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Abstract:

Sugar beets were grown in sand cultures with nutrient. solu« tions containing 39, 234, and 468 .p.p.m.
of potassium. Plants were harvested five, eight, eleven, and sixteen weeks after emergence. Low
potassium plants developed symptoms of potassium and manganese deficiencies* Fresh weights of the
low potassium plants were significantly less than those of the medium and high potassium plants?-and
the.medium potassium plants were generally lower in fresh weight than were ' the high potassium
plants. After five weeks? the shoot/root ratio of the low potassium plants was higher than that of the
plants of the other treatments, Root growth in low potassium plants was proportionately less than in
medium and high potassium plants. Except in the last harvest, the pH of the expressed sap was lowest
in the low potassium treatments. The potassium content of the expressed sap was directly correlated
with the potassium content of the nutrient solution. The sap-soluble nitrate content of the medium
potassium treatment was highest for all harvests. Results of other workers indicate that the absorption
of nitrate should be lowest in the low potassium treatment, and highest in the high potassium treatment.
The rate of nitrate reduction and assimilation should also be greatest in the high potassium treatment
The low potassium plants were found to have the highest content of sap-soluble phosphate. The
reducing Sugar content was inversely correlated with the potassium content of the sap Reducing sugars
comprised the greater portion of the total sugars in the sap. Both the total sugar and reducing sugar
contents of the sap were significantly higher in the low potassium treatment than in the medium and
high potassium treatments*
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ABSTRACT

Sugar beets were-grown in sand culbures with nutrieant solue
tlons containing 39, 234, and L68 pspom. of pobassium, Plants
were harvested five, eight, eleveny and sixteen weeks after
emergence., Low pobtassium plants developed symptoms of pobasge
sium and manganese deficiencies., Fresh welghts of the low
potassium plants were significantly less than those of the
medium and high pobassium. plantsy -and the .medium potassium
plants were. generally lower in fresh weight thian were “the
 high potassium:plantsy’ After five weelks, the shoot/root ratio
of the low potassium plants was higher than that of the plants
of the other treéeatments, WRoot growth in low potassium plants
was prcportionately less than in medium and high potassium
plantss Except in the last habvest; the pH of the expressed
8ap was lowest in the low potassium treatments. . The potas«
sium content of the expressed sap was directly correlated
with the potassium.conbent of the nutrient solution. The
sap-soluble nitrate content of the medium potassium treatment
was highest for all harvestss Results of obher workers. in-
dicate that the absorption of nitrate should be lowest in
the low pobassium treatment, and highest. in the high pobtas-
sium treatment. The rate of nitrate reduction and assimilas
tion should also be greatest in the high pobtassium treatmento
The low potassium plants were found to have the highest cone
tent of sapesoluble phosphates The reducing sugar content
was invVersely correlated with the potassium content of ‘the sape
Reducing sugars comprised the greaber porition of the total
sugars in the sap., Both the total sugar and reducing sugar
contents of the sap were significantly higher in the low
potassium treatment than in the medium and high pobassium
: tfeatmentsq o .
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INTRODUCTT ON

The sugér beet 1z a herbaceous digotyledon belonging to the

- Chenopodiacege family. The plant is a biennial which develops
a large, succulent root the first year, Sged isg pﬁé&u@ed the
second &eafa The sugar beet is one of four groups which come

prise the specles Beta vilgaris, The three ramaimimg'groups

1nclude the garden beets, mangels, and leaf beebs.

ngar beets ‘have beam of esonomical importance for o
 hundred years, and werelflrst developed commercially in Burops, -
The'éugar éomtant of the beet has been increased principally
.by balectlon from progeny . uests‘ The Montatia Department 6f”
'Agfleulture, Labor, and Industry (1950) reports that the &tate
of Eontana ranked fourth in the United States in sugsr best
:'ﬁﬁoduaﬁiéﬁ;iﬁ'l9&&& when 672,000 tons were producedien 55,000
acrésq In 1949, 59,000 éereé of sugar beets were.hérves%edg
and the average yleld per acre was 1138.ﬁ0néa, The cash value
of this crép wes @h,éﬁ?ﬂobo;'mo% ineluding goverﬁmént payﬁénts
of anproxmmataly 2 17 per ton.’

Martin and Leonard (19u9, pe 966) gtate that Sugar ‘secumula~
tion in the sugar beet is greatest in regions where the mean
summer tempervabure is between 67° and 72° ®, Temperatures
above 86° ¥, retard the aceummlation of sugar. In Mﬁﬁ%ana,
Bﬁgar béets are grown mostiy‘iﬂ the irrigated vélleya'and are
usually inclu@ed in & refatiom with a legume and small graing,

