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ABSTRACT

Safflower (Carthamus tinctorius L.) is a versatile oil crop with drought, salinity, and severe
temperature tolerance. In 2023, the Botswana government incorporated safflower into the cropping
system, being among the 13 crops promoted for food security. The objective of this study was to
determine the best genotype and time to harvest safflower petals for optimum petal and seed yield,
and carthamidin and carthamin contents. The results indicated that phenological traits [days to
emergence (8-12), days to flowering (74-117), days to end of flowering (84-126), and days to
physiological maturity (99-157)], vegetative growth [height to first branching (13-34 cm), plant
height (67-118cm), and number of primary branches/plant (6-12)], yield components [capitula
diameter (10-19cm), number of capitula/plant (11-25), number of seeds/capitulum (13-25), and
1000-seed weight (28-39g), seed yield (1063-2697kg/ha), petal yield (91-117kg/ha)]. The
carthamidin content (1-7.5%), carthamin content (0.02-0.05%). The mineral nutritional content
[Ca (424-517mg/100g), Mg (273-279mg/100g), K (2214-2328mg/100g), Na (224-228mg/100g),
Fe (12-17mg/100g), Zn (2-3mg/100g)]. Proximate variables [moisture content (75-80%), crude
fibre (3-5%), crude protein (1-3%), fat content (3-3.4%), ash (5-9%) and carbohydrates (4-10%)].
The results showed that phenological traits (days to emergence, days to flowering, days to end of
flowering, and days to physiological maturity), vegetative growth (height to first branching, plant
height, and number of primary branches/plant), yield components (capitula diameter, number of
capitula/plant, number of seeds/capitulum, and 1000-seed weight), and seed yield had significant
genotypic variation. In both summer and winter, safflower genotypes and petal harvest time
interacted significantly to influence petal yield, carthamidin and carthamin contents, and dye
index. Genotypes and time of petal harvest independently had significant variation concerning

safflower petal mineral nutritional content (Ca, Mg, K, Na, Fe, and Zn) and proximate variables

xii



(moisture content, crude fibre, crude protein, fat, ash, and carbohydrate). It was concluded that the
best genotype to maximise safflower seed and petal yield with high carthamidin and carthamin
contents, dye index, mineral nutritional content and proximate variables was Turkey (spineless).
It was also concluded that the best time to harvest safflower petals to maximise seed and petal
yield with high carthamidin content which has many health benefits was either at the onset of
flowering or full bloom. However, the best time to harvest safflower petals to maximise mineral

nutritional content and proximate variables was variable and inconclusive.
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CHAPTER 1
INTRODUCTION
1.1 Background information

The current agricultural production levels are insufficient to sustain the estimated population of
over 9 billion by 2050 and thus pose challenges to food security (Alexandratos & Bruinsma, 2012).
Other concerning problems such as climate change, water scarcity, and salinity have become a
hindrance affecting the growth and production of crop commodities (Mayes et al., 2012; Nanduri
& Shahid, 2016). Adapting agricultural production techniques and managing agricultural
productivity under unfavorable growing conditions are necessary for maintaining food security in
the 21% century (Jahan & Qale Nawi, 2022; Mayes et al., 2012). Moreover, consumers are
conscious of healthy diets and demand natural products with therapeutic benefits (Turgumbayeva
et al., 2018; Mohammadi & Tavakoli, 2015). Producers are obliged to employ cheaper substitutes
for natural substances due to economic reasons (Adamska & Biernacka, 2021). For this reason, a
crop such as safflower which is multipurpose, with broad genetic diversity and can grow in varied
climates meets the demand of natural phyto-pharmaceuticals (Emongor, 2010; Zanetti et al., 2022;

Emongor & Emongor, 2022).

Safflower (Carthamus tinctorius L.) is in Asteraceae or Compositae family, it is an annual
multipurpose oilseed crop. It originated in Asia (Northern India, China) and the Mediterranean
region, where it is commonly cultivated in arid and semi-arid climates (La Bella et al., 2019;

Costantini et al., 2019). Its extensive taproot, which can develop as long as three meters deep



(Weiss, 2000; McPherson et al., 2004; Bhattarai et al., 2020; Dordas& Sioulas,2009; Khalili et al.,
2014; Divya et al .,2022). Moreover, it is capable of withstanding abiotic stressors such as water
stress and salinity (Bassil & Kaffka, 2002; Hosseini et al.,2010; Khalili et al., 2014; Hojati et al.,

2011; Emongor et al., 2015; Sirel & Aytac, 2016; Emongor & Emongor, 2022).

The crop safflower has an array of uses including leafy vegetable (Singh & Nimbkar, 2006;
Moatshe et al., 2020a ), medicinal and herbal (Emongor, 2010; Deetae et al.,2012 Emongor &
Oagile, 2017; Delshad et al., 2018; Emongor & Emongor, 2022), edible oil (Kostik et al.,2013:
Mailer et al., 2008; Kizil et al., 2008; Emongor & Emongor, 2022), animal feed (Singh & Nimbkar,
2006; Emongor & Oagile, 2017), biofuel production (Yesilyurt et al., 2020; Ilkili¢ et al., 2011)
cosmetics and dyes (Azami et al.,2019) and in floriculture as cut flowers (Uher, 2008; Emongor et
al., 2015). The key advantage of safflower is its usage as vegetable oil, which has been deemed a
healthier substitution for sunflower seed oil on account of the fatty acids in it. The oil mainly
comprises of linoleic acid (70-87%) and oleic acid (11-80%) which include polyunsaturated and
monounsaturated, respectively (Murthy & Anjani, 2008; Aghamohammadreza et al., 2013; Kumar
et al., 2015; Sirel and Aytac, 2016; Piccinin et al., 2019; Khalid et al., 2017; Katkade et al., 2018;
Moatshe et al., 2020b; Emongor & Emongor, 2022). Safflower is considered a minor, neglected,
and underutilised crop comparable to most oilseed crops, even though it has many economic
advantages (Ekin, 2005; Mayes et al., 2012; Emongor & Emongor, 2022; Farooq & Siddique,

2022).

Safflower is currently cultivated commercially in over sixty diverse countries, encompassing an
area of over a million hectares for agriculture and generating approximately 850,000 tonnes of

seeds (FAO, 2019). Kazakhstan, United States of America, Russia, Mexico, China, India,
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Argentina, Turkey, Tanzania, and Australia are the top ten producers of safflower seeds (FAO,
2022; Tridge, 2021; Emongor & Emongor, 2022). In Africa, Tanzania is the leading (9™ in the
world) producer of safflower seed (13,721 tonnes) followed by Ethiopia (9,349 tonnes) (FAO,
2022; Tridge, 2021). The majority of cut safflowers are produced in Europe, Latin America, and
Japan (Ekin, 2005; Uher, 2008; Gomashe et al., 2021). Safflower farming has become more
prevalent in arid and semi-arid areas because of the plant's ability to withstand drought, extreme
temperatures, and salinity (Emongor & Oagile, 2017; Khalili et al., 2014; Gengmao et al., 2015;

Emongor et al., 2015; Bassil & Kaffka, 2002).

Safflower plants have globular flower heads, known as capitula, and typically have long,
protruding, angular spines on the leaves and inflorescence (Dajue & Miindel, 1996; Weiss, 2000;
Emongor, 2010; Emongor & Oagile, 2017). Safflower occurs in spiny and spineless are the two
distinct kinds. Spiny safflower genotypes produce more oil than spineless ones (Mani et al., 2020).
Safflower petals have diverse colours with varying intensities, ranging from red to yellow and
white (Dajue & Mindel, 1996; Flemmer et al., 2015; Weiss, 2000; Emongor, 2010; Emongor &
Oagile, 2017). The petals contain red (carthamin) and yellow (carthamidin) pigments, which are
typically utilised for therapeutic purposes, as well as colouring foods, beverages, pharmaceuticals,
and textiles (Ekin, 2005; Emongor, 2010; Machewad et al., 2012; Adamska & Biernacka, 2021),

and cosmetics (Yue et al., 2013).

Since synthetic dye (aniline) was developed, there has been a drastic decline in the requirement
for natural colourants, which is partly due to its low cost (Dajue & Mindel, 1996). The
consequence of artificial colourants/food dye usage has been linked to psychological disorders
such as attention deficit hyperactivity disorder (ADHD) (Arnold et al., 2012) and carcinogenic or

allergic effects. This, in turn, resulted in, restrictions imposed on the use of artificial colourants in



food, pharmaceuticals, and cosmetics in most developed countries including the European Union
(Singh & Nimbkar, 2006; Hughes et al., 2010; Galaffu et al.,2015; Jadhav & Joshi, 2015; Bagley,
2017; Scotter, 2011; Katz & Williams, 2011; Vogel, 2018; Gebhardt et al., 2020). The growing
need for foods that are healthier, and interest in natural dyes and food colourants has increased,
and the European Union (EU) has directed the food industry to rate safflower as an appropriate
yellow- and orange-colouring substitute due to its minimal enrichment factor unlike to the extracts

of paprika or curcuma that are frequently utilised (Bagley, 2017; Vogel, 2018).

The laborious and time-consuming nature of safflower petal gathering by hand makes it difficult
and costly (Omidi & Sharifmoghaddasi, 2010; Azimi et al., 2012). Rajvanshi (2005),
manufactured an innovative safflower petal harvester able to extract 3-4 kg of petals daily,
permitting for one acre of petals to be collected per month. In comparison to manual harvesting,
results reveal a 657% upsurge in the number of petals gathered utilising the automated harvesters
(Azimi et al., 2012). Furthermore, there is a significant petal yield and quality loss when the

collection is done at the last stage of flowering (Omidi & Sharifmoghaddasi, 2010).

Unlike safflower seed production research, statistics on floret/petal production are scanty. Recent
research has found that when petals are harvested at different stages of flower development, the
seed yield components and dye content changed (Mohammadi & Tavakoli 2015; Steberl et al.,
2020a). In Turkey Kizil et al. (2008) investigated three petal harvest times (50, 75, and 100%)
where carthamin content was found to be lower at the start of blooming but increased following
pollination. An investigation by Mohammadi & Tavakoli, (2015) in Iran, found that safflower
genotypes had a profound influence on petal yield and dye content and recommended the cultivar
Zendehrood for petal production. Moreover, Steberl et al. (2020a) in Germany, reported that to

maximise carthamidin and petal output, harvest the Chinese cultivar (C2) using a combine
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harvester between 111 and 118 days after sowing. Although there has been keen interest in
safflower petals by several countries, to be used as food and dye colourants, and manufacture of
pharmaceuticals for treatment of several human ailments. Little research to improve petal yield
and dye content has been done (Mohammadi & Tavakoli, 2015; Steberl et al., 2020a; Gomashe et
al., 2021). Research to improve safflower petal yield and dye content would undoubtedly aid in

improving the overall crop remuneration of the farmers (Gomashe et al., 2021).

1.2 Problem Statement

Safflower research carried out in Botswana has been inclined to adaptability, population, plant
nutrition, and use of safflower as animal feed rather than petal production. Thus, this study was
carried out to bridge the knowledge gap on the optimal time to harvest safflower petals at their
peak for maximum petal yield, seed yield, and dye content of safflower. Information regarding the
ideal time to collect safflower petals will facilitate production of high-quality petals to be used in

various industrial purposes such as pharmaceutical, food, cosmetic, and textile.

1.3 Justification

Agriculture is a substantial economic sector that generates employment, trading prospects, food,
and revenue, all of which are associated with economic development, food security, and
sustainability. However, Agriculture accounts for a measly 2.5% of the gross domestic product
(GDP) in Botswana (AFDB, 2021; Prinsloo & Matema, 2021). Despite this, agriculture remains a
feasible industry for alleviating poverty and job creation in Botswana (Prinsloo & Matema, 2021).

The annual agricultural survey report indicated a decline in crop production; the planting area
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declined by 13.2% from 135,315 hectares in 2017 to 117,416 ha in 2019 (Statistics Botswana,
2020). Yield, area planted, and harvest all decreased as production metrics due to the lack of
rainfall during the 2018/19 planting season (Statistics Botswana, 2020). Drought, variable
precipitation, and a reduction in irrigation water availability are the main factors impacting
agricultural output in arid and semi-arid lands (ASALS) (Temoso et al., 2015). Global warming is
expected to exacerbate the severity of droughts, floods, and heat waves, worsening the ASALS'
food security position (IPCC, 2007; Mittler & Blumwald, 2010). Safflower can adapt to
environmental factors that are common in ASALs, such as drought, extremely high or low
temperatures, salinity, and low nutrient levels (Farooq et al., 2009; Salem et al., 2014; Koutroubas
& Papakosta, 2010; Hojati et al., 2011; Zareie et al., 2013; Safavi et al., 2012; Harrathi et al., 2012;
Yau et al., 2004; Hussain et al., 2016; Koutroubas et al., 2004; Emongor & Oagile, 2017).
Safflower can additionally be grown as an edible oil crop in ASALs due to the adverse
environmental conditions therein (Beyyava et al., 2011; OECD, 2020; Yeilaghi et al., 2012; Yadzi-
Samadi & Bagheri, 2005; Esmaeilzadeh et al.,2022; Arslan,2007; Camas et al., 2005). For these
reasons, safflower should be one of the crops that could be explored to diversify the economy of
Botswana. Its adaptation to ASALs (McPherson et al., 2004; Bassil & Kaffka, 2002; Khalili et al.,
2014), outstanding quality cooking oil due to the abundance of unsaturated fatty acids, especially
oleic and linoleic acids (Misurcova et al., 2011; Carvalho et al., 2006; Orsavova et al., 2015;
Katkade et al., 2018; Brenna et al., 2009; Zemour et al.,2021 Piccinin et al., 2019), and its use for
animal feed (Weiss, 2000; Berglund et al., 2007; Bar-Tal et al., 2008; Emongor, 2010; Kereilwe
et al., 2020) makes safflower an excellent crop for the diversification of the Botswana economy.
Incorporating safflower into the cropping system of Botswana may help in the local production of

cooking vegetable oil, give a crop rotation alternative to break the disease and pest pattern, and



provide livestock feed (Bhattarai et al., 2020). The current petal output and yields are insufficient
because of the rising demand for safflower petals in the therapeutic and culinary industries on a
global scale (Singh et al., 2008; Fatahi et al., 2009; Bernard et al., 2011; Emongor & Emongor,
2022). Various behavioural and physiological issues are associated with artificial food dyes (Katz
& Williams, 2011; Stevens et al., 2013; Eagle, 2014; Jadhav & Joshi, 2015; Hughes et al., 2010).
There is an immense need for over 6000 tons of dried safflower petals/year in India, China, and
Europe (Rajvanshi, 2005; Vogel, 2018; Singh & Nimbkar, 2006; Bagley, 2017). According to
Emongor & Oagile (2017), the selling of safflower petals to domestic (BWP 1000/kg of petals)
and foreign markets will boost the disposable income of Batswana farmers and reduce poverty.
With a price of US$13 per kg of dried safflower petals on the international market, Botswana has

the capability of meeting that demand from all around the world.

1.4 Objectives

The primary objective of the study was to determine the best genotype and time to harvest
safflower petals for optimum petal and seed yield, carthamidin and carthamin contents, and

mineral nutritional contents of the petals.

The specific objective of this study was to evaluate the effects of petal harvest time and genotype
on petal yield, seed yield, carthamidin and carthamin contents, and mineral nutritional contents of

safflower petals.



1.5 Hypotheses

1.5.1 a Ho: Petal harvest time has no significant effect on the petal yield, seed yield, carthamidin

and carthamin contents, and mineral nutritional contents of petals.

1.5.1 b Ha: Petal harvest time has a significant effect on the petal yield, seed yield, carthamidin

and carthamin contents, and mineral nutritional contents of safflower petals.

1.5.2 a Ho: Genotype has no significant effect on the petal yield, seed yield, carthamidin and

carthamin contents, and mineral nutritional contents of safflower petals.

1.5.2 b Ha: Genotype has a significant effect on the petal yield, seed yield, carthamidin and

carthamin contents, and mineral nutritional contents of safflower petals.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The following section offers a broad perspective of safflower developmental stages and then
highlights the constituents and use of safflower petals. The emphasis of the review is on the effects
of petal harvest time and genotype on petal yield, quality, yield components, yield, dye content,
and mineral nutritional contents of safflower. The review concludes by identifying the knowledge

gap that is present.

2.2 Safflower developmental stages

Dajue & Miindel (1996) delineated six stages of safflower growth: emergence, rosette, stem
elongation, branching, blooming, and physiological maturity. Safflower seeds germinate and
emerge from the ground in three to 14 days after sowing dependent upon the temperature
(Emongor, 2010; Emongor & Oagile, 2017; OECD, 2020; Mindel, 1969; GRDC, 2017; Torabi et
al.,, 2013; OGTR, 2019; Emongor & Emongor, 2022). While germination is possible at
temperatures between 2 and 5°C, 15.6°C has been identified as the ideal temperature for
germination in the literature (Emongor & Oagile, 2017; Bidgoly et al., 2018; Afzal et al., 2022;
Kaffka & Kearney, 1998; Emongor & Emongor, 2022). In contrast, Torabi et al. (2013) stated that
safflower seed germination occurs at 5-30°C with day lengths of 8-12 hours. Following emergence,
a growing slowly rosette stage takes place, in which numerous leaves sprout close to the ground
level and a strong taproot develops (Emongor, 2010; Emongor & Oagile, 2017). Safflower taproot

can reach 2-3 m into the soil, permitting it to survive during droughts or sporadic rains (Weiss,
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2000; Emongor, 2010; Khalid et al., 2017). Genotype, cultural management approaches,
photoperiod, and post-germination temperature influence the rosette phase which typically lasts
for 20 to 39 days. Emongor et al. (2013) stated that temperature has been observed to play a big
role in the duration of the rosette stage. Lower temperatures during winter prolonged this stage,
which resulted in higher grain yield. In addition, cooler temperatures caused plants to grow a thick
clump of leaves when planted in the spring, eventually delaying the stem elongation phase.
Safflower is relatively frost (-7 to -15°C) resilient when in the rosette stage depending on genotype
(Mindel et al., 1992; Emongor, 2010; El-Bassam, 2010, Li, 1989; Li et al., 1997; Johnson et al.,
2006; OECD, 2020; Kolanyane, 2022; Emongor & Emongor, 2022). However, from the elongation
stage to the onset of flowering, the plants may suffer from chilling injury depending on temperature
and duration of exposure to temperatures below -4.2°C (Kolanyane, 2022; Kolanyane et al., 2022;

Kereilwe et al., 2022).

Weed management is crucial primarily during emergence through to the rosette stage because, at
this initial developmental phase, safflower poorly compete with weeds (Rezaie & Yarnia, 2009;
Tanaka et al., 1997; Carapetian, 2001; GRDC, 2017; Gomashe et al.,2021; OECD, 2020; Emongor,
2010; Blackshaw et al., 1990;). Rapid stem extension and widespread branching follow the rosette
stage (Singh & Nimbkar, 2006; Kaffka & Kearney, 1998; Li & Miindel, 1996). Emongor and
Oagile (2017) classify established lateral branches as main, secondary, and tertiary. Branching
orientations (branch to stem) on the main stem can vary between 30 to 75 degrees (Singh &

Nimbkar, 2006; Li & Mundel, 1996).

Each plant produces 3-50 globular flower heads called capitula, which are surrounded by clasping
bracts that are often spiny. This form of inflorescence is distinctive of the family Asteraceae

(GRDC, 2017; Dajue & Miindel, 1996; Emongor, 2010; OECD, 2020). Primary capitula are the
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first to begin flowering, followed by secondary, tertiary, and quaternary. Flowering begins on the
outermost portion of the flowers and then progresses into the centre of the capitulum for
approximately seven days. (Dajue & Mundel, 1996). About 20 to 180 individual florets are
typically present in each capitulum (Dajue & Miindel, 1996; GRDC, 2017). Flowering time is
determined by genetics, although it can be hastened by abiotic factors such as temperature and
photoperiod (Zimmerman, 1972; Gilbert, 2008; Singh & Nimbkar, 2006; Emongor et al., 2017,
OECD, 2020; Emongor, 2010; Moatshe, 2019). Flowering is further influenced by genotype and
environment interactions (Gilbert, 2008; Zimmerman, 1972; Emongor & Emongor, 2022). The
flowering phase takes 4-6 weeks depending on temperature and genotype (Weiss, 2000; Emongor
& Oagile, 2017; Moatshe et al., 2020c). Orange, yellow, and red flowers are abundant during the
early flowering period however, the colour after flowering is darker shade while white flowers are
uncommon (Dajue & Mindel, 1996; Emongor, 2010). Mohammadi & Tavakoli (2015) reported
that different safflower petal harvest periods resulted in different colours. Early harvested petals
are dominated by a yellow colour, while late harvested petals are orange or reddish. Safflower
petals come in a variety of colours is typically determined by the content of the bioactive
constituents, which are an important aspect in defining safflower quality (Pu et al., 2019). The
bioactive constituents of safflower petals with different colour shades of orange, yellow, and white
are an indication of their concentration, red and white being high and low respectively. The orange
to red and yellow colour indicates the pigment carthamin and carthamidin are high, respectively
(Shin et al., 2008; Mohammadi & Tavakoli, 2015; Garcia, 2009; Asgary et al., 2012). According
to many studies (Pandey & Kumari, 2008; Dajue & Miindel, 1996; Rudolphi et al., 2008; Knowles,
1969; Kumari & Pandey, 2005; Emongor & Emongor, 2022), safflower is roughly 90.0-94.5%

self-pollinating and 4.5-10% cross-pollinating. Given the stigma as well as style extending via the
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anther columns encircling them, self-pollination is quite prevalent (Claassen, 1950; GRDC, 2017;
Pandey & Kumari, 2008). After the stigma has elongated, it is coated in pollen from the same
flower. The likelihood of outcrossing is increased by the fact that unpollinated extended stigma
can stay responsive for numerous days (Li & Mindel, 1996; GRDC, 2017; Kumari & Pandey,
2005; Emongor & Emongor, 2022). Safflower that has undergone cross-pollination has a higher
capitula set (Claassen, 1950; Miindel & Bergman, 2010; OECD, 2020). Insect pollinators, genetic
makeup, pollen source terms of size, and habitat all affect the rate of cross-pollination that occurs
(Nabloussi et al., 2013; Li & Mindel, 1996; Rudolphi et al., 2008; Miindel & Bergman, 2010;
Pandey & Kumari, 2008; OGTR, 2019; OECD, 2020). Honeybees are the primary insects that
pollinate safflower (Emongor & Oagile, 2017; Chaney, 1985; Van Deynze et al., 2005; Saeidi &
Adam, 2011; Khalil et al., 1986; Pandey & Kumari, 2008; Sajjad et al., 2008; Bukero et al., 2015).
The pollination of safflowers is carried out by insects other than honeybees (Chand et al., 2000;
Esfahani et al., 2012; FAO, 2014; Emongor & Oagile, 2017; Khalil et al., 1986; Basiame, 2022).
Reviewing the literature (Langridge & Goodman, 1980; Esfahani et al., 2012; Khalil et al., 1986;
Emongor & Oagile, 2017; Basiame, 2022) indicated that nineteen insect species from five orders
(Coleoptera, Lepidoptera, Hymenoptera, Hemiptera, and Diptera) frequent safflower florets.
Safflower seed set is not affected by wind pollination (Claassen, 1950; Emongor & Oagile, 2017;
Li & Mindel, 1996; OGTR, 2019). Achenes are generated following pollination, each capitulum
produces between 13 and 70 achenes, which mature thirty-five days post flowering (OGTR, 2019;
Emongor & Oagile, 2017; Moatshe, 2019). Safflower seeds have a 33-60% hull to 40-67% kernel
ratio at maturity, and their oil content varies from 20-45 percent subject to genotype and growth

conditions (Dajue & Mindel, 1996; Emongor & Oagile, 2017; Moatshe, 2019).
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2.3 Safflower petal constituents and uses.

2.3.1 Constituents of safflower petals

Safflower petals are the precursor of carthamin, a naturally produced red pigment (Figure 1).
Carthamin (Cs3H42022) has molecular weight of 910.8 g/mol (Adamska & Biernacka, 2021). The
red pigment is mostly used to colour chocolates, cosmetics, and clothing (Shin et al., 2008; Garcia,
2009) because of its poor solubility in water. Carthamin has been explored as a potential
replacement for nitrate and nitrite, whose established carcinogenic effects are well documented,
and thus carthamin can be used as colouring for the dietary fibre meat processed for human

consumption (Kim et al., 2015).

Figure 1: Carthamin structure

(Source: Adamska & Biernacka, 2021).

Carthamidin (Figure 2) is the water-soluble yellow pigment in safflower petals and is
approximately 26-36% in content (Adamska & Biernacka, 2021). The molecular formula of

carthamidin is C1sH120s and its molecular weight of 288.25 g/mol (Adamska & Biernacka, 2021,

13



NCBI, 2023). The yellow pigment has several components; safflor yellow B and saffiomin A along
with additional minor substances, like cartormin, coumarins, and steroids (Li et al., 2016; Zhang
et al., 2017). Yellow safflower pigment is used primarily as an all-natural colorant for foods in
dyed juices and jelly, ice cream, sweets, and yogurt in part to the water's solubility (Bernard et al.,

2011; Machewad et al. 2012).

Figure 2: Carthamidin structure

(Source: NCBI, 2023).

Various active compounds, which include phenylethanoid glycosides, flavonoids, coumarins,
hydroxysafflor yellow A, fatty-acids, coumarins, and steroids, have been acknowledged in
safflower petals (Zhou et al., 2009; Li et al., 2016; Zhang et al., 2017; Zhao et al., 2020a).

The petal colour of safflower is an essential quality component that serves as an indicator of quality
after harvest, processing, and storage (Kim et al., 2020). The colour of safflower florets is affected
by the stage of flowering (Figure 3). Safflower red and yellow pigments content is not constant
(Figure 3). The colouring shade of the flower looks yellow then reddens at the start of flowering

depending on the genotype but becomes red when senescence sets in (Erbas & Mutlucan, 2023).
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Figure 3: Safflower colour evolution at different stages

(Source: Pu et al., 2021).

The specifics of the blooming phase are depicted in Figure 3, which was separated into five stages.
Stage 1: The florets were all yellow.
Stage 2: A few red spots formed on the bottom of the flower.
Stage 3: Additional red segments on a single tubular bloom.
Stage 4: Most petals were red, with just a few yellow spots, and the flowers started to lose
moisture.
Stage 5: There were no yellow sections visible, only red regions, with dried petals and no

moisture (Pu et al., 2021).

The colour of carthamin in flowers progressively evolves from yellow to red during the
biosynthesis process (Cho et al., 2000). The biosynthesis of carthamin (Figure 4) from chalcone
(2,4,6,4'-tetrahydroxychalcone) with a pair of molecules of glucose have been elucidated (Cho et

al., 2000; Cho & Hahn 2000; Kazuma et al., 2000; Zhang et al., 2017; Li et al., 2016).
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Figure 4: Carthamin biosynthesis pathway

(Source: Cho & Hahn 2000; Kazuma et al., 2000; Li et al., 2016; Cho et al., 2000; Zhang et al.,

2017).

