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Table 1. Analysis of variance of the effect of chromium and symbiotic fungi treatments on lettuce growth traits

(Mean Squares) <l 5 JKJLA

£35S iy Ul @S iy Syt aly b ko605 S el O @l Ot wbe
Chromium  Root colonization Shoot to root ratio Root length Root fresh Shoot fresh weight df S.0.V
weight
2250* 660.43%* 0.041 s * 5.81m 136.13%* 2706.35%* 2 (Cr) p,f
11.25%* 15743.18** 0.663* 93.17%** 13.43"s 760.65* 3 (Fungus) G)G
B xesS
6.60%* 75.27%* 0.170™ 1.51m 1.001"s 125.39" 6
(Cr x Fungus)
0.958 13.50 0.157 13.79 7.37 200.40 36 (Error) >
- I .
114 6.7 10.1 12.9 9.6 112 T s
CV(%)

el o3 gy 5 G e ke 53l e Sl Sl e b Soly oS4 s #EDS
ns, ** and * denote non-significant and significant effects at the 1 and 5 % probability levels, respectively.

Ftsd,\;:)au.pﬂgmﬁwéu@ujp;yn;twﬁpwuﬂ.\' Jgde

Table 2. Mean comparisons of the main effects of chromium and symbiotic fungi on lettuce growth traits

oo Glacliden s S a0 S oo gy dsb ahoy o3l 0sy S et O Lasles
Soluble carbohydrates ~ Shoot to root ratio Root length Root fresh Shoot fresh Treatments
(mg g'! FW) (cm) weight weight
(g plant 1) (g plant!)
0.12° 3952 2042 3052 139% 0
0.13° 3918 2852 2932 124% 3 Cr
0.14® 3.852 2822 250° 113¢ 15
0.152 3.57b 246" 2702 115° Jals
0.13" 4102 3072 2922 1222 S.indica
0.12° 3.90° 2940 29.0° 130° R irregularis "€
0.12° 4.04° 30.0° 278° 1332 S.indica x R.
irregularis

sl Ao 33 0 Jlezl o s oSSl Oe3l bl Jls gm0z ple Sl os S a5 O a s wlie iy
Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level.
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Table 3. Analysis of variance of the effect of chromium and symbiotic fungi treatments on lettuce physiological traits

(Mean Squares) <l 5 JKJLA

R P s PR W Y S oy POES S Oisps s T ST RRC JNEL
Malon dialdehyde J sl Anthocyanine  Potassium  Phosphorous  Nitrogen  Chlotophyll ;52\,?] S.0.V
Soluble df
carbohydrates
35.50%* 0.002** 290.65** 2.340%* 0.119%* 0.419%* 0.012%* 2 (Cr) £35S
13.59%* 0.003** 187.85%* 1.478%* 0.058** 0.553** 0.016%* 3 (Fungus) G)G
G)G X €JJS
4.80%* 8.75™ 12.19* 0.153** 0.012%** 0.033* 0.001** 6
(Cr x Fungus)
0.135 0.0003 0.193 6.667E-5 0.002 0.015 0.0001 36 (Error) Ua>
s .
13.2 12.89 10.80 0.58 8.30 4.19 8.2 TR s
CV(%)

sl Aoss iy 5 S ezl a3l ime s s ime Sl s e g DS

ns, ** and * denote non-significant and significant effects at the 1 and 5 % probability levels, respectively.

P S5 Slio G pen Glaz B 5 058 S S ke 4l F g

Table 3. Mean comparisons of the interaction effect of chromium and symbiotic fungi on lettuce physiological traits

Ll 0l A by O35, £35S O sl 23 A8 S ot ) 035
Malone di (Ao y3) Potassium Nitrogen Chromium Root 4 Symbiotic (mgL")
aldehyde ) ) (mg kg'! DW) fungus

(mg g FW) Phosphorus ' ' colonization Chromium

) )

1.604¢ 0.580¢d 4.32¢ 2.88¢de 0¢ 0¢ Jals

1.404 0.6552 4.98° 3212 0¢ 82.2% S. indica

1.184 0.6852 5.123 3.19@ 0° 78.5% R. irregularis 0

1.45¢ 0.582< 4.88¢ 3.06 0 81.0° S.indica x R.
irregularis

3.58° 0.430° 3.94h 2.67°F 4.404 0¢ dal

2.43¢ 0.520°¢ 4.88¢ 2.99¢d 3.314 73.0b° S. indica

3

1.614¢ 0.620% 4.32¢ 3.14¢%b 3.604 72.5¢ R. irregularis

251¢ 0.540 % 4.04¢ 2.84 def 3.324 74.0 S-indica x R.
irregularis

7.692 0.310¢ 3.75¢ 2.33¢ 25.19# 0¢ Jals

3.51°P 0.435° 4.604 2.97¢de 21.27° 64.04 S. indica

2.66°¢ 0.510°¢ 4.13f 2.96 cde 22.46° 62.24 R. irregularis 15

357" 0.560 % 3.851 2.78¢f 19.53¢ 64.2¢ S.indica x R.
irregularis

AY

ol Ao 53 0 ol a3 STl O3l ol yr Sl pme N oo Sy 02 52 3 ailie By >
Means with the same letters in each column indicate no significant difference based on Duncan’s test at 5% level.
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Abstract

