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Table 1- Concentration of selected elementsin the soil used for this study

B o $9) C}""i L d o <l S olyys o (o 0 oS ot Uy
&9 i 5 g5 g5 oo Jglme  Jgle Jglw  Jge  Jgbe
Property Total Total Total Total Soluble  Soluble Soluble Soluble Soluble  Soluble

Cu Zn Fe Pb HCO3 CO3* Na* Mg?* Ca* K*
soly } 1
mg kg* mg L
Unit (mg kg™) (mgL™)
his 1411 62 2955 214 56 0.8 23.8 04 12 0/0
Value
B (o) S (lonndy (38 (B Shg (AT Jgu>
Table 2- Selected physico-chemical properties of the soil used for this study
SR ) S
Property Unit Value
o 1
k 323
Sand 9 g
o
- kg? 403
Silt 9¥d
o) -1
k 274
Clay 99
Bl K £y
Texture class Loam
oo -1
. k 26.9
Organic matter 9 g
S Jols plbes
Cation exchange capacity (CEC) cmol kg™ 221
Sopsdl colas 1
ds 25
Electrical conductivity (ECe) m
Joles eaanlS @lis S 0
. . % 30.5
Calcium Carbonate Equivalent °
e 8.1

Ph
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Means similar letter(s) are not significantly different at 5% probability level, according to the Duncan’s -test at 5% probability level
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Table 3- Variance analysis of the tr eatments effects on shoot length and dry weight of shoot and r oot
Ol pants @lio il an ol g5 ol L SWid 59 iy y SWiS 39

SOV df Shoot length Shoot dry weight Shoot dry weight
‘f”*’” 2 83.69" 5.15" 6.27"
Microbe
= 3 313.27" 7.49" 417"
Lead
G X g ySo - o o
LeadxMicrobe 6 4.97 0.46 0.26
s 22 0.65 0.033 0.054
Error

9 PGPR AMF 5l log j3 SB 45 O 555055 zokamw 53 0LS duiny 5 2, lud LG SWid (439 9 0l L (65150 cpaSile (39031 —€ Joua
KEW

Table 4- Mean comparison of shoot length and dry weight of shoot and root at different levels of soil Pb in control, PGPR and
AMF treatments

SK 4y 000 039331 O gur JS Control PGPR AMF

Total Pb added to soil o)ludls 55l
(mg kg?) Shoot length (cm)

0 24.3 + 0.18%° 28.8 + 0.45%2 27.3+0.6122
250 21.7 + 0.75P¢ 24.4 + 0.13>° 26.3 + 0.78%2
500 18.2 + 0.78%¢ 20.8 £ 0.11¢P 24.7 + 0.87°2
1000 9.7 + 0.629b 13.2 + 0.62¢P 16.6 + 0.13%2
Mean 18.48C 21.8B 23.73A

oludls S o35
Shoot dry weight (g pot™!)

0 4.19 £ 0.223b 4.73 £ 0.2132 4.67 £ 0.3022
250 3.42 + 0.180P 4.40 + 0.14°2 4.63 £ 0.162
500 2.48 + 0.25%0 4.13 + 0.06°2 4.49 £ 0.1222
1000 1.83 + 0.234¢ 2.24 + 0.06%° 3.24 + 0.08°2
Mean 2.98B 3.88A 426 A

Adyy SS9
Root dry weight (g pot™)

0 2.98 + 0.2730 4.74 + 0.25%2 4.68 £ 0.1132
250 2.70 £ 0.38%b 3.80 £ 0.29°2 4.06 + 0.17°2
500 2.21+0.18°¢ 3.02 £ 0.17¢P 3.55+0.12%2
1000 2.06 + 0.06°° 2.44 £ 0.2200 3.24 + 0.08%

Mean 249B 3.50A 3.88A

sl Cd 2 g gt 253 (PS1-0) )l ST oaind 0Li5 i3 4y 20 50 555 2 p9 9 J5l sVl B>
)85 (PS/40) (gl me AT SSly glaials wi> 099)'1 ool g S ydie g ghyld ola (Sl
The first and second superscript |etters on each number indicate significant different at 5% level in each row and column,
respectively
Means similar letter(s) are not significantly different at 5% probability level, according to the Duncan’s -test at 5% probability level
(n=3)
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Table 5- Variance analysis of the treatments effects on chlor ophylls and car otenoids

Olpdd il (331 42 a Jadg 5 b Juds 5 ath Judg 5 Mgy,
SOV df Chlorophyll a Chlorophyll b Chlorophyll a+b Cartenoid
f”"" 2 0.114" 0.038" 0.284"" 0.03"

