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Abstract: The present study was carried out to investigate
the beneficial and toxicological effect of plant-based tita-
nium dioxide nanoparticles (TiO, NPs) on the morpho-
physiological attributes of wheat plants under salinity
stress. The biogenesis of titanium dioxide nanoparticles
was accomplished by using the extract of Buddleja
asiatica L. leaves followed by characterization through
UV visible spectroscopy, SEM, FTIR, and EDX. NaCl salt
was applied in two different concentrations after 21 days of
germination followed by foliar applications of various con-
centrations of TiO, NPs (20, 40, 60, 80 mg/L) to salinity-
tolerant (Faisalabad-08) and salinity-susceptible (NARC-11)
wheat varieties after 10-15 days of application of salt stress.
Salinity stress showed remarkable decrease in morphophy-
siological attributes of selected wheat varieties. Magnificent
improvement in plant height, dry and fresh weight of plants,
shoot and root length, root and shoot fresh and dry weight,
number of leaves per plant, RWC, MSI, chlorophyll a and b,
and total chlorophyll contents has been observed when
40 mg/L of TiO, NPs was used. However, the plant morpho-
physiological parameters decreased gradually at higher
concentrations (60 and 80 mg/L) in both selected wheat
varieties. Therefore, 40 mg/L concentration of TiO, NPs
was found most preferable to increase the growth agronomic
and physiological attributes of selected wheat varieties under
salinity.
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Abbreviations

TiO, titanium dioxide

NPs nanoparticles

SEM scanning electron microscopy

FTIR  Fourier transform infrared spectroscopy
EDX energy dispersive X-ray spectroscopy
RWC  relative water content

MSI membrane stability index

EC electrical conductivity

1 Introduction

Quality agriculture implementations of an area improve
mass production, reduce inflation, reduce food scarcity,
and boost up the livelihood of all associated people parti-
cularly farmers. Weak agronomic practices such as selection
of poor-quality crop varieties, unhealthy seeds, utilizing
poor-quality fertilizers, weed killers, insecticides, and
extreme surrounding situations significantly decrease the
crops’ yield and production [1]. Wheat crop is considered
as a vital source of carbohydrates worldwide and is categor-
ized as the 3rd most dominant food providing crop after rice
and corn. Wheat and its by-products are consumed glob-
ally, including, Pakistan, Sri Lanka, Bangladesh, Nepal,
and India [2]. As a globally important food crop, wheat
has the potential to contribute to overcoming food security
challenges in many countries of the world. Keeping in view
these food security concerns, wheat is considered among
the extraordinarily concerned research crops. Various envir-
onmental problems such as salinity, drought, water log-
ging, and low and high temperature impose detrimental
consequences on production and quality of wheat crop.
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Among these, excessive salinity stress is an extremely
important abiotic factor negatively affecting the develop-
mental processes, physiological attributes, and biochemical
profiling of wheat crop thus resulting in low yield [3].
Furthermore, salinity is regarded as a primary source to
affect the grain quality and yield of crop which brings about
agglomeration of life-threatening heavy metals into plants
body, making them unsuitable for the human being and
animals and causing severe health disorders. Additionally,
soil salinity has devastating effects on morphophysiological
and biochemical pathways of various crops [4]. Overaccu-
mulation of salts consequently leads to create imbalance in
plants’ cellular homeostasis, oxidative stress, retard growth,
and nutrient deficiency, ultimately causing cell death.
Furthermore, in previous studies it is reported that excess
level of salinization adversely affects the plants’ cellular
functioning, instability of membrane, and create hindrance
in enzymatic activities [5]. The excessive accumulation of
salts decreases uptake of vital nutrients (Fe, K, Ca, and P),
thereby plants suffer greatly from membrane damage, nutri-
tional imbalance, enzymatic inhibition, and low crop yield
[6]. Additionally, extreme salinity-induced oxidative stress
results in overproduction of reactive oxygen species which
damages the essential proteins, nucleic acids, membrane
lipids, and photosynthetic pigments [7,8].

