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Abstract

 With the fast developments 
in nanotechnology, the production of 
nanomaterials has constantly been expanding, 
and phytotoxicity by nanoparticles (NPs) is 
now becoming a major stress factor for plant 
growth and productivity. Considering the wide 
applications of NPs in various industries, a 
feasible way to overcome this stress is to rely 
on alternative sustainable routes of synthesis. 

that . 
In the present study, we targeted the production 
of silver nanoparticles in a green protocol using 
the leaf extract of Aloe vera and Rosa indica 
as an alternative to chemically synthesised 
AgNP and examined its impact on the growth 
of seedling and root of a commonly cultivated 
plant, Vigna radiata L. AgNP formation by green 
protocol was evident from the colour change of 

Plasmon resonance peak. The involvement 
of various phytocomponents in nanoparticle 

that chemically synthesised AgNP could 
create stress in Vigna radiata seeds, thereby 
inhibiting its germination. The presence of green 
synthesised AgNPsfrom Aloe vera and Rosa 
indica showed a germination rate of 88.46 % and 

the root growth parameters have shown that the 
presence of green synthesised AgNP induced 
root growth as evident from the increased root 
length with proper adventitious root formation; 
indicating an adaptive root development for the 
plant’s response to its environment, which can 
be further utilized in nano-agriculture sector for 
crop improvement.
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Introduction

 Nanoparticles emerged as the material 
of choice for many industrial applications due 
to their nano-size (1 to100 nm) and distinctive 
physicochemical properties. Silver nanoparticles 
(AgNPs), owing to their antimicrobial properties 
[1] and other unique electrochemical features 
[2] become a common nanomaterial in many 
commercial products, including electronic 
devices, household and healthcare products 
[3,4]. The applications of AgNPs are now 

used as an antifungal agent, growth stimulator 
[5], or fruit ripening agent [6]. The extensive use, 
in turn, will cause the release of AgNPs into soil 
and water bodies [7-9], resulting in the large-
scale accumulation of AgNPs in the ecosystem. 
Water bodies contaminated with AgNPs can 

or fertigation [10]. Due to the unique features to 
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up by crop plants and can easily become part of 
the food chain [11]. This not only has an impact 
on food but also causes serious health issues to 
animals and humans [12, 13]. 

 The entry of AgNPs into the plant system 
can result in its bioaccumulation via the food 
chain, thereby facilitating various irreversible 

organisms [14] and the chances of leaching of 
silver ions from AgNPs to the environment is 
high [15], there lies a grave concern regarding 
the safety of AgNPs when it gets released into 
the ecosystem. Hence, there is an immediate 

nanoparticle synthesis with lesser or no 
environmental issues. 

 Previous studies showed that 
AgNP accumulation in plants negatively 
impacts germination, initiation of root and 

in Vigna radiata, and so far, no other reports 
are available regarding the impact of green 
synthesized AgNPs on germination and growth 
parameters in Vigna radiata. The present study 
envisaged the synthesis of AgNP via green 
protocol from Aloe vera and Rosa indica leaf 
extracts as a sustainable alternative for AgNP 
synthesis and evaluated the impact of green 
synthesized AgNPs on germination of seed and 
growth of Vigna radiata L root system. 

Materials and Methods 

 The leaves of Aloe vera and Rosa 
indica were collected from Thodupuzha, Kerala, 
India (9.8959° N latitude). The leaves were 
cleaned by thorough washing with deionised 
water before use.

Production of agNPs: The inner gel was 
collected from Aloe vera leaf, homogenized 

Aloe vera gel extract. This 
was used to reduce silver nitrate to AgNPwith 

protocol [18]. Dried leaves of Rosa indica were 
ground, and aqueous extract was obtained by 
30 minutes of boiling in deionized water (1:10 
ratio) in a water bath at 600

and centrifugation. The fresh extract was added 
to the 1mmol of fresh AgNO3 solution dropwise 
till colour change. This solution was centrifuged 
at 5000rpm for 15 minutes, and the supernatant 
was collected and used for experiments.AgNPs 
formation using Aloe vera and Rosa indica leaf 

of colour change.