2.2.2 Uses of safflower petals

The most recent prohibitions on the usage of artificial colouring agents in foods and
pharmaceuticals in the European Union, the United States of America, and Japan, combined with
consumer demand for naturally derived colorants driven by health concerns, have boosted the
popularity of safflower petal extracts derived as an alternative source of organic food and
pharmaceutical colorants (Katz & Williams, 2011; Dajue & Mundel, 1996; Emongor, 2010;
Bagley, 2017; Singh & Nimbkar, 2006; Hughes et al., 2010; Vogel, 2018). As a result, several
prohibitions and restrictions have been imposed on the usage of artificial colourants and they

should be substituted with natural antioxidants. With growing knowledge of toxicity and overuse
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of artificial food additives, the synthetic dye industry has been on the decrease. There have been
investigations linking synthetic colourants sensitivity to many forms of pollution and negative
toxicological side effects, including mental illnesses such as deficit/hyperactivity disorder in
human beings (ADHD) (Hughes et al., 2010; Bagley, 2017; Arnold et al., 2012; Jadhav & Joshi,
2015; Katz & Williams, 2011; Vogel, 2018). Different studies have reported that these inorganic
food colourants adversely impact the behaviour of children, and cause carcinogenic or allergic
effects (Bateman et al., 2004; Arnold et al., 2012; Kumar & Sinha, 2004; Kftizova, 2015).
According to Coultate & Blackburn (2018), 0.01% to 0.1% of children developed symptoms like
eczema or asthma because of tartrazine used in colouring baby foods. Consumption of tartrazine
and five other food colourants, Quinoline Yellow WS, Sunset Yellow, Carmoisine, Ponceau 4R,
and Allura Red AC, were concomitant to an increased prevalence rate of hyperactivity in children
(McCann et al., 2007). Furthermore, due to the developing cognizance of environmental
consciousness, safe and healthy intake, the demand for natural colourants has risen (Kumar &
Sinha, 2004; Ktizova, 2015; Yusuf et al., 2017). Other natural colourants from plants such as
turmeric (Curcuma longa) which is in ginger family, Zingiberaceae, which comprises dried
rhizomes, and saffron (Crocus sativus) belonging to the family Iridaceae, which includes the dried
crimson stigma (Brudzynska et al., 2021). The cost of saffron and safflower as an unprocessed
product for manufacturing is influenced by crop yield. A mere 8% of the overall flower output is
usable saffron (spice). According to Kumar et al. (2008), a plant may generate no more than nine
pistil stigmas (about three blooms, each having three stigmas). Considering that pistil typically
weighs two milligrams, a plant can only provide up to 18 milligrams of raw material.
Approximately 150,000 flowers are used to produce a kilogram of saffron powder (Brudzyska et

al., 2021; Fernandez, 2004; Adamska & Biernacka, 2021). Safflower's complete blooms (petals
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and stamens) generated in massive inflorescences with plants holding 20—250 blossoms serve as

the raw material (Singh & Nimbkar, 2006; Emongor et al., 2015; Moatshe, 2019).

According to Zhaomu and Lijie (2001), China generates 1,800-2,600 tons of safflower flowers
yearly, these are processed to source dyes and production medications. Safflower petals also serve
a purpose in traditional medicine (Wang et al., 2020; Wang & Li, 1985; Zhou, 1992; Li et al.,
2016; Adamaska & Biernacka, 2021; Mani et al., 2020). Safflower petal herbal tea and extracts
are used to treat cramps during menstruation, after childbirth hemorrhage, pneumonia, chronic
lung disease, rheumatism, and back pain (Wang et al., 2020; Adamska & Biernacka, 2021; Luo et
al., 2019) and cardiology and obstetrical difficulties (Ao et al., 2018; More et al., 2005; Mani et
al., 2020; Han et al., 2016; Ma et al., 2019; Zhang et al., 2019). Anticoagulant, neuroprotective,
antihypertensive, vasodilating, anti-oxidative, and immune-protective properties are found in
safflower petal extracts (Sun et al., 2018; Xu et al., 2017; Liu et al., 2018; Tan et al., 2020; Lee et
al., 2020; Zhang et al., 2019; Bie et al., 2010), and anti-cancer medications (Chen et al ., 2022; Jin
et al., 2019; Ma et al., 2019; Alahmadi et al., 2023; Qu et al., 2019), having favorable effects on
melanin biosynthesis (Yin et al.,, 2015; Chen et al.,2013; Adamska & Biernacka, 2021).
Cardiovascular and cerebrovascular disease (CCD) constitutes one of the worldwide primary
causes of death and it has augmented with a high death rate (Donahue & Hendrikse, 2018; Collins
et al., 2017; Qu et al., 2016; Zhao et al., 2020a). Natural products as an example hydroxysafflor
yellow A, digoxin, and aspirin, have significant benefits for prevention from CCD (Dai & Ge,
2012; Quet al., 2016; Desborough & Keeling, 2017; Zhao et al., 2020a; Eichhorn & Gheorghiade,
2002). Hydroxysafflor yellow A extracted from safflower petals has been shown to offer a

multitude of pharmaceutical functions of improved blood circulation, eliminated blood stasis,
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antioxidants, anti-inflammatory, and anticoagulation function that are crucial in preventing CCD
(Sunetal., 2018; Wu et al., 2012; Sun et al., 2010; Ma et al., 2019; Zhou et al., 2019; Bacchetti et

al., 2020).

2.4 Safflower petal production

Petal production from safflower is predominantly carried out by hand, making it a tremendously
labour and time-intensive process (Azimi etal., 2012; Yun et al., 2016). The absence of industrially
manufactured harvesting devices has hampered large-scale safflower petal production (Yun et al.,
2016). To boost efficiency, there are two currently available designs for producing safflower
harvesting machines. The first method is to use the cutting harvest technique, which involves using
a rotary cutter to chop off the petals. When cutting safflower petals, however, the exact alignment
of the slicing side of the blade is difficult. As an outcome, these petals readily shatter, reducing
both effectiveness and quality (Yun et al., 2016). When harvesting, the air-blast gatherer uses a
flower- gulping tube that is lined up with safflower petals (Azim et al., 2012; Yun et al., 2016).
This equipment’s fan creates a negative force in the flow of the airfield. As a result of the stream
of air effect, the petals divide from the head. On the other hand, when the petals pile up, harvest
efficiency declines, and fan power consumption rises (Azimi et al., 2012; Yun et al., 2016). Thus,
establishing an automated harvesting system that can enhance both harvesting efficiency and
safflower petal quality is critical. Typically, petal picking is done by hand at the final stages of

flowering once the colour and value are poor (Omidi & Sharifmoghaddasi, 2010).
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2.5 Time of petal harvest on yield components

The yielding components of safflower include capitula number/plant, capitulum size, the number
of achenes (seed) for each capitulum, and achene quantity (1000-seed weight) (Gonzalez et al.,
1994): Emongor et al., 2013 & 2017; Moatshe, 2019). Even though yield components are
genetically controlled, they react to agricultural management practices with different levels of
adaptability (Emongor et al., 2013; Gonzalez et al., 1994; Emongor et al., 2017; Moatshe, 2019).
Kizil et al. (2008) reported that safflower genotypes achieved maximum plant height when petals
were harvested at 50% flowering. No matter when the petals were harvested, plants that were taller
were observed in all varieties when grown under cooler climates (Kizil et al., 2008). Petal
harvesting time also significantly affected the first branching height (Kizil et al., 2008). Petal
harvesting at 50% flowering significantly increased first branching height compared to petal
harvesting at 75 or 100% flowering (Kizil et al., 2008). The number of capitula/plant displayed a
positive and significant correlation with petal yield (Malekshan et al., 2015). Malekshan et al.
(2015) established that among the genotypes under study, the genotype ‘Zendehrod’ was
appropriate for multifaceted production and ‘Goldasht’ was right for petal production as it

produced crimson petals.

2.6 Time of petal harvest on safflower petal and seed yield, and carthamin and carthamidin

contents

2.6.1 Petal yield

According to Mohammadi and Tavakoli (2015), the time of harvest influenced petal yield; the
highest yield was observed when petals were harvested at the onset of flowering but dwindled

when harvested later. Spiny cultivars were observed to have lower petal output than spineless ones
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(Patil et al., 2005; Kizil et al., 2008). Another factor that influences petal yield is temperature.
Maximum yield was reported to be obtained at high temperatures during flowering period (Steberl
etal., 2020a). The results reported by Omidi and Sharifmoghaddasi (2010) indicated that the height
of branching was correlated positively with petal yield per plant. The imperative direct impact on
safflower petal yield were plant height, branching height, and number of seed per capitulum
(Omidi & Sharifmoghaddasi, 2010). High-yielding safflower cultivars are taller with numerous
branches, superior capitula, less ineffectual heads, and a more prolonged duration of flowering
(Omidi & Sharifmoghhaddasi, 2010; Emongor & Oagile, 2017; Emongor et al., 2017). The colour
composition and petals production from safflower differ based on cultivar and date of harvest

(Mohammadi & Tavakoli, 2015; Kizil et al., 2008).

Steberl et al. (2020a) reported significant interactions of cultivar and specifications for threshing,
cultivar, and harvest scheduling on safflower petal yield when machine harvested. The yield of
processed safflower florets was highest during 2018 (622 kg/ha) than in 2017 (512 kg/ha) (Steberl
et al., 2020a). Threshed safflower petal yields increased when harvested after full bloom (Steberl
et al., 2020a). The German safflower cultivar (CV1), with thresh variable pre-set at P2 (1142
kg/ha), yielded the highest possible threshed petal yield, while the Chinese cultivar (CV2) yields
were greatest when the threshing factor settings P1 was applied (1049 kg/ha) when harvested after
petals had withered. When harvested at the beginning of blooming and full bloom, both cultivars
had the least safflower petal yields on parameter option P2. (Steberl et al., 2020a). The highest
safflower petal yields with cultivar CV1 occurred when gathered at the beginning of flowering
(294 kg/ha) and full bloom (393 kg/ha) (Steberl et al., 2020a). Studies in which hand harvesting
(manual) of safflower petals was done reported petal yields ranging from 230 to 648 kg/ha, based

upon the variety, timing of harvest, and the year (Weiss, 2000; Azari et al., 2005; Kizil et al., 2008;
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Nagaraj, 2009; Mohammad & Tavakoli, 2015; Steberl et al., 2020b). Steberl et al. (2020b) reported
that lower safflower density (40 plants/m?) lead to significantly higher number of branches,
capitula number per plant, and petal yield than from plants of high density (75 plants/m?).
Harvesting safflower petals approximately 14-21 days after flowering produced a significantly
greater petal yield in contrast to the onset of flowering (Steberl et al., 2020b). The Chinese
safflower cultivar (182-459 kg/ha) had significantly higher petal yield than the German safflower
cultivar (91-168 kg/ha) (Steberl et al., 2020b). The petals are harvested mostly from non-spiny
safflower crops. There are several non-spiny cultivars and hybrids available, for petal production
ranging from 120 to 150 kg/ha under rain-fed systems and 180 to 250 kg/ha with irrigation. Once
the crop matures, the petals may be harvested, allowing dye and oilseed to be extracted from the

same crop (Omidi & Sharifmoghaddasi (2010).
2.6.2 Seed yield

It has been shown that the timing of harvesting safflower petals has no effect on seed output, but
that delayed harvesting of petals diminishes petal yield (Kizil et al., 2008; Malekshan et al., 2015).
When it comes to seed weight, Omidi and Sharifmoghaddasi (2010) found that gathering petals
every three days after flowering started led to a higher seed weight per capitulum, whilst picking

the petals 9 days shortly after flowering began resulted in the lowest seed weight per capitulum.

2.6.3 Carthamin and carthamidin content

The percentage of carthamidin was reported to be highest when petals were harvested at the onset
of flowering. However, when petal harvesting time was done after pollination (onset of petal
wilting) carthamidin content was low (Mohammadi & Tavakoli, 2015). A lower percentage of

carthamin was reported once petals were picked at the commencement of flowering however
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increased post pollination (Kizil et al., 2008). Kizil et al. (2008) further reported that carthamin
and carthamidin contents depended on the safflower cultivar, with the cultivar ‘Dicer’ significantly
out yielding ‘Yenice’ and ‘5-154’. A maximal of 6.13% overall dyestuff content (carthamin and
carthamin) was documented with the genotype ‘Dincer’ when harvested at 100% flowering and
the least dyestuff content of 4.86% was recorded with the genotype ‘5-154° at 50% flowering petal
collection time (Kizil et al., 2008). The results of Tavakoli (2014) agreed with those of Kizil et al.
(2008), who reported that there was a significant cultivar effect on carthamidin and carthamin
contents. The highest level of carthamidin was obtained from the cultivar ‘Zendehrood’ but must
be picked at the start of flowering (Tavakoli, 2014). However, if carthamin was needed, the cultivar
‘Zendehrood’ following pollination, the florets ought to be harvested and at the commencement of
wilted petals (Tavakoli, 2014). While Steberl et al. (2020b) reported that lower safflower density
(40 plants/m?) resulted in significantly higher carthamidin content than from plants of high density
(75 plants/m?). Harvesting safflower petals approximately 2-3 weeks post flowering, there was a
substantial higher carthamidin yield than at the onset of flowering (Steberl et al., 2020b). The
Chinese safflower cultivar had significantly higher carthamidin content (5.97-8.12%) and
carthamidin yield (13.28-34.13 kg/ha) than the German safflower cultivar (2.68-5.72% of
carthamidin) and (2.94-5.93 kg/ha carthamidin yield), respectively (Steberl et al., 2020b).
Typically, the carthamidin content and carthamidin yield ranged between 2.53-8.29% and yielded
0.04-37.86 kg/ha (Steberl et al., 2020b). In addition to the time of petal harvesting, the amount of
light intensity, temperature, soil fertility, sowing dates, and plant density are examples of such
parameters that have been reported to influence carthamidin and carthamin contents (Steberl et al.,

2020b). However, it has been documented that drier climatic conditions could possibly have a
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favourable impact, leading to a rise of secondary phytochemicals such colorants (Salem et al.,

2014).

2.7 Safflower petals mineral composition and proximate content

Table 1 below shows the proximate content and mineral composition of safflower petals reported

in literature (Omidi & Sharifmoghaddasi, 2010; Machewad et al., 2012; Barashovets & Popova,

2016, Kim et al., 2000; Al-Snafi et al., 2015 and Waghmode et al., 2016).

Table 1: Mineral composition and proximate content of safflower petals.

Constituents

Value

Calcium
Iron
Magnesium
Potassium
Copper
Sodium
Zinc
Moisture
Crude protein
Crude fat
Crude fibre
Ash

Total sugars

530-708 mg/100g
5.5-55.1 mg/100g
142-207 mg/100g
2040-3992 mg/100g
1.10-4.73 mg/100g
17.0-1043 mg/100g
2.6-2.88mg/100g
4.7-1.5%
1.8-26.3%
4.8-11.5%

11.6%

5.7-10.8%

7.36-11.81%
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From the literature review above, for optimisation of petal, seed yield, and carthamin and
carthamidin contents factors such as cultivar, plant density, harvest times and environment factors
must be considered in safflower cultivation (Kizil et al., 2008; Mohammadi and Tavakoli, 2015).
According to Steberl et al. (2020Db), the optimal petal harvest time to maximise petal output, seed
yield, carthamin, and carthamidin contents was two to three weeks after flowering, whereas
Mohammadi and Tavakoli (2015) emphasised that harvesting petals after pollination optimised
carthamin content. From the literature, there is scanty information on how safflower harvest time
influence’s petal and seed yield, yield components, carthamin and carthamidin contents, and
proximate and mineral contents of petals. Therefore, the information generated from the proposed

study will add to this knowledge gap.
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CHAPTER 3
MATERIALS AND METHODS
3.1 Experimental site

Two field experiments were carried out to study the effect of petal harvest timing and genotype on
safflower petal yield, quality, yield components, yield, and dye content. The experiments were
conducted at the Botswana University of Agriculture and Natural Resources Content Farm in
Sebele, Botswana, in 2021 and 2022. The Farm is situated in Southern Botswana's semi-arid area
in latitude 59°24'S, longitude 95°25'E, and elevation 993 m above the sea level. The soils are
medium to coarse-grained, shallow, ferruginous sandy loams (De Wilt & Nachtengale, 1996;
Emongor & Mabe, 2012). Precipitation and evapotranspiration per annum vary between 250 to

600 mm and 1800 - 3000 mm, respectively (De Wilt & Nachtengale, 1996).

3.2 Experimental Design

The experimental design was a split-plot in randomized complete blocks with three replications.
The treatments were three safflower genotypes and four petal harvest times assessed evaluated in
both growth seasons, summer, and winter. The genotypes were Sina (spiny, yellow flowers),
Kenya-9819 (spiny, yellow flowers), and Turkey (spineless, red/orange flowers) randomly
assigned to the main plots. The four petal harvest times included the onset of flowering, full bloom,
post-pollination, and end of flowering (petals have wilted control) randomly assigned to sub-plots.
The sub-plot size was 9 m?, while the main plots were 70 m2. The total experimental units (plots)

were 36.
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3.3 Cultural and Management practices

The surface of the plot area was ploughed, disc harrowed, and cleared to achieve fine soil tilth.
Application rates for the base fertilizer were 80 and 30 kg ha-1 of nitrogen and phosphorus,
respectively. Direct sowing of safflower seed was placed at 4.5 cm deep, at a rating of two seeds
each hill. After 15 days of emergence, the crop was thinned, retaining a single seedling each hill.
Safflower plants underwent management procedures including weeding, disease, and insect
control to encourage healthy growth. Each of the experimental units received supplemental

watering each a week for a total of two hours (11 mm), utilising overhead sprinkler systems.

3.4 Data collection

Days to emergence, days to end of flowering, days to physiological maturation, height of the plant,
numbers of main branches, capitulum diameter, the number of capitula per plant, total number of
seeds per capitulum, thousand seed weight, the yield of seeds, petal yield carthamin, and

carthamidin content were the dependent variables determined.

3.4.1 Days to emergence

The number of days to emergence was derived between the days of seed planting to the date of

emergence.

3.4.2 Days to flowering.

The total number of days to flowering plants were kept track of for each treatment and replication

from the day of seed sowing until 50% of the capitulum had produced flowers.
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3.4.3 Days to end flowering.

Days to the end of flowering were chronicled from the date of seed planting until 95% of the

capitulum had opened flowers per treatment per replication.

3.4.4 Days to maturity

The days of maturity were calculated from the day of seed sowing until the plants attained
physiological maturity (when nearly all of the plant's leaves had become brown and only a hint of

lush green remained within the capitulum bracts).

3.4.5 Height of first branch

Was obtained by randomly choosing 15 plants for every treatment and replication. The

measurement of height to the primary branch at ground level was taken with a tape measure.

3.4.6 Plant height

Plant height was measured by selecting at random fifteen plants for each treatment and replication.
At physiological maturity, the principal stem's length was measured above the surface of the soil

to the apex of primary stem of the plant utilising a tape measure.

3.4.7 Number of primary branches

Fifteen randomly selected plants from each treatment and replication were tagged, and the total

amount of primary branches per plant was tallied.
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3.4.8 Capitulum diameter

At the end of the flowering duration, the capitulum dimensions of the 15 randomly selected plants
for every subsequent replication of each treatment was assessed by employing a digital vernier

calliper.
3.4.9 Number of capitula per plant

The aggregate amount of capitula produced from an individual plant at the stage of maturity of

the 15 selected at random plants per treatment each replication was calculated.
3.4.10 Number of seeds per capitulum

Using a seed counter (Contador 1; Pfeuffer, Germany), the quantity of seeds per capitulum was
calculated by counting the numeral of seeds acquired on a group of capitula gathered from random

sample of 15 plants.
3.4.11 One-thousand seed weight

One-thousand seed weight was determined from a sample of 1000 seeds from each treatment for

every replication using the Mettler PM 400 electronic scale.
3.4.12 Seed yield

The seed yield was calculated using a 4 m? zone from the center of each plot. For the purpose of
separating the seeds from the chaff, the harvested capitula were threshed and winnowed. The seeds

were then weighed using a Mettler PM 400 digital balance.
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3.4.13 Petal yield

Petal yield was obtained within an area of 4 m? from the centre of each plot. Harvesting was done
manually every three days. The harvested petals were placed in paper bags and then placed within
an oven at 60°C for 24 hours. Thereafter, petals were weighed using a Mettler PM 400 digital

balance, and cumulative weight constituted the yield which was calculated and expressed as kg/ha.
3.4.14 Petal dye index determination

Petal colour was determined visually and was recorded in 0 to 5 scores representing the colour (0
= white; one = yellow, two= amber, three= orange, four = vermilion, and five = red). The dye

index was calculated using the formula below:

Dye index = Y(dye score x number of flowers at a particular colour)

Total of flowers assessed

3.4.15 Determination of carthamidin content

Carthamidin was extracted according to the method of Mohammadi & Tavakoli (2015), with minor
modifications. Samples of safflower petals were dried for 12 hours in an oven at 40°C. A size two
sieve was used to grind and filter the powdered petals. Then a sample of 0.1 g dried petals was
weighed using an analytic balance (ME403 Mettle Toledo; Switzerland). The sample was
transferred to a 250 ml volumetric flask, and then 200 ml of citric acid/di-sodium hydrogen
phosphate buffer solution (pH level of 5) was added and left overnight. Then the mixture was

filtered using filter paper (Filtron, qualitative 90 mm filter paper, India). Then a spectrophotometer
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(Genesys 10s uv-vis, Thermo Fisher Scientific, USA) was used to quantify carthamidin at 400-

408 nm. The following formula was applied to compute the proportion of colouring matter (P):

A 200

487 W

Where W was the sample weight (grams), A is the highest absorbance of the sample in the 400-
408 nm range, and 487 which was carthamidin specific absorbance value. Carthamidin yield was

estimated by multiplying the carthamidin percent by the petal yield.
3.4.16 Determination of carthamin content

Carthamin was extraction following the method of Mohammadi and Tavakoli (2015), and a sample
of 0.1 g dried petals was weighed using an analytical balance. The sample was transferred to a 250
ml volumetric flask, and then 100 ml of citric acid/disodium hydrogen phosphate buffer solution
(pH level of 5) was added and left overnight. Following filtration using filter papers, the remaining
petals (residue) were immersed for 1 hour in 100 ml of distilled water (repetitive for three times).
The remaining petals were air-dried before being immersed in 15 ml dimethylformamide in a 125
ml conical flask for about three hours and filtered. A spectrophotometer (Genesys 10s uv-vis
(Thermo Fisher Scientific, USA) was then used to measure carthamin at 525-535 nm. The

following equation will be applied to determine the percent of colouring matter (P):

A 200

P=——x—
992" W

Where W was the sample weight in grams, A was the highest absorbance of the sample in the 525-
535 nm wavelength range, and 992 was the specific absorbance of carthamin. By multiplying the

proportion of carthamin in the yield of petals, the carthamin yield was obtained.
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3.5. Proximate composition analysis
3.5.1 Moisture content determination

Crucibles were put in an oven pre-heated at 105°C for 24 hours, dried, cooled using a desiccator,
and weighed (W0). A 5.0 g sample was placed in a crucible and measured crucible + sample (W1).
Before reweighing, the crucible bearing the sample was then oven-dried at 105°C for 48 hours and

chilled in a desiccator (W2).
The moisture content was determined as follows:

% Moisture content = (W1 —-W2)/ (W0) x 100
3.5.2 Crude Fibre Determination

In accordance with (AOAC, 1996), this was established after the dry sample was pulverized and
around 1.0 g (WO0) was measured into a fritted glass crucible. Next, the sample was hydrolysed in
a hot extractor using a 0.128 M sulphuric acid solution before being boiled in a 0.223 M potassium
hydroxide solution. Before being moved to a cold extractor and being cleaned with acetone, the
residue was first rinsed with preheated distilled water. Prior to being fired in a muffle furnace at
550°C for two hours, the residue and crucibles were oven dried at 105°C for an entire night and
weighed (W1). The leftover ash was weighed (W2) after cooling in an oven at 105°C overnight,
and subsequently brought to ambient temperature in a desiccator. The formula used to get the crude

fibre % is

% Crude Fibre = (W1 —W2)/ (W0) x 100
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3.5.3 Crude Protein Determination

The pulverized safflower petals were broken down in a digestion block at 330°C for seven hours.
Nitrogen (N) was measured after digestion using distillation and titration using the micro-Kjeldahl
technique (AOAC, 1996). By increasing the N content% by 6.25, the quantity of crude protein was
calculated (AOAC, 1996). Protein content was calculated using AOAC-approved method 979.09.
Using an analytical scale, the petal sample was measured and put to the digestion flask in 1 g mass.
After that, a 6 mL acid mixture (5:1 concentrated HsPO4: H2SO4) and 3.5 mL of 30% H20, were
progressively added to the digestion flask. When the tubes were shaken, there was a dramatic
reaction. After the violent reaction was stopped, 3 g of the catalyst mixture (0.5:100 Se: K2SOa)
was added to the digesting flask. The resultant solution was digested for one hour at 370°C.
Following digestion, the contents of the flask were diluted by using water and 40% concentrated
sodium hydroxide was added to neutralize the acid and slightly alkalinize the resultant solution.
The ammonia was then distilled into a receiving flask comprising 4% boric acid solution. The
borate ion was created via the interaction of boric acid and ammonia, which was titrated afterwards
alongside a standard acid (0.1 N sulphuric acid solution) until the green hue changed pink. The

following formulae was used to compute the nitrogen content:

_ (V2 — V1) * N * 14.007
Nitrogen(%) = W %X 100

Where: V2 was the volume in milliliters of the prescribed sulphuric acid solution used for
the sample titration.

V1 = the volume in milliliters of the recommended amount of sulfuric acid utilised in the
blank determination titration N = Normality of the standard sulphuric acid

W = weight in grams of sample

Crude protein content(%)
= Nitrogen(%) * 6.25 (nitrogen to protein conversion factor)
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3.5.4 Determination of the fat content

Safflower petals that had been dried and crushed were used as a sample of 0.5 g. The sample was
weighed, put in extraction bags that had already been pre-weighed, sealed, and submerged in
petroleum ether for 60 minutes (XT10 Ankom Extraction System Ankom Technology, USA).
Once the extracting process was done, the sealed bagged samples were cooled for 15 minutes
before being dried in a hot oven for 15 minutes. The bag along with samples were subsequently
weighed. The fat content was determined by comparing the beginning and finishing weights, and

it was then reported as a percentage of the original weight of the ground desiccated safflower petal.

3.5.5 Determination of ash content

The crucibles used in the experiment were sterilized with small amounts of hydrochloric acid
before being rinsed using distilled water. It was subsequently dried in the oven at 120°C until being
heated in a furnace at 550°C for three hours. After that, the crucibles were removed from the
furnace and placed in desiccators to cool. Then weighed on a digital scale and the tare (zero) the
scale, the crucibles’ mass was calculated as M1. In the porcelain crucible, a 2 g quantity of sample
safflower petals powdered was weighed and recorded as M2. The samples were burned on a
hotplate at 120°C for four hours, before the entire substance become carbonized. The samples were
then heated in a 550°C furnace for eight hours before they were free of carbon and the residue
became grey/white. After burning, by using tongs, the crucibles were transferred to a desiccator to
cool before recording its weight M3. To compute the ash percentage in a sample formula below

was used:

Ash (%) = (M3 — M1)/(M2 — M3) x 100
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Where, M1 = mass of the dried crucible; M2 = mass of the crucible with the sample; M3 = mass

of the crucible and the ash.

3.5.6 Determination of Carbohydrates

To determine carbohydrates, the following formulae were used.

Percentage of carbohydrate was given by 100 — > % (Ash + Moisture + fat + protein).

3.6 Mineral analysis procedure

Safflower petals were oven-dried at 66°C. Followed by a 1.25 g composite sample digested in a
BD block at 330°C for seven hours in 20 ml of sulphuric acid (98%) and 4 ml of hydrogen peroxide
(@ 30%). After digestion, the samples were then diluted with an appropriate volume of deionized
water. For calcium and magnesium, the final sample contained also 1% of lanthanum to avoid
anionic interferences. Calcium (Ca), magnesium (Mg), potassium (K), Sodium (Na), Iron (Fe),
and Zinc (Zn) absorbance were measured using Agilent 240FS Atomic Absorption Spectroscopy
(Agilent Technologies, USA) connected to the SpectrA A software that provided sample

results/report. Total mineral content was reported as mg/100 g on a dry weight basis.

3.7 Statistical Analysis

Data collected was subjected to analysis of variance (ANOVA) using the General Linear Model
(PROC GLM) procedure of the Statistical Analysis System (SAS) program package. Multiple
comparisons among means were done using Protected Least Significant Difference (LSD) at P =

0.05.
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CHAPTER 4

RESULTS

4.1 Effect of genotype and harvest time on phenological stages

4.1.1 Emergence

Genotype had a significant (P<0.05) effect on seed emergence of safflower grown both in summer
and winter, but there was no interaction of genotype and harvest time on their influence on days
to seedling emergence (Table 2). Safflower cultivated in both the summer and the winter, the
genotype Turkey took 9.1 and 11.5 days to emerge, respectively, which were significantly
(P<0.05) longer than the days the genotypes Sina and Kenya-9819 took to emerge (Table 2). The
genotypes Sina and Kenya-9819 did not significantly (P>0.05) contrast in their days to emergence
in both summer and winter grown safflower (Table 2). In general, safflower planted in summer
emerged earlier by 1.78 days than winter (Table 2). Harvest time had no significant (P>0.05)

influence on days to seed emergence of safflower in both summer and winter plantings (Table 2).

