SEBHA UNIVERSITY JOURNAL OF PURE & APPLIED SCIENCES VOL.24 No. 1 2025

DOI: 10.51984/10PAS.v2411.3123

An Investigation of the Effects of Seed Depth and Rainfall Rates on the Characteristics of Brome

(Bromus rigidus Roth)

Muoftah Bataw

Sebha University Journal of Pure & Applied Sciences

O
T

a‘l“i'.‘.'.‘hﬁ‘} a.'i.ﬁ'.g.” ‘ﬁj-h-u L@-w a-‘!-&l.? R.L?..s and Applied

Journal homepage: www.sebhau.edu.ly/journal/jopas

UTEOTTNTTE

Department of Natural Resources, Faculty of Natural Resources and Environmental Sciences, Omar Almukhtar University, Al Bayda, Libya.

Keywords:

Bromus Rigidus Roth.
Rates of Rain.

Depth of Seed.
Interaction.

Brome Weeds.

Al Jabal Al Akhdar Libya.

ABSTRACT

This study was conducted over six months during the wheat-growing season in the Green
Mountain region of Libya, an area characterized by varying rainfall levels. A factorial design
was employed to examine the effects of seed burial depth and rainfall levels on the growth and
productivity of Bromus rigidus Roth. Seeds were sown at depths of 0 cm, 1 cm, 5 cm, and 10
cm under three rainfall levels (250 mm, 350 mm, and 500 mm per year). Results indicated that
seeds buried at a depth of 5 cm achieved the highest productivity in terms of dry weight and
seed yield, while no germination occurred at a depth of 10 cm, likely due to oxygen deficiency.
Rainfall levels significantly influenced plant growth, with the highest productivity recorded at
500 mm per year. The interaction between seed depth and rainfall level revealed that a depth of
5 cm combined with 500 mm per year of rainfall was optimal for achieving superior
germination, growth, and seed production. These findings provide insights into the ecological

adaptability of Bromus rigidus and its management in arid and semi-arid regions.
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1. Introduction

Bromus rigidus Roth, commonly known as rigid brome, is a grass
species native to the Mediterranean region that has adapted to thrive
in diverse and challenging environments, including arid and semi-arid
agricultural ecosystems [1]. Its resilience and ability to establish in

resource-limited conditions make it an intriguing subject for research,
particularly in the context of climate variability and its impact on plant
growth. While Bromus rigidus has often been viewed as a competitive
species in certain agricultural systems, its growth patterns and
adaptability offer valuable insights into strategies for sustainable land
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management and improved agricultural productivity in marginal lands
[2].

The physiological and ecological characteristics of Bromus rigidus,
such as its response to seed burial depth and moisture availability,
position it as a model species for understanding plant behavior in
water-limited environments. Previous research has shown that the
depth at which seeds are buried plays a crucial role in germination and
seedling emergence. Shallow planting depths are associated with
higher germination rates due to greater exposure to light and
temperature cues [3], while deeper planting can suppress emergence
because of limited oxygen availability and increased physical
resistance [4]. Additionally, moisture availability is a critical factor
influencing seedling establishment, especially in regions with variable
rainfall. Water stress has been shown to impede the emergence and
growth of many plant species [5].

Studies on other species, such as Convolvulus arvensis [6] and
Crotalaria [7], have demonstrated how seed depth and moisture
interact to influence germination and early growth. However, these
findings cannot be directly applied to Bromus rigidus due to species-
specific physiological and ecological differences. Furthermore, most
existing research on Bromus rigidus has focused on its competitive
behavior in crop production systems, often framing it as a weed to be
managed [8, 2]. This perspective overlooks the potential benefits of
understanding its growth dynamics for applications in sustainable
agriculture, such as improving soil stability, enhancing biodiversity,
and optimizing cropping systems for water-limited conditions [9].
Current research on Bromus rigidus has extensively examined the
effects of seed burial depth on seed viability and germination. For
instance, studies have shown that both surface-sown and buried seeds
of B. rigidus deplete within 15 months, with germination rates varying
based on depth [10]. However, the combined effects of seed burial
depth and rainfall on the germination and establishment of B. rigidus
remain underexplored. While research on related species, such as
Lolium rigidum (rigid ryegrass), has investigated the interaction
between seed burial depth and environmental factors like rainfall [11],
there is a notable gap in the literature specifically addressing how these
factors interact to influence B. rigidus populations. Exploring these
factors together is particularly important in the context of climate
change, where precipitation patterns are becoming increasingly erratic
[12, 13].

