of worms and fitered through a sieve (15 mm meah) The fvate obtaned
{wohumus preperaton-1) was centrifuged at 10,000g for 10 min. Supematani (biohumus preparabon-21 after
centrifugation was concentrated using 8 vacuasm eveporator. The resulting matera! was agan certrtuged and
the supematan! separated into high and low molecuiar compounds by gel-Sraton hrough coarse Sephadex G-



bt

25. High molecular (biohumus preparation-3) and iow molecular (bichumus preparation-4) fractons were tesherd
by growing Agropyron and Aefuropus plants on then,

Pmoﬁs:15:15m’mwhmm.wwmmumm.mmmm
500 mi of four different biohumus preparations. Biochumus preparations were appbed (i e fertizabon with
brohumus) as a sclution to the sod surface using duplicate treatments with a control groug that did not receve
bichumus_ Plants of Agropyron and Ae/uropus were grown in groups of 30 plarts per pot n a greenhouse win
14 h daylight, 25°-18°C day/might lemperatures. The young seediings were then lertiized daly wrth haf-strengt
Hoagland's solution for 2 weeks. Uniform seedings {15) were netamned in each pol and the others elimmated. the
pots were randomly divided ino 5 groups (contral and treatments), each group with 3 rephcatas Aher 2 weeks
8 solutions of chemical grade CU{NCy); with different Cu concenirtions were supplemented It the Grows:
media st the beginning of the treatment with bichumus preparations was added to the pots. The C.™
concentrations in the growth media were 0, 500 and 1000 pg g''(OW) for both the contol and tiohumus-
treatments.

After adding the copper and biohumus supplement, the seediings wers prown for ancther 2 weeks. Then they
were harvested and dried at 85° C. Dry mass of plants and copper content in different pisni organs weee
determined.

Resylts and discussion

Hyperaccumulation of metals depends on severad factors: most importantty, the genetic Capabiity of the plant
and meatal bio-avaiability. Tota! heavy metal accumulaied by the plant depends on the scluble S0i copper levels.
i.e. the accumutaton of Cu from soids depends on maimenance of copPer in 8 soluble form m T sof for betier
plant roots uptake and eventugl translocation to the shoots. The solubility of copper in sod is fmaec cue ©
complexation with organic matter, adsorption to clays and oxdes. increased solubiity can be aciweved by
adding "detergents” 1o the sod.

For sucoasstul practical application of phytoremedistion a number of approaches must be consered ©
solubiize soil heavy metals. Among the most mportant of these n the use of the beohumas B
produced from residual waste using Califormian red wofm contains huge amounts af bicactive mscro- and
macromoiecules which may act as surfactants, and may replace ool exudates. Thus, t can be hypothesaed
that the bichumus may play a role of detergents

The use of copper comtaining sol (see Materials and Methods) in this study alows 8 morne denect evaiushon of
the role of biochumus in the enhancement of Cu uptake 8s opposed o solubdizing sod copper wi: EDTA Two-
weeaks oid plants were transferred to the soll with biohwnus and harvested two weeks sfher Dadbuamis
application. Roots and shoots were separsted by cutting the stems approomately 1 om sbove sod evel ard
their weight and copper content were determined

The roots of Agropyron dessrtorium were more sensitive to the high concantrations of copper (Tabis B-7) The
pressnce of copper in concentrabons up to 1000 _g& in cutture medium did nol cause any wsibile change n the
growth of Aeluropus Ftoralis. White an oversll reducton of 40 % in bomass of plants was obse-ved kr
Agropyron deserfonum at copper concentrations near 1000 _p/g. Treatment with 500-1000 _9g Cu for two
weeks significantly dmmished the bromass production in Acvooyron deserfonum

Table B-7. Effects of blohumus preparntion-1 on the biomass production and copper sccumulation in
roots and shoots of 2-week-cld Agropyron desertorium afise next two wesks of culture in Cu-

enriched medium.

Cu treatment | Biohumus Roots Shoots
polo trestment | Blomass, | Cu coatent, Blomass . Cucontent, ;
| B | mgy __§ . _mplg !
[ 0 - 17,8235 0.130+0.062 79.5:8 8 0 027=0008 :
+ 257:42 0 145:=0 055 124 G234 5 837001

500 - 12.7230 57072 §7 72116 16004

i hd 24 8253 128=28 116 32203 1708

' 1000 ' - © 108225 | 117217 49 3257 2308

i < 250262 | 239:53 | 1225231 E 42 3

Results are means * SD
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Application of biohumus preparation-2 to the soils containing 500 and 1000 ug g” Cu showed resulls samdar ©
those obtained using preparation-1 {data not shown) However, hegh molecular and low molecular compoursds of
the biohumus cbtained by the separation of preparstion-1 showed quil dflerent effects on plant growth ang
copper accumulation. The effects of the presence of biochumus preparaton-4 in growth medum on plar:
biomass and metal accumulation is described m Table B-9.

