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Abstract | Unpredictable and unseasonal extreme climate, prolonged droughts, rise in temperatures, and
erratic rainfall are common factors affecting crop productions in rainfed areas worldwide. This research
intended to identify spineless Safflower (Carthamus tinctorius L.) performance in acclimating changing
climate, as saflower has gained prominence as an oilseed industry due to its hardiness in nature. A two-factor
factorial experiment using completely randomized block design (RCBD) followed by five spineless safflower
cultivars and five concentrations of salicylic acid (SA) in three replications was conducted. The safflower
promising genotypes viz; C1 (L16358), C2 (L16378), C3 (L26748), C4 (L26754), and C5 (L16385) were
tested against SA1: 0 mM, SA2: 0.25 mM, SA3: 0.50 mM, SA4: 0.75 mM, and SA5: 1.00 mM salicylic acid
concentrations. The result indicated that most responsive cultivar to rainfed conditions was C3 (L26748)
under SA4 (0.75 mM) level, showing an increase in head diameter, seed weight, harvest index, oil yield
stem, while 7.3-days to flowering maturity were reduced after C5, and C4 (26754). SA3-C5 promoted 8.01
days earlier maturity, maximum seed plant”, while SA3-C3 resulted in a significant increase in yield and
oil content. SA3 and SA4 showed substantial plasticity to maximum phenology parameters of C3, C4, and
C5. Safflower treated with salicylic acid could adapt to wide range even though in the extreme weather and
drought conditions in rainfed agriculture. Spineless saflower cultivars could be a future way forward as a
potential parallel crop to ensure a sustainable source of production in rainfed regions worldwide.
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Introduction et al., 2014). Farming communities rely on their
environments for every basic need of life including

he global climate risk index (GCI) has ranked food security, the impact of climate change, and
Pakistan among the six of ten most climate the onset of extreme weather events are (EWE)
susceptible countries worldwide for three consecutive ~ devastating. Rain-fed agriculture in Pakistan is highly
years by climate-related catastrophes (Edenhofer vulnerable to extreme climate and weather that lead
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to crop failure and lower yields obtained due to
uneven topography, low soil fertility, erratic rainfall,
higher temperature above normal, prolong droughts

(Ahmad ez al., 2015; IPCC, 2018).

Climate change is creating an alarming situation for
sustainable agriculture and food security specially in
rain-fed regions. Due to those, the extreme weather
conditions as well as shifting patterns of precipitation
results in the crop yield reduction (Cisse ez o/, 2019;
Raza ez al.,2019). Length of growing period of a crop
is affected by increasing temperature and uncertain
precipitation which eventually leads to crop failure
and decrease yield. Future climate projections depict
that temperature expected to rise by 2.5°C up to 2050
(Ahmad e# al., 2017). The evidence of the fashion
of global rainfall is not clear because of significant
regional gaps in spatial coverage and temporary
deficiencies in the data. These shifts in climate caused
the drought, is most challenging in several countries
in the world, including Pakistan (Nasim ez a/., 2018).

Worldwide air temperature is expected to increase
1.5-2°C for RCP 6.0, and RCP 8.5 and will continue
increasing beyond twenty-first century under each
RCP scenario. Under RCP 2.6, RCP 4.5, RCP 6.0
and RCP 8.5 scenario, projected increase in global
mean temperature is likely to increase by 0.3-1.0°C,
1.1-2.6°C, 1.4-3.1°C and 2.6-4.8°C, respectively.
(Amin ef al., 2018a; Rahman ez a/., 2018; Arshad ez
al., 2019). It means that temperature will increase
drastically in arid areas of the subcontinent and
western part of China. The impact of climate change
on cereal crop production, particularly wheat, showed
yield reduction in China (-17.5), Australia (-32%),
and Pakistan (-50%) (Tao and Zhang, 2013). Punjab
province in Pakistan has observed 35,000 acres
(150,000 tons) of wheat damages. During Rabi
season (2018-19), wheat has been cultivated over
6.54 Mha in Punjab and the target set for production
at 19.5 million tons (GOPASP 2016/17, 2018).
However, now a mature crop of wheat may reduce
by 50,000 tons due to the impact of adverse weather
conditions, but Pakistan remains one of the world’s
largest vegetable oil importers. It has been reported
that Southern and Central Punjab expected to face
severe weather events.

Modelling climate change assessment depicted that
erratic rainfall with higher intensity would increase
across the region, but intense rainfall would likely to

occur during the monsoon season (Amin ¢z a/.,2018b;
Nasim ez a/.,2018; Rahman ez /., 2018). Sustainability
of the crop production under changing pattern of
climate is a critical challenge for countries susceptible
to extreme weather events. Therefore, adaptation
measures are required to reduce climate vulnerabilities.
The detrimental impact of climate change can be
moderated by the introduction of parallel crop
cultivars highly tolerant of unexpected environmental
changes, along with some modifications in current

production technologies (IPCC, 2014).

The total edible oil consumption in Pakistan is
about ~4 MIn MT but the local production only
contributed up to 0.4 Mln MT, rest of ~3 Mln MT
imported from other countries (OECD/FAO, 2016).
Maximum reliance on imports leading exchange rate
risk factors in sustainable agriculture production in
the country. The imports of oilseeds during 2019/20
are expected at a record 3.8 million tons, up to 7%
from the preceding year 2018-2019 (Lovelli ez 4/,
2007). The primary local seed oil production sources
are the cottonseed, mustard/rapeseed, and sunflower,
but Pakistan remains one of the world’s largest edible
oil importer.

