
' <=t 
\Jflfl 3 

Vlfl,\4'11\.1 'UYI 

ljj'il":111ln~'li'UUYI~~~f11JI'hu'\~qjunii~f\'1t!Liu1 fl'l'\.1 ~~ihuut::UUUI'li'IIIUU'vlil~ 
o '\' o .!/ .>C r'"' o .J.I.:.'"' ' .. 1 r '"' L .J Jt ' fi1li'l1TV11'\.!1111'l!:ll'l!Nnlll'll-lf'l1VlwNif!JfiT'll-l'l1n1Tl-l IT11T!J'\.!l-11 UUVIV11 1Ln'l'l1 T!:UU 

UL'll'l'll'il~ W'il~ Jii'il~m~vu"l fv~lltlU"l1 nr::uuil1 'li'IU'il n wtl~ L!1l!J 1 'll~1::'il11-11 rfi'lu '11-1 qj1-11 

"11 nwTfl-1 ill 'li'I~Yl!J1'li'UUV1 (rural ecology) ilm1!.lfll-IWUfil.n Ml!11nuilL'li'I~Vl!J1 Lil'il~ 
.; ..j ' ..... ... .Jt.l ... .: ..t ... .J ."1 ~~ 

(urban ecology) n~Vl'\.!1n~lfilllrltl'!lru::vt T::'ll1fiT'Iltl~ll-l'il~l~l-I'JJ'UIT'il!J 1 'll~luUU'\.!'l ~1..11-1 
~~U I~'\.!~~ iut.J r ::IYII'I~W~'\.11 Ufl'lllfl::t.l T::IVJI'I~ rhfl"~W~'\.11 fll-IT3tlll-1Tfi1~~jjt.J T!:'ll1 m 

.J ~ • 
tlr::1-11ru 220 fi1u ilt.Jr::'ll1nmvh'l+ ~1u1 Lfl!J~fl'lll{t.lr:::l-11tu 4% 'll'il~tlr::'ll1nffi~"l-1!1l 

tlr::lvti'ILVJu'lu'il~llltlT::'ll1 nrfi'lu 'lm\)t.lr:::l-11 ru 90% 'll'il~t.l r:: LVll'lluU'll1'l'\.!1 u"l ,uu41u'lu 

..jt.J ,; '~' o .!/ .>C r Jt .Jr ..j t.J ~ ~ • 
rl'\.!Vl r::n'ilU'iJ1·n~V11 LT V11'\.!1 lfi!J~nlll'll'ltllfl~lln'l ~'UV11~1::: ~fi'lltl~U11..!1T1fif1!1lfl~!1l'i!J 

.l' .J.J ~t.l !< ~ .lr ..j t.l ... ..t ..1.1 .J, t.l t.l ~ 
~UYIV1f1!1lfl~ L ~Itll-lfi1..!~'\.!Vll~1::: ~fil'ltl~'\.!Vlu1 'IICU::V1"11'\.!'l1..! T:::'ll1fiT'Iltl~ T!:IYII'I LYI!J 

lvll-1~'\.!~tl!J 1 if'il fl~ !filii L\.•lfh0vh i~ ln!1lrl'l1l-l~lll n~1 L'Utl'\.!1rllll mm1W1fl-l'll tl~ I T1"l::i:Jt.J II 

- ... ..j .!1 t.l .\C ~. :: ... ~-! .!1 i .j - •. 1 • 
f.Jfiiiii~!J~~tlVl"l:::lfi!J~ 1fiYJtl~'ll1'l LYI!JYI~'vll-1!111-!Ttl L1-1 1'1'111-11111 "llffi~T::UU'UI'll'l'lltl~n11l-l 

"l::'ll'l!Ji~ fi1T llfiu 11)1-11 Cftl~tl1\.11T ILfl::u ~1-11~~ ll'l!1l fltll-1~ ln!1l"l1 nn1 rvhyj1fl-liJ 
• 

t.l r:::nVJ fi m~ Llfl:: 'ltlit.Jfl ~l-11 n~u 
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'lw ~1'1 ihuj1 ILI'I ::1-IU1Wi'il n"':: 'll.Jl'i1~"11 n L~l'1U1~ n::iJ1uu"',Liu 

Soil Conservation Service (SCS) ~'il~I'I1-IT3'ilLIJim1Ui'I'I¥1~7::UUL~'il.;'l'l~Piuiii11J 
~lllfl'l11JI'I11J110ri11-!Tu011LO~IIl117 (lU 3.1) 11111J7::UUa~P\uuu~'il'ilnLUU 8 0~1Ji1-1qj 
1 (classes J scs uti~ LLI'il'l::mjiJ'il'il o 1utloTIIlEJ'li!'A'o~ru::'ilth~~nEJmw'lu01rQO'll::n1~ 
~- J' - J' ~ ....... v ,., 

1-IU1111U (erosion potential) l'l'l11J'llU~'il~lllU l'l'l11JIIIU~'il~ ~'IIU710V'I'II ~lll"'10IIl'VI1~1J"' 

...1- ..J ''l .. ..J..J .... ..J L o •• 1 r ..J- ..J ''l .. ..J..J~.! 
'il1n1f'l VllllU'VI'il~ u class I l'l'il'VIVIIIl'VI~III Un11'V11n1TIJ VltllU'VI'il~ u class Vllll'l'il'VIVI ~ 

v • .. 1 r ."! ..J~.! ' ..J- i • I ~ .. ~ ' ...1- ..JLJI o •. 1 r 
L1-!IJ1::0Un11'VI1n1TIJ . uqj1-11'VI ~~~~1~"110VItllU UuT::LVIf'l ~'VIti l'l'il LLIJ'l1VII'IU'VI "DVI1n1TIJ 

