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ABSÎRÂCT

The purpose of this study was to evaluate the effects of fertilization

on native vegetation in bhe Interlake areae and secondly, to substitute

agronornic forage crops for the existing sward" Foi¡r Interlake soil series,

wíth various fertil-izer treatments, were used in field and greenhouse experi-

ments" Fertil-izer rates of application vrere 0, 2?-5 Lbs", and iç50 lbs. 27-Ll+-O

per acre on the meador+ site.

Fertilization of native rneadow vegetation i¡creased dry rnatter yield,

i.q vitrg digestibility, crude protein, phosphorus and potassirrn coneentrations.

Calciun, magnesium and sodium concentrations as rr'ell as four traee elements,

I{n, B, Cu and Mo, increased with fertilization. Al-though molybdenum contents

in meadors hay increased markedly with fertilization, its concentrations remaj¡ed

below the toxieity level for livestock" UnfertiJ-ized meadow vegetation røas

marginal in copper content and Ínadequate in crude protein and phosphorus

cont'ent for livestock production; furthermore, native vegetation yielcìed only

about one-half ton per acre.

Whjl-e concenira.t,ions of calcium, magnesium and boron increased through-

out the season, dry matter yield, iq v¿lrg digestibility, crude protein,

phosphorus and potassiurn concentrations decreased with advancing maturity.

From the data it appears tha.t meadoru vegetation should be harvested betr,¡een

late June and mid-Ju1y"

With fertilization a marked change occurred in the botanical composition

of meadow vegetation; Sogehuq arve4sis L" and Ambrosia psil=ps!.AÈE DC,

responded markedþ to fertiJ.izati-on. Native meadolr¡ hay was distinctly inferior

to brome-alfalfa or birdsfoot trefoil.



Severe weed competition was encountered in establishing forage crops

on the meadow soil. Due to droughty conditions, mosL of the grasses testerl.

failed to establish satisfaetoril;r on the meadovr soi-I. Meador^¡ fescue and.

reed ca¡ary grass indicate potential for the area, Alfalfa outyielded aII

other speci-es in field and greenhouse e><perÍrnents.

Ni-trogen and phosphorus are deficient on Interlake soils and thei-r

application is required for forage establishment. 0n upland soils no parti-

cular problems viere encountered in establishing forage crops, however, furiher

work wjLl be required to resolve the establish-ment, problerns on Interlake neadow

soils,
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I. I'lï]¿Ciiua iI0¡l

The Interlal,ce area of iraniioba ca.n be broacil-J' cief inecÌ as j;he ar.ea

o-í land sil¿uateil be'cr.+een î,ake l¡i-r:nilreg ar:i L¿Jte l.ariitoba" ;L consider¿t-ble

port,ion oí tkie soil s in Lì 'is area have becn jer¡eJ-o¡eC on the fnterlclce Till-

Flain lrrhich is ver¡'high in l-in-e carbona.te conien¿ arii, in nan)r instances

i q :-l q¡ rra-¿r¡ c*nr- --nJ'.

'Iree*ccverecl land which ha.s nof been cl-eared is use'i for gra-zing,

anC Lhe carr¡'ing ca:acily is ver-v 191,¡. ,I>:t,ensive nearl-or¡ are¿s are useC

:iosil.¡'Íor ha¡r procuclicn, hol'"'ever, the ha.y is of poor nutrilive vel-ue and

i-s lor^r in nroductivity. Lnproved land ulil-izai;i-on i¡ 'r,his area would

'oeneiit l-ivesiocic pro,-¡L'cers economical-l)'.

Livesiock pronu-clion is 'r,he najor" enLerprise in ihe o.isirici,.

It'lost of ihe livesloclc are overr'¡intered on a ration composed na.ínty of

n¿l'L'i ve ha¿'. l'-ajoL: ¡',uirirional nrobl-ens in l-ivesiock oft,en ¡iÐreer in l-ate

',"tint,er nr e¡rlrr sirrinc- i.i¡lnrrf.r,il.inn -ne:' ha rn:ni ioqf.od 'nrr dann¡rr¡¡ì ¡-.r¡ral--iì-o¿u-Lvrr :-rcJ uç _-LQrr!tvÈuùu uJ qvìJr Gvçl¿ 4u:JÇu¿ugJ

slot'; grot,rih, and in sor,ie insLances, b¡'.ieabh" The depz"aved apcetife is

r"eccgnized as :.n earl ' syrr,-lonr of thosphor"us .ìeíiciencJ'. ?Ì-losphorus has

long been reco3nir.,eci as beinq d.eficleni in fire n¿iive ha;- of ihe Inferlake,

cn:: -hnc-Jrn'^rro crrr,nl êrñên+r*i nn '.,íl;h bgne fea]_ if as beren ".¡.ie_ ho-.rdrr\! *r.,rluÐ¡-'rrut Lr-) ùq ,v-_v:,.-¡: ",1-trll ûCne ileel- nA- -,-_- - --J -.-..eVef J nOL

l.iith en'uire success"

The purpose oí this sturÌJr -*a-s to eval-u-ate the nrod-ucij-vit¡r, ltoia.n'ì cal-

con:osition, jiüestibil-Lt¡', anci cheinica.l- co¡npos'ìtion of Lhe native hay

unrj.er variou-s levels oí soil fert:Lli-t;': ana secoriiily, io a.sce::iain the



¿

ecol ô3i e.âl ,qcl¡nt,'i bi -'l i f.-r :n.l nnt.enJ-.ì:l cnnr.rih nfvvvrv-\¿var asãPulurirL.J Grlr puuu-¡vr+4 c¿vy{ur- -, e,U'ltivatei. fOfage CI'OpS

on several- representati-ve Ini;erlake soi] series.



II. lI'IliPl{TUü.¡{ REVI.¡lr,r

Forap.e Ì:roducfion on ï.angel-antìs ccn ;rirnaril.¡r 5s increasecl b;r

/^\ -;r..^r-..^- !r^\ al e-oJr.Ìstr-ng *uhe rate, ì:i-ne anri ciisbribuiion of gz'azing to encriurarqe

natwal i:rprcvernent, (¡) ¡V fertil-izing Lhe indigenous species, and

/\1ttj by .r-ntroi;uc.inr nore prcductive s':ecies of greater nu'uriiional v¡lu.e.

The latter irnro approacl-ies have'r:een iaken in-L,iris l:res..;nt stu1y. l/'er)¡

little nrevious lu'ork has been done in the inierl-ake ¿trea. No i-rnn::or¡e the

proiu-ctivit;' ¿tt¿ ru-iirii;ional- val-ue of native ¡ne¿idoi,¡s" houevez." consicler"able

t'¡or)< h¿ls "been done el-ser¡here.

,{. Egrl_iJ-ï-zation of Ï,iaiive ürasslancÌs

Since nalive grassl aniìs are in eciu-ilibriu¡n i+ith their envirorulent,

an)¡ shii"t in the en-,.ironment lvill lend io favour ce::iai¡ snecies anC ai- ihe

sa-r¡e tine, depress other species. This Þl asti_c chara,cLer.istic of ihe

sr¿ard - the Lendenc;' Lo cle-"'eloÐ an equil_ibz.ir-lm rvifh ihe environrrenL _ is the

írost i:n:oriani princrpr e of grassJ-and. management (n-app, 45) . cha,.'gi-ng

the soil nu,irienl status by ¿,.-]¡rjn,,,t fer.i;-ìl-izer wil-l- change 'r,he srecj-es

ecii:i-libl.iLlr of the fcrage si,and. Chanuing lhe clirria,.,_ vegeiation, (Love

¿ind- i',il-l-i¿rrns, f+6) shoul-ci. be considered lo aifain ne,jr prod-ucfion ho:rizons,

.-lusL as in ot,her phases of a;:ricuiLural rroducNion. The arjrlition of

ferfii-izer will, irr¡--,¡6vs ranqeland.s '¡¡hicir are unsuitabie for cul'Liv¿iiion

beca,,use o"i stoniness, Lorogr'a,ohy or o'bher ¿,:Cverse soil- char¿cLerisbics.

The growì:h oÍ qras,'ses is l-iniiec niore oÍfen'r:;r 3 cleficio-'y1sy 6¡

nìt,rogen ih;l.n ì:y an;' ct,her nuirient. liosi cf :he na.iive grassl-ancìs

confain a vej'*v sira_l-l_,ocrr:ent¿.ge cf l-e¡luriies; nilrc.qen rr_isL tìLereío¡"e be

ob|ained :lia,l-ni.;r it-o;il 'r,he i:tiriera,l-j-za|-i on of ori¿anic l;leiier. The r"a-Le of

ininera"J-iza,ij-on is inf"l-uenced ì:¡r Lhe ü/N r.aiio, tiie soit or'3;nic ¡aiier,



sciì- pii, en,ì cl.iüi¿:.iic co:¡^rd-iiions. ì'.cn3;1 .t.1ciic

orga.iii s:ls anri i'a.ini¡ -l-l- :..ener";.ì_l ;r x ont i" -_Ì¡'.r''¿e vcru

n-i ircî.:n si-r,T-r'll ¡¡,

n'ì t.r¡,,' rrt. - i'ì r-i ir ;t

.1. iL¡l e ic -.Ìre scil-

lìrrL-rb'u¡rg, l';al-lace an:i Lel,eiCh (5S) siuiiiei ''¿he eifect,s oí v¿ì.rioü.s

ievels of nibro3en on seascir¿tl- p::ci-uc-uion a.ncÌ ni L-'c:Ìeir ecci;:rLr._l_aiion j:r

íie:i.--ow lteåeiåt,ion in tre.gcn" I'iiiror:en in ihe fcL:.'L oi i:i-l/,ilcl , :,'e.s applied

e,t r.he raies of 0, ',ja. lú0, ?hc,32c, ani 4"oo lbs" per acrc wiì:h s.rì:pl6*,g

eorresponciinq 't,o six l:a,rvesiing dai;es" ihe iuvr:r'ri:a.Lcr.s r.eí:o¡'teti iha.t

ioial- d.!-: r".¡'t'1 nr' ¡ro.iuctic:t -:ncre:,se,ì r i-:h '---::-e ailcl 'riil,:: i_ncr,easiSC level.s

of ¿::p1 jed. nlirogcn up to 2LO lt,s . '.tI/acre. |',1'i 1;¡ç,e.3¡ :r¡¡l-ic:1-ior. :ì'l so

e::*-e:ncie,-'i rlr.e rer"io.i. oí ::;rouuci.ion Ie'ier.' i.ntc flie seÐ.son. The ni-'irooen

coll+u€Ì'ri oil iire herbase i-nc,:easecl. i,¡iih 'increasinr; l-evel-s of nii::c,. en

fcriil-iz.er ear'1-¿r in 'LÌre sea.Êrn, l¡'-:.L ¡,s :ni-iuril;. acÌrra.nced, :;one cf fhe

ferti-ì -Lzec1 p-l ois ì.tere åclurally l.olu'er" -,,n r:iir'o¡ien conlen: lh¿,ii-",';l-re u-nÍer.ii-l-*

ized ll-o'Ls"

1,lan¡- ¡lyosijriir:rs (!, 3LÞ, 53r 63) have reirort,ei ¿,rjt incre:ise in

i;he niiro¡r'en con'ùent, oí ?ìrass fc]--l-or,¡inr nj-Lror¡en a.upl-ic;-r,j-on over rjre

niiro3en corrcen|ra.tion o,f non-f er"tilizei. gï"ass. Thoras (ó3) relorNed

iha.i ti-re increase in rercentege oi niLr,r_,{en ìn foreije i.uii:}r add,il.ions cf

nitrcgen fer"til-izer hfå.s rnc:iified i'si'r,h increa.s-in;.I ancunl of sea.sonal Ðr.ec'in-

1i,ation. :-ot'ir¡ pounis of nii,z'oqen in a,. d-r;-' ;rea:' inc're¡sed ihe nitro,:en

percenia.ge fron I.3l- to 2"J,[ i:er cent; r.'llereas, in e_ J¡ear niih ¡:rore

precipiie'Lion tha: in a Jr;- --eâr- 40 .rounis of n'itro:cn chan:erj. i,ire

n=r1,1'oqen ccntenÌ; of grass frc¡r l-"58 io l-"?0 pe:: cent. The lor.;er perceniage

oí ni-frogen vål-'les obta.ineci at a -,iven fer'¿j-l j.zey rã"'te wil,h high seasonal

rainfell i.ras du-e to Ì;he enì-ie.nced cro,c gr.owt,h.
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The resulls obiainecl j¡r e:çer"i-'nen'bs ¡ritl: nifrosen íeriili:¿aiion of

:rtea,clows or ranseland is oÍ-'ten er¡al-uaied accorCinq io i:he incr.ea.se in hay or

dr¡'-o.t'."r -t¡ields" This criì.erion is no'r, entirel-¡r sat,isÍactor;' unless it

also consiciers lhe s,ç¿l-ily oI ihe iorage. The ultinafe evaÌuai;ion of ni'urcÊen

f eriil-izabion is in ier¡ns üf anilnal- proliuction rler åcre. The per cen'i;

;ir';--ilat,i-er conieni general}l. decreases in nit,rogen feriij-ized swarcs, but

lhere is a simulfaneous and sisnific¿-nì; increa,se i:r c::ud-e protein conir:ni

(Regal-, 5l+). lie al so repcrtecl ihai; i.he ccntenb of i-ignifj-ed. iissues i¡ias

less in herba:e inlensivelJ' fertil-ized with nifrosen, resul-iin,: in a higher

coeff ieienl oi di.iestibil-it;.. .:¿tker (óó) states thar grasses are e::centicn-

al-ly .=fficien: al recorrering a.rì-ied ni'ì:rcgen, oiten uì;il.izing up to ó0;3.

Grable, i'iil-lhiie ano I'icCuistion eZ) sluci;'ing nitrogen f ertilizer u-til-ization

on r",rel-l*drained siies found nitrogen reccverjr r"ates of 55, lÇ and 3l+:1, aL

elevations of ó200, 7700 ¿nri 9?00 feet, respecfirlel-)', in Col_or.aro. üfficiency

of nifrogen recover)' L,'as calcule.ted as follor,s:

Yiel-d oí l[ * Yie] d of lr'l fr.om chec]< ü 100
II Ai:pl-ied

rTain^' *ha ¡-''^ rornulár, ThonLas (69) in Sou|h Dakota, ob'talnecÌ 31.I anct I'0.4u ù!!¿! UrrE ùdlllZ I

¡er cent recovery oj 4C and l-ó0 nounC,s nilrogen a ìd.ifions in -br",-o c:"o-piirg

seasons. Gon'¿inuecì. cropo:.n¡ increased the percentai'e oÍ r'eccr.ery s}:-¡htl-y"

Ae,lal (54) er¡aluaied. nitror:en recoverlr cn fhe basis cí ihe irrcrease

in r-¡rotein -.''i el 6i ^^-^n--â4 r.r-i+'^ noirt,rnl nl of,s Lle nObe,i illaf in lrleadOr",'SJ rvJ-u) vv¡J-t,ur ì vvri vr

Nreated r.¡ith l-00 l;g iJ/ha. 6Z.Z-|I oi the ni-trogen in ihe ferij.l-izer \,ias

' rr /' --^frecovered¡ åíìo at, ?-Oa kg ll/ha, 55;t" fi is iuriher ¡oinf ed. oui b;' Re-aI

'ùh¡N ¡os.ibly --he C:ll raLio in j:oor rn"eado',r soils is favourabJ-7 adju.si;ed

b¡t ¿prf¡¡j-¡1r nilrolen, su¡porNing ihe niner":li.a1;ion of or.anic ni-irogen
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fror -l.¡hicn further nitroren rrår1¡ be u;ilizeC b¡'ihe sta¡rÌ. lloi onl¡r ia111

*ií'ferent s'ecies resncnù .ì iÍ'ÍereniJ-;' lo a'¡^-l-iecl nilro.,.en, l:u'" nilro¿en

recover)- oi inrivi.iu¡l scecies r.rill vâr¡- ccnsilerabl-' un:ler verious levels

oI anl-¡l-är sor I i3rt.L_l_l-fJ'.

