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ABSTRACT

Seed germination based on temperature experience extensive deviation and considered as one of the earliest phenotypic
expressions of the plants. Accurate assessment of the germination time under prevailing thermic regulations leads to
optimized plant populations. Studying genotypic differences and microclimate during the early life are key indicators for
specie recruitment. The research was carried out to quantify the impact of different temperatures on safflower genotypes.
The seeds of five safflower genotypes (PI-16308, PI-16309, PI-16315, PI-26744 and PI-26748) were tested for
germination at six constant temperatures (10,15,20,25,30 and 35 °C). Individual and coupled response of genotypes and
temperatures revealed significant variation for germination percentage and germination index. Thermal regulation of
germination percentage, germination index, mean germination rate, mean germination time, coefficient of velocity of
germination, coefficient of variation of germination time, uncertainty of germination process and synchronization index
were found highly sensitive to different temperatures. The maximum efficiency of above indices was recorded at
temperature range of 15-20 °C. Based on these results it is concluded that temperature range between 15-20 °Cis best
suited for safflower planting to get the optimum plant population.

Keywords: Safflower, Germination rate, Germination percentage, Temperature Response

Published first online June 11, 2022. Published final November 20, 2022

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an annual
crop belongs to Asteraceae family principally grown
from arid to semi-arid regions (Asgarpanah and
Kazemivash, 2013). It is usually cultivated for seeds
which contains premium quality vegetative oil and used
for dye extraction from flowers (Khalid et al., 2017;
Singh and Nimbkar, 2007). Being underutilized and
neglected crop, small information related to its cultivation
is available as compared to other major oilseed crops.
Adaptability of unexplored crop to different agro-
ecological zones needs to test the seedling establishment
under varied temperature regimes. Among different agro-
management practices time of planting is critical in view
of crop weed competition and fertilizer management
(Torabi et al., 2015). Further, crop growth and
development mainly influenced by the time of seedling
emergence(Forcella et al., 2000). Transition of seed from
protected within seed coat to ambient environment,
heterotroph to autotroph and quiescent to active growth
stage are led by temperature and soil moisture conditions.
(Donohue et al., 2010).

Germination behavior of plants is strongly
associated with existing habitat and local adaptation
modulated by environmental such as temperature and

genetic factors (Ooi, 2012; Pendleton and Meyer, 2004).
Environmental stimuli such as high temperature enhance
perceiving  germinability of Acrocomia aculeata L.
especially during windows of climatic
opportunities(Souza et al., 2022). Germination capacity
and rate are associated with base (Tb), optimal (To) and
cardinal (Tc) temperature (Alvarado and Bradford, 2002;
Belmehdi et al., 2018). Consequently germination
characteristics are largely associated with the cardinal
temperatures which determined the seed response to
diverse environmental conditions(Khan et al., 2022).
Increasing annual average temperature continued from
last few decades have significant impact on adapted
species. Optimization of celling temperature to get
maximum germination rate under varied temperature
ranges is necessary to determine time of sowing (Rotundo
et al., 2015). Cultivars or crops screening to understand
their response under different temperature ranges help to
identify best suited geographical areas where studied
genotypes can potentially establish good crop stand
(Derakhshan et al., 2018).Seed germination is complex
biological process in plant life cycle certain physiological
changes takes place in seed under optimal germination
conditions. Temperature is the major driving force
affecting the germination and seedling establishment
during adaptation of new species beyond the originated
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regions(Kamkar et al., 2012).Availability of appropriate
temperatures conditions for uniform germination under
rainfed conditions are very limited (Fakhfakh et al.,
2018). Prevailing temperature at germination time has
momentous role to start physiological activity leading to
seed rupture and establishment of plumule and radicle
(Iannucci et al., 2000). Studying different temperatures
for germination indices helps to improve adaptation
strategies to low and high temperatures environment for
healthy crop stand (Al-Ahmadi and Kafi, 2007).
Prediction of optimal planting date based on cardinal
temperature potentially increase the crop yield due to
appropriate plant population (Ramazani et al., 2021).
Increased temperature and low soil moisture at the time
of sowing negatively affect subsequent seed germination
whereas cold temperatures decrease physiological
activities in the seed, hence results in poor germination
(Iannucci et al., 2000; Nagel et al., 2015). Temperature is
major modifying factor in the germination process
affecting availability of soil moisture and nutrient supply
for crop growth and development (Bocsi and Kovács,
1990). Prevailing temperature conditions directs the
establishment of uniform seedling (Akinnuoye and Modi,
2015).Optimum temperature range for germination and
emergence of most of the crops ranged between 17 to 30
°C (Idikut, 2013). It has been established worldwide that
seedling emergence is strongly negative correlated with
low temperatures and drastically affect ultimate yield.
(Birch et al., 2003; Idikut, 2013).

