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Soil quality is the capacity of a soil to function within 
natural or managed ecosystem boundaries to enhance 
plant and animal productivity, retain water and air quality 
and human health. Plant growth promoting rhizobacteria 
(PGPR) promote plant growth either by colonizing around 
the root zone and helping plants to get nutrient through 
various mechanisms. Population of soil microorganisms 
is greatly influenced by natural and anthropogenic 
manipulations in the soil. Hence, protection of microbial 
biomass and diversity of soil is one of the major 
challenges for sustainable resource use because higher 
level of microbial biomass and diversity lead to more 
nutrient turnover (Torsvik and Ovreas, 2002). 
Nanoparticles are particles with a size range of 1 to 100 
nanometers. They have small diameter but have large 
volume-surface area and thus find subsidiary in various 
fields (Darroudi ., 2012). Nanoparticles pose a direct et al
effect on soil biota and sometimes through change in 
availability of toxins or nutrient by interacting with them 
(Simonet and Valcarcel, 2009).

Iron and copper nanoparticles react with peroxides 
present in the environment and show highly toxic 
behaviour towards microorganisms like  P. aeruginosa
(Saliba ., 2006). Presence of SiO , ZrO and Al O  et al 2 2 2 3

microparticles triggers the growth of bacterial population 
in soil which is responsible for enhancement of soil 
nutrient value. Nanosilica promotes 100% seed 
germination in maize therefore, it shows auspicious effect 
on bacterial population and nutrient value of soil 
(  ., 2013). Titanium dioxide (TiO ) Karunakaran et al 2

nanoparticles are white solid inorganic substance that is 
thermostable, non-flammable and poorly soluble in water. 
TiO nanoparticles saliently promote aged seeds vigor and 2 

chlorophyll content and hence increases photosynthesis, 
there by indirectly promoting plant growth and 
development (Yang ., 2006). These particles were et al
found to enhance seed germination and promote radicle 
and  p lumule  growth  of  canola  seed l ings  by 
Mahmoodzadeh . (2013). According to Jaberzadeh et al et 
al 2 . (2013) TiO nanoparticles augmented wheat plant 
growth and yielded components under deficit stress 
condition. Appropriate use of these nanoparticles is 
beneficial otherwise higher dose astringently eradicate 
indigenous microbial population. There is an immense 
need to study and evaluate the effect of the nanoparticles 
on microbial diversity and soil health.

MATERIALS AND METHODS
Soil sample
Soil samples from soyabean and maize rhizosphere were 
collected from Crop Research Centre of the University in 
the month of November, 2015 and preserved at -20 C till 0

use.

Bacterial isolation
Isolation of bacterial isolates from rhizospheric soil was 
done on nutrient agar, King’s B medium and Tryptic soya 
agar using serial dilution.  

Screening of potent bacterial isolate
A sum of 25 bacterial isolates, recovered from 
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ABSTRACT: In the present study effect of TiO nanoparticles was tested on six plant growth promotory rhizobacteria (HS2, HS10. 2 

HS12, HS11, HM4 and HR11) recovered from soyabean and maize rhizosphere. HM4 showed highest IAA (56.31 μg/ml) production 
and HR11 showed highest siderophore (56%) production. All the isolates showed maximum growth at 50 ppm TiO in nutrient broth2 , 

HS10 and HS12 showed best growth. Effect of TiO  nanoparticles was evaluated on plant vigour of maize treated with selected plant 2

growth promotory bacteria. Bacterial treatment showed enhanced shoot germination, plant height and leaf area over control in the 
presence of TiO nanoparticles. Average total chlorophyll in maize plant was also maximum (5.04 µg/g) in the presence of TiO  2 2

nanoparticle. Performance of HS12 was best among all treatments. After 45 days of pot experiment, fluorescein diacetate hydrolysis 
(57.91µg/ml), dehydrogenase (38.10µg/ml) and alkaline phosphatase (207.16 µg/ml) was reported in the presence of nanoparticles 
and bacterial cultures. HM4 and HS12 treatment in the presence of 10 ppm TiO  enhanced enzyme activities. 2
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rhizospheric soil of soyabean and maize plants were tested 
for their plant growth promotory properties like 
Siderophore production (Schwyn and Neilands, 1987), P-
solubilization (Wahyudi 2011),  Indole acetic acid et al., 
(IAA) (Patten and Glick, 2002), Ammonia production 
(Cappuccino and Sherman, 1992) and HCN production 
(Donate-Correa ., 2005).et al

Morphological and biochemical characterization
Morphological and Biochemical characterization 
(lipolytic, gelatinase, amylolytic, protease, cellulase, 
pectinolytic, catalase, urease activity and citrate 
utilization) of selected six bacterial isolates were 
performed according to Madigan . (2012). Bacterial et al
isolates were tested for antibiotic sensitivity against Co-
trimoxazole (25mcg/disc), loramphenicol (30 Ch
mcg/disc), Ampicillin (10mcg/disc), Tetracyclin (30 
mcg/disc), Kanamycin (30mcg/disc) and Methilicin 
(25mcg/disc). 

Effect of TiO  nanoparticle on the growth of bacteria 2

One ml of each bacterial isolate was inoculated in nutrient 
broth, supplemented with different concentrations of TiO2 

nanoparticle (10, 30, 50 and 100 ppm). Inoculated flasks 
were incubated on a rotatory shaker at 28+2 C. Aliquots of o

3 ml were withdrawn at the interval of 12 h upto 4 days. 
Absorbance was taken at 600 nm.

Experimental details for pot trial
A pot experiment was conducted, using Complete 
Randomize Design (CRD) in winter season (January 
2016) to study the impact of TiO  nanoparticles (10ppm) 2

on the soil health and plant health with 5 seeds per pot in 
unsterilized soil. Harvesting was done after 45 days.