Ïiel-d j-ncrea,ses of native grasses io nit::ogen ferti-l-izer iiave also

been recorded b¡' nurÌierous ofirer workers (23, LJv, 3rq). ?ringle and Van

ìysr,yk (S:) studie.j the response of net'íve hay in inLerior B.C" io a singl-e

hp:rnr ¡¡nl'i e rl-i.6¡ Of fef"tiliZ,ef or¡er ¡ ner-i o¡l of fiVe SSASOpS. irl-l N"O**tt-^_*"J 
- y,,, l¿vu oçoovtlJè

alone was not beneficial, but appl-ications of NP and liPi'i both ga.ve siqnif*

ica¡+. ittcreases in ¡ris15 each;rear afi:er appl-icalì-on. Col-or a"nd Ìreigiri

dii:íerences betv¡een fr'eatnenis l.¡ere ¡r:osb noiiceal:le cil:¡in,: i;he íirs'L cul;tins

seeson. ilu.t,rients srip',.ì-ie'l :ave increases in percenia.e niir.oqen and

Ðhos:hoi'tis in the ior¡tes Jirrin,; i.he iiret. 1,-eâr Õrì'lr¡ llanf ili rypn :nr,l in:,'l innq

hoivever, f ::r-leci lo aiÍect cìigest,ii-,r1ii;r. Ki-ìcher gt ar" ( ¿t) invesii¡at'ing

feriilizer response of nativ3 ,qress'land in v,restern Ca,na,da oj:taji-ned. Nolal

yielcl increases oi 335 to ól-5 l-bs/acre over a 3- or h-,,.".r period fron

ó0 l-Us ' irl per ecre. Residual response to nitro,gen acccu.nLecl. for a Large

parL of lhe ;'reld incre¿.ses" l/eecÌs, mainì.5' ÄrlgaÞj. fr_i:ice, r;here lreseni,

shol,u'ed. a, rtarked resnonse lc nilrosen fer.ti-lizer" Residual- r,¡eed i¡ield
increases were not susta,inec to the salne exfent as were the gr.a.ss i¡iel-d

increases. ì.eed. response r",-es ¡r-ain-l-y during Nhe Íil'sL anci secc::rd;'ear after

ieriil ization" si-rnilart¡r, Hu.bbard anci l:ascn ( 39) ai Kam.t oops, B.c" noted

ih:f rnn'l i nnl- ì n¡g Of fefLiIiZef.S ,CO f an:e pre.lS nof. onl ¡¡ qj-.irnrrl .Lie.r iltevlrrav¡ vLru tfvu vlu_J ùu!:LuI,

proiuciion cí iesir.a,bl-e fo::ale species, L,uL also ueects.

Johnston, Smotiak and Lutrric'U (l+3) stuúied. the recover;' of illixed-

Pra.irie ve¡et,¿'r,ion in fair conriiti-on i,^¡iren fer|i.l-ized içifh various raies
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of' ni'i,rogen ancÌ phosphorus " The¡. re¡:or.f ed ih¿t Är,r,oplr,ron specie,: and.

Art¡xr-is:L,a åIi'q.!gg liill-d. increa-"eo nlLil e sone shorL grasses aincl Þtipq
qglr|qåA Trin. and Rupr. clecr"easecl. FertilizecÌ pì-ots -...ret e iirvaded by

Üesc-urainie sophi+ (r,") l,ienr, crìrenoi:ociq! rgpt,oprhylruq ll.uti", and uond.eru4

fuiìa,lf]Il L' Fertilizer applis¿'r,ions incree.seo rangeland prccLur:!ion by

about 3AO/" aN tow rates (fO-f g5 kg/ha t{, I0-t-55 1xg/ha. p) anc. abcuf 9001"

af high rales (SZ0*f095 kg;/lia l{, ógO-g2O t<g/ha p); ihe ratt,er r,rere

accorLpanied b¡r major vegeta.t,ion cha.n{es.

Soine Ì¡o'Lanì caI cornposit,ion chan¡;es upon niLr.ogen fert,iliz¿j,ion
a.t'e fa.vourable, Hall ancì. "{l tona (3¿,) repo::L i}ra.u upon us:._ng hea.lXr rates

cf niir"ogen, :he cliri*; grâsses in the vel_c oí sou,;h Africa. eveniuauy

died oui ¿,:nd- were i'enlacec-i:y mor.e desj-r.¡.ble srasses, nainJ_;i rcve*

gí'iìsses (E:"êr,,¡.cs'i;is spp.) and some perrLuCa .grass (ç.¿+oO--g+ spp,) " This

transifion coulcì be acconri:lished inore qrii clrìy b5, higher l_evel_s of nítro,q,en,

l'Íany u-npa.lata-l.l-e grasses were replaced i:y mor"e desir.able species an,l ihe

feriil-ized sr.;.:rli- a.l-so reniai neo pal_a.lebr e f or a l-onge:: pe::iod in f arl-"

I:lproverleni of a grassl.ancì slverrl u,n,ler a sy:;tem of roiaiional gra.zing

and. applicaNion of inorgan'ic nifrogen -,^,ras sl,udied in ihe iiethe::lands by

Ennik (zl) " rn roiationa,I i¡razins T.ql;rl]å Lqq.qqng anci poa triuþlis r.,,ere

favoured by hiSh nii.r:ogen applica.uion (r4o k¿-",.i/ha.), hor"rever, T¡iiq]=i-g,
rgp-gqq showed a preference íor J-o,¡ rriir"oqen, conLinu.ous gra.zinr, ir.t the

sarne nii,ro,een ïate, fa.vcureci the less va.iuable forage species, eg. ¡g-:lggE

lq++i;us. Grazing s1."sterils, accoriiiri¡ to Ennili, iiave a gri:a..Lei. effecL on

bof¿enical- cortcosit-ion tha.n ci-fferences in nit:.oßen a,lpl-i-ca,Lion, indicaLing
i;hal careful- nana,i3enent is essenLia.I io regula.i;e il:e clra¡i?r:s that occur

in .boianical- conì,rosij,ion uÞon fertiliz¡Nj,on,
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crarke and risdare (ar) studying the chemical eomposition of

native forage plants on the tanadian Prairies reported i;hat in general,

the species studied appeared to supply the requirements of range rive-
stock reasonably well except phosphorus. The calcÍum-phosphorus rat,io
r*as quiLe low at the earrier growth stages, but was fairry hi$ in the

cwed forage which tended to intensify the effects of the loi+ percentage

of phosphorus. Reports of phosphorus deficiencies in feeds have been

wi-despread, particularly in semi-arid or arid regions. The phosphorus

content was significantly increased by applications of phosphate fertili*
zers" The lack of phosphorus j¡t the native forage could be remedied either
by fertilization or by adding a ninerar supprement directly to t,he diet,

of rivestock. the investÍgators noted that the percentage of protein,
ether extract and phosphorus dropped sharply from the leaf to the florvering

stage and then decl i¡red more gradually unt,il euring occ¿ryed, Crude f ibre
increased throughout grov,rbh developnent. There hras a positive eorrelation
between protein and phosphorus and a negative association between each of
these constituents with crud.e fibre"

Bezeau, Lutwick, smith and Johnston (9) studying rough fescue

(FestEca scabr.ella) in Rtuerta noted that while percentage of protein generally

increased with increasing rate of fertíl-izer, silica content de.creased,

Å' protein content of at least L6% was required to keep the silica content

belor,¡ ffi an¿' thus prevent formation of silica uroliths,
Þfost of the broad-reaved forage species were significantly

superior to grasses jn phosphorus content (¿f)" Clarke ar¡d Tisdale found.

meadov¡ grasses to be sright,ry rower Ín protein content and slightty higþer
in fibre than in the main shortgrass species, but the phosphorus contents
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krere about the same"

Herriott (39) noted. that phosphate applications r,{ere i-mportant in

establishing forage species in Great Britain because of greater vigour and.

for províding beüter opportunity for i¡creased fi:ral establishment. It
is generally accepted that legurnes require more phosphorus for development

then do cereals or grasses. Legrunes also requj-re boron and. molybdenrxn for
successful nodulation (,4?),

B. Trace Elel,nçnts

CoÞper. Àn intermediate range for copper in alfalfa tops has been

defined as 5.1-9.6 ppt and in rn¡heat straw 9-18 ppn (re¡. ïJhitehead (?z)

reports that, copper content in herbage species is generally wir,hin the

range of 2-L5 ppm; white clover was found to have consistently higher

copper contents than grasses" According t,o Gil_bert (lf) soils high in
organic matter, especially newly cultivated peat soils, are most likeþ
to be deficient, but very sandy soils ¡¡ith a low hurnus content may require

copper as well.

The copper content of timothy reportedly d.ecreased nith maturity (?) 
"

1¡Jhitehead (?e) foutd some grasses d.ecreasing in copper cont,ent with matirrity,

while red and r,¡hite clover shorved no signifieant decrease" Accordi-ng to

the Agricul-tural Research Council (¡"n"c.) London (z) ro ppm of copper per dry-

weight diet are requi-red for a dairy cow weighing JOO kg. ancl yielding 10 kg" milk.

Mansanese" Mulcler and Ger='etsen (49) reported that there was litt1e
agreement in the literature as to the critieal arnount of manganese i-n

planbs belou¡ r'uhieh deficiency syrnptoms may be found. Bye, ryegrass, and

a tolerant barley variety were found to be healthy when containing only IO

üo 11 ppm manganese on a dry lveight basis. Wheat and. barley lrere slightly
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deficient at coneentrati-ons of l4 and 12 ppm of manganese, respectively.

Âccording to Altaway (3) I5-IOO ppm is the norrnaÌ concentration Í:r plants

and 10-40 ppm are the critical levels in ani¡oal dieüs.

Beeson and MacDonafd (?) found that the manganese cont,ent of timothy

and birdsfoot trefoil increased r^¡ith matr-rrity"

Plant uptake of manganese is particularly influenced by plt and

drainage. Ðefi-cj-encj-es of manganese may occur on well-drained. calcareous

soiJs, while manganese toxj-city may occur in planLs oD verXr acici soils (7¿ró),

ZiEg" Zinc deficiencies of cereals and herbaceous plants appears

to be related to soil reaction rather than to total zinc concentration in

the soü (ó). The zinc content in grasses and legirnes is generally in

the range 1J-6o ppm. Â.].laway (3) reports that a concentration of 8-15 ppm

is required for prants, while values of over 200 ppn are toxie to the

p1ant. Gerloff et aI. (30) founU that a certain speeies contained 3OO-?OO

ppn zinc while comÞarison species eont¿ined less than 50 ppm¡ suggesting

selective uptake by cerbain plants.

Ru¡ninant requirenents were 50 ppm accorrìÍng to Â.R,C, (2), and 30

ppm according to Underrvood (6&) " InlhÍbehead (?e) states that zinc def iciencies

are not coffnon in grazing anirnals"

Jfo4. Iron deficieney typieally shows up as a chlorosis, particularly

on calcareous soils, but crops differ markedly in their susceptibitity to

this troubfe (ZZ). Fruit trees and vegetabì-e crops, parLicularly beans and

soyabeans, are very sensitive to lime-induced chlorosis. A survey of the

iron content of several corn varieties in Nev¡ Jersey ind,icat,ed a range

of 113-318 ppm (35) . conpilations of data by lrroodward (?3) show that

leguninous prants average over 1ó ppm of iron and rn¡heat about 30 ppra.
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The mini-num level of uptake suggested by A.R.c. (r) is 30 ppn for

ruminants, Like zinc, iron generally is not a problem i,i-ith grazing J-ive-

stock.

MolÏbc!-enum. Molybdenum content in pasture species varied. from O.0I

to more than 200 ppra, but the usual range is 0"I to d ppr (lZ). Barshad (4)

found that legunaes tend to absorb considerably larger amounts of molybdenurn

than nonlegumes, particularly when groüirt on soils with high soluble molybdenrxr

content. The molybdenum content in plant materj-a1 is deternined. nai¡ly by the

molybdenum status of the soil and its pH. In contrast to other trace elernentso

molybdenrun is generally more available to plants growing on alkaline soils than

jn acid soils. Legurnes are unable to fi:< nitrogen in the absence of an ad-equate

nolybdenunr suppty. Every nitrogen-fixing organism so far recognizecl requires

nolybclenrla for this process (¿O) 
"

Much of the research on the role of nolybdenu¡n in ani-nal nutrition has

been concerned with effects due to excess molybdenurn. Dick (a5) repor.Ls that

toxic effects have been observed in cattle if concentraåions of pastr:re ranged

fron L5-300 pp¡n on a dry weight basis. Bear (6) considers 5 ppm molybdenum as

being the upper toleranee Ii-'nit in ani-na1s and indicates an interaction with

copper may oceur, Molybdenum-induced copper deficiency occurs at higher levels

of nolybdenum and is also rela,ted- to the copper content and sulphate concentrations

in the diet' .Although mol¡rbdenum is listeo as one of the elements required by

animals, the reci,uired levels have been considered to be less than 1.0 ppm of

the dry diet for many species (¡),

EqL94. Underwood (6&) states that the essentiality of boron in animal

diets has not been established, Berger (8) reports that alfalfa is deficient

if boron con|ent is less than l0 ppm on a dr¡r r"reight basis. Dicotyledonous
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Ànplanls reouire a.l:oul for:r lines as rruch bor"cn e.s rnonco-1,)'leiìonous p'lanis"

iirierr:reùiate ran-e l'or hor¡n in oai:s is l-5-50 ppn (fó).