Like biohumus preparation-1, preparation-4 enhanced homass produchon and COPPa: ACCLITULRLON N —waok
old Agropyron and Aeluropus plarts grown in Cu-enriched medium_ However 1S effect wat shghy ower thon
bichumus preparation-1, probably, due to its dilubion after gel-fftration through the Sephadex Thus. the
bichumus preparations 1 and 4 not only increases the blomass production of the plars bt aiso Cu-
asccumulation and protects against Cu-toxicity @t its high concentrabons (in the present expenments copper
levels never reached a concentration which could produce necrosis). The ncrease of bhomass produchor: by
bichumus preparation-4 was more pronounced in the roots of both plands then o thes shoots Roct womass
increased almost 2 fold in the presence of preparabon-4 while shoot biomass increased 1 4 foid

Tabis B-10. Effects of bichumus preparation-4 on the blomass production and copper accumulation i
roots and shoots of 2-week-old Asfuropus Itoraiis after next two weeks of culhure In Cu-

enriched madium,
Cutreatment | Blohumus Roots Shoots
e trestment Cu content, Biomass | Cu contant,
| - 0 — =i
0 - 20.4:8.13 0.10+0.02 9072123 00280007
+ 232254 0.12+0.02 10542196 C C27=0 008
500 - 268283 0.20:0.06 100.5226.3 19724 3
+ 37095 | 028007 12532207 40.22T E
1000 - 226:52 | 027:005 92 5217 4 I3 4282
. + 37.8=8.5 0372012 1 127 52226 4B 327 &
Results are means + SO

Bichumus preparation-1, contains low molecular compounds considerad polentil nutrtion for the pisnts snd are
aiso copper chelators. Metal-chelator complexes in biohumus preparations May oasily be talown up Ty paant
roots. To test this hypothesis, 2-week-0ld seedliings were grown for two weeks on Cu-ennched medaam
containing biohumus preparaton-1, These plants (group-1, Table 11) werne than collecisd from ther growth
medium and their root and shoot biomass and Cu-contant were determmned The growth medasT hrther sed ©
grow another group of 2-week-okd seedings (group-2, Tabie 11} Ahar two week growth. Group 2 seadings were
harvestad, separated imo roats snd shaots and their biomass and Cu-comerd determmed Reuse of Ci-annchec
growth medium containing thohumus preparation-1 only sightly increasad root and shoo! teomass anc Copoer
accumnulation in Agropyron and Aeluropus. As a control, growth medium contaimng eohumus Dreparatrns was
kept for two weeks without plant seedlings, and they wene cultiveted with third proup of 2-week-old ssedings
(group-3. Table 11). Plants of group-1 end group-3 have naafly the same biomass and Cu-comert wide the
plants of group.2 exhibded considerabie lower growth mele, bsomass and metad comaen

Biohumus produced from the stemns, leaves and roots of potatn and wheat straw contams low moleCissr
compounds which can serve as plant nutnents and metsi-chelators. Only low moleculer frachion of beohu™s &
able tv increase biomass production and CopPer accumuiation in both Agropyron and AskrGpus piarks [ Tables
8-9 and B-1Q). Plants grown In biohumus-contsining growth medium tske up thess compounds which
disappeared from the medium after two weeks of plants growing in R (Table 11)
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Table B-11. Effects of the reuse of growth medium contalning bichumus preparation-1 on biomsass
production and copper accumutation in the roots and shoots of AgropyTon and Asluropiss.

Agrpyron
desertorium
Cu-treatmem Roots Shoots
gl Blomass Cu content Blomass Cu coment
g __mply g moly |
Group 1

0 246154 0.14310.03 13104237 | 00362005
500 244335 135103 121 3120 5 41508
1000 | 247463 217268 119425 0 86113

Group 2 :

o 18.743.3 0065100 BO 41156 | 0.023:+0 004
500 134126 34204 60249 7 12502
1000 11.3:23 46407 516188 18403

Group 3

0 249144 D 135:0.04 12648152 | 0.03520 004
500 235¢53 126427 1232520 4 36204
1000 237454 20.324.7 1250234 2 75606

Aeluropus Btorailis
Cu-trestment Roots Shoots
polg Blomass Cucomtet °  Blomass | Cu coment
. molg 8 mply |
Group 1

0 268435 0.1240.02 12148233 | 030400
500 3824102 0.2040.08 12024432 | 504211
1000 40.548.6 0 3540.07 130.6423 7 55318

Group 2

0 L 187135 0.0820 01 80 620 4 0.2520 0
500  253#48 | 0208005 $8.849.7 18 024 3
1000 222:36 | 0342007 95 3315 6 28.623.3

Group 3

0 246134 0.140.02 11864243 | 0324006 |
500 34.4237 02510 04 12582135 | 528163 |
1000 36.047.5 0 3410 08 12704244 | S50:148

Results are means + SO
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Unlike biohumus preparation-4, preparation-3 was unablé to iNCrease biomess produchon and copper
accumulation in roots and shoots of either Agropyron and Aeismpus plants (Table B-12 and B-13) Preparation-
3 dd not protect the plants against copper toatty. Biomass production and copper accurmuiation were The same
in the plants grown with or without bichumus preparaton-3 (Table B-12 and B-13). Biohumus comdans high
maolecular weight humic and fulvic acids which are recognized as strong metai-cheiators These acxds probably
bind copper preventing its uptake by plant roots.