4.1.2 Days to flowering.

Genotype had a significant (P<0.001) effect on days to flowering of safflower grown in both
summer and winter, but there was no significant (P>0.05) interaction of genotype and harvest time
on days to flowering, thus only the key effects were explained (Table 2). The genotype Turkey
took 80.11 and 117.17 days to flowering in summer and winter, respectively, which were
significantly (P<0.05) longer than the days genotypes Sina and Kenya-9819 to get to flowering
stage (Table 2). During winter the genotypes Sina and Kenya-9819 did not significantly (P>0.05)
differ in their days to flowering. Summer planted safflower took 37.14 days to arrive at flowering

which was significantly (P<0.05) earlier than winter planted safflower (Table 2). In both summer
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and winter planted safflower harvest time had no significant (P>0.05) influence on days to

flowering (Table 2).

4.1.3 Days to end of flowering.

Safflower genotype had a significant (P<0.001) influence on days of end of flowering in both
summer and winter (Table 2). There was no significant (P>0.05) interaction of genotype and
harvest times on days to end of flowering, hence only main effects were outlined. Safflower grown
in summer took between 83.67-90.36 days to end of flowering based upon the genotype. Whereas
during winter safflower required between 118.95- 126.14 days to end of flowering subject to the
genotype (Table 2). Genotypes Sina, Kenya-9819 and Turkey significantly (P<0.05) diverged in
their days to reach to end of flowering in both summer and winter season. The genotype Turkey
took 90.36 days to the end of flowering which was significantly (P<0.05) the longest period
followed by Kenya (84.90 days) then Sina (83.67 days) in summer (Table 2). During winter, the
genotype Turkey took 126.14 days to reach the end of flowering which was significantly (P<0.05)
the longest period followed by Sina (120.13 days) and Kenya-9819 (118.95 days). Conventionally,
summer planted safflower reached to the end of flowering by 35.43 days less than winter planted

safflower (Table 2).

Harvest time had a significant (P<0.05) effect on days to the end of flowering period in winter
(Table 2). However, it did not have a significant (P>0.05) effect on days to the end of flowering
in summer. In winter, the harvest times, onset flowering, full bloom and end of flowering did not
significantly (P>0.05) differ in their days to reach the end of flowering, but significantly (P<0.05)

took longer days to reach to the end of flowering than post-pollination harvest time (Table 2).
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4.1.4 Days to physiological maturity

Safflower genotypes had a significant (P<0.001) effect on days to physiological maturity of the
plants grown both in summer and winter (Table 2). There was no significant (P>0.05) interaction
of genotype and harvest times on safflower physiological maturity. There was a significant
(P<0.05) difference in days to reach physiological maturity among all the genotypes (Table 2).The
genotype Turkey required 107.3 and 156.91 days to reach physiological maturity in summer and
winter, respectively which were significantly (P<0.05) longer than days genotypes Kenya-9819
and Sina took to reach physiological maturity (Table 2) The genotype Sina took 99.25 and 139.55
days to reach physiological maturity in summer and winter, correspondingly, which were

significantly (P<0.05) shorter than days other genotypes took (Table 2).

Petal harvest time had a significant (P<0.01) effect on days to reach physiological maturity in both
summer and winter grown safflower (Table 2). Summer planted safflower reached physiological
maturity 44.01 days earlier than winter planted ones. In both summer and winter, harvesting
safflower petals at onset of flowering, full bloom and end of flowering caused the plants to take
significantly (P<0.05) longer days to reach physiological maturity by 0.73 and 1.54 days,
respectively than plants where petal harvesting was done at post-pollination (Table 2). However,
petal harvesting at onset of flowering, full bloom and end of flowering caused the plants to reach
physiological maturity at statistically the same time of 103 and 147 days in summer and summer,

respectively.
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Table 2: Effect of genotype and time of petal harvest on days to emergence, flowering, end of
flowering, and physiological maturity of safflower.

Main effects Days to Days to flowering Days to end of Daysto
and emergence flowering physiological
interactions maturity

Summer Winter Summer Winter Summer Winter Summer Winter
Genotype(G)
Sina 825b  9.50b 74.09c 111.29b 83.68c 120.13b 99.25¢c  139.55c
Kenya-9819 808b  9.78b 74.73b 111.89b 84.90b  118.95c 101.87b 143.99b
Turkey 9.12a 11.50a 80.11a 117.17a 90.36a  126.15a 107.30a 156.91a
SlgnlfICanCe * ** **k* *k* *k* *k* *kx *k*
LSD 0.814 0.921 0.583 1.226 0.131 0.837 0.701 1.391
Harvest time
(H)
Onset of 8.47 a 10.30a 76.15a 113.35a 86.39a 121.87a 102.97a 147.08a
flowering(H1)
Full 8.37a 10.26a 76.46a 113.55a 86.22a  120.93b 103.20a 147.52a
bloom(H2)
Post 8.70 a 10.22a 76.47a  113.70a 86.35a 121.97a 102.26b 145.66b
pollination(H3)
End of 840a 10.26a 76.17a  113.21a 86.30a 122.21a 102.80a 147.00a
flowering(H4)
Significance NS NS NS NS NS * e *
LSD 0.362 0.463 0.582 0.702 0.289 0.819 0.513 2.274

Interactions
G*H NS NS NS NS NS NS NS NS

*, ** *x* NS. Significant at 0.05, 00.1, 0.001 or not significantly, respectively. Means separated using the
Least Significant Difference (LSD) at P<0.05, means within column followed by the same letter(s) are not
significantly different

4.2 Effect of genotype and harvest time on vegetative growth

4.2.1 Height of first branch

Genotype had a significant (P<0.05) effect on height of the first branching for safflower plants
grown in summer and winter (Table 3). In both the seasons, genotypes Sina and Kenya-9819 did

not significantly (P>0.05) differ in their heights of first branch development (Table 3). Plants of
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the genotype Turkey in both summer and winter started to branch at significantly (P<0.05) higher
heights than other genotypes under study (Table 3). Overall, first branching height ranged between
12.58-14.6 cm and 29.28-34.36 cm in summer and winter grown safflower, respectively,
depending on genotype (Table 3). Time of petal harvest time had no significant influence on the
height to first branch development of safflower plants irrespective of season (Table 3). There was
no significant (P>0.05) interaction of genotype and harvest time on safflower height of first branch

development (Table 3).

4.2.2 Plant height

Safflower genotypes had significant (P<0.01) variation on plant height for plants grown in summer
and winter, but there was no significant (P>0.05) interaction of genotype and time of petal harvest
on plant height (Table 3). The genotype Turkey had plant heights of 84.97 and 118.06 cm when
grown in summer and winter, respectively, which was significantly (P<0.05) taller than plant
heights of genotypes Sina and Kenya-9819 (Table 3). There was no significant (P>0.05) genetic
variation of plant height for the genotypes Sina and Kenya-9819 (Table 3). Safflower plants grown
in winter had significantly (P<0.05) taller (91.21 cm) plants than summer (73.43 cm) grown plants
irrespective of genotype (Table 3). The plant height span within 67.89-84.97 cm and 76.85-118.06

cm in summer and winter, singly, contingent on genotype (Table 3).

4.2.3 Number of primary branches

There was no significant (P>0.05) interaction of genotypes and petal harvest time on primary
branch number of safflower. However, safflower genotypes significantly (P<0.05) influenced
primary branch number (Table 3). The genotypes Sina and Turkey had no significant (P>0.05)

variation in the number of primary branches/plant in both winter and summer, but their primary
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branches were significantly (P<0.05) more than those of plants from the genotype Kenya-9819
(Table 3). Safflower grown in winter had significantly (P<0.05) more branches per plant (10.6)

compared to those grown in summer (8.2) (Table 3).

Table 3: Effect of genotype and time of petal harvest on height of the first branch, plant
height and number of primary branches

Main effects and Height of the first ~ Plant height (cm) Number of primary
interactions branch(cm) branches/plant

Summer Winter Summer Winter Summer Winter

Genotype(G)

Sina 12.58b  29.28b 67.89b 76.85b  8.58a 10.95a
Kenya-9819 1250b  29.91b 67.44b 78.73b  6.33b 8.95b
Turkey 14.63a 34.36a 84.97a 118.06a 9.67a 11.91a
Significance ** * ** Fkx * *

LSD 0.890 3.475 5.312 9.062 2.025 1.438
Harvest time (H)

Onset of 12.83ab 31.38a 72.41a 90.05a 8.22a 10.22a
flowering(H1)

Full bloom(H2) 12.84ab 31.12a 74.38a 93.23a  8.89a 11.56a

Post-pollination(H3) 12.62b  31.29a 73.12a 90.82a 8.1la 10.11a
End of flowering(H4) 14.11a  30.94a 73.82a 90.76a 7.56a 9.89a
Significance NS NS NS NS NS NS
LSD 1.460 2.043 3.651 4.470 1.467 1.534

Interactions

G*H NS NS NS NS NS NS

*, *x* *xx NS. Significant at 0.05, 00.1, 0.001 or not significantly, respectively. Means separated
using the Least Significant Difference (LSD) at P<0.05, means within column followed by the same
letter(s) are not significantly different

4.3 Effect of genotype and harvest time on yield and yield parameters of safflower

4.3.1 Capitula diameter

There was no significant (P>0.05) interaction of genotype and petal harvest time on safflower
capitula diameter, but main effects had significant (P<0.05) influence on capitula diameter (Table

4). Safflower genotype had a significant (P<0.01) influence on the capitula diameter in summer
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and winter (Table 4). In summer the genotype Turkey had plants with capitula diameter of 12.43
mm which was significantly (P<0.05) higher than capitula diameter generated by the plants of the
genotypes Sina and Kenya-9819 (Table 4). Also, in summer, the genotypes Sina and Kenya-9818
did not statistically (P>0.05) differ in their capitula diameter (Table 4). In winter plants of the
genotype Turkey produced a capitula diameter of 19.39 mm which was significantly (P<0.05)
larger than that of the Sina but not Kenya-9819 (Table 4). Safflower plants grown in winter (17.07
mm) produced significantly (P<0.05) larger capitula diameter than summer (10.85 mm) plants

(Table 4).

Harvest time had a significant (P<0.05) effect on capitula diameter both in summer and winter
(Table 4). In summer planted safflower, petal harvesting at post-pollination (petals mid-withered)
and end of flowering period significantly (P<0.05) produced plants with larger capitula diameter
than plants where petal harvesting was done at the onset of flowering and full bloom (Table 4).
However, plants where petal harvesting was done at post-pollination and end of flowering period
did not statistically (P>0.05) vary in their capitula diameter in summer (Table 4). In winter, petal
harvesting at full bloom stage significantly (P<0.05) produced safflower plants with larger capitula
diameter than other petal harvest times to the exclusion of petal harvesting at the onset of flowering
(Table 4). Petal harvesting at the end of flowering produced plants with significantly (P<0.05)
smaller capitula diameter than other petal harvesting times with exception of post-pollination

(Table 4).

4.3.2 Number of capitula per plant

Safflower genotypes significantly (P<0.05) affected capitula number/plant (Table 4). The
genotype Turkey had plants with significantly (P<0.05) higher number of capitula per plant than

other genotypes in all seasons with exception of genotype Kenya-9819 grown in summer (Table
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4). In summer, the genotypes Sina and Kenya-9819, and Turkey and Kenya-9819 did not
significantly (P>0.05) vary in their capitula number/plant (Table 4). In winter grown safflower, all
genotypes significantly (P<0.05) varied in their capitula number/plant, but the genotype Sina had
significantly (P<0.05) lower capitula number/plant than other genotypes in winter (Table 4).
Safflower plants grown in winter had capitula number/plant of 22.28 which was significantly
(P<0.05) higher than summer (12.13) depending on genotype (Table 4). The capitula number/plant
ranged from 10.97-24.56 depending on genotype and planting season (Table 4). Petal harvest time
and the interaction of genotype and time of petal harvest had no significant (P>0.05) effect on the

number of capitulum per plant (Table 4).

4.3.3 Number of seeds per capitulum

Genotypes and petal harvest time interaction had no significant (P>0.05) effect on seed
number/capitulum, therefore main effects are reported (Table 4). Genotypes had a significant
(P<0.05) influence on the number of seeds/capitulum in safflower plants grown in summer and
winter (Table 4). In both summer and winter grown safflower, the genotype Turkey had
significantly (P<0.05) higher number of seeds/capitulum than other genotypes with exemption of
the genotype Kenya-9819 (Table 4). Wintertime cultivated safflower plants had number of
seeds/capitulum of 22.77 which was significantly (P<0.05) higher than that of summer (14.22)
grown plants (Table 4). Petal harvest times had a significant (P<0.01) influence on the number of
seeds/capitulum for plants grown in summer but not winter (Table 4). In summer, harvesting petals
at post-pollination and end of flowering significantly (P<0.05) increased the number of
seeds/capitulum than harvesting petals at the onset of flowering and full bloom (Table 4). Petal
harvesting at the onset of flowering and full bloom, and post-pollination and end of flowering, (in

that order), in summer did not significantly (P<0.05) contrast in seed number/capitulum (Table 4).
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Table 4: Effect of genotype and time of petal harvest on capitulum diameter, number of
capitula per plant and number of seeds per capitulum of safflower

Main effects and Capitula diameter ~ Number of capitula Number of seeds per
interactions (mm) per plant capitulum

Summer Winter Summer  Winter Summer Winter

Genotype(G)

Sina 9.91b 14.16b  10.97b 19.80c 13.10b 20.12b
Kenya -9819 10.20b  17.66a 12.14ab  22.49%b 14.09ab 22.99a
Turkey 12.43a  19.39a 13.29a 24.56a 15.48a 25.19a
Significance ** * * ** * *

LSD 0.8864  2.468 1.404 2.061 1.4651 2.381

Harvest time (H)

onset of flowering ~ 10.15c 17.53ab 11.79a 21.93a 13.76b 22.21a
H1

I(:ull)bloom (H2) 10.59b  17.63a 11.74a 22.13a 13.80b 22.89a
Post pollination 11.37a 16.26bc 12.77a 22.58a 14.79a 23.41a
(H3)

End of flowering 11.28a 16.05c  12.23a 22.50a 14.58a 22.54a
(H4)

Significance folekel * NS NS ** NS
LSD 0.4213  1.360 1.240 1.093 0.3578 1.230

Interactions

G*H NS NS NS NS NS NS

* ** *x* NS. Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means separated using
Least Significant Difference (LSD) at P<0.05, means within column followed by the same letter(s) are
not significantly different

4.3.4 Thousand seed weight

Safflower genotypes had significant (P<0.05) influence on 1000-seed weight both in summer and
winter (Table 5). However, there was no significant (P>0.05) interaction of genotype and harvest
times on safflower thousand seed weight (Table 5). The genotype Turkey had significantly

(P<0.05) higher 1000-seed weight of 32.74 and 39.04 g in summertime and winter, respectively,
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than other genotypes (Table 5). The genotypes Kenya-9819 and Sina did not significantly (P>0.05)
vary in their 1000-seed weights in both summer and winter (Table 5). Winter grown safflower
produced plants with heavier 1000-seed of 37.96 g than summer (29.31 g). Petal harvest time had
no significant (P>0.05) effect on 1000-seed weight of safflower when planted in summer (Table
5). In winter planted safflower, petal harvest time significantly (P>0.05) influenced 1000-seed
weight (Table 5). Petal harvesting at the onset of flowering caused safflower plants to produce
significantly (P<0.05) heavier 1000-seed weight than other petal harvest times in winter (Table 5).
Petal harvesting at full bloom, post-pollination, and end of flowering in winter did not cause

significant (P>0.05) variation in 1000-seed weight of safflower (Table 5).

4.3.5 Seed Yield

Safflower genotypes had significant (P<0.05) influence on seed yield in both summer and winter,
but there was no significant (P>0.05) interaction of genotype and petal harvest time or petal harvest
time on seed yield (Table 5). In both summer and winter grown safflower there was significant
(P<0.05) genotypic variation on seed yield (Table 5). The genotype Turkey had significantly
(P<0.05) higher seed yield of 1479 and 2697 kg/ha in summer and winter, respectively, than other
genotypes (Table 5). However, the genotypes Kenya-9819 and Sina did not significantly (P>0.05)
vary in their seed yield in summer and winter (Table 5). Similarly, the seed yield of the genotypes
Turkey and Sina did not significantly (P>0.05) differ both in summer and winter (Table 4). Winter
grown safflower had an average seed yield of 2511 kg/ha which was significantly (P<0.05) higher

than the seed yield of 1241 kg/ha generated by summer plants reliant on genotype (Table 5).
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Table 5: Effect of genotype and time of petal harvest on 1000 seed weight, and seed yield
of safflower

Main effects and 1000-seed weight (g) Seed yield (kg/ha)
interactions

Summer Winter Summer Winter
Genotype(G)
Sina 27.56b 37.74b 1181ab 2475ab
Kenya -9819 27.64b 37.00b 1063b 2362b
Turkey 32.74a 39.14a 1479a 2697a
Significance * * * *
LSD 3.446 1.364 311.3 227.1
Harvest time (H)
onset of flowering (H1) 29.54a 39.3% 1276a 2554a
Full bloom (H2) 29.18a 37.33b 1215a 2488a
Post-pollination (H3) 29.52a 37.64b 1258a 2512a
End of flowering (H4) 29.01a 37.49b 1215a 2488a
Significance NS el NS NS
LSD 1.986 1.193 148.4 146.8

Interactions
G*H NS NS NS NS

*, *x *Fx*x NS. Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means
separated using the Least Significant Difference (LSD) at P<0.05, means within column
followed by the same letter(s) are not significantly different.

4.3.6 Petal yield

In both summer and winter grown safflower, safflower genotypes and harvest time interacted

significantly (P<0.05) to impact on petal yield (Figure 5, 6). The genotype Turkey and petals

harvested at the onset of flowering had significantly (P<0.05) the highest petal yield of 98.3 kg/ha

compared to other genotypes and harvest times besides the genotypes Turkey harvested at full

bloom and post-pollination, and Sina harvested at onset of flowering and full bloom in summer

grown safflower (Figure 5). The genotype Sina harvested at end of flowering produced

significantly (P<0.05) the lowest petal yield of 90.3 kg/ha paralleled to other genotypes and harvest
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times with omission of the genotype Kenya-9819 harvested at post-pollination and end of
flowering in summer (Figure 5). The genotype Kenya-9819 harvested at onset of flowering, full
bloom, and post-pollination did not significantly (P>0.05) differ in their petal yields in summer
(Figure 5). In summer grown safflower, the petal yield ranged between 90.3-98.3 kg/ha depending

on genotype and petal harvest time (Figure 5).
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Figure 5 : Effect of genotype and harvest time interaction on safflower petal yield in summer.

In winter the genotype Turkey and petals harvested at full bloom had significantly (P<0.05) the
highest petal yield of 116.5 kg/ha in contrast to other genotypes and harvest times with exception
of the genotypes Turkey collected at onset of flowering and post-pollination, and Sina harvested

at onset of flowering and full bloom (Figure 6). The genotype Sina harvested at end of flowering

47



produced significantly (P<0.05) the lowest petal yield of 107.6 kg/ha compared to other genotypes
and harvest times with exception of the genotype Kenya-9819 harvested at end of flowering in
winter (Figure 6). During winter the genotype Kenya-9819 harvested at onset of flowering, full
bloom, and post-pollination did not significantly (P>0.05) vary in their petal yields neither did it
differ with the petal yield of the genotype Sina harvested at post-pollination (Figure 6). Petal
yields of the genotypes Sina and Turkey harvested at onset of flowering and full bloom, and post-
pollination and end of flowering did not significantly (P>0.05) vary in winter (Figure 6). Safflower
planted in winter, produced petal yield ranging between 107.6 and 116.2 kg/ha depending on

genotype and petal harvest time (Figure 6).
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Figure 6: Effect of genotypes and harvest time interaction on safflower petal yield in winter.
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4.4 Effect of genotype and harvest time on dye content

4.4.1 Carthamidin content

Safflower genotypes and harvest time interacted significantly (P<0.05) to influence the
carthamidin petal content in both summer and winter (Figure 7, 8). The genotype Sina and petals
harvested at the onset of flowering had significantly (P<0.05) the highest carthamidin content of
7.5% in comparison to other genotypes and harvest times besides the genotype Sina harvested at
full bloom for safflower grown in summer (Figure 7). The genotype Kenya-9819 harvested at end
of flowering produced significantly (P<0.05) the lowest petal carthamidin content of 1.6% in
contrast to other genotypes and harvest times during summer (Figure 7). The genotype Sina petals
harvested at post-pollination had petal carthamidin content of 5.8% which did not significantly
(P>0.05) differ with petal carthamidin contents of the genotypes Kenya-9819 and Turkey
harvested at onset of flowering in summer (Figure 7). Moreover, the genotypes Turkey and Kenya-
9819 petals harvested at full bloom and post-pollination did not statistically (P>0.05) dissimilar in
their carthamidin contents in summer (Figure 7). Based on genotype and petal harvest time, the

range of petal carthamidin content was 1.6-7.5% for summer grown safflower (Figure 7).
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Figure 7: Effect of genotypes and harvest time interaction on safflower carthamidin content in
summer.

At the onset of flowering the genotype Sina significantly (P<0.05) produced petals with the highest
carthamidin content of 7.0% in comparison to other genotypes and harvest times for safflower
grown in winter (Figure 8). During winter, the genotype Kenya-9819 harvested at end of flowering
produced significantly (P<0.05) the lowest petal carthamidin content of 1.0% in contrast to other
genotypes and harvest times (Figure 8). The genotype Sina petals harvested at full bloom had
significantly (P<0.05) the second highest carthamidin content of 6% compared to other genotypes
harvested at different times in winter (Figure 8). The genotype Sina harvested post-pollination did
not significantly (P>0.05) differ in their carthamidin contents with genotypes Turkey and Kenya-
9819 harvested at the onset of flowering in winter (Figure 8). The range of carthamidin content
was between 1.0-7.0% depending on the safflower genotype and petal harvest time during winter

(Figure 8).
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Figure 8: Effect of genotypes and harvest time interaction on safflower carthamidin content in
winter.

4.4.2 Carthamin content

Safflower genotypes and harvest time interacted significantly (P<0.05) to affect petal carthamin
content (Figure 9, 10). The genotype Turkey and petals harvested at the post-pollination had
significantly (P<0.05) the highest petal carthamin content of 0.049 % in contrast to other genotypes
and harvest times in summertime planted safflower (Figure 9). The genotype Kenya-9819 gathered
at onset of flowering produced significantly (P<0.05) the lowest petal carthamin of 0.024%
compared to other genotypes and harvest times with exception of the genotype Sina harvested at
the onset of flowering in summer (Figure 9). In summer, genotypes Sina, Kenya-9819, and Turkey
petals collected post-pollination and end of flowering, post-pollination, also end of flowering,
respectively did not significantly (P>0.05) change in their carthamin contents (Figure 9). In
summer grown safflower, the petal carthamin content ranked between 0.024-0.049% depending

on genotype and petal harvest time (Figure 9).
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Figure 9: Effect of genotypes and harvest time interaction on carthamin content in summer.

The genotype Turkey and petals harvested at post-pollination had significantly (P<0.05) higher
carthamin content of 0.044% compared to other genotypes and harvest times for safflower grown
in winter (Figure 10). The genotype Kenya-9819 petals harvested at onset of flowering had
significantly (P<0.05) lower carthamin content of 0.018% than other genotypes and harvest times
with the exception of the genotypes Kenya-9819 and Sina harvested at full bloom and onset of
flowering, respectively in winter (Figure 10).The genotypes Kenya-9819, Sina and Turkey petals
harvested at post-pollination and end of flowering, post-pollination and end of flowering,
respectively, did not significantly (P>0.05) differ in their petal carthamin contents in winter (Figure
10). Furthermore, the genotypes Turkey and Sina petals harvested at onset of flowering and full
bloom, and full bloom and end of flowering, correspondingly, did significantly (P>0.05) differ in
their carthamin contents in winter (Figure 10). Carthamin content ranging within 0.018 and 0.044

% subject on the genotype and petal harvest time (Figure 10).
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Figure 10: Effect of genotypes and harvest time interaction on carthamin content in winter.

4.4.3 Dye index

Safflower genotypes and harvest times interacted significantly (P<0.05) to influence petal dye
index in summer and winter (Figure 11, 12).The genotype Turkey and petals collected at post-
pollination had significantly (P<0.05) the highest dye index of 5 in comparison to other genotypes
and harvest times with exception of the genotypes Turkey, Kenya-9819, and Sina petals harvested
at the full bloom and end of flowering, post-pollination and end of flowering, and end of flowering,
respectively, in summer cultivated safflower (Figure 11).The genotype Sina petals harvested at
full bloom had significantly (P<0.05) the lowest petal dye index of 1.82 compared to other
genotypes and harvest times excluding the genotypes Sina and Kenya-9819 petals harvested at
onset of flowering in summer (Figure 11). The genotype Sina petals harvested at the end of

flowering did not significantly (P>0.05) differ in their index with genotypes Turkey and Kenya-
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9819 petals harvested at onset of flowering and full bloom, and post-pollination, respectively in
summer (Figure 11). In summer safflower petal dye index spanning between 1.82 and 5.0

dependent in the genotype and petal harvest time (Figure 11).
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Figure 11: Effect of genotypes and harvest time interaction on safflower petal dye index in
summer.

In winter grown safflower, the genotype Turkey petals harvested at end of flowering had
significantly (P<0.05) the highest petal dye index of 5.0 in contrast to other genotypes and harvest
times except for the genotypes Turkey, Kenya-9819, and Sina petals harvested at post pollination,
and end of flowering, respectively, during wintertime (Figure 12). For winter grown safflower, the
genotype Sina harvested at full bloom had significantly (P<0.05) the lowest petal dye index of 1.0
in contrasted to other genotypes and harvest times except for the genotypes Sina and Kenya-9819
petals harvested at the onset of flowering (Figure 12). In winter, safflower petal dye index ranged

among 1.0 and 5.0 depending on genotype and petal harvest time (Figure 12).
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Figure 12: Effect of genotypes and harvest time interaction on safflower petal dye index in winter.

4.5 Effect of genotype and harvest time on mineral composition of safflower petals
4.5.1 Calcium content

There was significant (P<0.05) genotypic variation on petal calcium (Ca) content both in summer
and winter (Table 6). The genotype Turkey had significantly (P<0.05) higher petal Ca content of
517.18 and 511.5 mg/100 g in summer and winter, respectively, than other genotypes (Table 6).
The genotypes Sina and Kenya-9819 did not significantly (P>0.05) vary in their petal Ca content
in both summer and winter grown safflower (Table 6). The Ca petal content was 459.82 and 454.15
mg/100 g in summer and winter, singly, subject on genotype (Table 6). Petal harvest time had a
significant (P<0.05) effect on petal Ca content both in summer and winter (Table 6). Petal
harvesting at end of flowering had significantly (P<0.05) the highest petal Ca content of 523.91
and 520.19 mg/100 g in summer and winter, respectively, than other petal harvest times (Table 6).
However, gathering petals at the onset of flowering had significantly (P<0.05) the lowest petal Ca
content of 427.25 and 421.99 mg/100 g in summer and winter, respectively, than other petal
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harvest times (Table 6). Generally, the earlier the petal harvest date the lower the petal Ca content
(Table 6). Summer grown safflower had significantly (P<0.05) higher petal Ca content of 459.82

mg/100 g than winter planted (454.15 mg/100 g) liable to the petal harvest time (Table 6).

4.5.2 Magnesium content

The petal magnesium (Mg) content did not significantly (P>0.05) vary with genotype both in
summer and winter (Table 6). There was also no significant (P>0.05) interaction of genotype and
petal harvest time (Table 6). However, petal harvest time had a significant (P<0.05) effect on petal
Mg content (Table 6). Petals harvested at full bloom had significantly (P<0.05) the highest Mg
content of 305.76 and 298.13 mg/100g in summer and winter, in turn, compared to other petal
harvest times (Table 6). On the contrary, petals harvested at the end of flowering had significantly
(P<0.05) the lowest Mg content of 260.44 and 257.74 mg/100g in summer and winter, respectively,
compared to other petal harvest times (Table 6). The petal Mg content ranged between 257.74-

305.76 mg/100g dependent on the harvest time (Table 6).