The uptake oí trace el-ernenì;s col:lcL be aífecied by a change in pFI of

ihe root zone irolit -r,he apnlicaL'ìon of nifr"o.gen ar:rì :rhosp::ol=us. 5'urthernore,

'i;hese na-c¡'o*nuNrients coúd also chanre the ph;-siclo3ical_ irrocesses oi pJ-ants,

Using }I-clepl et,eci i..rneat see.j}-r-n.ss gro'r¿.11 in nuirj-ent, solu',,ion, Jackson and

l.iillia¡ris (/rt) iou.nl that, these seeäl-ings r,,rere onl_;'.rroorl¡r able to.Lra,nsÐcrt

cations to tire shoois, bu',, in ihe presence oí nil,ra'oe'L,he trans.oort ]lrocesses to.ïere

increase,l su-bstaniiirlì-¡r. Sucpl;.ing nifra'be 'bo ii-.jer_l_eiecl seeLlings st,i:ul_a.LeC

the upt¡ke of boih cìivalent (Sr, ìtn, and l.g) cnd nonova,l.ent (Os, I'la, anl ü) caiions,
aì C¿-_^ ^.. /1..r..F.ìnÊv o Ì{9c,Ërç 9r Ç:u L la_o

Fora.¿es change nnarkedl.v in cfre:,.ical- coml-:osiiiorr as the;. jïia,ure ¿.nd

-uhereï-ry inflir.c-:nce fhe nutrit,ive value of the for"age for. f-ir¡est,ock" Âs

revieued above, per ceni cru-de protein decreases irhi-le +-he r:er cent dr¡r

riàbterr cru.de Í'ibre ani-i l-i,sni-n incre¿.se. Exbensive reports har¡e been ,oubl-ished,

l'"ith regerd Lo cii,3est,ibilit;'as affecied ì;y the st'rge oÍ harvesti¡g, hov..ev,:r,

onl"L'a bri-ef out-l-ine o"i this sr,rbject ca.n be presenbed" here"

ligestibiliiy of foz"age clr¡r inatier, crncl-e prc'ueirr, ç¡1r.cìe fibre and

nitrogen-free e;'-tract declines as the íoraqe maiures. The r"esu.rt is a lor+er

eneT'gy or tota,l- ligestibì-e nuirien'r, conNenL (ól)" Johnslon ancl Bezeau (42)

state Lhat caroiene cr:n';ent of T'ange fora,3ies also d.ecre¿l,sed- r,ritir advancing

t,,aiurit;'" 'Seascna1 declines in j¡ercentages of crude ,ÐroLein. and rliosi,.Ìrorus

l,rere cl-osely paral-leled b¡r a decline in livewei:ht Sarns of cattle,
:-i 11"--i-- !1^- Eoi,enical eor,'nne-i*inn l¡.:- T'n*'-¡l11.ino i.,n-¡e Jnn¡rrnt.j¡¡¿ ì-oaiaqvrr@rr.:ì !rrL, Jl1u* Lv ud!rrué¿ lu.ylj:He:.-¿'-!roll lJ.,. tIt L.r,oij.ultr1lj-,._rro-1.5_:l.i]gg:-:=:-:_,_-(::=:y

Pre'l i-ninary ra¡ge seediing Ì;rial-s ha.ve been conducieci b;' ¡¡s Ì4anii,oba

Dept. of Agric., Soils anil Cro-os Branch in i.laniNoba. Brealie;' (12) conpared.

the effectiveness of (a) sli.r'ect sorl seeCing, ('o) rotova.tj-on and seed-ing, and

1\(cj t1';o cult,ivations pl,u_s har"ror+in'beíor.e seeC.ing in a C.e:ronstrc.iion triel
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near Eriksdale, Man" In the first treatment competition from native grasse6

was severe. Treatments two and three resulted in some native grass competi-

tion, but as a who1e, forage o,uality and ¡ris1¿Ê t{ere inrproved.

Consicierable research has been conrjucted i¡r New Zealand and in the

British Tsles to introduce more desi¡ab1e species in land. that is unsuitabl-e

for reseeding by conventional methocls, Surface sovring has been attem.pted.

with the use of aircraft, with special machinery for overdrilli-ng, and. in
conjunction r¡rith the use of herbìcide applications. (l?)"

For successful resowing the following conclitions must be met¡ (a) tne

coffecti-on of soil nutrient defici-encies, (b) the elimj¡ration of the old

sward¡ (c) gett,ing the se@d ínto eontact ivÍth the soir, and (d) suitabre

management during anci after establishment. These points were mentioned by

Charles (f7) wfro reviewed. the subject of surface-overdrilling methods quite

eompreliensively"

It is of great importance to select the

compete v¡ith the native vegetation and persist

capable of spreading rapidty by ti1}ering or by

desired. I{hile persÍ-stency is important, thene

quiek-growing, short-lived specÍ_es which would

the more persistent species.

Heinrichs (37) wort<ing in l¡riestern Canada reported that natural

regrassing of abandoned farms required 2o-jo years and yi_elded poorty.

Àbandoned farnlands forlor.ring the period of r92g - Lg37 vrere successfurl-y

reseeded by drilling the seed into the grounci wit,hout any previous culti-
vation' The changeover from annual weeds to grass required approximately

one or two years. trested wheatgrass t,.as a successful competitor with

proper species that rr¡ilI

successfully" SpecÍes

theír creeping habit are

may be a place for the

serve as cover erops for
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most weeds and netive grasses" In arid. and semi-arid regions of trrrestern

United States, Fechanec (50) rou¡ct introduced. wheatgrasses to do wel1, but
removal or reduetion of plant competition v,ras essential for successful

seeding.

In Great Britain the pasture varieties of Loliun: pet€nlre_ are very
usefur fo¡' thei¡ quick initiar- gro*bh. copemen and Roberts (zz) found

Da-ctylis- slone{ata to establish easiJy on drier sites i¡¡ Northern Scotland

and Phl-el4n pratenqe adapt,abre to the wetter sites, The latt,er species,

however, tended to be grazed out because of their high palatability and

poor competitive ability. Tn a heather-cominant plant comnrunity (caltuna

vulearis) nitrogen apptications resulted in adverse conpeti.t ion to seedlings.
ÞIore efficient utilization of nitrogen r¡ras obtained when appli-cations
i'rere delayed sufficiently to utirize the appried nitrogen $q .

þ!{oliu¡n repens has been reported to establ.ish by surface sowing

without the use of herbicides (1?) " Birdsfoot trefoil provided a 2.?-fold
increase i¡ beef production overî unimproved. pastures in Southern Iowa (ZO) 

"

The unimproved pasture contained Kentucky bluegrass and whÍte clover.
Birdsfoot trefoil has proven to be a valuable legwre for renovating pastures

in Southern ontario (?Ð' This species r.¡as estabtished. folloviing destruction
of the sod by dalapon or paraquet.

Blackrnore (10) i¡ New Zealand., sprayed paraquat i¡l narrov¡ bands of
pasture directly in the paths of the coulters of a dri1l The sprayed barrd

suppressed the plants grov,'ing within the band and permÍtted. the overdrilling
spocies to establish without d.i¡ect competition from the existing sward.

By seeding clover they obtained a virtual dornination of clovers w-ithin the
bands.
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The use of parao¡at i¡r iniproving pastures in Manitoba was studied. by

Bowes and Friesen (1l). $pring apprications of paraquat at 1 rb. per acre

were effective in suppressing the existing grasses and. forbs, thereby

enhancing alfalfa establishment" 'btroody perennials, however, r4rere a

problenr"

various equipnent has been used in sod-seeding. on dense sr{¿¡ds,

in the absence of chemi-cal pre-treatrnents, it appeared necessary to remove

a srnall ribbon of turf exposing an open furror^r for the seed." .â, skim-Cisc

coulter r+as developed for this purpose ancl was used by Warboys and. Johnson

( 6e¡ ' These investigators found significant differences of emergence in

iimothy, i"¡ith the pasture strains gerrrilating eonsiclerably betüer than the

hay strains. Fertilizer had no effect upon gerrúnation nor on the subse-

quent plant nu,nbers in fa']-I. Herbicidal pre-treatment had no signif icant

effect upon seedling emergence, but seedlings on the spra¡recl plots appeared.

to be larger and stronger than those on r¡nsprayed treatments. Failure of

improved grasses and white clover to establish was t,hought to be due to

various factors, particularly conpetition frora vigorous }or,.'Iand sward.s"

In another eucperiment, 'rriarboys (6?) studied the establishment of

pasture plants by oversovring teehniques, using paraqua.t to e]i¡rinate

competiiion. The herbicidar treatnent wa.s follor,ved by rotar¡r cul-t,ivation

which gave better establishment than any other oversowing technique, but

did not alu-a;rs reduce the more persistent weecl grasses"



III. i{riTlJlI¡"Li-ì,,Jt :, jïiitjj$

Ilie sì;uil¡'of na|ive anri culfivaied. fora3e cllop pro-ì_uciion in i;he

InNerl ake r';as conducieci in three f iel-d e:l;oeri-nents a.nii one greenhou.se siucl;r"

'lhe íiekJ experinents were locat,erì ¡nnrnr¡im:t.at-¡ ten niles 1,l¡est of T,undar,

i.ie,ni-r,oba.

À. Ì!a'!ive Forarqes ,StrrçLx

À native vegetation sNu-ciy r^.¡as cori(.'l_uctecl on ån åree inrmediat,el)' adj¿.cent

to the cu-ltivateC fora.ges stucl;r on tl,¿r.rlilergh-l'iarsh soil cornpl_e;; iri iüì -l-ó*20-6ì,,r

(site l-). The ploi area of 150 feet by f+5A feet r^¡as diviclecl inbo ih¡-ee strips,
each fj-fty feet in wid'r,h" 'lhree ferfilìzer tree-trents, re.nclonl¡." assi,,3neil i,o Nhe

tÌ1ree s'¿r'ipsr ríere a.oplied broaclca.sb on June l.1,,, L9/o6" 'ilhe raNes ap¡:Iiec were

c' 225 l-bs', anci 450 l-bs. 27*l.L-a ner a,crer (t t-'o/acre : l-.L2L txg/ha), ..",ihi.ch

r'¡i}-l hencefo::th be referrecl to a.s l-er¡el-s O¡ I, and.2, respec+-ivel;r. level I
p"nnn'¡ir'r*orì *ho r¿is (go t¡s. ]l-acre ¿ncì 45 J-bs. i'.0 -/acre) recolftlerrded by

Ì4a.nitoba ,5oi I Testing Labore-'r,or;', Universit;r of l,ianiLoba, f or estal:Iishin,3

grasses" 0rigina.ll¡r" it r";¿s p]-anned to appJ"y IOO _l-bs.f acre and 6CO Lbs"/a.cre

-for l-evels I anc 2, but, fron calcula'tions of tkre arnoun"l; arrplie¿.. it ,¡ras r"ea.l_ized

ihai 'r,hese raLes were not achieved"

SarniJ-ing of forages in the studl' area 1..Jås concju_cted at b-ì-rueekl¡. i¡¡"*-outu

1n L966.frcm June l-5 u-ntil sentei:nber 20" The pi-ani rLal,eri:.l1- r.,rås cuL â,Ð'rï,oyi*

iyrs.tel)r'cr+o inches ¿_'cove grcu-ncì leve_l_. Tiie s¿¡ll_ling ¿.rea al, each harvest,.iate

consisted of five squâre J¡.ar,is per ploL i¡hicii rtere obie,ì:reci b;,- r"a.n,Ìon NÌr:,c,,iir¿s

of a scuare ¡r¿¡d ¡-:¡:acl.rat"

Tlie íorage saär,,les b,'ere sforecl a.i bel-ov; freezinE feirLner¿¡ures after v¡hich

1:ercenNa.qe iry matNer and total- dr;'',^reighf- ..+ere d,eie.rll:i-ned" The s:,,nples uer.e



îrounr. :Ln å I iì-e,- r'ril-l eiru ena l;'sel íor c,'ur, e rrriein (:it,r.o -en) , l, airc Il

accor-ìing to pl'ocedures ouili:re,l bel-ors. fiinor el-eilenis i,:ere ånal;,'seC r.;ith

a uirect-read,ìng Jamell-.4sh Åtonocorr¡ter b,r' Chio ,Stai;e Universil,;'. T.itl'riur-:r

r¡rrås u.sed as the iniernal stanclard. In viNro" diqest,ibilit;- t¡as cì.etel'-'rined bJt

Nhe -,ininal- Sclence Dept., University of i.-anitcba; acccroin-g tc net'rods by

- /-^\
Ul-¿',"CI el-rü In.,AJ-i-S \.1-'i ) "

Sa:çles were a.ì-sc laken at b'i -lreel1-l-rr ì¡r.p-¡vals í¡:oi:r en area. of lanct

adjaceni Lc lhe ci-tl-tj-vateri srecies e;;perirrrerit on an Tnucoci soil- in l:8,22*20-6

(si'¡e 2). gannles r,,¡ere taken in 7-966 Ír'orn Jrme l-5 to .ùrrgu.st 9, a.t r,¡¿ich i1ne

-bÌie; grass r=ea.ched nair.rit¡' cÌue to rj.rcr,r,qÌlì:l coniiiì,ions"

Vegeia.iion ccnsisi:inp' na.j-nl;' o1' {çlolgq-iq , åg"_ggqA,qrqg (r il.rì)" sî¿n:rl-e-Lcp,

l'iå,s sarr:l.ed- on Ju"ne l-5, l-9/Õ6 frorl eln area. ¿ìÐL¡r.oxì-n::.'iei¡r 200 ;'¡¡¿= r-¿esi of si1;e l-.

On üa¡i 9, LL)57 feri:il-ì zer Lreatn:ents consisling of 0, 2/+0 ìbs " )3"i*0*0

ler åcrer S5 lbs. l-1-"4€i*0'rer å.cre, antì 100 Tì:s" 27-ll+-O per s.cre hrere -quper.*

irn''oseci irr irip-ric¿.'ue¡ on-i,he l-evel-s of 0, I an,"l 2 est,ablished in )-966" These

original l-evels I'€rû r-e¿¿r,lei a.s -,rain pl-o'us in a scli'u-rlo'c experi-,tental- desiSn.

'ihe ÍerLiLLz,ec iras ac-l-ì ei. i'riih s il¡-,iil)" j':rii-] --i:iea Ì¡¡,'¡,,:ì c::ì:er. TIle 1.1í?

'cre¿Lrren1,s 1deï'e chosen to test lor responses t,o Ì'l and P a.lone, anrj to co¡nbined

lL? -i:¡'eai:nren'us. In *uire ;,.hosplio.r:us onJ-;,' tre¡,i;rnent, iroi.rever, 9 l-/3 lUs. oí -fi

i";ere incl-iri.er-l . Tl'le::aies ¡ere sel-ecNed- so'r,hai the TdP tre¿,ir:'ient co::re-""poncled

io l-errel l- in 19óó a.nil the singl-e e,'1'ei:leni applic:iiions eìr',roliir-r,1ù'ued the anount

oi' n'i 'i.ro,:c;ir at-, j '.irnqrhnr,'e in ì-lre j00 -l-l- " 2'l*L|,.--¡t r)er iìcre y':le.