Characterization of agNPs by spectrometry 
analysis: The characterisation of AgNP formed 
was carried out by scanning in a spectral range 

 
functional groups were done by collecting 
infrared spectra using attenuated total internal 

in a spectral range of 4000–500 cm (Thermo 

Experimental groups: Surface sterilized 
healthy seeds of Vigna radiata L were used to 
study the impact of AgNPs on germination of 
seed and growth parameters. The experimental 
groups include (i) control – seeds grown in 
the presence of water (ii) seeds grown in the 
presence of chemically synthesised AgNPs (iii) 
seeds grown in the presence of AgNPs from 
Aloe vera
in the presence of AgNPs from Rosa indica 

cotton bedding in Petri dishes. Chemically 
synthesised AgNP was synthesised using 
sodium borohydride as a reducing agent [19].

Determination of growth of seedling (seed 
germination) and root: Seeds were considered 

Seed germination was assessed by determining 
the germination percentage (GP), which is 
calculated as:

 GP = total number of germinated seeds 
/total number of seeds evaluated × 100
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growth was measured by noting the length and 
observation of the adventitious root. All the 
experiments were carried out in triplicates (n= 3) 
with 20 healthy seeds per petridish. Statistical 

Newman-Keuls test in a GraphPad Instat 

Results and Discussion 

Production of AgNPs from  aloe vera and Rosa 
indica leaf extracts and its characterization

AgNPswereproduced by reducing silver ions in 
silver nitrate to metallic silver and subsequent 
agglomeration and stabilization of nanostructure 
by the action of the phyto-components in the leaf 
extract. The visual observation of colour change 

Figure 1: Colour change of Aloe vera (A) and 
Rosa indica (B) leaf extract during the synthesis 
of AgNP.

 The formation of AgNPshasbeen 

with the observation of surface Plasmon peak 

from Aloe vera and Rosa indica. A noticeable 
spectral characteristic in accordance with 

of the interactions between free electrons and 
light waves is observed in all nanometals, 

of the NPs synthesized, and a spectral range 

synthesis protocol.

the possible biomolecules that participate in 
the bioreduction of silver and stabilization of 

AgNPs from Aloe vera extract illustrated seven 
prominent spectral bands at  3275, 2923, 1743, 
1635, 1376, 1245 and 1075 cm-1

spectral range of 3000–3600 cm  represents 
the stretching vibrations of hydroxyl and amine 
groups [24]. The typical spectra of carbohydrate 
monomers like mannose and uronic acid in Aloe 
vera gel at 3275 cm-1 is shiftedto3430 cm-1, 
suggesting interactions with AgNPs. The other 

ester in gel polysaccharide (1743 and 1245 cm-

1), carbonyl group stretching vibration (1635 cm-

1) and C–H stretching of aliphatic –CH and –CH2 
groups (2923 cm-1

possible role of mannose-rich saccharides in 
the Aloe vera gel can be predicted to be the 
phyto-component involved in AgNP formation.

synthesised from Rosa indica extract showed 
prominent bands at 1162, 1368, 1619, 2767 

at 3490 cm  corresponds to the stretching 
vibrations of hydroxyl groups. 2767 cm  and 
1619 cm  represent the stretching of –CH and 
C=C, respectively. The shifted peak at 1368cm  
might represent the possible interaction between 
the phenolic compounds and silver to form the 
AgNPs. 