Rate and percentage of germination are mainly
dependent on the microclimate temperature (Bidgoly et
al., 2018). Moreover, germination %, mean germination
time, and rate of germination under cold and warm
temperature elaborates the fact that increased temperature
positively improve germination (Soleymani, 2019). Seed
germination has been analyzed by using a number of
methods for data analysis. Each calculated parameter has
different interpretation yet it is essential to study varied
indices to check germination activity in given seed lot
(Kader, 2005). Germination indices such as time, rate,
and synchrony informed germinability dynamics and
provides useful information to predict the unexplored
specie success in different environments (Ranal and
Santana, 2006). Safflower research particularly on its
germinability under varying temperatures is limited.
Identification of safflower genotypes that can germinate
under different temperature regions will positively impact
the safflower industry by opening a wide window to plant
during early or late winters. Additionally, safflower
genotypes collection from different geographical
populations may exhibit differential response to changes
in temperature. Therefore, determination of optimum
temperature to get the desired plant population in the
field is urgently required. Consequently, current study
was carried out to 1) describe the safflower genotypic
response to different temperatures and 2) optimizing the

best seedling establishment temperature to get the
optimal crop stand.

MATERIALS AND METHODS

Germination indices test of five safflower
genotypes (PI-16308, PI-16309, PI-16315, PI-26744, PI-
26748) was executed in Department of Agronomy,
PMAS Arid Agriculture University, Rawalpindi in
growth chamber (Model MLR-350H, SANYO Electric
Co., Ltd. Japan). Experiments were started in September
2016 under different temperature regimes to check
germination response. Germination count was made after
24 h of placement intervals until the completion or no
further germination progression. Daily germination count
was based on the radicle protrusion up to
2mm.Temperature of growth chamber were maintained at
six temperatures (10, 15, 20, 25, 30 and 35 °C) and were
kept constant during the experiment. Petri dishes were
sterilized for 24 h at 120 °C to avoid any contamination.
Three replicates of 10 seeds were maintained in petri dish
of 10 cm on two layers of Whatman filter paper
containing 10 ml of distilled water. Light duration was
maintained at 12 hours a day. The following indices were
calculated to quantify the genotypic response to varied
temperature.

Germination Percentage (%): Germination
capacity/percentage is one of the qualitative attributes
usually converted into quantitative aspect based on
dualistic response (germinated or non-germinated). It was
estimated to check the seed viability of different
genotypes. Germination capacity/percentage was
calculated using following equation (ISTA, 2018).Germination percentage = Germinated seedsTotal no. of seeds X 100

Germination index (Day): Germination index describes
best relationship between percentage and speed of
germination. GI is estimated through following equation
(Melville et al., 1980).

= |( − ) |
Where, Ti Time between start of experiment and ith
observation (day), Ni is germinated seeds in ith interval
(It includes corresponding numbers to ith interval instead
of accumulated count), is Total number of seeds and k
denotes total number of ith intervals.

Mean Germination Rate (time-1) (MGR): Mean
germination rate is reciprocal of the mean germination
time and was computed using following formula
(Labouriau, 1983b; Labouriau and Viladares, 1976; Ranal
and Santana, 2006).
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V = ∑∑
Where, Ti is time between start of the experiment and ith
interval, Ni is germinated seeds in ith interval (It includes
corresponding numbers to ith interval instead of
accumulated count)
k denotes total number of ith intervals.
V = 1/T

Mean Germination Time (MGT): Average time
required for seeds to attain maximum germination is
known as mean germination time. It is estimated
according to following formula (Labouriau, 1983a; Ranal
and Santana, 2006). = ∑∑̇
Where, Ti is time between start of the experiment and ith
interval, Ni is germinated seeds in ith interval (It includes
corresponding numbers to ith interval instead of
accumulated count)
k denotes total number of ith intervals. It can also be
calculated by taking inverse calculation of mean
germination rate. = 1V
Coefficient of velocity of germination (%) (CVG):
Measurement of germination rate has gained special
attention of seed scientists among the germination
indices. Germination rate was calculated by using the
idea of (Kotowski, 1926) presented by (Nichols, 1968) as
coefficient of velocity of germination.= ∑∑ × 100
Where, fi : Newly germinated seeds on ith day, k:  Last
germination day, xi : Days taken to complete
germination.

Coefficient of variation of germination time (CVt): It
is estimated using following formula proposed by
(Pimentel-Gomes, 1960; Ranal and Santana, 2006).=
Where, is germination time variance, T is the mean
germination time, However, The germination time
variance was calculated by following expression,= ( − )∑ − 1
Where, : Mean germination time, Ti: Time between start
of experiment and ith observation (day), ni: Number of
seeds germinated in ith time, k: Last germination time.

Uncertainty of germination process (U) (bit):
Following expression was used to calculate uncertainty of

the germination process proposed by (Labouriau, 1983b;
Shannon, 2001).

= log 2
Where, ∫ represents relative frequency of germination= ∑
Niis germinated seeds in ith interval, k denotes total
number of ith intervals.

Synchronization Index (Z): After germination, seed is
known to be synchronized, and synchronization index ( ̅)
is quantification of seed characteristic after its
germination. Seed synchronized index was calculated by
the expression presented by (Labouriau and Viladares,
1976).

