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the utiiV,erse. ~My~tics,.,s.~~~.i t :·.c:ts-.. a:-·-SP~!',.i.:~· • .. ;.~he~e.·ia;te sol­
ipsists 'among 1.ts wh6' 'deny' the 'idea "of reality and. trust only 
their own senses. I .hav~. t:houg_h't'., that .qqtJ~l) .. t() .. l?~- the , 
ul tima:tie ih egoceneridi ty •· · ··so-i:ij)si'.st ··p:syc"nology:r:reminds that 
a true ·scient'ist is first of all'an extrovert, preoccupied 

~~ ~ ~:~. 
nubos, quoted ·above· ";·see ··ene·r'qy:··a:s~~'.·the :unify;i~'<l $}Ys·:t;em.. . , .. . 

.. -'.\co~-f~~in~·"~ar.~:~·~~:~·ti~~'.~~;.~,~~:,;cui~~~;~;~~-J::, .. :c;~h~~i~a~i:iy. ·. "•·. · 
interpret :its ··:organic· proce'sses·:~fh- termti "of- ··en;~e;t:'<1y ~; '. ·1 P,-qt • 
my students: ·.throug.h :th~·1 cat$ahi'sm f ·. ••JWlia't ·,f'e{·:aqric~lture, , ___ - _ , . _ 
basically?" The answer I wait for-:._ some.times ... £6'.;r·"a;·~hile··~- ·'·· 
is that agrieulture '-is·~:t.he .site~whe.i!e energy, r·~ce,~:ye~ --~.t;',?JI1 ' .. , : 
the s~'tii:r·ahsorbecl--"By· 'the ·¢hl6rpp)lji·;i> o'f gro~iµg );>laP,-ts; .. )il\A.· .. · ._. 
conve'i:t:ea;:irito-''fc»rms'·U:liEtf~fl': t:b:·:~klnd~~, I d~pl~,y' tp:e,, soil~·· · 
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that plant prOdUCtS embody mor~·Ythan. 'py('frocarbori'$'.·a:s . ."energy- · 
b~arers ~ they c6ntai:ri foinerals _: tpo, : artd. vi';tam).11.s •... B:tit, the.re 
is something ; .tnyste'r iou:s:r 'awes om~-~-~·, atid' :ot;bsr~~di'l4.:LY: .. ~tit the . 

basic ,:::~:·lrrr::~;::::~~~~~r~;~~P.!:i~~:•tid~: ·i~to .·. ·'.:. 
a secondary .category~;'.'.i';:)':M.('.)re::. s:i,.(ferf'lcant·;.-:·tho\l~.ih~ .. J~·~;"thsi.t: . ·: .. :>. 
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a,tt~~fi_gk.-is th~r-~l,1y::;(j:i'r~,d.t~ci.,:t·o··a performance ratio in agri­
culture that has been underappreciated, namely, the energ.Y-:­
conversion efficiency of the plant •. In my classroom .. itu;t:ruc- . 
tion I calJ. ·this .~tbi,e·.-~;:-'.first,·ener._gy e:j?'fi:C';tency.:·:rcl:tto: of· agricul­
ture. How'·weli ···.:: ... "how ef.ficientiy -~ do plants cap'ture and 

< incorporate SO lar energy? c 'I°We";·n:~ed. td'.:ask-~ . 

·~ .·. The answer· t~-~::·that .. th~~-'·do b~~f~~-~:oi'':~~ ene~gy con-
tained in the sun 1 s rays falling on the best: Missouri.corn 
field, only ·abq.µ:t:;,·two:i·P~:rc~nti·Jsri·nc.o:rf;orate4>in' the·"cotn · 
plant, and on.:Lu: on.~. ·p~~~nt~ in ·.the~ 9~.ai:n.J·,:.-(Tliis :is· ·an·.:;appall-
ingly low figure~ · g~e,wp,y ··ttg tan.ta:·ttz'et.agronomists ·1is::to 
challenge them to doubl~ qr ~riple .:t.hat. rat:i.91.,, Think what a 
boon it would be :·to· the.·'worf(l' s ;.:fodd..:.'.$upp.;t.'y:i;·:,. the· corn · . 
fields of mid-America would converf':thr-ee'.: .p~r:&~nt of the sun '.s 
GJl9%'<JY to gtain, instead of orie_ pe!'~ent ., . .. . , 

roots·:!~f~~i~~~!i;J~i;~.~=i~t~~~2i~~~t~~~i:~~~~~~¥~~0 • .. 
feeding :o.f so¥Matis'' appatent~~Y'~w.~+1: a.:da·'.¢a'.f;e~;~1]:y t:.C?''y~et<::l$ • .... ·,, :·· 

