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Abstract

Heavy metal stress is one of the most important factors limiting the growth and yield of
plants in many parts of the world. As a mycorrhizal endophytic fungus, Serendipita
indica stimulates the growth of many plant species and increases resistance to biotic and
abiotic stresses. In this research, the combined effect of S. indica endophytic fungus and
nickel nitrate (control, 50, 100, and 200 mg/L) on chicory germination has been
investigated according to a factorial experiment based on completely randomized design
(CRD) with 3 replications. The results showed that the interaction effect of nickel
nitrate and fungus was significant for the percentage and rate of germination, root
length, shoot length, fresh and dry weight of seedlings, and chlorophyll. Also, the
results showed that the main effect of nickel nitrate was significant for phenol, proline,
and antioxidant enzymes, whereas the amounts of phenol, proline, catalase, and
peroxidase increased by 40, 35, 33 and 42%, respectively, at the level of 50 mg/L of
nickel nitrate compared to the control. Based on the results, treatment with the
endophytic fungus increased traits such as germination percentage and rate, root and
shoot length, seedling fresh and dry weight, and chlorophyll and reduced the negative
effects of nickel nitrate in these traits. On the other hand, nickel nitrate treatment
increased the content of total phenol, proline, and antioxidant enzymes. Therefore, it
seems that the use of symbiotic endophyte fungus can be considered a suitable solution
to reduce the negative effects of heavy metals.

Introduction

Heavy metals are frequently encountered contaminants in diverse soils and their
presence can have adverse impacts on crop yields and agricultural production, thereby
jeopardizing the sustainability of farming practices. The unprincipled disposal of
sewage sludge and industrial effluents in farming fields has also given rise to nickel
(Ni) accumulation in soils used for vegetable production and irrigated with untreated
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wastewater. Ni can thus harm some tissues; it is further suspected of being responsible
for some types of cancer. Several reclamation techniques are available to address the
life-threatening issues arising from potentially Ni-contaminated soils. One promising
and environmentally friendly alternative is harnessing beneficial root-colonizing
microbes. As a mycorrhizal endophytic fungus, Serendipita indica stimulates the
growth of many plant species and increases resistance to biotic and abiotic stresses. This
approach holds potential for the sustainable development of agriculture systems,
offering a cost-effective way to enhance plant growth and increase the tolerance of
crops to Ni stress. The present study was conducted to examine the possible protective
role of S. indica inoculation under Ni toxicity in chicory germination.

Material and Methods

In this research, the combined effect of S. indica endophytic fungus and nickel nitrate
(control, 50, 100, and 200 mg/L) on chicory germination has been investigated
according to a factorial experiment based on completely randomized design (CRD) with
3 replications. The first chicory seeds were treated with 5.0% sodium hypochlorite for 5
min and then with 70.0% ethanol for 30 s for surface sterilization. Then, they were
washed three times with distilled water. Spore extract was added to the Petri dishes for
inoculation, except for the control treatments without S. indica. In total, 30 seeds of
chicory were used for each Ni nitrate [Ni(NO3)?] stress treatment (50, 100, and 200
mg/L) and were placed in Petri dishes containing two layers of Whatman No 2.0 filter
paper moistened with 10 mL of solutions or distilled water as the control. The stock
solutions of Ni nitrate were further prepared in distilled water at the desired
concentrations and diluted with distilled water to obtain suitable concentrations.
Double-distilled water was applied as the control treatment. The Petri dishes were then
located in a germinator with a temperature of 25 °C and a 16/8 h light/dark cycle. The
measured traits also included percentage and rate of germination, seedling's fresh and
dry weights, shoot length, root length, proline, phenol content, catalase, and peroxidase.
The obtained data were analyzed using SPSS statistical software. Mean comparisons
were conducted using Duncan's multiple range test at a significant level of 1%.

Results and Discussion

The results showed that the interaction effect of nickel nitrate and fungus was
significant for the percentage and rate of germination, root length and shoot length, dry
weight of seedlings, and chlorophyll a and -b. The impact of Ni and S. indica on seed
germination and early stage of plant growth was measured. It was observed that Ni
treatment decreases the percentage and rate of germination. In treatments of Ni without
fungal spore at 50, 100, and 200 mg/L a reduced seed germination rate. While
inoculation of fungal spores (Si+Ni) increased seed germination compared with the
control ones. As shown, S. indica inoculation augmented the seedlings' fresh and dry
weight compared to non-inoculated plants. Exposure of chicory plants to 200 mg/L Ni
resulted in a marked decrease in seedling's fresh and dry weight compared to control
plants. The toxic effect of Ni on biomass was significantly mitigated by S. indica. The
root length and shoot height were significantly decreased by the supply of Ni. Under Ni
stress, root length, and shoot height were significantly enhanced due to the presence of
S. indica. Also, the results showed that the main effect of nickel nitrate was significant
for phenol, proline, and antioxidant enzymes, whereas the amounts of phenol, proline,
catalase, and peroxidase increased by 40, 35, 33 and 42%, respectively, at the level of
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50 mg/L of nickel nitrate compared to the control. Based on the results, treatment with
the endophytic fungus increased traits such as germination percentage and rate, root and
shoot length, seedling fresh and dry weight, and chlorophyll and reduced the negative
effects of nickel nitrate in these traits. On the other hand, nickel nitrate treatment
increased the content of total phenol, proline, and antioxidant enzymes.