Table B-12. Effscts of bichumus preparation-3 on the blomass production and copper accumiation in
roots and shoots of 1-week-old Agropyron desertorium aftar next two weeks of culture in Cu-

enriched medium.
Cu-treatment | Blohumus Roots Shoots
polo treatment | Biomass g | Cucontent, | Biomass, : Cu conlent,
molg _ - iy |
0 - 17 823.5 0.130+0.682 3305 0 027:0.008
+ 182435 0.145+0.55 | 8032245 0.027=0.0%
500 127230 4.50:0.72 55682106 162014
+ 138233 488213 58.8210.3 17204
1000 - €.822.5 10.721.2 225587
+ 64222 114223 23347 14:08
Results are maans + SD.

We could assume that the humic and fulvic acikis are natural chelating agents that reduce the
avalability of metals to the plant roots. In order 1o ast this hypothesis we camed cut the ‘llowng expermmernt
High molecuiar frachon (or bichumus-3) was incubatad with 100 md

Tabie B-13. Effects of biohumus preparstion-3 on the biomass production and copper accumulation in
roots and shoots of 2-week-0ld Aeluropus litorsjis aftar next two weeks of culture In Cu-

enriched medium.

{ Cu-trestment | Biohumus Roots Shoots
Holg treatment | Biomassg | Cu content, Biomass Cu contend
_mpig i

[} - 203265 0.10:0.02 8532126 0272006

hd 22225 4 0.12+0 Q2 9062213 0 282008

500 - 23.2:4.3 0.2120 03 112 02247 2383

+ 23.0:38 0.2210 08 115 32242 228288

1000 - 205262 0.20:005 B4 Te21 4 38 4252

+ 20555 0.312007 85 22325 40727 8

Results are means + SD.

Cu{NO,); was equitibrates with HMF a1 room wmperature for 24 h. For separstion of 8 high moleculer frection
{(HMF)} from the excess of copper the mixture was gel-fitsred thyough the Sephadex G-25 column eguiibrated
with 50 mM potassium phosphate buffer (pH 7.0} containing 50 mM NeCl First HMF was used as s growh
medium for one week-old seedlings of Agropyron desertorium and Aeiuropus Morais The HMF separated Fom
the excess of Cu{NO3)2 by gel-fitration contained 275 pg/mi copper. As a control HMF was incubatec without
Cu(NO312 for 24 h at room emperature and also gai-fitered through the same Sephadex colurmn HMF abtaned
from the gel was used as growth medium for cortrol plants  Plant sesdiings wene grown on Petn dishes weth filer
paper for naxt one week.

Both Cu-pretreated and control HMFs were mixed with 10% ethanci. The ethano! teatmem preventsd the
bacterial growth on HMF-medium and td ot cause any visbie change in the growth of the seedings

We observed substantialty higher copper concentrations wn plants grown in the water comameng HMWF -bound
copper and EDTA, though soluble copper levels were only negligible m the complex of HMF-Cu
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Table B-14. Effects of the presance of EDTA on biomass production and copper sccumuiation of plardts
grown in growth medium containing biohumus preparstion-3.

EDTA Root Shoot
Plants trestment Biomass, Cu-cortent, Biomasa, ! Cu-conism,
me _rolg ™9 : =]
Controd-1: without HMF and Cu
Agropyron - 8.0=32 30=13 20445 10
cesertortium + 56216 28212 128.23 12
Aeluropus - 93227 25202 23 042 10
Rroralis + 50112 27:14 135233 1

Control-2: with HMF

Agropyron - 92123 50213 2201242 20108
desertortiuonm + 7.521.3 51216 178235 18 3263
Aslyropus - 94220 48+14 25827 6 110224
litoralis * 8.7 222 44209 20.2s4 3 10 2263
With HMF and Cu
Agropyron - 92125 52:15 22 4:4.0 23205
desertorthm + 78222 0472125 180237 B45 32175 4
Aeluropus - 94232 47:08 225253 18 3236
drorelis + 9.0:3.0 185.3:40 5 177235 1255 6=1783
Results are means + SD.

in the absence the HMF bichumus and copper in the medium the biomass produchon of the pisnts i severely
sffectad by EDTA, showing @ dramatic decrease in biomass of both roots and shoots (Teble 14, contol-1) In
the presence of EDTA the copper became available 10 planmt roots snd copper acCumulabon nCresped
dramatically in both roots and shoats of Agropyron and Aeluropus. Results obtained show that afMnty of EDTA
to the meta! is higher than that of biochumus.

