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Chapter I. HISTORICAL DEVELOPMENT OF CROP PRODUCTION

1.0 Introduction

Agriculture is currently the predominant environment-food system, including the production of both crops and livestock for human consumption. But primitive men were hunter and gatherers. The domestication of plants and animals, together with the origins of agriculture, resulted in some of the most profound transformations of environments and human societies.
1.1 Early Hunter-Gatherer Modifications of Environment for Food

Hunting and gathering activities were the primary way for humans to feed themselves from their natural environments during over 90% of human history. Gathering plant products, such as seeds, nuts, and leaves, is considered to have been the primary activity in these early human-natural food systems, with hunting mostly secondary. The mix of hunting-gathering activities and the tools used varied according to the environment. Among many hunter-gatherer groups worldwide fire was one of the most important tools and was used widely. Fire was used by these human social systems to transform natural systems in habitats ranging from grasslands and open forests, such as those of Africa, Asia, Europe, and North America, to those of denser forests that included the Amazon rain forest of South America. One importance of fire was that it helped enable hunter-gatherers to “domesticate the landscape” so that it yielded more of the desired plants through gathering and the sought-after animals through hunting. Fire also was and is crucial in enabling humans to cook food. Cooking rendered animals and many plants into forms that humans were significantly more able to digest. 
Hunter-gatherer peoples are assumed to have used thousands of different types of plant species and, at the least, hundreds of different animal species. In many cases, the impact on the environment or natural systems was only slight or moderate, since population densities were low and their use of the environment was dispersed. Populations were relatively small and technology was fairly rudimentary. In a few cases, environmental impacts were significant, such as the use of fire as discussed above. Hunting pressure also could have led to significant environmental impacts. 

1.2 The Nature and Timing of Agricultural Domestication

The origins of agriculture as the predominant mode of food production was dependent on the domestication of plants and animals. Domestication refers to the evolution of plants and animals into types that humans cultivate or raise; conversely domesticated types can no longer exist in the wild. Domestication and the social and environmental transformation that accompanied them are closely related to the Anthropocene and represent one of the most pivotal experiences ever, both of earth’s environments and in our history and evolution as a species. Domestication has been and is widely studied by interdisciplinary environmental and agricultural fields as well as various disciplines such as archaeology, biology, geography, genetics, and agronomy.

A couple of common definitions of domestication will help to underscore the importance of this concept. In a 1995 book on The Emergence of Agriculture, the archaeologist Bruce Smith defines domestication as “the human creation of a new form of plant or animal one that is definitely different from its wild relatives and extant wild relatives”. In 2002 in the scientific journal Nature the geographer Jared Diamond writes that an animal or plant domesticate is “bred in captivity [or in a field] and thereby modified from its wild ancestors in ways making it more valuable to humans its reproduction and food supply [nutrients in the case of plant domesticates]”. In other words, plant and animal domesticates have lost most or all the capacity to reproduce long term populations in the wild thus making domesticated populations of plants or animals different than ones that have been simply tamed or brought into cultivation on a one-time basis as single organisms. 
Geographical Sites and Ecological Components of Agricultural Domestication
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Figure 1. Map of the crop centers of origin as described by botanist and breeder Nikolai Vavilov: (1) Mexico-Guatemala, (2) Peru-Ecuador-Bolivia, (2A) Southern Chile, (2B) Southern Brazil, (3) Mediterranean, (4) Middle East, (5) Ethiopia, (6) Central Asia, (7) Indo-Burma, (7A) Siam-Malaya-Java, (8) China and Korea.
Credit: Wikimedia Commons: Vavilov-center (Creative Commons CC BY 3.0(link is external)
	Table 1. Major Geographic Areas of Early Agriculture with Current Knowledge of Where Crops and Animals were Domesticated

	Geographic World Region
	Early Domesticated Crops Included
	Early Domesticated Animals Included

	East Asia (and Central and South Asia)
	Rice; Buckwheat; Millets; Soybean; Peach; Nectarine; Apple (Central Asia); Apricot (South Asia)
	Pigs

	Southeast Asia and Pacific Islands
	Taro; Yam; Arrowroot; Banana; Sugar Cane; Coconut; Breadfruit; Orange; Lemon; Lime; Jack Bean; Winged Bean
	Pigs, Chicken

	Near East
	Wheats; Barley; Rye; Oat; Pea; Chickpea; Lentil; Vetch; Cherry; Almond
	Pigs, Sheep, Goats, Cattle

	Sub-Saharan Africa: the East African Highlands and Sahelian Savanna
	Sorghum; Pearl and Finger Millet; Teff; Ensete; Coffee; Yam; Pigeon Pea; Cowpea; Fonio
	Cattle

	South America, principally the Andes mountains and the lowlands of Pacific Coast and Amazonia
	Potatoes; Quinoa; Peanut; Lima Bean; Manioc (Cassava); Pineapple; Sweet Potato
	Llama, Alpaca, Guinea Pig

	Mexico and Central America, mountain ranges and adjoining foothills and lowlands
	Maize, Mesoamerican Common Bean (Kidney Bean) and Chile Pepper; Squash
	Turkey

	Eastern North America
	Sunflower, Sumpweed, Marsh Elder, Goosefoot or Lamb’s Quarter
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Figure: General Diagram of Coupled Natural-Human Systems (CNHS) illustrating potential drivers and feedback processes from human to natural systems and from natural to human systems (blue ovals show examples of these processes). It is understood that the human and natural systems themselves consist of multiple social and environmental components, but are represented as solid blocks here for simplicity.
1.3 Modern Industrial Agriculture (1800/1900 CE – Present)

Modern agriculture arose in the 1800s and 1900s through a variety of developments in agriculture and in the processing and business of foods. “Industrial” in this description refers to the major role of factory-type processes that are principally large-scale and involve the defining role of technological inputs such as large amounts of freshwater use, chemical fertilizer, pesticides, and “improved” seed that delivers high-yield responses to the other inputs. Industrial is also an appropriate term since this environment-food system has narrowed concentration on a few species of crops and livestock. “Modern” is important in this description since distinct food ways and consumption practices many based on foods that are highly processed, relatively inexpensive, easy-to-prepare convenience items that are integral to this environment-food system. Modern is also an important term since it’s estimated this predominant system is based on more changes in the past 100 years than occurred over several hundred and maybe even thousands of years previously.

In much of the world, the beginning of the modern environment-food system was provided through the Green Revolution beginning in the 1940s and 1950s. The Green Revolution used science and technology to develop modern crops and agricultural production systems for the countries of Asia, Africa, and Latin America. While it has evolved considerably, the approach of the Green Revolution continues to be used today. The worldwide influence of the Green Revolution suggests one additional term to describe this type of environment-food system, which is “global.” The development of this system, as well as its inputs and impacts, is global in scope. 
1.4 Constraints to Productivity of Crops Cultivated in Africa 

Although crops grown in Africa possess many desirable agronomic and nutritional properties, they are not blessed with everything. Due to little genetic improvement, most of these crops produce inferior yield in terms of both quality and quantity. These extremely low productivities in Africa are due to the prevalence of a huge number of biotic and abiotic stresses, the use of inefficient agricultural inputs, and policy-related problems. The authors identified four major categories of constraints, namely abiotic, biotic, management, and socio-economic. These limitations varied from crop to crop and region to region. 

1.4.1 Environmental Stresses 

Environmental stresses are broadly grouped into biotic and abiotic stresses based on the source of the cause. 

1.4.1.1 Biotic Stresses 

Constraints related to biotic factors cause tremendous losses to crops cultivated in Africa due to the presence of conducive environmental conditions (especially temperature and humidity) for these crop nuisances, and due to less application of control measures.  

a. Insect pests: Dipterous and lepidopterous stem borers are the major insect pests. Crop yield losses due to insects are estimated between 30% and 60% in Africa. 

b. Diseases: A variety of fungal, bacterial, and viral diseases cause considerable damage to crops cultivated on the continent. Among these, a devastating wheat stem rust called Ug99 is not only the major threat in Africa but also globally, since 90% of the wheat varieties grown worldwide are susceptible to this pathogen. 

c. Weeds: In addition to major broadleaf and grassy weeds, parasitic weeds, particularly witchweed (Striga hermonthica), are not only widespread in Africa, but also annually cause tremendous yield losses to cereal crops such as sorghum, maize, millet, and rice.

1.4.1.2 Abiotic Stresses 

A number of soil and climate-related constraints cause substantial yield losses to crop plants. The effects of several abiotic stresses are briefly shown below. 

a. Soil fertility: Most African soils are inherently low in fertility due to high weathering and leaching; hence they are deficient in major nutrients such as nitrogen and phosphorus. Poor soil management and removal of crop residues from the field also contribute for the substantial reduction in soil fertility. 

b. Drought: Moisture scarcity is the most wide-spread challenge to crop production in Africa. It affects both the quantity and quality of the produce. Yield losses due to drought are estimated to be 40% in tef, 51% in pearl millet, and 57% in bambara groundnut. Drought became more intense and widespread in Southern Africa due to the long-term variability and changes in rainfall. 
c. Waterlogging: The waterlogging problem is prevalent on poorly drained soils commonly known as Vertisols, black clay soil with high water-holding capacity. About 43 million ha of land in 28 African countries are covered with this problematic soil. Since soil pores during waterlogging are filled with water, the diffusion of gases is hampered, resulting in anaerobic conditions. As a result, the normal functioning of stomata, photosynthesis, and roots are severely affected. 

d. Soil acidity: Toxic levels of aluminum affect root growth and resulted in stunted growth, small grain size, and poor yield of the plant. From the total global arable area, 40% is currently affected by soil acidity. Large areas of soil in Africa are less productive due to acidity related to parent material and low retention capacity of chemical fertilizers. Reclaiming acid soils is mostly done using large amount of lime or calcium carbonate. The application of lime is not only unaffordable by small-scale farmers in Africa due to large quantity requirement, but is also less accessible in the market. 

e. Soil salinity: Soil salinity, which is characterized by a high concentration of soluble salts, affects crop productivity. From the total global arable area, a third is affected by salinity. About five percent of the land in Africa is affected by salinity. The accumulation of salts depends on the quality of irrigation water, irrigation management, and the drainage of the soil. Reclaiming saline soil is not affordable by small-scale farmers as it requires large amount of water to leach and remove salts away from the root zone. The study in tef showed that saline soil causes up to 93% yield loss. 

f. High air temperature: Studies on maize, cotton, and soybean indicated that with heat, yields increase until a crop-dependent threshold temperature, but temperatures above these thresholds become detrimental to the productivity of each crop. Global warming is also expected to negatively affect crop production. An increase of 3 to 4 ◦C in air temperature reduces crop productivity by 15%–35% in Africa and Asia. 

1.4.2 Inefficient Use of Agricultural Resources and Inputs 

Improved technologies or inputs that enhance productivity are poorly implemented in Africa. Access and timely availability to inputs such as improved seeds, fertilizers, pesticides, irrigation, and machinery have substantial effect in promoting productivity. 

1.4.2.1 Land productivity and tenure system 
Land is the major resource on which agriculture is based. The fertility of the land and the land tenure system have a huge impact on crop productivity. According to the FAO, only a portion of the total land area is suitable for crop cultivation in Africa. Even this suitable land is not efficiently utilized. The type of land tenure or ownership also affects crop productivity. 

