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Abstract

Zinc deficiency caused by inadequate dietary intake is a global nutritional problem, particularly in
developing countries like India. Therefore, Zinc fortification of wheat and other cereal crops is being
urgently required and highly prioritize in research. A seed germination and seedling growth was planned
to evaluate the influence of zinc application in various forms as Nanoparticles and Bulk. Wheat seeds
were separately treated with different concentrations of nanoscale zinc oxide (ZnO) and bulk zinc sulfate
(ZnS04) and Zinc Oxide (ZnO) suspensions (a common zinc supplements), respectively and the effect
this treatment had on seed germination, seedling vigor, Root and Shoot length, Fresh and Dry weight,
chlorophyll content were studied. These particles proved effective in increasing shoot and root growth
and chlorophyll.
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1. Introduction

Zinc being an essential micronutrient for biological metabolism is receiving worldwide
attention because of increasing reports of zinc deficiency in food crops as well as in humans &
231 1t is required for the normal growth and development of both humans and plants ™. It
affects the multiple aspects of the immune system and is necessary for functioning of cell
mediating immunity and natural Killer cells in humans ! (Prasad, 2008). In the same way, it is
crucial for the enzyme functioning in plants. It is used in the gene expression, stress tolerance
61 and pollen formation [,

Zinc deficiency is the most prevalent micronutrient deficiencies and severely affects one-third
of the World’s Population chiefly the rural communities 8. Inadequate intake of food having
low zinc content is a major contributor to the prevalence of zinc deficiency in humans. Since
wheat is the commonest cereal crop and contributed to the major calorie, protein and
micronutrient inputs in the humans. In developing countries wheat provides over 50% of the
daily calorific intake [,

Monotonous diet especially on low zinc cereals like wheat is the main reason behind the zinc
malnutrition in humans; moreover it has high phytate which further limits zinc bioavailability
[9. 101 Various reports are available indicating that 50% of the cereal growing soil around the
World is deficient in zinc, which further lowers gain zinc content [ 31 (Alloway, 2004;
Cakmak, 2008). Moreover, processing of cereals after harvesting markedly decrease grain zinc
and other micronutrients like iron ' 121, Hence there is a urgent need to increase the grain zinc
content and bioavailability in the developing countries 13 (Welch and Graham, 2004; Zhao
and McGrath, 2009).

In response to the aforesaid problem, different approaches have been suggested and applied in
developing nations [+ %1, The Biofortification is receiving great attention ['6 171 now a days to
overcome the problem of micronutrient deficiency. Using conventional fertilizers for the
fortification purpose have led to increased soil toxicity, so there is need to look for novel and
smart nutrient delivery systems. Nanoparticles with smaller size, high surface are and high
dissolution rates are the solution to that. Studies have reported about having positive effect of
ZnO Nanoparticles on growth of Vigna radiata, Cicer arientinum, Cucumber, alfalfa, tomato
etc. The effect of using nanoparticles as fertilizers varies from species to species. A very few
studies are available on the effect of ZnO nanoparticles on crops especially on Wheat, which is
the most common staple food for most of the developing country population. The aim of this
study was to investigate the effects of different concentration of ZnO nanoparticles on seed
germination, and seedling growth characteristics in Wheat (Triticum aestivum).
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2. Materials and Methods

2.1 Synthesis of Zinc Oxide Nanoparticles and seed
treatment

Zinc oxide nanoparticles were prepared using simple
chemical methods using Zinc Sulfate (0.1M) and Sodium
Hydroxide (0.2M) in methanol according to 8], Nanoparticles
of 40-50 nm having a UV-maxima peak at 350nm were
formed. The synthesized ZnO-NPs (40-50 nm) were
suspended in water and used for treatment. Wheat (Triticum
aestivum) seeds of variety WH-711 were procured from the
CCSHAU, Regional Centre, Rohtak. The healthy seeds were
selected to minimize error in seed germination. Seeds were
surface sterilized with 2% Sodium Hypochlorite and rinsed
twice with distilled water. The experimental treatments
included five concentrations (250, 500, 1000, 1500 PPM) of
ZnO NPs as well as the conventionally used fertilizers like
ZnS0O4 and ZnO along with Control.

2.2 Seed Germination: 10 Seeds of equal size were placed in
the perti-dishes (100mmx15mm) lined with 2 layers of
sterilized  filter paper. 10 ml of corresponding
solution/suspension was added to the petri dishes and were
placed in incubator at 26x1° C for 12 days. The percent
germination was recorded 5 days after incubation. After 12 days
the pertidishes were removed and data was recorded for root
length, shoot length, fresh weight and dry weight. Seedling
vigour index (SVI1) was calculated as per the formula

SVI= Germination % x (Root length + Shoot Length)

2.3 Chlorophyll: Total Chlorophyll was determined by the
method of (¥l 50mg of fresh leaf material was hand

homogenized in 10ml of 80% acetone and the absorbance was
recorded at 645 and 663nm using spectrophotometer (Hitachi
Model U-2000).

Chlorophyll content was calculated using following formula-

Chlorophyll a (mg/g) = 12.7 (Asss — 2.69(Aess) X 1000V><W

14
1000XxXW

Chlorophyll b (mg/g) = 22.9 (Asss) — 4.68(Aes3) x

Total Chlorophyll = 20.9 x (Asss) — 8.02 X (Aes3) X ———

1000xW

Where, A=Absorbance, V= Final volume of sample made,
W=Fresh weight of sample taken.