Microbe
o 3 1578 0.518" 3.905" 0.11
Lead
s x uﬁ)sm ns ns ns ns
L eacMicrobe 6 0.019 0.006 0.047 0.0004
s
22 0.011 0.004 0.027 0.001
Error

5| S0t PGPR 5 AMF (sl jlos > ol s ol ol pals
sbaojlul (g Fuie olgice crlple (V0 Joi2) 39 2ald o
SAMF L oad (Sjanle plals ) bassis)lS 5 La sy s
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Table 6- Mean comparison of chlorophyllsand carotenoids, at different levels of soil Pb in control, PGPR and AMF

treatments
S o0l 039 38] g IS Contral PGPR AMF
Total Pb added to soil a Jdy k8
(mg kg?) Chlorophyll a (mg g*Fw)

0 2.91 + 0.10%0 3.63 £ 0.25%2 3.15+ 0.147P
250 2.31 + 0.05P2 2.51 + 0.29%a 2.62 + 0.02va
500 1.73+0.13%2 2.00 + 0.170a 2.09 + 0.03¢%2
1000 1.04 + 0.02¢0 1.28 + 0.22°2 1.42 + 0.04%2
Mean 2.00B 236 A 2.32A

b ubs,ls
Chlorophyll b (mg g*FW)

0 1.67 + 0.06%¢ 2.08 + 0.0822 1.91 + 0.08%°
250 1.32 + 0.03°2 1.44 + 0.11°2 1.50 + 0.14°a
500 0.99 + 0.08°P 1.14 + 0.022 1.21 + 0.04°%2
1000 0.60 + 0.03%° 0.73 + 0.0292 0.82 + 0.03%2
Mean 1.35B 135A 136 A

atb 5,1
Chlorophyll at+b (mg g*Fw)

0 4,58 + 0.15%¢ 5.71 + 0.2222 4,96 + 0.243P
250 3.64 + 0.08°° 3.95+ 0.1302 4.12 + 0.28%2
500 2.73+0.21°0 3.15 + 0.04¢%2 3.29 + 0.11¢°2
1000 1.64 + 0.03%P 2.01 + 0.06%2 2.25 + 0.09%a
Mean 3.15A 3.71A 3.66 B

5958
Carotenoid (mg gtFW)

0 0.26 + 0.013° 0.32 + 0.0222 0.29 + 0.025%®
250 0.19 + 0.030P 0.25 + 0.05°2 0.26 + 0.02%2
500 0.15 + 0.03%2 0.18 + 0.04%2 0.21 + 0.032
1000 0.11 + 0,019 0.13 + 0.02¢92 0.15 + 0.0192
Mean 0.18B 0.22 A 0.23 A

SBly e y) y g Gt o 3 (PSe/-0) ylol BUBT oimd (L5 i 335 1 595 2 p92 9 ol sVl By >
)85 (PS+/40) (gl re BT SSly (glaials six L'Jyaj ool g S yidie g ghyls (ola (Sl
The first and second superscript letters on each number indicate significant different (P< 0.05) in each row and column, respectively.
Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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Table 7— Variance analysis of the treatments effects on leaf relative water content, proline and soluble sugars

S, i Soof VSR | -
OlpdS gile g3l an L” it at’ odan Jolows (slau3
SOV df eat reiative water Proline Soluble sugars
content
‘f”‘f" 2 405.37"" 4.69™ 1.626™
Microbe
e 3 242.95™ 22.62" 6.732"
Lead
o X 0950 s - -
LeschM icrobe 6 16.955 0.511 0.445
ks 2 33181 0.057 0.004
Error

2L 9 PGPR AMF (sl )losi )3 SB 0 pa (195U Tobauw )3 Jglono (BB g (g0 5 52 O oo b 91 (565ko (o903 A Jgo
Table 8- Mean comparison of leaf relative water content, proline and soluble sugar s, at different levels of soil Pb in contral,
PGPR and AMF treatments
Control PGPR AMF

Sl s a5 gl

S a0l 039381 Oy JS
Total Pb added to soil

(mgkg?h) Leaf relative water content (%)

0 74.62 + 4.76%2 78.74 £ 2.1372 78.34 + 1.29?2
250 70.31 + 3.0122 75.82 + 2.32%2 77.41 + 2.48%2
500 66.66 + 4.15%>2 73.41 + 1.5072 74.98 + 3.39?2
1000 60.65 + 6.05*2 69.81 + 6.38*2 71.50 + 3.9472
Mean 68.06 A 7445 A 75.56 A

o
Proline (mg gDW)

