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ABSTRACT
In this study, we reviewed weed seed bank dynamic and main agriculture
operations to come up with the weed seed management modeling designed to
increase crop productivity by removing weed competition. Weed contributing
with 10% loss of total global grain production. Weed seed bank regulate by ive
demographic processes seedling recruitment and survival, seed production,
dispersal and seed survival in soil. The main agriculture operations that
interferencewith weed seed bank are crop rotation and primary tillage. Tillage
systems affect weed emergence, management, and seed production; therefore,
changing tillage practices changes the composition, vertical distribution,
and density of weed seed bank in agricultural soils. Weed species vary in
their response to various crop rotations, due to the variability of weed-crop
competition in their relative capacity to capture growth–limiting resources.
Crop rotations affect weed emergence, management, composition, and density
of weed seed bank. Finally, the study suggests elevating crop competitiveness
against weeds, through a combination of crop rotation and reduce_ zero tillage,
has strong potential to reduce weed-induced yield losses in crop.

Keywords: Weed Seed Bank, Soil Seed Bank, WeedCrop Competition, Tillage, Crop
Rotation

1. INTRODUCTION
Weed management in ield crops is an important aspect for successful crop produc-
tion. A weed is identi ied as a plant growing out of place, that is, a plant growing
where it is not wanted, or/ better de ined as any plant that is objectionable or inter-
feres with the activities or welfare of man. The awareness that weed compete with
crops; for sunlight, space, water, nutrients, and threatening native habitats with their
role harbor of insects and pathogens; is comparable with probably the domestica-
tion of crops and the development of non-nomadic agriculture in agricultural devel-
opment. Early farmers prepared seed beds to enhance the development of species
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selected as crops, and subsequently removed plants (weeds) that appear with their
favored plants. Thusweedmanagementwas born to increase productivity by remov-
ing competition Anderson (1983). Although plant losses caused by weed interfer-
ence are “hidden” losses, because farmers cannot detect reductions in productivity
due to weeds. Weed losses may be from 5 to 10% in developed countries, and up
to 20 to 30% in developing countries, speci ically the loss ~200 million metric tons
from ~2.1 billion metric tons of the global grain production assuming 10% of overall
yield loss due toweeds (www.fao.org/3/a0884e/a0884e.pdf). Weed survey can pro-
vide quantitative information aboutweed community. The composition ofweed seed
bank that regulates the density of weed population, and the periodicity of germina-
tion and emergence of different weed species Buhler (1997), Chauhan and Johnson
(2010), are very essential information to establish and implement a successful weed
management program Chauhan et al. (2017), Chauhan (2020)

Soil seed bank consists of all viable seeds and propagules present on and in the
soil Ma et al. (2021). The species composition and density of weed seed bank in
the soil vary greatly and are closely linked to cropping history of the land Nandan
et al. (2020). Theoretically, eliminating weed seed bank should be relatively easy.
Terminating weed seed production and depleting the seed bank by managing soil
to provide optimum environment for germination should be performed (Fig. 1). In
practice, managing seed bank ismore complex because of the dif iculty in preventing
seed production and introduction, the continuous persistence of a small percentage
of seed bank, and the high seed production potential of many weed species. It is
therefore, more realistic to accept weed seed banks as an ever-present component
of agricultural lands and attempt to understand, interpret, and predict their behav-
ior. Management systems that attempt to eliminate the seed bank will succeedmuch
more than systems that minimize the impacts of the resultant weeds. Information of
the in luence of cropping practices on weed seed bank also should be a useful tool in
integrated weed management Ball (1992), Schwartz-Lazaro and Copes (2019).

Tillage systems affectweed emergence,management, and seedproduction; there-
fore, changing tillage practices changes the composition, vertical distribution, and
density of weed seed bank in agricultural soils Buhler (1995), Scherner et al. (2017).
Tillage is the primary cause of vertical seed movement in agriculture soils Mohler et
al. (2006). Changes in seed depth in soil and corresponding differences in emergence
depth may contribute to shifts among weed species under different tillage system
due to differences in temperature and light. Temperature differences are expected
to enhance seed germination. Light perceived by seeds during soil cultivation is also
effective in triggering germination Cordeau et al. (2017). This was con irmed when
weed seed emergence following “night tillage”was80% lower than emergence under
daytime tillage conditions Juroszek et al. (2017).

