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Abstract

Increase in population accompanied by decrease in the availability of cultivable lands and limited supply of water resources
necessitates the urge to improve agricultural productivity in the available land. In the present study, the influencenof Calciu
Phosphate Nano Gel (CAPNG), urea, diammonium phosphate and dipotassium hydrogen phosphate (FC) and Calcium Phosphat
Nano Gel Fertilizer Composite (CAPNGFC) on germination, specific activity of amylase, protease, nitrate reductase, carbohydrate
proteins, free aminoacids and yield performandgefimoschus esculentus was evaluated. CAPNG was prepared by coprecipatation
method. CAPNG was characterized by SEM, FTIR and XRD. Enzyme activities were assessed by the micromoles of product
formed/min/mg protein and expressed in Units/mg protein. Aggregated network of CAPNG was observed with the size of 100 nm.
The most intense peaks in XRD were in the range of 30 to 35°, which coincides with the peak of the amorphous nature. FTIR
spectra showed peaks at 603.68 corresponding to phosphate. Germination was found to be stimulated by CAPNG from 87%

in control to 95%. Amylase activity was stimulated by CAPNGFC and it was increased from 2Bhit4/ng in control to 5.74x
102Units/mgon germination. Protease activity was also increased from 2.8&it8/mg in control to 5.87 x UJnits/mg in
CAPNGFC. No substantial increase in peroxidise activity was recorded ascertaining the absence of any stress imposed on the
plant. Nitrate reductase activity was 2.50 XWits/mg protein in control and 4.69 x40nits/mg protein in CAPNGFC. Weight

[fruitwas 65 g in CAPNGFC where 59 g in control. Thus the study proved that CAPNGFC had a significant positive influence on
yield of Abelmoschus esculentus.
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Introduction 2011).Agriculture is the backbone of rural economy and
The population of India on March 2011 wasGDP accounting for about approximately 50%. Today
121,01,93,422. India with 2.4% of the world’s surfacegriculture has the smallest share in GDP of only about 14%.
area accounts for 17.5% of its population (Chandramoulf ¢an create demand in other sectors and it contributes
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indirectly to India’'s GDP growth. Agriculture sector need$olution B: 10.75 g of calcium nitrate was dissolved in
to grow at least by 4 percent for the economy to grow atl25 ml of distilled water.

percent. Fluctuations in agricultural production can have lar
and significant impact on overall GDP growth. Low vyiel
per unit area has become a regular feature of Indi
agriculture in recent years (Chakrabarty, 2011).

olution A was added to solution B and the total volume
was made upto 1.0 L with distilled water and sonicated for
ig minutes.

Agricultural productivity relies on many factors includingPreparation of Fertilizer Composite (FC)

the type of soil, seeds, Optimum dose fertilizers, their moq[@ mg of urea, 20 mg of diammonium phosphate and 20
of application, availability of water for irrigation and climaticmg of dipotassium hydrogen phosphate/1! of distilled water.
factors. To increase productivity farmers apply excess

volume of fertilizers. Current practice of fertilizerpreparation of Calcium Phosphate Nano Gel Fertilizer
application includes broadcasting, banding, side-dressia@mposites(CAPNGFC)

and dusting. Localized application of large volumes Qfgq | of Fertilizer Composite was added to 50 ml of

fertilizer in the form of ammonium salts, urea, an¢ApNG and made upto 1.0 L with distilled water.
phosphate compounds are harmful (Wilsbml., 2008).

Only a certain concentration of fertilizer is available fotharacterization of CAPNG

plants and the rest is washed away as run-off due o . .
dissolution in soil moisture and leaching. This adds ize and morphology of CAPNW@as recorded in Scanning

ground water pollution (Tilmaet al., 2002). In addition lectron Microscope.FTIR Spectrum was recorded in

placing large amounts of fertilizer near the seeds cause ssal malijzuDZTlR %pecé_rf?phct)tometter.XRD was measured
stress and damage and reduction in moisture contéht>TUKer powder ditiractometer.

avallat_)!e for seedling emergence. Optlmum_cpncentratlgg | Germination and Biochemical Analysis
of fertilizer should be supplemented to soil in a proper

method. Therefore there is a pressing need to currérirtified seeds were purchased from Central Agrobiotech,

fertilizer deployment. Tirumangalam, TamilNadu, India. Germination percentage
] ] (ISTA, 1995), Amylase activity (Miller, 1972), Protease