Tnereased yields due to nitrogen and phosphate fertilization
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have been reported in Montana by Afanasiev (i@hh)‘and by Welsorn,
et. al. (1947). Slaaiflcant increaszes in yields from the appll-
cation of potash to sugar beets have not been reported in.
Montana, However, Nelson, ets al. (1947) report that potassium
fertilization of muger beets may be necessary for high ylelds in
Colorado and\Nebrdska, A possible response of sugar beets Lo
potassium fe?tillza%xon was obtalned by Afanasl®v 1in 19&6

sugar -beet requirements for nitrogen, phosphorus, and
‘potassium are relatively heavy, Nitrogen and phosphorug are
required soil amendments in Montana at the present time. In—
creased beet .yields WLll probably result from 1mprovam@ntp in
cultural and’ fertlllzer pract;ces and from lmproved sugar beet
varleties, Tharafore, it is highly probable that potﬂssium

fertillzation will. eventually become necessavy for‘the PrO~

fltable produotion of sugar beets in Nontanaq

1. Unpublished results cobtained at Huntley Eranch Station,
Huntley, Moxtbana, : , ‘
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LITRRATURE REVIEW

Potassium is not known to occur in plants in organic come
pounds other than as salbts of simple orpanic acids, acecording
o Nightingale (19&3)g The grester portion of the potassium
found in plants is in soluble inorganic forms in the cell sapd
Potassivm is frée;y translocated within the plants

The highest concentrations of potassium were fqun&'by

Co0il (1948a) in the cambial regions. Potassium is necessary

- for cell divisiony 'Cooll states that cells deficient in

potassium will elongate, but will not divides S8tems of:pota§~
sium-deficient plants elongate; but increase very 1ittle in
diame bery Potassium is also necessary for root developmenty
Russel'(1915)lreported in Soil Gonditions and Plant Gréwth,”\'
quoted by Curtis and Glark tl?SO, p+368) that the roob weight -

- of ‘mangels was mn&h éreaﬁer‘im proportion to the top welight

when the mangels were supplied with adequate aﬁounts of potas-
siume Nightingale’kl9u3) states that potassium probablﬁ
affee%s growth only as 1t ‘affests the carbohydrate canteﬁtgrand
especially as it affeects the cellulese contents

A deficiency of pobassium may cause & bréakdown~ofnohloroJ

.pﬁylls Brown spots occur o@ the older leaves, and'Cﬁbil‘(IQh&a)

found that prematurs death of older leaves resulted from cases

" of severe deficiencyys . Alten},Goezeg‘and Pischer (1937) re=-

ported in Voly Vg*Ztﬁc@fé'deenka o Prlanzernernahr.y quobed

by Curtis and Clark (i?éO@ pwl5) that potassivm may be neces=
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sary for the fofmation'Qf'ehlarophyllq They also found that
the rate of photosynthesis, deﬁermihéd by the absorption of
€Oy was greatly depressed by low potassium concentrationss
Above & eritical pobassium cdntent; however, there was very
1ittle change in the vrate of photosynthesis. Loustaloty
Gilbers, and Drosdoff (1950) also found that a low lovel of
potassium decreassd the rate of apﬁarent photosynthesis as
determined by €O, uptakes Wall (l?hO) has stabed tﬁat the
rate of respiration is inpreased'in plants-defieient in potagw
siums | ~ \‘
Bear (1950) has preéented evidence showing the total cation
content of alfalfa to be a constant under.average,environmeﬁtal
. and nutritional conditions. However, this aonatént vafiad at
different.stages of groﬁfhg Variations in the cation concenw-
trabtions of the nutrient mediumzﬁesulted in variations of the
individual cation concenbtrabions in the plant; bqt the total
patipn coﬁtent, expressed as millieqﬁivalentsy remained cone
stant, ihusg if the potassium concenbration in the nutﬁiant
medium was decreased; a compensabing inerease in ﬁhe uptake of
other cations, chiefly calciumg.hagmesiumﬁ and sodiumy, resulted,
Undeﬁ certain conditionsy the abédﬁption of a cation may be
great enough to bé texiec Lo the plant; evén though no other
cations are deficient, Data presented by Bear indicate a
minimum requirement for each iony below which further replacew

ment of that cation by another cation results in injqu*to the
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plants An uptake of a cation in excess of its minimum requires
menf will not result in ineredsed plant growtho\ Fluctuations
of a particular cation between its minimum‘and toxic concens=
trations do.not seem to affect the plant.

Bear (1950) has also shown that‘forhéeﬁtain plants the
ratio of catlons to anions is a consbant at any stage of
growth under aﬁerage conditions of growth and fertilitjg The
cations used by Bear to compute the constant are potassiumy
caléiumg magnesiums; and sodium, ‘The anions used are pitrates
phosphate, sulfate, chloride, and silicate. Bear states than
while other inorganic cations and anions are found in the plant
they are present in such low-coneéntraﬁions that the value of
the Eonstant is not altéred by disregarding them.

