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Abstract: Some heavy metals such as Zn are essential micronutrients for plants.
However, in a high concentration in soils they could cause repression of growth
with toxicity symptoms. It is therefore very important to investigate the species
that are tolerant to high concentration of zinc which have the ability to survive
on soils contaminated with heavy metals. This paper presents an investigation of
the effect of elevated Zn concentrations on the germination and seedling growth
of the invasive tree species Ailanthus altissima (Swingle) Mill., aimed at a better
understanding of its adaptation ability to heavy metal stress and potential use in
phytoremediation. Seeds of Ailanthus altissima were treated with Zn concentra-
tions of 25, 100 and 250 pM in form of zinc sulfate. After germination, the
seedlings at the stage of first leaf development were transferred into a growing
chamber in the hydroponic system where zinc sulfate was added in the concen-
trations of 100, 250 and 500 uM. The results showed that Zn treatments, including
the highest concentration, have caused a reduction in seed germination parame-
ters. Considering the hypocotyl and radicle length, there was no significant sta-
tistical difference among the treatments, but further growth of young seedlings
in hydroponics under high concentrations of Zn, cause an inhibition of the root
system growth and repress development of assimilating organs. Seeds and seed-
lings of A. altissima are tolerant to elevated Zn concentrations at early stages of
development. However, later on with leaves development, the inhibitory effect of
the strongest concentrations is expressed.
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YTHIHAJ IOBERAHUX KOHIEHTPAIIMJA Zn HA KJIMJAIBE CEME-
HA U PACT CEJAHAIA Ailanthus altissima (Mill.) Swingle
U3Box: Heku Temku MeTau, Kao IITO je IIMHK, Cy ECCHIIUjaTHH MUKPOHYTPHUjCH-
TH HEONXOIHHU OMJbKaMa 3a 00aBJbakbe BXHUX (PU3HOJIOMIKHUX Mporeca. Mehy-
TuM, nopehane KOHIEHTpaLKje [IHHKA MOTY UMaTH HeraTUBHE e(eKTe Ha pacT U
pa3Boj OMJbaka M IPOY3POKOBATH I0jaBy CHMIITOMA TOKCHKaIluje. 300r Tora je
BPJIO BQ)XHO MCIUTATH KOje IPBEHACTE BPCTE Cy TOJICpaHTHE Ha mnoBehane KoH-
[EHTpallMje IMHKA M KOje C€ OMIMKYjy crmocoOHomhy MpexuB/hbaBamba Ha
3eMJBHIIITHMA KOHTAMUPAHUM TCHIKUM METajluma Y pajay je MCIUTUBaH edekar
noBehaHUX KOHIICHTpAIlMja IIMHKA Ha KJIMjake CEMCHA M Pa3BOj KilHjaBalla WH-
BasuBHE ApBeHacTe Bpcte Ailanthus altisima (Swingle) Mill. panu 6osper pasy-
MeBama aJaNTHBHUX CHOCOOHOCTH OBE BPCTE Ha CTPEC OJ TCIIKUX METajia
moryhHocTu xopuihema y ¢puropemenujauuju. Cemena Bpere Ailanthus altissima
TpeTHpaHa cy UMHK cyidaToMm y KoHueHTpauujama 25, 100 u 250 uM. Haxon
KJIMjarba, KJIHjaBIH CY TIPEMCLITCHH Y KOMOPY 38 I'ajerhe y XHAPOKYITYPY TIe je
UHK cyndat goxat y konuerpannjama og 100, 250 u 500 pM. JloGujern pesyi-
TaTH yKa3yjy Aa TPeTMaHU LIUHKOM, YKJby4yjyhu n HajBelly KOHLEHTpaLH]jy, HUCY
y HMOTIIYHOCTH MHXUOUPAJIN KIIUjalkhe CeMEHa MaKo je JIOILIO 0 CMamberha MoKa-
3aresba Kiujama. AHAIU3UPajyhn qyKUHY XUIIOKOTHIIA U KOPeHKa, YTBphEHO je
Jla He MOCTOjM 3HaYajHa CTATHCTHUYKA pasiiiKa n3Mehy pasiiMuuTHX TpeTMaHna. ¥
JlaJbeM Tajerby y XHMJIPOIMOHCKOM EKCIIEPHUMEHTY, IIMHK je MHXHOupao passuhe
JIMCTOBA U KOpEHA. AHaIM3UpPAaHU KBAHTHUTATHBHH MapaMeTPH KIHjama U MOP-
¢domerpuja knujaBana 4. altissima noxkasyjy ToliepaHTHOCT Ha noBehaHe KOHIICH-
Tpauuje LMHKa, Y OBUM HajpanujuM dazama passuha, 10k ce y pasu popMupama