1.4.2.2 Improved seeds
Information on the number of improved crop varieties and their dissemination in the Sub-Saharan Africa is presented by DIIVA (Diffusion and Impact of Improved Varieties in Africa). The number of crop varieties released in a country is not correlated to the number of inhabitants the country. Although the number of crop varieties released shows the size of investment in research, it does not reveal the level of dissemination and adoption of released varieties by the farming community. 

1.4.2.3 Fertilizer use
Fertilizer is the most important input in crop production. The use of the three most important nutrients (nitrogen, phosphorous, and potassium) is the lowest in Africa both in terms of the amount of nutrient per capita and the amount of nutrient per agricultural land. Micronutrients such as iron, zinc, and manganese are also useful, although they are required by plants in small quantities. The efficiency of nutrient uptake and use varies among crop types and among varieties of the same crop type. Nevertheless, the major constraint to smallholder farmers in Africa is the access to fertilizers (i.e., the availability at the required time and affordability in terms of cash or credit). 

1.4.2.4 Irrigation use
Irrigation is considered as a key factor to boost crop productivity. Irrigation is widely implemented in Asian countries, especially in the southern part of the continent where it is applied to about 35% of the agricultural land. On the contrary, below one percent of the agricultural land in the Sub-Saharan Africa is under irrigation. 

1.4.3 Inadequate Investment in Agricultural Research and Development 

African governments also need to implement conducive land, marketing, and credit policies that support agricultural development and favor productivity. In general, poor crop productivity in Africa is due to the use of inefficient agricultural practices that begin from land preparation, weeding, harvesting, and finally threshing. In addition, sub-optimal use of inputs such as fertilizers, herbicides, and pesticides are also responsible for the low productivity of crops in the continent.

1.5 Measures of improving crop production in Africa

1.5.1 Boosting Crop Productivity through Intensification 

Intensification refers to improved productivity or output using proper agricultural inputs in optimum amount and time. Inputs that play a key role in agricultural intensification refer to direct inputs that can directly alter the outputs from the farm (e.g., fertilizer, labor, and water) and indirect inputs that facilitate or modify the direct inputs (e.g., finance, market, and knowledge). The adoption of sustainable intensification practices by farmers is influenced by several factors including quality of extension services, access to market, and tenure security. The inputs include improved crop varieties and proper crop management practices, as well as credit and marketing facilities. 

Three categories of outputs reported for agricultural intensification are (i) production, which refers to the total amount of food per unit input, (ii) income, which refers to the amount of net income generated per unit input, and (iii) nutrition, which refers to the human consumption of nutrients per unit input. 

1.5.2 Sustainable Intensification 

Sustainable intensification (SI) is defined as a process or system where agricultural yields are increased without adverse environmental impact and without the conversion of additional non-agricultural land. Three approaches of sustainable intensification are identified. These are (i) Genetic intensification, which refers to the use of conventional and modern improvement techniques in order to boost crop yield, improve nutrition, and enhance resilience to environmental challenges; (ii) Ecological (also known as Agro-ecological) intensification, which refers to simultaneously improving the productivity and environmental management of agricultural land; and (iii) Socio-economic intensification, which creates conducive markets and develops human capacity. 

a. Genetic intensification is the “high input” system due to the intensive use of chemicals such as fertilizers, herbicides and fungicides; while ecological intensification is the “low input” option. The outputs from sustainable intensification are two-fold: multiplicative (boosting yield per unit area) and additive (diversification through introducing new crops or other food items). 

1.5.3 Green Revolution: A Missed Opportunity for Africa 

Agricultural revolution especially the famous Green Revolution contributed for significant boost in crop production and productivity in Asia. The major breakthrough of the Green Revolution was the development and extensive dissemination of semi-dwarf and disease resistant wheat and rice varieties along with optimum level of inputs such as fertilizers, herbicides, and fungicides. Green Revolution represented the successful adaptation and transfer of scientific revolution in agriculture. 

Apart from the famously known Green Revolution, other types of agricultural revolutions are suggested for Africa. These include Doubly Green Revolution which focuses on both conservation and productivity, Evergreen Revolution which focuses on economic viability, and Rainbow Evolution which includes diverse techniques and participate farmers. 

1.5.4 Genetic Improvement to Enhance Productivity

1.5.4.1 Plant architecture and anatomy
Architectural changes in plant include alteration in branching pattern and reduction in plant height. Semi-dwarf wheat and rice varieties developed during the Green Revolution tremendously increased the productivity of these crops. Plants with erect leaf phenotype or narrow leaf angle are efficient in capturing the light and hence boosting productivity. In order to effectively utilize nitrogen, the maize plant need to have the following: (i) deeper roots with high activity that are able to uptake nitrate before it moves downward into deep soil, (ii) vigorous lateral root growth under high nitrogen input conditions so as to increase spatial nitrogen availability in the soil, and (iii) strong response of lateral root growth to localized nitrogen supply so as to utilize unevenly distributed nitrate especially under limited nitrogen conditions. 

1.5.4.2 Yield components
Since yield is affected by multiple traits, breeding programs have focused mainly on improving individual traits known as yield components or yield-related traits such as panicle yield, number of tillers, seed weight, and others. 

1.5.4.3 Stress tolerance and water-use efficiency
Due to the presence of extreme climatic and soil conditions that adversely affect crop productivity, many breeding programs are geared towards developing crops that are resilient to some of these environmental calamities. 

1.5.5 Agronomic Improvement to Enhance Crop Productivity 

In conjugation with improved varieties, optimum agronomy practices significantly boost productivity of crops. Major agronomic practices that enhance productivity and/or mitigate environmental constraints are briefly discussed below. 

1.5.5.1 Soil Management 

Prior to devising a particular management practice, the inventory of the physical and chemical properties of the soil (also known as ‘soil sensing’), is useful as it provides basic information on the potential of a particular soil to crop production, climate adaptation and environmental sustainability.

1.5.5.2 Conservation Agriculture (CA)
CA has been suggested as an alternative to traditional or conventional tillage which exposes the soil to erosion. CA is a broad term which is based on three principles, (i) minimal soil disturbance by employing zero- or minimum tillage; (ii) continuous soil cover with crops or mulches; and (iii) crop rotation. Among the benefits of CA, reduced water run-off, increased water infiltration and reduced soil erosion are the major ones. 

Positive effect of no-tillage/reduced tillage was obtained only when it was accompanied by mulching and/rotation. The benefits of mulching in CA was pronounced in areas with high evapotranspiration. Although CA showed positive results in some countries, its acceptance was low in most African countries mainly due to poor crop germination, increased weed population and disease incidence, as well as insufficient partnership and investment. 

1.5.5.3 Soil fertility management 
Improved soil fertility plays key role in yield increments. 

a. Organic fertilizers: The use of organic fertilizers is low in Africa. Since most farmers in Africa use their crop residues and manure as a source of fuel and/or as a livestock feed, the use of organic sources to replenish soil nutrition is very low. 

b. Inorganic fertilizers: The use of inorganic fertilizers is also low in Africa. This suboptimal use of fertilizers contributes to lower productivity of both the staple and exotic crops in the continent. Among major soil nutrients, phosphorus (P) is limited in most agricultural soils in Africa. 

c. Biochar: Biochar is a fine-grained charcoal produced from biomass which is exposed to high temperatures in the absence of oxygen. Biochar improves soil properties and increases crop yield.  The amount of biochar recommended for use might not be affordable by smallholder African farmers due to extremely high application rate. Although the optimum rate depends on the fertility status of the soil and the type materials used to make the biochar, up to 20 t·ha−1 biochar has been suggested for use. 

d. ISFM (The Integrated Soil Fertility Management): ISFM refers to the application of diverse soil fertility management practices and improved germplasm to adapt to local conditions in order to increase agronomic efficiency and boost productivity. In order to achieve these conditions, ISFM applies proper agronomic and economic principles which includes the following concepts: (i) focusing on agronomic use efficiency of crops, (ii) application of fertilizer to improved germplasm on responsive soils, (iii) combined application of organic and mineral fertilizers, (iv) adaptation of the system to local conditions, and (v) implementation of what is called “complete ISFM,” which refers to the combined use of improved germplasm and fertility management at local conditions. The progress from this initiative shows that using diverse soil fertility practices which are based on local conditions, do not only improve the productivity of crops but also enhance the livelihood of small-scale farmers. 

e. Mitigation of Problematic Soils: The reclamations of problematic soils (e.g., those affected by erosion, drainage, acidity and salinity) are major challenges to African smallholder farmers. Soil acidity occurs mostly in high rainfall areas due to the accumulation of aluminum ions in the root zones. On the contrary, saline soils are prevalent in warmer areas where evapotranspiration is high leading to the accumulation of salts on the surface of the soil. Mitigation of saline soils requires collaborative efforts with several stakeholders including donors since this practice is not only expensive for resource-limited African farmers but also requires special knowledge to ameliorate the constraints before soil becomes productive. 

1.5.6 Water Management 

a. Rain-fed agriculture: Appropriate water harvesting technique improves crop productivity in semi-arid areas where moisture is the major constraint. 

b. Irrigated agriculture: Salinization or excess amounts of sodium, potassium or magnesium salts on the soil surface negatively affects germination and development of crops. The main causes of salinization are (i) high salt content of parent material and ground water and (ii) inappropriate irrigation practices. The latter is related to the insufficient and improper drainage after irrigation especially in warmer and drier areas where evapotranspiration is higher than precipitation. Hence, optimum application of water in terms of both the amount and frequency is suggested. 

1.5.7 Crop Management 

Crop management refers to cultural practices which begin from land preparation to harvesting and post-harvesting. Only few of these practices are briefly mentioned below. 

a. Sowing time: In semi-arid areas sowing time based on soil moisture is more advantages than calendar-based sowing as the onset of rainfall is less predictable in these regions. 

b. Weed management: Since weeds compete with crop plants for light, water, and nutrients, controlling these unwanted plants using a variety of measures is crucial for boosting crop productivity. 

c. Pest and disease management: Farmers are encouraged to implement Integrated Pest Management (IPM) due to its several benefits. However, similar to CA and organic fertilizer, IPM has low success, especially on African staple crops. 

1.5.8 Enabling Environment 

Enabling environment refers to policy and institutional settings that facilitate the success of a particular intervention or technology. Key elements to be considered are briefly discussed below. 

a. Investment: Investment in agricultural research and development need to be increased to promote food production in Africa. It is expected from large number of African countries to meet the Maputo declaration where they agreed to invest at least 10% of their national budgetary resources to agriculture and rural development. 

b. Land policy: Land tenure system affects productivity. Land tenure is important since it provides incentives to small-scale farmers for the long-term investment that in turn promotes crop productivity. Hence, governments in Africa need to implement landholding system that guarantee long-term investment by farmers. 

c. Inputs: The access to agricultural inputs such as improved seeds and fertilizers in terms of timely availability and affordability by smallholder farmers is important. Since farmers face shortage of cash during the growing season, the availability of inputs could be facilitated through the provision of credits. Insurance: Agricultural insurance is not common in Africa, especially against environmental calamities such as drought and flooding. 

d. Extension system: A vibrant extension system is key not only in knowledge transfer between research and farming community, but also in facilitating the provision of improved technologies to farmers. The acceptability of new technologies by farmers depends mainly on the commitment of extension personnel who not only introduce new technologies but also track their adoption by farmers. 

e. Capacity: Qualified and dedicated professions, as well as functional facilities, are key to the success of intervention in both research and development. 

f. Farmer participation: Involving farmers at different levels of technology development starting from research to validation is important as their participation affects the level of acceptance and adoption of a new technology or intervention. Institutional innovations which include access to credit, inputs and markets, are required to address about 70% of constraints in the sustainable intensification in the Central Highlands of Africa. In general, a policy which promotes sustainable use of resources such as land and water and at the same time boost productivity is suggested.

