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A better understanding of the soil seed bank system could help agricultural systems plan more effective weed control strategies.
This study aims to assess the qualitative and quantitative soil weed seed bank composition in a cereal crop grown in northern-
western Algeria under conventional farming systems and semi-arid conditions. The study was evaluated each autumn for three
years (2018-2019-2020). Soil samples were collected from the field zone at each depth category (0-5 cm, 5-15 cm, and 15-30 cm)
and evaluated in a temperature-controlled greenhouse over six months using the seedling-emergence method. Several indexes
were used to evaluate the seed bank density, diversity, and species composition. Thirty weed plants from seventeen families were
recovered from the soil seed bank. Asteraceae and Poaceae were the most dominant families. The density of seed bank species
varied significantly between the superficial (0-5 cm), middle depth (5-15 cm), and deeper soil depth (15-30 cm). The averages were
14,776.08 m? (19.01%), 36,977.04 m? (47.59%) and 25,943.06 m™ (33.4%), respectively. According to our findings, Chenopodium
vulvaria, Amaranthus blitoides, and Convolvulus arvensis were abundant. As a result, the weed seed bank research was critical
in predicting the size and distribution of viable weed seeds in the soil. It aids in developing a sustainable weed management
program in semi-arid areas by providing early warnings of weed community composition and allowing for informed decisions on
long-term weed control.
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agricultural systems (Forcella et al., 1993). Long-term
weed community monitoring and seed bank dynamics
are major concerns when implementing new cropping
systems and are critical for assessing weed management
practices’efficacy, sustainability, and applicability (Zheng
et al., 2021). According to Maranon (2001), the soil seed

1 Introduction

Weed control is one of agriculture’s major challenges
and is an expensive, complex, and controversial
problem (PAN, 2018).With limited effectiveness, various
weed management methods can regulate or control
their dynamics. Herbicides typically play a critical role

in ensuring agricultural production in conventional
cropping systems due to their high efficiency and low
cost (Mahé et al., 2022). However, with the growing threat
of herbicide-resistant weeds (Carpenter et al., 2010). As
a result, weed management requires integrated control
methods based on manipulating the soil seed bank,
more commonly integrated herbicide management
(Schwartz-Lazaro et al.,, 2017).

Understanding the soil weed seed bank is required for
developing more effective weed control strategies in

bank is a reservoir of viable seeds present in the soil
that significantly impacts the space-time distribution,
dynamics, and structure of Mediterranean plant
communities (Figueroa et al., 2004). Understanding the
structure of weed seed banks will thus aid in predicting
weed community structure and implementing
appropriate control measures (He et al., 2019).

There have been few studies on seed banks in cereal
crops in Mediterranean semi-arid areas, with most of the
research focusing on annual legumes and grasslands.
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Figure 1 Study site location in Mascara (Algeria)

In this three-year study, we focused on the soil seed bank
in a northwestern semi-arid region of Algeria dominated
by winter cereals. This research is part of a larger project
to develop integrated weed management. To this end,
this work aims to determine (i) the floristic composition
and structure of the germinable soil seed bank, as well as
(ii) the abundance and diversity of the soil seed bank in
a winter wheat field in northwestern Algeria.

2 Material and methods

2.1

The field experiment was conducted for three consecutive
years (2018-2019-2020) at the experimental farm of the
Faculty of Natural Sciences and Life, University of Mascara,

Experimental area

at Mascara (Algeria) (latitude 35° 22’ N; 00° 10" E) (Figure
1). The elevation of the sample site was 474 m. The local
climate is typically Mediterranean semi-arid, the mean
annual temperature ranges between 18.3 and 19.1 °C,
and rainfall ranges between 193.1 and 447.5 mm (Figure
2). Crop rotation was established on the farm on arable
land of 50 ha (Table 1). The soil seed bank was assessed
in a 1 ha experimental area. At the beginning of the
experiment, the soil consisted of 43%, 47% silt, and 10%
sand. The organic matter content was 1.9%, and the total
nitrogen content was 0.09% (Table 2). The experimental
field had been cultivated in a cereal-legumes-fallow crop
rotation under natural rainfall conditions and surrounded
by perennial vegetation (olive orchard).