'\.·-t;T.--J: ~~ ... :~.1::.J~:.·_.:;~: ··:<~· _· ;_ :~"\'.~ -.r~~·· :.-":;:; ... ;·,. .. -- :.<<~·· '\·:;;.·.:··'·~·· .:-"' .. ,1··. ,_-,,, __ .. ,·" .:1·~·,,.··.-.:. ~t•·' ... _.r .... 
. .• ~ .... ... . .· ,. .• . . ' • . .• · .·.: .· .• ~-~· ·. ,·_ .·. ~.:·,, ..• ,./ .• :·: ~~ ~' : ,. :;_ .,_'. -·~.' ,• "°.J~. 

·· iftJ,·:·~l~~~~~~;~;;~;:1t:;~~t~!:~~£~~:;L~~ ·. 
role of energy in the cultural p,ract1ces employed in· moqern .. ·. 

·. ~~~:~~·~i&1~i_ir~~i:;~~~i,;~~E~!~~!:;10L' 
··.· .. natural qas· as 'feedstock~ · It overstates -only a· 11 ttle to 

.· say tha:t: .~h.e :~gqt,Y~.P,~~,:i:-:Si.~fl; :tePhnplo.gi~.s: ;:i.n;trodµ'.ced,.,to: agri~ ... 

·.·~~!::i~!~i~~S~YY a:~;~~!"~~~:~~:~~;~:i,~~~~_;n .• ·.;. 

~ . 
cultural ·practice followed and the comrnod.i.ty; .Rl'.'Qdue.ed..:-.;" Im my .. 
judgment the ratio will become stock in trade for agricultural 
scientis<{;:{3:' jU,i;i~ .. a:s. ,i:rqpp_:r;tctnt)~is:: :Yii'~li:d··'P~.~-~ ,ac.re: ,9r,:output·:~':;t>er 

man •. •·.t~;:~~f ~t:~ii::~il>~;{:~,:;,:~·~~,~0~~:·~ifi~~~:;:-:,, .·. · ·•• 
practices, and' the. ,s~copd :en~rgy,:~fr:~:~io; :as;j«;1:_,per1fo~man:ce~;<;·L; ':t · ·' .. 

measurement, are sUb6i:dliia te' to the. first ;conceptualization .• 
~nd th,e ... t"i.r,~J::. ene,;gy,, p3.tip,, .;-:~e:• ~aY.: ~::>~§g~- :t~9:µ-s:tp·~a,;t ,et1er.gy 
to repl"a'6(3,:;.~'4m~· 1,ag,¢>:i~:·an~; ~ri:~~f;,::4r.§l~F·r.PJ?•e;r .. , .. o:f:I"in the'. :;, < '"::-"' '· 
case of fettilizer~·to _provide so11·nutrierits., Well, that is 
true.. But in a different sense all we do is make--th'e--soi·l "" ....... · .. 

~~r~ t~?j~~tg~~~·~~·~f .. ~~:~&~t.;'.;.'~~~!,:;~~r:~~t~~~~~1.~:£~Y!!a'c!~~e;;:~; ._.,·:.;_ · 
and mineral nutrients~ ·we invite microorganisms below the 

-~·-. 
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sur :Eciice '~nd .:'dii"~:coti~age. :unwanted .. '.:flbra '(weeds) ·above it •. 
Mainly, a.11 •we· are· tryir,i.<J tQ· accompl:ii;;h is- to: .. , e:.-\:pose ·as much 
leaf surface and .chlp:i;ophyll- of the··plant as possible·~- < 

In 'the ··vernac,ula_r,,gf,-,qµr;.Jiay 1 . the,,·finaLtest~ the· bottom 
line;··1s''how well that pJalJ-t;..ta]<es,so:lar·energ.yiand tu'tn's' out' 
hydrocarbons. ['he· first)in.eigy .. :ratio' ip '.agriculture is· what 
counts most.. ..- . - , _,. ,_ :- ··-. --- ·-- -·- · 

