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To our parents and grandparents, who inspired us, and to our children and grandchildren, who will benefit from their wisdom


Bad seed is a robbery of the worst kind: for your pocket-book not only suffers by it, but your preparations are lost and a season passes away unimproved.


— George Washington



THE SEED-SAVING REVIVAL



WELCOME TO THE DYNAMIC and wonderful world of seeds. Nature has excelled at saving seeds for millions of years, but improving upon natural systems is part of human nature. We have done well by probing the mysteries of seeds, learning how to harvest and store them and coax them to germinate and grow abundantly to suit our needs.


A bit more than 10,000 years ago, humankind learned that saving seeds and planting them in specially prepared gardens meant that we no longer had to wander through muddy slime in warm Mediterranean swamps to gather celery, nor did we have to stalk wild cabbages along the cold and windy Baltic coast. Thanks to sojourning pioneers who plied ancient trade routes and returned to Europe with seeds of a strange new tree, we no longer had to live in Kazakhstan to enjoy wild apples.


Seed saving and agriculture birthed civilizations. By planting seeds, humans could more easily enjoy more types of food in greater quantity, which left them more leisure time for developing art and astronomy, music and mathematics. Early gardeners quickly began to understand that if they sowed seeds of, for example, spinach, each plant that sprouted displayed a slight variation in the traits of its parent, while still conserving the overall attributes of spinach. The gardeners observed variations on a theme, so to speak, noticing a few plants with a more tender or larger leaf, while some other plants were more or less robust than the rest. These first generations of seed savers kept the seeds only from the best plants and destroyed plants with less desirable traits (a process called rogueing). Through the hundreds of generations of gardeners and horticulturists that followed, modern seed-saving techniques were refined and ambitious plant-breeding programs flourished. Thus, in the course of only a few thousand years, our collective seed-saving endeavors have accomplished what nature, working far more slowly, would have taken millions of years to accomplish through evolution.


Sowing seeds that you've collected from your own plants offers exciting new possibilities for your gardening endeavors.
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Those Amazing Seeds



Seeds are amazing entities. Those of witchweed (Striga asiatica), which is a parasitic weed, are less than one-hundredth of an inch long — as small as dust motes on the wind. A teaspoon will hold millions. About 350 spinach seeds, moderately sized as seeds go, fill a teaspoon. In contrast, consider the coconut: each seed is as large as a cannonball.


In every viable seed, nature has packed an embryo and a small food supply, a sort of box lunch, to nourish it during its seed life. The nucleus of every cell in that seed contains in its DNA the complete instructions for making a plant like itself. If we could translate this genetic information into instructions spelled out in English, the written blueprint for spinach might require several hundred encyclopedic volumes, each about 800 pages long. How marvelous it is to ponder that the spinach seed, in its every cell, contains the entire blueprint for making another spinach plant! In this cellular blueprint, there are minor variations caused by minute differences in gene expression or some maverick mutation, which may result in a spinach plant with unexpected traits. That's one of the things that make seed saving so fascinating. When you plant seeds you've collected and saved, you never know precisely what characteristics the new group of seedlings will show. Nature promises no absolutes, only probabilities.


Why Bother Saving Seeds?


Through the 1940s, home seed saving was fairly common. Bob helped his grandfather save vegetable seeds. Gramps wouldn't think of buying seeds for ten cents a packet if he could save them for nothing. So Bob, along with others of his generation, learned firsthand how to save seeds — and money — and found seed saving to be easy, fun, and rewarding. Each harvest was an adventure.


Following World War II, however, interest in home seed saving declined, and a process that we call social rogueing became an important force in changing the dynamics of plant breeding and seed saving. Social rogueing involves the interaction of gardeners and seed sellers. If gardeners fail to purchase seeds of a certain variety, the seller replaces that variety with a more popular one. Many gardeners, rightly perhaps, bemoan the passing of older varieties such as the ‘General Grant' tomato and point the finger of blame at the seed sellers, frequently accusing them of deliberately and demonically diminishing the selection of varieties for some sinister purpose. That many of the replacement varieties are hybrids and sometimes proprietary adds fuel to the controversy. But it's our view that we gardeners must accept some of the blame. If we found the ‘General Grant' tomato so wonderful, why didn't we continue to purchase its seeds? If we found Grandma's rosebush so enticing with its sweet-scented flowers, why didn't we propagate it ourselves?
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Heirloom varieties have found new popularity with today's gardeners. Once you learn how to save seeds, you can even experiment with developing your own “heirloom” vegetables and flowers.
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Whether your collection is large or small, your seed-saving efforts help to preserve genetic diversity in the plant world.


Select for Specific Traits


These days, plant breeders often work to develop garden plants for better shipping quality, because fewer Americans garden than those who demand fresh produce year-round. And varieties are selected for greater pest resistance because fewer of us use pesticides, and for greater vigor because gardeners now shy away from using commercial fertilizer. The consuming public has, in a sense, made demands, and the seed companies have delivered. Unfortunately, many new selections do not have the flavor of the older varieties, but in our opinion, many new hybrids, especially of sweet corn, have flavor and quality far superior to that of many older varieties.








THE STORY IN A NAME


MANY OLD-TIME VARIETIES carry colorful place-names, which often suggest the specific locality where a variety was developed by foresighted gardeners through years of purposeful selection. Others bear the names of famous figures from history. A few of these varieties, which may date back as far as the mid-nineteenth century, are still jealously guarded by wise gardeners, but many have disappeared. ‘Rhode Island Asylum’ sweet corn was developed on the state-run market garden for supplying the state's prison, mental hospitals, and such. It must have been well suited for the purpose but is now long gone. ‘Mandan' corn, selected in North Dakota and named for an Indian tribe, is mighty hard to come by. ‘President Grant' tomato, like its namesake, passed from the scene many years ago.


We found ourselves so fascinated by historical details such as these while researching this book that we gathered them together in a history of seed saving and selling, which begins on page 279.





Our message is this: It's much more exciting to look at the wonderful possibilities that seed saving presents today than to bemoan what has changed from the “good old days.” Take matters into your own hands! Make your own plant selections for taste or color or fragrance, and save the seeds from them to increase your genetically diverse stock. Save your own seeds and custom-select the best plants for your garden. We've written this book especially to guide you through the twists and turns along the seed-saving trail.


Preserve Diversity


If we put all our eggs in one basket, we lose genetic diversity, leaving our plant populations without resistance to many pests. In the early 1970s, much of the corn crop in the United States suffered a disastrous infection of bacterial southern corn leaf blight. Researchers found that so many of the varieties planted at that time were bred from the same or similar parents that they all had low resistance to the disease; they lacked genetic diversity! Fortunately, scientists overcame the problem quickly by breeding resistance to the pathogen into new corn varieties.


At about this time, realizing that the potential for catastrophe was mounting as genetic diversity was lost, some foresighted gardeners took matters into their own hands. The waning of genetic diversity germinated a new seed-saving movement. Why let seed companies do what you could do yourself for a fraction of the cost and for the pure enjoyment of discovery? Echoes of Gramps! So these crusading pioneer seed savers began saving and trading among themselves seeds of non-hybrid, open-pollinated varieties. The nascent preservation effort grew rapidly. The rediscovered passion for open-pollinated heirloom plants in turn spawned small businesses that sold seeds of the best old-time varieties, and seed-swapping groups encouraged gardeners to share their seeds with other gardeners throughout the world.


The humble task of saving seeds has come full circle, and gardeners are becoming more self-reliant. Now, in the twenty-first century, as people have done for hundreds of generations, many of us are again saving our own seeds for future generations.


Save Money


We plant more than 30 vegetable and flower varieties each year. Packets of seeds that once cost a dime now sell for $3 apiece. Our yearly seed bill would be about $100 if we didn't save our own seeds. It could be argued that investing $100 to produce a year's supply of vegetables for two people is a good value, but why spend the money if you can save your specially selected seeds easily and for nothing but a few minutes of your time?


Besides, seed packets may cost $3 now, but what might they cost 10 years from now? There are good reasons to suspect that the relative cost of food and of seeds will increase in the next few decades, so be ready for it and hone your seed-saving skills now.


Create Superb Plants


The improvement in your gardening that results when you save your own seed from year to year is something that takes time to appreciate, but it's actually one of the key benefits of saving seeds. You see, you will be able to better care for your plants than could any commercial grower, and you'll pay more attention to the selection of the very best plants for seed saving, too. Because of this, over time your seed-saving efforts will pay off by providing you with plants that are uniquely adapted to succeed in your environment. And rather than selecting for the standard characteristics that seed-industry breeders look for — such as suitability for shipment and storage — you can focus on saving seeds that produce the best-tasting results instead.


Even when you're growing old-time varieties, you'll still find that some do better than others in your garden, and you'll be able to save seeds selectively from varieties that are your personal top performers. You may even come up with a strain of an heirloom crop that is significantly superior in your region to the original.








