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Abstract

This study investigated the effects of different types of organic wastes (poultry manure and cow dung) at varying temperatures (25
30, and 35°C) on the germination, growth, and yield responses of three morphotypes of Corchorus olitorius ( Agbadu, Yaya, and
Eleti’eku) . The study was carried out at the Osun State University Teaching and Research Farms using a Completely Randomized
Design (CRD) design with three—factor levels namely: two organic media, three morphotypes of C. olitorius and three soil temperatures
at three replications to make 2 X 3 x 3 x 3 design. There was a control with loam soil in all the soil temperatures. Data were collected
on the number of leaves, plant height, stem girth, number of branches, leaf weight, and leaf area index. The analysis of variance showed
that the interaction of organic media, temperature, and morphotypes had significant effects on most of the traits evaluated ( P<0.05).
Poultry manure treatment (15 t/ha) significantly improved the vegetative parameters, the Agbadu morphotype showed the highest seed
germination rate across all temperatures, while the Eleti’eku morphotype showed the lowest. Furthermore, the study revealed that the
Agbadu morphotype exhibited superior germination performance when subjected to a temperature of 35°C and treated with poultry
manure. These findings are significant for the development of new cultivars of C. olitorius that are tolerant to abiotic stress and can

maintain high biomass production while reducing input resources.
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Introduction

The increasing demand for natural fibres and the need to reduce input resources in agriculture instigates the
pressing need for research that focuses on improving the productivity and sustainability of C. olitorius cultivation
which is an important crop and natural fibre source that has been cultivated for centuries in tropical and subtropical
regions around the world (Abad et al., 2002; Akinola et al., 2020; Dada et al., 2021; Afzal et al., 2022; Mudau
et al., 2022). C. olitorius, also known as jute mallow or bush okra, is a plant cultivated globally that contributes
significantly to many developing countries’ economies and food security. It is widely grown in Nigeria and plays a
significant role as a cash crop for smallholder farmers ( Balogun et al., 2022; Kehinde & Kehinde, 2022). The
leaves and young shoots of C. olitorius are highly nutritious, rich in vitamins, minerals, and antioxidants, and are
used as a food source ( Biswas et al., 2022; Ebabhi & Adebayo, 2022). Additionally, the plant is a significant
source of natural fibre used in the production of various household and industrial products, including textiles, ropes,

and twines (Zhang et al., 2019; Al Faruque et al., 2022). Furthermore, C. olitorius has medicinal properties and
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is used in traditional medicine to treat various ailments ( Nakaziba et al., 2020). Despite the numerous benefits of
C. olitorius, several challenges limit its production and sustainability including soil degradation, pests and diseases
management, and the effects of climate change (Omotayo & Babalola, 2021; Fayose, 2022; Gwenzi et al., 2022;
Akinola et al., 2020). Additionally, there is a growing need to develop cultivars which are tolerant to abiotic stress
such as heat and drought while maintaining high yields and quality. Developing sustainable agricultural practices and
using modern biotechnological tools to enhance crop productivity and resilience are essential to addressing these
challenges (Imathiu, 2021; Omotayo & Babalola, 2021; Lamidi et al., 2018). Previous studies have investigated
the effects of organic media and temperature on plant growth and development. Organic media such as manure and
compost have been shown to enhance plant growth and yield by improving soil fertility, nutrient availability, and
water retention ( Lamidi & Dada, 2023; Lamidi et al., 2019; Sayara et al., 2020; Ullah et al., 2021; Caporale
et al., 2023). A study by Luziatelli et al. (2019) found that the study also reported that the use of different organic
media had a significant influence on the vegetative parameters of the different morphotypes. Temperature is also a
critical environmental factor that influences plant growth and development (Ding et al., 2020; Khan et al., 2020).
Studies have shown that different morphotypes of C. olitorius exhibit varying germination rates and biomass
production under different environmental conditions ( Kushwaha et al., 2020; Mwakha et al., 2020). However,
there is limited research on the specific effects of organic media and temperature on the different morphotypes of C.
olitorius. Furthermore, there is a need for more comprehensive research on the interactions between organic media,
germinating and growing temperatures and morphotypes.

