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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 five demographic processes seedling recruitment and survival, seed production,
                  dispersal and seed survival in soil. The main agriculture operations that interference with 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.
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               INTRODUCTION 

             Weed management in field crops is an important aspect for successful crop production. A weed is identified as a plant growing
               out of place, that is, a plant growing where it is not wanted, or/ better defined as any plant that is objectionable or interferes
               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 domestication
               of crops and the development of non-nomadic agriculture in agricultural development. Early farmers prepared seed beds to enhance
               the development of species selected as crops, and subsequently removed plants (weeds) that appear with their favored plants.
               Thus weed management was born to increase productivity by removing competition 1. Although plant losses caused by weed interference 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, specifically
               the loss ~200 million metric tons from ~2.1 billion metric tons of the global grain production assuming 10% of overall yield
               loss due to weeds (www.fao.org/3/a0884e/a0884e.pdf). Weed survey can provide quantitative information about weed community.
               The composition of weed seed bank that regulates the density of weed population, and the periodicity of germination and emergence
               of different weed species 2, 3, are very essential information to establish and implement a successful weed management program 4, 5

             Soil seed bank consists of all viable seeds and propagules present on and in the soil 6. The species composition and density of weed seed bank in the soil vary greatly and are closely linked to cropping history
               of the land 7. 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 is more complex because of the difficulty 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 behavior. Management systems that attempt to eliminate the seed bank will succeed much more than systems that minimize
               the impacts of the resultant weeds. Information of the influence of cropping practices on weed seed bank also should be a
               useful tool in integrated weed management 8, 9. 
            

            
                  
                  Figure 1

                  Fateof weed seeds. Inputs to the seed bank are shown with black arrows and losseswith white arrows. [61].

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/89573d8c-5519-4640-8b42-d722236735f2/image/ed5fcd66-6dc4-46b3-bf78-e29f424805b2-uimage.png]

             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 10, 11. Tillage is the primary cause of vertical seed movement in agriculture soils 12. 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 13. This was confirmed when weed seed emergence following “night tillage” was 80% lower than emergence under daytime tillage
               conditions 14. 
            

             Crop rotation is an effective tool for weed management 15 by changing the pattern of disturbance, which diversifies selection pressure. This diversification prevents the proliferation
               of weed species well suited to the practices associated with a single crop 16. Crop rotations under many field situations decreases weed problems 17. 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 18, 19. 
            

             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.
            

         

         
               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 20, 21. The seed bank of agriculture weed community may consist of several weed species that differ in density and distribution
               22. 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 23. 
            

             Weed scientists have recognized that the dynamics of weed seed bank may allow improved weed management strategies 20, 23. In particular, reducing the size of weed seed bank is gaining considerable attention as a long term-weed management strategy
               24. 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 25, 9. In general, five demographic processes regulate the population dynamics of weed seed bank: seedling recruitment and survival,
               seed production, dispersal and seed survival in soil 26. The percentage of seed in the soil seed bank that germinate in a given year for common annual species in cultivated soil
               approximates 1 to 50% of the seed bank 27, 9, with great variation both within and among species 2. The seed bank size in agricultural land ranges from near zero to as much as 1 million 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 28. Prediction of weed seedling emergence is important to estimate stages of growth and weed interference intensities 29, 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 14. Photo conservation of photochrome from the red light (R) absorbing form (Pr) to the far red light (Fr) absorbing form (Pfr),
               has been identified as part of germination induction mechanism in many plant species 30. Brief exposures of light are sufficient to promote seedling recruitment 14. 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 31. 
            

             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 efficacy, pathogen attack, and insect consumption. Another possible
               explanation involves an “emergence percentage”; the percentage of weed that emerges from seed bank as seedlings each year
               9. Weed emergence time was considered more important than weed density when elucidating crop yield loss 32. The pattern and magnitude of seedling emergence vary among species due to differences in their response to environment and
               management factors 33. 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 34. Moisture, temperature (King and Oliver 1994), light, soil fertility, soil texture and soil disturbance 35, 13, are factors that influence the pattern, survival of seedlings, the growth and productivity of weeds, and thus can affect
               weeds seed bank and population dynamics 9. 
            

