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ABSTRACT

The study was conducted at College of Agricultural Engineering
Sciences during the winter season 2023 - 2024 to investigate the influence
sowing date and plant density on growth indices in Chamomile (Matricaria
chamomilla L.) The experiments were carried out using pots with a depth of 24
cm and a diameter of 26 cm. The pots were filled with a sieved soil. Initially,
the seeds were planted densely, but later thinned to nine, twelve and fifteen
plants per pot, replicated three times resulting in 18 experimental units. The
growth and growth indices of chamomile can be influenced by several factors,
including sowing date and plant sowing density. The highest mean value of
plant height was reached at interaction first sowing date with high plant sowing
density S;Djs, their mean value was (5.7 cm?). As for number of branches per
plant the higher mean value was (7.7) obtained at interaction second sowing
date with low plant sowing date. In addition, the maximum mean value of leaf
area (LA) and leaf area index (LAI) was reached at interaction first sowing date
with high plant sowing density their mean value (34.46 cm? and 1.33). It is
important for growers to consider date of sowing and plant sowing density
when managing the growth and development of chamomile plants.
Understanding the ideal timing for these factors can result in higher yields and
better quality of plants.

KEY WORDS: Chamomile, Growth indices, Sowing date, Plant density.
1. INTRODUCTION

Chamomile (Matricaria chamomilla L.) is an herbaceous plant
belonging to the Asteraceae family, it is characterized by its small, daisy-like
flowers with white petals and yellow centers, the plant typically grows to a
height of 20-60 centimeters and has a branching, erect stem covered in fine
hairs, the leaves are alternate, bipinnate, and finely dissected, giving them a
feathery appearance (Smith and Johnson, 2022 and Mehriya et al., 2022).
German chamomile grows in many soils and climates but favors cool weather.
It is a 4-6 month crop grown by transplanting or direct sowing seeds. Growing
conditions also affect essential oil content and quality (Salamon, 2006 and
Srivastava and Gupta, 2015). Growth analysis can be used to account for
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growth in terms that have functional or structural significance, the type of
growth analysis requires measurement of plant biomass and assimilatory area
(leaf area) and methods of computing certain parameters that describe growth
(Radford, 1967). Maximizing chamomile yield and quality requires a thorough
understanding of the factors influencing its growth and development, including
sowing date and plant density (Deans and Svoboda, 1993). Sowing date plays
a critical role in determining the environmental conditions that chamomile
plants experience during key growth stages. Early sowing may expose plants
to cooler temperatures and shorter day lengths, potentially affecting their
development. In contrast, late sowing may subject plants to higher temperatures
and longer day lengths, influencing their growth patterns. Understanding the
optimal sowing date for chamomile can help growers synchronize plant growth
with favorable environmental conditions, ultimately enhancing yield and
quality (Franz et al., 1978 and Hadi et al., 2004). Plant density is another
important factor that can influence chamomile growth. Higher plant densities
can lead to increased competition for resources such as light, water, and
nutrients (Deans and Svoboda, 1993). Chamomile should be sown as early as
possible in the winter in order to enable sufficient growth prior to flowering
because there is a possibility that differences in yield-contributing aspects could
affect the production of chamomile flowers (Franz et al., 1978 and Hadi, 2004).
This competition can affect the development of chamomile plants, including
their leaf area index (LAI), which is a key indicator of canopy development and
photosynthetic potential (Silva et al., 2019). By exploring the impact of
different plant densities on chamomile's LAI, growers can determine the
optimal planting density for maximizing yield and quality. Despite the
importance of sowing date and plant density in chamomile cultivation, there is
limited research on how these factors specifically influence chamomile's LAI.
This study aims to fill this gap by investigating the effects of sowing date and
plant sowing density on chamomile's LAL.
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2. MATERIALS AND METHODS

2.1. Experimental Setup and Design:

The study was conducted at College of Agricultural Engineering
Sciences during the winter season 2023 - 2024 to determine effect of two
sowing date and three plant densities on some parameters of growth and growth
indices in chamomile (Matricaria chamomilla L.) A pot experiment will be
conducted using a Completely Randomized Design (CRD), using pots with a
depth of 24 cm and a diameter of 26 cm. The pots were filled with a sieved soil.
Initially, the seeds were planted densely, but later thinned to nine, twelve and

fifteen plants per pot, replicated three times resulting in 18 experimental units.