Crop rotation is an effective tool for weed management Weisberger et al. (2019)
by changing the pattern of disturbance, which diversi ies selection pressure. This
diversi ication prevents the proliferation of weed species well suited to the practices
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Figure 1 Fateof weed seeds. Inputs to the seed bank are shown with black arrows and losseswith
white arrows. [61].

associated with a single crop Buhler, King, et al. (1997). Crop rotations under many
ield situations decreases weed problems Shahzad et al. (2016). Although moisture
conservation is the main objective for most crop-fallow rotations, weed species vary
in their response to fallow-rotation. Crop-fallow sequence decreased weed numbers
and certain perennial weeds compared to continuous production periods Derksen et
al. (1994), H. Z. Ghosheh and Hajaj (2004).

Therefore, the objective of this study is to evaluate the effect and the impact of
crop rotation and primary tillage on a weed community that help in control weed
management.

2. WEED SEED BANK CHARACTERIZATION
Seeds are important for the maintenance and growth of existing weed populations
and for the initiation of new populations. An effective production and dispersal
mechanism must exist for a weed species to be successful. Seed dispersal can be
either through space or through time. The soil seed bank is a useful concept often-
applied to the dynamics of seed on or in soil, within which soil acts as reservoir
of seed with numerous input in and with drawl actions (Figure 1). Soil seed bank,
which consist of all viable seeds and propagules present in and on the soil, became
a recognized location for imposing weed management practices Radosevich et al.
(1997), Geddes andDavis (2021). The seedbankof agricultureweed communitymay
consist of several weed species that differ in density and distribution Fenner (2017).
Bio-diversity, which results from taxonomic diversity in traits, such as age structure,
dormancy characteristics, longevity, survival, mortality, and germination, is affected
by management practices and environmental conditions Fried et al. (2012).
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Weed scientists have recognized that the dynamics of weed seed bank may allow
improved weed management strategies Radosevich et al. (1997), Fried et al. (2012).
In particular, reducing the size ofweed seed bank is gaining considerable attention as
a long term-weed management strategy Zwickle (2011). Although, seed production
in most weed species can be reduced by management factors, seed production will
likely remain great enough to maintain the seed bank with low to moderate weed
infestations Chauvel et al. (1989), Schwartz-Lazaro and Copes (2019). In general,
ive demographic processes regulate the population dynamics of weed seed bank:
seedling recruitment and survival, seed production, dispersal and seed survival in
soil Kropff and Lotz (1992). The percentage of seed in the soil seed bank that ger-
minate in a given year for common annual species in cultivated soil approximates 1
to 50% of the seed bank Forcella (1992), Schwartz-Lazaro and Copes (2019), with
great variation both within and among species Buhler (1997). The seed bank size in
agricultural land ranges from near zero to asmuch as 1million seed /m2 (Witkowski
et al. 2000).

Regeneration of plants from seed requires that a portion of the seed are at the
right time and are physiologically capable to germination Buhler, Hartzler, and For-
cella (1997). Prediction of weed seedling emergence is important to estimate stages
of growth andweed interference intensities Bagavathiannan et al. (2020), which aids
to determine the precise time of weed management. Light may be a requirement for
germination in most weed seed in the soil seed bank Juroszek et al. (2017). Photo
conservation of photochrome from the red light (R) absorbing form (Pr) to the far
red light (Fr) absorbing form (Pfr), has been identi ied as part of germination induc-
tion mechanism in many plant species Rana et al. (2017). Brief exposures of light
are suf icient to promote seedling recruitment Juroszek et al. (2017). In this regard,
seed germination and seedling emergence following day time tillage operations was
reported to be as much as 60 to 90% higher than emergence following night tillage
operations Gallagher (1996).