~ ;_ 1• I ."1 ..I... 'J' ..J..:t .j ..J- ""'l • ."J ..I ' .r. ..j • 
LllltlVI'l u"'!:LuUVIIIl LLIIIV'IUVIUI'Itlli'I~LT'ilEJ 1 VllllUIIl U class 1-111 QOV11LuUVI'il~'il1r1El VI'VI1 

..Jo J; ..J.J v ..J ... ...1 ..J- o ,JI v ol rv ' J; 
~1U VIV11n1frl1 LLI'I!:OUU 'VI1'111'1 [\JVI~tlll'l'ilLIJ'ilVIIIlUQOU11J1 1111l1IJ'l1'1Quf::A~I'll'l~ 01'11') LLI'I'l 

'll.Jjjm~~~Ju"l::LU~EJuoA'u1utuu~l'11o1fLn~i117'Uiitlo 'll1'lU1 '111'lLT Ul'l::'ll1'll'l'lULU'II1U 

.. .. 'l ..J ~ ~ •• 1 1· 1.. v ..J- ' ..J • 11< • 'l 
LIJ'il~J.lf'il WIIUUVIVIOUU U1 ~n utN IJO"l::~1EJVItllUIJ10n'l1VI"'::LnU 'l'VI101TLO~IIIf U 

v .... ·~'l ,..I ..J- ..I ."J • ,. ' 
T::EJ::1-!I'I~J.J Ll'lf~J 1-IIJ'VIT'ltl"l1 On1~1EJVIIIlU'VI LuUIJTtllOIIIOVI'iltllJ.J1"11 O'ol EJ1 1111 EJ1EJIJ1 0 

r::u u ih ~ 1'1'11'8-ll'l'h f ~ 
vhfJ.J liLilu r::uuilL'll'l~l'lUI'IT1~~u (artificial ecosystem) fl'l1J.J•h~LOI'I"l1 o 

~ 

!!fTIJ'II1~~'il~W1 fiJ LL!'il'l:: LLlA~ LLIIIO l'i1~ nu 1u 11111JA n~ru::01m1W1 fiJ L1-!lljUW1 TIJ LLI'il'l:: LL ,~ 

~~vi11'1'l1J.JLnEJ1-11EJ'l~r::uuilL'll'll'111JnriJ'll1~'lu~'il~~u1UfiJ1nu'!lEJ'll.itvi1nu LLUU'iluo1r 

o •• 1 r ~ ..I- ..I v ."! v .J v ..J.l' ""· 1 v ..J- "' 
lj1 Yj1f1JIII'il~ 01 TVII'll,IVI L1-IIJ1!:I'IIJ OU01fLn~IIIT u"'"'tjl'l1fl[\j'VI~I'il~IJuT::O'IlUOUVII'lU l'l'il . 

~ 

LLIWLIIllll LLI'I :::1.b LV'If1::~U'lU01fA~LI'lT1::MLLA~~'il-l~'lll1i'il~01fLLI'I-l LLI'll'l A111V'I'il1 01f'ln 

.1' v • I .. J; ..:t.'t' .1' • .. .. L -
~~ 'il~ L 1-IIJ1 ::A IJ OU 01 TL 1"11 :::u ~ 01"1'11 VI 'lEI U 'il 0 "11 OUti-3 VI 'il~1'11U~O-l'il1 011'1 Ul'lU LLI'I!:fl'l11J 

~ l'liJ A 1J 1J rru~'ii~P\UUf'lEJ 

01m1vJ1f1J uUUW'ilLrlEJ~ (subsistence farming) tilu'iiio1rl'11vJ1f1J~Lri1 LLri~~l'l 
I • ' S. . 

LLI'I:::tJ~I'l~Luu'ifi~l'11rlU'il~LU1-Ifl1tlfl'lU~'il~TI'Io 01m1vJ1fLLUUULUU~1U1-IWO Ln~1nf 
ur:::LnVtd11i'il-lfri~M1wnriJ'II1~Piii~"l:::Ur::!'lum11Jri1LT"''lun1m1vJ1fiJ 11i'il~~'i1"1::u~n 
Ld'il h U~O~'ll'il::Lr "l::L!iUt.JI'It.Jiil'l17LiJU'il11-117Lvl1LT "1!:~1Elt.JI'It.Jii111Lvl1Lr fl'l:liJ'il~f'ill'l~'il~ 
V'l'lnL~1~U'il~rlULLA~ LLIIll'l 1'11EJ~U LLI'I!:I'I'l11J~1U1[\j~'il~IIIULtN l'lfl1V'I'il1n11'1~'ll.JPiufl:: 
1'1 'l11J 1.J r::IT l'lr::'i'~'il1 "'vh 'l~Vl'l n L~1'ill'l'ilEJ1 o 1Uf 

' ' . ~ J' ..J ...1 
i;~VJI'I'lrl'111'1'l11J L ih i"' 'lulll'iluii;1'il 017LUtllWUVIll1 L w'ill-11 01 rtn~illf 01 rtn~l'lr 