2. Aims and Objectives

2.1. This research primarily aims to investigate how environmental
factors, specifically seed burial depth and rainfall, influence the
germination, seedling emergence, and growth of Bromus rigidus.
The specific objectives of this study are as follows:

e To determine how varying seed burial depths affect the
germination rates and seedling emergence of Bromus rigidus.

e To assess how different rainfall levels affect seedling growth,
biomass accumulation, and seed production in Bromus rigidus.

e To explore the interaction between seed depth and rainfall on the
overall productivity and competitive ability of Bromus rigidus in
agricultural fields.

2.2. By achieving these objectives, this research seeks to enhance
understanding of how Bromus rigidus responds to environmental
factors, providing valuable insights for developing effective weed
management strategies in agricultural systems.

3. Methods

3.1. Study Sites

research was conducted at three distinct locations in the Al Jabal Al
Akhdar (Green Mountain) region of Libya, chosen to represent
varying rainfall rates and environmental conditions. These sites
offered a diverse ecological backdrop for evaluating the germination
and productivity of Bromus rigidus. Rainfall data for the region were
based on meteorological records obtained from local weather stations
and reports.

3.2. Experimental Design

A factorial experiment was designed to investigate the effects of seed
depth and simulated rainfall on the germination and productivity of
Bromus rigidus. The experiment incorporated two main factors:

o Factor 1: Seed Depth — Seeds were sown at four depths: 0 cm (on
JOPAS Vol.24 No. 1 2025

the soil surface), 1 cm, 5 cm, and 10 cm.

o Factor 2: Rainfall Amount — Three rainfall scenarios (250 mm, 350
mm, and 500 mm/year) were estimated based on regional weather
patterns and historical data.

The experiment spanned six months, from mid-November to mid-
May, aligning with the wheat-growing season in the region. A
completely randomized design (CRD) was used, with three replicates
per treatment combination at each study site [14].

3.3. Planting and Cultivation

Cubic plastic boxes (30 x 30 x 30 cm) were filled with homogenized
natural soil collected from agricultural fields near the study sites. The
soil was sieved and homogenized to ensure uniformity and remove
large debris. Ten seeds per box were planted at the designated depths
(0, 1, 5, or 10 cm). Plants were grown under natural conditions, and
the experiment continued until the end of the growing season.

3.4. Data Collection

At the end of the agricultural season in mid-May, plants were
harvested, and the following parameters were measured:

e Germination rate — Number of plants that emerged in each box.

e Number of branches per plant — Total branches counted per plant.

e Dry weight per plant — Biomass measured after drying plants at
60°C until a constant weight was reached.

e Number of seeds per plant — Total seeds counted per plant.

Data from all three sites were averaged to enhance robustness and
account for site-specific variability [8].

3.4. Statistical Analysis

A two-way analysis of variance (ANOVA) was used to evaluate the
effects of seed depth, rainfall levels, and their interaction on all
measured traits. Post-hoc comparisons were performed using Tukey’s
HSD test to identify significant differences among treatment means.
Results are presented as mean values, with statistical significance set
at P <0.05.

3.5. Design and Replication

The experiment used a factorial design within a completely
randomized design (CRD) framework. Each treatment combination
was replicated three times, and the results from the three study sites
were averaged before statistical analysis.

