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ABSTRACT
The current investigation was carried out to evaluate the ameliorative effect of polyamines and
mycorrhiza in the induced toxic effect of cadmium at 30, 60 and 90 DAS old of sorghum variety CSV15.
The significant hazardous effects and oxidative damage of cadmium nitrate (70 ppm and 150ppm)
were evidenced by decreased content of total starch, total amylose and amylopectin content (mg.g-1

fresh weight). The reverse responses were observed by the application of putrescine and mycorrhiza
dose on the plants.
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INTRODUCTION

Sorghum is popular among the people residing under unse-
cured semi-arid tropics (Kumar et al. 2016a). Heavy metal
contamination threats the critical limit of alarm in most of
the cultivated and periurban areas around us. That is why it
is considered as the major concern in India and abroad.
Polyamine like putrescine content is altered in response to
the exposure of heavy metals (Kumar et al. 2011a, b and
Kumar et al. 2016a, b). Polyamines level in stressed plants
have adjustive importance, thanks to their involvement in
the significant balance of aiming the pigment loss, mem-
brane integrity and the function of all organelles within the
cells (Kumar & Dwivedi 2018a,b,c and Kumar et al. 2018b).
The phospholipid part of plasma membrane is integrated
with the externally applied polyamines and plays a signifi-
cant role in the stability of the same. Polyamines like pu-
trescine also protect the membrane from oxidative damage
as they act as free radical scavengers (Kumar et al. 2018a,
Pathak et al. 2017). Response to abiotic injury and mineral
nutrient deficiency is associated with the production of con-
jugated PAs in plants. We have tested many plant species for
their capability of scavenging significant metals from soil
and sludge and eventually we tend to reached on the con-
clusion that among the tested plants, Sorghum vulgare L. is
quite custom-made to grow on contaminated places

with relation to alternative plant and ready to mitigate
the significant metal toxicity from venturous waste site or
cultivated site (Kumar & Dwivedi 2018, Kumar et al. 2012,
Kumar et al. 2013, Siddique et al. 2018). The metallic
element (Cd) may be an extremely deadly element, which
has been hierarchial seventh among the highest twenty
toxins (Kumar & Dwivedi 2018a). The metallic element may
be a doubtless deadly metal and so its transfer from plants
to humans is of major concern.

MATERIALS AND METHODS

The experimental work was carried out under a pot experi-
ment with one genotype of sorghum CSV 15 in the
polyhouse of the Institute of Agricultural Sciences, Banaras
Hindu University, Varanasi. Seeds were collected from the
Directorate of Sorghum Research for the experiment. The
pot size for the experiment was of the diameter of 30 cm and
25 cm tall with the capacity of  10 kg soil, having a tiny low
hole at the underside. The soils of the pots were in the com-
bination of soil + FYM in 3:1, and inoculated with seeds of
Sorghum vulgare L. Targeted pots were inoculated with
endomycorrhiza Glomus sp. and at that time significant metal
stress was created in the plants by the exogenous applica-
tion of cadmium nitrate in the soil. Based on the initial
screening, the two significant concentrations of  Cd were
selected, i.e., 0.07 % per 10 kg and 0.15 % per 10 kg of soil.
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With the rate of 2.5 and 5.0 mM, the growth regulator pu-
trescine was applied in the form of foliar way. The CRD
design was used for the arrangement of pots with recom-
mended spacing. In the experiment, 18 treatments were ap-
plied. Five times replication was done with each and every
treatment. The data were analysed by the application of
Origin 6.1-advance scientific graphing. One way
multivariate analysis was performed.

Estimation of total starch (mg.g-1 fresh weight): The total
starch in the plant sample was estimated by the following
method proposed by Sadasuvam & Manickam (1992). In
order to remove the sugars, the sample was treated with 80%
alcohol and then starch was extracted with perchloric acid.
Starch is hydrolysed to glucose in a hot acidic medium and
dehydrated to furfural hydroxymethyl. This compound forms
anthrone-coloured green products. The amount of glucose
content in the sample was measured with the help of a
standard. The value obtained was multiplied by a factor 0.9
to arrive at the total starch content in the sample.