Nightingale (1943) has stated thab pobassium is directly
or indirectly involved %n thé reduction of nitrate in the plant.
'Gurtis‘and Clark (1950, pe 407) say that the oxidation‘df
carbqhydratgs furnishes the'energy for ?eduction of nitrétes@‘
bdoil and Slattery (1948) beliéVe bhaf-a relation bétwéeh‘nié
trate reduction and malic acid accumulation may exist. If
pdtassiuﬁjaffécts the organic acid metabolic cyclea.nitrate'
reduction might also be affected. Sideris aﬁd Young (l9u6)
fpund a higher conteﬁt of alpha~amino nitrogen iﬁ all ﬁortioﬁs
~of 1owxpptassium plants fhan-in the.corrésponding parts of
'hiéhfbotaSSium plants. This would seem to concﬁf with Wall

(1940), who writes that the lack of potassium interrupts the
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ebndénsation of amino acids to protéins@- However, Cooll and
Slattery (1948) found no significant difference in protein
' ‘cpntent of low and high potassium plants., Data reported by
éideris and Youné (1946) substantiate that reported by Cooil
and Slatterys = | |
Cooil and Slattery (lguB) reported higher values Ffor tos

" tal carbohydrates in low potassium guayule plants. Reducing

sugars comprised a higher percentage of the total sugaﬁs in
the“ldw potassium plantse Tﬁeae authors'state&'that;pota@aium
réﬁtrieﬁéd the condensation of redﬁcing sugars to disacéﬁaré
ides and polysaccharidess Réed (1907) reported that potassium
was essential for the formation of starch in certéin-fﬁﬁgia o
Cooil and Slattery (1948) stated that potassium accelerated
some enzymatic reactions. No pther element could subsfitute
© for potassium in these resctions, Sideris and Young'(19u5)'-
répo?téd’ﬁhat'plants totally deficient in”potassium had lower
: réducing sugap values than plants sﬁpplied with low éoncen-
trations df'pgtassiumb THese invastiéatovs also indicated
that phosphorylation is apparently very important in parbon
,hydrate'metabolismn They stated that the betbter gfowth‘of B
ﬁlaﬂté supplied with adegquate pbtassium.was proﬁably'dmé to
better synthesis and polymerization of carbohydréﬁes;'-“
fotassium”is unique among the essential mineral élements
because it is not knbﬁn to be a component of organic cbmﬁbun&sp

It is found in plants either in free inorganic form or as salts

4
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of simple ovganic acidss The absorption of p&fassium depends . -
upon both the concentration of pétaésiwm‘and the coneentrafion'
of other absorbable cations.and anions in the extefnai medivme
Potassium 13 involvedfeither'direcﬁly or.indirectly in the | _
| reduétion of nitrate in the plant, With some évidence indicating
“ that the“érgénic‘écid fespiratory cycle may also be invdlvedq
DifferencéSvof opinion exiét'as to the relation offpdtaséium to
protein synthesis, While some workers believe that potassium

is éssential'%of the condensation of amino acids to proteing,
other WOrkers-havé found no difference betweén thegérotein
‘conténts of low and High potassium plantse It is genéﬁéiiy

" agresds however, that pétassium is necessary for th@-e@ndénéa«‘
tion of monosaccharides to'disécchamidés and'poljééécha?idésv

: Low potassium plants are geﬂerélly higher in fedﬁcing;Sugafsi'

' then high‘pbtassﬁum plants; but-high pdtassium plaﬁféfﬁra
ﬁéually higher in tobal sugarss The‘faducing*sugaryddntént'of
'plaﬁts-totally deficient in potassium has Been found %6 be

16Wer than ﬁhat‘of low pqtassiuﬁ plants, Po%aSSium.mgygvﬁhere«

fore, -be reqﬁired for the éynthesis of monosaccharidess
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e METHODS

Threeée veplicétians of sugar beets were grown in the green
house in pureaqﬁartz sand . Qﬁartz sand obtained from Ottawa,
I1.linois was used withoub treatment. Sand from the same source
which hag previously been used for nutrient experiments was
washed and leached by the method described by Robbins {1946).
Two replicaﬁions-were planted in galvanized steel.pots, twelve
inches wide,Pifteen inches iongg and eight and one-half Inches
,deepg The * third replicatioplwas planted in°rdund‘a1uminum‘potss
sixteen inc%es in digmetér‘énd twelve inehes in depthQ‘Thé in-
side of éach pot was coated‘with asphaltums Dralnage was
through & piecs of glasé tubing in the side of the pot, -which
was placed as near the bottom of the pot as possible, @he .
pots werse filled with sand to within one inch of the?toﬁﬁ
Eadh replication consisted of sgix pobs, and contained two'potg
for each treatments The plants from the two pots'foﬁzeéch
treatment within each replication were combined for analysis,
Afterﬂthe sugar beets. had emerged and were growing rapidly,
the pots within each replication were rotated once each week
to minimize bench effect. |