Conclusion

This study revealed that S. indica treatment significantly and positively enhanced most
measured traits and improved the growth performance of chicory seedlings under Ni
toxicity stress. The results of this study confirm that the use of symbiotic endophyte
fungus can be considered a suitable solution to reduce the negative effects of heavy
metals.

Keywords: Antioxidant activity, Chicory, Endophytic fungus, Germination.
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Table 1- Variance analysis for effect of nickel nitrate and S. indica inoculation on germination percentage and rate,

root and shoot length

Sources of variation DF (;?rrzlel;l?:g(;n Gerr?;leatlon Shoot length Root length
Fungus S. indica (F) 1 7.2" 3.21" 1.5" 22"
Nickel nitrate (N) 25.6™ 48" 16.6™ 5.64™
FxN 3 5.6™ 15.3™ 7.3" 3.15™
Error 16 0.023 3.6 0.051 0.011
Coefficient of variation - 5.98 10.46 6.98 8.07
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** and ™: significance at 1% probability level and non-significance, respectively.
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Figure 1- Mean comparison for effect of nickel nitrate and S. indica inoculation on (A) germination percentage,

(B) germination rate, (C) shoot length, and (D) root length
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Figure 2- Mean comparison for effect of nickel nitrate and S. indica inoculation on (A) seedling dry weight, (B)
seedling fresh weight, (C) chlorophyll a and (D) chlorophyll b
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Table 2- Mean comparison for effect of nickel nitrate and S. indica inoculation on germination percentage,

germination rate, root and shoot length

S. indica Nickel nitrate(mg/L) pSri:r?tI:ga:?%) ratfe(g;l;gz}ﬁtr) Sho?;f)ngth Ro(zi rl?gth
0 91.2+0.91° 0.061+0.0007% 5.64+0.0564° 11.65+0.117°
Non-inoculated 50 80.4+1.61¢ 0.052+0.0010° 3.41£0.0682¢ 8.70+0.174°¢
100 64.5+1.94" 0.041+0.0014< 2.54+0.0762°¢ 5.50+0.165
200 52.1+£0.52¢ 0.038+0.0005% 1.1940.0119° 4.204+0.042°
0 98.3+£1.97* 0.065+0.0014* 6.30+£0.1260* 13.20+0.264*
50 87.5+2.63¢ 0.056+0.0017° 4.50+0.1350°¢ 11.90+0.357°
Inoculated
100 73.2+1.46° 0.048+0.0011°¢ 3.70+0.0740¢ 9.70+0.194°¢
200 61.5£0.61° 0.043+0.0005¢ 3.10+£0.0310% 6.37+0.064¢

L 5l e 5l ) e a3 (5T Blod 511 oplie o 0 g2 85 53 487 gla o SoLs

Means that have the same letters in a column are not statistically significant at the 1% probability level.
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Table 3- Variance analysis for effect of nickel nitrate and S. indica inoculation on seedling dry and fresh weizhltnstzgfiz
chlorophyll a and b.
Sources of variation DF seed:irelig;htt“resh seeiiiei:rilglsltdry Chlorophyll a Chlorophyll b
Fungus S. indica (F) 1 3.52" 1.5" 436" 3.95™
Nickel nitrate (N) 3 5.87" 432" 2.12™ 5217
FxN 3 7.66™ 2.51™ 53" 7.22™
Error 16 0.091 0.001 0.031 0.049
Coefficient of variation - 8.99 517 8.62 7.21

%

Ll I3 e Dl ke 5 oy ) J\A}‘clﬂd)}é)‘l&ﬂ\ﬂ:jﬂn.sﬁ

ns, **: Significance is at the 1% probability level and non-significance , respectively

b}a&}ﬁnggﬁﬁ&}jl)}}ﬁsinﬁca G)@)J@Q‘k&\jug‘;lﬁwu&—f d}b

Table 4- Mean comparison for effect of nickel nitrate and S. indica inoculation on seedling dry and fresh weights and
chlorophyll a and b.

S indica Nickel seedlings fresh seedlings dry Chlorophyll a Chlorophyll b
) nitrate (mg/L) weight (g) weight (g) (mg/g FW) (mg/g FW)
Non-inoculated 0 1.32+0.0118° 0.98+0.0097* 1.78+0.0119° 1.63£0.011°
50 1.11+0.0112¢ 0.87+0.0089° 1.68+0.009¢ 1.58+0.0014¢
100 0.93+0.0078¢ 0.56+0.0054°¢ 1.37+0.0012¢ 1.24+0.0032¢
200 0.76+0.0065¢ 0.34+0.0031°¢ 1.22+0.0089° 0.98+0.0027¢
Inoculated 0 1.7540.0061* 1.054+0.0091* 1.9840.0017* 1.7740.0031*
50 1.38+0.0101° 0.92+0.0088 1.75+0.0019° 1.62+0.0023¢
100 1.17+0.0091¢ 0.62+0.0059¢ 1.52+0.0027¢ 1.38+0.0031¢
200 0.98+0.007¢ 0.45+0.0029¢ 1.32+0.0024¢ 1.194+0.0094

L 5l me sl ) Sl a3 (5T Blod 511 oplie om0 g2 85 53 457 gla o SiLs

Means that have the same letters in a column are not statistically significant at the 1% probability level.
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Table 5- Variance analysis for effect of nickel nitrate and S. indica inoculation on antioxidant enzymes, proline and

phenol content.