Impact of agNPs on the growth of the 
seedling 

 The growth of seedlings was estimated 
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by measuring the germination percentage of the 
experimental groups on both agar and cotton 
anchorage. It is observed that the presence 
of chemically synthesised AgNPs completely 
inhibited the growth of seedlings, whereas 
control seeds in the presence of water alone 

data, it is clear that green synthesised AgNPs 
from Aloe vera Rosa indica 

inhibition by chemically synthesised AgNPs with 
a germination percentage of 88.46 % and 86.96 

 Heavy metal tolerance varies among 

of tolerance like exogenous chelation with 
extracellular secondary metabolites [26- 28], 
inactivation by interaction with cell surface 
ligands [29] or endogenous chelation with 
biocomponents like phenolic compounds [30–
32]. Many studies reported that toxic metals 
can be complexed by phenolic compounds in a 
stable manner [32] or can scavenge the heavy 
metal stress-induced reactive oxygen species 
[33], thereby inactivating the metal toxicity. Since 
endogenous mechanisms by the plant species 
towards metal toxicity remain the same in all the 
experimental groups, we can conclude that the 
AgNPs stabilized by phyto-components, which 
itself are phenolic compounds, can prevent the 
leaching of metal ions to the biological system, 
thereby protecting the crop plants from the 

Impact of agNPs on root growth 

 considered as a prime 
factor to access the overall performance of crop 
plants grown in petriplates or containers as root 
serves as the organ involved in anchorage and 
uptake of nutrients and water[34]. The central 
point of entry for AgNPs to the plant system is 

the cell wall and membrane of root cells [35]. It 
is reported that AgNPs can readily get into the 
plant body through pores in the root cells [35] 
and can even induce the formation of bigger 
pores to permit the entry of larger NPs [36]. Thus 

AgNPs. In the study, we examined the role of 
green synthesised AgNPs on root growth and 
observed that green synthesized AgNPsdidnot 

was normal. It is also observed that the presence 
of AgNPs synthesised from Rosa indica extract 
showed increased root length than the control 

positive role of silver nanoparticles on plant 
growth and disease management [37, 38]. 
Here we can assume that the AgNPs coupled 
with the bio-components positively impacted 
germination and growth in Vigna radiata. 

 The extensive use of NPs resulted in 
their largescale release to the environment from 
various NP-based products, which could cause 
probable risks to the ecosystem, especially soil, 
water and plants. Many studies were carried 

observed that chemically synthesised AgNP 
could inhibit seed germination and root growth 
and reduce biomass and leaf area [39, 40]. The 

synthesised silver nanoparticles on seed 
germination.

 Nanoparticles accumulation on plants 
can result in alterations of gene expression 

the presence of chemically synthesised AgNP, 
we observed a total inhibition of germination of 
Vigna radiata seeds. In contrast, a germination 
rate of 88.46% and 86.96% was observed in 
green synthesised AgNPs. These might be due 
to the gene regulatory mechanisms mediated 
by the active components present in the green 
synthesised AgNPs. 
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synthesised AgNP (C) in the presence of AgNP 
synthesised using Aloe vera extract and (D) in 
the presence of AgNP synthesised using Rosa 
indica extract

Table 1: Impact of green synthesised AgNPs on 
root growth

Experi-
mental 
groups

Root growth
Root length 

(cm)
No. of ad-
ventitious 

roots

Control(wa-
ter-soaked 
seeds)

3.3cm 11

AgNP 
synthesised 
using Aloe 
vera leaf 
extract 

2.3cm 10

AgNP 
synthesised 
using Rosa 
indica ex-

4.4cm 10

Figure 5:  Germination percentage of Vigna 
radiata seeds after four days incubation under 
controlled conditions. Control: in the presence 
of water alone; AgNP: in the presence of 

presence of AgNP synthesised using Aloe 
vera
synthesised using Rosa indica extract

Figure 2:
synthesised from Aloe vera (A) and Rosa indica 
(B) leaf extract

Figure 3:
from Aloe vera (A) and Rosa indica (B) leaf 
extract

Figure 4:  Germination of Vigna radiata seeds 
after four days incubation under controlled 
conditions. (A) Control in the presence of 
water alone (B) in the presence of chemically 
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 Later on, we examined the root growth 
parameters of seeds grown in the presence of 
green synthesised AgNPs and control. AgNP 
synthesised from Rosa indica induced an 
increased root growth evident from the higher 
root length and normal adventitious roots. Thus 
it can be concluded that the presence of green 
synthesised nanoparticles in the growth medium 
has an overall positive impact on the growth of 
Vigna radiata 

of V. radiata [42] and our study also observed 

silver nanoparticles on germination signifying 
the extent of damage that can be induced by 
metal toxicity on plant growth. In contrast to 
this, we observed that green synthesized AgNP 
can enhance the growth of V. radiata. This is 
in agreement with the study by  Thiruvengadam 
et al which reported an enhanced growth of 
Zea mays L in presence of green synthesised 

is no doubt regarding the lesser toxicity of 
green synthesised AgNPs, it is imperative to 
understand the molecular pathways in detail.

