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kmtm ^  teMk i l — t i  ttet kmm^ Itm miXt •Inafiw is on* « f

ihs M st fvsM sM * . tm •nsssl# i t  sttswstlstss is tte ufpwr ftwriiOBS 

•f h iM r  wHlftSKti ssils^ BN iits 1 ^  tfs B ili^  is ^  ssU* »lssls

fist vsorgr Utt&s rnt m  sis ftur ^Xmtxm is  I M r  sKstslIss* Xt ssMt 

Uns tint siisrt—  sss t̂piss ss ■■nsslnus pssitiss Is tin soil ss ftr  ss 

yisst stttaritiss is  ■osaiTwtii

last ssstess iwps stsirtsft tfcst sdiitiiinr ot mmXL g n s titfs  ^  

soluUs slairtnsi ss^pMis ts tks smwHi niM pi i^ppunnt^ iasxssssi m 
stim lstsi mm yissts. tkf otlMr lani, solintaous

• ? .  ' , .  i - "

Utm tttss isiisKls U n t saltttls slssinn «oss asst esXtissts* yOmt 

Syseiss sost I M  tiM i gMi*

matf 9l«Kt i j t i l n  fssil ly  <# sliwtiwn sitlnttt ssy vistiOs 

•ffint i f  tin  s t a s t  is  th iir  iMwtli (Itttdteos* l$ku Oostts  ̂ i9$t| 

ssA ifoinnSf g| fi^f  ̂ ,119^* dtlwr iyndUn i t  ylssts tsln 19 ssqr « n i i  

nnusts of tfes i l — st is  tfesir sgrstM. Hi «n n 3n l» i t  is  tbs Isttor 

CTQI9  of ylm ts slrtsli wo ssssitivo ts Ifes tcsSo oflOots of solwtas 

siisrtnn is  tin is flnsrtll srtls. this iifltiioslisl zosponss of ylssts to 

slMslnai is I M r  gssotH sPUs olssrly n<gpsts s elosor isvosti«stiss.

Cofios is woss Ss tmpissl sstss itnso ooolltloBs iiotsts istnsn 

cjWBrtBSl oostlnrlin i#  Hn ssiU  . < t̂tassltio> m t  of tm  soils ohno 

oofSOo is tmss ass srtits osi sy^ instiiis mamtm of solwti s

. sto^sBs. ^  m m  U  Immi tlmiX iim 9t tXmAmm m  99mm

wovtk osi ovos Isis OS tto snwanistioii of slnrtnn ty  this ylsst* 

g n  pttysss of H is  ysyer is  to iismiss ists osi

1. SH S iltst of slMsSsni ss tin soot iorolapnBtf
' ' 'V'-

,   .̂, . .

J a ® . ,  J ' 3
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■ w iiii^  e *  leS er (l»a6) fbim* W A  elwdUeei w  xeiipeasttle fOr

tte leAwtfcoB la  rM A  f  UrlMT «ad wf* Omamp (ISUL) mA OooMr mA 

a m  (:i9B8) tAmmA I M  Ha fldlaurt oT aMgr ovopo to crow la ■ m «a  

m14L eeUo nM awrtlr «ao to tho toaioltr of tia  aliajaai loa. M U r 

OBd VirlMo ( I M )  ofMylag ^  t e ^  ywaortOoi of oom ooOo « « a  to 

Ha eoatittaUa tOet Ha olMalwa loo oal net nolAIjtr itm Xf wm 

noapeniltlo ftr  Ha TCtuHotlOB of ^Innt atvH b MKrtet toaatlime la 

Ha anaHl of tepo of lottooo, tooto» tteoHir* torlear* xnMlHw o o n»i^ 

eottesi* eats, lyo^ oora# tunlfo , onl soAtep a m  Auo to Ha fw ioaa 

of ooltiMo olioHa* la  Ha ooU (MeXaon aH  (littort« IStri af08). OUtart 

I  0^  raaor (1931) fteal oloo Hat eeMOa alartaa hoo 0  anator IHMMV

1 ^  o f « ^  on Ha avovHl of planto Han aolAitr* ^  yreoaao* ovIAaao 

H at Ha eoloMa oliiaAaai in ^  o ^  a ii la Ha oultur* oototiin arotteioi 

Ha fnarHi of latta a  oaA laHoar. xa onltoMi oolntioBO vitk o oliitiM  

mngtni Han p i S»A to  |K 7*9« Ha aMatH of lotteoo oooniiai nno M t 

iHPaolotly ofAMtiHu aawver, okm ililw a o  000 oAOoA to Ha a O tm  

oolMtUhe HLHiaiBUar aelAltr, Ho inr nnttor flolA 000 IxnotKsoUjr

. ..w , -V ■

Mtpnla la a i Hat oXunlaa m m m  oMot to ooJLtoio oolntlaai

to fftvo l/ rm  IH M  tiato to ffloo aeaillaae* Baaotto (1983) fOonA H at 

ilioHnoi •mioioool Ha anoH  of Haot Han moon In o u ltm  oHotion

I oaaolnliH aa IPI Olialaa. Uaoo oal Meofo (1938) 0200 Haood H at J

--
'i4 i I'.' •L. r  r K . . , ... . .5 .■ A. 'W ^ l:

\ I  '  . r -  i - - ’ i .  - • / . .  . ; v; . ,
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alwriiwai ohta fOMW* la tfea mltam aaliiilaa la MaMatsmUoaa m law 

aa X*0 Bfa iwa «tlla ita r toado to oaaa, aaiiiUM, aaA iMwlajr. flaai— apr 

(19321 19S9I aai m $ ) Bhmn* m %  wimtam to 0 .0 ^  M eeeewteBttoa 

it aaaa iii tto j wwto ilia  of totoooo paaa to watoBMW aajfinttoaa* 1» 

yan^ptlUa llftoiaaoa to jrtold oao Itoai totwaia totoeoo ftoaU cm a 

altan»tal7 to alMOlai*»firoe asA alaaliwa-oaatalntag oultiuta oaliit liaa 

aat tOtoooo rtoato powi ooatiiBiwialir to alwrtawapooBtalalag aaltiua 

oototiaa. tootar aat anatm (1939) tooat Itot traaa «uaatltlaa of 

ooluMLa alwalwai to aaoaaftaa ooil. to oftwawly toxia to toaato flaato* 

to awitlaaaB aaitoar* aaaaiUTito to oAiartaua toadaitgr to laapto 

iapaalaiit oa tia tontoa of Diaato. 'Bmmm, oUtort mA M to r {i$39) 

otolarito tto tolawaiin of paooao to altofaiai taateitar Itoal tfeat too 

toalo zanp n o  MA to to ppu

3* BlLtora of

toi aaato atoaao of tlia toaap aauaoA to ahartiw to flaata ia aot 

Ttiy  alaar to iato* BaivMw aal Boaap«to <1939) aitwto toat tto ^  

■tooaotta yatatotoltto 9tAm %  awBltogi torn totoooA to 9A09 M aliartiwii 

oaltoto* . i!to atlatoto aaat oat of Ito aaoAUaii taa to*3to utopirH  to

tto atoMT toiatot oatoaal  vlto ae,to9 aototepo ooatant aa& 99»to9 tor tto 

Itooitooia aotMaaaial «oa«llap« toto tto stoetooame aat alaalaMi woxa

uaaA topttor aa k titotawit aatolaatlaa# tto aolotuoa aaatoat wao aot

ofpaaiablar •mwaioli fltor tollavaA tto* aa laale aatapa l i  oaloto

totoaoa aliartwai aat jtoijtofin , nm fi ( I p ^  wotklag aa toltototoj 

Hotoa> ijBt iM to toato ttot tto aitttlaa of aliatfaw la tia  aaltoaa 

oaliMttaa toaapa atowt a Aaoxaaaa ia tto atoanril oaatMt t  ttoaa ilaata 

aopaolalto I f  pooa la  tto l l p t .  too aliw lw  oao tollavaA to aat

■ ' ■••'.'’A - - . -  ' ’v - . . - - '  ,
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I  y§oB « I M  Mgr «cs«outt« «• mm mggm im  tin o ^am i  imm

iM m m ^  ojwrtwrtii artWte aa& Qmt (2 ^3) AbXo to pxointo 

Atooolomtto—  cf t i i  imimilor >l«ito ttonoo tm tlM notes of oom iftw 

iajooM  vlth oliokww MB9 oote. BofSidLte tdOovovligrU and loof-ttaooo 

siM «M  tforn rtoii foA njjali voio itewtiaol to tiMit pxoftueoA
* : - - i :  '  ■-^^ , ...

OX)gndjMla

Almimm rnrnarm m  laAlroot fofliinto ia tte flsaona — tnW lloi of 

VliKto tor tumiMm m  iMOlnMo ^mtmmrn m  Ivtendte prMlfitato m  tin 

xoot oiaritte OBi la tllo f»oo qgoooo «P tbs zoot tiMnotgr Fnnwtios Hb 

ilfltetoo of otior MstvioBto iato ^  voot vratOBteMi (Joano, 39Sl}*

■u lte r. V H * » (U S n  i M )  »w t<drt«l « M  tt> tm rtb -m tu tti*  •ftkrt
, W - ' -

of mlxmtwKm wo #ot to tUn ffoolfltBtioi Of tte jltoogtoonui vltkla tbo 

voota of tho ttio  Biffhialw bm toUofoi to to xwmmmmrn H r

ttao siHMilHaniO AoftotOBoy ta Ho aortotteBtto logloao of ploKto* Ho
■'• ■ j y . »

pooo^tottoB Of Hoapltoote tgr aloataMi vitfela t t r  fteat aooto wo lator 

w riflod t r  VrtJM wA HbWho (m s h  9 m  9mmA tkot plaato p a w  ia

oiatuvo o^utloBO irnatolaiag oloalaMB oaA xadioasttro giaoastexao

aoowtOaloA 3 w p  a a a M  W  ia H i ^  wola. AntMoAioppte HaaaA

mmynw  Ut«9o saiSoeettee iheoHwnio B p  tnaoteoatod to tin  two.
' -  -  I  S ' ,  ‘  p -  « • ' * '  .  f

foofewo Ho OMotoat Jbao af Aaoaai Awo 3 r alaadtiaai to Wat aloWa
i - i  • - t

io Wo SaM Utiw of soot iorolapaBt. l^la ta A  (aW3)# H tH t  (lf3T)« 

MsXaoa Md HlbMrt ( 3 W T ) T ^  M a w  (W6U* oad M o m  oat
'■* .•■• ■■■'' ‘S'

