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Abstract

Introduction: Nowadays, the soil contamination by heavy metals including cadmium (Cd) is
one of the environmental problems which not only damage the animal and plant species but also
diminish plant function, enters the food chain and endanger human health and other organisms
(Sheoran et al., 2016). Phytoremediation is one of the most important methods that have been
developed in the last two decades to address soil contamination, including heavy metals in
various countries where planting of suitable plants is used to clean and absorb pollutants from
the soil (Shahgholi et al., 2012). On the other hand, many studies have shown that the use of
beneficial microorganisms such as fungi can significantly reduce the toxicity of heavy metals by
bonding metals to their cell walls and consequently their immobilization (Akhtar et al., 2007).
The aim of the research was to investigate the effect of application of some symbiotic fungi and
iron nanoparticles on morphological and physiological traits of purslane (Portulaca oleracea L.)
under cadmium stress.

Material and methods: The factorial experiment was conducted in a completely randomized
design with three replications. The experimental factors included cadmium chloride in four
levels (0, 25, 50 and 75 mg/kg soil from cadmium chloride source), four levels of fungal
symbiosis (uninoculated and inoculated with fungi Chaetomium subaffine (SF), Trichoderma
atroviride (SN) and Trichoderma longibrachiatum) and foliar spraying of iron nanoparticles in
three levels (0, 0.15 and 0.3 g/1).

Results and discussion: The results showed that the plant height and stem diameter linearly
decreased (with 69.6 and 56.6%, respectively) when the cadmium levels incresed. Leaf area
increased at zero cadmium level in plants inoculated with T. longibrachiatum, 18.4% as
compared to the uninoculated control . When 25 mg/kg of Cd was added to the soil, purslane
plants which inoculated with Chaetomium subaffine (SF) showed 11.4% more leaf area than
those uninoculated plants. At all foliar concentrations of iron nanoparticles, the highest content
of chlorophyll a+b was obtained at 25 mg/kg soil cadmium.

Conclusions: Overall, the interaction of symbiotic fungi and foliar spraying of iron
nanoparticles (especially at a concentration of 0.15 g/l) showed a synergistic effect, hence some
growth parameters and chlorophyll concentrations markedly increased in the purslane plants.
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Figure 1. Size of zero-capacity iron nanoparticles
stabilized with scanning electron microscopy (SEM)
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Figure 2. Response of purslane plant height to different levels of soil cadmium (A) and iron nanoparticles (B)
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Figure 3. Effect of fungal symbiosis on plant height in purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability
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Figure 5. Response of stem diameter of purslane to
different levels of cadmium
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Figure 6. Interaction of soil cadmium levels and fungal symbiosis on leaf area of purslane
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Figure 7. Electrolyte leakage response to different levels of soil cadmium (A) and iron nanoparticles (B) in purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability.
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Table 2. Interaction effect of cadmium stress, fungal symbiosis and foliar spraying of iron nanoparticles on relative
water content of leaves in purslane plant

Cd concentration Iron nanoparticles

Fungal Symbiosis

(mg.kg-1soil) (gl-D) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN)  longibrachiatum

0 58.82% 65.63 % 67.99%® 56.70°¢

0 0.15 60.41° 67.55%° 67.29 % 74.42°
0.3 61.24"% 65.56 66.76 % 67.83%®

0 58.21% 62.06 % 60.95® 58.09 %

25 0.15 57.42° 62.92% 63.05% 62.42%®
0.3 60.50%° 62.37%® 65.60° 58.64 %

0 54.95% 59.80 % 59.87 4% 59.77%¢

50 0.15 51.73¢ 63.03%® 65.44° 56.96 %
0.3 59.14¢ 57.48 % 52.70° 55.15%

0 48.87% 64.12° 51.67% 52.58"%

75 0.15 56.18 % 48.86" 53.57%® 52.46"%
0.3 4252°¢ 51.63% 50.01 56.31%

L A3 iy ez a3 LSD Osa5T bl Ly (s0ls e sl alie g b G (sl SlanSils Ot 3
In each cadmium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level of
probability.
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Table 3. Mean squares of experimental treatments on the content of photosynthetic pigments of purslane

Chlorophyll )

Source of variation df Carotenoid SPAD

a b a+b alb
(A) 3 6.86™* 1.53* 3.67* 0.286 1s 0.755™* 189.96 **
Cadmium . . . - . .
g?;?qgi 3 0.194 ns 0.653 ™ 0.325™* 1.90** 0.020 ns 29.63**
%S))n nanoparticles 2 0.473 ns 0.385™ 0.416™ 0.476 ns 0.3227** 65.35™
AxB 9 0.262 ns 0.137* 0.101 ns 0.917** 0.061 ns 6.17 s
AxC 6 0.628 ** 0.1002 ns 0.277** 0.545 ns 0.145™ 18.36™
BxC 6 0.473* 0.045 ns 0.171* 0.485 ns 0.208 ** 2.93 ns
AxBxC 18 0.456* 0.039 ns 0.1161s 0.728** 0.091 ** 9.87*
Error 96 0.185 0.054 0.075 0.321 0.041 5.36
CV (%) 21.13 23.86 18.13 15.99 25.32 7.75

.v\«ﬁ);&-_{j@JW‘CEN)JJ\J&MJ)‘)&MR%J:Q**}* (s
ns * and **: non significant and significant at the 5% and 1% probability levels, respectively

G S5 5 S Dl AUST sl Bl ST a3 bty 4 ¥ Jsr
Table 4. Variance analysis of interaction effect slicing of experimental treatments on morphological and physiological
traits of purslane