Weed scientist have noticed that certain annual species are abundant in some
years and less common in others. Explanations for differential abundance from
one year to next might include hypotheses such as, annual variation in crop type,
time of seedbed tillage, previous year’s seed production, herbicide ef icacy, pathogen
attack, and insect consumption. Another possible explanation involves an “emer-
gence percentage”; the percentage ofweed that emerges from seed bank as seedlings
each year Schwartz-Lazaro and Copes (2019). Weed emergence time was consid-
eredmore important than weed density when elucidating crop yield loss Masin et al.
(2011). The pattern and magnitude of seedling emergence vary among species due
to differences in their response to environment andmanagement factors Humphries
et al. (2018). Physical and biological factors, apparent in seed dormancy act as
a survival strategy to avoid germination during unfavorable conditions and as a
means of dispersal through time Qasem (2019). Moisture, temperature (King and
Oliver 1994), light, soil fertility, soil texture and soil disturbance King and Purcell
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(1997), Cordeau et al. (2017), are factors that in luence the pattern, survival of
seedlings, the growth and productivity ofweeds, and thus can affectweeds seed bank
and population dynamics Schwartz-Lazaro and Copes (2019).

3. WEED SEED BANKMANAGEMENT
Reducing the size of the weed seed bank has been a long-term goal of weed man-
agement strategies Sims et al. (2018). Weed surveys canprovide quantitative infor-
mation about weed communities. This information are very important for; eval-
uating changes in weed communities over a period of time, for developing inte-
grated weed management programs, and for mapping weed populations Wiles and
Schweizer (2002), (Sims et al. 2019). Information such as the relative time of weed
emergence in respect of crop emergence Fahad et al. (2015), the nature and sever-
ity of crop–weed interference Osipitan (2017), combination of weed-crop density
and weed competitiveness Zimdahl (2007), and the critical period of weed control
(threshold period), which is that period where it’s essential to maintain a weed
free environment to prevent yield loss Smitchger et al. (2012), Azimah et al. (2018)
are also important. Other biological factors should be considered in weed man-
agement plants; such as species competitiveness, seed bank processes and demo-
graphic variation Jordan (1992), Zimdahl (2007), weed seed dispersal or spread Jor-
dan (1992), Skarpaas and Shea (2007).Patchiness of an annual weed, de ined as abil-
ity of weeds to have high dispersal and low competitiveness, cause long term crop
yield reduction more than weeds with high competitiveness and low dispersal Hos-
sain and Begum (2015). Patchiness deserves special attention once we know that
spared rate rended to increase linearly, while population growth rate increases expo-
nentially Thill and Mallory-Smith (1997). All of the above parameters are very nec-
essary to establish and implement a successful weed management program.

Weed composition in a seed bank re lects past and present weed, crop and
soil management practices Liebman et al. (2021), especially those related with
tillage Blackshaw et al. (1994), Feledyn-Szewczyk et al. (2020), and crop rota-
tion Ball (1992), Feledyn-Szewczyk et al. (2020), which affect the nature and extent
of weed populations Schwartz-Lazaro and Copes (2019). (1992) reported, that
tillage (as major soil disturbance) affected population dynamics and annual weed
species control, depending on the location of seed in the soil pro ile Ali et al. (2017).
Exposure to many soil factors that differs considerably in luence dormancy and via-
bility but grater seed longevity is favored by deep burial Hossain and Begum (2015).
The decline of weed seed bank ismost rapid for those placed on the surface, whereas
the loss in the viability become less with increase depth of seed burial. The buried
weed seed are a perpetual concern to agriculturists Omami et al. (1999), Sagona
and Mahonya (2018). Information of seed viability and the number of seeds that
give rise to seedlings, and the number of seeds that become nonviable in luence the
magnitude of seed bank depletion Chauvel et al. (1989), Forcella (1992), Fenner
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(2017). In general, cultivation practices affect plant species composition through
distributing seed at various soil depths and altering their number Wiles and
Schweizer (2002), H. Z. Ghosheh and Hajaj (2004) and composition in the seed
bank Clements et al. (1996).