Safflower (Carthamus tinctorius L) can be a virtuous
candidate crop in a rain-fed agro-ecosystem
worldwide, particularly spineless cultivars. Because
of its spineless potential, easy crop management,
growth even under drought condition as well as
the economic value in terms of both oil and seed,
(Canvin, 1965; Aydin and Sarptag, 2018) indicated
that safflower could be helpful in reducing import
of edible oil each year even in this changing climatic
conditions. Safflower seed contains 35 to 45% high-
quality vegetable oil. Oil is considered to be good for
health and cooking oil but prolong drought condition
can decrease its oil productivity from to 10-14%,
respectively. Local produce of edible oil is not enough
to fulfill the requirement. Pakistan is the third-largest
importer of edible oil all over the world (USDA, 2016;
GOPASP 2016/17,2018). During 2016-17 844,990
tons of edible oil was produced in the country to
tulfill local requirements, it only meets 28-32 % of
domestic demand, and the rest of requirement was
accomplished by 11% from imported edible oil and
61% through direct imports according to data of
Pakistan Bureau of Statistics (PBS). Safflower plant
parts have different uses, i.e., the flower used in dye
making, paints, soaps, oil in different medicines and
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baking recipes, stem and leaves for fodder forage, and
hey as animal feed (Lovelli ez a/., 2007). Seed oil of
safflower is an excellent source of thiamine, pyridoxine,
folate, and 100g of seeds contain; a) 90-100% of the
RDI of vitamin B1 b) 90% of the RDI of vitamin
B6; ¢) 40% of the RDI of vitamin B9. It is also a rich
source of iron, magnesium, and phosphorus (Canvin,

1965; Lovelli ez al., 2007; Aydin and Sarptag, 2018).

Among all oilseed crops, saflower has desired traits
such as resilience to biotic and abiotic stresses as
well as suitable for good quality oil with valuable
unsaturated fatty acids (Canvin, 1965). Safflower is
mostly grown in dry as well as rain-fed zones of the
world. The crop germination is followed by slow-
growing rosette stage during which numerous leaves
are produced near ground level, at rosette stage young
safflower plants are resistant to cold and frost (Zhou
et al., 2014). Safflower plants has an extensive taproot
system that can break up hardpans of soil and create
channelsin the soil profile which facilitate air and water
movement in soil layers, while it can be used as a tool
for managing salinity and waterlogging conditions as
well. Safflower is more drought accepting than other
oilseed crops (Aydin and Sarptas, 2018; Hussain and
Al-Dakheel, 2018). Crop sown in spring, moisture
deficit at growth stages specially during flowering and
seed filling stages, caused a decrease in yield and other
yield related attributes.

Salicylic acid is one of the phenols phytohormones
involved in different plant growth and development
phases, i.e., photosynthetic rate and assimilation of
CO, (Espanany ez al., 2016; Hussain ez al., 2016).
Stomata closure, transportation, and ion uptake.
Several studies carried out under laboratory and
field conditions strongly suggested that salicylic acid
plays an essential role in many biological responses
in plants (Cai ez o/, 2015), especially the defense
mechanism against biotic and abiotic stresses, which
are responsible for poor plant growth and yield quality.
Salicylic acid is held responsible for the endogenous
signal used to maintain membrane integrity and
mediating the hypersensitive systematic resistance
against pathogen and disease attacks (Afzal e al,
1560; Baghizadeh, 2011; Gupta ez a/., 2013). It has
shown many benefits for human health as it is useful
in the prevention of cardiovascular diseases.

Exogenous application of nutrients and plant growth
regulators resulted in better and improved flowering

and quality parameters (Kabiri ¢z o/, 2014; Hussain
et al., 2016). It is the quickest and very economical
way to provide nutrients directly to the plant tissues
and organs without any field losses. These smart
techniques in the agriculture cropping system help

to cope with biotic stresses and climatic damages
(Espanany ez al., 2016; Imran ef al., 2018).

The existing research test several SA levels and
biological approaches for phenology and yield
calculation to estimate the best climate-adaptive
spineless safflower cultivars. The research question
of this study was set as: a) What concentrations
of salicylic acid (SA) perform efficiently to tackle
environmental stresses and produce high seed and oil
yield of safflower, if so, to what extent? b) Evaluate the
best performing and climate adaptive crop cultivar
show maximum resistance and produce highest yield.

Materials and Methods

Site selection

Field experiments were conducted during the 2015-
2016 growing seasons at the agronomy project
research site near UET-Taxila, Punjab, Pakistan.
The latitude 33°42'N longitude of 72°52’E and the
altitude 512 m from the sea level. The annual rainfall
of this area is 590-650 mm (PMD, 2016) with
annual average temperature 21.6°C, but the recent
time the temperature had increased up to <30°C
and average relative humidity declined (38-56%)
during the growing season of safflower. The soil at
the experimental site belonged to the major group
of Indo-Gangetic alluvium (sand, silt, and clay was
30.68, 40.42 and 29.13%, respectively), having 1.36
(DSM™) electrical conductivity (EC) besides 7.9 pH,
0.76% organic carbon, 163 kg ha™ available nitrogen,
16.8 kg ha™ available phosphorus and 372 kg ha™

available potassium.

Field preparation and sowing

'The field was prepared, pulverized seedbed, plowing
followed by planking before planting. The experiment
led out in a randomized complete block design
(RCBD) using a factorial arrangement with three
treatments and three replications. Safflower was
planted using plots drill (Model 3P600, Plains Drill)
using a seed rate of 30 kg ha™. Plants has branching
capacity, and the best plant population ranges between
1.0-1.1 lakh/ha. Emergence rate was recorded 80 to
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plants/ha was maintained. The plot size was 8 m x 4
m, with a distance of 40 cm between rows. For sowing
seed was obtained from Department of Agronomy
PMAS-Arid Agriculture University. Fertilizer was
applied at the time of planting @ 89 kg N ha™ and 19
kg P ha through urea and di-ammonium phosphate.
Additional fertilizer was applied in the form of mono-
ammonium phosphate at a rate Harvesting was done
at senescence using a John Deere Model 4420 mix
with a straw chopper combine harvester.

Data recorded

Field experiment measurements were recorded by
using techniques (Cleland and Tanaka, 1979) at
various growth as well as developmental stages.
Agronomic traits along with yield contributing traits
such as leaf area index, stem diameter (cm), head
diameter (cm), number of primary branches plant™,
number of secondary branches plant™, days taken to
flowering, days takes to flowering maturity, capitulum
filling duration, crop maturity, number of achene/seed
head™, weight of 1000 seeds (g), actual yield (kg ha™),
Oil recovery (%), economic yield (kg ha™), Harvest
index (%) and oil quality were recorded.