(1933) oWwd Wat foor p « i ^  paam ny w ouAtot  tWa Wo piaato Woo

rotarioA xoet WrolopMat» .oapoeially oo ilw i Woy o n  p o w  la Wo iW3«

^  Wo toatoity of olaataw io p atia lly  ooon iaB ty pnolyitotlBg Wo

toa into a ftaoi W IW  ia aot oaoily tUmi w  ty piaato (Bootoara lfH )«

.aaWliiKrV,.  ______ ___
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Matiig IlM itiS. v l l l  m xm m  m  srair^M tw riiBi •ttm u  wt

•imimmn Bml— I aai OeiUwm im 9 ) 9mtA, aaitmUaiag aoj( of m
r. A ' -  . . s/i-

MiAltar of aoiX IWVMM4 oukotaotiolly ^  root tevoIsfMst of cimio 

OOXÎ MI «bA OWOOt ,«0i«« Is fftMIOl* ijqiooitot ^  Mitttgr of o ootX 

ttm  v l 4«0 to oMir ooyMUltr teoxoosoo fio oeluMU^ of ol^,wai oo ft 

too louai igr m m m  (asos)*

î U oo tA qo of fkotqimmo fnrUIJUMar mamm to tmrnm-mt olMwliwii 

toadUî tir ia too im9 « i  (J.) pioopiKmui paoelvitotHi v llii tia iolttliao
' ■ ' v  ■ ' ' , - ' ' v  ' "■ ■ '

oâ wtnwi ia m  m iX ' utio vmsOmriag t t  taooMvOf oaA (2) i^wapime to 

oaeoao of tiMi wow* ycoolyltotoA yvoritoo iim aaeosMzy tliia— t  fOr aioo 

▼tywrotto ylast gtrnm* aortvoU oad ?iai«r OttoSaad tottoa oaiy

yiolA vImkb jlMMyiaiiif  ̂ olaoo mo to OOiA tlaa i4mi''3Jaa

•lam mo oMo4« Bnapoo •ai. fm\tir (1903) otalaotiag tIa offtoloooar of
-T..

U m  oad fluiyiiiruo ia oromoBlai tlw grmm  latordtm offOet of olMdaui 

cflmludod, Iw w ro , H at U m  oad j lw ilwinn tfem agyUod toffttfeMr am
- v ; -  . •■■>-

lattor m a  MtflMr oat anUoA olom*

Gmrnm ( i m )  faiai ^ t  olimtioai im  a wary oetim otim lattM  

offOot oym t i»  pooHl of' sModmAxoa oooiUaci* m  dlMwtor of tlw 

zm ^to of lamoo Unmoood tgr SI90 cwar tta matarOU glmmwaf r  ( l i ^ )  

fmad that a1 wfam holm tio tmde X&mX m  t i^ o ^  mwdllngii 

otIwttetNl tlw ffwvthk of taw float. Imo (1936) dmomtmtod tlwt m  

•liwtwai Im  srootir IwpmmA tlw frswtdi dlffOnmt ■yoeim of o ilM

ia pot •wwrlamti. flwoiBnmo eoatmt of m  3o«rm» «iwoU, oad laoto

0t  oitruo 00X0 dOWdi.lo tW- wrartly tmmmmd ty m3xmXmm alfMto. aoot

srowtH mw Bwaft oloo to ho otiwtlatod h&t laamoU^ aoemwoalM ly
' d t -v

■ -  ̂ l  f t : > ' l  - V :  ;  V . ;
. ,<>'v ■: r  % i\ J  s. ^' s; i  ;• i - , ■.i. .
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jflayvMStaii of Hw Mp iMwHu LtaMic* x| fj|.« (a M ) alao foiaiA 9mt
r V ■. . ■' •' ■ '■ ■ -  i . .  -

ti a lie lw  feM a srewHkMeOaltoe aa vaiaaela aaft Im m

 ̂ tta aSIMea ef 8e5.̂ '6e 3«0 pga aladba* ta.tle peavlOi aMtua §r«aUy
' < - - A ; ’- \ r  ■

aMaaaaA wm% vmUKmMm \n% laiaaaA 9m tap gwaHi* % t cravtik*

aWaataataf afflM% af aVartiwa aaa iatrtaai to ilw Oapraaalva aflOot aa 

tki aaatoitr af aoipar aa aiavua* Gtawiy (1833) Muai tiat aw U  

mmMMm af aliartana am aaaoaiatiA vitli Ha iacvaa af irtawwan t o

v W  ̂ ^  ' f ' « ■ -
am toaraa. Naam aal (Utoara ( I M )  alaa touaft 9m% almtww 9ma

Smam t at lav aaamaamaiama attoulaaaa plma gmvto*

I
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A* Qvowiag Madio «  Tia aoll aoxdM w«t« nprMratod Is Ho otMd|p|
5“ . ...avp. '■ V- *:f- . 'f -'J ‘ - ■" V" ■ ■

tto FMMoia iodA io m lev kuode lotoooX koXooglBf to tte HJiiown

fkoUy* 'Ha taUL difnliHit la on'OMn iriH  •• mrmmm oawoX iminftai of 

ho taelMo* Motaualao and Hanao (1999) iHoo dotondaod Hat laoUaito

I

I

' to Ha foodonlMwt idwwnl to Ha la r .laote latoood* fonoMyo and caaaai''' 

(1996) tOuad Hat Ha Bwoako, ooil. Imm d oottoo ooelaait oopattgr of 17*9 

•*o« por 100 HNHl M dl to Ha osoHwo dooiooo^ otHi dopHu Ha tooo 

aotttaottflo of H a oarfkoo to wd oolotuo to Ha dontaoot oottoo*

Ha bulk a<HX OHHid and to Ha otoHr tno obtatood fboo Ha ugpor 6 taolai

of 00 ooaHttanod oaoo to Ho boaak otottoo of Ha analt A«rt«ultuxol

iHaotiaot 9000100 (IH B  to fnnHa* Xt koo o p i of 9*39 ot l i t  oan- 

ootw lotto* Maiot oodl otHi 00 otiMkar aHHH of 10*9 pouodo 00a ooad

paor pot* Ha oHUl oao poaaitd HaooHi o l*ao aalu

Ha Wolonw oott to o kooto lotaool imihmgiM to Ha itaoiia 

lOnilgr* Ha oott dowolopoi So 00 woo idHi O wmm oiwaiol imlnlOll 9f 

to Iwelao. HHo oadl to to o naxo odvoaood otapa to tko oaoHartw 

aoaaoao Hao Ha Tbanala aoili kaooo» toa kaoliotto oootoot to loao* 

X̂ iagr itffkaottoo pifttoie of Ha iialo  aotl okooad 00 abitodaiw*o of 

ftbbotto vlHi oaar U ttto  kMllotto* Bulk ooU oaivla 000 obtoinad ftoo 

Ha tqppor 6 toehM of 00 oomauyotod ovoo oad uood to tkto otuOp* At 

111 ootl-ootor sotio^ Ha p i of ^  ooU 000 t*99* Aoooidtao to
, . v  ■ - ■ V- '  » '-̂ '4 '  -

BaoOhtxo ood Haof (1998)# Ha OBC of Ha w it  to okout 33*9 o«o* pox

Ito f M  ood Ha kaoa ootno ttoo So oboot HU Moiot aou vtHi on
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pee# W e t^  6 l r « i  i* i «  w A .

B. U rn  eeA f n U U m r  aeterleU

I« foteeetue^lieHniie suliete «ee ueet ie thi# etdiar e# 

e porleery eenyee « f  eltftroau a #  afcertiwl CBelTei# ehem 

net a#  aelevli^ eeetelB# Hirmrfetely • im a m  (A l)j 

8»8M6 pelieslwi (K| aee 13.$  ̂eeVlir <•)•

8* M-eeMBlxa plwafeet# «e# eeeA e# Hm aooroe fOr  ̂

ffeoalM r̂u# «e  eilA eai aitrpgie« Vm m tm rial eeeteta# 

a^af IhMlkHnx (D  aat 2 1 .« a lM a n  (I ).

3. I— eliie OBeete eesteieSiif 3P)( S vee used to eyppaeeee* 

ilw BlteaaM «te *u a «r.

I». n U M  M M talai K u «  t  « u

used pvtessiSr et IMi pstesitisi esuies. ^

Wsnstsli suJLlto aewp ess used ts Isleaee.ta suHfturt
, , ;̂ v‘, ■. ^

' v i V ; .

sttuets amMssese
'  r . c ^  '  A  A  ■

6m 9 »i«im  IptoBdie, lesse* Bieis# «es used es tiB
'"' "H, '■ V'''W'" •'

t* waaate
#V
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.l^^^dlsB lSM e a e tM  uegre rn m  m m M  s M r *

t t s  plMnplwrus t te s tB B rts  e s i t s t e d  o f  •  o e e t r s i  sa d  290 ppa f

> *IP »W tB iO i1y  p s B S ^ d t  — i s fn e  p lw splB te  u se  / ^
• f - ^  • ■- , v - .  r > , \  *•'; • -  , . - . v ^  .•■

eided^lB B ;OPMB sd ’l ! a . ^ - i i l i j p pili|l  H* H r  ^  P l a  1* e  s s U  sa d
;  ■ &- ■ -  ' i , ^  S.  V  ■ ' ■'  ,
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|i g n  y l Iw iis  oowisiit of • ooaiiol, j K M m d j S  7*@*

gW fS'Ot g n  oollo ooio miooA to Hn.iogJoA imnU viH i oololiai
'•" -' •' ' '■»

lyisexiio* tho mmmt o f Um noofof  lOr oodi soH oto tasoi oo Ho
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rawwoiitfnin of ftiiK r ooi Notouotho (ifgl)* A®»mdeotely 3*0 oat

I f
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10»t fs iM  oolttlin iylMKUo wozo oAAod to oooli yot of PoooHo so il

mim Ito yg to Hoot 6*0 oaf 7*0» sooyMtlooiy. Air tm  mioaniio ooli*

r .