= ,
,

Where, , representing partially combination of the two
germinated seeds from the whole population, Ni, is
germinated seeds in ith interval and were estimated by
following expression.

, = ( 1)2, representing partially combination of the two
germinated seeds from the whole population at final
count, presuming that all seeds that germinated did so
instantaneously.

Statistical Analysis: Experimental treatments were
replicated three times using CRD (complete randomized
design) and each temperature was tested twice to reduce
the experimental error. After generating the safflower
germination indices for different genotypes under varied
temperature regimes the pooled data were subjected to
two-way ANOVA using Statistix 8.1 package. Treatment
means were separated at p ≤0.05 for significant
difference.

RESULTS AND DISCUSSION

Germination Percentage (%): Germination
percentage (GP) is one of the qualitative attributes
usually converted into quantitative aspect based on
dualistic response (germinated or non-
germinated).Significant variation was recorded among
genotypes and temperature ranges for GP (p ≤0.05)
(Table 1). Overall germination percentage of genotypes
ranged between 69.8 to 74.6 % depicted the viability of
the germplasm (Table 2). These results indicate that
temperatures changes did not affect genotypes
germinability except the duration which was different
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under each temperature. Highest (74.6 %) germination
was observed for PI-26744 and the lowest (69.8 %) in PI-
16309. Similarly, combined over genotypes germination
% was between 67.8 to 77.6 % under different
temperatures (Figure 1). Germination percentage at 30
and 35 °C were not statistically different. Correlation
value (R2 = 0.55) between temperature and germination
percentage suggests that higher temperature during the
germination process is not suitable for optimum safflower
crop density. Safflower capability to germinate under
varied temperatures regimes suggests the potential of
planting under diverse climatic conditions to increase the
area under safflower cultivation. The significant
interaction among safflower genotypes and temperatures
(Table 1) is important to develop the accurate planting
windows. Existence of interaction between genotypes and
temperature are mainly due to some unique
characteristics of the genotypes which perform better in
specific conditions. Additionally, some genotypes are

more capable to perform under varied prevailing
conditions. On the other hand, some genotypes needed
more time to germinate. These characteristics of the
safflower genotypes help to prioritize its planting over the
other crops. Moreover, genotypic differences for
germination capacity may be due to genetic response
under prevailing temperatures. However, lower
germination rate with increased temperature in winter
crops is of great importance and provides basis for
sowing time optimization. More than 70 % germination
percentage occurred in the range of temperatures from
10-35 °C, thus depicted its potential to grow under varied
ecological conditions. Varied temperature ranges regulate
seeds dormancy status and subsequent establishment of
seedlings were reported by Probert (2000). Similarly,
(Campbell et al., 2020; Xiao et al., 2020) stated that
optimal temperature ranges varies for specific crop
species and drastic decline in germination at supra-
optimal (> To) or suboptimal (< To) temperatures.

Table 1. Analysis of variance for interactive effect of genotypes and temperature on germination indices.

Source DF GP (%) GI (Day) MGR
(Day)

MGT
(Day) CVG (%) CVt (%) U (bit) Z

Replications 2 22.07 31.3 0.00368 0.3545 36.45 22 0.1932 0.01163
Temperature(T) 4 783.87*** 3001.4*** 0.58917*** 83.1261*** 5891.32*** 4909.63*** 17.1799*** 2.25273***

Genotype (G) 5 279.62*** 55.3*** 0.00171NS 0.1559NS 17.46 NS 26.67 NS 0.1165NS 0.01209NS
T × G 20 477.58* 122.52** 0.00657NS 0.9998NS 65.47 NS 281.25 NS 0.4765NS 0.04606NS
Error 58 779.27 157.94 0.023 2.4168 230.16 822.21 2.0105 0.17064
Total 89 2342.4 3368.46 0.62413 87.0531 6240.87 6061.76 19.9766 2.49314
*** indicates probability level at 0.001, ** at 0.01 * at 0.05, NS-Non-significant respectively
GP = Germination percentage, GI = Germination Index, MGR = Mean germination rate, MGT = Mean germination time, CVG =
Coefficient of velocity of germination (%), CVt = Coefficient of variation of germination time (%),U = Uncertainty of germination
process, Z = Synchronization index

Germination Index (Day): Germination index is the
combination of variations in the germination and
germination percentage among the genotypes. Significant
variation among safflower genotypes was observed for
germination index (p ≤ 0.001) (Table 1). Highest
germination index (28.5) was observed for PI-26744
while PI-16309 showed lowest (26) (Table 2). Averaged
over the temperatures genotypes PI-16308 and PI-16315
had similar germination index. These results elaborates
that germination among the genotypes was not at the
same rate due to distinct differences among them.
Similarly, influence of temperature on GIwas significant
(p ≤ 0.001). Averaged over genotypes lesser value of
germination index at lower temperatures and gradual
increase was noted with increasing temperature and the
highest was recorded at 35 °C (R2 = 0.70)(Figure2). Total
difference at lowest and highest temperature of 54 %
confirms that per day germination of safflower genotypes
was more rapid with increasing temperature. Interaction
between genotypes and temperature regimes revealed
significant difference at p ≤ 0.001 (Table 1). This
interaction shows more differences among the genotypes

at lower temperatures compared to reduced differences at
high temperatures. Highest index value was observed for
PI-26744 at 35 °C while lowest was recorded for PI-
16308 at 10°C. Germination index indicating the
difference among temperature regimes for germinability
(Kader, 2005; Singh et al., 2021). Similarly,Javaid et al.,
(2018) reported higher germination index values of
Salvia verbenaca L under elevated temperatures indicates
enhanced germination rate.

