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How to UseThis Pamphlet 
The secretto successfuft 	a erit badge is für you to 

• 	se both the pamphet and t1ie suggestions of your couns&or. 

1 Your counsekjr can be as imoortantlo you as a coach is to an 
‚ 

‚2 ab4etoyouT 	naybethe best chanceyouwillhave 
toearnabousparticuarsubjectMakeitcount 	 : 

f you or your couns&or feels that any information in this 
pamphet iz i icorrect pease et us know. Pease state your 
source of 3rmation. 

Mera badge pamphets are reprinted annually and requirements updated 
reguary Your suggestions tor improvement are w&come. 

Who Pays forThis Pamphlet? 
This merit badge pampMet 15 one in a series of morethan 100 covering all krnds 
of hobby and career sLbjects. ft is made avaiabe foryou to buy as a service ofthe nationa 

	

and loca counds, Boy Scouts otAmerica. The costs of the deveopment wri: 	and 
editing ofthe merit badge pampNets are paid tor bythe Boy Scouts ofAmerica in 
order to bring you the best book at a reasonabe price. 

Send comments &ongwth a briefstatementaboutyoursetfto 
Pilots and Program Deveoprnent S272 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irvi" TX 75038 
lt you prefer, you may send your lments to meritbadgei 	)Uting.org . 	. 
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1. Make a drawing and identify live or more parts of a flower-
ing plant. Teil what each part does. 

2. Explain photosynthesis and teil why this process is impor -
tant. Teil at least five ways that hurnans depend on plants. 

3. Explain how honeybees and other pollinating insects are 
important to plant life. 

4. Explain how water, Iight, air, temperature, and pests affect 
plants. Describe the nature and function of soil and explain 
its importance. Teil about the texture, structure, anci compo-
sition of fertile soii. Teil how soii may be improved. 

5. Teil how to propagate piants by seeds, roots, cuteings, 
tubers, and grafting. Grow a plant by ONE of These methods. 

6. List by common name at least 10 native plants and 10 
cultivated plants that grow near your home. List five inva-
sive, nonnative plants in your area and teil how they may 
be harmful. Teil how the spread of invasive plants may 
he avoided or controlled in ways that are not damaging Co 
humans, wildlife, and the environment. 

7. Name and teil about careers in agronomy, horticulture, and 
botany. Write a paragraph about a career in one of these 
fields that interests you. 

8. Choose ONE of the foliowing options and compiete 
each requirement: 
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Option 1: Agronomy 

A. Describe how to prepare a seedbed. 

B. Make and use a seed germination tester to test 50 seeds 
of four of the following plants: corn, cotton, alfalfa, 
soybeans, cover, wheat, rice, rye, barley. Determine the 
percentage of live seeds. 

C. Teil about one important insect pest and one important 
disease that damage each of the following: dorn, small 
grains, cotton. Coilect and name five weeds that compete 
with crops in your iocahty. Teil how to control these 
weeds without harming people, wildlife, or useful insects. 

D. On a map of the United States, identify the chief regions 
where corn, cotton, forage crops, small grain crops, and 
oil crops grow. Teil how chmate and location of these 
regions make them leaders in the production of 
these crops. 

E. Complete ONE of the following alternatives: 

1) Corn 

(a) Grow a plot of corn and have your plot 
inspected by your counselor. Record seed 
variety or experimental code number. 

(b) Teil about modern methods of commercial corn 
farming and the contributions that corn makes 
to today's food and fuel supply. 

(c) Teil about an insect that can damage dorn, and 
explain how it affects corn production and how 
it is controiled. 

2) Cotton 

(a) Grow a plot of cotton and have your plot 
inspected by your counselor. 

(b) Teil about modern methods of commercial 
cotton farming, and about the uses of cotton 
fiber and seed and the economic vaiue of 
this crop. 

(c) Teil about an insect that can damage cotton, 
and explain how it affects cotton production 
and how lt is controlled. 
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3) Forage Crops 

(a) Coliect, count, and label sampies of each for 
display: perennial grasses, annual grasses, 
legumes, and broadieaf weeds. Indicate how 
each grass and legume is used. Keep a log 
of the site where you found each sample and 
share it with your counselor. 

(b) Explain how legumes can be used to enrich the 
soll and how they may deplete it under certain 
conditions. Expiain how livestock may enrich 
er deplete the soil. 

(c) Name five poisonous plants that are dangerous 
to hvestock, and teil the different ways of using 
forage crops as feed for livestock. 

4) Small Grains 

(a) Give production figures for srnali grain crops 
listed in the U.S. Statistical Report or Agriculturai 
Statistics Handbook for the latest year available. 

(b) Heip in harvesting a crop of grain. Teil how to 
reduce harvesting iosses and about modern 
methods of growing one smail grain crop. 

(c) Visit a grain elevator, flour miii, cereal plant, er 
a feed er seed company. Talk with the operator. 
Take notes, and describe the processes used and 
teil your patroi, troop, er dass about your visit. 

5) Oii Crops 

(a) Grow a piot of soybeans and have your piot 
inspected by your counseior. 

(b) Teil about modern rnethods of growing soybeans 
on a commercial scaie, and discuss the contribu-
tions soybeans make to our food supply. 

(c) Expiain why a kiiiing frost just after emergence 
is criticai for soybeans. 
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Option 2: Horticulture 

A. Visit one of the following places and teil what you 
learned abont liorticulture thc're: publi(. -  garden, arhore-
tum, retail nursely, wholesaic nursery, produetion green-
house, or conservatory greenhouse. 

B. [xpiain the foliowing terms: hardiness zone, shade 
tolerance, pH, maisture requirernent, native habitat, 
texture, cultivar, ultimate size, disease resistance, habit, 
evergreen, deciiluous, annual, perennial. Find mit what 

dliness zone you live in and list 10 landscape plants 
you like that are suitahle für your climate, giving the 
coinmon name and scientitc name for each. 

C. Do ONE of the following: 

1) Explain the difference between vegetative and sexual 
propagation rnethods, and teil some horticultural 
arlvantages of each. Grow a plant from a Stern or 
root cutting or graft. 

2) Transplant 12 seedlings or rooted cuttings to larger 
conrainers and grow them for at least one month. 

3) Demonstrate good pruning techniques and teil why 
pruning is important. 

4) After obtaining permission, plant a tree or shrub 
properly in an appropriate site. 

D. Do EACH of the following: 

1) Explain the importance of good landscape design 
an(1 selection of iLints that are suitable for 
particular sites and conditions. 

2) TeIl why lt is important to know how big a plant 
will grow. 

3) TeIl why siower-growing landscape plants are some-
times a better choice than faster-growing varieties. 

PLANT SCIENCE 



E. Choose ONE of the foliowing alternatives and compiete 
EACH of the requirements: 

1) Bedding Plants 

(a) Grow bedding planis appropriate for your 1r1d 
in pots or fLits from seen or cuttings in a ninu-
factured soll mix. Expiain why you close the 
mix and teil what is in lt. 

(h) Transulant piants to a bed in the iandscape anci 
mnaintain the hed until lhe enni of thc' tro'a.ing 
season. Recud your activities, observctiuns, 
materials used, and costs. 

(c) Demonstrate muiching, fertilizing, watering, 
wecding, and dcadheacling, and teil how each 
praut ice h'ips yen r pia nts. 

(d) Teil some differences between gardening with 
annuals and perennials. 

2) Fruit, Berry, and Nut Crops 

(a) Plant five fruit or nut trees, grapevines, or herry 
piants tliat ale suited tu vuur area. Tike full care 
ot truit er nut trees, gtdpevines, or berrv plants 
through one season. 

(b) Prune a tree, vine, or shrub properly. Explain 
why pruning is necessary. 

(c) flenionstrate one type of graft and teil why this 
inethod is useful. 

(d) Describe how one fmuit, nut, or berry cmoti 
is processed for use. 

3) Woody Omnamentals 

(a) Plant five or more trees or shmubs in a landscape 
settlug. Take full care of the trees or shruhs you 
have pLmnted for orte growing season. 

(b) Prune a tree or shrub properly. Explain why 
pruning is necess'ry. 

c) List 10 trecs (in addition to those listed in 
general requirenteiu 5 above) and teil your 
counseior 1mw eich is used in the Lindscape. 
Give the coinmnun and scientiOc nantes. 
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d Descri5e the 3ize, :ex:ue coo:, iloweN, ieaves. 
fi-uh. hardiness. ulzural rec-uirenent. and an': 
speca cha:acreiti !haz make each type of 
tree or iirjb acractve cr interesrng. 

Teil fve wavs tree nein mprcr:e tne qtialitv o 
our en :onmenn 

ne  Gardening 

Design and plant a garden 0: landscape tliat ta 
' ieaz 13 hv 10 fee:. 

r' '0 or rnre differenz :vpes of planis in 
irden. Teil 'xhv von seiected nartcuiar 

varieties M vegetabe and fiowers. Take rare o 
zke partzs in von: rden for one season. 

r Dernonstrate 50i prepararion staknig. atering 
wee.ing. mnkhing. con:posting fertilizing, pest 
management. and prunng. Tei whv cach :eh 
nioue is 

Tel. four tvoes of things von ou.d orovde zo 
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na:e fo: bi:ds and :vildiife. Ls: :he common 
and scienrihc names nf 10 kinds of na:ive 
panzs tha: '-- beneficia 	birds and ;vildkfe 
n v:nr are 

Option 3: Field Botany 

A. Visit a park, farest Scout camp. Ot n:her natura! area 
near von: home. Vhie von are mhere: 

1 Deermine whi:h species of piams are ihe 3 argest 
are the mas: abundanz. \uze whe:her 
tade on mhe: plarus. 

• irnmen:a 	:n Rez  actors zitat av :nfnence 
presence of pioms :n vcn: sze. ir.clud:ng ia171,1 
climate. ai: an± so zempe:a:ure. so: type 	' - 
geoiogv. hvdrgv, a:: tpncranhv. 

5 Recmd am; dfferences in the :v:s ofn1an 
seeat: 	dgec'fafor 	rest 	int'u:ned 
anear :: nea: a rnad ELr :ai,rnan. 
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2) Transect Study 

(a) Visit two sites, at leasi on 	f which is different 
from the one you visited for Fid Botanv 
requirement 1. 

(b) Use the transect method to study the two 
difterent kinds of plant corninunities. The 
uausects should be at least 500 fect long. 

(c) At each site, record observations about the 
soll and other influencing factors AND do 
the following. Then make a graph or chart 
to show the resuits of your studies. 

()) ldentifv each tree within 10 feet of the 
transect line. 

(2) Measure the diatneter of each tree at 
4 feet above the ground, and map and 
list each tree. 

3) Nested Plot 

(a) Visit two sites, at least one of v , iiicli i,diffc - 
cm froin the one you visited for Held t1otrin 
requirement 1. 

(b) Mark off nested plots and inventory two 
different kinds of plant communities. 

(c) At eacli site, record observalions about the 
seil and other influencing fautors AND do the 
loliowing. Theo make a graph or chart to show 
the resuits oh' your stuchles. 

(1) ldentify, measure, and map each tree in a 
100 hv- 100-foot plot. (Measure the diarneter 
oh' eich tree at 4 feet ahove the ground.) 

(2) ldentify and map all trees and shrubs in 
a 10-by-10-foot plot within each oh' the 
larger areas. 

(3) ldentify and mrip all plants (wildtl(„wers, 
ferns. grasses, mosses, etc.) oh' a 4-b\ , -4-foot 
Plot wOhin the 10-by-10-foot plot. 
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4) Herbarium Visit 

(a) Write ahead anci ai nlge to visit an herbarium 
at a university, park, or botanical garden; 
OR, visit an herbariurn website (with vour 
parent's permission). 

(b) Teil how the specirnens are arrangecl and how 
thev are used bv rrsearchers. If posih!e, observe 
voucher specin 'ns of a plant tliat is rare in 
your state. 

(c) TeIl how a voucher specimen is inounted and 
prepared for 	storage. Teil how speci- 
mens should be liandied so that thcy will not 
be damaged. 

(d) Teil about the tools and references used by 
botanists in an herbarium. 

5) Plant Conservation Organization Visit 

(a) Write ahead nd arrange to visit a private con-
servation oanization or go'ernment agency 
that is concenied with protecting rare pLuits 
and natural areas. 

(b) Teil al3out the activities of the organization in 
stuctving and protecting rare plants and 
natiiral areas. 

(c) lt possible, visit a nature preserve managed hy 
the orga lization. Teil about land management 
activitic's sich as colitrolleLl 1u rnig, or tucasuft's 
to e.huicat&' nvasvei 	plants ci otlier 
threats to the plants that are native to the area. 
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Have you ever wondered why the leaves an a tree change from 
green to yellow or red in the autumn, or why only certain types 
of plants grow in vaileys, while other types of plants grow an 
mountains? If you have ever asked questions like these, thea 
you are on your way Co becoming a plant scientist. 

All scientists ask questions about things they observe, ehen 
try to find answers. Plant scientists use their curiosity and 
knowledge to develop questions about the world of plants. Thea 
they try to answer those questions with further observations 
and experiments in ehe laboratory and in the field. As you earn 
the Plant Science merit badge, you will develop a number of 
the skills plant scientists use. 

LIITrTI Ifl 	JIi1i] II r; 
Botany is the scientific study of plants. The field of botany 
encompasses more than a dozen specialties, including plant 
pathology, agronomy, plant taxonomy, horticulture, floriculture, 
paleobotany, forestry, and plant ecology. In this merit badge 
pamphlet, you will explore three of ehe most important plant 
science specialties—agronomy, horticulture, and field botany. 
You will work an activities and projects in each of these 
three areas of plant science and gain an appreciation for 
the important work that plant scientists da. 