I
.t .
'■ V

i.O  «roM:;Of oildNi^llyixioiOo wmm tM tA-'m -m m  tm* o H l m  Hoot 

y l 6*0 oaf ao gmm'mm  atoma to nUoo ito y t to Ojozoytmtoiy 7tO* 

g n  lottoir ootl mo 0 m gwr m ffto iif ooyodltr* maeo tm  imo xo«Biaoi 

«M  M»ao« g n  mot OM ofoUod to m tt ooOo tmoo oodui toftwro ylaatlag*

A v $m trroolwiits mg igm gî Xmriam «*tad.» M  aonu
.3 --' .

119 yp^ oai aiO NO Hognoiu PotoaoiiaMaugu oyOJOto i«o  oilod H  

tm  aoto of M 9  gggggh onaH  ̂ ooA 10«|d gnmo yor yot to yivo tm  

moixoa A1 aooflooliottoiii, g n  ItfHoot aoto of yotoottinn oiiortaiia sulfate 

o iH tiw  alM  in n  xtMHif 36d 190 K ooi i »  ip i •« X4Lm«ioo« tm
_ ■ '■ - i  . J-;. • ' ■ , ■ /  i.

oyyliootioB of gwm ooA ld*li9 0gg0 # f yotoooftio>olim1iit«i ooUMo

.AotteO to tm oo ll Hont |5  ipiEwiaSlapiOaHiami^KaoAJOQipi
A  A v  A  A '  , S *  .. * 4 ; -  ' V  A  -

*i
io i tm  yolo OOBO totiiHt to tm  mm looolo of aitcoyn <119 iyo)« 

(3 0  |BI» . m  a iu te  (OS

i,:v  A »
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N

A ll tto 'tm iilfoop ootoviolo w o  aiwA to 'im  to il tmreugdy ot 

tm  tmo H  ito m m

y  'Ho Ifm  otot-M rngti ot mrnm m mu/m m m  oyoo fH IA is

\.' - m m , io m m 'o f  n o  m m o o o H r o f  m um *

r

gpoo OiOlllm i t f  Ho S* lipM lti too. yoUoo ootunm iftfoO m t
-V A -  - A . '  V - A

'■ m rn m  t  w m  efvtw.HproO: w e  ylm m  to ooH yot oa lOioli 3« 19H«
■ V .

Aflor fOor oiollO  Of mmm» Ho ■■■flilaio w «  « iw  omut 100 ypi V" A A  A  a A ;  ,
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u
ia tto < b m ^  eaaoBtue aitaate.

Ito wyar i ia t  «m  oanlad out aa a 8 (l^ X 3 (p )  X k (AX)
 ̂ - •» • *

laatorlaX ia a laalnaltaA eoaalata XlaaX Aaaip aitX thrto lapliaatioao 

too top* aaA rooto of tto plaata aava tarrMtad 7| aoirtito aftar 

plaatiag • Ito raota vaaa aafmtaA aaA aaito* ttoaa tlaaa with tap vatar

to r a m  toataaar aoAX i«a Ptoriai aaA ttoa aaPaA taiea vitli 0*(U. X WSl ^

to naara atotarar aato-aalwUa aoapMoAa aaxa aa tto raat auriaaa«

flaaUjr« tto laata aaaa riaaaA with iiatUXat aatar.* toa plaata vara 

ovaa<tolto a* aXaat tor too Aaya'aaA aalpat  ̂ tto raata aaA topi

wra.ttoe'eraaaA itpawitoar ia pMfamtioa tor ittoaital aralpla. '
- r  i  r  .

Tto total "|lH«|to»iia eeataat of tto topi aaA roota aara AataitonaA 

to tto lUpaalra aitrato toy MtoUp-toiM ttoalirAtoliPtoto rlc Oatortoatrlo 

B»taoA« (aftar toatotto W5«)*
- -.v. ^ >

{

too aluaiwua oaatoto of tto to p  taa AataialnaA to tto Aliartaoa
. ■ j  ' v' .  ̂ '

aaltoA AaaarltoA to totoMa aaA fratt (IPX)*

■ . ' . i »  ’ M
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A, YtoUafSopa • 7 . 7 ..'7 ® : ^

to 'siw m l, lapvWios af 9m alwrtiiim b p U M , jtoapiMrua 

t o r U X lM r  imwmmM 9m ixf m t t e r  y to M  a f  top* to  «  l i l « U y  o lp it f t o m t  

tom l. Kmn iBmwir, a htftly oiM fM aat totonetioe totw— a tiM 

xa tM  o f  ifeM ilW nHi a to  l i m  oppU oatiO M  m  to  oaa 1m om a to  tlM

faUowtoi; (mmmgf tottto (aalaoa mproaoat atom of aliMtmai tovala to
7-:-r '7

V to to  I ) t  ^» • . . .

. n   M .
(a m a  i t y  a tto w r y to to  o f  top* to  g m m )

:r\ 7':

’’K
250 7 ^  ia.9L̂ " *13.?a X3.58

f7; vtoa im tmm  to ytoU af topo too to itoaptonii tao raiy aartot 9mm

ae Itat aao oiplto«« to l ttoa too m il 9m lim d to approxtoatidy pK 6*t

aaO m  7*0 too tofOiiaa to yiaU  tot to ptooptoirtto aao aot opprootoU*. 

Ippaiaatlar# Xtotog to i aat topim^tlia offlotoawy of tho ptaata to

utUtoo oipUat y lw v ia n ia ;^  Xt to  atoo arMaat ttot l i m  too im m v a A  

aroatXar too grawto af too pXoM to imatolag topmaoiaag toolr aairtaiai 

potoattol MHtor too oamrtoaitol ooaitttcao to  to to  otaOpi tonoo, too
‘  .- .■•' - f  ''

o to ltlo B  O f p to to to m o  f O r t ilt o o r  d id  a o t te to g  a  p ro p e rtio o a to  toem aao 

to  g ro vto * ..

fto m to a u o  toom aaod too  dxy a a tto r  arioM  o f  eoffoo a t  a l l  la vo to  o f  

o lta riw a i o p p U ia tto B  (to ia o p e e tlve  o f  too p i  lo v o l) oo toooa to  f i g .  1 i.r-7

- V i . . V  ' I M



•aA alao la Ho HAJaoftag aumrnxjr HMa «a Wo anxact Axy aattor ylalA 

of eoffto ooodliBf to p  ptr pot (talaoo np«BO— t  aoono of Xiao lovolo ta 

fO U oD t

iiw w iw e

* g y
« M j y B E S S i w . ^ H M

vm AimUm  AaalioA

 iSt m  SSL-

250

(bm b  dxy aattor ylolA of topo ia gnooo)
,T

7.36 6,16 10.10 8.16

13,63 15.1S 9.3519»21
■V

n f.'

■ i i

. oaA olwoitowit Iwano, Wo iaexoaoo ia pioIA tea to plwwiwruo aao aot 

ooai tatoat ia tpa Wot |a«Ola of oM m  apAioatlOB. , Aepeeeetlp^

I

oAiltloti of alBrtiwa W Wo ioiX otteOated Wo povW o f ooffioo
'.'-St,

oooAllop lAwa ao Woepionis «oa oAAaA, Wo iaexoaoo ia ylolA io« loawooo

Haicaifleaat. Woo piooWoouo aao aAiii« Woxo wao a Aoexoaoo maA Wea

OB iaexoaoo la  yiolA 00 Wooa ahovo."' At Wo fctWoot lovol of al̂ orioHo 

trooWiat' Woa ifeooiiooiio oao oAAoA W  Wo aoiXi Wo |lolA doaxoaooA

olpiftaaBtly. (too WIdo A H r  fflawayieoa Of aooao),

AO otatoA oaxAior  ̂ lia lw  Wo ooAA to oaoat pB 6.0 tMoxally laoxoaooA 

Wo aooa Axy aaWot |AolA of ooffioo a t  toW looolo o f pfeeophoruo (applioa*

' t ie a . Wo OOBO WoaA «aa otoom A  la  W A  altaitWBi lo vo lo  ao OWwa ia W o 

la U o a iw  OHOaaay W iA o  (ta la o o  x w o o o w t aioao o f  gWopW yuo Aovolo la
4

A)t

»

■4k-'. . -
at?



Ih

ALUMINUM APPLIED(PPM)

m m t I ,  wm errscr or m m m m  amd axxagqrjm m 
t n  mst m rm  rmu^ m  cofm  mssmm  

amm xa m ttm  son



i5

r

(moB dry m ittr yiiddL o f lapi ia pmw)

9.39 8.16 7#96 9.31 7.98

6.0 U.68
> .

lt.fO 13.9i ‘ 10.30

7.0 it.oe 1X.76 19.06 94TT

liiW ^  tlw oou to i^out 11 7«0 did oot» Iwwwwr, brii« o nnnriii)W»ttod

eoooiotmt Imvwwo la  tte dry aottar yioid* At UkU fS, tlw yioXda
'* ' *- \

oozo zoduood tilwa H i  and ^  SiR tXmimm mm  addtod to liw ooU* 

m  d i m m ^  of llw y l ^  awM OTO sliaifiwuxt (SMOo I )«  At

|8 6^$ .mm odfttttOB a i J$'msA IS$ ip i olaalwoi tswuiW idwiit m  toWMOto 

m  m  yioidu mm rnmm mm m Um  H gU o i to m  m x  (0  $*m)$ M  

twmd of tlw ytoSA WM oiailor to lia t at lil 7*t* Bo ootiaiaetoiy 

oaylanoWwi ooa hi ofSiood at tlw aiwint fOar tiw oontvodtetozy Tonywioo 

Of ooffoo to aJMMwM ia  tawa owwmoat*

I

tmmX^ aitwfwai arodaooi tbo dsy aatlor ytiddi of ooffOo to a

oipilfiooBt lovol«11i|tf%iad ta t aotWaiOtoat ia tlw idwoidwrtto

tnatmnta aad t ia i H jllM tliw a  ao mmm maUmr* Wwa tlw ao ii mm
ri'SPS t.

