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INTRODUCTlON 

Textbooks and other hortieultlJ1'nllitel"n,tul't' dealing with the culttu°e 
of vegetn,bles make frequent refcn'ncp to tIl(' "hardNling" of seedling 
pJants prior to removing them from hotbeds or greenhouses to the 
~re unfavorable conditions of til(' field. This ha.rdening process is 
<fisigned to make the plants bett.er able to resist desiccation from hot, 
tltying winds and the direct rays of the sun, less subject to injury 
tf.I1om wind-whipping j and more frost-resistlmt. 
o Hard;§Ding may be accomplislwd by almost any treatm('nt that will 

;aleck ~ growth of the plants. However, it is usually accomplished by 
waduaITy subjectingthc seedlin~s to lower temperatures 01' by watering 
~them :waringly fora period of from 7 to 10 days before they are 
!3et int<>J:the field. Frequen tly a. combination of these two methods 
~Xs em$yed. Other treatments, sllch as root prnning, frequent 
~oansp~ting from smaller to larger pots, or watering with N/10 
CSodiunCchloride or N/lO sodium bicarbonate solutions have been 

.......~----
1 Submitted for publication June 18, J94ry. 

::. 1 Also submitted as " IIH'sis under the title "Residual Btfects of Forcing and Hardening on the 
....Morpbolol!~· and PhYsiolo!(~' of \'cgetabll' Plllnts" to the faculty of the Graduate School of tbe Uni· 
.~versity of l\Iinncsntn in partinl fulfillment of the requirements for the degree of doctor of philosophy. 

February 1939. 
259352°--41-1 1 



2 TEUI.IXWAL IWLLETIX 7ciO, LT, t', IJJ<:PT, OF .\GlIlCl'LTl'll.E 

tripd but IIny\, not nwt with g(,lwl"tl1 ac(,pptmwp, probably I)(>('alls(' of 
tIll' diffieulty of stnnd:lI'dizing Jlwtho<Js of PI"O('('<1I1["(', 

Th(' ben~nts g('lll'rnlly ('xp('ctpcl hom hnrdc'lIing al"C n quickel" 
l"Psumption of growth following tl"nnsplanting, t'f.ll"li('l" mn.tlll"ity, and 
gTt'lltPl" yit'lds, 1'0 t1H'S(' should 1)(' nddpd til(' saying of [hr' plnnls 
from totnl dl'struetien by 01lt' or III 01"(' of till' t'x[l"l'mdy ndn'l"s(' 
conditions to which thl'~' [ilH~T IH' sld)jP('[pd I/lHlpl" (jpld conditions, 

Plnnts t1111t linn' not I)('('n hnrdl'IlPc\ 111"1' usuully (iPsignntp(\ as 
"t1'IHiPl"." Till'" nl"P 11I0('P SlI("(,lri!'lll. 01" jpss I"(·s:stallt'to wind
whipping nnd (']{'si("("lIlion, lind h~w(' no l"('sistt\ll('(' 10 frosl 1'x('('pt 
\\'hat is inhl'I'Pllt ill tht' pal"liclllnl" spp('ips of plallt in qllPslioll, 

T-ltwing ohsl'I"\'('<J mnn~' illSlnlH"{'s ",h('I'(' plants that would \w dnss
ifipd liS t(,IHlpl" 1ll11(jp U.T<'utC'1" ('nJ"ly g('o\\"th nllcll't'Hch('(1 mntlll"it \. PHdi1'I' 
tllnn h:1I'(\('11<'<1 plnnt's, til(' \\"l"il(:I' ~'ond\ld('d 1)I'C'liminal',\' tC's[s' in Hl:~l 
and Io:~~ (0 clpl('I'llliIH' til(' 1"('latin' 111<'l"its of tl1<' 1\\'0 t,\'I)('s of plan(s, 
TIH'SC' [('8(8 indi('nlpd thaI til(' l1'n<i('l' plnnt8 W(,I'P ('<Iunl (0, if not 
1)('(t(,I' tilnn, th(' IJ:ll'dplIPd OI1<'S. ('on8('qllpn[I~' in 10:1:1, 10:=)4, nnd 19:15 
tll(' slutli('f; l\p['Pin I'pp()\'[(·d WeI'!, ('Olldllet('d llt til(, (,h('y<'lll1<' Ilol'li
('lIltlll'nl F'i('ld Stnlioll to pSlnl>lish tilp most sn(isfnf'loI"Y Ilwthod of 
hundling 8('pdling Y<'f('(llhll' plalltf;, ' 

Thpsp s(lIdi('s hH'," "ilowll thlll s('('dlings gl'()\nl ill til(' gl'ppnilollsP 
IIlldc'l" optilllni (,onditions of IpmpPI'ntlll'(', mois(llI'p, and nutl"ilion 
Ullt il t1\('~r \\'('1'1' spj in til(' fil·ld \\'('I"(' no( infpl'iol" to hal'dpllPrl plnnts 
ill tlwil' nllilil" to \\'ithstnnd n('l<l conditions, 1i'()J' tilis ['PI1SOlI th(' 
\\Ti «.1' hns 1'('\ i thn I tiH' tPI'1ll {( (PIHlpl'" wns not a PPL'opl'in I(. fo!' the 
nOllhn!'dell('d p]anb~ lInci ltm; IIsNI tll(' tpl'm "I'Ol'('('(] " illstpnd, 

1.ITEB·\Tl'RE HE\'IEW' 

NUIl1<'roIlS illY('Rtigntions hnn' 1)('('11 ('ollciuclpd in tl1(' pnst to 
(IPtpl'lllilH' til<' p(\'('('\s of thp illll'dplling pro('PSS on plants, How('\'('!', 
\\'ith till' 1'x,'pptiOIl of Ill(' ill\'('sliga(ions of ('I"isl (.1),3 POI't('!' U,f), nnd 
Bl'ash('I' ll1\(1 ,Ypslon'I' (;3), lil(';.;(· studi('f; hnv(' dC'llll \\'ith the' d\'('('ls 
indu(·pel hy (hI' pnl'li(,lIlul' (l"pntlllPllts gin'll IIpOIl til(' ph,\'sirnl 
Ch:H':lc('J'isl i('s 01' Ill<' ('h('mi('nl ('olllposition of till' plnll18 or both, 

S\lph s(IJdi{·s h:l\'(' ('ontl'ihutc'd IlllWh to i'lli' kIlO\\"l('clg(' (,OIH'!'l'lling 
th1' nat lin' of II\(, "PSPOllSP of plnnts to 100y tr'mpPI'nlul'(:s by poinlin~ 
011 t ;lC'\'f'l'll1 possi hi,. nWlhocis h,Y wh it'h plan t~ ('n Il adapt (hf'll1spln's 
to ndvC'l's(> tPJl1(lPI'uIIII'1' ('OIHli!ionR, Thlls Hnl'v(,~' (7) illlSSUggps«'d 
than Bn in('I'p:1S(' ill OH' nlllillO-llt'id t'oll!pn! in hnl'd(,lwd plants mfl~7 
hnyC' h('1'n Ill(' ['('suI I of til(' hl'1'nking- down of pl'olpins to forms Ipss 
t'Bsily pr(>('ipit:llpd hy tilp incI'Pfls(' in h,vdl'OgC'n-ioll and s)111 eOTl(,('T\
tmtions llSl!ally nc('ompflllying- hnl'(lC'ning-, Hc' also foulld thai plnn!s 
with thC' most hloom on thpi,. Ipavps W(,l'1' tIl(' most I'csistnnt to the 
formation of i('p within tiwil' tissul's, 

Contrihuting flll,thC'1' to knowll'dgC' of HlP nnhll'(, of thl' ChIlTlgf'S 
pffpctpcl in plants hy hnr(\('ning, Rosn (17) clp(PI'minNl that tllis 
Dl'OP('SS waR n.<'('ompnni{·(j h~' a slowing IIp of tlw growth rllte', nn 
inc1'pnsp in til<' \\'nxy ('ow'('ing 011 UH' IPfI\'ps, nn in(,I'C'llS(' in til(' J)('J'
cC'ntagC' of dr,Y mnl'(1'I', fI clN'l'PflSt'd tl'llnspil'lliion 1':1(1' PC'I' unit of 
JNlf f1l'(,fl, an inl'l'e'nsNI pC'J'{'C'nlng(' of I'('(l\lcing find lotnl sugnl'S, n 
dpt'l'C'llSC' ill stnr!'l\. nncl ntlwI' eltnng-I's of n ph,vsicnl or chemical natul'C' 

3 !tulip I1l1I1111('fS in pafrntlw~"' fef"f til Litrrntun' ('itNI, p, :13, 
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any or alJ of which may hu.vp contributed to the inCl'Pused resistancp

of the plants to low tempcmtul'es. 


.As a result of tll('s(' und oth('J" similar studi('s dealing with tIl(' effl'cts 

of hardening on sepdling plants, it has been established that plants 

may b(' rn,ther definitely divided into two groups with r('specL to their 

potential hardin('ss. Thus, of th(' v('gptabl(' crops that arr commonly 

grown for fl, time I)(>£or(' fipld s('tting in hcated plant-growing structuI'('s, 

tomatoes, prppers, and <.'ggplants r('I)l'pspnt the> potentially nonllllrdy 

type, or that which ucquires but little added resistance to udvPI'sC 

conditions through hardeni1Jg, Cabbage, caullflowCl', and cclcry, on 

the other hund, rcpresent. the potentiully hardy typ(', 01' thut. which 

acq uires considenlble resistlLnce to adverse conditions through

hardening. 

Howevcr, the investigations of Starring (J 9), Thompson (20), und 
Platenius (13) have shown that exposure to low temperl1.tures, 40° to 
50° F., for uny considemblp per'ioel of time is one if not the chief cause 
of prematmc seedstulk dcyelopment in celery. 

Boswell (2), in his invpstigution of t1l(' CUllS<.'S for prpmuture flower 
formution in ovpnvintpl'<.'C1 cahhngp, found that exposlll'(' to low 
tempemtur('s wns (>ssential n,ne! thnt tlw ('fl'pct increused "'ith increusing ,
timl' of ('xposur('. iv[i1l('1' (11) confirmed the' findings of Boswell as 
to Ow rfi'pct of low tempprntml's on sl'Nlstulk fOl'mn.tion in cabbnge, 
und both of them stress th(' fuet that tlw rfi'l'ct of thp 10w-t('l11perature 
trputm('nt wns mol'(, pronouncNI on tlw olckr. lnrgel' s(>Nl1ings. 

Edmond and L('wis (5) stnt(' tha! no bad ('ff('cts ma)' b(' ('xpectl'd 
from ('xtreme hiH'(iPning of cubbag(' plants incid!'nt to d('laying trans
planting until w('uther conditions nl'e fu.vorn.bl(', 01' for the purposp of 
nu.ri.ing them more resistant t,o fl'ost anel drought. l{ow('\Tpr, it 
appears thnt nll of their plants W(,1'P subjept<.'Cl to till' sarli' tpmpf'l'tl,turl', 
and that thp only vurirrble nwusurpd wu.s till' p{r('(,~ of witbholding 
nutri('nts during' tIl(' s('C'c'/ling stug(' u.s contl'ust('(1 with sin~d(' an~1 
doublp applications of nutri<'1lts. 

In80fn1' us is known u I'dationship lwtwPPll low tpm]H'I'atUI'(,s and thr 
bolting of cnuliflow('l' has not hppn pstnblish('d pxpel'irnentnlly, but this 
tendency hus l)('en reported us ('ommon by growers from wid('ly distan t 
sections of til(' ('Olllltl'\'r (,Jones nnd Ems! (8) .•Jlldson (m. und others). 
That pl'p,mnttl1'(' h('ucilng of cUllliflow('l' n1l1.)' he inciu('('(lln-limiting tIl(' 
nitrogenous snits in tlw nut1'ipnt solution suppli('d to se('(l1in~s hus hrpl1 
pstnblishrd hy Robbins, NightingaiP, und RclH'l'mprhol'l1 (16), und if is 
of in t('t'('st to' notr that tlwy found a 1'('lu,tiv('ly high pel'('('n tng(' of cal'
hohydrntrs and a low percpntngl' of ussimiintl'd nitl'ogen in tlH' plnnt..c:; 

I" that. lwudrd prematul'(,ly, us eompurpd with tIl(' p<'l'('rntugps fonnd in 
th(' yigorollsl,Y v('grtutivp pllints. 

In u compurison of forced nne! hurdenpd tomnto pln.nts Crist (4) 
founel that eud~' yil'ld of market.ahle frllit~ from thr hnl'denl'd plnnt" 
and thrir totul yields wrre not matrl'iully incrruspd ov(,1' thosp from th!' 
tendpr plants.. As an ('xplanation of this hp stat('s: 
Hardening app~" ,". to affect and establish a morphological trend in til(;' st.em, 

which was char.•cterized by an excessive differ('nt.iation and maturation of the 

tissues. Thi::; trend involy~d the leayc.c; and fruif~'i and nmountf'd to a pel'man('nt 

check in general c!m·('lopmenf. The upper port,ion of the plnnt. which dev('loped 

subsepu('nf to the period of hardening, had a different morphological trend and W3,!S 

not affected adversely. 

http:fu.vorn.bl
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He adds thnt: 

The application of nutrient salts to the hardened plants prior to setting them in 

the beds and forcing them did not relieve the check suffered in the hardening 

process. 


This comparison between tender fmd hnrdenNi plants was made hy 
subsequently forcing both types in n grecnhous(' 

In n similar investigation, in which he compared performance in the 
field of forced and Imrden('(l plants, Porter (14) nl'l'ived at the conclu
sion thnt hal'dcning tomnto pla,uts reducp<1 endy yidds of mnrketable 
frui ts nnd thnt this L'Nllietioil resll]tNl regardless of vnL'iety 01' of when 
the plnnLs woU' sl't into the fipld. In ttgn'ement with Crist, }I(' found 
thnt lml'dp.ning HlP pln,ntsilH'l'l'nsed total yi('lds but not enough to 
increv.se the profits OVl'r thos(' from tender plants. 

The findings of Brusher nnd Wpstover (3) nrc in complete agr('ement 
with those of Crist (4·) and Porter (14) as cvidenced by their conclusion 
thnt ev('n a moderate hardening of tomnto sp.edlings produced a 
stunting pfl'pet, did not m!lk(' them better nble to surviv(' uncleI' early 
spring conditions, and resulted in lower eaTly yields of fruit of lighter " 
weight. 

EXPERIMENTAL METHODS 

In 1933, 1,440 tomato plan Ls, of the Bonny Best and Penn State 
Endianl1 vnril'ties, nnd 3,000 cnbbag<' plunts, of th(' Golden Acre and 
Early Jersey Wakefi.eld varil'Lies, were nsed in til(' field plot test.s. 
In 1934, 750 plnnts of Bonny Best tomato nnd 1,500 plants of the 
Dn,nish Ginnt (Dry WentiH'l') cnuliflowel' were used, und in 1935,3,000 
Danish Gi!Ult cauliflower plu.nts were set in thr field. The change 
from cabbugr to cnllliflow(U' as n test cm]) wns made in 1934, because 
cauliflower hus a more definite period of mn,turity than cabbage, 
consequently, it is bC'tkr aclaptl'd for a Stud~T in which earliness of 
mltturitv is an important fnctor. 

AI1 pinnts were started in the greenhouse. The toma.toes were 
seeded about Mareh Hi und the cnbbage and cauliflower about 
'March 27 each yea.r. With the n.ppenrnnce of tIl(' first true le:wes the 
seedlings were trnnsplnnted into flats in which they were grown until • 
set in the field. The tomatoes were spaced 4 by 4 inches jl,pu,rt, 
and the cnbbnge und cn.uliflowcr plants 3 by 3 inches npart in the flat,s. 
Normal greenhouse' culture was given to all plants until nbont Mny 6, 
nt which time one-huH of the plants were moved into the coldframes 
for hardening. 

In the first year's study the forced plnnts were given applications 
of either nitrogen, or phosphorus, 01 potassium, or II complete nutrient 
solution on the n.ssumption that their use would promote better plant 
growth. The hardened plants were not fertilized. 

In 1934 the pilln of the work remained the same, except thnt both 
the forced nnd hurdened series were subdivided into groups, ench of 
which received a pnrticulltr nutrient solution. A check 01' unfertilized 
group wus nlso ndded in both the forced and hardened series. This 
arrangement mnde possible a study of the differential response of the 
forced and hardened plants to fertilizers. 

In 1935 u. further subdivision was made of the nutrient-treated 
plants whereby one lot received nutrients only during the seedling 
stage, n second lot during both the seedling stuge find after they were 
set in the field, and a third lot was given nutrients only after the 

http:increv.se
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plants were set in the field. Figure 1 shows in diagrammatic form the 
nature of the forcing and hardening treatments employed each year. 

Nutrient solutions used for this work were made by dissolving or 
leaching commercial fertili7.ers. The use of pure salts would have 
facilitated standardizing the solutions but would not have added to 
the accuracy of the work, beclluse tIle plants were grown in prau'ie 
topsoil to simulate, insofar as possible, the usual method used in 
growing seedling plants. 

The nitrate solution was made by dissolving 2.4:948 kg. of nitrate 
of soda in 40 liters of water, whereas foJ' the solution carrying potash, 
1.7282 kg. of muriate of potash was used. The phosphate solution 
was made by leaching 8.2962 kg. of superphosphate in 40 liters of 
water for a period of 3 days. Tho solution wus frequently stirred by 
an electrically driven stirring apparatus to hasten the leaching process. 