A ‘DELICIOUS' TASTE OF TIMES GONE BY


BOB WAS LUCKY ENOUGH to have tasted the original strain of ‘Delicious’ apple, and it was terrific … it was crisp, juicy, and tangy, much different from the fruit of that name that we buy at the grocery store. But that original strain probably doesn't exist anymore, and the original strain of the ‘McIntosh' apple is gone, too. In the case of apples, varieties are propagated by grafting, not by seed, but even so, there are genetic mutations that occur to the plants over time, such as brighter red color and better shipping quality, which are selected for by breeders, sometimes at the cost of flavor.
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Saving seeds from your family's heirloom crops and flowers is a wonderful way to introduce your children to their great-great-grandparents.


Go on an Adventure


Many seeds available today are hybrid varieties. If you collect seeds from a hybrid plant, those seeds won't produce plants that are “true to type.” In other words, if you save seeds from a ‘Big Boy' hybrid tomato plant and sow them in a seed flat or in your garden, you'll get a fine crop of tomato seedlings. But those seedlings won't grow up to look like ‘Big Boy' tomato plants, and they won't produce ‘Big Boy' fruits. Most likely they will be off-type fruits that are much less desirable than ‘Big Boy'. We'll explain the reasons for this in detail in chapter 1, but our point here is that sometimes the goal of a seed-saving project is simply to have fun seeing what comes up!


Saving seeds from a backyard fruit tree will be an adventure, too, because apples, peaches, and other tree fruits, by their nature, don't produce seedlings that are true to type. Every seedling will be unique in its growth and in the quality, appearance, and taste of its fruit. For gardeners who enjoy experimentation and surprises, therein lies the fun. If you have a ‘McIntosh' apple tree growing in your yard, why not try planting a few seeds from it and see what you get? The chances of getting a finetasting apple from one of the seedlings are mighty slim, but you just might be the gardener who plants the lucky seed! After all, ‘McIntosh' itself was a chance seedling. And even if your seed-produced trees don't put forth fine fruit, you can still enjoy the fragrant blossoms and let the animals enjoy the fruit. They're not as fussy as we are.


The art of saving seeds may so intrigue you that you'll branch out to your own plant-breeding adventures with such long-term seed-saving projects as growing oaks from acorns. We'll show you how and tell you what works and what does not to ease your journey through these fascinating ventures.



Ensure a Vital Link



Plants and animals are interdependent cohabitants of Earth. Plants absorb the carbon dioxide that animals exhale, blend it into a chemical soup with water, chlorophyll, sunlight, and some minerals, and produce the food that we animals eat. In the process, plants release the oxygen that we breathe. In a sense, each of us lives on the others' waste, but we are the more dependent beings in this delicate and delightful dance. Higher plants thrived for a couple of hundred million years without us; our lifespan without them would wither to perhaps a month or, with luck, a few months, until we devoured the last morsel of food and breathed the last, long lungful of precious oxygen. It is imperative that we, as stewards of Earth, ensure a safe and varied seed supply to pass along to future generations.
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When you save your own seeds, you can experiment with a wide range of varieties or specialize in just one or two. You're in control of the variations.


How to Use This Book


This book is divided into two sections. Part 1 is called Saving Seeds: The Basics and Beyond. Unless you're already an experienced seed saver, start at the beginning of part 1. In the opening chapter we present an overview of how plants produce seeds, including explanations of many important terms regarding flowers, fruits, pollination, and seed formation that we'll continue to use throughout the book. Understanding the physiology of how plants produce seeds is fundamental to seed-saving success, and it might just make you a better gardener overall, too.


Once we've laid out the process of seed formation and defined terms, in chapter 2 we'll present an overview of some of the special plant-care techniques, such as hand-pollination and overwintering biennial crops, that you'll need to master to produce high-quality seeds, especially of vegetable crops. Chapters 3 and 4 cover the practical details of how to collect, clean, and store seeds for maximum vigor and viability. In chapters 5 and 6, we complete the cycle, discussing various types of special pregermination treatments, sowing homegrown seed, and caring for seedlings until they're ready to be transplanted to the garden. As a bonus, in chapter 7 we'll discuss some of the principles and practices of plant breeding on the home-garden scale for those advanced gardeners who'd like to experiment with creating new varieties through controlled cross-pollination.


Part 2, called The Handbook: From Vegetables to Nuts, is a guide to how to collect, clean, store, and germinate seeds from specific food crops and ornamentals. We have divided this part of the book into four chapters: vegetables; herbs; flowers; and nuts, fruits, and woody ornamentals. In these chapters you'll find plant-by-plant entries with detailed information on all aspects of saving seeds of specific plants, including flowering and pollination, ensuring seed purity by controlling pollination, determining when fruits or seeds are ready for collecting, extracting seeds from fruits, cleaning and drying seeds, overcoming dormancy, providing ideal germination conditions, and raising healthy seedlings. We also tell you how to harvest and clean seeds and how to store them properly.


In the appendix, which follows part 2, we offer a history of seed saving in North America — fascinating stories of early seed-swapping groups in colonial America, the formation of the first seed companies (including the birth of the famous Burpee Seeds), seed imports versus seed exports, a government seed-giveaway program in the nineteenth century, and more.


On a more practical level, we've also included a glossary at the back of the book, so that if you can't quite remember what a silique is or what dehiscence means, you can quickly look it up in the glossary and get back to the details of how to save seeds of your beans or dill or sunflowers.


Learning Plant Lingo


Let's take a few minutes here to look at some plant vocabulary. We all like to call plants by their common names rather than botanical names in our everyday gardening conversations. Common names are much more familiar and easier to pronounce, and most of the time we have no problem communicating what plant we are talking about. After all, we all know what apples and alyssum and hollyhocks are.








VARIETY VERSUS CULTIVAR


THE TERM VARIETAS refers to a subdivision of a species and is part of the botanical name for the plant, but not all species have a varietas. And botanically speaking, a variety is a subdivision of a varietas. The word cultivar derives from “[culti]vated [var]iety,” and for 50 years it has been the official term for referring to varieties of cultivated plants: in other words, varieties that have resulted from deliberate plant-breeding work. ‘Bloomsdale Long Standing' spinach and ‘Big Boy' tomato are examples of well-known cultivars.


Technically speaking, the term variety is outdated, having been replaced by cultivar more than 50 years ago. However, many gardeners still use the older term, and so we do in this book too. In this book we offer seed-saving instructions for some true varieties of many wild plants, as well as discuss cultivars of domesticated plants. For simplicity's sake, we use the term variety throughout instead of cultivar.
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This planting of multicolored lettuce combines four strikingly different cultivars.





When it comes to giving directions about harvesting and propagating seeds, it's not enough simply to know that a plant is a hollyhock; seeds of different species of hollyhocks have different requirements for breaking dormancy. If you don't know precisely what kind of hollyhock you have, you won't know which protocol to follow to propagate it from seed most efficiently. Thus, in this book, it serves us well to use botanical names, because for the most part, there is only one currently accepted botanical name for each kind of plant. (Plant classification is always a work in progress, and scientists continue to reclassify plant relationships as new information becomes available.) You'll notice that we use the term botanical name rather than Latin name. That's because only about a third of plant names are in Latin. The rest are Greek or latinized English.


Taxonomists lump plants into groups based upon shared characteristics. For example, all seed-bearing plants that have needles instead of leaves and bear cones are called conifers. Among the conifers, pines (Pinus spp.) bear their needles in bundles (fascicles). Firs (Abies spp.) and spruces (Picea spp.) bear their needles singly attached to the stems. The cones of fir stand upright on the branch; cones of the others do not. So you see, we continue to subdivide plants into smaller and smaller groups that have certain traits in common.


The largest groups of seed-bearing plants that we deal with in this book are the divisions Gymnospermae (gymnosperms) and Angiospermae (angiosperms). These divisions are subdivided into classes, the classes into orders, the orders into families, the families into genera (singular = genus), the genera into species, and, finally, the species into varietas and the varietas into varieties (also referred to as cultivars). Because this provides a systematic way of classifying plants, this branch of botany is called systematics. Thus, to a taxonomist, or systematist, a ‘Golden Acre' cabbage looks like this:








	DIVISION

	Angiospermae






	CLASS

	Dicotyledoneae






	ORDER

	Cruciferales






	FAMILY

	Brassicaceae






	GENUS

	Brassica






	SPECIES

	oleracea






	VARIETAS

	 capitata







	VARIETY

	(cultivar) Golden Acre









In most cases, you don't need to worry about which groupings a plant belongs to above the family level. In chapter 7, we give some general characteristics to look for in each plant family. For example, members of Brassicaceae (the cabbage family) almost always have four-petaled flowers and bear seeds in a capsule; members of Fabaceae (the legume family) almost always show hardseed-edness and bear their seeds in a pod. Knowing these general characteristics will help you understand better how to collect and process the seeds.