1.6 Classification of plants by life cycle

A plant will go through a sequence of stages from seed germination to seed production as a mature plant. For some plants, this sequence, or life cycle may take a few weeks while others continue to grow and flower repeatedly over many years. Plant life cycles are classified as annual, biennial, or perennial. 

1.6.1 Types of Annuals
Annuals complete their life cycle of germination from seed, growing, flowering, fruiting and dying within a single season of growth.
1.6.2 Biennials
Biennials require two seasons to complete their life cycle. In the first season, foliage production and storage of food reserves takes place followed by flowering, seed production and death in the next. 

1.6.3 Perennials
Perennials typically flower annually once established and may live for several to a great number of years. Perennial plants can be either short-lived or long-lived herbaceous or woody plants. Short-lived herbaceous plants such as Gaillardia (blanket flower) may live for only a few years, or they can be long-lived like Paeonia (peony). Perennials that flower and fruit only once and then die are termed monocarpic. However, most perennials are polycarpic, flowering over many seasons in their lifespan.

Chapter II: REPRODUCTION IN PLANTS AND CROPPING SYSTEMS
2.0 Introduction

2.1 Reproduction in plants
Plant reproduction is the production of new individuals or offspring in plants. Reproduction is either sexual or asexual. Sexual reproduction is the formation of offspring by the fusion of gametes (pollen and ova). Asexual reproduction is the formation of offspring without the fusion of gametes. Sexual reproduction results in offspring genetically different from the parents. Asexual offspring are genetically identical. New individuals may be packaged in a protective seed, which can be long lived and can disperse the offspring some distance from the parent. In flowering plants, the seed is contained inside a fruit, which protects the seed and helps in their dispersal.

2.1.1 Differences between sexual and asexual reproduction

Plants have two ways of reproduction, sexual and asexual. Sexual reproduction produces offspring by the fusion of gametes. This results in genetically different offspring. Asexual reproduction produces new individuals without the fusion of gametes. These are genetically identical to their parents. Plants have two main types of asexual reproduction. Vegetative reproduction involves a vegetative piece of the original plant. Apomixis occurs in many plant species and also in some non-plant organisms. Asexual reproduction in plants can occur in a variety of forms, including budding, vegetative propagation and fragmentation. 
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2.1.2 Types of asexual plant reproduction
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Plants can undergo natural methods of asexual reproduction, performed by the plant itself, or artificial methods, aided by humans.

2.1.3 Some concepts used in vegetative propagation

· In natural asexual reproduction, roots can give rise to new plants, or plants can propagate using budding or cutting.

· In grafting, part of a plant is attached to the root system of another plant; the two unite to form a new plant containing the roots of one and the stem and leaf structure of the other.

· Cutting is the process in which the stem of a plant is placed in moist soil or water to generate a new root system.

· In layering, part of the plant’s stem is bent down and covered with soil; this stem can generate a new root system and, therefore, an entirely new plant.

· Micropropagation is the process in which part of a plant is placed in plant culture medium and provided with all the hormones and nutrients it needs in order to generate new plants. When part of a plant is placed in plant culture medium and provided with all the hormones and nutrients it needs, it can generate new plants; this is known as micropropagation.

Key Terms

· layering: a method of plant propagation in which a bent stem is covered with soil in order to generate new roots

· grafting: process of attaching part of a stem from one plant onto the root of another plant

· micropropagation: practice of rapidly multiplying plant material to produce a large number of progeny plants using plant tissue culture methods

· cutting: placing part of a stem containing nodes or internodes in water or moist soil in order to produce new plants

2.1.4 Natural Methods of Asexual Reproduction

Natural methods of asexual reproduction include strategies that plants have developed to self-propagate. Many plants, such as ginger, onion, gladioli, and dahlia, continue to grow from buds that are present on the surface of the stem. In some plants, such as the sweet potato, adventitious roots or runners (stolons) can give rise to new plants. In Bryophyllum and kalanchoe, the leaves have small buds on their margins. When these are detached from the plant, they grow into independent plants; they may also start growing into independent plants if the leaf touches the soil. Some plants can be propagated through cuttings alone.
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Figure 2: Runners: asexual reproduction: A stolon, or runner, is a stem that runs along the ground. At the nodes, it forms adventitious roots and buds that grow into a new plant.

2.1.5 Artificial Methods of Asexual Reproduction

Artificial methods of asexual reproduction are frequently employed to give rise to new, and sometimes novel, plants. They include grafting, cutting, layering, and micropropagation.

2.1.5.1 Grafting

Grafting has long been used to produce novel varieties of roses, citrus species, and other plants. In grafting, two plant species are used: part of the stem of the desirable plant is grafted onto a rooted plant called the stock. The part that is grafted or attached is called the scion. Both are cut at an oblique angle (any angle other than a right angle), placed in close contact with each other, and are then held together. Matching up these two surfaces as closely as possible is extremely important because these will be holding the plant together. The vascular systems of the two plants grow and fuse, forming a graft. After a period of time, the scion starts producing shoots, eventually bearing flowers and fruits. Grafting is widely used in viticulture (grape growing) and the citrus industry. Scions capable of producing a particular fruit variety are grafted onto root stock with specific resistance to disease.
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Figure 3: Grafting: Grafting is an artificial method of asexual reproduction used to produce plants combining favorable stem characteristics with favorable root characteristics. The stem of the plant to be grafted is known as the scion, and the root is called the stock.

2.1.5.2 Cutting

Plants such as coleus and money plant are propagated through stem cuttings where a portion of the stem containing nodes and internodes is placed in moist soil and allowed to root. In some species, stems can start producing a root even when placed only in water. For example, cutting of cassava violet will root if kept in soil for some days.

2.1.5.3 Layering

Layering is a method in which a stem attached to the plant is bent and covered with soil. Young stems that can be bent easily without any injury are the preferred plant for this method. Jasmine and bougainvillea (paper flower) can be propagated this way. In some plants, a modified form of layering known as air layering is employed. A portion of the bark or outermost covering of the stem is removed and covered with moss, which is then taped. Some gardeners also apply rooting hormone. After some time, roots will appear; this portion of the plant can be removed and transplanted into a separate pot.
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Figure: Layering: In layering, a part of the stem is buried so that it forms a new plant.

2.1.5.4 Micropropagation

Micropropagation (also called plant tissue culture) is a method of propagating a large number of plants from a single plant in a short time under laboratory conditions. This method allows propagation of rare, endangered species that may be difficult to grow under natural conditions, are economically important, or are in demand as disease-free plants.

To start plant tissue culture, a part of the plant such as a stem, leaf, embryo, anther, or seed can be used. The plant material is thoroughly sterilized using a combination of chemical treatments standardized for that species. Under sterile conditions, the plant material is placed on a plant tissue culture medium that contains all the minerals, vitamins, and hormones required by the plant. The plant part often gives rise to an undifferentiated mass, known as a callus, from which, after a period of time, individual plantlets begin to grow. These can be separated; they are first grown under greenhouse conditions before they are moved to field conditions.

2.2 Cropping Systems 

Diverse types of cropping systems are practiced by smallholder farmers in Africa, although the dominant ones are rotation and intercropping. 

2.2.1 Crop rotation
A crop rotation of 3–4 cycle is commonly used by famers. The main benefits of rotation are to improve the fertility of the soil and tackle major biotic stresses, which include pests, diseases, and weeds. 

2.2.2 Intercropping
Intercropping refers to growing two or more crops in a piece of land at the same growing season. 
There are four types of intercropping as stated by Agete Jerenaat 2008:

a. Mixed intercropping: growing two or more crops simultaneously without distinct row management; this is commonly used in labor-intensive subsistent farming;

b. Row intercropping: growing two or more crops together where the component crops occupy different rows; It seems that row intercropping, sowing different varieties that are adapted to soil and climatic conditions, and different crop densities can be an effective tool for reducing the occurrence of weeds, and thus for increasing yield effectiveness and seed quality.
c. Strip intercropping: growing more than one crop in the same field where the component crops occupy different strips to permit the independent cultivation of crops; and

d. Relay cropping: two different crops are grown in relay, such that part of the growth cycles of component crop overlap.

Intercropping has the following advantages: 
(i) it reduces soil erosion due to maximum land coverage with vegetation, 
(ii) it increases the amount of harvest from the intercropped crops, 
(iii)  Resource use efficiency and yield stability.
(iv)  The individual plants have complex interactions with each other, which might result in an altered assimilate partitioning and thus growth and senescence both in above- and belowground plant parts. 

(v) Properly planned mixed cropping can improve the sustainability, productivity, as well as yield.

(vi)  Radiation use efficiency is usually also improved in mixed crops due to increased leaf area index, restricting also the existence of weeds. Bigger leaf cover also leads to improved water use efficiency because of lower evaporation and soil temperature.

(vii)  it diversifies the diet and provides cheaper source of protein using legumes in the intercrop, and 
(viii) it improves soil fertility since legumes add nitrogen to the soil. In addition to these benefits, Agroforestry, the type of intercropping where bushes and shrubs are used, provides feeds to livestock. 
(ix)  Can contribute to a better use of space in crop, 
(x) reduce the spread of fungal pathogens, and increase yield stability when adverse conditions occur during the growing season.
Disadvantages of intercropping

· Competition for resources also changes throughout the growing season. Early in the season, plants compete mainly for water and nutrients, whereas competition for light takes over later in the season as the foliage expands. At the end of the season, the original plant stand density affects the severity of competition and thus the final number of remaining plant individuals. Environmental conditions, such as temperature and precipitation, may be more favorable to one over another species. Finally, the properties of species in the mixture and their ability to utilize available resources will determine the dominance. For example, deep-rooted and tap-rooted species restrict the growth of shallow-rooted ones due to better access to deep soil moisture and nutrients. A further challenge is caused by weeds.

When planning mixed plant stands, it is important to take into account the different characteristics and features of the component species of the mixture and the mixture itself, especially the growth habit to avoid competition; for example, root systems of different species often avoid each other, the nutritional requirement and timing of nutrients as well as other resources differ between species, not to mention the synthesis and tolerance of allelochemicals. 

