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regularly. Vour suggestions tor improvement are weicome. 

How to UseThis Pamphlet 
The secretto successfully earning a merit badge isfor you to 
use both the pamphlet and the suggestions of your counselor. 

Your counselor can be as important to you as a coach is to an 
atmete. use aii of tne resources your couruseuor caui niate 
available to you. This may be the best chance you will have 
to learn aboutthis particular subject. Make it count. 

If you or your counselor feels that any information in this 
pamphlet is irucorrect, please let us know. Please state your 
source of information. 
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Requirements 
Do ile iiowing 

a. T 	vhai soll 	TeIl ho--x i rs formed. 

b. Describe rhrec 	ds o!' seil. Teil how, thev are different. 

c. Name he Ihree r..' 	I.nt 	in ferrile seil. Teil 
how thev 	:t be :-..: .sk w 	:. 

2. Dothei:..: 

a. 

h. Teil whv seil erosion is imnortant. Teil how lt 
affeczs veu. 

ei s:. erosion. Dez-: -  -„e each. 

i. Tike picrures ei er draw twa kinds oi soll erosion. 

3. Dot:eilowing: 

a. Teil whar is r:.::nr hv 	rvation practices. 

h. Descrihe the 	1::...inds ei 

c. Take .....:ures 	.:-: Erawthree ki::. of 
erosioji-contra j.aiices. 

4. Do ; 	oiIeving: 

a Extilain what a wate. 	d is. 

b. Outiine the smallost watershed i 	. :.. can und 
on a comour map. 

c. .......ne. : 	aras the ma.: .: 	 .1:.;. thenext larger. 
watershc.: . ........lso has 	------ Der one 
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ci. Exm va: 3 fr :er t3sri . T&i wh: 	peo4e iving 
a rv€r ui:: sio;:Ici e concemedai iaci a:J 

;var use 	:e basi n. 

.ufer 33d vr . 

L): ±e cc'vccg: 

c show :he h rcgc zce. 
t' 	erre at 	t 	:2 	 c 

reacc. c 	ce c 	tc. caL:3rv a::e:. 
e:If:at:o, eax:ati'c. t:ra. 

z. Ex2an c;v :evai of 	 ae: e wa 
;vesteci. 

ci. Te 1. :: 	cf io:es:, :arge, and 	'ad alcic 

:e 

Dz 

a. Teci .ciat 	:. 	v xater 

Decihe 	:e 	 ar:. xpa 

Te: 	at ::a 	v rimar wa:r ::eazme;. 
secdarv waste treatem. ad  h:be;a 

oxvgen 

res 
va; i:a:.ert 

a. Maice :r w rvo 3f:he 	wtg race. Vcite a 
rere Zhan 50 .verd afr'::: ;he 	.ad va:er 

ad erer v ccwe -:atcr ac:ce 	u aw 

• Aei:uira e:te::mei: 
::esc 'ra 	odu. raee er t:. 

	

Aw:dci.:::: 	3rais1. ;rgarce 
:iagement arca 

Ama3agecwa::ed 
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(6) A waste4reatrnent plant 

(7) A public drinking-water treatment plant 

(8) An industry water-use installation 

(9) A desalinization plant 

b. Plant 100 trees, bushes, and/or vines for a 
good purpose. 

c. Seed an area of at least one-fifth acre für some 
worthwhile conservation purposes, using sultahle 
grasses or legumes alone or in a mixture. 

d. Stud' a soll survey report. Describe the things in it. 
Us.ing tracing paper and pen, irace over any of the soil 
maps and outline an area with three or more different 
kinds of soil. List each kind of soll by full name and 
map symbol. 

e. Make a list of places in your neighborhood, camps, 
school ground, or park that have erosion, sedimentation, 
or pollution problems. Describe how those could be 
corrected through individual or group action. 

f. Carry out any 0111er soil and water conservation project 
approved by vour merit bidge counselor. 
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Introduction 
Earth, aL 	thn:s: 	.-.. ::ed thro. 	seifrenewing 

ne c1es. ha-:e derended 	and w:•::. nave grew 	t:.d 
ched 	ihese Iife-iarrns ar 	.:d iageth:. re sirvive. t]s: 

ds. .:.:cs. arid organisrns r::: 
rabe se: 	vth:: a micres:::e—need air. wat.. 	.::... 
sunhghr .: som irm. 

All Ii 	terrns are ci::Iv lnked and 	erl one 
ane:: 	: for 	•. ::r existence this is called flie 	eb 
Of na:ure. 	ii orte strand 	ihe web is damageb :: 
des:rave.i. rt-e orher strands wjL ee the resu:r .:.. 

va:ifdte;vebissrrang.;vithaiio.:::warking;ve .. ... 
hoesone en1ronment an Eanh 	floul 

an d a1 ather hving :hings.  ee 

4 
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Out nesponsibility to Leam 
d ha 	a p l ace in ihe rejt weh f :a:u:e ir 	rLc:L.: 

he c 	erred .t:n 
 

	

whal harve ,-the 	wazer. 
cz-U . ci' 'Ve a: h: 	du 

7 cl 2tuihe 	rese ::•:n hch ur 

we cin he i;ake sur d 	iee rescurces are used 
:me!iend and cared zor nrener: 

Canservat 	 Uie :e: ....: hi 	f ed ar. ..: ian: 
scen:ists. 	dreogists. '3dle ::.nage's. 3oners, ani the 

or :nine wner alcne. 1: :::...ri be 	du-v. to, ih enic: 
w:ods, wildlife :d Pewers: dean  

	

and a :.: :)iI Icei supr  : 	.. 	: 3. 100. mUs: 

be a nalUrai resour:e cans ..... s: enisi, 'ou inust h3 v0 a 

	

•.ncwiedge of these na:ura resauraes 1 .S 	a:: 
C:e:aten rner: hadr: wil i1:rodue 	tue 
w:r.d 

 
ei roh 	 rd te ehe ndn:s ani anirnair ih:.: 

re Earih wth ur. ]h understand roh and waler : 

	

a .vhele. wo n1ur first s:udv earir of L Thir s 	.: h arid 
w?er -- re dirccssed seraraick hrrt he v thev art . .. rdered 

ea:abe ho1e. As von ie::: 	: :.eui :: amt 

ym: wiE bein v see t3at :..snearv it: ossiNe to serrme S.?. 
and water as paris of [arih s natura. reseurees. 
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As you begin work on your Soll andWater Conservation merit badge, 

discuss the requirements with your counselor.Your counselor can help 

you choose projects that you can do readily and from which you can 

team the most, depending on where vou live. 

fT  

? 

d v. 
igh 

COflSE 	 rigu 

This post un, 
Ingo. 	nt 

nonp. 

gettc 

perfouiii 
survevs 	 orever 

for si. 
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What Is Soil? 
is not livin. .rut lt sup::::: 	:e. Ve walk, p!a:. :.3ve1. and 

build on ii. \bu = 	it dirt .; .1. t think tnuch about it. hut 
vour hie and th.: .f afl oth: 	:. .res depend comniet&v on 

reiativelv thin L: . 	of soll 	develont.. ..........: 	ci 
..... ........riace of Earth. Ii vot. 	?k CIOSClY at 	vii. vou'd 

e a 	oits c` 	mtneral crstaIs. pkrnt niios. .: 

leaves and othe :. ::i s, worms, rinv living and d:: piams 
and ani:r.s. watet. and alt. Th:,:i the or=v lions varv. all 
soil conssts of mineral and organic .: tier. watet. and air. 

Understaoding how stis form. .: v so-Hr differ, and how 
Dianis 1. vill .. :.. . :11er .... .erst: ........... anpreciate 
the ::::.ortance ci  

sau. A seil-

rene%ing 

compeund of 

rockand T:eral 

particies, organic 

material, living 

organisms. air, 

and rnoisture 
Recognizing how important soll is in the web of 
nature, Charles E. Kellogg, a soil scientist and chief  
of the Soll Survey for almost 40 years, wrote that 
"essentially, all ute depends upon the soll. There 
can be no ute without soll and no soll without life: 
they have evolved together 

Physical and Chemical Changes 
Most sollt develooed largeF: :m varlous kinds ei rock Tlver 
thousands of vears, the forc-s of  
c'.:iai Ice. chemica .d hiolog.::I =:.:tions--xeak tods 
-na ,  and smalle 	The sun warms the roch and t1.. 

rock expands: at nigitt tite rock cocis and comracts. This e:t: 
sion and comraction orens tinv cracks in the rock. Molsturs 

:ow gets imo the fracks and heig;.rce the i. 

pieces i: ter, apart 	cre watet en -1..-. z te reper.: e cvcle. 

Soll AND WATR CONSERVATION 	13 



:.:i •: :;:.. 

-- 
srd, ari s 

The for - es tf nature helped shape these rock formations 
eastem Utah. 

sci 	piees 	a'.e 	r;e 	± 	:cc-;. zr 

±em. 	unnig wte gri  

crce Mund auns de n2::e - 	Uniledi  
Se aw 	a; gru:  

chm,ßg :e bn&cye 
als.: :ei' adva: 	3:a. 

..i.s 	Fa1::. 	Anr - s 	' 	:te ::icx.e --om th 
a:':e:e t.a: 	;vhen 	w: 	:r'e;. 	rs 3wea 

eri 	e:', 	.: 	 r.:a! 
::s-:: 	 . .... se :-je: zen:.. 	.: hang- 

Soll Format!on 
The :.:;: 11z . 	 pess :a: eas t: 52 

Fe: 3r7jn.J 	::ired 

 

unk wM na hemm c aH umü 
s:ge ;v 	ide. L jug anz,:i. 	'a:ts a: a:;- 

:::e:—;e  
seil randem. i 
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bits of crumhled ma..  aid ir.nsne ccct on a rock, 
simc plants called licliens 	;a grc.:. 	n:ne time, 
vater, deca'.tna lichens. and more bits of miner. ::a::er collect 
in the rock crevices. Soon, rn::n:sa::pic forms of 	: - nd ani- 
mal hie bagin tc nake t.c z: 	':es e' hnme. . 	heein to 
grow or ,  :he rock. 2nd 1202:.... .....e: ::2ger .::.:s 
in this loose ear:h: material; these w ceis, grasses, and other 
plants g:::•n. die. s..;nplvi::a argaflic matter. 

Thashape, 0: :o;ngrap: . : .I:o- iand Co. which soil devel-
ops ha;:s ‚etermine the soi 	n:.a::.  The :nnagrapr::--steep- 
ness 	siope, direction of scn:.. e:e:: on—determnas 
patteins of wate - 	''ren; ana a::n 	ten s ':a. :ie 
amount of the s,nY 	:ha; :e:•:s. :'a s::a:: 	::' 

To eud us; 11 :nc.h of ;he surface soll couo take 
100 yaa:s. in paoes wnere the climate is ary 
cold, an mdi o surface soil might not develota :0. 

1,000 e0rs. L020 nprotectd, this soil coto ne os; 

in one ranstorm.Th:s s •oihyn s so :mpoorant t000re 
forthe so ve have. 

Ruo two pieces of rough rock togetcrvigorous?yto get an idea 
of how long it would take for physical forces to break down rocks 
into the material from which soil deveiops.Vou have to rub a long 
time to get even a spoonful of tiny particles! 

Plants are the 

real makers of 

soil. Atthe same 

time, chemical 

reactions are 

happening, and 

bacteria, fungi, 

worms, tunneling 

and burrowing 

insects, and other 

organiSms are 

active. Thus the 

formation of a 

simple soil begins. 

Entirely different 

soils can 

come from the 

same rocks. 

SOlL. AM) WATER CONSERVATION 	15 



The Many Kinds of Soit 

Paatis a kind of 

soil that consists 

a[most entire[y of 

organic matter. 

You will usuafy 

find it where 

there were once 

[akes, ponds, 

or marshes. 

Each horizon 

differs in one or 

more properties, 

such as co[or, 

texture, structure, 

porosity (how 

many pores - 

tiny holes that lei 

in moisture- 

it has), and 

chemical content. 

70:  

Stat..s. 	C:::::'. .: ... 	pI'..  

and  develop:::c::: 

cause s 	i.s. 	10 b 	d :'c: 	. ariv ....... climate, 

determines :: 	..'.Y :n 	vI 	..:'; •\S a:e broker: 

intc ::.gments, but, more i:r."rtant1y. .. 	.'.t 	kir '[anis 
1: :.:rn, the k.:i 	.:.a::.s: 

a'. 	:.'. 	r. . 	 iiü  

rganisms 	................ ::d 	01 	s:.' :::r: .. veio:s. 

