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ABSTRACT

Despite the African marigold (Tagetes erecta L.) is one of the most commercially exploited flower and medicinal
crops in the world and have received great attention in scientific research in the recent past, the plant has never been
tested under Ethiopian condition for its agronomic and chemical traits. Thus, the present study was conducted with
the main objective to evaluate the growth, yield and quality attributes of three introduced African marigold cultivars.
The experiments were conducted at six locations in Ethiopia using a randomized complete block design with three
replications. Data on vegetative growth, flower characteristics, inflorescence yield, and xanthophyll content were collected
and statistically tested. Significant variation (P < 0.01) was observed among cultivars across the tested locations for all
the studied parameters. Overall higher values of plant height (65.48 cm), branch number plant(89.09), inflorescence
number plant” (76.89), inflorescence weight (25.48 g), inflorescence yield plant” 560.77 g) and inflorescence yield
ha' (18 t) were obtained in AVT001 cultivar and flower xanthophyll content (27.6 mg g') in AVI'540 cultivar; while
lowest values were rerecorded for all characters in Hewoyde cultivar. Inflorescence yield ha'! was found positively and
significantly correlated with all parameters except xanthophyll content. Xanthophyll content was found positively
and significantly correlated with flower weight. As the cultivars AVT001 and AVT540 are adapted very well and gave
comparable and/or higher yields with the other marigold growing countries, the two cultivars can be recommended for
commercial cultivation of their inflorescence and extracted pigments in Ethiopia.
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INTRODUCTION

African marigold (Tagetes erecta L.) is one of the commercially
exploited flowers occupying a prominent place in ornamental
horticultural plants belonging to the family Asteraceae (Singh
et al., 2017; Mir et al., 2019). It is an annual herb, erect, highly
branching, growing up to 1.4 m (Aslam et al., 2016; Srinivas &
Rajasekharam, 2020), and produces large flowers ranging from
yellow to orange (Mir et al., 2019; Singh et al., 2019). It is native
to Central and South America especially Mexico (Idan et al.,
2014). It is widely cultivated in Europe, the USA, China, India,
the Caribbean, Africa and Oceania (Davidse et al., 2018). It
prefers a nourishing soil of pH 7.0 to 7.5 with good water-holding
capacity and well-drained fertile sandy loamy soil as well as a
sunny climate (Davidse et al., 2018; Priyadarshini et al., 2018).

African marigold is widely cultivated as bedding plants, loose
flower, insect and nematode repellents, and nutrient supplement

for poultry feed (Becerra et al., 2020; Pandey et al., 2021). Its
flower juice is given as a remedy for bleeding piles (Verma
& Verma, 2012; Dasgupta et al., 2016). African marigold is
cultivated commercially as an important source of fat-soluble
carotenoid pigments extracted from its flowers (Ahmad
et al., 2017; Mir et al., 2019). The principal component of the
carotenoid is xanthophyll pigments (natural dyes) (Mir et al.,
2019; Becerra et al., 2020). About 70 to 90% of the xanthophyll
pigment is lutein (Sowbhagya et al., 2014; Lin et al., 2015). The
carotenoids extracted from the flowers are used as a natural food
additive to brighten egg yolks and poultry feathers (Becerra et al.,
2020). Xanthophyll is known to prevent cancer and improve
immune function (Hadden et al., 1999). Lutein, extracted
from xanthophyll, plays an important role in the prevention of
cancer and central retina degradation (Sandmann, 2015; Becerra
et al., 2020). It is fat-soluble carotenoid pigments have been
extensively used effectively to dye fabrics commercially (Lin
et al., 2015; Yusuf et al., 2017; Elsahida et al., 2019).
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As described in Becerra et al. (2020) the annual global market
for carotenoids has been increasing at the rate of 5.7% during
2017 (1400 million US$) and 2022 (2000 million US$). The
global demand for natural dyes has been growing at a CAGR
of 11% and is expected to generate revenue of about 5 billion
USD by 2024 (GlobeNewswire, 2020). At present, the supply of
natural dyes is only 1% of the 10,000 tons of the global market
demand (Senthilkumar et al, 2015; Elsahida et al., 2019), which
indicates an excessive use of synthetic dyes. Currently, ecological
considerations are becoming important factors in the selection
of consumer goods all over the world (Elsahida et al., 2019).
By the early part of this century, only a small percentage of
textile dyes were extracted from plants, but now, there has been
increasing interest in natural dyes, as the public has become
aware of ecological and environmental problems related to the
use of synthetic dyes. The rise in global demand for its flower
and processed products (Elsahida et al., 2019; Becerra et al.,
2020) as well as the existence of conductive investment climates
in Ethiopia has attracted the interest of investors for the large-
scale cultivation of African marigolds in the country. However,
as far as our knowledge is concerned, African marigolds have
never been evaluated for their vegetative, flower characteristics,
flower yield and quality aspects in Ethiopia, which is endowed
with diverse agro-climatic conditions (National Metrology
Service Agency, 1996). Several previous studies showed that
the yield and quality of African marigold is greatly influenced
by the prevailing environment during their growth period
(Naik et al., 2005; Prakash et al., 2016, Ahmad et al., 2017;
Khobragade et al., 2019). Accordingly, the implementation of
well-planned research and experimentation, which displays
the optimum production conditions are prerequisite steps for
effective production and sustainable buildup of the African
marigold industry. Therefore, the present study was designed
with the objective of evaluating the performance of three African
marigold varieties for vegetative growth, flower characteristics,
flower yield and xanthophyll content at six locations in Ethiopia.

