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l)lCI plal)!'> grow well in ,soih or I /),0 to 11.0 
I,ll to 9.:1 :llld han' Ilcgative' (on-datioll (ocllidem 

l'mnalot·, ;;nd lCllllce in culture solutiolls 
:llld 7,0 mlll Bermuda R.n. 

humatc 
gnnnl! f:lib IS OIT<ll h rnlufnl

'-' , 
f) (:-'). 

beets ill grcenhouses makc dlellt ,gnmth ill cullllrt' solutions 
with iroll sulfate, iro11 citrate or iroll Llrlralc a'> a soun of iroll. 

the I)f-T of the culmrc SOIllliol1 rcmailh uclnl\' 15,8 to 7.n (17), 
,\!Jove pIT 7.0 daih additiolls of iron S,ilIS arc !le({'S,';IIY to prncnt rrOil 

, Of ;i1tC'rnal the (ulLurc sohllions ha\'c 10 be acidified with 
sulluric add Tile hUe!' (ourse of anioll i, 

of rcadillgs and the additioll or acid 
CalT ;t1so Iw:; 10 Iw tah'll not to the Lultur,· 

sohllions muelr bclow 1,f1 ,).0.1.0 
al I thcse appear to 
t1](' 

'VitI! (helated iroll ill (uturc solutioll' it has I)('ell IrJ1lml that 
bu·1. I, do 110[ beLoltl<' (h\ol'Oli( at ;1 of 7.0, and ill hct. 

al a pH 01 7.1 ,11](1 7,6 (17), This obscrntioll SlIg' 
1111' entire m:lltLT or pH alld its dkn UpOIl the growth of sug:lr 

(uitulc .,ojutiollS should be suhjcctcd to funlin 
tilli()n. paper gin:s the 1'01' sligar beet plallts (ultun:t1 
ill ,,)/utinns a pH 0\ '1.0, .'dl. (i.n, 7.(), R.O and (LO. 

:Uethods and :\-1 aterials 

The sl'cch 01 \'. S, 22/:1 and (;\,\. :101 0\ on Onober 27, 
grams 01 ;,('cd, 

2.0 (ilL 

"'illl n'rminliilc 1\0, 2. The 
(ulwrc solutioll "n, lhe ,,'ceilings 

removed ;; ilL! Ill(' roots washed 
Llec of \'('rmiculilc b\ dipping' in tap ,,·alt'!'. The illlliYidual pl:illis 

ill cork ri Ilg' wi t h lloll-ah"H'iwIII (Olton. Thre(' ,('cd I 
ill this m:lll1HT were taken :11 random for c;tch 20·litn tank, Fin' 

t:lnk, \\'CIT u,,'d lor ;1 \':11'1"[\ ;llld pH IrC:ltTllcIIL a Inial of (-)0 l:tnks 
for the varieties alld fi I)ll ,;dtll'S, Jill' initial, ()1111.)(lSitioll of the lIutriellt 
,,,luti()IL ill millimole' !)(T liler. wa, as [oll()\\'s: 1.1l KH)'O .. 2.:; K1\O 
(l.:::) K,SO" 1.0 :: ..", Ca Cae!" and (1.::::-; 
Thl' mirrociclllCll(S ill p,p.rn. "ere added I"llo\\',: 0.2:) l), 0.2;; '\[11. 
0.02:) Ill, (Ull Cu. and 0.00:) .\Io, lroll added OIl(' time at tll(' 



\1 
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ral or ·l.~1 p.p.lB. telra··acetate 
.\lter 111(' "ilLs the ,,,Iulio!! 

