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Abstract: The effect of arbuscular mycorrhizal (AM) fungi Glomus fasciculatum (Thaxter) Gerdemann and
Trappe  emend.  Walker  &Koske  with  different  amendments  of  tannery  sludge  on   the   growth of
Sesamum indicum L. var. DS 1 was tested to know the plant response. The results revealed that at 25%
amendment of tannery sludge with  Glomus  fasciculatum  there  was  a  significant  growth.  Further  when  the
metal uptake like Zn, Cu, Na, Fe and K was less in shoots at lower amendments of sludge and G. fasciculatum
compared to roots. The Cd, Ni content was noted only in shoots at lower amendments of sludge and G.
fasciculatum. The Cr and Pb were high in higher amendments of sludge and AM fungi in shoots and roots
respectively. Mn and P were found to high. The Mn content was also high at higher amendemnts of sludge and
AM fungi in shoots than roots. Thus the exploitation of AM fungi can help in decontaminating the metals in
the sludge using host plant.

Key words: Zn  =  Zinc   Cu  =  Copper   Na  =  Sodium  Fe = Iron  K= Potassium  Mn = Manganese
 P = Phosphorus  Cr = Chromium  Pb = Lead  Cd = Cadmium  Ni = Nickel

INTRODUCTION Plants have a natural propensity to take up metals.

Heavy metal contamination caused by natural pollutants via stabilization, degradation in the
processes or by human activities is one of the most rhizosphere, degradation in the plant, accumulation in
serious ecotoxicological problems. Contamination of soil harvestable tissues [6]. Mycorrhizal associations are
by toxic metals is a serious concern in environmental reported to be present on the roots of plants growing on
perspective for safe rational utilization in agriculture [1]. heavy metal contaminated soils and play an important role
During the treatment of tannery effluent a huge amount of in metal tolerance and accumulation [5, 7]. Mycorrhizal
tanned  solid  particles  are  separated  as   sludge   [2]. colonization of roots results in an increase in root surface
Soil microorganisms are known to play a key role in the area for nutrient acquisition. The extramatrical fungal
mobilization and immobilization of metal cations, thereby hyphae can extend several cms into the soil and uptake
changing their availability to plants. Metal tolerance in large amounts of nutrients, including heavy metals to the
soil microorganisms has been studied in the context of host root [8]. Thus the present study was mainly aimed to
removing metals from polluted soils (bioremediation), but study the effect of different amendments of tannery
also to provide a biological understanding of adaptation sludge with mycorrhizae on the plant growth and
of living organisms to extreme environments [3]. Soil influence of mycorrhizal infection on the metal uptake of
contaminated with multiple heavy metals can present a Sesamum indicum (L.) var. DS 1.
difficult challenge for both the approaches to
phytoextraction. Although some  hyperaccumulator MATERIALS AND METHODS
plants may appear to be capable of accumulating elevated
concentrations of several heavy metals. Simultaneously, Soil, AM Fungi and Plant Material: The tannery sludge
there is a still considerable specificity in metal and soil physical and chemical  characteristic  used  for
hyperaccumulation [4, 5]. pot   experiments   were   estimated    According    to     [9],

Plants and their associated microbes can remediate



No. of colonized segmentsRoot colonization (%) = 100
Total No. of segments examined

×
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Table 1: Showing physical and chemical analysis of experimental soil and tannery sludge.
Soil Tannery sludge

pH 7.80 ± 0.10 7.93 ± 0.08
EC (µS) 323.66 ± 1.85 958.66 ± 34.37
(mg/g)
Zinc 3.93 ± 0.03 4.16 ± 0.39
Sodium 19.71 ± 0.26 21.51 ± 0.43
Manganese 7.04 ± 0.02 9.00 ± 0.49
Iron 8.77 ± 0.04 15.35 ± 0.36
Potassium 80.43 ± 0.57 103.68 ± 0.61
Phosphorus 46.20 0.55 20.26 ± 0.66
Lead 1.35 ± 0.12 2.02 ± 0.05
Chromium 0.00 ± 0.00 51.19 ± 0.43
Cadmium 1.33 ± 0.14 5.73 ± 0.40
Nickel 7.36 ± 0.37 10.23 ± 0.24
Copper 0.29 ± 0.25 3.39 ± 0.35
The values are mean ± standard error.

Table 2: Showing the effect of Glomus fasciculatum (Thaxter) Gerdemann& Trappe emend. Walker &Koske. and different amendments of tannery sludge on growth characteristics, root
colonization, spore number, chlorophyll content of Sesamum indicum L. var. DS 1 for 30, 60 and 90 days.