Conclusion

 The present study investigated the 

germination and growth of Vigna radiata L. The 
complete inhibition of seed germination in the 
presence of chemically synthesised AgNPs 

though the amount of nanoparticles leaching to 
the environment is less, we need to consider 
the consequences of bioaccumulation of 
these particles in the ecosystem. To design 
a sustainable alternative for the chemically 
synthesised AgNP, we adopted green protocols 
to synthesise AgNPs using the leaf extracts 
of Aloe vera and Rosa indica. The study on 
the impact of the green synthesised AgNPs 
on seed germination and growth revealed 
good germination capability with appreciable 
growth characteristics like root elongation and 
lateral root formation in Vigna radiata in the 
presence of green synthesized AgNPs. Thus, 

our results deliver a sustainable approach 
for silver nanoparticle synthesis, which can 
be considered a good alternative in the nano-
agriculture sector.

Acknowledgement 

 The authors acknowledge Newman 
College, Thodupuzha for providing the 
infrastructural facilities to conduct the work. The 

Chemistry, Newman College, Thodupuzha, for 
the spectroscopy studies.

References 

1. 
Silver nanoparticles as a new generation 
of antimicrobials. Biotechnol. Adv., 27: 76 
- 83.

2. 
Tuan L. (2013) Silver nanoparticles: 
Synthesis, properties, toxicology, 
applications and perspectives. Adv Nat Sci 
NanosciNanotechnol., 4:033001. 

3. 

D. and Hull M.S. (2015) Nanotechnology 

nanomaterial consumer products inventory. 

4. Pandian, A.M., Karthikeyan, C., 

Synthesis of silver nanoparticle and its 

211-217.

5. 
Nanoparticles and higher plants.
Caryologia, 62:161-165.

6. 

silver and silver nitrate on seed yield of 

7. Mueller, N.C. and Nowack, B. (2008) 



Anju  et  al

Current Trends in Biotechnology and Pharmacy
Vol. 16   (Supplemetry Issue 1)  38 - 46, 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2022.2s.29

44

Sci. Technol., 42(12):4447-4453.

8. 
and Nowack, B. (2014) Comprehensive 
probabilistic modelling of environmental 
emissions of engineered nanomaterials. 

9. 
The release of engineered nanomaterials 

13(5):1145-1155.

10. 
S., Hagendorfer, H., Burkhardt, M. and 
Siegrist, H.  (2011) Behavior of metallic 
silver nanoparticles in a pilot wastewater 

45(9):3902-3908.

11. 
Kolmakov, A. (2010) Interactions 
between engineered nanoparticles 

408(16):3053-3061.

12. Maynard, A.D., Warheit, D.B. and Philbert, 
M.A. (2011) The new toxicology of 
sophisticated materials: nanotoxicology 
and beyond. Toxicol. Sci., 120:S109-129.

13. 
Sutherland, D.S. and Autrup, H.  (2012) 
Toxicity of silver nanoparticles - nanoparticle 
or silver ion? Toxicol. Lett., 208(3):286-292.

14. Moreno-Garrido, I., Pérez, S. and Blasco, 

nanoparticles on marine microalgae. Mar. 

15. 
and toxicity of silver compounds: A 

16. Lin, D. and Xing, B. (2007) Phytotoxicity 
of nanoparticles: inhibition of seed 

Pollut., 150, 243-250.

17. 
The mechanism of metal nanoparticle 

 11: 1453-1463. 