When bichumus HMF s added to soil containing heavy metal, bichumus not only complexes the solubls Cu. but
also due to the strong sffinity of some compounds of bichumus for heavy metais. it solublizes the metal hghtly
adsarbed o clay partices. Thus, the concentration of heavy metal in the soi svadsbie for piant uptaies Gepends
on the ability of bichumus to solubilize adsorbed Cu in the soll. A simidsr mechanism hoids tnag for plants grown
in Cu contaminated soils amended with bichumus, Assuming that after fertikzaton weh bidhumus. most of twe
soluble copper in the soll exists a3 s compiax with a compounds of biohumus, INCressing the cONCRntEhorn of
solubrie copper through apolications of the bichumus to the 30d should increase the Cu uptaies by the piert.

An updatsd tachnology in phytoremediation of contaminated zols shouild include the e of natural
complexing sgents such a3 the bichumus in order 10 INCTease the solubdity of taoe heavy metal s More
importartly, biohumua not only facilitstes heavy rmetal remova! from the 508 via plant uptake The large scais use
of Asluropus for phytoremadiation of heavy metais of s0i and water, seems #fficient and asiie Pant with
bichumus might be used for phytoremediation of low levels of heavy metals n sois  So. hrther studes 2
evaluate the rate of uptake after the biohumus application are requined o substantale s effect

§.C Regulation of phytochelatin synthesis and accumulstion in pea plants.

A more precise understanding of the biochemical mechanisms detrminang the sultability of a plant as 8 heavy
metal hyperaccumuiator was consicer helpful for several purposas:
{a) To faciitate recognition of plan species with potential withou! having o go through long screenang
through pot and greenhouse expenments. The atter wouild be pood 1 sty a snall number of speces
(3-51 but would require a ol of manpower o extend the study t© tens of polerhial natve
hyperaccumnulators



{b} To recognize basic mechanisms of uptake, xylem loading, chatation or complexaton and storage of
heavy metals that bestow the capacity 1o take up and accumuiate targe amounts of HIM while
maintaining a good capacity for biomass producton.

{c) identify eventuaily special genes which reguiate the above mention funchons for thes eventual

isolation, cloning and transler 10 other plant spacies to enhanoe thes hyperaccumutating Capacity.
Soils contaminated with heavy metals often show increased levels of more than one metal. An excess of heavy
metals such a3 Cd, Pb, Zn, Ni. Cu and others m the soil become extramedy toxic 10 plants malkung contamanatad
soil% unsuitable for crop production, Not only bacause of thelr lower fertilty but siso for the contamenaton of crop
products with heavy metals. Some plant speces posassss B unique ability 10 adapl raplly and evolve tolerance
to toxic or even lethal leveis of heavy metals. Plants can detoxify heavy metals wons by means of a famdy of
heavy metal-binding polypeptides called (MBPs), metaliothioning (MTs) and phytocheiabng (PCs) whuch band
metal ions through clossly spaced cysteine thiolata groups. This polypeptides and ghvtathwons have beoen
implicated in heavy-metal homeostasis in plants. Phytocheiating are produced in piants upon SXposuUre 10 heevy
metals. As soon as free metal ions are chelated, PC proguction is teminated. After metal bincing. PCs seemn i
be degraded. PCs may sefve as a biomearker for heavy metal kodcity

Ghutathion (GSH) plays several important roles in defence strategies of plants agamst anvwonmental stress
GSH is the precursor of phytochelatines, which allow the plant 1o withstand supra-optmal concentrations of
heavy metals. GSH often constitutes the major pool of non-protein reduced sulfhsr. Factors that may control the
rate of GSH synthesis in plants are (1) the availability of cysteine, (2) feadback inhitibon of ghtamys-Cystene
synthetase (y- ECS) by GSH and (3) the actvity of ghutatiwone syrthetase (GS). A cometaton has been chsenwed
between PC biosynthesis and the guantity of GSH in the tissue.

Ghutamy keysteine
(1) ghuescys+are M}wom+n
overvipressed Y-GC ‘
{Indwan mustard poplar) K -~
Gluthanone [} \.‘
(2) r-glucys + giy + ATP —-‘—&‘ mhewse o csu-cysgly ¢ ADP ¢ P1
* | 9
)
p HM‘Q
M
Stress A PCS
- phr-cys iy
HM-binding
phytocheiatines

Figure C-1 Patiway of phytocheistine synthesis in plants

The chemical structure of PC bears dose simidarity & GSH. PC has the general structure (v~ Glu-Cysin-Gly_ with
n=2-11. PCs are products of enzymatic biosynthesis. PC cannot be prmary gene products thal are synhesized
on the ribosome because the r-ghutamyl linkage is not produced dun ransiabon and. in the case of so-PC (B
Ala). Phytochelatin synthase (PS) adds the Glu-Cys from glutathione to another rescdue resuitng n e
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elongation of phytochetatin chain increasing the number of repesting units from n to n+1 Longer chain length
seems 1o bind metals more tghtly.

