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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. The
fungus Piriformospora indica, as a mycorrhizal endophytic fungus, stimulates the growth of many plant species and also
increases the resistance to biotic and abiotic stress. In this research, the interaction effect of P. indica and Cd on germination
of fenugreek, also the interaction effect of P. indica and Cd in soil system were investigated on morphophysiological traits of
fenugreek according to a factorial experiment based on completely randomize design (CRD) with 3 replication in two
independent experiments. The results of P. indica and Cd interaction on fenugreek germination showed that Cd stress can
allow plants to germinate, but by an increase in their concentration, some seed germination parameters of fenugreek may be
impaired. The interaction effect of P. indica and Cd in soil culture showed that Cd stress reduced the most of measured
morphological traits and increased the most of enzyme studied in fenugreek. According to these results, it seems that the fungus
in addition to colonization of fenugreek also has an effect on its improvement in Cd stress.
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Table 1- Mean comparison for the effect of interaction of Cd (NOs)zand Piriformospora indica on some
characteristics of germination in fenugreek

o Cd(NOs)2 (9) wopalS oo 055 () w28 5 055 (€M) wrazy, dsb (cm) «sl dsb
P. indica (mg 1) Seedling dry (9) Seed!ing fresh Radical (cm) Hypocotyl length
weight weight (g) length (cm)
Control Control 0.289a 5.83Db 3.65Db 6.64 b
Control 10 0.274 ab 4.89cd 2.78¢ 541c
Control 20 0.253 b 437d 2.52cd 3.54d
Control 30 0.2006 ¢ 4.28d 2.31d 3.09e
Spore Control 0.293a 5.85b 4.67a 7.3a
Spore 10 0.271ab 5.38 bc 3.36b 5.65¢
Spore 20 0.269 ab 4.67cd 2.57 cd 3.7d
Spore 30 0.243 b 4.32d 2.37cd 3.46 de
Mycelium Control 0.297 a 7.21a 4.72 a 7.57a
Mycelium 10 0.274 ab 5.46 bc 3.55Db 5.83¢c
Mycelium 20 0.272 ab 4.7 cd 2.64 cd 3.76d
Mycelium 30 0.259 b 431d 251 cd 3.53d
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Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 2- Mean comparison for the effect of Cd (NOs), on malondialdehid, Cd, catalase and gayacol
peroxidase of germination in fenugreek

SIS, JSLE SYB o 5T pseslS LT 630 e
Cd(NOs), - -
(mg I (U/mg protein) (U/mg protein) (mg/Kg DW) (nmol/g FW)
Peroxidase (U/mg protein) Catalase (U/mg protein) Cd (mg/Kg DW) MAD (nmol/g FW)

Control 0.247 ¢ 0.1717b -c 0.5152 ¢

10 0.436 b 0.2627 ab 2.205b 0.5413 ¢

20 0.486 b 0.30001 ab 28la 0.6245b

30 0.639 a 0.3669 a 2.89a 0.7866 a
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Table 3- Mean comparison for the effect of interaction of Cd (NOs).and Piriformospora indica on
morphophysiological traits of fenugreek in pot

P. indica Cd(NQf)Z &8 sl MmM?) 5, sla (€M) <, Jb
(mg 1) Leaf number Leaf area(mm?) Root length (cm)
Control Control 170.3b 734.21 be 17.06 ab
Control 10 148.6 ef 498.73 f 154 cd
Control 20 1446 f 260.02 g 14.6 de
Control 30 135.33¢g 22243 g 136¢e
Spore Control 178.2a 771.87b 176a
Spore 10 163.2¢c 628.36 de 16.56 ab
Spore 20 161.1c 614.54 de 16.3 ab
Spore 30 152.6d 542.09 ed 15.63 cd
Mycelium Control 180.1a 889.46 a 18.13 a
Mycelium 10 164.3c 662.9 cd 16.96 ab
Mycelium 20 161.4c 626.07 de 16.5ab
Mycelium 30 159.2 ¢ 578.3 f 16.3 abc

L5 (6513 e D35 1) ezt pebann 53 (LT Blond 5155 prlin Cog i 052 &S 3 o7 o la 0 le
Means followed by the same letter(s) are not significantly different at 0.01 level of probability