HPBUX JINCTOBA youaBa MHXUOUTOPHU edekar BehuX KOHLEHTpalHja.
Kibyune peun: Ailanthus altissima, NUHK, TOKCHYHOCT, KJIHjak¢ CEMCHA, PacT
MJIaIuX KJIHjaBaia, GuTopeMeanjannja

1. INTRODUCTION

An increasing contamination of soils with toxic metals has become a great prob-
lem due to rapid industrialization, urbanization and intensive agriculture. These metals
tend to accumulate in soils and cannot easily be removed or degraded by chemical or
microbial processes. It is of great interest to find environmentally acceptable and sus-
tainable ways to remove them from polluted soils. Zn accumulation in the environment
is due to mining, chemical industry, burning of fossil fuels, and agricultural utilization
of fertilizers and herbicides (Zn chloride and Zn sulfate) (Paivoke, 2003).

An excessive level of heavy metals in soils can have a negative impact on seed
germination, biomass production (Kukkola, et al., 2000) root growth (Arduini, et al.,
1995), root morphology and architecture (Arduini, ef al., 1994; Schmidt, 1997). It
can also interfere with the activities of many key enzymes related to normal metabolic
processes (Dhankhar, 2011 according to Ahssan, ef al., 2007; Kuriakosa &
Prasad, 2008; Kachout, ef al, 2009; Zhang, et al., 2009; Rahoui, et al., 2010).
Many researchers have examined the potential use of metal resistant plants, primarily
herbaceous ones in the stabilization and reclamation of contaminated soils (Lidon &
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Henriques, 1992; Hsu & Chou, 1992; L1i, et al., 2005; Street, et al., 2007; Obra-
tov-Petkovié¢, et al, 2008; Dhankhar, 2011; Drab, et al., 2011). However, a few
studies have investigated metal resistance in woody species for the purpose of land
reclamation (Punshon & Dickinson, 1997; Kukkola, et al., 2000; Lunackova ,
et al., 2003; Lombardi & Sebastiani, 2004; Nikonov, ef al., 2004; Fuentes, et
al., 2007; Hemle, et al., 2007; Gatti, 2008; Durand , et al., 2010; Punisijevié
Bojovié, et al., 2012; Djukic, et al., 2013).

Zn is a trace element, essential for plants because of its presence in the enzymes
composition catalyzing important life processes (Drab, et al., 2011 according to Al-
loway & Ayers, 1997). However, in a very high concentration, it can cause toxic
effects and decline of a plants growth. In this respect, it is important to investigate
which concentration of Zn is toxic to different plant species and how essential metal
ions in high concentrations affect plant growth at different developmental stages (L1,
et al., 2005). At the early stage of development, A. altissima has high biomass produc-
tion under stressful environmental conditions such as urban pollution, drought stress,
nutrient deficiency and metal toxicity and because of that it can be used in the research
of toxic metal tolerance in trees (Punisijevi¢-Bojovié, ef al., 2012).

The aim of this study was to determine the physiological characteristics of A.
altissima seed germination and early seedling development in the conditions of elevated
Zn concentrations and to investigate the effect of zinc on the morphological traits of
young seedlings.

This study can contribute to a better understanding of the adaptation ability of
A. altissima to heavy metal stress.