Mean Germination Rate (MGR) (Day): Mean
germination rate (MGR) refers to the seed numbers
germinated per unit time. Similar physiological quality of
the grains does not respond differently for germination
rate. Germination rate per day of studied safflower
genotypes was non-significant (p ≤ 0.05) (Table 1).
However, significant variation among different
temperature for MGR elucidates the impact of increasing
temperature. Averaged over genotypes highest
germination rate per day (0.45) was noted at 35 °C and
minimum (0.19) at 10°C (Figure 3). Calculated each day
difference between maximum and minimum rate of
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germination at different temperatures was 58 %. Rate of
germinability was superior at 35 °C whereas slower
physiological activity at 10 °C showed lowest value(R2 =
0.91).Gradual decrease in germination rate with
decreasing temperature by 5 °C not only results in
delayed emergence rate but also increase grains exposure
to soil pathogens. These findings are in strong agreement
with Torabi et al. (2013) who stated that germination rate
of safflower severely affected by above and below
optimal temperature ranges. Mean germination rate and
temperature has linear positive relationship up to

optimum and negatively with above and below optimal
ranges (Hardegree and Winstral, 2006). Similarly, faster
germination rate of Allium tenuissimum L. was recorded
at higher temperature within the range of To and Tc (Xiao
et al., 2020). Direct proportionality between germination
rate and increasing temperature for Chloris virgate and
Digitaria sanguinalis were noticed by Zhang et al.
(2012). Conversely, Watt et al. (2010) were of the view
that increased temperature beyond optimum level
significantly reduced germination rate.

Figure 1.Effect of varied temperature regimes on germination (%)under different temperatures.
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Figure2. Effect of varied temperature regimes on germination index under different temperatures.
Table 2. Mean value of germination indices of varied

genotypes.

Genotypes GP (%) GI (Day)
PI-16308 71.1 ± 0.71 bc 26.9 ± 1.53 bc
PI-16309 69.8 ± 1.13 c 26.0 ± 1.5 c
PI-16315 72.4 ± 1.08 bc 27.1 ± 1.35 bc
PI-26744 74.6 ± 1.39 a 28.5 ± 1.52 a
PI-26748 73.9 ± 1.36 a 27.3 ± 1.45 b

LSD 2.36 1.10
Means in the same column followed by the same letters are not
significantly different at 5% level of significance: NS-
Nonsignificant GP = Germination percentage, GI =
Germination Index, MGR = Mean germination rate, MGT =
Mean germination time, CVG = Coefficient of velocity of
germination (%), CVt = Coefficient of variation of germination
time (%),U = Uncertainty of germination process, Z =
Synchronization index

Mean Germination Time (MGT) (Day): Mean
germination time is highly dependent on the temperature
of microclimate. Gradual decrease in MGT with
increasing temperature has often been noticed for
different crops. Non-significant difference (p ≤0.05)
among the genotypes for MGT showed the similar
response of all genotypes under different temperatures
(Table 1). Reduced germination time with increasing
temperature could be due to enhanced physiological
activity. However, considerable variation (p ≤0.001) for
germination time under varied temperature regimes was
noted (Table 1). The highest MGT (5.15 days) averaged
over genotypes was recorded at 10 °C whereas, shortest
duration (2.22 days) was recorded at 35 °C (Figure 4).
Maximum MGT at 10 °C showed slower response of the
seeds whereas, with increasing temperature lesser MGT
values depicted good safflower genotypic acclimatization
under different temperature (R2 = 0.75).These results
demonstrate the genotypic response to high temperature
and proved to be helpful information as longer the seeds
would remained in the soil makes them susceptible to the
predators or pathogens resulting the reduced plant stand
uniformity (Queiroz et al., 2019). The calculated
difference for germination time at 10 and 35 °C was 57
%. Mean germination time results suggested that
safflower has potential to germinate under wide range of
temperature and such adaptation provides competitive
advantage of cultivation under diverse climatic
conditions. Similarly, Lobato et al. (2008)reported that
increased temperature from 26-34 may provoked
germination acceleration and reduce the  mean
germination time  for sorghum. Moreover, gradual
decrease in mean germination time with increasing
temperature were observed for guar (Singh et al., 2021;
Tanveer et al., 2020).