Coding and statistical analysis

Safflower cultivar seed comprised of C1 (L16358),
C2 (L16378), C3 (L.26748), C4 (1L26754), and C5
(L16385). Salicylic acid concentrations tested were
SA1: control, SA2: 0.25mM, SA3: 0.50mM, SA3:
0.75mm and SAS5: 1.00mm [34]. A foliar spray of
different concentrations of SA was used three times
(at 1-week intervals) by T-Jet sprayer at the stem
elongation stage. The data were analyzed by ANOVA
and t-test, followed by DMRT post hoc test (P<0.05;
IBM, SPSS Statistics). The results visualization was
supported by R version (3.6.1) and SigmaPlot.

Results and Discussion

'The growing season of 2015-2016 was stressful for
rain-fed agricultural crop production in the area.
'The months of April and May were warmer in 2016
compared with the year 2015. During the growing
season, rainfall received ranged from 100-105 mm
in 2015 to 115-120 mm in 2016. The data about the
growth and yield parameters of five spineless safflower
cultivars as influenced by salicylic acid are analyzed
and discussed in Table 1.

Analysis of variance indicated a significant difference

among cultivar for the number of leaf and leaf area.
But, plant height, a number of primary and secondary
branches expressed highly significant difference. A
highly significant effect was shown in response to
salicylic acid treatment on leaf area, the number of
primary and secondary branches, and a significant
effect on plant height and non-significant effect on
the number of leaves. However, all of the treatments
gave significant interface and highly significant
interaction on branch growth, either primary or
secondary. So, the test followed multiple comparisons
by the DMRT test to know which treatment gave.
Partially, C4 and C5 showed (Table 2) the best plant
height, and the interaction was observed in the case

of SA5-C4 (172.90 cm) and SA2-C2 (172.38 cm)

respectively.

'The foliar spray of salicylic acid and safflower cultivars
had shown significant interactions with the number
of leaves per plant. Salicylic acid at 0.25mM has an
increased number of leaves of C1, and C2 cultivars,
0.75mM level of SA also enhanced in C1, respectively.
The maximum leaves were recorded e in interaction
SA4-C1 (29.02), followed by SA2-C1 (26.89) and
SA2-C2 (26.19), respectively.

SA concentration of 0.25 and 0.5 mM appreciably
increased the leaf area of C1, C2, and C2, C3. The
maximum size of the leaf area was recorded under
SA3-C2 (151.63 cm?), and then SA3-C3 (149.04
cm?). The highest numbers of primary branches
per plant (16.56) were produced in response to
SA5-C3. Safflower cultivar C4 in any salicylic acid
concentration had characterized higher average
genetic growth, and C5 had no significant interaction
under low SA levels. The result showed that the
highest concentrations of SA produced a higher
number of primary branches on a plant in case of
SA4-C5 (13.93). However, C3 and C5 produced the
maximum number of secondary branches where 0.25
mM SA was applied, and the further reduction was
observed in the number of branches at 0.75-1 mM
SA levels. The highest numbers of secondary branches
per plant (45.58) were achieved by C2, where 0.5 mm
salicylic acid was sprayed. Cultivars C4, C3, and C5
produced maximum head diameter in sequence 3.04
cm, 2.72 cm, and 2.71 cm in foliar spray 0.5 mM SA.
Other cultivar produced the same head diameter but
lower than the upper cultivars in response to SA4-C2
produced a maximum number (35.5) of heads per
plant.
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Table 1: Analysis of variance of growth parameters after foliar application of salicylic acid (SA) levels on spineless
safflower cultivars under rain-fed conditions during 2015 to 2016 growing season.

Source (PH) (NL) (LA) (NPB) (NSB) (HD) (ST) (DFI) (DFM)
Corrected Modelr 3.316 2.486 3.912 8.315 12.50 4.95 5.79 29.439 8.53
Intercept™ 13,186.45 1,180.20 2,367.12 2,940.43 1,690.44 7877.12 3488.51 1,607,054.32 41,177.08
Block 27 3.35 1.15 227 0.59 .70 2.25 A1 .00

SA 2.03* 1.30 8.45**  11.00"*  8.46™ 16.09**  8.649™  61.73* 30.05**
\% 13.32** 5.88* 5.02* 28.61*  49.94* 878%™  25.361"" 62.25"* 12.52**
Interaction of SA*V ~ 1.52* 1.83* 2.85* 3.58" 5.63* 1.74 .62 16.83* 3.22*

A: Corrected model is the influence of the independent variable simultaneously on the dependent variable, where values are nonsignificant or
significant, respectively. "\\: Variation/change values of the dependent variable without the existence of independent variable, so; the higher
values of intercept are certainty because of variable factors that are not included in the analysis and mightily change along with growth without
traits (cultivars and SA levels). PH: Plant Hei ght; NL: Number of the Leaf; LA: Leaf Area; NPB: Number of Primary Branch; NSB: Number
of Secondary Branch; HD: Head Diameter; ST: Stem Thickness; DFI: Days to Flowering Initiative; DFEM: Days to Flowering Maturity.

Table 2: Analysis of variance of yield parameters after foliar application of salicylic acid (SA) levels on spineless
safflower cultivars under rain-fed conditions during 2015 to 2016 growing season.

Source (DCM) (NSP) (TSW) (FW) (CFD) (DW) (HI) (SOC) (0Y)
Corrected Modelr 14.44 15.83 6.56 9.191 11.259 11.17 4.89 6.91 15.08
Intercept™ 755762.17 8,318.70 12,773.63 14,987.079 216,188.31 42,664.72 0,884.10 581,423.34 45,354.27
Block .37 1.84 A1 3.229 5.915 0.21 1.00 1.80 0.53

SA 32.00* 21.18*  18.04*  23.347* 15.852™ 12.62* 24.78*  31.41™ 26.34™
\% 59.38* 37.46™ 1416  28.904* 30.012** 51.38* 6.08* 6.93™ 62.32*
Interaction_SA*V .57 10.84*  2.60* 1.470* 6.090™* 2.13* A1 1.41 2.27*

*: Corrected model is the influence of the independent variable simultaneously on the dependent variable, where values are non-significant
or significant, respectively. **: Variation/change values of the dependent variable without the existence of independent variable. so; the higher
values of intercept are certainty because of variable factors that are not included in the analysis and mightily change along with growth
without traits (cultivars and SA levels). DCM: Days Crops Maturity; NSP: Number of Seed per plant; TSW: Total of 1000 Seed Weight; FW:

Fresh Weight; CFD: Capitulum Filling Days; DW: Dry Weight; HI: Harvest Index %; SOC: Seed Oil Content; OY: Oil Yield.