SenpJ-ing of fora.ces r^iere lae-de in a sir:il-ar Íånner1 a,s d.escli-berjL a'cove, on

June ll ¿;ni Juil.,' 26, 1-967" These CLaies re, r'esenì,eci fhe e¡rl.. ic l¿Le r¡-:t.:c in

harvesf i-ng. Tjte s¿lnpl-es .,..rere useri- for cleLerr.rri-ir¡,,ti,on of rota.l- d.r;r i.'ei;-hL onl-¡'"

In or"rier" io ccniro-l- an iníestaN-ion of sou ihi-s'bl"e and olhe:: tçeerìs ihe
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Three fiel-d erperil-ren'r,s r,¡iih nine Íorage speci-es anci ihree soil-

-fert-L1it;' l evel-s were establ-isirec-Ì on f;uo ciiff e::eni soil ser"ies" ,i-'.;¡o íi elrì

experi-rren'bs, siLes 3 a.nð" 4, i,rei'e so.rn on june 14 anc. l_J, J.g66" site J was

i:*nedia-LeÌ;'- acljacen',, to Nhe previousl;r iescrii:eC t1ark1,ei¡rir-Luncia,r soil, (si.be l)
ancl-, sr:ril-arlJ¡, sit,e Å, on,che Iru¡ood soil- r,,as in close nroxit.,.Ll1,¡,. Lo si.be 2,

c-escri,bec in ;oart å" Ànother" experjsenL, site 5, rua.s sown on fray el+ anc 2J,

LÇ)67, on a ner."ù)¡-cleÐ.rec årea on rruuoo,:l- sorl- i-n section i.,x,l 22-20*óli.l-.

sÌrecies and 'r¡¿risNi es so-y,-n i{ere aS f o_J-1c,,.¡s:

enii.re plol ir.rea Ì.ra.s srrä-J,.ecì on June _l-f ,

{a.ci,ive irLgredient,) rn j gallons oi i:a.Ner

B"çul@

l-9ri' r,1ih 1' az. cî ?-rl,.-ij .r :i_ne

11,êY 
' 

a.aÞ

i.oaÂi'¡æ Þ-+^vvvl,-41/:. :LøUÇ
t

/-, / \
\l_os)./aclîeJ

6
6
3
3
a)
()

^/\¿v
7

a 12 fooi -

a John Deere

eo¿r¡,inc ln¡l

rì'¡oniac
vwvv4ve

I+hite lJloi¡er
tsirdLsfool, Tr"efoil
Al,f alf a
iLl-sike Clover
ileed üan¿rJ¡ qrass
Tirnothy
Rr.ona r.aâ qq

BJ-ue grass
Iríeacìor,.r Fescue

ji¡ r i ¿¡'i.¡¡

Ladino
Leo
ï,rernaI
Aurora
Fronbiez'
vrrourlJ
Lincoln
Iian ir r nÞ¡¡
.în ei c¡n

r l lÇ

l2 ::un ciril}

B fort orill"

samrles l.tere

Seed.i ng on Siies 3 and { i"iiis eccoilpl_'j shej_ tçith

cr.J-necì by the co-cpel.ator, ¡ncl Si.Le 5 ,r¡e.s seedei- wiih

Soil- sarnp'l es were taken frotr'. eacÌr f iel-C befor:e

ai-so taken .fr"om Si-'t,e 3 in f he spring ct Ig67 
"

Siie 4. rr¿ì.s e cul-iivated fietd requ.irin': no special- see:Ì'nei ¡re¡srtticir;
':: i'i'r: ? l"tq',rr-e¡âre'-J lnr soe-ì'ì nr-'i-.r- -ìis'-'it:,: inrJ rnl-.nf.illjr.' *hc nqi.i¡¡o enrl" Sii.eq¿u--¡r¡5l !, UUUTJ_r-L!lt þ11ç. ttJ v¿v v vvç,_,

5'haci be en recenil-.,. broken and wes prepared, by clearing sfr-ulps ¿rncl br"anches

uithi-n the test ¡ìrea, fol-l-or¡e,C b;. oisl<i¡.q àn,j har.rowi-ng.

?he experimental area for Siies 3 ani i+ r;íer€ l-50 ft " by 45O ít. anci f o¡

Sit,e 5'rhe area i.;as 2-8ti fi. b¡r S8 ft,. The in,livicrual plots rie:re ec1uå;.1 io 50 ft.
b¡ L2 fL, on sifes J a.nd la, and I fee| b;,- Zl+ feet, on Siie !. Ä spli-",,-ploì;
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experi-nenl,al design Has used on a1l_ thr.ee siies with ea_ch.'urea.lrrieni bein.q

r"epl-icai,ed f or.rr t1¡nes"

Fer"tilizer lrea..Lmen-r,st{ere apol-ied by bro;dcasf a.ppl-ic:,Lj_on i¡iih a

John Dee:-e ferbil- j zer sprea,ler nr"ior to seed.ing on sites J and /¡; f ertiliz,er
was <Ìrillei in at site J" Å11" Íeri:il_i zer applicaiions were tiacle i¡ithin j:he

above-nentioneci da|es for seedinq. ¡-ertilizerLrea.N¡nents l"Jere j-dentj cai t,o

lìrose appiied' on the nafive ve¡;eletion experi.rnent in 19óó ancì a:"e a.t so desi3pated

as l-eveLs 0, I ano 2" ¡\ddil,iona]- fertiliZer.r..É.s apnlied cn sife j, \iay g1

L96'/ on i:reatneni-s I and 2 a,L LJA l_bs* ancÌ JOC lbs. res,rec"Livel¡r, af 27*J.j+_O

per acre iviih a Gairi;i fertilj_zer spi:eaci.er"

1-he fertiLvzer trea"tirrenis for siie 5 i.iere: Checìt, no Íertilizer;
21-i L'r,s" ¡ ånc {J0 ]-ìrs" ll--48-0 per s.cl"e. The seccnc r"a.te apÞroxi¡ra,cecl the

pirosphorr-rs reo-uiremenis of le,glr,es accor,:Ì_.r-ng ,co i'ianiioba. Soil- TestinS Lab*

cråtorJ¡,

Oj:servaiions ancÌ noNes were m¿Ce on es-r,a'olish:nent 
"n¿ 

,¡ir,o¡' of alr, pl-ols

throuqhoul, ljre gror,'ing season" Forage sarnples were i:aken on June J-l an¿ JuI¡-

26, 7-96'7 iro.rli' site 3 on treai,i¡ients ¡¿¿llere the cu.ltivai,eri species hacl become

fairl;r well esta.bLished.

ilor Þur"ooses of cotiipari¡q yieJ-il, nu.l:'ient conLent anci cì::y rnatte:: cligest-

lbilit¡', iorage sa:nples.^€re tal(en frorrl the Flant Science Depar.l,nent pl-ot of
-bi::dsÍoot tr"efoil- nea:" Errl<siale, j'larritoìra, and fr.oin a brone-al-ía-lía. fielci on

ihe co-ccerat,orss faru" Tìre sa.rnpl-ing,:la.'t,es for ihe laLter fj-el:Ì l,reï'e on

June lj, Jr.i-l-;,' |1, .Iul-r. 2ó anci Åu,"us.u g, 7-g66. The birdsfoo¿ trefoil ploi,

r',¡as sarn,)ied- cn JuJ-;r lJ- and ¡i¡g¡5L 9 , i-g66. Site J lrras ha.rvested on Áu5;ust /,
7_96',7,

?eLlcenN grou-ncL Çover r,¿as debenlined. .a;1r )uhe poin.i: qu-arlraf loeiho,J
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describeri b;. üIe"rke, Canpbe'Ì1 anct üarapbel-1" (ZO¡ . i?orty counl,s per" sub-p't_ot on

siÌ;e 3 u,ere N:-ken on June 2,3, L967. .d hitl,as r.ecorded vheneveï" a. ]_eaj 1,oucÌ-ied

ihe -in f:.on the 3rourrrci l-evel_ fo one inch e.bcve ¡roun-i"

SiLe I l'ias snra]¡eci with 2L az" Ì)iCPB in 2-0 gal. oT -r.¿ater ler acre on

J,t7-1, 2), 196¿: io confrol a severe r,¡eed- iníesia.tion"

C. Greenhouse Sì:ud-r'

Å -factorial. experi:-lent r.'j-th three sciJ.s, ì;hree soil ferfi-'l.it,;r ì,evet s,

anti si-v; species, ioi'L,h a conpleNel]¡ ra.ncìonized. bl-ocj< clesigï1¡ repl,icated three

',,iaes, r'ras concructecÌ in a greenhouse d-uring the winter of J-g66-6'1. soil for
the si,uxl;r 1'/'äs t,aj'íen frorr three Interla.i<e soil series, Garson, Inr.¡oo:i- ani Cl¡.::h-

leigh from the 0*ó inch surface'1 ayer" ?he so-'rl l,,as e,.ir-Cr.ied ancl qrouncl to

pass'through a 1-/2 ínch screen. ,jurface s¿iinptes l,¡ere sent io j,ianii,oba,Soil

Iesi;ing LaÌ¡oraNory for routine anal-;rsis" Fielci c¿r.Ð¿lci [,y was Ceter"rninecì. by the

noistr-rre relained ai L/3 aträospheric pressure b)¡ ìthe Ðr.essure ,olaie exLractor.

rnar¡ hn, i

¿ ioia-ì- of 162 plasij-c ro'bs ¡rere rrepared. Each not coni,ained 2 kg,.

air-d.riecl soir" The fer1.if-ir-er trea.L:nenLs were a,s forlol.;s:

("o) check, no fer'¿ilizer
/\\a, ) 1..5 pr:r:i i'{itlogen + 20 ppn Fhosnhoru s ', Lr5 ppin K

(or) 90 pprn l'rtro¡3en + {O pprrr phosr:horus + ÇO ppm i{

These ¡:a"tes can be ccnvert,ecÌ to lbs. /acre'bJ¡ ncrl_til:l;,ing nun b;: N¡¡e.

The ca.r¡"iers Íor nitrogen anó piiosphorus r.ere liliilOrr a.nci 'É?:.-?OL,

respec'ì:ivel¡r. The fer.iil_iz.,ers lvere dissotvecl in v;a.Ner anci a,oj:}ie,:l in the

sol-ut'ion for.m, cne inch belor,¿ ihe seed-.

The forage species useC r.;ere those usecl in ihe fiej-d e;r¡eriirrents bu.N

alsiire clover, white clover'3 ä.flo bj-ue qra,ss idere onitted." ;';iri.t,e clo-¡er a.rrc bl-ue

grâss ll€r€ firobr'T1 r¡n ihe Garson soil onl,J¡ an-i vtere noi incl,rirleci in sta.iisiical-
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analysis"

Seeding was completed on Dec. 2L, L966. Ten seeds per pot were sorrn

L/2 ínch belot'¡ the surface and thinned dovm to four plan'i;s per pot on Febmary
¡/ i^/-16 and L7 t L967. Opti:uum moisture condi-tions were provided by adding v¡aten

daily to bring the moisture leve1 to field capacity, Notes rr¡ere made on

emergence up to January L2, L967 "

The first harvest date was ÞIareh 9 and 10 and the second harvest wag

on Åpril 13 and 14" Notes as to stage of maturity rdere taken at harvest dates,

Height measurements t¡ere ma.de on March T6e 23, and 31, Photographs of reed

canary grass were taken on April 13, The planïs uere cut off directly above

the surface, oven dried, weighed and storecl- for possible futu.re anal)¡sis"

Statj-stical analyses vÊre made according to proeedures outlined by

Steel and Torrie (62) 
"

D" Chenical= .{na]-yses

A representative sa:np1e of the ground forage mat,erial was ashed as

outlined. by Jackson (40) and the total phosphorus content determlned color-
j¡retricall-y as outlined by Barton (5) " The nitrogen conLent of the plant

material was deternined by the Kje1dahl methods (f¡). The crude protein

content v¡as obtained by multiplying the total N by 6" zj ß6) " The latter
determinatj-on was made b¡r the Plant Science Dept", University of Manitoba"

Potassiu:n, exbracted with Na0Àca vras determined by the flarne photometric

rnethod, using lithir¡n as an jnüernal standard (69 ).



IV. RESULTS ÀI\D DISCUS$ION

4.. Descriptiongf the_,ï!pdy Area

The soils i-n the study area have d.eveloped on highly calcareous

glacial til-l and occur in the physiographic area knorrrn as bhe Interlake

Till PIaÍn (51), .A.eeording t,o pratt et 4, (5f) tf,u Interlake TiIl plaj:r

is a gently undulating area of ground moraj-ne consisting of mainly limes.Lone

materials" Á,11 the solls are very storqr.

the land has a distinctive 1or.¡ ridge and swale topography with a

general north-v.rest to south-east linear pattern. The ri-d.ges provid.e a da:rming

effect on drainage,

The soí'l series in Lhis sturly u'ere Garson, Innood., Clarkleigh, and

Lundar. The latter tn¡o soil series were mapped as a conplex at sites I and l"
These soils occllpy an qctensive area in the Interlake" Soil samples vrere

taken from each of the plot areas and the anaþses are shor^rn in Table r"

The resul-ts indi-cate that avai-lable phosphorus and nitrate-nitrogen
were very low at the two experimental sites, while exchangeable potassiun

was high (taUle t) " The conductivity of the subsoil in the Clarkleigh-Lqndar

Complex was less than four mmhosr/cm" and. therefore cannot be classijj_ed as

saline" These arease according to pratt eL al, (5f) ¡or¿ering Lake Manitoba

are natural grasslands because soil salinity has prevented. Èree growbh"

The modal Clarkleigh soil profile described by Pratt et al. was saline in
the Åils-g hori-zon and in the parent material. l.lhiIe soil sampling did not

indicate a sa1Ínity problem, it r+as suspected nevertheless" The saline

soils arong the east shore of Lake Manitoba are generat$r 61*¡ in both

sulphates and chlorides, with apprecj-able amounts of soluble caleiim, magnesiurr.
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)1,

and soriiu:n (SZ) 
"

Úonciuctivit¡' ¡-14 nci ani:,ealLo 'ce aff ecierl by culiiv:,tion (f a¡l e Z),

Fhosphorus i,ias ver¡y' 1or"r, even afLer high ra-Les of ferj;-i l-izer alr]_icai_ions"

iiiiro3en conten'¿ cí 1,he sr:rface r.;as i_nc:"c;aser_L sl-igìrtt;,- b¿r fertilize:: appli*

c¿rticn. Scräe ni-briÍication ma;¡ have occur.i.ed. on ihe unfer-i,*,1ized cul-,¿ivated

sii;e, ¿ìnn accLìi-irul-a'i:ed l:ecause of negl-igibr-e Íora.ge ¡,r'or,;th.