2. MATERIAL AND METHODS

Seeds of A. altissima were collected from groups of trees in the forest park
Kosutnjak in Belgrade city. In total 450 (3 replicates of 150 seeds) seeds were treated
with three different concentrations (25 uM, 100 pM and 250 uM) of ZnSO,, while the
control group was submerged in distilled water. Seeds were imbibed in continuously
aerated solutions for 72 h. Three replicates of 50 seeds were germinated in Petri dishes
on filter paper coated with fungicide PREVIKUR (fosetyl-aluminum, 310 g/L) under
light conditions. Seed germination and seedling development were observed daily. The
elongation of hypocotyls and radicles was measured after 14 days. After that, young
seedlings were transferred into a growing chamber in the hydroponics system supplied
with modified Hoagland nutrient solution containing (mM): 0.35 K_SO,, 0.05 KCI, 1.0
Ca(NO,),, 0.25 MgSO,, 0.05 KH,PO,, and (in pM): 5 H,BO,, 0.25 MnSO,, 0.25 ZnSO,,
0.1 CuSO,, 0.005 (NH,),Mo.0,,, 20 Fe""EDTA under controlled conditions: temperature
regime of 20 — 25° C, humidity of about 70%, the photon flux density of = 200 pmolm-
g1, day-night light regime: 16/18. Zinc-sulfate was added at concentrations of 100 uM,
250 uM and 500 pM. The solution was continuously aerated. The main and lateral root
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length, number of lateral roots, shoot length, and number of leaves were recorded after
2 weeks of treatments.

Seed germination was determined by quantitative indicators: 1. germination ca-
pacity (GC), 2. germination energy (GE) and qualitative indicator 3. germination inten-
sity (GI). Germination capacity (GC) is % of seeds that germinate during the test period.
This is equal to a/b-100 (%), a = number of germinated seeds during the test period, b
= complete number of tested seeds. Germination energy (GE) is % of seeds that ger-
minate during a specified time interval determined by the peak germination rate.
GE=al/b-100 (%), al = number of germinated seeds up to the peak rate of germination,
b=complete number of tested seeds. GE is determined based on the results obtained
during the first five days of the test. Germination intensity (Gl): Y(Z:N), where Z =
number of days’ germination from the last to the first day, where the last day is marked
with zero and N=number of seeds germinated in day Z. GI is expressed by seed/day
(Schopmeyer, 1974; Grbi¢, 1997).

For the statistical analysis of numerical data, computer program STATGR APH-
ICS Centurion XVILI was applied. Germination and morphometric parameters of early
seedling growth were analyzed using one-way analysis of variance (ANOVA).

3. RESULTS

3.1 Influence of Zn on A. altissima seed germination

Table 1. Effects of zinc (Zn) on Ailanthus altissima seed germination parameters - mean values.
Tabena 1. Ytunaj nuaka (Zn) Ha KIujame ceMeHa Ailanthus altissima- cpeimbe BPEITHOCTH.

Parameter / [Tapamerap
Treatment ZnSO, (nM) Germinative Germinative | Germinative intensity
Tperman ZnSO4 (uM) capacity GC (%) | energy GE (%) GI seed/day
Texnuuka Enepruja HHTeH3MTeT KIIMjamba
kanjaBoct (%) kaujama (%) ceme/naH
0 (control) 82.67* 49.33 @ 287.00*
25 29.33¢ 3.33° 82.67¢
100 58.00® 8.66° 171.33°
250 49.33%¢ 16.00° 90.33 *¢

Legend/Jlerenna: Different letters indicate significant differences between the means at a
95% level / Pa3nuunTa croBa 03HauaBajy 3HaYajHE pe3nuke niMel)y cpeamux BPeIHOCTH UCTOT
TOKa3aresba 3a TPH NMPHMEHEeHe KOHIIEHTPAIlHje M KOHTPOIY Ha HUBOY 95%.
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The results of seed germination are presented in Table 1. The ability of a seed
to develop into a plant is best expressed through its germinative capacity and germinative
energy. Results show that Zn concentrations of 100 pM and 250 pM cause a reduction
in the GC and GE compared to the control.