MATERIALS AND METHODS

Testing Locations, Plant Materials and Cultural
Managements

The experiment was conducted at six locations in Ethiopia
using three African marigold cultivars (Hewoyde, AVT001 and
AVT540) provided by India (AVT Natural Products Limited,
Kerala, India). Detailed descriptions of the experimental
locations are presented in Table 1. Seeds of the three cultivars
were raised in the nursery seedbed for 45 days. Seedlings
were transplanted to the main experimental fields arranged

in randomized complete block design with three replications
on ridges having 10 m length and width. A spacing of 30 cm
between plants and 1 m between rows was maintained during
planting. Pinching was done after 45 days of transplanting.
Basal application of 45:90:75 kg ha NPK was made at 8 days of
transplanting and top dressing of 45 kg N ha' was applied after
45 days of transplanting. First irrigation was applied immediately
after transplanting and once a week subsequently. All fields’
cultural practices were performed whenever required.

Data Collection and Statistical Analysis

Data collection was made by taking 10 samples from the central
rows of cach plot. Measurements of flower parameters and
harvesting were done when 80-85% of the flower was opened.
Data on plant height (cm), number of branches plant”, number
of flowers plant”, fresh flower weight (g), fresh flower yield
plant? (g), fresh flower yield ha? (t) and xanthophyll content
(mg g!) were collected. Flower xanthophyll content (mg g™') was
estimated according to the procedure given by the Association
of Official Analytical Chemists [AOAC] as cited in (Beniwal
et al., 2017). The collected data were subjected to analysis of
variance using SAS 9.4 v software (SAS, 2013), and presented
as means = standard error (SE). Differences between means
were assessed using the least significance difference (LSD) test
at P < 0.05.

RESULT AND DISCUSSION

Analysis of Variance

Mean squares from a combined analysis of variance for seven
traits of three African marigold cultivars tested over six locations
in Ethiopia are set out in Table 2. Location had a significant
influence (P < 0.01) on the three African marigold varieties
for all the studied characters. A significant effect of location
on the performance of the varieties is expected because each
testing locations varies in its soil type, rainfall and temperature
(Table 1). A significant variation (P < 0.01; P < 0.05) among
the tested African marigold varieties was also observed for
plant height, number of branches/plant, individual flower
weight, flower yield/ha, flower xanthophyll content, number of
branches/plant and flower yield/plant. The interaction effects
of location and varieties were significant (P < 0.01) for the
number of branches/plant, number of flowers/plant, flower
yield/plant and flower yield/ha. This indicates these traits were
influenced by a change in the environment. In agreement
with the present study, Fehr (1991) described that every factor
that is a part of the environment of a plant has the potential

Table 1: Summary of site descriptions for the testing locations for performance evaluation of African marigold cultivars in Ethiopia

Testing locations Latitude Longitude Soil pH  Soil type Altitude Annual average temperature (°C)
(m.a.s.l) Minimum Maximum

Wondo Genet 07°1'N 38°35'E 6.4 sandy clay loam (Nitosol) 1876 12.02 26.72

Hawassa 07°05’'N 39°29'E 7.2 Sandy loam (Andosol) 1652 12.94 27.34

Holleta 09°03' N 38°30' E 5.5 Red brown clay loam 2390 6.13 22.2

Qoga 08°26' N 39°1' E 8.1 Clay loam 1604 13.68 28.30

Debere Zeit 08°44'N 38°58'E 6.9 Black heavy clay (Vertisol) 1891 12.22 25.72

Venagesha 09°03’N 38°34'E 5.4 Clay soil 2600 6 22
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to cause differential performance. Similarly, fluctuations in
features of the location such as rainfall, relative humidity, and
temperature were reported as some of the environmental factors
that cause performance variation in plants (Frankel et al., 1994;
International Rice Research Institute, 1996). Likewise, the
influence of growing conditions on vegetative growth, flower
characteristics and flower yield of African marigolds was also
reported by Augustine et al. (2016).