By looking at a crcsz s•-::. an of Earth, we .;:.ld see that 

the outer Iayer–±.c Z 	rv tl::'. ::omparell .. 	..iam- 

eier of the whoi 	:.: 	.: 	 S..;:. lepih 	:;:uaI1v 

feet, 	.................. - 	 dc::sited terials o':• 
re t:c 	:1. ate and other 
er '.,eic ‚aiI loss has 

hacause 0:  

The Soil Profile 
Soil has three dirnensions. lt is bounded on the top by the sur- 

ot thc 	:. 	::• so;::c:mes ice ::- '.Y:r), oll the bc':: 

.:'s..' - 	s-.::nof 

ne  

irorn the soil surface down to broken, weathered rock is called a 

soll pm/ile. The different Iayers are known as horizons. 

16 	SOlL AND WATER CONSERVATION 



The soil profile carries the soll's history. 
For instance, the profile of the particular type  
of soil that develops in a forest looks much 
different from the profile of soll where only 
grasses grew or where desert conditions exist 

Soil layers differ in thickness and in  
color—surface soils can be black or dark * - 

brown, gray, or red. Organic matter usually . 

makes a soil dark. Other layers in the soil 
profile usually are lighter in color than the 
surface soll. Their colors—yellow, red, white, 
or maybe even somewhat blue—come from 
rock and from chemical reactions that have L 
happened over a long time. 

Soils may look the same on the surface, 
they can be quite different underneath. To 
better understand the differences, look at 
several different soll profiles exposed along 
steep road banks or in construction excava- - 	.. 
tions or grading activities. Explain some of  

the things you see and have learned about A süd protHe can t-11 a great deal 

soil to other Scouts, your leaders, friends, or about the past cklndte ol an area 

family members and about the plants that gmw 
there many years ago. 

Most sofl profiles it1C1Lide three master horizons. 

The top ayer—the one wo usual!y think of when wo In some places, 
use the word so,'/—is caHed surface soll. From lt, many 

if the cut for the 
Pients get most of the moisture ano nutnents they need 

to survve. Below the surface soil is a layer mfled sc 	profile is deep 

subsol!, and 	 . enough, you can 
theo another 

see solid rock 
ayer called SO!! 	 .. 

parent material, 	 .-. - 	. ca?lod bedrock 

which is larcjely  be!owthesoil's 
oose and partiv 

parant material, 
decayed rock 	 .- 	 - - 

that might some  

day develop 	 ... - 

into 	solL 	 . 	. 	...- - 

Seil Profile 
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two-thirds full of water and 
pour in a cup of soll. Shake lt 

CLAY 	vigorously and then let it stand 111111111111E11 
for several hours. Hold a piece 

of paper against the side of the 
jar and draw a diagram of the 

SAND 	layers to make your own soll 
chart. Do the layers look like 

these? Explain why the largest WL  
SAND 	particles settle on the bottom. 

SILT 

FINE 

COARSE 

LI 

WHAT 

Three Sizes of Partides 
Another characteristic of a soil is the size of the solid particies 
it contains. In describing soils, the differentsized particies are 
called sand, silt, and clay. 

Take some soil between your fingers. If it feeis coarse and 
gritty and you can just barely see individual particies, it must 
contain a large proportion of sand—particies that range frorn 
0.05 to 2.0 millimeters in diameter. 

Fine soil feels srnooth like flour. Moisten some and work 
it into a thin ribbon between your thumb and forefinger. If 
the ribbon breaks off near your fingers each time, chances 
are the soil is largely silt—particles ranging from 0.002 to 0.05 
millimeters in diameter. You cannot see the individual particies 
without using a strong magnifying glass. 

Does the soll between your fingers feel like fine powder 
when dry? After you moisten lt, does lt make at least an inch-
bog ribbon before breaking when you work it between your 
thumb and finger? If so, you have mostly clay—particles smaller 
than silt and less than 0.002 millimeters in diameter. 

When soils experts refer to soil texture, they are talking about 
the size of the soll particies. When a soil is identified as a loarn 
(this term refers only to the size of particles lt contains), lt means 
that the soll contains a relatively even mixture of sand and silt 
and a somewhat smaller proportion of clay. This generally is a 
desirable quality in soll. 

Soll particle chart 	Try this experiment. Fill a jar 

18 	SOlL AND WATER CONSERVA11ON 



Naming Soils and SoiI Surveys 
Sojis ualiv ‚ire namcd after the towns or locahties near wherc 
thev were first defined. Because several soils in the samt ,  ocal-
ity might have similar texture, descriptive words are added 
to give specific soll uanes, such as Miami silt loam, Houston 
sandy ciav, or Mohave sandy loam. 

Solls vary wiclely in their abitity to support plant life and 
in how weil thev are suited for building. To manage a soll intel-
ligentiv and care for lt properly, peopie must know something 
abeut its chaiacteristics. Tliis is the rea.son for making soi l 
survevs—inventories of soll resources that show the extent and 
iocation of different kinds of soll. 

The soll scintist bores holes in the soll with a boring tooi 
called an auger, usuallv to a depth of 3 to 5 feet. By studying 
this soll core and the expusi soll profiles, the scientist can 
determine man\' soll istics and thus can outline on 
jenal photograplis thc boundanies of different soiis. Samples 
of the soil are sent to laboratories for chemical and physical 
tests that cannot be mk in [he field. 

When this research 	[he soll is completed, all 
the measurements, ohsenvations, and test resuits are 
vuhhshed in the sei? 	This report includes 
inapsshowing the houudaries of different kinnis of 
5()1!; Hie desuintion, name, and daSs Ocillun of 
each soll in the area; and the information that 

A silty clay loam 

soil contains a 

fairly high 

proportion of clay 

particles-27 to 

40 percent—with 

the remainder 

being sand 

and silt-sized 

particies. 

landowners, Co servationists, engineers. and 	 '- 
others who will work vili the soll necd to 	 - 
determine possihle safe uses of the land and 	-- 
how lt needs to be cared for when used for 	 . 
different purposes. 	 .‚I. 

SoiI samp!es can be extracted easily  
and quickly with a hydrauUc soil prol 	'f,.. 

Soll information on most of the nation's  
counties can be found on the website of 
the U.S. Department ofAgriculture's Natural 
Resources Conservation ServiceThe NRCS heps 
people conserve, maintain, and improve our natural 
resources and environment. With your parent's permis-
sion, visit http:llwebsollsurvey.nrcs.usda.gov/app. 
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Using a Soll Survey 
Soll surveys have been completed on 
'lore 111n 95 percent of all land in ihe 
U nhed States. Usually, these reports 

L 	
'cver olle countv. Fron this report, 
o („an n, an learn he naus and the char-

acteristics of some of the soils in vour 
- . 	 part of the couny. 

Man' penplc find published soll 
surveys ue[u 	ie surveys contain 

led süd ifl0'ip!'Ciü!(oflS. 

lt epic 	ant to use tut land for 
dIfkIrent purposes need to knova about 
different characteristics of the soll. 
'r exanple, a soll mighi be gotet for 
'owig erops, hut a pond built un lt 
1gbt never fill up hecause the \vater 

drains aw.c ion ii ekiv. 
Payung attention to soti lnterpretatons can 	 . 
heip buflders arid Iandowners avoid this 	 So

.
l 1,Ic 	 can help horne- 

kind of disaster. Soil sIppage and swefling 	owners lern wlu kinds of phnts tiiev 
caused this house to break apart. 	 can expect tu grow successfullv, hut 

more is al st,dc Ilmw. 	gs 
where office huildings, 	 airports, liidw . and 
other land ust's are planned. Some soils give exct'ik.' 	‚pport to 

Soil interpreta- 	buihlirigs; others sink or slide under weight. Foutd,ions or even 
the upper parts of buildings can shift or crack lt ihc\. wo on solis 

tons
• 	

teil whether 
that expid vhen vet or shrtn k when dry. Septc sysicins to! -  Ihe 

land can be used 	disposal of household wastes work wt'ii in seils with good dram- 

in a certain way 	age chnracterist!cs, hei sone 50115 dr\' so slüwlv or have such 
iigh 'ier tahies during cerLi 	tiriods of the ear ha sopic 

or something 	systems cannot he used. And some soils contain minerals and 

about how to 	hat quickly corrudc gas, water, or electric conduits 
or causc concretc to disintegrale. 

manage a tract of 

land for a use that 	Many people use soil-survey Information, includirig 

has already been 	city arid regional planners, engineers, Scout camp 

determined. 
officials, highway departments, farmers, tax assessors, 
construction contractors, a rch,tects, utihty companies, 
and landscape architects. 
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LandCapaoility CTassification 
Te nt 	 rp:erari'n the 

eni as:e 	d:ida Soilz ac7 
3nd hr :tins sh as crps hat vh1 grw 

: :he sk e::scn aae u mev are m:nageJ 
F31e:s. rachers, H:hers se :hhs Ias abn she:ne 
he  hem eveh: :a:h:n plans fr thehr ianis. 

The:e are ejght han- paihirv ass:ns The risk 
solI la:-nae anl zi:e Ii 	arns tnUse 01 the hand lnrease horn 
dhass i dass VELL F:r exanpIe hand in daa itv dass 1 is :he 
best hr !armrna. 1: is ahmost Ievd and no seo ta 
generav is erde. and here are nn prot ems vimh Wate- 

:.n aapLi: 	ass ll1 ms ri't 	i:ab 	r 

grazing,o:hres:: -  ltrnav5eexrremehv - wem 
and steen. rnuh. rr haiv erndei Deser areas 

ged nunmains. and sand du:ies a:e exa:rmd - - 

Find out whether a written conservation plan is available for the property 
on which your Scout camp is located. If such a plan exists, study its soll 
and land-capability maps. Using what you have learned so far, determine 
whether the land has been used to its best capabilities. Are there areas 
where the plan hasn't been followed? ff so, what can you do about it? 

Land-capabillty dassification 

SOL AM WATM cors .- 	21 



Panc Ju1ents 

NI 

tesae 

o:ae 	 e av t 

The fand resources of the United States total nearly 

2 billion acres (National Resources lnventory. 2003). 

We use only about 5 percent of the total for such pur- 

poses as eitles, roads, homes, parks, railroads, airports, 

camps, and industrial plants. About 368 million acres 

produce crops, while 406 million acres are forestland 

and 405 million acres are rangeland. Another 808 

million acres are in federal and other lands. 

	

ulu
- 	 -- 

	

are i. 	 - 

	

Me 	35 :e 	 in 
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Plants Need a Balanced Diet 
Fertile soll ran supply the complete nutritional needs of a 
growing plant. The three principal plant nutrients are nitrogen, 
phosphorus, and potassium. Plants usually need only exceeding 
ly small or trace amounts of sulfur, calcium, iron, manganese, 
magnesium, molybdenum, boron, copper, zinc, and several 
dozen other chemical elements, but they must have them. 
A plant that lacks an essential nutrient will show physical signs 
of the deficiency. Chemical soll tests help determine how much 
of which nutrients are needed for the best growth of different 
kinds of plants. 

As far back as around 200 B.C., the Romans already knew 
how to maintain soll fertility: crop rotation (planting different 
crops on a piece of land in a planned sequence), adding urne 
to solls to reduce acidity, adcling manure, growing legumes 
(peas, beans). These methods all are still used today. For cern 
turies, people who lived along the banks of rivers and streams 
have recognized that the annual floods that covered their land 
with sedimentrich water led to better crops. In 1699, John 
Woodward experimented by growing plants in water containing 
differing amounts of sediment. He found that the plant growth 
improved as the amount of sediment in ater increased. 

Loose and crumbly 

soll has many 

pores for water 

and air—it has 

good structure. 

1 

: 	

' 

These solls were found only 25 feet apart hut have vemy differ-
ent structures. The soll on the left came from a cultivated fleld; 
ehe soll on ehe rlght, from uncultivated fencerow (fand occupied 
by a fence and the area surrounding lt an either side).The loose, 
crumbly soll, right, can absorb water 20 times faster than the 
compacted soll on the left. 
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Gardeners often make a compost pile and use the decayed orgariic mate-

rial from lt to fertilize and improve the solls in which they grow flowers 

and vegetables. Leaves, grass clippings, dead garden plants, vegetable 

scraps, and other raw organic material placed in a pile and 

kept fairly molst usually will rot and make useful compost 

for mixing into the soll within about six months.  

Composting is all about turning your organic 

garbage and waste into rich fertilizer, which helps keep 	 DP1V 1 1 
the soll in your yard healthy and landfills less full. Some 

people even use worms to help speed up the process, 

a method called vermiposting.To find out more about 

composting, see the Gardening merit badge pamphlet. 