JJwtd to akottt ylB aad HO H a of al,iwtaiw oad |iwHlw»w ww oddod*

j i | | H  aH tm  »id | a fi,p p | (l^ ii Hazydy lo iio H . Xt tm  yo»^hla
« / ,,, -  " '  ̂ I- • "
Hjt^dlfia. MMjiiiijiii ̂ n^gHOia. ammUmm mmt mmmrnrn teodUiltt oaoid iHaw 

aotod topsoa: aptoat tio ylast. I9w pftMWo. ooold lofo tolwa olw^iwi  ̂

ia Ho IWw of oliwiaitt iMHtotH* llBfl* Xt io poooihlo aloe thot

rnkm WHaaW 'itiSiMoaey teoupt oho^t %  Uadag'tiw oWLI.̂ 'to Hout y l 

7«a oottXd Bart opwwatod tlw oitaotiaB*

I
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185 5 4 8
890 2.73

6 .0 0 § m
jj- 25

a325 i t s
850 3 0 4 9

T . 0 - 0 3 0 4 5
C .• * 25 8 4 8

325 3 3 4 0
150 1 3 4 7

^̂ •33
U.76

£ P

«.S8
««96
imyk
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X M
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I6 l§
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8,38
848
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*•2

8 4 8
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2.08
8.31.
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?*S
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9m tori lapMwt of aofXbo xwto mo, im mmnmO., cxm Uj wtHawnl 

bgr llBlag aoi plaqHoruo •ppilestloe. AlmAumi, to paoozol, lotoxia*

Hm srovth of — ftto oiilo (n ^  B) 9 m  9m m U ou Xlam to otout | l

6.0 ood 9l  7«0*

At oU  tk» lovold of oliortma upllcottoB^ tki ytold of ooffOo xooto 

mm itjilfliio o tlr tooNMod lor Hw HBJ^Xootloo of fkBOpkoruo to 9m
I wiHoiit ioil* Hmo Ilm ' oiotoiiadU tto ofitat mi 9mmlkme%m':mm oot 

woototwt* iftn  |lao»iwnui om odM  to 9m Uotd ooU« m  xoot pioAi

vtHi tm iiifo d  l lw  oipUootloo oo akooo to Ha oioawgr taldo 

Cfoluw fnxMMit oMuw of ■liortwoi lovolo to Bablo l ) i

I  & s ______ JLSL

0

250

d>7 aottoar ptotd of xooto to cm a)
•• t-

1.03L 2«iB 8.23

Z*ik mM  8*00

fla dtffOnaeoo of tto yioUl o m m  art slCBtfltoot (XklOo !)• Ha

iL k  df M«% iMliHMotloo « t  f l  7*8 tkr boHi lovoU of fiaaHn*

too tMSkaot Mp 10 dot to Ha oAvoaw offOeto of ovox-ltolot «■ | te t

gioirtk. Zt So dlto ftooSUo I8nt ot ] «  7«i Ha pxootpltotlM of pkMgkoto
%  . . ^ '- 

. S '  . . .  ■

Into looo m lliM o  fBmm took plooot 9mm, Ha docxooood cnwHt.

Hao tko offOot of ifeoHtoKruo So eoooSdmd olong vtHi Hat of 

i lia ia a  xoauHlooo of g l 2ovoI« Ha ooot ytoldo voxo gtooxoUar ki9mr 

9 m  0mm9mm mm o iM  oo Uluotootod So fSg* I  ood o ;^  So iHt 

oaaosr tofeilo «  Ha tOliowSag poc* ('volooo Mpxoooot ooooo of Uoo 

lovoio la HMo D t
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(iMMi ftrgr aittor f l p i  of roots Is immo}

0

a p

1 .P

8.6B

X*T3

8«9$

JUP

a.TO

X.62

X.9X

Itotpoimo m  p its  oftootlw is  topovifli tto root to riX a fst of

'■ ■ > :V -^ ‘ '- :■ ■ ■■( ■ «

osftoo Midi lino Is  six XovsXo of sliortm  avpUootloa.

«toa.,tto ofitot s f Xtoi Is  lo s rtiita i iXosi vito slM rtm  vtttout

lopw llto  ftototonis XovoXo* Xlalito'tto ooiX to tooot p  6*0 Iwoiooood
•V- -’ "''.V - ' -V- - - .  _ - y  r

tto root yioXi ilirtflowftly* Xtoiac tot aoIX to tpproximtdy p  ?«•

 ̂ A iiA  aot i aarosit  root fiowto Atrtow to tom i Is  tto , t i ^  toXov (oalsoo

to itotitoTiio lottos Is  Itoto X)t

t
A .  ■

."w ■■.■t.'rAX-
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m . J « L ,

>WV  ̂ ■■ ■ ^ .

-x
;'?rX-' ■ - "■
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3«9»

$A

TvO

(sms toy atotof yfsXi to toyo Is  psat) 

X.67 8«W 8*36 X.TI

t-57 ™ i*Sf a.ia 1.0X
X.53a*tox̂ . ■: .4. ftto

tot aplltottBS to to sal 183 liB  AX to tto ooU toito om aot 

XSato iaonaoto |to f t p  f li i i l  olSptor*  ̂toaever, tto la o a m  la ytoto
H  X-

ito  ato topiltow t*  ̂i ll  tto o i i^ ;  tto a ittlito  to alsBlm ^

'4  A'. '* iteiA M l toMatoouO ■idal toi xato' of «<»—*«-«■«

oipifttoatly tto wot ytoii t o  ttoito itotilaU y itoa tto otoXato
X ,

.X .4x-'x>

yioXAt toito Vita X«iar-:ttoa tto iartwfl>’ yXtatol

I ' X - . - ' X X -
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fm  m u  m  tm  m uo or tm  m u  to tm  noto la m m  x amv tm t

■oaa growth «M  m ii ramtlro to tm root grofwH Hta ymaymrus roo
’  ^  - A  .f*: ' !

■AAoA to tm oeU* fin mm t x ^  woo smorrot  wlna U m  rot

to tm ooU. mro tip  inwH# romtiro to tm root grovtl^ too yromeot 

wioo olaoliaoi too oidoAm tm  waltood ootl« tm  toxlo ofTOot of td 0  

ioooo of oluolaui orlAwUy oouood tm nduotioo la toy crowtm At y l 

6*0 ooA y l 7.0. tm gmtfU o f roots tro rrotriotod Aevoroly Iqr olMiWH% i _M 

tmrooa tm toy grooth ma llttOo afTOotoA* tm omorrog rotwrtotloo of 

root mwilflyoiat o o ^  Imro beoa oggrocvotog oXao ty tm liaim g tolian 

of roU: ia tm yoto.

aro mttos n o u  o | | ^  

A. T io U o f

gn taerow  la my inttor yioIA «uo to ymoimsus roa lEtdOy 
stcdfteoat tma Ho osif tw  aot UmA* mroror, tma tm  ooU too 

Um A to O W t yl tm iBonoM la Axy aottor ylolA Auo to ymsymroo 

too aot itpitfloiat. At yl 7*0, tm otoitttoa H  ymopmrus to Ho ool2 

■yyoroatly AoorooaoA Ha Aiy aottor ytalA oo Hota la Ha toUo talao
.V. ... . T

i '

(tolma wyroaaat aonro of oXWata 3av«2o la H U a  a)i

# liS L

y l af tm Sail

 M _____

0

250

(aroa Axy aattor yio2A of toyo la gnaa) 
l.f3  20.96

25.09 22.27 20*76

Ha ayyomat roiwatlBaa la yiaU  ot y l 7*0 Am to yiwoymroo mto.
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hownror, aot oipU iM Bt (Whia S).

Won tfeo ofHeto of pkMpimui end aXiadwi a n  eoaoidand n p rd - 

XoM of the |S l0^ ,  i% ia oloarly orldabt Hat plMvWrua taonaood

tha dvgr aattor ylold oipifteaatly ao illuatn t ad la Tig* 3 and ia tfea 

fbJJLovlag auaaury tahla (valuta npreoofit aaana of llao la n la  ta 

fatla a)t

vm Alualmai Aaaltod

 2_________»  MB 2 »

A t

(aoaa dry aattor yiold of to p  la gnao)

0 8.A5 6,7% 5.22

250 13.61 11.70 12.92 11.54

In bota lan lo  of lOaoporue applteatioa, tW yiolA daonaood vilii 

iaonaolag aaouato of aliwlniai addad to Ho aoll (fig . 3). Ha 

pteogiwmio-tnated ylaato n n ,  iMwanr, aon rigonuo ia a ll Ha Hor 

ratao of aliartmai agpUoetloe Haa H t piaato oUdl did aot nooiva 

piNMqHozvo. Ham plawpiawuo n o  added. He yiolA reduoticma n n  aot 

00 aaxted Bnegand to Ha ptpephonio-control pdaato casapt at jK 6.0 

(fatla 2). H io  piato to Ha Itet, ao oiqpiloiwd oarliar. Hat ftKaqpfeoruo 

aiaiaiead He gnarH-ntardiag offtot of aluaiaua,

Hen Ha of liaa io ooaoidMrod alom v iH  Ha offOot of

aluBlsua cat He gm rH of ooffOo oeedllwgo. I t  to oaan Hat liae greatly
-V-

ip ro n d  He gm rH of ooffea oeeilitma ao H o n  ia He table oa He 

fOUowiag page (valuoo npnoeat aaawo flor phooHoruo lovalo la Wbla 2)t

.



m  AJbadjBuii AwAled 
  ag 385 ggo

(aaea dry wttter fimSA of tofo la snwi)

^.15 8*09 7.15 9.39 7.16

6*0 X5.08 9 « a 9. ^ 7 4 B

7 4 XX.A8 XX.88 a ,6 X 10.XX

v m  BO >Xti«i,»ai mM addod, llatm  Ob ooilL to p8 7.0 rMmXtod is  O 

rodttetloB ta the dxy aottor yto3d o f ooflBo ooodUago eoBporod to tiad 

at i4 6*0 vilii BO î lLxadauoi oddod aloe* lomnBrf tte redaotloa ia jrlalA 

Sa  tmigalficoaBt (fhBla 8)* Otttalido o f tlOo BPpymt djooaoooe ta, wXeAA 

<hu» to 31ao« tiB m  g r m k  vm§ onMaoUijr laeiooood tgr lla » spfHeatloa*

At 14 64# olwrtBMi Bwrtod a ggmimr gyoirtli''roduoiag offoot oa eofldo 

OBb at p8 A«95 oad yO 74 (Pt«« A)« Xt m m n  that at pi A.95 the 

•liaOjaai oontoat o f tha ooiX mm aXreodgr oo toade to tha 4aato OBt 

Aurthor addltlen «f, aJUadmai lad ao oflBtt on Ob gsoirtli o f ooIUmi 

ooodLlago. At y l 74# Ob adiitlOB o f did aot aflOot Ob

grooOi o f Ob ylaa^ oigalflBUBttlar hooatioo Ob oddod olualsai oould havo 

Bam roBdorod iaooXuBB Igr Ob Xiao* d̂Baroao# at 98 6*0# Ob aXaalaKB 

oddod oould hato Towitiad ooluhXa ttd« OBxaftao* toado to Ob yXoato} 

iBBoo, a lodoetiaa im Ob exowOi o f Ob ooflOo oowdllmo la proportloa 

to Ob aBetmt oddod lao ^oerrod.