TREATMENTS 

YEAR AND r I I 

VARIETIES FORCED HARDENED 


~~~~~~~~~~~~~~~~~,~~~-_-~_-~~~ ~ ~~ ~ ~~_-_-_~JL~~~;~i~~ ~~~~~~ 

1935-(5) STAGES TREATED STAGES TREATED 

~--I-I-~ I I I 
SEEDLING SEEDLING FIELD SEEDLING SEEDLING FIELD 

AND FIELD ~ ~ AND FIELD
I I 

NPKCU INPKcul NPKCU NPKCU INPKcul ~ ~ 
]<'IGURFl I.-Ohart, showing nature of forcing and hardening treatments employed. 

Crops and varieties: l=Penn State Earliana tomato; 2=BQlIny Best tomato: 
3=,fersey Wakefield cabbage; 4=Golden Acre cabbage; 5=Danish Giani; 
(Dry Weather) cauliflower. Fertilizers: N=nitrogen: P=phosphorus; K= 
potassium; c=complete nutrient solution; ll=no fertilizer. 

The complete nutrient solution was made by mi.xillg rqual parts of the 
three single-element. so1ntions. All stock solutions were diluted with 
water 1 to 10 before they were I1pplied to the plant.s. Determinations 
made by the free7.ing-point-depression method showed that the osmotic 
pressures of these solutions averaged about 2.0 t"ttmospberes. This is 
a somewhat higher concentration than is geJlerally employed, but I1S 
tbe solutions were applied to fil1ts in which the soil wus kept moist by 
dl1ily watering, the actual concentra.tion Iwailable to the phlllts was 
much less than indicated by the determinl1tions. The nutrient solu
tions were I1pplied to t,he plants at intervals of apprm,:imately 2 weeks, 
whether during the seedling stage or after the. plants were set into the 
field. 

The number of replications of each trel1tment gl'01lp varied from 
year to year. In 1933 there were si.x, in 1934 thel'e were tlll'ee, and in 
1935 there were two plots of each slIbtl'eatmcnt group. .All plots 
were thoroughly randomized ill the fi('ld, except in 1933, \vhen two 
vltrieties of each crop were used, and the contrnsted \'iu'ieties receivi.ng 
like treatments were paired. In all 3 years the crops were grown under 
irrigation. 

Data recorded for the toml1toes included the number and weight of 
the vine-ripened fruits by harvest dates, and at the close of the season 

http:receivi.ng
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the plants were pulled and the nurnber and weight of the green fl'ui.ts 
were detel'lnined. Root gl"OwMI studies were also Il1IHle on the tomn.to 
seedlings in t 933 and 1ii34. 

:U'or the cabbnge n,nd cauliflower, dntn were tnken at ench bn,rvest 
date on the number of heads and the weight, diameter, and depth of 
each head. S'Llldies of the rate of tmnspi':t'atioll and regcnem,tioIl 
were made on the cabbnge in 11:)33, but tbes(\ were not repeated on the 
cn,ulilloweI" in 1934 or 1935. 

In 1935 chemical analyses of fOl'ced and hnrclenecl plnnts were made 
II, part of tIl(' study for the purpose of determining whether or not the 
chemical ('ornposition of tht' seedlings could Jw correlated with subse
quent pOrfOl'llULllee or the plants. For this purpose typical set'dling 
pln,n ts wm'(' s('!eeted at mndom from til(' sev'cl'nl treatment gt"Oups lwei 
preserved ill alcohol until l"('(luired fol' 1LlHJ,I.vsis. Nitrogen determina
tions were I1UL{iP by tht' o !Ii('i ttl KjeldfLbl lIIcthod. Starch nnd hellli
cellulosps werc determined by tilt' recommended methods of the Asso
<:in,tion of Ofridn.l Agl'icultlll'al Ohemists (1) nlld tll(' sugars by the 
Lnne-Evnon Generu.l Volumetric method as modified by Hildreth nnd 
Browll.1 Scpnru.te n,nn,lyses were madt' of the stems an<llCtLVes ilnd of 
til(' roots. All dntn luwe been stntistically nnulyzed by Fishcr's 
:vlpthod fOl' the Analysis of Variance (6). Values for F arc tn,ken from 
those compiled by SI1Cllecor (J 8) from Fisher's tfLbles for t and z. 

Reference will (wquen tly he mfl.de in tius bulletin to thl' early h.u
vests 01' to tllP enl'ly lJal'vest period. This period is n,rbitmrily defined 
u.s extending from til(' date of tbe first hnrYest, to September 1, in
clusive. Tht' dntl' September 1 was chosen as repl'esenting- the close 
of til(' early hiLl'vest period, because, for the C!'OpR conccmcd, vt),rieties 
that do not mn.tlll"l' tl consiclemble portion of their llltimnte cmp lwfol'e 
this dftte ma,v bl' cOllsidered as liLte. Lilwwise, tl'cn,tmen t,s that do 
not matcl'in.lI,T incl'ens(' the yields bdol'e this dn,te nHLY he considcred 
as of little \~nlll(, in inel'ea:sing pndin('ss. The dntn: fOI' thl' entire 
senson include' those' 1'01' both thl' cad.\' I1nd Inte hnlTest pet·ioc!;;. 

EXPERIMENTAL RESULTS 

TOllIA'WES 

Tnblp I prpsl'n ts the l'estIlts obtnined from fOl'cing and hnrdening 
tl'entrnents applied to lilll' tomnto \Tnl'icties Penn Stnte Earlinnn fj,nd 
Bonny Best; in 1\)33 (fig. 2, A). 

gxmninution of tllest' datu shows thnt there were no significant 
difrenmces between tht' for('ed plants that were fertilized with phos
phorus or potlt.ssimn itnd the unfertilized, IUl,rdenecl plnnts in the 
llumbt'I' of ripe fruit.s produced dUl'ing the eady harvest period. 
Forcing tIll' plants with [1, complete nutrient solution served to reduce 
til{' number of fruits n,g comptt1'ed with the drects of phosphol'us 01' 
potnssium; and nitrogen when Ilspd niol1t, rcduced yields evcll below 
thmlP from tlH' unfertiliz{'(l, lmrdened plants. 

'HlI.llItt:TII, A, C'., uud HHOWN, G. B. '['0 be puhli~hed. 
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8 TEOHXICAL BULLETIN 760, U, S. DEP'L OF AGRICULTURE 

In weight of the ripe fruit produced dnring the en,rly harvest season, 
the forced plants fertilized with phosphorus or potassimn and the 
unfertilized, hardened plants exceeded those fertilized with nitrogen 
or a complete nutrient solution. It tll liS appc·ars that nitrogen served 
to reduce both the number and thr weight of til(' ripe' fruits produced 
during the early harvest period, but t1w,t its depressing effect was 
somewhat reduced by the addition of phosphorus and potassillm in 
the complete nutrient treatment, 

By the close of the hal'n~st season the difl'PI'mc('s bntween the 
forced and hl1rdened pln,nts in number nnd weight of ripe fruits were 
not stl1tisticl1l1y significant, nor weI'(' those lor totl1l number or weight 
of both green I1nd l'ipl' frllits. 

Bonny Best produced a gl'en,ter number 11m] weight of ripe frllits 
thl1n did Penn State En,rliana dIIring tIl(' early hal'Vest SI'tISOIl ftnd 
exceeded the ll1tter in n1l111bpl' pl'oduced for thl' entin' SCHSOIl, though 
it did not exceed it in totn.l weight of both green and ripC' frllits. 
There were no significant di[erences betwel'I1 the v[\,rieties in totu.l sot 
of fruit. 

In 1934 only one variety of tomflto (Bonny Bl'st) wu.s used for study 
insten,d of thl' two yu.l'i('tiC's of the' pl't'c('ding )T('U.l'. III this YC'l1r hath 
the forced n.nd hn.l'dc·npd pln.nts WPI'(, r('ltiliz{'(l, find pnwision wns mnde' 
for a check or Imfl'l'tilizpd SlIbsPl'il'S in l'nell tJ'l'n.tm('nt gronp (fig. 2, 
B, 0). Tl1blp 2 shows tIl<' I'PSIIlts obtnin('(l. 

TABLE 2.-lnjlllrncl' of forcing (l1Id harril'ning treatment u.pon the mean number 
und weight of ripe Bonny Best /Oll/a/o frllit,~, and the totaZ sd of fruits per lilot for 
the season, 1[h'J,i 

l\I~nn numbl'r of ripo Mean \\'ei~ht of ripe I l\[~nn i }\fl'"n 
fruits fruits I numher of. weight of 

___---,._________.__ ._~____ ~.. grN'n find I gr('cn Hnd 
'I.'rcatment i ' rip(~ fruits ' rhw fruits 

Early i Entire Early Entire for entire , for entire 
hnrv('sts 'S('Hson hnn'llsts s('nson r SNlson I season 

--------- .. -.---!---- I 
\ tVumfJer l.YulIIber - O-l1l::'~~-:~ -;;;:;:;:;- .flturn/)er OUTlces 

Nitrol:~n ..... \ gt 
1 

43,53 I~:S~ . m~~ [120.01 \ 1.032.64
Phosphorus 

l'otnssium 
 3,00 jk~b ' 6.31; i 171.~1 I ~I~:~~ 1.~~UI 
('ompll'l.~ nutrient ~olntion i.26 4U.63 , 21.81, 1$5,81i I 442.39 1,'1l5.fil 
l'nf~rt.ili1.~d \___6._6_0. ___5-_1._70_ 14.5:J ! 205.07 430,421 ),048.15 

1 i 
Significant difr('nln(~t' I 

1~:i~EL,_ ..: oj~i; -1'~~; jl';kr. 1--~4-:~-:~-I~-I-"-''-~s-:~-:Y-1-- '-"-"-I'-;-;R-,-~ 
----1.----1----11----1.----1.----

Sil!nifil'lUlI !litr(·renCt.' -~_.~. ~.I'i 7.37 i ....... ~--J 3 3)8~.··~84 1.1 ;!).~.'~.'37 i }31",ft.(~~
Ohsl'rwd J' _.. ..•• ..... '6,07 3 In,20 i (I)! ,. " " , " -,11____1 ____ ,i ___._.__._ 

41. 81 70.01Standard ~rror. '_"'_""""1 2.98 10.00 10.05 

I Not si~llificnnt with T(·,gpect to r(lsidunll'rror if odds or 19 to 1 dgninst tlw diJTl'r('n('Ps n01(>11 b('in~ (itH\ to 
chane<' are aet,<,pted as n ('ril('rion, . 


'Odds against th~ ditTen'ncl's notNI bl'in~ du~ In chonc<' .m' ~r('!\tl'r Ullin )9 to 1. but I~s.~ Ihall 911 to 1. 

, Odds against t1w llitTen~n('l~S llot.~ll bl'irw "Ul' to ('honel'lIfl' l'real<'r Ihnn 99 to 1. 


.Although in 1933 cCl'tnin of the fl'l'tiliz('rs mnl'kNlly nf[('ct('d yiplc)'l 
an examinn.ti011 of tlH' datn in titbIt· 2 shows thnt in 1934 n011P or: 
them was efi'C'cLiw in inen'flsing- yil'lds o\'l'I' thos(' of the IInfertilizl'd 
checks. 

Regnrdi,ng thl' eff('cts of tilt' fOJ'(~ing fwd IUU'C]l'ning lr('j\'tllH'llts, 
howovor, It Illn,y be seen thl1t the forced plants produced 11 grel1ter 
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number of ripe fruits than the hardenrd ones during the early hm'vest 
period but not a gl'oat('r weight of fruit, By the close of the harvest 
season, how('ver, tIl(' retarding eifl'ct of the lmrcJc.ning trcatment on 
eadiness hlld disapp('at'ed, and the hardened plants are secn to have 
produced th(' greater numbel' of rip(' fruits, 

Thore WfiS no statistically signifimmt difference in weight of ripe 
fruits prod nced by Uw forced and hardened plants during the early 
harvest IWl'ioel, though th(' forced plants produced the greater num
her; it is ('vid(mt therefore that forcing incl'eused earliness of maturity 
at the expense of fl'llit size, By thl' close of the harvest soason, the 
hardened plants p1'Od llcC'd II g],l'ater total weight of l'ip(' fmits and 
they also made a gl'el1.ter total set of frnits, IlS is ('videnced by the total 
numbCl' and weight of green l1.11d ripe fruits produced, 

CAHBAGE 

Supph'll1enting til(' work with tomll,toC's in 1033, a study wus mllde 
of the 1'f\'C'('ts of the forcing n,nd hfu'clening treatll1ents on two val'ieties 
of cfibbngC', Endy Jers<',Y WI1.1u'ficld find Golden A.cre, a strain of 
COIJl'llhng<'n lv[nl'kl't (fig, 3). 'rahlC':3 shows thC' results obtnined, 

it ~ -If , . f ~ '~i .. ' 
" ~ . 

~~ '" " ~ .' 

FWtmE 3.~··TYJli('al cabbage seedlings, photographed just prior' to field setting, 
1933. Plants fcrLiIized with: Lt, Complete Ilutrient solution; E, nitrogen; 
C, phosphorus; D, potassium. E, Unfertilized, hardened plants. 

1'hes(' datil. show that tIll' fOJ'c(·d plants fcrtilized with nitrogen, 
with phosphorus, 01' with n. completl' nutricnt solution matured n. 
groater llumher of heads d lIl'ing thl' early harvest period than the 
lInfllrtilizecl hardened p1u.nts, and tlu1.t nitrogen 01' the completl' 
nutrip:1t solllt,ion, but not phosphorus, inducC'd significantly greater 
earlilit'ss than potnssi um. 'l'1ll'rp was no significant cliff('rcncc between 
phosphorus and potflssiul1l in Hlnir influence on earliness, and by the 
close of tlul growing sen son till' diffor(,llcC's between the efJ:ects of the 
other fel,tilizers and betwl'l'1l them iLnd the unfertilized hardened 
plants had b(,C0111(, insignificll,nt. 

'fhe plants forced with nitrog('n 01' n. complete nutrient solution 
prod llced a grC'atl'l' weight of hends d lIJ'ing thp early hn.rvest period 
thn.n those thn.t had been (ol'cC'd with potfLssiulll 01' than thl' unfertilized 
ht1.rclened pbnts, but thPl'e W(,l'l' no significant difi'('rcnces between them 
for tIl(' entire' harvest senson. 

The. n.vemg<, weights, n.vcrn.gl' kngths, and Iwerngc diameters of 
the heads prodllce'd during thl' en.rly 11o.r\,est period w('['o not cliffcr
en tinny aff('ctNl by fm'tilir.l1.tion or by tIl(' forcing nnd hardening 
trentmen LS. How('vor, towl1.I'd the latter pn!'t 01' the growing sellson, 
though tIl(' clll1.rnct(~l'istic of head length remained unchauged, the 
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TABLE 3,-·-lnfl'llcnce oj forcing and hardenlna treatments on yield and on co'lain morphological characters of 2 va·delles of cabbage, 1933 ~ 
•• ____ ___ _____'_~ 'r~ ''''''''''~ o 

1\fenn number of Menn yield per Average weight per I AVI\rage length of I A,'crago diamoter Density Index for
hends plot hend heads or heads hellds I f-:1 

t::l'l'rcatrncnt oml variety o 
l~nrly i~ntire· I Eorl~' F:ntire I Ellrly Entire I-~~y--IE:~r: -1'-E~;i}~I-;;::-I-'EarIY I Entire ~ 

j. hllrvests spns~)~ '" ~~\~~ SP~~O~ __~t\~~~~L_s~n~._ ~~:~~ ~~o~ _ ~~~.~~~ ~cn5()~__ hnrvc~:~ i-t-----------_._-----	 ~ 
o 

, Cell/i· I Cellli· CellIi, i Cenli, 	 bForc~~l «(l'r!,l}izl\d): 	 .Yt~:"'J(·r :N1t7llht'f POllnrlg Poun~~ P01~1t!.~. POUll~S' meters 7Ileter~_ metEra II metera , r. 
::-: Itrogln .,.'....,.... .0. IlS 49.00 81. ·1_ 134.,_ _. '" 2,,4 , 14. GS 14." 10.18 15.07 5.12 1 5.00 tti
l'hosphonts 	 2.1. OR 49.50 69,80 131.32 2.03 I 2.115 ' 14.83 14.80 14.81 I 14.69 5.28 I 5.19 dPotassiulII .... .......... 2:1. 25 ·19.58 61.70 12t1. 15 2. liO 2.54 1 H.48 14.58 14.l\8 14.52 5.42 : 5.30 
('mnpll·f.t' nutrient solution 28. .17 40, 17 7·1. Uti .12·1. 50 2.50 2.53 1·1.30 14.3,1 14.23 1-1. 63 5.32 : 5.24 ~ IIlIrdtlnNI (unr~rt.ilizPlIl ..... 22.1)'i 40.2.1 58.G4 12·1.19 2.61 2.52 14.87 14.68. 14,89 14.37 5.34. 5.32 	 l"'l 