4.5.3 Potassium content

The main effects of genotype and petal harvest time significantly (P<0.05) influenced petal
potassium (K) content (Table 6). The genotype Turkey had significantly (P<0.05) higher petal K
content of 2327.88 and 2313.80 mg/100g in summer and winter, respectively, than the genotypes
Sina and Kenya-9819 (Table 6). The genotypes Sina and Kenya-9819 did not significantly
(P>0.05) differ in their petal K content (Table 6). The petal K contents ranged between 2227.21-
2327.88 and 2214.73- 2313.80 mg/100 g in summer and winter grown safflower, respectively,
depending on genotype (Table 6). Petals harvested at full bloom had significantly (P<0.05) higher

K content of 2327.88 and 2313.80 mg/100 g in summer and winter, respectively, than other petal
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harvest times (Table 6). On the contrary, petals harvested at the onset of flowering had significantly

(P<0.05) the lowest K content of 2232.40 and 2217.97 mg/100 g in summer and winter,

respectively, than other petal harvest times (Table 6). Summer grown safflower had significantly

(P<0.05) higher petal K content of 2261.06 mg/100g than winter (2247.64 mg/100 g) grown

safflower (Table 6).

Table 6: Effect of genotype and time of petal harvest on calcium, magnesium, and potassium

of safflower petals

Main effects and Calcium (mg/100 g) Magnesium Potassium (mg/1009)
interactions (mg/100g)
Summer  Winter Summer  Winter Summer Winter

Genotype(G)
Sina 431.37b  427.30b  279.32a 277.16a 2227.21b  2214.46b
Kenya-9819 430.91b 424.10b 278.91a 275.10a 2228.06b  2214.73b
Turkey 517.18a 511.05a 277.52a 273.38b 2327.88a 2313.80a
Significance falail il NS NS Fxk Fxk
LSD 3.163 3.898 6.441 3.847 1.582 2.497
Harvest time (H)
Onset of flowering 427.25d  421.99d 276.13b 274.30b  2232.40d  2217.97d

H1
I(:ull)bloom (H2) 437.99c  430.86c 305.76a 298.13a 2283.16a  2269.29a
Post-pollination (H3) 450.12b  443.55b  271.99c 270.69c 2275.16b  2261.82b
End of flowering 523.91a 520.19a 260.44d 257.74d 2253.53c  2241.49c
(H4)
Significance 1.979 2.362 3.946 3.524 1.706 2.494
LSD *k*k * k% * k% *k*k *k*k *k*k
Interactions
G*H NS NS NS NS NS NS

* ** *x% NS. Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means separated using
the Least Significant Difference (LSD) at P<0.05, means within column followed by the same letter(s)
are not significantly different.
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4.5.4 Sodium content

The sodium (Na) petal content of genotypes and the interaction of genotypes and petal harvest
time did not significantly (P<0.05) differ (Table 7). However, time of petal harvest had a
significant (P<0.05) effect on petal Na content (Table 7). Petals harvested at full bloom had
significantly (P<0.05) higher Na content of 249.84 and 246.45 mg/100 g in summer and winter,
respectively, than other petal harvest times (Table 7). Petals harvested at the onset of flowering
had lower Na content of 199.16 and 195.13 mg/100 g in summer and winter grown safflower,
respectively, than other petal harvest times (Table 7). Petals harvested at post-pollination had
significantly (P<0.05) higher Na content both in summer and winter than petals harvested at the

end of flowering (Table 7).

4.5.5 lron content

Safflower genotypes and petal harvest time had significant (P<0.05) effect on iron (Fe) petal
content, but there was significant interaction of genotype and petal harvest time on Fe content
(Table 7). The genotype Turkey had significantly (P<0.05) higher petal Fe content of 16.93 and
14.65 mg/100 g than other genotypes (Table 7). However, the genotypes Sina and Kenya-9819 did
not significantly (P>0.05) vary in their petal Fe contents in summer and winter (Table 7). Summer
grown safflower had significantly (P<0.05) higher petal Fe content of 15.57 mg/100 g than winter

grown safflower which had Fe petal content of 12.86 mg/100 g (Table 7).

Petals harvested at the end of flowering had significantly (P<0.05) higher Fe content of 20.23 and
15.98 mg/100 g in summer and winter, respectively, than other petal harvest times (Table 7). Petals

harvested at the onset of flowering had significantly (P<0.05) lower petal Fe content of 11.87 and
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10.32 mg/100 g in summer and winter, respectively, than other petal harvest times (Table 7). Petals
harvested at post-pollination had significantly (P<0.05) higher petal Fe content than petals

harvested at full bloom (Table 7).

4.5.6 Zinc content

Genotypes and petal harvest time had a significant (P< 0.05) influence on petal zinc (Zn) content,
but the interaction of genotype and harvest time had no effect on petal Zn content (Table 7).
Summer grown safflower had a significant (P<0.05) genotype effect on petal Zn content, but
winter grown safflower (Table 7). The genotype Kenya-9819 had a petal Zn content of 2.65
mg/100 g which was significantly (P<0.05) higher than that of other genotypes (Table 7). The
genotypes Sina and Turkey had no significant (P>0.05) variation in their petal Zn content (Table
7). Safflower grown in summer had significantly (P<0.05) high petal Zn content of 2.2 mg/100g

than summer grown which had petal Zn content of 1.81 mg/100g (Table 7).

Petals harvested at the onset of flowering had significantly (P<0.05) higher petal Zn content of
2.66 and 2.05 mg/100g in summer and winter, respectively, than other harvest times (Table 7).
While petals harvested at the end of flowering had significantly (P<0.05) the lowest petal Zn
content of 1.74 and 1.41 mg/100g in summer and winter, respectively, compared to other harvest
times (Table 7). In general, delayed petal harvesting significantly (P<0.05) decreased petal Zn

content (Table 7).
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Table 7: Effect of genotype and time of petal harvest on sodium, iron, and zinc of safflower
petals

Main effects and Sodium (mg/100g) Iron (mg/1009) Zinc(mg/100g)
interactions
Summer  Winter Summer Winter Summer  Winter

Genotype(G)

Sina 227.17a 224.96a  15.00b 11.82b  2.01b 1.81a
Kenya -9819 228.06a 225.23a 14.79b 12.10b  2.65a 1.82a
Turkey 227.97a 224.30a 16.93a 14.65a 1.94b 1.81a
Significance NS NS falaied faleie falaled NS
LSD 1.373 2.496 0.602 0.833 0.127 0.026

Harvest time (H)

onset of flowering 199.16d  195.13d 11.87d 10.32d  2.66a 2.05a
H1

I(:ull)bloom (H2) 249.84a 246.45a 14.22c 11.48c  2.30b 1.94b
Post-pollination (H3)  241.86b  238.99b  15.99b 13.60b  2.09c 1.85¢
End of flowering (H4) 220.08c  218.75¢  20.23a 15.98a 1.743d 1.413d

Significance 1.687 2.494 0.488 0.581 0.130 0.025

LSD **k*k **k* **k* **k* **k* **k*

Interactions
G*H NS NS NS NS NS NS

* ** xxk NS, Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means
separated using the Least Significant Difference (LSD) at P<0.05, means within column
followed by the same letter(s) are not significantly different.
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4.6 Effect of genotype and harvest time on proximate analysis of safflower petals

4.6.1 Moisture content

Safflower genotypes had a significant (P<0.05) influence on moisture content for safflower plants
grown both in summer and winter, but there was no significant (P>0.05) interaction of genotype

and harvest times on safflower petals' moisture content (Table 8).

Moisture content was significantly (P<0.05) lower in summer by 1.74% than during winter reliant
on the genotype (Table 8). Turkey had the highest percentage moisture content of 78.66 and
80.28% during summer and winter individually (Table 8) Genotype Sina had the second highest
moisture content (75.47 and 77.09%), conversely, was significantly (P>0.05) not different from
genotype Kenya-9819 for the duration of summer and winter. For this study harvest time
significantly (P<0.05) influence moisture content during summer but was significantly (P<0.01)
affecting moisture content during winter (Table 8). Regardless of the season at post pollination the

moisture content was higher than all other petal harvest times (Table 8).

4.6.2 Crude fibre content

Genotype significantly (P<0.05) affected crude fibre for safflower petals harvested from plants
grown both in summer and winter, however, there was no significant (P>0.05) interaction of
genotype and harvest times on safflower petals crude fibre (Table 8). The crude fibre during
summer was significantly (P<0.05) lower by 0.11% compared to winter conditional on the
genotype (Table 8). The genotype Turkey had the highest percentage of crude fibre (4.54 and
4.64%) over summer and winter separately (Table 8). Genotype Kenya-9819 had the lowest crude

fibre (2.87 and 2.98%) in summer and winter, nevertheless significantly (P>0.05) did not differ
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from genotype Sina. Under this investigation harvest time significantly (P<0.05) influence
moisture content during summer and winter (Table 8). At post-pollination, the crude fibre

percentage was at its highest in both seasons (Table 8).

4.6.3 Petal crude protein content

Genotype significantly (P<0.05) influenced crude protein for safflower petals harvested from
plants grown both in summer and winter, but there was no significant (P>0.05) interaction of
genotype and harvest times on safflower petals crude protein (Table 8). In summer crude protein
was significantly (P<0.05) lower by 1.01% in contrast to winter contingent on the genotype (Table
8). The highest percentage of crude protein was with genotype Turkey at 1.79 and 2.80 for both
summer and winter, respectively (Table 8). The lowest crude protein % of (1.00 and 2.00% for
summer and winter) was by genotype Kenya-9819, but significantly (P>0.05) did not differ from
genotype Sina. In this study harvest time significantly (P<0.05) affected safflower petal crude
protein during summer and winter (Table 8). Crude protein from safflower petals was highest when
collected at post-pollination and at the end of flowering than the other harvest time in both seasons

(Table 8).
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Table 8: Effect of genotype and time of petal harvest on moisture content, crude fibre,
and crude protein of safflower petals

Main effects and Moisture (%) Crude Fibre (%) Crude protein (%)
interactions

Summer  Winter Summer Winter Summer  Winter

Genotype(G)

Sina 7547b  77.09b  2.95b 3.06b 1.21b 2.21b
Kenya-9819 7494b  76.94b  2.87b 2.98b 1.00b 2.00b
Turkey 78.66a 80.28a 4.54a 4.64a 1.79a 2.80a
Significance * * * e * *
LSD 2.111 2.147 0.789 0.792 0.488 0.483

Harvest time (H)

Onset of flowering 75.06b  77.05c  3.13b 3.24b 1.04b 2.05b
(H1)

Full bloom (H2) 75.78b  77.53bc  3.30b 3.41b 1.21ab 2.22ab
Post-pollination 77.49a  79.40a  3.82a 3.93a 1.50a 2.60a

(H3)

End of flowering 76.56ab 78.42ab  3.56ab 3.66ab 1.47a 2.47a
(H4)

Significance * faled * * * *
LSD 1.597 1.151 0.431 0.431 0.408 0.410

Interactions
G*H NS NS NS NS NS NS

*, ** *xk NS. Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means
separated using the Least Significant Difference (LSD) at P<0.05, means within column
followed by the same letter(s) are not significantly different
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4.6.4 Fat content

During summer and winter, the genotype significantly (P<0.01) affected the fat content of
safflower petals (Table 9). There was no significant (P>0.05) interaction between genotype and
harvest times on safflower petals fat content (Table 9). During summer fat content was
significantly (P<0.05) lower by 0.04% equated to winter depending on the genotype (Table 9).
The highest percentage of fat content was with genotype Turkey at 3.35 and 3.39 for both summer
and winter, respectively (Table 9). The second highest fat content % of (2.89 and 2.93 % in summer
and winter) was produced by genotype Sina, but statistically (P>0.05) was not different from
genotype Kenya-9819. Harvest time significantly (P<0.01) affected safflower petal fat content
during summer and winter (Table 9). Fat content from safflower petals was higher when collected
at post-pollination and followed by the end of flowering in comparison to the other harvest times

notwithstanding of the season (Table 9).

4.6.5 Ash content

In both summer and winter, genotypes had significantly (P<0.05) influenced ash content of
safflower petals and there was no significant (P>0.05) interaction of genotype and harvest times
on safflower petals ash content (Table 9). In summer ash was significantly (P<0.05) higher by
0.95% compared to winter depending on the genotype (Table 9). The highest percentage of ash
was with genotype Kenya-9819 at 8.63% for summer but during winter genotype Sina had the
highest ash content of 7.17% (Table 9). Irrespective of the season genotype Turkey had the lowest
ash of (5.36 and 5.16% in summer and winter). Harvest time had a significant (P<0.05) effect on
safflower petal ash during winter (Table 9). Ash content from safflower petals was greater when
harvested at full bloom followed by onset flowering compared to the other harvest times (Table
9).
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4.6.6 Total carbohydrates content

For summer and winter, genotypes significantly (P<0.05) affected the total carbohydrates of
safflower petals. Moreover, there was no significant (P>0.05) interaction between genotype and
harvest times on safflower petals carbohydrates (Table 9). Total carbohydrates were significantly
(P<0.05) higher by 2.07 in summer contrast to winter depending on the genotype (Table 9). The
total carbohydrates were recorded at their highest with genotype Kenya-9819 at 10.07% for
summer and 8.74% during winter (Table 9). Irrespective of the season genotype Turkey had the
lowest total carbohydrates of 3.75% (Table 9). In summer, harvest time had a significant (P<0.05)
effect on safflower petal total carbohydrates while during winter harvest time significantly
(P<0.05) influenced the safflower total carbohydrates (Table 9). When harvested at onset
flowering and full bloom the total carbohydrates are higher compared to the other harvest times

(Table 9).
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Table 9: Effect of genotype and time of petal harvest on fat content, ash and carbohydrates

of safflower petals

Main effects and Fat content (%) Ash (%) Carbohydrates (%)
interactions

Summer  Winter Summer  Winter Summer  Winter
Genotype(G)
Sina 2.89b 2.93b 8.00a 7.17a 9.48a 7.54a
Kenya -9819 2.50c 2.54c 8.63a 6.81a 10.07a 8.74a
Turkey 3.35a 3.39a 5.36b 5.16b 6.71b 3.75b
Significance ** faled * * * *
LSD 0.300 0.300 1.821 1.026 2.055 2.644
Harvest time (H)
Onset of flowering  2.62b 2.66b 8.02a 6.75ab 10.12a 8.24a
(H1)
Full bloom (H2) 2.61b 2.65b 7.75a 6.86a 9.34ab 7.33a
Post-pollination 3.31a 3.35a 6.39a 5.85b 7.38C 4.87b
(H3)
End of flowering 3.09a 3.13a 7.16a 6.06b 8.17bc 6.26ab
(H4)
Significance e e NS * * e
LSD 0.452 0.452 1.692 0.797 1.757 1.898
Interactions
G*H NS NS NS NS NS NS

*, ** **x NS. Significant at 0.05, 0.01, 0.001 or not significantly, respectively. Means
separated using the Least Significant Difference (LSD) at P<0.05, means within column
followed by the same letter(s) are not significantly different
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CHAPTER 5

5.0 DISCUSSION

5.1 Effect of genotype on phenological variables

In the present study, genotype had a significant influence on the phenological stages of safflower
in both summer and winter. The phenological traits investigated were days to emergence, days to
flowering, days to end of flowering, and days to physiological maturity had significant genotypic
variation in the current study. In the present investigation, there was variation in genes in
phenological attributes which is important in the collection of safflower varieties for breeding
purposes because hybrids derived from lines possess greater genetic variety will demonstrate high
level of heterosis than convergent races (Moatshe et al., 2020c; Ojaq et al., 2020; Golkar et al.,
2017). Genetic diversity has been discovered by several writers in phenological traits of safflower
(Ali et al., 2020; Moatshe et al., 2020c; Zhao et al., 2020b; Bahmankar et al., 2016; Golkar, 2014;
Golkar et al., 2011; Singh et al., 2008; Mindel et al., 2004; Kotecha, 1979). The genotype Sina
had early maturation compared genotypes Turkey and Kenya-9819 in both summer and winter.
Breeding of early maturation cultivars is a foremost goal in several breeding plans of crops mainly
for regions with water deficit or that experience chilling temperatures towards the end of the season
of growth (Mosupiemang et al., 2022; Weiss, 2000; Dajue & Miindel, 1996). Days to emergence
and physiological maturity are important in earliness in plants because it’s a mechanism of drought
escapers and a strategy of avoiding insect infestation and disease infections (Farooq & Siddique,
2022; Mosupiemang et al., 2022; Emongor et al., 2017; Oarabile, 2017; Golkar, 2014; Farooq et
al., 2009; Weiss, 2000). Duration to flowering and physiological maturity are important

phenological variables that influencing yield of safflower (Emongor & Emongor, 2022; Moatshe
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et al., 2020c; Moatshe, 2019; Emongor et al., 2017; Oarabile, 2017; Golkar, 2014; Weiss, 2000).
The current study's outcomes are consistent with those of Moatshe, (2019) who stated that
safflower genotypes took 9-10 and 9-10, 30-37 and 35-41, 40-50 and 50-59, 59-67 and 67-71, 82-
99 and 110-116, and 100-116 and 135-147 days after sowing to emerge, rosette stage, elongation
stage, branching, flowering, and physiological development in summer and winter of southern
Botswana, respectively. The duration of safflower to reach flowering varies with genotype and
environmental conditions and ranged between 113-121 days after sowing (DAS) in Egypt
(Shabana et al., 2013), 103-130 DAS in southern Australia (Wachsmann et al., 2001), 55-77 DAS

in Iran (Bahmankar et al., 2016), and 100-147 DAS in southern Botswana (Moatshe, 2019).

The phenological stages of safflower are under genetic control (Golkar et al., 2012a, 2012b, 2017;
Golkar, 2011, 2014; Pahlavani et al., 2012; Shahbazi & Seaidi, 2007; Gupta & Singh, 1988;
Kotecha, 1979). For example, duration of rosette, elongation, and flowering stages are controlled
by additive gene effects (Golkar, 2011). Additive (Shahbazi & Seaidi, 2007; Kotecha, 1979) and
over dominant of gene effects (Gupta and Singh, 1988) have been disclosed to govern days to
maturation of safflower. While days to flowering of safflower has been reported to be under the
control of dominant (Golkar, 2011), over dominant (Shivani et al., 2012), partial dominant (Singh
& Gupta, 1988), and both additive and dominant (Singh et al., 2008) gene effects. The variation in
findings reported above could be credited to dissimilarities in genotypes and environmental

settings in the various studies.

The phenological factors investigated in the present study were significantly influenced by the
growing season. The winter season safflower cultivation resulted in noticeably longer phenological
phases (emergence, flowering, end of flowering, and physiological maturity) compared to summer.

The genotypes of safflower utilized throughout this investigation took 8.3-9.1 and 9.5-11.5, 74-80
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and 111-117, 84-90 and 119-126, and 99-109 and 140-157 days after sowing to emerge, flower,
end of flowering, and physiological maturity in summer and winter, respectively. During the
current study period, the monthly mean minimum and maximum temperatures in summer and
winter was 13-20.1°C and 29.5-31.8°C, and 4.8-15.4°C and 20.8 -28.9°C, respectively (Appendix
2, 3). Therefore, the significantly longer duration of the phenological stages of safflower grown in
winter was credited to cooler air temperature that favoured growth and developing of safflower
than in summer. The most favourable temperature for seed germination and growth of safflower
is 15.6°C and 20-32°C, respectively (Torabi et al., 2013, 2015; Emongor & Oagile, 2017; Kaffka
& Kearney, 1998; Mindel, 1969). For root development and rosette formation, safflower seedlings
need low temperatures of 15-20°C, whereas temperatures of 20-30°C are needed for stem
elongation and flowering to occur (EI-Bassam, 2010; Li, 1989; Mindel et al., 1992; Emongor &
Oagile, 2017; Li et al., 1997; Emongor & Emongor, 2022; Afzal et al., 2022 ; Carapetian, 2001).
The latest study's result support the previously published findings in literature (Emongor, 2010;
Torabi et al., 2013, 2015; GRDC, 2017; Moatshe, 2019; Abou Chehade et al., 2022; Moatshe et
al., 2020c; Kolanyane, 2022). Wachsmann et al. (2001) attributed to the interval of the
phenological stages of safflower in relation to temperatures along with photoperiod in southern
Australia. While Ahadi et al. (2011) credited the length of phenological phases of safflower to
sowing date and temperature in Iran. In general, temperature affects the growth and development
of all plants (Slafer & Rawson, 1994). Temperature determines how quickly plants develop, and
the rate of growth of plants in the physiological range (10-30°C) correlates positively with
temperature, with growth hastened when temperature is increased (Ritche & Ne Smith, 1991;

Goudriaan & Laar, 1994; Raven et al., 1999).
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Safflower is a day-neutral crop (Dajue & Miindel, 1996) however, long days promote flowering
(Dadashi & Khajehpour, 2004; Gilbert, 2008). Safflower summer cultivars in temperate zones,
grown as winter crops in sub-tropical and tropical locations with seasonally short days have
extended the phases of phenology (Dajue and Mindel, 1996; Gilbert, 2008; Emongor et al., 2017;
Moatshe, 2019; Emongor & Emongor, 2022). Cold temperatures (less than 20°C) and short days
(fewer than 10 hours) experienced in Botswana during winter delays all the phenological stages of
safflowers regardless of population of plants or genotype (Emongor et al., 2015, 2017; Moatshe,
2019). Interaction of temperature and day length is also reported to contribute to safflower

phenological phases differing in duration (Dadashi & Khajehpour, 2004).

5.2 Effect of genotype on vegetative growth

In the current study, genotype had a significant effect on safflower vegetative growth (height to
first branching, plant height, and number of primary branches/plant) in both summer and the
winter. The genotype Turkey had significantly the highest height to first branching, plant height,
and number of primary branches/plant compared to genotypes Kenya-9819 and Sina. The genetic
deviation in vegetative progression of safflower observed in the recent investigation was due to
genetic and environment (summer and winter conditions) interaction. Safflower plant height has
been reported to be governed by additive gene effects (Kotecha, 1979; Shahbazi & Saeidi, 2007,
Golkar et al., 2012). Mandal and Banerjee (1997) reported that safflower plant height was not
influenced by extra nuclear (genes present in cytoplasmic organelles such as mitochondria and
chloroplasts) genes. Gupta and Singh (1988) found number of primary branches/plant of safflower
are controlled by additive gene effects. While Narkhede and Patil (1987) reported that number of
primary branches/plant of safflower to be controlled by epistasis gene effects. However, Golkar et

al. (2012a) stated that there was no significant effect of epistasis in number of primary
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branches/plant of safflower. Branching pattern in safflower is meticulous regulated by both digenic
genes and environmental conditions (Deokar & Patil, 1975). While Kose (2019) reported that
height of first branch development in safflower was due to low narrow sense heritability and it’s
under the control of non-additive gene effects. Genotypic variant in safflower vegetative
development has been reported in literature (Moatshe et al., 2020c, La Bella et al., 2019; Moatshe,
2019; Oarabile, 2017; Killi et al., 2016; Hamza, 2015; Zareie et al., 2013; Ada 2013; Abd El-
Lattief, 2012; Camas et al., 2007; Carapetian, 2001; Bratuleanu, 1997; Dajue & Miindel, 1996).
Bratuleanu (1997) reported that safflower plant height was determined by genotype x environment
x cultural practices interaction (Dajue et al., 1993; Dajue & Mundel, 1996; Weiss, 2000; Camas et
al., 2007). Significant genotype variations for safflower vegetative growth (initial branching
height, height of plant, and sum branches/plant) of safflower have been accounted for in writings
(Camas et al., 2007; Killi et al., 2016; Emongor et al., 2017, Arzu, 2019; Moatshe, 2019; Moatshe
et al., 2020c, Kog,2021). Moatshe (2019) indicated that genotypes Sina had the tallest plants with
the highest primary branch number/plant. On the contrary, the genotype Gila had the shortest

plants with the fewest primary branch number/plant (Moatshe, 2019).

In the current study, the average height to first branching, plant height, and number of primary
branches/plant in summer was 13.59, 73.43, and 8.19 cm, respectively. While in winter, the
average height to first branching, plant height, and number of primary branches/plant was 31.18,
91.21, and 10.60 cm, respectively. The significant variation in vegetative growth (height to first
branching, plant height, and number of primary branches/plant) between summer and winter
grown safflower was attributed to temperature (Appendix 2, 3). The reason for the disparity in
safflower plant height and height to first branching was due to the higher change among night and

day temperatures (DIF) in winter (average minimum and maximum temperatures 4.8-15.4 and
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20.8-28.9°C).In  summer the mean minimum and maximum temperatures during the
experimentation period was 13-20.1 and 29.5-31.8°C. Positive DIF in some plants such as
safflower and other ornamental plants such as poinsettia, lilies, chrysanthemums, and roses
promotes stem elongation due to induced biosynthesis of gibberellins hence explaining the taller
plants and higher first branching height in winter grown safflower than summer plants (Went,
1944; Erwin et al., 1989; Berghage & Heins, 1991; Karlsson et al., 1989; Myster & Moe, 1995;
Dole & Wilkins, 2005). Temperature differences throughout day and night have physiological
impact on stem elongation (Went, 1944; Emongor et al., 2013; 2015). The use of DIF to manage
plant height has been shown in many plant species (Myster & Moe, 1995). When DIF is positive
and higher, the higher the stem elongation due to increased internode elongation induced by
gibberellins (Berghage & Heins, 1991; Erwin et al., 1989; Myster & Moe, 1995; Taiz & Zeiger,
2002; Dole & Wilkins, 2005; Emongor et al., 2015). Optimal level of day and night temperatures
is important for the balance of photosynthetic and respiration rates which both are key contributors
to growth and yield of crops through dry matter accumulation. The conducive cool temperatures
in winter promoted development of more primary branches of safflower than summer in the current
study. In accordance with the literature, the best temperature for safflower to develop and grow
was 20-32°C (Mindel, 1969; Dajue & Miindel, 1996; Torabi et al., 2015; OGTR, 2019; OECD,
2020; Emongor & Emongor, 2022; Kaffka & Kearney, 1998). Better vegetative growth of
safflower grown in winter than summer has been recounted in literature (Kedikanetswe, 2012;
Emongor et al., 2013, 2015,2017; Moatshe et al., 2016, 2020b; Sarkees & Tahir, 2016; Oarabile,
2017; Sampaio et al., 2017; Moatshe, 2019). Emongor et al. (2017) reported that winter grown
safflower had 70 more primary branches/plant than summer grown plants. While Sampaio et al.

(2017) observed that winter grown safflower had significantly higher number of primary
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branches/plant than summer grown plants. Sarkees and Tahir (2016) also reported that there were
significantly fewer number of primary branches/plant in summer grown safflower than winter.
They attributed this to shortened safflower growth cycle in summer than winter which resulted in
short duration of vegetative phase which was essential in promoting lateral growth (Sarkees &

Tahir, 2016; Emongor et al., 2015).