Amongtheyieldformingtraits,thenumberofheadsand
seeds per head were significantlyinfluenced,and results
(Tables 1 and 2) indicated a highly significant effect
on all parameters against both the treatments. The
interaction was found significant for the days to
initiate flowering and capitulum filing duration but
non-significant for head diameter and stem thickness.
When one of the treatments indicated, significant
effect, DMRT was applied for multiple comparisons.
Maximum days taken to Capitulum filling were
observed for C2 (25.97 days) in control plots. The
highest level of SA (ImM) enhanced capitulum
filling resulting in earlier maturity (22.47 days) in C5
plots, followed by C1.

Maximum days (125.37) to flowering initiation were
observed in control, and all the cultivars initiated to
flowering subsequently very late. The earliest days to
flowering initiation was observed where 0.75 mM
(SA4) salicylic acid was applied with 115.43 days for
C2 and 115.60 days for C1. Early flowering maturity

was observed (8.01 and 8.66 days; Table 2) in the case
of C5 and C3 when 0.50 mM SA foliar spray was
tested. The plot of C2 completed flower maturation
in 8.84 days when 0.75 mM SA was sprayed under
field conditions. The other treatment, either saflower
cultivars or SA levels, were recorded more than nine
days for maturity.

Spineless saflower phenological phases completion
performance was influenced by both cultivars and
salicylic acid treatments either each treatment or
interaction between those mentioned variables such
as days required for flowering maturation, seeds on
a plant, thousand seed weight as well as biological
yield parameters, except there was no significant
interaction for days required for maturity. Data
analysis pertaining to the number of days required for
flowering completion or maturity presented in Table
2 revealed that there was no substantial difference in
days required for flower maturity at the control and

highest level (1 mm) of SA. Less days were taken to
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flowering maturity by C5 and C3 in response to 0.5
mm, and C2 against 0.75 mM SA concentration in
sequence reached 8.01 days, 8.66 days,and 8.84 days in
plots mentioned above. Each treatment significantly
influenced days required for crop maturity. Days
required for the maturity of cultivars were fastened
by SA level 0.75 mM application, which lead C4
to take 199.37 days, followed by C3 201.60 days to
crop maturity. The interaction SA4-C4, (0.75mM)
counted for significantly fewer days taken to maturity
among all plots. Maximum days (215.90) to maturity
were seen in the plot receiving SA1-C1.

Seed yields were significantly influenced by the various
levels of SA management practices in this study
(Table 2).’The interaction among cultivar C1 and 0.75
mM SA concentration maximized the number of
seeds on a plant (50.77). The second interaction was
observed between the SA2-C4 treated plots, where
46.7 seeds per plant were produced. By increasing
concentration SA from 0.5 to 1 mM. The number
of seeds per plant of C1 increased. SA application
exhibited a decreasing effect for C2in sequence
from high to low such as SA2-C2 (42.51), SA4-C2
(40.59), and SA5-C2 (38.98). The response of C4 to
concentrations of SA from higher to lower was as:
C4SA2 (46.74), C4ASA3 (40.86), C4SAS5 (40.42),
and C4SA4 (36.55). Thousands of seed weight of
all the cultivars were statistically different under
the influence of SA maximum levels. The maximum
result of 1000 seed weight was recorded in SA5-C2
(47.94 g). SA levels enhanced 1000s seed weight and
were extended consistently up to 1mM SA, followed
by 0.75- and 0.5-mM rates, respectively.

Biological yield is an essential matter for safflower
production and productivity, mainly when grown for
energy purposes. SA application showed a significant
effect on biological yield, and SA3-C4 resulted in a
higherbiological yield 0f 3,105.67 kg ha over SA3-C3
(2,824.67 kg ha'). SA4-C4 produced the highest
biological yield (3,436.33 kg ha™). The safflower
showed different yield parameters, particularly
economical yield, harvest-index, oil content (%),
and oil recovery in each factor. There was significant
interaction was also observed for various parameters
except for harvest index and oil content (Table 1) Yield
components analysis showed C3 obtained the higher
dry weight of 435.67 kg ha™ and 422.24 kg ha! when
it was treated by SA3 and SA4, respectively. The foliar

application of SA on safflower cultivars encouraged

higher dry weight, especially the highest performance
obtained by C3 cultivar of spineless safflower.

The current study, the statistical analysis revealed
significant differences partially due to concentrations
of salicylic acid and safflower cultivar regarding oil
content (Table 3). The interactive effects of salicylic
acid applications and safflower cultivars were
significant regarding oil percentage either vertically
or horizontally. Maximum oil content (33.84 %) was
achieved by SA4-CS5 interaction followed by SA4-C4
(32.95%) when the same level of SA was sprayed.
The lower seed oil contents were observed in plots
SA1-C1 and SA1-C2 while the rest of the treatments
differed at varying degrees for oil percentage among
all the Safflower Cultivars.

The existing study evaluated the effect of different
levels of SA on oil yield produced by plants under
rain-fed climatic conditions (Table 3). The maximum
oil yield was resulted by SA3-C3 (144.30 kg ha') and
SA4-C3(140.07 kg ha') and further declined (134.27
kg ha™) were reported followed by the 1 mm SA level.
The safflower cultivars and SA levels were partially
significant for the harvest index of safflower. The
maximum harvest index was on SA4-C3 (17.91%)
treatment, followed by equated with a lower index of

12.95% in SA1-C5.