Therefore, the objective of this study was to investigate the effects of organic media and temperature of the
germination, growth, and yield of three morphotypes of C. olitorius. Specifically, the study aimed to determine the
single and interacting effects of varying temperatures ( 25°C, 30°C, and 35°C) and different types of organic
manures (poultry manure and cow dung) on the vegetative parameters of the three morphotypes ( Agbadu, Yaya, and
Elet’eku ) of C. olitorius. The results from this study will contribute to the development of more sustainable and

profitable agricultural practices in the long run.

Materials and Methods

The present study was conducted as a pot experiment at the Teaching and Research farms of Osun State University,
College of Agriculture, located at latitude 7.8717'N and longitude 4.3067 E in Osun State, Nigeria. The climatic
condition of the area is typically rainforest, consisting of two peaks (Bimodal Rainfall) which is between 926.33-
1995.17mm per annum (Lamidi et al., 2021). The study was laid out in a Completely Randomized Design (CRD)
with three factors: three morphotypes of C. olitorius, three different soil temperatures, and two types of organic
wastes/media [poultry manure, (PM) and cow dung, (CW)], each replicated thrice to make 2 x 3 x 3 x 3 design.
The seeds were stored in a cool, dark room before the start of the experiment. The seeds used in both samples were
approximately 6 months old when the experiments were carried out. There was a control of 3 pots with loam soil
for all the soil temperatures in the experiment, in all, 57 pots were used. To prepare them for rapid germination, the

scarification process was carried out on the seeds at a temperature of 90— 97°C for about five minutes. To ensure
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high germination rates, a cold-water viability test was carried out on the seeds. Approximately 100% of the Agbadu,
Yaya, and Eleti’eku seeds had a high germination rate as none was found floating. The experimental pots were
manually weeded, and insect pests were controlled using insecticide (Cypermethrin) at 10 ml to 1 L of water applied
only once. Weekly observations were carried out on three randomly selected plants from each experimental pots.Each
pot had a surface area of 2464 cm’ (28 cm radius), and 50 seeds of C. olitorius were sown in each pot. Before
the experiment, the physicochemical compositions of the loamy soil and the organic media were analyzed in the
laboratory. The organic media used in the experiment were poultry manure and cow dung, which were air- dried,
crushed, and uniformly incorporated into the soil at a rate of mixing which was 1 part of organic media to 3 parts
of loam soil inside the pot, each pot was filled with 3 kg comprising 750 g of organic media and 2,250 g of loam
soil (Adeyeye et al., 2016a). The control experiment comprised of three pots filled with loamy soil and sown with
three morphotypes of C. olitorius at the ambient temperature of 27 °C, which has been the experimental area’s local
temperature over some time. Soil samples were collected at a 0- 30cm depth using a zig-zag method and analyzed
at the Agronomy Laboratory of Osun State University, College of Agriculture. The 0 - 30 cm depth was used
because the roots of C. olitorus cannot penetrate soil for more than such depth. The same soil sample was used for
all the 57 pots, this was to ensure the soil factor was not part of the experimental treatments. The samples were
mixed to form a composite, they were air- dried and sieved using a 2 mm sieve. The soil’s properties included pH,
total nitrogen, organic carbon, available phosphorus, available potassium, exchangeable calcium, exchangeable
magnesium, exchangeable sodium, cation- exchange capacity ( CEC), and particle size analysis were determined
(Lamidi & Babarinde, 2017). The physical and chemical properties of the soil samples at the initial stage, that is,
before the organic media were added to soil samples and after the organic media had been added, are shown in Table
1. Chemical and physical characteristics and the exchangeable cations for the soil mixed with PM have good and
beneficial values for the plants and could reflect on the parameters of growth or plants’ yield. The control experiment

possessed soil properties the same as the initial sample before mixing the soil with organic media (Table 1).

Table 1 Chemical and Physical properties of soil at the initial stage before organic media were added

Soil Characteristics Initial value before Final chemical and physical characteristics of different pots
mixing with two after two organic media have been added
organic media Control Cow dung (CD) Poultry manure
Pots pots (PM) pots

Chemical characteristics

pH (H,0) 6.3 6.3 6.94 6.80
Total nitrogen (% ) 0.12 0.12 0.90 0.97
Organic carbon (%) 3.20 3.20 3.20 3.50
Available P (ppm) 15.40 15.40 10.8 12.0

Exchangeable cations (cmol/kg):

Cation exchange capacity (cmol/kg) 6.1 6.1 6.30 7.20
K (Cmol/kg) 1.03 1.03 1.48 1.50
Mg (Cmol/kg) 1.26 1.26 1.47 1.49
Ca (Cmol/kg) 0.57 0.57 0.67 0.69
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Table 1 (Cont.)