Preparation of bacterial inoculums
Out of the 25 bacterial isolates recovered in the same 
experiments, six bacterial cultures (HS2, HS10, HS11, 
HS12, HM4 and HR11) which were tested best for plant 
growth promotory activities were selected for pot trial 
(Table 1). The bacterial isolates were grown in 50 ml of  
nutrient broth, at 30 C and adjusted to 10  to 10  CFUml .0 5 6 -1

Seed sterilization and bacterization
Maize seeds were treated with acidified (0.1%) HgCl  for 2

3 min and washed thoroughly before coating with 
inoculum. Surface sterilized seeds were dried and treated 
with fresh bacterial cultures, individually to obtain 108 

cfu/ml. One per cent carboxy methyl cellulose (CMC) was 
also added for proper adherence. 

Treatments
The treatments used for pot experiments were as follows:
1. Soil conditions: Sterilized soil 
2. Bacterial cultures: Six (HS2, HS10, HS11, HS12,  

HM4 and HR11) (Table 1)

The experiment was conducted in a replication of three in 
the month of February, 2015.

Observation
Plant Height was measured and mean values were 
presented in centimeter.  Germination percentage (%) and 
Leaf Area of all plants were also measured (Yoshida ., et al
1972).

Biochemical Analysis of Plant and Soil 
Estimation of chlorophyll
Chlorophyll was estimated according to Hiscox and  
Israelstam (1979). Fifty mg fresh leaves were added in 7  
ml of DMSO. After incubation at 65 C for 3 h absorbance o

of chlorophyll extract (obtained by centrifugation at 2000 
rpm for 10 min) at 663nm, 645nm and 470nm was 
recorded using visible spectrophotometer (Varion).

Estimation of Enzyme Activities of soil used in pot 
experiment
Fluorescein Diacetate (FDA) hydrolysis: FDA activity 
was determined according to Schnurer and Rosswall, 
(1982). One gram soil was mixed with 50ml sodium  
phosphate buffer (pH 7.6). Provided FDA solution (0.5ml)  
was added and incubated for 2 hr at 24 C . Two ml acetone o

was added to terminate the FDA hydrolysis. Soil 
suspension was centrifuged (8000 rpm for 5 min) and 
filtered through Whatmann No. 2 filter paper. Absorbance 
of the filtrate was measured at 490nm. FDA hydrolysis 
activity was expressed as µg flurorescein g  dry soil h  -1 -1

with fluorescein as standard

Dehydrogenase Activity: Dehydrogenase activity was 
determined by the method of Casida . (1964). Five et al
gram soil was mixed in 5ml of 2, 3, 5- triphenyltetra-
zolium chloride (TTC) solution and incubated for 16 h at 
37 C. Now 25 ml acetone was added to the mixture and o

centrifuged at 4500rpm for 10min at 4 C. Obtained o

supernatant was filtered through Whatmann No.2. 
Absorbance of the filtrate was taken on spectrophoto-
meter at 485nm. The activity of dehydrogenase was 
expressed as µg TPF 5g  dry soil 16hr .Triphenyl -1 -1

Table 1:   Layout plan for the pot experiment 

Treatment I Absolute control Treatment VIII HS11 +TiO2

Treatment II TiO  control Treatment IX HS12 2

Treatment III  HS2  Treatment X HS12 +TiO2

Treatment IV HS2 +TiO  Treatment XI HM4 2

Treatment V HS10 Treatment XII HM4 +TiO2

Treatment VI HS10 + TiO  Treatment XIII HR11 2

Treatment VII HS11  Treatment XIV HR11 +TiO2

Parameters taken 
i. Absolute control (no culture, no TiO  nanoparticles)2

ii. Only bacterial culture(s)
iii. Bacterial culture + TiO nanoparticles2 

iv. Only TiO  nanoparticles2



formazan (TPF) (100µg/ml) was used as standard. 

Alkaline Phosphatase Activity:  Alkaline Phosphatase 
activity was determined by the method of Tabatabai and 
Bremner (1969) method. To 1 g soil sample, 0.25ml 
toluene, 4ml Modified Universal Buffer(MUB) buffer and 
1ml p-nitrophenyl phosphatase (pNPP) (25mM) were 
added. Tubes were incubated at 37 C for 2h. After o

incubation, 1ml CaCl and 4ml Tris buffer (0.1M, pH 12) 2 

were added to stop the reaction. The sample was incubated 
for 2h. Intensity of the colour was determined at 400nm. 
pNP was used to draw standard curve.

Statistical analysis of data 
The experimental data was analyzed using procedure for 
factorial CRD according to Cochran and Cox (1957). The 
significance of treatment means was tested using F- test. 
Critical difference (C.D.) value at 5% of significance was 
calculated for comparison of difference among treatment 
means, if the F-test was significant. Standard error of 
mean (SEm+) and coefficient of variance (CV 5%) was 
also calculated in each case. 

Molecular characterization of the bacterial isolates
Extraction of genomic DNA of two bacterial isolates 
(HS12 and HS10) was according to Bazzicalupo and Fani 
(1995). Amplification of DNA was done according to 
Lane et al. (1985) using 16SrDNA primers (1492R and 
27F) Amplified products were sequenced and identity was 
matched through basic local alignment sequence tool 
(BLAST).

RESULTS AND DISCUSSION
Morphological and Biochemical characterization of 
selected bacterial isolates
All the recovered bacterial isolates cultures were Gram 
negative except, HS10 which was Gram positive and had 
long rods. Six rhizospheric bacterial isolates were tested 
for the production of extracellular enzymes. Biochemical 
characteristics of bacterial isolates are given in Table 2.