ê.na1-ysis of Nhe three soil s used_ in ihe 3r.eenhcuse s.bu,d;, indica,r,e ihat
NÌ1e¡' t'¡6vs all very lor" in avaitable phosphorus ancl rrii,r"aie-:riLrolien, (ta.,gte 3)"
Tlie riloistrire reia:-ned by t,he 0l-a¡"kl_ei,gh-Luld-a:" soil_ at )-/j atrirosnrere r,rå.s

consiclerabi-y greai;er i:han i,he oiìrer ii'ro soirs, nossibl-J¡ bec.au-se of a_ irip:l-ier"

organic maì;'be:-. conient.

li " gv.*p,q-t.:o¡-så.i:e.t+yç_ [qes!.gprpg

iJr'¿i :iratter' ;ie1-cls on unf erfil,r-zeci rireåd-ol¡ vegetaiion ¿,rï-e r¡er^)¡ l-or,¡

(Table {), appr.c.r:taiel;. half a ton t:er. a.cre in 196ó" åt .Lhe r..ugust 23

ÌrarvE:st iaL.e jrrcreeses of 23Ci,ó 'r.ncì 2tÇi, i^;ere ob1;e.ined- fro;ii the -r.ecor¡rencled

a¡ci cìou-l:le ra-!L,es, respec',.ive1¡'. For¿_-le )¡ielcis cn al-l plots oeclinecl a.fter

;'u¡:usì; 23. Fercent Cr;r tn¿tr¡"r increasecl thr.cu-!ilior:-,r, ihe gro,,.,linq season .f or

arl Nz'e¡:.triienis, bu.t al" ihe íinal ha,rvest date the nercen.i; cirir lira.llter ior

feriilizer level ¡Í2 w¿s stirl- Less il:an Lhat of unÍ'er.til-lzeo, veqetati on on

June l-5. ihe higher no'i sfttre content of f er"ii],izecl vegetaiion rra.s part,ly

a.ccouniei for by si-r-cculen| weed grovrth.

l'orage yiel-cs of urder"l,ilizecl naiive vegetatìon on Inr¡oocj soil
(Taì:le !) u;ere slj-rhtt¡r loï'rer fhan yiel,ds of u-nfertil-ized r¡ieacl.ow vegei;iitiorr.

'Ïhe percent ory matter oí Iru'¡ooci natì,ve hay, br-orne-al--fa1fa, and bi::d-sfoot,

'brefoi"l in.cr.ea.secl '.:rilh acjv¡.rrcÍng naiu_r.:L.r,¡r" :'Io fi_i:-ihe:: harvests l,Iere iaken
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Cultivated Forages Experirnent
SoiI Reaction
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TTiBLE 3

CHÅRÅCIERI$TICS OF STTLS
FOR GREEI{Ì"j,OUSE STTJDY

SoiI Series
Garson Inwood Cl" -lund ar

Text,ure
Soil- Reaction
Gonductivity (r'mho s/ cn')

CL CL CL
7 "8 7.0 7.7o"ó o,7 r"2

L.9 7 "5 r3.t+

Fhosphorus, i'IaHCO, exLra,cta.ble (pprn) 6.6 6"2 ?"0
Potassiurn, exchangeable (pp*) 3t+3 3|,O t+39
I{itrale - i{ (ppm)
Fietê_ _Cqpacity (f ) 3_r.I 33"9 47.8
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29

afLer Åu-gusi Ç because E:"oi';ih cJl In-øooil naiive ¡"regeta'¿ion hacÌ cea.sed and the

seconci c'Lti; had been iallen frcri brorne-alilalfa ani- birclsfoot trefcil. These

latter t.rvo crops niade rapid. gro.r;Ni: in ear"l_;. sprj_ng corapared" io naiive r¡eg-

eLa"tion. ¡iel"c, of brone-alfalfa was sl-ightl_;r ¡n6¡s ilran one and one_Ì-ralf ì:ons

per acre (tgig lbs. for fiïst cu.l a,nc L279 ior l.as'b cut), white birdsfoo.Ì:

trefoil J¡iel-<jed slighLl¡' less (2025 f.bs" for firs,u cut, and 763 t1s" for l¿st
cu-t) " Tirese yietcis are very favourable corlpared to unf erti¡-zed native r¡eg-

elat,ion and rrright l:ave been consicÌerabt;r hl.gher if noistu¡:e concÌitions had

haon n- *ì'.'*.v vv r: vIJ u !:r w¡t o

2" Eflqq!-o.i ferj-il_ization on n¿ìcro- and ::ri cro-nui,:: i ent conc en.i,rab ions

in,olant iqa'r,qrials"

Fhosphoi-us Con-tent*. The i:hosphorus confent of 'uhe native vegetafi-on

receiving *uhe high fei-',il-izer rate i:rcreased nar.keci.tJ, r,¡iÌ;hi:r four ¡¡eeks after
appì ication (l-igur"e l-) . The increase in phosphor"us conLent l¿as not so riLarked-

for iire level I feri;il-izex Lrea,t'inen|" ¡lfter earì¡r Ju.l¡r, al't f ertilized veg-

elation decLined in phosphoi:us conl,ent, exceÌ:t for a sliElrt increase in late

"tugust. This increase coulcÌ have been clue to fresh grcwt,h foll-or,rin.g rain
after a droughiy period-. Unfertilized veget¿l1,ion d.ecreased, rapicll;, after the

firsi; harvesL date and ccniinued to generally cÌecrease in phosphorus conienl,

tkrrcughoui ì;he gror"ing season. 'r'he phos;,'Ìrorus content of fe¡til-ized vegeLa.-

l,i oi-r re¡iraj-necl hiqher th¿¡.n the ,chosphoms cont-,en'í oÍ unf'eriil-izeC rrege¡atio¡.

on arr harvest dat,es. The vegetation fertirized r^¡ith Lhe hish raLe l'¡as con-

sicierably higher in phospho::u-s content than ihe meilium (level l) treatrneni

'r,hrou-,qhor-r,f 'bhe entj-re season.

The nhospho.us con'';ents of unfertil-ized- rni¿ooc nati_ve ha1, ¿.'"'¿ brorce_

alfal-fa also d-ecreasecì with t,ime ('ra¡re ó) " General-t)r, the phosi:lior.us conient
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)L

of bi-'orae-al-fai.ria '¡as consii;-erabrr¡ hicher t,h:n t,h,rt oí fnlrood- nafive ve3e'ri,lion"

In ear"'l;'Äu- us-i, bro¡ne-alfa.lfa ani bi¡:dsfoof trefoil- haô a.iiiriÌrer f--nos'i:hor";s

conten'L ',.han eitiier Tn¡¡ooci. or unïertilizeri- r'reeidol.J \¡egeiât.lon. Tite l-oi"r phos¡i:.orr-r.s

¡¡al-ues iit Inierlal<e naiir,"e vesetation concurred r^¡ith ihe observations of Gr"ieve

3l), anci El-lis and Cal<j-v¡efl- (26).

ig*[ggÊlen'j"Jl9l!" The polassiurn con-bent of irative neaílo'.t vegetaLi-cn

'l qn cenarr'ì 'l¡¡ .ìecz.eased af|er J,ate Jul;r ('iligure 2). The f er"tj_li zed ineacj_o.r^,'

vegefalior-i ai:sorbed rnore pctassium Ni:ran uirfer'r,i-l-ízed ve,Teta'bion. In lhe lat'i:er

p:rt of Septernber the forage ireateC irith the hi-hest íert,il-:Lzer r.ate haC a.

ar ..riar rntrcsirr¡ Conlen'b tha¡l al.l- oiher treai¡:enis. Brr¡me-al-falÍa (,Iable ó)

irad a higher i;o1,ass-ìr-un concentr¿tion -r,han either Íertj-Lizeci or unferii,lized
... ^^.i ^,, =-^-^¿ ^+ -: ^jrj.eaLto'!'.' veãeËe!-ìon. The totassil-u,t concetrlra.f icns of b:^otne*¿-Lfalfa Iier"cj oener.al-i.:'

corrsicLeraitl-¡¡ aÌ:ove 2l; rtnrch is consiriered ì,he cri,i-,ical- I evel Íor a.l f al-ía- to

over"wintet" successful-I;. (f6). The cri-l:ical- cota,ssiu:l l-evel (tnat concen'i;ration

at' which grolrih first þslins lo be r"etarded, cor,.-ar"ei r.rith ¡la.n'r,s above the

cri-r,ical concentr¿¡tion) for bar.le:¡ is Li| i, in clr¡. maiNer ancj for alfal-fa
¡ ar'.' /¡ /\L.25,' (l-ô) " i{i3her cri;ical '¡ote,ssjtìrL conceniri¡l'ions ha.ve, hoi.'e-/er, been cited

lrr¡ nfhen i'nrre''{-'i¡:aiors" In rlu-,qr-r-st ihe potassiur,r concentraì,ion of unferti-l-ized

r-cr-ìnr.r h!-- i¡rs he.lot.' 1,,- hni.re¡re-r- i,his npnnnt. he ìnigf.i¡,g.¡glc:d âs ¡ ¡etieiene.¡r-ll¡, LlvÌ¡vvvl r vtl¿o vGflflvV uç 
-f 

1Uçf,..J! çUçU\/u tÐ . .f,v-:UIç!1U.;

ci nna -¡nr rcci "", is leaclLed f roni Lhe l-eaves as 'bhe season progresses.

Qr¡uce Prolej-n ConLgni;. The cr-'ude pr=o'i;ein conien-|. oí nalj-*¡e íreê.dow

vege'Le.tion increaseu ccnsi-erably u-pon Iertil-izaiion, '':u-i :enera'ì l-' iec:-eesed

a-ft,:r eurl-;' Jul-;' (ir:'-gu,re 3). The seconû increase in -!ro'ue-i n conteirL in labe

riugust' cou'lo be riue to ner,¡ gl-orrih icll_61.ri¡^ rein. The unJertil_izec neadorr¡

veieia.iicn d.ecr"ease.i rapicil,¡'in crude protein contenL af'ber':he nii-dle oÍ June

r,a 5"7,í in late *epieniber, If harr¡esie.''l- laNcr +.han räic.*Ju]-l¡" unferN.il-ized.
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Effec_t gf fertilizer brealme4ts and

gont'enf of native meado¡ø forages.

x-x Oheck (no fertilizer)
À!=À Leve1 I (225 ]bs, ?7:14-0 per

o-e Level 2 (l+50 lbs, 27-1i+-0 per
êcre)
acre)

Figure 2" season on the potassir:m
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Leve_l I (22|11s, 2?-1410 per acre)
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Cutting Periods

Figure-J"'Effectofferti.1izationandseasonon.p9rcentageerud.epro.bei.rrof
native ¡neado-lr¡ forages, Hor:izontal 1i¡e at ten pel" cent i¡rcticates that
crudE protein content is inadeo.ueLe as feed for growi¡g young cattle
and brood cot{s.



J>

::Ìeac-o','i veget¿tiion hes an inaCei:r:aie su"p;n]-), oÍ cruc_e pro-_ein for gror,,in.q

-i¡oung ca'Lile and i:rood colu's (Fi;3u::e 3). Brolle*e.1,Íalía (Tab:e ?) con;a.ined

a consici-erabT¡r q::eat,er" alcunt, oi cnicìe prot,ein ihan fer-ti-L,izei naiive n€¿l_lio,,r¡

-:^ .,^l- - + ì ^* ^.^,. ,vegeúãtron enct u-,oliind nai;ir¡e haJ¡. follouj-ng ihe f-¡rsi cu.u, post of j:he

-na r¡na-.,* ø 1"r., ^ +r-/,'r'çB!'u\.r.rir' !!cj.s rrolrr ali-aiíar result,i.ng in an incree,se il cr"u.l-e prcNej-n con1,ent

on -bhe Ju1;' ¡-1- Ìrarvest dat'e. D¿.,ta of ;'ieldr cru-Ge ':rotein, t:lrosthoL:r:s, anci

Jlo'ì,assiujlr ¿il-l irrdicaì;e 'rhat, broi¡,e*allal-fa is a ¡luch slrpeJ"-Lor iorage to either
neiive uplanc. or' ¡aeadou veget,ation" the general sea.son¿rl- Cecz.eases in crude

ï:rot,ein e.nü iroi¿i.ssiul are in aíjreenent ¡¡i'i.h flie fincii-np.s oÍ o'bher investi¡;a*-crs"

ügJ.qig!* ,',:3:itnesir¡;t a.ncÌ Ê]oiir-¡1" ConcenfreLion oí ca.lciu¡iL enc, j:er-tnesj-u¡

in naì.j-ve readow !ia;r generâl-lr;. -j¡ç"cåsed lçitÌ-: fcrtil--jLza.tion e.ni.ì a.,fvanc.i ng

r':iåì bu-r'.ì ty (Ta-utes ,3, 9 ancì J-C) . The i-ncree.se -i n cal-c'i i::l content corrr:sccncis

to r-esulis cbtained b1,'Johi-is'Lcn anri, Ber,ea:t ({2) 'riho also noLeC';h¿.i- crilde fil:re
j-n.creaseC i..¡ith ad-varLcin¡; i:ra.+.ur.il;'. Tire raiio of ca,l_ciu:ii to ri:a.rnesi-rr-rx sssna¿

Lo çecreese wiih feriillza't i-on,

Fe::ii'l lzed vege';¿tion jrr ear'],;' Jr,r1.1- ir:,C the cìesirerl ü¿r:? r"aiio o.i Lz2 'r,a

2:1- (i'a?:ie If) . The ra,Li-os of .ier'¿i-l-j^zecl r¡ege|ai:ion a,t level I rr¡ere sl,i-gh,cl;r

i:liproverl o¡¡er the nt;n-feriilized ¡¡egetalio¡r" ,t si,gniÍic¿ln| iilprc-¡eirLent, in ihe

üa:P ra,tio occuryec ¡,'¡iih il:e h-Lgh ferLii izat'ion r"aie (levet 2) .

Cal cir-un conl'e'nt' oí ¿;lfalfs tr1rLìs ccnsii-er¿b] ;. lii-gh,.::r the,n al-l n¿-ti-ve

trpooi çi i nrr re-æ+ i--l-'j.z-sC o:l nnf eri.ì.1 ized-, anj ¡".¡as s1-ighiI;' hr:h e¡r ¿h¿in in ì:irC-s*

foof ireioil (î;.bl_es 1,2 anci l_3). üa:p ral'ios of g.)_, /r.g, l-l-.1- a.nci Lj.j were

obt,e"ined f or lhe îoi.l¡r sucr":rèssir¡e he"r.rrest cla,f es ci brorne-al_fal_Ía., r"esl-reclivel-¡r,

froii: fite ilala in'Iabl-es 6 e"nr) L2." lia.iive ul,ì-l_ånd_ \¡egei,¿_,r.-'ì on ìra.l 2"3, 2"1,,t

1,".f anrj 5.0 parls oí ca.l,ci-u-t:r lo one par',, of .nhosphorus at the four" r.esÐeciive

ira::-¡esi ri-aNes (ca-l.c:-ll.ateC. íroirr L,he cl-a,,,a in Tabl-es ó anC l_1+).
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Harvest
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sodiurrn, lvhile not required for plant growth, is absorbed by plants.
The sodium content was usually very tow ( <0.0r ppm) in brome-alfalfa, bird.s-
foot trefoil, and upland native vegetation; however, in fertilized meador^¡

vegeta"tion, it was consid.erably greater (Ta¡les gu g, L2, L3 and 14). Fertir_-
ization of meadow vegetation increased the sod.iuro content over the unfertilized
treatment (fables 8¡ 9 and I0), No satisfaetory correlation has been aehíeved

betv¡een sodiurL accunulatj-on in plant shoots with soil- conditions, however,

it has been established that plants differ greatly in their inherent abilities
to absorb or exeLude and translocate sodium (16). The large differences in
sodium content anong different forages are probably due to such species

di.fferences 
"

l'Íicronutrients" Manganese content of uplancl and meador.¡ vegetati-on

ranged frcm 23-54 ppm (Tables 8, 9, I0 and 14). Manganese values i¡¡ere consis_
tently slightly higher in the forage receiving the double ferLilizer rate
than in unfertilized forage' Brome-alfalfa and birdsfoot trefoil ranged. in
na'nganese content ftom 23-47 ppm (Tatrles 12 and J-l) " These values correspond

t'o concenLra.tions of 16-40 ppm found in various parts of meadow feseue by

Flerning (29) .