Xt la Oaioua Oat ia Ob BeXawBo adX# phmiiBnui oad Xiao 

aipXiootloeo to^ood ol«oiflaaatXy Ob toade e f^ ts  o f olwlaai to Ob 

eoffm  ooodXiafo. OadXar xaouXto aoro lauad oad dtoouoood ooxXiar la Ob

9Q9mmO MUa
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B* TioM afBwto

too opi l i m tiwi « f  tomphoruo I m i i n t  too mot arioM to a fedfUy 

H bU Iom * level iB ttto lty  i t o  ao H at tee opfliod to tot aolU 

loaeoer, tom too m il mo Uaod to ofeeut f l  oat pB 7*0» too 

iatrooom la seat ylalA too to ptooptoi'uo m ie itoat aot olgaiftmat a i 

tooaa la too ttola M m  (mluoo arjpimeat amm of oluaiam Imolo la 

Xtola8)i

'>7'.
• 7 7 '

' ■ . 7*. : 7

.
•X• r

I sSl

4xy m ttor arialA of rooto la grmo) 

0.31 7

8.18
7 > H  f  ̂
-i t  »i '« * f

» . t r

vf ;

too retoeUaao la too y le li ef xeoto la too 230 ppa ptooploiruo trm M at 

la too pota llaoi ta p i 641 aad p i am ato ol4pdfloa»t« tomror.
7'F 'v * . ’ *i i ‘'7 '^  ■« i*

t  tom too oftoet mi toaqtoomo to maoltorod otom «itli too dlflteoat 

lamlo of almiaua ojpilm tito. i t  to erlioat tom f l« . 3 toat too met

7 7  ptolto mvo ooeetotoaU y feitoMr tom plwmtonM me oppliod to too ooil.

. "to i ytolf<' of aoete waliamly dooymool toto tooimotm elmtam
7-v; '■ '■ . V0 " u

apfOtoettoa. tom ao gMltoew me upM ai. too roduottom to met 

.'7 ytoM due te 830 ipe e1>ertwei eiitlilm  ame tomd te bo highly olgolfiooat. 

; ,too toaago to gmoto mto im 'to  plmplmnaa to toom to too table m 'too

< for o il Itoo lofelo to SObto 8)i

1

iU_



e

■ i'-;
" / > :! "■  ̂  ̂ :|" f ;* ■  ̂ t;J 'r *[ t  " 4 1 i / i ■- . ■ , ■■ .; ,

■:i •*'?>: '.< ^  a^, ,', V  '. .• 'J  ' ' .  A rf* :. A' V ■■ * ,  . J  ._■ f. tr

y

(m m  isgr M ttor yiolA of xooto la fn m )
V  _ ,a , ' J .  - -

0 1.57 " l . e  1.51

250 3.00 8.63 8.58 2.08

bhOB pfeowhnnio mo np1 lil<  tko loiMtlwM 1» xoot yloXi lo iM ltlof ftrca 

oMoA oImIom moo aok oo aoxfeit m  tkooo Hmi m  glmpkanio mo appllod

(M klo8).

Qoootiort i t  Ha offOot of U m  oloai viHi H at of mguA’

looo of pkMptanio leiel* tko doto.tkao H at Itolog tko tuiaaiw ooSl
• .’2".'''.'.-v. •. -.O '"  ''• ■ ■- , v  ••■ *' * - ■ '• -

^  ̂  iiootly lopiovoA Ha in o tk  mt oeffOo soolo. tot Imzoooo to soot fto li

too %t Uaa ot a ll lovoio of o lw ta a ia o  faaA to.kt klHtly agolfiooot

^ oo fkoapkotvo MO oiAtA (tokXo 8 oal fig. k)« Uaiat Ha ooU to

Okoot pB 7.0 ASA oot oiPtnalir ofiOot Ha tootlmant of eoffOo sooto*

8twa tkto ooAl to IHiAaar «at tobaMatlo lofOrtilo (Bm M Iio
'  ̂' ' •-■“ “ ' *.-'■■ ■'■ ” " ‘ '!-

Oktast M06) 18m  ootoA pintajg «• * ootl aallosoat oo m U  oo o

• '.y--.

wctelMk wufw ftr  Itot ylAKto* m t mUltUm of wXxmAmm to t l»  ooU
4* > i

iratoooA Ha soot plolAo otpdftooBtlp oo toao to Ha toUo kolow (m Imm 

aa a  of piwaknwio lovoio to toklo 8)t

■ M m J22.

-1*Y, , .Y.r-
(«Mo Asp oottar ptolA of sooto la giaa)

k . » 1.91 U & 1.16

6.0 8.te U l$ 1.18

7.8 • Y ■. ■^8.58 &4h 8.73 1.89

k flovoM iQitTtfltifloo Of root crovtk aao okoorvoA Ha r t 850 ppt of
W ... * : . y .

V- ■ ‘ i , ■ ?
. - . V ; ; - ,  ' Y -.v -- , . ' ■-.. ., lY



1̂ al vMnm mM mAkA H  Wo aoll. Wto p«wW  iWmt&QB ly  IvkLm m  mm»

hammr, tfm tb n i^  WatalaoA ty iSm mA mmikaxm opyUntioM.

C« Hp»n o t IWto
••

Vhn ae ISm m » «fyIiot to W» atilf Xmo toy gmrW wo oato ty 

Wo plwto n lo iit^  W wot dowliwoBst. Vkmkum  fnrtUiaor ImswooA 

Wo BNBW of to p  aoaro Woa Wooo of tW woto (SWlo a).

W Wo oWor ImA» ol<ortn>oi o pU w tioM  eowood m poor pooW of to p  

 ̂ 00 w U  ao sooto lot o p t poUfowttoo w i ra U tiw ly  loao W w toy 

fwwWl iWMo, W i WWor toy/mot wiooo O tW M U

H . ‘"X ^  ir     m
A. FWoiiioruo 9w twt of Wo W p  of floflW Booiltn p  

Wo oyiOiootloo « f  pWayfeorao poortin y ImwoooA Wo owoootiBttooi 

of Hwplwpuo la  Wo to p  of ooflW oooillini owonlony W n  Wo ooAA

wo JLIaod oaly w  W .̂o|p«xlaKto2y 6t«* Wo ayyUoatioa of WoagWxw 

■ fortUlottr at |B 7^  ogp watly  wtuool  Wo ooaooatxatioe of plMyiwruo 

la Wo oofWo to p  m  A m m  la Wo tohlo tolov (wlaoo rayroowt woao 

of olwtHMa lovoAo la  WWo 3)t

(aooa 7 oaotoat o f top la jp )

. ■m
, - . • * « . » >  ’’ -Tw - >.S y>:

230 U38.0 X37X.O 1609.0
■ .4’; ■ ■ ■ -

,1 ’ ' > ? ■ ■ ■ > . '  * ■ .

Wo looreooo la oooooatsatioa duo to pooHwmo wo aot, aowowr.

oipifiooat* Zt to totowotloy to ooto Wat Woa ao phooponio wo

I  ogpltod P  p  Wo oytoka of |lpyho»io taorooood to a I t p ly

; •' ..



r t - . A - : . : - .  : H

I  s lp ifU M t XovRl* XI U  foilo f ooetuo .Wwl tin fujrommnt of zool
t- 'f js ■

dorol opwot In t oHooooA t H  tpWdn of pioo^noto ty coffOo. m

. ^ ejpezoe* leom io of ikMplmnio omWot of tin  toyo ot y l 7.0 Wno
. fv

W y .

t

t

sOeoHoree too H|Oloi a r  ho Ouo to illMlloo offhot oIm  tho yltoto
•ve^,

zottWLtloi thU tmofw O  aote mro Wy srovtO thoa tiwoa aol zooolina
A '-  '■ • /■ ■■■ . r - ;

ylKNninruo. 1-1 "A/%.