The nubtriént solution used was a variation of that given
by Hoagland and Afnon-(l?SO) for a solubion completely lacking
potassiums The‘potassium content of the solution was varied.
bﬁ the addition of potassium sulfatey gnd all other cémpdnenfs,

were kept constent. The potassium concentrations were 39 pspsle
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in the IK (low potassium) treatment, 23l p.psme. in the MK
(medium potassium) treatment; and LG8 p.pems in the HE (high

potassium) treatments The composition of the nutrient salﬁtion

is given in Table I,

" mABLE I

Composition of Nutrient Solutions

Stock Solutbtion ML, of Stock Solution per Liter
of Matrient Solution

IK MR HK

1.00 M Ca(N03)y | 5 5 5

1,00 M MgSoy, 2 2 o .2

0,05. M Cal(HaP0)) w0 10 10

100 M KNO . _ 1 , : 1 . 1

0,50 M KoS 1y 0 . 5 11
Bupplementary Solution "1 - 1 1

The4suppléMéntary solution of'Hoaglaﬁq and Arnon (1950j
provéding-miﬁor.elements.was used, Twice cach week one m&llia
1iﬁéf’0f 0,5% solution of ferrous sulfate was addéa to esach
liter of nutrient solutions The pH of the solutions was
adjuéted to 6¢5.witthHhOE to correspond in pH with a solubtion
used by Ulrich (1942) for sugar beets, Once each week the pots
were flushed three times with distilled water before the nubtrient
solu%ionS'wefe added, o ;,

A repmant of Fqy hybrid seed was usedﬁl The seed was treated
with 0,31 grams of Wew ImﬁrQVed Geresan per 100 gﬁams-ef seeds
1. A seed remnant‘of SaleélOE was furnished ﬁy ccur£e§y of Dr.

F, L. Owen, U,8: Sugar Plent Field Laboeratory, Sal% Lake
Oity, Utah: R
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Seven rows of seeds were planted in each potb, with‘a two=inch
spacing between rows; After'emergence,the plantg were thinned
$o an interval of one inch. Each rectangular pot eontainéd'Bﬁ
plants, and each round pot centained.9u plantse

The different harvests were made by further thinning of
the planté» The plants were removedgand the tops were cubt off
at'ths créwna The sand ‘was rinsed off the tops with tap waterg
and the tops were then shaken to vemove’ the excess Watera :éhel
roots were washed thproughly and blotbed with dry towelsq Ffesh
weights. wore 'devermined immediattely. .The tops and roots webe
sealed in jarsy whidh—were*placed in a deep freeze 100keP§ ‘at
10° Fgg within two hours “of harvestu . .

' Prior to anslysis, the beets were thawed at room tem~'
peratureu" The plants were than wrapped in cheese clothﬁ and
the sap was extracted by means of a Carver laboratory press
operated at a pressure of 1300 lbs. per 8 ine The*hydrcgen
ion councentration of the sap was measured with a Beckman pH
metery The sap was bhen placed in a fefrigerator ab uoo Fqg
and “the analysis was begun within 2l hours. ‘ =

" Potassium was determined.by the cobaltinitrite method
describediby Ulrich (19&8)3 One lelilltef of 10% sulfuric
" acid was added to a sample of sap in a porcelain cruclblea*“
The sample was evaporated to dfynass 1n a drying oven,and then
heated below redness with a- 1ocomot1ve burner unbil. all.traces

or organic matter wefe,removeda Pive milliliteérs of 2% acetlc
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acld was added to the residue to dissolve the potassium: The -
potassium was then precipitated and determined by the titration
procedure described by Hibbard and Stout (1933)9

The colorimetric method using am1dol (2ﬂh dlam1naphen01
dihydrochloridé) was used to detgrmlne phosphatea A sample of
sap was evaperated'to dryneséglthen dissolved in 25 ml. of 2%
acetic acids The solution was filtered, and an aliquet taken
for aﬁalysisq' The color was developed as described by Ailen“
(1940) & |

Nitrates were determined cdloﬁlmetrlcally by the 3§h
xylenol (L hydroxy-ly 2 dlmethylbenzene) method. - For the détere
‘mination, & samplé of sap was diluted to 25 wle - One=fourth -
teasp00n of magnésium oxide was added, The solution was. shaken
f&; ten minutes to precipitaﬁe ofgaﬁic matter@ andvthen filtered
thr@ugh double filter paﬁgrq An aliquot of the fiitratevWas
plac:éa“ in the distilling flask gnd svaporated to one m‘iili’lz‘itev;@
The nltrates were then determined by the procedure gjven by -
MHoller and Huch (19&9)6
‘ Sugars were determined by oxidation with ferrlcyanlde and.
~ titrdtion with ceric sulfate, as described by Hassid (1937).
l;Reducing sugars were reported.as milligféms of glucose. Total
- sugars included reducing sugars andxguerbs69 and were feportéd
agﬁmilligvams of sucrose; The suérosé ﬁas hyafelyZed‘enzyMaticw
ail& by invertase, A sample of sap for sugar analysis was acid-

ified with 2% aceétic acid until a faint pink color developed
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- with methyl red, TFor total sugar determinétiﬁma,,invertase was
added and the sample was placed in an oven at 35° €. for two
hours. To clarify the sampleﬁ‘sevem drops of saburated neutéal
~ lead gcetate were added. After shaklng, one milliliter of
-saturated disodiwm. phosphate and a pinch of charcoal wers
added. .The sample was . filtered through folded paper and washed
with hot water. The filtr;te‘was;diluted-ha 100 il e, an& an

aiiquoﬁ was taken for the tltration procedurs,
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RESULTS