Screening of potent bacterial cultures
Twenty five bacterial isolates recovered from 
rhizospheric soil were tested for their plant growth 
promotory properties. Eight bacterial isolates (HS2, 

HS10, HS11, HS12, HM4, HM6, HM7 and HR11) 
produced siderophore on Chrome Azurol S-Agar (CAS) 
and this property was confirmed by the presence of orange 
zones around the bacterial colonies on blue black 
background. On quantification, highest value of 
siderophore was observed in HR11 (56%) followed by 
HS12 (53%), HM4 (49.56%), HS2 (48.26%), HS11 
(39.32) and HS10 (38.19%) (Table 3). Eleven isolates 
(HS2, HS10, HS11, HS12, HS14, HM1, HM4, HM5, 
HM8, HM9 and HR11  had the ability to solubilize )
inorganic phosphorous. Six bacterial isolates produced 
IAA significantly. Highest IAA production was reported 
in HM4 (56.31 g/ml) after 72 h of incubation in dark μ
followed by HS2 (53.43 g/ml), HS12 (47.12 g/ml), μ μ
HS11 (34.32 g/ml), HR11 (32.88 g/ml) and HS10 μ μ
(26.71 µg/ml) ( ). Nine bacterial isolates (HS1, HS2, Fig 1
HS3, HS5, HS7, HS11, HM3, HM4 and HM7) produced 
HCN and twenty three bacterial isolates were good 
ammonia producer.

Effect of TiO  nanoparticle on bacterial growth2

All the bacterial isolates showed better growth in the 
presence of different concentrations of TiO  (10, 30, 50 2

and 100ppm) than control, HS10 and HS12 showed best 
growth in the presence of 50ppm TiO . There was 2

continuous increase in bacterial growth (as evidenced by 
O.D.) up to 50 ppm TiO  nanoparticles but a slight 2

decrease in population was observed at 100 ppm TiO (Fig. 2 

2). HS12 and HS10 showed better result. Chatterjee . et al
(2011) have reported no significant difference in the 

Table 2: Cell morphology and Colony characteristics of selected bacterial isolates

S. Bacterial Gram’s Cell  Arrangement Colony characteristics
No.  isolates  Reaction morphology  Shape Edge Elevation Surface Chromogenesis

1 HR11 -ve Short rod Scattered Circular Entire Convex Glistering Fade yellow
2 HM4 -ve Very short rod Scattered Circular Entire Convex Smooth White
3 HS2 -ve Very short rod Scattered Circular Undulate Raised Smooth White creamy
4 HS10 +ve Long rod Scattered Circular Undulate Umbonate Wrinkled Off white
5 HS11 -ve Short rod Scattered Circular Exntire Convex Smooth Golden
6 HS12 -ve Short rod scattered Circular Entire Convex Smooth Light yellow

Fig 1: Quantitative estimation of IAA production by 
bacterial isolates 
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Fig.2: Graphical representation of growth pattern of plant growth promotory rhizobacteria through their absorbance at 
600nm due to different concentration of TiO  Nanoparticles.2



Fig. 3.3: Bar diagram to represent effect of different treatments (X axis) on total leaf area

Fig.3.2:  Bar diagram to represent effect of different treatments (X axis) on plant height (Y axis)

Fig. 3.1: Bar diagram to show variation in percent seed germination (Y axis) under TiO nanoparticles and bacterial 2 

treatments (X axis)
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 Fig 4.3: Release of pNP during alkaline phosphatase activity of soil sample under different treatments through the release of 
TPF in soil samples under different treatments

Fig. 4.2: Representation of dehydrogenase activity

Fig.4.1: Fluorescein Hydrolysis pattern in soil under the influence of different treatments



growth and cfu counts when  was treated with E. coli
various concentrations of gold nanoparticle. TiO  2

treatment affected survival rate of , , and E. coli B. subtilis
S. cerevisiae, S. cerevisiae where showed highest survival 
rate (71%) and  showed the lowest (36%) (Park E. coli et 
al., 2012). Nanogypsum enhanced the growth of 
Pseudomonas taiwanensis Pantoea agglomerans and  
reported by Chaudhary and Sharma, 2019. Khati et al. 
(2019) found that nanozeolite improved the protein 
content of Bacillus sp. and enhanced their growth pattern.

Pot experiment: Plant height,  Germination 
percentage and Leaf area
Growth of TiO  nanoparticle treated maize plants was 2

rapid as compared to only bacterial treatments. Plants 
grown with TiO  + bacterial culture were healthy and 2

green than the plants treated only with bacterial culture. 
HS10 + TiO treatment showed highest (82cm) plant 2

height (Fig 3.1, Table 4). Germination percentage of 
maize seeds was high in TiO + culture treatments than the 2 

treatment, only with culture (Fig 3.2). Among all the 
treatments, maximum leaf area was observed in HS10 + 
TiO treatment (68.99 cm ). Enhanced total leaf area was 2

2 

reported in the presence of nanoparticles (Fig 3.3, Table 
5). Maximum plant height was observed in HS10 +TiO2 
treated maize, however all the combination of bacteria 
+TiO2 supported plant height as compare to only bacterial 
treatment. A significant increase in plant height was 

observed in HM4, HS2, HS10 and HS11 in the presence of 
TiO2.

Enhancement in per cent seed germination of maize seed 
was observed in bacteria +nanoparticle treatment. Four 
combinations of bacterial inoculum (HR11, HM4, HS11 
and HS12) and nanoparticles supported germination 
significantly. Although in isolation TiO showed minimum 2 

percent germination. Five treatments of bacterial 
inoculum (HR11. HM4, HS2, HS10, HS11 and HS12) 
with TiO  supported maximum leave area. Highest leave 2

area was observed in HS10 + TiO2

Biochemical Analysis of Plant and Soil
Estimation of chlorophyll
All the treatments consisted of bacterial inoculum and 
nanoparticles (TiO ) supported the chlorophyll in maize 2

plants. In general, chlorophyll content was highest in plant 
samples treated with bacterial cultures + TiO Total 2. 