Sources of variation DF Total phenol Proline Catalase Peroxidase
Fungus S. indica (F) 1 0.0137™ 0.001™ 0.0079™ 0.046™
Nickel nitrate (N) 3 0.135" 221" 0.842™ 0.375™
FxN 3 0.002" 0.005™ 0.048" 0.0057"
Error 16 0.05 0.07 0.025 0.022
Coefficient of variation - 11.46 8.72 6.41 8.60

.Lwlkg)b\_;'”;;}LEH:«,wJ;\Jw,lch..u):kg)b\_;'”,“;;@n.sj

o

ns, **: Significance is at the 1% probability level and non-significance , respectively

ST ST o 5T 5 U5 s U5 Ol 36 o80le aslie 5 st
Table 6- Mean comparison for effect of nickel nitrate on antioxidant enzymes, proline and phenol content.

Nickel Total phenol Proline Catalase Peroxidase
nitrate (mg/L) (mg/g FW) (mg/g FW) (U/mg protein) (U/mg protein)
0 0.94+0.018¢ 0.54+0.005¢ 0.272+0.0027¢ 0.447+0.0045¢
50 1.32+0.049¢ 0.73+£0.015° 0.363+0.0073¢ 0.636+0.0127°
100 1.65£0.071° 0.81+0.024° 0.512+0.0154° 0.786+0.0236°
200 1.78+0.026* 1.17+0.012* 0.867+0.0087* 0.939+0.0094*

L 513 gan plis 1) e a3 5T Blowd 5151 prlie U3 0 g2 0S5 53 887 5 la o oL

Means that have the same letters in a column are not statistically significant at the 1% probability level.
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Figure 3- Mean comparison for effect of nickel nitrate on (A) phenol content, (B) proline, (C) catalase and

(D) peroxidase

oS Clbloes 31 S s, .(Hong, 2000)

S sl palS 55 0T il ol 5 ol slie
OLalS 55 s i DA danalil ayls i
Sl Ll JSG 3k lacble bl Cow
oo U il 51 oLE (6,6 5l (1o, 81,
Jale J 5 s 5 68 s o i a5 JSS
GLadisly godiS Crgyla ol (g0 S slows
053 55 pn ¢ oDy st (_;LAVJ“J'JT Lodloes o515T
30550 Bdlon (T ey A2 6l 25 s
oS = GRlST iy e sl 6551 0 e
sl il S (Rodriguez et al., 2007) 4sl
e Sl 3L 5 sle &7 Wlesls DL (g3daze
2> s e e S 5 p gpelS e |
Mir et al, 2019; )ss—i o ol_al:f
L /< 25 (Tagharobiyan et al., 2016
548 sl | s iy 5 OT Gl talS”

) b SBES I ool T 2alS (gl

o9
oS s Olee 1 S Sl s ol 5L
05 S VIV s Sl gome o i sl OLES
Ao S e b (505505 2
d‘r:‘;ﬁﬁ*-{w-*’ﬁ*‘“@‘”ﬁd-if“‘f:‘
S 33 (5 055 0,5 o8 en 10F) s
Ol s p S e Yo 510 @0 o
Cl 035 L NVE 500 FO Ll s 5 IS
Lyl sy a8 ege SLS 51 S S2)
548l 23 OLALS 1 (65l 53 25 4 fely
Al GPle 5T s pes b olS
L;jl_w‘):i}.}ﬂthQ‘)J_:Ay;Lg)Lwoﬁd-s

MJ&.\JB‘MJ;‘JJ)J‘)J}:-Q)UL&&‘}@



V.4 L 5 4 poleka 1 a5/ L3t cou Serendipita indica GoB Lo b 2l ) Sial sl sSTB s s

4 25 53 | g Ol giodm o2 5 0595
SV pmms d A ST 055 ds SIS
Xu et al, ) A4S s osliwl (OT 5 05uST)
23 e OlnST 5T 0 55T ¢SS 5YBIS.(2009
J =S 55 aS Cwl Olals elss 8 550w
s 3 3,15 sag i 35S T Il slaws S
T S s seS) T RalS
Sl ST GBI b 2131 o o S
o oo OS50 Gl ST,
oS 55 55 e Jobe &5 a5 05skn ST
NI PN PR COVRCH s JUE RN R
Sl 3l ST 5 SV lae 5T
S, ((Garnczarska & Ratajczak, 2000
H0; 45" Lis oge L;La(..i;.;T 95 2 V6K
J5S 50 5 T a0 03,5 UK ol 511 g3l

