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Ecophysiological parameters of soil-plant system under the effect of trivalent chro-
mium and hexavalent chromium were studied using small artificial ecosystems — the
microcosms. Emission of carbon dioxide (CO,) and nitrogen oxides (NO,) from soil and
soil-plant system, morphometry and carbon concentration in shoots of Phaseolus vul-
garis L. were determined. We established that effect of Cr(VI) decreased CO, emission
and increased NO, emission from soil microcosms and soil-plant microcosms. In turn,
the effect of Cr(lIIl) did not cause statistically significant changes on the emission of in-
vestigated gases in microcosms models. An inverse relationship between CO, and NO,
emissions was found by the correlation analysis. The emission intensity of investigated
gases from soil without plants was higher than that from soil with plant cover. This fact
stresses that the soil devoid of plant cover is an additional source of greenhouse gases
emissions. Statistically significant changes effect in of Cr(VI) on morphometry and car-
bon concentration in the shoots of investigated plants was not found. In turn, Cr(lIl)
decreased leaf growth in length and carbon concentration in shoots of P. vulgaris.
Changes of investigated parameters showed that the problem of contamination of soil
and groundwater with Cr(lll) is important as pollution by Cr(VI).

Keywords: contamination with chromium compounds, ecophysiological parame-
ters, microcosm models, soil-plant system, Phaseolus vulgaris L.

INTRODUCTION

Chromium (Cr) — is a chemical element that is almost always present in the soil,
plant and animal tissues. Many countries, including Ukraine, are facing problems of soil
and water contamination with Cr from different sources for example mining, electropla-
ting in steel industry, refractory materials production, tanning in leather industry, oxida-
tion in organic synthesis of drugs and oxidative dyeing in textile industry. Worldwide
annual mining of the chromate (FeCr,0,) level of 10 million tons have been exceeded.
Active scattering of Cr is also associated with burning fossil fuels, mainly coal. The
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leather industry is the major cause of the high influx of Cr to the biosphere, accounting
for 40 % of the total industrial use [1].

There are two predominant stable oxidation states of chromium: Cr®* and Cr®** with
Cr®* being considered more toxic than Cr®* In addition, Cr®* can be reduced to Cr®*" in
redox reactions. Cr is not considered as an essential element for plant nutrition. Both
forms, Cr(Ill) and Cr(VI), might be taken up by plants. Uptake of Cr (lIl) is considered to
be passive, while that of Cr(VI) is considered to be active [22]. The physiological role of
Cr(lll) as well as toxic effects of Cr(VI) on plants, animals and microorganisms have
been repeatedly investigated. In case of humans, Cr(lll) is regarded as a micronutrient;
on the other hand, Cr(VI) has toxic effects on biological systems and has been classified
by the International Agency for Research on Cancer (IARC) as a Group-1 human car-
cinogen [1].

Plants have a remarkable ability to absorb, translocate and accumulate heavy me-
tals and organic compounds from the environment. In order to maintain their charge
balance, roots release protons whenever they take up more cations than anions, and
take up protons when the opposite occurs [2]. When Cr enteres plant body, it causes
oxidative stress, compete with essential elements for their binding sites in metalloen-
zymes ultimately reducing plant growth and yield [4].

Unfortunately, there is a small number of investigations, comparing the impact of
different valences of Cr on ecological and physiological plant parameters. Singh et al
(2001) investigated the effect of Cr(lll) and Cr(VI) on spinach and reported that Cr(VI),
applied at 60 mg/kg™ and higher concentration, reduced the leaf size, caused burning of
leaf tips or margin, and slowed leaf growth rate, resulting in reduced dry biomass [20].
Vernay et al. (2008) reported that plants of Datura innoxia Mill grown under Cr(VI)
showed reduced growth, leading to reduction in root and shoot biomass. The addition of
Cr(Ill) into the nutrient solution restricted the shoot and root growth but at a lower level
than Cr(VI). The decrease of shoot growth was observed from 0.05 and 0.5 mM for
Cr(VI) and Cr(lll), respectively. Different Cr levels also remarkably affected growth phy-
siology of plants. The photosynthetic rate was reduced by 21-62 %, while the transpira-
tion rate was reduced by 5-59 % [24]. Sauerbeck et al (1991) reported that lower con-
centration of Cr in grains compared to roots was probably due to reduction of Cr(VI) to
Cr(lll), which reduced its mobility from roots to shoots [18].