Chlorophyll content was highest in HS12 treatment with 
TiO , and was in the range of 7.783 µg g  fresh weight of -1

2

plant sample. Level of chlorophyll , chlorophyll and a b 
total chlorophyll is given in Table 6. Application of TiO   2

alone enhanced chlorophyll by two fold times than the 
absolute control

Soil Enzyme Activity
Fluorescein diacetate (FDA) hydrolysis activity: All 

Table 3: Plant growth promotory characteristics of the isolated bacterial cultures

   Siderophore  Phosphate  IAA Ammonia  HCNBacterial
 isolates production solubilization production production production

      HS1 - - - +ve +ve
      HS2 +ve +ve +ve +ve +ve
      HS3 - - - +ve +ve
      HS4 - - - +ve -
      HS5 - - - - +ve
      HS6 - - - +ve -
      HS7 - - - +ve +ve
      HS8 - - - - -
      HS9 - - - +ve -
      HS10 +ve +ve +ve +ve -
      HS11 +ve +ve +ve +ve +ve
      HS12 +ve +ve +ve +ve -
      HS13 - - +ve -
      HS14 - +ve - +ve -
      HM1 - +ve - +ve -
      HM2 - - - +ve -
      HM3 - - - +ve +ve
      HM4 +ve +ve +ve +ve +ve
      HM5 - +ve - +ve -
      HM6 +ve - - +ve -
      HM7 +ve - - +ve +ve
      HM8 - +ve - +ve -
      HM9 - +ve - +ve -
      HM10 - - - +ve -
      HR11 +ve +ve +ve +ve -
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the bacterial treatment with TiO  significantly enhanced 2

FDA hydrolysis activity (Fig 3.6).  An average of 31.54µg 
and 57.91µg fluorescein production per g soil was 
observed under bacterial treatments and culture and TiO  2

treatment respectively from the hydrolysis of FDA in 2h 
(Fig 4.1 and Table 7). Soil sample from HM4 + TiO  2

treatment showed highest FDA activity (78.15µg/ml). At 
0 day, FDA activity was 36.78 µg/ml in unsterilized soil 
and 12.75 µg/ml in sterilized soil. 

Dehydrogenase activity: An average of 28.30µg and 
38.10µg TPF (triphenyl formazan) was observed from 
five gram soil sample treated with culture and culture + 
TiO  by the action of dehydrogenase activity in 16 h of 2

incubation (Fig 4.2 and Table 7). Soil sample from HM4 + 
TiO  treatment showed maximum dehydrogenase activity 2

whereas unsterilized soil showed 28.5 µg and sterilized 
soil 14.33 µg dehydrogenase activity at 0 day. TPF release 
was significant with respect to incubation. None of the 
bacterial treatment along with TiO  depressed 2

dehydrogenase activity.

Alkaline Phosphatase activity: An average of 146.9µg 
and 207.16µg pNP were released per gram of soil sample 
treated with culture and culture + TiO  respectively (Table 2

7 and Fig 4.3). Soil sample from HS12+ TiO  treatment 2

showed highest alkaline phosphatase activity and release 
of pNP/ml was 225µg/ml. Release of pNP was significant 
with respect to incubation time. At 0 day, alkaline 
phosphatase activity was 147.5 µg/ml in unsterilized soil 
and 87.5 µg/ml in sterilized soil.

PGPR are plant growth promotory bacteria with 
numerous characteristic mechanisms like siderophore 
production, N  fixation, antibiotic production, IAA 2

production and solubilization of P and Zn. The bacteria 
were applied as seed coating or inoculum which enhances 
plant growth (Kloepper ., 1978). In the present study et al
out of 25 bacterial isolates recovered from maize and 
soyabean rhizosphere only six were selected on the basis 
of PGPR properties. All the test isolates were good 
siderophore producers as maximum unit of % siderophore 
was in HS12. Siderophore production help in Fe + 2

sequestration from the soil and may act as biocontrol agent 
or directly provide Fe + to host plant (Schwyn and 2

Neilands, 1987). Chandra  (2007) reported et al.
production of 24 g/ml of IAA by μ Mesorhizobium loti 
after 48 h of incubation which is in correlation of our 
results. Bacterial isolates from rhizospheric region of rice, 
mangrove, chick pea and effluent contaminated soil 
showed large amount of HCN production (Joseph  et al.,
2007; Samuel and Muthukkaruppan, 2011). Production of 
HCN along with siderophore has been reported as the 
major factor in biocontrol activity for the protection of 
Black pepper and ginger against Phytophthora capsici 
(Diby, 2004).

Out of six bacterial isolates four showed positive test for 
HCN production. Ammonia was also invariably observed 
in all the bacterial isolates. Accumulation of ammonia in 
soil may lead to increased pH which may suppress fungal 
growth. Mishra 2010) reported that  strain et al.( B subtilis
MA-2 and  MA-4 were good ammonia P fluorescence
producers and enhanced biomass of  Geranim amedicin
and aromatic plants.

All the selected isolates solubilized insoluble phosphate in 
pikovaskya agar plate. Glick (1995) reported that seven 
bacterial and fungal strains had phosphate solubilization 
capabilities and promote plant growth by providing them 
soluble form of phosphorous. These bacteria dissolve soil 
P through the production of low molecular weight organic 
acids, mainly gluconic acid and ketogluconic acid 
(Deubel, 2000).