8Signil\C1l1lttiilr"rt'nco •. _••..• ___ .._....... 'l.1ll. 12.11) __ . 0.16'· -.-.:.~I==C.-~---0:40--o.l9.-..--- H 

Obsen·edP. .... _................... '6.15 (3\ "1. lIS (3) (3) 12.71 (3) (l) I (3) '3.30 '2.721 (3) Z 
Varioty: --. --.- ....-'~. ·-----i----j------------I---  -'l 

C>Jearly Jersey Wnkctlcld .. _ ..... _" ......... 12.33 49.10' 33, 00 127.03 2.57 I 2.5S. 15.53 I 15.57 , 14.78 14,46 , ______•_____________ 

OoldenAt·l'l'........ . .. _____............ I 30 l:l. 40.50 105.04 120.24 2.05· 2.tH· 13.73 13.lil. 15.01 14.85 ____________________ o 

Signifh'onLtlitfeTOncc _. __• ___ •••_______•__...__.... ) - '.l.10-:--. ... 771 .... .,_ ... .:--0.2;- --O:23;~==I--O.25 ===== 
1 ~ Obs"rwd P ....-- ••••-----••----________ ..... _ .. '1~\O.1il P\ ;' 31i2. 24 (3) (3) I (3) 1'16-1. iiO ! 2!J.I. 10 (3) , O. 28 1----.....- ______ __ 

en 
Standard mor--.--.-----.--.-------.-.--.---......J .. 4 24-;,__ ~ ~5 !- H. 93 -'lO.16-.~ o:~!- o. 20 ;-o.50- -"'"'ii:44I-0.57J--o-,;'1----0.23-0.23 

j	 t;; 
I Index nnmht'rs ar~ hwersl·ly proportional to Ih'Jlsit\', t::l 

2 Odds n~ninst. tlw diiTli rt'llr('s. nOH'll hl1iul!' ,1u<'" to ('hatH't\ nfl' J.!rt'I\Wr tlll)ll 00 to l~ 

3NotsiHnlflcl\llt with r(lsp('('t to ft'sillll[ll ('rror iCuclri:; of III to 11\!.mlnst tht' IIitTI'rl'll(,('S not('d hring liuC' to ehnnl'I' are nCCI'ptlHias 11 rriterion. ~ 

'Otl,). against th~ dilf~rcn('es noted b~in~ tlllt' to chnncl' an' gn'alt'r thnn 10 tv I, hIlL It'ss Ihlln U9 to I. o 

~ 
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nXC'rng(' weight and nVf'mg(' diltmdpJ' of thr ll('acl~ from tIH' plnnts 
fol'c('c/ with nitl'ogl'll Wt'l'(' gJ'f'lttpl' thlUl W(,1'P tllOs(' fl'0111 pln,llls forc(~(/ 
with potnssium. or with n l'ompl<'t(' nutrient solution, 01' than thosc' 
from tht' Ilnft'l'tiliz('(l, hllrdenc·d p]fin ts, 

TIl(' in<ic'x llUllli>l'I'S fot' dpllsity of hends prpsmtpd in thc' lust t.wo 
columlls of tltblc' :1 \\,(,1'(' cOlllput('ci by mllitipl)'ing th(, }P1Ig-ths of til(' 
IH'ltcls by their dilLmett~I's fLnd dividing tlw prod uct by th('il' wpjgh ts, 
TIl(' incit'x llumbPl's so obtnillPd (tn' inn~rsely propol,tiollnl to tIt!' Ilctllul 
density or .<.;oliditr of thl' ht'uds, 

TIl(: obj('etiY(' sought ill lIsing two vnriptics of en bbngl' ill tll<' study 
was to dctl'l'mil1(' wheth('l' or not tlH'Y would gin' similar t'cSJ)()J1SPS 
to thc foreing n,lI(/ hfLJ'(/l'lling teelLtnwnts, As nOI1(, 01' tll(' possibl(' 
int(,nletions botw(,(,11 YfLl'i('t,it's nnd tl'(,lttnwllts WfiS found to be 
significu,nt, it mny bl' nsslll1wd that tlwy did gin' similltl' I'pspons('s in 
nIl (,USl'S, lIow('yer, 8PY(,I'nl othpl' ehnrneh'risties of tIll' two \-Iui<'tjl's 
W('I'(' stlldi('(1 find eompltl'isons b(\twecn tiwm fire shown in tIl(' lower 
Pltl't of tabk :1, 
, From thpsl' dn.tn it mny bl' SNm thn( tIl(' Gol<1(,11 Aen' Yfil'iC'ty 
produepd 11, gI'l'n.tN ntllllhp,: nlld total weight of ll('uds during tIl(' PIU{V 
han'psl' s('nSOn tIlIlIl did lDady .Jl'l's('y Wak('fidd nnd tlll1t tIl('rp W('1'(, 

110 stntistieally sig-nifieltllt difj'p('('n(!C's b<'t.wppn thl'll1 in tll('Sl'l'PSppcts 
at tIl(' clost' of tIll' s('nSOIl, TIl(' diO'pl'l'lle<' notpd bClhvl'l'1l titl'lll in 
tLYPI'ug('lpugth of h(,I1(1 is nWl'l'ly 1111 ('xpl'pssiol1 of til(' difl'!'I'Plw(' in their 
Yltridal ehn.I'aet(·I'isties and p,-idl'IlCl' tlmt this wns not llwnsmn,bly 
nltpI'l'd by iLlW of tht' tl'pIJ.tm(,llts given, Thl'rl' was no diO'Pl'l'lI(!'(, 
found l)('t"\"('l'I1' thPlll in tIl<' nyc'rngl' cliallH't('r of thl' IH'nds fol' tlw I'ady 
hltl'\'('st 8l'HSOn, but Goldl'll Ace;' ItYl'rngp(/ somewhat lllrgOl' for the 
('nti ..!' Sl'HSOll, 

CAl'LlFLO\\ En 

To l'ppn',WIl t tllll,t typl' of plull t whieh l'pspondH to hnnlrn ing by 
1I('{Juirillg add('d I'PHiHt:LII(,P to low t(,llIjWmttll'PH, tht' ytl.l'i!'t)- of ctwli
Jlow!'1' ('OllllllOllh- known as DUllish Ginllt (DIT "Wputlwr) was l-lubsti
tutl'cI ill 19:H (fig, 4) fol' thp two cnbhngl' \-tu'i'(lti(l:; uS!'d ill 1!J:3;~, As 

FI(Jt:ltB J, ""Ficld "jew of cauliflowcr plot:;, Takl'lI shortly afh'r first tying 
of plnnts, 

alrendy sttttNI, this ehnllg(' WflS 1lI1l<1(' lwcn.lIs(' thp Stllgl' of l11n.t,tll'.it~7 of 
cnuliflow(lr ea.11 bl' ilion' defillitl'iy dl'tpl'11lillt'd tIlItll that of cttbbngl', 
and thpl'pfo('P it is bettl'], ndnptc'd to n, stnd~T ill which PII dint'ss 01' 
u1l1tlll'ity i:::: nn important fnetoI'. For this Y!'ILJ'. too, fl'rtilizl'l's W(,I'P 
t),pplh'd to both tIl(' I'o1'(' (ld Ilnd th(· Illmit'llt'd plnl1 tB, lLnd Ull fl'l'tilizpd 
e}H'cks W('''t· also pl'O\'ided for in each sel'il'S, TnblP 4 shows thl' ..('std ts 
obtnint!d. 
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TABLE 4.-1nfiu.ence oj Jorcing and hardening trcatmcnt.s on yield and on certain morphological characters oj Danish Giant cauliflower, 1934 ~ 
I).J 

Menn .numb~r .Of·T~~enn yield per Ill.ot-1·A~.cragc ',:ight per' Avcra~c depth of IAvemge diameter Density index for 
Iwads ! • head' heads of heads hends 1 1-:3 

Treatment --~-.-.- .....' .. -.-.•._--.-_.•.__..-- __._..' ----_...._--------_._---- t:J 
I r I I I; g

Early , Entire ,Early Entire Early I Entire Early 1 Entire I Early i Entire Early Entire 
'7; 

____________._________, ~arwsts_: ~':._:I:~larvcst~!~~!~~~~l~- ~~es~~,-s~~.1 harvcsts.f~~~_ bam~s__s~ .... o 
!, I I Cenli· I Cenli- j Cellli· t Cenli· I ~ 
. Nllmber 1N1t7nber olLneesl Ounces Oll7leeS I 01l7lees meters meters ) meters meters

Nitrogen_____ . _____._••• __ ._._ •• _•. ____ .•.______••.. 25.67 35.83, 351.50 488.00 I' 13.0n I 13.59; 7.82 7.52 l 11.57' 11.22 3.35 3.75 OJ
Phosphorus•... _.•.•....... ,,--.........._•• __ ' 27.83 39.67 330.1i 482.00 11.95, 12.20, 7.S1' 7.461 11.20: 10.94 2.60 I 3.26 q
,
Potassium.... ..... •.•. .• ... "_."_ .• , 28.17 37.6, 1 375.33 499.50 13.29 I 13.19 I S.09 ' 7.74, 11.76 I II. 34 2.78 3.26 
Oomplete nutrient solution .. .... .•.•.. 2,.00 36.83 1 324.50 441. 50 i 12.01 I 11. 96 : 7.56 7.33 ' 11.14 1 10.83 2.92 3.32 ~ 
Unfertilized ... . .. "_ ..• ... ., __2_6_,._1-_,1,__3_4_._83_,_3_4_4.50 1__43_5_._6-_, ,__13_._06_, __1_2_._28_,__7_.-_,2_;__7_.3_1_,__11_._5-_,i__1l_._00_,__3~~,___3_.3_4 t:l 

1-:3 

~g~~~;~~~~~~~~~~~~.::.:::==::::~.: :.::::::::: . --('i' -; -'-c,j "-1" ·cii"·-1"-·~"y-·t··-(2j -'-1""-(;) -.. --·-(,)"-··:·-·-,,)"-·-;--·-c,)"-·-'··-·C,;--··I--··C'y' I----C·;---- ~ 

Treatment: I """I I I IForced______..._. ________......__ ..____. ____.• I 31. 00 ! 39.73 388.47; 502.07 12.49 12.59 7.76 I 7.54 11. 34 11.12 2.86 3.26 0> 
oHardened•.•__•. __....___.•__ •.• _.__________ .. 22.93: 34.20 301. 93. 436.60' 13. \1' 12.69 7.83 7.40 f 11.55 I 11. 01 2.99 3.51 

q~irs.;~cg~tt~jf~r~~~~~=:=:::=::=::=::=::::::===::::..; '3i:~~: 3 I~: r~ ,5& i~ :~1'" (2)" "i--'(-')--"1-- .(2Y-'--"C.r---i-- 'c'r-'-I--",'}"'" -.--(')"--.!----(,)"--
Sta~dard crr~r·------·-------------·-----·----·---·-I3:95I--3.77;~i-·!i4.7li ~~~.J _ L 7t1 1-~~---.3-4-1---.-51-1---.5-8- ---:-58 ---.-4-9 ?' 

1 
~ 

1 Inllex numbers are inversely proportional to density. 
'Not significant with respect to residual error if odds of 19 to 1 against tbe differences noted being due to chance are accepted as a criterion. 
, Odds against the di1Terences noted being due to cbance arc greater than 99 to 1. ~ 
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From the data in table 4 it is evident that there were no significant 
differences between the effects of different fertilizers nor between the 
effects of uny one of them as compared with the unfedilized checks in 
their influence on the characteristics studied. Moreover, as the inter
action between fm·tilizers and treatments was found to be nonsigniti
cant, it mny be nssUlued that the efred of the fertili7.ers was approxi
mately the same on both the forced a11(1 hardened plrmts. Because 
this is so it is possible to study the effects of the forcing and hardening 
treatments on the plants independently of fertilizer effects. Such a 
comparison is made in the lower portion of table 4. 

From these data it; is evident that the forced plants produced 26.03 
percent more heads during t.he early harvest period than did tihose 
that hud beeu hardened, and 1.3.92 percent more for the entire seltson. 
'rIlle foreed plants likewise produeed a greater total weight of heads 
(22.28 percent) during the early harvest period thaD did those that had 
been hardened, but for the entire season no significant difference could 
be demonstrated between them in weight of heads produced. Thltt 
the foreed plants failed to produce a greltter weight of heads than the 
hardened, though exeeeding them in number, is due to the slightly 
though not significantly greater weight ofLhe hends from the hardenea 
plants during the llttter part of the growing senson. None of the other 
characteristics studied was measurably altered by the forcing or 
hardening treatments. -

The work in 1935 was contin.ed to a study of the effects of the forcing 
and hardening trelttments on the Dltllish Giant (Dry Weather) variety 
of cauliflower. The design of the experiment remained essentially the 
same as in 1934, but in order to study the effects of applying fertilizers 
during various stages in the growth cycle of the plants, each of the 
fertilized subseries was divided into three groups. To one of these, 
nutrients were applied only during the seedling stltge; to a second, 
nutrients were applied both while the plltnts were in the seedling stltge 
and after they were set into the field; the third group was fert.ilized 
only after the plants were set into the {leId (fig. 5). By this design the 
unfertilized subseries served as appropriate checks for both fertilizers 
and for the various "stages." Their means, however, are shown in 
table 5 under fertilizers. 

An eXI),minat-ion of the data for cltrly yields shows that only potas
silun increased yields signifieantly over those of the unfertilized checks, 
but that phosphorus, potassium, and the complete llutrient sclution 
all served to increase yields over those of the plltnts fertilized with 
nitrogen. As neither the interaction between fertilizers and treat
ments nor that between fertilizers and stages was found to be sig
nificant, it may be assumed that the effect of the fertilizers dUting this 
early harvest period was essentially the same on both the forced and 
harclened plants and this was regardless of the stage in the life cycle of 
the plants during which fertilizers were applied. 

In total number of hen,ds for the entire season the plants that had 
been fertilized with nitrogen were significantly lower than those that 
had been fertilized with phosphorus, potassium, or a complete nutrient 
solution, or than the unfertilized checks. Moreover, the depressing 
effects of nitrogen were still apparent even when used in a complete 
nutrient solution, for plauts so fertilized produced significltntly fewer 
heads than the cheeks. Potassium did not increase total yield over 
that of the checks, but it was superior to any of the other fertilizers. 
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TABLE 5.-Influence of forcing and hardening treatments on yield and on certain rno;'phological characters of Danish Giant cauliflower, 1935 I-' 
~ 

Mean number of 1\felln yield per Average weight ~- AVcrag;~Pth of IAVerag: di~~;neter IDensity index for 
heads plot per head heads of hellds hends 1 t-3 

Treatment and stage of growth tcj-------------.,,--- op:;Early I Entire I Early I Entire I Early , Entire I ::;:arlr I Entire I Early I Entire I Early I Entire 
_____________________1han-ests sonson barvests ~han~~~: sens~ harvests.~ harves:~ ~ harvests I~ ~ ..... 

Genii- acnti- Genri- Genti· ~ l',TumbcT NmnfJer 01tnees Ounces Ounces Ounces meters meters mel!'rs meters 
9.79 80.58 244.29 12.11 18.48 7.93 9.48 10.84 11. 67 J 7.03 t;j

7.61 I15.42 134.23 416.10 14. :12 26.13 S.22 10. SO 11.82 7.47 5.4812.40 I c:l17.75 145. OS 514.42 15.31 28.48 8.65 11.47 12.09 12.62 7.36 5.-13
Completr nutrient solution__________________________ 8.58 13.83 118.00 353.96 13.75 23.33 8.47 10.75 12.07~~f~1~J~~~~====================:::=:===============1 g:~! 12.09 8.04 6.14 ~ Unfertilized_________________________________________ 0.71 10.71 97.42 .530.40 14.24 30.78 S.05 12.05 11.41 12.29 7.00 5.13 [;:.l 
Significant difference~ ______________________________ _ 1-'3 
ohserved Jj'________________________________________ _ 2. 25 1 2.06 1 35.11 1 S9. 02 1---------· 4.66 1.00 .77 

, 2. 97 3 18. 24 3 3. 60 ' 14. 03 (.) '8.40 ----e')---- 3 i.33 ·---e·y-" --~-{'r--- ----e')---- 37.88 ~ --------------- ...,Stages of growtb cycle: Seedling_._. _____________________ •______________ _ 12.53 22.99 7.95 10.50 11.11 11.64 7.82 0.16 C> 
Seedling Ilnd field. _____________________________ _ o.osl 11.73] 79.881 307. 93 1 o7. S8 13.53 114.76 354.91 14.25 24.85 8.50 10.79 11.87 12.36 7.65 5.90Field.__________________________________________ _ 10.00 18. So 155.95 562.70 15.05 28.48 8.35 11.44 11.96 12.68 7.01 5.46 

c:lSignificant. difference ______ .. ________ •___ •___________ 1. 74 1. 59 27.19 08.90 1.85Observed F. ~ __ .._____ •____________..._....._____.. _ 310.17 343.13 315.69 330.08 , 3.87 ,t ~5 I----C')---r--C'r··r--[<)---- 3 ~: ~ 1----[<)-- r--,,)"---