One final point about botanical names: Scientists occasionally come up with new botanical names for plants or plant families as new genetic information about the plants comes to light. We won't bog you down with the details of why particular names have been changed, but we want you to be aware that for many plant families, there are now two names in popular use. For example, the grass family used to be called Gramineae, but taxonomists have changed the name to Poaceae. Thus, while older books may still use Gramineae, newer ones such as ours use Poaceae to refer to the same family. The same is true for Leguminosae, which is now Fabaceae; Cruciferae, which is now Brassicaceae; and a few others.





PART 1 Saving Seeds: The Basics & Beyond
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The entire fruit is already present in the seed.


— Tertullian





CHAPTER 1
SEED BIOLOGY 101



SAVING SEEDS is a fascinating and delightful pastime. Seeds are sometimes the “poor stepchild” in the garden, overlooked by gardeners in their pursuit of a bountiful harvest of fruits and vegetables. But we've discovered that collecting seeds has been a satisfying extension of our other gardening efforts, and being seed savers has made us better gardeners overall.


Plants do a fine job of producing their own seeds year after year, but when we save seeds for replanting, we must manage the process so that we end up with the healthiest, most vigorous, and most reliable seeds possible. Once our plants set seed, we must know how to collect and store those seeds so their seedlings grow well the next year.


Most gardeners know the basic process by which plants make seeds, but it's very helpful to learn more about the physiological processes leading to seed production. Among these are how plants produce flowers, how flowers are pollinated, a bit about plant breeding, and how seeds form and ripen. Along the way, we'll familiarize you with some of the terminology that botanists use to distinguish different types of fruits and seeds. So put on your student cap, and we'll get started right away with our review of seed biology.


Before we delve into the physiology of how plants produce seeds, let's distinguish higher plants (plants that produce seeds) from lower plants, such as ferns and mosses, that reproduce by spores or other means. We discuss only higher plants in this book. The two main divisions of higher plants are gymnosperms (which have naked seeds) and angiosperms (which bear seeds in a fruit).


ANGIOSPERMS. Angiosperms are classified as monocotyledons (monocots) or dicotyledons (dicots), according to how many cotyledons (seed leaves) their seeds contain. Woody monocots are not very common in North America, but yucca is one. Important herbaceous monocots are asparagus, onion, and corn; among the flowers, iris and gladiolus. Most of the vegetables and flowers we grow are dicots, and so are many common woody plants, such as maples, apples, hollies, and roses.
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Dicot seedlings produce two leaf-like cotyledons before they form true leaves.


GYMNOSPERMS. For home gardeners, the two main groups of interest among the gymnosperms are ginkgo (Ginkgo biloba) and conifers, such as pines, spruces, and yews.


Here's a little twist in the terminology. From a botanist's perspective, an angiosperm produces true flowers but a gymnosperm produces a strobilus, which we would call a “cone.” For our purposes here, when we talk about flowering, we're referring both to true flowers and to strobili (plural of strobilus).


Flowers Come First


Sexual reproduction in all higher plants begins with the formation of flower buds (the precise terms for this are flower bud induction and differentiation). The process ends with seed maturation and dispersal. Annual plants accomplish this cycle in 1 year; biennials, in 2 years or growing seasons. Perennials repeat the cycle year after year once they have reached reproductive maturity. In most trees and shrubs, a 2-year cycle is common. In the first year, flower buds form anywhere from the middle to near the end of the growing season. In the second year, flowers bloom, and pollination and fertilization occur. The embryo grows rapidly, and seeds mature by summer or early fall. Most pines follow a 3-year cycle and some other plants yet another cycle. We'll explain the unusual cycles in a bit more detail in part 2.








FIGURING OUT THE FANCY TERMS


WHEN WE TALK about the parts of a plant, sometimes our only option is to use a scientific term, because it's the only word that exists to name a particular plant part. For example, the scar on a seed where the seed detached from the ovary is called a hilum. There's no other name for it. The same is true for endosperm, which is the tissue inside a seed that nourishes the embryonic plant until it can establish a root after it sprouts.


From a botanical point of view, there are special names for various types of fruits, too, such as capsule, pod, samara, and achene. Each of these names evokes a different fruit with a particular form and characteristics, and it's important to become familiar with these different types of fruits when your goal is to save seeds.


There are some cases where we can use common terms rather than fancy scientific ones. For example, a testa is simply a seed coat, so we talk about the seed coat of a seed, not its testa. We use the common term husk but also the more technical term involucre when talking about that leathery “rind” on a walnut.


Don't let the terminology discourage you. Before you know it, you'll find that you breeze right along when you encounter terms like monoecious and stratification. And if you come across a form that's unfamiliar, just turn to the glossary, page 285.





The Juvenile Period


All plants propagated from seeds pass through a period of juvenility before they become sexually mature and can start producing flowers and seeds. How long does a plant's juvenile period last? It can take as little as a few weeks for some annuals. Among the herbaceous perennials, such as hostas, the juvenile period can be 5 to 10 years. For some trees it lasts half a century. It takes a very patient gardener to grow such trees from seed! Most temperate-zone trees, though, reach sexual maturity in about a dozen years, and shrubs generally flower and fruit in 4 to 8 years from seed. (Stress, environment, and genetic differences can affect the length of the juvenile period of plants.)


Plants in the juvenile phase may look different from what you're used to. For example, a juvenile English ivy plant is a vine with a characteristic leaf shape, while mature English ivy is a shrub that has a different leaf shape. And juvenile apple, citrus, and pear trees have long spines, which make them look like hawthorns.


As a plant enters adulthood, it sheds its juvenile characteristics and assumes adult characteristics, the most prominent of which, and the most important to us, is flowering. During the transition phase, the bottom of a plant may remain juvenile while the top becomes a reproductive adult or vice versa.


Flower Structure and Development


As mentioned above, flowers develop from flower buds, and you can distinguish flower buds from vegetative buds (which produce leaves and stems) by their appearance and location. Flower buds are usually larger than vegetative buds and in some species, such as flowering dogwood, have distinctive shapes. Watching for flower-bud formation in annual crops is important because it puts you on alert that your plants will be flowering soon. And locating the flower buds on woody plants helps you confirm that a plant is sexually mature and also lets you know where you'll be able to find fruit and seeds to collect later in the season.








THE GRAFTING SHORTCUT


HORTICULTURISTS HAVE developed shortcut techniques for producing plants without having to wait for seedlings to grow out of the juvenile period. One example is grafting, in which a piece of a stem from a sexually mature tree is physically bound onto a rooted plant of a different variety. Grafting is a common method for propagating fruit trees. Grafted fruit trees produce fruit much sooner than do seedling trees because the scion wood was taken from sexually mature trees. In other words, those fruit trees you planted in your backyard never had a childhood.





PARTS OF A COMPLETE FLOWER


[image: image]


Flowers come in an amazing variety of forms and sizes. It's important to recognize what type of flowers a plant has when you want to save seed from it, especially if you need or want to hand-pollinate it (we explain more about hand-pollination in chapter 2). There are some basic structures that are the building blocks of all flowers. The typical flower of an angiosperm has the following parts.


[image: image] Stigma, style, and ovary: the female parts of a flower


[image: image] Pistil: the collective term for the stigma, style, and ovary. The word carpel is also used to describe the stigma, style, and ovary. Some flowers may have multiple pistils.


[image: image] Anther: a sac that contains pollen


[image: image] Filament: a stemlike structure upon which the anthers are attached


[image: image] Stamen: the collective term for the anther and filament; the male sexual organ of a flower


The sexual parts of the flower are usually surrounded by the petals, collectively called the corolla. Outside the corolla are the sepals (petallike structures), collectively called the calyx. Both the corolla and the calyx are nonsexual parts of a flower. Flowers are usually borne on a stalk called a pedicel or peduncle.


A flower that contains all these parts is called a complete flower (see illustration above). Any type of flower that is lacking one or more of the basic parts is called an incomplete flower. And as you might have guessed, botanists have come up with a specific term to describe each variation in flower structure. On the next page, you'll find some of those descriptive terms.
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PERFECT FLOWER


PERFECT. A perfect flower has both male and female parts but may not have all the nonsexual parts. Such flowers are also called bisexual or hermaphroditic. Perfect flowers are not necessarily self-fertile; i.e., they may not be able to fertilize themselves and produce seed. Many plants with perfect flowers are self-sterile and thus require pollen from another plant in order for fertilization to occur.