Plants vary in their response to stress factors and particularly to heavy metals. For nactivation of heavy metals
plants synthesise phytochelatines The increase of phytochelatin levels s usually preceded by erhanced levels
of GSH in plartt tissues.

As reported in previous ennual reports of this projects several ines of biochemical studies were Killowed © sty
correlations between synthesis of GSH (gluthation) and the storage of HM in plarts.

The highesi level of GSH following heavy metal treatments was observed in pea plants after 7-9 days. GSH evel
in seediings was highest afler seven days of treatment with Cd. The level of GSH in seedings was sigrefcangy
hugher than in roots of plants. Cd at concentration between 100 - 800 UM effectively sbmulaisd synihess of GSH
in roots of pea seedlings When Cu and Zn were usad in nutrient medium no sigrificant levels of GSH were
observed in roots and seedlings of pea ptants. Therefore Cu and Zn had less potent affect on GSH syrthesa
and accurnutabon in pea plants. Similar concentrations of Cd, Cu and Zn in nutrient solubon were asad ©
monitor the amount of ions of heavy metals accumuisted in roots and seediings of pea Enhanced concertrason
of heavy metals was detected in roots of plans compere to seediings.

Correlation was cbserved between GSH synthesis and the ability of roots 10 accumulate heavy metals in pes
plants. Pea seedlings did not show significant accumutabon of metals while GSH concentrabon was hagher than
in roots. Cd ons wene most readily (50 ng/g DW roots) accumutated in plants compare W Zn (25 ng'g DW roos!
and Cu {15 ng/g DW roots) Cd accumulation was observed after three days of exposure o heavy metal For Cu
and Zn thes period was 14 days. The reason may have been a faster rate of uptaie of Cd than Cuand 2n Thes
feature is presently being tested.

The eflect of BSO {({L-Buthionine- sutfoximine), a patent inhibitor of Glutamyl cysieine synthetase) on GSH evels
and Cd accumulgtion in several crops plants remarkably decreasig the level of GSH Cd acoumriaton aiso
gecreased in roots in response on BSO treatment Thus, GSH level In roots of plants n bghy Enked weth Co
accumulation

Conchusions

1) GSH level in pea seedlings was highest after saven days of the addiion of Cd to the mutnent soluson C¢
treatment stimulates synthesis of GSH, the precursor of heavy metal bvnding protems, n roos of parts X
concentrations from 100 to 800 pM

2) Cuand Zn were less effective on the enhancement of GSH synthesis and accumuiahon » pea pheis. it walt
be nterest to test s addion of Cd could enhance the removal of Cu and Zn.

3} There is a direct correlation between GSH synthesis and the abilty of pea roots 0 scoumuisie hasvy
metals. Ca accumulated most readity {50 ng/g DW roots) in plants as compared 1o Zn (25 ngig DAY roos)
and Cu (15 ng/g OW roots).

4] L-Buthionine-suffoximine, a poterd mhibvtor of Giutamy! cystine synthetase, decressed the concersrabon of
GSH in the tssues as well as the accumadation of Cd o pea roots



5D Stress induced responses of two wetland plant species potentially useful in
phytoremediation

introduction

Typha lasifolia | Phragmites ausiralis (Cav.) Trin ex Steud.
cattail Common reed

Two wetland plant species: Typha latifols and Phragrmetes austraks wers used n hese expenments with e
objective to study the effects of stress conditions on Cysteine synthase (CS) and o-acetylsenne wol lysse
(OASTL) activity and some reiated metabolic and defense pathways in plants (Hell, 1997). Thaol compounds are
important in stress defense mechanmams. Ghathions (g-Glu-Cys-Gly) & a maor sowce of Taol groups. whech
are strong electron~donors and therefore deally sutted for biclogical redox processes and n anboxadsbve
responses during stress (Leusiek and Sarp, 1999). Gluathiont 5 ais0 the key slement m phykchelstn
synthesis, involved in detoxificabon and homeostasis of heavy metats in plants (Zenk, 1996) Owver expresson of
OASTL conferred to plants increasad toierance of axdative stress and this suggest that & may become possible
to engineer stress resistant piants by manpulating Cysteine synthesis (Saito, 2000). Also ganebc engeeenng
can produce useful plants for phytoremediation, n order o chaan up polused soi, water and ar (Meagher, 200C)
Reed and cattadl are promising piants for these kinds of bitechnoiogies. a8 in expenments with cadmeum both
piants accumulated the toxic metal in ther roots and defended themselves by inceased syrthesss of theolic
compounds.

Materials and methods

Experments were camed out with reed {(Phragmites australks Cav. Trin Ex Steud) and caitad plats ( Typhs
labifolia L} grown under controfled condiions. Plants were obtained by regenecston from rhizomes collected
from local populabons as wel as plant rmicropropagated through bssue cutres.