The present study evaluated the effect of differentlevels
of SA on spineless safflower cultivars to identify the
climate adaptation to harvests maximum yield. It has
been shown that salicylic acid acts as an endogenous
signal molecule accountable for inducing stress
tolerance in plants. In our experiment, the exogenous
application of salicylic acid has influenced growth
and yield parameters of spineless safflower cultivars
as stated by (Gupta ez a/., 2013; Wani ez al., 2017)
that salicylic acid promoted shoot and root growth in
different crops). The interface between genotypes and
time (year) for sowing safflower seed affected some
agronomic characters, particularly plant height (153.7
cm), 48.2 gr for 1000 seed weight, 270.5 kg/ha for
yield, 37.9 for oil content in winter for L597684 at
Turkey (Cai ez al., 2015).

The pattern of variation in height among different
cultivars understudy might be due to the genetic
characterization orhigher temperature,and interaction
of both cultivar and salicylic acid concentration. The
number of leaves determines plant photosynthetic
capacity, which usually affects the final productivity
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Table 3: Interaction of growth and yield parameters of safflower spineless cultivars after foliar application of salicylic
acid (SA) treatments under rainfed conditions during 2015 to 2016 growing season to evaluate adaptation performance.
Treat- PH NL LAI NPB NSB HD ST DFI DFM CFD DTM NS TSW BY DW HI SOC OY

ment  (cm) (cm?) (cm) (cm) (g  (kgha') (kgha') (%) (%) (kgha?)
SA1C1 1595 21.6 98.7 79 206 24 13 121.6 102 253 2159 262 321 1,951.0 3179 142 313 994
bc-bc a-b a-abc a-a  bc-a a-b ab ca cc cc c¢b a-a a-ab a-a a-a a-a a-a a-a

SA2C1 1584 26.8 1441 75 161 24 15 1186 9.2 23.7 2133 222 32.8 2,116.0 3344 153 322 107.6
abc-a a-b b-b  a-ab b-a a-a ab-a b-a a-a b-b  bc-c a-a a-a b-a ab-a ab-a ab-a b-a
SA3C1 149.7 18.0 106.8 7.0 8.7 2.7 1.6 118.6 9.6 23.7 211.8 41.5 40.7 2,389.3 331.6 16.4 329 109.1
ab-a a-a ab-ab a-a a-a a-a b-ab b-b ab-b b-b ab-b b-b b-b ca ab-a c-ab b-ab b-a
SA4C1 144.7 29.0 125.1 112 26.8 2.6 1.6 115.6 10.0 22.8 209.3 50.8 43.5 2,441.7 346.7 17.0 33.1 1145
a-a a-b ab-ab b-a ca aa b-a aa beb ab ab c-c  b-b c-a b-a a-ab b-ab b-a
SA5C1 166.7 18.2 1025 7.8 8.0 2.7 1.5 120.7 109 241 212.7 41.6 40.8 2,428.3 334.0 15.8 33.4 108.0
c-a aa ab-b aa aa aa ab-a cb d-b b-ab abc b-b b-ab c-a ab-a abc-a ab-a b-a
SA1C2 1452 21.5 1203 54 133 22 13 121.7 11.0 26.0 2156 309 37.0 2,021.0 319.6 142 314 1004
ab-ab a-b ab-c a-a a-a ab ab d-a d-c b-b b-b a-ab a-c a-ab a-a a-a a-ab a-a
SA2C2 172.4 26.2 149.0 5.6 11.8 2.0 1.4 119.7 9.5 248 2111 425 400 2,4283 350.0 154 314 111.6
cca ab beb aa aa aa aa ca ab-a aa ab-c b-c ab-a b-b ab-a b-a ab-a ab-a
*SA3C2 170.7 25.7 1516 71 189 22 16 1169 8.6 247 2109 30.8 39.0 2,567.0 3513 16.2 31.9 1151
bec-b a-a  c—c ab-a ab-b a-a ab-ab b-a a-a a-b  ab-b a-a ab-b bc-ab ab-a b-ab c-a  b-a
SA4C2 141.7 25.8 1249 10.8 31.8 2.4 1.8 1154 10.0 249 207.6 40.6 42.1 2,629.7 377.7 172 32.8 123.8
a-a a-ab abc-a cca cab a-a b-b a-a be-b a-b ab b-b b-ab c-a b-b c-ab c-a  b-a
SA5C2 1454 17.6 1082 81 259 24 14 119.0 10.7 243 2103 39.0 479 2477.7 3645 157 32.8 1179
ab-ab a-a a-b b-a bc-b a-ab a-a c-a cd-b a-bc ab-b b-b c-c bc-ab  b-a b-a a-a b-ab
SA1C3 1341 21.6 61.7 135 435 1.8 1.8 123.1 9.6 245 2103 29.5 375 23223 3786 154 32.4 122.1
a-a a-b a-a ab-b a-b a-a a-c b-ab b-a 2454 d-a a-a  ab-c a-bc a-c a-a  bc-a a-d
SA2C3 1432 199 1176 119 392 2.1 19 118.7 9.4 247 2049 322 342 2,523.7 389.5 16.3 323 128.3

a-a a-ab b-b a-c ac ab-a ab-b a-a ab-a b-a c-a b-b a-a a-b a-c ab-a a-b ab-c
SA3C3 1454 16.1 149.0 11.8 375 2.6 19 121.1 8.7 232 201.7 319 40.0 2,824.7 435.7 174 33.0 1443
a-a a-a b-c ab ac ab-a ab-b ac a-a a-a ab-a c-a ab-b a-b a-c ac-b ab-b c-c