4. Results
Table 1: Effect of Seed Depth on Brome Productivity
Seed Dry Germination
Depth  Weight/Plant Number of Seeds Number of Percentage
Produced/Plant  Tillers/ Plant 0
(cm) () (%)
0 307b 3.88¢c 1.89¢c 88.34a
1 492b 11.00b 2.78b 80.55a
5 10.11a 27.66 a 3.56 a 82.77b
10 0.00c 0.00¢c 0.00d 0.00c

Values with similar letters (e.g., "a," "b," "¢ ”) for each trait did not
differ significantly at a probability level of 0.05

Table 1 shows that seed depth significantly affects brome productivity
(p < 0.05). Seeds planted at 5 cm exhibited the highest dry weight,
number of seeds produced, and tillering. Although seeds at 0 cm
achieved the highest germination percentage (88.34%) where data is
expressed in mean average, this did not translate into superior growth,
highlighting the importance of moderate planting depths.

Table 2: Effect of Rainfall Rates on Brome Productivity

Rainfall Dry Number of Number of ~ Germination
(mmiyear) Weight/Plant Seeds Tillers/ Percentage
Y (9) Produced/ Plant Plant (%)
250 2.73b 1.00c 191b 55.83 b
350 416b 10.66 b 225b 55.00 b
500 7.79a 21.00 a 275a 66.66 a

Values with similar letters for each trait did not differ significantly at
a probability level of 0.05.

Table 2 shows that rainfall significantly influences brome growth and
productivity (p < 0.05). At 500 mm/year, germination, dry weight, and
seed production were maximized, while lower rainfall levels (250 and
350 mml/year) resulted in suboptimal growth. The difference in
germination percentages between 250 mm and 350 mm was
negligible.
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Table 3: Interaction Between Seed Depth and Rainfall on Brome

Productivity
Seed . Dry Number of Germination
Depth Rainfall Weight/ l\;un:jber 3]; ﬁleedts Tillers/ Percentage
cm) (MM pjany(q) Produced/Plant — pp %)
0 250  91.66 ab 0.00¢c 0.00e 0.00¢c
350 75.00 cd 2.00 bc 0.00e 3.36 bc
500 98.33a 2.67 ab 8.66d 4.86 bc
1 250  75.00 cd 2.00 be 0.00e 3.46 bc
350 78.33 be 2.67 ab 10.66 d 4.06 bc
500 88.33a-c 3.67a 19.34¢ 6.23b
5 250 51.66 ¢ 3.67a 0.00e 4.03 bc
350 61.66 de 334a 28.00 b 8.23b
500  75.00 cd 3.67a 52.00a 18.06 a
10 250 0.00 h 0.00¢c 0.00e 0.00¢c
350 0.00 h 0.00c 0.00e 0.00c
500 0.00 h 0.00¢c 0.00e 0.00¢c

Values with similar letters for each trait did not differ significantly at
a probability level of 0.05.

Table 3 shows that the interaction of seed depth and rainfall
significantly influenced brome productivity (p < 0.05). Seeds planted
at 5 cm depth and exposed to 500 mm/year rainfall exhibited the
highest productivity across all traits, with maximum germination
(18.06%) and dry weight (75 g). Conversely, no plants germinated at
10 cm depth under any rainfall condition.

Table 4: ANOVA Summary for Seed Depth, Rainfall, and Their

Interaction
. Source of Degrees of
Trait Variation F-value  cdom (df) p-Value
Dry
Weight/Plant (q) Seed Depth 180.52 3 0.0001
Rainfall 38.29 2 0.0002
Seed Depth ), 4g 6 0.002
x Rainfall
Number of
Seeds/Plant Seed Depth 90.85 3 0.0003
Rainfall 27.83 2 0.00025
Seed Depth
« Rainfall 18.65 6 0.0025
Number of
Tillers/Plant Seed Depth 123.89 3 0.00015
Rainfall 18.65 2 0.003
Seed Depth /o, 6 0.0035
x Rainfall
C;erm'”a“c’” Seed Depth  136.93 3 0.00012
ercentage
Rainfall 14.78 2 0.004
Seed Depth 15 g4 6 0.0045
x Rainfall

Table 4 presents significant results (p < 0.05) indicate that the tested
factor or interaction had a statistically significant influence on the
respective trait. Higher F-values correspond tgreater relative
contributions of the factor or interaction to variability in the measured
trait.