It is recognized that the change in respiration intensity of living organisms under
stress is a sensitive bioindication characteristic. The intensity of carbon dioxide emis-
sion (respiration) of soil and plants grown under contamination with chromium com-
pounds scantily described in the literature. Even less information about nitrogen oxides
(NO,) emissions by plants and soil. It is now established that NO is a multifunctional
signaling molecule, that is generated and is active in all organisms — from bacteria to
plants and animals. The investigation of NO, emissions from plants began in the 70s of
last century, with the establishment of the phenomenon of NO emissions from plant tis-
sues. Wildt et al. (1997) detected NO emission by plant tissues under physiological
conditions of plant growth and increased emission of NO under high concentrations of
nitrate, herbicides, salicylic acid and other biologically active substances in soils [8].

Chromium compounds are part of enzymes and can accumulate in microorga-
nisms, which influence the emission of carbon dioxide and nitrogen oxides. Therefore,
studies of emissions of ground gases require temporarily closed containers [5-13; 15;
19]. The use of microcosm models, in this regard, is advantageous. Microcosms are
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small artificial ecosystems which are used for modeling and prognosis of changes of
natural ecosystems in the future. The advantages of microcosm models include high
reproducibility, clear boundaries and convenience for experimentation [16; 23].

The goal of this study is to model the effect of trivalent and hexavalent Cr compounds
on the ecophysiological parameters of the soil—plant system using microcosm models.

MATERIALS AND METHODS

The objects of our investigation were ecophysiological parameters of the soil-plant
system in conditions of small artificial ecosystems — microcosms. The type of micro-
cosms “Terra-Aqua column” was used for this aim. These microcosms were made of
5-liter transparent plastic bottles. The Terra-Aqua column consisted of aquatic, terres-
trial and air modules. To avoid soil profile lighting, surface-transparent walls of terres-
trial modules were covered with black polyethylene bags. The soil was supplied with
water by capillary forces using nylon rope with a diameter of 4 mm. Ropes had a length
that is equal to the distance from the bottom of the aquatic module to the upper layer of
soil. One end the rope was pressed to the walls along the soil profile. For the investiga-
tion of soil gaseous emission the peat-sand mix was used. To prevent falling out of soil
particles to the water, the layer of gravel layer with 5 mm-height and particle size of
3 mm was stacked around the rope.

Plants of common bean (Phaseolus vulgaris L.) were chosen for the investigation
of gaseous emission, morphometrical parameters and carbon concentration in dry
weight of shoots (aboveground parts). One half of soil remained without plants and was
used to study the emission of gasses from the soil due to activity of microorganisms.
The second half of the soil was seeded with eight seeds of P. vulgaris and was used
investigate the emission of gases from the soil-plant system. Seeds were placed into
distilled water and were kept for 4 hours at 25 °C before sowing. Then, seeds were
clamped horizontally into the soil to a depth that is equal to their thickness. Microcosms
were then placed in the growth room with 16-hour of artificial lighting, temperature
2312 °C, relative humidity 35+3 % and atmospheric pressure 743+5 mm Hg.

On the next day, one aquatic modules of microcosm was injected with a solution
containing potassium dichromate K,Cr,O, for modeling the effect of Cr(VI). Another
aquatic modules were injected with a solution containing chromium potassium alum
KCr(S0O,),x12H,0 for modeling the influence of Cr(lll). Both solutions were injected in
equivalent dose of Cr in an amount of 0.5 mg/l. These compounds were chosen be-
cause they contain the same amount of potassium. Aquatic modules filled with distilled
water were used as controls.