IMPERFECT. An imperfect flower has only one type of sexual organ, or, if both types are present, only one is functional. These flowers are also called unisexual.
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These star-of-Bethlehem (Ornithogalum spp.) blossoms are complete flowers, with six stamens encircling a central pistil.
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STAMINATE (MALE) FLOWER


STAMINATE. Also called a male flower, this type contains stamens but not pistils.
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PISTILLATE (FEMALE) FLOWER


PISTILLATE. Also called a female flower, this type contains pistils but not stamens.


Many vegetable plants, including tomato, pepper, and bean, produce complete, and therefore perfect, flowers. Others, such as spinach, asparagus, and squash, bear imperfect, and therefore incomplete, flowers. The willow flower is odd indeed and lacks both a calyx and a corolla but has both sexual parts. It's perfect but incomplete. Let's just say it gets right down to business.


MALE PLANTS, FEMALE PLANTS, AND MORE


To further complicate things, it's not just flowers that can be male or female; plants may have a “gender,” too. Two fundamental terms that relate to this concept are monoecious and dioecious. Monoecious (“one house”) plants have both sexes on one plant. Squash, birch, and striped maple are monoecious: they bear separate male and female flowers on the same plant. Dioecious (“two houses”) plants bear male flowers and female flowers on separate plants. Asparagus, spinach, and hollies are dioecious. Most conifers are monoecious, but juniper is dioecious.


The plants with male flowers are termed androecious while those with female flowers are gynoecious. We can also call them male plants and female plants, and thus we talk about male and female asparagus and holly plants. Only female plants produce fruits and seeds (and only when male plants are growing within pollinating range, of course), so not all dioecious plants produce fruit.


But wait, there's more! Some species of plants can have all these flowering habits. Cucumber is one example. And beyond that there is such a thing as an andromonoecious species, which means that it may produce male flowers and perfect flowers on the same plant. Some plants, such as hackberry and bittersweet, are polygamous and produce both bisexual (perfect) and unisexual (staminate or pistillate) flowers on the same plant. A polygamo-monoecious plant is one that is functionally monoecious with imperfect flowers but produces some bisexual flowers as well. A polygamo-dioecious plant produces some bisexual flowers but is functionally dioecious. In a few genera, flowering patterns vary from species to species. For example, Norway maple is monoecious but silver maple can be monoecious or dioecious.



MORE EXAMPLES OF FLOWER TERMINOLOGY
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In the blueberry, following fertilization the ovary in each blossom develops into a blueberry fruit. The five-lobed pair of “lips” at the top of each berry make up the calyx of the flower.
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Each urn-shaped flower on a blueberry bush has a small stem called a pedicel, which joins the main stem, or peduncle, of the inflorescence.
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The strobili (cones) of gymnosperms, such as those on this blue spruce, can be staminate (male) or pistillate (female). Staminate strobili are often bright yellow, red, or purple when fully developed. Pistillate strobili develop into woody, durable cones that bear seeds.
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The strobili (flowers) on this mugo pine are not yet mature.


[image: image]


[image: image]


Squash plants bear separate male and female flowers on the same plant. As a female flower matures, the ovary at the base of the flower swells. Male flowers appear first, and although plants usually produce more male flowers than female, female flowers are more numerous than male at the end of the season.


The Architecture of Flower Stalks


Now that we've covered all the permutations of the form of an individual flower, let's talk about how flowers are arranged on a plant stem. The technical term for this is inflorescence, and there are many possible variations, including the number of flowers per stem and the order of bloom within a cluster of flowers. An inflorescence may hold a single, solitary flower or many flowers in a cluster, with or without leaves, bracts, or even a flower stalk. (Sessile flowers do not have a flower stalk and are attached flat to the stem.) Inflorescences form either along plant stems in the leaf axils — angles where leaf stalks join the plant stem — or at the tip of the axis (the main stem of the plant).


If an inflorescence located at the tip of the axis prevents elongation of the shoot, this is called a determinate growth habit. If shoots continue to elongate and flower as inflorescences form at the leaf axils, then the plant has an indeterminate growth habit.


Type of inflorescence is important to us as seed savers because it dictates the method of collecting the seeds. For example, carrot flowers (and therefore seeds) are held in a type of inflorescence called an umbel. The flowers within an umbel open and are pollinated over time, which means that the seeds will ripen over time, too, and that's something we need to take into account when it's time to harvest the seeds. Spinach inflorescences are different, though. They are called panicles, and they form at the leaf axils. The seed heads they produce ripen all at once.


There are three main categories of inflorescences: solitary flowers, racemose inflorescences, and cymose inflorescences. There are also mixed types, with racemose clusters borne on cymose inflorescences and the opposite as well.


Solitary flowers are borne singly. They may be held at the growing tip, within the axils of leaves, or on a stalk or stem. Examples are pumpkin, tulip, and narcissus.


RACEMOSE INFLORESCENCES


Generally speaking, the inflorescences in this category are indeterminate. This means that the flowers at the base of the inflorescence are older than the flowers at the tip of the inflorescence. Seeds may be formed at the base of the inflorescence at the same time that young flowers are just opening at the tip.


CYMOSE INFLORESCENCES


Cymose inflorescences are determinate, developing from a flower bud at the tip of the meristem. As opposed to racemose inflorescences, the oldest flowers occur at the center of the inflorescence and the youngest at the base.


CYMOSE INFLORESCENCES
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CYME


CYME. A flowering cluster that is flat-topped or domelike. Examples are tomato and baby's-breath (Gypsophila).
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FASCICLE


FASCICLE. A cyme with flowers borne on short peduncles in a dense cluster, with much longer and about equal-length pedicels all attached at about the same point. Examples are sweet William, cherry, and plum.



RACEMOSE INFLORESCENCES
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CATKIN


CATKIN. A deciduous raceme or spike with petal-less unisexual flowers. Examples are aspen and walnut flowers.
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CORYMB


CORYMB. A flowering cluster that is flat-topped or domelike, because the lower pedicels are longer than the upper. The outer flowers open first, so the youngest flowers are in the middle of the cluster. Examples are yarrow, highbush blueberry, and hawthorn.
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HEAD


HEAD. A dense cluster of short, sessile or almost sessile flowers on a flattened receptacle. Examples are sunflower, coneflower, and marigold.
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PANICLE


PANICLE. A branched raceme or corymb with a loose flower cluster, usually longer than wide. Examples are beet, chard, and sorrel.
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RACEME


RACEME. Flowers borne on pedicels of approximately equal length along an elongated stalk. Examples are chokecherries and some blueberries.
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SPIKE


SPIKE. Flowers held on a stalk, sessile or almost so. An example is delphinium.
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UMBEL


UMBEL. A flowering cluster with pedicels of approximately equal length attached at the same point and spreading like an umbrella. Examples are onions, carrots, and dill.



Factors That Affect Flowering



As gardeners, we strive to have something in flower in our yards and gardens throughout the growing season, and because plants are so diverse in their growing habits, it's an achievable goal. But when our goal is to save seeds, we need to think about the timing of flowering from a different perspective.


In general, annual vegetables, herbs, and flowers initiate flower buds in late spring or early summer and bloom during the same growing season. Biennials, however, form their flower buds in late summer or early fall. The buds must survive over winter in order for a plant to flower and complete its reproductive cycle the following year. Some plants, such as Swiss chard and many “annual” flowers, may be either annual or biennial, depending upon environmental conditions. We treat many vegetable crops that we grow for food as annuals, but, in fact, they may be biennial or perennial plants.








SHORT-DAY PLANTS AND LONG-DAY PLANTS


A LONG-DAY RESPONSE to photoperiod occurs when a plant is exposed to a certain number of days that have a light period longer than the critical day length for the species. A short-day response occurs when a plant is exposed to a certain number of days that have a light period shorter than the critical day length for the species.


The actual number of hours that corresponds to a plant's critical day length varies from species to species. For example, a plant that forms flower buds when given photoperiods of 14 hours or less, such as cocklebur, is still called a short-day plant, even though it forms flowers on a day that we might consider a “long day” (i.e., a day that has more hours of daylight than darkness).





Trees and shrubs usually initiate flower buds in summer or fall that must persist through the winter before they can open and set fruit. Most temperate tree and shrub species bloom in the spring, though witch hazel flowers in fall or winter and the September elm — you guessed it — in September.


You probably know the usual time when the peonies or purple coneflowers bloom in your area, but there are factors that can cause plants to bloom unusually early or late, or that affect flowering in other ways. Some of the most important influences on flowering are temperature, photoperiod (day length), light intensity, and nutrition.


TEMPERATURE. High temperatures and/or mild drought during summer and lack of adequate cold during winter both can affect flowering. For example, in cucurbits, high temperature causes a shift to maleness; that is, it encourages the production of male flowers over female flowers. So if you have a very hot summer, your zucchini plants may form mostly male flowers, which means you'll end up harvesting fewer fruits. Heat and mild drought both also have the potential to stimulate earlier flowerbud formation as well as increased flowering in many woody species.