Estimation of total amylose (mg.g-1 fresh weight): The to-
tal amylose content in the plant sample was estimated fol-
lowing the method proposed by Sadasuvam & Manickam
(1992). Amylose is a linear polymer of D-glucose units which
are linked by -1, 4 glycosidic bonds. Amylose gives pur-
ple colour with iodine. It exists in coiled form and each coil
contains six glucose residues. The iodine is absorbed within
the helical coils of amylose to produce a blue-coloured com-
plex which is measured colorimetrically at 590 nm. 100 mg
of dry and powdered sample was mixed with 1 mL of 80%
ethanol and 10 mL of NaOH. This mixture was mixed well
and kept overnight at room temperature. After that 2.5 mL
of extract was taken and it was added with 20 mL of distilled
water and three drops of 0.1% phenolphthalein indicator. A
pink colour was developed. The 0.1 N HCl was added in the
mixture until the pink colour disappeared. The iodine
reagent of 1 mL was added and the final volume was made
to 50 mL with the help of distilled water. The absorbance
was taken at 590 nm with the help of a spectrophotometer.
The amount of amylose in the sample was measured with the
help of a standard curve prepared from amylose (range 0.2-
1.0 mg) against a blank for which diluted 1 mL of iodine
reagent was added to 50 mL of distilled water. 100 mg of
amylose was added in 10 mL of 1N NaOH and the mixture
was finally diluted to 100 mL with the help of distilled water
(1 mg.mL-1). From this stock solution, different concentrations
of the amylose solution were prepared by taking 0.2, 0.4, 0.6,
0.8 and 1.0 mL of the stock solution in a separate test tube.
The final volume of these test tubes was made to be 1 mL by
adding distilled water. The standard curve was prepared by
plotting the absorbance value at 590 nm.

Estimation of amylopectin (mg.g-1 fresh weight): The
amount of amylopectin was calculated by subtracting the
amylose concentration from the concentration of starch.

Amount of amylopectin (mg) = Amount of starch (mg) –
                                                          Amount of amylose (mg)

RESULTS AND DISCUSSION

During the two subsequent years under cadmium stress, the
effect of polyamine (putrescine), mycorrhiza and their
combinations on total starch (mg.g-1 fresh weight) were
studied in sorghum variety CSV15. At 30, 60 and 90 days
after sowing (DAS) data were recorded (Fig. 1a & 1b). During
the first year, it is evident that the average total starch
content was significantly reduced by 56.70%, 23.2%, and
8.07% when exposed to heavy metal stress (T6) as compared
to control (T0) at 30, 60 and 90 DAS of interval. When
sorghum was exposed to a higher dose of heavy metal (T12),
the total starch content was significantly reduced by 67.07%,
42.61% and 32.2% compared to control (T0) at the proposed
interval. Endomycorrhiza in the soil (T7) showed the
amelioration effect of cadmium in terms of total starch
content enhancement with the rate of 6.92%, 0.74% and
0.56% with respect to T6. The total increased starch content
was 4.76%, 1.11% and 1.79% in the T13 with respect to
T12. Compared to T6, the putrescine (T8) exogenous appli-
cation showed a mitigating effect by increasing the total
starch content of proposed DAS by 12.90%, 10.80% and
2.01 percent. The average value of the starch was increased
significantly by 22.94%, 13.40% and 1.23% compared to
T6 when exposed with a higher dose of putrescine (T9)
compared to T8. The total starch content increased
significantly with 6.92%, 3.53% and 3.58% at proposed
rate of interval, when T14 was compared with T12. The
total starch increased significantly when treated with a
higher dose of putrescine (T15) as compared to T12 by
9.22%, 4.09%, and 3.47 percent with respect to T14. The
best mitigation was shown by a combination of putrescine
and mycorrhiza in T10 treatment by increasing the total
starch content by 24.67%, 16.38% and 1.34%, respectively.
The comparison results of the T11 and T6 showed the en-
hancement of total starch content by 30.30%, 16.01% and
2.35%, respectively. In treatment T16, the increased starch
content was 14.28%, 4.36% and 4.26%, respectively. The
treatment T17 showed better results; a significant increase
in total starch content by 12.12%, 1.48% and 5.26% with
respect to T12 was observed. So, the combination of pu-
trescine and mycorrhiza showed the best combination for
the mitigation of cadmium toxicity for the total starch
content. The similar trends were found during the study
made in the second year of the experiment. Kumar et al.
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2018 a, b, c, reported that, total starch, total amylose and
amylopectin were decreased by 100 µM Cd, but reduced by
200 µM Cd in mature maize leaves and reduced by both
concentrations in aging leaves (Kumar 2018 Kumar &
Dwivedi 2014, 2018a,b,c,d; Kumar et al. 2011a,b 2012,
2013, 2016a,b, Pathak 2017). Low concentration of cad-
mium (0.05 and 0.1 µM) also has a negative effect on the
synthesis of starch, amylose and amylopectin (Siddique et
al. 2018, Kumar et al. 2018).