         

         
               WEED SEED BANK MANAGEMENT

             Reducing the size of the weed seed bank has been a long-term goal of weed management strategies 36. Weed surveys canprovide quantitative information about weed communities. This information are very important for; evaluating
               changes in weed communities over a period of time, for developing integrated weed management programs, and for mapping weed
               populations 37, (Sims et al. 2019). Information such as the relative time of weed emergence in respect of crop emergence 38, the nature and severity of crop–weed interference 39, combination of weed-crop density and weed competitiveness 40, 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 41, 42 are also important. Other biological factors should be considered in weed management plants; such as species competitiveness,
               seed bank processes and demographic variation 43, 40, weed seed dispersal or spread 43, 44.Patchiness of an annual weed, defined as ability of weeds to have high dispersal and low competitiveness, cause long term
               crop yield reduction more than weeds with high competitiveness and low dispersal 45. Patchiness deserves special attention once we know that spared rate rended to increase linearly, while population growth
               rate increases exponentially 46. All of the above parameters are very necessary to establish and implement a successful weed management program.
            

             Weed composition in a seed bank reflects past and present weed, crop and soil management practices 47, especially those related with tillage 48, 49, and crop rotation 8, 49, which affect the nature and extent of weed populations 9. (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 profile 50. Exposure to many soil factors that differs considerably influence dormancy and viability but grater seed longevity is favored
               by deep burial 45. The decline of weed seed bank is most 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 51, 52. Information of seed viability and the number of seeds that give rise to seedlings, and the number of seeds that become nonviable
               influence the magnitude of seed bank depletion 25, 27, 22. In general, cultivation practices affect plant species composition through distributing seed at various soil depths and
               altering their number 37,19 and composition in the seed bank 53.
            

         

         
               CROP ROTATION 

             Crop rotation is defined as the alternation of different crop species on the same land 20, 54. Rotation generally interrupt disease and weed growth cycles and improve soil quality 54, 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
               55.15 indicated that crop rotation can have important effects on weed growth through its influence 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 56. 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 (Phaseolus vulgaris L.) rotation had a weed seed bank dominated by four annual broad
               leaf species 8. 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 56. 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 field situations decreased weedproblems 17.
            

             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 insufficient to sustain adequate growth without a stored soil moisture supply from a previous
               season. For example, the fallow–wheat rotation had provided stable production with no crop failures when compared with continuous
               wheat, which failed more than 30% of the seasons and average water- use efficiency for fallow–wheat was 80% greater than that
               for continuous wheat when annual rainfall was between 24.6 and 43.0 cm 57. The fallow system also provides more flexibility 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 58. However, recent reports indicated that the reasons for fallowing land may no longer be valid. Fallow is an inefficient 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 18. 
            

             Weed species vary in their response to fallow. Some crop fallow sequences have been found to decrease weed numbers compared
               to continuous cropping, particularly, number of weeds with short dormancy periods and certain perennial weeds were reduced
               59. Fewer weeds were found in winter wheat-fallow cropping systems compared with either continuous winter wheat, winter wheat–lentil
               or winter canola (Brassica napus L.) rotations 48. Densities of some species, such as common lambsquarters (Chenopodium album L.) and field pennycress (ThlapsiarvenseL.) increases
               with fallow 60. The cumulative effects of varied crop competitive abilities, dates of seeding, and weed management practices in crop rotations
               is to reduce the dominance of specific weeds 61. Certain weeds tend to develop weed-crop associations with certain crops under monoculture cropping, and thus may reach high
               densities under such condition 18, 62. 
            

             In general, variability in crop response to weed competition under various rotations can be attributed to differences between
               the crop and the weed species in their relative capacity to capture growth–limiting resources 63, 64. The earlier that weeds emerge before the crop, the more likely they are to out compete the crop for light, nutrients, and
               water 65, 66.
            

         

         
               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 67. In recent years, herbicides became available to replace tillage for the control of unwanted vegetation 10, 68. Nowadays, many definitions 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 69, 70, 71. This system includes using primary tillage equipment such as chisel plow or disk but without any secondary tillage operations.
               Conventional 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, field cultivators, and/ or harrowing 71. Inquiries into why farmers till the soil usually center around controlling weeds 69. One of the major reasons why weed management is often difficult, herbicide-intensive, and economically costly in tillage
               is the poor understanding of the relationships between tillage systems and weed population dynamics 72. 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 diversity, and ability to adapt and take advantage of conditions created by crop production
               systems. Therefore, modifying crop management inputs will result in an altered competitive environment in which the morphological
               and physiological traits that confer success will be altered 10. Understanding weed population shifts will identify vulnerable stages inweed life cycles that can be exploited in management
               systems 73.
            