Coefficient of Velocity of Germination (%):
Safflower genotypes were noticed non-significantly
different for coefficient of velocity of germination (p ≤
0.001) (Table 1). On the other hand, considerable
variation among the temperature regimes showed highest
velocity coefficient (45.2 %) was calculated at 35 °C and
minimum (19.5 %) at 10 °C. Percentage difference
between maximum and minimum velocity coefficient
was 57 %. (Figure 5).  Furthermore, interactive effects of
safflower genotypes and temperature ranges were non-
significant (p ≤ 0.05) (Table 1). High temperature (35 °C)
provoked the enzymatic activity more rapidly than the
lower temperature and speedup the germination process
for all genotypes. Wide germinability thermal range and
varied response to temperatures of safflower indicates its
potential to successfully establish  at diverse climatic
conditions. Temperature is major driving force for
germination process affecting speed of germination.
Safflower seeds response to high temperature is sensitive
and immediately start physiological processes of enzyme
activation. Germination rate expressed by coefficient of
velocity of germination precisely explain germination
speed (Homrani-Bakali, 2015). In continuity with our
findings, temperature based germinability test showed
enhanced speed of germination at elevated temperatures
while significant decrease at low temperatures were
observed by Javanmard and Eshghizadeh (2014). In this
study speedy germination process (R2 = 0.91) under
higher temperature elucidates the capability of safflower
to germinate even at high temperature. Supra-optimal
temperatures ranges provides speedy germination in
comparison with optimal and sub-optimal temperatures
(Phartyal et al., 2003).

Coefficient of Variation of Germination Time (%)
(CVt): Per unit time variation in germination process
under varied temperatures is important to study the varied
impacts of low and high temperatures. Non-significant
variation among safflower genotypes was recorded (p ≤
0.05) (Table 1). However, considerable variation among
different temperatures was observed. Highest germination
time coefficient (39.7 %) was recorded at 15 °C followed
by 20 (38.4 %) and 25 °C (38.3 %) whereas the lowest
variation (21.5 %) was observed at 10 °C (Figure 6).
Difference between highest and lowest variation
coefficient of germination time was 46 %. Highest
variation at 20 °C pertains optimum range of temperature
for seed physiological response. However, extremes
temperatures at both sides (lower & higher) such as 10
and 35 °C reflects lesser variation in germination process.
Moreover, interactive effects of genotypes and
temperatures were non-significant (p ≤ 0.001) (Table 1).
Coefficient of variation of germination time variability
measurement in relation to mean germination time
provide additional comparison independently. Variation
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among CVt values are directly proportional to substrate
temperature and increase with increasing temperatures
from 21 to 32 °C (P = 0.01) (Campbell et al., 2020).
Coefficient of variation of germination time precisely
explains germination spread during the whole period and
provides seed vigor information (Homrani-Bakali, 2015;
Ranal and Santana, 2006). Moreover, variation
coefficient at different temperature showed peak time
between 15 to 20 °C and then gradual decrease with
increasing temperature. These findings are in line with
(Bradford and Nonogaki, 2008) who stated that
germination is largely affected by lower and higher
temperature resulting in U-shaped germination
characteristics curve.

Uncertainty of Germination Process (U) (bit):
Uncertainty of the germination process is associated with
the relative frequency distribution of the germination.
Genotypes pooled over temperatures did not respond to
uncertainty of the germination process differently (p ≤
0.05) (Table 1). However, considerable variance among
temperature regimes was noted averaged over genotypes.
Highest uncertainty (2.01 bit) was recorded at 15 °C
followed by 10 °C (1.92 bit). Lowest uncertain process of
germination score (0.79 bit) was recorded at 35 0 C
(Figure 7).  Percentage difference between highest and
lowest uncertainty was 61 %.Uncertainty effects for
interaction among safflower genotypes and temperature
regimes were statistically non-significant (p ≤ 0.05).
Gradual increasing temperature increase the uncertainty
for all safflower genotypes and lowest value was obtained
at 35 °C. These results are in accordance with Similarly,
Ferreira (2018)who reported that gradual increase of
constant temperature and uncertain germination showed
inverse relationship for (Mimosa bimucronatav L).
However, Ávila et al. (2019) concluded uncertainty of the

germination process as inconstant process and lowest
uncertainty was observed under 35 ºC.

Synchronization Index (Z): Synchronization index was
found non-significant for studied cultivars (p ≤ 0.05).
whereas considerable difference was recorded for
temperatures regimes (p ≤ 0.001) (Table 1). Highest
synchronization index value (0.71) was calculated at 35
°C temperature while lowest synchrony (0.29) was
observed at 15 °C followed by 10 °C (0.30) (Figure 8).
Difference between highest and lowest synchronization
index 60 % indicates huge difference due to temperature
changes. Moreover, interaction among genotypes and
temperature regimes were observed on-significant (p ≤
0.05). Considering 20 °C as optimum temperature for
safflower, less synchronized germination at below and
above optimal temperature was recorded. These results
indicate that high and low temperatures tend to be
heterogeneous for germination of safflower. Increasing
synchrony with increased temperature demonstrated
positive correlation (R2 = 0.83) between temperature and
synchronization index. Synchronization values closer to
zero indicates more synchronized germination whereas
generally higher values are considered as diversified
index (Ranal and Santana, 2006). Similarly, Simão and
Takaki (2008) were of the view that low values of
synchronization index for Tibouchina mutabilis (Vell)
under alternating and constant temperatures indicates
wide germination distribution along the time. This
germination index is regardless of the number of seeds
that germinated its lower values represent more
synchronized germination (Lopes et al., 2015). Increased
synchronized seed germination score also indicates
physiological homogeneity of the seed lot at germination
time (Conserva, 2007).
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Figure3. Effect of varied temperature regimes on mean germination rate under different temperatures.