Shoot Fresh weight Dry weight Root Fresh weight Dry weight Number of Root Spore no. Chlorophyll
Treatments length (cm) of shoot (g) of shoot (g) length (cm) of root (g) of root (g) capsules colonization (%) /50 g soil (SPAD) content
30 Days
Nic 15.00 ± 0.57 c 0.71± 0.00 g 0.08± 0.00 f 6.63± 0.08 cd 0.04± 0.00 g 0.01± 0.00 c 0.00± 0.00 b 0.00± 0.00 f 0.00± 0.00 d 22.43± 0.56 e
Gf 17.00± 0.57 c 0.93± 0.00 f 0.13± 0.00 e 7.00± 0.57 cd 0.12± 0.00 c 0.04± 0.00 ab 1.00± 0.57 ab 47.05± 0.24 c 44.33± 3.84 c 27.44± 0.57 c
5 % TS + Gf 20.33± 0.88 ab 2.04± 0.00 b 0.29± 0.00 b 9.00± 0.57 b 0.17± 0.00 b 0.04± 0.00 ab 0.33± 0.33 ab 66.59± 0.25 b 60.00± 2.30 a 30.43± 0.59 b
10 % TS + Gf 16.66± 0.88 c 1.34± 0.00 e 0.23± 0.00 c 6.00± 0.57 d 0.10± 0.00 d 0.05± 0.00 a 0.33± 0.33 ab 34.15± 0.52 d 50.33± 0.88 b 28.49± 0.59 c
25 % TS + Gf 22.66± 0.88 a 2.11± 0.00 a 0.32± 0.01 a 12.00± 0.57 a 0.38± 0.00 a 0.06± 0.00 a 1.33± 0.33 a 74.11± 0.48 a 58.33± 1.20 a 32.60± 0.45 a
35 % TS + Gf 17.00± 1.15 c 0.45± 0.00 h 0.23± 0.00 c 10.63± 0.08 a 0.03± 0.00 h 0.04± 0.01 ab 0.00± 0.00 b 46.38± 0.45 c 60.00± 0.57 a 28.80± 0.50 c
50 % TS + Gf 22.26± 0.57 a 1.46± 0.00 d 0.22± 0.00 c 7.00± 0.57 cd 0.05± 0.00 f 0.02± 0.01 bc 1.00± 0.57 ab 33.61± 0.20 d 58.00± 0.57 a 25.70± 0.34 d
100 % TS + Gf 19.66± 0.88 b 1.60± 0.00 c 0.18± 0.00 d 8.00± 0.57 bc 0.07± 0.00 e 0.02± 0.00 bc 0.00± 0.00 b 26.82± 0.09 e 47.33± 0.88 bc 23.61± 0.39 e
60 Days
Nic 15.83± 2.68 f 1.08± 0.00 h 0.26± 0.01 f 7.00± 0.57 e 0.12± 0.00 f 0.04± 0.00 g 2.33± 0.33 c 0.00± 0.00 f 0.00± 0.00 c 23.12± 0.57 g
Gf 26.66± 0.08 c 2.06± 0.01 g 0.40± 0.00 e 10.00± 0.57 d 0.21± 0.01 e 0.07± 0.00 ef 3.00± 0.57 bc 75.61± 1.52 b 57.66± 1.20 ab 28.81± 0.33 e
5 % TS + Gf 21.83± 0.28 de 2.94± 0.04 c 0.47± 0.01 d 12.50± 0.25 abc 0.46± 0.01 b 0.14± 0.01 b 2.00± 0.57 c 61.50± 0.86 c 44.00± 3.05 b 31.52± 0.42 cd
10 % TS + Gf 24.50± 0.29 cd 2.26± 0.01 f 0.48± 0.00 d 10.36± 0.18 d 0.35± 0.01 d 0.11± 0.01 cd 2.33± 0.33 c 73.76± 0.37 b 58.00± 3.21 ab 27.07± 0.32 f
25 % TS + Gf 42.33± 0.88 a 8.19± 0.00 a 1.61± 0.00 a 14.00± 0.57 a 0.92± 0.00 a 0.26± 0.01 a 5.00± 0.57 a 81.16± 0.60 a 61.33± 3.92 a 30.57± 0.54 d
35 % TS + Gf 35.16± 0.72 b 4.21± 0.01 b 0.91± 0.01 b 13.00± 0.57 ab 0.48± 0.00 b 0.14± 0.00 bc 4.00± 0.57 ab 81.16± 0.60 a 52.66± 5.23 ab 38.30± 0.66 a
50 % TS + Gf 21.83± 0.44 de 2.47± 0.00 d 0.540.00 c 12.00± 0.57 bc 0.23± 0.00 e 0.05± 0.00 fg 1.66± 0.33 c 53.94± 0.33 d 48.33± 5.36 ab 35.17± 0.58 b
100 % TS + Gf 20.16± 0.72 e 2.37± 0.00 e 0.48± 0.00 d 11.00± 0.57 cd 0.39± 0.01 c 0.08± 0.00 de 4.00± 0.57 ab 41.16± 0.72 e 53.00± 8.50 ab 32.48± 0.90 c
90 Days
Nic 34.33± 0.88 c 4.78± 0.01 g 0.86± 0.01 g 10.00± 0.57 b 0.50± 0.00 f 0.08± 0.00 e 5.66± 1.20 c 0.00± 0.00 e 0.00± 0.00 c 22.07± 0.78 e
Gf 38.33± 0.88 ab 7.48± 0.00 c 1.18± 0.00 f 9.13± 0.24 bc 0.66± 0.01 e 0.16± 0.00 b 6.33± 0.88 c 87.00± 1.52 ab 56.00± 2.30 ab 24.78± 0.49 d
5 % TS + Gf 34.90± 0.35 c 7.09± 0.01 d 1.46± 0.03 e 12.60± 0.70 a 0.78± 0.01 c 0.15± 0.00 bc 9.33± 0.88 b 80.00± 0.57 bcd 56.33± 3.17 ab 27.19± 0.58 d
10 % TS + Gf 36.00± 0.57 bc 6.40± 0.01 f 1.66± 0.02 c 12.16± 0.72 a 0.83± 0.01 b 0.21± 0.00 a 8.00± 0.57 bc 85.66± 0.88 abc 57.33± 2.40 ab 27.15± 0.62 d
25 % TS + Gf 40.33± 0.88 a 7.62± 0.00 a 1.86± 0.01 a 13.16± 0.72 a 1.37± 0.00 a 0.22± 0.01 a 12.33± 0.88 a 88.33± 0.60 a 62.33± 1.20 a 36.29± 0.47 a
35 % TS + Gf 29.33± 0.88 d 3.86± 0.02 h 1.58± 0.01 d 10.60± 0.30 b 0.65± 0.00 e 0.13± 0.00 cd 6.00± 0.57 c 80.16± 5.34 bcd 54.33± 4.17 ab 35.64± 1.78 ab
50 % TS + Gf 40.33± 0.88 a 6.98± 0.00 e 1.66± 0.00 c 9.50± 0.28 b 0.71± 0.00 d 0.15± 0.00 bc 7.33± 0.88 bc 78.33± 2.18 cd 55.66± 3.17 ab 32.43± 0.90 c
100 % TS + Gf 36.50± 0.57 bc 7.57± 0.01 b 1.72± 0.01 b 7.80± 0.15 c 0.72± 0.00 d 0.12± 0.00 d 7.00± 0.88 bc 77.96± 2.00 d 48.33± 5.60 b 33.12± 0.59 bc
Nic- Noninoculated control; Gf- Glomus fasciculatum; 5 % TS + Gf- 5 % Tannery sludge + Glomus fasciculatum; 10 % TS + Gf- 10 % Tannery sludge + Glomus fasciculatum; 25 % TS + Gf-
25 % Tannery sludge + Glomus fasciculatum; 35 % TS + Gf- 35 % Tannery sludge + Glomus fasciculatum; 50 % TS + Gf- 50 % Tannery sludg+ Glomus fasciculatum; 100 % TS + Gf- 100 %
+ Glomus fasciculatum. Mean values followed by the same letter are not significantly different at P= 0.05. Mean ± Standard error.