. I .,:r.,. ' .j ."J U J' ..J. I k J' ..JL .,. 1< .. • 
uT:::Ln'VIUIJ'il~ 2 LLUU LLUU1-!U~LuU01fL lllV'IUVIu1LLn'lLt.J1V'IUVI U11ULfEJU LLI'I'l"NVI10,1f 
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---~--~------ -··-· ::.::::=-=:..:: :...--.:.-:::... :·::...:-:.:.=u-:.=:--= :· :::::.:::.::.::::::.:.:-:::... -==-:-_;, 
----- ------------.~---- . -. -------~-- ·-----:.:.:.-:::--..:_-_: .:-:. :.:-_::..::::..:. ~--=~=:::::·.--:--_::::-_::.:::-=..:.:.::-:-:=: 
-~~----·- ----~-~-----·- ·----~--~,·---··-

Class 
(decreasing suitability for farming) 

.Other • Forest DPasture and range Ocropland 

xtJ3.1 r::uumr~(II~~U'll'fl-1 Soil Conservation Service 'll'fl-1~1-lfS'fiLIJrm ~(ll~~u 
."1 ' .J- .J v • I .. ~-I v 
LuU 8 O!ji-J Class I VJ(IIUL'vli-J1::'Vli'!(IIOUn1Tu~nVi'll Class VIII U-JL'vli-J1:::nun11LVi1::: 

tl~mti'fl~"l1n~;JiJtlr::LVI"' LLft:::f1'"l11-J~U (Kuchella and Hyland, 1 989) 
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52 

• 
Currently 
used as 
cropland 

413 
51.4 

-----Other 

-1------ Rangeland 

f----- Pastureland 

Total cropland evallable: 540 million acres 

Current use 
of potentiallY 
good Cropland 

127 

zU 3.2 n1rif~tJ~LV11::tl13n'h~ftl.lf3'!lUJTn1 1-lU'ltJLUtJthtJL'!lLI'l'!lf 

(KL!chella and Hyland, 1 989) 

BY 222 (BI 203) 



l m~lll r ~-.1"1 ::v11 ~PI uJ'il nu LUYJ nu"'uUiu~ "'bJiJ u Tli1PJ'Il1M1 T "'U'W n1l-J1 rmrn::tl 13 ny;'l! 

11 ~ J! .. 1t.l :"'t .t ..ltl ...1..0 • t.l - . ' ~t.l i ..I ..I- ..I '!J:: T PI Llrt'l"'-.1 luPil"'U'VI 1'VI'!lUUfi::'VI1n11l¥11:: f3nll1J1JIIIl).Jfll'!ll U'VIqlll'VIPIU'VIll'l!J 

. lUUU1rini'I1!JlUU~U~~bJi:Jt.lr::tu'l!u UiutJm.lu'l!::fl1-.11l1PJ'!l1\.m1tl"11.!nl'l1fJLUUUiwLP~-.l 
tlr::lll'VIlli'I'VIl'VI'!lLrvl (laterite) n1Tln~lllTUUU0¥~u LilUU'!l!JLUI'lllllT'!lUT'll-J~-.1 n1Tv111iL~'!lU 

• 
l'l'!l!JL1JUT::L'VII'Iln mnn~111ruuuili1un~1 slash and bum agriculture 

... .l...liJ!"' ~ .:s .. ' ' ..I.:S,., ,..J 
n1nn~lllT'!lmLUU'vlU-.l'VI nl'ill'l!J-.lnWLUUU l'l'!l Sw1dden agnculture 'l!'!lWuUf'11'VI 

- ... .:s :"'t .li ..ltl 'l""J!J' ..1~' ..I 
).J1"11nn1~1'V11-.lllnnUP~lUl'l!J 011ln~lll1llUUUluPil"'U'VI 1lll'l::lt.l1 VI LVIl"'U'VIII'I-llW'!lLW1:: 

tl13n r::vt~1-.1LW1::tlf3n"'::t.lt'i'!luit.infl'l'IIJI~Utlllnft'u1t.lLuutl1~n nn'll'!l-lnfi11,j"'::ii111Uiu 

Ld'!lnthhlL~utlllLUUVlUhl iu'IJ'!l-.ltli'uhl"'::l'l!jl-JiiiULLI'I::Vl'll~Ln~mnrtlf3n Ld'ilL'll'l1~·hu1t.l 
• • • 

y;U"'::nilu1tlLUUU1 mnn~lllTUUUUvl1rlUl-J1U1Utif-.llluJ~I'ln!'11-.lLUtl-.ln~~~~l'l::~tru n'!l~1 

Luumnhrhfl-J uuu¥~mrl!J-.1LLuJb.il'vlft'!lt.ll'li.Jiilllthwiiu~L1u n~1 surplus mmln ~-.111-l 
• 

n 11-J 1 rn t'l-.1 n ft'u 1t.lL~ !J-.lflu'lu LiJ'!l-.lLPY 

mrm~lllTi'l'lu'lMq)'lut.lr::mi'I1VIu!T-.l LUUn1nn~lll1LLUUYhfl-J Lfl n (small farm) ~-.1 
~ ~~t.l ·~ .. ~ ... .li..J -~ i ~..Jt.l ~' ' IPI!J'VI'll "'::'VI11PI!JV!U-.lf'11'1lUf'IT'l 1-Jl"'U'VIW'!llllnU llN-.11U Wl'lT'!lUI'lT'l'VI r::n'!lUPI'l!JW'!l LL).J 

• • 
u!'l::f3n U1-.ll'lT-.ln1m1vhfl-JLLuuilliL1un~1 rhmuuum'!lUI'lT'l (family farm) n1rt.J13n 