Figure4. Effect of varied temperature regimes on mean germination time under different temperatures.

Figure5. Effect of varied temperature regimes on coefficient of velocity of germination under different
temperatures.
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Figure6. Effect of varied temperature regimes on coefficient of variation of germination time under different
temperatures

Figure7. Effect of varied temperature regimes on uncertainty of germination process under different
temperatures

Figure8. Effect of varied temperature regimes on Synchronization index under different temperatures

Conclusions: Results of different indices elaborates that
optimum germination count ranges between 15-20°C
which is comparable to optimum temperature for growing
safflower under varied areas. Therefore, gradual
increasing temperature provoked germination
acceleration and reduce the mean germination time for
uniform seedling establishment. Identification of
genotype capable of germinating under the range of
temperatures may provide opportunities to cultivate under
diverse agro-ecological zones. Hence, studied genotypes

proved to be adaptable to germinate under varied
temperature regions under rainfed conditions.

REFERENCES

Akinnuoye, D. B., and A. T. Modi (2015). Germination
characteristics ofSC701 maize hybrid according
to size and shape at different temperature
regimes. Plant Prod. Sci.18: 514-521.

y = -0.0459x + 2.6129
R² = 0.83

0.5

0.8

1.0

1.3

1.5

1.8

2.0

2.3

2.5

0 5 10 15 20 25 30 35

Un
ce

rt
ai

ni
ty

 o
f G

er
m

in
at

io
n 

Pr
oc

es
s

Temperature (°C)

y = 0.0166x + 0.0601
R² = 0.83

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15 20 25 30 35

Sy
nc

hr
on

iza
tio

n 
in

de
x

Temperature (°C)



Afzal et al., J. Anim. Plant Sci., 32 (6) 2022

1700

Al-Ahmadi, M. J., and M. Kafi (2007). Cardinal
temperatures for germination of Kochia
scoparia (L.). J. Arid. Env.68: 308-314.

Alvarado, V., and K. Bradford (2002). A hydrothermal
time model explains the cardinal temperatures
for seed germination. Plant. Cell & Env.25:
1061-1069.

Asgarpanah, J., and N. Kazemivash (2013).
Phytochemistry, pharmacology and medicinal
properties of Carthamus tinctorius L. Chinese
J.Integ.Med19: 153-159.

Ávila, M. R., J. Barbosa, N. d. S. Fonseca Júnior, G. T.
Nagashima, C. M. G. D. Oliveira, and E. B.
Garcia (2019). Dynamics of the rangpur lime
seed germination test conducted under different
temperatures. J. Seed Sci.41: 344-351.

Belmehdi, O., A. El Harsal, M. Benmoussi,Y.
Laghmouchi, N. S. Senhaji and J. Abrini(2018).
Effect of light, temperature, salt stress and pH
on seed germination of medicinal plant
Origanum elongatum (Bonnet) Emb. & Maire.
Biocatalysis.Agric. Biotech.16: 126-131.

Bidgoly, R. O., H. Balouchi, E. Soltani and A. Moradi
(2018). Effect of temperature and water
potential on Carthamus tinctorius L. seed
germination: Quantification of the cardinal
temperatures and modeling using hydrothermal
time. Industrial. Crops. Prod.113: 121-127.

Birch, C., J. Vos and P. Van der Putten (2003). Plant
development and leaf area production in
contrasting cultivars of maize grown in a cool
temperate environment in the field. European J
.Agron.19: 173-188.

Bocsi, J., and G. Kovács (1990). Inheritance of the rate of
germination and emergence at low temperatures
in maize (Zea mays L.). Acta. Agron.
Hungarica.39, 127-135.

Bradford, K., and H. Nonogaki (2008). Annual plant
reviews, seed development, dormancy and
germination. Wiley-Blackwell: Oxford, UK. p
367.

Campbell, S. M., B. J. Pearson and S. C. Marble (2020).
Substrate Type and Temperature on
Germination Parameters of Butterfly Pea. Hort.
Tech.30:,398-403.

Conserva, A. d. S. (2007). Germinação de sementes,
emergência e recrutamento de plântulas de
dezespéciesarbóreas das Várzeas das reservas de
desenvolvimentosustentávelAmanã e Mamirauá,
Amazônia Central.Tese- INPA/UFAM, Manaus,
p 132

Derakhshan, A., A. Bakhshandeh, S. A. Siadat, M. R.
Moradi-Telavat and S. B. Andarzian (2018).
Quantifying the germination response of spring
canola (Brassica napus L.) to

temperature.Industrial. Crops. Prod. 122: 195-
201.