Fertilizers 
Early American colonists received heip from Indians who 

nutrient tonnage. insisted that one fish be planted with each seed. The decom- 
posed fish supplied the growing plane with nitrogen and phos- 

The actual wmght phorous. In some places, seaweed has been used for centuries 

of the nitrogen, as a fertilizer for crops. By ehe late 1880s, research into fertilizers 
picked up. Scientists focusecl on ehe essential elements in fertil- 

phosphorus, izers, ehe best tirne for application, and fertilizer formulas. 
produced. To fertilize gardens and crops of high value such as tobac- 

co and cotton, naturally occurring and readily available mate- 
rials—cottonseed meal, dried blood, fish meal, guano—were 
used. Animal manure and crop residues also have been used 

Today's farmers as fertilizers. These materials help replenish plant nutrients and 

are learning how supply organic matter essential for maintaining desirable soll 
structure. 

to reduce the use Since the early 1920s, use of rnanufactured fertilizers has 
of commercial become increasingly common. Most fertilizers supply one or 

more of ehe nutrients—nitrogen, phosphorus, and potassium- 
tert3llzers by that planes use ehe most. As people developed planes that yielded 
utilizing natural much larger quantities of food and animal feed—hybrid corn, 

for example—they bad to supply these plants with the nutrients 
nutnents SUC h necessary for high production. Thus, the total nutrient tonnage 
as manure. of manufactured fertilizer used in the United States increased 

almost eight times from 1945 Co 1977, from 2.8 million tons 
to more than 22 million tons. Fertilizer usage in ehe United 
Seates has fluctuated by only 2 Co 3 percent around this total 
since ehe 1970s. 
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Horneowners and farmers must apply the proper fertilizers 
for the pLnts they want to grow. For example, grass on iawns 
usually needs a greater amount of nitrogen than coher nunients. 
Sovhens, a cron plant that has the ability to take nitrogen from 

amt, with 0e hp cL'aIn bacteria, store lt in little 
nodules, or lumps, on its roots, will on most soils produce a 
much greater yield if fertilized with phosphorus. 

Rotating Crops 
People learned long ago that roat i.  og crops—growing different 
cmi plants in a pl.nncd sequence----vas important in good soll 
managemem. Crc rnation has neinv benefits. lnsects cannot 
stay in the same field to dine on their favorite crop year after 
vear when crops are rotatcd. OH manv soils, it is easier to 
maintain a good soll stcuciure \vinni shallow-rooted ancl deep-
rooted nicoits are alterncoe.l. On sloping land, erosion can be 
greatly reduced by rotating crops. 

r 

Asoib _Lu.tsa ------------. 	- -eitspH—how 
acidic or alkaline lt is. 

On the pH test scale, the number zero represents 
an extremely strong acid reaction, 14 represents an 
extremely strong alkaline reaction, and 7 represents 

a neutral reaction.This Information teIls landowners 

what will grow best in the soll and how to increase er 

deerease its acidity. 
Very few plants will giow in solls with a p1 - 11  higher 

than 10 or less than 3.5. Roses, most annual flowers 
and vegetables, and most lawn grasses shuuid have a 

slightly acid to neutral solL Farm crops thhve best in 

solls ranging from pH 60 1.0 O. 

"Sweet" or 

'Sour' SoiI? 

You may hear 

gardeners or 

farmers remark 

that they have 

a "sweet" or a 

"sour" soll. This 

has nothing to 

d  with taste. 

"Sour" is used 

to describe a soll 

that is acidic, 

while "sweet" 

refers to an 

alkaline soll. 
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How Water Behaves 
Of all the natural resources necessary to the existence and 
comfort of all living things on Earth, vater is the best-known. 
We know that water falls on Earth as ram, snow, sleet, or hai!. 
Bw 1ere are niany things you might not know about water. 

To widerstand more about water, we must learn about the 
water cycle, or 	.1ro1o.:ic «‚c1r, the process by which water 
trav.4s front ulc sca througit the air hy - , ans of cloud, and 
falls on Earth to return again over the surface or underground 
to the sea and start the cycle all over again. 

We must lnaTutge die lanr! ta manage lt.'ate,: If we are to 
manage land und wawr intelhgcnt]y, we neeU to know how and 
why vater behaves the way it does. 

The water cycle 
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The Hydrologic Cycle 

Evaporation is one Lets begin with the sea, WiC!e the sun's etv dratvs up 
iflto th.e atnosnhere most 01 Lle \v21'l:t 	us t]rnugh tue 

of nature's ways hydroogic cvck. '1 his process is kno\v;1,l'cvutiutt, 

of purifying water, Much of the moisture evaporated into the air soon falls 
baclt 	:iin Ihn sea dirinn stonus. hut \vin!s eveutut1i 

because most of ................... 	.. 	. 	 .. au 	'. 	In fl10 	. .W;C 	10O1 0\ 	m1j 	A 	lIW 	1 O 	WO 

the djssolveci molsture, or munter vapor, in the air at any time might be visible 
10 us os cIotRis, fog, 	or mist. When the \vater vtnor im' clouds 

substances lfl lt 
COIIUCOSOS, wo get the ram, snov', sleet, er hail taat falls on 

such as the salt in Earth—called precij 1111 (0:. 

As air masses move across the land, the air picks up more 
seawater, remain 

masture. Wator from lakes, ponds, nvers, an1 oven trom 
behmnd when di., m th s  ane nuddles on the s teweik, CVO)O.);I1es and returns 

water evaporates. moisture to the air. The soil itseif ttives up moisture as winds 
move aCIOSS 	1. 

Antiu' 	vav Tnoisture 	ets i nto the air is fron, !iving 
plants . .\•to: 	. 	 bed leruciv by plant roots 	tho 	oil 

Chemical reactions and otL:: 	laut 	:ts from the atmosphere moves into the air 

return small 
durinn 	n tot s 'de, This release of \vater vapor from plants 
IS Cij'i1O(1tl?GiIO1l. 

amounts of water 

to the atmosphere. 	To see transpiration happening for yourself, try this 

People, animals, 
experiment. Place an airtight, transparent plastic bag 

over a common potted houseplant and tie it fairly 
and plants return tightly around the plant stern near the surface of the 

sonne through soil.Then set the plant in the sunlight. Soon you will 

the process 
see drops of water collecting on the inside of the 

plastic bag. 
of respiration 

(breathing), and 	Different plants transpire greatly different amounts of vater 
on factors such as humidito. molsIlle, temperal:ire, 

the combustion, or 	. 	. 
u weid. A 1, nne oak or oOcr harcu.uod tien fnr examnn. can 

burning, of fuels in 	:ranspime 501) ganols of wate; in a Ciav. In dv countv. \vlcre 

cars and furnaces 	
moisture for growing crops and for other purposes is badly 
nccled, plan" that art: not 000sluc'red 150:01 but that transpire 

returns additional 	go quantitit':s of va;er SOfli000SCS niusl ne removed to 

amounts. 	 conserve severelv limited vater. 
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To get some idea of the quantities of water involved in 
the cycle, pretend that an ordinary bathtub filled to the 
top represents all the water in the oceans. Compared 
with that, the amount of water circulating in the 
hydrologic cycle would fIH an ordinary water gla 
about two-thirds full. 

Evaporation and Precipitation in Balance 
Evporaic . .i rec 	tkn are Oie iiOSE sigr$f.ca::.s: 

endess :cogc cvcie 	 work over 
s en:ir urLze. The amoum o mcure n circu1aion 

remainedabct the anie :hrcughou! the age. TUbe ‚000 
mfles 	.........::atoi 	the h:::Icgic cvcie todav 

. he .arae a 	wa 
pre:ahon ond were evenv c 

26 i rche of niosture woud fak annai 
ar.. but pr pka:::. . rru everh: dfthbuted. 5ome p ...... 

ess ;b a hicr ad others more iharr 400 inches. Aerau 
PrecDaor, 0 	 L. 

::.i \V.. bete 	boTe rain—prohaHv 3 S.inche .:. 
.rd a1org the Caseade 	of moun:ahs Oregoo ard 

• . .. 
	about - ,CO Tnchc f raTa an d snow fall each vear 

ci. ...... 

=• - '. 	 .•.', 
- 	

•1 

- 

1 
Precipitation maps hke this one oi tne iacc rwrffiwest Sriow tie 
area's average precipitation. 
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In the time of Christopher Columbus, a family used 

T'e en- r-; 	aer 3 to 5 gallons of water a day tor all its personal needs. 

In the United States today, it takes about 1,900 gallons 

- a day to support each person for bathing, watering 

domestic animals, air conditioning, food preparation, 

c t -'e ra:e at all manufacturing processes, irrigation tor crop produc- 

tion, and all other purposes.You can understand why 

people now are much more concerned with water 
per: 	es the 

supply and water control and use than they were even 

surface 	f in your great-grandparents' day, when the average use 

per person was about 95 gallons a day. :he sc 	s re 

Water and SoilWorking Together 
Infiltration and Percolation 

.:::c 	:e 	- ....r rirs 

• 	- 	................... 	i 	cie 	:.: -::-- 	s 

:ii  

T 	ea 	us5g 	magg 
' 	 :c:e eers :h 

••••• . Cc 	:::::. t: 	va:e 
--------------------------------------------------------•-  

. 
 

: 	 in 	-:5e: cen 

' 

'.vnch gcundva:r 	:-: 
ciann :cr naIy:   

iro:  
rgct5Ig ccp 	c? 

In nc:ure. :here :11c.ne a 	•:- 
- 

az -. 	ci If  

:n :5 	.i:face. 	nav zee' - v 

ce 	n:c Ecr:. 

The percolation rate in this soil was so slow that 
outflow from a septic tank system rose to the 
surface instead of draining away underground. 
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Water percotates through different solls at different 

rates.To illustrate this, put sand in a smali flowerpot Not alt waterthat 
that has a hole in the bottom. Pack clay soll in an den- 

enters the soll  
tical pot.Then pour water into each pot until ?t fows 

through the sand and clay and out the bottom. Notice p0t 

the difference in the iength of time lt takes for Water to through it, Some 
begin to trickle through the bottom of each pot. 

becomes part of 

The percolation rate is important to those who nee the soll itsett 
know how fast the soll absorbs water. For example, a septic 
tank system for the disposal of household wastes wont function thoughchemicat 

ii vater cannot percolate through the soil fast enough. People and phvsical 
who irrigate gardens and crops partiallv determine the amount 

- 

01 water thev need ort the basis of how quickiv the soei absorbs acbon as 	soaks 

water. \Vater that percolates through the soil might carry,  certain tote ctay and sitt 
impurities, such as chemicals and bacteria, so those who 0et 

parbctes and the vater Irom shallow wells need to know how last and from what 
sources water percolates underground. PICCCS of decayed 

CapillaryAotion an.. ....ca• :d 

Another fn: - ::. of vater movement in the soll is capillary action, orgac rtE 

in this prc:s, vater moves in all directions. After rain has perco wo Gan nwrnis, 
iated through soil, a thin film of vater that chngs to soll particies 
and remains in tiny soil pores helps dissolve plant rrntrients so 
that plants can use 	em. This capillarv action 	'n 	from 
which the fine hat:: 	n plant roots absorb wate 

To demonstrate capiliary 

action, get a fiat pan and 
fihi lt with an inch of water. 
In it, piace a clay pot fiiied 
with a common housepiant 
growing in soll that has 
been aiiowed to become 
quite dry. Within a few 
hours you will see that the 1 
surface of the soll in the pot 
is moist. By capiiiary action, 
water has risen through the 
soll in the pot. 
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lt could take capillarv action several weeks to move vater 
upward in drv soll oniv about 3 feet. Once drvness breaks the 
film of capillarv moisture on soll particies. vater cannot move 
hv capillar action again until the moisture supplv is reneved 
and the film reestahlished. Since this takes time, caiIlarv 
action mieht not move vater available after a long dr period 
to the l:%.: ,.:. :  	•s jon enough to save wilting plams. 

The WaterTable 

Therunotfthat 
.v O[ can be as d:TT:: 	)lants as soll that 

orv. 1: s 	places, a motor Problem is moving wate ,  
csllects in creeks od die land so that Lt will not settle there to waterlog the 

and streams and soil, therehv cutting off the air to plant roots and to small soil 
organisms that need oxvgen. When the u'ater tohic—the leveI 

eventuallyflows below which the SOLI l5 filled completeiv with \vater—is onlv a 

from rivers into few,  inches helow the soll surface, the gro'.vth of plant roots is 
restricted and manv plants cannot grov. •.:here the vater tahle 

lakes and frequentiv rises to vithin a few Leet of the surface, vater can 

reservoirs is ehe seep into hasements. 	Vhen some soils hecome much weiter 
than usual, [11ev slip and seide, cracking plaster and shifring 

source of most building foundations. 
ofthewaterwe Because people need a faid. :anstant suppiv of vater for 

manv different uses, dams and :ccrvoirs ‚ire huilt to control 
use. lt is also ehe and store vater from the meltir.cs:iows for later use, 
source of nearly But snowfall varies irom ve:: :o vear, and the storage 

capacitv of 	reservoirs is limited. Id plan wiseiv tor the stream 
all water that 

[10w thev can expect, people use intormation troni snow ,  sun 
wildlife uses, vevs, ivhich nieasure snowfall. From that, and other factors, tliev 

can predict the stream flow for the coming season. Those vho 
manage reservoirs that store floodwaters can release enough 
water from the reservoirs earlv to make roorn for the ivater trom 
rapidiv melting snow upstream, and thus control a flood. 