Cocni(lrrrlltirl:trilon df RWC Chlorophylla Chlorophyll a/b  Carotenoid SPAD
0 6 56.69 ns 0.799* 1.52* 0.0763 ns 2.619ms
25 6 9.33 ns 0.716* 0.467* 0.0446 1 1122 ns
50 6 56.67ns 0.243 ns 03481 00157 ms 4871 ns
75 6 102.78* 0.0822 s 0.326 1 0.204* 23.94ns
* ns

Ao ys y@g@JW\c\zﬂ): D may ls pme b S ast

ns_* and **: non significant and significant at the 5% and 1% probability levels, respectively
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Table 5. Interaction effect of cadmium stress, fungal symbiosis and foliar spraying of iron nanoparticles on
chlorophyll a content in purslane plant

Cd concentration  Iron nanoparticles

Fungal Symbiosis

(mg.kg-1soil) (g1-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN)  longibrachiatum
0 1.88 b—e 1.50 ¢ 1.80 cde 1.92 b-e
0 0.15 2.58a—d 2.61 abe 3.12 a 1.97 b-e
0.3 2.16a-¢ 1.64 de 155 ¢ 2.81 ab
0 2.70 abe 2.72 abc 1.87d 2.69 abc
25 0.15 2.33° 3332 2.79 ab 2.67 abe
0.3 1.95cd 2.45 bed 3.06 ab 241 bed
0 1.92 be 1.82 be 1.86 be 2.01 abe
50 0.15 1.63 be 2.18 ab 1.70 be 2.50 a
0.3 1.50¢ 1.50 ¢ 2.10 ab 1.81 be
0 1.69 ab 1.48 ab 1.65 ab 1.41 ab
75 0.15 1.26 1.72ab 1.57 ab 1.45ab
0.3 1.51ab 1.54ab 1.88 a 1.39ab

L A3 iy ezl a3 LSD Osa5T bl Ly (s0ls e sl alie g b O (sl SlanSile Ot a3
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Figure 8. Interaction of soil cadmium levels and fungal symbiosis on Chl b content of purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability
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Figure 9. Interaction of iron nanoparticle and_fungal symbiosis treatment on total chlorophyll a+b of purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability
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Figure 10. Interaction of soil cadmium levels and iron nanoparticles on total chlorophyll 2+b of purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability.
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Table 6. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on
chlorophyll a/b content in purslane plant

Cd concentration Iron nanoparticles

Fungal Symbiosis

(mg.kg-1soil) (gl-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN)  longibrachiatum
0 2.10% 1.92% 1.59% 2.44°
0 0.15 2.08% 245" 2.19% 1.57%
0.3 2.24% 1.78% 1.26¢ 3.79°
0 3.01° 2.85% 1.48¢ 2.11%%
25 0.15 2.33bd 2.02% 1.86% 2.002%
0.3 2.07%% 2.70%%¢ 2.21bd 2.15¢
0 2.15%° 2.38"% 1.57¢% 3.48°
50 0.15 233 1.85%¢ 1.47¢ 2.55°
0.3 1.98%¢ 1.58¢d 1.63 ¢ 2.16%¢
0 239% 2.23% 2.23% 1.97°
75 0.15 2.24%® 1.75° 2.006° 2.38%
0.3 2.28% 2.14% 3.15° 2.59%

5 Ao ey e
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In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Table 7. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on
carotenoid content (unit) in purslane plant

Fungal Symbiosis

Cd concentration  Iron nanoparticles

(mg.kg-1soil) (gl-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN) longibrachiatum

0 0.878° 0.529 0.581% 0.7132

0 0.15 0.272° 0.529® 0.581%® 0.669°
0.3 0.825° 0.751° 0.733° 0.710°

0 0.608° 0.672%® 0.616° 0.909°

25 0.15 0.574° 0.672% 0.827%® 0.909*°
0.3 0.774%® 0.567° 0.827%® 0.685%®

0 0.703° 1.006® 0.895 % 0.651°

50 0.15 0.621° 1.259° 0.822%® 1.258°
0.3 0.943 % 1.038%® 1.048%® 1.191°

0 1.206° 0.673° 0.482° 0.508F

75 0.15 0.805 % 1.088 % 1.169° 0.941%°
0.3 0.861°% 1.042%4 1.138%® 0.891°

ISRIRHR WERY = Jlex>! Clz,.o)sLSD Q)Aﬂ ol ol e sl alie Gy - L B> b L;La&:ijl:.a O A 53
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Table 8. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on SPAD
value in purslane plant

Fungal symbiosis
Cd concentration  Iron nanoparticles
(mg kg-1soil) (gl-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN) longibrachiatum

0 30.52 312 31.8°2 33.5°

0 0.15 32.9° 323° 32.06* 32.9°

0.3 30.4° 32.92 32.3% 32.7°

0 30. 2% 31.8% 31.4%° 32.4%

25 0.15 30.4%¢ 31.7°% 33.1° 31.7%¢

0.3 29.4°¢ 30.03% 31.06% 29.8%

0 25.8° 25.4°¢ 29.73b% 27.9 ¢

50 0.15 31.1%%¢ 30.9% 31.7% 30.8%

0.3 29.1°d 29.5°%¢ 32.7° 27.7 %

0 21.1¢ 23.4° 27.83% 24.9¢

75 0.15 26.3% 27.03% 28.4%¢ 32.9°
0.3 25.5%4 25.85 27.7%¢ 31.06®

JSRIRHR WERY = Jlax>! Clz,.o)sLSD Q)Aﬂ ol ol e sl bl Gy - L B> gl L;La&:ijl:.a Osw A 53
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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