W'l!'ll1"1i:irl'IIM1'11!J'llillllL~'!lu1tnl'l'lul'll''lii-'llu !Jn"'::iJVl'l!tJnn'lul'lf'l UI'I::L~!J-lil'lll'lUnL~'Il 
urtfll'll'!l-.1 t.ll'lt.lfllll"11nrl'll'vlflnlUU11!JLPY~th1tJH'•hm~'!l~'!ll~'lllh Lnft'!l Lvl'!lruL"''Ilf 

lll'l::'lJ'!l-.lL.n~~1lUULUthu ri'llU0f'1ULLI'I ::il'lll1L~!J-.l~ l~!J-.11-lL~'!l 'l.n LLN-.11ULUU~vl1-.11U~~ 
Vll-JP~ 'luvJ1 fl-J l;ll'lil'lll1Luu~!Jf'1'1l n~ ~~1-Jfl'l'll-J'ijP~l-J nl-JI.Jrruit.i'Uiu ~-.1 ti1i:J m r4'111 m r~ ~ li tLlw 

..J .... ... .... ~ ..1 ... .... -
m r1 n~111 T'VIW'!llW!J-.1 Ln~lllTnTl-Jf'1'l1l-J!l'll LLfl::l-J 1')11Jfl1W·o'llll'VI n l'll-J nl'lwnu lit1l-J'll111l 

Ld '!JW rnruB1m'fllll n1Mn fr).J ll'il'!l-ll'JU ll N'VI1-.l n1 nn~lllTIJ mhl-J1 'l-n ll'VIW Ll N-.11Uf'1W 
• 

u!'I::LLN-.11Wil'lll1L~I.J-l 'lwu 1910 i:JrmLml'lLIIl'!lflwflvtr_3'1lLl-JrmLrlu-.1 1000 ;Jw 40 uui'!l 

l-J1i:Jrn umf'1LIIl'!lfl-J1 nn~1 4,500 .ooo ;Jw vl1fl-JLU~!JWl-J1 ~uwvl1fl-J'ijlllfl1vtnrrl-Jl-J1n~w 
..0 ~ ~ '"''.. ~ ~ ::...J '"' ~ "' ..J -v U-J'!ll'VI I'll U 11'1!J l-.1 LT'il-.1 'vlll-.1"11 nfl-.1 f'1 111-J l!'lnf'1N'VI ntl-.1 ).J f1 tl1UUn1Tn n~1'VI n '!JW lL 1'1 ::'l"'!J n1 T . ' 

L m~111 rl-J 1 niiw ~-.1 t.JM1r~4'ui:Jtlr:: tu'l!unu mm1 rh fl-J 'lw 1-l'ijlllfl1'vl n rrl-J 'JJ ru::t~m nw 

-.11W~4'fJl'vlfl1JWft~t.ll'l 'l1XW!J1Lf'1Wri1{P~;illl~'l! ~!J Ufl::ll-JflPI~W1jrl'llT1f'11lLW~ Ll'ii'll~4' nl' 
• 

n fl 'lwn1nn~lllrli'lvtq);iw 1 vl1f1-J LLuum'!lul'll''l b.ift1l-J1Tt1 u'!i-liwnuvl1fl-J'ijlllfl1vtnrm 

1Pf ~1LU1Jtli'!l~'111!J~'lt.ivl1m'ijllln1VI n fr).J Ul'l::ihu1u'JJ1fJll N-.11W'lwd~'!l-.l Mr'!lLUl.j n tnv111'11!J 

tl1L¥~n::bli:J~v11iiw 'lwi:l 1974 vl1fl-Juuum'!luf'1r'l'lwf1Mr_3i:llllii-.12ooo vl1fl-Jui'!ltluP~1vf 
n 1 ~~n~lll1'll'll-.1L'VI u li1J.J ui 1-.1 "11 n I~W'VI1-.l~ m~111 r 'lwnMT_3Lf'1!JU r::flul-J 1 
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a~~~~m'Lu~ni.iw1fl.lfllllll11-mm.J i'i'!l qrn"lmrlm:tlllt (agribusiness) l'h11'!l~qrii"l 
n 111 n l!tlllr11J I WtJ~ IIIIi lth.Jl ,111fNl'J1fiJi1A tY~T'llJ 7'l1J~'ill'J1 WI'11'!11JI'1M IIIIi u~ ujw, 111'!1~ 
tN~1w~ lltJrxtJ1-lfl~iillln1rml!tlllr >~i-tlluwL<\'1'll'!l~ii"lmr,lhawtlh Lnl!tlllr ~u mrhf111Pi111l 
.. .I ..~,.... ..1' ' " nJ .... ~ ..,. '1'1'11 lLfl::ll'11'!l~V)WllNVl 111Wn17lnl!t111.7 n11l.Jfl1111111An171J"'::IWWn1 t;jnl'1'lll-17'!1lfltJ~"I'l'l 

"" _. "" ..J • L~ " nJ ·"" .., ~ _., r ~ "" ~"" ' . Ll'1m'I!WIIIlllltJ'l.VlVl171tJ VII1AIJ1n n1 t;jnn'lll-lt'illfltJ~"III'l'liWIIIlllltJ'lWlffin'l1 monoculture 

w1f1.1 fl1111111Anrrni1X~fl~ftlllt3~ nft'l~f'llll'lf~ 18 tJr::'ll1n1111Af,1tJr:::IJ'HU 75-95 LiJ'!lf 
... 0 ._,I ~ I ..1 ..... ..J_ 1': """ """ tJ ::. l'l1Wil!Vl1n1TIJ lllllliJ'!IO-Inft1-lf'llll'l71l!tVl 20 lnl!tll1Tn7111AI,11Jl:tltl~ 15% 11'!!~ 7::'111n1Vl~ 

l-IIJIII llfl::iwil 1970 tJr:::'ll1n1111Af,1lW~ 4.8% l'i1l'J1f1.1 ~~lnl!tlllfn7~1W'lWW'!ItJ0w'!ln 
'11 n"l :::~ill 1111iu~tJ r::'JI1 n r.r~tJ r:::LVll'lllft'ltJ~~iiiiiL~'!II'I~'!l'!l n Llfl::'Jl'ltJ ll-lfl'!lUT::lVl f'l~m n"lw 