f" 

'l'reatmcnt:Forced _••• _____ • ________________ " • _____________ _ t:i9.68 15.721 116.4S 383.33 11.20 22. 19 S. 04 10.34 10. 76 11.43 8.15 5.97Hardened _____ . _" ________ ..__• ____ ...._____•___ _ til0.28 13. liS 117.24 440.30 10. liD 28.60 8.49 11.48 12.54 13.02 6.8·1 5.71 

Significant difference· _______________________________ I--u2·-U01~------;;:ao--uJ~==~~'~---.58-~ ~ 
0h~~rved F_________________________________________ 322.8." 3 O. 74 (.) '4.10 349.19 310.47 (.) 3 12.73 3 O. 71 337.19 320.41 (') 

o 
Standard error ______________________________________ 3.90 3.57 60.81 154.20 4.15 8.07 I 1. 45 1.74 3.12 1.43 1. 59 1.33 "-:j 

~ 1 Index numbers arc invcrsel~' proportional to density. 

, Odds against the differences notcd being due to chuuce are greater than J9 to 1, bl1t l~ss t.h~n 99 to 1. ~ 

• Odds a<{ainst the differences noted being due to chance are greater than O!l to 1. o 
'Not significant with respect to residual error if odds of 111 to I against til(' difi'('n,nces noted being due to chllnc" nrc ncceptellas n criterion. 8 
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FIG UHE 5.-Typical forced unci hardell~'d cllllli/loll"er plant~ photogmphed just 
prior to field setting) 1935. Ll) Forced plants; B) hardened plants. In each 
series the plants of group a were fertilized with (1) nitrogeu) (2) phosphorus) 
(8) potassium, und (4) u complete nutrient solution, respectively, and were 
destined for similar applications in the field: group b, phnts fertilized like 
group a during the seedling stage but not destined for field upplications; group c, 
check plants) unfertilized us seedlings unci in the fi(>ld: group el, pi:LIJts unferWizecl 
during the seedling stage but destined for field lljlplicutionH of (1) nitrogen, 
(2) phosphorus, (3) potassiulll, unci (4) u complete- llutrient solution. 

Because in this instance the in temct·ion between fertilizel's and 
stages WItS found to be significo,nt, table 6 is presented to show the 
difl'eren tial action of the fertilizers when ltpplied during the various 
stages of plant growth. It is evident that the poor I'esllits obtained 
from the use of nitrogen were due to its hltl"lllful effect when applied 
during the seedling stage, or both during this st:1ge l\.nd after the 
plants were set in the field plots. When it wns applied to the plants 
only a.fter they were set in the field it did IlOt differ measlIrn.bly in its 
effects from the other' fertilizers, nOI' did any of them increase yields 
over those of the unfcl·tilized plants. '1'11e effects of the complete 
nutrient solution were \rerT similar in tendency to those of nitrogen 
in tlmt it depressed yields when applied to seedlings. The high 
vulue shown in table 5 for the effects of potassium is seen from tiLLIe 
6 to luwe been due to the reIn.tively high ~Tields seclIl'ed from its use 
regnl"(lless of when it was applied. 

Such results indk.1te tlULt though potassium nmy be sn.fely applied 
during any stage in the growth cycle, nitl"Ogen, either alone or as used 
in a complete nutrient solution, depresses yields when applied to 
seedlings. They also show thn.t none oJ the fertilizer tren,tments gave 
results superior to those obtnined with the unfertilized plants. In 
considering these results, it should be bomo iu mind that conclusions 
I1S to the effects of fertilizers on plant behn,vior cn.n have only local 
npplication, becfLuse the response of plants to their use depends to a 
large extent upon the type of soil in which the plnnts n.i·e grown. 

III weight of heads produced during the enrly harvest period the 
plants fertilized with phosphorus or with potassium outyielded those 
fertilized with nitrogen os well ns the unfCl'tilized checks. Nlol'eover, 
as the in temction between fertilizers and stages is not significnn t, 
the stage mcans given in table 5 may be ltccepted ns evidence that 
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all of the fertilizers gave better results when applied to plants in the 
field than when ttpplied during the seedling stage, or during both 
r;eedling and field stages. 

TABLE 6.-Differential response for entire season of cauliflower plants to nutrients 
applied during various stagcll in their growth cycles, 1985 

[Interaction: Fertilizers X st3g~sl 

11,[e3n nurnh.r of hends P:' plot i Menn yield per plot when trented 
when treate<llltl- I Ilt'-

Fertilizer 	 ! 
,-, 

I Sll('liling I SeedlingSeedling 	 Seedling
I Illldll~ld Field sl,rlge i Illld fi~ld Field stqge stage 	 stageslnges 	 St.llgl'S 

.... ---_.--- ----N1LIII~er-1Number Nr£1nber Ounces OIl,nee.If OlL7lCtJJ 
Nitrogen" .."., '." _" ;I,:lS (i. 38 19.6;1 i ,lUll I IW.13 586.25 
Phosphorus ... "... .. 12.13 Hi. 25 n.ss : :1:15.13 ' 450.44 462.75 
Potnssium •.•.. ,_. _.. , _ 16.88 17.13 19.25 ! 

5\0.88 I 4(\0.75 571. 0.1 
Complete nutrient solution_ 10. [10 12.00 19.00 ' 18,1.25 2,18.7i> 628.88 
Unfertilized ..........,', 1.;.75 15.88 IS. [.0 I ·lUi.88 559.,'>0 .,64.00 

"- --_._._- -.---.-~~ 

1 Observed P for interaction, 0.22; l~perccnt point, 2.72; vlliue for n significant diITercncc between means, 
3.57; between dltIerent'CS, 5.1).1.

'Observed Ffor interaction•.J.n; I'per""nt point, 2.72; valu(' for 11 signitlmnt dilIerence between means, 
54.20; between dilIerenccs, 218.07. 

The compound means in table 5 for total weight of heads indicate 
that the use of nitrogen or a complete nutrient solution depressed 
yields. However, as the interaction between fertilizers and stages is 
highly significant, table 6 shows how the various fertilizers affected 
weight when applied during the seedling stage, during both the seedling 
and field stages, or only after the plants were set into the field. 

Examination of these data shows that nitrogen and the complete 
nutrient solution depressed yields only when they were applied to 
seedlings. Applied to plants only nfter the latter had been set in 
the field, they gave results not materially difl"emnt from those ob
tained from the use of potassium or from the unfertilized plants; and 
the complete nutrient solution gave results snperior to those obtained 
from the use of phosphorus. None of the fertilizers, however, in
creased yields over those obtained from the unfertilized checks, with 
the exception of the complete Ilutrient solution applied to plants in 
the field. 

Of the other characteristics given in table 5, neither the average 
weight, nor the average depth, nor the averu.ge diameter, nor the 
average density of the heads produced during the e:trly harvest 
season was measurably altered by the use of nny fertilizer treatment 
if comparison is made with the unfertilized checks. 

By the close of the harvest season, !lowever, the effects of the 
fertilizers became more pronounced. The table showing the inter
actions is omitted in the interest of brevity and because it is almost 
identical in its implications with table 6. Thus, nitrogen used either 
alone or in a complete nutrient solution served to reduce the average 
weight of the heads when it wus applied to seedlings. When it was 
applied to the plants only after they hnd been set into the field it 
was not measurably different in its effects from the other fertilizers, 
nor did any of the latter alter the iwemge weights of the heads as 
compared with those from the unfeItilized checks. On the other 
hand, phosphorus and potassium produced similar results regardless 
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of when they were applied. The interaction implied by these results 
was found to be significant, (observed F, 2.57; 5-percent point, 2.47). 

In a similar way nitrogcn applied to seedlings either alone or in a 
complete nutrient solution reduced the Iwerage depth find averuge 
diameter of the heads pro(luced during the cntire season below the 
values fol' plants fertilized with potnssium or with phosphorus, or 
for unfertilized plants. :Moreover, the lnternction between fertilizers 
and stages was found to be highly significant in each case. The 
tables for these l11ternctions have also been omitted, as they add but 
little to the information nlready gnined fwm a study of table 6. 

The density index numbers for the hends produced during tbe 
early harvest period (bIble 5, column 12) incUcnte that fertilizers did 
not nffed this chrtl'rtct(ll"istic significantly and that there were no 
differential effects from thcir application rtt. sueeessive stage~ in the 
development of the plants. Hownver, these compollnd means do 

~. 	 not difi'erentiu.te the effects of applying pn.rticuJar fcrt ilizel's at sllcces
sive stages, nor the diJference in their efl'cr,ts on the fOl"ced nnd hard
ened plants. As the second order inlenH'tion between these three 
fnctol's is highly significant, table 7 is presented to show the illter
netions. 

TABLE 7.-Differential effects oJ variollS nulrient.~ lI.'hen applied to cauliflower 
1Jia1}ts durin{1 success;lIe stages in fllei; . 1J11'th cycle and Ihe difff'1'('1!ce in degree 
of such response by forced and har<i!'nec/ plants dudng the early harvest p~riod,
1085 I 

[Interaction: Fcrtiliz~rs X tn'lItnh'nts Xstagcs '] 

I),'nsity index IlIHulwJ"S Of for("-" Density index JUunlwrs of hnrdeued 
plnntg tn~ntNI nt.-- I1Jnnt::. trl'uh1d nt-"-

Fertilizer 
~N·dIjng 	 t=('{ltBin~Sel~dlin!:?: Field St\"'({lin~ I?\\'ldun,lfl,'111 	 '"ltll1(>l<1stng(' shlg'e l"t.aJ,!p slng('s:tng('~ 	 stng('~ 

Nitrog(l11 	 " 5. ~4 U.:!tJ I. iH i 10,2:1 5. IV
PhilSI,horus 	 s,n, ".97 .~,O3 U.57 1i.:lSk~~ IPotnssiuO! 	 _.23 ~. I9 ( R. liO 0,3, r,.j,,~ li.2i
('ornlll~I(' llntri~nt solution HI. un ~, IU 7. r,q I D.H It 70 6.21
t:nferlilizt'<i 	 s. I~ 'i.:{2 i 7.49 4.72 I. /3 , 6.112 

.. ..1---
I Vnlll~s in tuhle ure hl\','rsrly proportiollal to h,'nd ,h-mity. 

2 Obs~n~NI Pfors('('ontI ord('r int('fllC'tiOIl. 3Ji2; J·pl'n'('nt point, 2.i2; \'nIul' for significance bt'tWCl'l1 means, 


2.2.1; for first ordt'r iUlI'rndion, 3.18; (or s('cond order intt1rHt'lion, 4.'19. 

Table 7 shows thnt the chief calise of the internrtion wns the 
difi'eL'Cnliul re~p()nse to nitrogen by the fOI"('('(1 nnt! hnrdcned plants 
when it WilS applied during the seedling stnge. Thus, when applied 
to forced plants <luring this ~tnge, it selTed to inerense the nvernge 
densit.y of the hends, wherens when applied to hardened plnnts during 
this sllme stng0 it deereosed head density. ~,rol'eover, its efreet when 
applied t.o the forced and hnrdened plnnts only afler they were set 
in thp field was tbe revers(' of its efl'ect on seedlings. TIl(' complete 
nutrie/lt solution, on the other hand. prodtJ(·pd similar eerC(,ts on both 
the fOI"red and hnrdcned plnnts nt ench stnge, but tIw dpgrep of the 
efl'eet. vnried n(,(,Ol'ding to the stngl' in their growth {')reles during which 
it WIIS applied. Thus, hends prociu('ecl h)T either the l'or'('('d or hnrdened 
plants that, Wl're f('r·tilized onl)7 dl/ring the :wpdling stnge \\'('rp signif
icantly less dellsl' tlJll.ll those fr0111 plan ts thiLt were sill! ilndy fertilized 

http:tlJll.ll
http:difi'erentiu.te


18 TECHNICAL BULT.JET[N 760, U, S, DF.P'I, OF AGlUCLTL'lTRE 

only after they were set in the field, Corresponding comparisons for 
phosphorus and pot~lssinm show that they prod ueed similar effects on~' 
both the foreed and hurdened plants l'egnrdless of the stage in the 
growth cycle when they wer~ applied. Comparisons other thnn 
these may b(' mnde by ftid of the ynllles fol' signifieal1('(' appended to 
table 7, but fol' the most part the~' are of littl(' biological impol'tnnee. 

From the nbov(' dis(,lIssion it is (wiclellt thnt the factors most 
inOuentlnl in nll'('eting clem;it~· during thE' (,:lrl~' hUl'v('st pel'iod W('l'(' 
thE' forcing and hnl'deninp; (r(,fttments. By thE' rlose of th(' hnl'v('st 
season, how('v('l', 1'11(' difl'('t'('n('(' in density of thC' hends from th(' 
forc('(i Hnd hnnlC'lwd plnnt's hnd Inl'g('ly' <iisltPIWnl'('d, du(' to the 
1'('ln li \'p]y much gl'('n t('r incr('lls(' in d('nsi t v oj' thE' hends fl'om till' 
fo)'c('d rilants dlll:ing th(' lattel' plll't of tll(; growing s('ns:lI1 (tabl(' 5, 
column l::l). 

Th(' dif\'PI'(,llc'p ill thl' prl'('ct or I'rl'tilizrl's on d('lIsit,y 1)('('nnH' mor(' 
()]'OllOllIWpd us til(' S('tlson pl'Ogl'esspd. Thlls lhp p'lnnts to which 
nilrog(,11 was applil'd 1>1'0<111('('(\ h('nds thnt \\'Pl'l' signifi('antl~r l('ss 
dens(' thall did pll:nts 1'(,l'li!iz:ed witlt pllosphol'llR, witlt potassiulll, 
with n cOlllpiC'lp Illltl'i('nt solutioll. 01' lhe 1I1l\'(,l'tilized plnllt~, :'[ol'e
o\'el', tltl' ('11'('('( or thl' ('om (>lptc' nutl'ipnt solution was similur to thut 
of nitrogl'11 in tlHlt it I'('du('('d tltt' d(,ll~ity of th(' hends ns ('ompnred 
with tlwse [rom tlt(' unf(,l'tiliz('d plallts. In this installce, loo, the 
intrraC'lion l>('l\\'(,(,11 f('l'tiliz:('I'~ lIlId stn~es W:1S found to be highly 
significllnt l)('eHlls(' of the' dill'cl'Pl1tinl I'('sponse of tile plants to appli
('ntions or llitl'Ogpn dUl'illg the s('edling stngp us ('ompnreci with lield 
uppli('ations, AS:1 similul' internelion has ,lll'e:1d~' been discuss('d for 