Soil Characteristics Initial value before Final chemical and physical characteristics of different pots
mixing with two after two organic media have been added
organic media Control Cow dung (CD) Poultry manure
Pots pots (PM) pots

Physical characteristics

Sand (%) 72.8 72.8 71.7 71.0

Silt (%) 8.28 8.28 8.38 8.51

Clay (%) 18.92 18.92 19.92 20.49

Textural class Sandy loam Sandy loam Organic medium Organic medium

Key: K= Potassium, Mg= Magnesium, Ca= Calcium (Murtadha et al., 2023; Lamidi & Babarinde, 2019)

The seeds of C. olitorius were purchased from the Nigerian Institute of Horticulture, NIHORT, Ibadan, Nigeria
namely: Agbadu, Yaya or Oniyaya, and Eleti'eku, as the plants are depicted in Fig. 1. The germination temperatures
were set at 25, 30, and 35°C respectively. Standard agronomic protocols were followed throughout the study,
including regular watering, fertilization, and weed control. The seeds were sown at different soil temperatures of 25,
30, and 35°C, and were maintained throughout the experiment. The reason for these temperature values is that
Nigeria is in the tropics and 30 °C is the room temperature, then 25 and 35 °C that are closer to 30 °C were selected,
also, an earlier experiment got 35 °C in their experimental area ( Mostsa et al., 2015). Thus, the necessity to
experiment around 25-35 °C. Seven water baths were used. Each of the first three water baths was for each of the
required 25, 30, and 35°C experiment temperatures for the poultry manure, and the second three water baths were
for the cow dung experiment at 25, 30, and 35°C temperatures. The other water bath was used for the control and
its replicates, the control water bath was maintained at 0°C to provide needed irrigable water to the control experiment.
The water baths supplied an equal rate of water to their respective pots. The water baths were to reduce the water
temperatures in hoses to the required degrees with digital thermometer ( Th) monitoring at various hose lengths.
Transparent hoses of 2.54 cm (1 inch) diameter that led to each pot were used. To have the desired temperature:
each water bath was closely monitored for desired soil temperature according to the experimental procedures for the
soil in the pots. High-sensitive digital glass thermometers made by Uniscope Nigeria Ltd and REOTEMP soil
thermometers were used. The experiment was allowed on the field till the harvest time of three weeks. The heated
water vapour was introduced into the pots through their sides, which served two purposes: (a) it provided the
experimental desired temperature for the soil and seeds, and ( b) it provided the necessary moisture content as the
steam was converted back to water (for irrigation purpose) in the soil inside the pot through convection (conduction
and advection) and latent heat of vaporization. This setup was maintained for the entire germination period and one

week after germination (WAG).
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Figure 1 Morphology of C. olitorius morphotypes (a) Agbadu morphotype, (b) Yaya morphotype, (c) Eleti’eku morphotype

Standard agronomic protocols were followed throughout the study, including regular watering and weed control
(Lamidi & Adeyeye, 2015). The agronomic data collection included recording the germinating temperature,
germination percentage (% ) and mean number of days to germination. To ensure accuracy, germinating temperatures
(soil temperatures beneath the seeds/seedlings were measured twice daily at 10:00 h and 14:00 h. The vegetative
characters such as plant height, leaf length, stem girth (measured in cm using a tape ruler and graduated ruler), and
the number of leaves were also recorded. Additionally, the Leaf Area Index ( LAI) was measured using a portable
leaf area meter (LI-COR LI-3000C, made in the USA). Data collection began a Week After Planting (WAP) and
continued on a weekly basis until the end of the experiment. At 3 weeks, harvesting was done. After harvesting, the
plants were weighed to obtain the fresh shoot yield which was recorded as fresh weight (kg) using a Camry 50 kg

weighing scale (model CA277HL, made in Nigeria).

Statistical Analysis

The statistical analysis of the germination characteristics data involved descriptive statistics and ANOVA with a
statistical programme, Minitab ( Minitab Inc., College Park, PA) . The ANOVA included three factors of
classification, namely organic media, morphotypes, and soil temperature, with interactions to determine whether there
was a significant (p< 0.05) difference between morphotypes and organic media treatment. Where a significant
F-test was used and means comparison tests were carried out using Fisher's Least Significant Difference (F-LSD)

at p<0.05.