· .. ;rn :t;oc:i?-Y'.s fa~ming-it:i~·ta~en -fot•.gra~ted".that 'hearlY. _ .• 
all the :¢11,ergy used· :in· c,µlturq;l_;Lptac;:tice9 comes. from-; industrial 
sources_, that -is to $.ay1: from fossil•>fuels~. This is•not 
necessarily the cas~-~ - ·)?hotosyrfthesis in cg.teen leaves takes.. . 
place irrespective qf whetheu: thE?:plants; have·:been cultivated J,. 

by hand or by mac:hiri.e. As'. recently as.my own youth·-·much o~::.-_··~:-, -
the power _cq.me · from -organic.;.,GQ'\.lrces, :0 e~en . some ;!5r?rµ :t.1Y m~~c·:es <. 
Su]'.'e, one. reason I'· left-the, farm-was to:.'av6id mil'king'_Cows ·by 
hand -on c;i. col.d morning. B1lt, I . ~ave : never ·:be lieve'd tlia t ·'a... . ... _ 
mechanical.:mil.ker was :more :skilled:··than 1tly big fingers. ·A.. •:: · 
well aimed hoe ·will :kill ;Weeds better than a. p'low 'or herbicide •. 

_Aside f17Q.m.,.~;~~ing .. 4:i;1ld~~~y,· wh:at:~~~d~:strfa~· ··•en~~gy -does: ... 
is add tq_ ·:the:. t~ta•l ;:resourceS<.':ffia'de available' to ·agticul ture .­
The clearest _il.l\lstra.tion··~s·:.rre.p:liacemen't' of:• horses ·arid. mules 
by motel'.'$ of a.ill <kinds,. ~ven-· gene'rators of·:;e1e<ftrih<'.E'oW'er~ .so . 
that the,.proCJµct ·o.£,,60· m:illicn·: cropland acres :'.'Can··be ·used for · -
human food ~hsteaq '.of o·ats aP'd hay ,·for :t~ork~;tock~' -:: ; .. >. _ · . 

• i, , ·' ·o·-, r·: 

In this regard the ethanol. enthlisi'.asm'~df.~a· year or tWo 
ago presents a fascinating question_,.. __ In terms of utiliza­
tion of resources, . feed_iri,g_ ,~q;t:n., c~O 1!;\}tqrse ox; •. t;.urning it into 
ethanol for tractor fl;iet ·are of the .sa:rrie. genre.1 I have 
wondered.what the::Comparative .effici'ency. of. the- two proc_esses 
might be.· .\~c9ri()~i9,a~Iy, Pf-.. cotil:_.$e,','a: lot depends 1on what, " 
kind of' .ene.rgy. sotitGS;. is· .used. 'to (:lis.t,i,11. the ethanql "' ·· · 

:;-'. • ,· _; '..'.-':' ·.,' :., •" •'"",, : -~ {'~·?.:~;~'.',,". ,, ,' ,." ', • '•_;: ''o J, .. _J .. .-,' r·,.'_''-•:.''~-· .. · .. ,- • • .- • 

· .. ·, 
·,..;, 

:=-~./ ~ . '-.. :.' .. 
·_ _ .. 1 ,· .,:_,-~·.,... •. :r .. ~<,:'.( ·~·: 

Si::!ft?itiy'ity.: to- E'ri~t;gyi na:tio;9_ 
. ~ - ._ . ' .. _,: ~. . '· . . - .. ·- . . ., . .. . 

Manf£~st'1y~·:: tlie · ~p~r<Jy :ic:'.6nv~:~·~.io~ .. ~aii,os'. h~~~'gained · 
attenti;>r:l a,~; i~dµst;·r:i...~J eti~r}~Y h?tf ·b~¢.oJ:ne;A·,carc,E:)r. 'jlnd mo);e ·._ .· .·· _. 
costl¥'i, nuri.l').<J ·_th~ ]:)opm _pe*.+94 .fqr".~pJ:~w, .technolog}' ,ener,gy. came.···. 
close t0· heing,·a fr~e .. i¢>6d,/>q.:nSI.oh.1y,· a ~few:·kooky scientists> 
and en.v1-:tcnmenta'ii'sts' J:~minded:.bt the.di:f£ef~nce ':be§een ·a· 
stock ~:n:d·ci' ~i9w :l:esc:)Urce; But' ~-.-~e:~e' 'd~s<tlned: t0~learn . 
better·~' · ·- ' · · ' · · · ··. ·· ·· .... · · . ·· . · 