Farmers are plant scientists.They observe hovv 
plants respond during the growing season, ask 
ques'tions about why plants grow in certain ways, 
and adjust their farming methods to test their ideas 
for growing better crops. 

PLANT SCENCE 	13 
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11'ÄYIjFa Irnti 
The world rontains between 250,000 and 500,000 known 
speries of plants and probabiv thousands more that have 
vet to be discovered and classified. You ran lind plant ute 
almost evervwhere in the world. Deserts, prairies, shorelines, 
and urban parks abound with a stunning varietv of vegeta-
tion. Plant romniunities thrive in the mountains, too, and 
bring richness and variety to wetiands, woodiands, tundra, 
and forests. 

Plant Divisions 
Botanists have rlassified all plants as members of one 
of five large divisions—mose', club moes horeratls 
ferus and their allies, and seed plart, The tollowing i 
a :i of earh of these plant divisions. 

Mosses (Bryophytes) 
plants. usualiv less an an inrh 

ta., ::: 	rock crevires, on :est floors an 
ereeu::-s A::. '.long stream b.: iv«. Thev mav have  
a sma.. 	:'suIe at the end 0f a saik !ha! rie«  
above a le: 	Eh 	p moss, apple moss, and 
the cioseb 	hv 	r and hornworts aic all  
mosses. i\ 	. - he 11 u- 	. nd their dose relatives  
live an land.  

Club Mosses (Lycopsids) 
Club mosses differ from true mosses r -  :-:thev 
are uascular—that is, thev have veIs. in - rehstunc 
times, thev vere far more prevaien; than thc\ are 
todav. Present-dav club rnosses are sma1. plant 	 - 
needlelike leaves that often grow on the - ------------- . 
tropical to temperate regions. 
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Photosynthesis 
AH plants and animals need energy to keep them alive. Most plants 

absorb energy from sunlight, which they use to convert carbon dioxide, 

water, and soil nutrients into plant food. Chlorophyll, a chemical com-

pound that makes most plants appear green to the human eye, uses 

the sun's energy to convert water and carbon dioxide into simple sugars 

called carbohydrates.This chemical process, called photosynthesis, also 

returns oxygen to the atmosphere. 

Photosynthesis 

carbon dioxide + water + sunlight - glucose (sugar) + oxygen + water 

IYI 

AXS 

1 

Green plants produce the oxygen that stpports all of Earth's animal life, 
including human life. 



1 

Horsetails (Equisetophytes) 
Horsetails are an ancient group of plants. They have 
hollow, jointed, and usually grooved sterns. Cone-
shaped structures atop the horsetail sterns produce 
spores frorn which horsetails reproduce. 

During a single growing season, one mature 

broad-leaved tree (such as an oak or a cotton-
wood) can produce enough oxygen to keep 

10 people alive for an entire year. 

Fems (Pteridophytes) 
Ferns often have lacy leaves called fronds. Uncurling 
in the spring, the fronds of sorne ferns resemble the 
decorative ends of violins and thus are called fiddle-
keads. Ferns are most abundant in the shade of 
rnoist forests. 

Seed Pants (Spermatophytes) 
Seed plants make up the great rnajority of Earth's 
plants. Arnong them are the rnost ancient living 
organisrns 00 the planet, the 4,000-year-old bristlecone 
pines, and sorne of the largest living organisms, the 
giant sequoias, which can weigh more than 6,000 tons. 
Seed plants are divided into two groups: nonfiowering 
plants (gyrnnosperrns) such as conifers, ginkgos, and 
ephedras, and flowering plants (angiosperrns) such as 
viflowers, grasses, and flowering trees and shrubs. 

Extremely hungry: More than 600 plant spe-

cies are carnivorous, which means that they 
capture and digest insects and other small 

animals.The Venus flytrap snaps its leaves 

shut around insects that touch trigger hairs 
on the leaves.The insects are eventually 
digested by enzymes, providing nutrients for 
the plant. 

PLANT SCIENCE 
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flowering Plants 
All flowering plants share similar reproductive structures in 
their flowers. The foliowing cross section shows the major 
parts of a typical flower. 

FILAMENT 

The thin stalk 
that supports 
the anther. 

ANTH!ER 

The structure 
EN 

attheendof 
the filament The dustljke particies 

that contains that pollinate the 

pollen grains. flower. Pollen is often 
carried by wind or 

Ctsto the pitit. 

FETAL 

The large, often 
brightly colored 
and fragrant 
flower petals 
occurring just 
above the sepals. 

/ 
STIGMA 

The top 
surface of 
the pistil that 
receives the 
pollen. 

STYLE 
- 

The tubelike 1 

structure that 
connects the 
stigma to 
theovary. 

SEFAL 

The layer of small The female part 
leaves at the base of the flower, 
of the flower, just consisting of the 
beneath the whorl stigma, style, 
of petals. and ovary. 

STAMEN 

The male part 
of the flower, 
consisting of 
the filament, 
anther, and 
pollen. 

FRY 

e hottom 
'the pistil, 
...ncath the 

style, that 

t• aren surrounded surrounds the 

by tlie ovary that ovule, The 

develops into seeds. ovary develops 
rnto the fruit 
of the plant. 

Parts of the flowering plant 
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The Buzz About Bees 
Did you realtze that much of our existence depends on honeybees? 

We rely on them not only tor honey, but more importantly, for their 

abiity to pollinate many of the crops we eat and the feed farmers 

give their livestock. Without honeybees, our food sources would be 

significantly reduced.They coritribute significantly in three ways: 

Honeybees are nature's most efficient pollinators.They visit only one 

kind of flower on each foraging trip, so they transfer only pollen that 

flower can use. 

•A colony produces thousands of pollinators each season, creating a 

workforce unrivaed by other pollinating species. 

Honeybees can he raised in hives made by humans, and those hives 

can be transporteh to areas where their pollination skills are needed. 

Pollination by honeybees is vital to humankind. Although birds, bats, 

bumblebees, butterflies, and many other creatures heip transfer pollen 

as they tut from flower to flower or feed on the nectar of several flow-

ers, the honeybee pollinates with a purpose. Our world and eating 

abits would be very different without the honeybee to pollinate 

aur plants. 

Many of the fresh fruits and vegetables we enjoy today would not 

survive or exist without the help of the honeybee. Farmers would 

vorry about the availability of many of the feeds for their animals. 

Cows, horses, chickens, and pigs all eat feeds pollinated by the 

honeybee. So, next time you see a honeybee in action, busy 

poWnating, leave it alone and let it do its thing. 

In 
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Why Pants Are Important 
Plants ancl plant communities are essential to human life. 
Here are a few of the many ways that plants are important 
to hurnans. 

• Plants let us breathe. Plants produce oxygen as a 
by-product of photosynthesis. Without plants, anirnals-
including humans—could not exist on Earth. 

• Pants keep us healthy. Almost half of the medicines we 
use were developed from wild plants. The chemicals in 
many species of plants have been exeracted and analyzed by 
plant scientists. These chemicals are the raw materials of the 
medicines you get from your doctor or pharmacist to help 
prevent or treat iliness. 

• Plants feed us. Green plants convert the energy of the sun 
into food, which is stored in plant leaves, sterns, seeds, fruits, 
and roots. About a dozen plant species, including rice, wheat, 
corn, and potatoes, account for almost all of the food that 
hurnans consurne. Because anirnals eat plants, plants are 
indirectly responsible for many other foods people eat, such 
as meat, fish, milk, and eggs. 

• Plants proteet the soll and water. The deep roots of shrubs, 
grasses, trees, and wildflowers hold soll in place during raim 
storms. Without plant cover, soll can quickly erode and may 
wash into strearns and lakes, causing pollution. 

• Plants keep us cool. The world's plants absorb sunlight and 
provide shade. Plants also absorb carbon dioxide, a gas that 
may cause Earth's temperature to increase. The plants in the 
Amazon rain forest in South Arnerica absorb a tremendous 
arnount of the world's carbon dioxide gas. Many scientists 
believe that global warming will increase if the plants in the 
world's forests are not preserved. 

• Plants give us wild places. The meadows, forests, and 
deserts are filled with plants that provide habitat for wild 
animals. They also provide us with opportunities for hiking, 
camping, and wildlife and flower photography. 

• Plants give us shelter. Most people in the world use plant 
materials to build their houses. Wood from trees is the most 
common building material in much of the world. To help 
protece our dwindling supply of trees, other plant materials 
are now being used inside homes, including the sterns of the 
barnboo plant and pressed wheat sterns. 
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Plant-Naming Systems 
Plants are often identified by their common names, 
but common names can vary from region to region 

For example, the wildfiower jack-in-the-pulpit is 
also known as the Indian turnp To avoid confusion 

scientists follow a universal naming System that 

uses La tin terms to describe each plant species For 

jI 	example, botanists would refer to jack-in-the-pulpit 	1 
by its scientific name, Arisaema triphyIIumThe 

first part of the name identifies the genus (a general 	1 
group of closely related species) and the second 

partofthe name identifiesthe species(a specific 	 : 

kind of plant w,th similar characteristics). Without th s 
System, it would be impossible for scier 	:s to be 
certain that they were discussing the 56 	nt. 

r 177 7 

5 

: 	11 
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Soll is so familiar to us that we seldom give lt a second thought, 
bot lt 15 more complex than you may think. lt consists of 
mineral matter (a mix of silt, sand, and clay), water, all; 
and dead and living organic material (plant roots, bacteria, 
fungi, nematodes, protozoa, arthropods, and earthworms) 

Soil Composition 
Most solls begin their development from various kinds of 
rock. Over thousands of years, sun, wind, rain, and other 
natural forces break down rock irito smaller and snialler 
pieces, eventually grinding them into tiny particies. But these 
sma!l rock particles do not become soil until they combine 
with once-living plants and animals—organic matter. Soll 
owes its structure to organic matter, which creates spaces 
in the soll tor molsture and aic 

Soll scientists have identified more than 70,000 kinds 
of soll in the United States. Climate, the rock from which the 
soll formed, plant and animal life, topography, and time all 
affect the development of soils and cause solls to be different. 
Particularly important is the climate, especially temperature 
and precipitation. Cilmate determines how fast and in what 
way rocks break down and what kinds of plants grow in a 
particular place. In turn, the kinds of plants that grow (and 
how fast they decay) and the activity of soll organisms 
determine the kind of soll that develops. 

SoilTexture 
When soll experts refer to soll texture, they are talking about 
the proportion and size of the three different types of solid 
mineral particles lt contains: sand, silt, and clay. To determine 
soll texture, mb some soll between your fingers. lt the soll feels 
coarse and gritty and you can just barely see individual par-
ticles, lt must contain a large proportion of sand—particies that 
range from 085 millimeters to 2.0 millimeters in diameter. 

Silty soll feels smooth, like flour. Molsten some soll and 
work lt into a thin ribbon between your thumb and forefingen 
lt the ribbon breaks oft near your fingers when you try to 
lengthen lt, chances are the soll is largely silt. Particies in a silty 
soll typically range from 0.002 to 0.05 millimeters in diameter. 
You cannot see the individual soll particies in a silty soll with-
out using a strong magnifying glass. 
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A 	 :owds: 
molsten lt, you will he able to make at least an inchiong rib-
bon vhen \-ou rub lt between vour fingers. Ciav soll contains 
soll particies srnaller than silt and less than 0.002 millimeters 
in diameten 

When a süd is identified as a lown (this term refers onlv 
to the size of particies the soll contains), lt means that the 
soll contains a relativeiv even mixture cl sand and sud and a 
somewhat smaller proportion of clay. Plants grow very weil in 
ioamv soll. 

Soll particies tend to ding together to form larger clumps of soll. 
These clusters are called peds or aggn'gates, and the wav they 
group together is the soll structure. Organic matter—hacteria, 
plant roots, fungi, and earthworm slime—is wliat helps soll 

Trythis experiirent. Filt a lartwü-tHrds fufl ofwaterand peur 
in a cup of soll. Shake lt vigomvsiy ani then let lt stand für 
several hours. Hold a piece of paper against the side ofthe jar 
and draw a diagram of the layers to make your own soll chart. 
Do the layers look like these? Explain why the largest particies 
setUe on the bottom. 
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Major Types of Soil Structures 

LATY 

Fiat, thin, flaky layers 
in soil. Slow rate of 
water infiltration. 

L1 	1 1 
RRISMATIC i5LOCKY 

Vertical columns in soil Angular blocks 1/2  tø 
that may be several 2 inches in diameter. 
inches long and 1 /2 to Moderate rate of 
2 inches in diametet infiltration. 
Moderate rate of 
infiltration. 

00 

GRANULAR OR CRUM 

Like a crumbly cake.The 
crumbs or grains are 
usually less than 1/4  iflCh 
in diameter. Rapid rate 
of infiltration. This soll 
structure is usually 
best for growing plants 
because lt has many 
pores for water and air. 

GRAVEL OP, SANG' HEAVY OR MASSIVE 

Loose, rounded particies Large clods of clumping 
that do not stick together. soll. No visible structure. 
Rapid rate of infiltration. The clods are difficult 

to break apart. Slow rate 
of infiltration. 

A soll's structure may change over the years. For example, a fertile 

crumb soll may deteriorate into a heavy or massive soll if lt is continu-

ously tilled or if livestock constantly trample lt. 

clump together. Some very loose soils, such as beach sand, do 
not clump at all, but rather consist of single grains instead of 
structured soil. 