totnl \\,pight of hends (1.nbl(' (j) thl's(' dab) :11'(' omitted, 

Thus l:n,r tl1{' dis('ussion or til(' data s('('ul'l'd in 10:35 hns denlt with 
th(' ('r\'pcts 0[' fl'1'tiliz:ers nnd espp('inll~' with theil' dirl'cl'entiul ('ffeeLs 
whpl1 applied during succPsRiw slng('s in the growth cycl(' of the 
plnnts. Turning next to n consiciel'<ltion of tlr(' (,rl'('('(s of the fOl'C'ing 
nnd thp hardening' U'eatl1lents and of tl1{' ciifl'el'pl1tinl ('11'('cts of fertili
zel's on JOI'C'('d I1n(1 011 hnl'd('n('d pInnts (tnhl(' 5). it will be seen that H 
In I'ger pro pOl'tion 0 r hen("; was pl'od uC'NI b~' the ['o1'ee(\ pin n ts than 
by th(' hal'dened plnntR. ThiR illc['('as(' in yield n.moullted to 36,12 
pereent fol' tiH' ('a.l'iy hfllTest p(,l'iod. Hnd 12,08 perC'ent 1'01' the entire 
senson, 

The mean ~ri('lds in pounds (>('1' plot 1'01' till' l'Hl'iy bnrTest period 
sho\\' thnt t\teJ'(' wnR no rneasurnblp dirJ'cl'('I1('" b('twe(,11 the forced nnd 
hardc'n('d plnnts. ('\'cn though tiw fOl'mer oULyiclded the latter in 
numbel' of head;; pl'odueed. An explanation of thiR result is found in 
the grp,lter H\'l'l'ngr wei!!ht of the headR prod u('ed d IIrin~ this (wl'iod 
b~r th(' hunlened plnnts (tnble 5. column 5), For the entire senson 
the hunlened pIn.ntR pl'oc\ueed !l grpn{el' lotnl wpigbt of hends than 
did the forced ones, In this ense, howe\'er, tIll' intel'Hetion between 
treatmen ts and fpl'tilizcl's wns found to be high1," signifieflnt (table 8), 

From thes(' cln,tn it is oiwiollS that thougll phosphorus Hnd potas- 'II 

sium served to prod U('(' heaviel' yields than eitbcr nitrogen or n eOIll
plete nutrient solution wlll'1l applied to the hnnlened plants, there was 
no signifiC'ant difi'crenC'e betw('en fel'tilizel'S in their influencc on the 
forced plan Is, FUl'thermol'c, only potnssillll1 prod need significuntly 
different results on th(' fOl'eecl and IHLnlelled plants. It wns this cffeet 
of potnssiul11 in in(')'ensing till' totnl weight of the hends produced by the 
hardened plantR ('ombined witll the nonsignificant but numericnlly ,-4 



'FIE'FEeTS OF FORCING AND HARDENING 19 

greater yields from tbe hardened plants supplied with phosphorus 
and from the unfertilized ones, that accounts for the greater total yield 
of this series (table 5). 

TAJ3LE S.-Differential response for enti"e season of forced and hardened cauliflower 
plants to nutrients, 1985 

[Interaction: F~rti[[1.ers X treatments] 

. I A>'crage weight of Mean yield per plot \. heads! 
Fertilizer 

Forced : IIardcned \ Forced IIarrlenod 
I ; 

-~~:l:~:-~t--·-~~r~:$-j-"-o~cts I Olt1lees 
18.52 
2fl. ,13f~~:1!rJ~:::::::::::::::=::::::::::::::::::=::=:::] ~~:~ · m:~ ! ~J~ 35.74 

Complete nutrient solution •..••••••.•••••••••...•_.••. i 391.2!i ' 316.07 21.27 25.39 
lin(crtilized ........................................... : ·J87.1i7 I iii3.2!i 27.18 3·1.38 

\ Ob~'rved ]i' (or interaction, 5.20; i·percent point, 3.5.1; \'Blul' (or n significant ,lilfrn'nce bet-wen means, 
12!i.OO; b~tween dilTen'nCt's, 1 i8.05. 

2 Obst![Ycd ]f' (or int.eraction, 2.57; 5-percent point, 2A7; vulu(I for fi significe.!!t dilTrr(incc between means. 
6.59; between difTerences, 0.32. 

As has already been point.ed out., t.he average weight of the heads 
produced by the bardened plants during the eady htllTest penoel was 
greater than that of the heads from the forced plnnts, indicating that 
earliness of matmi ty was nchieved at the expense of weight. Further
more, this reduction in weight of the heads from the forced plants 
wns persistent for the entire season. However. as the intemction 
between treatment.s and fertiliz(ws was found to be significnnt, these 
data arc presented in t.nble 8 to show the interactions. 

This tabulation shows thut the hends from the hardened plants 
fertilized with phosphorus or potassium and also those from the un
fertilized plants were significantly heavier than those from similar 
groups of forced plants. On the other haud, the differences in weight 
between the hends from forced nud from hardened plnnts fertilized 
with nitrogen 01' a complete nutrient solution were not significant. 

No difference was found between the depth of the beads from the 
forced und hnrdened plnnts dUL'ing the eurly hnrvest period, but for 
the entire season the heuds from the hnrdened plnnts avel'l1ged some
whnt grenter in depth. 

Forcing the plant.s reduced the aNcrnge dinmeter of the beads both 
during the early harvest period and for the entire season. Forcing 
likewise reduced the density of the hends produced during the early 
harvest period, but for the entire senson there was no difference in 
the density of the heads from the two trentment gronps. ~ 

ROOT GROWTH AND ROOT REGENERATION STUDIES 

TO~IA'I'OES 

Supplementing the field tests in 1933, which compared the effects 
of forcing and hardening treatments on the subsequent performance of 
the tomato vnrieties Penn State Earlillna und Bonny Best. studies were 
also mo,de to determine whether there was a difference between the 
forced and hurdened plants. or between the two vnrieties in l'oot 
growth, or in their ability to regenemte roots after transplanting. For 
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this purpose 15 plants were selected at random from each varict3' and 
treatment group and set in wnshed bar sand ill earthenware crocks .l! 
where they were a,llowed to grow for n period of 13 dnys, Before they 
were set in the crocks, however, the plants from ench treatment group 
were further subdivided into :3 subseries of 5 plnnts ench, One of these 
su bserieR was tmllspl!lI1 ted with 1'oots in tact: n s!'('olld suhSCI'ies had 
all of the roots trimmed to 1 inch from the poin t ()Jl th(' stem where 
the topmost J'Oot originated; tbe third hnd all Intcrni roots removed 
from thC' plnnts with it sharp s('alpC'L Th!' size 01' \'olull1e of the 
roots wns detl'l'mined by menSllrillf,': th!' ('ubie ('entimelers 01' witter 
displnced when they \\'et'(' sllbmerg'ed in a Ll1ndsiedl extrnetion tube of 
the ill('omplete siphon type, Th(' dclimillttion of the roots \\'IlS dOlle 
to silllulatt' ns 1l('lldy us possihl(' th(' loss of mots that O(,(,UI'S in tl'illlS

planting', Tnhll' n pr('s('lIl8 till' 1'!'RtrltS oi>tllined, 

TABLE !l,- Thl' /-1f/'cls 0/ !orf'il/II tllld hllrdl'lIiNfI /rI'lI/II(l'lI/N 1l1/ 1'00/ aml/,th and root 
/,I:II{((('('/l1I1n/ 0/ IOIlWlo, If},],] 

\1"1111 ill· ~\r(\Hn rutin:\I,'nn ini· .\1 ,,:Ill ,,01· 
(·n\:l~(· in of iJl('n'n~('tinl runt UIIIl' nfll'T root \'UI· to inilinl\'olww' l:~ d:IY!'i 

UHI['< Y(J)uuw 

('!,I}it' ('olli ... ('111';(' ((Jlli· ('ulJir ctnti· ('u",r rOlti
Forl','rl Cf,'rtili7NIi: lI{(la,I( lillIaN m(ffr.,· 'IIUlfr.'1 


Xitrolwn :i, ~r 10. :\7 Ii, [itl ~,ni 

.. 

I)}ll)~lJhfJrll~ :1.·11; 11.011 .,51 2. ,IV

PotassiulJI :!.~Ii !I.m i. nil 
 2. iU 
Comp)(·tt'lltltri<'ut }lpll'C'tiot1 l,nt; !J.\G s,an I. 'ill

Illlrtl"lll'rl (1I1l(",liIl7I'I\\ :!. 'I.i 7, iT :i, :1!! 2.37 

~1t!uil1(,~lnt dilTc.1 ft·J1( l l' .ti.." 
()h~~nl'll fo' :,H. 

.... 
,'2, U) ( J~ 1 -I.on 

~~'"~ 

\'ari,,!y: 
PPI1J! ~tnh' gurliflnn I ;1.0;\ ~. 51 j ;i.'I~ 2. ~;
norlll), Bt'sl I ;l.~S 11.11~ i. ~l 2.21

1-· 
Si~nil1l'nnt ditflln-nC'l' O. :;~ 1,[,1 1. 2li,01l"<'r"",1 F IIl.S:! I 11,37 ! 7.4;1 (')._- --~--~-

Hoot In'nlllwut: 
XO ruotg 2.2s n.:l;j 7.05 3.:1I

I·inch rl\ot~ ;\.h1 I IIl.SI1 Ii Uti I, !I!I

Ent ire ro()l~ ·1. ~fi i n.27 ,;. III 1. 42 


!-~. 
8h!lIiti(,~tfll (liH"'rt-'Ii("" 1I.1i:1 1. [,il .•l:!
Olm'rn'd P 1:!1. 71 1.1. ·10 127. ].I

1••~. 
Stnndnrtl ....rnlT 1,·12 l.H, ;t·1iI I. IS 

t Odd~ ngnil1st thr diJTprpll('('~ 11O(('d ht'lUj.! dUt, til {'hIUH'l' tin' J.!),\·:ltt·r than Hil ttl 1. 

2 Xot .:;i!.mit1('tlnt with rt'SIll'(>t to ri.'~itll1nlllrr(lr if udd~ of W 10 1 llJ!nilJ~t till' dill't'n'IH'{''';' noh-I! Il{'inl! duC' 


to ehnrl('(\. m'p fj('('rplC'(1 as: n ('rift·rion. 
:) Odds ng:nin~t th" rliJT~'rNlrl'~ flott·,1 bl'iu~ tim' to t')IIlU('tl un\ l!rt'ntl'r Ihan JU 10 f, hut 1t.~~ t hUIJ UiJ 10 I. 

Data. on UH' initinl H)IUlllP of (Ill' roo(s arp Pl'l'RPnll'd to Rho\\' thl' 
inflllPn('l' of thl' fOI'('ing nnd hnl'd(,lIillg' lrl'nlnll'llls 011 L'Ool gl'owth lip 
to till' linlt' the Rl'('dlingR W(,I'P I'Plldy fol' tl'nm;plunting in the ripld, 

Annlysis or till' dliln in tnbk \l showR thnl til(' initinl rool \'oIIlHtl's 
of the '(o,'('('d planls t bu.t hnd 11(,l'1I f('rliliz('(1 with pitlH'I' nit.l'ogl'n, 
phOSpltOI'US. 01' n (,()l1lpl('tl' nlltl'il'nt sOIUtiOlI Wl'I't' signifil'lwtly I:u'g'l'l' 
than thosp of th(' unfl'I'lilized hnnkllPd plnllls, bill tlll1! tJll'l'(' wns no 
signifieunt difl'('rl'IW(' Iwh\'('l'n tlw plnntR t11ll.l hnd bt'l'n fel'tiliz('d with 
potassium alld thos(' thnt hlld I}(,PII hal'dl'I1(,(1. 1lol'PO\'('l', the' sl'l'd
lings thnt hnd l'(,('pin'c1 n. ('ompl('(p 11Iltl'iC'l1( SOhltiol1 hnd Itll'g(IL' mot 
volumes than thos(' thtl,L l'eeei\'l'd l'itlwl' phORpllOl'lIS 01' potnssilllll, 
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The (lit1'prenc(' bptween tIl(' ('omplplp llutl'i('nt find the' nitrogpn trcat
ments \\'US not quitc si~nifi('U,Ilt. 

Of the thl'pc root. Lren,lmcnts it is ('yirienl thll.l tIl(' plants whose 
roots WCL'P left entire and thos<' \\'hos(' roots Wel'e limi tpd to 1 illph 
were both greatel' in initial volunH' than thos!' of the "no-root" 
subseries, bllt that there' was no significant difl'er!'nce between the 
two former, Pt'rhaps it should b(' pxplailwd that thp \'filup 2,28, 
givC'n ns tht' initial volump of thp "no-root" subsprips, I'cprpscnts the 
avcmg'C' volumt' of the' main roots of til(' plants from which thp lateral 
roots had been tl'imnwd, 

Hoot 1l1paSlll'Pll1pnts at thl' dost' of tlw l:3-dny p('l'iod show that 
inilinl difl'pren('('s in root yolul1H' of tl\(' plants from till' spveral feltilizer 
treatmenl gl'OUpS hnd Inl'g('l:v disn.PPPIH'pd, Of en~1l less magnitllde 
W('L'e thl' diffel'l'lH'PS ,'pmnining bpLw('pn t1lp !'Oot tl'<'fltnll'nt subserips. 
F"fol'lul1n.tdy, no llIPtlSUI'Clllc'nts W(,I'P mfidp 011 tIl(' tops of these 
plfints during thp ('XIH'I'illLPntal pPl'iod. so it is not known \\'1H'thel' or 
not root gl'owth during this ppl'iod wns Il1ndt, at thp l'xpens(' of top 
growth. Of tl1(' two \"nriptips. Bonny B('st still maintnin('(1 its It'ad 
over Penn Statl<' EnrlinnH ill mot \"olunIP, 

Then' WHS no sigll i fieall t difl't,t'('n('l' bc,t\\'('l'n the f ertilizl'l's ill their 
influl'l1ce on thp Hmouut of mot growth mnde during thp l:3-day 
period, 1-IOWP\"PI', a comparison of thl' mtios of in(,l'eas(' to initial 
siz(" shows thal tll(, plnnts fertllizpd with phosphorus 01' potnssiuHl 
find thc' Imfprtilizl'd haL'denpd plants llladp significantly grPlttel' mot 
growth than thosp fC'I'Liliz('(1 with a C0111Pic'lc' nutripnt solution, 1'he 
grpalpst gl'Owth in proportion to initinl ,"OIU111p wus llla.cip by the 
plants ferliliz('(1 with potnssium, find this si~llifi(,Hntly exc(>edl'd that 
made by til(' plallts JprtilizNI with nitl'ogt'n and thos(' [l'rtilized with a 
('ompkt.p fC'I-tilizt'r, Of the t'oot-Ln'lttml'nt. scrips it is ('\"ident that 
the nO-l'Oot plants mudp propOI"lionntel? g'rpater g!'Owth thun those 
of thp 1-in('h suhset'it's during thc' 13-du.y PNiod. and thesl' in turn 
lllndt, g'J'(IH leI' growth thnn thosp whost' roots W('I'(, not pntlll'd, It 
llla)~ nlso bL' st'('n thnl Bonny Bpst made' grell.t<'l' root ~\'Owth thnn 
,Earllnnn. but not n pmpOt'tionately ~I'l'n.t(,I' growth in [,l'lation to the 
initial sizp of its roots, lt thus nppPtU's thnt tIlP mtp of mot rpplu('p
Ill(>nt nncl g'l'Owth WflS inyprsl'l)- proportionnl to till' initial siz(' of the 
root systems at tmllsplnllting timp, Appl'oximatdy thl' SIUll(' re
lationship nlso l'xists ill thl' f<'I'l i1iz('I' s(')'i('s, 

In 19:14, stuciit's 011 tltl' mtp of 1'001 ~r()wth of thp forepd find hnrdt'Tled 
tomn,to s(·('(llings wet'(' ronducl!'d in \'('IT murh thc' Sfllll(' malllH'r ltS 

for thp prp(,Pciing yeal', Fin' H('pdlillgs WPI'(' splt'ct('(1 at l'fi,f)(loll1 from 
en.eh of thl' forepd and hn.rdt'IlPd tl'patm('nt groups and tl'nltspln.nt('d 
into wnsltC'd bitt, saltd in part,h!'lIwnn' ewpks, All plants WPl'P set 
with their roo!",s intact, n,nd t.h<' tpst,s WI'I'P ('xtpIHI('(1 [!'O1ll La to 35 
cltws , Prior to s('tting them in thl' erocks, tho pln,nts \\'O\'C' trpat('(1 in 
all resppct;s Iik(' thos(' ('mploYNI in thl' field studips, Thus. both thc 
[orc('(/ find hn,rdoned s(,l'ips W(\I'P I'('pn'sentpd b)T subserit'S of fiyp plnnts 
thllt hnd bppn fC'l-tilized with nitrogen. with phosphorus. with potas
siulll, 01' with a romplt.tp Jllltritmt solution, Un[eI,tilized. 01' check 
plnnts, wpr(' also provid('d for ill PHch series, Tabltl 10 presents a 
gC'Tlcral SumllllU')' of the results obtaillPd, 
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TABLE lO.-The ejJecl.~ of forcing fmd Iwrrlentng trrfliments ,m )'00/ growth flnd Tool 
diIlJl/w:('IIH'1l1 of ((lI/l((I()I.~, 1!J84 

I . 
;\1."ullnl· ;\It':1Il vol~ I +'I(lao in. :;\h~nl1 rflUu 

1IJ1I{\ nfl"r ! (,rtin~(lln or hnnt yolo 
vohww 35 rJnl'~ 'ron' ,'.,ltlUll' II,IIW to lOi· 
linl roof 

lllli \'oIIUlW 

CliMe rt'lIli· 1 Cu.1Jir (fUn,; CulJi;, ('('uti-: ('tabie ('('/Iii· 