To mitigate the deteriorated effects of abiotic and biotic
stresses in wheat plants, various techniques including
quantitative trait locus mapping, genetic engineering, selec-
tion based on molecular markers, and cross breeding prac-
tices are commonly in use [9]. These modern approaches
are having some drawbacks that involve technical expertise
and operation procedures which are expensive. The present
situation demands a rational, feasible, and convenient
approach having the capability to surpass these inadequa-
cies. Nanotechnology has attained prominent position
among these technological innovations, because of its
wide spectrum implementations in the maintenance of agri-
cultural ecosystem [10]. Furthermore, nano-biotechnology
has attracted notable attention of nanotechnologists in agri-
culture because of excellent biocompatibility, high rate
of penetration, and absorption of nanoparticles in the
plants [3]. Moreover, extra small size structure and surface
characteristics of nanoparticles (NPs) result in unique phy-
sicochemical properties [11]. Surprisingly, the foliar applica-
tions of nanoparticles are among the novel approach to
ameliorate developmental processes of plants under salinity
stress.

In this scenario, plants-mediated titanium dioxide
nanoparticles (TiO, NPs) have gained considerable atten-
tion because of their excellent biocompatibility, less toxi-
city, strong ability to scavenge the free radicals, and high
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bioavailability. It is anticipated that titanium dioxide
nanoparticles (TiO, NPs) lead to numerous significant
consequences on biochemical and morphophysiological
attributes of some plants [12]. It is also reported that tita-
nium dioxide nanoparticles’ applications significantly
improved the photosynthetic rate, activity of rubisco and
antioxidant enzymes potential, and chlorophyll formation
that significantly enhance crop yield [13]. However, another
study reported positive influence of nano-TiO, on plants
growth, soluble sugars, antioxidative defense system, and
proline contents in addition to a reduction in hydrogen
peroxide and malondialdehyde contents in broad bean
plants under salinity stress [14]. Furthermore, another study
revealed the mitigation of salinity stress in tomato crop
through exogenous applications of titanium dioxide nano-
particles by improving the antioxidant capacity, agronomic
parameters, phenolics, chlorophyll contents, and yield
[15]. However, unfortunately high dose of titanium dioxide
nanoparticles induces release of reactive oxygen species at
higher rate consequently declining chlorophyll contents,
and toxicity at cell level. However, there is little data avail-
able on beneficial and toxicological role of plant-based tita-
nium dioxide nanoparticles on different wheat varieties
under salinity stress. Thus, the current study was aimed
to explore the beneficial and toxicological effects of various
concentrations of plants-mediated nano-TiO, on agronomic
and physiological attributes of wheat plants.

2 Materials and methods

2.1 Preparation of Buddleja asiatica leaves
extract

TiO, bulk material was purchased from Merk (Germany).
Fresh and healthy leaves of Buddleja asiatica L. were
collected from mother plant present in district Bagh
Azad Kashmir. Leaves were collected and washed thor-
oughly with tap water consequently by distilled water to
get rid of dirt and other impurities. Leaves were shade-
dried and cut into small pieces followed by weighing
of 30g of leaves and then boiling in 250 mL distilled
water till color changes take place to light brown. The
decoction was then filtered three times using Whattman
no. 1 filter paper to get clear solution without any other
particles, then it was refrigerated (4°C) in 300 mL media
bottle to use further. Sterile conditions were maintained
to avoid contamination and get effective and accurate
results [1,16].
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2.2 Biosynthesis of TiO, utilizing Buddleja
asiatica L. aqueous leaves extract

TiO, nanoparticles were synthesized using the method of
ref. [17] with slight modifications. To prepare 3.5 mM TiO,
solutions, 0.27 g of TiO, salt was dissolved in 1,000 mL of
distilled water. Salt solution was transferred to 250 mL
conical flasks followed by constant shaking for 2h at
100 rpm on orbital shaker. 80 mL of salt solution was then
transferred to 100 mL beaker and 20 mL plant extract was
added gradually under continuous stirring condition. No
color change was observed. Solution was kept on stirrer
for 24 h. Color changes indicate the formation of TiO, nano-
particles. After that, solution was centrifuged at 13,000 rpm
for 15min and supernatant was thrown away. Pellet was
washed with distilled water again by centrifugation. Pellet
was then collected and used for other processes.