The pH \alucs or the solutiollS \\'ele :".0, G.O, 7.n. 
8.0 and IU) ,,·itll either 1.0 , or 1.0 1'\ :\aOH, ,\II pH Illl'<tsuremulls 
"'ere made with the lkckl1l:111 \[odcl mcter :1Ili! c:Hh 20·litcr l:tllk 

was indh iduall\' with tilt, rcagell t. \[C:lsul'l'lIlelils lor 
pIT \\CI(; takcll cycry other lor the first 1(; afld thCrGlfter. 
.\1 these times the solutiolls :ll pHJ.O and 

pH ulli]s, i.lHhe I)J-I (i.n ,111([ 7.0 
H,() and !J.O \aried from 7.7 to H.O alld 
solutions \\'(:I'C acr:lled (olllill 

Disl illf'd w:tter was added were 
vested Oil ;i, I tops. and beet ro()ts 
wcre recorded. 1 hc tops lind filJrous roots \\'Crc dried ill ;t 70') C. forced 
dr:ll! olen ami the stonge lI'Cre 

rile dried tops alld (il)l'om rools 
Ille:ms 01 all inrcrlllcdi;ne model, 

and sodiulil \\'('re determined \\'ilh tIl(' Perkill Elmer' .\lodC] 
wilh the aeid method 

pelTctll aCClic :Icit! with the 
with the calcIulll o:cJlalc pre­

lro/en 
were 

Tahle 1.-f:Ht'Cts of pH On the Growth of Sugal' Beets in Cuhun: Solution, 

F'rcsh weight nry weight 

pH 
culturt' 
sohnion 

Tops 

grains 

Beets 

gra.ms gra HiS Pt'U"('nt 

fihrow;; 
roofs 

gratllS 

Living' 
k;;ncs 

nUmh('f 

Total 
ka'l.'cs 

tlUlnher 

Plant 
height 

(Tutimctcr 

I "S. D. ::::: least \!g-nilic:llIt Iii Ifcrcllcc at the 
;, Required r at the level 
! "fcall"; or 20 value,,-, tn':lilncllts l)oolcd, 

1.0 107 

6.0 	 J70 

0.0 

7.0 	 210 

8.0 	 21:') 

9.0 	 J71 

.s.rl." 31 

F-\ 1~. 7 

RC([llir('(1 	 F-V:llllC 

1'\-1 '''It.'ans' 

'7.0 n.fJfl O.8ti 31.') 11.7 

j :~Lh J(l.\l 6,1:2 1.112 ~7,g 

16.G 	 r;-L 7 n,lTl 1,26 n.r 31.8 

22.0 	 I~.(i ri.)O 19.8 31.2 

JRS 	 In,?) riA:] :,On 33.9 

JI.S r..H:l ! .'13 12.0 19.6 "3LG 

3,0 0.20 3.7 1.9 

:ri.! l!).! ~i, 'i9 l~,O G.S 

t·s. 
f; \ \ ';o,j 

~\fcans of 

I. I:) 

1.~H 

0.12 

11.l9 

n.":'. 
k\c1, 

47.9 31.0 

:1(11 16.8 
~~-.~-

n.'\, 1.J 

1.21 11.83 

nol si.u:ni rieHll! 
Hi. 

:II the level is 1. Oil , :It tile I 
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Table 2.-EUcct .of pH on tht~ ;\'Jineral Composition of Tops. Fihrous iloots and Beet 
Pulp of Sug'ar Beet Plaut:;. 

Tops) .Fihnms roots Jkct pulp~c 
I,H --_....._-­

fultufe '\0.,.:\ PO,·l' K "" Ca " '\a K "",.,olutioll 1)·p·HI. p.p.m. Percent r·tT«('ut PtTCt'Ht PClTCH! Per(,(,Ht l>cHTnt PtTtTllt 

pH \leans:' 
,.---.-~.... 

j·LUO 9HO 1.)-\:\ (I,{i7 :L2G O,OR .Gi3 

Ix.I!IO 111:;0 ~UU 3:) (i,x:l n.2.J .121 .n:::! 
IR,IOO ;W90 ~U)!} II,Hn 7.:-),:') 11,;10 ./:H JJ~'l 

2R-)O 9.71 ,()21 

18,0]0 2,,:)0 9,79 J)2G 

111,9iO 21:10 9,16 ,IU'I 

1,010 ;) 10 0, t:\ IU7 (),I)(; IlIiCJ 0O::; .01:> .00(1 

F·,alne" ll.'l 210.'1 ::U,,~ :HUI 2'1.:-\ 

1070 0,71, (i,I{; 0,[97 ,OS! 