Slash-and-burn: Slash-and-burn is a system in which the forest is cleared and burnt to grow crops for few years before abandoning and moving to the new site to implement similar practice. This system of land utilization is discouraged due to its unsustainability and the resulting environmental degradation and deforestation.  
2.2.3 Monoculture Farming or Industrial agriculture
Industrial agriculture employs monoculture farming, which involves growing only one species of crop in a large area for several years. The plants in a monoculture are evenly spaced and have the same planting, irrigation, fertilizer, harvesting, etc. requirements, and this uniformity results in efficient use of farming machinery. Often, the crop is a high yield variety (high yielding variety; HYV), which is produced through selectively breeding individual plants with desirable characteristics. Compared to traditional crops, HYVs can produce more per unit area of land. Monoculture farming compromises genetic and species diversity in agriculture, however, promoting the spread of pests and risking that all the plants for hundreds of acres could be susceptible to the same disease.

Advantages of monoculture
Industrial agriculture has delivered tremendous gains in productivity and efficiency.

Consumers expect abundant and inexpensive food. 

Additionally, the use of synthetic pesticides ensures that produce is relatively free of blemishes.

Disadvantages of monocuture
Market competition is limited and farmers have little control over prices of their goods, and they continue to receive a smaller.

Economic pressures have led to a tremendous loss to the number of farms, particularly small farms, and farmers during the past few decades. 

Farming equipment is expensive, and the industrial agricultural system favors large corporate farms, which can more easily invest in this equipment. While this equipment promotes efficiency, it also reduces the number of jobs in agriculture.

The mechanical farming equipment required for industrial agriculture relies on fossil fuels. Burning fossil fuels releases air pollution, including greenhouse gases, which cause climate change. Additionally, the synthetic fertilizers and pesticides used in industrial agriculture are produced from fossil fuels. Furthermore, agriculture areas rarely contain as much biomass (organic matter that comprises living things) as biodiverse, intact ecosystems. Biomass is an important carbon sink because its organic molecules store carbon that could otherwise be in the atmosphere as carbon dioxide or methane, both greenhouse gases. Soils with a substantial organic component are also carbon sinks. 

While synthetic fertilizers provide crops with the necessary nutrients for high productivity, excess nutrients from fertilizers can enter bodies of water through runoff. This can lead to a bloom of algae or photosynthetic bacteria in lakes, rivers, and bays in a process called eutrophication. These photosynthetic microorganisms sometimes produce toxins that kill aquatic animals and can even harm the humans who consume these animals. Furthermore, they block aquatic plants from accessing light. Eventual decomposition of algal blooms requires oxygen, which results in hypoxia (low levels of dissolved oxygen), further harming aquatic species. Additionally, industrial agriculture pollutes water with pesticides and sediments. Pesticides are not only widespread in surface waters, but pesticides from every chemical class have been detected in groundwater.

Industrial agricultural practices often deplete soil quality. For example, wind and water erosion of exposed topsoil removes particles and nutrients from the soil (which also contributes to eutrophication and sediment pollution). 

Tilling (mixing the soil) and overgrazing of livestock exacerbates erosion. When livestock remove too much vegetation from an area, plant roots no longer anchor the soil in place, and erosion ensues. Farming equipment compacts the soil. This limits infiltration of water into the soil (decreases soil permeability), makes it more difficult for roots to penetrate the soil, and hinders gas exchange in roots. In extreme cases, soil has eroded and lost its ability to retain water that once arable (farmable) land becomes a desert-like.

Irrigation can lead to salinization (increased salinity). While the water itself eventually evaporates, is transpired, or drains from the soil, the minerals dissolved in the water may remain in the soil. Over time, these minerals can accumulate to levels that are toxic for most plants. 

Repeated pesticide application exerts selective pressure on insects, fungi, and other crop pests to evolve pesticide resistance. By chance, some individuals in a pest population may carry gene versions that confer pesticide resistance. When these populations are exposed to pesticides, individuals with these gene versions are the most likely to survive and reproduce. They then pass these genes to their offspring, and pesticide resistance becomes more and more common in the population over time. At this point, pesticides may need to be applied at greater concentrations or more frequently to achieve the same effect. If pesticide that was initially used is no longer effective at all, the farmer would be forced to find a different pesticide. 
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Figure: Pesticide application can exert selection for the evolution of pesticide resistance. In this hypothetical example, the purple beetle has a gene version that makes it resistant to pesticides (upper left). Pesticides are applied, killing most of the susceptible individuals (white beetles; upper right). In a later generation, purple, resistant beetles are more common because they had a better chance of surviving and reproducing (lower left). Upon another pesticide application, an even greater proportion of the population is resistant. Image modified from Delldot (CC-BY-SA).

Chapter III: Fertilizers and their uses

 

3.0 Introduction
The supply and absorption of specific chemical compounds needed for normal growth and metabolism of plants is defined as nutrition while the chemical compounds that functions as raw material for synthesis of different structural and functional substance of plants are termed nutrients. The inorganic material obtained from soil which are used as raw material by plants are called mineral nutrients. Absorption utilization and assimilation of inorganic compound or minerals by plants for synthesis of essential material for their growth, development, structure and physiology is called mineral nutrition.
Essential elements The mineral nutritional elements are available to the plant as ion present in soil water absorbed through root. Nutrient elements may occur in the soil (a) in the aqueous solution, (b) adsorbed on organic or inorganic soil colloids, (c) in the form of an insoluble inorganic compound, and (d) as a constituent of organic compounds, either as a residue of plants or animals or in living organisms. The uptake of nutrients by the plant roots is closely related to the form in which the elements occur. Many factors influence nutrient uptake for plants. Ions can be readily available to roots or could be "tied up" by other elements or the soil itself. Soil too high in pH (alkaline) or too low (acid) makes minerals unavailable to plants.

3.1 Fertilizer Principles

Liebig’s Law 
· Liebig's law of the minimum, often simply called Liebig's law or the law of the minimum, is a principle developed in agricultural Science by Carl Sprengel (1828) and later Popularized by Justus Von Liebig. It states that growth is controlled not by the total amount of resources available, but by the scarcest resource (limiting factor).
· This concept was originally applied to plant or Crop growth, where it was found  that  increasing the amount of plentiful nutrients did not increase plant growth. Only by increasing the amount of the limiting nutrient (the one most scarce in relation to "need") was the growth of a plant or crop improved. 
· Liebig's Law has been extended to biological Population (and is commonly used in ecosystem models). For example, the growth of an organism such as a plant may be dependent on a number of different factors, such as sunlight or mineral nutrients (e.g: Nitrates or phosphate). The availability of these may vary, such that at any given time one is more limiting than the others.

· Liebig's Law states that growth only occurs at the rate permitted by the most limiting.

· A plant's growth is limited by the nutrient in shortest supply.

Julius von Sachs( 1860), 
German botanist, demonstrated, for the first time, that plants could be grown from seedling to maturity in a defined nutrient solution in complete absence of soil. This technique of growing plants in a nutrient solution is known as hydroponics.
Arnon and Stout (1939) 
physiologists have given three criteria for plant nutrient essentiality :-

1. Some elements are essential for supporting normal growth and reproduction. In the absence of the element the plants do not complete their life cycle or set the seeds.

2. The requirement of the element must be specific and the element cannot be replaced by the presence of another element. In other words, deficiency of any one element cannot be met by supplying some other element.

3. The element must be directly involved in the metabolism of the plant.

For example, Magnesium is a constituent of the chlorophyll molecule and is essential for photosynthesis, so it cannot be replaced by any other element for the same function . It is also required as a cofactor by many enzymes involved in cellular respiration and metabolic path ways.
Sixteen chemical elements are important in which carbon, hydrogen, and oxygen are supplied by air and water, which comprise about 98% of the fresh weight of the plant, at least 13 other chemical elements, called the essential inorganic nutrients, are needed for plant's growth and survival. The sixteen chemical elements are divided into two main groups:-

a. Non-Mineral Nutrients :-The Non-Mineral Nutrients are hydrogen (H), oxygen (O), and carbon (C). In a process called photosynthesis, plants use energy from the sun to change carbon dioxide (CO2 - carbon and oxygen) and water (H2O- hydrogen and oxygen) into starches and sugars.

b. Mineral 13 other chemical elements,which come from the soil, are dissolved in water and absorbed through a plant's roots called the essential inorganic nutrients, are needed for plant growth.

On the basis of average concentration in plants , Hoagland (1944) divided essential elements into two categories:-

a. Macronutrients
Macronutrients are generally present in plant tissues in large concentrations of 1.0-10.0 mg per gram of dry matter. The macronutrients include: Carbon (C), hydrogen (H), oxygen(O), nitrogen,(N) phosphorous(P), sulphur(S), potassium (K), Calcium (Ca)and magnesium(Mg). 

Nitrogen, Potassium, and Phosphorous are obtained from the soil and are the primary macronutrients. Calcium, Magnesium, and Sulphur are the secondary macronutrients needed in lesser quantity.

b. Micronutrients or trace elements
Micronutrients are present in very small amounts in plant body in concentration of equal or less than 0.1 mg per gram of dry matter. These include iron (Fe), manganese (Mn) , Copper (Cu), molybdenum (Mo), zinc (Zn), boron, (B) chlorine (Cl) .Many of them are components or cofactors of enzymes. Some are essential for electron transfer.
There are some beneficial elements such as sodium, silicon, cobalt and selenium, in addition to the 16 essential elements named above. They are required by higher plants.

3.2 Addition of plant nutrients to the soil

Plant nutrients can be supplied to the soil by adding the following:

1. Organic manure

2. Green manures and other crop residues

3. Concentrated organic manures

4. Commercial fertilizers

5. Soil amendments

A. Organic fertilizers/manures

Farm yard manure, compost, sludge, green manures and other bulky sources of organic matter are known as bulky organic manures. These manures supply plant nutrients in small quantities and organic matter in large quantities. These manures have a direct effect on plant growth, on the humus content of the soil, so improving its physical properties, and on microbial activities in the soil.

I. Farmyard manures

The term farmyard manure (FYM) refers to the refuse from all animals of the farm although as a general rule the bulk of this is produced by cattle. The richest and most concentrated manure is poultry manure which is particularly good for vegetable production. Farm yard manure consists of two components- solids and liquids in a ratio of approximately 3:1. The solid portion is made up straw that has been used for bedding and dung. Dung is mostly undigested food and urine is a fluid waste product. More than 50% of the organic matter in dung is in form of complex products, often of lignin and protein, which are similar to humus. FYM contain on the average 0.5% N, 0.25% P2O5, and 0.5% K2O. Generally, 30% of N, 30% of the P2O5  and 50% of the K2O in farm manure are available to plants.

Importance of farmyard manure

1. Farmyard manure is source of nutrient especially nitrogen, potash and some trace elements.

2. It influences the physical properties of the soil.

3. Farmyard manure increases the humus content and consequently the water holding capacity of the soil.

4. It improves the structure of the soil by making it more granular, better aerated and better drained. The manure also tends to reduce soil compaction which is often associated with continuous cultivation.

II. Compost

Compost is well-rotted vegetable matter which is prepared from farm and town refuse. Compost is prepared in trenches of various sizes and shapes. The accumulated refuse is well mixed and then spread in the trench in a layer of about 0.3 m. This layer is then well moistened by sprinkling over it a slurry of cow dung and water, or earth and water. Subsequent layers of the same thickness of mixed refuse are then spread on the heap and moisten. After about three month it is now fully decomposed and should be taken out of the trenches formed into conical heaps above ground and covered with earth. After one or two months, the compost will be ready for use. The n, p and k contents of farm compost are on the average 0.5%, 0.15%, 0.5%, respectively, while those of the town compost are 1.4%, 1.0%, 1.4%, respectively.