Temp (°C)

Rainfall (mm)

Rainfall (mm)

——Temp (°C)

(o8

Figure 2 Meteorological data recorded

uring the study period
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Table 1 Crop rotation in the 1 ha experimental area (2017-2020) under conventional management
Year Crop Principal farming operations
2017 fallow no-till
plough (August) soil tillage before sowing (November); sowing in
2018 winter durum wheat | December, followed by rolling; mineral fertilization (March); chemical weed
control (April); harvesting in July
2019 leguminous: lentils winter soil tillage before sowing (November); chemical weed c.ontrol (April);
harvesting in August
. winter soil tillage before sowing (November); sowing inDecember, followed
2020 winter durum wheat ’ by rolling; che?n(ical weed c)ontrol (/?\pril); harvesting in July
Table 2 Soil physico-chemical characteristics of the 2.3  Weed soil seed bank germination
studied field and identification
Parameters Values In the greenhouse, the seedling emergence method was
% clay 43| used to estimate the number of viable seeds in the soil
% silt 47 (Shang et al,, 2013). According to Kumar et al. (2022),
the seed extraction technique accurately assesses the
% sand 10 ., - .
species’ composition. Soil from each depth was spread
Textural class siltyclay | as a 3 cm deep layer over sterilised coarse sand in 50 x
Total CaCO, (%) 6.7 | 50X 5 cm germination trays. The germination trays were
Active CaCO, (%) 22| kept in a non-heated greenhouse under natural light
MO (%) 19 conditions for six months (every year from December to
June) and irrigated thrice weekly. To keep moss and algae
Total N (%) 009 | 4t bay, soil samples were mixed once a week to bring non-
Available N (ppm) 48 | germinated seeds to the surface. Moreover, emerging
Available P,O, (ppm) 50.1 | weed seedlings were counted and removed as soon as
Available K,O (ppm) 3188 | they were identified to avoid allelopathic effects on the
Caption exchange capacity (CEC) (meq.100 ) 1 germination of other seeds in the soil samples. Seedlings
that proved difficult to identify were transplanted and
Ca™ (meq.100 ™) | grown in new pots until they could be identified.
Mg (meq.100 ") 082 Each seedling was identified using photographs and
K*(meq.100g™) 0677 | plant specimens from Gérard de Belair's herbarium
Na* (meq.100g") 04| (National Superior School of Agronomy in El Harrach,
Hydraulic conductivity (cm.h™) 0.25| Algeria)When no new seedlings appeared for two

2.2

Soil sampling was done in November for the next three
years (2018-2019-2020) before cultivation operations.
Each year, 50 soil cores were collected randomly from the
experimental plots of 1 ha using a 5 cm diameter auger.
Soil samples were collected along a W-shaped transect
at three depths (0-5 cm, 5-15 cm, and 15-30 cm); each
core contained 392.5 cm? of soil. A total of 600 cores were
sampled. Each depth subsample was mixed and passed
through a 4 mm sieve to remove plant fragments and
stones. The soil samples were air-dried and stored at
laboratory temperature until further processing.

Sampling

weeks, soil samples were washed with water through
a 250 m mesh. The sieved plant materials were air dried
before the extracted materials (seeds, plant residues, and
stones) were manually separated using an MS5 stereo-
microscope (Leica Microsystems, Wetzlar, Germany).
After stratifying at 4 °C for a month to break seed
dormancy, they were soaked for 2 hours in a 500 mg.L"
gibberellic acid (GA3) (Sigma, USA) solution to accelerate
germination. To encourage the germination of any
remaining viable seeds from each sample, seeds were
placed in Petri dishes on filter paper and watered with
distilled water. The experiment was terminated when
no further seedling emergences were recorded for more
than eight weeks and were deemed non-viable.

2.4

Several indices were calculated using the following
formulas to describe floristic diversity, species density,

Data analysis
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soil seed bank depth, and seasonal variation in the
experimental area:

The weed seed density (Ds) (Olaniyan et al., 2018):

_ number of seeds

m2

Ds

Richness index (R) (Margalef, 1973):

R:(T—T)
InN

Simpson’s Index of Dominance (D) (Parish et al., 1995):

D=1-> pi’

Shannon diversity indices (H') (Zhang et al., 2017):

H'==>piIn pi
Pielou evenness index (J) (Zhang et al., 2017):

J— H,
H'max

Serenson community similarity index (He et al., 2019):

a+b

where: pi - the relative importance value of species
i; pi = ni/N; ni — the total number of seeds of
species i; N — the total number of seeds; T - the
total number of species inthesample; ¢ - the
number of a particular species in communities
A and B, and a and b are the total number of

species in communities A and B

Analysis of variance (ANOVA) was used to determine the
effects of the season (S) and soil depth on the density
of the seed bank. The statistical data analyses were
performed using Statistica 8.1 software at a significance
level of 5%.