Ïron content values ranged. from Sl+-L93 ppn for native meadow and upland.

vegetation and brome-alfalfa; bird.sfoot trefoil appearecl to have a slightl¡r
greater concentration (Tables B, ge Loe L2, 13 and 14). Forage sarnpres are
readily contaminated by traces of soil ancì may also be conta¡rinated. by certain
types of raills used for grinding. The possibiliby that conta¡nj-nation occurred
should be borne i¡r r¡.inci. when i¡ùerprete+,ing this data.

Boron content of mead,ow vegetation ra'ged from il-22 ppn, t4_34 ppm¡

and L9-36 ppm for nonfertitized,, ferLilized at, reco¡¡:mended rate, and double
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rå-l"er res,cec'uì-vel;r (Tables 8,9 a.ni 10)" Bcron api:ear.ed *ro a.ccu-rili.:--l ,ai:e over

'Lhe sea.son, generall-¡r sþswing ihe greatesL concenfration ¿.t ihe Íina.l- harvest

.1aLe. Feriiliza.iion seened, io increase the u-pt,ake of boron, hoi,'+ever, ihis
ríta]¡ be tLrie to a hi3;her u-piake bJr cerj,ain i,;eeds v¡hich v¡ere sf_i¡rulaied by i_nproved

soil- fert,ilii¡'. The boron conient oÍ brome*a-l-falf a averaged. 29 prsrr (calcu,l-ai;ecl

fron data in TabJ-e l-2). ÅccorL-ling'bo Berger (e) aUaUa is tleficj-ent in borcn

i-f j,ìie concenNrailion is less tha_n ì-C ppn"

CopÞer coni;ent oí ferNilizecl r¡eai.ol.: eppeelred. to be sÌigì:iL1)'hiqher. Lh¿n

in unf er|íliz-ed vegetation (T¿bl-es 8, Ç an'J- lO). The unf ertil-izeLi ¡neac,or.,¡ veg-

ei:a'ui-on" if cui l:efore rlu.gust, i s margin¡.l in copjìer coni;enL for anj.¡.cal_ rec.luire*

rrrenbs ir.ccorcÌing to Lhe 1-0 ppn íigure set b¡r :i."iì"ú" (e). Brolr:e_aifal_fa, ì:ir,ds*

foot' 'Lreioi] a.nr-i urpland na.iive vegeia.iion ',1ias acequa.Le ior anllal nu,i,r'ition

('Iäbles L2-, 1.3 anc I/r) . Sirnil-a¡ly', RoberLson (57) ro,-rn,j +.he l-evels oí' co¡per

of selectei Interl¿tre forages to be narginal_ coml-.a.recl to Lhe recoriLilend.ecl. level-s

fc¡'catile a,nc.i slieep. i'iason ana j.liiliinor"e (4?) noie,l i,hat copper C,eÍj-cj_encies

in anirna"l-s r'¡ere ofien incuced by hi,3h noly-bcienr:rn contenfs" The values reilori:ec1-

coinoared fairl¡' i..rel I to whe¿L'r, strav¡ l""hich contained Ç-1-8 ppr:l copÐer: the r"ange

for nortnal" growth il ,..rost plants usual-ly íal l-s betr";een 5 e.nci 20 pprir (f_e ¡ . It
is not, suspecterJ, l,hat coppêrl""'âs <j-efic'ìent frorn the s"UantÌpoint of pJ-ant nut-

rilion.

Zinc concenlraiions in meacior",'ve:{eNaL-i on rangecl from St+-!+,3 pÞiir., rviih no

CiiÍerences betr¿een ireai;nenis, anrJ, no ap-oeren.b sea.sonal_ trend_s (TaÏ:les g, g

anc I0) " The ränge for brone-al-f alf ¿, bircj-sf ooL .br.efoil_ ancÌ u.p1-and naNive veg-

elaiion i,'as 29-.49 ",.n 
(Tablcs L1?-, 13 and l-4) " Zinc is norr,,allJ' íounr, in ¡rasses

anci I e-qr¡''les in conceitbrations ra,nging frou 5l- to ó0 ppn (72,\ , and i s gene::ally

not a }¡rcbl-eln l.r,. grt.z-tná ani_nlals.
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I'iol-;rbrìenurt conce¡i|r¿.tj-cns j-n äearior+ vegeLa:.'Lion ranged Íro¡4 I "LO - ?-.g7

pprir, 1"58 - 4"31- ppn, anil J.l-5 - ó.ó4 pprn for feri,ili-zer level-s one, i.r,.,o, aniì

Nhree, r"espectivel-;. (Tables 8, 9 a.nd i-ul). Cunningliarir, Bro'uv-n an:i Ecie (z-Lr) reporied

nol¡rbdenuni Loxicit;r io livestoci< at, conceni:ra.i;i-ons of 25 pprrr in ihe Sr..,¡an iìuiver

Val-l-e.). of i,ianiioba. In gener"al, repor.bs of rrrol¡rbcienrm Lo::ici-u;,. in cati;le vary

fro¡n 15 - 300 Rniti (e5). åi,l- arol-¡rbcienu:n concenNrations in this siuC;r l.;ere beloi.¡

3-J p.r-ln, houever, valr-les oí 5 pprl or. gz'eaì,er, iràJt creafe problelrrs r.¡.itÌl cop.frer

nul,rit,Lon. Bir.dsfoot trefoil_ hacl a consiiierab.li¡ hig;her" noì-;,,þds¡¡rr conceniration

ihan brone-aifalf¿l (Ta¡l-es 12 anti IJ). Upl anr,i natiire \reße|abìofl r¡.¡ås senera_.lJ-y

lower in liol"ybdenu¡ir ihan un.feri;i-Iizec near-Ìow vege'i,ati-on (Tabl-es lO and l/r) "

3 ' iEi ro--Ê1ß-e-qijår! !;a.-Þq!,e¡*ge1 çq,+p-pi__+!¡q+

and le-sitiual respoËse_,

U.i.qesiÈjJil{'. lj-Eestihili-";' e¡ native .learioi+ foi-ages r,¡as consio,erab'l¡r

l:'ir:'t"overl upon fertilizatlon (Ie¡les 15 and l_ó). ¡1fl- :reacìor"¡ f ora,i,es shc,,.ieci aïl

incre¿.se in'ligesiibil-ii¡,- neer fhe l-a|t,er;rar,; of Åuqusi, i:ossi.i:J_-r- i:ec¿luse of
n€Irr grol,i|h following rai-n, T-he naiive upianrl (ta¡te 1.1) and rnee-cLow vegeia.tion

ienc.ed to sllo.,.¡ i; qraC_ual dec.l,ine in di¿esi,ibrii1,.i, Lnir,h advanci_ng i:uiuriì:y. Tiiis
is similar to resu,lts ob.¿ained el_sewhere. ïhe .jiqesiibilit,;r of ne:,,-ìorr vegeì,l.iion
fertilize¡l at l_evel- oire increaseu un-Lil la.|e Åugust anij then Cecl_rnecl" try
ntaiier- ,;igestiì:il-if.;- f1u-ct,u.a.ter-j. onli. sii,ghi:l-ir fs1. iree.itìo,,,; veset¡,t,ion fey.Lil,j zeil

al l-evel- iwo" Eroi'ie-¿..]-Íelfa -,",'a.s uu,ch:nore di.":esiibl,e ihan. ferr¿i-l izeri c.¡" unír:rii_1.-
-ìze'-Ì tr¡-.,i-v'e veqeti:iicn (Tabl es lJ, l-ó anci l-7) " subsiiiu i;i.n-i 'r¡ro.cLe-a.l f al-f¿r

fo:: n¡¡.iive species "¡c-Lrld ¡,:rcvidç Tir.i;erl_¿il¡-e iar:liers r,¡i.i:il a l,ore cii-e.es-i:i-b.l-e ¿,rnii,

nu-i;.r:-ì .fiou-s íoraiie corripere:Ì f o na.tir.¡e i¡ege.i;¿r.Lion.

äotaniqal cojrp9å*ligå. îhe g::ass spec:Les grolzinr crr -Lhe r.irj,qes of a
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I{arvest est,ibili-u.\: and T reat¡nent
Le

Ju¡e 15
July 11
Ju1y 26
.tll.rr¡e'l', Q

28"33
2r "10
23.3h.
¿)")l

23 "90 :ao "vJ
3l+ "7 l+2), î\'7

åugi-rst 2J - 32.29 3U"6L
Sepf ernber 6 2["L6 30. SS 36 .3L
¡çplgryþ-er 20 ._ 2o"8å**_ ?9 "\Ì+ * 3I "?_\
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Harvest
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^/dur]r zo
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.- _ Digçs-1,:Lbiti-'r,J' apd Tr_eatnent
Check Let¡ô I I Level
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?t Ãn

3l+.71+
?? )Q

:e. trg

i,l ìa
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45 "29
4ó "4O
t+3"L2

lry^ì

/.o oÃ
J,ç n2

4Y. rb

)7"Lo
Seotember 20 35 "Og
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\/c J \¿þ )
ìe56= --
June Ii

Jr-,,])' 11
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ó0" 04
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5l+.71+
LJ"L2
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t+O"83

?Ã "t /.

J,R n?
28.5L
2Q )2

)v")j
4r.40
¿r). [ ¿

B:"olne-alf a-l-f a
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Clarkleigh-Lr:ndar soil conplex were mainly Poa co4Þre_s-sa L., Canada blue grass,

and Àgrgpylqn sr¡,ithii Rybd,, western wheat grass. Car¡ada blue grass grows

on soils of low ferLilii:y or those having poor drainage characteristics accord.-

ing to Campbellu Best, and Budd (f¡) " Both upland species provide goocl pasture

i¡ their vegetafive state and are usually closely eroppecl by cattle. Swale

vegetation, however, is not, utilized bo the same extent, permitting it to

become coarse and unpalatable, By late Jul¿vrtanarla blue grass rras i¡l the head-

ing stage and i-n late August it was in advanced. maturity. The specÍes ühat

predominated in the depressions of the plot area were SparüL4a pectlnatg

Ljxkr (prairie cord grass), Çe}ç$eggF-låQ- -rgg}J-æ A. Gray, (northern reed

grass)¡ and g.gtggegÊgE!¿g ça¡adqgsiq (uicrrx.) Beauv., (marsh reed grass).

Canada blue grass vlas also the d.ominant species on the Inwood soil-

(site z) " usualty, however, d.ense stands of popqruq tremr¡.1-qi4es, I{ichx.,

(aspen poplar) groki on Inwooci soils; in this case, blue grass r¡ras occupy-

ing an area bhat had been cleared by man. Canada blue grass r¡rä.s fully mature

in early August on the Inwood soil.

Þ,ieed response l^Ias considerable on the fertilized mead.ov¡ plots in 19ó6"

By the end of JuI¡r' more Lhan 60% of the forages in the high fertilizer treat-
rnent consisted of .Anbrosjls psilostachya üG, (perennial ragr*eed) and Sonehus

€I¡9nÊle L"y (perennial sow thistle). The percentage of weeds in the treat-
ment receiving the reconmencied fertÍIizer rate v¡as considerably less, about

l+Ofr of the total forage yie1d. Weeds of lesser importance r^rere Asteq spÞ. ¡

G.rínderia perennig A. Ners., (guai^reed) and Hordeu4 juþ-qlul- L", (wilct barley)"

In L967 satisfactory weed control y¡as obtai.ned with one application of Zrh-Ð

amine. Þiany of the pererurial weed.s lrere not kjl-Ied by the herbicid.e, holuever,

thei-r growLh r,¡as subdued lo a large extent.
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Scol-ochioa ilqËJ-g¿ qeq (,.i I f¡.. ) lintt, ( span;ì-eioir) ijr:o'.,rs j-n sc-l ici st¿nds

in fjre ,:leepe.::. cienressions of û1,:iri,l eiglt*i.u.ndar ilea.lj_o'o¡s, ?he irercent, drli :laiier
ç,¡as 25"â ancl l1're ciri. nat'¿er .i'-iel .j. ,,tp-s L] ?h]_bs./a_c::e on June L5t L9(,6,. Ii
c¿in readil;'be seen lÌia-l- ihìs grass out;'is]cl-ed c''i!:er f;-pes o-f n¡iive vege.Lirì,ion

fron 'i;he s¿i,l:ire ¿.re¿.. Ci;irer-' chara.cf er":l-stics of sl:anr.;J-elop i-n r:id*iune l.rere;

i¡ru-cle rorciein 1.2."5i1;j :Jirosnircrus a,i?,?-]|;, Ðota.ssj-u-rri i2.1a2.,,, ca-1-c:-r-',::, a"?,Çi,

r:agnesjnm C,z-"ii,, årrC r-iijiesiii:ii_tt¿, (l_Z hours) 35"O:i. jr-ccor.ciin,q .Lo 
f.l.:riil_,-,r elt "

Bcst anC lìucid (l-5) thj-s s¡ecies is pale-La'ol,e boi,h for" pastu.re ¡.nci ha.:." They

reconrnenci it be cut for' ì^ler¡ as scon as 'Lhe 'v¡at,er receC,es a.ni- the land. becornes

cir;' enor-r¡ÌL: io carr.;r rrraclrinery"

Span3ì-elop cor¡lÐ¿Lre.j ver.;,' fa.vouz'¿lJ:l jr fo oiher n¿.i,ive ve,letrliioïl .,¡.iih

respecf to cru-ie prol.ein, poNassiu,rrL âûd phosphori:s contuenL. The conceniraiions

of l]ranganel-e: ircn, ì,or:oir, ccpper, zi-nc and lrrol_ybcl.enun in pÞrlr i,,¡ere g5, g3, l_2,

32' 69, anol 1"18, re-cì:ect,ivel-I'. srangleioíj åppear.s to have a highe¡ copÐer

conter:'f -j:harr o1,her rûeâr-iolr' veqetatíon.