Emission of CO, and NO, was measured in all microcosms after 14 days. In addi-
tion, morphometrical parameters of P. vulgaris, such stem length, the length and width
of first true leaf were measured in microcosms with plants (Fig. 1). The emission inten-
sity of nitrogen oxides was determined photometrically using the Griess-llosvay rea-
gent. Carbon dioxide emission (respiration) was detected by Sharkov’'s method. Both
methods were adapted by us for using in bottle microcosm models. Solutions of 1M
NaOH in an amount of 5 ml for CO, absorption and 8% Kil in the amount of 6 ml for NO,
absorption were poured into 5 ml vessels with height and diameter of 5 cm. Both solu-
tions were placed on the soil surface of terrestrial modules. Then terrestrial models
were covered with air modules and sealed with adhesive tape. All microcosms were
covered with black polyethylene bags to stop photosynthesis (Fig. 2). After 10 hours,
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vessels with 0.1 M NaOH solution were titrated with 0.2 M HCI containing phenolphtha-
lein (for determining CO, concentration), and for vessels with KI we began preparations
for the simultaneous determination concentration of NO, using the Griess-llosvay rea-
gent[17; 19].

After determining the emission of gases in microcosms and morphometric para-
meters of seedlings, the concentration of organic carbon in aboveground dry weight of
P. vulgaris was analyzed by the Tyurin method [14].

Fig. 1. Seedlings of Phaseolus vulgaris L. in micro- Fig. 2. Preparation of microcosms for measuring

cosms on 14" day after sowing emission of gases
Puc. 1. MNapocTkn Phaseolus vulgaris L. y mikpokoc- Pwuc. 2. [igroToBka MIKpOKOCMIB AN BUMIpIOBaHHSA
Max Ha 14-i AeHb nicnsa nocisy eMicii rasis

The statistical processing of data was performed using of programs MS Excell
2007 and Statst. For testing the significance we calculated t-criterion of Student. Cor-
relation was performed using program Statistica Version 6.1. [17]. Results of the corre-
lation analysis are presented by correlation coefficients in the cells of the pair correla-
tions matrix (Table 3) at the intersection of the horizontal and vertical columns with the
names of the investigated parameters. For calculating of the correlation coefficients
were used general data of parameters all experimental and control options of soil-plant
microcosms models (containing soil—-plant system).

RESULTS AND DISCUSSION

We found that among morphometric parameters of P. vulgaris statistically signifi-
cant changes undergone just the leaf length which was reduced under the effect of
Cr(Il). Under effect of Cr(VI) did not find any significant (statistically) changes in mor-
phometric parameters of P.vulgaris. (Table 1). Significant decrease of organic carbon
concentration in shoots of P. vulgaris under effect of Cr(lll) was found. Effect of Cr(VI)
did not cause any changes of carbon accumulation by shoots of investigated plants
(Table 2). Thus for bean Cr(lll) was more toxic than Cr(VI), that is considered more
toxic by majority of authors [1-3; 21].

The emission intensity of carbon dioxide and nitrogen oxides in the soil microcosms
and in the soil-plant microcosms under effect of Cr(lll) did not undergone significant
changes relative to controls. Instead, Cr(VI) decreased carbon dioxide emission and si-
multaneously increased the nitrogen oxides emission in soil microcosms and in soil-plant
microcosms. The emission intensity of the investigated compounds that are well-known
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greenhouse gases was significantly higher in soil microcosm models than in soil-plant
analogues (Fig. 3, 4). This is due to the fact that the activity of soil microbocenosis is
changed under the plant cover effect [9; 10].