Advantages of composting organic matter

1. The carbon: nitrogen ratio is improved because carbon dioxide is released to the air by micro-organisms.

2. Improve the structure of the soil by making the soil friable, crumbly and easier to handle and work upon.

3. The heat generated may kill weed seeds and other pathogenic organism.

4. It is the cheapest source of organic manure.

III. Green manures

This is the practice of growing and ploughing in green crops to increase the organic matter content of the soil. Green manure crops are usually fast growing annual legumes and grasses. They are usually incorporated in the soil when they are green and succulent. Crops which grow rapidly even on poor soils and produce an abundant mass of green leaves and tops can be used as a green manure crop.

Advantages of green manure

1. It increases the organic matter content of the soil.

2. It improves soil structure.

3. Makes phosphorus and certain trace elements available to plants.

4. Checks erosion and leaching.

5. Helps to control weeds by acting as a smother crop.

B. Inorganic/ commercial fertilizers

What is a fertilizer? Any natural or manufactured material, which contains at least 5 percent of one or more of the three primary nutrients (n p k), can be called fertilizer. Industrially manufactured fertilizers are called mineral fertilizers. Fertilizer may contain one or more of the essential nutrients. Those that contain only one of the major elements are described as single, simple or straight fertilizers. Those that contain two or more of the major elements are classified as mixed or compound fertilizers. Nitrogen, phosphorous, and potassium are the main plant nutrients and these three provide the basis for the major groups of fertilizers.

With the rapid increase in population and rise in standard of living there is increasing demand for food and feed grains. To meet up with the food demand it is necessary to intensify field crop production. Achieving and sustaining high crop yield of desired quality is only possible through the use of commercial fertilizers.

Although there have been tremendous increases in fertilizer using in tropical africa over the years, utilisation is still on a very small scale relative to the total needs. There is a wide gap between the national requirements for fertilizers and their actual use by farmers.

3.3 Chemical fertilizers

A. Nitrogenous fertilizers
The nitrogen in many straight and compound fertilizers is in the ammonium (NH4 ions) form, but this is quickly changed by the bacteria in the soil to the nitrate (NO3 ions) form. Most crop plants such as cereals take up and respond to the NO3 ions faster than to the NH4 ions, but some crops, such as rice, potatoes and grasses, are equally responsive to both forms.

On the basis of the chemical form in which nitrogen is combined with other elements in a fertilizer, nitrogenous fertilizers may be classified into four groups:

I. Nitrate fertilizers
In these fertilizers, nitrogen is combined in nitrate (NO3) form with other elements. Such fertilizers are sodium nitrate (Na NO3), having 16 percent n, calcium nitrate [Ca (NO3)2], having 15.5% N, and potassium nitrate (KNO3), having 13.4% N and 44% K.

Nitrate fertilizers are quickly dissociated in the soil, releasing the nitrate ion for plant absorption. As such they are readily absorbed and utilized by the plants. The great mobility of the nitrate ions in the soil has the advantage that, even when applied to the surface of the soil, the nitrogen quickly reaches the root zone. They are therefore very often used as side and top dressings. However, there is also the increased danger of leaching of these fertilizers.

All the nitrate fertilizers are basic in their residual effect on the soil and their continued use may reduce soil acidity.

II Ammonium fertilizers
In these fertilizers, nitrogen is combined in ammonium (NH4+) form with other elements examples of such fertilizers:

1. Ammonium sulphate [(NH4)2SO4 ], having 20% N,

2. Ammonium phosphate (NH4H2PO4) having 20% N and 20% P or 16% N and 20% P;

3. Ammonium chloride (NH4Cl), having 24-26% N,

4. Anhydrous ammonia, having 82% N and

5. Aqueous ammonia having 28% N.

When added to the soil, the ammonium ion is temporarily retained by the colloidal fraction of the soil until it is nitrified. These fertilizers are much more resistant to loss by leaching because the ammonium ions are readily adsorbed on the colloidal complex of the soils. Most ammonium fertilizers have acidic residual effect on the soil.

III. Nitrate and ammonium fertilizers
These are fertilizers that contain nitrogen in both ammonium and nitrate forms. Examples of such fertilizers:

1. Ammonium nitrate (NH4NO3), having 32.5% N,

2. Ammonium sulphate nitrate (asn)[ (NH4)2SO4.NH4NO3], having 26% N,

3. Calcium ammonium nitrate (CaN) [Ca (NH4NO3)2 ], having 25% N.

These fertilizers are readily soluble in water and suitable for use under variety of soils and cropping conditions. The nitrate nitrogen of these fertilizers are readily available to plants for rapid growth and the ammonium nitrogen resists leaching losses and can be utilized by the plants at a later stage. These fertilizers are acidic in their residual effect on the soils.

IV. Amide fertilizers
These fertilizers are carbon compounds, and so are called organic fertilizers. Important fertilizers in this group are:

1. Urea [Ca(NH2)2], having 46% N and

2. Calcium cyanamide (CaCN2), having 22% N

These fertilizers are readily soluble in water and easily decomposed by micro-organisms in the soil. In the soil they are quickly changed into ammonical nitrogen and then to nitrate form.

General recommendation on the use of nitrogen fertilizers

A) for rice, it is recommended to use ammonia-forming fertilizers such as ammonium sulphate, ammonium chloride and urea. In case these fertilizers are not available, ammonium-nitrate fertilizers such as ammonium sulphate nitrate, ammonium nitrate and calcium ammonium nitrate should be used. For the rest of field crops, all nitrogenous fertilizers are equally effective.

B) continuous use of ammoniacal or ammonium-forming fertilizers on acidic soil should be avoided as it tends to make the soil more acidic.

C) all nitrate fertilizers are best suited for side and top dressing.

D) since they are easily leached, they should not be applied in large quantities in light sandy soils or during heavy rains.

E) the entire recommended dose of nitrogen should be applied in 2 or 3 splits.

B. Phosphorus fertilizers
Crop plants absorb phosphorus in the form of negatively charged ions such as or h2po4- .phosphorus fertilizers can be classified into three groups depending on the form in which phosphoric acid is combined with calcium.

Phosphorus fertilizers containing water-soluble phosphoric acid or monocalcium phosphate [Ca (H2PO4)2]: such fertilizers are super phosphate, ordinary or single, having 16-18% P2O5; double super phosphate, having 32% P2O5; triple super phosphate, having 46-48% P2O5 and ammonium phosphate, having 20% N and 20% P2O5 or 16% N and 20% P2O5.

These fertilizers are quickly absorbed by the plants, since plants absorb phosphorus as h2po4 ions. Water-soluble phosphoric acid is rapidly transformed in the soil into a water-insoluble form. As such there is no danger of loss of nutrients by leaching.

This group of fertilizers should not be used in neutral or alkaline soils and not inacidic soils. Under acidic condition, phosphoric acid is converted into monocalcium phosphate, and there is less chances of the phosphate being fixed as iron or alluminium phosphate.

Fertilizers containing citric-acid, soluble phosphoric acid or dicalcium phosphate [CaHPO4]; such fertilizers are basic slag, containing 14- 18% P2O5: dicalcium phosphate, containing 34-39% P2O5 and rhenania phosphate, containing 25-76%. These fertilizers are particularly suitable for acidic soils. Fertilizers containing insoluble phosphoric [Ca3 (PO4)2]: such phosphatic fertilizers are rock phosphate, having 20-40% P2O5: raw bonemeal, having 20-25% P2O5 and 3-4% n and steamed bone-meal, having 22% P2O5. These fertilizers are well suited for strongly acidic soils or organic soils which require large quantities of phosphorus fertilizers to raise the soil fertility.

PRINCIPLES OF EFFECTIVE UTILIZATION OF PHOSPHORUS FERTILIZERS

A) granular fertilizers with a high degree of water-solubility are more effective on acid and neutral soils than powdered fertilizers.

B) on acid and neutral soils, band application of powdered fertilizer with a high degree of water solubility will give better results than mixing the fertilizers with the soil.

C) water soluble fertilizers give the greatest response when applied in band.

D) to get optimum response from addition of phosphorus fertilizers other nutrients must be in adequate quantities.

C. Potassium fertilizers
All potassium fertilizers consist essentially of potassium in combination with chloride, sulphate, or nitrate. Almost all potassium fertilizers are water soluble. The following are examples of potassium fertilizers:

A) potassium chloride [KCl] or muriate of potash, having 60-63% K2O

B) potassium sulphate [K2SO4 ], having 50 – 53 % K2O5 and 18% of sulphur

C) potassium-magnesium sulphate [K2SO4. MgSO4] having 22% K2O5
D) potassium nitrate [KNO3], having 13% nitrogen and 44% K2O5
E) potassium metaphosphate [KPO3] having 40% K2O and 60% P2O5
Principles of effective utilization of potassium fertilizer

1. All potassium fertilizers are equally available to plants because all of them are readily soluble in water.

2. Potassium fertilizers containing sulphur, magnesium or sodium have some additional agronomic importance on some soil because of the presence of other elements.

3. Potassium fertilizers containing chlorine or sulphur should be used with caution as they may be injurious to some crops.

D. Compound fertilizers

Compound fertilizers supply two or three of the major plant nutrient elements (i.e. Nitrogen, phosphorus, and potassium). They are produced by mixing the straight fertilizers such as ammonium nitrate, ammonium phosphate and nitrate of potassium or by more complex chemical processes. The chemical composition of compound fertilizers is usually given as the ratio of nitrogen, phosphorus and potassium expressed as elemental n, P2O5 and K2O respectively. A 15:20:10 compound fertilizer therefore contains 15% N, 20% phosphorus P2O5 and 10% potassium expressed as K2O.

Advantages of compound fertilizers

A) the mixture is usually dry, fine and well mixed and can be applied by hand as well as through a fertilizer drill.

B) the mixture usually contains all major plant nutrients.

C) it saves the farmer time and labour.

D) it does not form lumps or deteriorate in any way if it is not used immediately

Grades of compound fertilizer

Low grade mixtures are 6:12:6, 5:10:10, and 9:9:0 etc. And high grade mixtures are15:15:15, 20:20:20. Using high grade fertilizers have some advantages like:

1. Low cost per unit of plant nutrient

2. Lower cost of transportation, labour, and storage

3. Increased the speed of application in the field.

E. Slow release fertilizers

Slow or controlled release fertilizers contain a plant nutrient (usually nitrogen) in a form, which- after application- delays its availability for plant uptake significantly longer than a common fertilizer. This effect is obtained either by coating a common (nitrogen or npk) fertilizer with sulphur or with a semi-permeable polymer material or by special chemical nitrogen compound formulations.

Advantages of slow release fertilizer
1. Labour saving, instead of several split application only one for the whole growing periods.

2. Reduces toxicity to seedlings even with high application rates

Disadvantages of slow release fertilizer
The cost per unit of nutrient is considerably high than that in common fertilizers.