Most temperate perennial species need a period of cold to stimulate adequate flowering. For example, daffodils and tulips must fulfill a chilling requirement of between 400 and 1,500 hours below 45°F (7°C), depending upon species, in order to bloom properly. Many fruiting plants and woody ornamentals require a chilling period as well.


PHOTOPERIOD. We all know that plants need light in order to grow, because light supplies the energy that plants use to make food. But light also has other fundamental effects on plant growth, including flowering. Plants contain a pigment called phytochrome that is a photoreceptor, which means that its chemical structure changes in response to light and/or day length. The chemical changes in phytochrome in turn can promote the physiological changes in a plant that lead to flowering. (For more details about phytochrome, see page 64.) Flowering in most annuals is strongly affected by day length, but flowering in most woody species is not. For example, long days favor formation of male flowers on squash plants while short days favor formation of female flowers. Most bush fruits form flower buds during the short days of late summer and autumn, whereas most tree fruits form flower buds during the long days of midsummer.


LIGHT INTENSITY. Light intensity is at least as important as photoperiod. Plants growing in direct sun normally produce more flowers than do plants in shade, and in the northern parts of the country, more flowers form on the south and west sides of a plant and on the top of a plant than on the north and east sides or inside the plant canopy. Where the light is, there the flowers will be.


NUTRITION. Plants under slight moisture stress during flower-bud formation generally set more flower buds. You may have noticed that the stress created by root pruning, which temporarily interferes with moisture uptake and nutrient flow, increases fruit and seed production. But watch it! Too much stress will kill a plant.


Plants that are given adequate fertilizer will set more flowers and seeds than plants that are undernourished, but supplying too much nitrogen will keep a plant vegetative and reduce flower production. If your goal is to save seeds from a plant, it's generally a good idea to use a fertilizer that is higher in phosphorus than in nitrogen, but take care that your plants don't suffer a nitrogen deficiency.


Pollination


Pollination is the transfer of pollen from stamens to pistils or from staminate strobili to ovulate strobili. Without pollination, there can be no union of the male and female gametes, and therefore fertilization of the ovule cannot occur. If fertilization does not occur, there will be no fruit and, thus, no seeds.


A self-pollinated plant is one that is pollinated by its own pollen due to flower structure or isolation (physical separation from the pollen of other varieties or species of plants). Cross-pollinated plants are those that are pollinated by pollen from other varieties of the same kind of plant or, in some cases, by other species of plants in the same genus.
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Purple coneflowers and other perennial plants usually bloom at the same time each year in a given location, but factors such as weather and soil conditions can cause a shift in bloom time.


Seed savers need to be mindful of the sources of pollen that their seed-stock plants are exposed to because of the potential for different varieties of a plant to cross-pollinate. Cross-pollination can lead to unpredictable results because it “mixes up” the genetic composition of the seeds. For example, pollen from a red cabbage plant carries the genes for red leaf color. If pollen from a red cabbage plant lands on the pistil of a green cabbage plant, those red color genes will become intermixed with the green color genes in the seeds that form. If you plant those seeds, you will end up with “off-type” plants. Most will still have green leaves, but they will not necessarily look like the green cabbage parent.


Plant breeders have come up with a variety of methods for preventing unwanted cross-pollination. Some of these methods aren't practical for home gardeners, but others work very well. We'll explain the nuts and bolts of these methods, which are referred to as isolation techniques, in chapter 2.


How Pollen Gets Around


Pollen is dispersed from one flower to another mainly by wind (botanists call this anemophily) and by insects (entomophily). Wind pollination is common in conifers and in some angiosperms that lack showy flowers, such as spinach, corn, and hickory trees. It's the most common type of pollination.


[image: image]


Attracting bees to your garden will improve pollination of many types of plants, but sometimes you'll need to protect certain plants from accidental cross-pollination by bees or other insects.


Species with brightly colored and/or scented flowers, such as roses, squash, and apple, often have heavy or sticky pollen grains that cannot float on the wind. These plants are insect-pollinated, primarily by bees. Quite a few shrubs and understory plants such as rhododendron depend on insect pollination because the overstory plants block free wind movement. These plants would have died out long ago were it not for insects. Some species, notably some maples, willow, and mulberry, are pollinated both by wind and insects.


There are plants that are self-pollinated; these require no assistance from wind, insects, or other critters to set fruit. Tomatoes and legumes, such as beans and peas, fall into this category. Cross-pollination may still occur in these plants, though, due to opportunistic insects seeking pollen or to a brief gust of wind that blows pollen from one flower to another. For instance, a bee may happen to visit a tomato blossom in your garden, pick up pollen, and transfer it to another variety of tomato. After all, the bee doesn't know that those flowers are supposed to be self-pollinated! In the long run, it doesn't matter much to nature; the mission has been accomplished. But it will matter to you, the seed saver, because of your wish to maintain genetic purity of the seeds produced.


A few plants are pollinated by bats (chiropterphily), wasps, butterflies, and other agents. Magnolia, a primitive genus, is pollinated by beetles. Yucca is pollinated by moths; the toad cactus (Stapelia), which smells like rotted flesh, by flies; and the saguaro cactus (Carnegiea) by bats. Water pollination (hydrophily) is rare but occurs in eelgrass (Vallisneria). Almost all flowers pollinated by birds (ornithophily) are red.


Fertilization


When pollen lands on a stigma (which is moist and sticky when receptive), the pollen grain germinates, and a pollen tube grows down the style and into the ovary, releasing, in most cases, two sperm cells. One sperm cell unites with the egg in the ovule to form the embryo, and the other unites with two polar bodies to form the endosperm, a tissue that will nurture the embryo while it's in the seed, just as an egg yolk nurtures an unborn chick. In this case, the flower undergoes double fertilization.








INBREEDING DEPRESSION


SELF-POLLINATION increases homozygosity (sameness), decreases genetic diversity, and tends to produce poor, weak growth and diminished flowering and fruiting capacity over time. Enforced self-pollination in plants normally cross-pollinated by insects often yields poorly developed seeds, weak seedlings, small plants, and reduced yield; this loss of vigor is called inbreeding depression. Some plants show inbreeding depression after only a generation or two of self-pollination. With other types of plants, it may take several generations of selfing to notice a decline in vigor, and in still other species this phenomenon is seldom seen. Some vegetables are particularly susceptible to inbreeding depression. With these crops, seed should be saved from more than one plant, and in some cases (corn, for example) from as many plants as possible in each generation.
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Growth of a pollen tube through the style and into the ovary is a critical stage in the fertilization of a flower.


Pros and Cons of Cross-Pollination


Natural cross-pollination increases genetic diversity, vigor, fruitfulness, and pest resistance, but it also can result in the loss of desirable traits you want to perpetuate. Controlled, or intentional, cross-pollination by plant breeders (or by you, the home garden seed saver) can result in plants that have more desirable traits.


Most older varieties of vegetables and flowers are open-pollinated, which means that they are pollinated by some natural means, whether it's wind or insects or bats. They are different from F1 hybrid varieties, which have been created by very specific and controlled cross-pollination between two parent plants that have particular characteristics.


Open-pollinated plants will produce seeds that are reasonably true to type only if planted in isolation, and this is a key point for seed savers. Let's study the example of spinach, which is a naturally cross-pollinated species. ‘Bloomsdale Long Standing' is an open-pollinated variety of spinach. Commercial seed growers grow ‘Bloomsdale Long Standing' in fields that are isolated from all other varieties of spinach. That way they can be sure that their female plants are being pollinated only by pollen from males of the same variety. Thus, the genetic traits incorporated into the seeds produced will be within the acceptable known characteristics of ‘Bloomsdale Long Standing'.


If you plant only ‘Bloomsdale Long Standing' spinach in your garden, you can be reasonably sure that the seed you save from your plants will produce a ‘Bloomsdale Long Standing'–type plant from year to year. However, if you plant different varieties of spinach in your garden in the same year and allow them both to bloom, they will cross-pollinate. Let's say, for example, that you planted not only ‘Bloomsdale Long Standing', which has crinkly dark green leaves, but also ‘Lombardia', which has smooth leaves that are not so deeply green. The seeds that result from cross-pollination of these varieties will carry a combination of traits from the two. Of course, if you allow only one of the varieties to flower, no cross-pollination can occur. Now, what if your neighbor grows spinach, too? Can you still save seeds from your spinach plants? You'll need to visit your neighbor's garden and check on the spinach plants. If none is in flower, there can be no cross-pollination. You're safe!


Isolating open-pollinated plants may be difficult or impossible if you are collecting seed in the wild. For example, you won't find a single oak in the woods, but instead a stand of oaks that likely represent a wide variety of genetic traits. Since they'll cross-pollinate, the acorns you save cannot reproduce precise replicas of the parent.