A soil's structure is important because it determines how 
weil that soii ailows plants to access water, nutrients, and alt. 
The best soils for most plants are those that let water inifitrate, 
er soak in, at a moderate rate. 
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Acid 

II 
Neutral 

II 
Base 

0 1 	2 3 	4 	5 6 7 	8 9 	10 	11 12 	13 14 

+ 
Battery Lemon Tomatoes Milk Pure Soap Flair Oven 

acid jurne water solutions remover cleaner 

The pH of some common substances is shown on this pH scale. 

Soll pH 
A scientific measurement called the pH scale is used to measure 
the acidity and alkalinity of a seil. On the pH scale, a value 
of zero indicates extremely strong acidity, while a value of 14.0 
indicates extreme alkalinity. A soil with a pH of 7,0, midway 
between zero and 14.0, represents a neutral soil. Certain plants, 
such as blueberries, grow best in somewhat acidic soils with a 
pH of 4.5; roses, as well as most annual flowers and vegetables, 
grow best in a neutral to slightly acidic soll; farm crops thrive 
best in soils ranging from pH 6.0 to 8.0. Very few plants will 
grow in soils with a pH higher than 10.0 er lower than 3.5. 

Plant Nutrients and SoH Fertility 
Plants neecl three major chemical elements to thrive—nitrogen, 
phosphorus, and potassium. In addition, plants also need very 
small amounts of sulfur, calcium, iron, manganese, magnesium, 

An added benefit molybdenum, boron, copper, zinc, and a few other trace ele- 

of composting IS 
ments. Even though most plants need only a smahl amount of 
these elements, their presence is essential. Most plant nutrients 

that waste is are located in the top layer of soil. If some of these elements 

recycled instead are lacking in the seil, they can be added through the use of 
natural or chemical fertilizers. 

of being dumped One way to niaintain seil fertility is by rotating crops (plant- 

in a landfill. ing different crops on a piece of land in a planned sequence 
from year to year), adding hirne to soils to reduce acidity, adding 
manure, and growing cover crops (such as alfalfa and cover). 
Another way to increase fertility is to add cornpost to the soll. 
Compost is a rich soil conditioner consisting of rotted organic 
matter such as leaves, grass clippings, dead garden plants, 
vegetable scraps, and other plant material. When this organic 
matter decomposes over a period of about six months, it 
breaks down into phosphorus, nitrogen, sulfur, and other 
compounds that vegetation needs to thrive. 
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Extremely heavy: A single giant sequoia tree in 

California weighs more than 8 million pounds. lt 

would take the combined weight of 30 blue whales-

the heaviest animal on Earth—to equal the weight 

of one giant sequoia tree. 
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Extremely big:The giant doubIe coco 

nut" seeds of the coco-de-mer paim are 

found on the Seychelles, a thousand 

miles off the coast ofAfricaThe monster 

seed can grow more than a foot long 

and weigh 40 pounds. 



'ropagation Lising Cuttings 

Man',' a:;: 	rgae p1s b c::g s:ems o: ev 

ani.:g :e: d:ec:va 	The ::ew 	are 

±ce 	 Te 21 7 va: 
za ra:: 	': s:e - ns 	d ieaves er 

:ese. vv. 3zae3. a3:rr. 

Steps for Propagating 
Using Plant Cuttings 	- 
Step 1—Cut off a leafy stern about 

6 inches long from the donor plant. 

Step 2—Strip off all but a few leaves 

at the tip of the stern. 

Step 3—Plant the cutting in a con-

tainer filted with a layer of gravel on 

the bottom followed by a good root-

ing soil mixture, leaving about one-

third of the height of the stern above 

the soll. 

Step 4—Cover the soll container 

with a plastic bag and put lt in a 

Iight, warm place—but not in direct 

sunlight. Keep the soll moist. 

In two to four weeks, most plant 

cuttings will have sent down roots, 

and the newly rooted cuttings will be 

ready for transplanting. 

You also can start new plants 

frorn leaf cuttings. Some leaf cut-

tings will start in water; others are 

started in a bed of moist sand. When 

the roots sent down from the leaf 

are about 1 inch long, the young 

plant can be planted in moist soil. 



Propag2ton by Graftng 
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Controlling Invasive Weeds 
Among the most labor-intensive challenges facing 

landowners is the spread of weeds. Consider using 

this four-part plan to control weed outbreaks. 

• Prevention—Educate yourself on ways to avoid 

transporting weed seeds from one area to anot! 

• Removal—Remove weeds from an area, using 

natural control methods whenever possible. 

• Restoration—Heip native vegetation 

reestablish itseif. 

• Monitoring—Seek out and eliminate new 

weed growth. 

Here are some guidelines to follow if you decide to 

remove invasive weeds. 

• Properly identify the plant you think 15 a weed. 

If you are not sure, do not remove lt until lt has 

been identifjed. 

• Pull weeds at the right time of the year—ide 

before they produce seed. 

• Wear long-sleeved shirts, long pants, and gloves 

when working with weeds that have thorns or sap 

that can irritate the skin. 

• Pull small infestations of weeds by hand, especially 

when a noxious plant has first been detected in 

an area. Hand-pulling also is a good alternative in 

sites where herbicides (chemical weed killers) and 

mechanical removal methods cannot be used. 

• ff weeds have deep root systems and cannot be 

pulled out by hand, try cutting them flush with the 

ground er using shovels or other tools to dig them 

out of the ground. 

Properly dispose of the weeds that you remove. 

Some plant parts and weed seeds can spread and 

reestablish the weed if left on the around. 
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Plant scientists who study liow to produce field crops 
for food, fiber, or forage are cailed agTOnQTTÜStS. 

Agronomists inciude farmers who raise crops as 
weil as crop scientists who conduct field studies and 
laboratory experiments. The goal of the agronomist 
is to produce higherquality crops more efficiently 
and to develop methods to control crop pests. The 
work of agronomists is essential for humans as weil 
as for Earth's environmental health. Three grain 
crops—wheat, rice, and corn—make up the majority 
01 the food we eat either through direct consump 
tion or as feed for cattle hogs er other ammals we 
eat as meat Agronomists studv how to produce 
these important crops with fewer chemicals, higher 
yields, and more nutritional value. Agronomists also 
work to find new plant species that can be adapted 
for food production. 

Chief Growing  Regions for Major Crops 
Corn. More than 10 billion bushels of corn 
are produced every year in the United 
States—more than twice as much as any 
other crop. Corn grows best in chmates 
with warm, sunny days and lots of mois 
ture. Most corn production is centered in 
lowa, Illinois, Minnesota, Indiana, and 
Nebraska. The majority of corn produced 
in the nation is used for feeding livestock 
such as cattle and hogs. Other uses of 
corn include the production of high-fruc-
tose corn syrup, which is used to sweeten 
food, and ethanol, which often is added 
to gasoline. 
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Soybeans. More than 2 billion bushels of soybeans are pro-
duced yearly in the United States—more than 40 percent of 
the world's soybean crop. Like corn, soybeans are produced 
primarily in the Midwest, with lowa, Illinois, Indiana, Ohio, 
and Minnesota leading production. Soybeans grow best in 
warm, sunny weather, with daytime temperatures between 80 
and 90 degrees. While the linited States is the world's largest 
producer of soybeans, Brazil has been rapidly increasing its 
soybean production and is now a dose second. 

The trend in soybean production is toward planting in nar-
row rows. The leaves form a canopy and shade the soil between 
the rows, limiting the growth of weeds. Another advantage is 
that the pods form higher on plants that are densely populated 
because the suniight doesn't reach the lower parts of the plant. 
That reduces crop losses that result when the harvesting 
machines miss the low-growing bean pods. 

Sovbeans are a great source of low-fat protein. More than 
90 percent of the U.S. soybean crop is used to feed livestock, 
bot soybeans are an increasingly popular food for humans. 
Some of the more common foods produced from soybeans 
include soybean milk, tofu, soy flour, and soybean oil. 

— 

•1 

•1 
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Forage Crops as Feed 
Farmers make hay, meal, and silage from forage crops. 

Hay. Grass, alfalfa, or 

cover cut and dried as a 

bulky feed given to live 

stock for roughage. 

MeaL Coarsely ground 

unsifted edible 

seecis produced by 

legume crops. 

Silage. Succulent feeci 

produced by storing a 

forage crop in an airtight 

silo and allowing it to 

ferment. Silage is easier 

to digest and is fed to 

dairy cows. 
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3m all grains 	 often cailed cereal grains inc!ude 
whear. rice. oats. harlev. and rve. Wheat and rice are the iwo 
most imnortam smaii grain ciups in inc Uniied States. 

Wheat. Two mai—, . r.-pes of wheat are planted in inc United 
State—spring wheat and winter wheat. Spring wheat. planted 
in A r. srtd Mav. is hamested in August and September. Sring 
wheat does best in climates where inc summers are fairiv 
mild. Most of inc nations spring wheat crop is grown in inc 
far northern states of North Dakota. SouthDakota. Minriesota. 
a - d: ‚\1onna. Winter wheat, tvhich gr -s best in states with 
a mild wimen is piantcd in inc fall. The winter wheat seeds 
sorcut before inc winter cold sets in. The sprouted wheat then 
spends inc winter months under a banket of snow. which 
provides insulation front cold temoeratures titat couid hann 
Liii inc tender piams. As inc spring sun tvarms inc soll. winter 
wheat UicL]V reernerges. lt is harvestcd in earlv summer. 
Most of die nation's winter ;vheat crop is grown in Kansas. 
Okiahoma, and Washington. 

Rice. More than . hillion people in die world, especialiv those 
in Asia and india. get die maiorirv of their daiiv caiorics 
front carirto rice. The malor rice-producino counrries are 
C- 	India, 	 e' 	and Ba g de These 'i. 	o 

coururics produce 'e' ° ne -rem of die world's rk 
suppiv. [ntheUr .i: 	 :rotvninthesout:-   
cm sutes.Arkansas '.e accounts dir dose to half of 
die nation's dcc crop. deliforala. Texas, Louisiana. at 
Mississlppi are also important rice-producing states. 1 
a semiacuatic plant. and dcc eids are izent fiooded 
to 5 inches cd wate- until iust bedire harv .. 
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How to Find Crop Production Statistics 
The United States Department ofAgriculture (USDA) maintains 

:.e National Agricultural Statistics Service Reports website, 

Fttp www.nassusda.gov, which features yearly production figures for 

more than a dozen crops, including wheat, barley, corn, alfalfa, rice, 

soybeans, fruits, and nuts.You can also check the U.S. Statistical Report 

er Agricultural Statistics Handbook, both of which may be available at 

your public Fbrary. - ; OU need help, ask your merit badge counselor or 

county extension agent to access these statistics for you. 

Small Grain Production and h Jests 
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Conduct Your Own Seed-Gennination Test 
Step 1—Thoroughly moisten 	 t 
one paper towel and lay lt 

flatonatable 

Stop 2—Place50seedsofone 

plant species on a wet paper 
towel in 10 rows, with five 

seeds per row. Make sure that 
the seeds are not touching 
each other. (Ungerminated 

seeds can get moldy and 	- 

cause normal seeds to lose 

their sprouting ability.) 

Step 3—Molsten a second 

papertowel and place lt on 
top of the rows of seeds. 
Press down gently on the to 

paper towel to make sure lt 

is touching all the seeds. 

Step 4—Gently roll the paper 

towel and seeds into the 

shape of a tube. 

Step 5—Place the rolled-up 

tube in a plastic bag and seal 

the bag Place the sealed bag 
ina warm .area(on top of 
your refrigerator or on your 

kitdien table). 

Step 6—After a couple of 

days, open the bag and make 

sure that the paper towels 

are still moist. If they are 
starting to dry out, sprinkle 
some more water on the 
paper towels, and then reseal 

thebag. 



Step 7—Check 

the bag once a 

week to see if the 

germination is 

completed. Most 

plant seeds will 

germinate within 

one to three weeks. 

Step 8—When you 

are certain that the 

germination is 

firiished, count all 

the seeds that have 

germinated, and 

then divide this 

number by the total number of seeds you tested to determine the ger-

mination rate. For instance, if 40 seeds sprout in a test of 50 seeds, then 

the germination rate is 40 divided by 50, which equals an 80 percent 

germination rate. An acceptable germination rate for certified corn or 

soybean seeds is typically above 90 percent. 

Step 9—Repeat this germination test for three other plant speces, 

using fresh paper 

40 3W. 



Corn, sovbeans, cotton, and other held crops all have different 
growing seasons, seedbed preparation requirements, and 
moisture requirernents. 

Your merit badge counselor, extension agent, er other 
advisor can give you advice on the size and location of your 
piot, seedhed preparation, and many other practical matters. 
Plan a meeting with your merit hadge counselor or extension 
agent a month or two before the local growing season starts 
so '" have tirne to get evervthing ready. 

r advisors also can help you with specific growing 
uch as the proper planting date tor vour crop. For 

ex :.pie, sovbeans are best planted in soii that is warmer than 
SO degrees, temperatures that usually occur in May or inne in 
the Midwest. Planting sovbeans earlier than this runs the risk 
of the ernergent sovbeans encoumering a killing frost. Cold 
temperatures (below 32 degrees v!!l freeze the tvater in plant 
cells and kill young sovbr.::s. I.::irs who plant wo early 
sometimes have to replai .::.:. c-:tire held if a late spring frost 
kills their young sovbean pams. 

During the growing season, continue to seek advice from your exert 
advtsorsThe most successful farmers consult with agronomic experts 
and are constantly learning new farming techniques. Good farmers 
learn not only from theim successes, but also from their failures.Thev 
try to apply what they learn from their hamvests to produc better 

crop the next growirig season. 