4. CROP ROTATION
Crop rotation is de ined as the alternation of different crop species on the same
land Radosevich et al. (1997), Tanveer et al. (2019). Rotation generally interrupt dis-
ease andweed growth cycles and improve soil quality Tanveer et al. (2019), so that its
crop yield is improved due to this integral component of sustainable agriculture. For
example, barley dry weights and seed yields were 29 and 26%, respectively, greater
in the barley–forage rotation compared with monoculture in all years Stevenson et
al. (1998). Weisberger et al. (2019) indicated that crop rotation can have impor-
tant effects on weed growth through its in luence on the competitive ability of the
crop. For example, weed species richness and density generally were greater in the
barley–forage rotation compared with the monoculture Stevenson et al. (1997). The
seed bank of a 3-year continuous corn crop was dominated by one annual grass and
two annual broad leaf weed species, whereas 3-year of continues pintobean (Phase-
olus vulgaris L.) rotation had a weed seed bank dominated by four annual broad
leaf species Ball (1992). A maize (Zea mays L.) wheat rotation was associated with
weed communities displaying high evenness, whereas one species comprised 71%
of the individuals in continuous maize Stevenson et al. (1997). As a general rule, the
species composition and the density of weed seed on the soil vary greatly and are
closely linked to cropping history, and that crop rotation under many ield situations
decreased weedproblems Shahzad et al. (2016).

The crop-fallow rotations is common in areas with rainfalls below 300 mm
because of the variability of rainfall, where the annual soil moisture supplies are
insuf icient to sustain adequate growth without a stored soil moisture supply from
a previous season. For example, the fallow–wheat rotation had provided stable pro-
duction with no crop failures when compared with continuous wheat, which failed
more than 30% of the seasons and average water- use ef iciency for fallow–wheat
was 80% greater than that for continuous wheat when annual rainfall was between
24.6 and 43.0 cm Ankeer et al. (1997). The fallow system also provides more
lexibility in planting schedules because the seedbed is prepared in the previous
spring or summer, depending on the weed control practice during the summer
prior to planting Qing and &amp;hualin (2017). However, recent reports indicated
that the reasons for fallowing land may no longer be valid. Fallow is an inef icient
method of increasing soil moisture storage, but may be a necessary practice under
the arid and semiarid conditions of the brown and dark-brown soil zones Derksen
et al. (1994).
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Weed species vary in their response to fallow. Some crop fallow sequences have
been found to decrease weed numbers compared to continuous cropping, particu-
larly, number of weeds with short dormancy periods and certain perennial weeds
were reducedBaraibar et al. (2017). Fewerweedswere found inwinterwheat-fallow
cropping systems compared with either continuous winter wheat, winter wheat–
lentil or winter canola (Brassica napus L.) rotations Blackshaw et al. (1994). Den-
sities of some species, such as common lambsquarters (Chenopodium album L.) and
ield pennycress (ThlapsiarvenseL.) increases with fallow Hume (1982). The cumu-
lative effects of varied crop competitive abilities, dates of seeding, andweedmanage-
ment practices in crop rotations is to reduce the dominance of speci ic weeds Aldrich
(1984). Certain weeds tend to develop weed-crop associations with certain crops
under monoculture cropping, and thus may reach high densities under such condi-
tion Derksen et al. (1994), Adeux et al. (2017).

In general, variability in crop response to weed competition under various rota-
tions can be attributed to differences between the crop and the weed species in
their relative capacity to capture growth–limiting resources Mc-Donald and Riha
(1999), Karimmojeni et al. (2010). The earlier that weeds emerge before the crop,
themore likely they are to out compete the crop for light, nutrients, andwater Froud-
Williams (2002), Cavalieri et al. (2018).