~'l t fln1lncli''ltJ 

" ll~~1~ft~ftlll'll'!l~W1Wfliiiii11AnTriJ"l::t3~ lllliW1fl.Jfliiiii11AntriJiiiifwn~~1wVf~iwxtJ 
~ ~ Jr "' , .. 1.~ .J • ..j ~ ~ •• 1 r 
W11JWI'll'!llWft~ llfl:: nn11J1n IW'iln17Vl1~1W11'il~ll'11'il~nft ,wn1Tlnl!tlllt w'!ln•nnwn171J 

..,j .~ .,J tl I 

fli111111Anrrnu~ iif~u tl111'11JU r1uM' lllln'l! 11 n ::r:::uu n11'11 ntJr:::Vl1WVl iif!l11.11 ni.I1A1f'l1ft tl~ 

11-1 fi 1 d 1u w!lf w I'J w ~ 13~ 11ft:: n ~1~ 1.1 ftl11'l::: ilX ri'u r::uuil1 'll'll-1 ft 1tJ eli' 1 w 

ll tln T::'l1 U'll11-11Th Jll 
• 

mrl'i1 n1rlnl!tll!TiJ~flVf~iwm~u'l n llft:::Vl1-lftlJ ~flnT::VluiwVl1-lftlJ (negative 
• 

impacts) 11'1l~W1fiJI'I'lwi1AqjiJ1"11nW1fiJfllllll1l-lnniJ ~W"l1nW1WQn'l!::n1~ft~~ LLl-iu1 

A 11'1 n '!I~ n 1 r1n Lift ::v; nw~wl'i1 i1Xm1'li::A1-1~1tJ~w lll::n'!lw~w~n>~ ~ 11l-iJ1fl11'1 ft'il~"l:: 1tJ 

Ill ~~lJ fl 'l rutJ1 nJ 1l'i1 i,X LiiPiftWIII'!IW~tJ1 nJ1 /(1 lll-JJ1fl11i17L1Aft Ml~'llW~W"' ::111 n111::: n'llw 
. • ,,..~ Jr --~ iJ/ ;, 

(Silting) W1 1Al11'ilWIIIWllfl::..rtl1~n17 11-11W"Wfl-l 

t'f11'111A::~w1~w1tJ IUWftiJ 111 ~un~1 wind erosion ~wn::'!l'!l-l"l1nvJ1fiJLuwl'l'lw 
tJr::n'!luthti'qJ11'il~IJfll11'l::m~'il1n11'1. LllltJi'l1tJ~w~~'WL1AIJ1::ri'un1TLnl!tiiiT"l::Qn'll::n1>~ 

" . " 
LPitJftl.J llft::U11cli'~1tJ · tJnn!J mrnin1113 qJ LfttJ1AU1~w'LP1tJftiJWIIIW11tJ LUWU11A1l'n1Afl1tJ n 1w 

11i'wtl'1tJLiilll iwf,111'i noft'n L'll nn1 'LEJl-!1 Llflw-B'n Ll'l 'Lnr1 'L111 'ii>~Lllwnql.lf,1iwthw0PIL'lllvl11'il~ 
111Af,1iWrl'l~Vll'l'l1'1l!t 30 IJ1llft'l ~ftn'illJ'll'lru~~Qnftl.JWIIIW11tJnft1tJIUW'li11J!h~i1At1) 
11W111111W11Jnri11JiiiJ1~'!11'l'illlJlnwL1unrf1 "dust bowl" "'wl1"1"111WOM~'Wn11J1Tnvhi1X 

" ~WlJTL'lru!!wnft'uiJ1~M1Wliiil.JLili' 
'..1 .I 

~ fl1-lfllll"'1nl'J1nHllw output 11'1l~ r::uuil1 'li'IW1fiJ llllitl>~Vl 'WmriJ'il~ii'11JLtJiwLr'!l~ 

0 ;i '!! tju llfl::tJ1th;'lll~lllxVl'll'il~ Qn'll:::n1>~n>~~ lll-lJ11h1'1n'!l-l1tJili''lu ~111!'1l11A1t1AH'n11'il~ 
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~u~~ 1Jl LLri'lu 1mv'lu W'ill'lvJ 'ilrl'l LLft:: 1t..l LLilll'l L~f.ll.J~ Q n'll ::th>~ft~ 'lt..l'lu !'l1uJ1 vh '\IX l'l1VIT1f.l 

" " "'"' 
'lw.l1 L "lT'IJ LiiiuYill'ilth~r'llil LT'lU11n!Jn1rrui1iWn~1 algal bloom ~ftfi'ill'l1VIT1f.IUUiilrll.J 

" " .. ,.. 
Vl1~U1 LLft ::m~ r::IJ1f.IW1 ll'u!T~ 'lf'il'il n'L .. u Ll.JU1l.J1 n"luil~ fin T::Vl!J nwl lll'JU1 Llilf.l L 'il'W 1::: 

Ld'ilwum u ~ 1'1 ::: L t.h Li:l 'il u ~u fl Vi iTu~ 'il ~Ll.J'IIIJ'll.Jn1TL t.h Li~ 'il u "l ::'\oil' 'il 'il n' L "ll.Jl.J 1 n 'li!J 'll.J n 1 r 

