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ABSTRACT

Effects of the microorganisms to the uptake of rddionuclides by host plant of endophyte

(Neotyphodium lold) to perennial ryegrass, rice pathogenic fungi Gihherella fujikuroi to rice,

Fusarium species that is symbiotic to tomato was monitored using the multitracer technique. Perennial
ryegrass colonized by endophyte showed lower uptake rate rather than the plant without endophyte.

Gibberella fujikuroi was able to increase the uptake of radionuclides (Cs, Sr, Mn, Zn and Co) by rice

via infection. Uptake rate of Mn and Co by infected rice plant was elevated to almost two times as that

of non-infected plant. The effect of five nonpathogenic strains of oxysporum, F. spio rycopersici

(N.P.F.) isolated from tomato rhizosphere was analyzed. Each strain shows uptake enhancement of

some radionuclide by plant. At least one strain shows critical enhancement of the uptake of Sr and Cs

both.
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1. INTRODUCTION

Radionuclides released by nuclear power plants into the environment are a potential risk to human
health. Consumption of food contaminated with radionuclides, due to their transfer from soil to plants

and then to livestock, is a significant pathway for human exposure to radionuclides. To decrease such

exposure doses of humans, it is desired to eliminate radionuclides from the soil. Phytoremediation is a

good method to remove radionuclides from the soil (1). We have shown that several factors influence
the uptake of radionuclides by plants, including soil profile and pH in the soil 2 Rhizosphere

microbes are also often known to affect the uptake of radionuclides from the soil by the plant 3).

Fusariurnu is one of a major fungi widely colonizing in plant rhizosphere. Some genuses of Fusarium
causing diseases on a wide variety of plants but many others are not harmful to the host plant.
Endophyte is other good example of symbiotic fngi to the plant. Endophytes are fangi that live inside

grass, for example, in tall fescue (Festuca arundinacea) and perennial ryegrass (Lolium perenne). The

endophytes do not harm the grasses, but they sometimes produce toxins that are harmful to livestock.
On the other hand, infected plants can grow better and show higher drought tolerance and resistance to

insects than non-infected ones 4 But the influences of microorganisms on the uptake of

radionuclides by plants remain unclear. In this paper, we analyzed the effect of microbes on the uptake
by the plant. Effects to the uptake of radionuclides by host plant of endophyte (Neotyphodium lolii to

perennial ryegrass, rice pathogenic fungi Gibberella ftijikuroi to rice, Fusariurn species that is

symbiotic to tomato was monitored using the multitracer technique.

2. MATERIALS AND METHODS
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2.1 Preparation of multitracer solution

A disk target of Ag was irradiated with a 135-MeV/nucleon 14 N ion beam accelerated by the
RIKEN Ring Cyclotron. The irradiated Ag target was dissolved in HN03 and Ag was simply
precipitated as AgCl with conc. HCI and filtered. The throughout was evaporated to dryness and was

dissolved in ultrapure distilled water for the experiment (5). Commercially obtained 137Cs was added
to this solution and the final. solution is carrier and salt free and has a pH of 6.8.

2.2 Isolation of microbes

For isolation of root associated Fusarium species, root of tomato and rice grown in cultivation
fields was collected. The root surface was briefly sterilized with 70% alcohol for 15 sec, washed with
sterilized distilled water, and was placed on PDA based Fusarium selective medium containing
chloraniphenicol (I 00,u g/nil). After IO days incubation, colonies of microorganisms grown from the
root tissue were separated and maintained on PDA plate medium.

2.3 Cultivation of plants and Microorganisms

Genetically identical strains of perennial ryegrass that were infected with an endophyte
(Neotyphodium lolii) and non-infected strains were kindly supplied by Dr. Shimanuki (National
Grassland Research Institute, MAFF, Tochigi, Japan). Plants were grown in plastic pots containing 150
g of sterilized horticulture soil (Kureha engei baido, Kureha Chemical Industry Co., Tokyo). A
multitracer solution was administered to each pot. The same amounts of solution were absorbed by
filter paper for comparison. The plants were cultivated in a green house at 25-300C and under 15,000
to 17,000 lux light for 12 hrs a day. After 4weeks, aerial part of the plant was collected and dried in
500C. Then the radioactivity was measured

For inoculation of ftmgi with tomato and rice plant, each strains of ftmgi were cultured in PDA
broth at 25C for I week until sufficient spores were formed. In 2weeks after seeding, liquid cultures
of each fungal strain were drenched directly to the soil. In the two weeks that followed, the aerial part
of the plant was sampled.

2.4 Gibberellic acid treatment

10ml of Gibberellic acid (GA3) solutions in each concentration (600mg/l, 450mg/l, 300mg/I and
150mg/1) were applied to soil directly at the same time of seeding. Plant was cultivated in greenhouse
condition and additional GA3 treatment was not performed until sampling.

2.5 Measurement of gamma-ray spectra

After cultivation for an appropriate period, the aerial part of plants were corrected and dried at
509C for overnight and subjected to gamma-ray measurement with hyperpure Ge detectors. The peak
areas of the spectrum were computed by analyzing software, Gamma Studio (SEIKO EG&G Co.
Ltd.).

3. Results and discussion

3.1 Effect of Endophyte to perennial ryegrass

Figure I shows the uptake rate of several elements (Sc, Mn, Co, Zn, Se, Rb, Sr, Cs in Fig. I -a, Na
and Tc in Fig. I b). In the non-infected strain, the uptake rates of Na and Tc were high, about IO% for
Na and 32% for Tc. For other nuclides, such as Sc, Mn, Co, Se, Rb and Sr, the uptake rates were
relatively low 1% to 8%). The uptake rate of Cs and Zn was less than 1% 0.14% Cs and 077% Zn).
In the endophyte-infected strain, almost all of the element's uptake rates were reduced. N.Iolli is
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known to produce toxins and give some benefit to host plant, such as better growth, higher drought

tolerance and resistance to insects 4). Lower content of trace elements in the endophyte-infected plant

was possibly leaded by increase of water content of the plant that provide drought tolerance.