A record of the greenhouse témperatures during the exper«
imental period was kept by means of a recording thermograph.
Pigure 1 gives the average weekly maximum and minilmum temper;
aturessy

The sugar beets were planted May 6; 1950, and scaftered
eviergence was filrst noted May ‘10¢ Germination waS’véry irregw
u;ar@ The pots were moistened with distilled water until the
- first nubtrient solution was épplied May 16s ‘The pots were'not
econbinuously -drained until June 12+ After that da%eg éﬁnfaee
‘encrustations of salts made gontinuous'drainage and.daily
aﬁblieations of nubrient solutions necesséryo Afte@fgﬁné 124
500 mls of nutrient solutions were added to each pd% ééilyu |

 The firstrevidenée of nutrient deficiency in. the i treate
ment was a slight browning of the tips of a few cotylédpps on
June 9+ By June 12, the ¢obyledonous leaves of the beets:of
the‘LK treatment showed general necrosis of the tipé@ The new
leaves of the LK plan%s'were-é lighter green than were the
corresponding leaves in the MK and HK plants, Onedune 22; a
slight indication of potéésium defiéieney was found in one MK -
pots The daily applicabion of nubrient solution was.ihdreased
.td 750 mls in all breatmentsy and after four daysg ailfMK
plants again sppeared normsal. ‘The~daily application of nus
trient solution was again increased on July 3 to one liter
fdr the vectangular pots and to one and one=half libers for

the round pots. These applicabions proved adequate for the




Degrees Fahrenhei

15 22 29 5 12 19 26 3 10 1?7 2k 31 7 W 21 28
May June July August

Figure 1. Average maximum and minimum greenhouse temperatures from week begin-
ning May 15, 1950 to week beginning August 28, 1950.
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vemainder of the experimental periods

Tip browning of the oldest leaves was noticed in one LK .

?ét'July 6 and was gensrally prevalent .in all LK pots by July 10

Typilcal potassium deficiency sympbtoms were moderately severe by
July 17+ -These symptomé eventually spread t¢ three or fouw
- setd of leaves on sach plantg After duly 6, the new leaves of
ﬁﬁe LK plants were light green between the velns upon émérgeﬁeeu
By July 173 some of the new leQVes were definitely chioﬁéfic bo=
twéen‘the Veinsq As the tip browning and necrosgis of the older
- .leaves became more pronoﬁncéd, the chlorosis of the younger
:‘_1éaﬁes became less pronounceds Thé chlorotic symptoms of' the
| :ﬁéégﬁ leaves agreed with symptoms described for mangsnese défie
ciéhéy in sugar beets by Gook and Millar (1949)s Potassium.
deficieney sympboms in the LK plants persisted for the duras
vion of‘the'éxperimenta However, after thinning thefﬁiants’
£or each harvest, the potassium deficlency symptoms becais igas
pPonounced for several days, .after which the sympioms agaig
became more pronounceds j

Harvests were made June 20, July 6, July 29; and September
2? The ages of the plants when havvested were five, eighty
eleven, dnd sizbteen weeks, regpectivelys Fresh weights of the
planﬁs‘are given in'ﬂﬁbles IZs IXI, IV, and V. Tha.wéightﬁ of’
the tops -and the roots of the LK plants were consié%ently
lower than those of the MK and HK plantss All differences be-

- tween the LK treatment and the MK and HEK treatments were




TABLE II
‘Fresh Weights of Suger Beebs ak Five Week Harvest

Weight per Plant in Grams

" Replication Potassium flumber ‘éf Top Reot
T T e e PpgatmentT 0 0 Phents o
I LK 85 0,55 0,10
S MK 86 1.12 0.11
HE 85 0.89 0.10
ZI ‘ LK 85 &o 62 Onﬁf}
MK 86 1.10 0.11
HE ' 88‘ 14118 0,12
i1t EX 97 0.77 0,11
ME 96 1.58 0.17
HK 98 . 1e 65 0.19
Average LK 89 0.6l 0.,10
. MK 89 —1&2? G'DZ-B
HE 90 L.2h 0.1k
pRFSZ 0.01 ‘s NS
i 0.05 G 3k Ns

" 1. Shoot/root Ratioc. -
‘2o Difference required for significance.
3. No significance..
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‘ TABLE IIX
Fresh Weight of Sugar Beets at Eight Week Harvest
Weight per Plant in Grams

Replicabion Potassium Number of Top Root
. TPreatment Planbs :

T K b5 o hah 038

MK s 6597 0:63

HK b3 7594 0,60

s S LK ha - lke73 0.40
: MK h2 8293 0482

BK . .- k2 - 905k 0,92

e - LKL kr . ha63 8.043

MR 9 . Q.72 0296 ..