..J l<o " " 

Vlt.hi:l ~ Tli1fll'il1VI1TVIHJi:l~mn niliTu n~1 eutrophication 'li!J'll.Jn1TU"l::'llf.l1f.l ~~'~ 'lum~ fi!J 

.1'..1 ... ~,; ~ ... ~ J!.:r.-·..1...1...1 
l.J1 n'lll.Jll.J'ill.Jl.J1 Ll'l f.l"l1 n!J11.JL T'ill.J LLft:: 1 N~ 1l.J'flllll'l1VI nTTl.Jl.J 1 T'll.Jvt'lf.l r1'Wl'l'il n fl1VIl.J~VI Lnf.l'l 

Jl v ..I ~.. ..I ."1 v • "' ,. ..I 
11'il~n!JLT'il~W'I'il biological oxygen demand (BOD) 'D~Lul.Jn1T"lliluTl.J1tu'il'iln·DL.,l.Jl'l 

... ..,j ~ .-1 I .... .... ~ 
UIJ flVI LTf.l Ll.Jl.J 1 '1-D L 'W'ilf.l'ilf.l l'l fl1f.l'ill.JVITU1'1ll Q Ll.Jl.J1 

..I ' v _. • I ..I ..I ."1 ~ •• 1 ' .. • v .>C .. ,j ..I 
l'l11Vll.J1 nft'l'il nur::LnVIVIU~Vl Lul.J~fl n 1::VJIJ ll.JVI1~ ft!J"l1 nn11l.J l'l'ilf.l1 n1"llil r~llll'W'll 11~ Ll.J'il 

• ~.!< Jt • ~1 •tJt ·~ L • .. ..I ' v ..I ...IL. I ~ l.J1l.J11"DLLn'll'l11mft11.J l.J Vl'ilf,j 11.J Tl.J1VIT'iln1Tl.J l.Jl.JI'l1l.J1111Lflfl'ill.JVI ull11l.Jfll.JLLft::l.J1 

~ ft11'1 'IJfi'flll'UL ;J1 Lt..l'ilf,!LU 1,1 n 1 'li'fl1VI1T ll'u'll-i LWf.l~ LLPi'lt..l'il~LUfJ n t 'li'il1VI1rLvhJu fl'l1l.J L ;Jl.J 

J1 v v ,l ..I ..I .1' ~- 1 • v ~.J v ::_ .:r. ,..J •. 1 
111.J 'll 'il~ l.Jl.Jf.l~l.J1 n"Jil.JL T'ilf.l 1 Ll.J 'il'lll.Jiull11l.Jfl11il!J'll'il~l,j n 1 "ll'il1VI11 lll~l.Jl.Jnlll'll'l'ilf,ju 1'11f.l 13 n 

~_, ... .If .If ... • ~ ..I ..I --~~.!{· .v .i. 
111 'il1VI1 T"l ::l.Jfl'l1l.J L 11l.J111.J 'll'il~ l'l11Lfll.J L Vlfl11.Jl.J1 nl'l~ til 'li!J'll.Jn11Vll'l11Lfll.JVI 111 n1"llil rt llll 

... Jl Jl "" ..I ~_, ... • . . - ..I ' 
'W'DL11l.J111.J'lll.JL1'ilf.l 1 ll11l.JI,jn l"ll'il1VI1TLTf.ln'l1 biological magnification fl'l1l.Jflll1m11'11T 

Ll'li:J Ld 'il'il~Ll.J ~~ LL 'llll ~'ill.J LL ft'l"l:: L ~ 'il"l1~ LU L 'il~'i~ '\1-J'\'JI fl'l1l.Ji'ill1~ Q nLI'll.J'il LU lli''l'flth~flfl1 
'I ...I .:.... .-.~ ....... ~ .lliiJ • • .......... 

l'lnfl 11.JLT'il~l.Jfl'il lillllVI "II~Lul.JI'l1rur::n'ilut..lr::Lfll'l chlonnated hydrocarbons liltill'lU'iln 

..I ..I Jt v ,_ J! ol J! '"''"''"' ~ ~- •'"' ' ~ L v ~J!'"' "l1 n"l::LI'lfl'ill.Jl'l Lln'lti~I-J~fllll nrl1~'!l 11 l.J11.Jvl'ltl ll11ill'lfl::fl1tll.J1 Will LLI11fl::ft1tl ll.J 'lll.Jl.J IVIIfl 

v ·~ - ... ~ ~ "" ~_, .!:' ... 
l.J1 n l.Jl.JI'l ::l'll.J'ilf,j ll.J"' ftl.Jl'lTtl ll.Jl.J1 Llfl ::l'l::l'll.Jl.J1 n'lll.Jil11l.J f,l n I "ll'il1VI11 ~ ft ~ lflyJ1tJfl'ill'l'l1l.J 

L ;J l.Jiiull'ul.J1 n 'lulli''lun~'il~~Llfl1tlf,l n 1 'li'fl1VI11 ~~'111 'ltXL~un LUft'il n!J1~ LLfl::VI n '11-J LUU!li''l 
• 

L'WT1::LUft'iln '\~ LLillnLnf.lri'ilU l'lVIT31X1l.J'\i!'~~VlLUn1rLn~lllrLt..Jili'~ ~11iilful'lf'l'lTm 70 'ilth~ 