(; II' :H14 17AO() (i. 11 O. ttl lUiS 0,20:1 0./l9 . ILl'; 

B.S. n,s, fL:\. 0,10 n,s. H.S. 

-\aluc:- 1),20 11:12 :L'lx :ll.OI H,g9 IUli 0.:):') :UH 

LS. 

Dn ha,is 
Fresh ba:.;is 

;; \Jean;.; o( 10 v:lluc\. varicth: ... pooled 
, Least :.:ignificant differeIlct' the level; nol :-,j~ninC;Hi! 


~'Required F-\aluc at the level i:" at the 

,; \Jean.; of 20 Yalucs, treatment\ pooled. 

'Required I-,al,,{; al 'ile Ic"d is ,LOG. " tile lITe!, 7,21. 


EXPERnrE-"';TAL RESlJLTS 

Efrects Growth 

The ion ulIlCClllrations Llw cult ure solutions 
efleet upon thc on:r·all beet 
effect maniicsted 
or the 

( <)101' 

From 
7 to 9 there w('re no a 11 d 

neither werc there auy of nccrosis or o[ chlorosis, \\'ilhout thl: use oJ 
chelates as ;1 ,,)lUTe uj' iron. chlorosis would han' readilv 

at pH 7. and at pH 9 \\ould han' hccll relarded 

cvell though there \\'cre 
occbioll a I d illercil (C 

''''hell lite H\mlh "'CIT 
pf illlCratl 

henT been (oilibincd 
in Tables ! and 2 and in I, 3. 

ure solutioll 
I) alld 

and for this !'C;hOll the "allies for the 

a II 



ul the top' lor both i Ilcrc;l,scd 
J amI Tahle I Fronl pH !i ttl ~ lOp 

['H 7 bur WHIt: oi these dilfClTIHC, an' 
(rable I), Ilo\\C\'Cl' from ~ 10 !I Ihe 

I) b alll 10 the I penclli 

(Taill" I), 

rill' oj the 10 the flcsh weights, 
dilkr frow cal h othn ;It 

c(Jlllr;,,!' 

pen en t level or li10re a I 

ealh illlerv;d, On tili, for dry 
tioll is at pH 7 ('Lillie I), 

file pen clllagcs tile lop, (1;ll>le I) 

unijol'm oHT thc Claire lange Dr \';tiues Wlll'll olle c()llsidcr, 

tile <liHul'lIn':, in I 'illel tops observed m('r 
[hc,c P f I ,;Ii lle" The j()\\'('si a \'IT<lgC v;I1 ue IS and Ihl' 

v,duc (i,8:i [,un'lll or a diHcn'IHE' 01 f),11 ulIih, \Vhile (hi, dif­

from 

at taillcd \ <litH' ;It 

nihc;lllt :It the 
du re;"c in [OP 

perccllt Ic\cl 

, oj the 
perCl'lltIi,'! 

lnl'llcc j., rc/ati\ ell slll;tl!' all II\(TC;"" 
illclllee m Ihl' 

0,;:,-, :<l1d 0,'):1 I)('\( CIlUg" 

;lIld 1 pnC('l1 I len: h. 
p(Tcelllagc dryOn Ihis 1);1", [ile 

I ,1 and lor pll (j, 

lift< [rOlll (':Icll 

intcn:d 
illlTca'cd ill 1II1lii 
Tile de( I i Ill' (rom pii 

maximulll \ ;due 

III :\talis! 

i s r~ 


24 .. 
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"
w 

, 
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f.-Relation of 101' and root (Iresh hasis) of sugar beet 
plants to the pH of the culture solution. 
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Fibrous Hoots: The dry \\'CiKhb ,,[ the fiiJrous mot, CLlllle 1) illl rc,bcd 
gradually ulltil pH 7, ami thereafter, from pH 7 l() ~), tile pI-1 ()i tile (ul­
(ure solutioll had llO eftect ujJ0J] the growth of the fiiJrous roots, Other 
than this reduction ill growth, the fibrous roots n:llJailled (iLilllelltoll' ill 
nature and appeared normal ill all respects, 