F. Nitrification and urease inhibitors

Nitrification inhibitors are compounds which, when added to nitrogen fertilizers (containing the nitrogen in form of ammonia (NH4+) causes delay in the transformation of the ammonium-ion (NH4+) held by the adsorption complex into nitrite (NO2) and further to nitrate (NO3-) through the activities of soil bacteria, thus preventing leaching of nitrate not taken up immediately by the crop.

Urease inhibitors are compounds that depresses the transformation of the amide-n in urea into ammonium for about 10 to 12 days; thus preventing, or reducing, evaporation losses of ammonia to the air when the weather stays dry or the urea cannot be incorporated into the soil immediately after application.

Both nitrification and urease inhibitors are strongly mixed with the nitrogen fertilizers before spreading and then spread together in the mixture

3.4 calculating the rate of fertilizer to be applied

The amount of fertilizer to be applied per hectare on a given field is determined by:

1. The amount of nutrients needed by plant for optimum growth and productivity

2. The availability of nutrient in the soil (level of soil fertility)

3. The moisture status of the soil

4. The type of crops to be grown

5. The types and grades of fertilizers available.

Usually mineral fertilizers are delivered in 50-kg bags while the nutrient content (active ingredients) is given in percentages e.g. N 15 p15 k15. Meaning that each 50kg bag contained 15% n 15% p 15% k.

Steps to follow in calculating the rate of fertilizer to be applied

I. Determine the quantity of active ingredients contained in each bag, this could be done by dividing the percentage of each nutrient by two. Example N15 P15 K15 would contain active ingredients n 15/2= 7.5kg p15/2= 7.5kg k 15/2=7.5kg

If the recommendation is to apply N60-P60-K60 per hector, the easiest option for the farmer is to buy a multi nutrient (compound) fertilizer grade N15-P15-K15.

One 50-kg bag contains n7.5kg -p7.5kg-k7.5kg of active ingredients

To find the number of bags required to supply the recommended nutrients:
1 bag = 7.5kg

X = 60kg

Find x

X = 60 divided by 7.5 = 8 bags of NPK.

II. Example: how many bags of ammonium sulphate (as) (with 21% n and 24% s) are needed to supply 60 kg/ha of n?

21 divided by 2 gives 10.5. Thus, approximately six bags of as would supply 60.5 kg of active ingredients of n.

In addition, six bags of as will supply 72 kg/ha of sulphur.

Thus eight bags of 50 kg of N15-P15-K15 are needed to apply the recommended rate of 60 kg/ha N, 60 kg/ha P2O5 and 60 kg/ha K2O.

III. When the recommendation per hectare is N60-P30-K30, with 50-kg bags of a N15-P15-K15 grade the farmer would divide 30 by 7.5 = 4. Since each 50kg bag contains 7.5 kg of active ingredients of NPK.

In this case he should apply only four 50-kg bags of npk fertilizer per hectare, giving half of the recommended rate of nitrogen and the full rate of phosphate and potassium as basal dressing.

The remaining 30 kg/ha n should be applied in the form of a straight nitrogen fertilizer as one or two top-dressings in line with good agricultural practices

3.5 time and method of fertilizer application

To achieve maximum benefit from fertilizers, it is most essential to apply them at the right time and in the right place. The amount and timing of nutrient uptake depends on various factors, such as crop variety, planting date, crop rotation, soil and weather conditions. For good agricultural practices, the farmer chooses the timing and the quantity in such a way that as much as possible of the nutrients is used by the plants. For optimum crop use efficiency and minimum potential for environmental pollution, the farmer must apply the nutrients as near to the time the crop needs them. This is particularly important for mobile nutrients such as nitrogen, which can easily be leached out of the soil profile, if they are not taken up by the plant roots.

I. Time of applying nitrogen fertilizers
Since nitrogen is required throughout the growth period and nitrogenous fertilizer are lost through leaching, it is better not to apply too much nitrogen at one time. The split application of nitrogen throughout the growing period will ensure greater efficiency and plants would not suffer from nitrogen deficiency.

II. Phosphorus
This element is required in greater quantities during the early growth period and as all phosphorus fertilizers become available to growing plant slowly, it is always recommended that the entire quantity of phosphorus fertilizers be applied in single doze before sowing or planting.

III. Potassium
This element is absorbed right up to the harvest stage but it becomes available slowly. It is therefore always advisable to apply the entire quantity of potassium at sowing time.

Methods of fertilizer application

The method of application of fertilizers (organic manure or mineral fertilizers) is an essential component of good agricultural practices. A fast start and continued nutrition is essential for sustained maximum profit. It is important to place some of the fertilizer where it will intercept the roots of the young plant and to place the bulk of the nutrients deeper in the soil.

Nitrogenous fertilizers are easily soluble in water and have mobility, so they can be applied on the soil surface.

Phosphorus fertilizers moves slowly from the point of placement, it should be placed closer to the plant roots. To reduce phosphate fixation, phosphorus fertilizers should be so placed that they come into minimum contact with the soil particles and are close to the plant roots.

Potassium fertilizer moves slowly in the soil, they should also be placed near the root zone.

Based on these principles, the following methods are used to apply fertilizers.

I. Broadcasting

The fertilizer is spread over the entire soil surface to be fertilized with the objective of distributing the whole quantity of fertilizer evenly and uniformly and incorporating it in the plough layer. It is used mostly on dense crops not planted in rows or in dense rows and on grassland. It is also used when fertilizer should be incorporated into the soil after application to be effective (phosphate fertilizers), or to avoid evaporation losses of nitrogen (urea, diammonium phosphate). Incorporation through tilling or ploughing-in is also recommended to increase the fertility level of the entire plough layer. Whether the fertilizer is broadcast by hand or with fertilizer spreading equipment, the spreading should be as uniform as possible.

II. Row or band placement

This refers to the application of fertilizers into the soil close to the seed or plant and is employed when relatively small quantities of fertilizers are to be applied. When fertilizers are placed along with, or close to the seed or plant in bands or pockets, the roots of the young plants are assured of an adequate supply of nutrients and this promotes rapid early growth. This method of placement also reduces the fixation of phophorus and potassium. When seeds or plants are sown close together in a row, the fertilizer is put in continuous band on one or both sides of the row. This method of application is referred to as row placement, and is used for potatoes, maize, tobacco, cotton, sugarcane etc.

Where crops are cultivated by hand and planted in hills, the recommended grams of fertilizer are placed in the row or planting hole, under, or beside the seed, and covered with soil, this is known as hill placement. Great care has to be taken such that no fertilizer is placed either too close to the seed or to the germinating plant to avoid toxicity.

III. Top dressing

Top-dressing (broadcasting the fertilizer on standing crop) is mainly used for small and large grain crops and for crops such as forage, wheat and barley.

Top dressing of additional nitrogen is done when:

I. A single application of the total nitrogen needed at sowing might lead to losses through leaching and run-off.

Ii. Or where crops show a special need for nitrogen at certain stages of growth.

Top dressing of potassium, which does not move in the soil to the same extent as nitrogen, might be recommended on light soils, i.e. Applying the total amount divided into a basal dressing and top-dressing.

Phosphate hardly moves in the soil at all. Hence, it is usually applied before or at sowing or planting time (basal application), preferably in combination with potassium and part of the nitrogen.

Side dressing: this is also another form of top dressing where fertilizer is spread between the rows or around the plants. Maize, cotton, sugarcane, trees and other perennial crops are normally side-dressed.

IV. Foliar application of fertilizer

Foliar application refers to the spraying of the leaves of growing plants with suitable fertilizer solutions. It is used mainly to correct micronutrient deficiencies. To minimize the risk of leaf scorch, the recommended concentration has to be respected and spraying should preferably be done on cloudy days and in the early morning or late afternoon.

V. Direct application into the soil

With the help of some special equipment, anhydrous ammonia (liquid fertilizer) and nitrogen solutions can be applied directly into the soil. There is very little plant injury or wastage of ammonium if the material is applied about 10cm below the seed, and the soil is moist.

VI. Application through irrigation water

Straight or mixed fertilizers which are easily soluble in water are allowed to dissolve in the irrigation stream. The nutrients are thus carried into the soil in solution. The fertilizers most commonly applied through irrigation water are nitrogenous fertilizers.

3.6 HOW TO DETERMINE FERTILIZER NEEDS

To determine fertilizer needs for crops and soils in your locality you must know two things:

1. The status of nutrients in the soil

2. How much of each nutrient is needed to get the highest or most profitable (optimum) yield?

There are several approaches to finding the answers to these questions

1. Fertilizer recommendation of crops.

2. Nutrient hunger signs on growing crops (deficiency symptoms).

3. Soil tests or analyses to determine the fertilizer nutrients and amount needed.

4. Plant or plant tissue test in the field.

5. Fertilizer field trials

Role of Macro- and Micro-nutrients and Their Deficiency symptoms in plant
	Name of elements
	Element obtained in the form of
	Regions of plant where element required
	Functions
	Deficiency symptoms

	Macronutrients
	
	
	
	

	Nitrogen (N)
	Nitrogen can exist in a soil organic form, or as an ammonium ion (NH4+)nitrite ion (NO2-),or nitrate ion (NO3-).
	Nitrogen is required by all parts of a plant, particularly the meristematic tissues and the metabolically active cells.
	Nitrogen is one of the major constituents of proteins, nucleic acids, vitamins and hormones, coenzymes, and nucleotides.Nitrogen promotes rapid growth, increases leaf size and quality, hastens crop maturity, and promotes fruit and seed development.
	Reduced growth, yellowing (chlorosis), reds and purples may intensify with some plants, reduced lateral breaks.

	Phosphorus (P)
	Phosphorus is absorbed by the plants from soil in the form of phosphate ions as H2PO4-orthophosphate.
	Phosphate is easily redistributed in most plants from one organ to another and is lost from older leaves, accumulating in younger leaves, developing flowers and seeds.The meristem region of growing plants is high in phosphorus.
	Phosphorus is a constituent of cell membranes, certain proteins, all nucleic acids and nucleotides, involved in energy transfer such as ATP and ADP. It activates coenzymes for amino acid production used in protein synthesis;and it is involved in many other metabolic processes required for normal growth, such as photosynthesis, glycolysis, respiration, and fatty acid synthesis.
	Stunted growth, dark green leaves with a leathery texture, and reddish purple leaf tips and margins.Maturity is often delayed.

	Potassium (K)
	It is absorbed as potassium ion (K+).
	Required in more abundant quantities in the meristematic tissues, buds, leaves and root tips.
	Helps to determine an anion-cation balance in cells and activates enzymes to metabolize carbohydrates for the manufacture of amino acids and proteins, opening and closing of stomata, activation of enzymes and in the maintenance of the turgidity of cells, facilitates cell division and growth by helping to move starches and sugars between plant parts,disease resistance.
	Small plants, brown margins on lower leaves, small weak stems, lodging of plants, poor yield and quality.As in N and P, K+ is easily redistributed from mature to younger organs, so symptoms first appear in older leaves.

	Magnesium (Mg)
	It is absorbed as magnesium ion (Mg2+).
	It is used for fruit and nut formation and essential for germination of seeds. Leaves: withdrawn from ageing leaves and exported to developing seeds
	is a critical structural component of the chlorophyll molecule and is necessary for functioning of plant enzymes to produce carbohydrates, sugars and fats.It is an enzyme activator in the synthesis of nucleic acids (DNA and RNA).
	Extensive interveinal chlorosis which starts with basal leaves and progresses to younger leaves (it is mobile).