POLLINATION OF CONES


IN GYMNOSPERMS, the pollination process is a bit different from that of angiosperms. The scales of ovulate cones spread apart when the ovules are receptive, and small drops of liquid called pollination drops form. Pollen grains blown between the scales by wind are “captured” by the drops, and fertilization follows.






HYBRIDS AND POLLINATION



From a horticulturist's perspective, a hybrid plant is one that results from a cross between two inbred lines (plant lines that have been produced by a series of self-pollinations). Scientists control this process very closely; that is, they carefully choose two parent plants with certain characteristics and pollinate one with the other. Many varieties of vegetables and flowers, and some varieties of woody ornamentals, are what are known as F1 hybrids. The designation F1 means the “first filial generation,” or the first generation of a plant after a controlled cross was made.


In the wild, though, hybridization takes place easily between naturally cross-pollinated species, but since we don't know to which generation a particular wild plant belongs and what the parent plants were, we don't call them F1 hybrids. The results from this type of natural hybridization are much less predictable than those from controlled hybridization.


F1 hybrids usually produce vigorous, high-yielding, pest-resistant plants with high-quality flowers, fruits, or roots. Or they may have been bred to produce fruit that ripens early, that will store longer, or that has redder fruit, more colorful foliage, disease resistance, or any number of other characteristics the breeder sought.


F1 hybrid seeds produce plants true to type, but if you save seeds from an F1 hybrid plant, the plants that sprout and grow from those seeds won't be, because they won't have the precise genetic mix that results from the original controlled cross. Such plants are called the F2 generation. Many F2 plants are likely to have fairly desirable qualities as well, but as you continue to save seeds, those qualities may be lost. Most likely, if you keep on saving the seeds, you'll wind up with plants far inferior to the original F1 parents. If you want to experiment with saving seeds from hybrids or with making your own hybrid crosses, you can learn about that in chapter 7.


It can be lots of fun to experiment with saving seeds from the natural hybridization that's happening in your yard. Willows, for instance, are wind-pollinated, and pollen from many different willow trees may blow onto the stigmas of your tree, there to unite their genetic material with that of your tree. The result will be seeds that will produce plants with variable characteristics. Nature provides you with a variety of choices, as though to say, “Here are multiple seedlings with many characteristics. Choose what you want, and propagate it.” If you want to reproduce a plant that is exactly like the parent, then take cuttings or try some other method of asexual propagation. But if you like the idea of exploring the potential for surprise, work with the seeds.


Fruit and Seed Development


Following fertilization, as both the embryo and the endosperm grow, the ovule tissues surrounding both harden into the testa, or seed coat, and the seed is formed. While it grows within the seed, the embryo forms a miniature plant with a radicle (rudimentary root), hypocotyl (stem), plumule (bud), and cotyledons (seed leaves). In many plants, the process of seed development takes only a matter of weeks. Annuals usually mature their seeds within 2 to 6 weeks after flowering. Most biennials flower in early to late spring of their second year and mature their seeds in mid- to late summer. Seeds of many perennial grasses and herbaceous perennials mature 2 to 3 weeks after bloom. Some trees, such as poplars, maples, and elms, produce mature seeds less than 2 months after bloom.


Other plants take a little longer for their seeds to mature. Plums, peaches, magnolias, and chestnuts require 3 to 4 months. Apples, dogwoods, and most tree nuts require about 5 months after flowering; pine trees mature their seeds 2 to 3 years after flowering. The double coconut (Lodoicea maldivica) requires 7 to 10 years!


DEVELOPING SEED EMBRYO
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FRUIT TYPES



NATURE HAS GIVEN US a wonderful variety of fruit shapes and sizes. Knowing what type of fruit your plant produces is important both to identifying the plant and in knowing how to harvest its seeds. Botanically speaking, tomato fruits are berries, which means that their seeds are enshrouded in fleshy pulp. (You'll need to separate the seeds from the pulp in order to save and store them.) Apple fruits are pomes, with large, easy-to-extract seeds, while caragana fruits are pods that pop open when the seeds are ready for harvesting. As a seed saver, you'll need to pay special attention to any fruits that are classified as dehiscent. These fruits tend to split open or break apart and shed their seeds, often before you get around to harvesting them.


We've summarized the different types of angiosperm fruits here so that if you can't keep all the terms straight in your mind, you can refer to this list to refresh your memory. Gymnosperm fruit types (called strobili) are far fewer in number than those we find in the angiosperms.


Simple Fruit


These are just what their name implies: simple and easy to handle. Some are dry at maturity, some are fleshy. Still others are in-between; these are called dry-fleshy fruits.


DRY FRUITS


INDEHISCENT


These fruits do not split open when ripe.


ACHENE. A single seed attached to the ovary at only one point (buttercup, sunflower)


UTRICLE, OR SEEDBALL. A modified achene, such as in beet and chard, often containing more than one seed


CARYOPSIS OR GRAIN. A single seed (corn and all grasses)
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CARYOPSIS (CORN)


SAMARA. One or two seeds with wings (maple, elm, ash)
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SAMARA (MAPLE)


NUT. Hard fruit (hazelnut, acorn, pecan)
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NUT (ACORN)


SCHIZOCARP. Two or more carpels that separate at maturity (carrots and many related crops)


DEHISCENT


These fruits split open (dehisce) when ripe.


LEGUME. One carpel, which splits along two lines (bean and caragana)


FOLLICLE. One carpel, which splits along one line (columbine, milkweed, peony, larkspur, euonymus)
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FOLLICLE (EUONYMUS)


CAPSULE. Two or more carpels (azalea, okra, iris, poppy)


SILIQUE. Two carpels with a partition wall between them (cabbage and most related crops except radish)


STROBILE. A dry, conelike fruit developing from pistillate catkins (alder and birch)


HEAD. A multiple fruit that forms a compact cluster of simple fruits (sweet gum)



DRY-FLESHY FRUITS



DRUPE. One-seeded fruit with a bony endocarp, or “stone,” surrounding the kernel (peach and viburnum)
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DRUPE (PEACH)


POME. Papery endocarp forming the “core” (apple, hawthorn, holly; individual fruits inside holly pomes are drupes)
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POME (APPLE)


HYP. A complex fruit made up of multiple drupes (pomegranate)
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HYP (POMEGRANATE)


HIP. A complex fruit consisting of many achenes (rose)
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HIP (ROSE)


FLESHYFRUITS


BERRY. A fruit in which the fleshy portion is the fruit wall (tomato, pepper, avocado)


HESPERIDIUM. A fruit that has a leathery rind (oranges and most other citrus fruits)


PEPO. A fruit type that has a shell surrounding the flesh (squash and most of its relatives)


Compound Fruits


These fruits result either from pollination of a single flower that contains multiple pistils or from pollination of many flowers that unite to form the fruit.


AGGREGATE


A fruit resulting from pollination of a flower that contains many pistils (raspberry and blackberry)


MULTIPLE


A fruit that results from pollination of many flowers that unite after pollination (pineapple, globe artichoke, hop)


SYNCONIUM. A type of pseudocarp in which achenes are actually borne on the inside of a hollow receptacle (fig)


SOROSIS. A fruit derived from the ovaries of several flowers (mulberry)


COENOCARP. A fruit incorporating ovaries, floral parts, and receptacles of many flowers (large-bracted dogwoods and breadfruit)


DRY STROBILI


CONE


Woody structure that opens and releases seeds (fir, spruce, and most pines)
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CONE (SPRUCE)


Fleshy Strobili


DRUPELIKE FRUIT


A fleshy fruit that encloses a single seed (ginkgo, yew, Torreya, and some junipers) or multiple seeds (some junipers)
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DRUPELIKE FRUIT (YEW)








CHAPTER 2
GROWING PLANTS FOR SEEDS



BECOMING A seed-saving gardener is an excellent exercise in the art and science of cultivating plants. You need to be in touch with your plants' development throughout the growing season, not just at season's end when you gather the seeds. The planting, watering, and feeding of plants for seed production is similar to that of plants you're growing for food, flowers, or foliage, but you must also monitor the flowering process to ensure that only the exchange of desired pollen takes place. In the case of biennials, you must ensure that the plants survive over the winter so they can produce seeds in their second year of growth. And with any type of plants you're growing for seed, you must monitor growth throughout the season to rogue inferior and disease-ridden plants and select the most robust, healthiest plants for their seed.


You can also select for desirable characteristics and slowly, over the years, improve the varieties you grow to best fit your needs. There is a range of characteristics you might want to select for. For instance, if one of the tomato plants in your backyard produces particularly delicious, solid fruit, saving and planting seed from that plant will most likely give you tomato plants with similar fruit the following year. We suggest several characteristics you might want to consider, but the particular traits that matter most depend on whether you're saving seeds from tomatoes or lettuce or zinnias or oak trees. Whatever your goal, careful observation of your plants throughout the growing season will help you determine which ones show the traits you want to select for.