3 Results and discussion

3.1

Thirty (30) weed species belonging to 17 families and
28 genera were identified (Table 3), with 27 annuals and
three perennials. Therophytes were the most common
biological type (80%), followed by hemicriptophytes
(16.67%) and geophytes (3.33%). The Asteraceae
(20%), Poaceae (16.67%), Chenopodiaceae, Apiaceae,
Brassicaceae, and Polygonaceae (6.66%) families have the

Floristic composition and structure of seed bank

most species. The remaining families (Caryophyllaceae,
Convolvulaceae, Fabaceae, Fumariaceae, Geraniaceae,
Lamiaceae, Malvaceae, Papaveraceae, Plantaginaceae,
Amaranthaceae, and Rubiaceae) each had only one
species (3.33%) (Table 4). The family composition varied
across the three seasons, with a similarity index ranging
from 0.8 to 0.57. The highest was found between the soil
seed banks of S1 and S2 (Cs = 0.8), S2 and S3 (Cs = 0.67),
and S1 and S3 (Cs = 0.57). Broadleaf weeds dominated
the seed bank composition (83.33%), followed by grasses
(16.67%). The seasonal distribution of broadleaf weed
seeds was erratic. The most (17 species) were discovered
in the second season at 0-5 cm soil depth. The total
grass weed seed was found in descending order from
5 c¢cm to 30 cm in soil samples from all seasons, and the
pressure was at 0-5 cm soil depth, with four species.
However, no grass species were discovered in all depths
during the third season. Chenopodium vulvaria was the
most dominant broadleaf weed, present in all depths
throughout the three seasons, while Hordeum murinum
was the dominant grassy weed, present only in S1 and
S2 (Table 5).

3.2 Density and seasonal variation

in the seed bank

The results reveal that season and depth had a significant
(p < 0.05) effect on soil seed bank density. During
three consecutive years, seed density was higher in
S2 (104,370.54 m?) than in S1 (86,935.86 m?), and S3
(41,782.14 m?), while it was higher in 5-15 cm than
in 15-30 cm and 0-5 cm depths, with 110,931.12 m?
(47.59%), 77,829.18 m? (33.4%), and 44,328.24 m>
(19.01%), respectively.

The total seedling density across all seasons and soil
depths was 233,088.54 (Table 6, Figure 4). Sinapis arvensis,
Erodium malacoides (L.) L'Hér., Scandix pecten veneris and
Lolium multiflorum seeds were recovered only from S1.
Tricicum durum was discovered in the second season,
while Anacyclus clavatus (Desf.) Pers. and Malva parviflora
were discovered in the third. Amaranthus blitoides
S. Watson, Convolvulus arvensis, Lamium amplexicaule,
Chenopodium vulvaria, and Fumaria parviflora Lamcan
also be noted. Furthermore, Capsella bursa-pastoris was
discovered in the seed banks of all three seasons. Figure
3 shows information on the six species with the highest
density. Throughout the study period, the density of
weed seeds in the experimental fields followed a similar
trend across the three layers, with seed density in the
middle layer exceeding that in the deepest and upper
layers.

In ST (2018/2019), 22 weed species were recorded,
belonging to 14 families emerged. Seed density was
the highest in the middle soil layer (5-15 cm) (46,046.88
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Table 3 Floristic composition, weed morphology and life form of the weed seed bank, for all the three study year