values represented in Table 1. The tannery sludge was AM  Fungi and  Treatment:  Pots  (15 cm diameter)
collected from tanneries, Madras. The AM fungal spores amended with air-dried sterilized soil-sand mix (3: 1 v/v)
Glomus fasciculatum (Thaxter) Gerdemann and Trappe ratio was used for the experiments. About 10 g of the
emend. Walker &Koske was collected from Microbiology mycorrhizal inoculum was  applied  to  the  planting area
Laboratory, University of Agricultural Sciences, Dharwad, at a depth of nearly 4 cm to the pots (except non-
India were maintained in a poly house using Jowar inoculated control) before sowing seeds. Seeds were
(Sorghum  vulgareL.)  as host for mass multiplication in sown in pots and after germination uniform seedlings
35 cm diameter containing sterilized sand: soil (1:1 v/v) were  made  one  per  pot.  Different  percentage of
and   was   used as   inoculum.   The   seeds of tannery sludge was applied to the pots as mentioned in
Sesamum indicum L. var. DS 1 were collected from Seed Table 2.
production unit, UAS, Dharwad, India. Seeds were surface
sterilized  by  treating  with  1%  Sodium hypochlorite for
2-3 min before sowing.
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Table 3: Accumulation (mg kg ) of Zinc, Copper, Iron, Sodium, Potassium, Lead, Chromium content in shoot and root parts of Sesamum indicum L. var. DS 1 grown on different amendments1

of tannery sludge with Glomus fasciculatum (Thaxter) Gerdemann& Trappe emend. Walker &Koske.after 60 and 90 days of exposure.
Zinc Copper Iron Sodium Potassium Lead
---------------------------- ------------------------------ ----------------------------- ----------------------------- ----------------------------- -------------------------------