Cntro1Iing Weeds, insects, r'd Posonous 
Plants in Field Crops 

ai::icc :.:.‚: .::c:«c....•c:..:zc 	 and 
war 

in the Un::c: SU 'Jc 	::c.:ar r:•.':;:z. vau can 
be sure that 	.;Eeis 	arr,  in ttr. 
of are trving 	g: arress 	r:;. Poisc::rs 	that 
invade fields of f. .... re crops are an-: -her problem f:: fners, 
because livestock ran become iii or even die after eating forage 
contaminated with poisonous plants. Agronomists spend much 
of their research time and dollars finding new ways to reduce 
the damage of insects, weeds, and poisonous plants ort held 
crop produrtion. 



Many insects and plants are actually beneficial to 

crops. Only a small percentage of :nsec -,s and plents 

case damage. Many insect s:e:es DO:rtate  crops, 

','HIe others prey on other pes:s ta ae harmfw to 

c--- os. Weeds, too, sometimes 	useful function. 

Some weeds are left as a cover crop o neip reduce 

erosion, to retain soll nutdents, au to provide 

5orae for anmals. 

eid crop and cliniate region attracts different species 
of poisonous plants, weeds, and insect pests. öur locai countv 
extension agent will have identification guides and control 
guidellnes for the pest species that are most common in the 
held crops in vour area. A few,  of the rnore common insect 

poisonous plants. an..' 	.: . that infest held crops are 
ed on the foowin- 

Insects Harmful to Field Crops 

European com borer. hie European corn ''- 	responsihle 
für more than $1 billion in damage to corn .:: 3: 	ach vear, 
making it the most costiv insect pest in the United States. 
The adult European corn borer is a small moth that las eggs 
on the underside of the corn plant's leaves. \Vhen the eggs 
ha 	: .........:aterpiliarsj burrow into and consume all 

. 	includingft: . .... 

Extremely poisonous: Ricin, an extract from the 

castor bean, is 12,000 times more poisonous than 

rattlesnake venom. 
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Grasshopper. All plants are food for some of the many species 
of grasshoppers. When conditions are just right, grasshopper 
populations can explode, and large clouds of grasshoppers 
(and locusts) can descend on a field crop, consuming entire 
crops of alfalfa, cotton, corn, and other grains. Major outbreaks 
of grasshoppers occurred in the United States in the late 1800s 
and the 1930s. 

Grasshopper 

Cottan ball weovil. The cotton boll weevil can 
do major damage to cotton crops. lt is a gray 
or brown insect that is native to Mexico and 
Central America. Adult weevils are between 
1 /8 inch and '/2 inch long. The adult female lays 
eggs in cotton buds or fruit, and when the eggs 
hatch, the Iarvae feed on the buds, destroying 
them. They mature into aduits that also eat and 
destroy buds and bolls. Insect-control programs 
have eradicated the boll weevil from certain 
states where it was once a problem pest. 

Army cutworm. Corn, alfalfa, wheat, soybeans, 
and many other crops provide food for army 
cutworrns. These insects kill plants by eating 
the leaves and cutting off the stems at or just 
above ehe ground line. Most plant damage 
occurs when the army cutworm is in the larval 
stage. Look for small green or brown caterpillars 
on plant foliage. The adult insect is a moth. AM 
Arrny cutworms are found throughout the United 
States east of the Rocky Mountains and in Army moth (top) and cutworm 

California, New Mexico, and Arizona. 
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Serious crop losses may occur if a crop becornes infected with 
a plant disease. Plant diseases may be caused by bacteria, 
fungi, or viruses. Diseases are controlled through the use of 
disease-resistant varieties of seeds and plants, crop rotation, 
or treatrnent with chemicals such as fungicides. 

Bacterial diseases are caused by single-celled organisrns that 
feed on plants. The host plant becomes diseased because the 
bacteria take nutrients frorn and cause damage to the host plant. 

Fungal diseases are caused by rnulticelled, threadlike 
organisrns called firngi. Fungi grow and produce spores that 
are carried by wind, insects, or water. Fungal infections darn-
age the plant structure. Once weakened by fungal infection, 
a plant becomes vulnerable to other diseases. Plant scientists 
have bred varieties of rnany types of plants to be resistant to 
fungal diseases. 

Viral diseases usually are spiead by iiisects that carry the 
virus. When an insect feeds on plant leaves or sterns, the virus 
enters the plant and begins to reproduce. Plants infected with 
viral diseases may grow deforrned leaves, flowers, or fruit and 
may change color. 

Common Plant Diseases in the United States 
Wut diseases. When plants wut in large areas in a field during 
hot and dry periods, it is often caused by the weather. Bot when 
one plant turns yellow or wilts while the one next to it rernains 
green and healthy, lt rnay indicate a wilt disease. Wilt diseases 
may be caused by either fungi or bacteria. Corn wilt is a bacte-
rial wilt, which is spread by flea beetles that have the bacteria 

in their bodies. When feeding on corn, the 
beetles transrnit the bacteria to the corn. 

Fungal wilt is responsible for wut 
diseases of many plant species. The fungi 
can live for many years in the soll and 
cause widespread destruction of cotton, 
tornato, strawberry, and many other crops. 

- 	 One way to control wut diseases is to plant 
• 	•- 	: 	resistant varieties of the crops. Another 

- 	 rnethod is crop rotation, in which different 
crop species that are not susceptible to the 
wilt disease are planted in the infected soil 

•‚ for several years. 
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Leaf spots 

Leaf spots. These fungal diseases appear 
as black, brown, or gray spots on leaves, 
sterns, and fruit. Various types of leaf spots 
affect wheat, barley, oats, corn, and cotton. 

Smuts. These diseases, caused by fungi, 
produce swollen white to gray blisters or 
boils fihled with black spores on leaves, 
sterns, and seed of corn, wheat, oats, and 
grasses. When the blisters break open, the 
black spores are spread by wind. 

Rust. Many of the rust diseases are caused 
by unusual fungi that spend part of their 
lives on one host and part on another, 
producing orange or brown pustules on 
each host plant. The wheat rust fungus 
can alternate between the wheat and the 
barberry plant, costing milhions of dollars 
in wheat crop losses. Rusts also affect 
barley, oats, and rye. Control of rust has 
been achieved through the introduction 
of rust-resistant grain strains. 

hl 
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Crop Pants 
Farmers spend billions every year to 
control the hundreds of weed species 
that compete with crop plants for nutri 
ents and rnoisture. tIere are a few of 
the most common weeds that infest 
field crops. 

Sow thistle (Sonchus arvensis). 
There are several varieties of sow 
thistle, all of which have strong roots 
that spread rapidly. The 50w thistle 
has a bright yellow flower similar 
to dandelions. 

Wild mustard (Sinapis arvensis). 
Wild mustard, also known as charlock 
mustard, is easily recognized by its four 
petals that form a cross. The leaves of 
wild mustard are lobed, or notched, 
with small hairs on the underside of 
the leaves. Wild mustard is an invasive 
weed in a variety of field crops, alfalfa, 
ancl other forage crops. Besides being 
a weed, wild inustard can poison live-
stock if they eat a large quantity of the 
mustard seeds. 

Quackgrass (Elymus repens). 
A widespread weed, quackgrass is 
difficult to control because it grows from 
underground roots that live for several 
years. These roots constantly send out 
new shoots, so the weed spreads 
rapidly. Quackgrass grows in a wide 
variety of habitats, including crop 
fields and pastures throughout the 
United States. Like many other weeds, 
quackgrass competes with cultivated 
crops for nutrients, sunlight, and waten 

	

h M 	r 
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Canada thistle (Cirsium arvense). 
A serious invasive weed in rnanv areas, 
this rnhust plant has deep, creeping 
roots. Canada thistle is a iziip,e plant, 
growing frorn 1 to 5 f 	high. Its flnw- 
ers are a deep purpie. LFge colonies of 
Canada tliistle will sprctd frorn a single 
piert, crowding out native plants and 
fielu crops. 

Redroot pigweed (Amaranthus 
retroflexus). Redroot pigweed is 
cornrnon in all parts of the Unite( 
States. its roots are reddish or 1) 11  
in color, with oval leaves that nat 
the tip.Pig\%c-eds 	rpete in soynear 
and cornrelds foF initrieitts and \Vd[e 

'h.:h can reouce ci 	elils. 

Spotted knapweed (Centaurea 
biebersteiniU. Spotted knapweed is an 
invasive plant ihat has mmcd millins 
of acres of groJ.ng  !an(! in Ihe wescern 
United States lOe purpic or pink flowers 
occur on the eni 	narrow-hranchei 
sterns with s!ot hoirv leaves. The fos- 

g plamn cowds mit native grasses 
oth— nts. lt is difficult to 

ccnirol. SIIICO lt i oe.uccs thousiiids of 
c'ls and ito deep taproot that can 

regenerate even if the part of the plant 
above ground is rernoved.  

1 

p 

1 
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Livestock and Poisonous Plants 
Cattle, sheep, and other livestock depend an farmers and 
ranchers to protect them frorn polsonnus plants in their lsiures 
anci feedlots. Everv \'uar up tu 5 percenl ut all horses, catt!e, 
ind sheep that graze pastures in the western United States 
becume iii or die from eufng noisonous'lants. Ranchers and 
farmers need a tloroogh Louwiedge of paisonous plants so 
they can identify aici linuoare them. 

Common Poisonous Plants 
Dangerous to Livestock 
Purple Iocoweed (Oxytropis Iambertii). 
There are hundreds of Species of 
Iocoweed, hut only about twa dozen 
are corisidered poisonous. The brigitt 
purple flowers of purple locoweed 
lt)pear in 2- to 4-loch spikes dose 
u the grni.ind, surrountierl bv leaflets 

covered vitli silvery-white hairs. 
Purple locoweed conttins cheittical 
compnunds that, lt caten, affect the 

ervous system cl Ivestock, causing the 
animals to act crazy, or "loco." Horses 
that eat locoweed may Start tu stagger 

I and fall over. 

Poison hemlock (Conium maculatum). 
•i l'oison hemlock has tiny white flowers 

in .mbrelL-shaped masses. l'he tall 
stem of a poison hemlock plant has 
feathey leaves that can cach be over 

tont in length. 'I'lie pla n t grows in 
noist pastures in almost every state. 

lt can kill livestock that eat it. 
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Meadow death camas (Zigadenus 
vnenosus). 	in the 	sts, 

.jows oft 	vestern 
U ited 	:::r:•.1ow death carnas has 
srnall, whit 	pd flowers with 
six petais. 	..s narrow iea' 
resing frorn . All parts of the 
rneadov death carnas are poisonou 
including the leaves, stern, pollen, 1 
and flowers. Grazing anirnais—incit 
sheep, cattle, and horses—can becc - 
iii or die frorn consurning large qua 
ties of this plant. 

leafy spurge (Euphorbia esufa). 
Leafv spurge can grow 	o 3 feet 
tau, with srnail vellowisn-green 
leaves surrounding the flowers. 
The rom of the leafv spurge can 
extend more than 20 feet into the 
ground. Livestock can die from 
eating this plant in large amonuts. 

Common milkweed (Aseknias 
syriaca). Common milkwei 	found 
in the central and eastern United States, 
tvhere it grows in ci'.""1 fields, 
sunnv dry,  pastures. 	adside 
ditches. The crown -ss: pale pui 
flowers grow in clusters, and the large 
oval-shaped leaves are covered with 
hairs. The leaves and sap of this plant 
are poisonous and bitter-tasting to live-
stock, and sheep can die after eating 
large arnounts of rnilkweed. 

ei; 
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Control of lrct Pests 1  Plant D ases, and 
Weeds in Field Crops 
Traclitional pesticiiles anti herhicides contain toxic chemicals 
Ei can kill heneficial wildlife and leave a chemical residue 

iants. Equallv effective—and environmentaliv friendv-
p- and weedcontrol options are now availahle to 
and ranchers. A few of these innovations incinde: 

Biological Controls 

This appro t: 	vo1ves introducing predators, parasites. or 
forms of life such as bacteria that will destrov in'asive weeds 
and insect pests. Among the earliest and mor snccesful 

exaniples of [his form of control occurred in 	 he 
Caiifornia citrus crop was being viped out hv an insect called 
the cottonv cushion scale. The citrus growers imported the 
Vedalia Iadvhird heetle from Australia to eat Ehe cottonv 
cushion scale, and within two vears the pest was controlled. 

Extremely smafl:The tiny seeds ci some orchids are 

smafier than some bactera. An cunce of orchid seeds 

can contain more thar. 35 -i - :7  'on individual seeds. 
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Cultural Controls 
Farmers can change their normal farming routines so that they 
interfee with the life cycles and feeding habits of harmful 
insec:. Some farmers plant more than one crop at a urne in 
their fields. Because manv varieties of insecus depend on one 
kind of plant for their entire food supplv, if farmers mix their 
planrings then insects mav not have enough to eat, and the 
insect pc .. ..........::i will stav au a tolerable levek 

Fall Cultivation 

Soll cultivation in the fall destrovs weed seeds and insect iar.'ae 
and pupae buried in the earth bv crushing them or exposing 
thc-:u to the surface cold. 

lntegrated Pest Management 
Chemical pesticides have been used extensively in farming, 
hut manv pesticides have a negative environrnental impact, 
killing heneficial insects and planus. They also may persist for 
a long time in nature, creating danger to people and wildlife. 
In fact, a number of pesticides have heen hanned. Because of 
the concerns about pesuicides, some farmers use a combination 
approach called integrated Pest management (IPM)  to naturaliv 
control insects and weeds. IPM uses all suitable pest-control 
techniques in comhinations that are environmentallv sound 
and compatible with local conditions. IPM techniques include 
monitoring the insect or plant 	ring biological and cultural 
control methods, and resorting to cnemical controls oniv when 
no other efiective rnethod is availahle. 
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Harvesting. Storing, anti Pessng 
Field Crops 
Simpiv growing a bountiful crop is not the end of a farme(s 
work. The crop must he harvested. Everv field crop requires a 
different method of harvest. For example. corn 15 usuallv har 
vested with a cornbine machine. The comhine machine 
picks the ears of corn off of the cornstalks. The ears of corn 
are then shucked, which means the husks surrounding the ear 
are removed. Then the corn hemds are shelled, or rernoved 
from the cornroh. The combine machine then durnps the 
shelled corn into a waiting truck or wagon. All these harvest-
Ing steps are accornplished hv the comhine machine during 
the barvest. Different harvesting methods are used for wheat, 
barlev, rice, and other crops. 