Table 1. Morphometrical parameters of Phaseolus vulgaris L. on 14" day after sowing in
the microcosms (n = 32)

Tabnuus 1. MopdomeTpu4Hi napameTpu Phaseolus vulgaris L. yepe3 14 gHiB nicns nociBy
HaciHHA B MikpokocmMu (n = 32)

Control 17.5+0.8 2.75+0.12 2.83+0.14
Chromium (l11) 0.5 mg/I 15.2+0.6 2.33£0.09* 2.72+0.11
Chromium (VI) 0.5 mg/I 17.1£0.7 2.67+0.11 2.78+0.12

Comment: Asterisks (*) indicate statistically significant difference with regard to control conditions (p<0.05).
MpumiTKa: (*) — HasiBHICTb CTAaTUCTUYHO AOCTOBIPHOI Pi3HML LLIOAO KOHTposto npu P<0,05.

Table 2. Content of organic carbon in shoots of P. vulgaris L. on 14" day after sowing in
the microcosms (n = 8)

Tabnuys 2. Bmict KapboHy B naroHax P. vulgaris L. yepe3 14 gHiB nicna nociBy B Mikpo-
kocmu (n =8 )

Control 202+9
Chromium (l11) 0.5 mg/I 171+5*
Chromium (VI) 0.5 mg/I 19347

Comment:Asterisks (*) indicate statistically significant difference with regard to control conditions (p<0.05).
MpumiTka:(*) — HasiBHICTb CTATUCTMYHO AOCTOBIPHOI Pi3HULI LWoAo KoHTponto npu P<0,05.

kg/haxhour
3.0 T
T 218 2.01

2.5 E Emission of carbon dioxyde
from soil microcosms

2.0

1.5 B Emission of carbon dioxyde
from soil-plant microcosms

1.0

0.5

0.0

Control Cr(lll) Cr(VI)
Fig. 3. Changeability of carbon dioxide emission in the darkened microcosms under the effect of Cr(lll) and
Cr(VI) compounds (n = 8)

Puc. 3. MiHnuBicTb ewmicii giokcnay kap6oHy nig snnmeom cronyk Cr(lll) i Cr(VI) y 3aTeMHeHnx Mikpokocmax
(n=8)
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kg/haxhour
0.25

0.19*

0.20 Emission of NO
1 016t o ¢

from soil microcosms

B Emission of NO, from
soil-plant microcosms

Control Cr(lll) Cr(VI)

Fig. 4. Changes in nitrogen oxides emission in darkened microcosms under the effect of Cr(lll) and Cr(VI)
compounds (n = 8)

Puc. 4. MinnuBicTb emicii okeungis HiTporeHy nig Brnusom cronyk Cr(lll) Ta Cr(VI) y 3aTemHeHnx Mikpokocmax
(n=8)

Table 3. The correlation coefficients between the ecophysiological parameters of soil-
plant microcosms

Tabnuus 3. KoedpidieHTn kopensuii Mk ekodpizionoriyHMMn napameTpamu FpyHTOBO-poOC-
JINHHUX MiKPOKOCMIB

Emission Emission

Lengthof  Lengthof  Widthof  CO,from  NO, from %g?;i’:iﬁf
stems leaves leaves soil-plant  soil-plant
shoots
system system

Length
of stems

LT 0.72* 0.74* -0.65* 0.67* 0.81*
of leaves

- 0.72* -0.14 0.27 -0.07 0.74*

Width 0.14 0.74* -0.83* 0.79* 0.23
of leaves

Emission
CO, from
soil-plant
system
Emission
NO, from
soil-plant
system
Content
of carbon 0.74* 0.81* 0.23 0.26 -0.14
in shoots

0.27 -0.65*

-0.07 0.67*

Comment: Asterisks (*) indicate statistically significant correlation (p<0.05).
MpumiTtka: (*) — HasBHICTb AocToBIpHOI Kopensauii npn P<0,05.
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The inverse strong correlation (r = -0.96) between carbon dioxide emission and
nitrogen oxides emission (Table 3) that was found due to the correlation analysis of the
ecophysiological parameters of soil-plant microcosms confirmed our assumption about
the inverse relationship between CO, and NO, emissions. In other words when the
carbon dioxide emission (respiration) intensity is decreasing we can observe the in-
creasing of nitrogen oxides emission and vice versa. On the basis of above mentioned
correlation link we made hypothesis about the compensatory role of NO in the case of
decreasing the respiration intensity (CO, emission) by the action of stress factors.