Treatments Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
60 Days
Nic 6.00  ± 0.57 g 24.53 ± 0.38 h 12.03 ± 0.60 e 17.00 ± 0.57 e 57.06 ± 0.57 g 46.10 ± 0.63 f 5.00 ± 0.57 f 8.60 ± 0.25 e 101.36 ± 0.60 g 11.00 ± 0.57 a -19.03 ± 0.57 f -7.00 ± 0.57d
Gf 81.13± 0.52 d 33.86 ± 0.31 g 13.06 ± 0.63de 23.03 ± 0.57 c 63.06 ± 0.60 f 122.00±0.57b 19.30 ± 0.49b 9.03 ± 0.60 e 113.03 ± 0.60 e 11.43 ± 0.39 a -14.00 ± 0.57 e -1.70± 0.26c
5 % 
TS + Gf 50.30 ± 0.05 f 48.33 ± 0.61 e 17.10 ± 0.60 a 21.06 ± 0.60 d 122.03±0.66c 101.03±0.60c 19.30 ± 0.55 b 18.10±0.55b 152.03±0.63b 12.00 ± 0.57 a -12.23 ± 0.66 d -2.40± 0.05c
10 % 
TS + Gf 97.40±0.47a 40.30±0.49f 16.03±0.60 ab 20.50 ± 0.35 d 91.10 ± 0.60 e 64.23 ± 0.75 e 21.00 ± 0.57 a 12.10±0.63 d 247.06 ± 0.63 a 12.30 ± 0.63 a 2.26 ± 0.08 a 0.00±0.00b
25 % 
TS + Gf 49.26 ± 0.52 f 59.16 ± 0.60 d 15.00 ± 0.57bc 23.13 ± 0.52 c 98.10 ± 0.63d 142.06±0.63a 6.93 ± 0.41 e 12.43±0.60d 135.06 ± 0.58 d 12.10 ± 0.63 a -4.20 ± 0.05c -2.23±0.08c
35 % 
TS + Gf 52.10±0.63 e 95.16 ± 0.52 b 14.00±0.57 cd 42.13 ± 0.54 a 157.00±0.57 a 70.03 ± 0.57 d 11.03 ± 0.60 d 16.26±0.50c 141.06 ± 0.72 c 12.13 ± 0.52 a -5.40 ± 0.05 c -2.00±0.57c
50 % 
TS + Gf 87.23 ±0.69 b 101.33±0.63 a 15.03 ± 0.60bc 24.03 ± 0.34 c 124.03±0.60b 43.00 ± 0.57 g 10.20 ± 0.17 d 18.30±0.47 b 107.23 ± 0.72 f 12.33 ± 0.48 a -5.30 ± 0.05 c -7.76±0.29d
100 %
 TS + Gf 84.00± 0.57 c 91.23 ± 0.66 c 12.50±0.47 de 31.20 ± 0.47 b 122.06±0.63 c 70.10 ± 0.63 d 13.06 ± 0.63 c 26.20±0.56 a 153.00 ± 0.57 b 12.30 ± 0.68 a -2.00 ± 0.50 b 15.00± 0.57a
90 Days
Nic 7.50 ± 0.35 f 37.46 ± 0.48 h 17.20 ± 0.41 e 38.43 ± 0.50 h 108.30±0.40 g 82.20 ± 0.52 h 9.03 ± 0.60 e 17.00±0.57 e 137.56 ± 0.38 h 23.00 ± 0.57 a -38.20 ± 0.46 g -16.06 ± 0.58f
Gf 101.70±0.47c 98.66 ± 0.52 d 25.16 ± 0.46 b 43.26 ± 0.44 g 121.36± 0.52f 140.66±3.84 f 23.03 ± 0.60 b 17.33±0.40 e 144.03 ± 0.60 g 22.63 ± 0.52 a -27.13 ± 0.52 f -4.00± 0.57c
5 % 
TS + Gf 61.43±0.56 e 53.16 ± 0.60 f 21.00 ± 0.57 d 52.13 ± 0.60 e 165.66±0.46 d 278.10±0.55 b 23.23 ± 0.52 c 29.30±0.47 c 351.13 ± 0.52 b 23.00 ± 0.57 a -23.16 ± 0.57 e -5.80±0.15d
10 % 
TS + Gf 119.46±0.48a 50.43 ± 0.40 g 28.23 ± 0.49 a 58.20 ± 0.55 c 120.30± 0.43f 212.83±0.33d 41.30 ± 0.40 a 31.50±0.55 b 480.03 ± 0.57 a 23.33 ± 0.88 a 5.66 ± 0.21 a -3.00± 0.05b
25 % 
TS + Gf 60.36± 0.61 e 79.63 ± 0.50 e 23.36 ± 0.40 c 47.26 ± 0.57 f 152.26±0.58 e 260.30±0.40 c 14.10 ± 0.51 d 24.03±0.60 d 269.26 ± 0.37 d 23.00 ± 0.57 a -8.93 ± 0.08 c -5.53±0.28d
35 % 
TS + Gf 72.16±0.57 d 104.26±0.55 c 24.20±0.46 bc 73.10 ± 0.51 a 347.86±0.75 a 334.23±0.38 a 20.06 ± 0.24 c 52.30±0.63 a 184.16 ± 0.52 f 23.16 ± 0.46 a -10.76 ± 0.12 d -14.00±0.57e
50 % 
TS + Gf 119.20±0.41a 177.26± 0.40 a 25.33 ± 0.35 b 55.40 ± 0.34 d 243.23± 0.44c 91.56 ± 0.57 g 21.93 ± 0.27 b 23.40±0.34 d 209.06 ± 0.52 e 23.26 ± 0.37 a -11.06 ± 0.40 d -3.00±0.57c
100 % 
TS + Gf 107.20±0.60b 111.46 ±0.46 b 20.06 ± 0.63 d 62.73 ± 0.56 b 304.33± 0.58b 173.00±0.57 e 20.36 ± 0.42c 30.46±0.40bc 343.33 ± 0.88 c 23.93 ± 0.75 a -4.00 ± 0.57 b 29.36±0.38a
Nic - Noninoculated control; Gf- Glomus fasciculatum; 5 % TS + Gf- 5 % Tannery sludge + Glomus fasciculatum; 10 % TS + Gf- 10 % Tannery sludge + Glomus fasciculatum; 25 % TS + Gf-
25 % Tannery sludge + Glomus fasciculatum; 35 % TS + Gf- 35 % Tannery sludge + Glomus fasciculatum; 50 % TS + Gf- 50 % Tannery sludge + Glomus fasciculatum; 100 % TS + Gf- 100
% + Gl. fasciculatum. Mean values followed by the same letter are not significantly different at P= 0.05. Mean ± Standard error.