+e:.rdq,å}_Igggg4jig__!ry$. Fert,ilizer. i.rr;r ¡n¿¿¿ur ]ri_eld of nat,ive i.äeaiì.oi"¡

veSe+ua.tiofr 1"a-s afÍecì.eC by the fe.rNil-izerr ;i.c-rrl:;,eni;s oÍ ihe crelicus year

(Figure 4) " The yiel-u frorn 1,he plot r,.¡hich receivecj- the irigh f erì;i.lizer. rate
jx f9óó -¡as al-nost h¿Lif a ton per acre greater i,Ìta,n 'bhe ;'ieli fr.or: t,he plo.b

tr¡hich haci no'r, r'ecei-veci a,n)¡ ferbiiize::" dir:,ht;."Oou,ni}s of nitrogen i_ncreased

;''ields of na,1;ive rneacicl'; veqetårti-onr on a.l-l plois, regarilless o-f Lhe previous

:rs¿¡rs ireatriien"r"" Increases in;rield írom ÉO l-bs" nitrogen per acre obt,a,i-ned

over ti:Lat receiveJ. fron the unfer'1,i.1-i-zeri pl-oi r.¡ere about 5OO l-bs" ¡ind l4OO l-bs.

per ¿.cre fro¡n fhe 1-Ç66 iertil-i"zed plots, levels one a-nii Nuo¡ rGSFeclì'¡eI)¡"

Additions of phospnorus alone ciicj- noL ai:pear to affeci 5rle1ri", (lligu.::e

l-,) " Taking ';wo yea"rís ¡rielci CaLa 'inio ccnsiciera.'r,ion, ihe re|r:-rns fron ieriLf-lzer
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on na-bive sj:ancls were nol econonical- aL 'tÌ:is iiee.

i. Iro;luci,.i"on of Cul-i,i-r'ated jo*rage_s

ig{:gs *ejlÈþ-].}s-Þnl.ç¡_l oS t4e Çfq{klsi q . Uue .,,o exLrerÌetJ¡

urou.ghl;' corrc-iiiions in t9ó6 (À_rr:endix I) lerin_ina.r,ion o-f sorqe lrasses l.ras

seriousl-i' i::ipairecÌ and rrel-a¡red; e¡.llersence of ] egumes occLt-?.reci much ear.lier

fhan grasses. Cf al-i, Lhe specìes soicnj alÍa,líe. r,,ås Nhe ncst successÍ'ul_ froril ihe

sl,anopoini of visu-al- oÌ;servê*rions" ilriie cl-over rvas ra,nkeiL nex-t, to a] ía1fa

¿.nrL alsike clover, ihird. Åcccrding l,o establ_ishneni clata (ia.bl_e l-S) al-1. three

J-e3rir',es attarned ap:ro>;ìri-aiel-. ecr:al- ¡rou-ni c:oa,rer, hor."ever", alîril-fa ;.ic-l ied

rnuch higlier than 'l,he other I egu:nes iesled ('lanfe f9) " Sorne of Lhe oilier.

grasses gerltinated l-atgr in su¡mer when the rLoisNure re,qime uas j-nproved-"

5Íeed.ed Ì:Ir-r-e ,3rass faileC !o esta.blish ancl. consecr.uentl¡r no esiabl_isirnen.i; cou.nis

or ;'.ielcÌs .r..rere ì,aken fr.on blu-e gra.ss p'lo,cs.

The est,abl-islunent of ihe remaining eight spec:Les in 1-967 is sho'r.,n in
Tables -l-ri and 20" .rroirL the data" in ?abLe 20 it, is evicÌent tnat meaclol,i fescr:-e

i,ias ''¿he oni;; Erass fo es'¿abrish sat,isfaclor.:ì-l-¡'. Du-e io hi.h va::ìabitii;. in the

en.ergence patLern of scme species no cle¡:.r trenci is apÐarenf from fhe eifec'u

oí fert,iitzdr,ion on esta,blislment,. Tn general , hor;evei, 'cotli le-rx'res end or"asses

ãÐr,eërred t,o est¿blish be'Lter on ferti'l-'.zerj plo'r,s" In ihree cases, ',.he tloubl-e

fe¡LiLizer ra.te atiDeal:ed- io iripr"ove es',,ablisru1eni. ôr'crâsses ô\¡êl: Lhe recoruriended

ra,Le, j:uì; in legu:.es lhere apnea:'erl io t,e r:o efíect. The percen'; hare gr.ou.nd

cf ec;::e¿rserÌ sl-ightl¡r as Lhe f ert,ilizer rat,e i:tcr"e a.serì , rveral.-1. averages oí 8?-"Ji'",

79.5;i, znô 76.2,)r,,¡çv. obfained for the checr:;, sÌng1-e rate (ZZ5 t¡s. 27*7-h*A pev

,.icre) and. ioub]e r¿.te (¿r5l t¡s " 27-fJ+^A ,oer acre), resnecli-r.el}'.

Sor¡ ihisNl-e r'.,as present in ever;'p1-oi; r'ai:3inl fron 2-;' cover j:r al-falfa

to l-$" Jií ccver jn a f er'Ì:il"ized ti::iotli;- pì ob , f eriil-i.zation sN j.mu.l-aterj- the
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8r'o1"*r,h and vigor cf sot,{ tìrisil-e cons,ic'ìerabl-¡r i;:-iìi-itl i'r;eil,i.r cla.;,-s of feriil_*
izer ar-.pl-i-caiion, Ì-,ui; ihis does noL appear t,o be::ei.Lec't,eil jn flre Fercent

cover dafa. l{i-Ii barl,ei¡ occur-recl in sone of i;he Íeriilizecì plo'r,s ¿nd-oer-

ennia-l r"agi';eecÌ- Id¿ls l=rresent in a m¡ú;er oil nlots. Canacla l:-lue Grass regen*

erated in ttianS' Flots, pärN:i-cularly in j:he heavitili¡ fer"ti]-ized (L5O:lbs.

27-LL-a per acre) al-farfa ploi e.nci conL,i:-iL,i.rLec. corrsi.lerabl;'. to fhe't,oLai

)¡ield" Th'is si:ecies al sc :-egenerelecl on ijra.ss pl-cts r,¡iiei*e 'ì:he ç:r'asses t"jere

i';eakl ¡r e s'b:.bl-isher.

spr-a¡rilg; iuit,h l.icPts i-n Lg66 d-id noN provi-iie satisÍact,rr;. l.reec.ì. conir.I.
liosb of the weed.s ccr-,-l-ci have been controrl-ecì b;¡ sirr¿yín,J )_t[-r, hor"iev.er,,

ihj-s r,'¡as r.iot noss'ibl-e on rbe erperi¡ee,:i,al- ¿.rea bec¿r.use of t¡u |s;1unes r:resen.L"

$pra;'ing wiiir 2ri,-D rri'as also infe¿tsil-.l-e Lreca.use of l,he arl.vanced- stage of
igoiv+"h of ihe leEu'res. It is liìlel-,¡r tira.t ín fu,i:ure reseecling tr:ì-;i.l-s, severe

lreed colripe'i,ì'Liotr wili- age.in be encountereci-" It i-s susq,:steci fh¿;t qï-3-sses

be esiabl-ishea fir.st, No per,-¡,-i,c sai,isía"cfor..,, r+eecÌ con.t,ror- i,.¡ith 2rlr_u, fol_
lor,,;ing ihis, the legune cor,r_-l.i be inbr.crlu.ceci inio ,Lhe gra,ss si.iat:d bj. sod

seecìi ng "

0n Jurte 63 L96'/, a-light frosi occu,rred. in Nhe area. It r,¡as observed

'r,haL 'i.ne ferb-Ll i'¿eð, icre.Ges r,Iere abl_e Lo r¡-j iirstal.r i;ire fr.osl, rnjr-r.r:;, betf er ,oi.i¿n

i,ire ur:fe.iilizecl íorai¡es" rncr.easeci. fr.os'b tolerance coul_il. be an ir:r,:ortant

con siiieraNion in io::i:ge J.ields arìi,l .r_:s¡.lstenc e.

.'i,-l-tircugìr LÌre soi-l was classif ied non*sal_-j ne: sí_)Ìre ereå,s i n ,ilie nic-
slope posif ion iief i-rritr:l--r. e.pl:reii_r'ed ,r,o be s¿¡._l_ine, In ihese sal_ine a.reas blre

solr'rll soacies failei, 'Lo esia.btrsh a.ncì sal-t-';ol-ez.anf s i:ecies cl-cr¡ri¡a.-,reC., The

se,l.i cc¡ncenNr.a.iion na;, ha.ve increa.seiJ i,.;i.1_h cilll,ivai;ion, Þer-ficill_ar,l.l¡ -ì.f evapo*
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i¡'a-nsriiz'a.L-l on e;iceedeC precipi"r,aiion " TÌrer.e i.;ås sori¡e ev-i rj ence oÍ s¿:.1-,¿ cr.'s-';ing

on ihe plois clur-i-n,¡'ì;lie su-l¡iey'oi Lg/¡|c" i']o.,.'ev,?t-¡ si¡inii s¿¡r¡:-tinir:r n 19ó? cì_icl

ncN i¡iic¿¿te ¡- sa.l.inii'' ri:o.Ì:,1-e:1 " llu-r1,her' r¡orli i-s ¡:e r,""iirei. +-o si;iriì-v ,¿he .,,,¡e.te¡

iable l-eve-Ì-s anr-i.L,he sal-i con.Leni oi ihe silbsoil"

iç-AÊe_g_üel.ciÞ" .+oi.age ;:ie-li:ìs in l-góZ fror:. unf ertitizeo plot,s of ir¡r,i-le

cl-cver, asl--i-]<e cl-o-,.relî, br'idsfooi b¡'e''oi l¡ brr"Loih¡-, bror:re, an,l reecL cetis.ï:f

,grâss ¡,';ere al¡rcst, ne¡r]-igible (Tabl-e lgr)" The yiercl c.f unÍer|i't jzeri atfa]_fa

::nci ¡reaciolu .fescr,r_e .,.iere sJ_ighil,¡r þiofiet, bu-'r, sl,:_tl ver;r -"roi.r. It is a..or,,;lren-L

flt;,i'ì, an;r renova.tion ÐroEï"aïr.'.^.'culd.l:,ec,,_iire ap;_. 1icalions cf nitro.sen ¿,nci phcs_

phorus Íe:"iil j-zers"

l';e¿.ilor,,i f esci-¡-e, |he cnl-r¡ !:rass Lo estê.Ì:-Ì-j-si: s¡:ii:;.f aci ox:-l¡,, ¡;iei_r,iecl

ir"ì .1ìre¡' .lfian an-i' otìrer gita,s-q s;i¡eci-es .rn e ach r"esl-,eciive ier'l:l-.i zex t:r,eaj,rnent.

,5i.,ri-i-l-¿r"1,;', at-Í'a.lf a cu-'L,;ii sl-¡,6C, a"l_l cihei: le,1;j¡iss (.i'a.þi e _1.-g) " 0n i;l te .Iune 22

Lra.rr¡esi iia,ie '-iníer-iiT i zed ¿¡-,'-.ía-l-Í'a i.ras in '.Ì'ie ris¡s¡ative siaf :,. -.rh_i l_e ÍeL:ì:il--

izei a.l-fal,Í;- i"¡i.s ruosiJ,¡.. in ihe ì:r:,i- s'r,age. ü'ìlere i.jil.s å, ,ji slincl, incre¡,ise in ijie

Jriel¡ì of r¡iea.i,ioi¿ fescue i::cn'r,Ìre riouhl-e fer"iil-.i-ze? taLve or¡er iÌre siüçle r.aie

{ZZi l-t>t. ?,?.')-ü--A i-.er acr,;). i.iosN of' the qráj.sses i;er-e in ihe bco'r, ¡:r.a.ge 1.¡hen

ha::vesì,ed.

H'eed can¿;T'rir frress, l,iì'ìi cl-ì li¡Õ- nc;t esiabl-isneC sa.tjr-sfacÌ;orilrr, appeared

1¡irlcrroì-rs jn the feri;i-l j-zec_i i¡:e¡¿irnenì, ¡;irere j_,c i,,¡as becorr.e e:_tall:l-isi.Le:r in sna.ll-

i,r;ri;cÌies" Tì:is specj-es rser"iis Íurbher stuci;r" ^-iirli-larl-¡." so¡ue c_f flle ciher
r,ri:rs5çs i,rj'rj-cn f ai l,:i-i to esf a.b'j ish sa-ì;isfa.c,'rorr l_.,,., lili_,ihi iiave esta_bl-j_sì.ed iÍ
coni-iti.ons af'r,er seeciing hcC Ì:een Î:orle favourr,.?:le.

Á-'l-sii<e eri'i ',,'hiii,e c-l-over establ-i si:e+ satisilacior"il--,. but iue ,¿o iheir

'r'rost'ate grorrlh habii cont.ibul,erì ver.¡ r-iitle io íora.ge i¡ierd. irÌrese s-rec_i.es

r".rrlu-lcì be ir-ore suif¿.}¡le Îor ?'d.s'úùy'e" ijirr--isfogt trej'oiI ,Lidr not a.çl*ain a,
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satisfactory stand and yielded unsatisfactorily. 0n JuIy 2ó alfalfa had

made good seed set on all fertilized plots and meacÌow fescue r\ras very mature.

The yields of alfalfa and meadow fescue were considerably belor¡ those yields

expected on upland soils unclcr simil-ar fertiJ_ity prograns.

Establishment, of Fgrages o4_In¡^lqoi _So*iI, The forage plot on Site ft.

was inadvertently seeded by the co-operator, thus the seeded oats and

alfalfa it¡ere considered as a base" The droughty conditions of 1966 resulted

in poor emergence of all sol,rn species" This plot rrras therefore abancìoned, but

a si¡oil¿r plot was established at site 5 on recently-broken land" In the first

year of establishnent at si|e !, alfaJ-fa responded fairly rvell to 430 lbs.

11-48-0 per acre (faUfe ef ). t.ihite clover responded slightly to the intermeCiate

rate, but did not increase in yield wibir additional fertilization" Birdsfoot

trrefoíl- esta.blished weakly since the seecÌ was not innoculated satisfactoril;r.

In general, horuever, all legumes established well,

The only grass that failed to establish was Kentucky blue grass;

meadour fescue, reed canary, æd brome established satisfactorily. l'[eadornr

fescue and timotÌr,y did not seem to respond to soil fertilit;' treatments, lrhile

brome grass and reed canar}, grass did respond in the first year" It is not

kno¡in why the former two species faj.led to respond, but this may be due to

variable stands obtained in the first, year or to the lorv quantiby of ni't,rogen

involved in the treatnents, It appears that on an upland TnLerlake soi-l- Like

Ïnwood, there are no serious problenis in establishing the tested forage crops,

with the possible exception of Kentuchy blue grâss. Fertilization is recommended

since available phosphorus wa$ low, particularly on scils that have been cult-

Ívated for a number of years" Soper (63-) made sinilar observations with alfalfa
grolm on a Lundar soil in the Interlake"
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tr"u,ie proiei-rr coniilnL oÍ LÌre t;s1;abl ishe,l iorages i s siro'..m in T¿r'al-e 122.