Performances of African Marigold Cultivars in Vegetative
Characters

Plant height

The overall average plant height of 59.5 cm was recorded and
it ranges from 54.03 to 65.48 cm (Table 3). The highest value
of plant height (74.58 cm) was obtained at Hawassa and the
lowest (49.28 cm) was at Menagesha for cultivar AVT001
(Table 4). The range of plant height obtained in the present
study is consistent with the report of Baskaran et al. (2017),
Sharmaet al. (2017) and Das et al. (2020) for African marigolds.
Contrastingly, a taller pant height range (87.25-114.06 cm) was
reported for African marigolds evaluated under different levels of
nitrogen and potash application in Pakistan (Aslam et al., 2016).
The authors indicated that increase in plant height is directly
proportional to the higher concentration of chemical fertilizers
as compared to lower ones. The difference in plant height might
be due to differences in environmental conditions, cultivar type
and levels of chemical fertilizers. In addition to all these factors,
plant spacing also has a significant influence on plant height.
In narrower spacing, there is heavy competition between plants
for light which results in the elongation of the main stem and
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crowded plants tend to grow vertically owing to the shadowing
effect of the plants one on another (Kour et al., 2012).

Number of branches/plant

The overall combined highest value of branch number/plant
(89.09) was recorded for cultivar AVT001; while the lowest
value was recorded for Hewoyde cultivar (64.66) (Table 3).
A similar trend was also observed at individual locations and a
higher branch number/plant (130.64) was obtained at Holleta
for cultivar AVT001; while the lowest (45.84) was registered at
Menagesha for Hewoyde cultivar (Table 4). Compared with
the present study, lower values of branch number/plant were
reported for African marigolds elsewhere (Naik et al., 2005;
Aslam et al., 2016; Baskaran et al., 2017). The wider plant
spacing used in the current study compared with the mentioned
carlier works might have favored the outgrowth of axillary buds
which resulted in the formation of more branches. This could be
the possible reason for the observed higher number of branches/
plant in this study.

Performances of African marigold Varieties in Flowering
Characters

Number of inflorescence/plant

The overall combined average value of the inflorescence
number/plant was 64.95. The highest value was recorded for
cultivar AVT001 which demonstrated a respective increase

value of 13.17% and 53.39% compared with AVT540 and
Hewoyde cultivars (Table 3). Across locations, the number of

Table 2: Mean square from the combined analysis of variance for three cultivars of African marigold tested over six locations

Source of Variation DF PH NBPPL NIPPL WSI IYPPL IYPHA FzC
Replication 2 2821.12 70858.52 33057.70 827.21 192415.95 150473971 0.36
Location () 5 4863.20** 14371.78** 16179.15%* 539.45** 1498978.22** 1602171918** 14.01**
Cultivar (c) 2 1187.04** 5452.35** 6734.80* 1233.44%* 206573.35% 197753434** 1105.81%*
L*c 10 126.23%* 3038.01™ 4790.32* 73.13™ 265741.68** 232446060* 4.29*%*
Error 34 119.39 5872.28 7541.79 388.46 100347.76 72592525 1124.46
R? 98.69 94.10 88.95 87.31 95.56 96.78 99.98
CV(%) 13.15 16.90 22.92 17.20 10.90 19.08 10.62

**= Sjgnificant at P<0.01 level, *= Significant at P<0.05 level and ns=Non significant at P<0.05 level by the LSD test; PH=plant height (cm);
NBPPL=Number of branches/plant; NIPPL=number of Inflorescence/plant; WSI=Weight of a single inflorescence (g); IYPPL=Inflorescence yield/
plant (9); IYPHA=Inflorescence yield/ha (kg); FZC=Flower xanthophylls content (mg g*)

Table 3: Over all mean performance of three African marigold cultivars across locations for vegetative, yield and biochemical

characters
Cultivars Parameters

PH NBPPL NFPPL WSI IYPPL IYPHA FZC
AVTO001 65.48+2.16% 89.09+2.78% 76.89+2.65% 25.48+0.76% 560.77+42.232 17996.4+1079.49° 21.20+0.12°
AVT540 58.98+2.27° 79.44+3,13" 67.94+3.14 19.66+0.80° 519.73+52.12° 16800.4+1342.34° 27.60+0.132
Hewoyde 54.03+2.12¢ 64.66+2.64¢ 50.03+2.48" 13.78*0.67¢ 413.95+31.85¢ 13473.3+880.51¢ 16.56+0.08°
Mean 59.50+1.25 77.73+1.65 64.95+1.60 19.64+0.43 498.14+25.23 16090.03+656.03 21.78+0.48
LSDO_05 1.27 8.90 10.08 2.28 36.80 989.83 0.20
CV (%) 13.15 16.90 22.92 17.20 10.90 19.08 7.11

Means followed by the same letter with in the same column are statistically not different at P<0.05 by the LSD test. PH=plant height (cm);
NBPPL=Number of branches/plant; NIPPL=number of Inflorescence/plant; WSI=weight of a single Inflorescence (g); IYPPL=Inflorescence yield/
plant (9); IYPHA=Inflorescence yield/ha (kg); FZC=Flower xanthophylls content (mg g*)

J Floricult Landsc ¢ 2023 e Volg



Zigene et al.