2.3 Characterization of plant-based titanium
dioxide nanoparticles

The characterization of plant-based titanium dioxide was
done through different characterization techniques, i.e.,
ultraviolet visible (UV) spectrophotometer, FTIR, SEM,
and EDX. The UV visible spectroscopy was done by using
Systronics Halo DB-20, Dynamica Scientific Ltd to verify
the preparation of titanium dioxide nanoparticles by ana-
lyzing the wavelength of TiO, NPs solution, keeping the
range between 180 and 600 nm of the light wavelength.
FTIR analysis is carried out between the range of 350 and
4,500 cm™! by using Fourier transform infrared spectro-
photometer with a resolution of 0.15 cm ™ to recognize the
functional groups that are accountable for stabilizing

Table 1: Different treatments on wheat varieties under salinity stress
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TiO,. Morphology of biosynthesized TiO, NPs was exami-
ned by using SEM (SIGMA model, Zeiss, Germany) at
15kV. SEM was done by preparing sample on copper
grid followed by drying of sample in vacuum chamber
before placing it in SEM holder. EDX XL-30 was used at
15-25 keV to perform EDX.

2.4 Collection of seeds, growth conditions,
and locality description

Vigorous seeds of wheat varieties, viz., Faisalabad-09 (salt
tolerant) and NARC-11(Salt-susceptible), were collected from
NARC (National Agriculture Research Council, Islamabad).
Ten percent of Sodium Hypochlorite solution was used for
the sterilization of seeds [18]. Experiment was performed
at glass house of Department of Botany Pir Mehar Ali
Shah, University of Arid Agriculture Rawalpindi, in growing
season of wheat crop from Nov 2018 to Feb 2019. Wheat was
sown in particular pots of 24 cm width and 19 cm length,
packed with soil (4.5kg sandy loam) having sand 43.1%,
silt 5.3%, and clay 51.6%; 6-8 seeds were planted in all
pots. Analysis of soil for EC, PH, organic matter available
phosphorous, potassium, and saturation was done. No fer-
tilizers were used throughout experiment.

2.5 Experimental design and application of
treatment

Both wheat varieties were organized into ten major groups
as shown in Table 1, according to treatments as control
(irrigation), salinity stress (100 mM NaCl) without NPs,

SR. no Treatment code Conditions

1 T0 Control irrigation + 0 mg/L of TiO, NPs

2 T1 Control irrigation + 20 mg/L of TiO, NPs

3 T2 Control irrigation + 40 mg/Lof TiO, NPs

4 T3 Control irrigation + 60 mg/L of TiO, NPs

5 T4 Control irrigation + 80 mg/L of TiO, NPs

6 15 Salinity stress (100 mM) + 0 mg/L of TiO, NPs
7 T6 Salinity stress (150 mM) + 0 mg/L of TiO, NPs
8 17 Salinity stress (100 mM) + 20 mg/L of TiO, NPs
9 T8 Salinity stress (150 mM) + 20 mg/L of TiO, NPs
10 T9 Salinity stress (100 mM) + 40 mg/L of TiO, NPs
11 T10 Salinity stress (150 mM) + 40 mg/L of TiO, NPs
12 k! Salinity stress (100 mM) + 60 mg/L of TiO, NPs
13 T12 Salinity stress (150 mM) + 60 mg/L of TiO, NPs
14 T13 Salinity stress (100 mM) + 80 mg/L of TiO, NPs
15 T14 Salinity stress (150 mM) + 80 mg/L of TiO, NPs
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salinity stress (150 mM NaCl) without NPs, salinity stress
(100 mM NaCl) with exogenous application of 20 mg/L
TiO, NPs, salinity stress 150 mM NaCl with exogenous appli-
cation of 20 mg/L TiO,, salinity stress (100 mM NaCl) with
foliar application of 40 mg/L TiO,, salinity stress (150 mM
NaCl) with exogenous application of 40 mg/L TiO,, salinity
stress (100mM NaCl) with exogenous application of
60 mg/L TiO,, salinity stress (150 mM NaCl) with exogenous
application of 60 mg/L TiO,, salinity stress (100 mM NaCl)
with exogenous application of 80 mg/L TiO,, and salinity
stress (100mM NaCl) with exogenous application of
80 mg/L TiO,. After 21 days of germination, two different
concentrations (100 and 150 mM) of NaCl salt were applied
till the end of experiment. Application of salt solution was
repeated every third day. After every three treatments, water
was applied for one time. After 10-15 days of application of
salt stress, exogenous application of TiO, nanoparticles of
different concentrations was applied.

