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riash (_.;.f’%/l foitnd trot tra earnce-tritinn Af mavtpientz dn w0ty
wis a frinetiosn of the time, »wion' | eldmute) ond mapacene -t sraahi cea,

Fe also stated trat tre minimm srowtn roa=gible witnin tie 1imis

of sty of a sincie elerent can rean t anly whea tha gnmcentr ti9q

of all eierents hove heen hroacnt into Tainace at the Teve of

intensity deterrined hv that siemeni, VAL anv Tevel of miritiama’
irtensits thar2 exists a ha nmae of nureientg at yhich armtiomn

srowih far that Interadty leved vill reanit, ! In-~tner, at any
Tevel of my'pitiao-n’ intersitir) »ravided that all aiirient elemants
are in nroner haisnce, it is mossinle t0 ahtazin nlants that a-mear

navical in every cesveat and in whicen a'l meraralje mrogegeas are

-
!

~ral anty o gaantitatively normal, Fowever, mawimm eroavth and vield
res1it only vhen the nrover ialcvee of rutriect elaments occonra in

smtiimn intensttr, It 4g mossihle 4o Mave

joe
=3

cnmtiaation vith the

ints laokine in distin-~tive symmions of malnmiriftian, Tt wiieh

Tuadesardn (20) nrsersved thnt laaf aralrysis gives the direction

and extent of matritinnal nrraia-rce within the »lant ond ~ovides thoe

-~

kawlelre wherehy tie nrorer balance hetween fertillzer elomonts mar
he deterasined when fertilirer a~mlications are made nnder varinusg
snil and cuitaral eonditiong,

Weidemann and Conk (R3), after 2 creemhruce stony of thre
deficiency svinntams of srear teets wrowm in enartiz sand, f2mi Fhe

followi s Wiitrngan deficient nlants were verv smulil, bnf had

M h}

Ferdltew gronnrins rantg and gvrendineg »ale sreen leaves wiich davel:

e )
[ESRLIPY
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v ve e e o LY. I - - . -~ TV gerrmr . =
vere ver:s sl with deen crecn, evecl leavesx, and

2

-

red 843 93 ovowms, e tan rante were unall zrd covered vith fira

Flack ronts, .. " Petageinn derlicient ~lants crew larser, PP resnired
more nntaseinm tn Veen them a

Trese ninrig Feonns wellay anid

nesratic alar> e hHorlers of their Teave

B}

L ]

11) esnciudesy "itpacen ig reanired hy susar heats
trrouctiont the crowtn rerinad, The time AT the develn-ment of tie
four to seven ~airs of leaves should te considered tre mrst critical

m

wiith res-ect to nitro-en..." ne enttins off of nitraren reinced

hnth tre je’d of tre reots and leaves, The exclidines of nitrogen
from “te mitrient seclution at trhe »erind of geven tn ten loaf forna.
tion rednced fhe amonat of solntle nifrazen; onlant vtake of rhos-
nhamig as wel] as pntassium was decreasel, and tre ceficiencr of one

of the mnhst imnrtant elements rreventoed the normal develo-neat nf

the ore#anisnm as a vhele,

1]
~
i
S
S

By comdnetins nther field exmerimants, Decoux ani nther

faund trat

v hr dnses of nifrnsen ani nntash,
Patach in excess of the nlaris needs was fonmi *+n he stored in +he
leaves, Feavy amlications of ritpnsen in the shsenre of notash
“roinzed marked in
1

Temidenks (12) alsn found that a laclk of motaseinm darine early

staran of the develorment of snrar tests vesn’ted in rednced rie’d
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In ey-eriaentn’ warl op t07 7 Toeste ) Tliaahema s Tane e oand
7 . . E .
Atherg {2) found evideanze that the rield o7 taes wag Yens witl 1o

fertitizer {rentuents, and the size of the bests was Tarcer mn
nlats wiera crmmlete and donihle trecisernts »f feviiiizers vore
addied, Low temreratare rrodaceld arthne;anin nisients, wh
termreratnre ard the avndart reodnntion of faliace cansed thig viea

ment ta hrealc down, Tomhle anniicationg of mnoaavliarpg nradnned tha
heat, »arual cnlor of the beets, white a deficiency of rroarhnrusg
reanlted in the manrest colnr,

dzravseva (18) stodied the effects o~f fertilirer anr~ icationz

on varions ve-setahles ard frond that tahle teeis resmanided nore to

1

vo.ash fertilizers than did any of tha ntrer vecetables stodied,
Smith and Schlenker (25) concinded from their ev-erimerts on tre

ontimm s~1i% nutrient levels for tahle heeta that crawth orn vIinais

with Tezs than 12 »n,n.m, nitral

o
b
s
.