Based on PGPR properties six bacterial isolates were 
selected for pot experiment on maize to observe the effect 
of TiO  on plant vigour of maize.2

Effect of TiO  on plant growth pattern of selected bacterial 2

isolates revealed that HS10 and HS12 showed best growth 
in the presence of 50ppm TiO . There was continuous 2

increase in bacterial growth (as evidenced by O.D.) up to 
50 ppm TiO  nanoparticles but a slight decrease in 2

population was observed at 100 ppm TiO Chatterjee . et al2. 

(2011) observed no significant difference in the growth  
and CFU counts when  was treated with various E. coli
concentrations of gold nanoparticle. Park . (2012) et al
reported that when , , and  E. coli B. subtilis S. cerevisiae
were treated with TiO , showed highest S. cerevisiae 2

survival rate (71%) and  showed the lowest (36%). E. coli
Growth of got suppressed when treated with 50 g E. coli μ
ml  Cu nanoparticles indicating that Cu could inhibit the -1

growth and reproduction of bacterial cells (Jamshidi and 
Jahangirirad, 2014). Study conducted by Vani . (2011) et al
showed antibacterial activity of ZnO nanoparticles 
against . S. aureus

Effect of bacterial inoculation on maize plant under TiO2 
nanoparticles treatment revealed that growth of maize 
plant was rapid with TiO  treatment as compare to only 2

bacterial treatment. Plant growth with TiO  + bacterial 2

cultures was healthy and green than those treated with 
bacterial cultures only. Germination of all treatments 
(TiO  + bacterial cultures) was 100%. Hojjat (2015) 2

reported highest germination percentage (78%) in 
Fenugreek seeds when treated with 20 g mL  of silver -1μ
nanoparticles. Nanochitosan and spp. enhanced Bacillus 
the growth of maize health parameters (Khati ., 2017).et al

Plants may serve as a potential pathway for NP transport 
and bioaccumulation into the food chain. NPs could pass 
through the plant epidermis and cortex via the apoplast 



pathway. TiO  NPs also agglomerated in soil medium or 2

on the surface of periderm cells. Salama (2012) found that 
treatment with 60 ppm silver nanoparticles increased 
chlorophyll  and chlorophyll  by 49% and 33% as a b
compared to the control in common bean (Phaseolus 
vulgaris Zea mays a  b). In corn ( ) the chlorophyll and  
increased by 46% and 26% as compared to control 
respectively. Raliya . (2015) observed increase in et al
shoot length (17.02%), root length (49.6%), root area 
(43%), root nodule (67.5%), chlorophyll content (46.4%) 
and total soluble leaf protein (94%) of mung bean plants 
on foliar spray of TiO nanoparticles. Durairaj  (2015) et al.2 

reported a gradual increase in Trigonella foenumgraecum, 

plant parameters such as plant height, chlorophyll content, 
germination rate, seed vigour and protein content when 
treated with 50µg of TiO nanoparticle. Foliar spray with 2 

magnetite nanoparticles (MNPs) on pear saplings resulted 
in increased biomass parameters i.e. sapling height, stem 
diameter, leaf area and dry weight along with increased 
total carbohydrates, total amino acids, nitrogen and iron 

Table 4: Shoot, root and plant height under the influence of 
different treatments

Treatments Shoot Root Plant    
 Height (cm) Height (cm) Height (cm)

Absoiute control 28.00 26.00 55.00
HR11 43.00 32.33 75.33
HR11 +TiO2 44.50 34.66 79.16
HM4 34.66 24.00 58.66
HM4 +TiO2 46.66 24.66 73.33
HS2 38.66 22.33 61.00
HS2 +TiO2 50.16 32.33 76.66
HS10 35.33 29.00 67.33
HS10 +TiO2 51.33 32.00 82.33
HS11 24.66 19.33 44.00
HS11 +TiO2 51.00 28.83 79.83
HS12 43.33 28.66 78.00
HS12 +TiO2 52.00 38.00 80.66
 Treatment × Treatment × Treatment × 
 Day Day Day
Sem+ 0.655 0.320 2.919
Cd at 5 % 1.898 0.929 8.457

Table 5: Total leaf area of Maize plants

Treatments Leaf Leaf Kemp’s Leaf   
 Length Breadth constant Area   
 (cm) (cm) (K) (cm ) 2

Absolute control 24.19 2.26 0.66 36.09
TiO2 23.16 1.56 0.66 23.63
HR11 32.33 1.96 0.66 42.13
HR11 +TiO2 34 2.1 0.66 54.23
HM4 34.16 2.13 0.66 45.34
HM4 +TiO2 35.83 2.26 0.66 57.23
HS2 28 2.26 0.66 41.81
HS2 +TiO2 33 2.56 0.66 56.16
HS10 28.26 2.1 0.66 39.13
HS10 +TiO2 37 2.83 0.66 68.99
HS11 18 1.73 0.66 20.65
HS11 +TiO2 36 3.1 0.66 49.63
HS12 27.66 2.46 0.66 35.35
HS12 +TiO2 35 2.93 0.66 67.33
 Treatment× Treatment× - Treatment× 
 Day Day  Day
Sem+ 0.504 0.0426 - 3.392
Cd at 5 % 1.461 0.1234 - 9.828

Table 6: Chlorophyll content of Maize plant

Chlorophyll in µg g  fresh weight-1

Treatments Chlorophy Chlorophy Total   
 ll  ll  chlorophylla b

Absolute control 1.55 8.14 1.82
TiO2 1.95 10.19 3.45
HR11 2.41 12.06 2.77
HR11+TiO2 2.95 18.24 3.73
HM4 2.99 18.45 3.77
HM4 + TiO2 3.04 18.99 3.93
HS2 1.62 10.31 2.07
HS2 + TiO2 3.39 23.77 4.55
HS10 2.64 14.48 3.16
HS10 + TiO2 4.18 28.02 5.48
HS12 2.24 11.90 2.64
HS12 + TiO2 4.55 54.66 7.77
HS11 1.32 8.60 1.71
HS11 +TiO2 2.99 29.39 4.82
 Treatment ×  Treatment × Treatment × 
 Day Day Day
Sem+ 0.315 0.315 0.059
Cd at 5% 0.912 0.912 0.173