NitrOg'l\ll . .• _ ... _._._~ ... - .~- .. ---
l'hoSI1!loruS••__ 
Pot.nssllllll~ .... _ _. 
rompll'tl' lltll.ri~ll[ $OInt lOll 
Unf~rtili't,\'(1 _.. . .. _._ 

I 
'.\ 

I 

meters 
:1.I2
:l.11I 
:t!lll: 
;1. :\2 ' 
:l.IlS 

mr/tr., I I/Idas 7/I{/err 
1O.;iO i 1:1.41 , 5.59
l:U, , \I,R(\ • 3,9:1 
11.1~: IO,iilj 4,1~ 
11:-. !l:l , 1.1, 61 5, Sf, 
If>. Ii t__I~, :III __-.!'-. 11 

i'i~l1iflcnJlt diIIen'Jl(,I!_ 
Ob5~n'fd P "' __ ' ___ " (l~ 

:t fi7 1 a. ~)!" t.21 
'2.!l2i 2:1.2[, 13.78 

.~~--<--~- .--. 

Tr('atUl("nts:
li'orc('(L c 

III\[(lt'n~d 
__ .. ~~~~~ .. _~ 

.. ____ . -.
:1.Il!l 
!l, iiS 

Slo;nillclIllt !1II11'r!'llet' 
Ohs"r~('d Jo' 

.:11 
, Ill. or. 

$tlllld(lrd l'rrOr _. ' _ . . flO 

1 Not si~nil'('ant with rt'$)w('t to rf'~itllHtl ('rror if odd~ uf IU to 1 Hrl' :ll'('('pl.'d us n ('ritt·rioll. 
, Oll<l~flv;aitl~t flitrl'n·!l('("o.: not(·(III(·jrl~ (itHl 1(1 ("hum'I' nr·' gn'ftll'r tJliUJ In til I. lilit his.... {lUlU flH to 1. 
, Odels ngninst rliffl'n'Jl('p'i lIotl'" twinl! dw" to ('hnn~{' nrl' gn'alt'r th:1n ~I!J to I. 

Contntl'Y to tll(' l'l'sntts of tlH' pl'l'e('t\ing ,n':tl' , thl'H\' dabl Hhow tlU\.t 
tlwf'(' W('1'P no lTIenSIII'n,bll' (tiff('I'('nc('s ill til(' l'fl'I'(·f.H of til(' f('f'tilizers 
on root g"l'owth up to till' tin1\' till' s('('(l1ings \WI'I' In,l'gl' {'Hough to 1)(> 
set in tlH' n!'ld. Imc] that til(' mot syst('ms of th!' hltl'<il'npcl plltnts 
fl,Verlt!!I'<l sonwwlw,t In,I'g"('1' than thORP of t.1H' fOI'('('<1 plnnt;R, 

By th(' dosl' of t.\w :31i-dn,y pl'1'iod an:" significllnt diffl'l'PI1('1' in root 
VOl\l1111' Iwtw('('n tlw ron'{'d \1,nd hitnll'lH'(1 plan ts hnd d iRftPPPltl'ccl. 
Bl'tW(,l'n tlw f('rtilizPI's, hOW!'n'l', though thpir infilH'IJe(' dUl'in~ this 
lW1'ioc1 waR p\1l'dy 1'('!')iciunL it mn,)" 1)(' s('('n that titl' L'Oot systl'ms of 
tlw plants f('l,til iz('d wi t,h n compl('tl' llutl'ipnt solution W('I'(, si~nj(icn,lltl)T 
Ial'~(\r thltn thosp of thl' plant,s (ol'('(,d with vi tllC'l' phosphorus 01' potas
sium, NOIH' of tit!' otilC'1' comparisons 11l'(, Si~lIifi('ltllt. 

Bpcltusl' in this insttUlC't' th(' interaction hntwpPI1 tlH' l'ffpet,s of th(' 
fertilizers Itlld thos(' of till' fOI'!'ing and hnrclpllin~ tl'pn,j:n1PIlLS WitS 
found to 1)(' significant, tnb]e 11 is PI'PS(,11 h'd to sho,," more C'1l'nrly tlu' 
clifrpl'ent.inl pfl'!'et·f; of the fpl'filiz('l'i' 011 tl](' fOI'('pel Itnd hard('uN1 pI lH1.ts , 

TAIlT,E 11.· IHfJ('I'/'lIlial r('SJi01I,~I' of forrl'd 1111(/ harrier/I'tl 10111(1/0 fI/(t'l/I,~ 10 nltlricTll.~,
lII.n 

Flunl volumr Of roots 1 

I'~prt ili/('r ~ , 
l~or('\ld UurdcUNl 

('Ilbi~ Dllbic 
relltim(/ers (enlim(/ers 

20.U2 12.20Nitro!!,~n H.G:l 12.:11Phosph()rlls 
13.M J.I.73J'otllssilllll 17.20 2O.n.>Cornpl~t~ nutrient solution 
15.18 15.76U nfert.ili1,t'd 

1 Ol)~n'<,d P fur inh'rllet lilli, 3.40; t'p('rct'llt puillt. :U/J; r,'(lpr('rllt poillt, 2.114; ,'nhw for si~lliticnnc(' b('tW('t'lI 
mtmnS.li.05; i)etwl'Nl difT('r£III{'(IS~ 7~U. 

A study of til!'s(' in tl'1'n.ctll1~ nH'nl1S shows thnt fpt,til izing tht' forced 
pll1nts with nil;I'()~l'l1, or tIt(, hn,!'{iPlll'd plnnts with n complete nutrient 
solutioll, resulted in sigllifitlllltly ~rpltte)' root growth thun thut made. 
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by ('ith!'I' tll(' fOI'('('d 01' hnl'(lplll'd plfilltR fpl'tilizl'(/ "'itll phosphorus or 
potnssi UIll , ~l()I'('OYl'l', til(' ['01'('('(/ plltllls fp!'Liliz('d with nitmgPll made 
sig'llifi(,Hlltly g!'l'atpl' I'out gl'Owt It t.llltil pitll('l' tIlt' fo/'c'l'd 01' 11I11'(/('I1!'(/ 111\
fl'r'Liliz('d plants, or thull til!' IWI'(Il'llpd plnnts supp1ipd with Ilitl'og'()n, 
though not I1W1'(, than tlIP htll'd('IWd phmtR tllltt w('r'p gi\"\'n it (-omplptC' 
llutr-iPllt, solution, O!h!'/' cOlllparisons Ilf'(' IllIl<lP possihI(' by aid of tIl£' 
,"nlups l'!'qui!'('d 1'01' sig'niJ1(,tuw(' apppn(\l'd to tlw tahlt'. 

Thp inrl'('m=;(' ill root \'oluIllP mud\' during tlll' :~;i-dn,r ~w('i()d by the 
plnnts fprtilizpd '.vith ('ithpI' nitl'Og'PIl or n rompl!'t!' Ilutl'il'nt Bolution 
'VHS Sig'llifi('alltl~' gn':ltpl' than that of t'hos(' 1'('I,tiliz('<1 with phospbol'lIs; 
nnd tlIOS(, fpl'liliz(-d with n ('olllpl!'!!' lllltTipnt soltltioll mnd(, signifi
catltly gl'('ntp(- ('()ot growth than tIIlIS(' fpr'tilizt'd with potnsSillI11
(tnhk 10), 

?\o significant dif},pf'('ll(,(, w:\s fOlllld lwt w('('n HIP two tl'P(ttmrnts in 
tlt('ir infltlPnc(' Of) til(' irH'r'PllSl' ill root si:w mad!' during thp a5-d1LY 
Iwriod, hilt til(' intl'nlc(ioll IwtW('l'll tl'rti\izl'l'I; tlnd tl'l'lltnwnts wns 
foulld to \)(' :;iglli(i('llnt. Till' tnblt' for' this intl'l'iJction if> omittrd, 
110\\"(,'"(,1', tiS it is i<l(,lIlicnl ill it,s irnpli(,Htioll::; with finding-p, shown in 
tltblp II. 

Irr proportioll to th!'i,' illi( inl \"ollffllt' :llld irT('sppdin of tit!' forcing 
nnd hu/'dl'fliflg' lrNltllli'llt::;, Ill!' plants fpl'tilizpd with llitl'Ogot'll or i1 
('ompll'(l' tlulf'ipnt solutioll mud(, g:r'l'lltpr' gonills ill root \'oll1n1£' than 
t!lose' ['l'rtili:t.l'd \\"it'll ('itll('r' plu)spll(l/'lls 01' jlotnssiuII1, bllt not signifi
clIlltly gr'pnh'r than th()~l' of till' 1Illfpr'tiliZP(1 slIhspri('s. ~r()r('()Y(>('. 
til!' ,il(,;lfl g:aills of tIl!' 1'(1('('('([ plnn!s W('t'l' g:n'nll'f' than tiJos!' of the 
IHudl'lll'd plnnts ([abll'ltlL 

'I'h(' 1fl33 ill\'pstigntion of tIl(' pfl'('rts of th" forrillg and hardening
t(,Pl1tJ1l('lltS Oil til(' l'Oot gf'Owth of ('abhn;!p ~w('(l1illgtl WIlS rOlldudpcl in 
tiu' snnl(' llW1UH'[' Utl that OIl tOUlnIOl'i', ('xc'ppl ('lIn,t ill thi" emw nIl 
SP('(lIiflgR \\'('1'(' ITtlllsplnntt'd with tllt'ir roots intnrt. Tlthlp 12 I)('('s('nt,s 
11 sUJllmar','" of !'lll' (,pslllts ohtnifl(,d, 

T,Ul[,E 12, Th, '.If,ct" q(rol'rill{/ flild }'111'1/' lIil/g frr'(l{III('nl,q ()II r()ol gr()/cllt fl1Id roof 
di,</ll(/('( /l1I'1t1 0/ ! 1'«l'id"" of (,lIblm!}" 1!/,3;3 

.\1 l':\ 11 ratio 
.\tr·an ~\t('nn n)[ :\"':1/1 ill- of fillll'

ill ithI ront un\l' !l[t(lr \'r\*:lSI" in voJuuw· It~ 
Y{IIiJUlI' r~ tfny. root \'O!lIOlP iJlit in] vol· 

UtlW 

( '1IJJit' ( 'ultir (~ubic
F'orl"',1 ([I'rfili7.t,tl'l ('f litimdt r.'It t't Jllim{ltr.~ relltilJlfl(T~" 

~Hrm!l"lI :!-{i7 !I<,;W J3.0:! 7.01;
Ph\.~pllHru~ ti. }~I 2:'!di:J lli 1-1 4,11
"ut:l!'i,jnm 5.2/i 2f1. t"o..; l!i. '1;{ ,I. :W 
('olllph111' Ilntrif.l1H ~"llJt!lju ,;,:H XI ~l IS,4" /l.~:1Ihl'il"III',llulJ"'rliJit..r]· ·I"n 11.11 !I"I'I 3,01------.:.:..:. :4hnrUh"mt dilfl'rl'll('t> :;" ..11 ~.:t?

Oh.':;t·fvn1 I·' 3.l.(i5 
Ynril'C~ 

J':"rl~ J,l's,'y W',hli"hl 4,21
',oJd"n \{,fl' [J.Hn._- ---"'~~~i~ninl':lJtt IJitlt'rt'Il(',t· Lfill :tlii' 1,-17

OJ\"f'r't'd 1- '1U.17 ,';,a:r 711.71 
~tal),linr'll'nnr ~. 23 j" ts '-'-"'--

: ~~nt shUtjfj(':Htt t.\ Hl! f(':-lJu·('( til ff'''ldlJ:ll,'rrur if IIdtl ... Ilf J!l1O 1 :11'1' :U'('pph',f ns n ('rill-rinn, 

.. odd!-: m:ainsl fhe' difrl'J'j'm't'''' !!ilT~'I! }wio:1 dill' ItJ dl~)nt'" 'In' ~rl'att'r thun W to J. hilt 11·•..;:-. rhnn gg to 1. 

:; (J<l<l~ m~ains.t Uw (Hm'n-nti':' HHh'u llt-iu,/-' IIU1' in ('h~lU('I' ~lrP 1-'rt'ah'r than {}9 to 1. 
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A compl1rison of tlH'sl' dn.tu. indien.t<'~ tlt<'I'l' W('I'(, no significunt dif- .~ 
ICl'lmces Iwt.w<'t'll thl' I'lf('(',(s or tlrl' rPI'tilir.l'l's 011 I'oot g'l'Owth lip to tl1(' 
time tIll' s('('dling~ WPI't' l!uW' I'IHllIgll (0 j)(' s('( ill tilt' lipId. 01' hOt.Wl't'H 

t1ll' I1Vl'l'll.g'(' root YOllllllPS of the' s('!'dlillgs n.l th(' c1os(' or till'] :~-dnY 
growth p(:l'iod, 110\\,('\"PI', II ('ompnl'isoll' or Lilt' ndllHl ill('I'PIlSl'S llUt<i" 
during this pf'l'iod slrows t,hnt th!' I'ol'('('d plllllts rPI,t ilir.pd with phos
phorus, with potassium, 01' with II ('olllplptt· lIu(ril'lIt ~mlution mudp 
significH,1l tl,\' gl'Pltter root growth than t:hp lin [1'/'( i1ir./'d, hnl'(loIl('<I 
plants, ,]'ht'I'(' wus no signifi('nnt diII'PI'('II('(' lH't.\\'('('n till' plllllt.s fplti 
liy,ed with plrosphorus ItII<l potllssiulII 01' \H't\\'PPll till' pIn.nls fl'rLiliy,(,ci 
with nitl'ogl'1l u.nd 'l:;h(' hnl'dl'lIpd plHllts ill thp alllollllt of root growth 
much', III pl'Opol'tion to th!'il' illitinl \"01t11l1!'~, thl' plnnts i'l'l'tilir.l'd 
with nitl'ogl'n 01' with It compktl' Illltl'jl'nt :-;o\tltion mll.dp signi(ienntly 
g['pn.t('l' l'oot gl'O\\'tll than did thosp r('1'l ilir.l't\ witll phm;plrol'tIS, Ol' with 
potnssiu111 , or tIll' 1l1tl'd<'lll'd plnn(s, 

I~tll'ly ,J!'l'SPY Wnkp(i{'ld sppdlings lind 1n.l'g('1' root SYRt!'lllS than 

Goldl'lI ACI'p botl1 H,t the I)('ginning ond nt til<' <'\HI of thl' l:~-dl1"{

p~riod, btlt in Pl'opoI,tioll to tJr'('il' initial sir.(' thos(' of nolciPn Aef.'(' llllHil' 

th(' gr'pn,\:(~t' gai n~ . 


.A gPII<'I'u.I Sllllllltn,I'y or tlH' I'psllits obtainl'd fl'olll (ilH'Sl' l'Oot-growth 
stndips with tornllto ILnd t'lthhng(' plnnt:< shows that tlH'l'(' WitS hut 
littll' Ill1ifol'lllit), in till' l'll'pds or tli!' (l'ltilir.PI's on t'Oot growth l'itlll'r 
lwfol'l' thp Sp('dlillgs W('I'P tl'l\.II~p1:tl1t!'cI 01' n.l'tr'l'\\'l\l'(ls, .A f'imilll.l' Inck 
of consistl'nc)' also aplWflrs in tIl(' pfl'l'ets of th' (orcing and h!tl'dpning 
tl'Nttnwnts on root growth, NPYPI't!W!t'ss, n~ in tiH' pH.S(, of tIl(' dn.tn 
showing till' difl'l'I'('l1CPS in th(' f'(,llLlivl' root si7.(, of thl' En,l'ly ,T!'l'sey 
,VnkPfil'ld and 001<11'11 Acl'{' en.hhngp vil.l'ipti('s in ]H:~3 nnd bot.wt'(,11 
the 10I'('('d and Jrru'c!('I\(,d tOIllIl.to s('~'dlings in ]HM, it is {'vident thlLt 
tltl' s(,pdlings lun'ing th(' smnlJt.[' I'oot sysf('ms wh(,11 tli<,v WPI'!' tl'll,IIS
plnntNI lIl;ld{' gl'Pfl,'('l' gnins ill Pl'opoI:tion to l:1l('i1' iniUn.1 si7.(, tlin,1l 
thos(' h/wing In.l'gl'I' I'Opt syst I'ms. A ('OIl1IHLt'ison of thps(' I'Psll1 ts wi tIt 
till' sllhspquNlt l)('I'fol'lllnIlC(' of similar plnlltr; in the fipld shows thnt-ol 
PrtJ'lilll'sS of mn,ttll'i(), WIlR nssorintl'd with l'H.picii(y of root growth nJt('l' 
tmnspllwting.

This SII,lI1(' (PllelI'IlC'Y is to 1w fOlllld <,ls('wlll'H' ill thl' <lntll, ns in the 
cnsp of til<' 1'('ln.ti\,(1 I:oot Rir.(' of thl' Pl'nn Stall' En,l'liruln Hnd Bonny 
nl'st sp!'dlillgS in 10;3:3, III this in~!tllw(', hOWPVl'I', tlw dill'l'f'('II{'ps i~l 
til(' I',dins <lilH'I'pllsl' in root \'ol 1I11 \(1 to illijinl \'ohm\(' w{'rp 1I0t sigllifi
eml.t n.nd so no d('(illitr, COII('llIsion~ ('all l)(' dmwn from tl1l'l1l. • 

THANSPIH ,\TION STCDlES 

TmnspimLion Rtudips WPI'P pOllductNI in 1033 with cnbbugl' s('ed·, 

lings thnt, pI'ior to thpil' spll'('(ioll for this pUI'pOSt', hlHI ht'('n trerLtN] 

in rtll l'PSlwcts likp tlH>sl' US(,<I 1'0\' thp fi(lld stlldi('s, Fi\'(1 pl:lllts of eneh 

variet,)r, sl'l('c,t('([ at I'Itllciolll f!'Om Pileh of tIl(' fo['e('(1 gl'OllPS a.nd from 

thosp thn.t hnd bpPtl hn.l'ril'lIl'd, weJ'l' tl'l1llspln,nted illto moist pl'nirie 

soil i.n tin eontn,in('I's of n,bo"t ]-gn.1lo11 enpllCity, A wnx senl was \ls('(1 

to Pl'I'Y('lI t loss of wn.tl'J' fl'OIIl till' soil by ('Yn.pomtion, nnd pI'oyisioll 

WIlS mndl' [or til!' 1'l'pll1('PlIll'nt of wntl'l' lost h)" tl'nnspil'fl,tion, The 

quanti!:'y of wn.tl'1' lost WIIS (\l'1PI'mil1('d by Wl'igiting. L('uJ n.rcns Wl'l'(' 


. 
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rnensurN1 by thr liSP of n polrtr plani11lC't!'J" The dumtioll of the ex
perimental pPl'iod \Yns f) <lflYS. 

'NfcltsurrI1H'nts of tilt' leaf nrl'ns of s('pelling-!;; at th!' tilll(' they were 
transplnl1 tN1 show (tn blp 1:~) tlmt lhoHP fl'l,tilir.!'el wi th n, complete' 
llutrient solution W01'e Iltrg-N than thOS0 from the otlwr f<'I-tilizcd 
g-roups, nnel thltt, with th0 exception of tIl(' s('('(l1ing-s fl'rtilir.ed with 
potassium. nll of tIw foreNI seedlings ""('/'(, sig-nifie:tIltly IlLrg<'l" thnn 
tlH' hnI'Ci(,l1l'd OIH'S. 

As might bl' ('xp0ctNI from nlPir Inrp:I'J' SiZ(,8. th0 plan ts f0rtilir.ed 
with It comp10t(' nutri('n( solutioll lost n grPlltt'J' quantity of watr,'r by 
transpirntiol1 than thosp from 11ll)' nt1w]" tn'n,t1ll0nf group. Lik('wis(', 
tIl(' forced plants, r'pgn rellt'ss of tIl(' t:'>'IH' of fpl'( iliziltion, lost mOI'(' than 
tIl(' hurd('llpd plants.

In this cOIllH'etioll it is of illtrr'pst to not(' that though thr pIlL/Its 
£pJ'tilir.rd with potnssi\lm \\T('I'l' !lot signi(icfUltl~T Inl'gl'r th:tn thp hn.r
dl'nl'd plants, tll('Y los! n gt'Piltl'!' q \I:tll (i ty of wat('(' by tl,'HtlSpirn,tioll. 

TABI,E I3,-Ratc 	of tra1lspiration 0/ cabba{/i' I!l'fdli1lg,~ (1/ :2 varieties (IS afJr>c/(!d by 
. forci1lg and /wrcirning ir('(//menl.•, 1l}S3 

TrnnspirntioD Transpiration 
, Initi!llleMarell; per pinn!' pl>r l005Q. em. 

Inl'nn "nlu(''s ntC'fUl ,.nlu(.s: If.lof n~f'n: 
(or ~.dn\" period rn~nn \ nhu.:s
'. [or .,.day perIod 

Squflre ceuti· 
Forced (fl'rtiii1.NI': 	 mti"T·t aram.~ Gm11l& 

Xitro~rn 	 11'2 W 113.21 H6.03 
Phosphorus 	 !I~. Uri Ill. 71 ! 156.02 
I)otn..<tt;;jt1Jll 	 ~·n. n;. ; 1m 50 , 110. i3 
("omplt'h' nntrj(lot solution 	 IJI.95 ; 200.95 I Hr.. 15 

llnrdt'llNI (llnrl rtiii;'Pfj) 	 4,.63 ·I~. 51 , I03,~~' 

Sit!lllfi(lInt di{f~rl'nt'(' 3fi.02 in.liJ 

Oh"('rvrrl F ! 2.~
£I , 1;, II (1\ 

\·t1rirt~·: 
Enrly JeTS"}, Wllkeliel!! UJo.:.f.S I~~t 2S !;lll. i2 
Cloidrn ,Irre !1:).lIi 13K 'l~ 14S. i9 