Selected plants for experiments were grown n hydroponics with half strength Hoegland nutrient solution  In Sw
case of controls, the nitrogen source was 2mM NO, Treated plants were grown for 2 wesks with: 2mbt NH,"
2.5 100 yM Cd (as CdSO4) and 100 mM NaCl. Samples were taken several imes during the treatments.
OASTL (o-acetylserine thiol lyase) activity was demrmined spectrophotometncally, using the metwx] described
by Leon et al (1988) and Bamoso et al. {1998). In order to study the changes at transcnphonal level of OASTL,
the cDNA probe (kindly provided by Ceciia Gotor, Insttute of Plant Biocharmustry. Sewille. Spain was ampithed
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in competent E_ cob cells and the total RNA extracted from plants sccording 1o Brussian and Toban, {1982). The
extracted RNA was transferred on nitroceliulose membranes for further hybridisation witt the cDNA probe
Changes in the glutathione pool were recorded according to Law et al,, (1983). Aldehvde oxidase (AO)
activity was detected by native gei electrophoresis {Omarov et al., 1999).

OASTL activity was stimulated under diflerent stress conditions maindy and frsly in roots in both expensmentad
plants (fig.1, 2 and 3). Earlier results showed shmulatory effects in experiments camed ot with detached iegves
subjected to short Cd and sait treatments. Higher OASTL activites were recorded m Typha plarts {hg 1) I
different extend and different time penods NH,”, Cd and NaCl had the same shmulatory effect on OASTL
u‘ui[’-

Total GSH content remained largety unchanged in shoots but showed considerable change in roots. The
increases and decreases of glutathione pool depend on time and on the kind of the strass Ibo The steady stam
of ghutathione suggest that adaptive processes o stress condibons ane functioning in the mots Mgy o 81, 1998,
Saito et al., 1964), Tmmauofglmmmmcumhdphm;mmunmmd
gluhﬂlmmmwod'nlam which bind the Cd and immobilizas the metal 1ons (Schafer st o, 1998) The
increase showed the moment when, during stress conditions, glutathione is transiocated from the shoots I the
roats, to protect the plants against cxidative stress via the glutathione cyche. Previous massurements showed
increase of totai thiol pool in shoots shortly after treatments, while in the roots ths sxrease appearad ater
Aldehyde oxidase activity increassd in plants axposad o NH,", Cd and NaCl . This stmulation ncresses in
paralel with OASTL. it seems that bath both sulturylating enzymes, Cystemns synihase and Mo-hyooxyiase
sulfurylase. ere reguiated by the same factors. There may exist & relation between the two erzymes A} doxo-
AQD requires a sutfurylase in order to become active while OASTL activation is medcuted by abscsic and un
depends on the activity of AO. This last idea has been dscussed in recent papers (Bamoso ot & . 1905 Sanc
2000).

General conclusions of the presant stage of resssrch:

% Key compourxds in stress defense mechanisms such as cysteine syrthase (OASTL). ghutathwone and ota
free thiol pooi responded to increpsed ievels of heavy metais in the nuthent solutor: of Typha and

Phragmites plants subjecied to siress conditions.

¢ OASTL activity vanied with time and the following heavy metal concentrations in the nutnent scluton: Cd
(2.5-100 pM), NaCl (100 mM)} and NH,™ (2 mM) as the ondy nitrogen source

& A0 activity comelated well with OASTL under siress conditions. They were reguised by the same Eactors
(salinity, ammonium ions, heavy metals).

The efficlency of Phragmites and Typha in removal of Cd

Wetland plant speciss ss Phiragmites and Typha are usehud lools for the remedistion of eutrophwe lakes. wese
waters and contaminated soils. Plants in these experiments were subjected to long-erm [56/140 days) C2
trestments (0-100 pM} in order to estimate their resistance I the motsl and ther abity to accumulste and
transport it Ouwr results showed dependence on time and metal concentrabon. inerspecric dfigrences were
found between Typha and Phragmites. Dunng severs siTess Typhs showed hgher resastances Hegher eficency
in Cd removsal and in transiccation of the toxic metsl to shoots & also observed in Typhs

thmmnmmmw-iaMMMﬁhm,Mmmbtth
poliutants from the envionment and their change mto harmiess forms (Giebs 1099, Sait ot . 1908} Plerta
possess meny physioclogical, biochemical and genstc features contributing to thew metal removing capacity: the
abifity of take up. transfer and store metal ions. the decomposition or biochemcal transiomabon: of xencbeotics.
which make thewm Jeal agents for bisremediabon of sods and waters. Phytoremedabor offers an effiCient way 2
recover large extensions of soils and waters all over the workd, poliuted by bumnan activibies. Thes technology = b
cost-effective and ecological sound sltemabive to remnediabon empioyng physical ancd chemscal methods
(Chaney et al., 1997, Meagher, 2000).