3. Result and Discussion

3.1 Seed germination

Highest germination percentage of 99% was recorded with
Zinc oxide NPs at a concentration of 500 PPM. And the
minimum germination percentage was observed with control.
It has been reported by several workers that seed treatment
with Zn induces a range of biochemical changes in seed,
required to start the germination process, such as breaking of
dormancy, hydrolysis or metabolization of inhibitors,
imbibition and enzyme activation 2% 24, |t was also observed
that the ZnO and ZnSO4 Bulk have a lower efficacy in
improving the seed germination as compared to the ZnO NPs.
These results are in agreement with 22 where the percent
germination increase has been reported with the application of
ZnO NPs on Cicer arietinum.
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Fig 1: Germination percentage of wheat seeds affected by different Zinc Treatments along with Control

Plate 1: Germination of wheat seeds under different treatments
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3.2 Seedling growth

3.2.1 Shoot and Root Length

The highest shoot Length of 13.6 cm was observed with the
application of ZnO NPs at a concentration of 500 PPM and
the lowest of 6.1 cm was observed with the control. A
decrease in the shoot length has been observed with further
increasing the concentration of zinc with an exception in case
of ZnO NPs at 1500 PPM. It has been observed that there is a
percentage increase of 122%, 90% and 59% over control at a
concentration of 500 PPM for ZnO NPs, ZnO Bulk and
ZnS04 respectively in shoot length. Moreover, ZnO NPs is
17% more efficient than ZnO Bulk and ZnO Bulk is 40%
more efficient than ZnSOA4.

16 W 250 PPM

14 +

M

Zinc Oxide (N)  Zinc Oxide(B) Zinc Sulphate(B) Control

H500PPM
1000 PPM
1500 PPM

NS

Shoot length (cm)

o

The highest root length was observed with ZnO NPs at an
concentration of 500 PPM i.e. 7.9 cm and lowest is recorded
with the control. There is an increase of 216, 164 and 144 %
over control in ZnO NPs (500PPM), ZnO Bulk (250PPM) and
ZnSO, (250 PPM) respectively. Moreover an increase of
19.6% in ZnO NPs (500 PPM) over Bulk ZnO (250 PPM) and
7.5% in ZnO Bulk (250 PPM) over ZnSO4 bulk has been
observed. It is noteworthy, that higher concentration of Zn
causes significant reduction in root as well as shoots length.
Similar findings were reported in groundnut where ZnO NPs
at lower concentration increased the root and shoot length 231,
Such increase in the growth at lower concentration could be
ascribed to higher precursor activity of Zn, especially ZnO
NPs in auxin production 241,

Root Length (¢cm)
O = AWy~ 0D

Control
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Fig 2: Shoot and root length of wheat seeds affected by different Zinc Treatments along with Control
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Plate 2: Effect of different Zinc treatments on Wheat seedling after
12 days of incubation

3.2.2 Fresh and Dry weight Nano-ZnO (500PPM) has the
highest fresh and dry weight of 0.34g and 0.048 ¢
respectively. However the lowest fresh as well as the dry
weight was observed to be of control i.e. 0.08g and 0.004g.
The fresh weight of the seedling decreases with increasing
concentration of ZnO NPs. The fresh of ZnO NPs (500PPM)
treated seeds was 78.9% higher than the bulk ZnO (250 PPM)
and 112.5% higher than the ZnSO4 (250PPM). Similarly, the
dry weight of ZnO NPs (500PPM) treated seeds was 65%
higher than the ZnO Bulk (250PPM) and 152% higher than
the ZnSO4 (250PPM) treated seeds. Similar results have
found by the ! in Vigna radiata in foliar spray of zinc oxide
nanoparticles.
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Fig 3: Fresh and Dry weight of wheat seeds affected by different Zinc Treatments along with Control

3.3 Total Chlorophyll Content

Total Chlorophyll content was found to be highest in ZnO
NPs at an concentration of 500 PPM and the lowest in control.
The Total chlorophyll content was found to be 280% higher

than the control in ZnO NPs (500PPM), 80% in ZnO Bulk
(250 PPM) and 66% higher in case of ZnSO, Bulk (250
PPM). It has been reported that Zn is an important factor in
Chlorophyll synthesis [,
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Fig 4: Total Chlorophyll of wheat seeds affected by different Zinc Treatments along with Control

3.4 Seedling Vigour Index

In general, all the ZnO treatments were found significantly
superior over control with no zinc. Among different Zn
treatments, ZnO NPs at 500 PPM recorded the highest
seedling Vigour Index of germinated seeds. Though, different
levels of bulk ZnO and ZnSO, has enhanced seedling vigour
index but the magnitude of increase was less than their
corresponding nano levels.

Plants emerging from low Zinc concentration have poor
seedling vigour 28 and it has been reported that increasing
seed Zn content significantly improves root and shoot growth
of seeds under Zn deficiency. They have opinioned that high
Zn concentration in seed could act as a starter fertilizer.

2500 +
=250 PPM
W 500 PPM
1000 PPM
= 1500 PPM

2000 -

: Il ._I
1000 + ¥ I
I
U u I

Zinc Oxide (N) Zinc Oxide(B) Zinc Sulphate(B) Control

Seedling Vigour Index

w
=
[=]

Fig 5: Seedling Vigour Index of wheat seeds affected by different
Zinc Treatments along with Control

4. Conclusion

In the present study we have tried to evaluate the effect of
Zn0O NPs on the wheat Germination and seedling growth. NPs
of 40-50nm were used along with the Bulk ZnO and ZnSO. at
different concentration. The Zinc in any of the three
mentioned form have shown positive effect on seedling
growth over control. The NPs at a concentration of 500PPM
have highest positive effect in terms of enhanced seed
germination, root growth, shoot growth, Total Chlorophyll
and seedling vigour Index. However, the growth decreased
with increased concentration of Zn in the treatment. The ZnO
NPs at every concentration are better than their Bulk
counterparts in increasing the seedling growth. So, applying
Zn in Nanoparticles form may help to increase the crop yield.
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