.(Moller et al., 2007) A4S oo 4 25 O30S |

Clelonds
S. indica s,y S sls Lis bl iasiy
5o adex 5l G5al e sl sST6 s s o
) IS D A s e e
Sl Ll g o35 a9 4 S A (Ao )3 A 5 A
G,t_;gﬁ,t_fp.m;u:.i\p\\,agfu,,cgf
Sho 3 Yer gFer s9u > alS S, indica
o JSG i s ety 5 e dla dp b
S5 O b Sl iy o3 Vo sgds ialS
e D13t Sl il g S, indica 6\ il
AU pslie s 2alST 1, IS8 &l 25 5l st
an D150 alS (6l LB s LS e
Yoo gV el gl s P SO O

o | Syl B g e (ol el
A Ol 2l 5 ad Sy STl Lad>
das o il 1y S3al e Ao s 5 Sy ol
5 p=oeen (Thakur & Sharma, 2016)
248 0ls (S350 ST 3 i 4 e
23 s A e il sl O e Coly
o N 3555 LS 53 50 5 S A
ST Al s Jlod 5 T Cand s #3s

.(Shahid et al., 2014) 1 Sla.S'|

Ols™ T Slay 3T
Sl 3T 6l (O Jsdr) il )ls 4 25 ol
O osle L5 Lais sls Ol 1S 5 SYBIS
o3l 51 S aeglin gl s Sl e S
Cdlad o i Lsls Ol (F Jautr) S Ol 2
D_fdtf 3 Aty AP VUK (slags 5T
D_fd\,e,; A1y /A%¥4) GlAuSTT 5 (i
38 e Yo Sl an b e (5
Ol jr S o ol 03 5SS D
5 (s m D_?GL_.,. 53 Iy /YY) YUK
L (o5 S hon 53 Aty /FFY) 5luST
CJlad Sldie .l 03 9 ls dald Hlas 7
53 ST 5 YUK Slaust T 6uﬁj~sT
ST RN (UL O TR T o
Gl LYY gAY 5 5 s S O
S s (6l ez 3 YV 5 VE FY 5 YU
(F USCa) sl ol ol el oy, 8 4
Sl u:.,aj;_ugjl,\:mﬂﬁjﬂu&duﬁﬂ
2T Sl Gl 1 S Ol R S
odas Ol sieany o ) 4S5y 055,54 GBS



VY Sl qenin s obmy ol 85l oms 5l Jlo ( aLE a5 p ke

AR

2 S T PN LR KON PR W+ SO W
b e Sl ST JralS 5 Siale sla, gSTI

.;,&af,&;)aai;»u)u;\

References

Abdolrahmani, B., Ghassemi-Golezani,
K.,Valizadeh, M., Feizi-Asl, V., &
Tvakoli, A. (2010) Effects of seed
priming on seed vigor and grain yield of
barley (Hordeum vulgare L. cv. Abidar)
in rainfed conditions. /ranian Journal of
Crop Sciences, 11 (4), 337-352.
[In Persian]. https://doi: 20.1001.1.
15625540.1388.11.4.2.8

Ahmad, N. (2009) Alloxan diabetes-
induced oxidative stress and impairment
of oxidative defense system in rat brain:
neuroprotective effects of Cichorium
intybus.  International  Journal of
Diabetes and Metabolism, 17, 105-109.
https://doi.org/10.1159/000497681

Ahvazi, M., Rezvani Aghdam, A., &
Habibi Khaniani, B. (2010) Seed of
medical plants (morphology, physiology
and medicinal properties). Vol 1. Jahad
Daneshgahi Press. 228. [In Persian].

Alloway, B, J. (2010) Heavy metals in soil
(Third edition), John Wiley and Sons,
Inc, New York, USA.

Arnon, D. 1. (1949) Copper enzymes in
isolated chloroplasts,
polyphenoloxidase in Beta vulgaris.
Plant Physiology, 24, 1-15.
https://doi.org/10.1104/pp.24.1.1

Azizollahi, Z., Ghaderian, S. M., & Ghotbi-
Ravandi, A. A. (2019) Cadmium
accumulation and its effects on
physiological and biochemical
characters of summer savory (Satureja
hortensis L.). International Journal of
Phytoremediation, 21(12), 1241-1253.
https://doi.org/10.1080/15226514.2019.
1619163

Baccouch, S., Chaoui, A., & El Ferjani, E.
(2001) Nickel toxicity induces oxidative

PYSFE XYY s i s e S e
o )3 OY JVE XV OY @ b IS ¢l o s ys
A3ls 0L L 6 sazme )2 syb Jby IS 6l
slag ol ile i 6“(-*;56)‘};:*‘ >l

damage in zea mays roots. Journal of
Plant  Nutrition, 24(7), 1085-1097.
https://doi.org/10.1081/PLN-100103805

Bafeel, S. (2010) Physiological and
biochemical aspects of tolerance in
Lepidium  sativum (cress) to lead
toxicity. Catrina, Egyptian Society for
Environmental Sciences, 5(1), 1-7.