CONCLUSIONS

The effect of Cr(lll) and Cr(VI) compounds differently change ecophysiological pa-
rameters of soil-plant system was established.The effect of Cr(VI) decreased CO,
emission intensity and simultaneously increased NO, emission intensity in the soil mi-
crocosms and in soil-plant microcosms. Instead, the effect of Cr(lll) did not change
emission intensity in all experimental conditions. An inverse relationship between CO,
and NO, emissions was found. Emission intensity of investigated gases from the soll
without plants is greater than from the soil with plant cover. This fact stresses that the
soil devoid of plant cover is an additional source of greenhouse gases emission. The
effect of Cr(lll) reduced leaf length and organic carbon concentration in shoots of Pha-
seolus vulgaris L. Changes in both mentioned parameters showed that the problem of
contamination of soil and groundwater with Cr(lll) is actual as pollution by toxic Cr(VI)
which did not change leaf growth in lenth and carbon accumulation in shoots of P. vul-
garis. Thus physical modeling using microcosm “Terra-Aqua column” is an effective
method suitable to compare effect of different substances on the soil-plant system.
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HocnigpxkeHo ekodisionoriyHi napameTpy cuctemMu rpyHT—pOCNUHA nig BNIMBOM
xpoMy (Cr) pisH1X BaneHTHOCTEN B YMOBaX Marnux LUTY4YHUX EKOCUCTEM — MiKPOKOCMIB.
MogenboBaHi r'pyHTOBI Boan ogHux mikpokocmiB mictunm Cr(lll), a iHwwnx — Cr(VI). Bu-
miptoBanuck emicis giokeunay syrneuo (CO,) 1 okenais asoty (NO,) 3 rpyHTY i cuctemu
r'PyHT—pOCIMHA, MOPOMETPIH | BMICT KapOOHY B naroHax kBaconi 3Bu4anHol (Phaseolus
vulgaris L.). BctaHosneHo, wwo srnue Cr(VI) 3ameHLwmB iHTeHcKBHICTb emicii CO, (auxax-
Hs1) i NiABULWLMB iHTEHCUBHICTL emicil NO, 3 I'pyHTOBUX i 'PYHTOBO-POCIMHHUX MiKPOKOC-
MiB, TOAi SIK iIHTEHCMBHICTb eMicii JocnigaXeHux rasiB He 3a3Hana 3mid 3a gii Cr(lll). 3a
AOMNOMOrOK0 KOPensAUiHOro aHanisy BUSIBMEHO 3BOPOTHUI 3B’A30K Mix emiciamm CO, Ta
NO,. IHTeHCUBHICTb eMicii rasiB i3 rpyHTy 6e3 pocnuH BusBunacs 6inbLUoo, HiX i3 I'pyH-
TY 3 POCMMHHMM NOKpMBOM. Llen cbakT e pa3 Bkasye Ha Te, WO I'PyHT, No3baBneHunm
POCIMHHOTO MOKPUBY, € AOAATKOBUM JKepernom emicii napHukoBmux rasis. MopdomeTpis
i HarpomaKeHHs ByrneLto naroHamu P. vulgaris He 3a3Hany CTaTUCTUYHO AOCTOBIPHMX
3miH nig Bnnmeom Cr(VI), Togi sk 3a gii Cr(lll) 3ameHWwMBCA picT NUCTS B JOBXUHY i Ha-
rpomMamkeHHs kapboHy naroHamu P. vulgaris. 3miHM 060X OocnigpKeHnx napameTpiB
CBigyaTb NPO aKkTyanbHICTb 3abpyaHEHHs I'pyHTY i rpyHTOBMX Bog, sk Cr (Ill), Tak i Cr
(VI). 3minn gocnigxeHux napameTpis ceig4aTb NPO akTyanbHICTb npobnemu 3abpya-
HEHHS I'PYHTY i r'pyHTOBMX BoA sk cnonykamu Cr(VI1), Tak i cnonykamn Cr(lll).