Table 4: Accumulation (mg kg ) of Chromium, Cadmium, Nickel, Manganese and Phosphorus (%) content in shoot and root parts of Sesamum indicum L. var. DS 1 grown on different1

amendments of tannery sludge with Glomus fasciculatum (Thaxter) Gerdemann& Trappe emend. Walker & Koske.after 60 and 90 days of exposure.
Chromium Cadmium Nickel Manganese Phosphorus
---------------------------------- -------------------------------- -------------------------------- ---------------------------------- -----------------------------------

Treatments Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
60 Days
Nic 0.00± 0.00 e 0.00± 0.00 g -2.00 ± 0.05 d -0.90 ± 0.05 c 6.70 ± 0.25 d -6.93 ± 0.21 e 23.10 ± 0.60 e 10.70 ± 0.43 h 0.13 ± 0.00 c 0.13 ± 0.00 d
Gf 0.00± 0.00 e 0.00± 0.00 g 0.30 ± 0.05 b -0.50 b± 0.05 b 8.10 ± 0.51 bc -3.16 ± 0.46 a 27.40 ± 0.66 c 25.03 ± 0.60 c 0.20 ± 0.05 bc 0.14 ± 0.00 d
5 % TS + Gf 26.00 ± 0.57 d 71.03 ± 0.60 e 0.00 ± 0.00 c -0.80 ± 0.05 c 8.86 ± 0.48 ab -4.06 ± 0.54 abc 43.10 ± 0.63 a 31.03 ± 0.60 a 0.70 ± 0.05 a 0.80 ± 0.05 a
10 % TS + Gf 26.36 ± 0.49 d 52.00 ± 0.57 f -0.30 ± 0.05 d -0.50 ± 0.05 b 9.00 ± 0.57 ab -3.30 ± 0.05 a 33.36 ± 0.52 b 20.03 ± 0.60 e 0.15 ± 0.00 c 0.17 ± 0.00 cd
25 % TS + Gf 113.30 ± 0.55 a 433.03 ± 0.57 a 0.40 ± 0.05 ab -0.90 ± 0.05 c 9.30 ± 0.05 ab -4.56 ± 0.29 bc 32.23 ± 0.72 b 28.00 ± 0.57 b 0.22 ± 0.00 bc 0.28 ± 0.00 b
35 % TS + Gf 64.06 ± 0.63 b 130.03 ± 0.57 d 0.50 ± 0.05 a 0.00 ± 0.00 a 6.50 ± 0.35 d -5.03 ± 0.60 cd 33.06 ± 0.63 b 23.03 ± 0.60 d 0.17 ± 0.00 c 0.25 ± 0.00 b 
50 % TS + Gf 44.26 ± 0.63 c 153.06 ± 0.63 b 0.00 ± 0.00 c 0.00 ± 0.00 a 9.83 ± 0.44 a -3.70 ± 0.40 ab 25.23 ± 0.49 d 13.36 ± 0.46 g 0.30 ± 0.05 b 0.22 ± 0.00 bc
100 % TS + Gf 113.06 ± 0.52 a 145.00 ± 0.57 c -0.30 ± 0.05 d -0.40 ± 0.05 b 6.93 ± 0.31 cd -5.90 ± 0.05 de 28.06 ± 0.60 c 16.10 ± 0.57 f 0.16 ± 0.00 c 0.15 ± 0.00 d
90 Days
Nic 0.00± 0.00 g 0.00± 0.00 g -0.80 ± 0.05 f -1.90 ± 0.05 b 12.70 ± 0.47 f -14.00 ± 0.57 f 45.03 ± 0.60 f 23.06 ± 0.63 h 0.13 ± 0.00 d 0.20 ± 0.00 h
Gf 0.00± 0.00 g 0.00± 0.00 g 0.30 ± 0.05 e -0.73 ± 0.12 a 16.30 ± 0.47 d -4.80 ± 0.15 b 49.36 ± 0.42 e 26.13 ± 0.54 g 0.30 ± 0.05 bc 0.24 ± 0.00 g
5 % TS + Gf 51.06 ± 0.52 f 142.30 ± 0.36 e 0.30 ± 0.05 e -1.70 ± 0.05 b 17.83 ± 0.12 bc -6.90 ± 0.05 c 48.23 ± 0.52 e 46.56 ± 0.39 c 0.27 ± 0.00 c 0.27 ± 0.00 f
10 % TS + Gf 55.13 ± 0.66 e 104.00 ± 0.57 f 0.70 ± 0.05 c -1.70 ± 0.05 b 17.03 ± 0.60 cd -6.90 ± 0.05 c 77.20 ± 0.49 b 39.23 ± 0.49 e 0.30 ± 0.00 bc 0.33 ± 0.00 e
25 % TS + Gf 235.23 ± 0.40 b 868.23 ± 0.44 a 1.70 ± 0.05 a -1.90 ± 0.05 b 19.83 ± 0.21 a -3.76 ± 0.12 a 69.23 ± 0.49 d 72.26 ± 0.46 a 0.47 ± 0.00 a 0.46 ± 0.00 b
35 % TS + Gf 114.30 ± 0.43 c 337.30 ± 0.36 c 0.90 ± 0.05 b -3.00 ± 0.57 c 18.13 ± 0.52 bc -9.23 ± 0.57 d 68.46 ± 0.40 d 44.43 ± 0.56 d 0.33 ± 0.00 bc 0.50 ± 0.00 a
50 % TS + Gf 87.60 ± 0.40 d 271.13 ± 0.46 d 0.00 ± 0.00 f -2.33 ± 0.06 b 19.00 ± 0.157 ab -6.50 ± 0.05 c 95.00 ± 0.57 a 59.10 ± 0.43 b 0.50 ± 0.00 a 0.43 ± 0.00 c
100 % TS + Gf 332.53 ± 1.09 a 359.26 ± 0.37 b 0.50 ± 0.05 d -0.90 ± 0.05 a 14.33 ± 0.46 e -11.83 ± 0.12 e 75.33 ± 0.43 c 31.23 ± 0.60 f 0.40 ± 0.05 ab 0.39 ± 0.00 d