N° | Family Scientific name Common name A/P | Weed morphology | Life form

1 Amaranthaceae | Amaranthus blitoides S. Watson mat amaranth A B T
2 Apiaceae Scandix pecten veneris shepherd’s needle A B T
3 Torilis nodosa (L.) Gaertn. knottedhedge-parsley A B T
4 Asteraceae Anacyclus clavatus (Desf.) Pers. white buttons A B T
5 Picnomon acarna (L.) Cass soldier thistle A B T
6 Scolymus hispanicus L. common golden thistle A B H
7 Silybum marianum (L) Gaertn. milk thistle A B H
8 Sonchus asper (L.) Hill prickly sow thistle p B H
9 Sonchus oleraceus L. common sow thistle p B H
10 Brassicaceae | Capsella bursa-pastoris (L.) Medik shepherd’s-purse A B T
11 Sinapis arvensis L. wild mustard A B T
12 Caryophyllaceae Vaccaria hispanica (Mill.) cowcockle A B T
13 | Chenopodiaceae Chenopodium album L. lambs quarters A B T
14 Chenopodium vulvaria L. stinking goosefoot A B T
15 Convolvulaceae Convolvulus arvensis L. field bindweed P B G
16 Fabaceae Medicago polymorpha L. burclover A B T
17 Fumariaceae Fumaria parviflora Lam fine-leaffumitory A B T
18 Geraniaceae Erodium malacoides (L.) L'Hér. | mediterranean stork’s bill A B T
19 Lamiaceae Lamium amplexicaule L. common henbit A B T
20 Malvaceae Malva parviflora L. cheeseweed A B H
21 Papaveraceae Papaver rhoeas L. common poppy A B T
22 Poaceae Avena sterilis L. wild oat A G T
23 Hordeum murinum L. wall barley A G T
24 Lolium multiflorum Lam. italian ryegrass A G T
25 Phalaris paradoxa L. awned canary-grass A G T
26 Tricicum durum (Desf.) Husn wheat A G T
27 Polygonaceae Emex spinosa (L) Campd. spiny emex A B T
28 Polygonum aviculare L. common knotgrass A B T
29 Rubiaceae Galium aparine L cleavers A B T
30 | Scrophulariaceae Veronica hederifolia L. ivyleaf speedwell A B T

A - annual or biennal; P - perennial; B - broadleaf; G - grasses; T - therophyte; G — geophyte; H — hemicriptophyte

seedlings.m?) and the lowest in the superficial layer
(0-5 cm) (12,610.62 seedlings.m™). The seeds of species
recovered only from the first layer (0-5 cm) were Phalaris
paradoxa and Lolium multiflorum, species including
Picnomon acarna (L) Cass, Papaver rhoeas, Erodium
malacoide L'Hér. Chenopodium album were recovered
only from the soil seed bank’s second layer (5-15 cm).
Seedlings including Scandix pecten veneris, Silybum
marianum and Torilis nodosa (L.) Gaertn. were found only
in the third layer (15-30 cm). Hordeum murinum, Capsella
bursa-pastoris, Chenopodium vulvaria, Convolvulus

arvensis, Amaranthus blitoides S. Watson and Fumaria
parviflora were found in all layers.

In S2 (2019/2020), 23 weed species were recorded,
belonging to 14 families emerged. Seed density
was the highest in the middle soil layer (5-15 cm)
(44,884.08 seedlings.m™) and the lowest in the superficial
layer (0-5 cm) (23,565.3 seedlings.m?). The seeds of
species recovered only from the first layer (0-5 cm)
were Papaver rhoeas, Silybum marianum and Medicago
polymorpha. Vaccaria hispanica (Mill.) was recovered
only from the second layer (5-15 c¢cm). Tricicum durum
was found only in the third layer (15-30 cm). Species
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Table 4 Number of species in different families over Table 5 Number of species under the weed
the three seasons morphology
Family S1 S2 S3 Season | Depth (cm) Broad leaf Grass
Poaceae 4 4 0 0-5 8 (66.67%) 4(33.33%)
Asteraceae 3 5 3 S1 5-15 15(88.24%) 2(11.76%)
Amaranthaceae 1 1 1 15-30 11(91.67%) 1(8.33%)
Chenopodiaceae 2 2 1 0-5 17(85%) 3(15%)
Apiaceae 2 0 0 S2 5-15 14(82.35%) 3(17.65%)
Brassicaceae 2 1 1 15-30 11(91.67%) 1(8.33%)
Polygonaceae 1 2 1 0-5 5(100%) 0
Caryophyllaceae 1 1 0 S3 5-15 8(100%) 0
Convolvulaceae 1 1 1 15-30 10(100%) 0
Fabaceae 1 1 0
Fumariaceae 1 1 1
Geraniaceae ] 0 0 the middle soil layer (5-15 cm) (20,000.16 seedlings.m™)
and the lowest in the superficial layer (0-5 cm)
Lamiaceae 1 1 1 (8,152.32 seedlings.m™). The seed of species recovered
Malvaceae 0 0 1] only from the first layer (0-5 cm) was Anacyclus clavatus
Papaveraceae 1 1 0| (Desf.) Pers. Galium aparine L was recovered only from
Plantaginaceae 0 1 1 the second layer (5-15 cm). Capsella bursa-pastoris
Rubiaceae 0 : 1 Yvas fc?und only in th(.a third Iayer (15-30 cm). Species,
including Chenopodium vulvaria and Amaranthus
Total number of species 22 23 13| blitoides S. Watson, were found in all layers.

including Amaranthus blitoides S. Watson, Chenopodium
album, Chenopodium vulvaria, Convolvulus arvensis,
Lamium amplexicaule, Veronica hederifolia L., Polygonum
aviculare and Capsella bursa-pastoris were found in all
layers.