18. 

and Size-Controlled Synthesis of Silver 

and Their Antimicrobial Activity.  Nanoscale 

19. Mikac, L., Ivanda, M., Gotic´, M., Mihelj, 
T. and Horvat L. (2014) Synthesis 
and characterization of silver colloidal 

16:2748

20. 
mediated synthesis of silver nanoparticles 
and their immobilization in the mycelial 
matrix: a novel biological approach to 
nanoparticle synthesis. Nano Lett., 1: 515-
519 

21. 

nanoparticles in solution by bio-assisted 
synthesis with bovine serum albumin in 
native and denaturated state. Mater. Chem. 
Phys., 129: 939-942 

22. 

synthesis of silver nanoparticles by a 
marine alga, Sargassum wightiiGrevilli 

Nanotechnol., 9: 5497-5501 

23. 
L.B. and Panda, P.K. (2013) Biosynthesis 
and characterization of silver nanoparticles 
using microalga Chlorococcumhumicola 

Nanomater. Biostructures., 3: 1-8 



Current Trends in Biotechnology and Pharmacy
Vol. 16  (Supplemetry Issue 1)  38 - 46, 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2022.2s.29

45

24. Pawlak, A. and Mucha, M. (2003) 

chitosanblends. Thermochim. Acta, 396: 
153-166 

25. 
Marmiroli, N. (2010) Metal tolerance and 

26. 
structure and function of microbial iron 

26723-26726.

27. 
Aluminium tolerance in plants and the 
complexing role of organic acids. Trends 
Plant Sci, 6: 273-271.

28. Wenzl, P., Patino, G.M., Chaves, A.L., 

level of aluminum resistance in signal grass 
is not associated with known mechanisms 

apices. Plant Physiol., 125: 1473-1484.

29. Bringezu, K., Litchenberger, O., Leopold, 
I. and Neumann, D. (1999) Heavy metal 

Physiol., 154: 536-546.

30. 

and peroxidase activities in epidermal 
glands of water lily (Nymphaeceae). Planta, 
212: 323-333.

31. Cobbett, C. and Goldsbrough, P.B. (2002) 
Phytochelatins and metallo-thioneins: 

159-182.

32. 

from Lupinus albus L. roots exposed to Cu 
and their possible role in Cu detox
Plant Soil., 252: 301-312.

33. 
G. (1996) Structures-antioxidant activity 

34. 
water and root growth. Hort. Science., 33: 
951-959.

35. Tripathi, D.K., Tripathi, A., Singh, S.et al. 
(2017) Uptake, accumulation and toxicity 
of silver nanoparticle in autotrophic plants, 
and heterotrophic microbes: A concentric 

36. 

silver nanoparticles to Chlamydomonas 
reinhardtii
42(23):8959-64. 

37. Lin, D. and Xing, B. (2007) Phytotoxicity 
of nanoparticles: Inhibition of seed 

Pollut., 150(2):243-250. 

38. 
Szymocha, A.  (2015) Physiological 

mycelium, conidia, and the development 
of the entomopathogenic fungus, Isaria 
fumosorosea. Biocontrol Sci. Technol., 25: 
873- 887 

39. 

silver nanoparticles and AgNO3 toxicity to 
Spirodela polyrhiza
31:1880-1886. 

40. 

Changes in Arabidopsis thaliana gene 
expression in response to silver nanoparticles 

47:10637-10644. 

41. 



Anju  et  al

Current Trends in Biotechnology and Pharmacy
Vol. 16   (Supplemetry Issue 1)  38 - 46, 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2022.2s.29

46

(2010) Nanoparticulate material delivery to 
plants. Plant Sci., 179: 154-163.

42. 

Vigna radiata & Vigna aconitifolia under 
Hexavalent Chromium Induced Stress 
in Hydroponics. Curr. Trends Biotechnol. 
Pharm., 15(6): 40–46. 

43. Thiruvengadam, S., Ganesan, M.,  

the growth of Zea mays L. Curr. Trends 
Biotechnol. Pharm., 15(5): 480–488. 


