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Abstract: Compatible solutes control cell osmotic balance and compatible the cells’
metabolismwhereas nano-particles have been introduced to increase crop production
with inadequate knowledge. This investigation is done to evaluate the effects of
application of salicylic acid, glycine betaine and nano titanium dioxide on sunflower.
Measured traits were plant height (PH), leaf length (LL), chlorophyll content (CHL),
number of seeds per head (NSH), 1000-seed weight (TSW), day to maturity (DM), husk
percentage (HP), kernel weight (KW), percentage of empty achenes (PEA), head
number per plant (HNP), grain yield (GY) and oil percent (OIL). Results indicated that
thefirst twoprincipal components accounted 92%of total variation of the treatment by
trait (T × T) interaction and were used to generate a T × T biplot. All treatments were
identified as the vertex treatments in polygon of TT biplot and the nano titanium
dioxide treatment had high values for all traits expect PEA, HP and TSW. The nano
titanium dioxide was identified as ideal treatment and GY and HNPwere identified as
ideal traits. The positive correlations between HNP and GY, and between OIL and KW;
and near zero correlations between TSW and HP, and between TSW with DM as
showed. Application of compatible organic solutes (glycine betaine and salicylic acid)
had not any considerable improvement on traits while application of nano-titanium
dioxide indicated considerably enhanced the yield and most traits of sunflower.

Keywords: glycine betaine; nano-titanium dioxide; oil content; salicylic acid.

1 Introduction

Sunflower (Helianthus annuus L.) is one of the oil crops in the world which has
important role in diet of some nations due to its high quality. Approximately, 58
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million tons sunflower is harvested from about 30 million ha indicating 2.1% of the
total harvested area of world, while the yearly production of sunflower in Iran is
close to 60,000 tones achieved from 60,000 ha (FAOSTAT 2021). It was produced with
total mean yield of 1.0 ton per hectare during 2021 while global mean yield of wheat
was 1.9 tons per hectare, which showing 47% low yield performance in Iran
regarding world mean yield record (FAOSTAT 2021). Semi-arid Mediterranean re-
gions of Iran are characterized by low erratic rainfall and due to the unpredictable
rainy season, low soil fertility, environmental stresses, the yield performance of
sunflower in such regions is less than the expected amount. The rain-fed regions
have an important role in food security because they form 80% cultivated areas of
world and two thirds of world food production quantity (Janmohammadi et al. 2017).
To improve the yield performance of this crop, some nanoparticles and compatible
organic solutes have been used for better growth and development induction, and
some treatments have been obtained with beneficial traits.

Utilization of compatible solutes in semi-arid regions seems to be an effective
tool for improving crop performance which is used to mitigate the adverse effects of
environmental stress. They are compounds that protect plant cells from desiccation
by maintaining a high intracellular osmolality (Paliwal et al. 2021). Glycine betaine
(G-B), as one of the compatible solutes, has an important role in protection of crops
under different stressful environmental circumstances. It is also promoting
expression of some proteins, such as heat-shock protein (HSP) and photosystems II
(PSII), as a pigment–protein compound (Huang and ZuoNi 2020). Some investigations
have showed that using of G-B, increase PSII’s tolerance to environmental stresses
through the stabilizing in the structure and function of PSII through indirect stabilize
of the subunits and cofactors of PSII (Wei et al. 2017). Salicylic acid (S-A), as a phenolic
compound, affects some physiological functions in plant cells and play an important
role as a regulatory signal causing the proper response of crops to various stresses. It
can regulate different physiological processes such as photosynthesis, and its
established effects on stomatal function and chlorophyll content cause to possess
other physiological possess, such as photosynthetic reactions (Arif et al. 2020).

Nanotechnology has indicated promising potential to enhance agriculture and
numerous nanoparticle have been investigated for application in agriculture (Usman
et al. 2020). Nanoparticles have special properties compared with bulk forms such as
small size and ability to cross biological barriers, and their large specific surface can
result in of interaction with cellular organelles. Nano-titanium dioxide (Nano-Ti)
possesses biological properties and has caught the attention of researchers. Nano-
particles of TiO2 can be used to improve biomass production and increase the activity
of antioxidants (Shariatzadeh-Bami et al. 2021). Priya et al. (2020) found that appli-
cation of TiO2 nanoparticles on mung bean (Vigna radiata L.) can significantly
improve shoot and root characteristics in germination and seedling growth stages.
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Application of nanoparticles can regulate plant growth and improve the tolerance of
plants to environmental stresses in semi-arid Mediterranean regions while they are
not categorized as plant growth regulators.