7 0: Edphyt - 50

6 0: E,dphyt: 0: Endophyte
Endophyte

M NO

4 3Z30

3 (U
�c 2 0

2

I _LL 0.F1 7)

Mn SC co Zn Se Rb Sr Cs 0

a) Elemen b) Na Elemen Tc

Fig. 1. Influence of endophyte on the uptake of radionuclides by perennial ryegrass. a) uptake of Sc,

Mn, Co, Zn, Se, Rb, Sr, Cs. b) uptake of Na and Tc by perennial ryegrass. Data was expressed as the

3.2 Gibberellafujikuroi to rice

Gibberellafujikuroi was isolated from rice rhizosphere. This strain was able to increase the uptake

of radionuclides (Cs, Sr, Mn, Zn and Co) by rice via infection (Fig 2 Uptake rate of Mn and Co by
infected rice plant was elevated to almost two times as that of non-infected plant. It was observed that

elongation of plant body in the infected rice. Gfujikuroi is known to be able to produce large amounts

of Gibberellines (GAs). Some of GAs act as natural plant hormones, controlling developmental

process such as the induction of hydrolytic enzyme activity during seed germination, stem elongation,
flower induction and seed and pencarp growth 6). But the influence of GAs to the metal uptake by
plant was not clear. Table I shows the effect of GA3 on the uptake of radionuclides by rice.

Administration of 150mg/l GA3 showed almost same effect as Gfujikuroi infection.
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Fig. 2 Influence of Gibberellafujikuroi on the uptake of radionuclides by rice
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Table 1. Influence of Gibherella fuiikuroi and oibberelline on utake of radionuclides bv rice

Control G.fujikurol Gibberelline A301 /Ml)
600 450 300 150

Uptake amount (%/plant)

Mn 1.39 2.65 2.62 2.55 2.18 2.41

Co 0.07 0.24 0.18 0.10 0.17 0.18
Zn 0.71 1.21 1.44 1.24 1.06 1.16

Rb 1.63 2.55 3.14 2.90 2.83 2.48

Sr 0.08 0.15 0.14 0.13 0.14 0.18

Cs 0.02 0.04 0.05 0.04 0.04 0.03

Shoot dry wt. (g) 0.209 0.234 0.331 0.309 0.299 0.29

Root dry wt. (g) 0.076 0.073 NT* NT NT NT

*Not tested
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Fig. 3 Uptake rate of radionuclides by tomato infected with Fusarium strains. Control: without

infection. TI, T2, T3, MI, M2: Tomato plants that infected by Fusarium strains isolated from

tomato rhyzosphere. Data was expressed as percentage to the activity of the control per gram dry

weight of the plant that inoculated with nonpathogenic strains of Fusarium (TI, T2, T3, MI and

M2). Error bar shows standard deviation derived from 4 replicates.
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3.3 Fusarium oxysporum to tomato

Nonpathogenic strains of F oxysporum, F. spio rycopersici (N.P.F.) were isolated from tomato

rhizosphere and 5strains (TI, T2, T3, MI and M2) were used for further study. Figure 3 shows the

uptake rate of several elements from the soil to the aerial parts of the plant (Na, Mn, Co, Sr, Cs, Tc,
Rb). The tomato plants treated with T showed moderate enhancement of the uptake of Na, Co, Cs

and Rb. The uptake rates of Sr and Zn were almost the same as that of the control and the Mn uptake

rate was less. T2 increased the uptake of the same elements as TI as well as Tc. MI and M2 enhanced

uptakes of Co, Cs and Rb. M2 also increased Sr uptake. T3 showed significant increase in the uptake

in all elements except for Na. Enhancement of the uptake of both Sr and Cs was observed in T3 and

M2-inoculated tomato. In terms of phytorernediation for contaminated soil by long-lived radionuclides

such as Sr or Cs, the use of microbes like N.P.F. T3 or M2 to enhance uptake of these elements by
plants is suggested. At least one strain shows critical enhancement of the uptake of Sr and Cs both. A

fungus was recovered from sterilized 'root of tested plant cultivated with T3 strain but not from aerial
part (data not shown). It means that T3 can invade and colonize into the root. It has been reported that

an arbuscular mycorrhiza (AM) fungus into marigold can transport several metal ions to the plant
through its hyphae 7). There for, T3 may be able to transport these elements like AM fungus.

The ideal plant for phytorernediation should be fast growing, high biomass, deep toots, easy to

harvest and tolerant and accumulate metals in their aerial part. But no plant has been described that

fulfils all that criteria. In tenns of phytoremediation for contaminated soil by long-lived radionuclides

such as Sr or Cs, the use of rhizofttngus that can increase the uptake of radinuclides by plants should

provide good improvements of clean-up efficiency.

4. Conclusions

Effect of microorganisms on the uptake of radionuclides by plants was monitored using mutitracer
technique. Perennial ryegrass colonized by endophyte decreased nuclides uptake compare to not

infected plant. N.P.Fs isolated from tomato rhizosphere enhanced the nuclides accumulation in tomato

plants via infection. G. fujikuroi increased nuclides uptake in rice. Gibberelline treatment showed
almost same effect on nuclides uptake by rice plants as G. fujikuroi infection. These results suggesting

that microorganisms is a important element that affect uptake of nuclides by plats, and te using

microorganisms combined with phytorernediation suitable plants may improve the removal efficiency

of radionuclides from contaminated land.
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