However, there was no statistically significant reduction in GC and GE between
the treatments with 100 pM and 250 pM. The highest reduction was noted at the lowest
concentration of 25 uM at which the germinative energy was significantly reduced by
46% compared to the control (Table 1). Germinative intensity was reduced at a
statistically significant level in all treatments (Table 1).

3.2 Influence of Zn on A. altissima early seedling growth

At the early stage of seedling development in all treatments the elongation of the
hypocotyl was significantly decreased, while there was no negative influence on the
radicle length elongation (Figure 1).

Ailanthus altissima
45
40 DR 36.65h ... ...
35 . T . 2l . S O e
300 . O 264 a 26.15bc [ T -l
255000 HE B
20
15
10

0 (cont.) 25 100 250

Illyp_ocotyl leng_til_ mm Ilad_u.:le' length mm

Diagram 1. Effect of zinc (Zn) on hypocotyls and radicle length (mm) of Ailanthus altissima early
seedlings growth after 14 days after the treatment - mean values. The numbers 0, 25,

100, and 250 represent different concentration of ZnSO, expressed in uM
I'paduxon 1. Ytunaj muaka (Zn) 25,100, 250 y pM Ha nyXWHY XHTOKOTHJIA M KOpeHKa (mn)
knujaBana Ailanthus altissima HakoH 14 naHa TpeTMaHa — Cpel-e BpeHOCTH. bpojen
0, 25, 100, n 250 mpesicTaBsbajy pasnu4ute KoHueHTpauuje ZnSO, uspaxene y uM
Legend / Jlerenna: Different letters indicate significant differences between means at 95% level / Paznuunta
CJIOBa O3HAuaBajy 3HayajHE pesnuke naMely cpeamux BPEJAHOCTH MCTOT TOKa3aTesba 3a

TPU IpHUMEHheHE KOHIEHTPALje U KOHTPOILy Ha HUBOY 95%
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3.3. Influence of Zn on A. altissima seedling growth in hydroculture

When young seedlings grown in hydroculture were considered, there was no
significant statistical difference among the treatments in the main root length compared
to the control (Figure 2). Zinc concentrations of 100, 250 and 500 pM inhibited the
development and lengthening of the lateral roots. The smaller number of lateral roots
and leaves in all zinc treatments was noticed and their number decreased significantly
with an increase in the ZnSO, concentration (Figure 3). The most pronounced inhibition
of the formation of lateral roots and leaves were observed in seedlings exposed to the
highest ZnSO, concentration (500 uM). However, there was no significant statistical
difference between the concentrations of 250 uM and 500 uM (Figure 3).

Ailanthus altissima

16
12.08 a

50

whoot length cm Iloot length cm

Diagram 2. Effect of zinc (Zn) on shoot and root length of Ailanthus altissima young seedlings
two weeks after the treatment - mean values and standard errors. The numbers 0.25,
100, 250 and 500 represent different concentrations of ZnSO, expressed in uM
I'padukon 2. Yrunaj nunka (Zn) Ha Dy>KHHY M3JaHKa U KOpeHKa KiujaBana Ailanthus altissima
JIBE HeJeJbe HAaKOH TPeTMaHa — CPeibe BPEAHOCTH U CTaHJIapHe rpenike. bpojesn
0.25, 100, 250 u 500 mpezcTaBsbajy pasnudute KoHUEHTpamuje ZnSO, U3paxkene y
uM
Legend / Jlerenna: Different letter indicate significant difference between means at 95 % level /
Paznmuura cinoBa 03Ha4aBajy 3HaYajHE pasiuKe U3Mel)y cpeqmux BpeIHOCTH Ha
HuBOy 95 %
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14 107 a