Table 4: Performance of three African marigold cultivars at different testing

biochemical traits

locations of Ethiopia for vegetative, yield and

Location  Cultivars PH NBPPL NIPPL WSI 1YPPL IYPHA FZC
Wondo AVT001  74.19%+3.30° 91.52+3.32° 81.67%3.31°¢ 28.90£0.96" 735.03+47.25" 24381.92+132.25° 21.32+0.04°
Genet AVT540  70.36+3.34° 102.85+3.43" 96.30=3.41% 21.94+0.93% 852.35+64.27° 28126.03+244.54* 27.89+0.06
Hewoyde — 60.75+3.01% 68.52+3.11°" 44.91+3.00%" 20.04+0.91°' 559.45+30.12° 18524.34+93.18¢ 16.44%0.04"
Hawassa ~ AVT001  74.58+2.90° 71.85+2.87% 55.57+2.82°%  28.7+0.97% 445.50+31.29" 14730.94+70.67 20.81%0.04'
AVT540  64.88+3.31° 55.52%2.99" 44.22+3.32%" 25.11x0.95% 455.13+34.84" 14885.25+75.52° 27.99+0.05
Hewoyde — 63.68=3.11¢ 47.18+3.01'  36.09+3.23" 17.14+0.64°" 422.43+33.98" 13957.08+71.54 17.15+0.03"
Koka AVT001  72.19+3.32% 83.99+3.41%% 80.52+3.31%¢ 27.74+0.95® 666.85+45.25¢ 22109.09%=93.18" 20.10=0.05
AVT540  68.74%3.56% 91.64+3.66™¢ 91.33x3.56™ 20.57+0.89% 729.54=47.55" 24032.21+132.45° 26.50%0.06°
Hewoyde — 61.66+3.32 78.96%3.33€ 79.56+3.43%% 11.57+0.87" 599.81+34.84% 19869.65=70.76" 16.02+0.04"
Debre Zeit AVTO01 — 56.81+2.22" 83.01+2.42% 66.90+2.24% 22.91+0.89°¢ 376.52+=14.70% 12431.57+35.48 21.20%0.04"
AVT540  50.56%2.56 67.11£2.66%" 51.77+2.57%" 17.73+0.85%° 304.06+13.92'  9849.57+35.407  26.88=0.06°
Hewoyde — 42.35+2.44% 4584+2.55  28.29+2.34" 12.37+0.79% 195.67=12.81°  6398.27+28.52" 16.10%0.03"
Menagesha AVT001 — 49.28%2.29' 73.56+2.93*" 61.81+2.19%% 23.40+0.96® 338.98+14.73" 11180.18+34.58" 22.11+0.04°
AVT540  42.40+2.17% 62.1522.25%" 4578+2.19" 17.26+0.88° 252.16+13.92% 8119.60+34.98"  28.10+0.06°
Hewoyde — 40.68+2.56" 59.88+2.61% 42.87+2.58% 12.87+0.81" 306.49+14.68' 10092.44+35.51" 17.11+0.02"
Hollta ~ AVT001  65.82+3.19% 130.64+3.22° 114.88+3.22° 21.23+0.98° 801.69+47.25" 23144.84+132.45° 21.60+0.05'
AVT540  56.93%+3.08% 97.39+3.12" 68.45+3.09"* 15.37+0.94"" 525.08+34.84" 15789.55+70.67° 28.18+0.06°
Hewoyde — 55.07+3.36" 87.58+3.42% 78.24+3.37%  8.67+0.91  399.79+14.7" 11997.88+35.49°" 16.55+0.03'
Mean 59.50%1.25  77.73=1.65  64.95+1.60  19.64+0.43  498.14%25.23 16090.03+656.03 21.78+0.48
LSD,,, 1.79 12.59 14.26 3.23 52.04 1399.8 0.08
CV(%) 13.15 16.90 22.92 17.20 10.90 19.08 3.50

Means followed by the same letter with in the same column are statistically non-significant at P<0.05 according to least significant difference (LSD)
test. PH=plant height (cm); NBPPL=Number of branches/plant; NIPPL=number of Inflorescence/plant; WSI=weight of a single Inflorescence (g);

IYPPL=Inflorescence yield/plant (g); IYPHA=Inflorescence yield/ha (kg)

inflorescence/plant ranged from 28.29 to 114.88. The highest
number of inflorescence/plant was obtained at Holleta for
cultivar AVT001 and the lowest was at Debre Zeit for cultivar
Hewoyde (Table 4). The overall average value obtained in
the present study is higher than the values reported in other
countries for African marigolds (Karuppaiah & Kumar 2010;
Kavitha & Anburani, 2010; Muthukrishnan et al., 2013;
Badge et al., 2014; Idan et al., 2014; Augustine et al., 2016;
Baskaran et al., 2017; Das et al., 2020). The higher number of
inflorescence/plant obtained in the present study may be due to
the development of more number of branches/plants. This can
be confirmed by the observed strong and positive association of
branches/plant (r=0.94**) with the number of inflorescence/
plant in the current study (Table 5). Similar findings have
also been reported by different researchers for the same crop

(Bharathi et al., 2014; Lohar et al., 2018; Lalit et al., 2020).