_ - BE Lo - 10.30 S %
Avevage = - 2 S hs - 1053 0,50
C o ME b5 8550 0.80
' HK s - 926 0.92

DRFS 0,01 : 2,39 NS

.0+05 ) : to Ll 028

S/R

11.3
11.0
12,1

12.0
10.9
10.1y

10.8
10.2
8.6

11.k
10,7
10.5

NS
G 0‘:6'

0oz
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Fresh WE1ght of Sngar Beets at Eleven Week‘ﬁarvest
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Treatment
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TABLE "IV

Welght per Plant in Grams

Number af Top -
Planbs © ' .

32 - 2he® |
32 - hBe2.
32 1.0
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32 37.6
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TABLE ¥V
Fresh Weight of Sugar Beets at Sixbeen Week Harvest

Weight per P?ant in Grams

Replication ‘Potassium Number of Tﬁp- Root
. Tregiment Planits ‘ )
I X 6 10@,,,6 23.3

MK 6 1u5°1 100

HK 6 150, 50.8

I LK 6 76,1 15,0
MK 6 159,9 52.6

HK & 183‘,? 76,0

IIx LK 6 1hl;0 3343
MK 6 192.7 6708

HK 6 247l 102.1

Average LK 6 10649 23.9
MK 6 165.9 53el)

BE 6 19k.0 7603

DRFS 0,01 NS, ‘NS
eﬁes 42.5 25,3

cec
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statisﬁically significant, with a#eepﬁion of the root welghts
of the first harvest;"mhe\weigﬁts.of the HE plants were consige
tently higher than the welghts of the MK plamtsrexcept inithe
first replication; However; one pot of HE plants in this
replicabtion was gtunted during the enbtive experiment, which may
bes the explanation of this inconsistent dlfference in weight as
compared to the obher replications.

As shown in Figure 2; the shoot/root vatio of the MK plants
was consishemtly higher than that of the HE planhg for all har-
vesbs, The differences between these Lreauments were statis«
tically sﬁ.gnifiééﬁs; for the first and thé £ourth harvestsy In
the first harvesh, the shdot/foﬁf ratio ,of the LK'plaﬁéé was
signifioantlj iower then théat of the MK .and BEK plantss DBuk for
the last three harWasth:thg shoot/root ratio of the LK plants
wag significantly higher\ﬁhﬁﬂ.ﬁha% of the plants of the other
| bwo breatments, Thﬁ poté were checked for root &istributian
after the last harvests The root penetration was approximately
Pive inches in the rectangular pots dnd approximaﬁely‘seven
inches in the round pots, The sand below the deéﬁh of roét
o penetra%ion was ccmple%eiy'&evaid.of roets. 'Pocr\drainage
apparently éauaed the bbar.disﬁributian of romtéa"

The pH of the exnressed sap iq giv&n in Table VI, The PH
'of the sap of the LK plants wag &anarally lower Lhan that of the
- sap of the Mk and BK mlantsq Howeveryin the lagt harVQat the
pH of the sap of the LK plantﬁ wal highep than thatb of the MK
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Age of Plants In Weeks

Figure 2. Shoot/root ratio of sugar beets at different
stages of growth.



© TABLE VI

pH of Expressed Sap of Sugar Beet Tops

Replication Pobassium Age -of ‘Elé.nt’s in Weeks
Troabment
5 8 u
I LK 6ol 6.3 6,2
ME 742 6.8 bolp
HK To1 6.9 6.2
II LK 6.5 . 6e3 6.1
ME 7.1 Y bsly
HK 7 02 60 9 6 0:2
I X 6.3 6,3 6.1
MK 6.6 Cbob 602
HK . Tok 6.9 6.3

a2
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and HK plantss No consistent difference between the pPH of the
sap of the MK and the HK plants could be ascertaineds

Differences in the tdtaSSium content of the expfessed Su=
gar beet sap from the different potassium treatments were highs
1y significant, Table VII giVes the potassium- content of the ' -
expressed sap. The amount of potassium in the sap at the dife
ferent harvest dates was not significantly different, HOWGVGP}
consistent variations in the pota331um content on different
harvest dates are evident in Figure 3.

‘The increase in nltrate content of the beet sap between
harvests was highly 31gn1ficant for the MK and the HK treatw
mentso The nitrabe content of the sap of the LK\plants ine
ereased significantly for the: first three harvasts,' On the
last harvest of the LK plants§ howevery the nltrate increase
was. highly 51gnlf¢cant only in the third repllcation, and no
statistleal significance was found in the second replicatlong
As shown by Table VIII, the sep of the MK treatment was aonw
sistently higher than that of the LK and HEK treatments in
" soluble nitrate for each harvest. The nitrate ‘content of the
LK treatment was higher than that of the HK treatment 1n the
 Pirst and second harvests, FOP the third and fourth harvestsg
however, the nitrate content of the HK plants was hlgher than '
that of the LK plantss Figure )_p_illustrates these fluctua~
tions. The difference in nitrate content between the LK and

the HK plants were generallj statistically signiriéantn
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TABLE VII

me. K per 100 mls
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21.87

Lok
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21.43

6:11
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9.19
17.88
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Age of Plants in Weeks

Figure 3. Potassium Content of the Expressed Sap of Sugar Beet
Tops at Different Stages of Growth.