2.1.1. Sowing Dates:

Two sowing dates were selected to represent different growing
conditions: Seeds were sown directly into the pots on (20 Nov. 2023) for early

sowing and on (10 Dec. 2023) for normal sowing.

2.1.2. Plant Densities:

Three plant densities were evaluated: low sowing density (9 plants per
pot), moderate sowing density (12 plants per pot), and high sowing density (15
plants per pot). The number of seeds sown per pot was adjusted to achieve the

desired plant density.

2.2. Data Collection:

Measurements were taken from three randomly selected plants per pot,
plant height, number of branches per plant, leaf area LA and the average leaf

area index LAI was calculated for each treatment combination.



2.3. Statistical Analysis:

Data were subjected to analysis of variance (ANOVA) to determine the
effects of sowing date and plant sowing density on chamomile's LAIl. Means

were compared using (Duncan, 1975) letters at a significance level of a=0.05.
2.4. Measurement Growth and Growth Indices

2.4.1. Plant Height (cm)
2.4.2. Number of Branches per plant
2.4.3. Leaf Area (LA)

area of green leaf per plant

2.4.4. Leaf Area Index (LAI) =

area occupied by plant

3. RESULTS AND DISCUSSION

3.1. Measurement Growth and Growth Indices
3.1.1. Effect Sowing Date
3.1.1.1. Plant Height and Number of Branches per Plant

The data recorded for chamomile (Matricaria chamomilla L.) plant
height and number of branches per plant revealed interesting insights (figure
3.1). Plants grown under the first sowing date (20 Nov. 2023) exhibited a
significantly higher average plant height of (5.0 cm) compared to those sown
later (10 Dec. 2023) their mean value (3.9 cm). This difference suggests that
earlier sowing dates might promote better vertical growth in chamomile plants.
Similarly, regarding the number of branches per plant, the data showed that
plants sown on the second sowing date (7.0) had, on average, a higher number
of branches compared to those sown earlirer (5.7). This finding implies that late
sowing dates might positively influence lateral branching in chamomile plants,
which are crucial factors for plant vigor and productivity (Naderidarbaghshahi
etal., 013).
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Fig. 3.1 Effect sowing date on plant height and number of branches per plant
of chamomile crop.

3.1.1.2. Leaf Area (LA) and Leaf Area Index (LAI)

The recorded data for chamomile leaf area and leaf area index (LAI)
revealed significant differences (P < 0.05) between the two sets of conditions
figure (3.2). Plants with a leaf area of 30.03 cm?2 exhibited a higher average LAI
of 1.16 compared to those with a leaf area of (18.03 cm?), which had an average
LAI of (0.69). This indicates that plants with a larger leaf area have a higher
leaf area index, suggesting a denser canopy or greater leaf coverage relative to
the ground area. Similarly, Silva et al. (2019) reported that early sowing

(November) resulted in a higher leaf area and leaf area index compared to late

sowing date.
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Fig. 3.2 Effect sowing date on leaf area and leaf area index of chamomile crop.



3.1.2. Effect Plant Sowing Density
3.1.2.1. Plant Height and Number of Branches per Plant

Represented data in figure (3.3) didn’t showed any significant
differences (P > 0.05) among all (low, moderate and high plant sowing density)

on plant height and number of branches per plant in chamomile plant.
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Fig. 3.3 Effect plant sowing density on plant height and number of branches
per plant of chamomile crop.

3.1.2.2. Leaf Area (LA) and Leaf Area Index (LAI)
Figure (3.4) demonstrated non-significant effects (P > 0.05) among all
(low, moderate and high plant sowing density) on leaf area and leaf area index

in chamomile plant.
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Fig. 3.4 Effect plant sowing density on leaf area and leaf area index of
chamomile crop.