Once the crop has been harvested, lt is transported to 
a storage area such as a gmain elevator. or sold directly to a 
processor. Ask your merit badge counselor or extension agent 
where local fieid crops are sern after harvesting, and arrange to 
visit these storage or processing operations. 

1$ .  

Extremely fastgrowing: Certairi species of bamboo 

can grow more than 3 feet in a single day. 

52 	PLANT SCENCE 



we; 



___________ 	
- 	.- 	•'.-. 	

- 	- 	- 

‚ 

- '- 	

‚- 

-‚. 

- - 
	 --.-' - - - 

\ 

l9  
-H 	

•;:; 	 ?. 
: 

r 	 - 

•0 4 	 - 

Ail 



The brauch of plant science known as horticulture covers the 
practice of growing fruits, vegetables, nuts, flowers, and orna-
mental plants in small gardens or orchards. A horticulturalist 
could be a scientist studying how to eliminate plant diseases 
in a community vegetable garden, a farmer raising fruits and 
nuts in a commercial orchard, or a winemaker growing grapes 
in a vineyard. 

1 :n I1it*V4.] iI*1 

Before horticulturaiists plant gardens or trees, they need to 
identify their climate zone. Plants are adapted to specific cli-
mates. For example, a plant that grows well in the arid deserts 
of the southwestern United States might quickly die if planted 
in the cool, rainy chimate of the Pacific Northwest. 

Fortunately, there is an easy way to figure out what plants 
grow in your area. The U.S. Department of Agriculture has 
produced a hardiness zone map, a quick visual guide that 
helps you know what plants will grow in different chimates. 
The hardiness zone map is divided into 11 zones; Zone 1 is the 
coldest and Zone 11 is the warmest. Each zone represents a 
10-degree difference in average minimum temperature. 

You can access a more detailed map of U.S. agricultural 
regions on the USDA National Arboretum website: 
http://www.usna.usda.gov/Hardzone/ushzmap.html.  

Use the map to locate your town and region. 
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Here's an example of how the harcliness zones are 
arranged. Zone 5, which includes Des Moines, lowa, has mini-
mum Winter temperatures between -10 to -20 degrees. Zone 6, 
which is farther south than Zone 5, has minimum temperatures 
between 0 and -10 degrees. Zone 6 includes the City of St. Louis, 
Missouri. Colder zones are usually found farther north and at 
higher elevations. Warmer zones are found farther south and 
at lower elevations. 

FaCtors other than the minimum temperature of the har-
diness zones also can influenCe whiCh plants are suitable for 
your area. Some of these faCtors inClude yearly rainfall, wind 
Conditions, soll types, and daytime temperatures. 

The table shows a few plant species that are adapted for 
eaCh hardiness zone. To find more plants that you can grow 
suCCessfully in your hardiness zone, visit a loCal nursery or 
check gardening referenCe books. 
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Hardiness Zones and Suggested Plants for 
the United States* 
USDA Zone, 
Low Temperature, 
Example Cities Plant by Botanical Name (and Common Name) 

Zone Betula glandulosa (Dwarf birch) 

Empetrum nigrum (Crowberry) 

Below -50 degrees F Populus fremuloides (Quaking aspen) 

Fairbanks, Alaska Potentilla perisylvanica (Perinsylvania cinquefoil) 

Rhododendron lapponicum 

(Lapland rhododendron) 

Salix reticulate (Netleaf willow) 

Zone 0 Arctostaphylos uva-ursi (Bearberry) 

Betula papyrifera (Paper birch) 

-50 to -40 degrees F Cornus canadensis (Bunchberry dogwood) 

Prudhoe Bay, Alaska Elaeagnus commutata (Silverberry) 

Unalakleet, Alaska Larix laricina (Eastern larch) 

Pinecreek, Minn. Potentilla fruticosa (Bush cinquefoil) 

Ulmus americana (American elm) 
Viburnum trilobum (American cranberry bush) 

Zone Berberis thunbetgii (Japanese bayberry) 

Betula pendula (European white birch) 

-40 to -30 degrees F Cornus alba (Tatarian dogwood) 

International Falls, Minn. Elaeagnus angustifolia (Russian olive) 

St. Michael, Alaska Junipercus communes (Common juniper) 

Tomahawk, Wis. Lonicera tatarica (Tatarian honeysuckle) 

Sidney, Mont. Malus baocata (Siberian crabapple) 

Rhododendron southern Indian hybrids 

(Indian azalea) 

Syringa vulgaris (Common lilac) 

Thuia occidentalis (American a rborvitae) 

*This information was taken from the USDA website. 
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Zone 0 Cornus florii 	FIoweric 

Deutzia gracilis (Se 	- 	e 

-20to1Ooegrees Forsythiasuspensa 	e 	a) 
Des Moines, Ica GinkgobiIoba(Gnkc:. 	e'-- - 

Ch 	o, III. Hibiscus syriacus (S -..: 

Cclumbia, Mo. ?berissempervirens E;eee 	cauft) 

nsfied, Penn. La-  :s:.-oemia indica(Crae 
L 	s: - '' vulgare (Comffioi 

Equitolium (Oregon Io 	- pe} 

e:seooagIyptostroboides 

(C. - - e -iood) 
Poozenaron American (Hybrid rhododendron 

- e•cissus tricuspidata (Boston vy) 
• 	

- (Japanese rose) 
Taxt s :.sc o 	(Japanese '.e., 
Viburnu 	o.. <woodii (Buro, 000 viburnum) 

Zone 0 

- 	 :- 
saponica (Ja:::e:s  

sooens 
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OtolC

OkIahc3Cit. 

South Bo:: - 

LittIeF - - 	--. 

Grifflri, t3 

8I 
l0to20de7 - eesF 

Tton Sa. 

Dallas.Texas 

Aust n.Teas 

Zone 

LULO3UG 

Houston, 
St. Augus: 

Browr 

Zone 

30 to 40 dtyeCS F 

Napes Fa 

Victorvitte, Ca if 

Mam, Fa 

Phoen x Anz. 

Zone 

Hc 

SmallIeafi::: 

Pstaca chinensisiChnese ps:2:' 

Lagt"sroemia Crepe myrifel 

lex .a iiitoria tYaupon 'iollyl 

Cuphea hyssopifof a Mexcan heather 

-vsjapo 	apanese Kwood 

US 

 Dlue 

Säugair, ea spectabi 5 2o .gar - 

CassaswIaGoc!e -' 
EucaIptis citriodc 	:- e. ca atus 

FicuseastaF.:oe -  
Ensa ventncos.. -yp(Eheste)  
'D - iea reg-e Oyal pa m 
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Laridscape Design 
e :ees. towe. and c:her p!anis to 

L::icape de:gn efes zo the planning of 
tkof band not covere5vhu rroads.Landscane 

egner c:eae outdoar paces*hat are more peaing to ook 

at ad are saer and  iar thev ivLi-lid have been with 

a panned design. 

A andscae design changes as pan 	ees grow. 

£r'wen and even:ualiv die A ands:ape c 	selec:s trees, 

shrubs, and grond covers tha ;vi :hrive in atcuIar so -L1 

and cmae co iicns. Thev ctoose pams for their uniue 

c:acrers;ics and c rut:ons tc the desfgn pan. 

in andscae ces!gn. scaie is the reationship of he desgn 

eeopewhow:iuse it. Aer5onsenseswhen 

:oargecosnaI.onstght 

,gut 

The plan on the Ieft 
is well-balancek the 
elements «i the plan 
ae n pnpodiuftThe 
Plan o the rAyht Is 
mtof propotioe 

t.anoscape oesigners anci ianascape arcnects tprofessionals wno 

create outdoor places that people care about and want to visit) use a 

concept called xeriscape (pronounced ZEER-i-skape) when planning 
landscapeThis means they minimize areas ofturf (grass), lmprove lc 
soll, and utilize indigenous (native) and droughttolerant plants.This 

saves water, money, and time because lt takes less water (and water - t 

time) to keep such an area thriving. 
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Some Common Horticultural Terms 
and Definitions 
Annuals. Annual flowers and plants grow for one season and then die. 

They usually grow and bloom during spring, summer, or fall, dying 

after the first frost of winter. New annuals must be planted every year. 

Perenniats. Perennial plants come back year after year without replanting. 

Many perennial plants lose their leaves and die back in the fall or after 

the first frost. When the weather warrns up, perennial plants grow back 

again.They often increase in size over the years. 

Shade tolerance. A plant's shade tolerance describes how weil lt grows 

in shade. Shade tolerance varies quite a bit. Many plants require full 

sun to thrive, while others can tolerate half a day or more of shade. 

Some plants, such as ferns, do fine in fufl shade. 

Molsture requirement All plants need water, but the amount they 

need—their molsture requirement—varies. For example, blue flag iris 

does best in the damp seil along the margins of ponds. Other plants, 

including some native and ornamental grasses, are drought tolerant. 

Muich. A Iayer of material such as organic compost, bark chips, straw, 

or black plastic is placed on the surface of the soil. Mulch raises the 

temperature of the soll, reduces weed growth, and helps hold 

in rnoisture. 

Propagation. Plant reproduction occurs either through seeds (sexual 

reproduction) or through vegetative (asexual reproduction) techrüques 

like grafting. 

Pruning. Plant parts like sterns or branches are removed to increase 

the plant's beauty, to remove dead material, and to reduce crowding 

ofthe remaining living branches. Pruning also elirninates excess living 

plant material that drains energy away from the production of fruits 

and flowers. 

Cultivar. A cultivar is a CULTlvated VARiety of a plant that has been 

selected by horticutturalists tor certain traits (such as unique taste and 

color in apples). Cultivar traits are propagated through grafting, not 

through sexual reproduction. 
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Deadheading. Removing dead flowers and seeds from a piarT aher 'Hev 

have bloomed is called deadheading. Deadheading can cause oans to 

produce a second Set of blooms once the first flower heads have bern 

removed. Rose plants, for example, often produce blooms throuUhou1 
the summer and fall if they are deadheaded. 

Landscape designers consider plant size, farn 
and color, ar - en appiv basic design principles 
arrangements. The ultimate sizes of trees, shrubs, flowers, and 
ground cover are importane Iandscape design considerations, 
lt vou plant a tree in a small space that lt eventuaHy outgrows, 
you may have 10 spend a lot of urne and monev removing that 
eree from ehe Iandscape. Landscape designers must consider 
whether the planis in am' design grow,  slowlv or quickiv. For 
exarnple, a fast-growing tree, such as a Lornhardv popiar, could 
be a good choice tor an area where Von need to grow a wind-
break to shelter a house from the wind. 

Plarns that grow marc siowiv, such as a dense evergreen 
tree, rnight he considered in areas where the landscape designer 
wants ca create deep shade in a few vears. Another consider -
ation is texture, which is determined by the characteristics of a 
plant's various parts. For example, plant leaves may be shiny, 
prickiv, fuzzy, large, srnall, broad, or narrow. The textures of 
ehe prns •:csen tor a landscape add to ehe overall eifert. 

Stern Graftin: 
As discusin tnnlien planes can propagate, or reproduce, in 
several ways—from seeds, tubers, roats, and cuttings. Another 
important propagation method is grafting. Stern grafting involves 
attaching a small upper branch calied a scion, or bud stock, 
Co a lower branch or trunk calied the roorstock. 

The method of lolning iwo planes together has many 
advantages in horticulture. Some plant varieties cannot be 
propagated from seeds, so grafting is the oniv rnethod avail-
able Plant varieties also can be grown in different areas of 
the countrv bv grafting the cultivar onto a rootstock that is 
marc adapted to the local climate. Plants that are oiten grafted 
include grapevines. as weil as a variety of fruit and nut trees 
such as cherrv, peach, apple, and pecans. 
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ane in spring, just 
-'- to the start of 

owing season. 
the procedure: 

Step 1 - Jse trunks 
inches in 

for rootstock. 

	

1 	\ / 	 lut straight across the 
:unk with a sharp saw. 

	

1 J 	‚ 	 Step 2—The scion should 

	

(1 	‚ 	 same species as 
Hotstock. Cm off 3 to 

inches of a branch vith 

fl (EIi 	:0::; 

axandharnmerto 
a cieft in the root 
Spread the spur 
rootstock and 

( 	 sert the scion pieces, 
he cc'':': Iaver of 
oh r:- :and scion 
tust he in dose contact. 
he camhium is the 

o 	 nt tissue hetween the 
ood and the bark. 

	

- 	i 	12-inch square of aluminum 
ii. Wrap the toll around the rootstock. Tear or cut a 
ne down the center of the square as shown. 

Step 5—Fold each side of the divided end of the foil 
around the graft. Cover all cm surfaces. 

0 
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Step 6—: 

bagip:betagvE: 
:he graf: an 	vx 	:he 

:wr 	eZv. 

- 	7— i i 
- - / 

a rihe: / 
band. 	ddg 	n -ii---------- 
ia. 	: 	e:rvee :a'e. - 
Step 8—T 

es:kUse 
aze:u:d 

Step 9—Coa1ie cut sirce 	:e : 

• 

r 	--- 
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• Water drainage—Soil should be weil- ai: 
se 	 spots. 