Nic - Noninoculated control; Gf- Glomus fasciculatum; 5 % TS + Gf- 5 % Tannery sludge + Glomus fasciculatum; 10 % TS + Gf- 10 % Tannery sludge + Glomus fasciculatum; 25 % TS + Gf-
25 % Tannery sludge + Glomus fasciculatum; 35 % TS + Gf- 35 % Tannery sludge + Glomus fasciculatum; 50 % TS + Gf- 50 % Tannerysludge + Glomus fasciculatum; 100 % TS + Gf- 100
% + Gl. fasciculatum. Mean values followed by the same letter are not significantly different at P= 0.05. Mean ± Standard error.

Experimental Set Up: The experiment was in completely chlorophyll  content   was  measured  before  harvesting
randomized design (CRD) with three replications of each of all  the  plants  using portable chlorophyll meter
treatment and a non-inoculated control without inoculum (SPAD-502, Minolta) [10]. The plants were harvested after
was  maintained.  The treatments are as mentioned in 30, 60 and 90 days. The percentage of mycorrhizal
Table 2, 3 & 4. The plants were exposed to sunlight and infection was evaluated microscopically followed by
were kept free of weeds and irrigated properly. The clearing of roots in 10% KOH, neutralized in 2% HCland



Macronutrient / 
C (ppm) x solution volume (ml)Micronutrients (mg) = 

Sample weight (g)
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stained with 0.05% trypan blue in lactophenol according RESULTS
to method described by [11] and root colonization was
calculated as mentioned below:

The growth parameters like shoot length, fresh
weight of shoot, dry weight of root, root length, fresh
weight of root, dry weight of root, number of leaves, floral
buds, flowers and capsules were recorded. The AM
fungal spores were counted in 50 g of soil by wet sieving
and decanting [12]. Shoot androot dry weights were
determined after drying the plant samples at 60 ºC to a
constant weight in a hot air oven. The data were analyzed
with the help of the computer and SPSS software. The
mean values were compared by Duncan’s multiple range
tests at 0.05 level of significance.

Dried and grounded shoot and root tissues were
taken for the analysis of metal content.About 0.5 g of
plant sample taken into a 100 ml conical flask and was
made wet with 10 ml of concentrated HNO . It was made3

to stand for predigestion overnight. Predigestion is
required to avoid bumping or violent reaction on addition
of triacid mixture HNO : H SO :HClO in the ratio 10:1:4 to3 2 4 4

the plant material. Then gently heated on a hot plate using
sand bath the volume of the contents is reduced to about
4 ml or even less till brown fumescease leaving only a
snow white residue. The contents are cooled, 5 ml of 6N
HCl was added and filtered through Whatman no. 42 filter
paper and diluted with distilled water to 100 ml. The
digested samples were then analyzed for Zinc, Copper,
Iron, Sodium, Potassium, Lead, Chromium, Cadmium,
Nickel and Manganese using atomic absorption
spectrometer (Perkin Elmer instrument A- Analyst 300).
All the recorded values are calculated using the below
mentioned formula.