TABLE VIII
Nitrate Gontent of Expressed Sap of Sugar Beet Tops
me. {NO3)" per 100 wl.

Repiia&tiaﬁ, yﬂtaSSium Age ef Plants in Weeks
- Treatment : " )
5 8 1
I LK 1ol IIT:) 6421
MK - 3.02 - 5,98 6413
EK 1,07 - 3.99 6,58
I IX 1507 ho32 651
MK - : 1o13 - 5.17 Te21
HE 0,66 425 .05
11T I 0.99 - 5.59 6.51
’ MK 1.67 615 8.8
., BK 1,59 5,06 8.13
Average X Te17 h;79 6ohl_
MK 1.27 Selt3 738
HK 1.%0 Loh3 7025
B Treatment ﬁaryeé%» Répliéation
DRFS _ 0,01 0.L6 0.93 0.h6

0,05 0.28 0,68 0.28

AN
10,67
_9o59

‘ 6"0 "1 9 .
1001

1.0k
9,10
12.51
12.31

6590
11.06
11.00

62
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- MK

Age of Plants 1n Weeks

Figure H. Nitrate Content of Expressed Sap of Sugar Beet Tops
at Different Stages of Growth.
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‘The phosphate conbent of the sugar beet sap is given in-
Pable IX» The LK treatment was significantly higher than fhg:'
‘MK and HK treatments In content of. Sapwsoluble phosphatey as is
\shown by Figure 5. The phosphate coritent of the HK treatment
was generally lower than that of the MK treatment, but no
statisbically significant differences were founds The phos-
phate content of the sgap did not vary significantly between
harvests for any treatments,

The reducing sugar content of the sap increased signif-
icantly betiwween harvests for all' treabtmentss The réducing
svgar content of the sap of the LK plants was signiflcantly
hlgher than that of the MK and HK plants for each harvest. Tﬁéé
HK traatmenp was' generally lower than the MK treatment 1n PE=
duclng sugav contenty but the differvences were not usually
significant;- ‘Pable X gives the reducing sugar content of the
‘éxpressed Eap# - S . o Y

. The total sugar content of the‘sap,'shQWn in Teble XTIy -
closely resembles the reduaing pugar content. The total sugar -
values were very little higher than the reducing sugar valueso
The greater content of total - sugars in the LEK plants was statig~
tically significant for evefy harvests The MK plants wWers gens
erally higher than the HK plants in total sugar content, but
these differences were not genefally statiatieally'smgnmfieantb
Eﬁe total sugar aontent_éf sach treatment increased‘sigﬁif«3

icantly between harvests, In the first harvest; the reducing
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sugar enalysis of the HK treatment resﬁlted,in higher values
‘.%han did the tobal augar'anaiysiS'éf the same samples No
Vefifiaatioh of these valueé could be made because of the
limited quantibty of expressed sap obtéined,from this harﬁestq
The sampls for bthe HK btreatment of the second Peﬁlieation was
" ruined during the analysisa and ﬁot enough saﬁ had been ob=

tained. to replace the seamples




TABLE IX o
". Phosphate Content of Expressed_ Sap of Bugsr Beebt Tops
Mneo (H?_,P{)a.)‘ per 100 mi.

Replication ° Potassinm S .+ Age of Plants in Weeks
Lo Treabmentb : ce : L
| ' 5 8 n i6
.0 K 2.8l 2.57 2438 2,91
L "MK 173 2,00 1.83 1.80
“HK 1.75 181 1.67 1.72-
T - 1K 281 2,96 2,87 2,48
- i 152 1,98 1.86 - 1.8%
. HK 191}7 148’4« 1. 92 2,0 03 )
L LK 21y9 2.70 3.08 3.57
o LMK 1;,25» 2.12 1.8l 2.23
- ) - HK 10’.@.}.} ' 106[‘. 1066 lu?&
Average LK 2.72 2.7h 2:78 2.99
' ME. 1.6l 2,03 181 1.9l .
HE 1,55 1.76 1.73 1.8l
o ‘I’z*eatmeut Hawest Replication
DRFS . 0,01 08 TS NS

0,05 ' 0.29 ns S

€€
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Figure 5.

Age of Plants in Weeks

Phosphate Content of Expressed Sap of Sugar Beet Tops
at Different Stages of Growth.



TABLE X
Reducing Sugaf Gontent of Expressed Sap of Sugar Beet Tops
. mg. &lucoss per. 100 ml.