Inflorescence weight

The overall average fresh weight of single inflorescence was
19.64 g and ranged from 13.78 g (Hewoyde) to 25.48 g (AVT001)
(Table 3). Compared across locations, the highest value was
recorded for cultivar AVT001 at Holleta and for AVT540 at
Wondo Genet; while the lowest value was obtained at Debre
Zeit and Hawassa for cultivar Hewoyde (Table 4). The consistent
result was also reported by Pushkar and Singh (2015) for African
marigolds in other countries. On the other hand, lower values
of single inflorescence weight (3.74-9.2 g) were reported in
various works (Idan et al., 2014; Sharma et al., 2017; Singh
et al., 2017; Lohar et al., 2018; Thirumalmurugan et al., 2020).
The variation in individual inflorescence weight in African
marigold varicties may be due to genetic and environmental
factors. The influence of cultivar, growing environment and

4

Table 5: Association among vegetative, yield and biochemical
characters of three African marigold cultivars

PH NBPPL NIPPL  WSI IYPPL IYPHA FzC
PH 0.325* 0.408** 0.663** 0.700** 0.695** 0.099™
NBPPL 0.938** 0.415** 0.593** 0.517** 0.131™
NFPPL 0.429** 0.741** 0.670** 0.179™
WSF 0.449** 0.446** 0.269*
FYPPL 0.974** 0.171™
FYPHA 0.165™
FzC

**= a highly significant association at P<0.01, *= significant association
P<0.05 and ns=non-significant association at P>0.05. PH=plant

height (cm); NBPPL=Number of branches/plant; NIPPL=number

of Inflorescence/plant; WSI=weight of a single Inflorescence (g);
IYPPL=Inflorescence yield/plant (g); IYPHA=Inflorescence yield/ha (kg);
FXC=flower xanthophylls content (mg g*)

interaction between genotype and environment on the weight
of individual inflorescence of African marigold was also reported
in another earlier finding (Naik et al., 2005). The influence of
environmental factors on the single flower weight of African
marigolds was also stated by Thirumalmurugan et al. (2020).

Performances of African Marigold Varieties in Yield and
Biochemical Characters

Fresh inflorescence yield/plant

The overall combined fresh inflorescence yield/plant was
maximum for cultivar AVT'001 (560.77 g) and the least was
recorded for the Hewoyde cultivar (413.95 g) (Table 3). On the
basis of location performances, the highest value of inflorescence
yield/plant (852.35 g) was recorded at Wondo Genet for cultivar
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AVT540 and the lowest (195.67 g) was for Hewoyde cultivar
at Debre Zeit (Table 4). The maximum values obtained for
inflorescence yield/plant in the present study are higher than
previous reports (Karuppaiah & Kumar, 2010; Muthukrishnan
et al., 2013; Badge et al., 2014; Idan et al., 2014; Augustine
et al., 2016; Baskaran et al., 2017; Lohar et al., 2018; Das et al.,
2020). The higher fresh inflorescence yield/plant may be due
to the development of better vegetative and flower characters.
Inflorescence yield/plant has a highly positive and significant
association with plant height (r=0.70**), number of branches/
plant (r=0.59**), number of inflorescence/plant (0.74**) and
individual inflorescence weight (0.45**) (Table 5). Similarly,
a significant and positive association of inflorescence yield/
plant with the number of branches/plant, inflorescence weight,
and number of inflorescence/plant was reported for African
marigolds (Bharathi et al., 2014). The highest values were
obtained for inflorescence yield/plant in the present study,
indicating the wider adaptability of African marigolds and the
suitability of the prevailing agro ecologies of Ethiopia for the
production of its flower.

Fresh inflorescence yield/ha

The overall combined fresh inflorescence yield/ha ranged
from 18 tfor cultivar AVT001 to 13.47 t for cultivar Hewoyde
(Table 3). At individual locations, the highest fresh flower yield/
ha (28.13 t) was obtained from cultivar AVT001 at Wondo
Genet; while the lowest (6.4 t) was obtained from cultivar
Hewoyde at Debre Zeit (Table 4).

Generally, the highest values obtained in the present study
are greater than the previous reports on African marigolds
(Badge et al., 2014; Deepa & Patil, 2016; Gobade et al., 2017,
Renu et al., 2017; Sharma et al., 2017; Das et al., 2020). The
higher fresh flower yield/ha obtained at Wondo Genet in the
cultivar AVT001 might be due to the development of yield
contributing characters. This is supported by the significant
and positive association of fresh inflorescence yield/ha with
plant height (r=0.70**), number of branches/plant (r=0.52*%),
number of inflorescence/plant (r=0.67**), inflorescence weight
(r=0.45**) and inflorescence yield/plant (r=0.97**) (Table 5).
Likewise, a significant and positive association of inflorescence
yield/ha with branch number/plant, flower number/plant and
fresh flower weight/plant was also reported for African marigolds