Bates, L., Waldren, R. P., & Teare, 1. D.
(1973) Rapid determination of free

proline for water-stress studies. Plant
and Soil, 39, 205-207.

Bergmeyer, H. U. (1970) Methods of
enzymatic analysis. Academic Verlag,
Berlin, Germany.

Cempel, M., & Nikel, G. (2006) Nickel:
A review of its sources and
environmental  toxicology.  Polish

Journal of Environmental Studies,
15(3), 375-382.

Chakarawet, K., Harris, T. D., & Long, J.
R. (2020) Semiquinone radical-bridged
M. (M= Fe, Co, Ni) complexes with
strong magnetic exchange giving rise to
slow magnetic relaxation. Chemical
Science, 11(31), 8196-8203.
https://doi.org/ 10.1039/ DOSC03078C

Chen, C., Huang, D., & Liu, J. (2009)
Functions and toxicity of nickel in
plants: recent advances and future
prospects.  Clean—Soil, Air, Water,
37(5), 304-313.
https://doi.org/10.1002/clen. 200800199

Chu, Y. H.,, Chang, C. L., & Hsu, H. F.
(2000) Flavonoid contents of several
vegetables and their antioxidant
activity. Journal of Agriculture and
Food Science, 80, 561-566.
https://doi.org/ 10.1002/(SICI)1097-
0010(200004)80: 5<561


https://doi.org/10.1159/000497681
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1081/PLN-100103805
https://doi.org/
https://doi.org/10.1002/clen
https://doi.org/

1 L 5 4 poleka 1 a5/ L3t cou Serendipita indica GAB L ods il S8 55 G4l sl sSTE 3 s

Eftekhari, M., Alizadeh, M., & Ebrahimi, P.
(2012) Evaluation of the total phenolics
and quercetin content of foliage in
mycorrhizal grape (Vitis vinifera L.)
varieties and effect of postharvest
drying on quercetin yield. Industrial
Crops and Products, 38, 160-165.
https://doi.org/ 10.1016/j.indcrop.2012.
01.022

Eskandari, B. S., Ghaderian, S. M,
Ghasemi, R., & Schat, H. (2017)
Optimization of seed germination in an
Iranian serpentine endemic, Fortuynia
Garcinii Flora, 231, 38-42.
https://doi.org/10.1016/j.flora.2017.04.0
05

Farooqi, Z. R., Zafar Igbal, M., Kabir, M.,
& Shafig, M. (2009) Toxic effects of
Lead and Cadmium on germination and
seedling growth of Albizia kebbeck (L.)
Benth. Pakistan Journal of Botany,
41(1),27-33.

Fatemeh, G., Reza, H., Rashid, J., & Latifeh,
P. (2012) Effects of Ni** toxicity on Hill
reaction and membrane functionality in

maize. Journal of Stress Physiology and
Biochemistry, 8(4), 55-61.

Fuentes, D., Disante, K. B., Valdecantos,
A., Cortina, J., & Vallejo, V. R. (2006)
Response of Pinus halepensis Mill.
seedlings to biosolids enriched with
Cu, Ni and Zn in three mediterranean
forest soils. Environmental Pollution,
145 (1), 316-323. https://doi.org/
10.1016/ j.envpol.2006.03.005

Garnczarska, M., & Ratajczak, L. (2000)
Metabolic responses of Lemna minor to
lead ions, II. Induction of antioxidant

enzymes in roots. Acta Physiologiae
Plantarum, 22, 429-432.

Ghabooli, M., Khatabi, B., Ahmadi, F. S.,
Sepehri, M., Mirzaei, M., Amirkhani,
A., & Salekdeh, G. H. (2013)
Proteomics study reveals the molecular
mechanisms underlying water stress
tolerance induced by Piriformospora
indica in barley. Journal of Proteomics,
94, 289-301. https://doi.org/
10.1016/jjprot. 2013.09.017

Golestani kian, S., Movahedi, Z., Ghabooli,
M., & Mohsenifard, E. (2021) Effect of
using  Piriformospora indica and
cadmium on some morphophysiological
traits and concentration of nutrients of
tomato in aeroponic system.
Horticultural Plants Nutrition, 4(1), 47-
60. [In Persian]. https://doi.org/
10.22070/ HPN.2021.5319.1086

Hartley, S. E., & Gange, A. C. (2009)
Impacts of plant symbiotic fungi on
insect herbivores, mutualism in a
multitrophic context. Annual Review of
Entomology, 54, 323-342.
https://doi.org/10.1146/annurev.ento.54.
110807.090614

He, Y., Yang, Z., Li, M., Jiang, M., Li, T.,
& Zaho, Z. (2017) Effects of a dark
septate endophyte (DSE) on growth,
cadmium content, and physiology in
maize  under  cadmium stress.

Environmental Science and Pollution
Research, 24(2), 119.