\Vhen thev know thev will have less ivater than usual: 

• Cities can limit water Lise early in ehe season and perbaps 
avoid 	vater rationing. 

• Farmers can plan to plant fewer acres of water-thirsty 
crops and thus avoid having crops (in some acres die for 
lack of vater. 

• Hvdroelectric plant oper:::: 	cn plan to use other power 
sources to produce electd' 
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Dunng a typical snow season, from January to June, surveyors 
travel more than 50,000 mites to measure the depth of the snow 
to heip determine the snow's water content and the amount of 
moisture in the soil below the snow. 

Fo:ecaszing the fwofnvess and s:reams is imprtan everv 
where J-fc'weve:, it is diflicuh te 'redct beca.se ram runs cif 
the iand scor ‚:r ir falls, and we dc na: . ... how much 
ram w11 a. S::. :ainfdll. s:ream ilew, and gronndwarer 
recoris acc ruTated over he vears 7, ellp exne: de:errnin€ 
he epected fk'w frorn :ar::: sn-ci and rve: These re:.:Ts 

ta heIn iorecas:ers predic accjrateiv :he ncssibilitv ei ic: - 
downstrean caused 5v heavv and wIesp:ead rainfall 

manv m:es tps:rean: 

Reinfall determines the amount of stream flow in m. 
parts of our nation, except for the West, where the 
winter snows in mountainous regions are the great 
reservoirs of water that determine the volume o 
stream flow. 

The wateT that 

comes fron' 

meting snow is 

vit& to plants, 

people, and 

wildhfe that five 

hundreds of mi es 

away in &y 

country where 

litde rain falls, 
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Causes and Effects 
of Erosion 
You have watched the force of moving vater from a hose or 
hydrant push dirt—even pebbles and rocks—off a driveway or 
sidewaik. Rain and running water act on the bare soll in a Soil erosion by 
garden, on the site where a new building is being constructed, water can occur 
in 	frmers fluid. or on a cutbank niong a highway in the 
same way as the strearn from a hose. The process by which where and when 

beaing rain and moving wate ,-  disiodge and carry soll particies, there is enough 
orgallic matter, and plant nutrtents tu a new Iocation is cailed 
soff uiOSiofl by wuter. 

 
rain or meltmng 

snow and ice 
Wherever you live, you have seen the wind pick up and 
carry dust and larger particles of loose materials frorn so that water 

one place to another.You rnay have observed that there quickly runs oft 

usually is more dust and dirt in the air when lt hasnt the surface of 
rained for a long time. Where does the wind best pick 
up and deposit dust, dirt, and sand particles? Close the land. 

trees or buildings, or out in open streets and spaces? 

Huge clouds of blowing soll during the "dust bowl" days of the 
1930s were called "rollers." 
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Whenever wind moves across a bare or poorlv covL;i 
soil surac, especiaUv if the land is dry anct fIne soil coiitaius 
rnostly 	md loose pnticIc•s. soil blov:n:. 	n[i erosion by 
vmd, Ocun evere wdIu ei oion OCCUI md in die Great Plains 
region In ti: 	)SOs. Theri, tte \VORI c.rIcd dense CRiLmds of sur- 
face soil more than 1,500 miles east to die Atlantic coast. The 
d;ought broke in 1938, when life-giving rain returned. 

Geologic Erosion 
Natura!, or geologic, erosion began when die air first stirred 
and the rain first fell on Earth. lt continues odoy and is espe-
cia!ly noticeable in drv eIons where there is !ittle vegeimm ion, 
and infrequent hut ntcnsL mais carve hil!s and scnur 'idevs. 
Geologic erosion usuaNv inLoves SO s!o\vIv miam. 'ximen theme is 
much native plant cover, soil is huilt up and seldorn destroyed, 
and in a lifetime one could scarcely see the change it brings. 

Throughout the ages, geologic erosion has shaped Earth's face; it helped 

crumble rocks to form soils, and it wore away mountains to make broad 

plains and vaileys. 

Natural erosion 
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nAKMJNO' M- 
Accelerated erosion 

Accelerated Erosion and Sediment 

 

Oi - r Coflct n i the acc catcd erosion of soll Ihat resuits froni 
human antivilies. So;! and \\'aier conserv.3 00 projects help 
control the rate of this kind of soil erosion, which sorne call the 
grcatest scourge the world has ever known. lt affects everyone. 

Vou mav have seen a muddv crcck or river. Von don waiit 
to play in it and vou certain d:t want In drink from it. In 
many sma!i s iicans, sediment fills the deep pools that provide a 
refugc T fsi-uu riit the dry scason. Sediment often damages the 
spiwOlug heds nt garne fish, ruins their eggs, arid redeces therr 
fon. 1 	 e mii h( ,  orms, iusect larva, and other small 
aquaric animais ihn loed cm microscopic planis in ihr' wawr—but 
rnuchly 'vater fi fti 	light and SO iruerfercs rvith tire grovth of 
micrnscopic plants. Ii lias caused oysters to disappear rom the 
Chespeake Bay, affeoting commercial fisheries. 

When ftood-prevention and other typen of reservoirs are heut, allowance 
must be made Tor the sedimentation. Each year, more than half a hillion 
cubic yards of sediment most he dredctcid from harbors and other navi-
gation channeis in order to keep these vital water transportation routes 
worldng. Much of the cost Tor removal is passed an to taxpavers, 
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Sediment removal makes water purification much more 
expensive for many cities and tuwns. As a iestilte 'xater Nils go 

Sediments up. Sediment in water also causes costly wear on machines, as 
caused by soil in hvdroelectric piants. 

Even nu -e important and costly is the sediment that fllls 
particles that lakes, reservoirs, nivigation channels, harhors, and rn.idsiie 
are moved and ditches. Reservoirs lose ste caplcity each \cJr as a result of 

d eposted by 
sediuent. Evcntuilly, the sediment must be emeved or a new 
reservoir construcied. Some city water reservoirs !iive been dlled 

wind, water, completely with sediment in fewer than 30 

or glaciers. Each vear, more rivers flood because sedmee chokes - 
stream channels. In addition to lloodwdter danagc, sediment 
can damage streets, houses, automobiles, parks, camps, and 
machinery. MUCh of this sediment has lo be removed by 

Sedimentation hand. Main and wind also spread sediment over cropland, 

can quickly cause 
destroving crops and makig the soil less useful or growing 
plants. Drainage and irrigation ditches become less effective 

small ponds to as they are clogged •vith sediment. Thus, sediment reduces 

become nothing the amount and qualiv of ciops. 
Now you can wderstand how polluting sediment affects 

more than mud everyone in some way. Because all sedinent sterns fron erosion, 

holes; some ponds wh 	ov ich destrs the usefulness of the land, we need tu knnw 
more aboiit how erosNn occurs, how to recoze lt as i 	starts, 

have filled with and what to do about lt. 

sediment in only a 

couple of years. 	

..:. 	

:. 

In Iarge amounts, such as caused by accelerated erosion, 
sediment can be a pollutant and create costly problems. 
This small reservoir is rapidly becoming filled by sediment. 
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SoiI Erosion byWater 
i'h-c force of a single raindrop w'on't move much soll. But whcn 
bliutts of raindrups together haintner 1gainst bare ground, thev 
tear cl itnj'of sud apart ana senaiate tltc iln' particles from 
each other. As they bounce into the air after striking the ground, 
the rainiinps canv sottle soll parttcles vith Wem; these bits of 
soii graduaiiy mccc downhill. 'Plus is cafled sp!ash unedon. 

Whenever rain falls or snow melts so fast that 	water 
cannot soak into the soll, a sheet of .vac: collects on ilic scrface 
and trflVCS do\vnhilI. On sloming lad iU Uie vegetation. stich 
as a new building stte, an uvc'rgrazcd pasture, or a newv nlowed 
flekl, the comhined action of boc ig raindrops and flowing 
vater contit ucusiv washes awav tritt lavers üf surface 	i Ins 

is calk'd b''i ciusP n. Thc dan tge ca usecl hy shcet erosion OltOn 
is not acpcu null much of tdc SUrtaCe is washed away. 

As water moves over the land oijface, collccts in hLile 
stroamns. and continues to run dowo a siope, it tears a'av more 
sol part icles nut] lt car'es sm 	1 rrcgular chat nels ca lied nils. 
Called rill erosion, lt can be er.ised by srnoothing over the land 
surface as a farmer does when cultivating, yet the soll is gone. 

After a rain, you 

can see evidence 

of splash erosion 

in the small bits of 

soll that ding to 

the walls of 

buildings, the 

leaves of plants, 

and picket fences. 

Sheet erosion 

15 happening 

wherever muddy 

water moves off 

bare ground 

without cuttlng 

channels in 

the soll. 
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On much sioping land, the small nils ioin soniewhere 
on the siope to make larger channels. As more \valer collects 

Gullies leave 	in these chiniiels, its force is increased; it beein H nip away 
gaping channels 	langer and Lingen pieces of soil. When vater faIl o\er a SiftldCn 

drop, o hegins to cminto the slope itseif. When arger chaiinc]s 
in the land, feed 	form, there is gully erosion. lt takes niore than ordinary cultiva- 
huge amounts 	tion 10 fill in guHL's, fnr the nc so deep that machines usttillv 

cannot cross them. These destructive gullies ofteti are a sign that 
of sediment into 	sheet and rill erosion have been going 011 for a long urne. 
creeks and 

reservoirs, divide 	SoiI Erosion by Wind 

fields into areas 	The sand dunes we see in sonne desert arcs ‚cd near the 
shores of sonie lakes and oceans ire ohvioiislv nesults of wind 

too small to be 	erosion. The wind-shited sands o!' these dunes ane hand to con- 
useful, and cut 	trol. Because planus cannot easily be estahlished there, the sand 

often continues to advance and cover even langer ireas. Mccli 
deep scars into 	more senious wind eii sion occurs, iuweven, tvherev 	ose, 
steeply sloping 	small soil particies are moved by the wind. 

Soil hlowiln1 usuallv slarts on land that his few plauts and land where new 
sandy soils. Once sotl bte'ng starts, it tends to spread. 1 he 

buildings are 	wind picks up a few loche sofl panticies, and when these strike 

being erected. 	bare ground, they blast inns aher particles that in turn are 
hoinced and swept along the ground surtace, cai.islng further 
ciosion. The tiiowing sod 1.iarncles can ccl off tinder, growing 
plants at the ground surface. Or they can cover both growing 
atid dead vegetation vith drifts and rnounh- dust or sand. 
\.\!t1ell the go wing plants are cut Oft, the 'H :L,• protected from 
the wind xviii ejode. lf htuii winds coiiiii ,. iiO für .i aug time, ilte 
soil hloving can spread over an entire community. 

Wind erosion 
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Some call soll erosion a disease of civilization be 

nearly all of lt is the result of human activities: 

• Cutting down forests and making no plans for 

new growth 

• Growing crops and leaving the soll bare tor too lo-

• Leaving the soll unprotected during construction 

• Overgrazing, thereby kilting the vegetation 

• Building highways and railroads without protectin 

their banks 

• Crowding wildlife so that they destroy the vegetation 

in their search tor food 

• Trampling the grass and other plants to death 

recreational areas 

• Destroying vegetation through careless use of = 

• Stripping the land surface to obtain fuels and 

minerals from the earth 

• Using the soll improperly tor any purpose 

Thoügi a nawra 

dsaster car 

removez : 

0 ants frorn ar 

area and exose 

e surface soil  

to the ravages of 

wind anc 

the area affected 

s very sriaP 

cornpared with 

the area oecp 0 

have careflessy 

used a9d eft 

unprotected. 
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Polluted Runoff 
Water running off the fand picks up many pollutants as ft 
moves.This is a main source of what is called nonpoint 
source pollution (NPS); that is, the pollution doesn't 

come from a specific source, such as an industrial site 

or sewagetreatment plantThe U.S. Environmental 

Protection Agency points to several pollutants: 

• Excess use of fertilizers, herbicides, and insecticides 

• 011, grease, and toxic chemicals that run off through 

our cities and from energy produetion 

• Bacteria from livestock manure, pet wastes, and 

faulty septic systems 

• Salt from irrigation practices and acid drainage from 

abandoned mines 

The EPA points out that "each of us can contribute to 

the problem without even realizing ii" But each of us 

can, and must, help combat poHution, too. Federal, 

state, and local agencies must work with individuals 

to prevent or minimize this kind of pollution. (Source: 

http://epa.gov/owow/nps/aa.html)  

Problems of Runoff 
.......................................................... 
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People are constantly changing the uses of land. There might 
now be a building under construction on the vacant lot where 
you played last year. Perhaps a roadway that cuts through hills 
and fills in bw places has been constructed. Changes in land 
use probably are being made at your Scout camp each year. 
Farmers, of course, rotate crops each year and, as they do so, 
they can make great changes on the face of the Iandscape. 

