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Table 1- Results of some of physical and chemical properties of the soil

Culaa
S sk iy s T
ep Soil texture K (ppm) P (ppm) Total N (%) EC TNV (%)
(cm) (%)
(dS.m-1)

0-25 Sandy Loam 150 7.65 0.102 1.63 4.3 7.49 1.02
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Table 2- Analysis of variance of biochemical traits influenced by different concentrations of lead, effect of Mycorrhizal
fungus and studied cultivars

a > 49l e | SwwS1 ; ;
Oyt gl P2 @ o) oA ;Yo u - el el
S.0.v &33! sl Proline Catalase STy 039+ Chlorophyll  Chlorophyll
dF MDA APX H,0, a b
Bf*k 2 11.2315™ on 0.00003™  0.0037™ 0.2429" 0.0301" 0.0521"
0C
I:;‘; 2 31182  2173.4622 0.11438"  0.0417" 4.1995™ 4.1896"" 64.3197"
'}*')’S_*L" e 1 9.5119™ 31.9834™  0.02738™  0.0003™ 6.4483" 0.0024" 0.1198"
Myecorrhizal fungus
) 9 0.5676™  968.5293"  1.75043™  0.0999" 5.5712™ 5.9709™ 102.8802™
Cultivar
Croel 2 0.8710"™ 0.0976™  0.00095™  0.0043"™ 0.0099" 0.0032" 0.3203"
fungusxLead
SIS 18 0.3410™  769.7602°° 1.07133"  0.0336" 0.1954" 0.0818" 0.4436"
CultivarxLead
_@ust) 9 0.3880" 0.5373™  0.00026™  0.0043"™ 0.2995" 0.013™ 0.1191™
CultivarxFungus
el 18 0.3573" 1.0099™  0.00066™  0.004™  0.1213™ 0.0154™ 0.2291"
CultivarxFungusxLead
E”“ 118 0.4198 0.31182 0.00025 0.0043 0.1333 0.02548 0.1961
rror
(03] e 5 31.83 1.93 1.92 29.92 9.10 0.74 2.67
CV (%)

e ®
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* **and ™: Significant at 5 and 1 percent and non- significant, respectively
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Figure 1- Effect of different concentrations of lead on malondialdehyde amount
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Figure 2- Effect of mycorrhizal fungus on malondialdehyde amount
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Table 3- Mean comparison of triple interaction of mycorrhizal fungusxleadx cultivar on proline and catalase activity

PUCRIGURT: o y ggjgf Yo ‘ z,b . ws ‘”)5).: Yl
Mycorrhizal N Prollne_l Catalase 1325850 o ) Prollne_1 Catalase
fungus Lead Cultivar (umol. g (ODg ) Mycorrhiza Lead Cultivar (uwmol. g (ODg )
FW) F.W.min™) I fungus FW) F.W.min™)

Shiraz 4253 0.86" Shiraz 41.445 0.81Y

Sepahan 30.61"™ 0.46% Sepahan 29.52N 0.42%

Sirvan 16.18" 1.08N° Sirvan 15.64"% 1.06%°

BC Roshan 14.95% 0.20% BC Roshan  14.73% 0.20"

g Marvdasht 18.18V% 1.20" E Marvdasht 17.66% 1.20"

S Sivand 29.9™N 0.17° S Sivand 29.89MN 0.16°

Bahar 29.21N° 1.26" Bahar 28.43° 1.247C

Pars 43.85° 1.57° Pars 40.43" 1.49%

@ Roshan 43.92° 0.27% Roshan 435F 0.26%

=2 Pishtaz 9.96° 0.90° 2 Pishtaz 9.19° 0.89°

= Shiraz 43.54F 0.77"VW = Shiraz 42.07°° 0.74%

9 IS Sepahan 18.16V% 0.24™ < Sepahan 17.72"% 0.23™

< £ Sirvan 52.12% 0.89° v S Sirvan 49.29° 0.88°7

2 8 BC Roshan 1413 1.047 X € BCRoshan  12.93 1.00%

S &  Marvdwsht  19.73" 1.17% = 8 5 M VX LM

o 2 . . 2 S 2 arvdasht 18.51 1.12

Q5 =) Sivand 25.44° 0.62% s E ) Sivand 25.28° 0.60%

31’ § o Bahar 46.82° 1.69% % E o Bahar 46.68° 1.65°

28 Pars 52.94% 0.02¢ > 8 Pars 52.47% 0.02°

T3 Roshan 37.84' 1.10MN 38 Roshan 36.97' 1.09MN

& Pishtaz 48.21° 051" S Pishtaz 48.1° 0.48%

s Shiraz 15.44% 1.17% < Shiraz 14,977 1.14"

z Sepahan 25.74° 0.35° Sepahan 24,99 0.31%®

Sirvan 21.87° 1.226H Sirvan 21.53° 1.17%

= BC Roshan 18.71VW 0.82Y e BC Roshan 17.8W¢ 0.78Y

S Marvdasht 32.41¢ 1.52° S Marvdasht 31.23" 1.53°

& Sivand 18.99%Y 1.11*M & Sivand 17.98* 1.09MN

= Bahar 20.33" 0.88%7 ~ Bahar 19.91™ 0.85"