Y Jgds 4l

Table 3- Continued

P indica Cd(NO3)2 (@) a2y, &5 035 (@) a2, 5 0js @) ols ot &2 0 @ a5 el 5 055
(mg I'") Root dry weight (g)  Root fresh weight (g) Shoot dry weight (g) Shoot fresh weight (g)
Control Control 0.3267 ¢ 4.9 bc 1.57b 14.37Db
Control 10 0.2224 ef 3.3de 127a 114e
Control 20 0.2167 ef 3.26 de 125e 1135e
Control 30 0.1833 f 2.56 e 1.13f 1043 f
Spore Control 0.3933b 517b 1.62b 1457b
Spore 10 0.29 cd 4.63 bed 1.406 cd 12.7¢c
Spore 20 0.2467 de 4.4 bed 1.35d 12.37 cd
Spore 30 0.2221 ef 3.36 cde 1.29¢ 11.83d
Mycelium  Control 0.5433a 75a 175a 16.35a
Mycelium 10 0.2933 cd 4.9 bc l44c 14.19b
Mycelium 20 0.2467 de 4.43 bed 1.39 cd 12.48 ¢
Mycelium 30 0.2267 ef 3.73 bede 1.34d 12.25cd

LI gl gme Syl TN ka\chM):L;)L»TJ&Blex;l:dem;}jfopé&yaf&uﬁp
Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued

b indica CANO3)2  (my/g FW) 5,5 (Mglg FW) b ks34 (Molg FW) a Js5,5 () oy sS0 e

(mg I") Carotenoid (mg/g FW)  Chlorophyll b (mg/g FW)  Chlorophyll a (mg/g FW)  lonic leakage (%)
Control Control 1.66 a 0.8161 bc 1.65 bc 36.67 g
Control 10 0.89¢c 0.4744 fg 1.27fg 63.74 ¢
Control 20 0.339d 0.4539 fg 1.06 fg 83.15a
Control 30 0.336 d 42.77g 0.87h 85.06 a
Spore Control 1.17b 0.8293 b 1.74b 38.67 fg
Spore 10 1.19b 0.7218 cd 1.45 de 58.69 cd
Spore 20 1.07b 0.5717 ef 1.308 ef 65.76 bc
Spore 30 0.980 ¢ 0.5423 efg 1.17fg 71.76 b
Mycelium  Control 1.88a 1.125a 197 a 45.31 ef
Mycelium 10 14 ab 0.7834 c 1.55 cd 50.25 e
Mycelium 20 1.13b 0.6413 de 1.41 de 52.76 de
Mycelium 30 097c 0.5693 ef 1.22 fg 57.97 cd

3,1 oyl gme ol 7 JLA;"‘ch'd)ﬂ ST Ll 51 55 glie o9~ O g 5 53 Afdbawi;\._.»
Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued

CA(NOz);  (Mmolig FW)asuTisso e P IM=SIET (mglg FW) o, (Umolg FW) 0555 157

P. indica 1 . ) i
(mg 1) MDA (nmol/g FW) Antioxidant(/)  Proline (mg/g FW) H,0, (umol/g FW)

Control Control 0.501 f 0.63 h 0.0017 e 0.0073 b
Control 10 0.835d 192c 0.0046 abc 0.0125a
Control 20 1.07 ab 23D 0.0051 ab 0.0129 a
Control 30 114 a 2.75a 0.0054 a 0.0135a
Spore Control 0.671e 0.71h 0.0013 f 0.0068 b
Spore 10 0.83d 1.32 efg 0.0027 de b0.0088
Spore 20 0.87 cd 1.64 cde 0.0035 cd b0.0082
Spore 30 0.96 bc 1.772 cd 0.0051 ab 0.0104 a
Mycelium  Control 0.672 e 1.15¢g 0.0011 f 0.0066 b
Mycelium 10 0.68 e 1.271g 0.003 de 0.0069 b
Mycelium 20 0.86 cd 156¢g 0.004 bed 0.0082 b
Mycelium 30 0.94 cd 1.77 cd 0.0046 abc 0.0112a

L5145 (13 gme 3 7Y Jlazl b 53 (65LT Blond 31 iy prlie Uy 855 &S 3 oS o Sibe
Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued
b indica  CA(NOs)e  (MI/KGDW) 55, (mg/Kg DW) caT (MQ/Kg DW) azy; p gesls” (Mg/Kg DW) &5, ¢ soesls”
(mg I") Zn (mg/Kg DW) Fe (mg/Kg DW) Cd in root (mg/Kg DW) Cd in leaf (mg/Kg DW)
Control Control 115a 1.24 bc -€ -9
Control 10 0.745b 0.913 def 0.085 a 0.257 cd
Control 20 0.739b 0.75¢g 0.198 a 0.353b
Control 30 0.737b 0.73¢g 0.222 a 0.521a
Spore Control 1.23a 131b -€ -9
Spore 10 0.837b 1.05de 0.056 ¢ 0.148 ef
Spore 20 0.804 b 0.916 def 0.061c 0.217 de
Spore 30 0.784 b 0.86 fg 0.145b 0.312 be
Mycelium Control 1244 161a -€ -9
Myecelium 10 0.868 b 1.09 cd 0.041d 0.091 f
Mycelium 20 0.818b 1.017 de 0.055¢ 0.166 f
Mycelium 30 0.797b -0.89 cef 0.130 b 0.286 bcd