Diagram 3. Effect of Zink (Zn) on: a) number of lateral roots b) number of leaves and c) elon-
gation of lateral roots of Ailanthus altissima seedlings (cm) two weeks after treatment
- mean values and standard errors. The numbers 0.25, 100, 250 and 500 represent
different concentrations of ZnSO, expressed in uM
I'padmkon 3. Yrunaj uunka (Zn) Ha: a) Opoj 604HUX KOpeHOBa b) Opoj JMCTOBA U C) IYXKUHY
OouHnx kopeHoBa cejanaua Ailanthus altissima (cm) JBe HeJeJbe HAKOH TPETMaHa
— Cpeame BPEAHOCTH W cTaHaapiHe rpemke. bpojesn 0.25, 100, 250 u 500
TpesCcTaBsbajy PasIMuuTe KoHlenTpanuje ZnSO, y uM
Legend / Jlerenaa: Different letter indicate significant difference between means at 95 % level /
Paznnunra cioBa 03Ha4yaBajy 3Ha4YajHE pasiuke u3Mel)y cpembuX BPeIHOCTH Ha
HHUBOY 95 %
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4. DISCUSSION

Seed is a stage in the life cycle of a plant that is well protected against various
stresses. However, soon after imbibition and during the process of germination seeds
become stress-sensitive in general (Weiqiang, et al., 2005). It is important to deter-
mine which concentrations of toxic metals affect the ability of a seed to germinate.

In the current research the highest Zn concentrations did not inhibit the 4. al-
tissima seed germination much, while the lowest concentration (25 uM) had a more
negative impact. In the research of Street, et al. (2007), seed of Eucomis autumnalis
(Mill.) Chitt. had the smallest percentage of germination at even smaller Zn concentra-
tions than 25 uM, which was used in this experiment. In addition, in experiments of
Street, et al. (2007), with seeds of Bowiea volubilis Harv. ex Hook. and Merwilla
natalensis (Planchon) Speta, high concentrations did not inhibit seed germination, but
later influenced the development of the seedlings, which was the case with our experi-
ment, too. Similar results were also noted in the experiment with Zea mays L. (Mah-
mood, et al., 2005). Zn stress, in our experiment, influenced seed germination of A.
altissima by reducing the values of GC, GE and GI, compared to control. The most
significant reduction of all parameters was noticed at the concentration of 25 uM.

Considering the hypocotyl length there was no significant statistical difference
among the treatments. Results indicate that at the early stage of seedling growth the
elongation and development of a hypocotyl is more affected by a high Zn concentration
than the radicle. It is interesting that the highest concentration of ZnSO, did not influ-
ence the radicle growth negatively. We can come to the conclusion that the highest
concentration of 250 uM influenced the hypocotyl and radicle growth stimulatingly,
while the lowest concentration (25 uM) influenced the reduction of the hypocotyl and
radicle lengths. In the experiments of Weiqiang, et al. (2005), with Arabidopsis thali-
ana ecotype Columbia (Col-0) and Peralta, et al. (2001), with Medigaco sativa L., the
positive effect on shoot and root elongation with an increasing concentration of Zn was
noticed. However, in the present experiment with the growing of young seedlings in the
hydroponics, elevated ZnSO, concentrations (100, 250 and 500 uM) inhibited the shoot
and root growth. In the research of Dhankhar (2011) investigating Vigna mungo (L.),
it was observed that the increase in the Zn concentration from 0.25 to 1.50 mM caused
decreasing plumule and radicle lengths. The decrease of seedlings growth exposed to
heavy metals can be explained by the effect of reduced development of meristematic
cells and certain enzymes present in cotyledons and endosperms. During germination
occurs the hydrolysis of the nutritional reserves regulated by hydrolytic enzymes. Heavy
metals might negatively influence the activity of hydrolytic enzymes, which can have
negative consequences on the relocation of the nutrients to radicle and cause a reduction
in seedlings growth (Dhankhar, 2011).