In S3 (2020/2021), 13 weed species belonging to
11 families were recorded. Seed density was the highest in

3.3

The richness index, Shannon Wienner index, Evenness
index, and Simpson index were used to calculate species
diversity at different depths (0-5 cm, 5-15 cm, and
15-30 c¢cm) over three seasons. The findings indicate
that weed seed banks’ Richness Index (Table 7) varied
by season. The soil seed bank’s species richness index
was highest in S2 at 0-5 cm (3.64) and lowest in S3 at

Weed diversity indices

1500
L 00
L 30 ‘ . 18000
S i E - £ 16000
3 o %000 £ 14000
= 3 i o
O 1500 5 3000 S 3000
() o o
2 100 E 1000 2 m
iy o iE !
0 L - . - - 0 — o - . e
04 £15 1830 06 S18 1830 04 15 188 ElE 180 E1E 1800 04 EIE 16N ol Mo d Bl Bt e o ML oL B
182019 201972020 2020700 182008 20192020 2020200 182018 0192020 220200
Capsella bursa-pastoris (L.) Medik. Convolvulus arvensis L. Chenopodium vulvaria L.
% 1000 PR N
g 100 4 un £ 1000
9 10000 g e bS]
2 som o e g
) 2 e <
fu— ) o] o 1
@ o & o
=] £ 3
t o (] Bnallnc: 5" i
c
2 - - N | -*°: all .. am Am
F 515 1EM| 8 515 35—3& 5 E1F 15N FaT] 15‘” 08 £15 1530) 08 L] 1880 0§ &15 1530 05 515 1530 05 15 150
1182019 0192020 w2002 182019 201972020 0202021 20182019 20192020 202021
Amaranthus blitoides S. Watson Lamium amplexicaule L. Fumaria parviflora Lam
Figure 3 Change in seed density of dominant weeds in all seasons
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Figure 4 Total density in the weed seed bank

10-15 cm (0.96). Shannon’s diversity index for the soil
seed bank community showed a high value of weed
biodiversity in S1 and S2, the highest values were found
at 0-5 cm and 5-15 cm soil depth (H'=2.13 and H' = 2.2
inS1and H'=2.14 and H' = 2.02 in S2, respectively), while
the lowest values were recorded in S3 with H' = 1.07, H'
=1.29 and H' = 1.37 at 0-5 cm, 5-15 cm and 15-30 cm
oil depth, respectively. Also, in S1 and S2, Simpson'’s
dominance index decreased in the order middle layers >
superficial layers > deeper layers, and in S3, it decreased
in the order deeper layers > middle layers > superficial
layers. With depth layers, the Evenness index decreased
over the experiment period. The first 0-5 cm soil depth
had the highest value, 0.86, followed by 0.71 in S2 and
0.66 in S3.

3.4  Similarity in species composition over

the three seasons
The results show that the species composition similarity
between soil seed banks was generally low over the
three-year study period (ranging from (Cs: 0.40-0.51).

The highest similarity was found between S2 and S3 (Cs =
0.51), followed by S1and S2 (Cs=0.44) and STand S3 (Cs =
0.40). The results showed that the species composition in
S2 and S3 was more similar (Table 8).

Table 8 Weed species similarity index
S1 S2 S3
S1 1 0.44 0.40
S2 1 0.51
S3 1

Understanding the soil seed bank is critical for predicting
the distribution of weed communities and identifying
potential problems in agroecosystem weed management
(Restuccia et al., 2020). We identified 30 species,
with therophytes dominating (80%). Thus, it refers
to therophytes’ short life cycles, which allow them to
withstand environmental stresses and a significant level
of anthropogenic disturbance caused by agricultural

Table 7 Indices of diversity and evenness

Season Depth Richness index Shannon diversity index Evenness index Simpson index
0-5 239 2.13 0.86 0.83
S1 5-15 3.03 2.2 0.78 0.84
15-30 2.04 1.75 0.71 0.75
0-5 3.64 2.14 0.71 0.8
S2 5-15 3.04 2.02 0.71 0.82
15-30 1.95 1.71 0.69 0.74
0-5 0.96 1.07 0.66 0.58
S3 5-15 1.57 1.29 0.62 0.62
15-30 1.93 1.37 0.6 0.63
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techniques (Mesquita et al., 2015). Chenopodium vulvaria,
Amaranthus blitoides S. Watson, and Convolvulus arvensis
were this experiment’s most common germinating
species.