Hong, Z. (2000) Removal of feedback
inhibition of delta (1)- pyrroline-5-
carboxylate  syntheses results in
increased proline accumulation and
protection of plants from osmotic stress.
Plant  Physiology, 122, 1129-1136.
https://doi.org/10.1104/pp.122.4.1129

Hui, F., Liu, J., GAO, P., & Lou, B. (2015)
Priformospora indica confers cadmium
tolerance in  Nicotiana  tabacum.
Journal of Environmental Science, 37,
184-191. https://doi.org/10.1016/
j.jes.2015. 06.005

Izadi, F., Ghabooli, M., Rostami, M., &
Movahedi, Z. (2021) Evaluation of
fungus Piriformospora indica effects on
some morphophysiological traits of
radish under Heavy Metal Stress.
Journal of Agricultural Science and
Sustainable Production, 31(3), 117-129.
[In Persian]. https://doi.org/10.22034/
saps.2021.13694

John, R., Ahmad, P., Gadgil, K., & Sharma,
S. (2009) Heavy metal toxicity: effect
on plant  growth,  biochemical
parameters and metal accumulation by


https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://doi.org/
https://doi.org/10.1016/j.flora.2017.04.005
https://doi.org/10.1016/j.flora.2017.04.005
https://doi.org/%2010.1016/
https://doi.org/%2010.1016/
https://doi.org/%2010.1016/j.jprot
https://doi.org/%2010.1016/j.jprot
https://doi.org/
https://doi.org/10.1016/
https://doi.org/10.22034/

VY Sl qenin s obmy ol 85l oms 5l Jlo ( aLE a5 p ke

VY

Brassica  juncea L. International
Journal of Plant Production, 3 (3), 65-
75.  https://doi.org/  10.22069/ijpp.
2012.653

Kabir, M., Igbal, M. Z., Shafiq, M., &
Farooqi, Z. R. (2008) Reduction in
germination and seedling growth of
Thespesia populnea L., caused by lead
and cadmium treatments. Pakistan
Journal of Botany, 40(6), 2419-2426.

Kreis, W. & Reinhard, E. (1989) The
production of secondary metabolites by
plant cells cultivated in bioreactors.
Planta Medica, 55, 409-416.
https://doi.org/ 10.1055/s-2006-962054

Lashkari Sanami, N., Ghorbani, J., Hodjati,
S. M., Vahabzadeh Kebria, G., &
Motesharezadeh, B. (2022) Seed
germination of plants grown in coal
mine wastes in response to copper, lead,
and cadmium stress. Environmental
Sciences, 20(1), 179-198. [In Persian].
https://doi.org/10.52547/envs.2021.1041

Mahmoodi, N., Movahedi, Z., & Ghabooli,
M. (2023) Impact of Piriformospora
indica on various characteristics of
tomatoes during nickel nitrate stress
under aeroponic and greenhouse
conditions. Frontiers in Microbiology,
13, 1-12. https://doi.org/10.3389/fmicb.
2022.1091036

Manio, T., Stentiford, E. 1., & Millner, P.
A. (2003) The effect of heavy metals
accumulation on the chlorophyll
concentration of Typha latifolia plants,
growing in substrate containing sewage
sludge compost and watered with
metaliferus water. Ecological
Engineering, 20, 65-74. https://doi.org/
10.1016/S0925-8574(03)00004-1

Mehri, M., Ghabooli, M., & Movahedi, Z.
(2023) Contribution of Serendipita
indica on growth improvement,
antioxidative capacity of
Dracocephalum  kotschyi, and its
resistance against cadmium = stress.
International Microbiology, 26(4), 821-
831.  https://doi.org/10.1007/s10123-
023-00339-z.

Mir, M., Talei, D., & Rafiei, F. (2019)
Morpho-physiological responses of
purslane (Portulaca oleracea L.) to
humic acid under Nickle stress.
Horticultural Plants Nutrition, 2(1),
1-20. [In Persian]. https://doi.org/
10.22070/hpn.2019.4522.1028

Mishra, A., & Choudhuri, M. A. (1997)
Differential effect of Pb*" and Hg?" on
inhibition of germination of seed of two

rice cultivars. Indian Journal of Plant
Physiology, 291, 41-44.

Moller, I. M., Jensen, P. E., & Hansson, A.
(2007) Oxidative modifications to
cellular components in plants. Annual
Review of Plant Biology, 58, 459-481.
https://doi.org/10.1146/annurev.arplant.
58.032806.103946

Moridian Pirdosti, K. M., Movahedi, Z., &
Rostami, M. (2022) Effects of different
concentrations of heavy  metals
application on germination indices of
radish. Journal of Seed Research, 12
(2), 14-23. [In Persian]. https://doi.org/
10.30495/j51.2023.1961387.1244

Nakano, Y., & Asada, K. (1981) Hydrogen
peroxide is scavenged by ascorbate-
specific ~ peroxidase in  spinach
chloroplasts. Plant and Cell Physiology,
22, 867-880. https://doi.org/10.1093/
oxfordjournals.pcp.a076232

Pandey, P., & Tripathi, A. K. (2011) Effect
of heavy metals on morphological and
biochemical characteristics of Albizia
procera benth seedlings. International

Journal of Environmental Sciences,
1(5), 1009-1018.