.-.. \. ~.:: () ... ~.-;: ~ . '· .r. ;' ·~ .' .... ~--., !'··, '· ,'.">i _____ .. '""',. ··_._...;..;.. ......... ;.;....;..._.;.;.;. ·. \,·....:' 

1Admi t-te:~:;;~ . most; tr~~;~prs· ·• ar~ : d~es~·:i/: and' ~annot- bufri: gp.sohol. ·· 
But overall .the::two::::fuels can be• regarded' a$ substitutable •. 

\ '· -~· '', _. _-- ., : :· "-· ;' • .. ,. 

' -~ ·., . 
. ' . .. . 

,_:_, 

... --' -
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OPEC was the great teacher. Most .of us· lea'rned .pretty 
fast' when the price of oil; jumpe~· from $3-.00 a barrel to 
$8.00, thep $15~oo, and on to its prl:!sent $34·~oo. · 

._ · .·The· first.·eiiergy' ratio. ·dta\Jsthe. attehtior?·af:·.pla~t··· · ··· · · 
sci.en.fls.t'si. "'•J\.lthoµgh _;'not;: 'usually'.• labeled that wil.y,, the·· .• new·· 
thrust.;towatd genetic engineering in plants cah be rega.rded 
as a se.9-rch for better sql,ar-ene.rgy . con,version. . · 

. . . ~ . . . . 

More ~~mphasLs, [and->a .more'.fari:d.lia.rrkindof researc~, 
is a~voted ·to·· the energy.efficiency 10£ >culturar•·· practices ~­
the· second energy. ratio;··. This:·in:volves both research into 
neW. OJ:' ~odifi·ed practiqes, -.. and·· selectivfty among . the wide .• 
range ;of .. choices available! . It. carries a• couple Of· side· {:r · 
issue$, howeverf both unwelcome~ .. The :Cirst. is the wish t-9· 
avoid_ reduci~g~agric~l~ure's .outpu"t:·maA:erially;.: ·· :obviot;aly', 
the .en~rg~_ratio .. ··.~an, he imp;oved•.±-f.we<cut.back _dn_ various· .. 
of the.· yie~~-in<:rea~j,.fig tecJ:inologJ.as; .If nothing else is dqne, · 
total f9-r!Jl. e>u.tput wf+l .be .reduced.;.·· That is not ,·a· ·aesirabJe,r · 
outcome •.. The. secqnc;I 'side effect relat·¢s· t.o. use :·o.f. power 'to 
spare human labor. -~lthou.'ih my fa.rm management ,fri:ends are 
repeJled ]:)y ·the :iidea, · I ... conc;lude t;hq..t u • .s. •agriculture will 
swing sJo.wiy .:l:>ack t;oward .l:iei·ng ·more . J.al;>dr intensive •. · .. · And I , 
doubt eyery .tractor· ope.ra:torwill :enjoy an: ·airConditioned{ 
radi.o"."'e,quippeq<pab. · .. In view· of the nµ.rpber -of. youth who are 
unemp,loyed::r am' not su.re. a.·J..ittle··mor$ '.han~ 't'ITork _wou1a··be·· 
bad~ Some could. gp, towa;rd protecting s·o.±1 and ·.water~ A,. 
likely·outcome, though,. is employment of' more Risp~ic 
workers i~: u.s. agricuitl.J,t'c:i:~·-·: : .• ~- r ;,. . . . . 

... 
'.:;'"-. 

·wrael;( F.a~gin9 .. E!fficienci¢$ 

. ·-' . 