Chromium (Cr*®) is one of the heavy metals that can disrupt various physiological processes in plants. One
of the strategies to moderate the heavy metals stress is the symbiosis of plant roots with symbiotic fungi.
Therefore, in order to investigate the effect of chromium and symbiotic fungus on the growth and
physiological characteristics of red lettuce (Lactuca sativa L. cv. Little Gem), a factorial experiment was
carried out as factorial based on completely randomized design in four replications as a hydroponic culture.
The experimental treatments included chromium in three levels of 0 3 and 15 mg L', and symbiotic fungi in
four levels of control, Rhizophagus irregularis, Serendipita indica and R. irregularis + S. indica. The results
showed that by increasing the concentration of Cr in the nutrient solution, leaf and root fresh weights, total
chlorophyll, root length, nitrogen, phosphorus and potassium decreased significantly. But increasing the
concentration of chromium in the nutrient solution increased the content of leaf Cr, anthocyanine, soluble
carbohydrates and malondialdehyde increased. The symbiotic relation of S. indica and R. irregularis with
Cr-stressed plants showed a significant increase in root colonization percentage, total chlorophyll content,
nitrogen, phosphorus and potassium compared with the plants grown under Cr treatment alone and without
symbiotic fungi. The findings showed that the symbiosis of S. indica and R. irregularis fungi with lettuce
under the Cr stress conditions led to the improvement of growth and physiological traits, reduced the content
of leaf chromium and moderated the chromium toxicity.

Keywords: Chromium, Symbiotic fungi, Lactuca sativa, Hydroponic, Heavy metal.

Background and Objective: Due to the limited arable lands and the rising growth of the global population,
there are increasing concerns about the food insecurity. As a result, larger quantities of agrochemical
substances, such as mineral fertilizers, will have to be used in order to meet the food needs of the growing
world population. However, the high dependence of the agricultural production on mineral fertilizers has
imposed serious challenges in terms of the environmental issues, public health, and food safety. Fertilizers
are one of the main sources of arsenic (As), cadmium (Cd), lead (Pb) and chromium (Cr) (3). The Cr is a
toxic metal usually found in soil and water, causing environmental pollution. Symbiotic fungi have excelled
in alleviating the stress caused by toxic elements in plants, and its beneficial role was mainly based on
external and internal plant mechanisms (5). Changes in the morphological and physiological traits of plants
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associated with symbiotic fungi can probably increase plant tolerance to Cr stress (1 and 4). Few studies are
available about the combined effects of symbiotic fungi and chromium toxicity in soilless culture. This study
aimed to investigate the role of symbiotic fungi as possible tools to reduce the phytotoxicity of Cr in lettuce.

Methods: This research was carried out as factorial based on completely randomized design with four
replications in hydroponic system at a greenhouse in the University of Mohaghegh Ardabilli. S. indica was
cultured in Petri dishes on a Hill-Kafer medium (2). The plates were placed in a growth chamber at 29 = 1 °C
in dark for 2 weeks. To impose the fungal treatment, one fungal plug of 10 mm in diameter was placed at a
distance of 1 cm below the seed of lettuce. The inoculum of R. irregularis was added to the growing medum
of the pot and 1 cm of substrate was covered and then lettuce seeds were placed on it. Experimental
treatments included Cr stress in three levels of 0, 3 and 15 mg L' and symbiotic fungi in four levels of
control, R. irregularis, S. indica, and combination of the two fungi (R. irregularis + S. indica). In this
experiment, parameters such as root and shoot fresh weights, root length, total chlorophyll, root colonization,
Cr, N, P and K contents, anthocyanine pigment, soluble carbohydrates and malondialdehyde were measured.

Results: The results showed that Cr stress at 15 mg L' compared to the control reduced shoot and root fresh
weights and soluble carbohydrates by 22, 18 and 13%, respectively. The highest root colonization percentage
(82%) was observed in the combination of S. indica fungus and no Cr stress (control) and the lowest
percentage of symbiotic (62%) was found in the combination of R. irregularis fungus and Cr stress at 15 mg
L. Symbiotic relation of S. indica and R. irregularis with Cr-stressed plants resulted in a significant
increase in the contents of Cr, N, P and K in the leaf compared with the plants grown under Cr stress. Plants
inoculated with symbiotic fungi enhanced anthocyanine, total chlorophyll, malondialdehyde in order to
reduce the Cr-induced oxidative damage in lettuce.

Conclusions: In general, it is concluded that with increasing the concentration of Cr in the nutrient solution,
lettuce growth decreased and the symbiotic fungi could improve the morphological characteristics and yield
of lettuce under Cr stress.
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