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Table 2. Analysis of variance of Festuca arundinacea cv. Tomahawk characteristics under Pb contamination and P.
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Table 3. Analysis of variance of Festuca arundinacea cv. Tomahawk characteristics under Pb contamination and P. indica

Mean Square
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Figure 1- Hierarchical cluster analysis Festuca arundinacea cv. Tomahawk based on six main treatment groups. Translocation Factor (TF), Relative Yield (RY),
Shoot dry weight (SDW), Chlorophyll a and b (Chla and Chlb), Root phosphorus concentration (RPC), Shoot fresh weight (SFW), Root nitrogen concentration
(RNC), Shoot nitrogen concentration (LNC), Relative water content (RWC), Shoot Metal Extraction (ME), Leaf lead concentration (PbCL), Leaf potasium
concentration (LPotasC), Root lead concentration (PbCR), Soluble sugars (SS), Root Metal Extraction (MS), Root length (RL), Proline content (Proline), Root
potassium concentration (RPotasC), Root fresh weight (RFW), Leaf phosphorus concentration (LPC), shoot dry weight (RDW).
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Table 4. Mean comparison of Festuca arundinacea cv. Tomahawk characteristics under P. indica

Root Length Shoot Fresh ~ Relative Water  Proline (mg g Root Potassium Leaf Nitrogen Root Nitrogen
(cm) Weight (g) Content (%) LFW) Concentration (%) Concentration (%) Concentration (%)
P. indica - 2788b+275 582bx0.65 33.91b+3.21 15.86b+2.29 0.80b+0.1 1.13b+0.11 0.7b+0.07
P. indica « 30.77a+349 6.44a+056 38.3a+3.3 19.89a+3.64 1.05a+0.12 1.29a+0.14 0.82a+0.13

QI3 (518 Sxe BB (ol S pidie By Sy JBlus 1410 s il Lascws Piriphormospora indica g8 L Jiab ¢ Jiale pus gossasylis P.indica + 4P. indica —

P. indica —and P. indica + indicate non inoculation and inoculation with Piriphormospora indica. The means of at least one letter in common do not differ
significantly.

@y ST 15T o TOMaNAWK o8, ails b U8 gind (3o oS 329 (railoo dumliio -0 Jgor
Table 5. Mean comparison of Festuca arundinacea cv. Tomahawk characteristics under Pb contamination

Root Length Shoot Fresh Shoot Dry RY (g pot?) Relative Proline (mgg Soluble Leaf Nitrogen
(cm) Weight (g) Weight (g) Water Content 1FW) Sugars (mgg*  Concentration (%)
(%) FW)
Pbo 26.16a+183 6.83a+031 246a+021 1067ax0.1 39.62a+3.33 14.72b % 35.25b +0.83 1.33a+0.1
1.85
Pb1 30a+282 5.89b+0.41 1.68b+0.2 0.73b+£0.11 353b+259 20.3a+397 37.56b+1.62 1.18b+0.14
Pb2 31.83b+278 568b+062 137c+0.26 059c¢+0.08 3338b+3.03 18.61a+x23 41.33a%3.05 1.14b+0.14

Wl (6510 Sre BMS pal O pide By Sy JBlas (5110 (s Sl adiimd S5 0,5 9lS 15 0,5 Lo Aes g Bee o L 10 Oy Wl pid sk Goipd i o 54 PD2 4 Pb1 PPO
PbO, Pb1, Pb3 and Pb4 indicate the lead nitrate levels at concentrations of 0, 500 and 800 mg kg* soil, respectively. The means of at least one letter in common do not differ significantly.
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Table 6. Mean comparison of Festuca arundinacea cv. Tomahawk characteristics under Pb contamination and P. indica

Pb
Pb
Root Root  Chlorophyll  Chlorophyll Leaf Root Concentr .
Fresh Dry a(mgg? b (mgg? Phosphorus Phosphorus ation in %?Ir}f]eg%g? MEot(_T;g M?)t(_?;g TE
Weigh  Weigh fw) fw) Concentration Concentration Leaf (mg (mg kg ) P P
te  t© (%) (%) ko) 9K
obo a9 376e  664ar  198ax  059ck  0d9cdx o oo 3708c 65lex 093ax
0 8_5 +0.14 0.42 0.26 0.009 0.02 - - +5.28 0.85 0.17
P. indica - 129.24
Pb1 244c 43de 3.46 bx 1.04b 058 ¢ +001 0.47 de = 82.88b+ 17211d# b + 738.95d 0.48b £
+248 0381 1.33 0.33 ' - 0.003 7.34 5.05 o4 23 +131.66 0.04
5.07 159.92 1286.06
Pb2 b3f'§37 cd+ 3.48b+09 0'3912 * 0'68602" * 04401002 1£7é2$8a 2531'55’4b s ct 0'3602 *
- 0.5 ' ' - ' 22.47 136.07 '
PbO 3§.}L9 59c+ 6.83a % 1.509 ab + 063b +0.03 0.69a+ 15.66d 17.33e+ 4081c 1024e+ 091laz
1 6_7 0.17 0.74 0.14 ' - 0.007 +2.08 2.3 +4.62 15.42 0.19
p.ndica o ‘0%° 88lb  622ax  126bx 0692001 0sehx  2666ck 23366ck 4858c oo Ollck
+ 109 ¢ 0.24 0.18 0.43 0.009 3.51 9.5 +6.97 112.19 0.017
4425 1026 gezay  149ap+ 0.53 b + 31177a+ 4167c 20104 gogcs
Pb2 ax ax 0.89 01 0.7a+0.03 0.03 30c+1l 453 +10.94 at 0.003
2.36 1.16 ) ) ) ) T 386.77 )

