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Table 1- Variance analysis of yield and yield components of black mustard affected by

cadmium, rhizobacteria and plant growth regulators

Wlr po (miileo Mean of Squares
039 .
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15 oluazs 132 0339 S Jlae
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¥ gl ol 3 TEX e &ls olast R
S.0.V. 7 Pod ady .
df Plant number Seed  Thousand ;1 Root o
yield per number se.ed Shoot (;’r(; Seed oil
plant  P* pod  weight &y eight content
weight
1,55 Replication 301687 12057 10197 0.025™ 128 076" 33.23"
pgseols Cadmium 1 8.17  889.017 36.127 14257 52037 47937 68647
las yi5bg 30 Rhizobacteria 2 17077 35387 41437 172" 1257 227 63217
W Louss 05 * « . N sk * %
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Growth regulators
g =Sbg; (3 * . . * *
ST X pguedls 2 016 038" 0.12® 033 118" 0.019™  0.76™
CadmiumxRhizobacteria
oaiss pudisd K3
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CadmiumxGrowth regulators
LQ w o e u - b .
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RhizobacteriaxGrowth regulators
ouics pudicd x g Sbg 3 yx pgmodls
CadmiumxRhizobacteriaxGrowth ~ 4 0.023™  3.05™  2.18™ 0.02  0.54™ 0.062™ 1.19™
regulators
(s Error 51 0038 241 1.96 0.095 035 026 1.64
() &l yii gy C.V. - 17.75 5.99 15.45 6.85 546 892 3.97

Aoy ) 50 Jliol e 5ol gae g Mo gre i ol 5 4 ¥ K ns
ns, * and ** are non significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 2- Variance analysis of fatty acids in black mustard seed affected by cadmium,
rhizobacteria and plant growth regulators

Wl yo (il Mean of Squares
o SRS S S
SOV, O] X Ko Ko X A
df Palmetic Stearic Oleic Linoleic Linolenic
acid acid acid acid acid
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ns, * and ** are non significant and significant in probabilitie levels of 5 and 1 %, respectively.
- ¥ Jgos aolol
Table 2- Continued
Wlr po (milee Mean of squares
e 4y Syl gl W aws!
JUNEITR ’._ sl Sigi 3950 gyl oy e <z B
&l 7 ! Iy bl pul
S.0.V. df Eicosenoic i : o
acid Erucic Saturated Unsaturated
acid fatty acids fatty acids
51,55 Replication 3 0.015" 0.004™ 0.08™ 0.042"
sgxo3ls Cadmium 1 1.71%* 15.5" 171.217 201.8™
s =5s 1y Rhizobacteria 2 0.088" 0.053" 0.49" 3.17°
) loaliS ol 2 0.085" 0.176"  0.49" 2.65™
Growth regulators
s 7Shoiy x pgeadls 2 0.001™ 0.002™  0.053" 0.081""
CadmiumxRhizobacteria
LouicS i x pgmosls’ CadmiumxGrowth ’ 0.005 ™ 0.0006 ™ 0.028 ™ 0.054™*
regulators
(20l il x s 5532, 4 0.001™ 002%™  0.004™ 0.0055™
RhizobacteriaxGrowth regulators
oucss oudisd x g S hg 3 jx pgmodls
CadmiumxRhizobacteriaxGrowth 4 0.002™ 0.003™ 0.004™ 0.009™
regulators
Ws Error 51 0.0016 0.0101 0.012 0.0099
(1) &l yads g o C.V. - 0.82 0.27 2.3 0.105

Aoy ) 5[3JL&»IGIa.‘;)a)losm5)lo‘5;upéw)KQ**5*,118

ns, * and ** are non significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 3- Mean comparisons of main effect of cadmium on yield components, seed oil
content and root dry weight of black mustard

o L olog u 1o Sloug . T -k
o 90 plw Slow Pl yS wlo Slaw ady i 039 A-vé‘_,.&.:g,.\..o)o
Treatment Pod number per  Seed number per Root drv weicht Seed oil content
plant pod y welig (%)
P - N "
s :‘é f‘l”.s 61“’() e k’_’}")" > 29442 9.77a 6.55a 3533a
admium (mg.kg
g g . (3
(P S5kS 5 p S kee) Vor ponod 2 41b 8.36 b 492 2916 b

100 Cadmium (mg.kg™)

b o PL0O.05 Jla o )0 jlo cine glis saimoyLis i o 50 Oglite g >
Different letters in each column indicate significant difference at P<0.05.
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Table 4- Mean comparisons of main effect of rhizobacteria on yield components, seed oil
content and root dry weight of black mustard