Donohue, K., R. Rubio de Casas, L.Burghardt, K.
Kovach and C. G. Willis. (2010). Germination,
postgermination adaptation, and species
ecological ranges. Ann. Review of Eco.
Evol.Systema.41: 293-319.

Souza, J. N., H. C. Mazzottini-dos-Santos, D. S.  Dias, P.
S. N. Lopes and L. M. Ribeiro (2022).
Seasonality and the control of longevity and
dormancy in macaúba palm diaspores.
Industrial. Crops. Prod.177: 114475.

Fakhfakh, L. M., N. A. Anjum and M. Chaieb (2018).
Effects of temperature and water limitation on
the germination of Stipagrostisciliata seeds
collected from Sidi Bouzid Governorate in
Central Tunisia. J.of Arid. Land.10: 304-315.

Ferreira, V. M. (2018). Biometric characterization and
seed germination of giant mimosa [Mimosa
bimucronata (DC) O. Kuntze]. Aust.J.Crop. Sci.
12: 108-110.

Forcella, F., R. L. B. Arnold, R. Sanchez and C. M.
Ghersa. (2000). Modeling seedling emergence.
Field. Crops. Res..67: 123-139.

Hardegree, S. P., and A. H. Winstral (2006). Predicting
germination response to temperature. II. Three-
dimensional regression, statistical gridding and
iterative-probit optimization using measured and
interpolated-subpopulation data. Annal. Bot. 98:
403-410.

Homrani-Bakali, A. (2015). Effect of various pre-
treatments and alternating temperature on seed
germination of Artemisia herba-alba Asso. J.
Plant. Stud.4: 12-14.

Iannucci, A., N. D. Fonzo and P. Martiniello (2000).
Temperature requirements for seed germination
in four annual clovers grown under two
irrigation treatments. Seed.Sci.Tech.28: 59-66.

Idikut, L. (2013). The effects of light, temperature and
salinity on seed germination of three maize
forms. Greener J.Agric.Sci.3: 246-253.

ISTA (2018). International Rules for Seed Testing
2018.International Seed Testing Association:
Bassersdorf, Switzerland.

Javaid, M. M., S. Florentine,H. H. Ali and S. Weller
(2018). Effect of environmental factors on the
germination and emergence of Salvia verbenaca
L. cultivars (verbenaca and vernalis): An
invasive species in semi-arid and arid rangeland
regions. PLoS One. 13: 194-319.

Javanmard, H. R., and H. R. Eshghizadeh (2014).
Germination properties and cardinal
temperatures of blue panic grass (Panicum
antidotale). Seed.Tech. 7-13.

Kader, M. (2005). A comparison of seed germination
calculation formulae and the associated



Afzal et al., J. Anim. Plant Sci., 32 (6) 2022

1701

interpretation of resulting data. J. & Proc.
Royal. Soc. New South Wales, Australia. 138:
65-75.

Kamkar, B., M. J. Al-Alahmadi, A.  Mahdavi-Damghani
and F. J. Villalobos (2012). Quantification of the
cardinal temperatures and thermal time
requirement of opium poppy (Papaver
somniferum L.) seeds to germinate using non-
linear regression models. Industrial. Crops.
Prod.35: 192-198.

Khalid, N., R. S. Khan, M. I.  Hussain, M.  Farooq, A.
Ahmad and I. Ahmed (2017). A comprehensive
characterization of safflower oil for its potential
applications as a bioactive food ingredient-A
review. Trends.Food Sci.&. Tech.66: 176-186.

Khan, S., A. Ullah,S. Ullah, M. H. Saleem, M. K. Okla,
A. Al-Hashimi, Y. Chen and S. Ali (2022).
Quantifying temperature and osmotic stress
impact on seed germination rate and seedling
growth of Eruca sativa Mill. via Hydrothermal
Time Model. Life. 12: 400 p.

Kotowski, F. (1926). Temperature relations to
germination of vegetable seed.Proc. Am. Soc.
Hort. Sci. 23: 176-184

Labouriau, L. (1983a). A Germinação das Sementes.
Washington, DC. Organização dos Estados
Americanos. Programa Regional de
DesenvolvimentoCientífico e Tecnológico.Série
de Biologia 174 p.

Labouriau, L. (1983b). Uma nova linha de
pesquisanafisiologia da germinação das
sementes. In "Anais do XXXIV Congresso
Nacional de Botânica. SBB, Porto Alegre. 11-
50.

Labouriau, L., and M. Viladares (1976). On the
germination of seeds of Calotropis procera
(Ait.) Ait. f. Anais.Ait. f. Anais da Acad. Brasil.
de Ciências. Rio de Janeiro. 48. 263-284.

Lobato, A., C. Oliveira Neto, R. Costa, B.  Santos Filho,
F. Silva, F. Cruz, A. Abboud and H.
Laughinghouse (2008). Germination of sorghum
under the influences of water restriction and
temperature. Agric. J. l3: 220-224.

Lopes, R. R., C. H. L. D. Souza, P. Bertoncelli and L. B.
Franke (2015). Overcoming dormancy and
determining optimal temperature for slender
serradella seed germination. Revi.
Bras.Zootec.44: 413-419.