2.6 Collection of data for
morphophysiological parameters

During the experiment, PH and EC of soil were measured
regularly. After 90-95 days, different agronomic attri-
butes were analyzed through random sampling method.
The agronomic parameters include the root and shoot
length, height of plant, shoot and root dry and fresh
weight, plant dry and fresh weight, and leaf numbers
per plant. Physiological parameters include total chloro-
phyll, chlorophyll a and b, MSI, and RWC. Three plants
were uprooted from each treatment.

2.7 Analysis of agronomic and physiological
parameters

Three plants from each treatment were uprooted for ana-
lyzing plant length. The length of wheat plants was mea-
sured in centimeter through scale. To measure plant dry
and fresh weight, 3-4 plants were uprooted and washed
thoroughly, then fresh weight of each plant was mea-
sured separately and placed in dry oven at 65°C for
12h. Three plants from each wheat varieties were col-
lected and thoroughly washed with tap water followed
by distilled water to count the number of leaves per plant.

2.8 Relative water contents

A flag leaf was taken from plant and its fresh weight
was measured. Then the leaf was soaked in water for
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24 h. After this, the leaves’ turgid weight was recorded.
Then these leaves of each sample were placed in oven
at 70°C for one week and after one week the dry weight
was measured [19]. To find out relative water contents
of leaves, following equation was used:

F-wW-D-W
S-W-D-w

RWC = x 100

2.9 Membrane stability index (MSI)

To measure MSI, the method proposed in ref. [20] was
applied. Leaf samples were taken and cut into tiny discs
of 100 mg and subsequently cleaned carefully with deio-
nized water. After washing, discs were placed in test
tubes and kept in water bath at 40°C for 30 min. After
this, EC meter was used to measure (C,) electric conduc-
tivity. Then samples were kept again in water bath at
100°C for 10 min to measure electric conductivity (C,).
After taking these readings, MSI was calculated using
given equation:

Membrane stability index = [1 - %} x 100 (1)
2

2.10 Leaf chlorophyll contents

Leaf chlorophyll contents were measured by using spec-
trophotometer following the process of ref. [21]. 0.2 g of
leaves were grinded in acetone (10 mL). After complete
grinding, filtrate was obtained in another set of test tubes
and absorbance was observed at 645, 652, and 663 nm
wavelength. Following equations were used to calculate
chlorophyll contents [22-26]:

Chlorophyll a = 12.7(A663) — 2.7(A645) 2
Chlorophyll b = 22.9(A645) — 4.7(A663) 3)
Total chlorophyll = (4652 x 1,000/34.5) (4)

2.11 Comparative analysis

Analysis of variance (two-way) was used for measuring
the difference between treatments and varieties via
software statistical package for the social sciences
(SPSS). Significant differences in resulting data were
recognized at P < 0.05 level by using Duncan multiple
range test.
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3 Results and discussion

3.1 Morphological and optical
characterization of plant-based titanium
dioxide nanoparticles

Titanium dioxide nanoparticles were prepared through
an environmentally friendly technique by using Buddleja
asiatica leaves’ liquid extract which is proved as an efficient
extract for reduction of titanium dioxide anatase salt to
nanoparticles. The decoction of Buddleja asiatica L. was
added gradually in TiO, solution while stirring, which
results in pinkish brown color from off white after 24 h of
stirring. Visual observation of color change is in-lined with
results presented in ref. [27].