As areas becorne more populated and new houses, stores, 
factories, and schools are needed, and as people change their 
minds about what they wallt from the land, there will be more 
and more shifts in land use. During changes in land use, the 
soll often can be left unprotected and subject to damage by 
water and wind, as yon've read. Improper care of band can 
result in costly and seriou damage to soll and water resources. 
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You can now recognize many of the familiar signs of trouble that can be 

traced to poor use of land and lack of proper conservation measures: 

• Mud and silt on sidewalks and driveways after a rain  

• Exposed tree roots where the soll has been washed away 

• Roadside ditches fiIled with sediment 

• Muddy water in a stream or river 

• Cavedin stream banks 

• Ritts and channels on exposed road banks 

• Bare sofl vvhere there once was grass on your campsite 

• Small and large gullies scarring the face of the land 

However, much land is wisely used, and conservation is practiced on 

milUons of acres in the countryside as weil as in cities and suburbs. 

Conservation Practices 
Good conservation 

A conservatiorl practice is any specific action or process to care 
für natural resources so they are protected from darnage and 

practices are irnproved für certain uses. In some instances, a good conserva- 

properiy designed, tion practice might be complete elirnination of someone's use 
of a piece of land, leaving it just für scenery and wildlife. Many 

carefully conservation practices help to furnish the things that all wildlife 

implemented, must have—food, shelter, and water. Even in cities, an amazing 
variety of wildlife could appear if these needs are provided für in 

and tested. small areas. 
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Conservation Buffers 
Grassed waterways and windbreaks are two kinds of 
conservation buffers (or buffer strips), a special prac-

tice encouraged by the U.S. Department of Agriculture. 
Conservation buffers are small areas or strips of land 
kept in permanent vegetation. These areas then heip 

control soil erosion and pollution by breaking up and 

siowing the movement of runoff, sediment, and other 

pollutants within fields and from field to field. 

The USDA launched the National Conservation 
Buffer Initiative in 1997.Through this initiative, public 

and private agencies are working together to help 

Iandowners create 2 million miles of conservation 

buffers in the United States. (Source: Natural Resources 
Conservation Service.) 

Grassed contour buffer strips cover an entire fietd in towa. 

Professional conservationists have solved many consen Aic 1 

problems. Some practices may be suitable only for application on 
croplands, rangelands, or forestlands. Because planes are the great 
proteceors of land surfaces, most practices involve the use and 
management of plants so that they can hold soil in place. When 
we want Co use land for such things as buildings, campsites, or 
crops, we often have to use engineering to properly change ehe 
shape of the land surface Co use and control water. Vegetation and 
engineering conservation practices often must be used together to 
be effective. 

J1) 

Conservation 

buffers heip 

prevent blowing 

soll in windy arms, 

reduce flooding, 

and provide 

wildlife habitat. 
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Applying a thin layer of organic material on the land surface 
to hold surface seil in place while grass or other newly seeded 
plants become established is called mulchirig. Often, mulching 
is used on road banks, new Iawns, the backside of earth dams, 
and croplands where wind or water might erode soll. 

Contour planting is when crops, fruit trees, and garden 
plants are grown on sloping land, across the slope on the level 
(where all places along a contour line are of equal elevation)-
rather than uphill and downhill. Conteur planting reduces 
erosion and is most effective with crops grown in rows. lt is 
used widely on farms and should be used in gardens er 
wherever plants are cultivated on sloping land. 

Strip-cropping is the grewing of crops in broad er narrow 
hands er strips across the general siope of a held er large garden. 
Crops are arranged so that a strip of grass er other close-growing 
crop is alternated with a strip of clean-tilled crop where some of 
the seil surface is exposed. The dose-growing crop slows runoff 
from the clean-tilled strip. Strip cropping often is done on the 
contour. Where seil blowing causes problems, the strips are 
at angles to the direction of prevailing winds to help prevent 
wind erosion. 

Contaur strip-eropping combines the 	Cover crop in a pear orchard 
benefits of both contour planting and 
strip-cropping. 

Growing temporary crops of plants that cover the seil 
between seasons er hetween rows eI a main crop to pretect 
the soll frem erosion is called cover crepping, lt can be used 
in gardens, 0fl farins, and 00 censtruction sites where seil 
might be exposed for a seasen before permanent Vegetation 
can be established. 
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- 
Screens of trees, 

shrubs, or vines 

can be planted 
- 

to block views of 
- 

• unsightly things 

Stream bank p otectin such es garbage 

Stream banks ca 	be protected against erosion and water- cans, junkyards, 
scouring by using piants, rocks, or structural measures. Specific 

and dumps; to methods include establishing certain types of grass alter sloping 
the banks, planting such trees as willows and alder below the shield homes and 
tops of the banks, or placing a thick layer of rocks or combina- 

people trom traffic 
tion of wood, rock, and plants along the banks. 

Planting, thinning, pruning, and pmperly harvesting md other noises; 
woodlands can provide enough growing space for good trees, and otherwise to 
eliminate poor trees, establish stands of species best suited to 
the soll and cilmate, maintain natural beauty, improve condi- beautify an area. 
tions for wildlife, and maintain cover for erosion control. These 
techniques also make lt possible to obtain wood products with- - _- --- 
out damaging soll and water resources. 

VVorking With Wind and Water 
Trees and/or shrubs can be used as uindbreaks to reduce the 
effects of damaging winds. Windbreaks help control soil blowing 
in fields; protect homes, other buildings, and delicate plants from 
cold winter winds; reduce evaporation from soll; and trap snow 
(necessary along farm fields, especially in the Great Plains). They 
also add comfort and beauty to suburban homes and provide 
food and homes for many kinds of wildlife. 

- 	 ---.- 

Tree and shrub windbreaks 
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7!rracing, or constructing ridges of earth, controls water 
runoff in wet areas and conserves rnoisture in dry areas. The 

Terracing is 	ridges can be as bw as a few inches er as high as 2 feet or 
more. The distance betreen terraces must be designed so that 

needed on slopng 	the runoff can flow to each terrace without overtopping it. 
soils in gardens, 	 . 	. 	 .. - 

around homes and 

buildings, and on 

cropped lands. 	 - 

Terraciag 

A grossed waterway is a natural or artificial drainage to 
which runoff fiows after a storm. Excess water can be channeled 
from a field, garden, or other area to this permanent cover of 
grass. The grass protects the channel from erosion and helps 
keep sediment out of the water, 

drop spiUway. - 

A concrete, metal, 4.. 
or wood structure 

used to slow the 

velocity of water 
- - 

and control To be effeetive, a grassed waerway must be designed to carry 
the volume of water it will receive. 

gullyng and 
A constructed Pool or basin formed by placing a dam or 

drop water to barrier across a waterway at a suitable location to trap and 
a lower level, hold sediment is cal!ed a sediment basin. To guide runoff into 

basins, contour dipersions, or shal!ow ditches that follow the 
contour on sbopes, are sometilnes used. 
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A sediment basin temporarily hods sediment on property where 
construction is under way and in other places to keep sediment 
and debris out of reservoirs, lakes, and streams. 

A pond, a reservoir of water made by building a darn or 
ernbankment, could be as small as a few feet or as large as sev- 
eral acres wide. Among its many useful purposes—fish pro- 
duction, water for livestock and wildlife, recreation, firc 
protection—it enhances the appearance of camps, 
homes, and farrns. 

Floodwater-retarding structures are dams, 
embankments, or other devices built to 
provide temporary storage and controlled 
release of floodwater. 

Working With WildHfe 
ji  

Wikilife habitat development is an important 
part of conservation and includes planting -'- 

shrubs, trees, and many other kinds of 
vegetation to furnish food, cover, and shelter for 
wildlife; creating water supplies; making open- 
ings in dense woods; lirniting the use of an area; 
and many other projects to attract and provide for the 
needs of wildilfe. Often these practices are a part of other 
conservation work on farms, ranches, and around homes, in 
parks, on school grounds, and in other open areas in cities. Wettand 

Wildlife wetland developments irnprove or create habitats developments 
by ditching, diking, or other means of providing appropriate can be used 

amounts of water, and by establishing plants to provide food, wherever 

cover, and shelter. This includes limiting other uses of the enough water 
and fand are 

wetland and maintaining the measures installed. available. 
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As rain falls on the land and makes its way back to the oceans, 
lt gathers in streams and rivers. The area of land from which 
water runs off—your own backyard, a vacant lot, or just about 
anywhere—ad travels to a specific stream or oiUet is called a 
watershed. Wherever you live, you are in a watershed. 

Watersheds come in aU sizes, from those not much big 
ger than a football field to those that contain miflions 
of acres of ‚and and include several states, such as the 
Mississippi River watershed. 

Hundreds of srnafl watersheds with their little streams are 
part of, and lie within, large watersheds that are drained by 
rivers. A watershed boundary may not be obvious where the 
land is nearly level, bot in many places, the boundary 
might be plainly marked by high ridges. Water that 
flows one way from tue ridge goes into one water- 	‚' ' 

shed, while water flowing off the other stde of 
the ridge goes into another watershed. 	 .1. 

One way to determine the boundaries of 
a watershed is to look at a topographic, or 
contour, map. On such a map contour lines 
represent a single elevation; all points along 	.. 
a contour line are equal in elevation. If you 
actually walked along such a line on the 	. 
land, you would always be walking on the 
level, never going uphill or downhill. Since 
water always runs downhill, you can locate on 	'. 
the topographic map the areas of high ground 
frorn which water drains in some kind of pattern 
to a lower elevation. 
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Vour merit badge counselor can tielp you find a 

See the topographic or contour map for your area.You might 

Qrientoering merit be able to look at a map at the local office of most 

government agencies that deal with areas of land- 
badge pamphlet 

the city or county engineer, planning commission, 
for more mi Natural Resources Conservation Service, Forest Service, 

topographic maps. National Park Service, Bureau of Land Management, 

U.S. Fish and Wildlife Service, or your state geological 

survey office. Also check your Scout camp's library 
for a topographic map of the camp property. 

You may be able to obtain topographic maps from 
a local sporting goods store or bookstore.You also can 

find local dealers in your state at the U.S. Geological 

... Survey website, http://www.usgs.gov . 

The Watershed Community 
Geologist John Wesley Powell, ernphasizing the web of nature, 
defined a watershed as "that area of land ... within which 
all living things are inextricably linked by their common 
water course." These linked living things are the watershed 
cornmurzity—the anirnals, birds, plants, fish, and people who 
live in a watershed. 
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Wnen poorly or improperly treated waste is released into 
streams from sewer systems or industry, or allowed to 
run off carrying sediment and harmful materials into 
streams, the polluted water is a problem for the entire 
watershed community. 

Runoff doesn't stop at artificial boundaries such as 
county lines, city lirnits, or the fence around your yard. All 
the people, plants, and animals are affected by what happens 
to the water and the land in the watershed; they depend on 
the watershed and they influence what happens there. When 
runoff frorn hundreds of srnall strearns enters a larger stream, 
flooding often occurs. In addition to siowing down runoff 
frorn individual fields, yards, gardens, and parks, watershed 
residents working together can build floodprevention dams. 
They also could advise people not to huild homes, offices, and 
factories on floodplains. 

City and regional planners also explore ways to make living 
safer and more comfortable for people while protecting soll and 
vater resources. They try to persuade local governments to set 

aside floodplains for recreational areas, for open space, and for 
other uses that cannot be greatiy damaged by flooding. 

Because development and good use of a watershed 
benefits many people, including those who live far 
outside the watershed, the federal and state govern-
ments share with local people the cost of doing land 

and water consorv' - n worf-.This urogranl Öf cooper, 
adve work 00 vvito od nroiocts is cardoJ ont under  
the Watershed Pro 	 ‚‚ 

4. in 1972, r .. - . 

and use & end. 