/,clIl FOl'1l1lJliuli !llld Plant Help;!ll: The l<lwl IIUfllbcr of !ca\cs plOduced 
I), the heel plants at each hydrogen ion cOllcentratioll ,,',is afkct('(1 :1<1\'('1',<,1) 

on Iv ,it pH "I and :'j (Table 1), 'These decreases in tOlal lc,iI productioll, 
while significant, \vtrc nncrthdcss rather slllall ill lllagllitudl', From pll 
6 to 0, hydrogcn ion cOllccntration had llO cfJeCl on the l1umiJn oj lca\n 
produced by the bect planb, 

The llumiJer oj livillg kaye, al Ihe limc 01 11,lru:;,I, ",a,s relaled II) Ihe 
hydrogcn ion concclltrd tioll o[ the (ulture sol U Lion ill the sam,: l1l,1I11ll'1 

a,s tbe tOLal nUlllber o[ !cenTS prodlHcd during- the course 01 lile "'pnillll'lil 
(LIllie J) ,\pparelltly, le;;I' formatinli illld the llumber of li\'ing k:l\CS Oil 

a pLlllt arc alkned le,ss ill' the pH o[ the CldLUIT solutiull Lhllll the 1(1) ;llId 
beet foot growth, 

Similarly, plant height Crable 1) is aflccLcd only slightly :It the C,UClllC 

pH ,;llues ()f the culture soluti()l)s used within this As WillI 

TOPS 

NITRATE - NITROGEN"ooo~ ( • • 

16,000 ~ 

I 

14,000 r 
12,000 r 
10,000 '­

8,000 

6,000 

"oo~ 
2,000 r 

X::2 -54 
o,--~I________-L________L-______~_________L ________i-~ 

4,0 5,0 6,0 7.0 8,0 9,0
pH 

l"igure 2.-Relation of nitrate-nitrogen and phosphate-phosphorus of 
the tops (dry basis) to the pH of the culture solution. 



gnm·th reduniorr would thus appear 

OF Till: \. S, S. K, T, 

11.0 

POTAS:~ 

8,0 

I-IIL 1.8 :2' 
i 

SOl)IJ:'l\ 

'''Ill 

7.0 8.0 9.0 
oH 

3.-Relation of po,assiulll. sodium and calciulll of tops 
basis) to the pH of [he culture wlulioll, 

the nlhe'!' llll'a,U lTlllt" I I h made 011 

Ilan' ileen grC';ttcr il:H[ " 

me" 

Effects lJl'OIl .\'linenll Compositioll 

would 
wider range or lOll cOlHClilral[nll' Ill'ell 

En'!1 [I 01 1 to D hac! no \ [sible dtcu Oil the kaf color o[ 
I he sllg;1 r 

ddrriclll Y 

aIlli lhe 

therc ;;till lTlll<tincd the oj llulriclil 
lit;lt could 

roob thclllsdn's. Fnr 

ddie ill ,ugar heet 
;tll intcnsified greet! (o[or 01 tite lean;s. 
appear ly llorlllal and Ircquclltly 

all O\).\lTHT, unless 
[lhnfllS to 1he deficient 
s\lch ,b and cdc ium 
and I he 1l1,ill i k.sl cd 
[OIl( al pH '1. If the 
CIUSl' det rc",,', ill 

I he ;iltl'rllal iH: of dirc([ 

oj I he k;i\'('s 

oflel! Ill(' 01 a 
of /c;li .i/l: and 

condition), the 
is nol. detected, even 

£1I1101l1l I., of 
pH values cali()!ls. 