3.1.3. Interaction Sowing Date x Plant Sowing Density
3.1.3.1. Plant Height (cm)

The interaction between sowing date and plant sowing density had a
significant effect (P <0.05) on chamomile plant height. The highest and lowest
plant height was noted at interaction first sowing date with high plant sowing
density (S;D3) and second sowing date with high plant sowing date (S;D3) with
their mean values (5.7 and 3.0 cm) respectively. The interaction between
sowing date and plant sowing density observed in this study indicates that the
effect of plant density on chamomile plant height depends on the sowing date
(fig 3.5). Early sowing dates appear to mitigate the positive effects of higher
plant density on plant height, possibly due to the longer growing period and
more favorable environmental conditions during the early stages of plant
growth. According to a study by (Khaledi et al., 2017) postulated that early
sowing date resulted in significantly higher plant heights compared to late

sowing date.
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Fig. 3.5 Effect sowing date x plant sowing density on plant height of
chamomile crop.

3.1.3.2. Number of Branches per Plant
Number of branches per plant contributes to the economic yield and
represents the productive efficiency. Number of branches per plant were

significantly (P < 0.05) affected by interaction sowing date and plant sowing
Y



density between different treatments. Maximum and minimum number of
branches per plant was obtained at interaction second sowing date with low plant
density (S;D;) and interaction first sowing date with high plant density (S:Ds),

their mean values (7.7 and 5.0) respectively (figure 3.6).
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S1D1 S1D2 S1D3 S2D1 S2D2 S2D3
= N. of branches per plant 5.7 6.3 5.0 7.7 7.0 6.3

Fig. 3.6 Effect sowing date x plant sowing density on number of branches per
plant of chamomile crop.

3.1.3.3. Leaf Area (LA)

Interaction sowing date and plant sowing density has a significant effect
on leaf area of chamomile plant. Figure (3.7) revealed that there were highly
significant effects (P < 0.05) among different treatments. The maximum and
minimum mean value was reached at interaction first sowing date with high
plant density (S;:D3) and second sowing date with high plant density (S2D3) with
their mean values (34.46 and 15.61 cm?) respectively. We inferred that there
was no environmental change related to these variables to case a difference

between plant leaf area with two sowing dates (Heldwein et al., 2009)
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Fig. 3.7 Effect sowing date x plant sowing density on leaf area of chamomile
crop.

3.1.3.4. Leaf Area Index (LAI)

Analysis of variance figure (3.8) showed that interaction sowing date and
plant sowing density has a significant effect (P < 0.05) on leaf area index of
chamomile plant among different treatments. The highest mean value (1.33)
was reached at interaction first sowing date with high plant density (S;D3) and
lowest mean value was obtained at second sowing date with high plant density
(S2D3) with their mean values (0.60) respectively. The observed interaction
between sowing date and plant sowing density suggests that the effect of plant
density on chamomile LAI depends on the sowing date. Early sowing dates
may allow plants to better tolerate higher densities, resulting in a smaller
decrease in LAI per plant at higher densities. In contrast, later sowing dates
may lead to more pronounced effects of plant density on LAI. The difference
in LAI is not observed routinely in response to adopted crop management

techniques such as plant density (Dwyer et al., 2014).
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Fig. 3.8 Effect sowing date x plant sowing density on leaf area index of
chamomile crop.

4. CONCLUSION

In conclusion, the study highlights the complex interactions between
sowing date and plant density in influencing chamomile canopy development.
The results indicate that early sowing dates and higher plant densities can
positively impact canopy development, leading to potentially higher yields.
However, further research is needed to fully understand the underlying
mechanisms driving these interactions and their broader implications for
chamomile cultivation. Adjusting sowing dates and plant densities based on
these findings could be a valuable strategy for optimizing chamomile

cultivation practices and enhancing yield.
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