Because land, 

water, and other 

resources are 

so closely ted 

togother in a 

watorshod, ehe 

most natural way 

tor people to solve 

conservaton 

problems is by 

working together. 
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Proper Use and Care of Land 
Remember, ehe care and use of land in your watershed is impor 

Careless loggng, tant to you. Fires that have swept through watersheds in the 
overgrazing, and western United States and have been followed by heavy and 

prolonged rains have washecl huge amounts of soll down 
construction WOrk hillsides. In some places, mudslides have carried houses and 
that leaves large other buildings wiCh je. Water supplies became polluted. Great 

areas of land bare 
amounts of money and effort were spent to repair this damage 
and to establish planes on the eroded siopes, 

will increase Local people must work together Co protect their water- 

erosion, runoff, sheds and ehe resources in ehem. Local, state and federal 
governments offer much help wiCh organizing people to plan 

sedimentation, and work together Co conerol water and soll erosion. They also 

and possibly heip individual properey owners, 

floodmg along In watershed proects, conservation measures Co protect soll and 
vater resources—called land treatment—might include: 

the streams • Better meehods of cutting and hauling out timber 
in the watershed. • Applying mulch after seeding bare land on highway road banks 

Controlling grazing Co keep grass and planes healthy 
and growing 

Seeding land that has been cleared for construction, 
overgrazed, or burned 

• Construceing terraces and other means of controlling water, 
and growing and cultivaeing crops on contours 

• Planting trees to break the force of the wind 
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In most watershed projects, one or more smali dams are 
needed to hold back runoff temporarily. These dams usually 
are designed to hold and store sediment as weil as waten 
In sorne cases it is necessaiy to build sediment traps. Other 
multipurpose projects are applied in connection with many of 
these reservoirs to improve wildlife and recreation values. 

1 

One vital aspect of a watershed is its aquifers, under-

ground storehouses für moving waten An aquifer is 

composed of porous materials such as gravel, sand-

stone, and permeable rock. To access water found there, 

humans can dritt a weil to reach the aquifer and remove 

the water. Human activity on and near EartWs surface 

affects the health of the aquh 

fers below. For example, lt 

humans allow pestickes to 

contaminate runoff, this 
water can eventuaily pene 
trate the wateT tobte and 
affect the water quality of 
aquifers in the orea.This is 
why the health of the waten 

shed ond aquifers in your 
community is so importart. 
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flJ 
The more than 1 million square miles that is drained by the 
Mississippi River is a large watershed. Bot this area is also called 
a river basin, an area of land drained by a river and all its large 
and small tributaries. All river basins are lauge watersheds, bot 
not all watersheds can be called river basins—some watersheds 
are very small and their runoff is collected by a small stream. 
Today, attention is being focused on river basins as areas for 
large-scale planning, development, and conservation of 
natural resources. 

The way people in cities along a river use water and 

the kinds of wastes they put into the river will affect 

industries, businesses, and cities farther downstream. 

The continental United States has 18 major river basins; in each basin are combina 
tions of rural areas, industrial sites, and eitles, and all depend on the water in that 
basin because very little water moves between river basins. 
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‚s ‚ss seia 	houndaries ai manv 
types of terrain as ehev flow through different states on the 
way Co the ocean. The wav that land and vaeer are used and 
managed in ehe small watersheds in the upper part of ehe river 
basin affeces ehe quahev and quaneitv of water people in cities 
downstream will have. So in dealing wiCh ehe complex prob 
lems of natural resource use and population groweh, attention 
muse he given to the needs of all ehe people in ehe river basin 
because ehe river links thern together. 

Aj 

: 

Tue Ivhssissippi rtiver, wnicn rum, 2 j4u mies ong, is part ot tne Jef 	issoun- 
Mississippi river system, North America's largest. 

c:nents für a 
many 	 :::isidered: flood  
power, w: :c: s::: s.c-wage disposal, ai: 	‚va:::: tiution, 
locations 	:.:.::.:s 	ndustrv, open sp..... ::::i::w.on 
areas. fish an 	:ssources, land for cro:z 
Though each state 	own Problems, states m:s: 
cooperativeiv to find imeiligene solutions 10 water resource 
problems. Several seates now are working together on river-basin 
commissions. Wieh the federal ::vernment's heip, they are 
surveving the communiev's nt: and making broad plans for 
'vater and land resources in eL .Tntire basin. 
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Desaiinatic 
Scientists and tecrnicians are vorking hard to SOIVC the problem 
of vater suppiv in areas of acute vater shortage near the ocean 
bv making freshwater out of saltv and hrackish salt: 
water. The process of rcT.::cing saits 	ea\v:1c: 15 knew:: s 
desalinizatiori, desalina::...... er 

Large seawater distiflation pfants operate in Kuwait, 

Saudi Arabia, theVirgin Islands, Guantanamo Bay in 

Cuba, Hong Kong, andTijuana, Mxico. 

J 

c- 	an pla - - ,ene of st 	 eis.'L. 
jer for resdets of he Catrp 	oo itte west coasi c 

When vater evaporates, sah and other substances are left 
hehind if wo catch and condense the \vater vapor frorn dirty 'r 

arer, wo theo have freshwater. This process, called dis 
as long heen used to obtain srnall amounts of freshwater 

üow eawater. Brn producing freshwater in largo quantities hv 
evaporating seawater and catching and condensing the vapor is 

expensive, even ii the source of heai to cause evaporation—such 
as from the sun—is free. Heating seavaer bv using fuel cl er 
a nuclear reactor speeds up evaporation hut adds to the cost ei 
producing freshwater. 



Freezing is another method for treating seawater. When 
salty vater freezes, the ice crystals formed are pure. However, 
when freezing is accelerated in machines, the crystals of ice 
formed are coated with a thin film of salt water, which must 
be washed frorn the crystals before they are melted. Thus, it is 
difficult (and expensive) to get large amounts of freshwater by 
this means. 

Another rnembrane process is e/ectrodia/yss, used 

mostty tor bracksh waters. In this process e!ectric 
current is used instead of pressure.The current causes 

the satt ions to move throtigh, the membrenes, leaving 

freshwater behind. 

Oter desalin on processes use membranes. One of these, 
reverse osmosis, is used to treat brackish and slightly salty 
water. Osmosis occurs when a diluted solution passes through 
a membrane into a more concentrated solution, much as water 
frorn the soil moves into plant roots through cdl walls. This 
process can be reversed if sufficient pressure is applied on 
the concentrated or salty water side and freshwater will flow 
through the membrane out of the salty water—hence the name 
reverse osmosis. 

1 
The number of desalination plants is increasing steadily, 

but the water is costly. However, cheaper and more efficient 
processes for desalination are constantly being developed. This 
is an exciting field for study and experimentation. 
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In general, polluted water is water that contains anything 
that makes it unfit tor a specific purpose. Except for small 
quantities used in science laboratories, all water contains 
dissoived substances and suspended materials. Even the 
safe, clean water most people drink is not absolutely pure. 
In studying water pollution, we must learn how the quality 
of water can be darnaged by people (or in other ways) and 
how to avoid or remedy this darnage. 

Water is considered poi)utedwhen lt contairis anything-
such as bacteria, insecticides, oH, salt, toxic chemicals, 
decaying vegetation, or litter—that makes lt unfit tor a 
specific purpose. 

Viter might look srarkhng clean, hut if it comains any 
bacteria thnt cnuse disease, it is considered unfit tor human 
consumption. Yet, such water could be safely used for naviga-
tion. Water that is far too dirty for swimming might be perfectly 
suitable for irrigating crops. Water 
that is so polluted by heat that 
fish cannot live in it could 
well be safe for birds to 
drink. \ÄTe see, then, that 
part of the overall problem 
with water pollution is 
deciding how safe vater 
must be or, in effect, 
how much pollution we 
will tolerate in water to be 
used for different purposes. 	 - 

Water is not 

considered 

polluted until the 

kind or quantity 

cd material or 

energy added to 

it makes use of 

the water less 

healthful, useful, 

or enjoyabte. 



Careful Planning Is Needed 

The problems of If we are to have water of suitable quality for various uses, we 
must plan carefully, learn to use water resources intelligently 

water use and while controlling pollution, and spend sizable sums of money to 
pollution control clean up the damage already done to many of our water sources. 

are a major focus 
Broadscale planning for use of water resources and pollu- 

tion control is difficuit because the rain that falls on a water- 
of river-basin shed might travel in streams and rivers or underground through 

planning. Progress several states and be used many times for different purposes. 
Each city, each community, and each individual water user 

is being made in must take responsibility for returning water to the rivers in 

developing good condition ancl keeping pollutants out of it, so that the peo- 
ple farther down the river will not have to clean up the water 

water-quality for their use. In some cases, cleanup might not be possible, 

standards that and, of course, plants and wildlife suffer from dirty water. 
The Federal Water Pollution Control Act amendments of 

apply to waters 1972 (collectively, the Clean Water Act) established national 
flowing across goals for clean water. Section 208 of the act generated two 

major objectives: determining limitations to waste material 
state lines, but needed to meet water-quality standards, and developing state- 
pollution control wide and areawide management plans for reducing pollution. 

generally is still 
There are two basic sources of pollution—point and 

a matter for action nonpotnt. Point source pailution has an identifiable 
through local location from which the pollutants are coming, such 

governments,for as an industrial or sewage-treatment plant. Nonpoint 
source pollutiori has no single identifiable source and 

they make many is caused by runoff moving over, through, and into the 
ofthe lawsthat ground, picking up pollutants on the way. lt usually 

govern water is associated with changes in land use, or land used 
beyond its capabilitie. 

use and sources 1 	 — 

of pollution, 
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Watershed Success Story 
One of the great success stories of people working together to make 
and keep our water clean and wildlife habitats healthy is that of the 
Chesapeake BayThe bay's watershed covers about 64,000 square 
miles and includes 150 nvers through parts of six states and the 
District of Columbia. lt is the nation's largest estuary. 

In the mid1900s, people started noticing that the water 
was becoming more and more polluted. 
After Congress passed the Clean Air Act 
and the Clean Water Act in the 1970s 
governmental support was in place 
for citizens' groups to start working 
to save the bay. In 1983 the first 
Chesapeake Bay Agreement was 
cinnarf fnrry.i nn tka rhacnnntka 

Bay Program.This is a partnersh 
among Maryland, Pennsylvania. 
Virginia, the District of Columhia 
the U.S. Environmental Protectio 
Agency, and the Chesapeake 
Bay Commission. 

The agreement has the goal of 

restoring and maintaining the 
baythrough 

Restoring and protecting its living 
''the resources, recognizing that 	entire  

natural system must be healthy and productive" 

• Reducing and controlling water pollution 

• Planning for and managing the environmental effects of popuI: 
growth and development 

• Promoting understanding througri eaucanon ane partIcpatl 

• Promoting public access and appreciation 

This joint effort shows how many groups of people have worc 

together to help make our habitat healthy and accessible for 

recreational and commercial use.You can leam more aboutth 

Chesapeake Bay story at http:/twww.chesapeakebay.ne  
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Plant Nutrients 
The main plant nutrients that cause pollution problems (because 
relatively large amounts of the nutrients get into surface waters) 
are nitrogen, phosphorus, and potassium. At present, probably 
the most damaging to water resources is phosphorus, which 
cornes from City sewage, detergents in wastewater, runoff from 
land where much phosphorus fertilizer has been applied, and 
natural sources. 

The masses of algae that somettmes grow in a body of water are 
known as algal blooms. 

Whatever the source, phosphorus often causes a great 
increase in the growth rate and the quantity of algae in ponds, 
lakes, and rivers. Like all plants, algae most have certain nutrk 
ents. In most waters, the main factor that limits their growth is 
a lack of phosphorus, so when additional amounts of lt become 
available, the blooms grow rapidly. 

The solution to plant-nutrient pollution of water is effective 
treatment of sewage—which contains much phosphorus from 
detergents—and the proper use of soil conservation practices 
to reduce runoff and delivery of sediment to streams from 
fertilized fields, livestock feeding Operations, and yards and 
recreation areas. 

The growth of these pionts in enormous quantites 

crowds out other aquatic ute. As decomposing organusms 

go to work on dead algae, so much oxygen is used 

from the water that little else can live, and the pond, 

reservoir, or river becomes a mass of rotting algee. 