Nanotechnology offers an attractive alternative tgctjity (Folin and Ciocalteau, 1929), Peroxidise activity

challenges in all branches of Science and Technologshance and Maehly, 1955), Nitrate reductase activity

Nanoparticles have size ranging from 10 to 1000 nm {zamm and Stein, 1974), Total carbohydrates (Hedge and

any one dimension (Nakactial., 1999). As all properties ofrejter, 1962), and Proteins (Lowryés al., 1951) of

of materials are size dependent, nanoparticles have uniqiig es on 10 day,2@ and 30 day of plant growth were

properties and they offer great promise for the improvemegsessed.

of agriculture ( Navrotsky, 2000; Kuzma, 2007; Baruah

and Dutta, 2009). Their high surface volume ratio can assightistics

the controlled release of agrochemicals for nutrition, deliverp/he data represented is a mean of four replicates. It was

of nanocides—pesticidgs, stabilization of biop_esticides an Liistically analyzed by Two way ANOVA. Tukey-Krémer

(rj?lscp:gpslijg:]e;ﬁ;%rcif?r?(laegizl:/;Igsi?i t?/for}a:)lzst;isji:(ggfo?rﬁultiple comparison test was used to determine the stastical

etal., 2001). The nanomaterial used for agricultural purpogégmflcance between the means (SAS, 1998).

must be nontoxic, biocompatible and biodegradable amHEsults and Discussion

should have safe and easy mode of application (Green,

and Beestman, 2007). CalciL_Jm phosphate has_ been used fc_>r more than 30 years
to deliver genetic material to mammalian cells. Apart from
M aterials and Methods using calcium phosphate nanoparticles (CAP) in gene

delivery systems, it has also been utilized as an adjuvant
Preparation of Calcium Phosphate NanoGel (CAPNG)  for protein-based vaccines (Hgal., 2000). Among the
Solution A 18.36 g of disodium hydrogen phosphate, 12 %arious methods of manufacture of calcium phosphate

g of Sodium hydroxide ,7.5 g of sodium bicarbonate wef&noparticles, the co-precipitation method is easier and can
dissolved in 325 ml of distilled water. be utilized in the industrial scale (Shantanu Tamuly and

PRINT ISSN.: 0974-1712 ONLINE ISSN.: 2230-732X 772 ©2013 New Delhi Publishers. All rights reserved



Influence of Calcium Phosphate Nano Gel Fertilizer Composite on Enzymes, Biomolecules andAfielchagchus Escul entus .

Mumtesh Kumar Saxena, 2012). The following equilibriumvas increased from 2.31x10nits/mg in control to 5.74x

takes place during the precipitation process. 102Units/mgon germination analysis. FC alone expressed
g+ = . specific activity of 5.65 x 18Units/mgand CAPNG alone

H,PO,H" = HPQ? + 2H, showed specific activity of 5.76 x 2@nits/mg.Increase

Ca*+ H,PQ, = CaHPQ/, in amylase activity might be due to the stimiulatory influence
Ca* + HPO? = CaHPO, gl; rc;:’;llscmm and phosphate on the translation of amylase

The consumption of phosphate ion in the formation ag f P— ; ivity is g in Tabl
growth of brushite would decrease the pH of the solulti :ﬁ uence offertilizers on protease aclivity IS given in fable
Protease activity was also increased from 2.56x 10

because of the release of the hydrogen ions frogfOH
The hiaher the initial t tration. th nits/mg in control to 5.87 x 10Units/mg in CAPNGFC
dissociation. The higher the initial reagent concentration, li" re as the activity was 3.79 x0nits/mg in FC and

higher was the concentration of the remaining acid and t . . :
lower was the nucleation pH (Hlabse and Walton, 196%86 X 16 Units/mg in CAPNG respectively (Table 2).