	Calcium (Ca2+)
	It is absorbed as calcium ion (Ca2+).Adsorbed Ca2+ is important for soil structure by promoting the aggregation of soil particles. This improves water and root penetration through the soil and maintains the stability of soil particles.
	Meristematic and differentiating tissues. It is immobile (non-translocatable) within plants and remains in the older tissue throughout the growing season.Calcium is easily leached.
	Calcium is involved in many plant processes, including cell elongation, cell division, germination, pollen growth, activates enzymes,and is a structural component of cell walls, . One of its most important functions is the maintenance of membrane permeability and cell integrity.
	Inhibition of bud growth, death of root tips, cupping of mature leaves, weak growth.,

	Sulphur (S)
	Sulfate (SO4=) from the soil is the primary source of S.Sulfur is also taken up by leaves in gaseous form as SO2.
	Stem and root tips young leaves; remobilized during senescence (the growth phase in a plant or plant part -as a leaf from full maturity to death).
	It is a structural component of amino acids, proteins, vitamins and enzymes and is essential to produce chlorophyll.
	General chlorosis of leaf, including vascular bundles.Sulfur is not easily mobilized within the plant.Therefore,chlorosis, occur in young tissues before older ones.

	Micronutrient
	
	
	
	

	Zinc -Zn (immobile)
	Most zinc in soil is found in different minerals with only a small percentage being adsorbed in ionic form on soil and organic matter exchange sites.
	Everywhere
	It activates various enzymes especially carboxylases, part of carbonic anhydrase and various dehydrogenases, needed for auxin synthesis.
	Interveinal chlorosis of the upper (youngest) leaves. Afterwards, shoot growth slows down, giving the affected plant parts a rosette-like appearance.

	Manganese -Mn (Immobile)
	The most important form for uptake by roots is Mn++, but it is also commonly found as oxides of Mn+++ and Mn ++++(Mn2O3, MnO2, etc.).
	Leaves and seeds
	Manganese in the plant participates in several important processes including photosynthesis and nitrogen and carbohydrate metabolism.
	The absence of Manganese causes disorganization of chloroplast thylakoid membranes. Chlorosis

	Iron, Fe (Immobile)
	Plants obtain iron in the form of ferric ions (Fe3+). It is required in larger amounts as compare to other micronutrients.
	Everywhere , collects along leaf veins.
	Important constituent of proteins involved in the transfer of electrons like ferredoxin and cytochromes, reversibly oxidised from Fe2+ to Fe3+ during electron transfer,activates catalase enzyme, required for synthesis of chlorophyll.
	Extensive interveinal chlorosis, starting with younger leaves (iron is relatively immobile).

	Copper (Cu)
	It is absorbed as cupric ions (Cu2+).
	Everywhere
	Essential for the overall metabolism in plants.More than half of the copper is located in the chloroplasts and participates in photo-synthetic reactions. It is also found in other enzymes involved with protein and carbohydrate metabolism.
	Dieback of shoots

	Molybdenum (Mo)
	Plants obtain it in the form of molybdate ions.
	Everywhere, the synthesis of proteins is blocked and plant growth ceases. Root nodule (nitrogen fixing) bacteria also require it. Seeds may not form completely, and nitrogen deficiency may occur if plants are lacking molybdenum.
	Essential component of two enzymes involved with nitrogen metabolism.
	Pale green leaves with rolled or cupped margins.

	Boron (B)
	The soluble form is primarily boric acid (B(OH)3). In neutral to acid soils, boric acid has no charge and can, therefore, be easily leached. At higher pH values, conversion to B(OH)4- occurs. The resulting negative charge on the molecule causes its absorption by soil particles.
	Leaves and seeds
	Boron is required for uptake and utilisation of Ca2+, membrane functioning, pollen germination, cell elongation, cell differentiation and carbohydrate translocation.
	Terminal buds are damaged, leaving a rosette effect on the plant. Leaves are thick, curled and brittle. Fruits, tubers and roots are discolored, cracked and flecked with brown spots.

	Chlorine (Cl)
	Chloride (Cl–), the ionic form of chlorine used by plants, is usually found in soluble forms and is lost by leaching..
	Everywhere
	Involved in osmosis (movement of water or solutes in cells), the ionic balance necessary for plants to take up mineral elements and in photosynthesis.
	Reduced growth; stubby roots, interveinal chlorosis, nonsucculent tissue (in leafy vegetables)


Hunger Signs:- When plants do not get sufficient amount of one or more essential nutrient elements, they show poor growth and develop specific deficiency symptoms Which is known as hunger signs.
Chapter 4: Sowing and planting

Sowing/planting is the simplest (and often the least expensive) way to bring introduce new plants into the garden. Seeds can be sown directly into the garden (in situ), or in containers where they are grown to a hardy size for transplanting into the garden. In large gardens and farms, seeds are almost always sown in situ, to avoid the additional labor involved in transplanting.

4.1 Seed quality

Seed quality is one of the main factors that affect establishment and performance of crops, and it is related to the sum of the genetic, physical, physiological, and health aspects that affect the capacity of seeds to give rise to high-yielding plants. Physiological potential is related to the ability of the seed in performing its vital functions, bringing together information regarding seed germination and vigor.

4.2 Seed germination 

4.2.1 The structural changes that accompany germination of the seed

Seeds remain dormant or inactive until conditions are right for germination. All seeds need water, oxygen, and proper temperature in order to germinate. Some seeds require proper light also. Some germinate better in full light while others require darkness to germinate. When a seed is exposed to the proper conditions, water and oxygen are taken in through the seed coat. The embryo start to enlarge. Then the seed coat breaks open and the radicle emerges, followed by the plumule that contains the leaves and stem.
4.2.2 Germination process

By definition, germination is the process by which seeds break their quiescent life, imbibe and start development so that the radicle pierces seed envelopes (integuments and endocarp). The germination process consists of two main phases: the physical phase that corresponds to imbibition of water by seeds, followed by metabolic activities that lead to radicle protrusion. 

Inside a seed is the embryo of a plant, plus a food source for that embryo, all contained within a protective seed coat. The seed germination process, the embryo begins to digest the food and grow into a seedling. While this process usually happens in soil, the key component for germination is water. At appropriate temperatures, most seeds begin their germination by absorbing water through a tiny hole in the seed coat. The moisture starts the metabolic processes of the embryo that’s contained within the seed. When hydrated by absorption of water, enzymes in the seed are activated. They begin digesting the food stored inside to generate energy for the embryo’s growth.

The developing root emerges from the seed first. As the root grows longer and thicker, it develops tiny root hairs, which help the developing plant take up water and nutrients. Shoots with pale-green leaflike structures emerge after the roots. Eventually, these leaves will turn a deeper green color and begin to photosynthesize, capturing and storing light energy and carbon dioxide from the air.

Photosynthesis in leaves supplies the plant with the energy and matter it needs to grow. Newly germinated seedlings, however, are not yet photosynthesizing. Instead, in early stages of growth, the embryo digests and assimilates the energy and matter from the food present in the seed. Depending on the type of seed, this food store contains a mixture of proteins, fats, sugars, and starches. This stored food isn’t just important to the developing plant embryo; it’s also important to human diets. 
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4.2.3 Types of germination

The morphological changes occurring during germination vary greatly from seed to seed. In some, the cotyledons are carried above ground level due to elongation of the region just below the cotyledons (hypocotyl). Seedlings whose germination occurs in this way are classified as epigeal germination. The seedlings of groundnuts, melon, cowpea, onion, okro, and castor are all epigeal. In contrast to epigeal seedlings are those in which the cotyledons remain at the level where the seed was planted and are not carried above ground. Such seedlings exhibit hypogeal germination. Rice, maize, guinea corn, rubber and broad bean seedlings are all examples of hypogeal germination.

4.3 Factors affecting seed emergence and seed germination

The use of high-quality seeds is essential for a successful crop production and food security. Crop yield and resource use efficiency depend on the successful plant establishment in the field, and seed vigor is what defines the ability to germinate and establish seedlings rapidly, uniformly and robustly, across diverse environmental conditions. Seed size is an important physical indicator of seed quality that affects the emergence, plant growth and performance of the crop in the field. Indeed, the sowing of mixed seeds of a species may result in a non-uniform stand establishment, what may lead to heterogeneity in the plant vigor and size. Distinct seed sizes have different levels of starch and other energy reserves which may be an important factor to improve the expression of germination and initial growth of seedlings. Germination depends on the ability of the seed to use reserves more efficiently, by mobilization of seed reserves for the germination traits. In general, large seeds have a higher seedling survival rate, higher growth and better field performance than small seeds, under non-stressful environments. 

Water shortage and salt excess in the soil at the sowing time cause delayed and reduced seed germination, unequal seedling emergence and unsatisfactory stand establishment, what results in crop yield reductions. 

Drought and salinity affect germination by creating highly negative water potentials, thus preventing the seed water uptake. Salinity may also cause direct phytotoxic effects of Na+ and Cl- ions. 

4.4 Seed dormancy

Seed dormancy refers to the inability of viable seeds to germinate under apparently optimal environmental conditions. Induction and maintenance of dormancy during seed maturation is influenced by genetic and environmental factors.

Dormancy classification is based on several factors including the developmental state of the embryo at the time of seed dispersal, physical characteristics of the seed, and physiological responses of seeds to environmental stimuli. Historically, primary and secondary dormancy are most often used to describe differences in dormancy types for diverse plant species. Primary dormancy is characterized as dormancy induced on the mother plant during embryo maturation. Unlike primary dormancy, secondary dormancy is caused by the environment rather than inherited from the mother plant and occurs after seed maturation. In addition to primary and secondary dormancy, other studies have revealed five additional subcategories of seed dormancy including physiological, morphological, morphophysiological, physical and combinational dormancy.

These categories, which may also influence primary and secondary dormancy, illustrate the nuanced and complex nature of dormancy. 

Coat imposed seed dormancy

The coat-imposed seed dormancy (hard seed coat): is due to either the impermeability of the coat to water and/or gases, the mechanical prevention of radicle extension, or the seed coat preventing inhibitory substances from leaving the embryo or by supplying inhibitors to the embryo. Water impermeable testa prevents the entry of water into seed and seed remains hard even when appropriate moisture and temperature conditions are provided. The presence of a hard and impermeable seed coat is regarded as a widespread cause of seed dormancy in several important legume species such as common bean, soybean, cowpea etc. 
Although hard seed coat improves the survival of seeds in the soil especially in adverse environmental conditions and helps to avoid extinction of species in nature, it may prevent use of plant cultivars or wild-type relatives for agricultural or breeding purposes. 

Factors or events that reduce or partially overcome coat-imposed seed dormancy are:

1. Seed coat is usually disrupted by using mechanical (when scarified seed deteriorate rapidly, they should be planted immediately) or,

2. Chemical applications such as nicking or sandpaper, acid scarification, or 

3. heat treatments such as boiling water soak (first heating water to boiling point add seeds and remove them when the water is cool 12-24 hours later).