~h!f1in('ant .iifT4.'rt.1 n(1.1 

(i) 	 (II()bs('r \'('d F 

48.00 

I Odd$IlV(linst the (lifi','n'''''I'< Dol",l hf'inJ: IiIH' tq ,'ham'I'an' "n'ah'r Ihan 00 10 I. 

1 Not si},mifit'.llllt with rl'!'l'pp('t to rl'~idlJ:11I'rrj)r if wills nr If' to) nrp :1l'('(>ptpd ~lS a ('rih·rion. 


Then' \\'0['0 ])0 l'lignill<"lIIt difl'p!'PIH't'l'l lwt W0011 tir0 two Ynl'il'tics in 
thl'il' il1it~inl Iraf si~l':-;, tmnspil'nJioll [>('1' plant, or tl'<1llspirntion per 
] 00 l'lq lInl't' Cl'lltilll('t('J'l'l of lcaf :ll't'tl. 

cnE~IICAL STlDJ ES 

CAUUl'LO\\ Ell. 

TllbIt' 14 prl'8l'nts th(' l'I'SU!t:-; of annlys(':, for oqrnnic nnd for total 
lIitJ'o~(,ll in fOI'('('d nllc! 1110'<11'11('\1 ctluli.floWI'I' l'l0l'dlillgs s('lcct('d at 
randolll from gI'OIlP" f0I'tilir.l'd with nitrol!01l. with phosphorus, with 
potnssiUlll, with n ('ompll'tl' Ilutl'il'nt :,olutioll, and [['om til(' u11fcl'
tiliz('d che<'1~s. 
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TABTJE 14,~·+Ornanic ILnd total nUroncn contenis of stem ILnd Iraf USSl/as (clrllweinht) 
of force(l 1L1U1 I(f hardened c(ltlliji01I'C'r 8(!l'di'I(j,~, U)Sfi 

Orgnllie lIil rOJ!:l'Il 'I'olnl nitrogen 

'rrcatment 
Fl'rtlii7.crllllrclcnNIr~~r<:<?IJ lIardl'lled i l'~~~~l:~q~;l 11I(lnns 

_. ~__ I 

-r~-;~~e/lt )'ercellt i Percel/t f'erceut PercellI Percent
Nitrogen . _._ . . \ 2. 72UO 1.(j2'J5.2.1703 2.&'i3n 1.7:l!O 2. :lOiO
Phosphorus _ ' .. ' . .. . , I. 2485 .0705 ' I. 100r. L 25;,0 I. n:125 ' I. 1·137
Potnssilllll. '. 1.1505, .1112.1 LOlli5 LlI-lU l.n2011 I.OR20 
('olllpJcH' nulrient solution 1. 117·1{) , 1. ,wan 1. 51Sfi , 1~ bSlU I. i)!)Ul> i I. fi7~'
trnfcrtili7.I'11 1.-11175 1.1085 l,:lQ:JO ' L[A),15' 1.120;; : 1.3125 

'l'rentmcnt Illenns .._...... r--U;;il-I.2;;-' . - ·---.I:fi7;:;,- 1.2027C-::· 

Signllknnt dllfercllce . ··1--' n.llill ,().181~) I o.orl17 - .• '-1--~~~;50obS('n'ed b' .~__l ~(~.2S ... ___1~~_~~_;___1 f:~.no _.__.__t_~::~ 
Stumlord crror n.lal5 O. In21> 

A comparison o[ toll(' lUPIUlS [01' fel'tilir.el's flllOWS t,ht~( (,he p(weCIl tngps 
of orgn,ni(~ Illld of (;otnlnitJ'()goll W(\I'(' pmetiellU.v idcntienJ in mngnitudr. 
This indicates tbn.t tbr llit,l·u.tp eOlltpllt. or the seedlings was oxtremely 
low; in fnet, its pl'csener eOllld [Jot, be detected in some iw;btllees b~T 
the methods of 11lJnlysis (\rnplo~·('(I. 

Furthermore, an Ilnal~7sis of t.hl' dn.tn in tnhk 14 Hbo",s thILt. tbl' 
effects of the fm'tilillers wel'r pnwticnlly idl'nticnl O[J both {,he oqz;n.nir 
and the total nitrogen content of (,Ill' sP('dlings. Tbus the pln.nts 
fertilized with nitrogen OJ' n complf'tl' 1111 tl'iont solllliion containod 
significantly higher pel'centnges of both oJ'gn.ni(' .and total niGl'Ogen 
thfLllthose fcrtilir.l'd with pllOsphonls, 01' with potnssiull1, 01' til/til 
th(~ unfertilillcd cheeks. Both pbosphor\ls nnd potassium, on thl' 
cOl1trn,ry, fLPpCfL1' to hfLYP netunlly li('el'oased tlw pm'cl'lltllges of ol'gfLnic 
fLncl totfLl nitmgcn, as the plan ts fOJ'tilir.NI wit,h thollJ WOI'O signiriennJly 
lowcl'in thesp constituents t·hfl1\ tll(' IIIl f(\!'tili~('(1 cho('.ks; tl.lId thosp giYen 
0, complete Jllltri(\JJt solution W(\I'l' [own!' t.han t,hoHt' gi\'on onl.\' nit1'ogC'll . 

.A eriticnl exn,minn.(,ioll of (;hC' (,wo sots of lIiLrogeli tIlI.tn will diseiosp 
the faet. thfLt in ench cnsC' (,Ill' intc!'t1etion betW(\NI fcrtili7.(ws nnd 
forcing fLnd hnl'deniug ti1'OIl,(;rnont.s is high ly Hignj(i(~n ilL ThC' ohsE'l'ved 
F for tho intemctiol1 ill thl' organic llif;J'()gpn da.tn wns 7.50 and thl' 
I-pcrcent point 0.42; in tbe dntu [OJ' totnl nitt'Ogen the obs(\!'yrd F 
wus 19.40 ftild the I-pOl'cellt poin! GA2. [n OIleh ('nsl' the intm'netioll 
is significant heCfLlISl' thC' t'o!'cpd plnnt,s fOJ'tilillc(1 with nit,rngen 01' 
with phosphot'lis nnd 1;h(' IIIl fed;iIizcd I forced sec(lIin~s contuined 
significant1y higher pel'cell tng('s of nitrogen t-.ltnll til(' eOlTesponding 
groups of hardoned seedlingi'l, whorcns tlw diflCI'CllCl'S in nitrogoll 
content of tIl(' fOl'(~l'd and 11ll,r<icl1ed seedlings ['l'('t;ilizod with potnsslulll 
or n, complete nutrient solution WC['l' Ilot signifi.cHllt. As these inter
actions fLppeaJ' to hj~Ye but littll' biologicn,l importn;nce, tho tables for 
them hoYt' boen omitted. 

The two sets of nitrogen dn.tn also ngl'ce in showing thn.t thc forced 
p~an ts contained significantly ltighot' pOI'eentngl'l'> of orgallie lWei total 
mtrogen thn,n the lin,rdened. 

Thl' eIl'cets of tlll' forcing lind hn.!·(]pning !.rC'll,t.mC!lts lWcl of fm'{ilizn
tion on tilt' pl'rcpntnge of dr." substnnc(\s o.ud of cJ.l'bohy<il'f1tes 1ll 

CfHlliflower seedling is shown in table 15, 
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'TABUl 15.-Dry-matlcr and carbohydrate contents of the stem. and leaf tissues (dry 11ll'fgltt) of cauliflower seedlings as affected by forcing, 
fertilization, and harden'ing, 1.98/; 

Dry suhstn'lrrs 1RClllit~'llll]oscs J~~ __ ~~~~~('~~___l____'l'otnl:~:nr_s__ 'l'otnll~lrhohY(:rntcs 
Treatment 

. 1 Fl'rli- Frrti- 1 'F,'rti- I Frrti- I Fcrt!-I 
Fqrer'} IJnr~-, Iizer i Fore,"] rrnr.~-. Ii.Zl'r. '\ Forred ,lIn~(]l- lizer I Forced Rnrdd-I lizl'r i Forced Rnrd1- I lIzer 

: t'11C'{ nll"nns t llnC'( ,ml'llnS (lflC( menns rne m('u.ns cnCl ',means
I ' !- 1 ) l 

t 

fcj 
'=J------ '-;,:;c:;r~e~:~I-;"c~;I-;~tr:;;-;;r~t:'i pe;;e;,t- ;ercenl f Percent Percent IPercent Pcrce;l; -;::,;I-~~~rPercen;I-;~T~;; 

Nitro!(en -.----- !H.2105 15,(i5~O 114,~3'13: 7.7(\70 Ila,BOO() f 10.5~35 4,615011.8610 3.2380 17. 77;;0 17,OS9u 17.,1323130.8940 '/32.4118 31.6529 t;j
Phospl.lOrus ___ . _ •____ .. 18.1240 20,4S30 19,3035, 2:3,0915 17. ,ISOO 20,2857 3,6700 6, ,J055 5.03iS II. 2080 10,1390 10.7185 36.6923 31. 4835 35.08iO o1PotassIUm . ____ . _ .. _______ 19,60iO 21.192,; 121J,3908 24,0465 17.31()0 20,6783 3,4525 4.1560 3,8543 15.15-10 11.8150 13.4845' 37AGS5 33.3823 a5.4251 H 

;nC,OlJlpl~'t('lllltri~lltsollltion __ _·II~,~4S0 11i.8l~O I 17.:l~~O \ 2~,40iO ~~,ay!l5 t ~7.S233, 4,1~~5, 5,2365 ~.7H~ 112.?2,'O i H.S2~O 1?674~ I~O,la!O 132,4125 36,~3 
~ 

.. 
Un(rrtllt"Nl l~(8'15 :~~! 19.1008 I IdGlO /_3. 0,100 L=::~~\_~l 1i.9100 0,9080 :~~ _:2.r~ 1.l.498" I39,08,3 4.1,6158 ~ o 

'=JTrC!\tml'nt mcnns ... ______________ 17.3148 I IO,lal.; I j 19,2:Wi ; 16, ,OJ,' i 4,;]01'1 I 4.739S I I 14.2222 , la.aOIl _ 37, 2.jj2! 34.2672 .... 

, -- I - - ----. ___ J - - - - I --1----- ---- - --------- o '=l 

SiIlJlifieIlJltdiiTcrencc_..____________ j 0,7066 i 1.20113 

--

1• - . I.. 0.3.1021 -. -I· -'I··· .- .-.- .. _--. a,2651 . _.. --------"j- ... - \:=: 
Qb5I'n'NIF ... ______________ 12.~.J4 ,125,70! (') 1'3,88 I (') (') (2) 13 '1.2!l (2) e') o ..... 

'?; 
o,stRndnrd mor -.--------=L___ O'iWiol~~:1l2() .. - I 2'i~;----l-----2:3000 --~---~--:;~271 
i:: 
c ~ I Odds "!rninst th(' dHT('r('nl'Ps noted h{lin1! (hlP tn t'han('(> nr(' grt1uttiT rhnn un lO 1. • 

• )\ot significollt with T\'sprCl to n'5i.lllnl rrror if odds of If) to I ol!ains, lIw ,liIT,'n'I\('l's 1\(111'1] hring due to ('h:ll1(,~ :ln' n('('opted as n criterion. 

3 Odds agninst tll(' rliiTrT\'n('l's notc'] heing <JUl' to chonce I1r(' !irc'nt,'r thnn 10 to I, hnt 1,'s,; I.han UO fo I. 
 ::t 
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Referenc(' to table 15 shows that the percentages of dry substances 
and of hemicelluloses were bigher in the plant,s fertilized with phos
phorus, with potassium, with a complete nutrient solution, and in the 
unfertilized checks tlmn ill those fertilized with nitrogen. It thus 
appears that nitrogen served to reduct' the percentages of these con
stituents, as the percentages ill the nitrogen-fertilized seedlings arc 
lower than those in th(' unflH"tilizec] ch('cks. 111 tIl(' cns(' of the dry 
substances, however, phosphorus and potassium aplwar to have 
slightly offset the depressing effl'cts of lliLmgen, as plu.nts fertilized 
with them contained higher pcrcentn,ges thtln til<' plants fertilized with 
a completn nutrient solution and tIl(' lattel' wel"l' not significan tly dif
ferent from the 1I11flwtilized eiweks. This l'fl'('ct of phosphorus and 
potassium in reducing the deprl'ssing t'll'l',ets of nitrogen on til(' per
centage of dry substances is also to be found in thl' dtLta for hemicellu
loses, but tIl(' values ar(\ not of signilieant proportions. 

'I'll(' offeets of th!' 1'(,1 Liliz(\rs on tIl(' pC'l'c('ntag(' of total sugars in the 
seedlings were in direct con trast with tiwi l' dr('cts 011 dry substances 
and hemicellulosos, in that the plunts fertilized with nitrogen were 
significantly higher in sugfir contt'llt than thos(' feL"tilized with phos
phorus, with potassium, with a complete nutrient solution, or the 
unfertilized checks. 

No significant diffprollces Wl'I'(' found between the dfects of t1l(' 
fertilizers on the pel'centages of stal'ch or total cn,rbohydmtes in thp 
seedlings, In the ease of the total carbohydmtes this failure of the 
fertilizers to show significantly difl'el't'lltinl dl'('cts is probably dUl' to 
their contrasting dfpcts on the IWll1icdlulos<'. and totnl sugar con
tent of the seedlings. 

Though tIl<' pel'('('ntfLg<' of dl'Y substances wns significantly ltigher 
in the hardened thnn in the [orced s('.(\<iiings, thol'(\ woro no l11easnmble 
differences in the effects of tl1(\ two tl'e:l.tnl('lIts in the porcentages of 
hemicelluloses, starch, SUgHI'S, 01' total carbohydmtes. 

Similar annlyses of tl1<' root tissues show that tlwTe werl' no signi
ficant differences Ix,tween the' fOI'('ing and hardening treatments or 
botween the fertilizers ill their dl'eets 011 chemical composition. Tabh' 
16 is prosonted to show the I){,l'cpntages of organic nitrogen, total 
nitrcgen, dry substances, and carbohydmtes found. 

A similar stability of roots toward tIll' effects of treatments that 
mttterinJly afl'pcted' the chemical composition of tIl<' tops has been 
reported by Robbins, Nightingale, and Schermerhorn (16), Reid (15), 
and other investigator"s.

Comparisons betw('en th(' chemical composition of the seedling 
plants and the performance of similady trt'ated plants aftor they were 
set in the field indicat(' that tht' high pel'centages of nitrogen and total 
sugar in tho seedlings fertilized with nitrogon or with a complete 
nutrient solution we['(\ associated with retarded earlinoss of maturity. 
Accompanying this relatively high nitrogcm cont('nt, tlrer{' was a 
decrease in tht' percel1tag('s of dry matter and of lll'micelluloses as 
compared with those found in tIl<' plants fertilized with phosphorus or 
with potassium. 

As no signifleant difl'('renel:'s were found betwol:'n their eft'ects on the 
starch and total carbohyclraLP content of tIll' sep,Bings, no valid 
comparisons cun be drn.wn between the proportions of these constit 
uents and subsequent plant performn.nc3. For the same reason, this 
comparison cannot be made lwtw('pn the chemicnl composition of tho 
roots and the subsequent performance of the plants. 

:" 




TABLE 16.-Nitrogen, dry matter, and carbohydrate content of the root tissues of cauliflower seedlings all affected by forcing and hardening, 1935 

[Basco on dry weights) 

RcmlccllulosesOrganic nitrogen Total nitrogen Dry substances Total sugars Total carbohydrates nnd starch 
Trcntment 

-----~--.----~-..... --

Forcc,\ llarocncd Forced l1ardened Forced Hardened Forced lIaroened Forced lIardened Forced Hardened 
------ ----- ---"- -.----------- ----------------------

~ 
Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent ~ 

Nitrogen .. _.. , •• _.............................._. _ 1.514 I. 56.1 2.190 1.588 60.180 56.700 16.208 19.913 2.2il 3.200 18.479 23.113 t:;I 
Phosphorus._._ .. _ .. _ ......... _..... _ ... _._/ 1.123 1.081 1.205 I. 076 62,826 65.110 8.868 14.112 6.976 3.136 15.844 17.248 
Potassium........ ,_. ___ ._._ •... ,..• .936 .963 •90S 1.010 45. it6 58.778 10.305 15.174 7.377 3.678 17. rJ82 18.852 
Complete nutrient solution ....."._. __ • . _ . 1.047 1.331 1.068 1.33·1 64.439 65.530 12.677 18.837 3.461 2.274 16.138 21.111 ~ enUnfertillzed._._ ....... '_' _""_ . ____ .. _ .940 1.047 .959 1.058 62.713 74.809 20.013 18.559 7.440 3.607 27.453 22.220 
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Aitholl~h thp (,tll'iJohydl'll('/(otnl-llitl'O(!Pll and t(ltal-~ll~nl'/lotnl
llitl'()~(,11 I'ntios UI'(' IIot pn':wlltl'(1, th('.\' \\('1'(' ('nl<'lrln(('d nlld thpi!' 1'(,
intiollship to slIbs<'(jllPIl! plnll! b(·h:I\'iol' I'x:lI11illPcl. 

Xl'itll('r the' c'tll'bo\tYc\m(("total-nit!'ogpn mlios ill til(' Stl'lll and !par 
tissll('s nor thost' ill till' I'oo!s \\"1'1'(' diIr~'I'<'ntinll,' nlr('ct<'cl b\' f(,(,tili:w
tion 01' by tlHo fOI'cin(! :lJui IIHl'dl'llillg tl'('lltlll~'lltS. nlld S;) no \'ldid 
('olllparis()llS ('an 1)(' 111;1(11' j,t'(\\'('Pll fh(:il' 1'('latin' lll:lglli( IIdl'S and Slll>
s<'«upnt plant p(ll'fol'llIllllC'C', I t is also tr'\I(' that t11(, totnl-sllg-III"(ot:d
ni(l'og:('n ('Mios did Ilot show till' inllll('Il('C' of tlr(, rOl'('ill1! :I lid Iru,nlpllillf!: 
tn'lI tml'll ts, H0\\'("'('1', sigll il1(':111 ( d ill'('('I'I]('(','" W('I'(' found bc,t \\"'C'1l 

(1'I,tilizl'l's ill ('h('il' <,11'('('(s 'Oil (lrp (ptnl-SIIg:lll' totnl-llitTog(,ll nl{ios ill 