3.2 Spectrophotometric analysis of plant-
based titanium dioxide nanoparticles

The observed change in color of TiO, solution was con-
templated as an affirmation of the reduction of TiO, salt
into TiO, NPs. The color change in the respective solution
is the response of interaction TiO, NPs using the wave-
length of the light which is quantified in the SPR band
through spectrometry. The spectral analysis was done
between the range of 250-600 nm of light wavelength.
The particular peaks were obtained between 390 and
400 nm (Figure 1a). The peak at 397 nm showed the for-
mation of TiO, NPs. Our results are in-lined with results of
ref. [28] where similar results were reported.

8 - (a)

T T
450 600

Wavelength (nm)

T
300

SEM MAG: 25.0 kx|
SEM HV: 20.0kV |
BI: 10.00

DE GRUYTER

3.3 SEM analysis of TiO, nanoparticles

The SEM analysis of nano-TiO, showed that they are
spherical in shape. Some of the TiO, nanoparticles are
fused and form tiny aggregations. Most of the nano-forms
are found in the size ranging from 30 to 111 nm (Figure 1b).
Our findings are similar with findings of ref. [27].

3.4 EDX spectroscopic analysis of TiO, NPs

EDX provides the quantitative and qualitative details of
the chemical elements that are possibly involve toward
TiO, NPs formation. Strong signals of atomic Ti and O at
4.4 and 1.0 showed the presence of TiO, NPs, while the
intensity of Ti is 44.93 and O 55.07% (Figure 2b).

3.5 FTIR spectroscopic analysis of TiO, NPs

The Fourier transform infrared spectroscopy was per-
formed to find out the existence of prospective phyto-
chemical groups that were accountable for preparation
and constancy of TiO, NPs. Figure 2a indicates the for-
mation of crest at 3,200-3,200 cm™! of wave number that
showed the existence of O-H and N-H groups. Peaks
between 2962.76, 2916.40, and 2848.90 showed the pre-
sence of C-H bonds and peaks at 2345.62 indicate the
presence of carbonyl group. However, peaks at 1,639,
1,437, 1,261, 1,095, and 1,020 represent the presence of

WD: 8.62 mm
Det: SE + InBeam
|Date(midly): 01/01/19

2 pm
Institute of Space Technology, ISB

MIRA3 TESCAN

Figure 1: Results of (a) ultraviolet visible spectroscopy and (b) scanning electron microscopy of titanium dioxide nanoparticles.
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alkyl ketone, alkyl amines, carbonyl, and alkanes groups,
respectively. Peaks in the region of 500 and 600 may be
because of the halfway deteriation of amine or carboxyl
group. Our findings of FTIR indicate that carbonyl and
alkyl groups of Buddleja asiatica leaves extract may be
responsible for reducing and stabilizing agents of TiO,
NPs (Figure 2b). Our results are in accordance with ref.
[29] who reported C=C, C=0, and O-H groups as redu-
cing and capping agents of TiO, NPs.

3.6 Soil analysis

EC (1.03 dS/m), PH (7.64), organic matter (0.60%), available
phosphorous (2.8 mg/kg), available potassium (86 mg/kg),
and saturation (33%) of soil were analyzed before sowing.
EC and PH of soil after salt application were also recorded.

3.7 Effect of TiO, nanoparticles on
agronomic attributes of selected wheat
varieties

In present study, different concentrations of plant-based
titanium dioxide nanoparticles were applied on two wheat
varieties under salinity and control conditions. Effect of
TiO, NPs on the morphophysiological attributes of wheat
varieties has been evaluated and characterized as length
of shoot and root, plant height, roots, shoot and dry and
fresh weight of plants, number of leaves per plant and total
chlorophyll, chlorophyll a, b, RWC, and MSI. Application
of 100mM showed significant reduction in plant length