(I). fail 10 be absorbed 
va luC's from (i to [ollll! 

ion COllU'lllt<11ions thaI 

nutrient ddi( icllli,-" thell 
iOIl or 

lOll Oil 

TIl(' nitrate-Ilitrogen (Olt(('lltraliolis of the [ofls of the 
(Ollstant from to R 2) , 

pH D, were 

Inn these 

: 

ag;lill at there III 11 ilr,llc­
eleen'ascs were 
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\ would be iudiCl1cd by values 
of 1,000 jl,jl,fll. or less (IS) and therelorc, the calise 01 

reduction llllhl be elsewhere:. 

\s to the reaSOll I'or the deere,1se ill COllcentratioll of 
lhe lOP' 'I and ~l, it doc;, not seem to be matler of tlilut iOIl l'ilhn 

:tn illcrcas(' ill pen elll dry matter of the ()r all illcrc;tsni grclInh 
of the I). Thus, at pH 4 (I the grams or lllaUtT 

cd arc tv." thall at the illlenllCllia!c pH values and aho 
malleI' percentages cOmlallt lor the ellt ire pH 
(I aIJle I), \t anion of i)icarholl<lte iOlls 

a decreased nitrate carrier system may ;)('(OUlll 
dencase III of nitrate but at pH -j. the ,nature 0\ the dCI rease 
is not at all dear lit present. 

The (OIICelHrlltiollS iI'ilhin 

pallcnl relative to 
'I the 

decreases 
:11 lJ wid] all :l\lT'lgC v,tlw' o! 

Tlli.s valuc is sfill wcll aboI'<' tile 
or hl:ldcs or hed 

, the dillcfCIlC('S in (;IO\\'I h :lss()ciaICd \\·it h 
solution GllIlIot be :lllrilHltabk to a 

within the sugar heet to assume that lile 

requires morc at \illul' oj 

is nitil al. ,dl(:I'(,l" till' "alm' or 2,:",,")(] ,1 Ih('l'(' 

JS thc th:l1 COllccntr:lliollS 'IS 

!)"HO p.l',m, may he as vet ]JO definilln' 
ments have bee II nm 

Po/nssiunI : The or the sugar heet 
rela live to Cfable 110 due :IS to the callse of the 
decreases ill o!)'('l'\'t'd at the ion U1I1CCtltr:ltioll 

of thc culture sOIUliollS. Even the ]r)\\'C:i I valuc at pH ;1 i.s 
h 1.0 the crilic;ll value or 1.0 


(Iii) and of (ourse I]Olle 01 lite values call cOllsiticr('(1 [oxic 

valucs from pH Ii 10 9 arc identical awl this 

includes the oj best Similar conclusion, nlll he drllwll frolll 

the v;ducs of the fibrous roots and of tlte beet (Table 2), 

Calcium: The calcium cOllcentratiolls at 8 and 9 dccreased 
little ill to the hest (Tahle and g), Since I he 
decreases the low calcium "ldues \\'('rc 

assncialcd witll a calcium the calciulll absorbed \\'lIS 

10 meet the needs of the the 
the' culture mlmion at pH ,1 have 
and tlie iOlls at pH 8 and 9 tcnd to the calcium 
(alei u III Thus, it ,,,'cms Ihe reasons for the reduction in 

,L\Tml'lh as,ociatcd with mllst be e]scv,herc. 
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The sodiulll (ollcClHraliolls of the top" oj 

hy tlit: of til(' culture solution 
the Sildiull1 \;tlm's (!.fIg w<.:n: observed 

ill solutiolls with the lOll (OIiCCIl-

ILII iUIl. 7 to ~I the 'iodiulll (OIH'Ctltraliolls of the tops ill<Te,lscli 

:\[ost the'ic ill(j'ccasc'i arc the result of the sodiulli 
ncedcd to lliel i Ilt;, tlw of the cuI ture solu t iOIl a t the 
Sodiulll ;Hldilioll !lot a lactor at pH alld ;J, \\here sulluri( acid was 
added to lllailliain the .'O\lItiOIlS at the ,·ahles. .\s "itll 

the anulllll\;lI.101l oJ sodiuIll was 1101 lireat cllougb to toxic 
10 tlie of the sligar heet plaut. 