SA4C3 139.4 17.5 122.7 11.0 349 2.7 2.1 122.8 8.8 23.6 1994 41.8 422 2,744.7 4222 17.9 33.1 140.1
a-a a-a b-a a-a a-ab c-ab b-b b-c a-a a-b  a-a b-b ab-ab a-a a-c c-b  ab-ab c¢-b
SA5C3 1423 17.6 1362 16.6 456 22 19 1180 9.3 245 2040 409 449 2,715.0 4133 16.4 33.2 1343
a-a a-a b-c b-b b-c ab-abab-b a-a ab-a b-bc bc-a b-b b-bc a-ab a-b abc-a b-ab ab-b
SA1C4 1715 12.6 106.6 7.6 164 2.2 1.7 1254 101 25.5 209.6 36.5 36.5 2,349.3 346.6 14.8 325 1111
a-c  a-a bcbc a-a a-a ab ac d-c aab b-a d-a a-c a-bc a-c a-b a-a ab-a a-c
SA2C4 1743 12.7 120.1 95 269 2.4 1.8 119.5 9.8 25.0 2049 46.7 40.3 2,876.7 374.1 15.5 321 122.0
a-a a-a c-ab a-bc b-b aa ab aa a-a b-c ab-a b-c b-a b-c bc-bc  ab-a a-ab bc-be
SA3C4 163.6 159 87.2 10.2 332 26 21 1222 94 24.8 201.7 41.8 38.5 3,105.7 380.5 16.5 32.6 1244
a-ab ab-a ab-a a-b b-a a-a ab-b b-c ab b-a ab-a ab-b Ab-b Bc-c c-b ac-ab bc-ab c-b
SA4C4 170.8 17.5 1072 103 26.6 3.0 23 123.1 9.7 23.7 1994 36.6 36.0 3,436.3 359.6 17.4 32.7 1185
a-b  ab-a bc-a a-a b-a b-b b-b bcc ab a-a  a-a a-ab a-a c-b ab-ab c-ab ba-a b-a
SA5C4 1729 23.6 769 100 312 26 1.8 123.7 10.1 251 202.7 404 459 29103 346.6 158 33.0 111.8

a-c  b-a a-a a-a b-a a-ab a-b c¢cc a-ab b-c bc-a  ab-b c—c b-b a-a ab-a ab-a a-a
SA1C5 1734 20.7 719 7.5 202 1.7 09 123.8 10.6 23.2 2159 256 313 2,395.3 333.6 14.0 32.0 106.6

a-c  a-b a-ab aa aa aa aa d-bc cba ab-b cb a-a  a-a a-c a-ab a-a a-ab a-b
SA2C5 1722 151 103.8 83 254 22 1.2 119.5 9.1 244 2146 222 33.0 2,461.0 358.1 15.1 325 1164

a-a a-a aa aab ab b-a aa b-a b-a ca becd a-a ab-a bcb a-ab a-a  ab-ab abc-ab

SA3C5 160.5 16.1 1313 9.7 325 2.4 1.6 116.7 8.0 22.8 2113 291 32.7 2,578.3 3742 16.1 33.3 124.5
a-ab a-a a-bc ab-b a-¢ b-a a-a b-a a-a ab-b a-b a-a ab-a bc-ab  b-b a-a  b-ab c¢b

SA4C5 170.5 20.2 128.6 102 37.6 2.7 16 1213 9.5 241 208.7 31,5 36.5 2,707.7 3514 16.5 33.8 118.9
a-b  a-ab a-a ab-a a-b b-ab a-a c¢b b-ab be-b a-b a-a  b-a c-a a-a a-a  b-b  bc-a

SA5C5 1552 15.7 99.8 139 339 22 13 122.6 9.7 225 211.7 23.0 352 2,478.0 340.3 152 324 110.1
a-abc a-a a-ab cb ab b-b aa cc bc-a aa ab-b a-a ab-a bc-ab a-a a-a ab-a ab-a

Note: Number followed the same characters in column and row were not significant by DMRT a.: 0.05%; PH: Plant Height; NL: Number of
the Leaf, LA: Leaf Area; NPB: Number of Primary Branch; NSB: Number of Secondary Branch; HD: Head Diameter; § T Stem Thickness;
DFI: Days to Flowering Initiative; DFM: Days to Flowering Maturity; DCM: Days Crops Maturity; NSP: Number of Seed per plant;
TSW: Total of 1000 Seed Weight; FW: Fresh Weight; CFD: Capitulum Filling Days; DW: Dry Weight; HI: Harvest Index %; SOC: Seed
Oil Content; OY: Oil Yield.
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of the crop. All physiological events in plants, i.e., ion
uptake, membrane permeability, stomata conductance,
mitochondrial respiration, stomata closure, solutes
transportation, growth, and photosynthesis rate, were
directly or indirectly affected by the salicylic acid
application. It has been witnessed that the salicylic
acid (SA) has increased the number of leaves on a
plant, promoted the vegetative growth by increasing
the number of leaves in plants of strawberry (0.25-
0.5mM), (Rivas-San Vicente and Plasencia, 2011)
observed similar results that, SA boosted up vegetative
growth cycle and physiological processes of plants
under drought conditions. Leaf area is a significant
growth and productivity determining influencing
factor for crop production because it affects leaf and
chloroplast structure, which ultimately increases
the rate of photosynthesis (Rivas-San Vicente and
Plasencia, 2011; Cai ez o/, 2015). The simulation
result of the combined model for shade and sunlight
has significantly influenced canopy carbon and leaf
variability adaptively in an extreme environment
(Plant Genome Editing with CRISPR Systems,
2019).

The present study showed significant interaction
among safflower cultivars and frequent application
levels of SA for leaf area. This has also promoted
growth and enzyme activities with increase chlorophyll
pigment production, provided support to protein
synthesis and total non-structural carbohydrates,
which increased the plant leaf area. This attained leaf
area (LA) started decreasing but abruptly increased
in all the treatments, this variation could be due to
the senescence of the older leaves in response to
drought conditions. A lower specific leaf area of
SA treated wheat plants under stress conditions.
Anti-senescence effect on plant organs, prolonged
vegetative growth leading towards a higher leaf area
has been witnessed (Espanany ez a/., 2016). Applied
Salicylic Acid either with seed soaked (SS) or soil
incorporated (SI), exogenously, could increase plant
growth in all the stress conditions significantly. Pre-
stress foliar application of SA protects water-stress

against oxidative damage at 2.0 mm concentration
(Faize and Faize, 2018).

Generally, moisture deficiency lowers the potential
yield by imparting a negative impact on crop growth
and the number of primary branches but then, SA
application might have an ameliorating effect on
the number of primary branches and influenced

secondary branched to produce ultimate vegetative
growth yield (Table 3). The results are in agreement
with the findings of (Mahasi ez a/., 2006) as they
reported SA application increases, a range of 5-10
branches for spine cultivars, and 10-16 branches
for spineless cultivars. The result showed that the
maximum numbers of primary branches were found
in plants treated with salicylic acid. The Salicylic
acid increased branches in mustard (Klemme ez a/.,
2019), reproductive growth effectively and ensured
maximum flowers leading towards the increased

number of heads (Reddy and Sharma, 2016).