Considering young seedlings grown in hydroculture, there was a significant sta-
tistical difference in the shoot and root lengths among different concentrations of zinc
sulfate. The root elongation has been shown to be a sensitive parameter for assessing
the toxic effect of heavy metals, and it is usually used to estimate the toxicity of certain

152



THE EFFECT OF ELEVATED Zn CONCENTRATIONS ON SEED GERMINATION...

metals to seedlings growth (Hassett, et al., 1976). In our experiment, zinc equally
influenced the growth inhibition of both shoots and roots. This is in conflict with the
results of Street, et al. (2007) and Dhankhar (2011), in which the inhibition of
growth was stronger in roots than in shoots. Also, Godbold & Hiittermann (1985),
established that the root elongation of Picea abies (L.) H. Karst is greatly inhibited by
the Zn concentrations of 30 uM and 60 pM. The reasons for different response of the
shoots and roots growth to heavy metals might be the fact that roots are the first point
of contact with the toxic concentration of heavy metals, as well as the the rapid accu-
mulation of heavy metals in the root or the faster rate of detoxification in the shoot
(Manivasagaperumal, et al., 2011).

The number and elongation of lateral roots were reduced in the treatments with
Zn. These effects could indicate high zinc toxicity for the root system of A. altissima.
The same was observed in Pinus pinea L., where the concentrations of 100 uM and 150
UM Zn caused retardation of taproot elongation and reduction in the formation of sec-
ondary roots, their number and length (Arduini, ef al., 1995). In the current research,
plants of 4. altissima grown under the conditions of 250 and 500uM ZnSO, were char-
acterized by a lower number of developed assimilating organs and lower shoot length.
The reason for this might be a decrease in the absorbing root surface, due to the inhi-
bition of growth by an excessive zinc concentration and the competition for root trans-
port system between zinc and other essential elements (Ivanov, et al., 2011). The re-
duced growth of root and shoot due to heavy metals was also noticed by other authors
(Zhenguo, et al., 1998; Thomulescu, ef al.,, 2004; Rajesh, ef al., 2008; Zhang,
etal.,2009; John, et al., 2009; Punisijevi¢-Bojovic, et al., 2012, 2012a; Djukic,
et al., 2013 (Puki¢, et al., 2014)).

The early stages of plant development — seed germination and radicle and hypo-
cotyls elongation under elevated Zn concentrations were slightly negatively affected in
our experiment but the analyzed parameters were at a good level even at the highest
concentrations. At later stages of development, growth inhibition of young seedlings
under higher concentrations of Zn was more clearly manifested in an expressed inhibi-
tion of the root system growth and the repression of development of assimilating organs.
The inhibitory effect was more pronounced as the Zn concentration increased.

The results of this research can be useful indicators of tolerance of the investi-
gated species to metals for the purpose of phytoremediation.

5. CONCLUSION

This research has shown that the seed germination of fast growing species 4.
altissima is possible under higher concentrations of ZnSO, (100 and 250 uM) in contrast
to the results of early seedling growth.

Zn reduced hypocotyls length, but not significantly the length of radicles. Plants
treated with stronger concentrations of zinc grown in hydroculture showed a reduced
growth of the shoot, main root length and proliferation of leaves and lateral roots,
compared to the control.
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According to these results, it can be concluded that A. altissima might probably
be successfully used in the phytoremediation of the soils moderately polluted with zinc.

Regarding the results, further estimation is needed to determine the zinc
concentrations under which the growth of this species is possible.
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THE EFFECT OF ELEVATED Zn CONCENTRATIONS ON SEED GERMINATION...

Cnahana CamymioB

Janujena Byrucnjesnh bojosuh
Marwnga Bykuh

Jenena Pakosuh

YTULHAJ NIOBERAHUX KOHUHEHTPALIUJA Zn HA KJIMUJAIBE CEMEHA U PACT
CEJAHAUA Ailanthus altissima (Mill.) Swingle