Apar from the organic poliutants, which can be compietely decomposed and muneraized : plants. elementy
poliutants are immutable by biclogical, physical processes and thew remedgbon constitites 8 special Jroblerm
(Meagher. 2000). This category includes loxic heavy metal and redionuchdes (As Co. Cs. Gt Pb Hg. Ui and
represents a major target for phytoremediation (Sait et ai. 1998). Cadmmm s an mpoftan emaronmental
poliutant, presant in areas with heavy roagd trafic. or near smefters and sewage sludge arsas Cd s present alss
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as mpurities in phosphate fertiizers. In some heavily poliuted areas a coment of 1-€ ppm Cd wes repored
(Haag-Kerwer ot al., 1999).

Wetland species lke common reed Phragmites australis (Cav.) Trin. ex Steud. and catitsd Typhs lattfols L ane
supposed 10 be useful for the cleaning of eutrophic takes, waste waters and contaminated sods (McNaughon et
al., 1574, Taylor and Crowder, 1584). The present work is 3 comparative sty of Typha and Phvagmtes piants
conceming their abidity to uplake and transfer Cd and their efficiency in the removal of &00C 10NS 1 ydropons:
experimental modeis.

The accumulation of Cd depends on time and the saverity of the apphed treatment (fig. 1). Quartites of mg
order were aczumulated in roots in all experiments (fig 1) and in shoots during severe cadmam trestments {10
100 UM Cd), while pg amounts were recorded in shoots during midd stress (0 1-1 uM Cd) (g 1). Typha
accumulates in time higher amounts of Cd in both roots and shoots. However afier 14 and 56 days the
determination of Cd content indicated small differences between Typha and Pivagmites roots subjected © 10C
KM Cd, the patterns of accumulation are different in the two species The highest value of sccumutation n Typha
rools was 12+0.6 mg Cd/ g OW. achieved after 20 days of tregtment and maintaned with small changes 5 75
days of experiment. Further increases in the accumulation of Cd in Typha plants continued through the 140
days of the experiment. The maximumn accwmulated rate in shoot was 1 0img Cov g DW = Typha acheved
gradually by the day 75 of the experiment Generally, in Typha the high rate of accumuiation $ achesved in short
time after the start of treatments and mantained during the experment, while iIn Phragmites the accumulstnd
amount of Cd i significantty iower and changeable in time.

The pefcents of Cd transfermed to the shoots (from the toial Cd contant of plants considered 100%} showed
much higher ability of ransiocation in the case of Typhs companng to Prvagmites. In Typhs the percent of Cd
transpoted to shoot was graduaily increased in time, the highest value wias 25 3% dunng the song-tem
treatment of piants with 10 uM Cd. During mild stress the translocation in Typha shoots showed much ower
pefcents, without increasing with the tme factor. In Phiragmites submecied i severs stress the hghest valae
was 3.6% of Cd trensferred afler 28 days of treatment with 100 uM Cd. Later the transiocaton o demreshed
Long-term treatments with low Cd concentration (0.1 uM) of Phragmistes plants led alsc tc hagher C4d
transiocation percent to shoot (4.3%).

Typha proved to be more resistant to Cd comparing to Phragmites, as plants subjecisd o severe stess ;100 pM
Cd) survived 140 days, while in the case of Phragmites only 56 days. n the tondibons of our experments
Leaves dned and the roots browned compietely at the highest Cd concentratbon after the days xicated

The efficiency of Cd removal was expressed as 8 ratio between the sverage Cd amount taken up by plants s
the concentration apphed (g Cd g DW /M Cd). The anaiyss of data highlights that the efficency of removal
decreases as the applied concentrabion ncreases, in both species. The efficancy B8 in posive cometanon weh
the time factor in all the treatments in the case of Phragmilss In Typha, dunng mid stress (01-° oM Cd
efficency showed small changes in time, while in the case of severe stress (10-100 pM Cd} the e'lcercy
increased with tme. Much higher efficency was found in the case of Typha plants (macaMuT values RANGING
around 2000-3000pg Cd g DV Cd) comparing to Phragmites [800-1000 pg Cd g™ DWWl Cd)

Phragmites and Typha plants were subjected to long—term Cd treatments n onder 10 estimae thed resistance 10
the metal and also thei ability to accumulate and trensiocate B Our resulls represent tntal cacmasm Sorient of
plants, resufed by both adsarption and absorption of the metal. For afficent phytorsmedion botl: sbsorbed and
adsorbed fractions are important (Meagher, 2000). In most piant speces the main part of Cd = retasnsd = roots
and onty a smalt percent is tansiocated in shoots (Trivedi and Erded, 1952, Reuser and Meuwty, 1995 Lorano-
Rodriguez et al., 1997, Ye ot al.. 1988). Our results suppor these data  Acoumutation gnd sranslocston of Cd n
Phragmites, according 10 our measurements are in agreemant with data publshed Dy other resasch Wams.
showing high abiity of retaining the metal in roots (Ye at al, 1997, Lakatos et 8. 1999) Typta oliows also the
tendency, but accumulates higher Cd amounts and transpors higher quantity to shocts companng (0
Phragmites. The reason of Cd accumulation in roots 15 the binding of the heavy metal n phytoccheiatn
complexes in Cytosol and especiaBy n vacuoles {Rausar 2000 Cakmak et al 200C). Literatyre dsts showed
that 75-88% of Cd in most of the piants is retained m this oM m roots.