BEST BETS FOR BEGINNERS


IF YOU'RE NEW TO GARDENING or trying your hand at saving seeds for the first time, you can boost your confidence by choosing plants from which it's easy to collect seeds and have them sprout and grow. Here are 25 plants that should give you good results even if you've never tried saving seeds before.


Vegetables: beans, leaf lettuce, peas, peppers, spinach, tomatoes


Herbs: borage, cilantro, dill, parsley, pot marigold, sweet cicely


Flowers: California poppies, pinks (Dianthus), snapdragons, sunflowers, sweet peas


Trees/shrubs/vines: apple, grape, horse chestnut, oak, Ohio buckeye, peach, pear, plum
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Beds placed near the house make it possible to carefully monitor your plants during the growing season for the best seed production.


Super Spacing for Seed Production


Most plants that will be producing seed stalks require more space than plants grown solely for the harvest of their leaves, stems, or roots. Thus, when you're planting a vegetable or herb that's not normally grown for its fruit or seeds, allow triple or even quadruple the normal spacing between plants and at least double the recommended spacing between rows. For example, you might normally space Swiss chard plants a few inches apart in the row to produce their succulent greens. But Swiss chard grown for seeds is an entirely different plant, with branched seed stalks that may grow to 5 feet tall. You'll want to be sure that Swiss chard plants intended for seed production are thinned to stand at least 18 inches apart. Crowding may decrease seed yields and encourage pests. Of course, this spacing rule does not apply to woody plants or herbaceous plants normally grown for their flowers or fruit. In part 2 we'll offer guidelines for plants that need to be spaced wider than usual when grown for seed production.


Preventing Unwanted Pollination


When your goal is to save and replant seed from open-pollinated varieties of vegetables, herbs, or flowers, make sure that you maintain genetic purity. In other words, you need to create some type of barrier to stop the “wrong” kinds of pollen from pollinating the flowers of your stock plants. The barrier can be an actual physical structure that blocks pollen-carrying insects or it can be the element of time or distance. These tactics are referred to as “isolating your plants.”


Cross-pollinated plants such as those in the Chenopodiaceae, Asteraceae, Cucurbitaceae, Apiaceae, Rosaceae, and Brassicaceae families and in families of most woody species are the most numerous type. These plants have a diverse hereditary makeup, and must be isolated if you are to maintain any sort of control over their hereditary patterns.


Keep in mind that on a homegarden scale, isolating crops sometimes is not a concern. As we explained in chapter 1, if you're the only gardener in your neighborhood who is trying to produce spinach seed, then you may be the only gardener who has spinach plants in flower — because most gardeners simply uproot and compost any spinach plants in their gardens that start to go to seed. However, if your neighbor is saving spinach seed, too, or if you want to save seed of more than one variety, you need to isolate your plants.



Isolating Plants with Distance



At the commercial seed-production level, seed producers sometimes rely on physical distance to isolate their crop from others. The idea is to plant a crop far enough away from others so that pollen can't travel from one to the other either via insects or on the wind. There is quite a bit of information available on the isolation-distance requirements of vegetable crops but very little on the isolation of flower crops and almost nothing on the isolation requirements of woody species. Recommended isolation distances for cross-pollinated plants vary by authority and by mode of pollination. Often, the recommended minimum isolation distance is at least half a mile, and that's just not practical for home gardeners. If you have a relatively small garden, our advice is to separate all varieties of a crop that is cross-pollinated by insects by at least 200 yards to reduce the chances of crossing among varieties. As a general rule, plants of species cross-pollinated by wind should be separated from plants of the same species by at least a mile. In part 2, we include information on recommended isolation distances for specific vegetable crops and flowers for which they are a concern.


Less than 4 percent of all plant species are self-pollinated, but among those species are peas, beans, flax (Linum spp.), lima beans, flowering tobacco (Nicotiana spp.), lettuce, and tomatoes. These crops have limited genetic composition; you can be fairly sure of getting plants true to type from seeds saved from an earlier generation of nonhybrid parent plants. Chance factors such as a windy environment can allow some cross-pollination to occur. For example, research has shown that the degree of cross-pollination in “self-pollinated” tomatoes is very small, perhaps between 2 and 4 percent.


Nevertheless, just to make sure, if you plant more than one variety of these self-pollinated plants for seed-saving purposes, try to separate them by at least 150 feet or by a row or two of a tall, nonrelated species to help block movement of any pollen from one to the other. For example, a row or two of corn planted between varieties of beans will work just fine.


Eggplant, pepper, celery, and squash-family crops are partially cross-pollinated, with the amount of cross-pollination dependent upon the environment. If you plan to save the seeds of any of these crops, plant them in isolation just to be sure. Squash and pumpkins belonging to certain species also intercross and must be isolated from each other to remain reasonably true to type. For more details on this, refer to the Squash entry, page 130.


Isolating with Bags and Cages


If you're concerned that you can't rely on distance to prevent accidental cross-pollination of your seed-stock plants by wind or insects, you can use bags or cages to isolate them. Bags for this purpose are available from mail-order supply companies (see Resources). The bags come in different sizes and materials, or you can make your own from floating row-cover material such as Reemay. Either tie a piece of row cover around the flowers or sew a piece of row cover to make a bag. Be sure the bag is sealed and has no holes. The best bags are water resistant but not waterproof. For vegetable crops that usually self-pollinate but may also be visited by pollinators, bagging individual blossoms or inflorescences to exclude pollinators does the trick. Remove the bag once seed has set, and if needed, clearly label the fruit or plant so you don't accidentally pick and eat the fruit by mistake.
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Because peas are self-pollinated, nonhybrid plants usually come true from seed.



METHODS FOR ISOLATING SEED STOCK
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You can construct a simple frame for an isolation cage out of 1×2s.


[image: image]


Staple row cover to the frame along all edges so that no pollinating insects can penetrate the cage.
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Use a piece of row cover to bag individual flowers or flower clusters to prevent unwanted pollination.








HERE, BEE!


CAGES MAY ALSO be used with introduced pollinators, but this technique is usually best left to the experienced seed saver or professional seed grower. If you want to try it, place a plate covered with honey in the garden to attract bees. When you have attracted 15 or so bees, pick up the plate and place it on the ground near the plants to be pollinated, then set the cage over the plants and plate.





Using the same principle as bagging individual inflorescences, you can cage a group of self-pollinating plants to prevent any chance of pollen transfer by wind or insects. Build a simple wooden frame out of 1×2s, large enough to enclose several plants, and staple standard window screen, Reemay, or some other porous material onto the frame to make the cage. Or, you can cage individual plants by surrounding them with a wire tomato cage and wrapping it with row cover fabric. Or, set up wire hoops over a whole row of plants and cover it with row cover, as you would to keep out insect pests.


A variation is “alternate-day caging,” in which two varieties that would otherwise cross are caged on alternate days to avoid cross-pollination by insects. Remove one cage in the morning, replace in the evening, then do the same the next day with the second cage. This allows you to plant two different varieties right next to each other. Keep in mind that you'll need to construct cages large enough to house the recommended minimum number of plants for seed saving for the crop you want to grow.


Isolating by Planting Time


Isolation can also be accomplished by planting different varieties of a plant at different times of the season or by planting two varieties with different periods of time to maturity. After all, if the two varieties don't flower at the same time, they can't cross-pollinate. For example, say you have two varieties of corn, one a 65-day corn and the other an 85-day corn. If you plant them both at the same time, there is little chance they will flower at the same time, so there will be little or no crossing. But if one variety is a 65-day corn and the other a 67-day corn, they are very likely to bloom at the same time if you plant them at the same time. Instead, plant them at least 10 days apart to stagger their bloom times.


Hand Pollination


Pollinating plants by hand is generally a simple process in which you collect pollen or entire male flowers and rub, brush, or pour the pollen onto stigmas of your seed-stock plants. It's a skill that all seed savers will want to develop, and it's easy and fun to do. The details of how to hand-pollinate vary from plant to plant. Three of the most common plants that home gardeners hand-pollinate are carrots, squash, and corn.


Hand-Pollinating Carrots


With carrot plants, keep in mind that the individual flowers in the umbels do not open all at once, and thus you will need to hand-pollinate daily for several weeks to ensure good seed set. Before flowers begin to open, decide on your seed-stock plants and bag those flowers to prevent unwanted pollination. Then each day, uncover the flowers and use a camel-hair brush or the palm of your hand to stroke the flowers from several umbels back and forth to collect pollen. Then transfer the pollen to other flowers. Re-bag and repeat the process daily. Wait to remove the bags until all seeds have set. For more details on this method of hand-pollination, see page 30.


This technique works for all members of the carrot family and for other plants that have umbel-type inflorescences.