SOlL AND WATER CONSERVATION 	67 



Infectious Agents 

The water in your 
Microorganisms and bacteria 
known as pathogens are the 

City swimming leading pollutants of water 

pool is treated because they cause disease. 
Before scientists learned how 

with chlorine diseases were carried from 

to kill disease- ' place to place, many peo 
ple and animals got sick 	- 

causing as a resule of swimming 

organisms. in or drinking vater 
polluted by disease- 
causing organisms. 
Among the serious dis- 

Another way eases people might get 

pathogens in from drinking polluted 
water are cholera, typhoid, 

water can be dysentery, hepatitis, leptospirosis, 

killed is by heat. ancl amebiasis. Several of these also affe. 	animals. 
Human and animal wastes, including those from birds and 

Generally, boil other wild creatures, are the source of pathogens that enter the 
water 20 minutes water. Runoff can carry pathogens as lt fiows over the land to 

a stream. Some disease-causing organisms can remain alive in 
to kill all the soil for a long time and can move through the soll to under- 
pathogens ground supplies for shallow wells. Periodic tests should be made 

effectively.  
of all water for human use to make sure lt is free of pathogens. 

The effluent, or waste material, from sewage-treatment 
plants may be treated with chlorine to kill pathogens. Most 
cities treat their -ter supplies with chlorine hefore piping 
it to homes and husinesses. 

Because sonne chemical pollutants such es certain 
pesticides are stored in animal fat, they can undergo 
what is called biological magnification.This means that 
the lowest link in a food cham, such as an insect, might 
contain only a minute amount of the pesticide, but each 
successive link will contain higher concentrations as 
fish, birds, animals, or people eat the things that contain 
these chemicals. 
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Organic Chemicais 
Mnv materials thai pollute vater are organic chemicals, such 

pesticides and herbicides, insecticides, fungicides, and petro 
leum derivatives. These and other chernicals enter the water bv 

ing washed off the land. Thev usualiv move vith soil parti-
?s carried bv runoff—another important reason for controlling 

erosion and runoff. 
\Ve must do evervthing possihle to keep organic chemical 

pollutants out of streams, rivers, and Jakes. We shouid use the 
proper chemicals for a specific purpose verv carefullv and devise 
ways of preventing "accidents" through which the chemicals get 
into vater. These pollutants have led to rnany experiments with 
wastewater treatment to find means of removal. Some industrial 
plants are setung up new waste-disposal and waste-treatment 
facilith 	 pollutants from wastewater. 

Sewa 	gar c' :tes 
Sewage and organic wastes are highlv significant pollutants 
because of their large volume in the environment and the dose 
connecuon hetween them and other categories of pollutanis. In 
addition to the wastes that are carried bv vater from hornes, 
great quantities of organic wastes result from iood-processing 

'orne industrial operations. Such wastes contain pathogens 
:rge aniounts of plant nutrients. Untreated or inadequately 

i se\vage and organic wastes often cause a bodv of vater 
ja sineli bad, and thev can upset the natural biological balance 
of a river or lake. 

Accidents or 

careless 

cd 

50W r aterials 

have resulted in 

oil or deadly 

poisons (such as 

merc.;; qeting 

greatly damaging 

fish anti wilduite 

alor•seas -  ares, 

oninar akes, 

and in streams 

anti rivers. 

A turbulent 

will pick 

oe oxygen 

than 

a uooth-flowing, 

2t orte. 

— — p - 
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In a river or lake, aquatic plant 	h, insects, and hillions of 
different kinds of microorganisms 	in harmonv to maintain 
a cvcle of life that helps keep the vater clean. The green plants 
add to the oxvgen in the water and a certain amoum of oxvgen 
is picked up hy the water from the air. Oxvgen is vital to most 
life in vater. Fish need lt to live, and great amounts of lt are 
required in the decompositi 	:f the natural vastes 	w river 
such as sewage. dead plants, nsh, and other organic matter. 

We call the amount of oxygen required to decompose 

the organic matter present in water biochemical oxygen 
demand, or BOD. Sewage and organic matter added to 

water reduce its quality Iargely through their high BOD. 

A body of water can handle a smalt amount of these 

pouutants; nat-ural processes break them down over 

time and the water remains clean. 

Because dccoi pos" 'w ruslns (that also rectuire ox gen 
to break down mc multipl rapdlv vhen there are 
lar- ge amounts ot material for them to live on, a streatn 
quicklv hecome oerloaded vith wasies and short 

Deuending on temperature and other factor-, 
)ther form of aquatic ute will have enor 

- 	the water contains 10 to 12 parIs per mit- 
of di.'olved o\vgen. \Vhen the dN-ohed 
' gen Lontent d op' below t to 5 parts per  
illion tor a lon period, fish uttoa 
he whole asociation of pants and animals 
in the river or lake uuailv change. 

• 	As citie- became more populated and 
more people ued vater for industries. the 
\olume of \\a'te dumped into rivers and 
lake: increased far more than what could 
he procesed naturaliv. The pollutants upset 

the natural hiological balance to such a degree 
that some streams hecame little more than 

ipen se\ers. The fish could no longer survive, 
and people dovnstream bad difficultv treating the 

ater tor use. Toda\, sorne conimunities continue 10 

imp untreated seage into .treams and lakes, and a 
number ei c - a tal cities pump raw sewage out into the ocean. 
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SIts and Mineral Substances 

Safts and e::eral substances are troublesome pollueants in 
manv places in the United States. As vater moves through ehe 
soil and over the land, especiallv in dry parts of the country, 
it picks up natural saits and mineraIs. Salt is a major irrigation 
problem in the Southwest. lmproved management ci vater 
used for irrigation can help ease this problem. 

Drainage frorn acid-mine waste is another example cl this 
type of pollutant, and it has severelv damaged some streams 
and rivers. Coai and other minerais are frequentiv rnined by,  
using huge machines to strip awav la ers of soil and rock so 
that the minerais can be scooped up and hauled awav. This is 
called strip mining. The waste materials from this type of min 
ing contain chemicals such as sulfur, which, when combined 
with vater from rain or snow, form strong acids. If enough of 
this acid vater gets into a creek or river, no aquatic planes or 
animais ran s 

The Surface Mining Control and Reciamation Act of 

1977 regulates strip mining and provides tor the control 

of erosion and drainage from acid-mine wastes. lt takes 

a little more time and money to use improved methods 

of strip mining, but with these methods the mined land 
can be made useful for other purposes, and pollution of 

streams by minerals and acid can be controlled. 

Drainage from 

some irrigated 

lands ran contain 

25 tons of saft per 

acre$ost of water. 
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Radioactive Substances 
Radioactive substances 	:::::ng the nevest of vater 
pollutants. Even though the radiation from these substances 
decreases deca.i vith time, these poliutants are still dangerous 
to hunians and otier forms of life. However, since we cant 
speed up the rate of decav, holding or putting radioactive 
wastes in a safe place until thev are no longer dangerous is 
the oniv waste-treatment method. As the number of industrial 
plants producing power from nuclear energv increases and 
as the need for radioactive materials grovs, disposal of these 
toxic, radioactive wastes will hecome an even greater problem. 

Liquid nuclear wastes range fron lov to high levels of 
radioactivitv. Treatment of radioactive ivastes can involve 
evaporating the vater from theni and fixing the solid wastes in 
clav. ceramics, or cement, vhich theo can he h 	' ep in the 
earth or nossihiv the ocean. 
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zumm 

.::ii oc utOn n surtace wasers. soffe 
ndusues er .. 	1. :ds such as coolingzowers, Mauv 

hav 'stems tor recrila1ng water, 

	

de WME:rVC 	flT5 tordifterem :ur- 
iustaimg !adluies tc eardric 	and reusing waren 

cemical plant cru is d. a. 1 	arer reuiremenrs frorn 130 
Aum to 	1JC)T' gaiors 	:Uce irs cosis tor watet. 

SewageTreatm e n t 
so n 	"so 	errornovesewageanj 

wasres and still have relariveiv clean strearns. uvers. and 
rnusr do somethin ro our huge quarrrities ot sewae 

so thev will not pollute cur watet seurces. This is 
0 r'urpose of sewage-trearment piann 	riss and towus usualh: 

and onerare their own cenrra s,c-rreatment plants. In 
addition receivins the sewage trom hornes. hospitals. garages. 
hotels. an  -er husinesses, the plarrrs otten also sen;e sorne 
indosuies. uowevsr, numerons industnial planrs mairnairr their 

tacilihes tor trearine sewage betete lening irre watet theve 
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In primary treatment, the water left from the settling tank 

is discharged into a river or stream or allowed to soak 

into the land. Sometimes, as this fluid, called eifluent, 
fiows out of the settling tank, it is treated with chiorine 

to kill harmful bacteria. 

Prima ry Treatment 
Primary treatment of sewage min1y involves removing the 
solids from wastewater. lt is the only kind many towns use, bot 
there are different methods of accomplishing lt. The first step in 
primary treatment usually is some type of screen to trap sticks, 
rags, and other large objects. The sewage might pass through a 
grinder that chops these large objects into smaller pieces. Then, 
the sewage moves slowly through a grit chamber where stones, 
sand, and other heavy inorganic materials sink to the bottom 
and are removed from the chamber. Next, the wastewater goes 
to a settling tank where organic matter and fine particies of 
other material settle and are collected, and scum and grease 
float to the surface to be skimmed off. Certain chemicals can 
be added to the settling tank to cause the fine particies to ding 
together and settle faster. 

The collected solids—sludge—from the bottom of the 
settling tank go to a sludge chamber or digester where decom-
posing bacteria go to work on thern. The digested sludge then 
moves on to a drving bed, after which lt can be burned, buried, 
or used as fertilizer. 

- --.- 

Primary treatment 
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Secondary Treatment 
Often, the effluent resulting from primary treatment requires 
secondary treatment. The wastewater repeats all the steps of 
primary treatment and then one of two processes for further 
orgariic waste decomposition. Both processes depend an 
biological action and both require oxygen. The oxygen is 
supplied through aerwion, that is, by spraying the effluent 
into the air or by pumping air into lt. 

In one process, the effluent goes from the primary settling 
tank to a tricklirig filter. There, it passes slowly over stones or 
other material where biological growths decompose the waste 
left in the effiuent. The stones and other material in the trickling 
filter provide as much surface area as possible with oxygen so 
that the biological growths can live and da their work. In the 
other basic secondary process, effluent from the primary settling 
tank goes into a sludge tank where activated sludge—material 
that has various biological growths in it—completes the process 
of decomposing organic materials. WhiIe the effluent remains 
in the sludge tank, lt is continuously aerated. 

The effluent from either the trickling filter or the activated 
sludge tank then goes to a secondary settling tank to allow 
marc waste materials to settle out. These materials go with the 
sludge from the primary settling tank to the sludge chamber or 
digester. As lt flows from the secondary settling tank, the efflu-
ent is treated with chlorine before being released into a stream, 
river, or lake or being al1cTed to soak into the ground. 

1 

Secondary treatment 
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\/ery little wastewater now receives tertiary treatment, 

and there is no typical tertiary treatment piantThe 

process used depends on the specific need for further 

treatment of the effluent after lt das received secondary 

treatrnent. Tertiary treatment consists of siow er rapid 

flitering of the ethuent through sand to remove dis 

soived solids.This treatment could ha aeration in foam 

out detergents. lt coud be the use of cham/ca / precipi-

tation tu settle the solids. Or it coid be superchiorina 

tion followed hy dechiorination tu kill harmtul bacteria 

and pathogens. 

Tärtiv ry Treatrnent 

'en secondary treatment doesn't get wastewater clean enough 

in some situations. Tertiary treatment is used after the waste- 

ater goes through primary and secondary treatments. Tertiary 

treatment gees the wastewater clean enough to be run through 

a city's water4reatment process for household use. 

Properly treated wastewater is no longer water wasted. 

lt is good water and can be used again. Sewage treatment is 

similar to nature's endless chemical and physical water-

purifying processes. But nature's methods take a long time 

and simply cannot process the huge amounts of waste people 

generate each day. Primary, secondary, and tertiary waste-

water treatment does the same thing nature does, only faster 

and i:nder controlled conditionn 

Thousands of years ago when the ancient Romans boOt 

storm-water sewers, rnostly tu heip improve drainage 

in theO-  cities. they still dumped household vvaste on the 

street. lt wasnt untk the 1800s when people realized 

that disposing of household waste in sturm sewers and 

gutters, svhere lt was removed rapidly, couid improve 

cornmuratv health—especafly if those sewers ware 

o nderg mund, Sanita ry sewage systems ware expensive 

tu build, bot by 1910, there ware about 25.000 miles of 

undercjround sewer lines in the United States, 
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Agriculture 

• 	 . 

Soil and water conservation practices heip agriculturists 
maximize their production while paying responsible attention 
to the web of nature. This calls for attention to energy-
consurnption needs. 

Liquid fuel is used for tilling, harvesting, and other farming 
operations, including the production and feeding of livestock. 
Crop diying uses liquefied petroleum gas (LPG), natural gas, 
and tue! oiL Petroleum energy also is used for irrigation, frost 
protection, and greenhouse culture. Furthermore, the manu-
facture of agricultural supplies such as fertilizers, herbicides, 
insecticides, and other chemicals uses great amounts of energy. 
Other segments of the agribusiness industry, including trans 
portation, processing, manufacturing, and packaging, consume 
vast amouts of energy. 