Warn thi oifOol of pheopinrus oloag viOl that of oXwOaua io
"f f

ooBoldeiea, TapiOloaa of lim  Xozolo. tho oomaatzotloa of phophozue 

i oflzooooi vith iaezoooias aoto of oxWibm lyyliootloo oo Houa ia tha 

tokla holov (mOuai rpzoiaat bmum of Xiao lofoXo ia SHXa 3)i

Ihooyhezus mm Alinrtoiai Analiad

ta ias »stt
(aooB f  oaalOBi of top* ia ppa)

0 ikU aO  U(kaW  U fiU O  X398.0

HO XA03.0 XA97«0 X900.0 23ii6.0

Ayyazoatly tht liyUaittm tof H  oat XH 3Pi aXwaiaua mhiinai tho

1 tptote of ilMvhoruo hy ooffho ooodlloyi thoa HO ppi vhoRphonui aaa

•ppUad ta tha aail. Ip m tr, Ha oHItlna of 250 ppi o b tn a i WnoHor 

t iH  290 pfR phOHhtZttO zoiuood oiplfiaoatlp tin aommtzmtiOR of 

mm0mrn ia tha tOH Hna tha ooU too aol lim d. Ha ioazoooa la 

yhMphazoo BnBowmtloa la tha loyo a y  ho ooooaolod IRr ly  tha H al 

H a l at tho Xooor aaloo of oltaRaaR a y lta tio n , gzoirH ooa atimlalad 

(ShhXo X)f haaaa«On lytiha of phooihBnie iaazaoaad aaaoardiHXf. 

lotomr, H la  ayyaoat iaaaaoaa ia phooehaaros la Ho toya dm ta altaiam 

■ppUmtion ia aol a lp ifU m t (Hhlo S).

ittm tha offhol of Xim ia ooaaidazod toyathar v lH  that of aXmlam,

■ -• ■‘-A • 'A • . ‘ "  -'1v • ;:• V ' U 'v  --

•-rrrWil"  .      — ------.li...
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MfsrAlMa of yinsdto>uo XmoXM, liato i iaozooooA Ho ooMOBtimtlon of
■ '  • ■  ̂ v'A  A " -  ,,

Fhawtorua is  H i  Hyo la oU  Ho rotoo of oXmimm aiditiaM . H t
. V - * ' V,; V . - . , , ^ 3  . ,■ ,

■ypUoottOB of 15 oaA 215 pya olMHwaa InoioaiaA tm  ylnoyhMnao ooaeoaHft- 

ttea la H t  toyo Haa H i oeU taa U a H  %a about pH 6.0 oaA y l 7.0 oo i t  

lo Howa la Ho laMo bo2aa (nOuaa wyraiaat wani of ytKMyhanui 2«fo2o 

ia Hblo 3)t

EEEA3iBteUSH!is6
-2............  2s..- _____ m ___

(■eoa f  coWaat of toya ia yya)

5.J9 1326.0 2309.0 1266.0 1102.0

6*0 2309.0 2372.0 1361.0 1303.0

7.0 1596.0 2685.0 1676.0 1629.0

H n  ao Hat roa ly y lfit Ha mmmfuaMm of yInoBinro* is Ha teya 

iaerosaaA aaoaiatastiar « i H  isssaoaisf sliartwiai ayyliaotiao* A2ao« v iH  

150 yya of sliadsHi angioAf Ha MmmfmHim ot ylKMyterua is H »  toyo 

AaexaoaaA atas H a i Ha aaU roa lis o A %  Hoiii y l 6.0 aaA y l 7«0.

B. Ihowhoroo ooaHat of Ha aoeta
 ̂ '“S •'■‘'I

H a i H mo  h o  aa ilnaylwnie H siio A  to Ha^ooiX, Ha aaajiatistias

of P is Ha xooH of Ho ooffOa aaaAllaga crewa ia Ha limmA aoU h o  lapMr 

Haa Has 250 ypi ylnaHwuo ho, ayyltai aa i t  ia ahom ia Ha ftaiowisf

iatatactioa tihls (taiaaa saysaaH t aaaaa ot s2<adlwiai Xavols ia Hb2s 3)t

m l

H  of Ha Sou

.... JsO

0

S50

(aaaa P aoatast of saoto ia ypi)

2J27.0 2152.0 2296«0

2392.0 2211.0 U 71.0
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lewmrwr, tto nitolftHHi Sa ataw tratloa to f  la tto xoeto Ana to tto 

■ppilaatioB of itositoius art aot U c  oaaop  to to ataUotUaUy a lp lf l-

taat* Ito appwoat tooaoMo la tia iiittotHa a^r to vartly iao to tto

iUatlaa offtot toaao tto itoaetonie-tioBtoA ylaato tad k ip o r mot yloU
' Hr. . ■  ̂ -'

<*»*». 1 ) . ,
S -/'■ K -'• ' » ■  ̂ ■ ':

$ Utoa tto offtot to  pm pom e to ■aaitiomi, otoac vitk tto oartous 

loToto of aliartaiM aiPtliwi, mpHlaao to &lJ0i» i t  oppmra ttot tto

'■-M-

ptoaperua aoataat to tto moto azo'aot atotoltoaartlar Aifftmat tnm mm

aaattoo oitkto Ito aiM total of peptoara* tmatmat aa litastsatto Ip
\ -7-- 'v  ’>' -- ■■ V 'X.

tto toltowtog ooamxy takto (tatoaa rspatiaiat aaaaa of Itat tow ^ la . X^AC'.XX 

StotoS)i

"w p a ru s m  ^ l i r

J S s L    .......... 2---------------«?  220
(maa f  oaataat of roota to y p )

r  ^  1310.A XfnM i H aae?.© xa62«o

890 1832.0 W M  1216.0 1P9*0

.;=vc

LItovtoo, toM tto iato Poto i t  to otHaat ttot tot appUoattoa of

alwrtowi to tto InAS. ilA  aot appoMtoblp ttotot too o«M«atmtloa of
. 'x  - n .  ;  ■■ ‘ '

pitototoa la. tto imotoi toaoo, tto gtoaaarata of ptooptoma ymolpltottoa 

Ip aliPato iM lio  tto'roota of otm piMto too* aat aoaa to oooar la tto '

I

ooffto ooatttop ptoatoA to tto ftaaato aaA3U 

" x 0. latto P  t  to tto atoto aal to p

to paatol* tot apilliaittnB of pMgtooaa tortUtoor raiuaoA too 

ratio of too ttatttoaatlta of F to tto roota to ttot of f  to tto tepa 

(toUo S ).. lewofor, tto Alftomaeoa oora aot fOuaA to to otptfloaat. 

Uaiat tto aoAX to atout p  6.0 aat p  T*0 aifaifUaatlar rotoooA

-I'

w X'4=--'.

 . . ./.I - . , ,
■-vx̂  ■xx.4'.,#--X 

■‘'"x.4Xi44vx^'
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tm ratio of WmUmevM im tm roeto torooo tm toyo*
In a ll rataa of olioriawa; tToatnita^ solatlvely loao ymwmrua 

oooeoBtimtloo too fOnaA ia tm zooto Hwi la Ho toyo* g »  AiflOzoBOOo 

ia ratio Auo to oiHtmoi ozo oifaiflooBt (Hblo 3). I t  ooooi Hat 3iao 

moootoA tm tnaatoaotlM of ylmymruo to Ho toyoi mooo« Ho m tie ot 

zoot-ymoplMnruo to Hat of He ylKMplwruo ia tm toyo ia^ ia ymoTil, Xaoo 

Haa uaitgr*

Aliadaai AiA aot tavo oay oigaifloaBt offaot oa tm zoUoo H  Ha , 

P ooaaaataatlaao Haa 150 yya ymMmraa aaa aypMH to Ha aaUL (OHlo

•Adltioo of yiMyiwroo ia Ho aoil («MHa 0)* H a Aiffazoaooa of tm 
traotaawt aaoas oso oifaifiooBt* Ha iaaraaea ia eoaaoatzmtioa Aua to

■••i.Ji s ■ r  A ■’-■•5 ■ •«i. ss V. - . >->Ai

yhoapmrua oaa at y l 2.95 aaA a t |ft 7«0 Haa at y8 6.0 aa alnwa

ia tm tohla mmv (samae rayroawt aaaaa of altartaai Javola ia H U o  2)t

j B S t A t «  ^  M __________M
(aaao P ooaHat H H y o  ia yya)

0 6)0.0 U23*0 1229.0

150 1196.0 1222.0 1752.0

Ha ▼iyazoMO U t  yaaifH (H tto  1) oaA oaloaoito zoet Aovalayaoat aagr 

•MouBt tor tm m im r 9 ooaoootzation ia Ho tepi of yiaato H iH
• v s s v ;  .

)  roeoivoA ymwlwrue H ztiliso r tma ia Ho toyo of tm  ylaaH HAeh
. a . ; . s v 3

'■ ^ .A-s'Avf .
s;' '



k m m k . i w  nosncHis aanoBf n  ifM or fo n  aid
lOQB OP OQFW SBUJKSS 8MMI XI BUDiMn SOIL
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250 Pin P WM m » o<i rnmnnr, tki plaotowuo eooMotsotloo ianooooA 

vosp snsfeodlp Hao piwdplaruo mo oot tgpUoA to Ha ooU. toon tkt ooU 

«M  UmA to akout p i 7*8 Ha BnoMi twitlao of plaopkonio AIA oot imamm

AirHar. " •'

viHaiit pkna tonio hrpU oA. W  |pi okatwa 8» Ha o til

I I m A to Okout p» 7.8 IH M o tii olfaftoaBitly Ha tootiotiotlM of f
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pknatosM la Ha sooto oufOMtiag tto pooolkfllty of prMlpitoUeB of

pkoMkaxuo l a  Ha sooto. Isoovor/ H m i  ptoipfcwna fOrtUioor m o  oppUeA

to tbt ooa vlHt tto oaw pl« olMtaoo AIA oot Mpsoolokly oflOtt Ha 

oooMotsotloo HP f  la tho irooto. ̂  ̂tolo ^H a t to mvo too to Atlattao
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•ffOet Haa oagrHOag oloo olaoo Ho ploato HHHi s o m I m A plwiptom k il 

caasollp klHax soot piolAo (to l^  8 ).