'\r!i ll11l.J '\ut..Jr:: L V1 f'ILUL '!Jill ¥'ilu~ tlf 'il~ l1i 'il ~ rl!J L Tl'll.J1 Lft iTtJVIfl1 ut..Jr:: LYif'IU~ 1'1~ '\f~ ~Vl'il~ 
'luLiii'ilun~VI11'1l.JU 197 4 EPA (Environmental Protection Agency) 'll'il~l'lVIT3~~ 

· ~nn1r~ii111 aldrin LLfl:: dieldrin L'W11::"l1nmr'i4'tJ'WIJ~11l'u'l11 'llXLnllll.J::Li~'lul<l\lLUfl'l1l.J 

Liil.Jiiu 0.3 ppm (part per million) ~~'ln~L;iu~nut.i1l.J1tu~'WIJLUI'll.J 
~fl n r::Vl!Jl'11~flu'll'il~w1fl.J~ n'il!.h~....,o~fi'il Ln~lllrnr'fl~l.-i,~'lnflnu Llii~1"l::Lilu 

..I ~ G v ''1 v • I ~ ,..J'lJ! v .. , ...1-" .., ' .. 
L'W'ill.JIJ11.Jntl~'ilf,j nflnl.J u 1::: 1tl'l!l.Jl'l Vl"l1 n fl fl11Jl.JVI1'il 'il~fl n1Tl'l Vl'il~ 'il1rlf.l fl'l1l.JT'll.Jl.J'il'JI'il~ 

flUVIft1Uflu L"J!u l.JV11'iVJmtlu IX'll~l'll-jlfl :nl.J1wu1N'WUIJ1fl Plnt..l:: r'll.J~~urmr~'l!Xmr 
~l.Jflr'il~IIJ ~ft;-.!Ml.J1tJ1 n 11l1u l'ltt..lfi'!ll.-i1~Lnft"l1 M'l1l.J L"lT'IJ fl'l1l.J"lT-.l~nii'ilV10-.l'll'il~ 

"' ...1. I - .. ."1 ' ~ ,. '1· I '"' Ln~lllrnr fl'il l'l'l1l.Jf.l1n"lu Vlw11'11flfl'iln1TL'il1l.J1111131Un11Lul.J'ilf,j'll'il-.lfll.J IWl.J'il~ uLVlti!J 
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Machinery a no 

p..J 3.3 rl'l1~ft~WUll1::ll~1-lLi1'il>lrltJYhfu u:i'il>lil'f'il>I~>IW1'il11-117'11flYhf~ vhf~ 
'fll1ll'l1 1-1 n rr~ ll'ftN~>~ Li1'il>~1ulhumr~filll LFI'i'il>~'i' nr LLt~::aw•i1'ijl1ll'l1M n n~ 

(Ehrlich, et. al., 1976) 
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nu 'luvh fl-1 11-J ~ 1"l;: LViuu rl1.J LLUULI'l\.iTtlLYltJU rl1.J'ilU1~ 1r ~~jj~:l~VjYh n1TLOI!Wl rii!T~ tl1 n 

"l1.J n'htl~ ill LLLli~W1;; IIILt..lti~ n ~1Ju~m!'I011LU1.Jtl~'lltl~ Ln\1111 TOTL\.1'11\<Ul'l td 'fl LYlfJU nu 

;!:)111 mr tllu 'f.l~'lltl~ l'l1.J 'lu'.Ql-I'D1.J LL '!l if 111 'lu\ilJ~-l , '111'lftfil-l'l1.JLjjtl~1.Jtl O"l1 nm n"lu LLfl'lV~~tl~ 

tl~ nwath~ LL '!liflll 'lu~ftnt..lrn m'llty'lntmtl· iuLL~0Lnl1111rn~~~1ru'll-11'll1tJ LLN~1u'lu 
.. ~-~~ ., ... ,._ ... ...J... . ..1 ' 

Ll-1'!1~ LN Lllll-111 'Jill n1 TluUtl!J'YIIIl n'l1'111.JU'YI\IHfltl'!lfJ 

'!l ci 1~ 1rii 1111l-l~ 111 'luvh fl-1 iifT-ljjif'!l ill '!l~l.ll'l1 uti r:: n 1 r '111'l'II1.JU'YI11-Jjj l-ll'lm 'l :: 11-l jj 

t 11'11::~1111 tl~'lua~ LL 'llllfl'!ll-1~ ft ::'!l1l1l 0~1 ~~~~ L1.J'D1.JU'YILMl-lll' ft rlUfiTnJ'D1 Wl-11 Ol-11tl n~1 
. L1.JLjj 'il-l ;!:) Ill m 1LU1.Jtl ~ LLUUYltlLrltJ~ L1.J'II1.J'YIU'YI11-l~'!l-lft::~~~'l1 nu n1rft L11111'l'lltl-ll'l1.JU 1~ 

n ~ l-1 1-lf'!l u 1 ~ '!11 i! Yl LL uu '!l1.JI'l'l1l-l 7 n LLI'l ::l'l'l11-J f;l mi u 'lul'lro u l'l M'D1.JU'YI~~jjft' n 11ru::mt~ u 

l'lMLLUU extended family ~'!ltl~1'li-Jrl1.J~~vltl LLl-1 ~n ~ U11111 mu ~ th U1 tl1 Utll-ILLWU 

LLYl1.JLLI'l::'!lu~unuil'llll'll1'l tiltl~~jjl'lT'f.lUI'lM LLUU nuclear family ~-ljj Ltlllvltl. LLl-1 ~n t11hJu 