Almos·t a a~cade ~ago ~~H~··ftei-{:f!el .~t tdie,·cotinept:l.cut 
Agri~ultu~aL·l3$tperirt\~nt ~St·a:t':ioh Worf.-~ ~ig ;readership for a• 
small bulletin i titled 0 compa.r·at:i ve Efficiency of Ene:rgy use 
in qrop J?.r9duction,. 11 2 , He .presented shocking data· ·contrast- ···. 
ing, ·a.t th~.,extremes,.--tll.e .. efficien,cyin energy µ,se in· paddy 
rice. production Jn the i?hilippin'es an.a· irrigateci' rice in 
Louisi.ap.a •. ·.Since .•. then other. stud.ies 11.av~ .. deyeJ,.oped:rnore ._and 
better data" rOr varl.ous<;"cultura'l ~ra9tice's. >:t usµq.lly ..... · · .. 
generalize ·that corn . q,nd wheat.· ·'in· the mid,w~.s.t yield . twp to ... · 
five times the guahtii;:f of en.~r<Jy µ~~d,; in. gro~~ct;iop. ~ . }\ few 
vegetables a.re' in~ffici.~nt, with' r•atio~, l~~s ... f.hful 1~p7 . :b\lt. 
they are eaten·•fof · tas·e:e·;ari.d· ~o ti+t s'to~c;t;t~ •.. ~it).1.put: av.er~ ... _,_ 
feeding .;;.._ t.hat ·•is tQ:' say,· over.fattening o . The discouragin<,;. 
ineffi.c.;L.ems::y is an±:t:na1 agriculture:, · and.-the mod:~ so, as we · 
use confinement operations and grain.' feed. Even r9-llge pro~. 
duction does not s'.howup well. Apparently chemical fertiliza_;. 
tion o::f i;nany, pa::;tµre~ plu~.rid.ing :the;:range, -as we used to 
sing, in q. • Fora .. v....,a i.nsteag ,pf ,astrj;¢le a horse"i<; contribute a 
considerable energy input. 

. .. ,..... ' 
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Red~cecktiFl.:a·ge·· and ·other. changes being made .in: cultural . 
practices are· energy/ saving. ·.They are familiar· and ·need .not 
be reviewed·here .. 

Usipg ]'~:(·m .. Produc'ts for I'hdusttia:J.':.~nef.gy . 

I have already referred to. t.he gasohol· enthu.siasm~ )jart of 
the broader issue of biomas's. :rn principle t..liis is ti ttte · 
different from feed;i_ng hay to horses.,. or mu],~s. F.o'l1t a ·:genera-:­
tion most o,f the en~rgy conten·i;· of. the:• products iQf' agriculture· 
has gon·~ diredtly bi- in.d;lr,ect.l:Y:.'. to human alimentatio'b!'o. ·. · Excep'.'"". 
tions ·are .the· wead.:n:9· ·0.i: text:id.fis, th? .b\i~n;ing:· pf :the ·1:,ob.~.~.· co 
leaf, .and the use qf~ a £e.w.mi];~,·,and •soyb:ean ;product:s.'.in : . ' 
industrial .-adhesive:$: and; other ·:produ·cts. until .the las·t···;tew 
yea,ts only a littl:e:.lan&•has' been devoted · to producing /\\food 
for burning,. : The• only'. summary :po; .. nts'.r offer here3 are that 
any substaii.tia.l use of the ,crpp produC:ts.,of agriculture for 
industrial energy,~o.u~d cut .. de¢ply into our: food supply~ .r,e-, 
moving at 1i;iast hal':ff :the. an:ima~ .,products from American di~ts!!' 
Lots ·of' 'us would hecome :rieai.,;..V.eg~t:ar±:ans :wtthout· meaning to. · 
Yet' it:, a.nd: \iheh ·~rn: E?herqy_ ,¢r .isi's: comes it ·1s oonC:eivable that · 
we .wouJ<l i,n · :fact prefer· to dive.rt, apprecjtabl'e quantities of 
out' fa.rm: crops 'into motor fuel:•''' we would· also ·spur :agrictil­
tural production fo'.,the:utm6s:t.1:, creating worrisome problems 
of protecting the ,marg,inal:so.ils that would be· plowed. · 

. . : . ' ~ . : ... :· >: . . . . . '•• ., : ~. - . . 

:. This is/·o:ne of.<:tbi9,·rtiQre d·ramatfc,'.:uev~h<explos:ive, ·· 
aspects of_ .. the!'agri:cul·t,u~e--and~ener.gy ·:equ:a.t1on.: :··· . 