Results and discussion

Effect of soil temperature and morphotypes on germination rates of C. olitorius
Table 2 indicates the interactive effect of morphotypes and temperatures on percent seeds’ germination. The
morphotypes behaved differently with temperature variability including control. Germination rates recorded at 25°C

and 30°C were lower than the corresponding values recorded for each of the varieties at 35°C, indicating that 35°C
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resulted in a higher germination percentage than the other temperatures (Table 2). Germination rates were lower in
the control experiment, where temperatures remained between 24°C and 27°C throughout the 12 days (5 days of
germination and 7 days WAG), compared to the experimental temperatures of 25°C, 30°C, and 35°C. This is
supported by Mostsa et al. (2015) findings which reported that a temperature of 35°C is the best and required for
C. olitorius to germinate. This contrasts with Mguis et al. (2014) who revealed that the optimal germination
temperature was 30°C. The results are consistent with the research by Nkomo and Kambizi (2009) that C. olitorius
grows well mostly when day temperatures average 30°C and above. Thus, the enhanced germination under constant
light, alternating light, dark, and under the constant temperature of 35°C and alternating temperatures of 21-35 °C
is an appropriate response to simulated natural conditions considering the climate of the region where the plant grows
(Lamidi & Babarinde, 2017; Okusanya et al., 1980). Fig. 3. illustrates the relationship between soil temperatures,
C. olitorius morphotypes, and the number of days to germination. Seeds of the Agbadu morphotype had the lowest
mean time to germination although, germination started from the fourth day at soil temperatures of 25 and 30°C,
and the fifth day at 35°C. Statistical analysis (Table 2) revealed significant differences among the germination mean
time of the three morphotypes, with decreasing period to germination as temperature increased from 25°C to 35°C.
In summary, the germination period was reduced at a soil temperature of 35°C, while the germination time was
extended at 25°C (Fig. 2). All the germination periods were statistically different implying that the varying soil
temperatures were significantly different in the germination periods. Notably, the values for the control group were

the lowest for all experimental conditions.

Table 2 Mean values (= SD) of percent seeds’ germination during the mean time to germination and a week after germination of

C. olitorius seed at varying temperatures

Morphotypes Seed germination rate (%) at varying temperatures (°C)
25 30 35 Control
Agbadu 96.43'+6.22 96.30'+5.22 98.30%+5.24 90.30°+5.02
Yaya 89.48"+4.02 89.82"+4.42 90.80"°+6.02 84.31°+4.32
Eleti'eku 82.42°+7.22 86.12°+6.02 86.62°+3.76 81.22°+3.72
LSD 0.88 2.57 1.28 1.89

abc

Mean values with the same letter along the column are not significantly different p<0.05.
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Figure 2 Mean times of germination for different varieties of C olitorius

The influence of organic media, morphotypes, and soil temperature on the vegetative parameters of C. olitorius
during the germination and Week After Germination (WAG) stages

The results presented in Table 3 demonstrate that the vegetative parameters of C. olitorius were significantly
influenced by organic media, morphotypes, and soil temperature during the germination and WAG stages. As reported
by Baiyeri and Mbah ( 2006), the growing media act as a reservoir of moisture and plant nutrients, which can
anchor or support the plant and enable oxygen diffusion to the roots and gaseous exchange between the roots and the
atmosphere outside the root substrate. The study’s findings are also consistent with the report by Okechukwu et al.
(2021), which found significant differences in the number of leaves and plant height among four growing media.
The interaction between organic media and soil temperature was not significant for the number of leaves and plant
height but was significant for the number of branches and stem girth. The interaction between organic treatment and
morphotypes was not significant for the number of leaves and branches, but it was significant for plant height and
stem girth, this results from the high nitrogen, available potassium, and organic carbon contents which could have
increased the number of branches and the overall plant heights (Table 1). Additionally, the interaction among organic
treatment, morphotypes, and soil temperature was not significant for the number of branches, but it was significant
for the number of leaves, plant height, and stem girth. These findings suggest that organic media and morphotypes
have a significant effect on the vegetative parameters of C. olitorius, while soil temperature has a minimal effect.
Therefore, the positive effects on the germination rate of the C. olitorius seeds is depicted in Table 2. The combination
of these factors influenced the growth of C. olitorius differently due to the physiological processes that could have
happened in the seed through the activeness of the membrane-bound proteins and some enzymes, and the membrane’s
permeability that could have been affected by the soil temperature variations ( Lamidi & Afolabi, 2016) .
Furthermore, the differences in chemical constituents in the morphotypes’ stems could be responsible for the