Melville, A., G. G.J, Galletta. A.D Draper and T. T. Ng
(1980). Seed germination and early seedling
vigor in progenies of inbred strawberry
selections.Hort. Sci .15. 749–750.

Nagel, M., I. Kranner, K. Neumann, H. Rolletschek, C. E.
Seal, L. Colville, B. Fernandez-Marin and A.
Börner. (2015). Genome‐wide association
mapping and biochemical markers reveal that

seed ageing and longevity are intricately
affected by genetic background and
developmental and environmental conditions in
barley. Plant.Cell&Env.38: 1011-1022.

Nichols, M. (1968). Two approaches to the study of
germination data. Proc. Int. Seed Test. Ass.33:
531-540.

Ooi, M. K. (2012). Seed bank persistence and climate
change. Seed. Sci. Res.22:53-60.

Pendleton, B., and S. Meyer (2004). Habitat-correlated
variation in blackbrush (Coleogyneramosissima:
Rosaceae) seed germination response. J. Arid.
Env.59: 229-243.

Phartyal, S., R. Thapliyal, J. Nayal,M. Rawat and G.
Joshi (2003). The influences of temperatures on
seed germination rate in Himalayan elm (Ulmus
wallichiana). Seed. Sci.Tech.31: 83-93.

Pimentel-Gomes, F. (1960). Curso de estatística
experimental.13 ed. Piracicaba. Nobel. 468 p.

Probert, R. J. (2000). The role of temperature in the
regulation of seed dormancy and germination.
Seeds.Eco.Regen.Plant.Commun.2: 261-292.

Queiroz, M. S., C. E. Oliveira, F. Steiner, A. M.  Zuffo,
T. Zoz, E. P. Vendruscolo, M. V. Silva, B.
Mello,R. Cabra and F. T. Menis. (2019).
Drought stresses on seed germination and early
growth of maize and sorghum. J.Agric. Sci.11:
310-318.

Ramazani, S. H., F. Armoon and M. A. Behdani (2021).
Quantifying Guar (Cyamopsis tetragonoloba)
seed germination relative to temperature. Iranian
J. Seed. Res. 7, 121-133.

Ranal, M. A., and D. G. D. Santana (2006). How and
why to measure the germination process?
Brazilian. J.Bot.29: 1-11.

Rotundo, J. L., M. R. Aguiar and R. Benech-Arnold
(2015). Understanding erratic seedling
emergence in perennial grasses using
physiological models and field experimentation.
Plant.Ecol.216: 143-156.

Shannon, C. E. (2001). A mathematical theory of
communication.ACMSIGMOBILE.Mob.Comp.
Communications Rev.5: 3-55.

Simão, E., and M. Takaki (2008). Effect of light and
temperature on seed germination in Tibouchina
mutabilis (Vell.) Cogn.(Melastomataceae).
Biota. Neotropica.8: 0-0.

Singh, J., I. Guzman, S. Begna, C. Trostle and S. Angadi
(2021). Germination and early growth response
of guar cultivars to low temperatures. Industrial.
Crops. Prod.159:1-7.

Singh, V., and N. Nimbkar (2007) Safflower (Carthamus
tinctorius L.). In: Singh, R.J., Ed., Genetic
Resources Chromosome Engineering, and Crop
Improvement: Oil Crops, CRC Press, New
York, 168-194.



Afzal et al., J. Anim. Plant Sci., 32 (6) 2022

1702

Soleymani, A. (2019). Safflower (Carthamus tinctorius
L.) seed vigor tests for the prediction of field
emergence. Industrial. Crops. Prod.131: 378-
386.

Tanveer, A., M. A. Khan, H. H. Ali, M. M. Javaid, A.
Raza and B. S. Chauhan (2020). Influence of
different environmental factors on the
germination and seedling emergence of Ipomoea
eriocarpa R. Br. Crop. Prot.130: 105070.

Torabi, B., M. Adibniya and A. Rahimi (2015). Seedling
emergence response to temperature in safflower:
measurements and modeling. Int. J. Plant.
Prod. 9: 393-412

Torabi, B., M. Attarzadeh and A. Soltani (2013).
Germination response to temperature in different
safflower (Carthamus tinctorius) cultivars. Seed.
Tech. 35: 47-59

Watt, M. S., V. Xu and M. Bloomberg. (2010).
Development of a hydrothermal time seed
germination model which uses the Weibull
distribution to describe base water potential.
Ecol. Mod.221: 1267-1272.

Xiao, H., H. Yang, T. Monaco, Q. Song and Y. Rong
(2020). Modeling the influence of temperature
and water potential on seed germination of
Allium tenuissimum L. PeerJ8:
e8866.DOI.Org/10.7717

Zhang, H., L. Irving, Y. Tian and D. Zhou. (2012).
Influence of salinity and temperature on seed
germination rate and the hydrotime model
parameters for the halophyte, Chloris virgata,
and the glycophyte, Digitaria sanguinalis.
South. African. J.Bot.78: 203-210.