. ·..:.,.-,'",!'.'. .-.·: : (~·~·~·,("' 

so 'f&; af.· t:he ·entirJ:~: fbq~' sy~J:em·.~s· c:Orjcernett ~;--:.'.9.r,' ,·· .. , .. 
for that ma;tte;r ,· th~: .totar; fooa-cand textil!3, i:;;ys~~it} ;..'.""'. th~ .···· ... 
big use Qif ·:enfi·rgy takes place past the :f;a·rm.' .. Data usually · 
quoted are ,tha,t. the ,;1:opC!. system ab.so~bs lp.,5 p~rc.~nt q.f q.11 
energy but of this only a" fifth, or' 2 ~ 9 perceht,'is 'accounted 
for by energy for fanning operations. Moreover', more · 
energy is used in manufacture of nitrogen fertilizer than in 
power for field operations,. This raises a nice question, 
incidenta.J:ly, of what will happen to fertilizer prices if and 
when the price of natural gas is decontrolled. 

I quote these data not in order to minimize the role 
of energy in farming or.to suggest that field operations are 
not a fruitful place for conserving energy. An erg saved today 
is an erg retained for our future, wherever the saving takes 
place. 'what I am leading to is an idea seldom discussed, 
namely, that we may find it necessary to choose those kinds 
of products of agriculture that lend themselves to human con-

3r and others have written qui'te a lot on the question the 
last year or so. 
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stitnptiori·without requiring· .. energy~intens:ive•,processing.·and 
distribution.. Some food products~ by their nature.. require 
lots of handling and preparation. · An interesting :.nugget for 
speculation is that· J:?.ome of. the animal '·food•vegetable: food 
comparisons~ may,}:)e ·;reweighted, •.• · For ,excimt;>ae, ·.pr.oduqing. an 
egq may be energy-inefficient bU:t it surely moves.easily from 
~the hen _to t:he hum.an.: ~~9mach.,. }\t 011~ t,irne. in my J.ife,, b.e.fore 
I learp,ea a'bout .' sa;t.mc>nell~;. I ~i;_e FCi'ltl· egsJs. · · 

The only cqncluding note r··offer-• i's that the whole .'topic.'. 
of ehergy and agriculture . is raptu·ro1:ts:· : :·- rt ha•.s so tnany ... ·· 
facets! <Agriculture >is a produc~r..oof; energy~ better stated;,··· 
it· ·ts a .converter ·:of ~nergr. · . .rn ·:the las','t generatiion ag:ri~ ·. · · 
culture hasc__cconverted. ::solar•: ·energy cprimari ly into· fo.rms that t · · 

are consumed directly or indirectly,. as human ·food~ Th4';! power 
scurces ,f Q:r farming, ha ye, P.ee:r;i. ·· iridµ:st,r ial: .i ·.~ 

The. most d.ramat.ic conf..rontatipn a;rii?es frorn·,~rying 
econoniize .onr:industrial energy, used: in .f;arming operations,• :, :c · 
even as pre13,sure bu:iJ;;,a~:to ,di,v.6-rt.:t;h:e products bf agriculture 
back, into :motor ;fuels: .. ..:..,, ;:analqgous :d;;o· the. onetime division 
of the d().t cr:op ;petwe:en ,.o;atrr;eaL:·f.p-:r;>human!?Aand -0ats·:grain for 
horses. ' e ·: •• '·' ' • c 

•-.·-:·: 

. : ,n •. • _f ·,··· , I.· .!,.. ·:. • ::_;·· 

Ev~n sop. •tpe, hid(ien .. fa9tor,:. t:.he .s1¢ep.e..ri i·I'L :the whole 
matter is how p;t:'oduetion- :on · :b.he ·· fa):'rn: . may ::b'er ;modif i:ed. in .· · 
order to reduce the heavy energy component of getting products 
from the fatrn ~;i.pt<:>: cpn,surnpt_i.o-n·~- ,. I ~c,~n . fqre.see. changes arising 
from this force that• will affect the products ·produced, form · 
of delivery, q~~ini'f:~ly the g~qgr,aph.ic loca,tion of produ.ction, 
and of ~ourse· the rneahs of tra:nspo)'.':i;,atiqn,,·j;:>i,9beS,Ring:, and. . 
storage .that are employed. · · · · · 

Stic¥; ai:\p{irtdl ;.,·rrhings'.:·htP:Y gef fugge(i'}mt· th~.y ~ifl 
in te:resting·~. ·. · ' · · · .··-. · .> ·· · .. · · · •·· .. ··. · •·. · ·. · .·· 

' ' 

-.,. 

.. ~ \' . 
•"-:;''; 

' ~' 