significant differences observed among their performances with soil and organic wastes. The presence of different
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constitutive components in these different seeds, such as oleanolic acid, 2-hydroxyethyl benzoate, chlorophyll, phytyl
fatty acid esters, B—sitosterol fatty acid esters, B—sitosterol, and stigmasterol, could contribute to these differences.
These differences in the morphotypes and the possible effects of the soil constituents that have been changed through
the organic media complements could have resulted in these significant differences. It is also worth noting that the
control experiment showed a lesser mean time to germination, less germination percentage, and the lowest shoots’
fresh yield than other treatments with organic wastes. This observation implies that the organic media influenced the
meantime of germination of the seeds, indicating that the organic wastes might have provided the necessary nutrients

and conditions for the seeds to germinate more efficiently.

Table 3 The vegetative parameter of C. olitorius as influenced by organic waste, morphotypes and temperatures of soil

Source of variation DF Number of Plants’ heights Number of Stem LAI,
leaves (cm) Branches girth(cm) (em?
Blocks 2
Organic waste 1 0.04' 0.04’ 3.87" 0.08™ 13.68™
Morphotypes 2 0.02' 0.05’ 3.17" 0.04 11.61™
Temperatures 2 10.03™ 20.48™ 4.53" 2.43" 3.84™
Organic waste x Morphotypes 2 3.14™ 0.01” 1.54™ 0.05" 8.13"
Morphotypes x Temperatures 4 0.01" 5.53" 0.02' 0.55™ 60.03™
Organic waste x Temperatures 2 3.01™ 0.77" 0.05" 0.02" 65.05™
Organic wastes X Morphotypes x 4 0.01" 0.03" 4.87" 0.04" 3.78™
Temperatures
Error 32 0.35 7.99 0.33 7.99 0.33
Total 53
CV % 9.52 21.45 10.43 21.45 10.43

**— highly significant at 0.05%, NS- not significant, CV- Co-efficient of variation, SOV- Source of variation, DF- Degree of

freedom.

The effect of organic media on yield components and morphotypes of c. olitorius

From the ANOVA result in Table 3, the interaction effect for three factors (organic wastes, temperatures and
morphotypes) was significant (p<0.05) on number of leaves and number of branches but was not significant on the
plant height and stem girth and LAI. Table 4 displays the mean values and statistical differences ( p<0.05) of all
yield components in C. Olitorius as influenced by the types of organic media used. The effect of morphotypes on the
vegetative parameters of C. olitorius was also examined and presented in Table 4. Among the three morphotypes, no
statistical differences (p<0.05) were found between the Yaya and Eleti’eku varieties regarding the number of leaves,
stem girth, LAI, and plants’ heights. Likewise, Agbadu and Yaya did not show any statistical differences of the
number of branches for yield components. The Agbadu and Yaya varieties supplied with poultry manure organic
medium had the highest values for all yield components studied, including number of leaves, plants’ heights, stem
girth, number of branches, and LAI. The least significant differences (LSD) were used to differentiate means that

were close in values in Table 4.

21



A H S I a Asian Health, Science and Technology Reports 2024; (32)3

22

The C. olitorius supplied with poultry manure had the highest mean plant height (14.925), mean number of leaves
(7.815), and mean number of branches (5.925). The present study showed that seeds of three C. olitorius
morphotypes germinated very well in the experimental temperatures (25, 30, and 35°C). This could have been so
especially from the results of the mixing of the poultry manure (PM) with the soil sample as depicted in Table 1,
the high nitrogen, potassium and organic carbon could have increased the number of leaves, branches, and the overall
plant heights. However, C. olitorius seeds exhibited maximum germination percentage at 35°C for all organic media
tested. The lowest performance of the control plants reflected soil nutrient deficit as no organic manure was added to
the soil, and it may also be because the temperature was at normal soil temperature, which did not positively or
negatively affect the seeds. This aligns with Okpara et al. (2007). The plant’s height, number of leaves, and number
of branches of C. olitorius applied with poultry manure was lower than the work done earlier by Aluko
et al., (2014) could be because of the global climatic change and its attendant change in environmental parameters
from the earlier date of their experiment to the date of this research. It could also be because of the soil constituent
of the area where the experiment was carried out, even though the same loam sand was used, mineral compositions
of soil from one spot to another spot may be different. In addition, it may also be a result of the embedded genetic

materials that may be peculiar to each crop morphotype.