A5 9o ols Slowy L3 o ailo slowy . . .
sle P : »f b - SP “d) " Al ) SUS (339 &l (yeg) wo)d
Treatment 0d number per ced numBEr per— g oot dry weight Seed oil content (%)
plant pod
Control wali 24.54 b 7.79 ¢ 538b 30.38b
5T
bty 26.45 a 9b 59a 33.006 a
Azospirillum
G
030999 26.79 a 1041 a 592a 3335a
Pseudomonas

.\,.;L‘Sa P<0.05 Jl| CJa..; 5o )‘Q‘_s.'.v.a Solay saumslis Hgw o 50 Dglate By,
Different letters in each column indicate significant difference at P<0.05
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Table 5- Mean comparisons of main effect of growth regulators on yield, root and shoot dry
weight and oil content of black mustard

1S (pgy G0y

slowd S ySlos e pluil SLls (59 ddy ) SCLS (59 .
. 1 . . Seed oil content
Treatment Yield (g.plant™) Shoot dry weight (g) Root dry weight (g) %)
()
Control aali 1.014b 10.21b 549b 30.93b
Sl Sl 1.127 ab 1136 a 579a 32.68a
S.A.
RN
“*”;E*’””* 1.182a 11.07 a 592a 33.12a

b0 PLO.05 Jlas! s )0 jlo cire @glis oaimoylis (g o 50 gl g >
Different letters in each column indicate significant difference at P<0.05.
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Table 6- Mean comparisons of the interaction of cadmiumxrhizobacteria on yield, thousand
grain weight and shoot dry weight of black mustard

e 5,Shos f(')"oz)'}"’ 039 e plail i (39
Treatment Yield (g.plant™) weigl%tr E(HgI; Shoot dry weight (g)
Control wali 1.08 ¢ 451b 11.14b
(P 2 £ ki) o ponedls el 1.47b 507a 11.92a
0 Cadmium (mg.kg™") Azospirillum ' ‘
oligagogm 177 a 525a 12.13a
Pseudomonas
Control wali 0.58¢ 3.89d 9.07d
(o555 52 55 o) Vov pawodls A;Z'Zl::l,lﬁm 0.77d 4.09 cd 10.11 ¢
100 Cadmium (mg.kg™) L;p
09055 0.95 ¢ 4.18¢ 10.92 b
Pseudomonas

Aol 0 PL0O.05 Jloz! o )0 jlo cine &iglis ooz lis fygiw y2 40 Sglite g,
Different letters in each column indicate significant difference at P<0.05.
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Table 7- Mean comparisons of main effect of cadmium on fatty acids content of black
mustard seed

Sgi o5 | | RN | oSl o
Lo ] ol Somwgyl ot Segied dl SGg wlo (pfgy o yd

Tre)a tr;lent L Erucic acid  Linoleic acid Oleic acid Seed oil

Eicosenoic (%) (%) (%) content (%)
acid (%)
(P 55hS 5 )5 ko) S pamosls
0 Cadmium (mgke') 5.15a 37.29a 20.13a 14209 a 3533a
(S 3 £ o) Vv pgpodls 4850 36.36b 18.96 b 13.909 b 29.16 b

100 Cadmium (mg.kg™)

Aol o PLO.05 Jloss! o )0 jlo cine &iglis ooz lis gty 40 Sglite g,
Different letters in each column indicate significant difference at P<0.05.
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Table 8- Mean comparisons of main effect of rhizobacteria on fatty acids content of black
mustard seed

s TSIy SIS el el Sy
Treatment Eicosenoic acid Erucic acid (%) Linoleic acid Oleic acid Palmetic acid
(%) ° (%) (%) (%)
Control aalis 4937 ¢ 36.77b 1943 ¢ 13.96 b 3.502a
P*"Z&”‘ 5.021b 36.85a 19.58 b 14.104 a 3.38b
Azospirillum
rligesdg 5.056 a 36.86 a 19.62 a 14.107 a 3.38b
Pseudomonas

Aiboo PLO.05 Jlozs! mlaws (o lo cne <glis oaies (jLid gt ,o 50 Sglite g >
Different letters in each column indicate significant difference at P<0.05.
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Table 9- Mean comparisons of main effect of growth regulators on fatty acids content of
black mustard seed