Applications of titanium dioxide nanoparticles = 251

(15.8%, 28.5%), plant fresh weight (13.2%, 21.4%), plant
dry weight (14.8%, 20.7%), fresh weight of shoots (13.5%,
10.7%), dry weight of shoots (13.9%, 18.5%), fresh weight of
roots (9.5%, 12.7%), dry weight of roots (15.5% and 21.2%),
shoot length (14.2%, 12.1%), root length (14.7%, 13.1%), and
leaves’ number per plant (3.5% and 6.9%) in both wheat
varieties, respectively. However, 150 mM NaCl application
reduces plant length (49.8%, 55.1%), plant fresh weight
(25.5%, 30.9%), plant dry weight (22.4%, 29.5%), shoot
fresh weight (23.5%, 30.7%), shoot dry weight (23.9%,
28.5%), root fresh weight (29.5%, 22.7%), root dry weight
(17.5%, 22.2%), shoot length (44.3%, 54.1%) and root length
(40.2%, 47.5%), and number of leaves (11.7%, 19.2%) in
both wheat varieties, respectively. Our outcomes agree
with results presented in ref. [30]. The saline conditions
are imperative abiotic factor which can alter the plant phy-
siological parameters that effect the plant morphology and
have devastating effects on developmental growth of wheat
plants [31,32,27,33].

However, application of plant-based TiO, nanoparti-
cles under salt stress conditions enhances growth of
different parameters of wheat varieties. Plant-mediated
titanium dioxide nanoparticles at 40 mg/L showed remark-
able increase in plant length (11.2%, 10.5%), plant fresh
weight (20%, 17%), plant dry weight (13%, 6%), plant shoot
and root fresh weight (19.7%, 22.3%, and 15.5%, 19.9%,
respectively), shoot and root dry weight (12.5%, 7.2% and
13.7%, 5.9%, respectively), shoot and root length (12.5%,
9.8% and 15.3%, 11.5%), and leaf number (10% and 40%)
under 100 mM salt stress in both wheat varieties, respec-
tively. Biogenic titanium dioxide nanoparticles at 40 mg/L
showed significant increase in plant length (17.9% and
13%), plant fresh weight (22%, 19.4%), plant dry weight
(6%, 30%), shoot and root fresh weight (13.7%, 12.3% and
10.5%, 9.9%, respectively), shoot and root dry weight

T S R S
LU . 1

Figure 2: Results of (a) Fourier transform infrared spectroscopy and (b) elemental dispersive X-ray spectroscopy.
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Figure 3: Effect of plant-based titanium dioxide nanoparticles on plant length (a), plant fresh (b) and dry weight (c), shoot fresh weight
(d) and root fresh weight (e), shoot dry weight (f), root dry weight (g), shoot length (h), root length (i), and number of leaves per plant

(j) under salinity stress.
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(10.5%, 7.7% and 11.7%, 6.9%, respectively), shoot and root
length (10.5%, 8.8% and 14.3%, 10.5%), and leaf number
(30%, 20%) at 150 mM in both wheat varieties, respectively.
In addition, considerable increase in plant length (5%,
7.7%), fresh weight plant (6.8%, 9%), dry weight of plant
(11%, 7.2%), shoot and root fresh weight (10.3%, 12.2%
and 9.7%, 10.2%, respectively), shoot and root dry weight
(13.5%, 6.8% and 10.9%, 5.9%, respectively), shoot and root
length (10.5%, 7.5% and 9.3%, 6.5%), and leaf number
(9.5% and 13%), respectively, as compared to control. In
present study, plant-based titanium dioxide nanoparticles
are seemed to improve agronomic parameters of wheat vari-
eties under salinity stress. Unfortunately, there is little work
present on application of TiO, nanoparticles on crop plants
under stress conditions. In previous literature, AgNps are
reported to ameliorate growth, dry and fresh weight of fenu-
greek, and Brassica juncea plants [34,35,30]. Our results are
in accordance with [14] who reported the similar results in
broad bean plant under saline conditions by using TiO, NPs
(Figure 3).