• 	-. 	rt 	t trees need deep, rich soil with ihe same 
e 	- 	required hv other crops. 

• Spacing—Trees niust be planted according 10 their expected 
sze at maturation 

Some fruit crops 	:h as cherries, grapes, and peaches) can 
pollinate themsei - hut many do not produce pollen or are 
sterile to their ov. ‚ollen (such as blueberries and appies). 
In order to produce fruit (or nuts or herries), the sterile plants 
depend on cross-poliination and fertilization from a second 
plant of a different varietv that will hloom at the same time 
and produce pollen. Get advice from an expert about choosing 
plants for vour fruit, herrv, or nut crop. 

The Dirt 011 Potting Soil Mixes 
Manufactured potting mixes differ in quality, price, and ingredients, 

but none contains real soil. Garden dirt has bacteria, insects, and weed 

seeds, but commercially prepared potting soil mixes are sterile and can 

be used straight trom the bag. 

To grow healthy plants, use a good quality potting mix that: 

• Is dense enough to support the plants. 

• AlIows air and water to pass through, yet holds adequate moisture. 

• Retains nutrients and slow-release fertilizers. 

Most potting mixes combine organic matter (such as peat moss or 

ground pine bark) and inorganic material (such as washed sand, perlite, 

or vermiculite).The ingredients (and their textures) affect the charac-

teristics of the mix. For example, vermiculite increases water retention; 

perlite speeds up water drainage. 

The potting mix you choose will depend on how you plan to use it. 

Plants grown from seeds require very light mixes that are full of air-

otherwise the seedlings will die in heavy, wet potting soil. Cuttings, on 

the other hand, require a dense mix that will hold them up. 
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Sud (raSing 

Man\' grovers trv to irnprove the qualitv of their trees h 
grafting a desired variety onto a strong rootstock. 

_--- Thev may wish to encourage dwarfing in a high-densitv 
orchard. provide a strong trunk for a different varietv, or 
induce cold tolerance or dis, 	resistance. Fruit trees often 
are propagated hv this rnethu.:. 

0 	 Budding involves grafting a 	mant side bud orno 
rootstock during the gro\ving season, usualiv in JuIv er 
August after ne' growth has stopped. Follow these steps 

N 	for the grafting technique known as T or shield 

Step 1—MaRc a T cut to bark depth on 
'tkJJS 

‚' 	one-vear-old rootstock. 

Step 2—Cut a bud frorn this vear's growth on a mature 
::thv scion. The cutting should be shieIdshaped. with 

0 	 of the leaf stern intact for a handle. 

Step 3—Carefuliv slip the shield with the bud into the 

Steg 4—Press the shield down snuglv. 

Step 5—Hold the bark flaps tightiv against the hud and 
:n thern secureiv in place with polvethvlene hudding 

or rubber budding strips, which hreak down 
ceathering. 

Stet 6—The next spring, when the bud hegins to grow, 
rernove the wrapping and prune the rootsiock 6 to $ inches 
ahove the bud. Use the rootstock as a stake to tie the 
new shoot. 

Step 7—At the end of the first growing season, cue off the 
rootstock iust ahove the new shoot. 

Step 3—: -ntuallv, the 

3 	

1 	

0 	1 
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Hew,  leng will you have to wait to pick your fruit, herries, 
er nuts? Various fruit creps require different amounts of time 
to produce their first good harvest. Veu can pick strawherries 
in ene vear. hut you will have to wait six to 10 years to 
cellect pecans. 

Fruit crops can be censumed as fresh er precessed feeds. 
For example, nuts are eften processed fer butters and eils. 
Fruits mav he cut up and canned er frezen, er precessed fer 
Jams and pie fillings. Berries, tee, are canned er frezen, 
er turned into svruo, juice, er wine. 

V'Joody Ornament& Plants 
Weec: :. .... :eaIs are trees 	s::ubs that peeple grew 
because et their attractive features .: 	 maier tvpes ef 
ornamental trees - cenifereus. e::c: :‚ and decidueus - 
preduce a variety of grevth form., :h:es, and sizes. Shrubs 
are smailer than trees, hut larger 	strenger than flewers er 
vegetables. The characteristic form er manner ei grewth ei a 
shrub er tree is referred to as its habit. Fer example, evergreen 
habits might include an upright evergreen shrub, a cempact 
evergreen hedge, er a sprawhng evergreen bush. 

Cenifereus trees preduce cenes centaining seeds. 
Examples are pine, cedar, and hr trees. Most cenifers are 

• 	 .• r 
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PltmthigYourOwnTrees or Shrubs 

Planting trees and shrubs helps heautifv an area and hold the 
soil in piace. Trees and shrubs also provide shade, shelter, and 
food for wiidhfe. You need to consider manv factors hefore 
planting trees and shruhs, including vour soil type, how long 
ehe tree will likeiv live, the hardiness zone vou live in, ehe size 
and shape of the tree or shrub vhe 	fn!!v grovn, and the care 
ehe eree or shrub will require as i 	Because there are so 
man' things to consider before v:: 	i:ee or shrub, it is 
a good idea to consuit gardening DOOKS, vour merit hadge 
counselor, or a countv extension agent for advice. 

Once vou get the tree or shrub vou will plant, be sure 
to keep it well-watered until you plant it. fig planting holes 
spaced according to the recommendations for the kind oft ee 
or 	hrub you are planung, lt is iniportant that the holes you 
dig are large enough to hold all the n 
them. Besure the soll at the bot 	'-'  
tom of the hole is not packed s 

ard that it will interfere with to( 
rowth. lf the soil is drv, vou 
ieed Co put a little water in t 

hole. Press 	 oi1 carefulIv and 
extra firrnly about the roots, as von  
fill the hole because air pockets 
in the rooe zone could kill the tree 
or shrub seedling. Stake the t cc 
if necessarv, and takt 	o 
damage the trunk or 	s 

Prevent veeds, . 	d 
other piants from compeling with 
'he newlv planted shrub or tr 
t laver of rnulch will heip ke 

weeds down. See that tht 
shnil - 	ts regular water 	er 
from 	: or from 	aterii. 
its::s: .-a:. the tree or shrub 
needs pruning Co train it into a 
strong, well-shaped plant In late 
ears, pruning is done to re 	o e 

dead, diseased, or damaged 
branches, or to redirect 

KW 19 
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PruningTechniques 
LiRe people, plants require discipline and 
training. Good pruning directs groweh ancl 
eliminates bad habits and problems. If vou 
understand the reiationship between the 
location of the huds on a branch and the f position of the pruning cuts. von can train 
a plant to grov as von vish. Poor pruning 

( 
resuits in an unruly plant. 

Terminal buds—at the ends of sterns 
and branches—produce a hormone ihat 
encourages most of the groweh to ocr 
the tips of the plane. Lateral (sid 
a hranch do not develop weil as 
terminal hud is in piace. If vou 
terminal hud, the lateral huds will grow side 
shoots. Ih encourage horizontal groveh, 
select an oueward-facing hud and cut the 
hranch at an angle directiv ahove ehe hud. 

s 51  For vertical growth, cm ehe branch at an 
angle directly ahoe in inward-facing bud. 

1. Pruning to opp 	buds. Cm squarelv 

"Amme. 
across the stein 	. 	 pair of huds (as 

II 
dose as von can wil 	t touching or 
clamaging thern). A pair of side shoots 
will then grow. 

2. Pruning for horizontal growth. MaRc 
an angled cm directiv ahove 	n outward- 
facing hud. 

3. Pruning for vertical growth. .ake an 
angled cm directly above 
facing bud. 

. Von shonld prune at different tirnes 
T, of the vear depending on vhich type of 

plant von have. The best time to prune 
0 spring-flowering shruhs and vines is in the 

spring, after thev have flowered. The best 
time for shade erees is in the midwinter 
dormant season. 
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Hedge shears 

ining saw 

Electric hedge shears 

Use the right kind of pruning tools for the task, and keep 
them sharpened and maintained to make clean cuts. 
• Hand shears for twigs less than 112 inch in diameter 
• Lopping shears for branches 1/2 to 1 inch in diarneter 
• Pruning saw for Iimbs more than 1 inch in diameter 

• Hedge shears for formal pruning and shaping 
• Eectric hedge shears for faster pruning and shaping 

Prune a hedge so 

the base ofthe 

hedge is broader 

than the top. This 

shape will allow 

sunlightto reach 

all the foliage. 
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Trees, the Environment, 
and Humans 
Trees are one of the largest plants on Earth and also 

one ofthe most important. In addition to providing 
us with fruit, nuts, and wood, trees benefit us and 

Earth in the following ways: 

• By protecting and nurturing the soll—The roots of 

trees hold the soil together, reducing soil erosion. 

When the leaves, branches, and other parts of a 

tree die and fall to the grourid, they decompose 

and enrich the soll. 

• By reducing energy use—Trees planted around a 

house provide protection from cold winter winds 

as weil as hot sunshine, which reduces the need 

to use energy for heating and air-conditioning. 

The air-conditioning energy costs for a house can 

be reduced by as much as half by simply plariting 

several shade trees riear the house. 

By reducing air pollution—Carbon dioxide is a gas 
emitted by the burning of fossil fuels. Scientists 

believe that the amount of carbon dioxide gas is 
increasing in the atmosphere, which may contrib-
ute to an accelerated warming of the planet.Trees 

can help reduce the amount of carbon dioxide in 

the air, because they absorb carbon dioxide during 

photosynthesis. 

• By providing habitats—Both living and dead trees 
are home to thousands of species of other plants, 
birds, insects, and mammals, including rare and 

endangered species. 

• By creating livable communities—Trees planted 
in urban areas provide privacy around homes, 

reduce the sound of traffic, and create an oasis of 

quiet and calm in city parks. 
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Growing a garden can provide you 
with beautiful flowers as weil as food. 
There are many fruits and vegetables 
you ran grow in a garden. Plants that 
grow best in cooler weather include 
broccoli, Brussels sprouts, cabbage, cel-
ery, collards, kale, lettuce, okra, peas, 
potatoes, and spinach. Other fruits 
and vegetables grow better in warmer 
weather, including beans, blackberries, 
cantaIoupe, carrots, corn, cucumber, 
peppers, squash, tomatoes, and water-
melon. Consult gardening books, your 
merit badge counselor, or your county 
extension agent for more information 
on which vegetables and flowers would 
grow best in your garden. Also find out 
how and when to plant your garden and 
the pests and weeds you may encoun-
ter during the growing season. 

Steps to Prepare the Soil 
Step 1—For a new bed, use 8 hoe or square-bladed shovel to remove 

all existing plant material. 

Step 2—Turn the soll with a spade or tiller, working the topsoil to a 

depth of 8 or more inches. Continue turning the soll until the particies 

are no larger than golf balls. Remove rocks, roots, and other debris. 

Rake the ground level. 

Step 3—Cover the ground with a 3- or 4-inch layer of organic matter 

(manure, compost, peat moss) to improve the soll. For clay soll, add 1 

or 2 inches of washed brick sand. With a spade or spading fork, turn the 

new material into the soll as before. 

Step 4—Rake the ground again. 

Step 5—Treat the bed with a fumigant to eliminate soll-borne insects, 

diseases, and weeds. Read and follow the directions carefully. Check 

with your merit badge counselor or parent before you fumigate 

because misuse may be harmful to your health. 
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Planning and SoiI Preparation 
Plan the location of your garden. Using paper and pencil, 
map your plantings. Decide what you need to do to prepare 
your plot. 

Panting Your Garden 
To thrive, flowers and vegetables must be spaced appropriately 
and planted at the depth recommended for the particular 
plants. Dig holes slightly larger than the diarneter of the plant. 
Water both the soil and the plants before setting them into the 
ground. Spread the roots out, theo sprinkle soll into the hole to 
the level of the bed. Water in heavily to eliminate air pockets 
around the roots. Add a layer of muich around the plants to 
control weeds, conserve moisture, and keep the soll cool. 

Certain plants need extra support to stand straight. Set 
metal, wood, or bamboo stakes next to the plant and tie the 
stern to the stake with old nylon stockings or strips of cloth to V avoid damaging the plant. Certain vines may be staked to trel- 
lises. Many gardeners use wire cages to support tornato plants. 
Try to stake the flower or vegetable when you set the plant in 
the garden to avoid damaging the root system when you push 

Chemical fertil- the stake into the ground. 

izers are toxic and Feeding Your Garden 
dangerous, just Your garden plot needs nutrients to help the plants thrive. 

1k e pes ci es 
Fertilizing your garden may be necessary to promote better plant 
growth. Dry fertilizers are often used to cover a large area such 

and fungicides. as a lawn or a large garden. Liquid fertilizers are mixed with 

Wh en using 
water and are poured or sprayed onto foliage or around die 
plant's base. Liquid fertilizers work well for small garden plots. 

fertUizers, be 

sure to read 

and follow the 

manufacturer's 

instructions. Use 

these chemicals 

only under dose 

adult supervision. 

• General fertilizers contain all of the primary plant nutrients-
nitrogen (for healthy foliage), phosphorus (for developing a 
strong root system), and potassium (the "energy booster"). 
Such fertilizers use a numbering system (such as "12-4-8") 
to measure these nutrients. The higher the number, the more 
nutrient in the fertilizer. The first number measures nitrogen; 
the second, phosphorus; the third, potassiurn. The types 
of plants and soil you have will heip you determine which 
fertilizer to use. 

• Special-purpose fertilizers contain nutrients for a particular 
kind of plant. You might see fertilizers labeled "African 
violet food" or "camellia food." These fertilizers are specially 
mixed with the balance of nutrients these plants need most. 
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• Simple fertilizers contain only one of the primary nutrients. 