0 0.36 + 0.06%2 0.39 + 0.0292 0.43 + 0.1192
250 1.21 £0.13°P 2.11+0.19% 2.63+0.20%
500 1.93 £ 0.12°0 3.76 £ 0.12°2 3.82 £ 0.11°2
1000 3.32+0.1130 4,93 + 0.4132 4,94 + 0.1434
Mean 171B 2.80A 296 A

Jslome slans
Soluble sugars (mg g*DW)

0 1.37 + 0.09% 1.35 + 0.25%2 1.46 + 0.1142
250 1.54 + 0.13°b 1.94 + 0.24°2 181 +0.17%2
500 1.98 + 0.08°° 2.64 + 0.110a 2.56 + 0.12ba
1000 2.33 £ 0.06%P 3.86 + 0.1924 3.92 + 0.0822
Mean 176 B 245A 244 A

sl Cind) g st 0 (Pe/00) (gylol SMST osimd (i i 338 8 555 1 p9 9 gl gVl B9 >
KRy (PS~/~Q) Lg)lbul.u M| OS.I]) slaels > O}a}] U»L.:l » LS):.AM 35)> L;l)b dl.taufqlm

The first and second superscript |etters on each number indicate significant different (P< 0.05) in each row and column, respectively

Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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sl (b glinsT S5 sl (ol alo sais” Lo
Sl (i bl )3 ol g Iyt sl b g (St
SIS (V) 2l g (a9l Gigg cnl b wilen (V) g oo SE-
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Hile lojles )3 Jglomo (sload 5 gy (9 St 900
Loy ySee ol g 0ad Ag5 (slayge 9o S Ylaisl oas
Ay 38l L il o i Ll 53 Bayge g ol )
o S oLS (6)Lad g tl38l le (g o254 dinel (slaisus]

05l Ll )3 s 9 (59, T CE 3 B jlond ST uil g 2525 -4 Jgi
Table 9- Variance analysis of the treatments effects on shoot Fe, Zn and Pb concentration

oy qalio PRI s ldls palcdale o )ldle gy, cdile o,luald O pw cdils
Shoot Fe Shoot Zn Shoot Pb
SOV df - A .
concentration concentration concentration
"_J”S‘:A 2 5010.47"" 492.91™ 199.13™
Microbe
o 3 7421.36™ 1390.29" 941,51
Lead
o X 9,8 " o
6 83.79 4,19 21.16
LeadxMicrobe
ks 22 19.59 4.72 2.69

Error
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Table 10- Mean comparison of shoot Fe, Zn and Pb concentration at different levels of soil Pb in control, PGPR and AMF

treatments
SB 4 00w 03938 @ gur JS Control PGPR AMF
Total Pb added to soil o sl ool clale
(mgkg?) Shoot Fe concentration (mg kg™)

0 113.19 + 3.823¢ 164.01 + 7.5122 135.81 + 3.54%P
250 93.17 + 2.16°° 132.15 + 1.69°2 102.07 + 1.710°
500 70.15 + 2.97¢¢ 109.58 + 5.09%2 91.97 + 6.59°P
1000 52.63 + 3.05%¢ 82.76 + 4.88%2 67.44 + 3.819°
Mean 82.29C 12219 A 99.32B

oyl (g9, clale
Shoot Zn concentration (mg kg™)

0 30.17 + 2.183¢ 50.92 + 1.7434 46.15 + 1.27%0
250 28.75 + 3.320¢ 43.12 + 1.82ba 35.94 + 1.92°0
500 19.87 + 0.29¢¢ 30.13 + 0.49°2 25.85 + 2.07°P
1000 8.84 + 2.299¢ 23.48 + 1.38%2 18.40 + 1.719b
Mean 2416 C 36.91 A 31.59B

oyl li oy clals
Shoot Pb concentration (mg kgt)

0 0.34 + 0.07%¢ 2.35+ 0.28%2 1.79 + 0.11¢P
250 6.93 + 0.83%P 16.21 + 1.59%@ 15.81 + 2.01°2
500 12.07 + 0.69°° 20.35 + 0.63°2 21.86 + 2.8972
1000 21.64 + 1.19¢ 30.64 + 2.8732 24.29 + 0.822b
Mean 10.25B 17.39 A 15.94 A