5.3 Effect of genotype and harvest time on yield components

The yield components of safflower are branch number/plant, number of capitula/plant, number of
achenes (seeds)/capitulum, and 1000-seed weight (Kolanyane, 2022; Moatshe et al., 2020b,
Moatshe, 2019; Emongor & Oagile, 2017; Emongor et al., 2015, 2017; Oarabile, 2017
Ahmadzadeh et al., 2012; Amini et al., 2008; Camas & Esendal, 2006; Bagheri et al., 2001,
Gonzalez et al., 1994; Chaundry, 1990). The safflower yield components determined in the current
study included capitula diameter, number of capitula/plant, number of seeds (achenes)/capitulum,
and 1000-seed weight. There was significant genotypic variation in yield components of safflower.
The genotypes Turkey and Sina had significantly the highest and lowest yield components both
summer and winter grown safflower with exception of 1000-seed weight in which the genotype
Kenya-9819 had the lowest weight. The significant genotypic variation observed in the current
study was explained by different genetic expressions among the genotypes evaluated on these
traits. Number of capitula/plant is reported to be governed by dominant gene effects (Pahlavani et
al., 2007). While Deshmakh et al. (1991) reported a high heterosis for number of capitula/plant.
However, other researchers have reported additivexadditive and dominancexdominance epistasis
gene effects were accountable for the genetic control of number of capitula/plant (Shahbazi &
Saeidi (2007). While Sahu and Tewari (1993) described that additive-dominance gene effects were

responsible for the genetic regulation of number of capitula/plant in safflower. While
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Ramachandram and Goud (1981) demonstrated that the function of maternal impact a significant
part in the inheritance of number of capitula/plant and 1000-seed weight. Number of
seeds/capitulum has been reported under the influence of additive gene impact (Mandal &
Banerjee, 1997; Singh & Pawar, 2005). This infers that enhanced performance might be achieved
through selected breeding of number of seeds/capitulum. Golkar et al. (2012b) reported that the
genetic regulation of 1000-seed weight of safflower was brought about by additive gene effects.
Furthermore, additive-dominance (digenic model) has been reported to have a significant role in
1000-seed weight of safflower (Shahbazi & Saeidi, 2007). According to Golkar (2014) and Golkar
etal. (2012b) safflower seed yield and its components are under the control of additive gene effects
with exception of number of capitula/plant. Also, Golkar, (2014) and Golkar et al. (2012b) reported
that safflower capitula diameter (size) was under the control of dominant gene effects. Also,
safflower capitula diameter is reported to have a low broad-sense heritability (Camas & Esendal,
2006). Genetic variation of safflower yield components is reported in literature (Moatshe et al.,
2020b; Moatshe, 2019; Oarabile, 2017; Killi et al., 2016; Hamza, 2015; Zareie et al., 2013;
Kedikanestwe, 2012; Emongor et al., 2013, 2015, 2017; Camas et al., 2007; Singh & Nimbkar,
2006; Gonzalez et al., 1994). Moatshe (2019) reported significant genotypic variation in safflower
yield components. The genotypes ‘Sina’ and ‘Gila’ had significantly the highest and lowest yield
components in Safflower cultivated throughout the height of summer and wintertime. Emongor et
al., (2017) and Oarabile (2017) found genotypic variation of number of capitula/plant, capitula
diameter, number of seed/ capitulum, and 1000-seed weight. Genotypic variation of safflower is
reported also to depend on the environmental conditions, inherited traits, and cultural practices
(Singh & Nimbkar, 2006; Jonchike et al., 2002; Rahamatalla et al., 2001). Mahasi et al. (2006)

noted significant genotypic x environment interaction for number of capitula number/plant,
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capitula size, number of seeds/capitulum, and 1000-seed weight. The significant genetic X
environment interaction demonstrated the presence of large distinctions among genotypes and
growing seasons, and that different cultivars responded differently to different seasons (Singh &
Pawar, 2005; Mahasi et al., 2006). Also, in the current study all the safflower genotypes under
investigation had higher yield components (capitula diameter, number of capitula/plant, number
of seeds (achenes)/capitulum, and 1000-seed weight) in winter than summer. Ashri et al., (1974)
reported of significant genotype x environment (G x E) interaction for number of capitula/plant,
seed number/capitulum, and 1000-seed weight. The existence G x E interaction in safflower yield
components breeding is needed to suit regional circumstances. Elfadl et al., (2010) reported that
excellent diversity existed among safflower genotypes which provides opportunities for breeding

initiatives decision for local growing conditions.

Also, in the current study petal harvest time had a substantial impact on capitula diameter, number
of seeds/capitulum, and 1000-seed weight. Harvesting safflower petals at post-pollination and end
of flowering promoted capitula diameter and number of seeds/capitulum. While harvesting petals
at the onset of flowering increased 1000-seed weight. The increase in capitula diameter due to
harvesting petals at post-pollination and end of flowering was attributed to the induce increase in
number of seeds/capitulum. While the increase in 1000-seed weight induced by petal harvesting
at the onset of flowering was attributed to effective pollination which might have taken place in

the process of picking the petals since harvesting is done manually with fingers.

5.4 Effect of genotype on safflower seed yield

Genotypic variation on safflower seed yield was observed in the current study irrespective of
growing season. The genotype Turkey had considerably more seed yield of 1479 and 2697 kg/ha

in summertime and winter, correspondingly, than other genotypes. The genotypes Kenya-9819 and
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Sina did not vary in their seed yield in summer and winter. The genetic variation in seed yield of
safflower in the existing study was partly explained by genetic variation in the yield components
capitula diameter, number of capitula/plant, number of seeds (achenes)/capitulum, and 1000-seed
weight but higher in the genotype Turkey than other genotypes in the study. The genetic variation
in seed yield of safflower was also attributed to genetic expression of the different genotypes with
respect to seed yield. Golkar et al. (2012b) and Golkar (2014, 2017) recounted that seed yield of
safflower is under the control of additive gene effects. Several scientists have reported high
approximations of broad-sense heritability for safflower seed harvest (Mather & Jinks, 1982;
Falconer & Mackay, 1996; Camas & Esendal, 2006; Golkar et al., 2012a, b; Golkar, 2014). It’s
further reported that epistasis may also be involved in the genetic variation of safflower seed
produce (Mather and Jinks, 1982; Golkar et al., 2012; Golkar, 2014). Genetic variation in safflower
yield is reported in literature (Moatshe et al., 2020b; Moatshe, 2019; Oarabile, 2017; Killi et al.,
2016; Hamza, 2015; Zareie et al., 2013; Kedikanestwe, 2012; Emongor et al., 2013, 2015, 2017;
Beyyava et al., 2011; Kizil et al., 2008; Camas et al., 2007; Singh & Nimbkar, 2006; Azari and

Khajehpour, 2005; Dadashi & Khajehpour, 2004; Gonzalez et al., 1994).

Also, in the existing study winter grown safflower had an average seed yield of 2511 kg/ha which
was significantly higher than the seed yield of 1241 kg/ha produced by summer plants. Moatshe,
(2019) described significant seasonal variation of genotypes on seed yield of safflower in
Botswana. Wintertime including summer grown safflower produced an average seed yield of 4205
and 4005 kg/ha, respectively, independent of genotype and plant density (Moatshe, 2019).
Moatshe (2019) attributed this seasonal variation in safflower seed yield to the longer growing
period in winter of 135-147 days to physiological maturity, and higher LAI, LAD, and NAR than

summer in which the plants had a short growth period of 100-116 days to physiological maturity,
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and lower LAI, LAD, and NAR. The seasonal variations in safflower seed yield have also been
attributed to differences in climatic conditions in winter and summer (Tahmasebpour et al., 2016;
ulHassan et al., 2015; Emongor et al., 2013, 2015, 2017). Also, the seasonal variation of different
yield components of safflower in winter and summer observed in the current study had an impact
on seed yield and was more dependent on temperature compared to other abiotic factors. The
conducive cool temperatures in winter observed in the current study promoted the development of
more primary branches and yield components of safflower than summer in the current study. The
results of the current study agree with those stated in literature (OECD, 2020; Miindel, 1969; Dajue
& Mundel, 1996; Kaffka & Kearney, 1998; Torabi et al., 2015; Emongor & Oagile, 2017; GRDC,
2017; OGTR, 2019; Emongor & Emongor, 2022). Rasul et al. (2016) reported that temperature
fluctuations affected the seed yield of many crops and an increase in temperature of 2-4°C above

optimal, caused in a noteworthy drop in seed yield.

5.5 Effect of genotype and stage of harvesting on petal yield

In the current study, in both summer and winter, safflower genotypes and harvest time interacted
significantly to influence on petal yield. In summer, the genotype Turkey and petals harvested at
the onset of flowering had significantly the maximum petal yield of 98.3 kg/ha likened to other
genotypes and harvest times with exception of the genotypes Turkey harvested at full bloom and
post-pollination, and Sina harvested at onset of flowering and full bloom in summer grown
safflower. While genotype Sina harvested at end of flowering significantly generates the least petal
yield of 90.3 kg/ha in juxtaposition with the rest of the genotypes and harvest times aside the
genotype Kenya-9819 harvested at post-pollination and end of flowering in summer. In winter the
genotype Turkey and petals harvested at full bloom had significantly the highest petal yield of 117

kg/ha in distinction to other genotypes and harvest times besides of the genotypes Turkey
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harvested at onset of flowering and post-pollination, and Sina harvested at onset of flowering and
full bloom. The genotype Sina harvested at end of flowering substantially produced the least petal
yield of 108 kg/ha compared to other genotypes and harvest times with exception of the genotype
Kenya-9819 harvested at end of flowering in winter. The significant interaction among genotype
and time of petal harvest on petal yield indicated genotype x agronomic practices interaction
suggesting that safflower genotypes will produce different petals yields subject to time of petal
harvest. The genotype Turkey had the highest petal yield in both summer and wintertime because
of the high number of capitula/plant it had in the current study. The number of capitula/plant in
safflower are reported to determine petal yield (Steberl et al., 2020b; Singh et al., 2008; Zheng et
al., 1993). Omidi and Sharifmoghaddasi (2010) found that height to first branching of safflower
was positively correlated with petal yield and the variables plant height, branching height, number
of capitula/plant, and number of seed/capitulum directly influenced petal yield (Omidi &
Sharifmoghaddasi, 2010). High yielding varieties of safflower tend to be tall with many branches,
amount of capitula per plant, and longer flowering period (Johnson et al., 2001; Choulwar et al.,
2005; Omidi, 2006; Omidi & Sharifmoghhaddasi, 2010; Kedikanetswe, 2012; Karimi et al., 2013;
Emongor & Oagile, 2017; Emongor et al., 2017; Moatshe et al., 2016, 2020b). Due to the positive
correlation of number of capitula/plant and safflower petal yield it’s hypothesized that safflower
petal may be under additivexadditive and dominancexdominance epistasis (Shahbazi & Saeidi,
2007; Golkar et al., 2012b; Golkar, 2014) and additive-dominance (Sahu & Tewari, 1993) gene

effects since these genes control number of capitula/plant.

In the current study, the petal yield ranged between 90.3-98.3 and 108-117 kg/ha correspondingly,
in the summer and the winter, depending on genotype and petal harvest time. Steberl et al. (2020b)

reported that safflower petal yield ranged from 2.30 to 469 kg/ha depending on cultivar, year, and
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planting density. The results of Steberl et al. (2020b) suggested genotype x environment x
agronomic practices interaction. While Omidi and Sharifmoghaddasi (2010) reported that
safflower grown for petal production ranged between 120 to 150 kg/ha under rain-fed schemes
and 180 to 250 kg/ha using irrigation. The results of the present research are analogous to those
published in the scientific literature, which vary from 2 to 648 kg/ha contingent upon the year.,
cultivar, time of petal and plant density (Steberl et al., 2020b; Hamza, 2015; Mohammadi &
Tavakoli, 2015; Koutroubas et al., 2009; Nagaraj, 2009; Kizil et al., 2008; Azari et al., 2005;
Armah-Agyeman et al., 2002; Weiss, 2000; Knowles, 1972). Omidi and Sharifmoghaddasi (2010)
stated that harvesting safflower petals every three days from the onset of flowering increased petal
yield and prolonged flowering time by 22 days. Mohammadi and Tavakoli (2015) observed that
the period of petal harvest influenced petal yield. The maximum petal yield was observed when
petals were collected at the onset of flowering but lessened afterwards (Omidi &
Sharifmoghaddasi, 2010). The recent study's findings indicated that the highest and lowest petal
yields of 117 and 90.3 kg/ha were obtained when petals were harvested at the full-bloom and end
of flowering every three days, respectively agreeing with the findings of Omidi and
Sharifmoghaddasi (2010). While Steberl et al. (2020b) reported that harvesting safflower petals
post-pollination resulted in significantly the highest petal yield of 469 kg/ha. Also in the current
study, the highest petal yield of 117 kg/ha was obtained from the spineless genotype Turkey. Spiny
cultivars of safflower are presumed to produce fewer petals than varieties without spines. (Patil et
al., 2005; Pushpa et al.,2023, Kizil et al., 2008). Red flowering spineless safflower varieties were
selected for decorative/cut flower and dyeing purposes (Pascual-Villalobos & Alburquerque,

1995; Mohammadi & Tavakoli, 2015).
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5.6 Effect of genotype and harvest time on carthamidin and carthamin contents and dye

index

In the current study, safflower genotypes and harvest time interacted significantly to influence the
petal carthamidin and carthamin contents, and dye index in both summer and winter. The
genotypes Sina and Kenya-9819 petals harvested at inception of flowering and completion of
flowering, had the highest (7.0-7.5%) and lowest (1.0-1.6%) petal carthamidin content,
respectively pending on season of growth. The genotypes Turkey and Kenya-9819 petals harvested
at post-pollination and onset of flowering, had the highest (0.044-0.049%) and lowest (0.0018-
0.024%) petal carthamin content, respectively pending on season of growth. The genotypes Turkey
and Sina petals harvested at post-pollination and full bloom, had the highest (5.0) and lowest (1.0-
1.82) petal dye index, respectively pending on season of growth. The significant interaction
between genotype and time of petal harvest on carthamidin and carthamin contents, and dye index
suggested existence of genotype x agronomic practices interaction implying that safflower
genotypes will produce different contents of carthamidin and carthamin, and dye index depending
on time of petal harvest. Steberl et al. (2020b) found that the Chinese cultivar had higher
carthamidin content in 2018 (6.98-8.12%) than 2017 (5.91-7.29%). Furthermore, throughout all
petal harvests periods and in both of the years 2017, as well as 2018, the Chinese cultivar displayed
larger carthamidin content (6.45-7.71%) over the German cultivar (2.94-4.56%) (Steberl et al.,
2020Db). The results of Steberl et al. (2020b) agree with the findings of the current study existence
of genotype x agronomic practices interaction with respect to petal carthamidin content.
Mohammadi and Tavakoli (2015) found significant interaction of safflower cultivar and petal

harvest time on carthamidin and carthamin contents. The safflower cultivar Zendehrood petals
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harvested at the onset of flowering had the highest carthamidin content of 5.933% while the
cultivar Sina had the lowest carthamidin content of 4.618% (Mohammadi & Tavakoli, 2015).
Mohammadi and Tavakoli (2015), further found that the safflower cultivar Zendehrood petals
harvested when petals are wilting (after full bloom) had the highest carthamin content of 0.041%
while the cultivar MEC88 had the lowest carthamin content of 0.018%. Carthamin content was
less in the petals at the initial stages of flowering and elevated subsequent pollination at the outset
of petal succumbing to wilting (Mohammadi & Tavakoli, 2015). Other studies have shown
differences in petal carthamidin and carthamin contents involving harvest time frames, varieties,
and their interactions with one another (Steberl et al., 2020b; Mohammadi & Tavakoli, 2015;
Omidi & Sharifmoghaddasi, 2010; Kizil et al., 2008; Trabriz, 2002). The carthamidin content is
also reported in literature to be influenced by environmental weather conditions and harvest date
(Steberl et al., 2020b; Ghorbani et al., 2015; Mohammadi & Tavakoli, 2015; Fatahi & Heidari,
2009; Mindel et al., 2004; Tabriz, 2002). Steberl et al. (2020b) found that the carthamidin content
in safflower petals ranged between 4.60-5.93%. While Mohammadi and Tavakoli (2015) found
that the carthamidin content of safflower petals ranged between 4.604-5.933% depending on
cultivar and time of harvest. The petal carthamidin content in the current study ranged between 1-
7.5% which is comparable to the findings stated in literature (Steberl et al., 2020b; Ghorbani et al.,
2015; Mohammadi & Tavakoli, 2015; Miindel et al., 2004; Tabriz, 2002). The genetic variation in
petal carthamidin content were ascribed to differences in gene expression of this trait by different
genotypes in the present investigation's result. The petal carthamidin content of safflower petals
were reported under the control of epistasis gene effects (Golkar, 2018; Rampure et al., 2014;
Pahlavani et al., 2004). Furthermore, these particular the research’s findings demonstrated that

carthamidin content was highest when petals were reaped at the start of flowering and decreased
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thereafter. This was attributed to the existence of the B-glucose oxidase is a specific type of enzyme
which oxidizes the carthamidin (yellow) to carthamin (red) progressively (Cho et al., 2000;
Ghorbani et al., 2015). Carthamin is biosynthesized from carthamidin via oxidation which explains
why carthamin content is low at the onset of flowering but increases as the petals senesce (Cho et
al., 2000; Ghorbani et al., 2015; Steberl et al., 2020b). Additionally, according to Mohammadi and
Tavakoli (2015), the amount of carthamidin in the safflower florets varied regarding when they
were initially taken at the start of flowering, florets had a greater carthamidin level, whereas when
peals were picked shortly after pollination towards the start of petal withering had lesser
carthamidin amount. Safflower petals had a higher carthamidin content when harvested at the onset
of flowering, but petals harvested after pollination at the onset of petal wilting had lower
carthamidin content. Safflower petal dye index is related to the ratio of carthamidin to carthamin
contents in the petals (Chen et al., 2022; Zhao et al., 2020a). The higher the carthamin content the
higher the dye index since carthamin is red in colour. Given that carthamin is biosynthesized by
its yellow precursors (precarthamin), the safflower's flower colour begins as yellow and
progressively transitions to red as it reaches its peak of flowering. (Chen et al., 2022; Zhao et al.,

2020a; Ghorbani., et al., 2015; Cho et al., 2000; Kazuma et al., 1995; Kumazawa et al., 1994).

5.7 Effect of genotype and stage of harvesting on the mineral composition of petals

The present study showed that there was genotypic variation with respect to safflower petal
mineral nutritional content (Ca, Mg, K, Na, Fe, and Zn). The genotypes Turkey and Sina had
significantly the highest and lowest petal mineral nutritional content of all the elements analysed,
respectively. The genotypic variation with respect to mineral nutritional content of safflower petals
was attributed to different genetic expressions of this trait by the genotypes being studied in

relation to environmental surroundings between summertime and winter. Safflower genotypes
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vary in phenology, morphological makeup and physiology, this variation influences the source-
sink strength resulting in variations in the availability of minerals and partition among various
plant parts (Dajue & Mundel, 1996; Golkar, 2014; Emongor et al., 2017; Moatshe et al., 2020d).
In the current study the safflower petal mineral nutritional contents of Ca, Mg, K, Na, Fe, and Zn
ranged between 424.10-517.18, 273.38-279.32, 2214.73-2327.88, 224.3-228.06, 11.82-16.93, and
1.81-2.65 mg/100 g, respectively depending on genotype and growing season. Nagaraj et al. (2001)
in India found that Ca, Mg, and Fe petal contents was 530, 287, and 7.3 mg/100 g, respectively.
While Barashovets et al. (2016) in Ukraine reported that safflower petals showed a pattern for the
contents of minerals, as shown below: K >Ca > Si > Mg > P > Na > Fe > Al > Zn > Sr > Mn.
Barashovets et al. (2016) found that safflower petal mineral nutritional content was as follows Na,
K, Ca, Fe, Fe, and Zn 54, 2040, 680, 24, and 6.8 mg/100g, respectively. The outcome of the current
investigation concurs with those findings highlighted by Nagaraj et al. (2001) and Barashovets et
al. (2016). It can be concluded that safflower petals are an excellent source of potassium that aids
in decreasing the body's elevated blood pressure readings by counteracting the effects of sodium
(Grilloetal., 2019; Mente et al., 2014; Denton et al., 1995). Hence explaining why safflower petals

are used in lowering high blood pressure (Lee et al., 2020; Sun et al., 2018; Tan et al., 2020).

Also, in the current study the mineral nutritional content of safflower petals varied with time of
harvest. Whenever petals were collected at the ending of flowering, calcium and iron amounts
were substantial.While Mg, K, and Na were high when petals were harvested at the full bloom.
When petals were taken at the starting point of flowering, levels of zinc were high. Li et al., (2020)
reported that mineral elements content of peony flower petals (Paeonia lactiflora) was Na, Mg, K,
Ca, Mn, Fe, Ni, and Zn 20.96-65.51, 810.85-1342.36, 6723.68-12253.63, 848.67-3038.46, 1.14—

8.44, 48.70-149.72, 1.20-2.17 and 16.69-25.50 ug/g dry weight, respectively depending on
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cultivar and time of petal harvest. In all the three cultivars of peony, petals harvested at the flower
bud stage had the highest Zn content and the lowest Na, Mg, and Fe content (Li et al., 2020). Petals
collected at full blossom had the most minimal Mg content and the most elevated Mn content. The
level of Ca, Fe, and Ni in blossom petals of peony were greatest when harvested at the end of
flowering when the petals are senescing (Li et al., 2020). The K petal content of peony was not
affected by the time of petal harvest (Li et al., 2020). Ghimire et al. (2021) uncovered that
accumulation of macro and micronutrients in Atractylodes japonica Koidz was influenced by time
of harvest. The macro elements Ca and Mg levels were considerably rose by delayed harvesting
time, while the microelements Fe, Cu, Al, and As levels were high when early harvesting was done
(Ghimire et al., 2021). Mineral concentration in plant tissues and organs is influenced by several
variables, including the soil's type and level of fertility, root-soil interactions, features of the
absorption system, and translocation inside the plant (Welch & Graham, 2004; ImenSek et al.,
2021). The translocation of mineral substances, which varies depending on plant species, tissues,
development phases, and environmental factors throughout growth, also affects the mineral
element composition of distinct plant components (Mengel & Kirkby, 2001; Martinez-Ballesta et
al., 2010; Marschner, 2005; Imensek et al., 2021; Welch, 1999; Pandey, 2015). Mineral elements
are the foundation blocks of plant organs and tissues, and are important in several metabolic
processes (Weiss, 2000; Mindel et al., 2004; Marschner, 2005; Emongor & Mabe, 2012). They
are also important in the maintenance of osmotic pressure and acid-base in plants (Marschner,
2005; Mengel & Kirkby, 2001; Taiz & Zeiger, 2013). Magnesium is an important component of
chlorophyll and influences interception and capture of solar energy absorption by plants (Mengel
& Kirkby, 2001; Trankner et al., 2018; Marschner, 2005; Gardner et al., 2017; Taiz & Zeiger,

2013). In plants, the minerals zinc, copper, magnesium, and Iron are used in the formation of
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secondary metabolites (Mengel & Kirkby, 2001; Valmorbida et al., 2007; Taiz & Zeiger, 2013).
The recent study's findings indicated that safflower petals are an excellent source of K, Ca, Mg,
Fe, and Zn for human nutrition. For example, K is essential for human health since it lowers the
risk of coronary artery disease (Mironenko & Eliseeva, 2020; Mani et al., 2020). In order to build
stronger, denser bones as well as to maintain bone health and strength as we age, calcium is vital.

(Ramya & Patel, 2019).

5.8 Effect of genotype and harvest time on proximate analysis of petals

The current study revealed that there was genotypic variation in safflower petals proximate
analysis components irrespective of growing season. Genotypes of safflower varies significantly
in the petal proximate content of crude protein (1.00-2.80%), crude fibre (2.89-4.64%), moisture
content (74.94-80.28%), fat (2.50-3.39%), ash (5.36-8.63%), and carbohydrates (3.75-10.07%)
depending on season of growth. The genotype Turkey had significantly the highest moisture
content, crude fibre, crude protein, and fat content in the petals. While the genotype Kenya-9819
was high in ash and carbohydrates contents. The genetic variation in the proximate variables was
ascribed to genetic dissimilarities between the investigated genotypes in response to influences
from the environment. Similarly in the current study the time of safflower petal harvest affected
proximate variables. When petals were gathered after pollination, they had the highest levels of
moisture, crude fibre, crude protein, and crude fat; however, they contained the least at the
beginning of flowering. When petals had been collected near the onset of flowering, the ash content
reached its highest level. The angiosperms flower's function is to reproduce sexually, and after
pollination is complete or its stigma is no more receptive to the pollination process the corolla dies.
(Jones, 2002, 2012; Marschner, 2005; Taiz & Zeiger, 2013). The penultimate phase of flower

growth, known as senescence, is when nutrients are reabsorbed to growing tissues before the
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flower's petals dies (Bieleski, 1995; Verlinden, 2003; Chapin & Jones 2007; Trivellini et al., 2011;
Jones, 2012; Taiz & Zeiger, 2013). The recycling of nutrients during senescence explains the
variation in safflower petal mineral nutritional content and proximate variables with time of petal
harvest. Flower senescence is a genetically programmed process that permits plants to
methodically segregate cellular macromolecules and organelles before cell death and remobilize
micronutrients into its petals (Jones, 2012; Taiz & Zeiger, 2013). Hormones produced by plants

regulate floral senescence (Jones, 2012; Taiz & Zeiger, 2013).
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The results from this study showed that safflower genotypes influenced phenological stages,
vegetative growth, seed yield and yield components, petal yield, dye content, and petal mineral
nutrient composition. Genotype and petal harvest time interacted to influence petal yield,
carthamidin and carthamin contents, and dye index. From the results it was concluded that the best
genotype to maximise safflower seed and petal yield with high carthamidin and carthamin
contents, dye index, mineral nutritional content and proximate variables was Turkey (spineless).
It was further concluded that the best time to harvest safflower petals to maximise seed and petal
yield with high carthamidin content which has many health benefits was either at the onset of
flowering or full bloom. However, the best time to harvest safflower petals to maximise mineral

nutritional content and proximate variables was variable and not conclusive.

6.2 Recommendations

It was recommended that current study be repeated with more genotypes (spineless and spiny) and
various districts of Botswana. It was further recommended that research be done to evaluate how
mineral nutrients (NPK) could influence safflower petal yield, mineral nutritional content, and

proximate variables.

87



REFERENCES

Abd El-Lattief, E. A. (2012). Evaluation of 25 safflower genotypes for seed and oil yields under
arid environment in Upper Egypt. Asian Journal of Crop Science, 4(2), 72-79.

Abou Chehade, L., Angelini, L. G., & Tavarini, S. (2022). Genotype and seasonal variation affect
yield and oil quality of safflower (Carthamus tinctorius L.) under Mediterranean
conditions. Agronomy, 12(1), 122.

Ada, R. (2013). Cluster analysis and adaptation study for safflower genotypes. Bulgarian Journal
of Agricultural Science, 19(1), 103-109.

Adamska, I., & Biernacka, P. (2021). Bioactive Substances in Safflower Flowers and Their
Applicability in Medicine and Health-Promoting Foods. International Journal of Food

Science, 2021.

AFDB (2021). Botswana—Completion report of the country strategy paper 2015-2019 and its
extension to 2021, and the 2021 country portfolio performance review (CPPR) by African

Development Bank. https://www.afdb.org/en/documents/botswana-completion-report-

country-strateqgy-paper-2015-2019-and-its-extension-2021-and-2021-country-portfolio-

performance-review-cppr

Afzal, O., Hassan, F. U., Ahmed, M., Shabbir, G., & Ahmed, S. (2022). Temperature Affects
Germination Indices Of Safflower (Carthamus Tinctorius L.). Japs: Journal Of Animal &

Plant Sciences, 32(6).

Aghamohammadreza, M., Mirhadi, M. J., Delkhosh, B., & Omidi, A. (2013). Evaluation of native
and exotic safflower (Carthamus tinctorius L.) genotypes for some important agronomic

traits and fatty acid composition. Annals of Biological Research, 4(6), 200-204.

88


https://www.afdb.org/en/documents/botswana-completion-report-country-strategy-paper-2015-2019-and-its-extension-2021-and-2021-country-portfolio-performance-review-cppr
https://www.afdb.org/en/documents/botswana-completion-report-country-strategy-paper-2015-2019-and-its-extension-2021-and-2021-country-portfolio-performance-review-cppr
https://www.afdb.org/en/documents/botswana-completion-report-country-strategy-paper-2015-2019-and-its-extension-2021-and-2021-country-portfolio-performance-review-cppr

Ahadi, K., Kenarsari, M. J., & Rokhzadi, A. (2011). Effect of sowing date and planting density on
growth and yield of safflower cultivars as a second crop. Advances in Environmental

Biology, 5(9), 2756-2760.

Ahmadzadeh, A.R., Alizadeh, B., Shahryar, H.S., & Narimani-Rad, M. (2012). Path analysis of
the relationships between grain yield and some morphological characters in spring
safflower (Carthamus tinctorious L) under normal irrigation and drought stress condition.

Journal of Medicinal Plants Research, 6 (7), 1268-1271.

Alahmadi, T. A., Alharbi, S. A., Ravindran, B., & Saravanan, K. (2023). Evaluation of Antioxidant
and Oxidative Stress Activity of Carthamus tinctorius L. Extract in Lung Cancer A549
Cells. Ind. J. Pharm. Edu. Res, 57(4), 1112-1118.

Alexandratos, N., & Bruinsma, J. (2012). World agriculture towards 2030/2050: the 2012 revision.