::i..l ~"-""'"'.If ..J.. ' .. ' '\~'\ • .J. ..J n~'YI'D 1 'l'DUU'YI Ll1llu rf.IU'il n"ll'ill-11.J-ll'ltl l'l'l1l-11'll-II-J'flr'll-l "l nu um T'YI1-l·11.Jn'l1.J T'll-1 'D-l"l:: 

tl:iu'111i'"l1 nt..l r::tYl nlmrl'l~ LIN 1-lf'!ll'l~ LL'lln MT'fl"l:: nl'i1'l~1 tl:iu urij)j:'lU'ilf.l n~11'l1.J 'lULil'il~ii'1111 

~ Pl Yf 1 u ~ w 1 ii 111 ~ tll'l 'l1l-l ~'ll'll tJ~i!:) 111 'lu'I!UU'Yil-11 n Mf'f.IU'il u n~ 1 fl'l1l-l ~'ll'll 'f.l~l'lu 'lu w 'il-l 
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Commercial and 
industrial uses 

p.J 3.4 L~1'll'll~~~ull'nif~~uL~'Ilthn11Ti~IJ1n~qlll LLI'imr1!Kn1h~~l\llliuvn~ 
Ll'l ~1:13 f'l1 1\f.ll ffl1"11J.J1tllt..l r::'L u'Jiu~~ 1\ lllvmilL'lf'lliVItJ'l LLfl ::1J.J1!Kur:: 'L u'Jiu"lur::u ::u1'l 

(Kupchella and Hyland, 1989) 
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r::uuilL'li11'll'll~W1fiJi!f'!l~dtl'l4'mhr1cy iii'll ~iiiu J1 LL~::~mYltJ1mi11~L~IJ1::nu 
tJ ~ .. ' • '1' ... .JtJ ' J< ~-'<"1 ~ ~ n11LYl1:: ~n n11Lnl!li111LLUU~'l111Li11UI1ln'l1n1TV11 TLfltlUfl'llf.J!IlNVl fltlf.lnl'i1 ~ ~~L!IlU 

Ylllnft'u'ltJ Luuth~ n mrLnl!l!llrrhu'lmy'lur::f.l:: urn LUU LLuurJ1 fiJ Lfl n~vh '11Vi1u1 L~ f.l~ fl'iwf 
""' ' "" I ··' • tJ.J 1tJ '" ··' • .J~.If ~ ~ ~ J1 LLUUYi'llLV'lf.l~ !ll'lliJ1~w LLUU'll'll~n111JL flf.JU LuUn111J'fllll~1~nrTIJV1 rnYl~-l~1UU11JUL'l!'ll 

L\o'lfl~ Ll'i~tJ"{nTnfl ~f.l tnrh{l1lrl!ll~'l!IJ1n U'lln"11nnu~dfhL{"i1f.J~U 1 IJ1T'liJ~~I'i1 
LIJfli11WUlj~'D tJth~'\rr'illl11J~fl~fllll'lltl~W1TIJtj!ll~1~nTriJii~~ LL11iiii:l~flL~f.I~1Un11~(\j 

L ~f.l~ih iiiu~ Q nJ1 u fl::fliJW 111\o'l1 'ltJ ~f.l LLfl::f.J1 rh4'111rllll l"i'D ii Q n'D:: 'ltJ nuJ 1 ~'lf.l LUU~fl ,~ 
• 

L1i111 eutrophi cation thumrh4'111rlllll~'Dti~~::~IJ LLfl::LifiJiJUIJ1n;iu!ll11J~n l'!l'll1~1r 
.\' .. ,.J.rc • .J 'tJ ~.J ··' • ... ::. ~ J< 

~ Mr::V1U~i11v11f.l"'~'llf.JV1 n!ll'lVl'lli.J fl1f.l~ n ~"Dtl1~1r n1TIJIJ~flnT::VlUV11~flUV1~ ~uvnu 

Li1111!131i"' LLfl::fl'~fiiJ l 'll n1~~fiULUW1fiJ"'::L~tJT::lf.I'DU"'1 niJ~1'iV1f.l1ftf.l lNV'lf.I1U1~ lXtJ~ 
~!-jill LL~::u1n1T"'1nml'lf.I~1UI1i1~ 1 'll'll~f3il'llf.ln~1fiULULi:i'll~ fl'l11Jf.l1n"'UU~fi~Luu 

tl OJ~ 1~ 'f)~ nu ~~jj 'll1~V'lVi 1m rLn 1!1111 r LLI1iW1 TIJ iii:lif tl ~~fl1 f.ltlfh~ '11-1~1"1:: LUUfl'l11Jfn 

fl'l11JtlU~ULUI'l1'llUflf'l 'fl1111JLU~'lf.l'liUU1ir11JLUf.IIJUr::LV'lNVl'll~~u 'D'illl'DUUVl~LMIJtr~ 
• 

nunTTIJ'l!1 ~ tJ n 111 "11 niJ ~111'l:: L flf.l~!llUL 'll~ '1~111f.l'h-ii:i~fl n r::V1U"'1 nm11JiU'l1f.l 'lu Li:itJ~ 

t!cy~1J1'11-l'l~fl 'lrJ!ilu I'IU~1u~'llllfl'l 'h.ii:i~t~nu:t-i!ll'lu'l!uuVl ~~~'h.il'l'lTIJ'll~if11Jiii'llrJ1fiJ 
'\1-]'\~ ~fl !ll'll1 ~1 TL ~ f.l~ Li:itl~ LVhtiu rJ 1 f!Ju~ ~ fl !lltltl n=B L "'UL~T::UUil L 'li11'Jitl~ Li:i'!l~~ n~'lf.l 
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