Table: 7: Enzyme activities of soil under the influence of 
different treatments

Treatments FDA Dehydrogenase Alkaline    
 (µg/ml) (µg/ml) phosphatase
   (µg/ml)

Absolute control 26.93 21.83 187
TiO2 18.38 13.33 118
HR11 27.28 23.33 155.5
HR11 + TiO2 53.07 24 205.5
HM4 34.78 29.5 161
HM4 + TiO2 78.15 57 218.5
HS12 33.85 41.56 160.5
HS12 + TiO2 54.36 44.166 221.5
HS2 26.23 19 112.5
HS2+ TiO2 47.79 35.5 163
HS11 40.29 23 136
HS11 + TiO2 51.19 27.16 216
HS10 26.81 33.48 156
HS10 + TiO2 62.91 40.83 218.5
Unsterilized  36.78 28.5 147.5
soil (0 day)
Sterilized soil  12.75 14.33 87.5
(0 day) 
 Treatment ×  Treatment × Treatment × 
 Day Day Day
Sem± 0.8299 0.3499 2.5502
Cd at 5% 2.4041 1.0136 7.3879
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content, total chlorophyll and carotenoids content (Nasr et 
al., 2015).  ZnO nanoparticles also improved plant 
(cluster bean) phenology such as stem height, root 
volume, and biochemical indicators such as leaf protein 
and chlorophyll contents (Raliya and Tarafdar, 2013). 
Frazier  (2014) reported that plantlets exposed to et al.
TiO  nanoparticles (range 1000–25,000 ppm) for three 2

weeks showed enhanced leaf count, root length and plant 
biomass and was in correlation with Ti concentrations.

Enzymes are the integral part of nutrient cycles in soil. 
They act as marker for viable cells, so enzyme activities 
such as FDA, dehydrogenase, phosphatase and many 
other can be related with soil microbial activity or soil 
health (Bandick and Dick, 1999). In a study, foliar spray of 
TiO  nanoparticles at 10 mgL  concentration on the leaves ”1

2

of 14 days old mung bean plant, enhanced alkaline 
phosphatase activity by 72% and dehydrogenase activity 
by 108.7% over control when tested after six weeks 
(Raliya ., 2015). Application of nanozeolite and et al
Bacillus spp. enhanced the seed germination, plant height, 
chlorophyll, carotenoid and protein content over control 
in pot and field experiment (Khati , 2018; Chaudhary et al.
et al., 2021a). Raliya and Tarafdar, (2013) reported that Zn 
acts as a cofactor for P solubilizing enzymes such as 
phosphatase and hence increase their activity between 84 
and 108%. Sunghyum  (2011) reported an increased  et al.
in soil enzyme activity and growth of  Cucumis sativus
from 0 days of sowing period to 45 days of harvesting 
period when treated with Zn or ZnO nanoparticles. Zinc 
nanoparticles induced FDA, phosphatase (acid and 
alkaline) and dehydrogenase enzyme activities (Sindhura 
et al., 2015).

CONCLUSION 
On the basis of above results it can be concluded that 
nanoparticles make the products better in terms of 
functionality and do not disturb soil health if used in 
agriculture. Nanotechnology is a promising field for 
sustainable agriculture. Different nanoparticles possess 
different properties which make them harmful or 
harmless. At present nanoparticles are used in medicines, 
mechanics, and software technologies. They can also be 
applied in agriculture for enhanced crop production, pest 
manifestation and for eliminating the natural plant 
pathogen. Therefore use of nanoparticles under optimum 
concentrations results in beneficial effect such as 
improvement in plant-bacterial interaction, promotion of 
plant growth related parameters, increased microbial 
diversity and maintenance of soil health. Chaudhary   et al.
(2021b) also reported that nanozeolite and nanochitosan 
@ 50 mg/L improved the dehydogenase and alkaline 
phosphatase activity under maize cultivation.
 
REFERENCES
Bandick, A.K and Dick, R.P. (1999). Field management 

effects on soil enzyme activities. Soil Biol. 
Biochem., 31: 1471-1479

Bazzicalupo, M. and Fani, R. (1995) .The use of RAPD 
for generating specific DNA probes for 
microorganisms, in Methods in Molecular 
Biology (Clapp, J. P., ed.), Humana, Totowa, NJ, 
Pp. 155–175

Cappuccino, J.  C.  and  Sherman,  N.  (1992).  In:  
Microbiology:  A  Laboratory  Manual,  New  
16: 125–179.

Casida, L.E. (1964). Microbial Metabolic activity in soil 
as measured by dehydrogenase determination. 
Appl. Environ. Microbiol., 34: 630-636.

Chandra, S., Choure, K., Dubey, R.C and Maheshwari, 
D .K.  (2007) .  Rh izosphere  competen t 
Mesorhizobium loti MP6 induces root hair 
curling, inhibits  and Sclerotinia sclerotiorum
enhances growth of Indian mustard (Brassica 
campestris Braz J Microbiol).  ., 38: 128–130.

Chatterjee, S., Bandyopadhyay, A., and Sarkar, K. (2011). 
Effect of iron oxide and gold nanoparticles on 
growth leading towards biological application. 
Journal of Nanobiotechnology, 9: 34.