In contrast with control, physiological parameters of
both wheat varieties are adversely affected by salinity.
Application of salt stress 100 mM reduces MSI by 49.5%
and 55.2%, RWC by 42.2% and 51.4%, chlorophyll a con-
tent by 34.8% and 40.7% and chlorophyll b content by
23.5% and 36.9%, and total chlorophyll contents by
29.8% and 35.4% in both wheat varieties, respectively.
Application of salt stress 150 mM reduces MSI by
58.7% and 65.3%, RWC by 52.3% and 59.5%, chloro-
phyll a content by 44.4% and 50.9% and chlorophyll
b content by 32.6% and 41.5%, and total chlorophyll
contents by 40.2% and 49.2% in both wheat varieties,
respectively.

However, plant-based titanium dioxide nanoparti-
cles at 40 mg/L improved MSI (40.5% and 60.1%), RWC
(21.4% and 44.6%), chlorophyll a content (50.3% and
43.1%), chlorophyll b content (21.5% and 66.2%), and
total chlorophyll content (11.6% and 40.2%) at 100 mM
salt in both wheat varieties, respectively. Titanium dioxide
nanoparticles at 40 mg/L showed improved MSI (20.6%
and 40.1%), RWC (41.2% and 17.2%), chlorophyll a content
(24.5% and 20.2%), chlorophyll b content (50.1% and
46.7%), and total chlorophyll content (18.9% and 53.1%) at
150 mM in both wheat varieties, respectively. In addition,
considerable increase in MSI (10.5% and 7.3%), RWC (4.2%
and 3.5%), chlorophyll a content (7.9% and 5.2%), chloro-
phyll b content (3.1% and 2.4%), and total chlorophyll con-
tent (10.2% and 8.7%) as compared to control.

MSI is negatively affected by salinity. Salinity has
harsh effects on plant membrane. Salinity reduces the plant
water content because of osmotic reduction. Under salinity
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stress ABA produces which causes stomatal closure that
reduces uptake of water by roots which effect transpiration
pull resulting in low water content in cell [36,37]. Our
results are in accordance with [38] who reported similar
results by the application of 5-aminolevulinic acid on
Brassica napus L. (Figure 4).

Leaf chlorophyll contents are significantly reduced in
wheat under saline condition. This reduction might be
due to inhibition of chlorophyll biosynthesis [39,40].
Ghassemi-Golezani et al. [7] reported that saline condi-
tions increase the production of chlorophylase enzyme
activity and decrease the nitrogen uptake, which might
be responsible for loss of chlorophyll contents and their
low production [41].

Present study showed remarkable increase in chlor-
ophyll contents due to application of 40 ppm TiO2 NPs.
Abdel Latef et al. [14] reported that Zn nanoparticles
improve photosynthetic pigments in lupine (Lupines termis)
plants under saline conditions. Similar results were also
reported on basil (Osimum bascilum) plant by silica nano-
particles [42].

In the present study, titanium dioxide nanoparticles
at 40 mg/L showed significant increase in agronomic and
physiological parameters of wheat varieties both in con-
trol irrigation and salinity stress, while increasing con-
centrations of titanium dioxide nanoparticles showed
gradual decrease in both agronomic and physiological
parameters.

4 Conclusion

Salinity is a predominant environmental stress that is
responsible to delimit the yield of crop globally. Ameliorat-
ing salinity tolerance and eradication of detrimental conse-
quences of salinity are major research challenges. In present
study, we reported foliar applications of different concen-
trations of green synthesized titanium dioxide nanoparticles
utilizing Buddleja asiatica L. leaf decoction. The exogenous
treatment of biofabricated TiO, NPs induced tolerance in
wheat plants against salinity stress. It was noticed that
40 mg/L of TiO, NPs is potent to improve the morphophy-
siological attributes, i.e., length of shoot, root and whole
plant, dry and fresh weight, number of leaves per plant,
chlorophyll contents, MSI, and RWC of wheat varieties.
However, higher concentration, i.e., 60 and 80 mg/L, showed
negative effect on both wheat varieties. It is deduced that
TiO, NPs have potential in ameliorating salinity resistance
through improving development, growth, and physiology
of wheat facing harsh salinity conditions.
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