Ali, F., Yilmaz, A., Chaudhary, H.J., Nadeem, M.A., Rabbani, M.A., Arslan, Y., Nawaz, M.A.,
Habyarimana, E., & Baloch, F. S. (2020). Investigation of morphoagronomic performance
and selection indices in theinternational safflower panel for breeding perspectives. Turkish

Journal of Agriculture and Forestry, 44(2), 103-120.

Al-Snafi, A. E. (2015). The chemical constituents and pharmacological importance of Carthamus
tinctorius-An overview. Journal of Pharmaceutical Biology, 5(3), 143-166.

Amini, F., Saeidi, G., & Arzani, A. (2008). Study of genetic diversity in safflower genotypes using
agro-morphological traits and RAPD markers. Euphytica, 163, 21-30.

Ao, W., Feng, W., & Peng, C. (2018). Hydroxysafflor yellow A: a promising therapeutic agent for
a broad spectrum of diseases. Evidence-Based Complementary and Alternative Medicine,

Article ID 82529280.

89



AOAC (2000) Official Methods of Analysis. 17" Edition, The Association of Official Analytical

Chemists, Gaithersburg, MD, USA. Methods 925.10, 65.17, 974.24, 992.16.

AOAC (Association of Official Analytical Chemists). (1996). Association of Official Analytical
Chemists Official Methods of Analysis (17" Edition.). Arlington, Virginia, USA.
Armah-Agyeman, G., Loiland, J., Karow, R., & Hang, A.N. (2002). Safflower. In Dryland

Cropping Systems, Oregon State University, Corvallis, OR, USA.
Arnold, L. E., Lofthouse, N., & Hurt, E. (2012). Artificial food colors and attention-

deficit/hyperactivity symptoms: conclusions to dye for. Neurotherapeutics, 9(3), 599-609.

Arslan, B. (2007). The path analysis of yield and its components in safflower (Carthamus tinctorius
L.). Journal of Biological Sciences, 7(4), 668-672.

Asgary, S., Rahimi, P., Mahzouni, P., & Madani, H. (2012). Antidiabetic effect of hydroalcoholic
extract of Carthamus tinctorius L. in alloxan-induced diabetic rats. Journal of research in
medical sciences: the official journal of Isfahan University of Medical Sciences, 17(4), 386.

Ashri, A., Ziammer, D. E., Uriel, A. L., Cahaner, A., & Marani, A. (1974). Evaluation of the world
collection of safflower. IV. Yield and yield components and their relationships. Crop
Science, 14(6), 799-802.

Azami, K., Hayashi, T., Kusumi, T., Ohmori, K., & Suzuki, K. (2019). Total synthesis of
carthamin, a traditional natural red pigment. Angewandte Chemie International Edition,
58(16), 5321-5326.

Azari, A., & Khajehpour, M. R. (2005). Effect of planting pattern on development, growth, yield
components and seed and petal yield of safflower in summer planting, local variety of

Isfahan, Koseh. JWSS-Isfahan University of Technology, 9(3), 131-142.

90



Azimi, S., Chegini, G., & Kianmehr, M. H. (2012). Design and manufacture of safflower petal
harvester machine. Mechanics & Industry, 13(5), 301-305.

Bacchetti, T., Morresi, C., Bellachioma, L., & Ferretti, G. (2020). Antioxidant and pro-oxidant
properties of Carthamus tinctorius, hydroxysafflor yellow A, and safflor yellow A.
Antioxidants, 9, 119. doi:10.3390/antiox9020109.

Bagheri, A., Yazdi, S. B., Taeb, M., & Ahmadi, M. R. (2001). A study of genetic diversity in
landrace populations of safflower in Iran. Iranian Journal of Agricultural Science, 32, 456-
447.

Bagley, L. (2017). Lifting the lid on the clean label trend. New Food Magazine. Retrieved from:

https://www>newfoodmagazine.com/news/33640/clean-label-health-ingredients.

(accessed on 13" April 2022).

Bahmankar, M., Nabati, D. A., Dehdari, M., &Ramazani, H. R. (2016). Genetic variation and
phylogenetic relationships of safflower using morpho-phenological markers. Electronic

Journal of Biology, S1, 7-12.

Barashovets, O. V., & Popova, N. V. (2016). The mineral composition of herbal drug of safflower

(carthamus tinctorius. L.). Ukrainian biopharmaceutical journal, (4 (45)), 52-55.

Bar-Tal, A., Landau, Z., Li-Xin, Z., Markowitz, M., Dvash, L, Brener, S., & Weinberg, Z. G.
(2008). Fodder quality of safflower across an irrigation gradient and with varying nitrogen

rates. Agronomy Journal, 100, 1499-1505.

Basiame, K. (2022). Abundance and diversity of safflower (Carthamus tinctorius L.) Arthropods
in Botswana. MSc Thesis, Crop and Soil Sciences Department, Botswana University of

Agriculture and Natural Resources (BUAN). https://moodle.buan.ac.bw/handle/13049/554

91


https://moodle.buan.ac.bw/handle/13049/554

Bassil, E. S., & Kaffka, S. R. (2002). Response of safflower (Carthamus tinctorius L.) to saline

soils and irrigation. I. Consumptive water use. Agricultural Water Management, 54, 67-80.

Bateman, B., Warner, J. O., Hutchinson, E., Dean, T., Rowlandson, P., Gant, C., Grundy, J.,
Fitzgerald, C., & Stevenson, J. (2004) The effects of a double blind, placebo controlled,
artificial food colourings and benzoate preservative challenge on hyperactivity in a general
population sample of preschool children. Archieves of Disease in Childhood, 89, 506-511.

d0i:10.1136/adc.2003.031435.

Berghage, R. D., & Heins, R. D. (1991). Quantification of temperature effects on stem elongation
in poinsettia. Journal of the American Society for Horticultural Science, 116(1), 14-18.
Berglund, D. R., Riveland, N., & Bergman, J. (2007). Safflower Production. Environment- Natural

Resources, Dacota State University, NSDU, USA.

Bernard, F., Hassanpour, A., Gholizadeh, G., Hassannejad, S., & Chaghari, Z. (2011). High yellow
pigments production by root culture of Carthamus tinctorius and its release in medium

under gas oil treatment. Acta physiologiae plantarum, 33(2), 431-436.

Beyyavas, V., Haliloglu, H., Copur, O., & Yilmaz, A. (2011). Determination of seed yield and
yield components of some safflower (Carthamus tinctorius L.) cultivars, lines and
populations under the semi-arid conditions. African Journal of Biotechnology, 10(4), 527-

534.

Bhattarai, B., Singh, S., Angadi, S. V., Begna, S., Saini, R., & Auld, D. (2020). Spring safflower
water use patterns in response to preseason and in-season irrigation applications.

Agricultural Water Management, 228, 105876.

92



Bidgoly, R. O., Balouchi, H., Soltani, E., & Moradi, A. (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 and Products, 113,
121-127.

Bie, X., Han, J., & Dai, H. (2010). Effects of hydroxysaffor yellow A on the experimental

traumatic brain injury in rats. Journal of Asian Natural Products Research, 12(3), 239-247.

Bieleski, R. L. (1995). Onset of phloem export from senescent petals of daylily. Plant Physiology

109, 557 —565

Blackshaw, R. E., Derksen, D.A., & Muindel, H. H. (1990). Herbicides for weed control in

safflower (Carthamus tinctorius L). Canadian Journal of Plant Science, 70, 237-245.

Bratuleanu, C. (1997). Studies of some genetic resources under rainfed conditions in Moldavia for
the period 1981-1991, and future prospects of safflower. Proceedings of the International

Safflower Conference, 5, 196-204.

Brenna, J. T., Salem Jr, N., Sinclair, J. A., & Cunnane, S. C. (2009). A-linolenic acid
supplementation and conversion to n-3 long-chain polyunsaturated fatty acids in humans.
Postglandins,  Leukotrienes and Essential Fatty Acids. Retrieved from

https://doi.org/10.1016/j.plefa.2009.01.004.

Brudzynska, P., Sionkowska, A., & Grisel, M. (2021). Plant-Derived Colorants for Food, Cosmetic

and Textile Industries: A Review. Materials, 14(13), 3484.

Bukero, A., Lanjar, A. G., Rais, N. M., Thebo, G.A., & Nahyoon, S.A. (2015). Floral activity time
period of pollinators on safflower (Carthamus tinctorius L.). Science International
(Lahore), 27(1), 347-348.

93


https://doi.org/10.1016/j.plefa.2009.01.004

Camas, N., & Esendal, E. (2006). Estimation of broad-sense heritability for seed yield and yield
components of safflower (Carthamus tinctorius L.). Hereditas, 143, 55-57.

Camas, N., Ayan, A K., & Cirak, C. (2005). Relationships between seed yield and some characters
of safflower (Carthamus tinctorius L.) cultivars grown in the middle of Black Sea

conditions. Proceedings of the VIth International Safflower Conference, 7, 193-198).

Camas, N., Cirak, C., & Esendal, E. (2007). Seed yield, oil content and fatty acids composition of
safflower (Carthamus tinctorius L.) grown in northern Turkey conditions. Anadolu Tarim

Bilimleri Dergisi, 22(1), 98-104.

Carapetian, J. (2001). Characterization and inheritance of long rosette safflower. Vth International

Safflower Conference, 5, 67-71.

Carvalho, I. S. D., Miranda, 1., & Pereira, H. (2006). Evaluation of oil composition of some crops
suitable for human nutrition. Industrial Crops and Products, 24(1), 75-78.

Chand, H.R., Singh, R., & Hameed. S.F. (2000). Population dynamics of honeybees and insect
pollinators on Indian mustard (Brassica juncea L). Journal of Entomological Research,

18(3), 233-239.

Chaney, D.E. (1985). Bloom dynamics in alfalfa (Medicago sativa L.): Implications for pollination

and seed production. University of California, Agronomy and Range Science, Masters.

Chapin. L. J., & Jones, M. L. (2007). Nutrient remobilization during pollination-induced corolla

senescence in Petunia. Acta Horticulturae, 755, 181 —190.

Chaudhary, S. K. (1990). Path analysis for seed yield in safflower (Carthamus tinctorius L.) in
acid soil under mid-altitude conditions. International Journal of Tropical Agriculture, 8(2),

129-132.

94



Chen, Y. S, Lee, S. M., Lin, C. C,, Liu, C. Y., Wu, M. C., & Shi, W. L. (2013). Kinetic study on
the tyrosinase and melanin formation inhibitory activities of carthamus yellow isolated
from Carthamus tinctorius L. Journal of bioscience and bioengineering, 115(3), 242-245.
Chen, Y., Li, M., Wen, J.,, Pan, X., Deng, Z., Chen, J., Chen, G, Yu, L., Tang, Y., Li, G., Xie, X,
& Peng, C. (2022). Pharmacological activities of safflower yellow and its clinical
applications. Evidence-Based Complementary and Alternative Medicine, 2022, Article ID

2108557. https://doi.org/10.1155/2022/2108557.

Cho, M. H., & Hahn, T. R. (2000). Purification and characterization of precarthamin decarboxylase
from the yellow petals of Carthamus tinctorius L. Archives of Biochemistry and Biophysics,

382(2), 238-244.

Cho, M. H., Paik, Y. S., & Hahn, T. R. (2000). Enzymatic conversion of precarthamin to carthamin
by a purified enzyme from the yellow petals of safflower. Journal of agricultural and food

chemistry, 48(9), 3917-3921.

Choulwar, S. B., Dhutmal, R. R., Madrapa, I. A. and Joshi, B. M. (2005). Genetic variability for
yield and vyield related traits in F2 population of safflower. Journal of Maharashtra

Agricultural Universities, 30, 114-116.

Claassen, C.E. (1950). Natural and controlled crossing in safflower (Carthamus tinctorius L.).
Agronomy Journal, 42: 381-384.

Collins, D. R. J., Thompson, A. C., Onakyoya, I. J., Roberts, N., Ward, A. M., & Heneghan, C. J.
(2017). Global cardiovascular risk assessment in the primary prevention of cardiovascular
disease in adults: systematic review of systematic reviews. BMJ open, 7, 1-13 e013650.

doi:10.1136/bmjopen-2016-01650.

95


https://doi.org/10.1155/2022/2108557

Costantini, R., Berghe, I. V., & Izzo, F. C. (2019). New insights into the fading problems of
safflower red dyed textiles through a HPLC-PDA and colorimetric study. Journal of

Cultural Heritage, 38, 37-45.

Coultate, T., & Blackburn, R. S. (2018). Food colorants: Their past, present, and future. Coloration
Technology, 134(3), 165-186.

Dadashi, N., & Khajehpour, M. R. (2004). Effects of planting date and cultivar on growth, yield
components and seed vyield of safflower in Isfahan. JWSS-Isfahan University of
Technology, 8(3), 95-112.

Dai, Y., & Ge, J. (2012). Clinical use of aspirin in treatment and prevention of cardiovascular
disease. Thrombosis. doi:10.1109/cis.2012.56.

Dajue, L., & Mundel, H. H. (1996). Safflower, Carthamus tinctorius L (Vol. 7). Bioversity
International.

Dajue, L., Mingde, Z., & Rao, R. V. (1993). Characterization and evaluation of safflower
germplasm. Geological Publishing House, Beijing, China.

Deetae, P., Parichanon, P., Trakunleewatthana, P., Chanseetis, C., & Lertsiri, S. (2012).
Antioxidant and anti-glycation properties of Thai herbal teas in comparison with
conventional teas. Food Chemistry, 133(3), 953-959.

Delshad, E., Yousefi, M., Sasannezhad, P., Rakhshandeh, H., & Ayati, Z. (2018). Medical uses of
Carthamus tinctorius L. (Safflower): a comprehensive review from traditional medicine to

modern medicine. Electronic physician, 10(4), 6672.

Denton, D., Weisinger, R., Mundy, N.I., Wickings, E. J., Dixson, A., Moisson, P., Pingard, A. M.,
Shade, R., Carey, D., & Ardaillou, R. (1995) The effect of increased salt intake on blood

pressure of chimpanzees. Natural Medicine, 1, 1009-1016. doi: 10.1038/nm1095-1009.

96



Deokar, A. B., & Patil, F. B. (1975). Inheritance of some qualitative characters in safflower: cases

of linkage. Indian Journal of Heredity, 7, 31-38.

Desborough, M. J. R., & Keeling, D. M. (2017). The aspirin story-from willow to wonder drug.

British Journal of Haematology, 177, 674-683. doi:10.1111/bjh.14520.

Deshmukh, M. P., Patil, B. R., & Chopade, P. B. (1991). General evaluation of some selected lines
of safflower (Carthamus tinctorius L.). Indian Journal of Agricultural Research, 25, 181-

188.

De-Wilt, P. V., & Nightengaele, F. O. (1996). Explanatory notes on soil map of Republic of

Botswana .Soil mapping and advisory services (p. 48). Botswana.

Divya, K., Hemalatha, V., Palchamy, K., Kumar, V. D., Srinivas, P. S., Ratnakumar, P., & Reddy,
Y. R. (2022). Direct and indirect effects of yield and its related traits in RIL population of

safflower (Carthamus tinctorius L.). Pharma Innovation, 11(5), 1030-1032.

Dole, M., & Wilkins, H. (2005). Floriculture: principles and species. Prentice-Hall. Inc. Upper
Saddle River, USA.

Donahue, M. J., & Hendridkse, J. (2018). Improved detection of cerebrovascular disease
processes: introduction to the journal of cerebral blood flow and metabolism special issue
on cerebrovascular disease. Journal of Cerebral Blood Flow and Metabolism, 38, 1387-

1390. doi:10.1177/0271678X17739802.

Dordas, C. A., & Sioulas, C. (2009). Dry matter and nitrogen accumulation, partitioning, and
retranslocation in safflower (Carthamus tinctorius L.) as affected by nitrogen fertilization.

Field Crops Research, 110(1), 35-43.

97



Eagle, K. (2014). ADHD impacted by sulfotransferase (SULT1A) inhibition from artificial food
colors and plant-based foods. Physiology & behavior, 135, 174-179.
Eichhorn, E. J., & Gheorghiade, M. (2002). Digoxin. Prognosis of Cardiovascular Disease, 44,

251-266. doi:10.1053/pcad.2002.31591.

Ekin, Z. (2005). Resurgence of safflower (Carthamus tinctorius L.) utilization: A global view.

Journal of Agronomy, 4, 83-87.

El-Bassam, N. (2010). Safflower (Carthamus tinctorius L.). Handbook of Bioenergy Crops: A

Complete Reference to Species, pp. 302-308.

Elfadl, E. Y., Reinbrecht, C., & Claupein, W. (2010). Evaluation of phenotypic variation in a
worldwide germplasm collection of safflower (Carthamus tinctorius L.) grown under

organic farming conditions in Germany. Genetic Resource Crop Evolution, 57, 155-170.

Emongor, V. E. & Emongor, R. A. (2022). Safflower (Carthamus tinctorius L.). In M. Farooq &
H. M.K. Siddique (Eds.), Negelected and Underutilized Crops: Smart Future Food (pp.
683-731. Academic Press, An Imprint of Elsevier, London, United Kingdom. ISBN: 978-
0-323-90537-4.https://www.elsevier.com/books/neglected-and-underutilized-

crops/farooq/978-0-323-90537-4.

Emongor, V. E. (2010). Safflower (Carthamus tinctorius L.) the underutilized and neglected crop:

A review. Asian Journal of Plant Sciences, 9 (6), 299- 306.

Emongor, V. E., & Mabe, O. (2010, August). Effects of phosphorus on growth, yield and yield
components of chilli pepper (Capsicum annuum L.). In XXVIII International Horticultural
Congress on Science and Horticulture for People (IHC2010): International Symposium on
936 (pp. 327-334).

98



Emongor, V. E., & Oagile, O. (2017). Safflower Production. Impression House Publishers,

Industrial West, Gaborone, Botswana.

Emongor, V. E., Oagile, O., & Kedikanetswe, B. (2013). Effects of plant population on growth,
development, and oil yield of safflower. Journal of Agricultural Science and Technology

B, 3, 321-333.

Emongor, V. E., Oagile, O., & Kedikanetswe, B. (2015). Effects of plant population and season
on growth and development of safflower (Carthamus tinctorius L.) as an ornamental plant.

Acta Horticulturae, 1077, 35-45.

Emongor, V. E., Orabile, P, Phuduhudu, D., & Oagile, O. (2017). Effects of genotype on vegetative
growth, yield components and yield, oil content and oil yield of safflower. Agricultural

Science Research Journal, 7(12), 381-392.

Erbas, S., & Mutlucan, M. (2023). Investigation of Flower Yield and Quality in Different Color
Safflower Genotypes. Agronomy 2023, 13, 956.

Erwin, J. E., Heins, R. D., & Karlson, M. G. (1989). Thermomorphogenesis in Lilium longiflorum
Thumb. American Journal of Botany, 76 (1), 47-52.

Esfahani, M. N., Alizadeh, G., Zarei, Z., & Esfahani, M. N. (2012). The main insect pests of
safflower on various plant parts in Iran. Journal of Agricultural Science and Technology.
A, 2(11A), 1281.

Esmaeilzadeh, M., Babazadeh, H., Naghavi, H., Saremi, A., & Shiresmaeili, G. (2022). Growth,
photosynthesis, and production of safflower (Carthamus tinctorius L.) in response to

different levels of salinity and drought. International Agrophysics, 36(2), 93-104.

99



Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to quantitative genetics. Longman Group
LTD. Harlow, UK.

FAO (2014). Pollinator safety in agriculture. Pollinator Services for Sustainable Agriculture-

Field Manuals. Food and Agriculture Organization of the United Nations,

https://www.fa0.0rg/3/i3800e/i3800e.pdf/. (accessed 19" November 2022).

FAO (2019). Crop production data. Food and Agriculture Organization of the United Nations,
Statistics Division online database. http://www.fao.org/faostat/(accessed 15 November

2021).

FAO (2022), Food and Agriculture Organization of the United Nations. Retrieved from:

https://www.fao.org/faostat/en/#data/QCL (accessed on 12" December 2022)

Farooq, M. & Siddique, H. M. K. (2022). Negelected and Underutilized Crops: Smart Future
Food. Academic Press, An Imprint of Elsevier, London, United Kingdom. ISBN: 978-0-

323-90537-4. https://www.elsevier.com/books/neglected-and-underutilized-

crops/farooq/978-0-323-90537-4.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D., & Basra, S.M.A. (2009). Plant drought: effects,
mechanisms, and management. A review. Agronomy for Sustainable Development, 29,
185-212.

Fatahi, N., & Heidari, R. (2009). Comparing stability of carthamin and safflower yellow pigments
at pH, temperature, and light, from safflower (Carthamus tinctorius L.) florets. Research

Journal of Biological Sciences, 4(3), 250-253

Fernandez, J. A. (2004). Biology, biotechnology, and biomedicine of saffron. Recent research

developments in plant science. Vol. 2, 127-159.

100


https://www.fao.org/3/i3800e/i3800e.pdf/
https://www.fao.org/faostat/en/#data/QCL
https://www.elsevier.com/books/neglected-and-underutilized-crops/farooq/978-0-323-90537-4
https://www.elsevier.com/books/neglected-and-underutilized-crops/farooq/978-0-323-90537-4

Flemmer, A. C., Franchini, M. C., & Lindstrém, L. I. (2015). Description of safflower (Carthamus
tinctorius) phenological growth stages according to the extended BBCH scale. Annals of
Applied Biology, 166(2), 331-3309.

Galaffu, N., Bortlik, K., & Michel, M. (2015). An industry perspective on natural food colour

stability. In Colour additives for foods and beverages (pp. 91-130). Woodhead Publishing

Garcia, A. (2009). Insulin production from transgenic safflower. http://www.sembiosys.ca/.

Gardner, F. P., Pearce, R. B., & Mitchell, R. L. (2017). Physiology of crop plants. Scientific
publishers.
Gebhardt, B., Sperl, R., Carle, R., & Muller-Maatsch, J. (2020). Assessing the sustainability of

natural and artificial food colorants. Journal of Cleaner Production, 260, 120884.

Gengmao, Z., Yu, H., Xing, S., Shihui, L., Quanmei, S., & Changhai, W. (2015). Salinity stress
increases secondary metabolites and enzyme activity in safflower. Industrial crops and

products, 64, 175-181.

Ghimire, B. K., Seo, J., Kim, S., Ghimire, B., Lee, J., Yu, C., & Chung, I. (2021). Influence of
harvesting time on phenolic and mineral profiles and their association with the antioxidant
and cytotoxic effects of Atractylodes japonica Koidz. z. Agronomy, 11, 1327.
https://doi.org/10.3390/ agronomy11071327.

Ghorbani, E., Hasani Keleshteri, R., Shahbazi, M., Moradi, F., & Sadri, M. (2015). Optimization
of extraction yield of carthamine and safflower yellow pigments from safflower
(Carthamus tinctorious L.) under different treatments and solvent systems. Research

Journal of Pharmacognosy, 2(1), 17-23.

101


http://www.sembiosys.ca/

Gilbert, J. (2008). International safflower production - an overview. Proceedings of the 7"

International Safflower Conference, 7, 1-3.

Golkar P (2011). Genetic analysis of earliness and its components in safflower (Carthamus

tinctorious L.). Afr J Agric Res. 6(14): 3264-3271

Golkar, P. (2014). Breeding improvements in safflower (‘Carthamus tinctorius' L.): a review.

Australian Journal of Crop Science, 8(7), 1079-1085

Golkar, P. (2018). Inheritance of carthamin and carthamidin in safflower (Carthamus tinctorius
L.). Journal of genetics, 97(1), 331-336.

Golkar, P., Arzani, A., & Rezaei, A. (2012a). Genetic analysis of agronomic traits in safflower
(Carthamus tinctorious L.). Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 40(1),

276-281.

Golkar, P., Arzani, A., & Rezaei, A. M. (2011). Determining relationships among seed yield, yield
components and morpho-phenological traits using multivariate analyses in safflower
(Carthamus tinctorious L.). Annals of Biological Research, 2(3), 162-169.

Golkar, P., Arzani, A., & Rezai, A. M. (2012b) Evaluation the inheritance of seed-quality related
traits in safflower (Carthamus tinctorius L.). Iran Field Crop Science Journal, 42, 833-

844.

Golkar, P., Shahbazi, E., & Nouraein, M. (2017). Combining abilityx environment interaction and
genetic analysis for agronomic traits in safflower (Carthamus tinctorius L.): biplot as a tool

for diallel data. Acta agriculturae Slovenica, 109(2), 229-240.

102



Gomashe, S. S., Ingle, K. P., Sarap, Y. A., Chand, D., & Rajkumar, S. (2021). Safflower
(Carthamus tinctorius L.): An underutilized crop with potential medicinal values. Annals

of Phytomedicine, 10(1), 242-248.

Gonzalez, J. L., Schneiter, A. A., Johnson, B. L., & Riveland, N. R. (1994). Response of Hybrid
and Open-Pollinated Safflower to Plant Population. Agronomy Journal, 86(6), 1070-1073.
Goudriaan, J., & Van-Laar, H. H. (1994). Modelling potential crop growth processes. Academic

Publishers, Dordrecht, The Netherlands.

GRDC (2017). GrowNote Safflower. Grains Research and Development Corporation, Australia.

ISBN:978-1-921779-13-8.

Grillo, A., Salvi, L., Coruzzi, P., & Parati, G. (2019). Sodium intake and hypertension. Nutrients,

11(9), 1-16. doi: 10.3390/nu11091970

Gupta, R. K. and Singh, S. B. (1988). Diallel analysis for seed yield, oil content and other economic

traits in safflower (Carthamus tinctorius L). Genetika Yugoslavia, 20, 161-173.

Hamza, M. (2015). Influence of different plant densities on crop yield of six safflower genotypes
under Egyptian newly reclaimed soil conditions. International Journal of Agriculture and

Crop Sciences, 8(2), 168-173.

Han, D., Wel, J., Zhang, R., Ma, W., Shen, C., Feng, Y., Xia, N., Xiu, D., Cai, D., Li, Y., & Fang,
W. (2016). Hydroxysafflor yellow A alleviates myocardial ischemia/reperfusion in
hyperlipidemic animals through the suppression of TLR4 signaling. Scientific Reports,

6(1): 35319. DOI: 10.1038/srep35319.

103


https://doi.org/10.3390%2Fnu11091970

Harrathi, J., Hosni, K., Karray-Bouraoui, N., Attia, H., Marzouk, B., Magné, C., & Lachaal, M.
(2012). Effect of salt stress on growth, fatty acids and essential oils in safflower
(Carthamus tinctorius L.). Acta Physiologia Plantarum, 34(1), 129-137.

doi:10.1007/s11738-011-0811-z.

Hojati, M., Modarres-Sanavy, S. A. M., Karimi, M., & Ghanati, F. (2011). Responses of growth
and antioxidant systems in Carthamus tinctorius L. under water deficit stress. Acta

physiologiae plantarum, 33(1), 105-112.

Hosseini, T., Shekari, F., & Ghorbanli, M. (2010). Effect of salt stress on ion content, proline and
antioxidative enzymes of two safflower cultivars (Carthamus tinctorius L.). J Food Agric

Environ, 8(2), 1080-1086.

Hughes, H., Spiers, C., & Chapman, S. (2010). The challenge of clean label reformulation. New

Food. Retrieved from: https://www.newfoodmagazine.com/article/1882/the-challenge-of-

clean-label-reformulation. (accessed on 15" February 2022).

Hussain, M.1., Lyra, D., Faroog, M., Nikoloudakis, N., & Khalid, N. (2016). Salt and drought
stresses in safflower: a review. Agronomy for Sustainable Development, 36(4), 3-31. DOI

10.1007/s13593-015-0344-8.

Ilkili¢, C., Aydin, S., Behcet, R., & Aydin, H. (2011). Biodiesel from safflower oil and its

application in a diesel engine. Fuel processing technology, 92(3), 356-362.

Imensek, N., Sem, V., Kolar, M., Ivanci¢, A., & Kristl, J. (2021). The distribution of minerals in
crucial plant parts of various elderberry (Sambucus spp.) interspecific hybrids. Plants, 10,

653. https://doi.org/ 10.3390/plants10040653.

104


https://www.newfoodmagazine.com/article/1882/the-challenge-of-clean-label-reformulation
https://www.newfoodmagazine.com/article/1882/the-challenge-of-clean-label-reformulation

IPCC (2007). Climate change synthesis report in UN and other languages. An Assessment of the
Intergovernmental Panel on Climate Change.

http://www.ipcc.ch/site/assets/uploads/2018/06/ar4_syr.pdf/.