Boistelle and Lopez-Velero, 1990; Christoffersea., 1990). e supporting eff_e ct observ_ed n CAPNG and CAPNGFC
when compared with control is due to a simultaneous uptake

Calcium phosphate Nano Gel was synthesized tand translocation of calcium and phosphate (Svend Tage
coprecipitation showed agglomeration with a particle sizeakobsen, 1993). The capability of plants to absorb calcium
around 100nm as represented in Figure 1. Lardens is then increased by application of soluble phosphate
agglomerates of several hundred nanometer of calcidattilizers.

phosphate nano material was also observed by Lis Sopyan
etal., (2008). XRD spectrum of CAPNG is given in Figure
2.The most intense peaks in XRD are in the range of 30 to
35°, which coincides with the peak of the amorphous
nature.

FTIR Spectrum of CAPNG is shown in Figure 3. The
peaks observed at 603.68 ‘tm ascribed to the triply
degenerate v4 bending vibration of the, P®@eak at 144.58

cm confirms the alkalinity of the gel prepared by
coprecipitation. This might be due to the solubility of
atmospheric CQyielding CQ*. The peak at 3313 cm
attests the presence of octacalcium phosphate. The bands
in the region 900-1200 chis due to il and i3 phosphate
(Beganskiene, 2003).

KV X10,000 1pm 12 30 SEI

The influence of fertilizers on germination of seeds is
represented in Table.1.Germination was found to qf?gurel Sem Image Of Calcium Phosphate Nano Gel
stimulated by calcium phosphate Nano Gel from 87% in

control to 95%. In CAPNG applied plants germination v 1 w1 I T
89%. CAPNG has a stimulatory role than FC. T
stimulatory effect of CAPNGFC might be due the effi_
of both calcium and phosphorus and nitrogen, potass
Calcium restricts peroxidation of lipids and prevel
membrane deterioration. In addition it plays a key rol¢
maintaining the structural integrity of membrane®
Phosphorus is an essential mineral for plant growth
development next to nitrogen. Readily available solt
phosphorus stimulates plant growth (Legpel.,1982). -

T
@

Influence of fertilizers on amylase activity is given in Tal R
2. Amylase activity was stimulated by CAPNGFC and ifigure 2: Xrd Spectrum Of Calcium Phosphate Nano Gel
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Figure 3: Ftir Spectrum Of Calcium Phosphate Nano Gel

Influence of fertilizers on peroxidise activity is given inyggimijation. The expression of nitrate reductase genes and
Table 4. No substantial increase in peroxidise activity WaSa rate of nitrate reduction in the plant tissues can be
recorded ascertaining the absence of any stress Impogglqiqerably modified by some factors such as light,
on the plant. As oxidative enzymes, peroxidases utiligg H presence of NQions, day length, sugar level or certain
as a final electron acceptor in order to generate radiqalogen metabolites (Lillet al., 2004). Moreover, the form
species which then act as catalysts for biological reactioggy, itive nitrogen also influence the activity of enzyme.
(Passardet al., 2007). Through this process, peroxidases

aid in the degradation of lignin, the removal of hydrogefhe effect of fertilizers on carbohydrate is given in Table
peroxide within the cell, and the oxidation of toxict. Towards the beginning of yield stage, foliar carbohydrate
substances (O'Brien, 2000; Erman and Vitello, 2002). Theg@ncentration was reduced from 6.51x" ifig/g of fresh

are conflicting reports on the influence of fertilizers ofissue in control to 7.59 x Tdng/g of fresh tissue in
peroxidise activity. Several other studies have shown tHaAPNGFC applied plants. This might be due to the greater
reduction in peroxidise activity could be attributed t@ccumulation of photosynthates in CAPNGFC applied
nitrogen inputs which limit carbon mineralization, microbiaplants.

growth, and enzyme production.(Saiya-Coekal ., 2002; The effect of fertilizers on proteins is given in Table 7.
Henry, 2005; Allison, 2005). Protein concentration was 3.12 x21i control and was

The effect of fertilizers on nitrate reductase activity is givefnarkedly increased to 7.49 x1th CAPNGFC on 20

in Table 5. During germination, nitrate reductase activit§ay of analysis. Increased availability and utilization of
was 2.50 x 18units/mg protein in control and 4.69 units/Mitrogen and other nutrients could have favoured the
mg protein in CAPNGFC applied plant.On8ay the assimilation of nitrogen, synthesis of aminoacids and finally
activity was 6.71 x 18in control and 9.97 x 1din translation . As it is clear that irrespective of the increase