Thus, investigation such interrelationshipswould be useful in yield selection but
simple correlation coefficientsmay be insufficient in the detecting of the true value of
each target trait (Fischer and Rebetzke 2018). The significant influence of the treat-
ment by trait (T × T) biplot model has been indicated (Yan and Frégeau-Reid 2018).
This model which is based on the principal component (PC) analysis, enables the
clear point view of any interaction structure. The T × T biplot model provides better
understanding of genotypes performances regarding several measured traits, and
facilitates the selection process of the high performance genotypes (Singamsetti et al.
2021). Also, this method is suitable for evaluating newly improved genotypes under
different environmental conditions and it is very useful for plant breeders for strong
supporting from their decisions in genetic improvement projects. Sabaghnia and
Janmohammadi (2014) used this model for analysis of interaction between nano-
silicon and salinity stress on germination properties of lentil and showed that
germination delayed by salt stress while application of nano-silicon dioxide could
considerably alleviate the adverse effect of salt stress on germination and other traits
such as root and shoot length. In this investigation, the T × T biplot model used in
order to: (i) indicate the interrelationships among measured traits, (ii) compare
treatments based on the multiple traits, (iii) detection the best treatments for semi-
arid regions, and (iv) evaluation of different tools of T × T biplot model for graphical
analysis of T × T pattern.

2 Materials and methods

A trial was performed in the randomized complete block design with four replications. Seeds were
hand sown on the 28th of March in plots (8 rows, 4.5 m length and 0.6 m width) under rain-fed
conditions but three supplemental irrigations during reproductive stage. The chemical fertilizers
(150 kg nitrogen and 100 kg phosphate ha−1) were applied in the form of urea and triple super-
phosphate at the field preparation. Weeds were hand controlled. Experimental treatments included
Control (spraying with water), G-B (100 mM foliar spraying with glycine betaine), S-A (1 mM foliar
spraying with salicylic acid), and Nano-Ti (2 mM spraying with nano-titanium dioxide). Foliar
spraying was done at the stem elongation and flowering stages. Chlorophyll content (CHL) was
recorded with an SPAD-502 m using fully expanded upper leaves at the flowering stage. Leaf length
(LL) and width were measured at the end of the flowering stage using 10 randomly selected plants.
Plots were monitored for recording days to maturity (DM) and plants were harvested (6 center rows,
3.5 m length) at the stage of physiological maturity and grain yield (GY) was measured. The seed oil
percentage (OIL) was measured using a portable near-infrared seed analyzer (Zeltex). At harvest, 10
randomly selected plants from each experimental plot were sampled and used for measuring plant
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height (PH), number of seeds per head (NSH); 1000 seed weight (TSW), kernel weight (KW), husk
percentage (HP), percentage of empty achenes (PEA) and head number per plant (HNP).

A linear pairwise Pearson correlation analysis was performed to all the measured traits and
then the treatment by trait (T × T) biplot model (Yan and Frégeau-Reid 2018) was used to indicate the
pattern of T × T two-way interaction data in a graph. The T × T biplot graph is drawn by plotting the
symmetric scaled scores of the treatments and traits, so that each treatment or trait is shown by a
special marker in the graph using GGEbiplot software. Formore details about T × T biplot model and
other types of biplots for two-way structures, see Yan and Frégeau-Reid (2018).

3 Results and discussion

The first two PCs of T × T biplot model described 92% of the total variation (65% and
27% for PC1 and PC2, respectively). The T × T biplot model described relatively the all
of the observed variation and almost all information of the routine statistical
methods can be graphically showed in a T × T biplot. Yousefzadeh and Sabaghnia
(2016), and Buenrostro-Rodríguez et al. (2019), also reported similar results while
studying genotype by traits two-way structures in different crops, using biplot
methodology. The vector view of T × T biplot (Figure 1), indicates themost prominent