• Natural fertilizers are made from the decayed remains of 
- 	 Many gardeners living organlsms. Blood meal, animal manure, compost from 

yard or garden waste, and worm castings are examples of 	prefer to use 
natural fertilizers. 

alternatives 

Caring forVour Garden Throughout the Season 
Check your plants often. Pull weeds. Look for damage caused 
by insects or disease, and treat appropriately. Are the leaves 
wilted or yellow? Make sure the plants are getting the right 
amount of water. You can encourage more blooms if you 
deadhead any faded flowers. 

To malte a plant grow bushier and more compact, 
pinch back the center shoot with your fingertips er scissors. 
That will encourage side shoots to grow. Prune the plant 
(only if necessary) to direct growth er rernove damaged parts. 
The beFf time to prune varies according to ihe type of plant, 
so check before you cut. 

Keeping Wildlife in Mmd 
Planting a garden or designing a landscape gives 
you the opportunity to improve wildlife habitats. 
Here are some ideas: 

• Plant native flowers that attract birds and but-
terflies.Your local extension agent or merit badge 
counselor can heip you choose suitable plants for 
your area. Also check native plant books to find 
species that are beneficial to the wildlife in 
your area. 

• Install birdhouses, bird feeders, and birdbaths. 
Use different types of food (sunfiower seeds, suet, 
thistle seed) to attract different species of birds. 

• Leave trees and shrubs unpruned to provide 
more branches and hiding places for birds and 
small mammals. 

• Place tree logs on the ground to provide perching 
places for birds and small animals. As the logs 
rot, birds and animals may burrow into the wood 
looking for insects. 

to chemical 

fertUizers. 

Cornposting 

(recycUng grass 

clippings, leaves, 

raw kitchen 

waste) and 

biofogical controls 

(using hving 

craatures such 

asladybugsto 

control insects 

and plant 

crseases) are two 

popular methods. 
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Plant scientists who study plants in their natural environment 
are called field botanists. These specialists are expert at iden- 
tifying wild plants, describing the location and types of plant lt is illegal to take 
communities, and observing the impact over time of climate, plant specimens 
animal, and human changes on plant diversity. 

Field botanists study plants in their natural environment and from national 
bring plant specimens back to laboratories for further study. By parks in the 
collecting, pressing, and identifying plants, field botanists help 
gather data on plant populations and locations—information that Unaed States. 
can then be used in later research. El you want to 

Observrng Nature—The Essential Skffl of 
collect in a state 

Field Botanists or county park 

Field botanists pay much cioser attention to plants than or national 

most people. You can learn many of the skills of field botanists forest, always get 
by becoming more aware of what is growing around you. 

permssion from 
Begm by noticing the sizes and shapes of the trees at a park, 
forest, or other natural area near your home. Note how dose a park ranger 
together they are growing and which species are the largest or custociian 
or most abundant. Which plants grow weil in the shade? 
Which grow in the sun? ls there evidence of fire, disease, or 
strong winds? Study the network of fine lines crisscrossing 
the surface of a leaf. Search the ground for fruit, seed pods, 
or nuts, and break one open. Take a plant identification book 
with you, and read about a plant's uses, range, longevity, and 
special characteristics. 

Extremely smelly:The giant titan arum gives off the 

smell of rotting flesh.This terrible smetl attracts flies 
and other insects that pollinate the flower. 
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The foUowing questions can help you begin your field exploration: 

How Is the plant similar to and different from nearby plants? 

How are the leaves or needles shaped? 

• Does the plant bear flowers or fruiting bodies? 

• What kind of soll is lt growing in—wet, dry, sand, gravel, black dirt? 

• What does the landscape near the plant look like? 

• How do climate and latitude influence the plants? 

• How is the plant affecting the environment around it? 

Tips for Collecting Plants 
• Always ask permission before taking a plant specimen from 

private property. 

• Take a notebook and a pen or pencil. Record as much Information as 

possible about the location where you found each plant. 

• Take several plastic bags with you on your plant collecting trips. lf 

you do not have time to put each plant into a plant press when you 

collect it, you can store lt in a labeled, sealed plastic bag to keep lt 

fresh until you get home. 

• Use a pair of plant shears or sharp scissors to cut the pieces of a 

large plant specimen from the main plant. You will cause less darnage 

to the remaining plant than if you break off a leaf or stem. 

• Wear gloves when collecting plant specirnens with prickly sterns. 

• Some plants are dangerous to collect. In many parts of North 

Arnerica, you may encounter polson ivy, poison oak, or stinging 

nettles. If you touch the leaves of any of these three plants, your skin 

may itch and blister. If you come in contact with one of these plants, 

thoroughly wash the area with soap and water. Apply hydrocortisone 

cream for itching if needed. Learn how to identify these three plants, 

and avoid them. 
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Pressing Plant Specimens 

Piacing plant specimens in a plant press forces them to dry 
without shriveling. ihe dried plant speciniens can then be 
mounted on a sheet of paper and used in the future for 
identiricaion and cornparison to other similar plants. 
Prope -1y pressed piain spectinens have been storcd for 
hundreds of years without losing their identifving shapes. 

Use old newspapers to make a press. Place the 
specirnens in it careful!v. so they dry fiat and are not creased. 
Arra;tge thom in a iifeiik€' position to show their parts to best 
advantage. When the specimens are thoroughiy dry, mount 
them in a notebook or an 
cardszock. Transparent giue 
or smali strips of gummed 
cloth are preferrod for 
affixing specimens. For this 
re(1iitrement, however, you 
may use double-sided tape 
to maunt the specimens-
bot lt is not recnmmended 
for a permanent collection. 
Label each with the com-
mon name of the specimen, 
the sciantific name igenus 
and species), the date, and 	A homemade press is suitable to dry and flatten plant 
the piace it was collected. 	specimens before mounting. After mounting, keep the 

specimens under prossure so they will not cur$ 
or break. 

Voucher Specimens 
Field botanists often find plants in areas where they previously were not 

known. Sometimes they find new plant species never before identified 

by scientists. In such cases, botanists often collect and preserve these 
ptants as voucher specimens. A voucher specimen is a plant sample that 
is collected and stored for future study or comparison with other plant 

samples from other areas—and from other years or even centuries. lt 

is important because it provides physical evidence that 8 plant species 

existed in a specific location. Voucher specimens document the occun 
rence of rare plants and indicate the geographic spread of invasive 
plant species. 
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Using a Plant Key 

Among the useful tools for identifying p!ants are riant keys, 
avaiL'ble hoth as books and as interIcuve websites. A pmt 

:id€s you step-bv-step to the identity of a plant species. 
Eaci; eiant kev addresses particu1r knds of vegetation (trees, 
for (xiiunh.) and niav be fci titer tnised on a spccIiic region 
(such as North America). 

Plant kevs 	tvnicaiiv constructed with an either/or 
format, asking ';oo w nake a series of yes-or-no decisions that 
will steaclilv nanow your choices until you come upon the 
specific description of the plant you want tu identify. A typical 
sequencc might lcad vau this wctv: 

\ellehkt Icaves t;r broad-ieai leaves? if broad-leaf, 
then 

Conlpound leaves or simple leaves? If compound. 
then 

Thorns or spines present, or thorns or spines absent? 
If thorns or spines absent, then 

Leaves sniooth, toothecl, or tnbed? lf iobed, then . 
Leaves arronged opposite eirh otir mi tue twigs. or du 

they alternate? lf opposite, then 
Are t•.3Ves heart-shnnd or U\ il? if cvii, titen 
Once voll ha e idenutied a 	the 	ci kev can pro- 

vide a wealth of information about the scies, often including 
its normal geograuhic tange, its general size and shape, and 
descriptions of fuwtnic hedies, jenes. anti hark. Plant identift-
cii ton is most 	urhen it s ctcne tu a plant's natural 
setting where you have a wide tange of clues to help you. 

Identifying Trees 
ldc'ntifying a tric can be simple. "Yctt can teil a dogwood by its 
bark," the oki•-timr'rs sa, ane mey cc right. The appetrance 
of bark is one of several ininortant pieces of evidence that can 
lead tu iii'.cuvering the u.'ue of a trt'e, Other characteristtcs 
to notice '.vnen identfvii 0  :rees for a ti cc inventerv are their 
shape, icaves, and ticivav :hey fit into heft environment. 

Extremely old: A bristiecone pine tree growing at an elevation of 10,000 

feet in the White Mountains in California is estimated to be more than 

4,500 years old. 
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Vase 

Tree Shape 
Some trees spread great brancT cf 'aves toward the sky to 
absorb as much sunhight as pc Other trees have shorterr, 
tighter shapes that heip them e: ure storms and shed snow. 
Here are some of the most common n e hapes. 

Paim 
	

Round 

4 
Cone 
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Bark 

Tre bark is notable tor its 
on in shape and te\ture 

Some barks have distinctive 
teatures. For instance, the bark 
of the ponderosa pine smells of 
vanilla Some vaneties of bark 
are shown here 

‚ 1 
ieemig 

: 

7. 

Furrowed 
	

FT d 
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FIELD BOTANY 

Leaves 
Leaves are probably the most commonly 
used clues for determining a tree's identity. 
For starters, leaves of conifer trees are shaped 
like needles or scales. Those of deciduous 
trees are broad, and might appear singly, 
in various combinations, or in sets that 
alternate on a branch or are opposite one 
another. Basic leaf shapes of broad-leaf trees 
are shown here. 	 Narrow 

-' 
A field botanist studlies plants from 
several different perspectives. In nature, 
plants live in plant communities. A 
plant community consists of many 
different plant species living in the 
same area. Tvo examples of plant 
communities are a tallgrass prairie in 	Egg-shaped 

Kansas that contains grasses and wildflower 
species, and a plant community in the desert 
foothulls of southern Arizona populated 
by creosote trees, shrubs, and giant 
saguaro cacti. 

Within the plant community, 
individual plant species also occupy 
unique spaces. Just as humans live in 
specific houses or apartments, plants 
live in specific spaces. These places 
where plants live are their habitats. 	Veined fan 
The habitat of a cottonwood tree is 
along the banks of meandering rivers in the Midwest and 
western United States. The high mountain slopes of Montana 
and Colorado are the habitat of whitebark pine trees. 

Within any habitat, the food, shelter, and other resources 
are divided into separate niches. The niche of a plant or animal 
species is its role in the community. The niche of fungi, for 
example, is to take nutrients from dead or dying trees and also 
to release those nutrients back into the environment in a form 
that other organisms can use. 
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Field botanists have developeri special methods for studying 
plant communities. Because lt would be impossible to identify 
the characteristics of every single one of the thousands of plant 
species in a study area, field botanists conduct plant samplings 
to estimate what a larger plant community is like. Even though 
only a few plants are recorded with p1antsarnpling techniques, 
this record still gives the field botanist an accurate estimate of 
what the rest of the plant comrnunity is like. 

Sampling Plant Communities With Transects 
A transect is a continuous line laid out through one or more 
plant communities. This line is used as a reference point for 
taking samples of plant characteristics. Transects work best in 
areas that contain widely spaced plants, such as an open forest. 
Here's how to set up a transect through a plant community 
made up of trees. 

• Use a string or tape measure to lay out a line at least 500 feet 
long through an area containing some trees. 

• Use a notebook to record the location of the transect, your 
name, the date, and the weather conditions. Record any 
information about the nonliving things along the transect, 
as well as the type of soll. 

MI -- LAMM 
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• Drav a 1ne in:hee :c:g ac:css tiie mid1e a sheet f 
pape: m vcur e:i. Make mars or the ne a: eve: 

ee;: everv iiO tee: c; V,Dur transe:. 

• :aa 	az :':e e:d 	the transe. 'va scvv z'ward the 
c:he: eni SLx whenever vou sec a rec vthin 	eet o 
the ::ansec: line. 	on vcr :ranze: graph the 1ocatcn 
M cach ::ee. \easure the ±ame:e: ef each ::ee a: a hech: 

off tne 21i2nrccri zhs measi:emet. 

• Ccriueo 	measure, and 	eve :ree ak'ng 
Ihe 	ne. 

• Vhe:; vc ha-- hshe. vcu wh ha;e iappe± 3 	phng 
:h-' re-cs r he :az mmanhv. 

• \I.. grarb .: ±3r 	e armahar rct gathe:ed. 
:he r'e::en:ages 	- 	e:es presen a ihe :ee 

e:e: measi:ements. 

Sampling Plant Communities With 3sted Nots 

Same m:xe plan: 	mlnes 	::s. snrnts. 
g:asses.hed ha:als:s :her. se nes:ei plcis. In nese-plc 
sam'ling. pos c1 iferen: sies are r:sed : sample vegeta:icn 
ot ie:em s 	Lare plots are se Z0 same i3C Irees: 
mediLm pots are Usel,  ze sampie smaller :rees anj shrbs: 
and the sn:aEest pc:s are used,  :o sampe wild:lcwers. fesns. 
aid ::he: smah panas. The smaiiest pia: lared nside the 
mehr:m pic:, which is Ic:a;ed 	ehe larges: lcr—hence 
all plts a:e nesrei 

Hercs howv:.: 	sampie a panz :ammnhv usmg the 
necl-:a: :echniue. 

nd a :ant c nmani:r :a gjntains a m:: af large and 
amail pants. in:ding :rees. shuhs. grasses. and Ihmvers. 

Step 1 —U-ze a nereback :c :ecrd the iacatan of the plani 
:cmmuni:v. vaur name, :he date. and :he wea:he: anai:ions. 
Regard auv infama:icc abeut :he ncniving things Nate the 
-7pe of 5NI. 

Step 2—Make a diagram n van: tak shmvir.g :he piats 
au:. 