Exogenous application of salicylic acid improved the
leaf area, formed the highest number of leaf area, and
increased the nitrogen use efficiency and chlorophyll
content. It regulates the polyphenol oxidase (PPO),
which leads to generating more primary branches
that ultimately caused secondary branches to increase
under SA3, SA4 concentration. It has been widely
accepted that more the primary branches, more
will be the secondary branches assuring the higher
number of seed heads on a plant. The SA (0.3 mm,
0.5 mm) produced the maximum number of branches
in mustard (Klemme e 2/, 2019). The maximum
numbers of primary branches were the straight signal
of the higher number of secondary branches and
maximum number of heads (Table 3). The increased
size of stem diameter is a sign of increased vegetative
growth, more lateral branches, more flowers, and
more leaves. It has also been revealed the SA increases
the fresh weight of the shoot and roots (Baghizadeh,
2011; Islam ez al., 2018). Previously revealed findings
confirm the findings of present study. SA helps
the plants for their effective response to changing
environment. Hence, it can perform as a plant
growth regulator for improving the plant’s growth
and stimulating the gradient of mineral nutrients
under abiotic stress conditions (Herndndez-Ruiz and

Arnao, 2018).

In the present study, SA3 and SA4 applications
significantly reduced the number of days to flowering
compared with other treatments (Figure 1). In
response to SA, a lesser number of days for flowering
and the highest flowering percentage was recorded
with increased spike length, size, and the number
of florets in barley crops (Bandurska and Stroinski,
2005). Salicylic acid can start early flowering in plants
of strawberry by decreasing the days required for
opening the flowers. (Hayat ez 2/, 2010) In this study,
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C2 and C1 exhibited earlier flowering at treatment
SA4 (0.75 mm). Salicylic Acid regulates the activities
of various enzymes such as superoxide dismutase
(SOD) and phenylalanine ammonia-lyse (PAL),
which are the main components for inducing plant
physiological mechanism along with self-defense
system against biotic and abiotic stresses (Janda ez
al.,2014). The SA at 0.5mM, 0.75mm, and 1.00mm
resulted in time-saving under stress and extreme
weather conditions. These findings (Figure 2).

¢ oLl .
3 €1 P,

Figure 1: Phenotypic plasticity of days taken flowering initiation
Jfrom seed of spineless safflower (Carthamus tinctorius L.) cultivars
in response to exogenous application of salicylic acid under rainfed

climate condition (SE: 0.295 LSD).

A Cl c2 c3 C4 5 C5
Figure 2: Phenotypic plasticity of days taken flowering maturity
Jfrom seed of safflower (Carthamus tinctorius L.) cultivars in response

to exogenous application of salicylic acid under rainfed conditions
(SE:0.148 LSD).

The particular mechanism of flower inducing
property of SA is yet to be explored. The capitulum
filling duration and the total number of days
required for the crop maturity (Figures 3 and 4)
were significantly decreased by the SA foliar spray.
Numerous physiological and biological eftects of
salicylic acid on plant growth and development were

reported to induce early flower maturity because it
regulates the physiological actions, i.e., ion uptake,
membrane permeability, mitochondrial respiration,
closure of stomata and solute transport (Cai ez a/.,
2015). Different plants ensure early flowering as
a result of foliar application of SA, and historical
evidences verify the claims of the present study (Wani
et al., 2017). Foliar spray (0.25 mm and 0.5 mm) of
the aqueous concentration of salicylic acid on African
violet produced the maximum number of leaves per
plant, flowers and reduced the number of days taken
to flower induction, capitulum filling process and
days taken to crop maturity as well, in comparison
with control condition plots.

26
25
24

23

SA1 SA2 SA3 SA4 SAS
A C1 c2 c3 C4 5 C5

Figure 3: Phenotypic plasticity of capitulum filling duration of

safflower (Carthamus tinctorius L.) cultivars in response to exogenous

application of salicylic acid under rainfed climate conditions (SE:

0.180 LSD).
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Figure 4: Phenotypic plasticity of number of days taken complete
crop maturity starts from seed of safflower (Carthamus tinctorius L.)
cultivars in response to exogenous application of salicylic acid under

rainfed climate conditions (SE: 0.320 LSD).

Foliar spray of SA imparts a positive impact on crop
yield through efficient translocation of photosynthesis,
and it contributed in cell wall rigidity which in turn
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improves light interception and photosynthetic
efficiency, and thus crop yield parameters comparable
the number of head, seed, weight, and oil quantity
and quality (Kabiri ez 2/, 2014; Cai ez a/l., 2015). High
efficiency of vegetative and reproductive growth
parameters ultimately contributed to maximum
high-quality seed yield and oil recovery. One of the
yield components of safflower is the number of seeds
plant™. The number of seed plant? and its quality
play an essential role in crop productivity and profits.
The result of the present research showed (Figure 5)
interaction between the level of treatment factors
expecting to increase productivity and oil quality
(Figure 6) of safflower under changing environment
and extreme weather events. The rate of phonological
development could increase at a warm temperature,
and the significant impact was during the reproductive
stage (Bange and Milroy, 2004; Hatfield and Prueger,
2015). Salicylic acid promotes the number of grains
in barley and increased total crop yield. Larque-
Saavedra and (Martin-Mex ez a/.,2015), astonishingly
observed the same significant increase in yield of
cucumber and tomato as found by the present study.
Congruent results were also obtained by (Bandurska
and Stroinski, 2005) in barley. Salicylic acid when
applied at the rate of 100 ppm through foliar spray
method, enhances the flower weight and quality,
which directly lead towards the increase in individual
seed weight. These results conform to the findings
of (Muthulakshmi and Lingakumar, 2017) they
observed significant differences for 100 achene weight
in sunflower by combined application of salicylic acid
with silicic acid (0.5mm, 0.25mm) levels.

number of seeds per plant

40
30
20
10
0 c [ [&]