Figure 1: Vector view of treatment by trait biplot showing the interrelationship among traits. Traits are:
plant height (PH), leaf length (LL), chlorophyll content (CHL), number of seeds per head (NSH), 1000-seed
weight (TSW), day to maturity (DM), husk percentage (HP), kernel weight (KW), percentage of empty
achenes (PEA), head number per plant (HNP), grain yield (GY) and oil per cent (OIL).
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correlations as: positive correlations between CHL and PH, between HNP and GY,
between DM and NSH, and between OIL and KW as showed by the low angles
between projections (r = cosine 0 = +1). The positive correlation of yield and number
of head per plant (Riaz et al. 2019), and the positive association of number of seeds per
head and days to maturity (Siahbidi et al. 2022) has been reported previously. Also,
there was relatively strong negative correlation between PEA and LL, and between
HP with CHL and PH, as showed by the obtuse angle between their projections
(r = cosine 180 = −1) (Figure 1). Finally, based on Figure 1, there were near zero
correlations between TSW and HP, between PEA and HP, between PEA with PH and
CHL, between TSW with DM and NSH and between LL with CHL and HP, as showed
by the near perpendicular projections (r = cosine 90 = 0). The correlations between
traits are presented in Table 1, and about all of the information of Figure 1, can be
checked from the original table with very low disagreement because the T × T biplot
model could not describ 8% of the observed variability.

In the T× T biplotmodel, an ideal trait should be distinguishing of the traits and
at the same time representative of the considered trait. In Figure 2, the traits are
ranked according to both discriminating property and representativeness, simul-
taneously. Themarker of ideal trait on the average trait coordinate (ATC) x-axis was
located to be equal to the longest vector of all traits while its marker on the ATC
y-axis was zero, showing that it is representative of the average trait. Thus, the
closer a trait is to the ideal trait, the better it is as a test trait. Thus, GY and HNP
following to OIL, KW and NSH were relatively the most favorable traits (Figure 2),
Thus, regarding the ideal trait position, grain yield had the high discriminating

Table : Pearson correlation coefficients among sunflower traits.

PH LL CHL NSH TSW DM HP KW PEA HNP GY

LL .
CHL . .
NSH . . .
TSW −. . −. −.
DM . . . . −.
HP −. −. −. −. . −.
KW . . . . . . −.
PEA −. −. −. −. −. −. . −.
HNP . . . . . . −. . −.
GY . . . . . . −. . −. .
OIL . . . . . . −. . −. . .

Critical values of correlation p < . and p < . are . and ., respectively. Traits are plant height (PH), leaf length
(LL), chlorophyll content (CHL), number of seeds per head (NSH), -seed weight (TSW), day to maturity (DM), husk
percentage (HP), kernel weight (KW), percentage of empty achenes (PEA), head number per plant (HNP), grain yield (GY)
and oil per cent (OIL).
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ability and representativeness. Also, HPwas a relatively themost unfavorable trait,
followed by PEA and TSW, thus these traits cannot be used for discriminating of
genotypes and they are not good for representativeness (Figure 2). The high
discriminating ability and representativeness potential of yield performance and
kernel weight is verified by Shojaei et al. (2022), thus using these traits for screening
of the best treatments or even the best genotypes can be advised. Graphical visu-
alization of biplot demonstrated that analyzing representativeness and discrimi-
nating ability of the testers this study can identify the candidate traits as the most
“ideal” ones.

In the T × T biplot model, an ideal treatment, is one that has both high perfor-
mances for all traits and low variability whereas its vector on the ATC x-axis is
planned to be equal to the longest projection of all the treatments (Figure 3). A
treatment is more favorable if it is closer to the ideal treatment position, thus, Nano-
Ti followed by S-A were more desirable than the other treatments. These favorable
treatments were identified as the most superior treatments for almost all of
measured traits, based on mean comparisons after ANOVA test (Results are not
shown). The most unfavorable treatments based on the ideal treatment, was Control
followed by G-B treatments (Figure 3). Thus, all treatments could improve the means

Figure 2: Ideal tester view of treatment by trait biplot showing the position of the ideal trait. Traits are:
plant height (PH), leaf length (LL), chlorophyll content (CHL), number of seeds per head (NSH), 1000-seed
weight (TSW), day to maturity (DM), husk percentage (HP), kernel weight (KW), percentage of empty
achenes (PEA), head number per plant (HNP), grain yield (GY) and oil per cent (OIL).
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of the most traits and were better than Control treatment. However, using nano-
particles like nano-titanium dioxide or application compatible organic solutes like
salicylic acid or glycine betaine had positive effects on all measured traits of sun-
flower and were better than control treatment. Sabaghnia et al. (2018) reported
relatively similar results in evaluation of nano-TiO2 and nano-silica particles on yield
performance and some morphological traits of sunflower and reported the nano-
TiO2 as the ideal treatment.