Parida, B. K., Chhiba, I. M., & Nayyar, V.
K. (2003) Influence of nickel
contaminated soils on fenugreek
(Trigunella corniculata L.) growth and

mineral composition. Scientia
Horticulturae, 98, 113-119.
https://doi.org/ 10.1016/S0304-

4238(02)00208-X

Pegon, Y. (1985) Direct determination of
arsenic in  blood serum by
clectrothermal  atomic  absorption
spectrometry. Analytica Chimica Acta,


https://doi.org/
https://doi.org/10.3389/fmicb
https://doi.org/
https://doi.org/10.1093/

1y L 5 4 poleka 1 a5/ L3t cou Serendipita indica GAB L ods il S8 55 G4l sl sSTE 3 s

172, 147-156. https://doi.org/10.1016/
S0003-2670(00) 82602-1

Qiang, X., Weiss, M., Kogel, K. H., &
Schafer, P. (2011) Piriformospora
indica a mutualistic basidiomycete with
an exceptionally large plant host range.
Molecular Plant Pathology, 13(5),
508-518. https://doi.org/10.1111/j.1364-
3703.2011.00764.x

Radha, J., Srivastava, S., Solomon, S.,
Shrivastava, A. K., & Chandra, A.
(2010) Impact of excess zinc on growth
parameters, cell division, nutrient
accumulation, photosynthetic pigments
and oxidative stress of sugarcane
(Saccharum spp.). Acta Physiologiae
Plantarum, 32(5), 979- 986.

Ranal, M. A., & De Santana, D. G. (2006)
How and why to measure the
germination process? Brazilian Journal
of Botany, 29(1), 1-11. https://doi.org/
10.1590/S0100-84042006000100002

Rodriguez, M. C., Barsanti, L., Passarelli,
V., Evangelista, V., Conforti, V., &
Gualtieri, P. (2007) Effects of
chromium on photosynthetic and
photoreceptive apparatus of the alga
Chlamydomonas reinhardtii.
Environmental Research, 105 (2), 234-
239. https://doi.org/ 10.1016/j.envres.
2007.01.011

Rubio, C., Lucas, J. R. D., Gutiérrez, A. J.,
Glez-Weller, D., Pérez Marrero, B.,
Caballero, J. M., Revert, C., &
Hardisson, A. (2012) Evaluation of
metal concentrations in mentha herbal
teas (Mentha piperita L. Mentha
pulegium L and Mentha species) by
inductively coupled plasma
spectrometry. Journal of
Pharmaceutical and  Biomedical
Analysis, 71, 11-17. https://doi.org/
10.1016/j.jpba.2012.07.015

Sakhai, F., Movahedi, Z., Ghabooli, M., &
Mohseni Fard, E. (2021) Effect of
Piriformospora indica inoculation on
some morphophysiological traits of
fenugreek under cadmium stress.
Iranian Journal of Seed Science and

Technology, 10(1), 123-140. [In
Persian].  https://doi.org/  10.22092/
1jsst.2020.128428.1307

Saleem, S., Sekara, A., & Pokluda, R.

(2022). Serendipita indica-A Review
from Agricultural Point of View.
Plants, 11(24), 3417.
https://doi.org/10.3390/ plants11243417

Schutzendubel, A, Schwanz, P.,

Teichmann, T., Gross, K., Langenfeld,
R., Douglas, L., & Polle, A. (2001)
Cadmium-induced changes in
antioxidative systems, hydrogen
peroxide content, and differentiation in
Scots pine roots. Plant Physiology, 127,
887-898.  https://doi.org/  10.1104/
pp-010318

Sebastiani, L., Scebba, F., & Tognetti, R.

(2004) Heavy metal accumulation and
growth responses in poplar clones
Eridano (Populus deltoides
maximowiczii) and [-214
(P.euramericana) exposed to industrial
waste. Environmental and Experimental
Botany, 52 (1), 79-88. https://doi.org/
10.1016/j.envexpbot.2004.01.003

Serida, K., Mohammad, B. A., Eun, J. H.,

& Kee, Y. P. (2008) Copper toxicity in
Withania  somnifera: Growth and
antioxidant enzymes responses of in
vitro grown plants. Environmental and
Experimental Botany, 64, 279-285.
https://doi.org/10.1016/j.envexpbot.200
8.02.004

Shafig, M., Igbal, M. Z., & Athar, M.

(2008) Effect of lead and cadmium on
germination and seedling growth of
Leucaena leucocephala. Journal of
Applied Sciences and Environmental
Management, 12 (2), 61-66.
https://doi.org/10.4314/jasem.v12i3.554
97

Shahabivand, S., Parvaneh, A., & Aliloo,

A. A. (2017) Root endophytic fungus
Piriformospora indica affected growth,
cadmium partitioning and chlorophyll
fluorescence of sunflower under

cadmium toxicity. Ecotoxicology and
Environmental Safety, 145, 496-502.


https://doi.org/10.1016/%20S0003-2670(00)
https://doi.org/10.1016/%20S0003-2670(00)
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3390/
https://doi.org/
https://doi.org/10.4314/jasem.v12i3.55497
https://doi.org/10.4314/jasem.v12i3.55497
https://www.researchgate.net/scientific-contributions/Azar-Parvaneh-2131596167
https://www.researchgate.net/profile/Ali-Aliloo
https://www.researchgate.net/journal/Ecotoxicology-and-Environmental-Safety-1090-2414
https://www.researchgate.net/journal/Ecotoxicology-and-Environmental-Safety-1090-2414