0

slow ard ton¥% riace at the ex-
renc@ of the ritrate reserva in tre enii, At 25 r,m,m, tlere was

Tly wnere the nmuaver of rianis was Jow, it
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raximim rield was rot artained mtil the 52 n.~,@m, Jevel was react ed.

Trie on=certration af nitracen in the er-resced ‘nice caorrelateid

vitu tre srowth rate of the bects, Teas trhan 830 non.n, nifride
in tre midrih corraicted with tre retardel srowih rates, Mhe ritrate

enorncentratioare in the ridrits vere sracter wnere tre hest resmonze

wia orcained.
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Oabtern Toumy srd was s€ ectad ag the snil dn which in 1oy

fre bo T.00, Vertch (30) ) {rcivias 1iot,

- /)y .

bretc, Osrrero, aconrd

hyawy ey sx~de and candy Tnars, wrderlain L ovesvicns
O

<

Tre ruiricent levels in Oehitero were Ceterndned Ty nginge the
Serrwor active test (20) and were found +2 bhe less tian 1 v v o,
rityacen, 3 v on,m, notascivn, ard 2 »onom, vheentarre The ¥

A R .

Wy 5,0, &1 T srasy wvas seraved of Tooans oo 4ve fireat it
‘ z
incics Af tom 8017 need, This was scverred and ndr dried hefere
Oshtern wae chosen Yecwuse of Its Iow Tertility Jevel, firce
it 3s v in orsanice ratier and clay content, interfarins iors arnd

cnlinids vere postiy avnided and the rroclen of egtehoisiine an

ivder of thne rutrient rezvicerents was sreat’y gipelified

Since tne orfactive of tide exrerinent was to wmeasyre tre

o)

resrorae of tre bert crors to tre availinatie matrients, the ~roblern

recescitoted the estarlighine of the annunt of minereis reculired to

hrirg tre 8037 to varicns leve's of actively avai“ahle nutricents an

"a resg-amse comid e stindied at {hege difTerert leve o,

(4

Ae
P

s de

™o il was trerefore catitrated bty roovndn s teats to detier:

gwa’t adrixinres of clay acl gravel, and 3t s very taw in fortiisite,
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tre fix oy waner of Daktbera o vitpro AT TRS ¢ I 300
ratzezing ween ooniied in tie forw af tre ndvernl eata tiont weve
need in this exverinent (Trhle 1). Tre fiwatirn test for each

eleirert war rin bty wel hilre ont twerty—{our T35 sranm somrtes of air

dry 311 to serve for tweTve trentiectg in dvlicate,

ineinded twelve Jeve s each of nitrosen, rhos hinris, and ratogsiown,
e snils were then trousht to mayi-mm water Yoldin caracity vhieh

vas kert corstant af room fermerainre for two veelbs,  The Srevwn:

te~t was thor nsed to deleviive tre active or aviilanle rotricrice,

™o calihration enrves srown in Fies, 1, 2 crd R were drawvn from
the data ouvteined in trese tests,
A 1oni at thece enrves shous trnat the fixation of nitrate tv

Neltero re=ulted in a strai:mt lire relatirnshi>., In otrer wordce,
tre nitrate In the sril was directly nronarticval tn the nitrate
thaet was addad, This is siown Ty the corstant vaiue ¢f tic sinmne
of the cnurve throgsremt its erntire lerstia, Proovhnrug was fizxed to
tt e createst evtert arnd the vercentanre of fixation decreased as
lareer cnantities of rnes hnrus were alded, Promariiomailiy it wae
nich less avaijable when snall increments of monocaleism ries-hiate
vere added thar wnen Jarser erviications weve rade, Trhis is shoamr
hrothe more ravid rise of the cuarve with increaved inziemerts of

added vrasvhnrus,  The retassinm fivation cnurve shows that there was

o
w—d
™m
<
®
(4]