LI g ls gme Syl 7N Jb\cb)As)bT.]ébJj\ Ll plie oy > ;)):..»eii).w\f&h&:ij\:ﬁ
Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued

P. indica Cd(NO_f)z v (wb (mg/g DW) g (.Dj.w v sz
(mg I'Y) K ) Na (mg/g DW) P ) Ca ()
Control Control 5.986 bc 23.72d 0.0083 ab 0.656 a
Control 10 4,932 cd 27.25¢ 0.0047 cd 0.379¢
Control 20 4.579d 35.22 ab 0.0034 de 0.283d
Control 30 3.241e 37.41a 0.0026 e 0.246d
Spore Control 6.456 b 23.72d 0.0092 a 0.681 a
Spore 10 5.832 bc 26.38¢ 0.0072 b 0.581 a
Spore 20 5.311 cd 27.15¢ 0.0057 ¢ 0.524 a
Spore 30 5.052 cd 33.59ab 0.0049 ¢ 0.424 b
Mycelium Control 7.455 a 22.29d 0.0092 a 0.688 a
Mycelium 10 5.938 bc 26.35¢ 0.0073 b 0.651a
Mycelium 20 5.429 bed 26.98 ¢ 0.0057 ¢ 0.562 a
Mycelium 30 5214 cd 32.89b 0.0049 ¢ 0.45b

LI gl gme Syl TN Jw‘cb)}é)bTij‘x}'}wmg}f&y&i)}f&uﬁ\:&
Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued
Jolousl Sl yn 5 S ol Sy s S
P indica Cd(N(?f)Z (1g/g DW) (hg/g DW) (mg/-g FW) o555 (mg/g FW) Js" J s
(mg 1) Insoluble carbohydrate Soluble carbohydrate Protein (mg/g FW) Phenol (mg/g FW)
(Hg/g DW) (Hg/g DW)
Control Control 0.039 h 1.07 f 0.277 f 1.33f
Control 10 0.054 cde 2.07c 0.554 d 2.37 abc
Control 20 0.066 bc 2.15bc 0.904 b 2.41 abc
Control 30 0.090 a 229a 1316a 2.77a
Spore Control 0.042 fg 134e 0.459 de 1.58 ef
Spore 10 0.051 cde 1.56d 0.492 de 2.07 cd
Spore 20 0.055 cde 211c 0.736 ¢ 2.3bc
Spore 30 0.075b 2.17 abc 1.227 a 2.70 ab
Mycelium Control 0.041 fg 1.54d 0.346 ef 1.65 de
Mycelium 10 0.048 efg 2.06¢ 0.465 de 1.74 def
Mycelium 20 0.064 bed 214c 0.579d 1.78 de
Mycelium 30 0.069 b 2.27ab 1.168a 2.60 ab

L5 (5513 e 3 1Y ezt pedann 53 (LT Blond 5155 prlie o5 o 05t S 53 &7 o Sle

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 3- Continued

P indica Cd(NO3)2 (U/mg protein) <L, sSuT Ji (U/mg protein) jla.s1, J,SLE (U/mg protein) ;Y618 <ﬂ_,~;T
(mg 1) L-ascorbate (U/mg protein) Peroxidase (U/mg protein) Catalase (U/mg protein)
Control Control 0.0034 d 0.348 cd 0.0036 ¢
Control 10 0.017 ¢ 0.498 abc 0.013 b
Control 20 0.091b 0.557 a 0.016 b
Control 30 0.124 a 0.572 a 0.055a
Spore Control 0.0024 d 0.374 bed 0.0044 ¢
Spore 10 0.0029 d 0.442 abc 0.0059 ¢
Spore 20 0.004 d 0.480 abc €0.007 ¢
Spore 30 0.081 b 0.552 a b0.014 b
Mycelium Control 0.00059 e 0.238d 0.0032 ¢
Mycelium 10 0.0024 d 0.379 bed c0.0048 ¢
Mycelium 20 0.0028 d 0.470 abc c0.0068 ¢
Mycelium 30 0.018 ¢ 0.516 ab b0.014 b

L1 (13 gme 3 7Y Jlazl b 53 (65LT Blond 31 iy lin U 055 & 3 oS (gla o Sile

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 4- Mean comparison for the effect of Cd(NQ3). on total length of fenugreek in pot

B indi (cm) Js gl Cd(NOs)2 (cm) Js gl
. indica . g .
plant height (cm) (mg 1) plant height (cm)
Control 14.83b Control 18.52 a
Spore b15.6 a 10 15.98 b
Mycelium 16.18 a 20 14.08 ¢
30 1356 ¢

1 ()1 e 3l Y Sz a3 (55LT Bloud 115 (gilin U m O 65 3 o gl Kiles
Means followed by the same letter(s) are not significantly different at 0.01 level of probability.
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