VY Sl qenin s obmy ol 85l oms 5l Jlo ( aLE a5 p ke

VYV F

https://doi.org/10.1016/j.ecoenv.2017.0
7.064

Shahid, M. A., Balal, R. M. Pervez, M. A.
Abbas, T. Ageel, M. A. Javaid, M. M.,
& Garcia Sanchez, F. (2014) Exogenous
proline and proline-enriched Lolium
perenne leaf extract protects against
phytotoxic effects of nickel and salinity
in Pisum sativum by altering polyamine
metabolism in leaves. Turkish Journal of
Botany, 38, 914-926. https://doi.org/
10.3906/bot-1312-13

Shulan, Z., Qing, L., Yanting, Q., & Lian,
D. (2010) Responses of root growth and
protective enzymes to copper stress in
turfgrass. Acta Biologica Cracoviensia
Series Botanica, 52, 7-11.
https://doi.org/10.2478/v10182-010-
0017-5

Singh, A., Sharma, J., Rexer, K. H., &
Varma, A. (2000) Plant productivity
determinants beyond minerals, water
and light: Piriformospora indica-a
revolutionary plant growth promoting
fungus. Current Science-Bangalore,
79(11), 1548-1554.

Sirrenberg, A., Gobel, C., Grond, S.,
Czempinski, G. N., Ratzinger, A.,
Karlovsky, P., Santos, P., Feussner, I.,
& Pawlowski. K. (2007)
Piriformospora indica affects plant
growth by auxin production.
Physiologia Plantarum, 131, (4): 581-
589. https://doi.org/ 10.1111/j.1399-
3054.2007.00983.x

Spanany, A., & Fallah, S. (2016) The effect
of cadmium stress on seeds germination
characteristics of some medicinal plants
under in vitro conditions. [ranian
Journal of Medicinal and Aromatic
Plants  Research, 32(3), 527-542.
[In Persian].

Tagharobiyan, M., Poozesh, V., &
Khorshidi, M. (2016) Influence of
nickel on the indices of growth and
content of photosynthetic pigments,
protein, soluble sugar, proline and
nickel accumulation in coriander.
Applied Research of Plant

Ecophysiology, 2 (2), 59-74.
[In Persian].

Thakur, S., & Sharma, S. S. (2016)
Characterization of seed germination,
seedling growth, and associated
metabolic responses of Brassica juncea
L. cultivars to elevated nickel
concentrations. Protoplasma, 253(2),
571-580.  https://doi.org/  10.1007/
s00709-015-0835-0

Upendra, K., & Bandyopadhyay M. (2006)
Sorption of cadmium from aqueous
solution using pretreated rice husk.
Bioresource Technology, 97, 104-1009.
https://doi.org/ 10.1016/j.biortech.2005.
02.027

Varma, A., Savita, S., Sahay, N., Butehorn,
B., & Franken. P. (1998)
Piriformospora indica, A cultivable
plant- growth-promoting root
endophyte. Journal of Applied &
Environmental Microbiology, 65, 2741-
2744, https://doi.org/10.1128/
AEM.65.6.2741-2744.1999

Xu, W. T., Peng, X. L., Luo, Y. B., Wang,
J., Guo, X., & Huang, K. L. (2009)
Physiological and biochemical responses
of grapefruit seed extract dip on
‘Redglobe’ grape. LWT-Food Science
Technology, 42, 471-476.
https://doi.org/10.1016/j.1wt.2008.09.002

Yemets, A., Horiunova, 1., & Blume, Y.
(2021). Cadmium, nickel, copper, and
zinc influence on  microfilament
organization in Arabidopsis root cells.
Cell Biology International, 45(1), 211-
226. https://doi.org/10.1002/cbin.11485

Zambelli, B., & Ciurli, S. (2013) Nickel and
human health. Interrelations Between
Essential Metal Ions and Human
Diseases, 13, 321-357. https://doi.org/
10.1007/978-94-007-7500-8 10.

Zhu, H. H., & Yao, Q. (2004) Localized and
systemic increase of phenols in tomato
roots induced by Glomus versiforme
inhibits Ralstonia solanacearum.
Journal of Phytopathology, 152, 537-
542. https://doi.org/10.1111/j.1439-
0434.2004.00892.x


https://doi.org/
https://doi.org/10.2478/v10182-010-0017-5
https://doi.org/10.2478/v10182-010-0017-5
https://doi.org/
https://doi.org/10.1128/
https://doi.org/10.1111/j.1439-0434.2004.00892.x
https://doi.org/10.1111/j.1439-0434.2004.00892.x

	https://ijpb.ui.ac.ir/?lang=en
	Journal of Plant Biological Sciences
	E-ISSN: 3041-9603
	Vol. 15, Issue. 3, No. 57 Autumn 2023
	Document Type: Research Paper
	Received: 15/11/2023  Accepted: 26/08/2024