The v;i¡'i-o1,lon in crucie nrcl,ein ccn'¿ent betiçeen ihe Lhree soil fer"Lil it.t' Levels

l'n¿j,s ve,"J'' siral-l- îor each s ecies" I-t, i s noteil- ih¿i| tj_¡:rctÌi;. ¡r,3 the l-owest cr"u.il e

¡"'rotein conienì: of a.l-l Ë;ra.sses" l-,egunes hrere qeneral-I;'hi¡her i;ht-rn L,he grasses

in crude proiein conienL. There is no er¡ict,ence NhaN fer"ri-l izatiorr i_ncreased .rhe

c¡'tlde rroieirr ccnLeni oÍ i,he forage crops f;esLed. 1'he la.c;k of feriilrzer"
resÐonse v¡as nrobabl-y ii-ue to d.r.ouql:iN;r ç.rr-,¿it-i_ons"

t " Qrcgå[elæ_9_Þne¡:#e*i.

Tne pur.rose of i;he greenhou.se exneri:rent r¡as to cÕl:rii)are ío::a.ge;r'iel'1s

bel,r'¡een 'bftree iliÍf ereni Ini:er-lal<e soi-l-s a.l sev'e:"al- soil feriìLit,;.' l-evels.

rlnergence counls ta,iren cirl no'r, indicate Ciffer.ences beLween sc.i-l,s or -qoil

íertilit,¡,. -ur:ea'i:.neu'us. 1(en'r,ucit¡r b'lue grass Ci,d no,u e.ierge sati sf¡,;.ct,or"i'l -,r on

il-re soil (Ga.r.scn) Lestecl ilnC conse,.1ùenil;, ;,:eì_d_eo I ess Nha,n all_ c.Lire¡, ,qrasses

testerl a.-b cortÐaz'abl-e f er"iil,i.f-r' l-evel-s" i'ilii1,e cl-over '.irf¡.: çh rl'a.s eLso Lesled on

tile Garson soil oriJ-;,r, crner"get1 ver"y well" The Lotal- tl-ri¡ r¡atler J¡iel d of r.rìri¡e
clover was -l-ess than alfal_fa at each ferlilif¡, Ievel, (:.ZZ S" vs. ,i.Ii-ì 

,g",

7"329. vs. E.oj g", ¿nci 6,ó2 g. vs. 8"76 s, for. rhe cireckr:rei1iu4 ancl high

ferf.j-] izet ra'te, res.pectivei-y), and- the seccn,l c''rtSrields frcnl'ooth sliecies

1..¡eue considerab-l-rr g.r:eater" than those ob.La--inec f::om the fir.si cr.r".b"

Dr¡r ¡i¿f,Ns,';ríeì-irs (Tablors 2l) and 2/¡ anci irigure J) froni'bhe tlarxl-eish-
Lu-nìar a_ni rnir'ooo soil s r.Jere ,_.lenerall"r,, greaier .¡,han ti,ose obt¿.ined. ilro¡r t,he

Garson soil " Trris rlifference coul-rÌ be d.u_e fo ph;rsical soi] char.acle::isiics,

since ii; r'¡as observed- ¡ha.f ilre soil- str.uciur"e of tjre recenfì,;r*broken iru,.icocl

soi"l- itas consiaer¿bl;' ¡6¡¡*r'than the Garson soil- whicÌr hacr been cultivai;eil for
a nurîlber cf 1'3¿¡u. In nosi cases, f,lie ìlighesi yielcis r,,;ere obiainecl fro:l t,he

Irl';ood soil- ¿i; fhe f irsi, cut"
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Comparing species for total yield, it is appareni: that alfalfa out-

rarked all- other species tested (Table 24). In many instanees, however, during

the first cut, grasses yielded higher than alfalfa" Birdsfoot trefoil ranked

last and produced only slj-ghtl¡r ¡16r" from the double fertilizer rate than fron

the single rate"

The differences due to fentilizer treatments were highly signiÍicant.

Increases frcmn the medir:m fertilizer rate (45 ppm N and 20 ppm p) over the

check were generally quibe large. The increase from the highest fertilizer

rate over the medium was not as marked." The largest pereentage f.ield increases

of grasses fro¡n fertil-izers occurred on the Garson soil-, possibly because of

its very low nitrate*nitrogen status" Reecl canery grass seemed part,icularly

promising on the C1arkleigh-Lr:ndar soil since it yield.ed weII and increased its
cover by sending out new shoots fron rhizomes (Figures 6 and ?). Meaclow fescue

also yielded very rr'ell on all soils, but is less d.esi¡able than reeci- canar)¡

grass because of i-ts short persistence. The problems encountereci in the field
trial in establishing grasses at the Clarkleigh-Lunclar site were not repeated

in the greenhouse study, probabþ due to optirnum moisture conditions.

From growth measurements taken after the first cut it appears that in

"roan)¡ jxstances the t'allest growth of grasses 'was made at the single fertilizer
rate or the unfertiliz,ed treatment as vrelL" Groi*'th measureaents as perform.ed

in this study, were not sensitive enough to evaluat,e fertj-Iizer response. Dr)'

mabber yield proved to be a better ind.icator of fertilizer response. Slmilar

resul-ts Írom growbh measure¡¡rent,s of legumes i-ndicated this test as not being

sufficiently sensitive to detect small or i¡ternediate d.ifferences.

E" Special Observations with Sup:geslionåfor Future ReseaJ:cb

1. Probl.ems in Establishment of Forage Seedlingg

fn view of the severe weed competition encountered in establishinE
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rol"âpie crc)ps on iûeacloI"f soilsy a siucì.rr fo re,-l';ce tliis comne,¿i'r,:oi.t,",;cufci be

'";arrantei. Il has been observe,:Ì (28) ''¿hab successful- esia.irlisiLren.b could be

at'¿ainerl on s¿l-ine cl-ai¡ soil s b¡r rjir.ectl-.¡ seeoing. gr.asses ip¡e sL-ubbte wj_th_

ouf ;:rior cul l,iva.'cion. Fer-Lil-izer' rr,.fas appi-iecl and b¡'oad"-.1-e¿.rreC Ì,ree.is were

con'i:rcl-led b;r sr:l'i:;¡l.nE 2r[-Ð ir,ith suLlsecuenb ci.ireci; soCL seed-in,g of a]-.flalfa. j-n

l"a'te falI of llre'bhi¡:cl l¡eåï". Oihei: netho.is lnr¡o.l-ving rninirna-l- soÍl- clist,ru:ì:ance

¿}so ner'ii. consi¿ei.c.fion such s.s cli::ect sod seeiling using sneci¿.1- equ-ipnenl or

socl seedin5 follouing anpl-icati-on of herbic'j0-es, e.g. pÐrracu¡ìt. Seecling r.,,.ith

pel-1-ç¿st1 seed in l-a't,e fa.Il could- resuJ-t in ear.lj¡ establishment. A nurse crop

sucit as barle;¡'or oats coul_d. aossiiil-y subdr¡e i.¡eed erov¡lh. Ìiliile unsuccessf¡_i,l

1¡eel con'r.ro:l- t"ras obi¿ined in ihis sf-u"ri;r,,..¡iLh l{C?B an earl;r sÐra.Jì¡.ing ¡¡¡ith i.iCpÄ

or ZrLç-Di) night contr"ol- r,reed gror..'Nir so ì:hat, a gï.ass*J-egune rir:riure coul-ci be

est;rblished in one see,ling oi;eraLion.

2, {gtgg_ggg-.Spgies fgr Inte{I+ke t"ieador-¡ Sorls

The species that appea-z"ed i;o est,ablish satisfacto::il;rr, najr,el-J/- alfa-Ii-a,
meâ'1or¡ fescue, and reed canarJr grass rec;uire ev¿:luaNion on a larger scal-e e-nc1

ìn r¡ari-ous corLbLna'L,j-cns. Sone cÍ'che other species testecl- al-t'noirgir the¡r cr-id

nct esfa'clish r¡e]-l in 1_966, shoulcÌ not necessar.:i1;r be rJisregarded in Íuture siu_ri_

ies" It night al-so be cÌesirabl-e to test vårious sa'lt-Lolerani si:eeies such as

sl-ender in'ceri¡reiiia-¡.e r¡¡heaf grass, Russian "t'ii}ì r"¡-e qrass, s.nci Lql}U.ï spp. Ii
is reccrr¡:Lenc-eC' tha'c strrd-ies be ccntinuecl l'ui't,h bir.¡siloot irefoil,, si-nce ihis
si]ecies has iione itell in cj.ifficult, envire¡ï¡lsnfs in oj;her aï-eas ci' ,;he i,¡orlcj_

Xstablishr,reni siuiies recrÌlire cl.ear cief ini t,ion of objectives as lc
r"¡':lei:her tri-al-s are clesiqnec for paslur-e or for ha¡'u.se" Inler.l-al<e fa::ners

ruoul-cÌ be int,s¡'sted'in obtaining a forage n}l'Lure Lll;i: ',r,oul,.Ì. provìcle eiiher
l-ate or" ea-rl;r s¡-,r.ing gr.azing for ilri:i:: caf,L1 e.
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3. $oil Salinity _Igvestieations

It is knor¡n tha,t small areas within Clarkleigh-Lu¡d.ar meadows are

very sali-ne Lo the extent that on-l;; s¿]f,-tolerant species will gror,,r, Tt

has also been observed that bíg bluestern, Ândropogcn gerarlij- Vitraan, may

be an indicator plant for del-j¡reating areas where successful forage establish-

ment may occur" Correlating soil salinity with native plants could possibly

provide more indicator plants. T¡ general though, more reliable methods

are required for predicting r+hether a certain forage mj-xture will be proCuctive

i:r a given area, anci what proportion wirr fair- due to salinit). and/or other

factors.



V.

f. sNuC.r¡ of na'uive neã.ûcu r¡eoet.:'i.iorr in l-,he Tnf er''l ake are¿, confir¡iLed

'¿h41, unt'erì:il-ize ì ve..iei¿'üLon '';as nar,gina,ì in copl:er" con'¿eni ¿nú. 'i ne,-ecu-a",,e

i:r cru-cie r:r¡-otein and nhos,-,horls conten'r, .for livestock ,crociucti-on. Unf eriiI-

izeù ¡readol', iia;r is also ver.y J-or,r i¡ ,r¡r:cì-r-rcLiv-'l'';¡'. fei:i;if_iza'bion r,'iì;:r niirogen

anj phos;:'rorus increesed dr¡,' r:-at'uer 3'ieì_d, iige s+-ibiLi'L)-, cruci.e nroLein con*

ienf , phos"'liorr,is ancl coj;a.ssiu-n, es l.rel-l as concenii:a'i,.-cn-. oi c¡r.l-cirr.:'1, í-iagnes*

i-r¡¡: anil, soci.iu¡n. Trace e'lelirent concentr"a'cions of'rnångånese, borcn, copper,

::nci reol¡,'bùenurn, aÞireared- fo -incr.e:se i,¡i'íh fertilizat,ion wirile zlnc w¡.s not

aÍf ecj:ecl . i:l cl--¡biienu¡n conient. increasei coirsi..l,erabl-'¡ ,.,'ith f"ert,i Ij.z,ation: br:.N

':lid no'¿ reacli the -io>l-ì ci_i;r ¡-st*1 f or Livestock " i¡-,r ¡.r¿.ii- ^r iiì el cì, cl,rr¡ n,a-Lt er

+igestfbil-i1,1,', cl"uile lrrcLein and ¡hcs¡hor'¡-g conient ',.Ier.e ronsiisbenih' Ìligher

bb.:"ou-ì'iou.L i:h.' season i n ferbilize.ì vegeiai j-orr i;ita.n in i-inier.tili-zecl, slio.,,iin:Ì

ih¡t native neaiior',' ve3e-uatiorl cen be ir.pr"oveci Íor iivesiock prociucii-on i;;,r fert-

ilizstion' These values l¡iere ¡ì,lso conli:luousl;i þi'r:1 si. in ve3e¡xiion ieriil j-zecì

af level- 2 'Lba.n in vege'bar,lion f er--iiliseij al l"evel I (ZZ5 i¡s" 27*l-/L^O per" a.cre).

irr'c,:ir fc¡-i.ier n,ririenb concen'cr"atir:n ri.a.La, nr,,ne oÍ iire nicroel-e¡lLenrs appeat ro

br: ileficienì: íor pl_ant nurir-ition"

{ Seneraì, se,,rscnil,l- il-ec,l-i ne oÍ ';ir;r nr¿:¡ j,e:r I'iel-i : ,j i,_eesiibi'l i-i).., c::'ude

Þr'oi,ein, phcspi:crus. anci i-,oiassiu:l i.,,å.s recorrl,eri in ¿¡.1--l- i;i.eafl¡ienis cf na'r,j-ve

neacl.or'.' -¡e¡lein,L.l-on. Ci:J-cir-:-n, ï,ß":ne s'i L].rr: ¡ a.rii. 'i:oron as ue-l-l- ,!.s pel:'cen'c cir,,- -.taLie¡:

epleared 1,o increa:ìe 1,n::r:r-ighout 'c,he se¡r.soi'!. i't'oiti cr-,ns'i¡'ieraticn of al-l- facì,ors

str,L',ii-eiÌ, -i t aJ-r-,ea.rs j;Ìiai bo'r,Ìr ,-ilrie::iil izeij ¿l¡r:1, íer.t,i_l_izeil n¿r'i.ive rilea.,:lloit vep:eLê*

j--ion sÌ:c:-r.lit be l:a::vesie:l betr,;eeä l-a.';e June ancÌ ri-ii,ìclj-e of Ju,lir. 'iì-.is vegeial:i.on,

'ìr¡t'Ieve)r: -,-s iÌec-i deiì1-;. i-n-flerior io b::o¡le-¡¡.,1-fei-ì f ¡. cr birilsfoot treioil-"

'jevere r¡ced infesi¿'t lrns T,rel:e ì3ncou-nlereii ll¡on fert,il i z'i.n" naiive
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meadol"r vegetation as rdell as in new sokri-Tlgs on cultivated soi1" Due to

droughty conditions, most of bhe grasses tesi;ed, except mead.ow fescue, failed

to establish satisfacforily on the Clarkteigh-Lundar soil" Reed. canary grass

i¡rdicated potential from its vigorous establishment in small patches. .Alfalfa

established and yielded considerably higher than all other legumes and grasses

test'ed in field and greenhouse studies" Grass emergence problens, sinrilar to

those i-n the field, were not eneou-ntered in the greenhouse.

0n upland soils such as Inwood, no particular establishment problens

were eneountered, however, both nitrogen and phosphorus applications are

required for satisfactory forage production" Many problems, hor,rever, still

exisi: in establishing forages on meadow sojJ-s and further r,rork will be re-

quired to resolve these problens.
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