(Sahu, 2016).
Xanthophyll content

The overall combined mean flower xanthophyll content of
the studied cultivar was 21.8 mg g'. It ranges from 27.6 mg g
(AVT540) to 16.6 mg g' (Hewoyde) (Table 3). Based on locations,
the highest mean xanthophyll content was obtained at Holleta
(28.18 mg g') and Menagesha (28.1 mg g for cultivar AVT'540
(Table 4). Comparable xanthophyll contents of 20.19 mg g'!
(Lalit et al,, 2020), 20.20 mg g (Karuppaiah & Kumar, 2010),
and 22.5 mg g' (Gobade et al., 2017) have also been reported
for African marigold. On the other hand, the value obtained
here is generally higher than the values reported by Ahmad et al.
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(2011) and Renu et al. (2017) for African marigold varieties in
other countries.

Concerning the association of xanthophyll content with
inflorescence weight, a positive and significant correlation was
observed (r=0.27*) (Table 5). In agreement with the present
study, a highly significant and positive association of individual
flower weight with xanthophyll content was reported by
Karuppaiah and Kumar (2010) and Bharathi et al. (2014) for
African marigolds. This variation in xanthophyll content may be
due to the difference in the genetic makeup of the genotypes,
the prevailing growing environment or the interaction effect
between the two (Naik et al., 2005). Difference in isolation
method and cultural practices could also be the cause for the
variation (Pratheesh et al., 2009).

CONCLUSION AND RECOMMENDATION

The values obtained in the present study under wider growing
conditions of Ethiopia are within the ranges and/or higher
than the values reported for morpho-agronomic and chemical
characters in other African marigold growing countries. The
AVTO001 and AVT540 cultivars were found to be adapted very
well in all testing locations for all vegetative growth, flower
and chemical characteristics. Hence, the cultivars AVT'001 and
AVT540 can be recommended for the production of flowers for
ornamental, herbal and xanthophyll content in the prevailing
growing environments of Ethiopia.

ACKNOWLEDGEMENT

We would like to acknowledge Wondo Genet Agricultural
Research Center, AVT Natural Products Ltd., and the Aromatic
and Medicinal Plants Research Program for providing all the
necessary facilities and support during the entire experiment.
Our acknowledgement also goes to all who made input for this
study.

REFERENCES

Ahmad, I., Asif, M., Amjad, A., & Ahmad, S. (2011) Fertilization enhances
growth, yield, and xanthophyll contents of marigold. Turkish Journal
of Agriculture and Forestry, 35(6), 641-648. https://doi.org/10.3906/
tar-1005-995

Ahmad, ., Rafig, M. B., Dole, J. M., Abdullah, B., & Habib, K. (2017).
Production and postharvest evaluation of selected exotic specialty
annual cut flower species in Punjab, Pakistan. HortTechnolgy, 27(6),
878-883. https://doi.org/10.21273/HORTTECH03814-17

Aslam, A., Zaman, F, Qasim, M., Ziaf, K., Shaheen, I., Afzal, N., Ain, Q.,
Hussain, S., & Hussain, S. (2016). Impact of nitrogen and potash on
growth, flower and seed yield of African marigold (7Tagetes erecta L.).
Scientia Agriculturae, 14, 266-269.

Augustine, N., Sobhana, A., Geetha, C. K., & Krishnan, S. (2016). Influence
of polyhouse cultivation on floral characteristics of African marigold
(Tagetes erecta L.). International Journal of Applied and Pure Science
and Agriculture, 2(12), 49-53.

Badge, S., Panchbhai, D. M., & Gajbhiye, R. P (2015). Nutrient content,
uptake and yield, in African marigold (7Tagetes erecta L.) as influenced
by pinching and application of gibberellic acid. /ndian Journal of
Agricultural Research, 49(6), 534-538. https://doi.org/10.18805/ijare.
v49i6.6681

Baskaran, V., & Abirami, K. (2017). Effect of pinching on yield of African
marigold (7Tagetes erecta L.) cv. Pusa Narangi Gainda under Andaman

5



Zigene et al.

conditions. Agricultural Science Digest, 37(2), 148-150. https://doi.
org/10.18805/asd.v37i2.7992

Becerra, M. O., Contreras, L. M., Lo, M. H., Diaz, J. M., & Herrera, G. C.
(2020). Lutein as a functional food ingredient: Stability and
bioavailability. Journal of Functional Foods, 66, 103771. https://doi.
org/10.1016/}.jff.2019.103771

Beniwal, B. S., Sheoran, S., Gulia, R., & Dalal, R. P S. (2017). Biochemical
constituents studies in African marigold germplasm. Chemical
Science Review and Letters, 6(21), 618-623.

Bharathi, T. U., Jawaharlal, M., Kannan, M., Manivannan, N., &
Raveendran, M. (2014) Correlation and path analysis in African
marigold (7agetes erecta L.). The Bioscan, 9(4), 1673-1676.