30 pSsheo Ave g Boe yhuo gLCale ;0 Oy Wl i gl (goudds i i ya P2 ¢ Pb1 . PbO 4 Piriphormosporaindica g6 Jjab 9 &iale pus goninsslis P. indica+ 4 P. indica —

I (513 hxe NS v b o e By Sy JBlas g1 slapSiles i S5 o ,F oS

P. indica —and P. indica+ indicate non inoculation and inoculation with Piriphormospora indica and Pb0, Pb1, Pb3 and Pb4 indicate the lead nitrate levels at concentrations of 0, 500 and 800 mg kg

soil, respectively. The means of at least one letter in common do not differ significantly
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Abstract

Microbial inoculation is effective in improving plant growth and tolerance to environmental stresses,
and green refinement of contaminated soils with heavy metals. This study was carried out in order to
evaluate the effect of Piriformospora indica inoculation on phytoremediation of lead by tall fescue
(Festuca arundinacea cv. Tomahawk) at different levels of Pb contamination. It was performed in pot
experiment as factorial based on randomized complete block design with three replications which the
experimental factors included inoculation, and non-inoculation with P. indica, and Pb contamination (0,
500, and 800 mg kg of soil). Pb contamination at levels of 500 and 800 mg kg™ of soil caused a decrease
of 31.46% and 43.98% of shoot dry weight, 31.2% and 44.32% of relative yield, 10.89%, and 15.74%
of leaf relative water content, 47.8%, and 47.55% of chlorophyll a, 47.41%, and 50.22% of chlorophyll
b, 5.22%, and 11.64% of root phosphorus content, 11.44%, and 14.47% leaf nitrogen content, and
increase of 27.49% and 20.89% of leaf proline and 6.13% and 14.71% of leaf soluble sugars
respectively. P. indica inoculation in compared with non- inoculation in Pb contamination at both 500
and 800 mg kg* of soil by increasing the accumulation of 26.34% and 18.67% Pb in roots as well as
increasing the 64.13% and 59.83% root metal extraction caused an increase of 40.22% and 18.12% of
root fresh and 51.22% and 50.59% dry weight, 44.32% and 40.72% of chlorophyll a and 16.98% and
33.95% of chlorophyll b content, 15.71% and 17.6% of root phosphorus concentration and 16.21% and
13.92% of shoot phosphorus concentration, respectively. It is inferred that microbial inoculation with P.
indica increases the accumulation of Pb in the roots of Festuca arundinacea and it is suggested that P.
indica-inoculated Festuca arundinacea cv. Tomahawk can be used as biologically useful approach in
phytoremediation of Pb-contaminated soils.

Key words: Heavy metals, Transfer factor, Leaf relative water content, Compatible solutions

Mirzaei Mashhood M., Rezapour Fard J., Barin M., Alipour H. and Jabbarzadeh Z. 2024. Consequences of
endophytic fungus Piriformospora indica inoculation on phytoremediation of lead by tall fescue (Festuca
arundinacea cv. Tomahawk). Applied Soil Research, 11(4): 43-62.

- Ph.D. Student, Department of Horticultural Sciene, Faculty of Agriculture, Urmia University

- Assistant Professor, Department of Horticultural Sciene, Faculty of Agriculture, Urmia University, Corresponding Author
- Associate Professor, Department of Soil Sciene, Faculty of Agriculture, Urmia University

- Associate Professor, Department of Plant Production and Genetic, Faculty of Agriculture, Urmia University

- Associate Professor, Department of Horticultural Sciene, Faculty of Agriculture, Urmia University

Corresponding Author Email: j.rezapourfard@urmia.ac.ir

OB WN -

Y


mailto:j.rezapourfard@urmia.ac.ir