5. TILLAGE OPERATIONS
Soil tillage has been a major input of crop production for centuries. While being
an integral component of many cropping systems, tillage has negative side effects
including increased soil erosion and high labor and fuel requirements Shen et al.
(2018). In recent years, herbicides became available to replace tillage for the con-
trol of unwanted vegetation Buhler (1995), Ruiz-Colmenero et al. (2011). Nowa-
days, many de initions exist for tillage operations. Conservation tillage, also known
as reduced tillage, is a general term applied on tillage systems that leave at least 30%
of soil surface covered with plant residue after crop harvested and maintains that
cover following planting of the succeeding crop Phillips and Phillips (1984), Cogger
(2009), Tiessen et al. (2010). This system includes using primary tillage equipment
such as chisel plow or disk but without any secondary tillage operations. Conven-
tional tillage refers to systems that leave the soil surface with little plant residue
and often include moldboard plowing followed by secondary tillage operations by
disks, ield cultivators, and/ or harrowing Tiessen et al. (2010). Inquiries into why
farmers till the soil usually center around controlling weeds Phillips and Phillips
(1984). One of themajor reasonswhyweedmanagement is often dif icult, herbicide-
intensive, and economically costly in tillage is the poor understanding of the relation-
ships between tillage systems and weed population dynamics Nichols et al. (2015).
As the impacts of tillage systems on weed population dynamics are examined, we
must apply basic ecological principles. Weeds are successful because of their genetic
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diversity, and ability to adapt and take advantage of conditions created by crop pro-
duction systems. Therefore, modifying crop management inputs will result in an
altered competitive environment inwhich themorphological and physiological traits
that confer success will be altered Buhler (1995). Understanding weed population
shifts will identify vulnerable stages inweed life cycles that can be exploited in man-
agement systems Amare (2016).

Reduced and no or zero tillage systems have replaced conventional tillage by
being means of soil conservation, as well as, means of reducing labor, equipment
costs and consumption of fossil fuel Sims et al. (2018). Although the potential
bene its of reduced tillage are substantial, signi icant problem remains. Soil temper-
atures early in the growing season are often reduced, slowing crop emergence and
growth Chauhan and Johnson (2010). Reduced tillage also caused shifts in weed
species and increased certain weed densities, in addition to increased herbicide
use Buchanan et al. (2016) by creating an environment similar to abandoned
ield Buhler and Own (1997). Conservation tillage minimizes soil disturbance, and
thus weeds are expected to display a greater tendency to undergo succession than
under conventional tillage Légère et al. (2011). Historically, the greatest obstacle to
reduced tillage frequency was to achieve effective, economical, and environmentally
sound weed management levels Nichols et al. (2015). However, dependence on the
new effective herbicides allowed the adoption of this system, but with noticeable
increase in weed control costs under conservation tillage systems Shahzad et al.
(2017).

Tillage system may affect weed seed bank dynamics through regulating the
plant population and determine the eventual dominant weed species Yenish et al.
(1992), Shahzad et al. (2017). This causes both vertical redistribution of weed
seed and changes in the soil properties Dorado et al. (1999), Mohler et al. (2006).
Tillage systems provide weed seeds with different soil microenvironments due to
differences in soil porosity, bulk density and soil surface conditions Gebhardt et al.
(1985), Craigmyle (2012). In particular, primary tillage in luence the effectiveness
of management practices, such as secondary soil disturbance on weed seedling
emergence (O’Donvan et al. 1997) Fahad et al. (2015), which causes vertical seed
movement in soils Mohler et al. (2006). For example, moldboard plow layer is
relatively homogenous in the vertical distribution of seeds within the horizon
plowed Dorado et al. (1999). On other hand, chisel plowing has been shown to
leave more seeds closer to the soil surface Yenish et al. (1992), Liebman et al.
(1996), H. Ghosheh and Hajaj (2005). Clements et al. (1996) reported that more
than 60% of the weed seed bank was concentrated in the upper 5 cm of soil under
chisel plowing, and more viable seeds were present in soil subjected to mould
board plowing than chisels plowing H. Ghosheh and Hajaj (2005). In other words,
conventional tillage tends to incorporate seeds more uniformly among various
soil aggregate classes compared to reduced tillage, and hence, weed seed tends to
accumulate in the unaggregated soil surface fraction in reduced tillage Pareja et al.
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(1985), Chauhan and Johnson (2010).
Tillage systems may in luence the time of weed seedling emergence Scherner