(SPAD) content, floral buds compared to non-inoculated

The phosphorus content in the shoots and roots in
terms of percentage was determined by the
vanadomolybdate phosphoric yellow color method in
plant sample [13]. 

Statistical Analysis: All the data were statistically
analyzed using analysis of variance with the help of the
SPSS software on computer. The mean values were
compared by Duncan’s multiple range tests at 0.05 level
of significance.

The physical and chemical characteristics of soil used
for pot experiments and tannery sludge are shown in
Table 1. The analysis of the results by the different
amendments of tannery sludge with inoculation of
arbuscular mycorrhizal fungi resulted in an increase shoot
and root length, fresh and dry weight of shoot and root,
number of leaves, capsules, root colonization, spore
number in 50 g soil, chlorophyll (SPAD) content.

The Table 2 depicts that after 30 days of plant
growth, the amendment of 25% of tannery sludge with
Glomus fasciculatum resulted in the increased fresh and
dry weight of shoot, fresh weight of root, root
colonization, chlorophyll (SPAD) content, compared to
the non-inoculated control and all other treatments. The
shoot, root length, dry weight of root, number of leaves,
flowers, spore number in 50 g soil were not significantly
recorded. The plants after 60 days recorded increased
growth in the amendment of 25% of tannery sludge with
Glomus fasciculatum resulted significant increase in
shoot length, fresh, dry weight of shoot, root length,
fresh, dry weight of root, number of leaves, capsules,
spore number in 50 g of soil, compared to all other
treatment plants. The number of flowers was significant to
5% tannery sludge with Glomus fasciculatum and
chlorophyll (SPAD) content was recorded highet in 35%
tannery sludge and Glomus fasciculatum but no
significant records in root colonization.

The plants after 90 days growth recorded significance
in  the  amendment  of  25%  of  tannery  sludge  with
Glomus fasciculatum in fresh, dry weight of shoot, fresh
weight of root, number of leaves, flowers, capsules, root
colonization, spore number in 50 g soil, chlorophyll

control plants. The shoot, root length, dry weight of root
activity were not significantly recorded. The dry weight of
shoot and root colonization are shown in Fig. 1.

The Table 3 reveals that after 60 days the
accumulation of Zn in shoots was significant in 10%
tannery sludge with Glomus fasciculatum and in roots it
was  significantly  high in 50% tannery sludge with
Glomus fasciculatum, Cu was recorded high in the
treatment of 5% tannery sludge with Glomus fasciculatum
in  shoots  and   whereas   in   roots   amendment   with
35% tannery sludge and Glomus fasciculatum was
recorded  high.  The  Fe  content  was significant in
shoots amendment   with   35%   tannery    sludge     with
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Fig. 1: Showing the effect of different amendments of tannery sludge and Glomus fasciculatum (Thaxter) Gerdemann&
Trappe emend. Walker &Koske., in dry weight of shoot and root colonization of Sesamum indicum L. var.DS 1.

Glomus fasciculatum and in root it was significantly high fasciculatum, in roots it was significantly recorded high
in 25% tannery sludge with Glomus fasciculatum. The Na, in the treatment of 25% tannery sludge with Glomus
K, Mn content in shoots was recorded low compared to fasciculatum. The P content in shoots was recorded at
roots in the amendements of tannery sludge with Glomus 50% and in roots at 35% tannery sludge with
fasciculatum The Pb content in shoots was significantly Glomusfasciculatum.
higher in 10% tannery sludge with Glomus fasciculatum
and in roots it was recorded high at 100% tannery sludge
with Glomus fasciculatum. The Cr content was recorded
high in shoot and in roots at 25% tannery sludge with
Glomusfasciculatum, Cd content in shoots was recorded
high at 35% tannery sludge with Glomus fasciculatum
and in roots it was not significantly recorded. The Ni
content in shoots was significantly high in the
amendment of 50% tannery sludge with Glomus
fasciculatum and in roots it was not significantly
recorded. The P content in shoots, roots was recorded
higher in the 5% tannery sludge with Glomus
fasciculatum.