@ C1-SA2 19 C2-SA2 W C3-SA2 [ C4-SA2 M C5-SA2 M C1-SA3 [0 C2-SA3 M C3-SA3 W C4-SA3 W C5-SA3 B CL-SA4
@ C2-SA4 B C3-SA4 [0 C4-SA4 B C5-SA4 B C1-SAS [ C2-SA5 M C3-SAS @ C4-SAS W C5-SAS M C1-SAL [ C2-SAL
0 C3-SA1 [ C4-SA1 @ C5-SA1

Figure 5: Phenotypic plasticity of number of seeds plant™ of spineless
safflower (Carthamus tinctorius L.) cultivars in response to exogenous
application of salicylic acid under rainfed climate conditions (SE:
0.721 LSD).

c4 &

'The optimum application of salicylic acid regulated
physiological processes and rapid saflower leaf growth

and leaf area to intercept more solar radiation, resulting
in efficient photosynthesis and while enhancing the
leaf number and their surface area, more branches,
heads and seeds on a plant, enhanced diameter of
stem and head besides inducing resistance in plants
against extreme weather events. The biological
yield was calculated lower in untreated plots (Table
3), as we found that the seed yield in soybean was
increased with SA spray. The significant increase in
seed yield when castor bean was sprayed with salicylic
acid. The acceptable application of SA enabled the
plants to produce rapid leaf growth and more leaf
area to intercept more solar radiation, making the
photosynthetic mechanism more efficient and thus
produced more seed yield plants.

1000 seed weight (g)
50

a ] a c4 s

@ C1-SA2 W C2-SA2 B C3-SA2 [ C4-SA2 @ C5-SA2 @ C1-SA3 C2-SA3 @ C3-SA3 @ C4-SA3 @ C5-SA3 @ C1-SA4
@ C2-5A4 B C3-5A4 C4-5A4 @ C5-5A4 @ C1-SA5 @ C2-SA5 @ C3-SA5 @ C4-SA5 @ C5-SA5 @ C1-5A1 C2-5A1
@ C3-SA1 [ C4-SA1 @ C5-SA1

Figure 6: Phenotypic plasticity of 1000 seed weight (g) spineless

safflower (Carthamus tinctorius L.) cultivars in response to exogenous

application of salicylic acid under rainfed climate conditions (SE:
0.614 LSD).
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'The ability to change the dry matter into economic
yield was positively influenced by the optimum
concentration of salicylic acid to ensure good
economic yield (Table 2). (Nazar ¢ o/, 2011) also
tavor our claims based on their findings on castor bean,
and barley experiments. Oil yield mainly depends on
obtained yield and oil recovery (%) in the seed plant™,
and our results (Figures 6 and 7) are in line with
it. SA applications have enhanced seed oil content
(%) and oil yield (kg ha™) in this research. Genetic
differences for obtained yield also aftect oil yield from
a plant in oilseed crops. Present experimentation
results are in accordance with the findings of (Cleland
and Tanaka, 1979; Muthulakshmi and Lingakumar,
2017) concluded that the inclusion of salicylic acid
spray has resulted in a significant increase in the
oil yield of the castor-bean crop. The salicylic acid
spray has increased the physiological and biological
functioning of plant cells under changing the climate,
and it impacted positively for all the vegetative and
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reproductive stages of the crop. The salicylic acid is
the direct indication of an increase in oil quantity
and quality because SA positively regulated floret
and seed development processes (/Abreu and Munné-
Bosch, 2009) reported 1 - 2 mmol/l. SA was the most

effective with a decrease in treatment time.

SA1 SA2 SA3 SA4 SAS
c1 2 a3 c4 (3

Figure 7: Phenotypic plasticity of seed oil content (%) of spineless
safflower (Carthamus tinctorius L.) cultivars in response to exogenous

application of salicylic acid under rainfed climate conditions (SE:
0.247 LSD).
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Figure 8: Phenotypic plasticity of oil yield (kg ha) of spineless
safflower (Carthamus tinctorius L.) cultivars in response to exogenous

application of salicylic acid under rainfed climate conditions (SE:
0.873 LSD).

Safflower spineless cultivars C2 and C3 under treatment
SA3 and SA4 produced 2 % higher oil content
compared with other plots; these results (Figures 6
and 7) are in agreement with (Shirzadeh and Kazemi,
2012; Pai et al, 2014). As a secondary metabolite,
salicylic acid in minor concentration plays an essential
role in the regulation of plant growth and development
in response to abiotic stresses (Muthulakshmi and
Lingakumar, 2017). Safflower oil is a capable source
for biodiesel production. Hence, promoting safflower

production in rain-fed regions could be a better option
of future clean energy production.

'The overall performance of C2 (LL16378) was consistent
and most effective for all studied parameters. Fewer
damages were noticed for saflower crop under extreme
climaticevents,i.e.,hail storming and drought,compared
with wheat and barley crop. The present study outcome
mentioned that the foliar application of salicylic acid
had ameliorated the negative impacts of extreme events
such as prolonged drought through enhanced stem
thickness, root growth, efhicient photosynthesis, head
diameter, early flowering induction, early maturity, and
reduced total crop duration.

Spineless safflower (Carthamus Pistorius L.) as easy
and a multipurpose crop appears as a promising
alternative due to its acclimatization to fluctuating
weather and high potential value as an oilseed
crop under rain-fed conditions. Safflower can be a
candidate crop in rain-fed agro-ecosystem due to its
potential for growth and development under extreme
temperature and the economic value in terms of both
oil and seed and significant economic impact. It
would be considered as the right choice for evaluating
drought risk adaptation.

Conclusions and Recommendations

Present research experiment indicated that SA helps
safflower cultivars to cope better with environmental
changes and drought effects. This fact is supported by
the expressions of the critical concentration of salicylic
acid foliar application 0.75mM (SA4) to promote
higher productivity in acclimating extreme weather
change. The most responsive saflower cultivar was C3
(L26748), showing higher head diameter, dry weight,
fresh weight, harvest index, oil yield, oil content, stem
thickness, early maturity. Spineless saflower cultivars
could acclimatize to a wide range of extreme weather
with salicylic acid treatment to ensure sustainable
agriculture in rain-fed regions. Further research work
on the onset of extreme weather events in agriculture
is required to obtain more information about how SA
ameliorate drought and hailstorms effects in the field.
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