Roots, immersed in nutrient solution, are in immediate contact with CJ. while shools accumulate the metal taken
up by the roats and transposted through the xylem (Hart et sl 1998) This explains the differencas in CJ conkent
of roats and shoots and subsequently the diflerences in their responses o stress | Fadrxt and Ups  sudmathed.
Fediuc and Erdei. 2002, Fediuc et al., 2000) interspecihc differences between Typhe ang Phragrmites have
been showed previcusly, conceming their abilty of take up and transiccate Pt and Mt (Kule: 1991; Drfferent
plant species as well as different genatypes of the same speces manrested vanabiity m CJ and othe metals
uptake and transport {Caionak et al 2000)
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One basic required characieristic of plants used in phyloremediation is their tolerance o Stress as rowth
inhibition in contaminated enviroments leads 1o jow deaning up efcency (Zhu of al . 1999) Ouwr previous
results showed that both species possess protective mechanisms that snable them to ressi stress conditorns
(Fediuc et al, 2000, Fadiuc and Erdei, 2002). Naturafly oocumng Cd concentratons »n poRuted ameas (0 1-1C
HM) are inlerated by both Typha and Phiragmites during long-term experiments. During very severe stress Typha
showest 2 higher tolerance. Typha also showed hipher Cd removal efficiency.

Conceming the useluiness of Phiragmites and Typha in phytoremediabon we can sugges! thal naturaly
occurming plants can be used in rhizofitration (tachnxyue which use ots for the removal of contemenants from
aquecus environment), white for phytoextraction (which requires the transport and accumuiation of contamingnts
in harvestabie organs, usually shoots, Chaney ef al,, 1997, Chardonens ef 8, 1999} Typha seems ©© be mon
feasible. Ourrasullsmdsuggesbomaremagreementmmoaemwmbym {1886} based on Cd
bioaccumulation in the same plants. Hyperaccumuiators are able to eccumulate higher Cd amounts & shoots
The efficiency of remaval using Typha and Phragmites might be incraased by genebc engineenng for acharvang
higher accumuiation and better transiocation to shoot These methods are more and More KNOwn and Jeveloped
in our days (Gleba et al., 1999, Francova et al., 2001)

General concliusions of the present stage of ressarch:

¢ Key compounds in stress defense mechanisms such as cysieine synthase (CASTL). ghutathione ang total
free thiol poc! responded to incressed levels of heavy metals in the nutnient solubon of Typha and
Ptragmites plants subjectad to siress conditions.

¢ OASTL activity varied with time and the following heavy metal concentratons in the nutent sokvon Cd
{2.5-100 M), NaCl {100 mM) and NH," (2 mM) as the only nitrogen source.

¢ AO activity correlated well with OASTL under stress conditions. They were regulated by the same facion
{salnity, ammonium ons, heavy metals).

6) Impact Relevance and Technology Transfer:

After two CAR projects the capability end the equipment faciliies of the research group of Dr Zerekbay
Allaslovs has increased dramatically. This is directy reflectad on the depth and quality of the research produced
in his research unit and an the qualification of the dociorsl students ememing from & The AIDVCDR progect have
been fundamental to heip develop and effective, well motivated group of esearchers that can tacxe any
problem retated to agriculural poductvity in and tands ang managemernt of natural resources r Kazakhsian

Left behind s a very good group of researchers, from which graduate and doctoral sthcdents sre emargeng
mmmmagmmmwmmmmmmmmmmm
fruithul research
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8) Project Productivity:

The project has achieved numerous goals. if nol as onginally planned at least through alematve ways that
loocked more fruitful as the resesrch developed. The main product is that the knowledge 1o start large scake
phytorernediation of contaminated fiekds is baswcally st hand. although 5til in need of further optrmzatoen
especially on the adaptation of the knowledge acquired to effective operaton condiions n the heid

9) Future Work:

The knowledge generated by this project sets a firm basis to cany out an in-depth pilot fiek! expenment on sols
contamingted with heavy metals to determine the intaraction between native hypemaccumistor specmes.
imgation and fertilization to optimize HM removai from soils. Funching sources are now bamng scught wihin the
international agencies operating in Central Asia and with the Government of Kazakhstan Thes pdot projpect
should Last around 1-2 years.

After the pilot @ large scale fisid run shouid be camed oul. over 8n arsa of several Ha Plants specws that
accumutate the HM taken up om the soll n tha laaves and that show a good reke of regrowth ghter harvest will
be used preferartially although use of other hyperaccumulEnes i not descarded

Al the same tme the Alkuiov group in Astang will continue ts axcelient research on natrve hMyperactumulstors
physioiogical and biochemical charschistics and identfying methods 10 facitate their upiake of HM From
contaminated soils. In gl these endesvors they will find full coliaboration fom Israek sCantsts and agronomess
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