Hand-Pollinating Squash


It's best to hand-pollinate squash (and other squash-family crops) early in the season, because these crops often stop setting fruit after they have successfully set a few. To start with, you'll need to learn to tell the difference between male and female flowers. Female flowers have a small, squash-shaped ovary at their base, whereas male flowers do not. Also, examine the differences in the internal structure of the flowers.


Next, get to know what the blossoms look like when they're getting ready to open. They'll usually start to show a little color and the end of the blossom may loosen. Follow the steps at right to hand-pollinate.


HAND-POLLINATING SQUASH
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1) Bag or tape shut male and female flowers in the evening, and mark them well for ease of location in the morning.


[image: image]


2) Early the next morning, clip the male flowers from the plant and remove the corolla to reveal the anthers.


[image: image]


3) Remove the bag or tape from one female flower at a time and quickly “paint” pollen from the anthers to the stigma, distributing pollen evenly. Use more than one male to pollinate each female.
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4) Re-bag or retape and flag the flower. If any bees land on the female flower while you're working, do not save seed from that flower.
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Use a camel-hair brush to hand-pollinate carrot flowers.



Hand-Pollinating Corn



Hand-pollinating corn involves collecting pollen from the male plants that you've designated as pollen donors and sprinkling that pollen onto the silks of your designated seed-production plants before the silks become contaminated with undesired pollen. Here's how to do it (and see the illustration below):


BAG THE EARS. Covering developing ears before the silks begin to “show” (protrude from the husk) prevents any undesirable pollen from reaching the silks. Watch for husk leaves to develop on the stalks of the seed-production plants. Pull these leaves off, exposing the developing ears and husks. At this point you can remove the tip of a husk by cutting down with a knife or scissors within ½ to 1 inch of the tip of the cob (1).


Do not cut the cob. Place a bag over the husk and secure it to the plant with a twist tie or staples. Depending on your variety, you may be able to do this over just a few days. Bagging the bottom ear before the top ear sometimes gives better success, but be sure to bag the top ear as well, as it is the last to be aborted in dry conditions. The silks will grow out of the husks over the next few days (2).


COLLECT THE POLLEN. One method of pollination is to simply cut a tassel from one plant, remove the bag from the silks, and shake or rub the pollen from the tassel onto the silks, replacing the bag afterward. Or, to ensure genetic diversity, you can bag tassels on several plants and mix the pollen. When the anthers start to show on the tassels, gently place a bag over the top of each tassel. Make sure the stem of the plant is off-centered in the bag to help with sealing it. Fold the mouth of the bag tightly around the stalk and secure with string or tape, so you don't lose the pollen. Do not bag the top leaves, as they may have collected contaminated pollen. Bag at least as many tassels as you have bagged ears. Do this in either the evening or the early morning, because the heat that builds up in the bags from the sun can kill the pollen (3).


HAND-POLLINATING CORN


[image: image]


1. Remove the husk leaf from a young ear and cut off the husk tip.


[image: image]


2. Slip a paper bag over the ear. Staple the bag shut at the base of the ear.


[image: image]


3. Bag tassels on several plants, taping the bags tightly in place.


[image: image]


4. Bend each tassel and shake it to dislodge pollen into the bag.


[image: image]


5. Make a cut in the bottom of the bag and sprinkle the pollen onto the silk.


Return to the bags in late morning and start your collection by noon. Bend the top of a plant so the pollen will settle to the bottom of the bag while you shake the top of the plant to dislodge pollen. Remove the bag and continue to the next tassel (4).


Mix the pollen from all the tassel bags to encourage genetic variability by pouring all the pollen into one bag and shaking. Dead anthers are lighter than the pollen and may be floated out of the bag by tipping the bag and gently pouring them off. Shed pollen typically remains viable for 10 to 30 minutes in the field and may be stored for 24 hours or so in your refrigerator.


DISTRIBUTE THE POLLEN. Sprinkle the pollen from a cut made in the bottom of the bag. Remove one earshoot bag at a time and sprinkle the pollen mixture evenly onto all the silks, replacing the ear-shoot bag with a larger bag after pollinating to allow for growth of the ear (5).


Pollen does not need to contact the tips of the silk; the silks are receptive to pollen along most of their length. If the silks are long and difficult to work with, cut them back to an even brush, 2 inches long, prior to sprinkling with pollen. Fasten the bag over the ear loosely to allow for growth of the ear but tight enough so it doesn't come off in the weather. Bags may be left on until harvest or removed when the silks brown, but be sure to mark these special ears so they are not harvested for eating by mistake.


Selecting Your Seed-Stock Plants


As we explained earlier, saving seeds from your own garden plants offers you a great opportunity to select for superior plant performance in your local conditions. And surely there are aspects of the plants you grow that you'd like to improve: pest resistance, for example. But how do you go about making selections to get the best results?


Say you have a row of bean plants, all but five of which have powdery mildew. Those five plants may have some resistance to powdery mildew, so you collect the seeds from those five plants and sow them the following year. Each year from then on, you save seeds only from bean plants that don't show any signs of powdery mildew. Over the generations, you may develop a powdery mildew–resistant strain of beans that grows better for you than any other strain because it was developed under the very precise conditions of your garden. You can select for resistance to root maggots, root rots, downy mildew, wireworms, and a host of other pests and diseases by following the same approach.


Another characteristic that you can select for is soil adaptability. We all want plants as widely adapted to soil conditions as possible. Plants that do well only in rich soil won't do you much good if your soil is sandy. This is a characteristic that will take many years to develop through selection. For example, roses do very well in neutral to acidic soils. If you see one growing well in alkaline soil, propagate its seeds. Keep selecting for that trait over the generations, and you might wind up with a rose that will grow well in alkaline soils.


Once you decide upon the characteristic you want to select for — early ripening, slow bolting, brilliant flower color, good flavor, resistance to fruit cracking — then go ahead and do it. Keep in mind, though, that making good selections is sometimes a bit tricky. Read on to learn more about this.








ROGUEING AND TAGGING


THERE IS AN OLD ROMAN SAYING that the footsteps of the master make the best manure. And in truth, the gardener who spends the most time carefully tending her crops often produces the best crops. The same is true when it comes to growing plants for seed. If you notice a plant that is developing a disease problem or is being overwhelmed by insect pests, pull it out and get rid of it. If you see an off-type plant or one that bolted early, pull it out. This process of removal of undesirable types is called rogueing. It's a simple way to get inferior plants out of the way and out of the gene pool. On the other hand, if you see a strong, healthy plant with desirable characteristics, tag the plant with a bright ribbon or a string. It can be helpful to write a description of favorable traits on the tag to remind you later when it's time to save seed.





Early Ripening


When it comes to the vegetable garden, everyone is eager to harvest that first tomato or pepper of the season, so selecting for early ripening is a popular choice. But think twice! Too many folks plant half a dozen tomato plants, harvest what they want for eating and preserving, and then, when their freezers are full, save the seeds from the last fruit of the season for planting next year. In doing that they are unconsciously selecting for lateness. If you do this over many years, conceivably you could end up with plants that will bear later and later until finally the fruit will not ripen at all, and you won't have seeds to plant next year.


The rule is this: If you are selecting for earliness, save the seeds from the first fruit that ripens, not the last. There is a slight catch-22 to this rule, though. The earliest fruit to ripen may not always be the fruit that has the best flavor, and it's usually the fruits that ripen later that have better keeping quality. And in the case of plums and other plants in the genus Prunus, most of the early-ripening varieties produce seeds that have nonviable embryos; you won't be able to propagate them from seeds anyway.


Fruit Appearance


Fruit shape (also referred to as typiness) and fruit color are two qualities you can select for. Many folks prefer an apple that has the conical shape of a ‘Delicious' and the same five carpel bumps on the bottom, so they select seeds only from trees that have fruit shaped like that. As for color, if you want to grow apples that will produce the very reddest fruits, save seeds only from the reddest fruits. Note, though, that fruit trees are heterozygous, so saving seeds from red fruit is no guarantee that your seedlings will produce red fruit.








NATURE OR NURTURE


PLANT CHARACTERISTICS such as freedom from pests, fruit typiness, and flower size are based not only on genetics but also on environmental components. For example, you may have used trickle irrigation on your beans and avoided wetting the foliage, thereby reducing the incidence of powdery mildew, meaning that those plants you thought might be mildew resistant really aren't. Or perhaps you're interested in trying to select for a maple tree with great fall color. If so, keep your eye on the weather as well as on the foliage. When fall weather has lots of bright clear days and cool nights, it will bring out the beautiful reds in the maples. However, the degree of redness may be more a function of the environmental conditions than of the trees' genetics. It might be better to select for bright red fall color during a fall season with poor coloring conditions — maples that turn red even when the weather is warm and humid in September may have the superior genetics you seek in terms of fall color.
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