In concern to the total amylose content in sorghum, the
proposed protocol was followed (Fig. 2a & 2b). It is evident
that the average total amylose content was significantly
reduced by 28.579%, 5.76% and 3.89% when exposed to
heavy metal stress (T6) as compared to control (T0). In
treatments T12, sorghum was exposed to a higher dose of
Cd that leads to reduction in total amylose by 63.49%,
12.5% and 8.65% as compared to control (T0).
Endomycorrhiza application in the soil (T7) showed the
mitigation effect by increasing the total amylose content
by 3.17%, 0.64% and 0.43% as compared to T6. When
treatment T13 was compared to T12, the total amylose
content increased significantly by 12.69%, 2.56% and
1.73%. In comparison to T6, the exogenous application of
putrescine (T8) showed a mitigating effect by increasing
total amylose content by 1.58%, 0.32% and 0.21%,
respectively. The average total amylose content was sig-
nificantly enhanced as compared to T6 by 3.17%, 1.60%
and 1.08% when treated with a higher dose of putrescine
(T9) with respect to T8. In the treatment T14, the total
amylose content increased significantly by 25.39%, 3.52%
and 3.46% with respect to T12. The average total amylose
was significantly enhanced as compared to T12 by 15.87%,
3.20% and 2.16% when treated with a higher dose of
putrescine (T15) with respect to T14. The combination of
putrescine and mycorrhiza showed the best mitigation effect
in treatment T10 by increasing the total amylose content by
4.76%, 0.96% and 0.64% with respect to treatment T6 at
proposed DAS. When treatment T11 was compared with
treatment T6, a significant total amylose content was
increased by 1.58%, 0.32% and 0.21%, respectively. A
similar effect was seen in the treatment (T16) with respect to
treatment T12. In this treatment (T16), the total amylose
content increased significantly by 22.22%, 4.48% and
3.03%, respectively at proposed DAS. The treatment T17
was found to show better results; a significant increase in
total amylose content by 22.22%, 4.84% and 3.67% with
respect to T12 was observed. So, the combination of
putrescine and mycorrhiza showed the best combination
for the mitigation of cadmium toxicity for the total amylose
content. The similar trends were found during the study
made in the second year of the experiment. A three Cd2+

treatment field experiment was conducted with two different
Cd2+ tolerance wheat cultivars to investigate the effects of
cadmium (Pathak et al. 2017 and Siddique et al. 2018). The
results indicated that during the grain filling stage, the
change of the ratio of amylose and amylopectin content in
two cultivars in different Cd2+ concentrations varied as “up-
down-up”, except the change of the ratio of amylose and
amylopectin content in Xinmai 21 showed “up-down” in
high Cd2+ concentration. Compared to control, the average
ratios of amylose and amylopectin content in Xinmai 21
treated by low and high Cd2+ concentrations were increased,
but on the contrary, in aikang 58 were reduced (Kumar &
Dwivedi 2016a, b; Kumar 2018; Kumar et al. 2012, 2013,
2018 a, b, c).