According to Rahali et al. (2011), the dominant species
in soil seed banks in the wheat crop grown under
conventional, minimum, and no-till systems in the semi-
arid zone of Setifare Chenopodium vulvaria L., Avena
sterilis, Polygonum aviculare L., and Veronica hederifolia L.
According to Hosseini et al. (2014), in continuous wheat,
annual species dominated in most rotations, and the
population of broad leaves was higher than grass plants
when the ratio of grasses/broad leaves was 1/2 under
irrigated or dry land cropping. According to Andreasen
et al. (2018), these species can produce many seeds and
are thus well-adapted to changes in sowing season or
crop rotation. They are distinguished by their year-round
germination and longer flowering periods, which are
thought to increase the possibility of herbicide resistance.

The densities of seedlings in our seed bank were higher
than those in the Sétif provenance in northeastern Algeria
(Rahali et al., 2011). Butkeviciene et al. (2021) estimate
that there are between 20.2 and 71.4 thousand weed
seeds in T m? of sampled soil at depths ranging from 0 to
20 cm. According to Mirsky et al. (2010), cover crops and
ploughing can significantly reduce the seed banks of
weedy fields in a single field season. Hosseini et al. (2014)
reported that the most important densities of soil seed
banks were found in the lower soil layer (15-25 cm) in
continuous cropping of irrigated wheat and continuous
cropping of dry land wheat due to the continuous use of
mouldboard ploughs. Weed seed germination capacity
is indirectly influenced by the depth at which they are
placed in the soil, which can result in temperature,
oxygen, and light differences (Feledyn-Szewczyk et al.,
2020). Piskier and Sekutowski (2013) discovered that weed
seeds were evenly dispersed throughout all 0-20 cm soil
layers during conventional tillage (plough). The field with
the mouldboard plough had the lowest topsoil density.
As a result, although this tool was only used every
three years, 52% of seeds were discovered at a depth of
15-30 cm (Colbach et al., 2014; Hosseini et al., 2014).

Smith and Gross (2006) observed that the composition
and abundance of weed seed banks in winter wheat
rotations changed rapidly. Herbicides may affect species
richness, but they usually have a greater effect on relative
abundance than on species composition (Derksen et al.,
1995). Vasileiadis et al. (2007) discovered that herbicide-
treated crops had lower total seed densities of annual
broad-leaved species. The effectiveness of broad-leaved
herbicide during the trial could explain the decrease in
seed bank size of Papaver rhoeas and Polygonum aviculare
(Izquierdo et al., 2009). In this study, the diversity of the

soil seed bank varied according to season, with S3 having
the lowest weed diversity. According to Izquierdo et al.
(2009), weed diversity indices calculated for the entire
field revealed a decrease in diversity and evenness in the
second year and a slight increase in the third year.

4 Conclusions

This study discussed the diversity, floristic composition,
and vegetation structure in a wheat field soil seed bank
in northwestern Algeria. A total of 30 plant species
from families were reported. Broadleaf weeds have
the highest seed density and species composition. All
seasons yielded seeds of Amaranthus blitoides S. Watson,
Convolvulus arvensis, Lamium amplexicaule, Chenopodium
vulvaria, Fumaria parviflora Lam., and Capsella bursa-
pastoris. The soil seed bank in seasons 2 and 3 was the
most similar in species composition (Cs = 0.51), while the
soil seed bank in seasons 1 and 3 was the least similar
(Cs = 0.40). The soil seed bank contained 44,328.24 to
110,931.12 m™ seedlings per square meter. S1 had the
smallest weed seeds, while S2 had the largest. This finding
is useful for understanding soil seed bank dynamics
variation in a semi-arid environment. The qualitative and
quantitative knowledge of the soil seed bank, as well as
the spatial distribution of weed seeds, can be used to
predict weed dynamics and develop sustainable weed
management protocols.
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