Another tool of T × T biplot model is examination of discrimination versus
representativeness of traits (Figure 4), and the position of the average trait is shown
by a small circle on ATC x-axis. The projection length of a trait indicates its
discriminating potential and the magnitude of the angle between a trait and the ATC
x-axis shows its representativeness. Thus, the discriminating potential of almost all
traits were high (Figure 4). The small angle between a trait and the ATC x-axis,
improves its high representative ability, thus GY and HNP showed high represen-
tative ability (Figure 4). Also, the large angle between a trait and the ATC x-axis,
improves its low representative ability, thus HP and PEA indicated low represen-
tative ability (Figure 4). It can be concluded that, the high discriminating potential as
well as the high representative ability of GY and HNP is verified and these traits can
determine the differences among treatments and it is a good representativeness of

Figure 3: Ideal entry view of treatment by trait biplot showing the position of ideal treatment. Traits
are: plant height (PH), leaf length (LL), chlorophyll content (CHL), number of seeds per head (NSH),
1000-seedweight (TSW), day tomaturity (DM), husk percentage (HP), kernel weight (KW), percentage of
empty achenes (PEA), head number per plant (HNP), grain yield (GY) and oil per cent (OIL).
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measured traits. In other word, head number per plant (HNP) as one of the most
important components of yield and yield performance are adequate for detection of
differences among treatments as well as genotypes. Similarly, Sabaghnia et al. (2018)
reported sunflower yield as discriminative and representativeness trait.

The polygon tool of the T × T biplot provides an option to identification of the
most superior treatments in the one ormore traits and permits to visualization of the
T × T interaction structures by connecting the furthest treatments to form a polygon.
According to Figure 5, the four vertex treatments were Nano-Ti, Control, G-B, and S-A
which were the best or the poorest treatments in some or all of the traits due to their
longest distance from the origin. Treatment Nano-Ti, had the highest values for most
traits expect PEA, HP and TSW, treatment G-B had the highest values for TSW,
treatment Control had the highest values for PEA and HP, and treatment S-A had the
highest values for HP and PEA (Figure 5). The other vertex treatment (S-A) and
related sectors were not high for none the measured traits (Figure 5). Thus, it seems
that for obtaining the high magnitudes of most traits especially economic traits like
GY and OIL, application of treatment Nano-Ti is sufficient and effective. These four
treatments showed very different characteristics and were completely different due
to various position in vertex treatments.

Figure 4: Discrimination versus representativeness of treatment by trait biplot showing the potential of
traits. Traits are: plant height (PH), leaf length (LL), chlorophyll content (CHL), number of seeds per head
(NSH), 1000-seed weight (TSW), day to maturity (DM), husk percentage (HP), kernel weight (KW),
percentage of empty achenes (PEA), head number per plant (HNP), grain yield (GY) and oil per cent (OIL).
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We found that, grain yield had the high discriminating potential as well as the
high representative ability based on ideal trait biplot and discriminating versus
representative biplot which had amore PC1 values for showing more discriminating
of the treatment in terms of the genotypic effects and low PC2 values for showing
more representative of the overall trait. The grain yield indicated both properties
and can be advised for screening of genotypes reliably in a large scale, because it was
good representative of all measured traits and cold discriminated studied genotypes.
Similarly, Sabaghnia et al. (2016), reported leaf yield as the high discriminating and
representative ability in spinach and verified that having ideal trait characteristics in
an economic trait like yield performance, can help researchers to manipulate
treatments in a simple way. However, finding grain yield as the discriminating and
representative trait is a good news for promote plant optimizing projects.

4 Conclusions

Application of glycine betaine (100 mM), salicylic acid (1 mM), nano-titanium dioxide
(2 mM). Control (spraying with water) indicated that only nano-titanium dioxide

Figure 5: Polygon-view of treatment by trait biplot showingwhich treatment had the highest values for
which traits. Traits are: plant height (PH), leaf length (LL), chlorophyll content (CHL), number of seeds per
head (NSH), 1000-seed weight (TSW), day to maturity (DM), husk percentage (HP), kernel weight (KW),
percentage of empty achenes (PEA), head number per plant (HNP), grain yield (GY) and oil per cent (OIL).
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nanoparticles considerably enhanced the yield and most traits of sunflower. In
contrast application of compatible organic solutes (glycine betaine and salicylic acid)
had not any considerable improvement on sunflower.
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