Chaudhary P., Khati P., Chaudhary A., Gangola S., Kumar 
R. and Sharma A. (2021a). Bioinoculation using 
indigenous  spp. improves growth and Bacillus
yield of  under the influence of Zea mays
nanozeolite. ., 11: 11. 3 Biotech https://doi.org/ 
10.1007/s13205-020-02561-2

Chaudhary P. and Sharma A. (2019). Response of 
Nanogypsum on the Performance of Plant 
Growth Promotory Bacteria Recovered from 
Nanocompound Infested Agriculture Field. 
Environ and Ecol., 37: 363-372.

Chaudhary P., Sharma A., Chaudhary A., Sharma P., 
Gangola S., Maithani D. (2021b). Illumina based 
high throughput analysis of microbial diversity 
of rhizospheric soil of maize infested with 
nanocompounds and  sp. Bacillus Appl. Soil 
Ecol http://doi.org/10.1016/ ., 159: 103836. doi: 
j.apsoil.2020.103836.

Cochran WG and Cox DR. (1957). Experimental Designs 
. 2nd Ed. John Wiley.

Darroudi, M., Zak, A.M., Muhamad, M.R., Huang, N.M. 
and Hakimi, M.   (2012). Green synthesis of 
colloidal silver nanoparticles by sono chemical 
methods. 66:117-120.Materials Letter, 

Deube l ,  A . ,  Gransee . ,  W.  Merbach .  (2000) . 
Transformation of organic rhizodeposits by 
rhizoplane bacteria and its influence on the 
availability of tertiary calcium phosphate. J. 
Plant Nutr. Soil Sci., 163:387-392

Diby, P. (2004). Physiological, Biochemical and 
Molecular Studies on the Root Rot (Caused By 
Phytophthora capsici) Suppression in Black 
Pepper (   L.) by Rhizosphere Piper nigrum



Bacteria. Ph.D. thesis, University of Calicut, 
Calicut.

Donate-Correa J., Leon-Barrios M., Perez-Galdona R. 
(2005). Screening for plant growth-promoting 
rhizobacteria in  Chamaecytisus proliferus
(tagasaste), a forage tree-shrub legume endemic 
to the Canary Islands.  266:261-272Plant Soil,

Durairaj, B., Muthu, S.K and Xavier, T. (2015). Effect of 
fungal generated n-TiO2 on fegungreek 
( ) seed germination Trigonella foenumgraecum
and seedling growth. Journal of Global 
Bioscience, 4: 2319-2325.

Frazier, T.P., Burklew, C.E. and Zhang, B. (2014). 
Titanium dioxide nanoparticles affect the growth 
and microRNA expression of  tobacco 
( ). 14: Nicotiana tabacum Funct. Integr. Genom., 
75–83. 

Glick, B.R. (1995). The enhancement of plant growth by 
free-living bacteria ., 41: 109-. Can. J. Microbiol
117.

Hiscox, J.D and Israelstam, G.F. (1979). A method for the 
extraction of chlorophyll from leaf tissue 
without maceration. Canadian Journal of 
Botany, 57: 1332–1334

Hojjat, S.S. (2015).Impact of Silver Nanoparticles on 
Germinated Fenugreek Seed. International 
Journal of Agriculture and Crop Sciences, 8(4): 
27-630

Jaberzadeh, A., Moaveni, P., Moghadam, H.R.T and  
Zahedi, H. (2013). Influence of bulk and 
nanoparticles titanium foliar application on 
some agronomic traits, seed gluten and starch 
contents of wheat subjected to water deficit 
stress.  ., 41:201–207Not Bot Horti Agrobo

Jamshidi, Arsalan  and Jahangirirad, Mahsa. (2014). 
Synthesis of Copper Nanoparticles and its 
Antibacterial Activity against . Escherichiacoli
Asian Journal of Biological Sciences, 7: 183-
186.

Joseph,  B.,  Patra,  R.  R.,  and  Lawrence,  R.  (2007). 
Characterization  of  plant  growth  promoting  
rhizobacteria associated with chickpea (Cicer 
arietinum .). International Journal of Plant  L
Production, 2:141-152

Karunakaran Suriyaprabha Manivasakan, G., , R., , P., 
Yuvakkumar Venkatachalam., Rajendran, R  , P. 
P and , N. (2013). Effect of nanosilica Kannan
and silicon sources on plant growth promoting 
rhizobacteria, soil nutrients and maize seed 
germination. , ): 70 – 77. Nanobiotechnology 7(3

Khati P., Chaudhary P., Gangola S., Bhatt P. and Sharma 
A. (2017) Nanochitosan supports growth of Zea 
mays and also maintains soil health following 
growth. , 7: 81. DOI 10.1007/s13205-3 Biotech
017-0668-y

Khati P., Chaudhary P., Gangola S. and Sharma A. (2019). 

Influence of Nanozeolite on Plant Growth 
Promotory Bacterial isolates recovered from 
nanocompound infested agriculture field. 
Environ and Ecol., 37: 521-527

Khati P, Parul, Nisha, Bhatt P, Kumar R, Sharma A (2018). 
Effect of nanozeolite and plant growth 
promoting rhizobacteria on maize. , 8: 3 Biotech
141. https://doi.org/10.1007/s13205-018-1142-
1

Kloepper, Joseph, W and  Schroth, Milton, N. (1978). 
“Plant growthpromoting rhizobacteria on 
radishes” (PDF). Proceedings of the 4th 
International Conference on Plant Pathogenic 
Bacteria (Angers, France: Station de Pathologie 
Végétale et Phytobactériologie, INRA) 2: 
879–882.

Lane, D., B. Pace, G. J. Olsen, D. A. Stahl, M. L. Sogin, 
and N. R. Pace (1985). Rapid determination of 
16S ribosomal RNA sequences for phylogenetic 
analysis. . USA, 82:6955-Proc. Natl. Acad. Sci
6959.