R = By il
Treatment Eicpéenoic Eru(col/g)amd Lipéleic Lindienic Olei;: acid Syéaric fggg}l;igz(;
acid (%) acid (%) acid (%) (%) acid (%) %)
Control sl 4.937 ¢ 36.73b  1946b  1927b  14002b  147a 5.002a
sl ‘g“iﬂ“*"“ 5.025b 36.87a 19.58 a 1938a  14089a  139b 476b
"f“”‘];g*“"ﬂ 5.051a 36.89a 19.6a 1939a  14085a  137b 474b

Db o P05 Jlosl grlans 10 o sine &gl oaims lis gt ,2 50 Sglitte g >
Different letters in each column indicate significant difference at P<0.05.
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Table 10- Mean comparisons of the interaction of cadmiumxrhizobacteria on fatty acids
content of black mustard seed

<z i
5 Aol S Lol Sl Sl g Ll = ‘Su’&”‘
et Stearic acid Linolenic acid & d glild
Treatment (%) (%) fgfatglgiti?ls Unsaturated
%) fatty acids (%)
T Control asls 0.81¢ 19.62b 351a 96.101 b
) o ol g3l
(o555 5 pyT ko) 1 Azospirillum 0.604 d 19.695 a 3.16b 96.65 a
i kg ~
0 Cadmium (mg-kg") P;gﬁ;f;g:as 0.63 d 19.698 a 3.205b 96.67 a
Control sals 2.18a 1891d 6.46 ¢ 92.66 d
Yoo N .1
fae Pok el 2.12b 19.06 ¢ 632d 93.25 ¢
(pSoLS 5 o5 o) Azospirillum
100 Cadmium (mg kg™ Psﬁl‘if;f;é:as 2.12b 19.12 ¢ 632d 93.45¢

Db o PLO.05 Loz s )0 jlo cine &iglis ooz lis gt y2 50 Sglitte g >
Different letters in each column indicate significant difference at P<0.05.
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Table 11- Mean comparisons of the interaction of cadmiumxgrowth regulators on fatty
acids content of black mustard seed

s sl Seially Eleilind oy losl

Treatment Palmetic acid (%) Unsaturat(%g)fatty acids
Control aals 2.74 ¢ 96.14 b
(PAS 2 25 ko) b2 porodld SNV P SO 2.54d 96.59 a
0 Cadmium (mg.kg™) B.R. ws yimlginmsl 2 2.53d 96.67 a
Control sl 4306 a 92.68 d
(PSS 2 p5en) Vv pgmedld S.A. ol Sclnmtlus 4205b 93.304 ¢
100 Cadmium (mg kg™) B.R. wis yimlginmsl 4.195b 93.38 ¢

.\,.;L@ P<0.05 Jle CJa..; 5o )bé.'.m Solay odums lid et ;o 0 Dglate By,
Different letters in each column indicate significant difference at P<0.05
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Abstract

Cadmium is one of the soil primary pollutants which is categorized as heavy metals
and brassicaceae family are able to accumulate high amounts of heavy metals such as
cadmium by producing high amounts of dry matter. In order to evaluate fatty acids
variation, seed oil percentage, yield and yield components of black mustard as affected
by growth promoting rhizobacteria and growth regulators under cadmium stress
condition, a factorial experiment based on randomized complete block design was
conducted at the Research Green House of Mohaghegh Ardabili University with four
replications. Experimental treatments were two cadmium levels (0 and 100 milligrams
per kilograms of soil), three rhizobacteria levels (control, Azospirillum and
Pseudomonas) and three growth regulator levels (control, salicylic acid and
brassinosteroid). Mean comparisons indicated that cadmium treatment decreased pods
number per plant, grain number per pod, root dry weight, seed oil percentage, oleic,
linoleic, eicosenoic and erucic acid percentages, significantly. Growth promoting
rhizobacteria increased all of above mentioned parameters significantly, where as, it
decreased palmitic acid content. Plant growth regulating sprays resulted in a significant
increment in plant yield, shoot and root dry weight, seed oil percentage and all kinds of
unsaturated fatty acids while it reduced stearic acid content and saturated fatty acids.
The interaction of cadmiumxrhizobacteria indicated that both cadmium levels used,
along with rhizobacteria treatment, increased plant yield, thousand seed weight, shoot
dry weight, linolenic acid and unsaturated fatty acids, where as decreased stearic and
saturated fatty acids, significantly. In general, the effects of cadmium on these traits
were different. Interaction of cadmiumxgrowth regulators, spray application of growth
regulators, under both cadmium levels, reduced palmitic acid and induced unsaturated
fatty acids significantly and cadmium application had an inverse result.

Key words: Cadmium, Fatty acid, Mustard, Plant growth regulator, Rhizobacteria.
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