5. Discussion

This study demonstrates the combined effects of seed depth and
rainfall on the germination and growth of Bromus rigidus. Seeds
planted at 5 cm depth consistently exhibited superior productivity,
likely due to optimal moisture retention and reduced oxygen
limitation. These findings align with previous studies, such as [3],
which reported that greater seed depths inhibit germination due to
oxygen diffusion constraints and physical barriers to seedling
emergence. Similarly, [15] observed a decline in seedling emergence
percentage with increasing soil depth, consistent with the trends
reported in this study.

Rainfall also played a crucial role, with higher levels (500 mm/year)
enhancing germination, biomass, and seed production. This supports
the findings of [5], who emphasized the importance of adequate
moisture for seedling establishment. Interestingly, the negligible
differences in germination between 250 mm and 350 mm rainfall
suggest that Bromus rigidus tolerates moderate drought conditions but
benefits substantially from higher moisture levels.

These findings also have implications for weed management
strategies. Although surface-sown seeds exhibited higher germination

rates, they produced lower biomass and seed yield compared to those
planted at 5 cm depth. [13] reported that shallow planting depths
increase predation risk and exposure to environmental stressors, such
as desiccation and temperature fluctuations, reducing seedling
competitiveness. Conversely, seeds placed at 5 cm depth were
optimally positioned to balance moisture retention and oxygen
availability, resulting in higher productivity.

In the context of climate change, the ability of Bromus rigidus to
tolerate moderate drought (250-350 mm rainfall) indicates resilience
to fluctuating precipitation patterns commonly observed in arid and
semi-arid regions [4]. However, the substantial increase in
productivity at 500 mm/year highlights the potential benefits of
supplemental irrigation in years of reduced precipitation. These results
emphasize the need for adaptive water management strategies to
counteract climate variability.

The interaction between seed depth and rainfall highlights the role of
soil-water dynamics in optimizing plant growth. Seeds planted at 5 cm
under 500 mm rainfall achieved the highest productivity,
outperforming all other combinations. Mechanistically, the absence of
germination at 10 cm depth across all rainfall levels suggests that
excessive moisture retention and oxygen deprivation were key
limiting factors, as suggested by [9]. Future studies incorporating soil
moisture sensors and oxygen diffusion analysis could provide deeper
insights into these processes.

The trends observed in this study are consistent with findings in other
cereal-associated weeds, such as Avena fatua (wild oats), where
intermediate planting depths and adequate rainfall promoted greater
biomass and seed production [14]. These similarities suggest that the
strategies identified here may be broadly applicable across multiple
weed species, particularly in arid ecosystems.

These findings offer practical recommendations for optimizing
Bromus rigidus productivity in arid and semi-arid regions. Moderate
seed depths (5 cm) combined with irrigation equivalent to 500
mm/year rainfall can maximize yield while maintaining soil health.
Uniform planting depths across fields could further enhance
productivity by reducing growth variability. Additionally, adopting
these practices may contribute to improved sustainability in Bromus
rigidus production systems, reducing reliance on additional
agricultural inputs.

6. Future Research Directions

While this study was conducted under controlled conditions, field
validation is necessary to confirm the applicability of these findings in
natural settings. Expanding this research to other cereal-associated
weeds could determine whether these results are species-specific or
broadly generalizable. Additionally, long-term studies on the effects
of planting depth and rainfall on soil health and nutrient cycling would
provide insights into the sustainability of these agricultural practices.

7. Conclusion

This study demonstrates that both seed depth and rainfall significantly
influence the germination and productivity of Bromus rigidus. Seeds
planted at a depth of 5 cm exhibited the highest productivity, balancing
moisture retention and oxygen availability. Increased rainfall (500
mm/year) enhanced germination, biomass, and seed production, while
moderate rainfall (250-350 mm/year) highlighted the species' drought
tolerance. Shallow planting depths resulted in higher germination but
lower productivity, while no germination occurred at 10 cm depth due
to oxygen and moisture limitations. These findings suggest that
moderate seed depth and adequate irrigation can optimize Bromus
rigidus productivity in arid regions. Future research should validate
these results in field conditions and explore their broader applicability
to other species.
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