CAPNGFC. The enzyme is responsible for nitrat# protease activity protein concentration was high.Increase
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Table 1: Influence Of Fc, Capng And Capngfc On Germination Of Crop Plant (%)

Plant Control Fc Cap Capngfc

Abelmoschus esculentus 87+ 5.6 872+5.9 89 +4.2 95+ 2.5

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

Table2: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Amylase Activity (umoles Of Reducing Sugars Released/Min/
Mg Protein)

Days Control Npk Mix Capng Capngfc
Germination 2.31x 18 4.89x 1% 3.52x 1% 5.74x 1%
10 6.5x 1@ 5.65 x162 5.76 x 1&2 7.59x1®
20 4.83x 16 6.5x 102 5.98 x 17 6.89 x 17
30 7.0x 1@ 6.58x 1% 6.23 X1 5.13x 1

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

Table 3: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Protease Activity (umoles of amino acid released/min/mg
protein)

Days Control Fc Capng Capngfc
Germination 2.56x 10 3.79 X 1¢¢ 2.86 X 10-1 5.87x10-1
10 6.58 x 16 541 x 1@ 498 x 1@ 9.86x1(?
20 3.12x 16 6.91x1C 6.12x 1 7.49x 1
30 6.87 x 162 7.13x 1 6.74 x 12 8.59 x 17

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

Table4: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Peroxidase Activity (umoles of purpurogallin formed /min/mg
protein)

Days Control Fc Capng Capngfc
Germination 4.7k 10? 4.95x 1@ 51x 1 5.62x 1@
10 5.54 x 16 5.72x 1¢ 6.04 x 17 5.89x1(?
20 2.22 x 162 2.33x 1 2.17 x 162 2.54x 1@
30 2.52x 16 2.78x 1 2.69x 1 2.49x 1@

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

Table 5: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Nitrate Reductase Activity (umoles of nitrate released /min/
mg protein)

Days Control Fc Capng Capngfc
Germination 2.5( 102 576 x 1 474 x 1@ 4.69x 1
10 6.71x 16 7.87 x 1 6.72x 1 9.97x1?
20 7.45x 16 8.54x 1® 6.91x 1@ 9.98x 1@
30 3.84x16 5.85x 1 598 x 17 6.73x 17

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)
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Table 6: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Total Carbohydrates (mg/g)

Days Control Fc Capng Capngfc
Germination 2.3k 102 3.52x 1@ 4.89 x 1@ 574 x 1&
10 6.5x 1@ 576 x 17 5.95x 17 7.59 x 17
20 4.83x16 5.98 x 17 6.5 x 1% 6.89 x 17
30 7.0x 10 6.23x 1& 6.78 x 17 5.13x 1&

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

Table 7: Influence Of Calcium Phosphate Nano Gel Fertilizer Composite On Proteins (mg/g)

Days Control Fc Capng Capngfc
Germination 2.56 102 3.79x 1 2.86 x 1 5.87 x 1
10 6.58 x 16 541 x 1 498 x 1@ 9.86 x 1
20 3.12x 16 6.02 x 17 6.91x 1 7.49 x 17
30 6.87 x 162 6.70 x 102 7.13x 1@ 8.59 x 1

*Means sharing the common superscript are not significantly different from each other (Tukey’'s HSD, P<0.05)

in foliar protein concentration by fertilizer application washouid be increased in the limited availability of land and
supported by Broheét al., (2000) and Atia (2005). This \yater resources.

clearly indicated greater mobility of biomolecules to the

seeds. Flower_setting was earli(_er by three days Heferences

CAPNGFC applle_d plant_s and the yield performance WaRison, S.D. 2005. Cheaters, diffusion and nutrients constrain
h(_)mogeneous. Nitrogen is a part qf chlorophyll,_ the green gecomposition by microbial enzymes in

pigment of the plant that is responsible fokpatially structured environmentology Letters, 8:626-635.
photosynthesis. Helps plants with rapid growth, increasirfgia, K.A.M. 2005. Responses of some cowpdarta unguiculate,
seed and fruit production and improving the quality of leaf L) cultivars to some irriga_tion Ie\_/t_als by d_rip system and organic
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. o L rohi. A. R., M. T. Topbas, E. Sarasli, and A. Akta. 2000. Eeffect of
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