             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 36. Although the potential benefits of reduced tillage are substantial, significant problem remains. Soil temperatures early
               in the growing season are often reduced, slowing crop emergence and growth 3. Reduced tillage also caused shifts in weed species and increased certain weed densities, in addition to increased herbicide
               use 74 by creating an environment similar to abandoned field 75. Conservation tillage minimizes soil disturbance, and thus weeds are expected to display a greater tendency to undergo succession
               than under conventional tillage 76. Historically, the greatest obstacle to reduced tillage frequency was to achieve effective, economical, and environmentally
               sound weed management levels 72. 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 77.
            

             Tillage system may affect weed seed bank dynamics through regulating the plant population and determine the eventual dominant
               weed species 78, 77. This causes both vertical redistribution of weed seed and changes in the soil properties 79, 12. Tillage systems provide weed seeds with different soil microenvironments due to differences in soil porosity, bulk density
               and soil surface conditions 80, 81. In particular, primary tillage influence the effectiveness of management practices, such as secondary soil disturbance on
               weed seedling emergence (O’Donvan et al. 1997) 38, which causes vertical seed movement in soils 12. For example, moldboard plow layer is relatively homogenous in the vertical distribution of seeds within the horizon plowed
               79. On other hand, chisel plowing has been shown to leave more seeds closer to the soil surface 78, 82, 83. 53 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 83. 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
               84, 3.
            

             Tillage systems may influence the time of weed seedling emergence 11. Differences in soil surface characteristics and disturbance patterns between moldboard plowed and no-tillage production
               systems influenced seed survival and dormancy, as well as the time and magnitude of emergence 83, 85. Some studies have indicated that reduced tillage can result in increases in perennial and some annual weed species 50, 13, 11. In conventional tillage systems, moldboard plowing and secondary tillage just before planting control existing vegetation
               and help crop seedlings get an equal start with weed seedlings. In conservation tillage systems, especially the no tillage,
               relative emergence times between crop and weed shift are in favor of the weed 10, 11. For example,86 found, that mid-season barley dry weight was lower and weed dry weight was greater under chisel rather than moldboard plowing,
               which suggests that crop-weed interference may be more intense in some reduced tillage systems. Although87 found no difference in emergence phenology, the tilled plots had smaller and more diverse communities compared to no-till
               plots 56, (Fried et al. 2008). Conversely,76 reported that weed species diversity would be affected by conservation tillage practices. 
            

             The life of weed seed in soil is important because potential weed problems exist as long as weed seed remain viable 7. Weed mortality is greater during the seed stage of the life cycle than any other phase 78. In this aspect, the “Safe site” is a term that describes the complex conditions that are required for successful seed germination
               and seedling establishment 20, 88 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 80, 81. Reduced tillage in this regard, promote shallower weed seed bank more than it increases available “safe site” for emergence
               or density of small seed weeds53 (O’Donvan et al. 1997) 88.
            

             Seed burial has been shown to induce dormancy and increase seed survival in some species 89, 90. Differences in dormancy status may contribute to the large amount of variation that has been found in emergence percentages
               89, 9. Temperature differences are expected to enhance seed germination, whereas light perceived by seeds during soil cultivation
               is also effective in trigging germination 13. This was confirmed when weed seed emergence following “night tillage” was 80% lower than emergence under daytime tillage
               conditions 14. 83 stated that absolute germination level in plots cultivated with a chisel plow was too folds or greater than in plots cultivated
               with moldboard plow. The availability of “safe sites” may also determine the temporal/ spatial distribution of seedlings in
               the field by allowing seed germination in some years at some locations. That explain the special relationship between the
               distribution of the parent plants and their off springs over the years. The horizontal dispersal of seed with reduced seed
               inputs at the infested location while increasing distribution to other locations can also be related to “safe site” availability
               91, 88. 
            

             The net economic return to weed control was increased 50% of the time using model recommended treatments compared with standard
               herbicide treatment 16, 92. Weed seed germination and seedling may be modeled empirically or mechanistically (ecophysiologically) 93. Empirical approaches are useful because their analytical simplicity, they are adequate for predicting seed germination and
               seedling emergence under specific conditions only 94 because models are not based on the ecophysiology of seed germination 93. 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 dynamics and prediction of weed emergence into the decision-making process 95. A goal of these models is to incorporate weed population dynamics into weed management.
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