Tisht decrease in nercevitre fixaticn as greater gnantities

-y
(o)

te nf mntasn were armm ied,

LT G

AL x4 x 3 fact~rial desisr wee chnsen o carry ant bl
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The fruir Jeve e of pitinen geartel o, 0

were (G, 24, 50,

ar? 00 n,nm, g erotassinmg Jevels ¢ nsen vere 0, 15, 30, and A0 - m,;
aré t'e three leveis of ~rosrhiarvs selecicd vere O, K and D n o m,

This cave a total of fortr-eisht treatrercts (Tuhle 1) wiier ware
crTicated for beth sucar heets ard tatie tects, mai-s a toinl of
132 wots, As in the fixaticn tfeste, ranccelclinm rhacrhate ard

sulrhate of rotrenh wvere nsed as carriers of ~uas-harrs and rntaceinn
. 7 ;

?
res-ectively, Trere was a snlit conlication of the nitrate, fme-

) N 5

ralf of tre required ritraren was frrigred vty aw oniug ritirnte with

e

the otner o f relirng ntitained from nitrate of snfa, Thie was dore
to avoid the rossinitity of irury from ton maoh sodivm, Zven
thoush mieh evidence Yas been rresented to shiow the teneficicl et fect

\

nf sodiun for sioar beets ard tarle Teets (13}, excessive corcentra-
tions mizit have sericnsgly comrlicated this exreriment, Cormlications
resulting from nigsh corcentraticng of sndinm would te onite likely

to develon in a sand siich ag Oer-tern where tire burfer caricity of thre
snil is low, Alan sndium ritrate wmid tend tn offset the acid
reactirn ~raroted by lar-e a~n'ications of amwoninm nitrate (22),
Reets are »artioiariv sersitive tn the deficiencies of nuncanecse,
rasaesium, and horan (10). Trherefore, tn rrevent any interfererces T)r
the ra:functiorning of the thrsinle ical activities within the nlants

or tre develavrert nf deficie-cr siamisng due to a Tack of thes

LKA . by . e v
ransanese end neemesiun

elenents, the f2lloawins stens were talen:
suinhates were a~v1ied 8t the rate of 170 1re, »er sere and saciam
tetrannorate at the rute of five rounds rer acre, Teets are liue

laving aroms and ¢n hest in a snil vith wlenty of asaiciun (V7).



Trerefore, fovpr grans of ealcinm coriovate W ailel tn ennh rat

'i1ce of sand was mlaced in two- ailor mats thet hrd Teen
vrevitusiy welsted, Tre soll was drmred datn g mivine ran ond
thormsidy mived affer trottnent, Tn ane’r nitresen and notsesiang,
the er.lts of thece elemente vera dissnlved in distilied water and
the »romer volume reasured to ralise the matrients to the setected
levelg (Ta¥le 1), Voinnes were aiinsted to fit stardard rincttes
and then tle nutrient concententinong ver ¢, ¢, were ca’cujated i»
rrler to Tacilitate the ad’ition of the treztrente, The gunantities
nT fertiijzer materia®s needed tn raise the soills active ruatrients

to the selected leve's rad a’rendy Teen determired Yy fixuation

1

tests (Fi-s. 1, 2, 3). larrarese, ma-mesina, an? hnvon carrisrs

were eosually added to 2l3 nots at thig time, Tha Jow galn®

~ e )

nf manocaleinm nroemizte made it rneceseary trat it be &-niied in
tie crvstallire state, Calcim cartonate wng also arriied in & Orv

foirn,

TONY PUOCTIY R Y

—

Recanse tiis lisht textured snoij had a2 terdercy to wash buadly,
tie mnistnre content of the snil was raised o 18 »ar cant of its
cry wai&hf‘with distilled water helore the secds were mlanted.

The wnistnure eguivalent of Oshteno was not vseld az 2 basis for
The 3

omtimir moisture tecause it was £and to e ton low, ne 13 rer

cent Tfirmre was arrived at by takins a bawdler of sntl and mecenria-

tre emvint of water necessary to meisten the e-1il witvnany havine ans



Sree tater dn th o Tattiam o af the fonthliaen

Srocr heets vere »arted Arril 27 cod tre Fi3e Tesig an
> g . ’ ~ . : - .
Anril g9, On Y 6, the miriernts vere ooe a~1 evrdnetivie,

tests were T ta deiernire tre en!nile silt cnrtent of e snit,

Srarvianls srsten (24) was used to cdeleriine the nuiriest ‘evels, w-d
cntor commarisens to deltermine the riosrhoarig snd natossium covcen-
tritinrs were wile with a Tnmesson Colarvimetaer {Pies, L) 71, Trewr
crowine gmace was nrovided by idnning the encar beets to 7 rea

ha-ts in filve ~Tants mer rnt,

nTanlis »er vt ard te s.o

)

Tre bHerchies vera ralled mut intn the oran on My 21 in order to

avnid tre excesaive heat of tre osreenlionne ond for Tetter temmerattive

onntrol (?‘ Tre ritrocen JTevels vere aise chiecked at tnis time,

;.