et al. (2017). Differences in soil surface characteristics and disturbance patterns
between moldboard plowed and no-tillage production systems in luenced seed sur-
vival and dormancy, as well as the time and magnitude of emergence H. Ghosheh
and Hajaj (2005), Pardo et al. (2019). Some studies have indicated that reduced
tillage can result in increases in perennial and some annual weed species Ali et al.
(2017), Cordeau et al. (2017), Scherner et al. (2017). In conventional tillage systems,
moldboard plowing and secondary tillage just before planting control existing veg-
etation and help crop seedlings get an equal start with weed seedlings. In conser-
vation tillage systems, especially the no tillage, relative emergence times between
crop and weed shift are in favor of the weed Buhler (1995), Scherner et al. (2017).
For example, Légère et al. (1997) found, thatmid-season barley dryweightwas lower
andweeddryweightwas greater under chisel rather thanmoldboardplowing, which
suggests that crop-weed interference may be more intense in some reduced tillage
systems. Although Seipel et al. (2020) found no difference in emergence phenol-
ogy, the tilled plots had smaller and more diverse communities compared to no-till
plots Stevenson et al. (1997), (Fried et al. 2008). Conversely, Légère et al. (2011)
reported that weed species diversity would be affected by conservation tillage prac-
tices.

The life of weed seed in soil is important because potential weed problems exist
as long as weed seed remain viable Nandan et al. (2020). Weed mortality is greater
during the seed stage of the life cycle than any other phase Yenish et al. (1992). In
this aspect, the “Safe site” is a term that describes the complex conditions that are
required for successful seed germination and seedling establishment Radosevich et
al. (1997), Jaganathan and Liu (2015)When seeds remain near the soil surface rather
than buried in soil, weed seedling emergence and seed bank depletion are grater, due
to exposure of more seeds to favorable conditions for germination Gebhardt et al.
(1985), Craigmyle (2012). Reduced tillage in this regard, promote shallower weed
seed bank more than it increases available “safe site” for emergence or density of
small seed weeds Clements et al. (1996) (O’Donvan et al. 1997) Jaganathan and Liu
(2015).

Seed burial has been shown to induce dormancy and increase seed survival in
some speciesMenalled (2013),Merino-Martín et al. (2017). Differences in dormancy
status may contribute to the large amount of variation that has been found in emer-
gence percentages Menalled (2013), Schwartz-Lazaro and Copes (2019). Tempera-
ture differences are expected to enhance seed germination, whereas light perceived
by seeds during soil cultivation is also effective in trigging germination Cordeau et
al. (2017). This was con irmed when weed seed emergence following “night tillage”
was 80% lower than emergence under daytime tillage conditions Juroszek et al.
(2017). H. Ghosheh and Hajaj (2005) stated that absolute germination level in plots
cultivated with a chisel plow was too folds or greater than in plots cultivated with
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moldboard plow. The availability of “safe sites” may also determine the temporal/
spatial distribution of seedlings in the ield by allowing seed germination in some
years at some locations. That explain the special relationship between the distribu-
tion of the parent plants and their off springs over the years. The horizontal disper-
sal of seed with reduced seed inputs at the infested location while increasing dis-
tribution to other locations can also be related to “safe site” availability Zhang et al.
(1998), Jaganathan and Liu (2015).

The net economic return to weed control was increased 50% of the time using
model recommended treatments compared with standard herbicide treatment Buh-
ler, King, et al. (1997), Price et al. (2018). Weed seed germination and seedling may
be modeled empirically or mechanistically (ecophysiologically) Benech-Arnold and
Sánchez (2017). Empirical approaches are useful because their analytical simplicity,
they are adequate for predicting seed germination and seedling emergence under
speci ic conditions only King and Oliver (1994) because models are not based on the
ecophysiology of seed germination Benech-Arnold and Sánchez (2017). The most
potential for weed management is the bioeconomic model, which is a potential use
of seed bank information in weed management that incorporate seed bank dynam-
ics and prediction of weed emergence into the decision-making process Böcker et
al. (2017). A goal of these models is to incorporate weed population dynamics into
weed management.
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