Krnroyosi ciioga: 3abpygHEHHSA crionlykamy XpoMmy, eKodisionoriyHi napameTpu,
MIKPOKOCMHI Mogerni, cuctema rpyHT—pocnuna, Phaseolus vul-
garis L.

MOAEJNTIMPOBAHUE BITUAHUA XPOMA HA 3KO®U3UOITOMMYECKUE
NMAPAMETPbl CUCTEMbI MNOYBA-PACTEHUE
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yn. llecu YkpauHku, 25, YepHosubi 58000, YkpauHa
e-mail: gqazw1992@ukr.net

WMcecnepoBaHbl akodu3nonormyeckme napameTpbl CUCTEMbl NoYBa—pacTeHne npu
aericteum xpoma (Cr) pasHbiX BaneHTHOCTEN B YCIOBUAX HEOOMbLUMX UCKYCCTBEHHbIX
aKocucTeM — MnkpokocMoB. Onpegensanuck ammncenst anokenaa yrnepoga (CO,) n oken-
pos asota (NO,) 13 noyBbl U CUCTEMBI NOYBa—pacTeHne, MOPOMETPUS N coaepaHne
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yrnepoga B noberax daconun obbikHoBeHHON (Phaseolus vulgaris L.). MogenupoBaHr-
Hble rPyHTOBbIE BOAbI 0OHUX MUKpokocMoB cogepxxanu Cr(lll), a gpyrux — Cr(VI). Ycta-
HoBneHo, YTo BnmsaHue Cr(VI) cHn3mno nHteHcuBHocTb amuccun CO, (abixaHne) n no-
BbICUINO MHTEHCUBHOCTb aMuccumn NO, B MOYBEHHBIX M MOYBEHHO-PACTUTENBHbBIX MUKPO-
KOCMaXx, a MHTEHCMBHOCTb SMNCCUN NCCIENOBaHHbIX ra30B He MpeTepnena cratuctuye-
CKM JocToBepHbIX nameHeHern nog genctemem Cr(lll). C nomoLbio KOppensLMOHHOIO
aHanu3a 6bina obHapyxeHa obpaTtHas cea3b Mexay amuccusamm CO, n NO,. HTeHcuB-
HOCTb 3MMCCUMN NCCIeA0BaHHbIX ra3oB U3 NoYBbl 6€3 pacTeHui oka3anach BbilLe, YEM
13 NMOYBbI C PaCTUTENbHBIM MOKPOBOM. DTOT (PaKT elle pa3 yka3bBaeT Ha TO, YTO Mo4Ba,
nVLeHHasa pacTUTENbHOrO MOKPOBa, ABNAETCHA OOMONHUTENBHBIM MCTOYHUKOM 3MUCCUM
napHMKOBbIX ra3oB. MopdomMeTpusa 1 Hakonnenue yrnepoga noderamun P. vulgaris He
npeTepneny CTaTUCTUYECKM OOCTOBEPHLIX M3MeHeHun nop gencteuem Cr(VI), Torga
kak noa gencteuem Cr(lll) CHU3UNUCL POCT NUCTLEB B AJIMHY U HAKOMMEeHWe yrnepoaa
noberamu chaconu. lameHeHns nccneqoBaHHbIX NapaMeTpoB CBUAETENLCTBYHOT 00 ak-
TyanbHOCTM NpoOnembl 3arpsi3HEHMST MO4YBbI U FPYHTOBbIX BOA COEAMHEHUSIMU Kak
Cr(VI), Tak n Cr(lll).
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Hue, Phaseolus vulgaris L.
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