0. Botio of Ha r  la Ha Rsoto ao8 ftpo

Xa iwaiol^ Ha HH>t«otloii of 8*H ip i pktHtoruo I m s o o o o A tko sotlo 

of Ha piaoplaruo la Ha sooto to Hat la tko topo la oU  Ha p i lovoio 

o b A sotoo of ol iartiwi oppl iBotl flo. Wmmna, Haso to o klHH/ otarfftooat 

latosootioo kitM M  l i t  mA pkpopkoaroo opjll oattoB, Haa Haso m o  at 

pkcMpkovM M»1tol to Ha tMX UanA to p i 7*8 Ha «aoB«BtsoUaB « f  Ha 
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MO fsootor la  Ha topo Haa la Ha sooto H r  kotk lovoio of pkooplasM
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oppUootloo (H M o k)»

OeeolAerls« tht offOtt of oliortoai oaA pktHPkosuo, IHt topo kart
■ -r' f

solaUvolp klHav »  ooattat Haa Ha sooto| kaoto. tkt sotloo ,(»-80oH/ 

Ktopt) oso looo Haa Mitgp. iMMtloaally kMH soot pkMphorut too

^ okotsvoi  Haa 858 ppa olwriBaa m o  oMtA to Ha ooU vkidi AIA att sooHNo
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Ihr hoH imnla of phooiteio HvUeotleo, Ho totol oImMiwoi toteo «y 

ioonoooA oilli tw w ofloi wloo of oltodiw oliltlno» tienoe. Ho 

Bowoiotnlrtoo p O T l ly  toiyioi it i He iaoaieeo is  )4olA (HWIo 8) ewo 

Hob ofM at Ho taosoooo is ooimstiottios of.olMrteuai Iwoee, H t  

doomoo is  H H I  sliorioai Hkoa 19 v iH  isansrtng sliMimn HP&ShI||H

XiHsf H i  Oidl H  Hoiit pB 6*0 Oi weod m w o p  asxtod isosoMo is  ^

Ho oooaaotmttOB Of olm rlm  is Ho tofo* Wmmtmr, H m  Ho to il h o
■-S'' ■ ■

H oupt H  pK 7Pf H i  ewwtootloo of olwrtoH eigolfleosUy •■■ooMi

■Opiwlally H h  Ho oodX did aot zoooIh pheplwme IQrUUoor (Hhlo 0 *  

Ho offOot of Uaa h o  oHolotoot fOr o U  Ho XoHia of oliialowi OfpUoo- 

tUm (fig . 6 ). H h  Ho ooiX h o  UbMI to olMttt p8 7*0# He oXnrtiH 

coHoatH ttH  dotaoioad otplfliMBitly. Hdo tnad h o  oloo zofXootoi ia 

H i  total o lH la H  t H H  h  hr H i  pteaH •• H b h  ia Ho toUo holoo

(h Ih o  aopraomt aapg of phoopHoH X m lo ia Hhlo 6)1

V' \ '/ (aiaa il'eeateat of topo ta ag)

8.58 8.76 3.11 3P1

6.0 5.98 M O 1.87

7P 3.9^ M l 3.56 3.97

H H d H  H i  WpHT p H ii af tape of ooffho at pB 7.0 <HUo 8) Ha tatol 

olmiauo HHho of Ho ploaH vm o tiU  looo Hoo Ham gren at p i 6P » 

Ha Hplioalloa of OlaalaH to Ha h U m B  to'*̂  lanoM id.

H i  aoaaoateatioa o P  oloo Ho totol igtalti of o lH f b h  dMpito o 

xodaatioa ia dar aOtOMf piold. H ia  too oopooialJy aoztod alna pfaMplaotti 

HO HpUod. Ha ddfthaoaaM of Ha wmm$ hmrnmM, 010 not eipltlaoot#

A y #
 ̂-‘'A' ’ ■ y: A:
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ALUMINUM APPLIED (PPM)

fXGBi 6* m t wmsT or mm, mxammm, abs mmmm 
m m t mommmiissim or mMmm w mt tops or 

ooffB Bwamm (mam a  mjomm son.
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At jR 641 «H  y« r«6 H i  mrnmum nm  ot Hnafiwi la Ha tepa allHUy 

laaraaaaA « iH  laiH lt n i xatw af alwlaiai HPMrottac (fly. 6)f Int 

Ha W H l tyHto inwTaHi  (iH la  6). > Hto Haai M m
-* J ■ ■ '  ■• f  " ■ J?'  '  *' f  ■ -■

eweaatrotloe mOt UOA ahatfwia ia Ha plant ms ta awpiataal ly  Ha 

aazM  AifHMaaaa ta pial* (H U a  t ) .  S n  zaiaatioaiia p t ^  aoia H m  

aff-aat Ha lanaaaai la  alwrtaaa aciaaaatrotiaai JUooo, Ha rta iia il laair 

tatal aptaka ot a M m  M  pB T*6 Ha waaaatoallw af alaaiawi la  Ha
4

topa i aam al Ha ta atoartiwai ayj i loWioB tat aat Ha tatal uptaiaa.
■. s  ■' ''

Oomlatiea aaOpala af Ha «aH  Howi Hat Ha «>p a ttH r pialA ar 

■:;/i%-[.̂  ':ryoomo^ aaaniwy tepa .la toH  ooLkm la taaasaaly oanralataA ta H a ir 

aliarfwiai aaat aata (la  yp i). Ha ootwAUMm aaameiaata asa h W y  

atyriftaaat aaA alpdflaaat fur Ha HunHi aad Hjlaaawn aoil« »aypaet*w*< 

Jo Ha PnauaH aa|l» Ha ivp rottair pialA af t«pa of Ho ■ooHlayi la _  

aapaatoi  to ha loHnai  ly  Ha 0.021 ynau H r  oi«ip 1.0 ypu of alintun J|C 

liiHraooa ia Ho topa of Ha plaat (Hy* 7 ). Ho aoaffllnia peoaa ia 

111— an aoil aia oHfOoUA to  iaoraaaa ly  Hoot 0.032 ya m  of H y  a H H r 

piaU H r  ovoap 1.0 yyu of oliwlawi iaaraoao ta Ha toyo of Ha yteata 

(f ly . 0) .  Xf oHar Hotovo art haU oeaoHat, Ha yaovH-saOoalw ofHot 

of olMBluai io toay ovlioat. aoimwr# Haa Ha aoilo ozo H rtilio o t yat 

UuaA oonootly^ Ha ploU roOuetioa ottzlhuHt to  aliart—  apr ho uadi

I

• .  > y
■ s-i

A-'' aA ■-

V v  - . ■ 
■< ,iC

Pooittvo ooaralatloao H iH  ora rtprtfiowt oa* IH M r olyalflooat
% A '

vara Hoal to  oHat hatroaa Ha day aaMar plalA of ooffOo aaadllay toyo 

■ad H a ir zoypoatlr e yhaailurtto aiat aatt ta hoH aoUs ao Ha«a la 

7.

I
. ' a .;'a^ ' ^  ■'

:;.'V
V-- •
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\ Hw seot field « f  awOUaiB sm a la PeewB eelliwe laued t»  B

aert or Baa Iwlipfni i Mt af t B  alrtOapiai ooaBat af t B  topi aal yBqpB^r 

vua eoBtant af I B  reoB alaoo as tl# d fla n t oorsalatiaa vat feual 

BMmob Bsoo Batars <BUa 7 ). Bsatiar# I B  iiy  aattmr fiold m  teals 

af t B  plaats ia  Islsasiift soU «aa Ibuaft ts B  ssaKtlaaif sanelaBt 3f 

%s t B  slniaaa sesBal of t B  tops. Wm sanmlaUaa osefflaisai aw

7,77„ 
.;1,. .» . f

7̂ ;.- :.i
7̂ 77 : .'7.:

'"77? 7-

7;7T'.7;7 ■
■>■■7 7 /' /

7777;

fessA siisiftssat. Wm teal fisld  im  B a d  B  B  poslUrolf ssnelatsft
Z0'

vita t B  pBsfBtus waasiitritten la I B  tests# vltk a jiiQOy sifsiflssat

oertelatisa tssffioiB t mt d»656« 7 -y;.. >
r 0 s -  f  i 0-■  .., J  ^

Qa Tff*" "I Mf slaatiiua B  Wm taps 'mf soffts MstUaps w w a

ia ypwaB  sail mm Bued to b  a iB ly  oenalatei vita t B  soassattalisB

Of pBipBrus ia tB  Bps ta a asptBre aasaar COBo t )»  Bars Is a

Mdtty elsaifleaat rapsiisloa of t B  sXtarfaai esBooatxalioa oa t B  yB s-

yBrus ooasoatratlsii sal t B  slwrinas la t B  top# is etpsotsi ts Bsteass

I f  6»31T ips I B  aesB 3 4  ppa iasrssss ia fBapBtus ia t B  taps (iX§» f )i

Xt appssrs t B t  uBa t B  plsat is previied vdtii grovlas coadiUons WWW

fienr httB uptaB sf OBphtwras ia IB  taps# t B  aMMsatxatlsa of

a3«artaHa la t B  Bps ail3  dsersass. Ceeasqpastly# t B  dxgr asttsr field

of Bps «133 tnsrsass olaoo i t  lo asialivaly oonrolatod oitd t B  sBalaaa
■ ■’ ' ' ■ > ■ ' ’0 ..
ooaooBteatisa ia t B  Bps sad pesitivelp seraalatsi aXOl t B  yBapBtas 

osessaBattsa. OMPwaalf# vBa sBatltliias dwer  ld 4  vptsB af alaalwi 

" la I B  Bpa# t B  yB B B tos sooasstiatioa s lid  ps ioim sad as aitli t B  

dtp asttsr flsUU

Bsrs tea m  atjp ftftsaiit sortelsttsw t af esa tB  sXiartiwa sad 

yBdpBms soataats at t B  taps of saffB sosdlttai S tm  ia Wrt— ian 

aatX. Xt mmm t B t  la tdta miX Wm mtWm ydaata tako «p B O I siiaaiits 

la pieatiBw B B li aia iadoysaioat B  oaeli a lB r.
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ALUMINUM CONTENT (PPMI

PXCm 8* 0QRRHA7ZQ8 OF KOT MtSBffi YZ1U> OP TQVS
AI8 iUMamm GomsBm/iXxxM si vat fon  or 
co ffB  amnasKA taan jm bkummk) sozl
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1200 1400 1600

PHOSPHORUS CONTENT(PPM)

1800

flOOMS. CXfflBSmTICN Of AiawiRM M© IlOeiBOHW
fmearmrixm is sb  sqm of corns 

flODUiGS catom xi roMOK) sozl



WMMMCr ABO

. • "k"..
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►

ItptviMBt* Mr* iMM îttt i  war »  7# ■aato awrlaA op Coffta maaMam
t :.  ' ^  . . .  ' i  ,

■■■fliliigo ippowft oa liilaiian aat VOMoto tnjBtiHa ia 3-iaUflp poto U m M  

PiHi vwytai anoiaHo of liM . plWHfcnwiiB aoA kimSimm pluo booio xateo 

of oHhv m io tt il I l n a t i  fiald of tapo oat sooto ooso tllaa* too
- v ' *■'■"> '■  ̂ ' y -  ■'•i' f '■ , i -  . . .  ■ ' f. - '

topo MOO. oMlpao* lio  ilwrtaia  oat pioHiMao aoA too sooto atio 

onolyood fOr

too ooOa mmjmiMmA oal UmO to opppeatoatoly pa 6 ^  «to ito

toxoo OWHOI tailMNi 'OMOilMI MO.toO w|mm|mm||S mmS
f -  ^  ..V : Y - -•■ ■ ''