Table 4 Mean values (+ SD) of vegetative components of C. olitorius showing organic media effects on the vegetative parameter of

C. olitorius

Treatments/ Treatments/ Number of Plant Height Stem girth, Number of LAI
Factors Factors Leaves (cm) (cm) Branches (em?)
Organic wastes Poultry Manure 7.32°+0.32 14.93"+0.22 3.64"+0.25 5.93°+0.22 47.21°44.32

Cow dung 6.04™+0.42 13.29"+0.32 3.127+0.32 5.78"+0.02 40.12°¢2.22

Morphotypes Agbadu 6.39"°+0.05 15.07°+0.22 3.96°+0.23 5.94°+0.22 56.62°+5.12
Yaya 6.26°+0.12 12.32"+0.24 3.21°+0.22 5.68"+0.32 52.40"+4.02

Eleti’eku 5.92+0.20 12.13"+0.42 3.12"+0.32 4.81°+0.14 52.20°+2.22

Temperatures 25 6.29"°+0.15 13.08°+0.32 3.76'+0.23 5.90%+0.32 50.62"+5.02
CO 30 6.07%+0.17 12.22"+0.22 3.28°+0.42 4.78°+0.31 49.40"+4.12

35 5.90+0.21 10.11°+0.72 3.19°+0.33 4.82"+0.24 48.22"+2.20

abc

Mean values with the same letter along the column are not significantly different p<0.05 from each other

Fig. 3 illustrates the impact of organic media treatment on the vegetative yield of Corchorus as earlier observed
by Adeyeye et al. (2016a, 2016b, 2017) that organic manure increases yield in melon, sweet potatoes, and onion.
The shoot yield of Corchorus was significantly higher for poultry manure (36.54% increase) compared to cow dung.
This demonstrates a significant increase in yield because of organic fertilizer treatment (Lamidi et al., 2022). Figure
4 shows that the shoot yield of Corchorus was highest in the Agbadu variety, with a 38.93% increase compared to
the Eleti’eku variety, and a 39.42% increase compared to the Yaya variety. The shoot yields of the three Corchorus
morphotypes that germinated and grew on different organic media have the same R*=0.99 ( Fig. 4) which depicted
a high coefficient of determination (R among the different organic media which means that a stronger linear

relationship exists between shoot yields of Corchorus spp. and organic medium used.



Asian Health, Science and Technology Reports 2024; (32)3 AH s I a

35 -

30 -

I
I

W
W

-.

15 -

10 -

W

'

-..-..-..-..-..-..-..-.-'.-'.-'.-'.-'-'-'-'-

Shoot yield in kg
a
|
V/
%
araruaa

R e e
)

Cow dung Poultry manure Control
Organic wastes

Figure 3 Mean values (£SD) of the fresh shoot (vegetative) yield of C. olitorius at different organic media treatments

30
25

& 20

]

%)

= 15

-

©

£

7 10
5
0

Agbadu Yaya Eleti’eku

Corchorus morphotypes

Figure 4 Mean values (+SD) of the fresh shoot (vegetative) yield of different varieties of C. olitorius

Conclusion and Suggestions

The study investigated the effect of soil temperature, organic media, and morphotypes on the germination and
vegetative parameters of Corchorus olitorius. The results showed that a soil temperature of 35°C was optimal for
seed germination. The study also revealed that organic media and morphotypes significantly influenced the vegetative
parameters of the plant. The interaction among the organic media, soil temperature, and morphotypes showed
significant effects on the number of leaves, plant height, and stem girth. The study recommends that for optimum
yield of C. olitorius, a soil temperature of 35°C should be maintained during seed germination, and appropriate
organic media should be used for planting to achieve the best vegetative parameters. Furthermore, different
morphotypes of the plant should be considered when selecting seeds for planting, as they may exhibit differences in

yield components.
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