Sbly o iyd) y g Gt o 3 (PSe/-0) (ylol BT i (s i & 35y (595 2 P93 5 gl sVl B9
B85 (P /40) (53 sine OS] 531 (glaiols din yg0)] bl s S o gy gyl (sl il
The first and second superscript |etters on each number indicate significant different (P< 0.05) in each row and column, respectively
Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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Introduction: Recently, due to enhancement of industrialization, urbanization and disposal of wastes,
fertilizers and pesticides the concentration of heavy metals (HMs)in agricultural soil has increased. Heavy metals
are serious threat for environment due to their hazardous effects. Lead (Pb) is one of the toxic heavy metal that
threats the health of plants, living organisms and human. Excessive Pb concentrations in agricultural soils result
in decreasing the soil fertility and health which affects the plant growth and leads to decrease in plant growth.
Plants simultaneously exposed to Pb suffer morphological, biochemical and physiological injury. Pb adversely
affect plant absorption of essential elements, chlorophyll biosynthesis and shoot and root growth. Arbuscular
mycorrhizal fungi (AMF) and plant growth-promoting rhizobacteria (PGPR) are known to enhance nutrient
uptake and improvement of plant growth and tolerance in heavy metal contaminated soils through different
mechanisms including producing low molecular weight organic acids, siderophore, antibiotics and hormones.
The objective of this study was to evaluate the effect of AMF and PGPR on yield, leaf relative water content
(RWC), some biochemical properties and uptake of Pb, Fe and Zn by Hyoscyamus (Hyoscyamus niger L.) under
soil Pb contamination.

Materials and Methods: This study was carried out in greenhouse condition as a factorial experiment based
on a randomized complete block design with two factors including Pb concentration (in four levels) and
microbial treatment (in three levels including arbuscular mycorrhizal fungi, plant growth-promoting
rhizobacteria and control) and in three replications. Consequently, a soil was selected and spiked uniformly with
concentrations of Pb (0, 250, 500 and 1000 mg Pb kg* soil). The contaminated soil was then sterilized and
inoculated with the selected species of arbuscular mycorrhizal fungi (a mixture of Glomus species including G.
intraradices, G. mosseae and G. fasciculatum) or plant growth-promoting rhizobacteria (a mixture of

Pseudomonas species includeing P. putida, P. fluorescens, and P. aeruginosa). Seeds of Hyoscyamus niger L.
plant were grown in pots containing the Pb spiked soil. At the end of growth period shoot length, dry weights of
root and shoot, Fe, Zn and Pb concentration in shoot, and some biochemical and physiological properties of plant
including relative water content (RWC) chlorophyll a b and total chlorophyll, carotenoids, proline and soluble
sugars, were measured.

Results and Discussion: Results indicated that with increasing soil Pb concentration, dry weights of root and
shoot, shoot length, photosynthetic pigments contents (chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids), shoot Fe and Zn concentration decreased, while proline and soluble sugars contents and the shoot

Pb concentration increased. With increasing of soil Pb concentration, relative water content decreased, however,
this reduction in concentration of 1000 mg Pb kg? soil was not significant (P > 0.05) in compared with
concentration of 1000 mg Pb kg soil. Amounts of all measured properties in AMF and PGPR treatments were
higher than that control treatment. The highest values of shoot weight and root weight, were observed in plants
that inoculated with AMF. The lowest shoot weight was recorded in non-inoculated plants that were grown
under 1000 mg Pb kg?! soil concentration. In this study Arbuscular mycorrhizal fungi and plant growth-
promoting rhizobacteria inoculation led to a significant increase (P<0.05) in shoot length (12.9 -71.1%), shoot
dry weight (11.5 — 81%), root dry weight (18.4 — 60.6%), chlorophyll (8.5 — 36.5%) and carotenoid (11.5 —
40.0%) pigments, proline (55 — 115.7%), soluble sugars (17.6 — 72.2%) and shoot Fe (9.5 — 57.2%) and Zn (25.0
— 165.5%) concentration in shoot at different levels of soil Pb. The highest and lowest amounts of shoot Fe, Zn
and Pb concentration observed in AMFand control treatments respectively. Plant growth promoting
rhizobacteria were more effective than arbuscular mycorrhizal fungi in shoot Fe, Zn and Pb concentration, while
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the mean of shoot length and shoot and root dry weight was higher in plants that inoculated with AMF compared
to ones inoculated with PGPR. In genera, therewere not significant (P < 0.05) differences in amounts of
chloraphyll (chlorophyll a, b and chlorophyll at+b) and carotenoids pigments, proline and soluble sugars between
AMF and PGPR treatments.

Conclusion: It could be concluded that microbia inoculation (mixture of AMF and PGPR species) with
improvement of plant biochemical properties results in improved Hyoscyamus niger L. yield and increased
tolerance to Pb toxicity. Thus, the use of microbial inoculation (mixture of AMF and PGPR species) inoculation
might be suggested for enhancement of plant tolerance in Pb contaminated soils.

Keywords: Arbuscular mycorrhizal fungi, Biochemical properties, Pb toxicity, Plant growth promoting
rhizobacteria