Das, S., Rahman, F H., Sengupta, T., & Nag, K. (2020) Studies on response
of African marigold (7agetes erecta) to NPK, humic acid and zinc
sulphate in red and lateritic soils of Jhargarm district of West Bengal.
Advances in Research, 21(9), 49-54. https://doi.org/10.9734/AIR/2020/
v21i930231

Dasgupta, N., Ranjan, S., Shree, M., Saleh, M. A. A. M., & Ramalingam, C.
(2016). Blood coagulating effect of marigold (Tagetes erecta L.) leaf
and its bioactive compounds. Oriental Pharmacy and Experimental
Medicine, 16, 67-75. https://doi.org/10.1007/s13596-015-0200-z

Davidse, G. M., Sousa, M. S., Knapp, S., Chiang, C. F, Uuoa, C. U, &
Pruski, J. F. (2018). Flora Mesoamericana (Vol. 5, Part 2): Asteraceae.
St. Louis, USA: Missouri Botanical Garden Press.

Deepa, V. P, & Patil, S. (2016). Evaluation of marigold hybrids (Tagetes spp.)
for their growth and yield potential under Dharwad condition. Journal
of Farm Sciences, 29(2), 235-237.

Elsahida, K., Fauzi, A. M., Sailah, |., & Siregar, |. Z. (2019). Sustainability
of the use of natural dyes in the textile industry. IOP Conference
Series: Earth and Environmental Science, 399, 012065. https://doi.
org/10.1088/1755-1315/399/1/012065

Fehr, W. R. (1991). Principles of Cultivar Development: Theory and
Technique. lowa State University, USA.

Frankel, O. H., Brown, A. H. D., & Burdon, J. J. (1994). The conservation of
plant diversity. London, UK: Cambridge University Press

GlobeNewswire. (2020). The synthetic dyes global market report
2020. Retrieved from https://www.globenewswire.com/news-
release/2020/02/24/1989226/0/en/global-synthetic-dyes-market-
outlook-2020-2030.html

Gobade, N., Badge, S., Patil, S., & Gormade, G. (2017) Genetic variability
studies for various quantitative traits in marigold. /nternational
Journal of Pure & Applied Bioscience, 5(2), 751-757. https://doi.
org/10.18782/2320-7051.2501

Hadden, W. L., Watkins, R. H., Levy, L. W.,, Regalado, E., Rivadeneria, D. M.,
van Breemen, R. B., & Schwartz, S. J. (1999). Carotenoid composition
of Marigold (7Tagetes erecta) flower extract used as nutritional
supplement. Journal of Agricultural and Food Chemistry, 47(10),
4189-4194. https://doi.org/10.1021/;f990096k

Idan, O. R., Prasad, V. M., & Saravan, S. (2014). Effect of organic manure on
flower yield of African marigold (7Tagetes erecta L.) CV. Pusa Narangi
Gainda. /nternational Journal of Agricultural Science and Research,
4(1), 39-60.

International Rice Research Institute. (1996). Plant adaptation and crop
improvement. CAB International, Philippines.

Karuppaiah, P, & Kumar, P S. (2010) Correlation and path analysis in African
marigold (7Tagetes erecta L.). Electronic Journal of Plant Breeding,
7(2), 217-220.

Kavitha, R., & Anburani, A. (2010). Genetic variability in African marigold
(Tagetes erecta L.). The Asian Journal of Horticulture, 5(2), 344-346.

Khobragade, Y. R., Panchbhai, D. M., Badole, W. P, Gajbhiye, R. P, &
Bhute, P N. (2019) Performance of African marigold varieties to
cycocel for growth and yield attributes in rainy season. /nternational
Journal of Chemical Studies, 7(2), 196-201.

Kour, R., Khajuria, S., Sharma, M., & Sharma, A. (2012) Effect of spacing and
pinching on flower production in marigold cv. Pusa Narangi Gainda in
mid-hills of J&K state. The Asian Journal of Horticulture, 7(2), 307-309.

Lalit, B. C., Belbaseb, P, Shahuc, N., & Magar, K. P (2020). Effect of pinching
on vyield and yield attributing characteristics of Marigold (7Tagetes
erecta L.): A review. Tropical Agrobiodiversity, 1(2), 57-60. https://
doi.org/10.26480/trab.02.2020.57.60

Lin, J.-H., Lee, D.-J., & Chang, J. -S. (2015). Lutein production from biomass:
Marigold flowers versus microalgae. Bioresource Technology, 184,
421-428. https://doi.org/10.1016/.biortech.2014.09.099

Lohar, A., Majumder, J., Sarkar, A., & Rai, B. (2018). Evaluation of African

6

marigold (7agetes erecta L.) varieties for morphological and
biochemical characters under west Bengal condition. /nternational
Journal of Current Microbiology and Applied Sciences, 7(10), 241-248.
https://doi.org/10.20546/ijcmas.2018.710.025

Mir, R. A., Ahanger, M. A., & Agarwal, R. M. (2019). Marigold: From mandap
to medicine and from ornamentation to remediation. American
Journal of Plant Sciences, 10(2), 309-333. https://doi.org/10.4236/
ajps.2019.102024

Muthukrishnan, R., Arulmozhiselvan, K., & Jawaharlal, M. (2013). Response
of nutripellet placement on marigold yield and its components.
African Journal of Agricultural Research, 8(48), 6332-6336. https://
doi.org/10.56897/AJAR2013.7301

Naik, B. H., Patil, A. A., & Basavaraj, N. (2005). Stability analysis in African
marigold (7Tagetes erecta L.) genotypes for growth and flower yield.
Karnataka Journal of Agricultural Sciences, 18(3), 758-763.