Jadhav, B. A., & Joshi, A. A. (2015). Extraction and quantitative estimation of bio active
component (yellow and red carthamin) from dried safflower petals. Indian Journal of
Science and Technology, 8(16), 1-5.

Jahan, M., & Qale Nawi, S. (2022). Challenges and opportunities faced on food production
systems in arid and semi-arid regions under climate change conditions. Annals of
Agricultural and Crop Sciences, 7.

Jin, C., Ying, J,, Yang, W., & Liang, R. (2019). Hydroxysafflor yellow A reverse chemotherapy
resistance via JNK and P138 MAPK signal pathway in ovarian cancer. Farmacia, 67(2),
331-336.

Johnson, R. C., Dajue, L., & Bradley, V. (2006). Autumn growth and its relationship to winter
survival in diverse safflower germplasm. Canadian journal of plant science, 86(3), 701-
700.

Johnson, R.C., Ghorpade, P.B. and Bradley, V.C. (2001). Evaluation of USDA core safflower
collection for seven quantitative traits. International Safflower Conference, 5, 143-149.

Jonchike, D., Wachsmann, N., Potter, T., Norton, R., 2002. Growing safflower in Australia: Part
1: History, experiences, and current constraints on production. In: Proceedings of the 7th
International Safflower Conference, 3rde6th November, Wagga Wagga, NSW, Australia,

pp. 1e7.

Jones, M. L. (2002). Ethylene responsiveness in carnation styles is associated with stigma

receptivity. Sexual Plant Reproduction, 15, 107 —112.

105



Jones, M. L. (2012). Mineral nutrient remobilization during corolla senescence in ethylene-
sensitive and -insensitive flowers. AoB Plants, 5, plt023. doi:10.1093/aobpla/plt023.
Kaffka, S. R., & Kearney, T. (1998). Safflower Production in California. Publication 21565.

http://ancatalog.uncanr.edu/.

Karimi, M., Golparvar, A. R., & Shams, M. (2013). Multivariate regression and path coefficient
analysis of seed and oil yield in spring safflower (Carthamus tinctorius L.) cultivars. App.

Sci. Report, 4(1), 184-186.

Karlsson, M.G., Heins, R.D., Erwin, J. E., Berghage, R.D., Carlson, W.H., & Biernbaum, J.A.
(1989). Temperature and photosynthetic photon flux influence chrysanthemum shoot
development and flower initiation under short day conditions. Journal of American Society
of Horticultural Science, 114, 158-163.

Katkade, M. B., Syed, H. M., Andhale, R. R., & Sontakke, M. D. (2018). Fatty acid profile and
quality assessment of safflower (Carthamus tinctorius L.) oil. Journal of Pharmacognosy
and Phytochemistry, 7(2), 3581-3585. http://www.phytojournal.com.

Katz, B., & Williams, L. A. (2011). Cleaning up processed foods. Food Technology, 65(12), 33.

Kazuma, K., Shirai, E., Wada, M., Umeo, K., Sato, A., Matsumoto, T., & Okuno, T. (1995).
Structure of precarthamin, a biosynthetic precursor of carthamin. Bioscience,
biotechnology, and biochemistry, 59(8), 1588-1590.

Kazuma, K., Takahashi, T., Sato, K., Takeuchi, H., Matsumoto, T., & Okuno, T. (2000).
Quinochalcones and flavonoids from fresh florets in different cultivars of Carthamus

tinctorius L. Bioscience, biotechnology, and biochemistry, 64(8), 1588-1599.

106


http://ancatalog.uncanr.edu/

Kedikanetswe, B. (2012). Effects of plant population on growth, development and oil yield of
safflower (Carthamus tinctorious L.) (Doctoral dissertation, Botswana University of
Agriculture & Natural Resources).

Kereilwe, D., Emongor, V. E., Oagile, O., & Phole, O. (2020). Nutritional value of safflower whole
seed as animal feed in semi-arid southern African conditions. African Crop Science
Journal, 28, 103-115. DOI:https://dx.doi.org/10.4314/acsj.v28i1.8S.

Kereilwe, D., Emongor, V. E., Utlwang, B., & Malambane, G. (2022). Temperature and duration
of exposure on chilling injury of safflower. Papers Presented in the RUFORUM AGM
Scientific Conference 12-16™ December 2022 Harare, Zimbabwe

Khalid, N., Khan, R. S., Hussain, M. I., Farooq, M., Ahmad, A., & Ahmed, I. (2017). A
comprehensive characterisation of safflower oil for its potential applications as a bioactive
food ingredient-A review. Trends in food science & technology, 66, 176-186.

Khalil, S.1.Y., El-Shakaa, S.M.A., & Hassan, M. R. (1986). Insect pollinators of safflower
(Carthamus tinctorius L.) and their effect on its yield. Zagazig Journal of Agricultural
Research. https://www.agris.fao.org/.

Khalili, M., Pour-Aboughadareh, A., Naghavi, M. R., & Mohammad-Admini, E. (2014).
Evaluation of drought tolerance in safflower genotypes based on drought tolerance indices.
Not Botany Horti Agrobo, 42(1), 214-218.

Killi, F., Kanar, Y., & Tekeli, F. (2016). Evaluation of seed and oil yield with some yield
components of safflower varieties in Kahramanmaras (Turkey) conditions. International
Journal of Environmental and Agriculture Research, 7(2), 136-140.

Kim, H.W., Hwang, K.E., Song, D.H., Kim, Y .J., Ham, Y.K,, Lim, Y.B., Jeong, T.J., Choi, Y.S,,

& Kim, C.J (2015). Wheat fiber colored with a safflower (Carthamus tinctorius L.) red

107



pigment as a natural colorant and antioxidant in cooked sausages. LWT-Food Science and
Technology, 64(1), 350-355.

Kim, J., Assefa, A.D., Song, J., Mani, V., Park, S., Lee, S.K., Lee, K., Kim, D.G. and Hahn, B.S.
(2020). Assessment of metabolic profiles in florets of Carthamus species using ultra-

performance liquid chromatography-mass spectrometry. Metabolites, 10(11), 440

Kim, S. K., Kim, H. J., Jeong, B. H., Cha, J. Y., & Cho, Y. S. (2000). Properties of the chemical
composition of safflower (Carthamus tinctorius L.). Korean J. Life Sci, 5, 431-435.

Kizil, S., Cakmak, O., Kirici, S., & Inan, M. (2008). A comprehensive study on safflower
(Carthamus tinctorius L.) in semi-arid conditions. Biotechnology & Biotechnological
Equipment, 22(4), 947-953.

Knowles, P. K. (1969). Centers of plant diversity and conservation of crop germplasm: Safflower.
Economic Botany, 23, 324-349.

Knowles, P. K. (1972). The plant geneticist’ contribution toward changing lipid and amino acid
composition of safflower. Journal of American Oil Chemistry Society, 49, 27-29.

Kog, H. (2021). Selection criteria for yield in safflower (Charthamus tinctorius L.) genotypes under
rainfed conditions. Grasas y Aceites, 72(3), e421-e421.

Kolanyane, M.O., Moroke, T. S., Tiroesele, B., & Emongor, V. E. (2022). Influence of nitrogen
and phosphorus on seed yield and oil content of safflower. Papers Presented in the
RUFORUM AGM Scientific Conference 12-16™ December 2022 Harare, Zimbabwe.

Kolanyane, O. P. (2022). The influence of nitrogen and phosphorus nutrition on growth and yield
components of safflower (Carthamus tinctorius L.). MSc Thesis, Crop and Soil Sciences

Department BUAN. ttps://moodle.buan.ac.bw/handle/13049/534.

108



Kose, A. (2019). Inheritance of oil yield and its components in safflower (Carthamus tinctorius

L.). Turkish Journal of Field Crops, 24 (1), 65-69. DOI: 10.17557/tjfc.566307

Kostik, V., Memeti, S., & Bauer, B. (2013). Fatty acid composition of edible oils and fats. Journal

of Hygienic Engineering and Design, 4, 112-116.

Kotecha, A. (1979). Inheritance and Association of Six Traits in Safflower 1. Crop Science, 19(4),

523-527.

Koutroubas, S. D., Papakosta, D. K., & Doitsinis, A. (2004). Cultivar and seasonal effects on the
contribution of pre-anthesis assimilates to safflower yield. Field Crops Research, 90(2-3),
263-274.

Koutroubas, S. D., Papakosta, D. K., & Doitsinis, A. (2009). Phenotypic variation in physiological
determinants of yield in spring sown safflower under Mediterranean conditions. Field
Crops Research, 112, 199-204.

Koutroubas, S.D., & Papakoska, D.K. (2010). Seed filling patterns of safflower: genotype and
seasonal variations and association with other agronomic traits. Industrial Crops

Production, 31(1), 71-76, https://dx.doi.org/10.1016/j.indcrop.2009.09.014.

Kiizova, H. (2015). Natural dyes: their past, present, future and sustainability. Recent Development
Fibrous Mater Science, 12, 59-71.

Kumar, J. K., & Sinha, A. K. (2004). Resurgence of natural colourants: a holistic view. Natural
product research, 18(1), 59-84.

Kumar, R., Singh, V., Devi, K., Sharma, M., Singh, M. K., & Ahuja, P. S. (2008). State of art of
saffron (Crocus sativus L.) agronomy: A comprehensive review. Food Reviews

International, 25(1), 44-85.

109


https://dx.doi.org/10.1016/j.indcrop.2009.09.014

Kumar, S., Ambreen, H., & Murali, T. V. (2015). Assessment of genetic diversity and population
structure in a global reference collection of 531 Accessions of Carthamus tinctorius L.

(safflower) using AFLP markers. Plant Molecular Biology Reporter, 33, 1299-1313.

Kumari, A., & Pandey, A. K. (2005). Pollination mechanisms and behaviour of pollinators in
safflower (Carthamus tinctorius L.). Journal of Indian Botanical Society, 84, 57-61.

Kumazawa, T., Sato, S., Kanenari, D., Kunimatsu, A., Hirose, R., Matsuba, S Obara, H., Suzuki,
M., Sato, M. & Onodera, J. I. (1994). Precursor of carthamin, a constituent of safflower.

Chemistry letters, 23(12), 2343-2344.

La Bella, S., Tuttolomondo, T., Lazzeri, L., Matteo, R., Leto, C., & Licata, M. (2019). An
agronomic evaluation of new safflower (Carthamus tinctorius L.) germplasm for seed and

oil yields under Mediterranean climate conditions. Agronomy, 9(8), 468.

Langridge, D. F., & Goodman, R. D. (1980). A study of pollination of safflower (Carthamus

tinctorius) cv. Gila. Australian Journal of Experimental Agriculture, 20, 105-107.

Lee, M., Li, H., Zhao, H., Suo, M., & Liu, D. (2020). Effects of hdroxysafflor yellow A on the
P13K/AKT pathway and apoptosis of pancreatic 3-cells in type 2 diabetes mellitus rats.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, 13, 1097-1107.

Li, D., & Mindel, H. H. (1996). Safflower (Carthamus tinctorius L). Institute of Plant Genetics
and Crop Plant Research, Gatersleben /International Plant Genetic Resources Institute,

Rome.

Li, D., Han, Y., & Wang, L. (1997). Effects of temperature and photoperiod on the growth and
development of some safflower germplasm. Proceedings of the 4" International Safflower

Conference, 4, 164-169.

110



Li, W., Song, X., Hua, Y., Tao, J.,, & Zhou, C. (2020). Effects of different harvest times on
nutritional component of herbaceous peony flower petals. Journal of Chemistry, 2020, 1-

7.

Li, X., Wang, R., Kang, Y., Liu, J., Zuo, Y., Zeng, X., & Cheng, G. (2016). Effects of safflower
yellow on the treatment of severe sepsis and septic shock: A randomized controlled clinical
trial. Evidence-Based Complementary and Alternative Medicine, 2016, Article 1D

3948795, 8p. http://dx.doi.org/10.1155/2016/3948795.

Li, Y.D. (1989). Studies of germplasm collections of safflower. V. Screening for long vegetative
stage germplasm under high temperatures and long days. Sesame and Safflower Newsletter,

4, 38-44.

Liu, L., Tao, W., Pan, W., Li, L., Yu, Q., Zhang, D., & Jiang, J. (2018). Hydroxysafflor yellow A
promoted bone mineralization and inhibited Bone resorption which reversed
glucocorticoids-induced Osteoporosis. BioMed Research International, 2018, 1-8.

https://www.hindawi.com/journals/bmri/2018/6762146/.

Luo, M., Huang, C. J., Yang, Q. Z., Wang, S. Y., Guo, B., & Yue, Z. P. (2019). Hydroxysafflor
yellow A exerts beneficial effects by restoring hormone secretion and alleviating oxidative

stress in polycystic ovary syndrome mice. Experimental Physiology, 105(2), 282-292.

Ma, Y., Feng, C., Wang, J., Chen, Z., Wei, P., Fan, A., Wang, X., Yu, X., Ge, D., & Xie, H. (2019).
Hydroxysafflor yellow A regulates the tumour immune microenvironment to produce an
anticancer effect in a mouse model of hepatocellular carcinoma. Oncology Letters, 17,

3503-3510.

111


http://dx.doi.org/10.1155/2016/3948795
https://www.hindawi.com/journals/bmri/2018/6762146/

Machewad, G. M., Ghatge, P., Chappalwar, V., Jadhav, B., & Chappalwar, A. (2012). Studies on
extraction of safflower pigments and its utilization in ice cream. Journal of Food
Processing and Technology, 3(8).

Mabhasi, M.J., Pathak, R.S., Wachira, F.N., Riungu, T.C., Kinyua, M.G., & Kamudia, J.W. (2006).
Correlations and path coefficient analysis in exotic safflower (Carthumus tinctorious L.)
genotypes tested in the arid and semi-arid lands (Asals) of Kenya. Asian Journal of Crop

Science, 5, 1035-1038.

Mailer, R. J., Potter, T., Redden, R., & Ayton, J. (2008, November 4-12). Quality evaluation of
safflower (Carthamus tinctorius L.) cultivars. 7" International Safflower Conference,

Wagga Wagga, New South Wales, Australia

Malekshan, R. F., Tavakoli, A., Rastgoo, M., & Azimi, M. R. (2015). Effect of petals harvesting
time on seed and petal yield in the cultivars of spring safflower (Carthamus tinctorius L.).
Iranian Journal of Medicinal and Aromatic Plants Research, 30(6), 852-860.

Mandal, A. B., & Banerjee, S. P. (1997). Diallel analysis of yield and yield components in
safflower (Carthamus tinctorius L.). Journal of Genetic Breeding, 51, 211-215.

Mani, V., Lee, S., Yeo, Y., & Hahn, B. (2020). A metabolic perspective and opportunities in
pharmacologically important safflower: Review.

https://www.mdpi.com/journal/metabolites. D0i:10.3390/metabo10060253.

Marschner, H. (2005). Mineral Nutrition of Higher Plants. Second Edition, Academic Press,

London, Great Britain.

Martinez-Ballesta, M. C., R. Dominguez-Perles, D. A. Moreno, B. Muries, C. Alcaraz-Lopez, E.

Bastias, C. Garcia-Viguera, & Carvajal, M. J. A. F. S. D. (2010). Minerals in plant food:

112


https://www.mdpi.com/journal/metabolites

effect of agricultural practices and role in human health. A review. Agronomy for

sustainable development, 30(2), 295-3009.

Mather, K., & Jinks, J. K. (1982). Biometrical genetics. Third Edition Chapman and Hall, London,

UK.

Mayes, S., Massawe, F. J., Alderson, P. G., Roberts, J. A., Azam-Ali, S. N., & Hermann, M.
(2012). The potential for underutilized crops to improve security of food production.
Journal of experimental botany, 63(3), 1075-1079.

McCann, D., Barrett, A., Cooper, A., Crumpler, D., Dalen, L., Grimshaw, K., Kitchin, E., Lok, K.,
Porteous, L., Prince, E. and Sonuga-Barke, E. (2007). Food additives and hyperactive
behaviour in 3-year-old and 8/9-year-old children in the community: a randomised, double-
blinded, placebo-controlled trial. The lancet, 370(9598), 1560-1567

McPherson, M. A., Good, A. G., Topinka, L., & Hall, L. M. (2004). Theoretical hybridization
potential of transgenic safflower (Carthamus tinctorius L.) with weedy relatives in the New
World. Canadian Journal of Plant Science, 84, 923-934.

Mengel, K., & Kirkby, E. A. (2001). Principles of Plant Nutrition. Fifth Edition, Kluwer Academic

Publishers.

Mente, A., O’Donnell, M. J., Rangarajan, S., McQueen, M. J., Poirier, P., Wielgosz, A., Morrison,
H., Li, W., Wang, X., & Di, C. (2014). Association of urinary sodium and potassium
excretion with blood pressure. North England Journal of Medicine, 371, 601-611.
doi: 10.1056/NEJM0al1311989.

Mironenko, A., & Eliseeva, T. (2020). Potassium (K, potassium)—description, effect on the body,

best sources. Journal of Healthy Nutrition and Dietetics, 3(13), 59-70.

113



Misurcova, L., Ambrozova, J., & Samek, D. (2011). Seaweed lipids as nutraceuticals. Advances
in Food and Nutritional Research, 64, 339-355.

Mittler, R., & Blumwald, E. (2010). Genetic engineering for modern agriculture: challenges and
perspectives. Annual Review of Plant Biology, 61, 443-462.

Moatshe, O. G. (2019). Genotype and plant density effects on growth, yield, and oil composition
of safflower (Carthamus tinctorius L.). PhD Thesis, Botswana University of Agriculture
and Natural Resources, Crop and Soil Sciences Department, Botswana.

Moatshe, O. G., Emongor, V. E., & Mashiga, P. K. (2020a). Genotype Effect on Proximate and
Mineral Analysis of Safflower as a Green Leafy Vegetable. Journal of Agricultural

Science, 12(11), 1-8. ISSN 1916-9752, E-ISSN 1916-9760.

Moatshe, O. G., Emongor, V. E., & Mashiqga, P. K. (2020d). Genotype Effect on Proximate and
Mineral Analysis of Safflower as a Green Leafy Vegetable. Journal of Agricultural

Science, 12(11), ISSN 1916-9752 E-ISSN 1916-9760. https://doi.org/10.5539/.

Moatshe, O. G., Emongor, V. E., Balole, T. V., & Tshwenyane, S. O. (2020b). Genotype and plant
density effects on oil content and fatty acid composition of safflower. African Crop Science

Journal, 28, 83-101. DOI:http://dx.doi.org/10.4314/acsj.v28il.7S.

Moatshe, O. G., Emongor, V. E., Balole, T. V., & Tshwenyane, S. O. (2020c). Safflower genotype
by plant density on yield and phenological characteristics. African Crop Science Journal,

28, 145-163. DOI:https://dx.doi.org/10.4314/acsj.v28i1.11S.

Mohammadi, M., & Tavakoli, A. (2015). Effect of harvest time of spring safflower (Carthamus
tinctorius L.) florets on the production of red and yellow pigments. Quality Assurance and

Safety of Crops & Foods, 7(5), 581-588.

114



More, S. D., Raghavaiah, C. V., Hangarge, D. S., Joshi, B. M., & Dhawan, A. S. (2005). Safflower.
In E. Esendal(Ed.), VI" International Safflower Conference (pp. 108-186). Istanbul,
Turkey, 6-10" June.

Mosupiemang, M., Emongor, V. E., & Malambane, G. 2022. A review of drought tolerance in
safflower. International Journal of Plant & Soil Science, 34(10), 140-149. DOI:
10.9734/1JPSS/2022/v34i1030930.

Mindel, H. H. (1969). Effect of rainfed and irrigated conditions on yield of indigenous and exotic
varieties of safflower (Carthamus tinctorius L). Madras Agricultural Journal, 56, 772-777.

Mindel, H. H., & Bergman, J. W. (2010). Safflower. Oil Crops, 423-447.

Mindel, H. H., Morrison, R. J., Blackshaw, R. E., & Roth, B. (1992). Safflower Production on the
Canadian Prairies. Agriculture Canada Research Station, Lethbridge/Alberta, Canada.

Mundel, H.H., Blackshaw, R.F., Byers, J.R., Huang, H.C., Johnson, R., Keon, D.L., Kubik, L.K.,
Mckenzie, R., Otto, B., Roth, B., & Stanford, J. (2004). Safflower production in the
Canadian prairies. Agriculture and Agri-food Canada, Lethbridge Research Center,
Lenthbridge, Alberta, Canada.

Murthy, I. Y. L. N., & Anjani, K. (2008, November 4-12). Fatty acid composition in Carthamus
species. Proceedings of the 7" International Safflower Conference, Wagga Wagga, New
South Wales, Australia.

Myster, J., & Moe, R. (1995). Effect of diurnal temperature alternations on plant morphology in
some greenhouse crops—a mini review. Scientia Horticulturae, 62(4), 205-215.

Nabloussi, A., Velasco, L., & Fernandez-Martines, J. M. (2013). Cross pollination of safflower
(Carthamus tinctorius L.) under Moroccan environmental conditions. International

Journal of Plant Breeding, 7(2), 145-147.

115



Nagaraj, G. (2009). Oilseeds: Properties, Processing, Products and Procedures. New India
Publishing Agency, Pitam Pura, India.

Nagaraj, G., Devi, G. N., & Srinivas, C. V. S. (2001). Safflower petals and their chemical
composition. In Proceedings of the 5th International Safflower Conference, Williston,
North Dakota and Sidney, Montana, USA, 23-27 July, 2001. Safflower: a multipurpose
species with unexploited potential and world adaptability (pp. 301-302). Department of
Plant Pathology, North Dakota State University.

Nanduri, K. R., & Shahid, M. (2016). Neglected and underutilized crops for sustainable agriculture
in marginal areas. In 3rd International conference on neglected and underutilized species
(NUS): for a food-secure Africa. Accra, Ghana, 25-27 September 2013. Proceedings (pp.
130-139). Bioversity International.

Narkhede, B. N., & Patil, A. M. (1987). Heterosis and inbreeding depression in safflower. Journal
of Maharashtra Agricultural University, 12, 337-340.

NCBI (2023). National Centre for Biotechnology Information. PubChem Compound Summary for

CID 188308, Carthamidin. https://pubchem.ncbi.nim.nih.gov/compound/Carthamidin.

(accessed February 12, 2023).

Oarabile, P. (2017). Effects of safflower (Carthamus tinctorius L.) genotypes on growth,
development, yield and yield components, and oil content and yield. Master of Science
Thesis. Botswana University of Agriculture and Natural Resources, Faculty of Agriculture.

https://researchhub.buan.ac.bw/handle/13049/91.

OECD (2020). Consensus document on the biology of safflower (Carthamus tinctorius L.).
Organisation for Economic Co-Operation and Development, Series on Harmonisation of

Regulatory Oversight in Biotechnology No. 68. www.oecd.org/env/ehs/biotrack/.

116


https://pubchem.ncbi.nlm.nih.gov/compound/Carthamidin
http://www.oecd.org/env/ehs/biotrack/

OGTR (2019). The Biology of Carthamus tinctorius L. (safflower). Office of the Gene Technology
Registration (OGTR), Australian Government Department of Health, Version 1.2.

Ojaq, S. M. M., Mozafari, H., Jabbari, H., & Sani, B. (2020). Evaluation of yield of safflower
(Carthamus tinctorius L.) genotypes under semi-arid conditions. Plant Genetic Resources,

18(4), 270-277.

Omidi, A. H., & Sharifmoghaddasi, M. (2010). Study of safflower varieties for flower and grain
yields and Fatty acids composition. Advances in Environmental Biology, 4(3), 524-527.

Orsavova, J., Misurcova, L., Ambrozova, J. V., Vicha, R., & Mlcek, J. (2015). Fatty acids
composition of vegetable oils and its contribution to dietary energy intake and dependence
of cardiovascular mortality on dietary intake of fatty acids. International Journal of
Molecular Sciences, 16, 12871-12890. Doi: 10.3390/ijms 160612871.

Pahlavani, M. H., Saeidi, G., & Mirlohi, A. F. (2006). Estimates of genetic parameters for seed
germination of safflower in different salinity levels. Asian journal of plant sciences.
Pahlavani, M. H., Saeidi, G., & Mirlohi, A. F. (2012). Genetic analysis of seed yield and oil content

in safflower using F1 and F2 progenies of diallel crosses. International Journal of Plant

Production, 1(2), 129-140.

Pahlavani, M., Mirlohi, A., & Saeidi, G. (2004). Inheritance of flower color and spininess in
safflower (Carthamus tinctorius L.). Journal of Heredity, 95(3), 265-267.

Pahlavani, M.H., Saeidi, G., & Mirlohi, A. F. (2007). Genetic analysis of seed yield and oil content
in safflower using F1 and F> progenies of diallel crosses. International Journal of Plant

Production, 2, 129-140.

117



Pandey, A. K., & Kumari, A. (2008). Pollination ecology of safflower (Carthamus tinctorius L.)
(pp. 1-11). Proceedings of the 7th International Safflower Conference, Wagga Wagga,
New South Wales, Australia.

Pandey, R. (2015). Mineral nutrition of plants. Plant Biology and Biotechnology: Volume I: Plant
Diversity, Organization, Function, and Improvement, 499-538.

Pascual-Villalobos, M. J., & Alburquerque, N. (1995). Genetic variation of a safflower germplasm
collection grown as a winter crop in southern Spain. Euphytica, 92, 327-332.

Piccinin, E., Cariello, M., De Santis, S., Ducheix, S., Sabba, C., Ntambi, J. M., & Moschetta, A.
(2019). Role of olic acid in the gut-liver axis: From Diet to the regulation of its synthesis
via stearoyl-CoA desaturase 1 (SCD1). Nutrients, 11: 2283. Doi: 10.3390/nu11102283,

http://www.mdpi.com/journal/nutrients.

Prinsloo, C., & Matema, T. (2021). Optimising Agricultural Value Chains in Southern Africa After
COVID-19.

Pu,Z.J., Yue, S.J.,, Zhou, G.S., Yan, H., Shi, X.Q., Zhu, Z.H., Huang, S.L., Peng, G.P., Chen, Y.Y .,
Bai, J.Q., &d Wang, X.P. (2019) The comprehensive evaluation of safflowers in different
producing areas by combined analysis of colour, chemical compounds, and biological

activity. Molecules, 24(18), 3381.

Pu, Z.J., Zhang, S., Tang, Y.P., Shi, X.Q., Tao, H.J., Yan, H., Chen, J.Q., Yue, S.J., Chen, Y.Y.,
Zhu, Z.H., & Zhou, G.S. (2021). Study on changes in pigment composition during the
blooming period of safflower based on plant metabolomics and semi-quantitative analysis.

Journal of Separation Science, 44(22), 4082-4091.

Pushpa, H. D., Kumaraswamy, H. H., Thomas, H. B., Ushakiran, B., Sharma, D., Anjani, K., &

Sujatha, M. (2023). Innovative Approaches for Genetic Improvement of Safflower

118


http://www.mdpi.com/journal/nutrients

(Carthamus tinctorius L.): Current Status and Prospectus. In Smart Plant Breeding for

Field Crops in Post-genomics Era (pp. 293-342). Singapore: Springer Nature Singapore.

Qu, C., Wang, L. Y., Jin, W. T, Tang, Y. P., Jin, Y., Shi, X. Q., Qu, C., Wang, L.Y., Jin, W.T.,
Tang, Y.P., Jin, Y., Shi, X.Q., Shang, L.L., Shang, E.X. & Duan, J.A. (2016). Comparative
analysis of the effects of Hydroxysafflor yellow a and Anhydrosafflor yellow B in
safflower series of herb pairs using prep-HPLC and a selective knock-out approach.
Molecules, 21(11), 1480.

Qu, C., Zhu, W., Dong, K., Pan, Z., Chen, Y., Chen, X., Liu, X., Xu, W., Lin, H., Zheng, Q. &
Li, D. (2019). Inhibitory effect of hydroxysafflor yellow B on the proliferation of human
breast cancer MCF-7 cells. Recent Patents on Anti-Cancer Drug Discovery, 14(2), 187-
197.

Rahamatalla, A.B., Babiker, E.E., Krishna, A.G., & El Tinay, A.H. (2001). Changes in fatty acids
composition during seed growth and physicochemical characteristics of oil extracted from

four safflower cultivars. Plant Foods for Human Nutrition, 56, 385-395.