tht" Btc'llI and 11'11.1' (i8SIIC'S. nlld (hl'sc' IlIlI.y 1)(' ('olllpnrt'c\ witll slIbsC'ql(('Il( 
plan t pC'l'fOI'I11IIIIC'C', 

By sl(('h a ('onlp:lrisoll. il nppC'HI'S dlut thl' l'l'ittth'C'ly hil!h ratios of 
(otni HUg::lI'H to t(Jt:t! llitl'Ol!C'Il fOlllld ill til!' plants 1'('I'(ilizC'd with plros
plLOI'lIS 01' with pot:l~sitlm W{'I'P lIssl)('in(('c\ with g:J'patpl' pal'ly :lIld to!:11 
"ipldR. ",hpl'(':ls th(' 1'('lali,'('''' low (otal-:,l/U::lr'tot:tI-l1i(I'O!.!('1I mtios of 
tlH' plnllts fpl,tilizpc\ with lIi(I:Og-t'1i or \\'ith I; c'o!llpll't(' lIutl'ipl\( solution 
!tPP('tU' to 1)(' tlss()('in.kd with n,dll('C'd pnrly and tolnl ",i('lds. 

'I'll(,s(' I'(,SlritS dilrC'1' from thosC' ol)tnill('d In ~lil\l'], UIl, who found 
110 I'(,\u,tiollship hd"'!'C'll Sllbs!'<jUC'lIt p(,l'rOI'IWlIH'(' nlld tilt' I'lltios of 
slIg:ll'S to inso\tliJll'. to soluhlC', (0 HmilH', 01' to total nitl'og('n, I/o\\'
C"'PI', th!' bc·li(,r tha t Siwh 11 I'dn tiollslti p do!'s ('xis( has ],('(:11 C'XPl'('';H('c! 
hy Kl'nllSll11d I\:.['u,'hill (/1)), \\nIHtC']' ill), Xiglltil!!!:nll' IU), Plrtt('l1illR
(is). :md mUIlY otil('I'S, III SO/lW of tht, sludiC's n,jPITPd to, n\(· elIC'I11
ienl ehallg:<'s iii t\r(' plnn(s \\('1'1' lhl' I'l'sldls of ('lllpC'mtul'p (T(,lltnl('lIts: 
ill otll<'l's tltp\' \\'PI'I' the' l'C'stllts of dil!,,.r('l1ti:tl fl'l'Iiliz.a(ioll, hut 1'('glLf'(l
I(·ss of' how U;I'Y W('J'(' il1<1u('C'd thC'il' "I!'!'('(s npppnl' 10 hln'(' hl'(111 IIH')I'(' 01' 

l(·s,.; ppl'sist(,ll( thromdlOllt (h!' lif!' or thl' plnllts, 

Sl ;\1.\1 \ICY :\\1) C()\CIXSIO:\S 

Studi(,s of til(' pll'!'c'!s of fOl'cill,g nlld hnnlC'llillg' tl'C'atlllC'lIts npplied 
to (ollln((,c's ill 1!l;~;1 nJ ('h('YPllll(" ".nl .. showl'd that (ll!'I'p \\'Pl'C' 110 

siU:llificnnt dill'pl'pll('('s 1}('(\\c:('1l th,. t,,:o tl'l'ntnH'llts ill thpir I'lrC'{,ts nil 
pith!'1' tIll' IlUmb"I' 01' Ihl' '\"I·igb! of ripcl fl'lIits pl'OlIll('p<1 d.ul'itlg' tIl(' 
pal'i." hnn'('st SC'H.,OIl 01' durillg thC' C'llli('(' ';P:tSOIl, 

Tltp us(' of lli(I'OI!C'1l 01' of II c'Olllpll'l(' llU(I'iC'll( ;.;oll/lion on till' s('(.<\
lillg,; rC'duc('(\ both til(' 11 Ulll IH'J' and lot:d \\ t'ighl of I'ip!' fr'uils Pl'OdU(,NI 
dllrilw thc' Pill'l" bal'\'''~( s('nSOIl, but thl'l'(' W{'I'C' 110 sigllificflnt difl'pl'
Pllc('...;I)pLw('('1l j'Pltiliz!'l's ill thpir ('11'!,(,ts on tout! "i(·ld,' 

In I!);~·I. th!' forcl'!! to 111:1 t I> plnn I,; prod II ('p<I it gj'C'atpl' III II 11 hl'r or rip<' 
frllits tllnn Uf(' hnrc\c>ned {>Ill'S dlll'illg: til(' {'arl." han'pst IH'rio(1, but 
tlr('l'p wns no SiU:llific:lllt diJi'PI'PIJ('c' Iwtwc'c'll tl'('ntlllC'nts in thpir ('(l'pcts 
011 til!' w('ig'hl of thl' frllits pl'OdlI(,pd, li'ol' tIll' pntin' SC'IIS0Il, tht' 
hnrdpllPcl plants prodlf('Pc! til(' g'I'(,:I(,1' 1I1111l1)(·1' UllcI totnl \yc,ight of rip{' 
frllits, FprtilizC'l's \\,(,1'1' without pfr('c·t ill ult('rjlH~ C'nl'lilH'l"os of l1lntul'ity 
or lotnl yiplds, " 

Bill1il:ir Mudic's of th(' p(I'(,('(s of the' forcill!.! Hlld irn.l'(knil1!! tl'('fltmPlIts 
Oil enbbngPl" sI!OW('c\ tlt:lt fo('('(·d plnnt~ ,'c'l'tiliz('d w.ith· nitl'Og:Pll 01' 

with n ('olllpl!'tp II II tl'i(,lIt soilltion Pf'()(ltll'('d II gl.'(lntpl' nllmh(-r and 
wpight of l!pn.c\s dlll'ilw' th(' (,lll'ly hUITc'st Iwriod th;11l unf('rtiliz('(I, 
hUl'cll'.I1NI plnlltg, 'l'ltp plllllt~ rC'I,tiliz.C'd with phosphol'ug !tlso pl'O
duced n. gl't'tLtpI' IlIIJni>t'1' or hl':tds dlll'illg (;hl' ('tlrly Itnl,\,pst SPIISOIl, but 
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tll('s!' did 1I0t: pX(',,('cl ill \\"l'ig'ht thos(' 111"0<111('1'<1 by til(' IInfC'rtiIizrd, 
11:1 I'd (' 11 ('<I plnll I" !IU]'ltH! III j" .';H II 1(' pl'!'iod. FOI' (hI' t'll (if'(' S('flson. 
tht't·(, wm: flO ,..i!!'lliliC:lllt dilr('I'PII('P b,,(\\ I'Pll tIl(' fo('('('d nlld hurdl'11('(1 

pltlnt;; ill l'ith!'I,' 1I11mb!'I' 01' lo{:ll wl'i!!'hl of hl'nd,.. pmdlf('('(l, 
'l',,;-;Is with ('H1/1ill(l\\,pl' ill 1P:~,l show('d that th!· fOI'C'('d plnllts Pl'f)

dW'l'd 21i.():~ pp!'(,(,111 1I10!'!' hl'llcl,; during' tiJl' parly lWI \-('st SI'II::;OI1 thnn 
did thl' bnl'd('tll'd pl:ll1ts, Hnd I:UI:! Pl'J'(,pllt mOl'(' fo!' till' ('lIti!'!' SI':IS0Il, 

'TJl(' ill<'l'l':1s(' ill lolnl WI'I!!,ltt or 111':1<1,.. from thl' fOI'('('d pIli n I::; du!'ing' the' 
('ndy IlIlt"'"{'st ]J<'l'iod "n" :22.2,,; 1)(']'1'1'111. bllt foJ' thl' I'lIlil'(' S('IlS01l thpl'(' 
wns no Si!!'llili(':mt dilll'),I'II('(' hptw(,(,IJ (11" two tJ'('ntnl!'llts in this 
l'!'sp('('L '·\'I·lili;'.('I·... PI·OdllC·pd llO lllt':/slIl·nhl(· pll'l'!·t,.. Oil 1l111ll!)PI' O!' 
totnl \ypi!!'ht of Ill'nds durin!! thl' I'tldy IWI'\('st ppl·jod 01' dUl'ing' the' 
I'lltil'l' ::;l'll"Ofl. 

III ~!l:;;), ron'l'd t,t1ulillowl'l' plnllts pl'm\lIl'pd :~.'i,l~ PPI'(,Pllt mol'£' 
hp:!(t,; than tIl<' IHII'd{'Ill'r! plallt" drll'ill!! till' !'ndy hlll'\'('::;1 (H'l'iod, and 
12.\1:-' PI'I'{'('llt mOl'\, rOl' tht' ('JIlin' )';\':1S011. HOWp"!'I', till' hPIH\;; pro
d1!('pd h,\ tllp for'('l'd (llnnt)'; d tlril![!' tll!' ('lid," Ililn'PHt (wl'iod fl \'PI'u,g'pd 
lightt·1' in \wi~ht than thos(· from till' hanh'l1pd pin.nt::;, fl.lld ti1I'I'P was 
110 ;-;j rr llifi(,lll1t clilJ'l'!'\'II<'1' 1>('1\\'1'1'11 tl'l'allllPllt~ in thpil' I'JI'I'('t Oil t.otal 
wl'j',d';\ of IH'nd;; timing tlli~ !l1'I'iod; Hnd for tlH' pntil'(' ::;{'a~on tIl(' hnnt
I'llI'd plnnt;; ]l)'odll('l'd tIll' !rI'l'lI/PI' tntnl ,ddd :1$ Illpn;;UI'('d b~- w(light. 

Of tIl(' fpl'tilil.l'l·s, J1IHl~'phoJ·\I". Jlota;;~i\lm, nnd tilt' eornpl\'t(· nutdpnt 
::;o'nl:oll iJlC'!'I':\"'l'd pndy yil'Ir!" I);; ('()Ill]Hu'pd with llitl'Og'l'l1. btlt o11ly' 
tlw pllltlts [!'l'tili;.wd \\ itb jlotnssillm pl'Odtl(,pd n, g'I'PutN nllmlwr of 
hpnd" thaI! [hI' IInf!'l'tilizl'd dl('('ks, ,·'nl' tIl!' pntit·p SPflson, !tOWl'\'l' I', 
(,\'I'll tltl' Illlfl'l·tilizl'd I'llp('ks t':-.c('('(lpd ttl(' pllmt::; fl'l'tilizl'd with nitl'()~('n 
ill till' 1llllllilPI' of h.'url" (JI'Odlf('pd, 

'I'll!' plr!'<'t~ of tll!' rprtilizt'l''; OJ. thl' \\'pigitt of itl'tHI::; \\'('('(' similar to 
t\Jl'h' t'/l't·cb Oil II llllllll'r, I'x('l'pt tltllt botlt pltO,;pltOI'lls lind POblssiul11 
ilH'I'l'Il;;l'd f)l'lldlll'lioll m'l'l' Hili! of tht' ('ltl'!''''' during thp (lurk luu'\'t'st 
:"PII:;OIl, alld fo]' tilt' plltil'p "('Ilson hoth nilrog'('Il' flnd tilt' '('ompl{'«' 
nulri('1l1 -;olulioll d{'('J'('n";l'd yi(,ld:-;, 

AIl:tlysi" of intpl'II('lioll:-' h(,(\\,(,pJ} f(')'liliz(']',; nnd St:lg'C'S of g'rowth 
SIIO\\"pd tltnt this dl']H'pssill!! (,(1'C'c( of nill'Og'!'1l Wfl!-; cluC' to its harmful 
('(\'('('t;: ",lIl'n it was tlJlpli('d to "('('eI ling's. \Yh('n it WlIS n.ppli(~d to 
the' plal!!s olll~' ufte)' th(·)· \\'('1'1' spl in thl' lipId, its pffeds WNC' not 
,;i!!'nili('nntly difl'!'l'pnt frolll tl)(IH' of tlt(· ot\w]' fC'l'tiiizl'rs. Th(' ('OIll
plp[C' l1utl'i'pnt solutioll, ]ll'Oilllbl~' hC'{,l1usP of its nitl'og'pll ('ontont, 
pl'Odur'ed ('fl'l'!'ts similnr to thosl' of llitrog!'11 but not so PI'01101111(,{,(1. 

Phos])llO],u;; and potassiuIll, 011 t1H' nthpl' hnnd, pl'ocIu{'C'd npproxi
nHl.t('ly tl1(\ "a III (' pff(\ds wlH'thC'I' (her \\,p],p npplil'd to thC' plnn Is 
dUl'ing' th<' ;-;('('dlillg stng'<' of gJ'()\\,th. al'l(')' the jJJnnls W<'I'I' sC'i. in til(, 
fiC'ld. or during both of thc'sP stngps, 

Ro()t-!rf'{)",th Hltldi('H 011 tll(' t;HlHllo lind ('nhbn!!p ,;<,<'dJillgs nt th(' 
tillH' tlll"- \\"('1'(, s(,till tll(' ripld ,.;110\\"(·<1 11ml thC'f'(."wPI'P no (:o!lsistent 
dill'l'I'PIl('('''' h('I\\'(>('Tl tlIP f()f'dll~ :lIld hal'dl'llin~ tl'ealnlPnts O!' bN\\'('C'Il 
fl'rtilizp]',; ill t'lll'il' pri'p{,ts Oil f'()ot gmwth tlJl tn thnt lilllP. Thlls, 
in I!l:t{, thl' 1'00'('pd (0111:1(0 ;.:('('e1lin.!!;.: 1'('J'liliz('d with nitrog'!'I1. phos
phof'lls, or:l ('ompl('lp lllltf'ipnt solution had lnl'g'Pr root sy::;tPtns tlIHn 
til(' llll fel'l ili%('d, 1I111'(jpIlPd (·h('('1.;:,.., but th!' fOt'!'pd plant::; fC'l'tililf,('d 
with pot :1SSilllll WPI'P llot ,;i!!nili('nntiy dif\'PI'C'nt in sizC' from th(' 1n.t.ter. 
fn I!l:{.' tht'I'(' \\,1'1'(1 110 .;i!!lli{i{·alli dil\'('I'l'IW('S !'ithpl' i)('twC'C'Tl the 
rOl'ping Illld IlHl't\pning I l'l'ntllH'llts 01' betw(,C'll rprtiHz('J's in tbeir 
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influence on root ~rowth up to th('. time the tomato plml ts wel'e tmns- l 
planted; Iwd thiR WH,S lllRO tnw for the ('Itbhngl' sN'dlill~R in 1.9:,3, 

Studies on thl' rille of root !!l'Owtb mnde by th(, Rc('dlingR after 
trfi,nsplltntill~ show(,d thn,t wileI'(' flignificnnf difl'crelwc's in initial siz(' 
existed the subsequent growth WHR irwcl'sely pl'oportiollH,l to initinl 
size, and tltlLt till' flUI>SNflll'lIt ratp of growth, l'lLther thlll1 hLr~(' initiul 
size, wns most c\os('ly nss()('itLt<,d with l~nl'lil1css of mn.tul'ity. A 
similar tenden('v wns nlso round to ('xigt in thos(' ('1\:;(':; whN'(, initial 
difl'el'en('(,R in l'()()t "iz(' W(,I'" not :-lignifi(,lIllt, hut obdollsly 110 nllid 
('ompnrisoJ1s ('all 1)(' mnde 1)('1 W('('1l tllpse nnd sllbsNJ 11('11 t plnn t 
pedornmn('c,

A study of th(' ll'tl.nspi rn I iOIl of lH'wly t I':l.llSplll1l t('t/ ('abbll~l' seed
lings in I n:~:~ shows thn I th(' qunlllit~· of ,,'nlN lost \\'US npPJ'OxillllLtl'ly 
proportionnl to the sizp or tit(' sl'l'd\illgs, l'SI'ppt {hat 1'he 1'0)'('('(\ 
seedlill~s f('l'tiliz('d with potnssilllll losl 1l101'(' thnn nIP ullfertilized, 
hOl'dl'l1et\ pl:tllt~ tholl!!h Ilot difr('l'ill~ l'J'()m tht' Intt('1' 1n 1n1t1nl ~1Zl', 
\\~hcn tll('~e dilf(,l'('ll!'('S WNt' cnlt'ulllt<'(\ ns los~ p<'l' 100 ('1ll.

2 of lenf 
(],I'CIl tlipy failed to 1'(,:1ch :-lin tisti('llll~' si!!1l ifi:'lln t proporlions, 11'01' 
this l'l':lSOIl, IllH,thpllI:lti('ul ('OlllpUl'ison \)('lWPl'1l tlll'1ll nnd sllbs('CJllent 
ph-wt perftll'ln:lIl!'P nlllllO{ be Illude, but nil insp('diol1 of the nl('lUlS 
showin!! reln.tive en di Iles~ of I1mt uri ty ulld of thosp 1'01' trrtnspimtioll 
jndic'ntcs thnt the 1'I11p nf wntl'l' In..;s pel' unit IU'Pfl of len.f surfuee wus 
not n.n im]Jol'tunl fador in :\f1't'dill~ pudy yields, 

Chellli('ni nll:dyst'~ of ('1I1rliflow('1' se!'dlilll.!;s in 1!):~.1 show thnt. the 
for(,ed plltnts ('O!ltniIH't\ in thl'ir stNIl ulld leaf (iSSIl('H highe.r PCl'
('('ntn!!es of or~Hnic nitrogl'1l nnd of total nitrogC'11 til/ill thp hnl'(lened 
seedlings, bu1' thn'! thr h:lI'!l(\Il('r\ s('(·dlings ('oninillPd higll{,l' pel'centllgcs 
of dry slIhstnlWes. '1'11('1'(' W('I'(' no nH'lIsul'u,bl(' difrpn'lwl's between 
the h~'() tl'('atnJ('llt~ ill tl1('il' (·II'pf'/s on til(' p{'J'('(,Ilt:l!!e~ of hemicelluloses, 
of stnl'ch, of su~nI'S, or of (ot:!1 (':ll'hllllydl'n('s, 

Fertili7.illg the ~eedlilll!:~ with lIitl'O~('l\ ()[' with It ('omplet(' nutrient 
solution sl'I'\'('(1 to ilH'I'{'tlSl' tlt(' l)(,I'(,(,lItll~l'S of OI'gn.lIic nitl'Ol!:en, of 
tolnl IlltrO~('Il, nntl of totnl Hugnl's ill till' sll'lll nnd 1('1\1' tissues, wherens 
fel'tili7.ill~ with phosphorlls 0[' with p(}lns~iuJll sel'Yed to deerense 
tlH'I1l, On tlte othel' hand, th,... lli(I'O~('n-f(,I'tilizet! sl'('(llings were 
lowcr ill dl'Y sllbstnIH'(\~ and 1H'Jl1i('l'llllloses, ",1)('I'(,l1s pllOsphorus ami 
potassium produced illl'r('nses, Th(' peJ'('Nlfn~('s of stfl.l'(·h nnd of 
total ('Iu'bnhydrntcs in the st('1ll nnt! Ip:lf tissues W('J'(' not signifi('antly 
nJl'ectecl by ferliI izn.tion, 

The c1H~llli('1l1 composition of the root tissups WitS not. meuslIl'lLbly 
n,fl'('eied {'itlrel.' by til(' forcing Ilnd Irn,]'{I('Jlin~ trl':I.tlllt'1I t.s or by ferti
lization, 

Cornpnl'isol1:-l of tlr(' ('henricHI composition of tlt(' s{'edlin~s with till' 
subscqu('n{ l>t'f'fol'lIl:llw(' of Rimilnriy treated ~t'edlillgs Hfter tlttT were 
set. in the fil'ld in(\i(,llh' that tll!' 1'l'lntiv('I~" hi~h PPI'('('lIb\!!('s of toto.! 
nitrogt'll nlld of suglll'S ill th(' plnllts f('l'tiliz('d with nitrogen OJ' with n. ~ 
('omplcl<' l1utl'i(,ll( soilltion W('I'(' Il};S(WiHt('d ,\'inl 1'('l'nl'de<l on,l'li.ness of 
mn.tl1l'it?; WIlNen}; til!' \'(·lntiv{'ly high P(,I'('t'ntn!-.!;{'s of dry mn.ttel' nnd 
of h('lllic('\lu\oS('S in [1)(, plallts fertilizC'd with phosphorus OJ' potnssiulll 
wc\'(' nssocinl('tl willI ilH'I'PllS('d earlill('.ss of llln(lIl'ity. 

COHll):\l'isons of til(' ('n,'lJoilydmtl'/totnl-nitrog('n'l'll,tim; in the stem 
ltnd len.!' tisstl{'s or in the root.s of tlte seedlillgs with flllbsC'qucnt ])01'
fornulIH'c (,Hnnot b(, mnde, bC'('Il,t1S{' Ilcith('I' \'C'rlilizel's 1101' tll(' fOl'cing 
n.nd hlu'dcning tl'en,tmcnts difrercntinLly uf[eded these mtios, This 
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is also true of the totnl-sugal'/total-nitt'o[,ren l'fl.tioR in thl:' roots of the 
seedlings, However, the totul-sllf!al'/total-nitl'of!en mti()f; in the stem 
and leaf tissues were llleusul'ably nffected by fertilizntion, nIld n com
parison of these with subsequent pci"formanee indietttes that the rela
tively hi[,rh ratios in the plan ts fertilized with phosphorus 01' potassium 
were assoeinted with grCfttel' early flnd total yields; whereas the rela
tively low ratios in thl:' plants fertilizcd with nitro[,rcll 01' fl. ('omplete 
nutrient st)lution appeal' to hnve bcen associated with reduced early
and total yields. 
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