Pars 24,93R 0.37 Pars 24.29R 0.35°

Roshan 33.46° 1.057 Roshan 32.68% 1.029%

Pishtaz 28.38° 0.27% Pishtaz 27.32° 0.25

] Soo8 By S5 Loy 5l pSile (eh0g,5 cud i 15,15 S5 (latals wix g0l Lolwl (o)l ixe gl oS yiiio gy (gld dlael gt ya g
In each column, means with at least one common letter are not significantly different based on Duncan's multiple range test. The
order of averages grouping is from uppercase to lowercase.
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Introduction: Nowadays, increasing soil contamination by heavy metals is one of the most important issues
around the world, and is the focus of attention. Lead as the most dangerous heavy metal and persistent chemical
pollutant affects the environment, especially the metabolic and physiological activities of organisms and
ultimately cause serious damage to the environment and human health. The purpose of this study was to
investigate the effect of mycorrhizal fungus (Rhizophagus irregularis) on some biochemical traits of 10 wheat
genotypes in three different concentrations of lead heavy metal (0, 218 and 437 ppm) in soil.

Material and Methods: The present study was conducted as factorial experiment based on randomized
complete block design with three replications. The factors included lead in three concentrations (0, 218 and 437
mg / kg), mycorrhizal inoculum (addition and no addition), and 10 wheat genotypes (Shiraz, Sepahan, Sirvan,
Back Cross Roshan, Marvdasht, Sivand, Bahar, Pars, Roshan, and Pishtaz). Soil samples were prepared from a
depth of 0-25 cm of the research farm of Islamic Azad University, Karaj Branch. Samples were taken randomly.
After soil drying and passing through a 2 mm sieve, they were transferred to the soil science laboratory to
determine some of the physical and chemical properties. According to the soil test results, the soil was sandy
loam, a semi-light soil with 25% clay, 25% silt and 50% sand, with pH = 7.49 and salinity of 1.63 dS. m™, and
also free of heavy metals. The soil was sterilized for four hours by an autoclave at the temperature of 121 °C and
a pressure of 1.5 atm. After soil preparation, the lead was added to the soil at three concentrations of 0, 218 and
437 ppm, and stored in a pre-embedded bag with 60% moisture content to achieve a two-week equilibrium. In
order to inoculate the mycorrhizal fungus, after removal of 3-4 cm from the soil surface, Rhizophagus irregularis
(35 g) was added to the soil surface, then 30 to 40 seeds were placed on the soil surface and covered with soil. In
the control samples without mycorrhizal fungus, a certain amount of mycorrhizal fungus placed at 105 °C to kill
the fungus and then added to the pots.

Results and Discussion: Malondialdehyde concentration increased by increasing the concentration of lead.
The highest concentrations of proline were belonged to the level 218 ppm of lead, in Pars cultivar in both
treatments of with and without mycorrhiza fungus as well as Sirvan cultivar in the treatment of without fungi,
respectively. The activity of Catalase was highest in the treatment of 218 ppm of lead without fungus. Roshan
cultivar also showed high levels of ascorbate peroxidase activity in 218 ppm of lead. Similar to cultivar, BC
Roshan and Pishtaz cultivars also showed high ascorbate peroxidase activity in this concentration of lead. The
amount of hydrogen peroxide was reduced by changing the concentration of lead from 0 to 218 ppm, while its
amount increased at 437 ppm concentration. With increasing lead concentration, the amount of chlorophyll a
decreased while chlorophyll b increased. Using mycorrhizal fungus, the amount of malondialdehyde, proline and
hydrogen peroxide and catalase content decreased compared with control. It seems that lead, due to its
concentration in the environment, leads to the induction of oxidative stress and the formation of free radicals and
thus change in the amount of biochemical traits of wheat such as malondialdehyde, proline, hydrogen peroxide
and chlorophyll a and b and activity of catalase and ascorbate peroxidase. The genotype of the plant is very
important factor in tolerating the toxicity of lead, and it deals with various protective mechanisms. Not only the
plant genotype but also environmental factors such as the use of mycorrhizal fungus are effective in reducing the
harmful effects of lead, and helps plants tolerate the stress caused by lead toxicity.

Conclusion: Lead in the soil causes changes in the biochemical content of wheat cultivars. The amount of
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change depends on the plant's genotype, lead concentration, and other factors in the soil, such as symbiotic fungi.
As shown in the present study, mycorrhizal fungus was effective in eliminating the negative effects of lead
during symbiotic with wheat. It is suggested further studies to determine the concentration of lead and even other
heavy metals in wheat genotypes and to compare with Iranian national standards in order to overcome the
concerns about the entry of these metals into the diet.
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