. -

On Jure 1 nitrate amiicationg enficient to rezxtore te cori-ing’

-

evels vere macde., (m o Junc 173, victures were fnlen tn shew the effect
of tha faur nitrate jevels, sen Wice, 22 a-d 22, The lTeve s verc
atran restared on trat dave, aier, on June 28, ifne rotasaium con-
cevtratiang vere alfusted tn treiv nricieat Gevels (Taklag 2,

O Tuilw 371 the heetg vere narvesited and tre nicinres shnavwm g

The targ savd Toacte wete drtar

. . -~ - 1 - -
®ics, 13, 14, 2R, ond 24 vere

ceraratelr and weired, Than the dried tisgne wos sroumd in & v

ri1l, and total wossrorss delerminetions (J8) weve run on tie

comrneite verlicates of roots avd tong o Lot shenr Teals and ol e

£ PRI
RIS

teets, The wroceiare for the rhagrrarus deternirziion was as

NN b N N + 4 M N v . b
wel el oomoan Aannlyriiend hna ca o

riaced i »arecelnin omicitiers,  ATter tris enchb

with 2 o, of 2.0 mafnr amoninm pitrite and 0,2 wolor pasmecten
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Fig. 12, == Early pgrewth resronse of sucar teets to four
Jevels of ritrate on QOsktemn loaxy sand, Tre treatrents
were: (1) zero, (2) twerty-five, (3) fif+y, and (L) ore
rindred p.r.m, =— pinsrrorus ard notagsium were rnot
annlied. The nitrocen deficliert rlents wvere sreatiy re-
duced in size and were nale green in colior, The greatest
vielé arreared at the fifty 1.»n.m., Jevel,



Fig, 13, == The effect of the d erent

3
on the ercwth of sngar beets, (
(R) fifty, and (4) one hundred n.r.m.

rotassinm were not annlied,

£
1

nitrate levels

¢
) zero, (2) twenty-five,

Phos~nnrne

nd
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Fig. 14, —= Growth resmonge to Gifferent leveis of rij-
trate. Treatnents shown: (i) zero, (2) twenty-five,
(3) fiftyv, and (4) ore rundred p,p.m. Phasmhorus was

maintaired at five and rntassinm at thirty n,r.m,

Ll



Fir, 15, == Susar heets siiowine notassiun deficiency,
Nate marciral "filving" and necrosis of older leaves, The
phosrhorus level was ten and the nitrate level was
twenty-five r,».m,
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Fig, 22, == Growth resmanse of table beets to Tour
levels of nitrate, The treztients vere (1) zero, (2)
{wenty-five, (R) fifty, and (L) one hundredi r.».m,
Phosphorus and potassium were not annlied. The nitro-
gen deficient nlants were greatly reinced in size,
vellowieh and slichtly bronzed in color, Greatest
ernwth oceurred at the fifty n.p.m, Jevel,

61



Fig., 22, == Growth resnorse of table teets to four
levels of nitrate, The tren'ients vere (1) zero, (Z2)
tventy-five, (3) fifty, and (L) one hundred »,n.m,
iMosprhorus and potassium were not annlied, The nitro-
gen deficient nlants were greatly rednced in size,
vellowish and slirchtly bromzed in celor, Greatest
egrowth occurred at tre fifty n.p.m. level,

Al



Fig, 23, == The Effect of nitrate levels on the
growth of tahle beets., (1) zero, (2) twenty-five,

4

en
hiosmharu

(R) fiftr, and (4) nne hundred ».,».m, T s
ard nntassinm were not added. I'ote the hichly sic-
nificart reazmonse at the twenty-five n.n.m. level
as commared to level Yn, 1,



Fig., 24, —— Table beeis showing succaessive levels of
zero, five, ard ten p.n.m. nnosnhorus at zero levels
of nitrogen and potassium, ILimited resmnnse to phos-
vhorus is shovn, Five p.m.m, mhasphorus gave thre
freatest yield,
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