After 90 days the Zn, Cu, Na, Fe content in shoots
was recorded lower in the lesser amendments of sludge
and Glomus fasciculatum, in roots it was significantly
recorded higher amendment with 50% tannery sludge and
Glomusfasciculatum. The K content was significantly
recorded high in 10% tannery sludge with Glomus
fasciculatum in shoots and in roots it was recorded as
non-significant. Pb content was high in shoots with 10%
amendment of tannery sludge and Glomus fasciculatum,
in roots in 100% tannery sludge with Glomus
fasciculatum. The Cr content was highly significant in
shoots of 100% tannery sludge and Glomus fasciculatum,
in roots with 25% tannery sludge and Glomus
fasciculatum. The Cd, Ni content in shoots was highly
significant in the treatment of 25% tannery sludge with
Glomus fasciculatum but in roots it was negatively
recorded. Mn content in shoots was recorded high in the
amendment of 50% tannery sludge with Glomus

DISCUSSION

The plant responses to different amendments of
tannery sludge with arbuscular mycorrhizal fungi results
an increased growth in all the four varieties of Sesamum
indicum L. Thus in DS 1 variety increased shoot and root
length, fresh and dry biomass (Shoot and root), number of
leaves, flowers, root colonization, spore number in 50 g
soil, seed weight and number and chlorophyll content to
lower concentration of 25% tannery sludge with Glomus
fasciculatum. Our findings favour the growth of plants at
lower amendment rates are in agreement as reported by
[14]. The shoot length and number of leaves increased in
the plants of Helianthus grown on soil amended with
different amount of tannery sludge [15]. Mycorrhizae have
also been reported in plants growing on heavy metal
contaminated sites [16]. Glomus claroideum produced
significantly higher root colonization level (20% in Allium
porrum and 15% in Sorghum bicolor) in the heavy metal
contaminated soil. Further G. claroideum improved the
growth of A. porrum and S. bicolor  in  heavy  metal
contaminated  soil   [17]. In DS 1, inoculated with Glomus
resulted a  decrease  in the colonization  rate at higher
levels of tannery sludge (50 and 100%). The sensitivity of
AM symbionts to heavy metal contaminated soil
expressed as a reduction in spore germination,  hyphal
growth  or  root  colonization  [18]. In DS 1 variety the
spore count at the higher concentrations recorded
moderately as they were tolerated to such heavy metal
stress,  AM  fungi  showed tolerance to heavy metals, this
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naturally occurring resistance is likely due to phenotypic and tolerance to Cr [30]. The process of metal uptake and
plasticity rather than genetic changes in the spores [19]. accumulation by different plants depend on the
The results corroborate the key role of the host plant as concentration of available metals in soils, solubility
a selective force to maintain specific populations of sequences and plant species growing on these soils. The
ecologically obligate fungal symbionts [20,21]. concentration of metals in shoots is lower than in roots

Chlorophyll content in the leaves was significantly
recorded in DS 1 variety with the amendment of 25%
tannery sludge and Glomus fasciculatum. This could be
attributed to the increase in nitrogen content of the soil
due to increase in sludge concentration [22]. The increase
in nitrogen concentration in the soil to a certain extent
induced a proportional increase in total leaf nitrogen,
subsequently an increase in total chlorophyll content
occurred [23]. Similar increase in chlorophyll content was
reported in Azadirachta indica [24].

The  effectiveness  of  AM  root  colonization in
terms of nutrient acquisition differs markedly between
AM fungi and host plant genotype [25]. Heavy metal
concentrations in mycorrhiza treated plants were higher
than non-inoculated control plants. Compared to non-
inoculated control and inoculated with arbuscular
mycorrhizal fungal treatments, the accumulation of the
metals in amendments of tannery sludge with AM fungi
significantly increased. The accumulation of essential and
non-essential metals were found more in lower parts of the
plant except Fe,K,Cd,Ni,Mn in DS 1 variety. The total
(shoot and root parts) accumulation of metals increased
with an increase in sludge amendments. Metal tolerance
AMF isolates can decrease metal concentration in shoots
or in roots, or decrease translocation from roots to shoots.
This could be due to high metal absorption capacity of
these fungi, which could filter metal ions during uptake
[26]. In DS 1 variety after 60 and 90 days Cr was high in
lower amendments of 25% tannery sludge with Glomus
fasciculatum in roots and K was high in 10% tannery
sludge with Glomus fasciculatum in shoots at both the
stages. The least recorded metal was Ni in roots and Pb in
shoots at both the stages. 

The higher heavy metal concentration in AM plants
could be explained by the fact that AM infection
increased plant uptake of metals by mechanisms such as
enlargement of the absorbing area, volume of accessible
soil and efficient hyphal translocation [27]. Thus our
findings supports stating that AM fungi often protect
plants against high accumulation of toxic elements in the
shoots as it was reported for Cu [28], Zn [29]. The present
study reports that root colonization plays an important
role in minor ion exchange in roots chromium levels and
its occurrence reveals AM enhanced plant accumulation

[31]. The higher chromium accumulation in sunflower
plants  inoculated  with  Glomus  intradices  [32]. Zn
uptake by maize inoculated with mycorrhizal fungus
Glomus mosseae has been reported compared to the non-
mycorrhizal plants at low Zn level [33]. 

CONCLUSIONS

In the present study AM fungi can constitute an
important  functional  component  of  the soil-plant
system that is critical for sustainable productivity in
stressed soils. Also provides an increased tolerance to
plant to withstand and remediate heavy metal
contaminated soils.
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