4. Alternate freezing and thawing sometimes stimulates germination of hard seeds of alfalfa and sweet clover.

5. The germination of hard seeds of alfalfa or clover can also be achieved by exposure for 1 to 1.5 seconds or less to infrared rays of 1180 millimicrons wave length or by exposure to a few seconds to high frequency electric energy
Crop development
Growth stages need to be timed to ensure the dry matter produced is partitioned efficiently into roots, leaf, stem, ear and grain and that flowering occurs during the period of least climatic risk. Climatic risks that cause crop stress are temperatures less than 0°C (frost risk) and greater than 30°C (heat stress). In some regions, reaching the optimum flowering time is a compromise between flowering early enough to avoid heat stress and late enough to avoid frost. To meet proper crop development, high yield and meet good market price; sowing time has to be adjusted based on several factors. 

Time of Sowing/planting for New  Establishment

Timing of seeding for new seed establishment is critical to the success of the emerging crop and for the future success of the stand. Factors to be considered when planning are temperature, rainfall pattern, pests pressure, and time of year when environmental conditions are optimum for the seedling germination and crop emergence. Unfortunately, no single time period will fulfill all these conditions satisfactorily. Benefits and drawbacks of each time period need to be considered by the producer.

Good planting date is one of the crucial factors that strongly influence crop production in rain fed agriculture. Particularly in many parts of Africa where the rainy season starts with some light showers followed by dry spells, can cause poor crop emergence or desiccate a young crop. So it is important to adjust planting time to reduce such impacts. A difference in time of planting is related to different climatic conditions (rainfall, temperature and photoperiod). 

Optimizing of sowing date depend on the maturity stage is among the most important agronomic practices to increase crop production. 

High yielding varieties are most sensitive to time of sowing; hence optimum time of sowing contributes more towards yield. It is therefore necessary to determine suitable planting time at different location to enhance productivity and production of crops.

Temperature

Plant growth is caused by interactions of different environmental conditions at optimum temperatures while crop development is directly affected by temperature changes. The period that a plant takes to complete a particular growth stage is directly related to temperature and particularly sums of daily temperatures. Brown and Bootsma (1993) stated that cool temperatures tend to slow down the growth while warm temperatures hasten maturity. Determination of the timing of phenological stage and maturity of crop cultivars in different environments is a crucial exercise that will enable the matching of cultivars using lengths of growing period to particular areas and sowing dates that will ensure optimum production.

Rainfall pattern
Delayed onset of rain constrains farmers to delay planting (until the rain is established) because it leads to moisture deficit, high solar radiation, reduced humidity and high evapotranspiration thereby creating moisture stress (drought) condition during the early season. This scenario threatens food security in region where crop production is mainly rainfed. Therefore, farmers should plan sowing time based on the availability of rainfall. 

Occurrence of diseases and pests

The occurrence of diseases and pests may influence the time of planting. The strategy is usually to adjust the time of planting so that the crop is on the field during the time when its diseases and pests are least prevalent. Cowpea production in some areas where it is produced, for example, has been strongly influenced by this factor. Cowpeas sown in the early part of the rainy season are bedeviled by numerous diseases and pests but if sowing is delayed until the latter half of the rainy season, the incidence of diseases and pests is less severe and a decent yield can be obtained.

Photoperiod or day length

The photoperiod is defined as the time, within 24 hours of the terrestrial day, when there is light or sun bright also called daylength and defined as the time in hours between sunrise and sunset. Latitude determines the daylength pattern. In soybean, a short-day plant, daylength affects the development rate from emergence to flower induction and particularly determines the time necessary for flowering. 
Changes in relative darkness or night length are influenced by geographical location, distance from equator, and period of the year which have been described to affect plant development and yield. Day length can influence the timing of the different growth stages. Crops sown at lower latitudes (closer to the equator) do not experience the same extremes in day length as those at higher latitudes. The longer the day length the shorter the thermal time needed for flowering. The crop should normally be planted at a time that would permit the appropriate photoperiod to exist at the flowering or tubering stage. For example, some okra varieties which require short days for flowering will remain vegetative for most of the rainy season while long day conditions persist. The planting of such varieties could conveniently be delayed so that short-day conditions for flowering exist shortly after the plants are fully established. Higher temperatures impact bulbing with cultivars exhibiting differential responses.

Marketing

Market availability is a main factor to take into account especially for high perishable crops and developing countries where processing industries are still low. Sowing/planting by targeting market availability. Harvesting should meet high market price. 
Availability of labour and equipment

The availability of labour, equipment and processing facilities are other factors that may influence the time of planting.

Methods of seed sowing

Proper methods of sowing enhance resource availability, such as sunlight capture, moisture, and nutrient availability, leading to the proper root system development from the early stage of crop growth. Sowing methods guarantee proper crop establishment and optimum plant population in the field, as well as facilitating plants to utilize the land and other resources more efficiently and purposefully toward growth and development. Unproductive crops can be caused by inadequate sowing methods. seeds size remains smaller and the crop becomes more easily affected by lodging, pests, and diseases, consequently causing lower yield per unit area. Among the sowing methods, one can mention:

1. Broadcast: Broadcasting is simply throwing seeds onto the ground. this system made it more difficult to apply other agricultural practices (weed, pest control and harvest the crop etc).  

2. Dibbling: which is a type of sowing method most favorable under suitable soil conditions. This method involves inserting a seed in a shallow hole and covering it with nearby soil. The dibbling method is an efficient sowing method that is drought fighting and highly efficient in its use of solar radiation. It is usually used where plowing and harrowing are difficult. As dibbling is done manually, it is considered more time consuming compared to drilling and other conventional sowing methods, and is mostly used by small scale farmers. A dibber is a board with holes evenly spread apart.  A stick would be pushed through the holes and then a seed would be placed in the hole made by the stick.   This was very effective but also very tedious and time consuming. 

3. Drilling method:  The implement would cut small channels into the soil and the seed would be dropped into the channel.   The seed drill has many advantages to the broadcasting system.  First a much higher percentage of seed came to produce crops.  Less seed was lost to birds or other animals.  Drilling is an advisable sowing method due to its uniform population per unit area. As seeds are placed at a uniform depth and covered with soil, high germination and uniform stands are expected.  

4. Precision sowing method: Precision sowing is the best method between different sowing techniques compared with other methods. Precision planting can be defined as it is used for accurately place single seeds or groups of seed almost equidistant apart along a furrow. Precision planters are typically used to plant crops that require accurate control of plant population, specific spacing between and along the rows, in contrast to the ones planted through grain drills. Seeds that are drilled by precision planting are theoretically sown with optimum row and within-row spacings which depends on the seeding requirements for each specific crop. Plant spacing can affect growth and yield, and plant spacing uniformity begins with seed spacing uniformity. 

In general, precision planter consists of soil and residue cutting device, fertilizer unit, row preparation device, furrow opener, depth control unit, seed meter unit, power transmission system, seed firming devices, seed covering devices and row specific seedbed firming devices. However, the actual structure and working principle of precision seed planters are various because of the difference of geographical environment, crop type, farm scale, climate condition among different countries around the world. For tilled land with flat surface and appropriate planting condition, high-efficiency and high-speed precision planters are usually applied, while there are high levels of plant residue on the soil surface, the cutting device is used, but when the seedbeds are unprepared, row preparation devices may be required in addition to the furrow opener.

Exercise and recarp

Spacing/planting population

To obtain maximum yield and to avoid competition for water, nutrients and light, seeds, seedlings and other planting materials should be planted at the right spacing. Overcrowding often leads to stunted growth and poor yield of the crops. The right spacing also contributes to reduction in weeds. Different types of crops have different spacing recommendations for yield maximization. This depends on many factors which many include;

· Fertile soils with sufficient amount of water support more plants

· The type and habit of growth of the crops e.g. the short variety of maize needs less spacing than the tall variety.

· The spacing also depends upon the purpose for which the crop is planted

· Certain diseases are more severe if the spacing between crops is more severe than if the spacing is less e.g. ground nut rosette spread by aphids.

· In areas where soil erosion is more common, close spacing plays a great role in protecting the top fertile soil from erosion.

· In some crops, the rate of germination (%) of the seed is low e.g. maize, cotton and sunflower. For such crops, it is necessary to plant more seed at a shorter distance.

· Accessibility: spacing is also sometimes dictated by necessity to have access into the crop e.g. during spraying, harvesting or using machines. 

The spacing at which some commonly grown crops are planted are as follows:

· Maize-90x30cm, sorghum 60x15cm, cowpeas 60x30cm, sunflower 75x30cm, beans 45x15cm, cotton 90x45cm, soybeans 60x30cm, groundnuts 30x30cm, potatoes 75x30cm, millet 30x5cm. 

Note that these spacing are not fixed, but depend on the above factors
· Seed rate

This refers to the amount of seed planted per unit area. Knowledge of seed rate for any crop is important because it;

· It helps a farmer find out how much seed to purchase to avoid wastage of seeds

· It helps the farmer to precisely order for the seeds needed in advance from seed companies.

Seed rate   = (area to be planted x number of seeds per hole) x average seed weight 

                                                            Spacing                  

Calculation of seed rate

Given that the spacing of maize is 90x15cm with 2 seeds per hill and mean seed weight of 0.4gm, calculate the seed rate in Kg/ha.

1 ha = 10000m2;    1 Kg = 1000gm

Seed rate = [(area to be planted × number of seeds per hill)/spacing] × average seed weight

                = [(10000×2/(0.9×0.15)]×0.4/1000

                = 59.25926 Kg/ha

Empirically:
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Thus the seed rate is approximately 60 Kg/ha
Exercise: 

1. A farmer wants to grow cowpea and intends to use a spacing of 60×30cm with two seeds per hole. Calculate the seed rate if the average seed weight for cowpea is 0.3gm. How much more seeds would be required if the farmer needed to plant an additional 2.5 hectares? 

1 ha = 10000m2;   1 Kg = 1000gm

2. Another famer insists she obtains better yield when she uses a spacing of 30×20 with 1 seed per hole. What will be the seed rate for this farmer and how much more land would she need to utilize an additional 40Kg of seed provided by her farmer group?
· Seed rate, plant density and yield

There is a close relationship between seed rate, plant population and yield. In order to obtain maximum yield, you need the right spacing and the right seed rate. These two reduce completion among plants. 

Higher population density results into higher yield until an optimum population density is reached where any additional population results into a decline in yield.

Plant population formula;
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Or, 

MATHEMATICAL DERIVATION
Let L and B be the length and breadth of the farm, respectively, while l and b are the length and breadth of the spacing on the farm land and N the number of seeds per stand.

Then Eq. 1 could be simplified as:
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Fertilizer calculation

Fertilizer rate: is the quantity of fertilizer that should be applied per unit area of farmland for a given crop.

Example: Given that a farmer wants to apply 50kgs N/ha using sulphate of ammonia (21%N) to a ten (10) hectare piece of land, how many 50 kg bags of sulphate of ammonia does the farmer need?

Answer: 

Given:

Rate = 50 kgN/ha; Area = 10 hectares; Required N = 10×50 =500kg/N

N contained in 50 kg sulphate of ammonia = (21/100) × 50 =10.5

Unknown:

Number of bags to apply on 10 hectares

Therefore 500 kgN will be in (1/10.5) x 500 = 48 bags
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