.. .- 
	.- 	. 	. 	.. . 	.!t 

........a..  

Conservation titlage leaves residue from the past year's crop 
an the soll surface for protectioa from erosion. 

The no4lllage 

system is very 

effective. Under 

this system, seeds 

are planted 

directly through 

the residue from 

the previous erop. 



One potential for reducing fuel requirements in agriculture 
is ehe use of conseruation tillage, also called minimum tillage. 
Tillage, such as plowing, prepares the seil for growing crops. 
Conservation tillage limits the use of the plow because farmers 
leave the residue of previous crops, such as stalks and leaves, 
on the ground rather than plowing it under. Besides reducing 
the number of trips across the field wiCh large machinery, 
thereby cutting fuel costs, conservation tillage also provides 
excellent protection of the soll because the crop residue helps 
control erosion of and conserve moisture in the soll. 

Another potential for energy savings—and water conserva-
tion—in agriculture fand your own garden) lies in improved 
irrigation. This can be done through drip irrigation, or water-
ing planes slowly and directly at their bases. The system uses 
a series of main and lateral lines that run parallel Co rows of 
crops. These lines pipe water from a central source Co drip at a 
rate of 1 to 4 gallons per hour directly to the roots of individual 
plants. lt is not for every crop er every tarmei; hut drip irrigation 
can provide great savings in energy and water. 

The development of alternative sources of energy will 
continue to increase. Corn and other crops are being 
grown to produce ethanol, which can be used as fuel. 
Biodiesel is another renewable fuel that is produced 
from crops and other agricultural materials. 

Other conservation practices that could reduce agriculture's 
consumption of energy include increasing the use of animal 
waste as fertilizers, building and planting parallel terraces, and 
planting windbreaks. A carefully planned and researched pas-
ture management program usually heips reduce energy costs 
and keeps pasturelands healthy and productive. To effectively 
manage their lands, farmers and ranchers had to allow grazing 
at the right time of year; avoid overgrazing or undergrazing pas-
tures; be attentive to and correct soil acidity when necessary; 
fertilize responsibly; control undesirable planes; manage animal 
waste; and rotate crops. 
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Agriculture research has expanded its alternative energy 
sources. Werk is underway on the use of biomass (biologi-
cal mass), or organic materials produced by plants and ani- 
maIs—such as wood chips, peanut shelis, grass clippings, and 
manure—to produce energy. Biomass energy has actually been 
around for a long time. Even today, in some Iess-developed 
countries, wood, crop residues, and dung remain major sources 
of energy. Biomass is renewable, and the residues of biomass 
benefit the land when returned Co lt. There are pros and cons 
to the use of biomass, but many believe that it could make a 
major contr u1oi Co energ savings in the future. 

Solar po'. m •vides a cleaier energy source. 

Agriculture researchers also pay attention Co solar and 
wind energy. Power derived from the sun offers prospects of 
signifIcantly reducing ehe amount of fossil fuel needed by agri-
culture for many tasks, including processing food, clrying grains 
and crops, heating livestock shelters, and heating and cooling 
greenhouses. Other applications for both solar and wind energy 
include operating irrigation pumps, supplying energy for rural 
homes, and providing power for pumping water. 

1 
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1: rs1!' all IASI:1 . : tIE 
As you take a "conservation look" at your neighborhood, town, 
or cornrnunity, you will see many opportunities for conservation 
projects and practices that will protect and irnprove soll and 
water resources and at the same time add to the attractiveness 
of areas. 

If you need help in getting started on a project, don't 
hesitate to ask experts—soil conservationists, foresters, fish and 
garne managers, soll conservation district supervisors, teachers, 
park commissioners, county agricultural agents, city and 
regional planners, highway supervisors, or anyone else who 
works with natural resources. 

The conservation task you choose doesn't need 10 be a big 
one. Select a proiect that will give you a chance to apply some 
of the basic conservation ideas you have learned in working for 
your Soll and Water Conservation merk badge. 

/ 	\ 

ell  1 / 

Ii 
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Plan First 
Plan before the work actually begins; it will help you organize 
your thinking. Include the following in your planning: 

• A description and map of the proiect  area 

• A definition and description of the problem that 
needs attention 

• An outline of steps to be taken to accomplish the task 

• A list of the necessary tools and materials needed 

• Notes on any follow-up or maintenance requirements 

Be realiseic about what you can and cannot do, lt is better to 
choose a small project that you can complete successfully than 
10 get involved in a large one that overwhelrns you. 

Ask yourself these questions: 

• What factors of slope, climate, and soils need 10 be dealt with? 

• What will be the appropriate grasses, shrubs, trees, or vines to 
plant for the purposes you have in mmd? 

• Will the project harmonize with the soll and 
- a ater needs of the surrounding area? 

• When is the best time to do the work? 

What care will be needed to keep 
:he project in useful condition alter 
it's done? 

You also will want to be sure your 
plan includes normal safety precau- 
lons for using tools, handling plant 
materials, and conducting yourself 

- 	n hazardous terrain er near ponds 
and streams, 

‚ 	 Before you carry out your plan, 
1;are it with your merk badge coun- 

selor and discuss it together for more 
ideas. This is a good way 10 get the kinks 

out of your plan—and gain confidence, wo. 
Your counselor also can help you get the tools 

and materials you will need. 
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Ideas ior Projects 
:!rc proecr ideas. In met :ases, voll will 
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Mm: Heip hold ehe soll in place, provide shade, produce timber, 
provide shelter and food for wildlife, and beautify an area. 

You need Co consider many faceors before planting trees or 
shrubs, including the kind of soll, how long the tree or shrub 
will likely live, the size and shape of the tree when fully grown, 
the kind to use for a specific purpose, and the care it can and 
will be given as lt grows. 

When you get the tree and shrub seedlings you will plant, 
be sure to keep their roots completely in water, or in meist 
organic material such as peat moss, until you actually plant 
ehem in ehe ground. Dig planting holes spaced according to 
local laws and recommendations for ehe kind of trees or shrubs 
you are planting; usually these holes should be about 2 feet 
apart in rows about 2 feet apart. lt is important that the holes 
you dig are large enough to hold all the roots without crowding 
them. Be sure ehe soll at ehe bottom of ehe hole is not packed 
so hard lt will interfere with root growth. lf the soll is dry, 
you might need Co put a little water in ehe hole. Press (he soll 
carefully and extra firmly about the roots as you fill the hole, 
because air pockets in ehe root zone could kill the seedling. 

Prevent weeds, grass, and other plants from growing up 
around small seedlings. Of course, you may have Co water the 
seedlings regularly if there is little rain. Should ehe seedlings 
need protection, pile a layer of brush over the planted area. 
Drive stakes and use wire to tie down the matting of brush. 

For largescale tree-planting projects, you will need the 
help and direcelon of experts who know about ehe best trees to 
use for different purposes and the kinds of soils in which the 
trees can be expected to grow. 

uC 
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ControlTrail Erosion 
Aim: Protece footpaths in camp areas, hiking and nature trails, 
and primitive roads from damage caused by erosion anti frorn 
earth slides caused by heavy rains and melting snow. 

In Iaying out new trails or dirt roads, avoid trouble by 
locating them as nearly as possible on the contour. Other pre- 
cautions in ehe layout and construction stages include making 
lanes no wider than absolutely necessary and taking care not to 
remove the natural cover of vegetation near the side of the trail. 

Where trails go downhiil and runoff could flow rapidly 
and dt into ehe trail surface, you can use a conservation device 
known as a vater bar. This is made hy cutting a shallow chan-
nel across ehe trail at an angle to the slope. A small log or stones 
can ehen be placed in ehe channel. When water flows down ehe 
trail, this bar serves as a small dam to divert water off the tratl 
and oneo an area of grass where lt can soak into ehe soil and 
provide moisture for planes. 

To ensure against erosion and make ehe trail less muddy 
in wet weather and less dusty in dry weather, put a layer of 
organic material—such as wood chips, sawdust, pine need!es, 
or leaves—on ehe trat! surface. 

Be sure Co get ehe advice of a conservation specialise before 
trying to control erosion. !f you don'e design and carry out 
erosion control praceices properly, you could end up creating 
more problems. 

- '-. - 
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• What is the condition of siopes along highways? 
• Do you see any litter baskets or barrels in your community? 

Are they being used? 
• Does your community have any shade trees? Are they 

healthy? Who takes care of them? 
• How many different kinds of birds and other wildlife live in 

your neighborhood? Why do they live there? 
• What is happening to vacant lots? 
• Are there any junkyards in your community? 
• Does your school have a conservation project? 

UT 

Trees covered and weighted down with vines. Walls of nearly 
solid green vegetation along roadways. Large areas of defoliated 
trees and other plants. lf you have seen any of these conditions, 
you have witnessed the work of an invasive species—plants and 
animals not native to an area. Their presence can harm the 
environment and the species that already live there. 

When nonnative, exotic plants and 
animals are introduced into an ecosystem, they 
often have no natural predators or controls 
to keep them in check with the established 
iiauuat. z,ucu dli eiivnuiiiiieiit aiiows uem 10 

aggressively spread out and compete with native 
species for food, water, shelter, and space, and to 	; 
expose these native species to new diseases and oh 
hazards. This is why invasive species are a major  
threat to nature—and also to recreational areas such as -. 
lakes and parks that we all enjoy. 	 . 

You might wonder how you can help curb the 
effects of invasive species. From seeds stuck on the soles 
of shoes to snails and algae clinging to boats, remember that 
people and human activity are the major transporters of invasive 
species. Follow these commonsense tips when you are enjoying 
the outdoors. 
• After a hike, shake out your socks and remove any weeds 

and seeds from your shoes before heading home. 
• When you are through boating, inspect your equipment and 

boat before leaving the site. You don't want to transport any 
plants, water, mod, leftover bait, or fish and other living 
things to another area. 

Over eons of time, 

populalions of plant 

and animal species 

develop cornplex 

relationships in 

balance with 

nature. This 

delicate balance 

can easily be 

destroyed when an 

invasive species 

enters ehe picture. 
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c. 

• If you have caught any fish, release it back only to the area 
where it was caught. Never transport your catch and release 
lt somewhere else. In addition, never release anything from 
your horne aquarium to a lake, pond, or other body of water. 

• Ii you are riding a bike, motorcycle, horse, or any other 
transportation across long distances, be sure you don't pick 
up any "hitchhikers" along the way, such as seeds, plant 
parts, and bugs. 

Here are only a few examples of invasive species. You 
might recognize them. 

The purpte Ioosestrife was first imported as a garden orna-
mental from Eurasia. lt has flOW taken over vast areas of fresh 
water wetland habitats in North Arnerica. In sorne areas, there 
has been limited success with using biological controls- 
beetles and weevils imported from this plant's native home-
land—tu combat this pest. Because one plant can produce up to 
2.7 million seeds per year, lt has been an uphill battle to combat 
the purple Ioosestrife. 

•:t 	4 

Phragmites are a wild, cane-like plant that dominates 
thousands of acres of coastal and interior wetlands. lt spreads 
readily, forming vast and dense reed beds that choke out native 
plant species. The stalks and plumes of phragmites can grow to 
around 14 feet high, making it even more difficult to control 
and eliminate. 
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The inasive island apple snail Caine  
aquacuiture trades via  inerica. This agricultural 

pest grows to about the siz- 	- 'asebali, devours anv type o 
aquatic plant, has few natu -  mies, and multiplies qu 
In t c 	e fernale i land a: - 	-„au - „ail can lav 115 es 1,000 eges 
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- 

- 	 ‚ 

‚n:ehead Fish 	:zp: :: 	the aquar 
ium pet trade and fish into local waterwavs, where lt 
has spread rapidiv, eating up native flsh and their eggs. During 
droughts, snakeheads can actuallv wriggle over land on their 
fins and bodv to reach other waterwavs. Outside their native 
habitat, thev have no known enemies. 

Caterpiliars of the devastating gypsy moth iive been 
responsihle for defoliating millions of t€ 	\iorth 
America since its introduction here in the late 1860s. Since 
1980, these hungry peses have destroyed tremendous areas of 
wildlife hahitat, recreational areas, suburbs, . -rests. While 
rnanv different methods have been used es ' 	ntrol the 
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Organizations and Wesites 

Csapeake Bay Program 
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's:e: wvvchesapeaelav.ne: 

EnviroLink Network 
yehs::e: wvc: 

Environmental Protection Agency 
Ros Bdig 

::c Per: vvania Ave, NV 
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