Rajvanshi, A. K. (2005, June). Development of safflower petal collector. In Vith International

Safflower Conference, Istanbul-Turkey (pp. 6-10).

Ramachandran, M., & Goud, J.V. (1981). Genetic analysis of seed yield, oil content and their
components in safflower (Carthamus tinctorious L.). Theoretical Applied Genetics, 60,

191-195.

Rampure, N. H., Majumdar, P. N., & Badere, R. S. (2014). Genetic variability for morphological
and biochemical characters in safflower (Carthamus tinctorius L.). Indian Journal of

Genetics and Plant Breeding, 74(03), 353-361.

119



Ramya, V., & Patel, P. (2019). Health benefits of vegetables. International Journal of Chemical
Studies, 7(2), 82-87.

Rasul, G., Chaudhry, Q.Z., Mahmood, A., &amp; Hyder, K.W. (2016). Effect of temperature rise
on crop growth and productivity. Pakistan Journal of Metereology, 8(15), 53-62.

Raven, P. H., Evert, R. F., & Eichhorn, S. E. (1999). Biology of Plants. 6™ Edition, W.H. Freeman

and Company, Worth Publishers, New York, USA.

Rezaie, F., & Yarnia, M. (2009). Allelopathic effects of Chenopodium album, Amaranthus
retroflexus and Cynodon dactylon on germination and growth of safflower. Journal of
Food, Agriculture and Environment, 7(2), 516-521.

Ritche, J. T., & NeSmith, D. S. (1991). Temperature and crop development. In J. Hacks, & J. T.
Ritche (Eds.), Modelling Plant and Soil Systems, American Society of Agronomy,

Mandison.

Rudolphi, S., Becker, H. C., & von Witzke-Ehbrecht, S. (2008, 3-6 November). Outcrossing rate
of safflower (Carthamus tinctorius L.) genotypes under the agro-climatic conditions of
Northern Germany (pp. 1-2). Proceedings of the 7th International Safflower Conference,

Wagga Wagga, New South Wales, Australia.

Saeidi, K., & Adam, N. A. (2011). A survey on pest insect fauna of safflower fields in the Iranian
Province of Kohgiloyeh and Boyerahmad. African Journal of Agricultural Research,
6(19), 4441-4446.

Safavi, S. M., Pourdad, S. S., & Safavi, S. A. (2012). Assessment of genetic diversity in safflower
(Carthamus tinctorius L.) genotypes using agro-morphological traits. Annals of Biological

Research, 3(5), 2428-2432.

120



Sahu, G. R., & Tewari, V. (1993). Combining ability for yield traits in safflower. Journal of

Research Brista Agricultural University Safflower, 5, 37-40.

Sajjad, A., Saeed, S., & Masood, A. (2008). Pollinator community of onion (Allium cepa L.) and

its role in crop productive success. Pakistan Journal of Zoology, 40(6), 451-456.

Salem, N., Msaada, K., Dhifi, W., Sriti, J., Mejri, H., Limam, F., & Marzouk, B. (2014). Effect of
drought on safflower natural dyes and their biological activities. EXCLI journal, 13, 1.

Sampaio, M.C., Santos, R. F., Bassegio, D., de Vasconselos E.S., de Silveira, L., Lenz, N.B.G.,
Lewandoski, C.F., & Tokuro, L.K. (2017). Effect of plant density on oil yield of safflower.

African Journal of Agricultural Research, 12 (25), 2147-2152.

Sarkees, N. A., & Tahir, D. S. (2016). Seed yieid and oil content of safflower as affected by

genotypes and sowing dates. Iraqi Journal of Agricultural Sciences, 47(1).

Scotter, M. J. (2011). Emerging and persistent issues with artificial food colours: natural colour
additives as alternatives to synthetic colours in food and drink. Quality Assurance and
Safety of Crops & Foods, 3(1), 28-39.

Shabana, R. Abd EI Mohsen, A. A., Gouda, H. A. H., & Hafez, H. S. (2013). Impact of temperature
fluctuation on yield and quality traits of different safflower genotypes. Science Research

and Review Journal, 1(3), 74-87.

Shahbazi, E., & Saeidi, G. H. (2007). Genetic analysis for yield components and other agronomic
characters in safflower (Carthamus tinctorius L.). Genetics and Breeding, 36, 11-20.

Shin, Y., Son, K., & Yoo, D. (2008). Dyeing properties and colour of silk fabrics dyed with
safflower yellow dye. Journal of the Korean Society of Clothing and Textiles, 32(6), 928-

934.

121



Singh, S., & Pawar, I. S. (2005). Theory and Application of Biometrical Genetics. CBS Press.

Singh, V., & Nimbkar, N. (2006). Safflower (Carthumus tinctorius. L). Genetic Resources,

Chromosome Engineering and Crop Improvement, 6, 167-194.

Singh, V., Kolekar, N. M., & Nimbkar, N. (2008, November 3-9). Breeding strategy for
improvement of flower and seed yield in safflower. Proceedings of the 7™ International

Safflower Conference, Wagga Wagga, Australia.

Sirel, Z., & Aytac, Z. (2016). Relationships between the seed yield and some agronomic
characteristics of safflower (Carthamus tinctorius L.) under semi-arid conditions. Turkish

Journal of Field Crops, 21(1), 29-35.

Slafer, G. A., & Rawson, H. M. (1994). Sensitivity of wheat phasic development to major
environmental factors: A re-examination of some assumptions made by physiologists and

modellers. Australian Journal of Plant Physiology, 21, 393-426.

Statistics Botswana (2020) Annual Agricultural Survey Report 2019. Gaborone.
Steberl, K., Hartung, J., & Graeff-Honninger, S. (2020a). Impact of cultivar, harvest date and
threshing parameter settings on floret and carthamidin, yield of safflower. Journal of

Agronomy, 12, 1272, 1-20. doi:10.3390/agronomy10091272.

Steberl, K., Hartung, J., Munz, S., & Graeff-Honninger, S. (2020b). Effect of row Spacing, sowing
density, and harvest time on floret yield and yield components of two safflower cultivars

grown in Southwestern Germany. Agronomy,10, 664. doi:10.3390/agronomy10050664.

122



Stevens, L. J., Kuczek, T., Burgess, J. R., Stochelski, M. A., Arnold, L. E., & Galland, L. (2013).
Mechanisms of behavioral, atopic, and other reactions to artificial food colors in children.
Nutrition reviews, 71(5), 268-281.

Sun, X., Wei, X., Qu, S., Zhao, Y., & Zhang, X. (2010). Hydroxysafflor yellow A suppress
thrombin generation and inflammatory responses following focal cerebral ischemia-
reperfusion in rats. Biorganism Medical Chemistry Letter, 20, 4120-4124.

d0i:10.1016/j.bmcl.2010.05.076.

Sun, Y., Xu, D., Qin, Z., Wang, P., Hu, B., Yu, J.,, Zhao, Y., Cai, B., Chen, Y., Lu, M., Liu, J., &
Liu, X. (2018). Protective cerebrovascular effects of hydroxysafflor yellow A (HSYA) on

ischemic stroke. European Journal of Pharmacology, 818, 604-609.

Tabrizi, A.H. O. (2002). Floret removal effects on grain and oil yield and their components in
spring safflower. In A. H. O. Tabriz (Ed.), Sesame and Safflower Newsletter (pp. 71-75).

Instituto de Agricultura Sostenible, Cordoba, Spain.

Tahmasebpour, B., Sofalian, O., Dehghanian, H., & Hoseini, S. S. (2016). Evaluation of drought
stress effect in summer safflower genotypes. In Biol. Forum-An. Int. J (Vol. 8, No. 1, pp.
61-66).

Taiz, L., & Zeiger, E. (2013). Plant Physiology. Fourth Edition, Sinauer Associates Inc, USA.

Taiz, L.z, & Zeiger, E. (2002). Plant Physiology. Third Edition, Sinauer Associates Inc, USA.

Tan, L., Wang, Y., Jiang, Y., Wang, R., Zu, J., & Tan, R. (2020). Hydroxysafflor yellow A together
with blood-brain barrier regulator lexiscan for cerebral ischemia reperfusion injury

treatment. ACS Omega, 5(30), 19151-19164.

123



Tanaka, D. L., Riveland, N. R., Bergman, J. W., & Schneiter, A. A. (1997). Safflower plant
development stages. Proceedings of the 4" International Safflower Conference, 4, 179-

180.

Tavakoli, A. (2014). Effect of harvest time of spring safflower (Carthamus tinctorius L.) florets
on the production of red and yellow pigments. Quality Assurance and Safety of Crops &

Foods. DOI: 10.3920/QAS2014.0427.

Temoso, O., Villano, R., & Hadley, D. (2015). Agricultural productivity, efficiency, and growth
in a semi-arid country: A case study of Botswana. African Journal of Agricultural and

Resource Economics, 10(311-2016-5636), 192-206.

Torabi, B., Adibniya, M., & Rahimi, A. (2015). Seedling emergence response to temperature in
safflower: measurements and modeling. International Journal of Plant Production, 9(3),

393e412.

Torabi, B., Attarzadeh, M., & Soltani, A. (2013). Germination response to temperature indifferent

safflower (Carthamus tinctorius L.) cultivars. Seed Technology, 35(1), 47-59.

Trankner, M., Tavakol, E., & Jakli, B. (2018). Functioning of potassium and magnesium in
photosynthesis, photosynthate translocation and photoprotection. Physiologia plantarum,
163(3), 414-431.

Tridge (2021). Safflower seed. Available at https://www.tridge.com/intelligencies/safflower-

seed/production.( accessed on 14™ February 2022).

Trivellini, A., Ferrante, A. , Vernieri, P., Carmassi, G., & Serra, G. (2011). Spatial and temporal
distribution of mineral nutrients and sugars throughout the lifespan of Hibiscus rosa-
sinensis L flower. Central European Journal of Biology, 6, 365 —375.

124


https://www.tridge.com/intelligencies/safflower-seed/production
https://www.tridge.com/intelligencies/safflower-seed/production

Turgumbayeva, A. A., Ustenova, G. O., Yeskalieva, B. K., Ramazanova, B. A., Rahimov, K. D.,
Aisa, H., & Juszkiewicz, K. T. (2018). Volatile oil composition of Carthamus Tinctorius
L. flowers grown in Kazakhstan. Annals of Agricultural and Environmental Medicine,

25(1), 87-89.

Uher, J. (2008, November 4-12). Safflower in European floriculture: a review. Proceedings of the
7th International Safflower Conference, Wagga Wagga, New South Wales, Australia.
Vogel, M. (2018). ‘Clean label’ changes of colour additives in the confectionary industry:
An exploratory qualitative research on how safety colouring foods, in particular safflower
extract is assessed in the confectionary industry. Master of Science Thesis, Wageningen
University and Research.

ul Hassan, F., Yasir, M., Mukhtar, K., Akmal, A. M., & Afzal, O. (2015). Growth and development
of safflower (Carthamus tinctorius) under rainfed conditions. International Journal of
Agriculture and Biology, 17(1).Valmorbida, J., Boaro, C. S. F., Scavroni, J., & David, E.
F. S. (2007) Crescimento de Mentha piperita L. cultivada em solugdo nutritiva com
diferentes doses de potassio. Revista Brasileira de Plantas Medicinais, 9, 27-31.

Van Deynze, A.E., Sundstrom, F.J., & Bradford, K. J. (2005). Pollen-mediated gene flow in
California cotton depends on pollinator activity. Crop Science, 45, 1565-1570.

Verlinden, S. (2003). Changes in the mineral nutrient concentrations in petunia corollas during
development and senescence. HortScience, 38, 71 —74

Vogel, M. (2018). Clean label’changes of colour additives in the confectionary industry: an
exploratoryqualitative research on how safety colouring foods. Particular Safflower
Extract Is Assessed in the Confectionary Industry. Master of Science Thesis. Wageningen

University and Research, 61.

125



Wachsmann, N. G., Knights, S. E., & Norton, R. M. (2001, July 23-27). Phenotypic variation of a
selection of safflower (Carthamus tinctorius L.) lines and their potential in Southern
Australia (pp. 263-273). Proceedings of V" International Safflower Conference, Williston,
North Dakota, USA.

Waghmode, M. S., Gunjal, A. B., Nawani, N. N., & Patil, N. N. (2018). Management of floral
waste by conversion to value-added products and their other applications. Waste and
Biomass Valorization, 9, 33-43.

Wang, G., & Li, Y. (1985). Clinical application of safflower (Carthamus tinctorius L.). Zhejiang
Tradational Chinese Medical Science Journal, 20, 42-43.

Wang, S. X., Wang, Y., Lu, Y. B., Li, J. Y., Song, Y. J., Nyamgerelt, M., & Wang, X. X. (2020).
Diagnosis and treatment of novel coronavirus pneumonia based on the theory of traditional
Chinese medicine. Journal of integrative medicine, 18(4), 275-283.

Weiss, E. A. (2000). Oilseed Crops. In E. A. Weiss (Ed.), Safflower, (pp. 93-129), 2" Edition,
Blackwell Science, Oxford.

Welch, R. M. (1999). Importance of seed mineral nutrient reserves in crop growth and
development. In R.M. Welch (Ed.), Mineral Nutrition of Crops: Fundamental Mechanisms
and Implications (pp. 205-226). Food Products Press: New York, NY, USA.

Welch, R. M., & Graham, R. D. (2004). Breeding for micronutrients in staple food crops from a
human nutrition perspective. Journal of Experimental Botany, 55, 353-364.

Went, F.W. (1944). Plant growth under controlled conditions. Thermoperiodicity in growth and

fruiting of tomato. American Journal of Botany, 31 (10):597-618.

126



Wu, Y., Wang, L., Jin, M., & Zhang, B. (2012). Hydroxysafflor yellow A alleviates early
inflammatory response of bleomycin-induced mice lung injury. Biological Pharmacology
Bulletin, 35, 515-522. d0i:10.1248/bpb.35.515.

Xu, H., Liu, W, Liu, T., Su, N., Guo, C., Feng, X., Dou, F., Ding, Y., Shi, L. & Wen, A. (2017).
Synergistic neuroprotective effects of Danshensu and hydroxysafflor yellow A on cerebral
ischemia-reperfusion injury in rats. Oncotarget, 8(70), 115434.

Yadzi-Samadi, B., & Bagheri, A. (2005). Genetic diversity in Iranian and foreign safflower
genotypes. VIth International Safflower Conference, 6, 21-23.

Yau, S. K. (2004). Safflower agronomic characters, yield and economic revenue in comparison
with other rain-fed crops in a high-elevation, semi-arid Mediterranean environment.
Experimental agriculture, 40(4), 453-462.

Yeilaghi H, Arzani A, Ghaderian M, Fotovat R, Feizi, M., & Pourdad, S. S. (2012) Effect of
salinity on seed oil content and fatty acid composition of safflower (Carthamus tinctorius

L.) genotypes. Food Chemistry, 130, 618-625.

Yesilyurt, M. K., Cesur, C., Aslan, V., & Yilbasi, Z. (2020). The production of biodiesel from
safflower (Carthamus tinctorius L.) oil as a potential feedstock and its usage in
compression ignition engine: A comprehensive review. Renewable and Sustainable Energy

Reviews, 119, 109574.

Yin, S., Liu, K., Lee, J,, Yang, J., Qian, G., Si, Y., & Park, Y. (2015). Effect of hydroxysafflor
yellow A on tyrosinase: integration of inhibition kinetics with computational simulation.

Process Biochemistry, 50(12), 2112-2120.

127



Yue, S., Tang, Y., Li, S.,, & Duan, J. A. (2013). Chemical and biological properties of
quinochalcone C-glycosides from the florets of Carthamus tinctorius. Molecules, 18(12),

15220-15254.

Yun, G., Lixin, Z., Ying, Q., Xiaopan, J., & Yuanbo, C. (2016). Dynamic model for sucking
process of pneumatic cutting-type safflower harvest device. International Journal of

Agricultural and Biological Engineering, 9(5), 43-50.

Yusuf, M., Shabbir, M., & Mohammad, F. (2017). Natural colorants: Historical, processing, and
sustainable prospects. Natural Products Bioprospective, 7, 123-145. doi:10.1007/s13659-

017-0119-9.

Zanetti, F., Angelini, L. G., Berzuini, S., Foschi, L., Clemente, C., Ferioli, F., Vecchi, A., Rossi,
A., Monti, A & Tavarini, S. (2022). Safflower (Carthamus tinctorius L.) a winter
multipurpose oilseed crop for the Mediterranean region: Lesson learnt from on-farm trials.

Industrial Crops and Products, 184, 115042.

Zareie, S., Mohammadi-Nejad, G., & Sardoule-Nasab, S. (2013). Screening of Iranian safflower
genotypes under water deficit and normal conditions using tolerance indices. Australian

Journal of Crop Science, 7(7), 1032-1037.

Zemour, K., Adda, A., Labdelli, A., Dellal, A., Cerny, M., & Merah, O. (2021). Effects of genotype
and climatic conditions on the oil content and its fatty acids composition of Carthamus
tinctorius L. seeds. Agronomy, 11(10), 2048.

Zhang, L., Zhou, Z., Zhai, W., Pang, J., Mo, Y., Yang, G., Qu, Z., & Hu, Y. (2019). Safflower

yellow attenuates learning and memory deficits in amyloid-induced Alzheimer’s disease

128



rats by inhibiting neuroglia cell activation and inflammatory signaling pathways.

Metababolic Brain Diseases, 34, 927-939. https://pubmed.ncbi.nim.nih.gov/30830599/.

Zhang, Z., Liu, R., Pu, X., Sun, Y., & Zhao, X. (2017). Evaluation of the sub-chronic toxicity of a
standardized flavonoid extract of safflower in rats. Regulatory Toxicology and

Pharmacology, 85, 98-107.

Zhao, F., Wang, P., Jiao, Y., Zhang, X., Chen, D., & Xu, H. (2020a). Hydroxysafflor yellow A: A
systematical review on botanical resources, physicochemical properties, drug delivery
system, pharmacokinetics, and pharmacological effects. Frontiers in Pharmacology, 11,

579332. D0i:10.3389/fphar.2020.579332.

Zhao, H., Li, Y., Petkowski, J., Kant, S., Hayden, M.J, & Daetwyler, H. D. (2020b). Genomic
prediction and genomic heritability of grain yield and its related traits in a safflower

genebank collection. The Plant Genome, 14(1), e20064.

Zhaomu, W & Lijie, D. (2001). Current situation and prospects of safflower products development
in China. In Safflower: A Multipurpose Species with Unexploited Potential and World
Adaptability. Proceedings of the Fifth International Safflower Conference, Williston, ND,
USA, 23-27 July 2001; Bergman, J.W., Mindel, H.H., Eds.; North DakotaState

University: Fargo, ND, USA, 2001, pp. 315-319.

Zheng, N., Futang, C., Xinchun, S., & Yanca, W. (1993, June 14-18). Path analysis of correlated
characters on flower yield of safflower individuals. In L. Dajue & H. Yuanzhou (Eds.),
Proceedings of the Third International Safflower Conference (pp. 582-588). Beijing

Botanical Garden, Institute of Botany, Chinese Academy of Sciences, Beijing, China.

129


https://pubmed.ncbi.nlm.nih.gov/30830599/

Zhou, D. L., Ding, T. T., Ni, B,, Jing, Y. Y., & Liu, S. X. (2019). Hydroxysafflor yellow A
mitigated mycocardial ischemia/reperfusion injury by inhibiting the activation gof the
JAK2/STATL1 pathway. International Journal of Molecular Medicine, 44, 405-416.

d0i:10.3892/ijmm.2019.4230.

Zhou, F. R., Zhao, M. B., & Tu, P. F. (2009). Simultaneous determination of four nucleosides in
Carthamus tinctorius L. and Safflower injection using high performance liquid

chromatography. Journal of Chinese Pharmacological Science, 18, 326-30.

Zhou, Z. (1992). The curative effects of Tao-Hong-Si-Wu decoction for treatment on cerebral
embolism of 32 cases. Correspondence Traditional Chinese and Western Medicine, 11,

750-752.

Zimmerman, L. H. (1972). Effect of Temperature and Humidity Stress during Flowering on

Safflower (Carthamus tinctorious L.) 1. Crop Science, 12(5), 637-640.

130



APPENDIX

Appendix 1: Total precipitation (mm) for the first trail (October 2021 to January 2022) and second

trial (March to August 2022)

Year 2021: Trial 1 (Summer) Year 2022: Trial 2(Winter)
Day Oct | Nov | Dec |Jan Feb | Mar | Apr May June | Jul Aug
1 0 0| 184 8.7 0 0 0 0 0 0 0
2 0 0 0 6.3 0 0 0.6 0 0 0 0
3 0 0 3.6 0 35| 136 32.8 0 0 0 0
4 0 0 8.3 0 0 1.7 0 0 0 0 0
5 0 1.8 0.3 0 0| 118 0 0 0 0 0
6| 13.9 0 8.3 10 0 0 0 0 0 0 0
7| 158 0 0 0 0 4.8 0 0 0 0 0
8 0 0 0 0 0 8.8 25.4 0 0 0 0
9 0 0 0 0 0| 12.6 12.9 0 0 0 0
10 0 0 0 3.8 3.4 0 16.7 0 0 0 0
11 0 0 0 8.3 0 0 0 0 0 0 0
12 0 0 0.3 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 3.3 0 0.1 0 0 0 0 0
15 0 0| 53.6 0 0 0 5.2 0 0 0 0
16 0 0 0 1.3 0 6.8 13.4 0 0 0 0
17 0 0 0.5 0 0 13 3 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0
20 0 19 0 0 0 0 0 0 0 0 0
21 9.8 0 0 0 0 0 0 0 0 0 0
22 0 0 4.3 0 0 0 0 0 0 0 0
23 0 0 0 0 2.8 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0 0 0
25 0| 144 6.6 0 5.4 8.6 0 0 0 0 0
26 0 0 0 0 0.8 0 0 0 0 0 0
27 0 0 0 0| 128 0 0 0 0 0 0
28 0 0| 24.6 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0
31 0 0 0 0 0 0 0 0
128. _ _ |
Total | 39.5| 35.2 8| 41.7| 29.1| 8138 110 11

Adopted from Department of Meteorological Services
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Appendix 2: Temperature data for trail 1

Year 2021 (Summer)

Day October November December January
Max | Min | Max | Min | Max | Min | Max | Min
24.1 | 17 371 | 171 |344 | 205 |31.6 |19.2

: 28.7 136 |342 |17.2 |28 18.7 | 32.7 | 20.2
: 293 (111 361 |173 |345 |199 |323 |188
: 285 |84 37.1 | 181 |327 |223 |31.3 |191
: 272 | 153 |378 |22 235 |18.7 |321 |19.9
: 31.7 (168 |375 |214 |315 |178 |315 |20.1
: 281 (179 |36.6 |21.3 |321 |18.7 |27 19.6
! 1 1 253 |20.7 |28.7 |19.2 |29 19.1
: 338 |17.7 |32 145 | 298 |187 |/ 18

: 323 (132 | 315 | 157 |326 |19.7 | 283 |164
> 234 |15 32 185 [324 |20.7 |26 20.1
= 293 |10.7 333 |173 |269 |19.1 |30.7 |185
2 334 (112 | 388 |193 |26 195 |30 204
= 36.3 [ 129 |38 204 | 30.7 |17 30.8 | 19.9
= 372 | 153 |375 |20.7 |337 |18.1 |/ 20.8
= 36.3 | 176 |39.1 |20.2 |249 |171 |282 |/

> 30 158 |36.7 |21 28.6 |18.6 |/l 18.5
5 281 (145 |36.7 |20.2 |20 169 | 273 | 20.3
> 21.2 (142 |/l 175 (233 | 142 |321 |17.9
zz 26.1 |11.7 |32 185 |248 |16.2 |31 19.6

132




282 | 142 |333 |173 |26.7 |148 |326 |/
= 30.2 (163 |[388 |193 |301 |17.2 |285 | 157
= 352 | 152 |38 204 |31 16.8 | /I 16.3
= 316 (158 |[375 |20.7 |326 |134 |315 | 157
= 285 |16.3 |39.1 |202 [322 |16.9 |345 |176
= 29.2 (176 |36.7 |21 28.8 | 178 |/l 194
= 28.7 |186 |36.7 |20.2 |237 |17.8 |316 |/
2 20.3 | 193 |/l 1 302 | 142 |/l 21.1
= 308 173 |/l 1 344 |164 |257 |19.3
= 325 |16.7 |/l 1 338 |19.2 |254 |19.3
= 326 |15.8 346 |19.7 |28.1 |19.8
= 298 | 151 | 357 | 19.2 | 296 | 179 | 30.0 | 19.0

Mean
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Appendix 3: Temperature data for trail 2

Year 2022 (Winter)

Day February March April May June July August
Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min
315 |18.1 17.3 | 31.7 [12.7 |/l I 206 |-03 [206 |65 224 | 125
1 31.1

338 [204 | 338 | 18 |33.2 |147 237 |116 [207 [15 |21 |57 [203 [10.7
: 346 (219 | 323|183 |34 |17.1 [243 105 [206 [16 [218 [5 20 [132
: 322 (199 | 255 | 192 | 304 [18.7 [ 256 [99 [206 |15 [233 [37 [276 |92
: 298 197 | 286 | 195 | 31.2 | 175 [ 256 |11.2 |236 |26 |246 |34 [279 |44
: 293 [196 | )y 1331 [17.7 [ 261 |84 [206 |6 249 |66 |[298 |44
- 308 [173 | 281 | 195 [ 33.1 |195 [253 |86 [214 |2 243 [13 [316 |72
! 339 [169 | 24 | 174 | 246 |189 [242 [107 [221 |25 |/ 18 |257 [103
: 336 (208 | 201 | 177 |22 |165 |[241 |49 [221 |41 |221 |/ 263 |33
: 33 (175 | y | 172 1197 [16.1 [232 |57 [221 [28 [247 |1/ 26 |51
= 333 [169 | 281 | 192 |21 164 [251 |7 203 |49 [224 |43 |27 |5
= 316 | 151 | 297 /I 28 145 | 27 7.3 21 14 I 2.2 304 |65
2 323 [178 | 4 | 157 |31 [15 [266 |73 [228 [13 [243 [/ 315 |/
> 341 [166 | 272 | 4 |285 |165 [285 [81 |24 [18 |25 |41 |229 [55
= 324 207 | 278 | 16 | 225 [ 159 269 |82 [178 [88 [233 [27 |[218 |23
= 328 [186 | 328 | 149 | 27.1 | 196 218 [107 [18 [13 |208 [59 [243 [-01
> 345 [196 | 313 | 148 | 206 |16.1 |21 |92 [201 |16 |205 |28 [304 |29
17
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326 [203 [ 224 | 161 | 24.1 [15.8 [22.4 [105 [235 [-06 [/ 53 306 |7
= 306 | 208 | 283 | 162 | 22.9 | 14.4 | 236 |54 |253 |25 |221 |/ 206 |82
= 352 [ 198 | 324 | 163 |23 [12.6 |246 [87 [237 [89 [215 |/ 237 |2
= 362 | 181 | 206 |152 [11 |28 |21 |101 |241 |109 |23 |24
= 357 |21 | 264 | 4 |25 |165 |17.7 |47 |183 |86 |/ 82 |231 |59
= 338 | 193 | 267 | 133 | 284 | 144 | 222 |52 |21.9 |92 |239 |108 |243 |51
= 342 [ 188 | 286 | 147 |30 | 155 |25 |75 |223 |67 |257 |/ 245 |75
= 336 | 196 | 328 | 187 | 306 | 16.7 |26 |62 |157 |96 |223 |39 |274 |43
= 304 | 193 | 313 | 171 | 276 | 161 | 265 |59 |198 |62 |225 |87 |292 |46
= 346 | 195 | 224 | 161 | 227 | 17.2 | 251 |62 |191 |64 |233 |81 |309 |81
2 315 [ 196 | 283 | 176 | 225 | 115 | 233 |93 164 |24 |/ 62 |314 |79
& 324 | 159 | 261 |76 | 262 |84 |182 |41 239 |/ 314 |11
= 298 | 132 | 296 | 9.6 |223 |45 |191 (09 |267 |/ 304 |10.1
= 329 | 152 214 |12 I | 206 | 134
31 l

Mean | 33.0| 19.1|287 | 167 | 268 | 155|239 |75 | 20.7| 38| 232| 54 | 264| 6.7
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