Step 3—Use a tare measure ta mark af a la:ge pku that is 
C') ly; 10) tee: scuare. iaentlfv and maa al :he 'arge trees 

tha: in :ais :a:d vat ±ngs an the diagram 
tu vau: :tatebeak 
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ep4—h 	 - 

:2 
on - 

Step 5—i:: 

klentify and ri 
all mediurnsize 
plants in this J4otT 

"fkik 
all 5 alt plants in 
this pIeL 

ldentify and map all large tTees in 
this pieL 

Rare, Threatened, and Endarigered Plants 
lncreasing population growth, cultivation of fand for crops, and the 

growth of cities and suburbs are causing plant habitat losses. As the 

habitat of a plant is lost, the plant itself may no longer be able to propa-

gate, and the numbers of that plant species may begin to decline. Plants 

that were once common may become rare or may disappear entirely. 

Field botanists help identify habitats of plant species and measure 

whether plant populations are increasing or decreasing over time. The 

information gathered by field botanists helps alert land managers and 

the public that certain plant species may be in danger.This knowledge 

can then be used to develop land-use policies and to educate the public 

to help protect the plants. 

A plant or animal species that has so few individuals left that it is 

in danger of dying out is called an endangered species. A threatened 

species is a plant or animal species that is losing members at such a 

rate that they will become endangered if nothing is done to change 

the situation.The federal government has officially classified about 750 

threatened or endangered plant species in the United States. Plant scien-

tists believe that more than 30,000 flowering plants, ferns, and trees are 

threatened or endangered in the world, mostly due to loss of habitat. 
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Sample Questions tor an Sample Questions für a Conservatio n 
Herbarium Visit Organization Visit 

• How do researchers use the plant • What are some of the conservation 
spedmens? activities the orgaruzation carries out? 

• Do you have any voucher speci- • What are some threats to rare plants? 
mens of plants that are rare in 
our state? 

• What tools and references do • What land management techniques 
botanists at the herbarlum use? does the organization use to protect 

t:ive plants? 

Visiting an Herbauium or Plant 
Conservation Organ z ation 

.................................... 	usualiv houseri in 
universitic 	.: 	.. 11 : :e a valuable resource 
or plant scec . .....• : -.. 	:::T 	±:-::.:se their coiieciioT 

oiten include 	:.t:. ::s .:: 	rr emünct nblus, 	-e IfyOU cannotvtstt 

specimens are vs 	::. :..:.. 	 reierence Some are an herbarlurn in 
arranged alphabertcai.: 	: :::.:.: .2 2 	clasiications -. 	 . amIl. -genus- anci sj 	:.:s 	-. :.z r 	::rangeo geographicahv. nrn visrttlw 

Beause these vouch•:: 	:r :e iniended ior Ion'- website (with 
zermstudr an.--; saiekeeping............ :::14 suplies and st(3rage 
materials must L--durablean 	...... . ;a 	ree ei acids ard other your parents 

compounds that might cause dete: .::.::. = n or discolo Tat! on permission} of orte 
everdme 	Thev rnus: be handled carefuliv re avoid daniaging ottheherbanums the tragtle speotmens. Tite collections are stored rnside oust 
rtroof boxe-- or cabinets in areas tvith con;roiied tentperature listed in tha 
and humidizv. - 	- 	. 	. 	. P!am conservauon orgamzanons werK to preserve diversitv resaurces seciton. 

in the plant world Thev inciude private organizations such as 
die \awre Conservancv and the Center for Plant Conservation. 
as weil as goverr mcm agencies such as each states department 
ei natura! resources. These organizations are concerrted with 
identliving plant spccies ihm mav be in danger of dving out 
artd drafting plans ro help such pianrs survive. 

To arrange a visit 10 an herbarium er a plant conservatien 
ortanization. check vour local teiephone book er search the 
Internet with veur parents permission; 10 find cut ii there is 
one dose eriough für vou to visit. Beiere vou visir. prepare a 
list of Cueslions Take a notebook so veu can write down veur 
observations and -..he answeis to vom guestions. 
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Pursuing a career in plant science can be very rewarding. If you 
enjoy being outdoors, then working in field botany or on a farm 
might interest you. If you have both a green thumb and a flair 
for design, you might pursue a career as a landscape designer. 
Would you like helping other people with plant problems? Then 
perhaps you could become a county extension agent for the 
federal government, giving advice to community rnembers. 

[ 	 'aTTI IYÄ tHTI:. II.ISI.- 

Agronomists help develop better and safer ways to produce 
the food and plant materials that are essential to society. 
Agronomists include laboratory researchers who study how 
to produce safer pesticides and fertilizers. Other agronomists 
study the genetic composition of plants and design methods 
to improve plant characteristics. Agronomists who do research 
with a government laboratory or corporatiori usually have a 
master's er doctorate degree. 

A farmer could be considered an agronomist. To be a 
good farmer in today's world, you need to be a good plant 
scientist. Growing crops requires knowledge of botany, 
chemistry, soil science, and business management. On-farm 
experience is one of the best ways to learn what is required 
if you want to pursue a career in farming. lf you do not live 
on a farm, you can still gain valuable exposure to farm life 
through vocational agriculture courses in high school, 4-1-1 
clubs, the National FFA Organization (formerly Future Farmers 
of America), or by volunteering to work on a farm. Many 
farmers today have an associate or bachelor's degree in some 
held of agriculture er biology. 

About 40 percent 

of all plant 

scientists in the 

United States 

work for some 

government 

agency, either as 

county extension 

agents, state 

agricultural 

department 

employees, USDA 

researchers, or 

other positions. 
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Horticulturists study Ehe science and art of growing flowers, 
fruits, plants, and vegetables. Horticulturists often have college 
degrees in landscape design, horticulture, or business manage-
ment. Horticulturists may work in greenhouses or with farm 
agencies as producers, marketers, or inspectors. They might also 
do landscape design at a zoo or park. They can recommend 
the type of plants and flowers that would thrive in a particu-
lar climate and soll as well as offer advice on how to treat 
unhealthy plants. 

Field botanists include plant ecologists, who study how 
plants are influenced by cilmate, solls, other plants, and ani-
mals, including man. Field botanists are ofren hired by state 
and federal agencies 10 conduct inventories of rare and endan-
gered plant species. Private organizations and universities also 
employ field botanists to help Ehem understand why plants 
grow in certain areas and to discover new plant species that 
might be used in new medicines and foods. 

You will need at least a bachelor's degree in botany or 
plant ecology 10 be a field botanist. Most field botanists continue 
their education, earning a master's degree or doctorate. Field 
botanisis need 10 enjoy working outdoors, and musE develop 
observation skills. Many field botanists spend their summers 
working in natural areas, observing and recording information 
about plant species and plant communities. 
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Plant Science RecIrk'ces 
Scout;ng Lterture 

Visit the Bov 	: of Americas 
officia ra .ecste (with 

your parerits siSSion} at 

http: www.scoutstuff.org  tor a 

complete listing of all merit badge 

pamphlets and other heIpfu 

Scouting materi&s and supplies. 
Or: izations andWebstes 

American Association of Botanical 
C 	 Arboreta 

Amen: . - Horticuiturs] Sooety 

ATTRA - National Sustainabe 
Agricufture Information Service 

Botanical Society ofAmenca 

Centsr for lnvasve Species z  
Ecos 7 stem Heaith 

Center for Plant Oonservation 
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Endangered Species Program 
U.S. i•sh and Wildlife Service 
Website: http://www.iws.gov/endangered  

National FFA Organization 
Telephone: 317-802-6060 
Website: http://www.ffa.org  

Native Plant Information Network 
Telephone: 512292-4200 
Wehsue: 
http://www.wildflower.org/exploreI  
The Nature Conservancy 
Website: http://wvvw.nature.org  

University of Florida Herbarium 
Telephone: 352-273-1990 
\Veh e: 
http://www.flmnh.ufl.edu/herbarium  

USDA Cooperative Extension 
System Office Locator Map 
Website: http://nifa.usda.gov/partners-
an(1-extension-map  

USDA National Agncultural 
Statistics Service 
Website: http://www.nass.usda.gov  

USDA Plants Database 
Website: http://plants.usda.gov  

U.S. National Arboretum 
\Vebsite: http:./www.usna.usda.gov  
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MERIT BADGE LIBRARY 
Though intended as an aid to Boy Scouts, quahfied Venturers, and Sea Scouts 
in meetina merit badge requirements, these pamphlets are of general 
interest and are made available by many schools and public libraries. The latest 
revision date of each pamphlet migot not correspond with the copyright date shown 
beior, because this list is corrected oniy once a year, in January. Any number of merit 
badge parnphlets may be revised throughout the year; others are simpiy reprinted until 
a revision becomes necessary. 

lt a Scout has already started working on a merit badge when a new edition tor 'hat 
pamphlet is introduced, ha may continue to usa the same merit badge pamphlet to 
earn the badge and tulfill the requirements therein. In other words, the Scout need not 
start over again with the new pamphlet and possibly revised requirements. 

Merit Badge Pamphlet Year 
Amarcan Business 
	

2013 
American Cuitures 
	

2013 
American Hertage 
	

2013 
Amarcan Labor 
	

2015 
Animal Science 
	

2014 
An!rnat!orl 
	

2015 
Archaeoiogy 
	

2014 
Archery 
	

2016 
Architecture and 

Landscape Architecture 2014 
Art 
	

2013 
Astroriomy 
	

2013 
Athietcs 
	

2016 
Automotive Maintenance 2017 
Aviato 
	

2014 
Backpeoing 
	

2016 
Basketrv 
	

2014 
Bird Study 
	

2013 
Bug!i'o (see Music) 
Camping 
	

2016 
CarioCing 
	

2014 
C0ems1'y 
	

2011 
CIess 
	

2016 
Citizenship in the 

Cornrnunity 
	

2015 
Citizensh!p n the Nation 2014 
Citizeeship ci the World 

	
2015 

Clim [Ing 
	

2011 
Coiri Coiia;g 
	

2008 
Co[ectons 
	

2013 
Comrr unication 
	

2013 
Composite Materials 
	

2012 
Cookirig 
	

2016 
Crime Preventlort 
	

2012 
Cyc!; 
	

2013 
Dertvi v 
	

2016 
Digita Teciiro!ogy 
	

2013 
Dissbi!ities A;areness 

	
2016 

Dog Care 
	

2016 
Draftinq 
	

2013 
E[ec[rct 
	

2013 
E[ectroncs 
	

2014 
Emergency Preparedriess 2015 
Energv 
	

2014 
Engineering 
	

2012 
Entreprenaurship 
	

2013 
Envionmental Science 

	
2015 

Exploration 
	

2016 

Merit Badge Pamphlet 
Farnty LiO 
Farn; Mechanics 
Fngerpr1iig 
Fee SacO 
F;rat Au 
Fish arid Wi[dlife 

Management 
F!sn!rig 
Fiy- F;shing 
Forestry 
Dame Design 
Gadening 
Genealogy 
Geocaching 
Geo;ogy 
Golf 
Graphic Arts 
Hi<'ng 
Home .Repairs 
Horsemansnip 
Indien Lore 
lnsect Stucy 
Irventn0 
Journesr 
Kaya'd;.g 
Lar'.dscape Architecture 

(See Arcltitecture) 
Lam 
Leatlierwork 
Lfesaving 
Mai mal Study 
Madicine 
Metaiwork 
Ma'.ng in Society 
Mode! Desgn and Building 
Moorboeting 
Moviernakirig 
Music and Bugling 
Natura 
Nuclear Scence 
Ocearoqraphy 
Oriemearing 
Psntng 
Personal Ftness 
Perscna Management 
Pets 
Phctography 
Pioneering 

Vear Merit Badge Pamphlet Year 
2016 Plant Science 2014 
2014 Plumbing 2012 
2014 Poltary 2014 
2016 Programming 2013 
2014 Public Hea!th 2014 

Public Speakng 2013 
20 1  Puipand Paper 2013 
2013 Radio 2013 
2014 Railroading 2015 
2015 Rcading 2013 
2013 RctiIo and 
2013 Amphibian Study 2014 
2013 RiSc Shooting 2012 
2010 °nbotics 2016 
2016 Sowina 2014 
2012 Sufetv 2015 
2013 Saiesmanship 2013 
2016 Scholarahip 2014 
2012 Scouting Heritage 2014 
203 Scuba D!ving 2009 
2011 Scu;pture 2014 
2015 Search and Rescue 2012 
2016 Shotgun Shooting 2013 
2006 Signe. Signals, and Codes 2015 
2016 Skatina 2015 

Smai(Boat Sailing 2016 
Snow Snols 2014 

2011 Soli and Water 
2013 Conservation 2016 
2016 Space Exploration 2013 
201° Sports 2012 
2012 Stamp Collecting 2013 
2012 Surveyng 2004 
201 ‚ Sustarability 2013 
2010 Swiniming 2014 
2015 -Textile 2014 
2013 naater 2014 
2013 Seffic Saft 2016 
2014 TILckTranaporiation 2013 
2010 Veterinary Meocine 2015 
2012 ',Natter Sports 2015 
2 ,3 1 2 Weatber 2013 
2012 Weiding 2016 
2016 Wptc-water 2015 
2015 Wildemess Sureival 2012 
2013 A'ood Carving 2016 
2016 5/.odvork 2011 
2017 

BOY SCOUTS OF AMERICA • SUPPLY GROUP 
NATIONAL DISTRIBUTION CENTER 	 To place an order, 

2109 Westinghouse Boulevard 	 call customer service 
P0. Box 7143 	 toll-free 800-323-0736 

Charlotte. NC 28241-7143 	 or go to 
www.scoutshop.org  
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