Amylopectin (mg.g-1 fresh weight) was studied in sor-
ghum variety CSV15 during the two subsequent years un-
der the cadmium stress (Fig. 3a & 3b). During the first year,
it is evident that the average amylopectin content was sig-
nificantly reduced by 40.0%, 26.12% and 21.08% when
exposed to heavy metal stress (T6) as compared to control
(T0). Exposure with a higher dose of heavy metal (T12)
leads to amylopectin reduction by 60.92%, 41.78% and
32.51% as compared to control (T0). Exogenous application
of endomycorrhiza in the soil (T7) showed the mitigation
effect by increasing the amylopectin content by 11.76%,
0.806% and 6.27% as compared to T6.  When treatment
T13 was compared to T12, the amylopectin content
increased significantly by 0.84%, 0.57% and 0.44% at
proposed DAS. With respect to T6, the exogenous
application of putrescine (T8) showed a mitigating effect
by increasing amylopectin content by 9.66%, 6.62% and
5.15%. The average amylopectin content was significantly
enhanced as compared to T6 by 9.24%, 6.34% and 4.93%
when treated with a higher dose of putrescine (T9) with
respect to T8. T14 compared to T12, the total amylopectin
content increased significantly by 1.68%, 1.15% and 0.89%.
The average total amylopectin was significantly enhanced
as compared to T12 by 4.20%, 2.88% and 2.24% when
treated with a higher dose of putrescine (T15) with respect
to T14. The combination of putrescine and mycorrhiza
showed the best mitigation effect in treatment T10 by
increasing the total amylopectin content by 12.18%, 8.35%
and 6.50% with respect to treatment T6. When treatment
T11 was compared with treatment T6 then significant total
amylopectin content was increased by 13.00%, 9.22% and
7.17%, respectively. In this treatment (T16), the total
amylopectin content was found to increase significantly by
34.87%, 23.91% and 18.60%, respectively. The treatment
T17 was found to show better results; a significant increase
in total amylopectin content by 14.70%, 10.08% and 7.84%
with respect to T12 was observed. So, the combination of
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Fig 2a & 2b:  Total amylose (%) of sorghum during Kharif season of two subsequent years of research.
(Note as per Fig. 1)

(a) (b)

Fig. 1a & 1b: Total starch (mg.g-1 fresh weight) of sorghum during Kharif season of first and second year subsequently.

Note: DAS=Days after sowing. Data are in the form of Mean±SEM. S=Significance at P0.05 and P0.01, NS=Non Significant at P0.05 and
P0.01 using Origin 6.1. T0=Control, T1=Control + Mycorrhiza, T2=Control + 2.5mM Putrescine, T3=Control + 5mM Putrescine,T4=Control
+ 2.5mM Putrescine + Mycorrhiza, T5=Control + 5mM Putrescine + Mycorrhiza, T6=0.07% Cd(NO3)2, T7=0.07% Cd(NO3)2 + Mycorrhiza,
T8=0.07% Cd(NO3)2 + 2.5mM Putrescine, T9=0.07% Cd(NO3)2 + 5mM Putrescine, T10=0.07% Cd(NO3)2 + 2.5mM Putrescine + Mycorrhiza,
T11=0.07% Cd(NO3)2 + 5mM Putrescine + Mycorrhiza, T12=0.15% Cd(NO3)2, T13=0.15%  Cd(NO3)2 + Mycorrhiza, T14=0.15% Cd(NO3)2 +
2.5mM Putrescine, T15=0.15% Cd(NO3)2 + 5mM Putrescine, T16=0.15% Cd(NO3)2 + 2.5mM Putrescine + Mycorrhiza, T17=0.15% Cd(NO3)2

+ 5mM Putrescine + Mycorrhiza)

(a) (b)
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putrescine and mycorrhiza showed the best combination
for the mitigation of cadmium toxicity for the total
amylopectin content. The similar trends were found during
the study made in the second year. Pathak et al. (2017) re-
ported that carotenoids which protect the chlorophyll from
photo-oxidative destruction and a reduction in carotenoids
could have serious consequences on chlorophyll pigments
in presence of Cd (Kumar & Dwivedi 2016a, b; Kumar 2018,
Kumar et al. 2012, 2013, 2018 a, b, c). In maize, Cd inhibits
the growth promoting factors of leaves like starch, amylose,
and amylopectin (Pathak et al. 2017). It reduces both the
total starch and the amylose, though the later decrease to a
lower extent, thus leading to a drop in the amylopectin
(Siddique et al. 2018).

CONCLUSIONS

Polyamines like putrescine and mycorrhiza Glomus impart
significant mitigation of cadmium-induced toxicity in sor-
ghum mediated through their defensive role in plants by
increasing the total starch, total amylose and amylopectin
in the sorghum leaves.
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