'!'Ill' sodiulll (ollcentr:ltiollS oj Ihe pulp lor cadi level arc ill 
. ;«(old with tIl< of the toi's but ill the fil,rous roots the' COlllclltratioils 

foJ]()\\' those or 2) . 

Discussion 

The ogcl1 ion c()n(l.'lltr:ltioll of the cull11rc solulion has becn found 
to 11;l\e all cffen UPOIl oj the Sltg,11' bect plant I). 

l'l'dUllions ill to!' at pH·!. ,1l1d contnllY to 
U:Pl'Cliltioll'i. at ;'). (,lowth wa'i 7 ;Hld 1\ and 
at 1'1 I !) did a [ielJlt redunion in lop lake 

roOI for yourlg' plauts dilkrcd each pH 
Inci oj Ihe culture solutioll. If similar cliett> carr) on'!" to older plallts, 
Ihf'll sl deviations frolll 7 mav diminish stolage root \\l'ighL> 
llilic;UlIh. Is with with ,wragc 
looh would t lie IOllg tcrlll ellnb 01 

I,H Ul'<lll lile in lulillre ,olutiolls. 

The dlClllic,d of the tops, lilmms mots and (Table 2 
alld 2 and g), rnealed lin illlpon;ull lannr thin could anOl!llt for 

[he de(1'c:I'CS ill growlh obscned al pH·1. alld 9..\1 pH .j the 
iOlls '" tlw (uhure solution did Hoi I'rcH:tll the :1 iOIl 01 adequate 
amotlll!S oJ alld (,tlciuw. and in I;Ht. !o cllhalHc the 
;J(cllnlul:Jlion of ,,)(.lium in the wI's or Ihc I)H 
;Hl tlillul:J!cc/ to it vcrv high IOllccntr:llioll with ill Ihe lOpS of 1IH" p];lIl1, 

alld it i, I illlclicrcd with the lllclaiJn\islll ol 
llie phtill. and could 
!lot lun' C;llbCd :t deht 

ca usc oJ tile deere:!.,c grOWl h a direct 
jOlls at pH '1 alld or the iOIl., 01 P I-I 9 appeab 

Ill'''( likcl\ 10 h;I\(' beell the cause lor the d"cre:;s(' in of the 
at [I1C'l' I'll 

The clll:n of the pH III Ll1l' culture solutioll Oil the ;ltId milleral 
ion or SLigar heel from I'll ,1.0 to pH 9.0 

lor tll'll beel varieties, l S. :mel C;\" 30·1. ChcIatc'd iron. of 
tiLLite was u,('(1 as a ,ouree of iron. 
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Over the r,mgt' studied there were 110 ,isllal 
of iron nor oj ,U1\ nlner llutrlcnt. 111 tlie 

Ilnrmai c"n:jll for :I reductioll ill ,izl' oj lOpS at pI I 1. :J ami !I, \laxil1llltll 
top grmvlh took pbcl' at OJ), 7.0 and H.O. lOot grO\\"lh differed 
sigllili, al ;tll pH \;liu('s, wilh all illdiC:Hcd at pH 7.0. Pl,nll 

alld the lotal lIu11Iber oj !c;I\(', jorlllcd :11 the lillie oj 

\\cre [educed m;linlv at 4.0. 

Potassiulll, sodiulil. cdc itlll!' nitrate PH'SCIH 

in Ihe tops of the l'l:Juls 111 <llllOllllls sufficient to maintain growth. 
"'Oile of these lOllS were below the critical knJ, ilnd the rcdunioll 
ill top ;IlHJ growth thZ! 1 took amI () appell'S 

to Iw as.'.o(ialcd \Iilh ,I "dirnl" or iOllS oil Ill, 
mctabolism oj rather !Iun with an ('tteet II pOll ion 

or up'ln the ;i,ailability 01 llUlriclll, frolll Ll1l' culture ,olulinll. 

Grallt;.,·ill-aid received olll the Beet Sugar Jiou Ild;l! ioll. 
Fort Collil!';. COlur;ldo, ill 'llpport of L1J(' present ack I]('W \. 

c(lgcd. 
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