Pesume

IInHK je eceHIMjaJlaH MHKPOHYTPHjEHT HEOIXOJaH OMJbKaMa 3a 00aBJbame Ba)KHHUX
(u3HONOIIKKX Mponeca. MelyTum, y BeTMKMM KOHIIEHTpalHjaMa MOXKe HMaTl TOKCHYHE e(heKTe
Ha PacT ¥ pa3Boj Omspaka M IPOy3pPOKOBATH HUXOBO CylIeme. 300T Tora je BeoMa Ba)KHO HCITH-
TaTH BPCTE KOje Cy OTIIOpHE Ha BHCOKE KOHIIEHTpAIMje I[HKAa U KOje Ce MOTY aJalTHpaTH yc-
JOBMMa 3eMJBHINTA 3aral)eHNM TEIKUM MeTalnMa, ¢ 003MpOM Ja ce OBaj TOKCHYHHU METall CBE
yenrhe Moxe HahM y )KMBOTHOj CpPEeIMHH 300T XEMHjCKe HHIYCTpHje, caropeBama (OCHITHHX
ropuBa u 300r ynotpede hyOpuBa u xepOuimia y Kojuma Moxke OUTH cacTaBHa KOMIIOHEHTa (Zn
xyopun 1 Zn cyndar). Lluss oBor pana je 6mo na ce ncrnnra eexar NUHKA HA KJIHjambe CEeMEeHa
1 pa3Boj KJIMjaBala apBeHacte Bpcte Ailanthus altisima (Swingle) Mill. pagu 6osper pasymeBama
aJaNTUBHUX CIIOCOOHOCTH OBE BPCTE Ha CTPEC Of] TEHIKUX MeTasla ¥ MoryhHocTH kopunrhema y
¢uropemenujaruju. Ceme Bpcte Ailanthus altissima TpEeTHUPAHO je IMIIHKOM Y KOHICHTpaIHjaMa
25, 100 m 250 pM y Buxy nmHK cyndarHe conu. HakoH kiaujama, KINjaBIH Cy NMPEMEIITEHN Y
KOMOpY 3a rajeme y XHJIPOKYITYpy TAe je UHK JoAaT y KoHneTpamujama ox 100, 250 u 500 uM.

JlobujeHu pe3ynTaru yKasyjy Ja cemMe KHCeIor IpBeTa KiHja U npu HajsehuM nmpumeme-
HUM KOHIICHTpal#jamMa HuHKa. TuMe ce 3akibydyje 1a y oBoj ¢asu pa3zsuha Ousbaka A. altissima
TOKCHYHHM e(eKaT [MHKA HUje H3paXeH. AHanu3upajyhul 1yKUHY XMIIOKOTHIIA U PajUKyle, He
[IOCTOjU 3HAYajHa CTATHUCTHYKA pa3jivKa u3Mely pasinyuTHX TpeTMaHa ca LMHKOM, MehyTum,
HajBUINA KOHICHTpalKja HuHKa, of 250 uM je yTuiania HHXUOUTOPHO Ha PacT XHUIIOKOTUIA. Y
kacHHjuUM (pazama pa3Buha kox OMJbaka rajeHuX y XUIPOKYJITYPH yodaBa ce U3paKeHHUja HHXHU-
Ourmja pacra ca noehameM KOHICHTpALje [IMHKA. Pe3ysTaTi nokasyjy Ja BECOKE KOHICHTpa-
nuje y kacHujuM (azama pazpuha yTHUYy HEraTHBHO Ha pacT MJIaJuX OWMJbaka MITO ce MaHU(e-
CTyje CMambeHEM JAY)KHHE KOPEHOBOT CUCTEMa, MHXHOUIIN]OM Ipoiudepanuje 004HUX KOPCHOBA
1 aCHMHJIAIIMOHHUX OpraHa.

HcTpakuBame KIMjaBOCTH CEMEHa M paHOT pa3Buha cejaHana A. altissima mokazaio je
TOJICPAHTHOCT y oapeheHoM cremeHy Ha moBehaHe KOHLEHTpaluje UHKAa TaKo Ja c€ MOTEH-
nHjaJHo OBa Op3opacTyha apBeHacTa BpCcTa MOXKE KOPHUCTUTH 3a QUTOpPEMEIUjallnjy IUHKOM
KOHTAMUHHPAHOT 3eMJBHIITA Y3 HEONXO/HA JIajba CTIUTHBAA.
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