National Metrology Service Agency. (1996). Climatic and agro-climatic
resources of Ethiopia. Vol |. National Metrology Service Agency of
Ethiopia, Addis Ababa.

Pandey, M., Subedi, S., Khanal, P, Chaudhary, P, Adhikari, A., Sharma, T. P, &
Shrestha, J. (2021). Effects of different rates of nitrogen and pinching
on yield and yield attributes of African marigold (7agetes erecta L.).
Journal of Agriculture and Natural Resources, 4(2), 21-28. https://doi.
org/10.3126/janr.v4i2.33650

Prakash, S., Anitha, P, Giridharan, M. P, Rajgopalan, A., & Rao, S. V. G.
(2016). Impact of seasons and pinching on growth and flowering in
African marigold. Journal of Tropical Agriculture, 54(1), 50-54.

Priyadarshini, A., Palai, S. K., & Nath, M. R. (2018). Effect of source of
nitrogen on growth and yield of African marigold (Tagetes erecta L.).
The Pharma Innovation, 7(7), 917-921.

Pushkar, N. C., & Singh, A. K. (2015). Effect of pinching and growth
retardants on flowering and yield of African marigold (7agetes erecta
L.). Research in Environment and Life Sciences, 8(4), 717-720.

Renu, G., Beniwal, B. S., Sheoran, S., & Sandooja, J. K. (2017). Evaluation
of marigold genotypes for growth, flowering, yield and essential
oil content. Research on Crops, 18(2), 299-304. https://doi.
0rg/10.56958/2348-7542.2017.00051.1

Sahu, J. K. (2016). Variability, heritability and genetic advance studies in
African marigold (Tagetes erecta L.) genotypes. MSc thesis, Indira
Gandhi Krishi Vishwavidyalaya.

Sandmann, G. (2015). Carotenoids of biotechnological importance. In J.
Schrader & J. Bohlmann (Eds.), Biotechnology of Isoprenoids: Advances
in Biochemical Engineering/Biotechnology (Vol. 148, pp. 449-467)
Cham, Switzerland: Springer. https://doi.org/10.1007/10_2014_277

Senthilkumar, R. P, Vaneshwari, V., Sathiyavimal, S., Amsaveni, R.,
Kalaiselvi, M., & Malayaman, V. (2015). Natural colors from dyeing
plants for textiles. /nternational Journal of Biosciences and
Nanosciences, 2(7), 160-174.

Sharma, G., Sahu, N. P, & Shukla, N. (2017). Effect of bio-organic and
inorganic nutrient sources on growth and flower production of
African marigold. Horticulturae, 3(1), 11. https://doi.org/10.3390/
horticulturae3010011

Singh, R., Meena, M. L., Verma, S., Mauriya, S. K., Yadav, S., Kumar, V.,
Singh, V., Kumar, L., & Maurya, S. K. (2019). A review on effect of
pinching on growth, flowering, and flower yield of Marigold. /ndian
Journal of Pure & Applied Biosciences, 7(4), 493-501. https://doi.
org/10.18782/2320-7051.7760

Singh, V., Singh, A. K., & Sisodia, A. (2017). Growth and flowering of
marigold as influenced by pinching and spraying of nitrogen.
International Journal of Current Microbiology and Applied Sciences,
6(7), 2283-2287. https://doi.org/10.20546/ijcmas.2017.607.268

Srinivas, P T., & Rajasekharam, T. (2020). Marigold genotypes characterization
using morphological characters. International Archive of Applied
Sciences and Technology, 11(2), 78-84.

Thirumalmurugan, V., Manivannan, K., & Nanthakumar, S. (2020). Genetic
diversity in African marigold (7agetes erecta L) under Vellore
conditions. Plant Archives, 20(2), 3896-3899.

Verma, P, & Verma, A. (2012). Evaluation of antibacterial activity of different
parts of Tagetes erecta. International Journal of Pharmacy and Life
Sciences, 3(6), 1766-1768.

Yusuf, M., Shabbir, M., & Mohammad, F (2017). Natural colorants:
Historical, processing and sustainable prospects. Natural Products
and Bioprospecting, 7, 123-145. https://doi.org/10.1007/s13659-
017-0119-9

J Floricult Landsc e 2023 ¢ Volg