' '■-'' - i -v,,.-- " ,-f
aoso inoonoritofl alto too oollo id  pXatotag tlao* Bttsoawg potoootiai,

-f_ . •'  ̂ "  - : '  «

mbA o^ftar aoMi .adoa agrnmA «n too imuIi hAjmmM mmmnamA ^  awpppwRFFn̂  ^̂ an̂ nwH|̂ p oŝ p̂ ppaBPî p̂ ^w osv^r OSO
. - ;  Y-,- .‘̂  ' ,  . -i--

ooaotMt sato*

Ualito too tom to  ooU to about p i M  laoiaoaoA otgrtftooatly too 

to p  oat loot mg aitooo ptoai of o^loo aooHtaip to a ll tOmSmm Iw oia. 

mmmnae, l la t ij  too miX to okoat p i f « l  psoiuoiA ao fkstonr tacsoaoo la 

too pAolA O f topo M  OtoMMl a plolA rito ttla i la  too sooto.
- Y -  ' ,v - . Y

Tw Mo ItoawHi fltol. too yiolA of toao obA sooto lasiMOoA oiM itl* 

olidlar 9gm too oiAl aao llw A  to tooot p i 8.0 ont pB 7.0 sopMriloot of 

" A  aloalwia lovol.

too tovHatotoo of pkmopiwwio at too: itoio of IHO ik t. pox ooso
.;,'• '-I- >“' •, - sY ' ' ,

(891 ppa ^  iMwaallr tooswMoA too top oaA soot ylalA of oeftoo 

iio i1 t 9  la kotoaoil/io a klHHy otpAfjoawt loxH.
-, -■ ■ ■ ',/Y ^ ^ - ^ ^ ■ :  ■

Y 9m litltlo a  tof ojiwtiaMi at salos HI to f i t  too. pox ooso (198 ip i 

.81) poBoxally XmmmmX olgofftajBBtly too to i aoA soot pnvto of ooftoo 

iooAHhp la koto oatjot la  a ll tovola ^  toao aoA pkaoplwsuo onliaatlOBO. 

tooopkaotto ooA liao anptfHlono aoxo tooal to iaesooao olpolftoaBlly



I t o  M m m t m t im  o f  y to a p a n is  to  t t o  t o p  o f  t to  o o ffto  u t o l l i p  to

-y
fc

iOm tM i ppltoitH o •tcBiftmstty toixmmd tto o— mtamtloB of

ytomtoruo to tto to p  of teffto aatillini fn m  to tto WHimnci to il 

iM tp t  to tto itoM to 'to ii. .X ^.v

Tto toPltaottm o f ptooytonui oat Mm stpiftooaUy toormood tto

itmttoa of pM pm us to tto mola of tto pm to pioim to tto

lilaiann aoti tot aat to tto roots of paato grown to tto rnaawto aadl* 

Tto aititiaa of pnartwuai sdpUleently tooromod tto aamiatTattoa

of ptoaptoruo to tto ‘im ta mf tto paato gnm  to tto Walamiw m il oaly* 

to toto aadto tto aamaatmttoa of aliPaiM to tto ta p  iaer aaaad

•iplftooBtto toaa gtototoama md Itoo m m  toPioA* Bowmr^ tto total. 

oliPaioi totaa m  ty  tia  paot ta p  taaaamoi oipiftooaUy m  a moiat 

of Inaraoaai yloUU .̂ ...tto toaairmd iooamm' to ooaamtrottoo of olmtwm 

to tto ta p  i » ,  ttomtoaa, laMovad to to am* of o ditottoo oftoot ^
, *■ X ,  -1. .

zottor ttoo o toommo to tto roto of ipoto of olmtima.

Tto oidittoB of Pwaiwm to tto aadl did aat laro oagr stdadfUaat 

offOet oo tto uom aataattm of olmtaiaa to tia  to p  of oomo poato to 

totioeao.

tooio.mo a P p tflm a t aaptovo oonolattoo totwoon .tto toy aottor 

ytolto of tto to p  aad tto ■Imtaiai matoato ( i p )  of tto to p  of ooftoo 

ffTTdltwiff paaa to to ti aadla. Aim* ttom aw o otptfiooat oonotottm. 

totman too dry aattor ytolA of xooto aad tto PxPiwai ocotM  (sya) of 

tto to p  of too poato pom  to Wol omnn oall tot aot to tto Pmonin a P l.

Itoro a u  o Irfpfly oipilloaat aoptiro eorxpotloa totmoo too ' 

eomootrmtioa of oliPaao aad eoowoatmUm of ytomtoruo to tto to p  o f , 

paato prawn to Voaaoto ooil. lawever, no oorratotioB aao fOwad to oatot



4̂ #- ' ■
'k-a-

■?,
J-' '

V t - ‘  k '. k -..' ■’

,-• '• i

hetweea tto caneaBtwtiwi of aAaaiiwai ta i Wa arnmmrntSm of ytoptonia 

ia Wa tops of Wa plaata p m  ia Wrtwaan «MUU

8iaao W an wa a k i | ^  aiprtfiwat aaaaUn n p m to a  of Wo 

**7 aacMar yia U  of oofWo aaaflHng toya w  Wo ooaMatwUea of aliataw 

ta Wa ta p , i t  ia aimpatai Wat alarfiiw Waa pnaaat ia ntoUnlar 

iKtp oaaaaatnttoaa la Wa eoffiw pilaat ia  taadai aad alaeo, ia p a a n l, 

XIae aal phoapania AnnaaaA etsatfloaaWy Wa alwtiwai aoaaaatwtlaa 

ia Wa aaaillaa ta p , Waa liatsg aoid aaila ta aaar aoutnJLity mi/vr

aplylBS Itham i amuata of powtoma WauU aioiaiao Wa toatiaitgr of
' ' \ * -

aluadtaua to aof naa aoaIJLiap.
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la  WKmUm, I* li«  i$a$, 9m ta f t in w n  of ooliiiiao oI io iI o t  aolto oo 
-  fB o  spow lli O f HoaO n u i l l i w t  o a  H to o * e  1̂  oM toH oo. Wm fmmst

worn -

8. Sola. JU V« o P i i i i i ^ ’. i i/ W *  MoMooooHo^teiiloiiWPOfHM^ 
 ̂ ofoollo. aoa sptf

iwwmmwm am.
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f» X8iu m iM i ^  oaolyolo lOv ooilo 
0*llf* i i r .  of Ap» itiiinoo.

_  ............ .... _ of iliMf—  o P  Ho too
H M M T

$• 8MHMr« 8* 8. m u  ^  X̂ o lo U iS M  H  tolovioyo oopoooio
•la Ho m iU  msm im  Wm* Apoo* Ip u j -u ^

7* - M i 8om%  §# I .  l$8t. AI m H m  flolii ooi ooiBo ot
M S S n iG o p m lia  BMWrtWitioM# H  m I bH mi H  ploH p to H  ia 

OltllMM. Soil M .

U  OoHIa, A. i .  liiM iBlittH  mt mrnmrn la m m rn Mmrn
mm* wm* a T ij i r

§, Ornma, f« 7* Ho iMHot of Im H m i oolJHo oa m m tM tn m
MotUop.y-Aa. H o it’fii*  WaU

m *  H o M w p r #  V . u  m w *  W rn m m  ms w rn s m m  m e  H hoooo. NMO* 
Ap* Bsp. Ma. ariU HStiJU48«

Um ___________  agg. H a lo itr of obHtoaa Wm OHacco. H m .
355^TB5$rH5rifcdu SMf 18 UN

H* wrnwmm m  mmrnrn msm m  wrnmm
jlanli l^ ^ ip . ataMnH Ht9l9-9H«

.. 1.4. m  nmrU M* mW*%Wm liWaiaBa of olMtaM M3H ia pitwi liM  
' Hota 8iH^ia6» ,H8inP tm "tiin tip n U r of mmrnmm m m  
rnmm llO B t* H ."M H l|#  m *  m *

44 , I I .  Hoiof^ £• 8. oai m m m m t t* im *   ̂mm  yi pittMiP i of 
H iia iiii ootia. mmm*m*wm*wmm W Urn^ m w u

m  0Um »U  i .  8« oat Wmwm, W* IU a zm * Wmrnm mrrnam mmmmSm 
' Ho Oaoio ooOIOM P  oinHooi la  iiwM wOlnn oAHi-TaMO ewwH, " m U
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39* ■aHnr. J .  1. wft mUUm, n  A. I939* H i  mtX oiAa of fvoifM
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s u  m m r, a* M»mA m m  >• i* if i  
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m  luAallasoa, 0. B. a H  llol3aali« A. 2923* Moa<Mtoa2 ornmuXmn of
02M»laua. Croat. OiaaaohUMt Aoal. Arte oai Baltaaoo SUTyXtU

t u  JM m m  M. L. 2996* BoAI rtwriaal oaalpWo. Proattoo-Ba22« ZTO. 
Bor JOnay.

12. Jaaoo» L. B. 296L. ilmimm wm m  oaA Haftoity io  ylaato. 9Soa%
onA M L  13<2) sB9T-32A.

« •  BwHiro^ 1. oaA m m  U  t .  3996. OKMoa/Mortioo of Ha 
■waiilow Baoot oott poayo* ■rooii Ayr. isqyt. aia. Caoi. loA.
ATfP*

lA. U H iy , 0. F „  J r .«  H  gj^ 29k8. B ffM i of oiwrtro oat oofpw
toaioily oo romolaA %  ooaaHea-oulluro oaA loooWayroilBo otuAloo 
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WtolaMa ooaoidMMllGvHaBtaMn fOoaA ha ho haalo Io ooo%

iba m M m m , m x  m u  3k*9n*mu
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ip . MHoiioihaj X. oaA H a * * , H  Iw (H yH liH aA ) Ha ioaio aad 
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J i. Malooa, 9. C. ooA CMAhorl, B. B* 29BT. Ha roAohiro olMolnro 
lalooaoiia of oray yloaho Bail 8 «i. a2il6S»lf2.
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