Madigan, M. T., J. M. Martinko, D. A. Stahl, and D. P. 
Clark (2012). Brock biology of microorganisms, 
13th edition. Benjamin Cummings, California, 
USA. ne

Mahmoodzadeh, H.,  Nabavi, M and Kashefi, H. (2013). 
Effect of nanoscale titanium dioxide particles on 
the germination and growth of canola (Brassica 
napus J. Ornamental Hortic Plants, ). 3:25–32

Mishra, R. K., Prakash, O., Alam, M., and Dikshit, A 
(2010). Influence of plant growth promoting 
rhizobacteria (PGPR) on the productivity of 
Pelargonium graveolens l. Herit. Recent  
Research in Science and Technology. 2(5): 53-57

Nasr, Abou, M. K., Hennawy, H. M., Kereamy, A. M. H., 
Yazied, Abou, A and Eldin, Salah T. A. (2015). 
Effect of Magnetite Nanoparticles (Fe O ) as 3 4

Nutritive Supplement on Pear Saplings. Middle 
East Journal of Applied Sciences, 5(03): 777-
785.

Park, S., Lee, S., Kim, B., Lee, S., Lee, J., Sim, S., Gu, M., 
Yi, J. and Lee, J. (2012). Toxic Effects of 
Titanium Dioxide Nanoparticles on Microbial 
Activity and Metabolic Flux. Biotechnology and 
Bioprocess Engineering, 17: 276-282.

Patten C.L. and Glick B.R. (2002). Role of Pseudomonas 
putida indo lactic acid in development of the host 
plant root system. ., 68: Appl. Environ. Microbiol
3795-3801.

Raliya, R ., Tarafdar, J.C and  Biswasa, P. (2015). TiO2 

nanoparticle biosynthesis      and its 
physiological effect on mung bean (Vigna 
radiata Biotechnology ReportsL.).  , 5: 22–26

Raliya, R and Tarafdar, J.C (2013). ZnO nanoparticle 
biosynthesis and its effect on phosphorous-
mobilizing enzyme secretion and gum contents 

[Vol. 19(1), January-April, 2021]Pantnagar Journal of Research38



[Vol. 19(1), January-April, 2021] Pantnagar Journal of Research 39

in cluster bean (  L.). Cyamopsis tetragonoloba
Agric Res., 2:48–57

Salama, Hediat, M. H. (2012). Effects of silver 
nanoparticles in some crop plants, Common 
bean ( L.) and corn (Phaseolus vulgaris Zea mays 
L.). International Research Journal of 
Biotechnology, 3: 190-197.

Saliba, A. M., de Assis, M. C., Nishi, R., Raymond, B., 
Marques, E. A., Lopes, U. G.,   Touqui, L and 
Plotkowski, M.C. (2006). Implications of 
oxidative stress in the cytotoxicity of 
Pseudomonas aeruginosa Microbes  ExoU. 
Infec., 8: 450-459.

Samuel, S., and Muthukkaruppan, S. M. (2011). 
Characterization of plant growth promoting 
rhizobacteria and fungi associated with rice, 
mangrove and effluent contaminated soil. 
Current Botany, 2(3): 22-25

Schnurer, J. and Rosswall, T. (1982). Fluorescein 
diacetate hydrolysis as a measure of total 
microbial activity in soil and litter. Appl. 
Environ. Microbiol., 43: 1255-1261.

Schwyn  Neilands, B. and . J.B. (1987). Universal CAS 
assay for the detection and determination of 
siderophores. , Analytical Biochemistry
160(1):47-56

Simonet, B.M. and Valcárcel, M. (2009). Monitoring 
nanoparticles in the environment.Analytical and  
Bioanalytical Chemistry, 393:17-21.

Sindhura, S.K.,Prasad, K.V.,   Selvam, P and Hussain, 
O.M.(2015). Biogenic synthesis of zinc 
nanoparticles from and Thevetia peruviana 
influence on soil exo-enzyme activity and 
growth of peanut plants. International Journal of 

Applied and Pure Science and Agriculture, . 1(2)
e-ISSN: 2394-5532, p-ISSN: 2394-823X

Sunghyum, K., Jungeun, K. and Insook, L. (2011). Effects 
of Zn and ZnO nanoparticles and Zn  on soil 2+

enzyme activity and bioaccumulation of Zn in 
Cucumis sativus Chem. Ecol.. , 27: 49-55.

Tabatabai, M.A. and Bremner, J.M. (1969). Use of p-
Nitrophenyl phosphate for assay of soil 
phospha tase  ac t iv i ty.  Soi l  B io logy  & 
Biochemistry, 1: 301– 307.

Torsvik, V. and Ovreas, L. (2002). Microbial diversity and 
function in soil: from genes to ecosystems. Curr. 
Opin. Microbiol., 5:240–245.

Vani, C., Sergin, G. K AND Annamalal, A. (2011). A 
Study on the effect of zinc oxide nanoparticles in  
Staphylococcus aureues International Journal . 
of Pharma and Bio Sciences, 2: 4.

Wahyudi, A.T., Astuti, R.P., Widyawati, A., Meryandini, A 
and Nawangsih, A. A. (2011). Characterization 
of  sp. strains isolated from rhizosphere Bacillus
of soybean plants for their use as potential plant 
growth for promoting Rhizobacteria. Journal of 
Microbiology and Antimicrobials, 3(2): 34-40

Yang, F., Hong, F., You, W., Liu C., Gao, F., Wu , C and 
Yang, P. (2006) Influence of nano-anatase TiO2 
on the nitrogen metabolism of growing spinach. 
Biol Trace Elem Res., 110(2):179–190.

Yoshida, S., Forno, D.A and Cock, J.H. (1972). 
“Laboratory Manual for Physiological studies of 
rice”. International Rice Research Institute. 2nd 
Ed.

Received: March 9, 2021
Accepted: April 15, 2021