Beplication Pobassium o ' Age of Plants in Weeks
o Treatment ' ' '
R 5 8 i1
. LK ' 100 1136 1488
- MK - 192 8L8 1372
EK ‘ 187 528 130l

I LK ‘ 351 1102 L9
S MK . 189 678 998

HK. ' 158 600 110k

IIL -7 K . 321 1078 1356
o . HE . 203 680 1126

| HK . 174 60l 112k
Average . LE ' 358 1105 1hh6
MK 195. 802 1165

HK 173 577 117l

Treaﬁmant Harvest Répliaation

DRFS 0,01 123 131 NS
0.05 Th 96 s

16
2668
211k
192l

2378
2322
1846

2458
2192
200l

2498
2209

s€ .

1925 Q;', . ..: '




Replication

I

A

IIx

Average’

DRFS

Pobtagsium

Treatment

LK
MK
HE

LK
MK
HK

LK
MK
LK
MK
HE

@;ﬁel
005

TABLE XI

2
130
18

33h
250
162
379
228
172

Treatment

152
9z

Total Sugar Content of Expressed Sap of Sugar Beebt Tops
| mge Sucrose per 100 ml.

Age of Plants in Wesks

8 R

1458 1902
1016 2018
8h6 1710
1302 2216
996 1736
83l 1692
1354 1896
oL8 1572
838 1732
1371 2005

987 - 1775

839 S1711

Earvest _ Bepliﬁafion

160 NS
117 NS

16

295&
23h0
208l

2581
2558
1978

2716
2h52
2172

2751
2L50
2078

9¢
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DISCUSSION
. Typical potassium deficlency sympboms, as described by

Cook and Millar. (19L9) deveioped in the sugar beets of the IK
treatment. Althnugh the deficlency of potassium in this treat-
ment was not severs enough to 9ausa death of the.plants, serious
reductiond in growth resulted. The chlowrosis of the youﬁgést
leaves of the LK plantg rasambled symproms aescrlb@d by Gock
und Millar (19{9) for manganese deficlency of sugar beebs.
Somers, G?lbert, and Shive (l9h£) reported similar development
of manganese deficlency symptoms in soybesns. -In a study of’
catlon absorption by'tobacco, Swanback (1939) obs&r&ad"prb%
nrounced manganese: deficiency symptﬁmﬁ in plants grown in 8 e
_ trient solution containing 26 pypems of potassium, Plants
grown in a nutrlenﬁ solutich containing 260 p»p.mo of potassium
developed no symptcms of manganese defxcienay; Thc effect of
the calceium concentratlcn was the reverse of th effect‘af the
- potassium concentration., P;ants grown. in solubions ¢omtain1ng
,aihigh @angantrétima of aalqium ﬂaval@pad’&evaéasmangangse
deficleney symptoms, while ne deficlency symptoms wewé'qbserved
- in plants groﬁm in solubions with a low caleium eonteﬁﬁ@ e
the- theory of catien uptake advanced by Bear (1950} aypiieg to
sugar beets, the caleium ebsorption im the LK treatment should
have been higher than thab from the‘MK,aﬁd HEK treatments.

Thne above data indicate that wﬁan ;aw potasgiim éﬂﬁ#

centratlions or high calcium concentrations exist in the nutrient
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solution; menganese deficiencies are intensified. écmers and
Shive (1942) point oub that the ratio of iron to manganese is
‘more impoft&nﬁ'than the individual content of eiﬁher element.
Comparatively wide fluctuations in the concentration of each
" element resulbed in ne adﬁevse effects upon growth if the izon/
| mangansse ratio was within 1.9 o 2.5, These authors believe
that manganese deficilenecy and iron toiicity are ldentical. I
the results obtained by Swenback (193@) ére applicable. toysugar
beetq; it. seens. prebable that the absorpiion 0f manganese was.
depressed,;n the LXK treatment, This woula*result‘ln a lower
concentrabion of manganese in the LK plants than in“%bézﬁﬁuand
HR plants.. Bear (1950} states that a cbmpénsating'imereame in
the absorption of other eaﬁions,resultsf%hen the coﬁaenﬁratién
o of a pégticul&v naﬁioﬁ<iﬁ the ﬁutri@nm solution /is dedf@aéé&@
Theféforé, the abserption of iruﬁ mey . ha%e-baen increéséd‘in the
LK plants, as the potﬁ551um coneentfatlwn af the nutflem% 8610~
tionk was decregsed and, all ohher matmam c@ncamtrationa werse
kepb constsntn This would result ln a greater iron/manganese
ratie in the IK plants than 1ﬁ the ME and HE plantq, and MA L
. ganege deflalenG? ‘symptoms would develope '

ke decreased growbli of the plants of th@ 1K treanment (as-
111ustraﬁ@d 1n.Pigure 6) is in agreement with re°u1t3 reported
,,by,@omil,&19h83) and by Wall (1940}, Thﬁ.ahOQt/raot ratio of the
LK plants wagusignificantlﬁ less than that of the MK and. HEK.

plants in the’first harvest, but it was significantly higher in
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Age of Plants i1n Weeks
Figure 6. Fresh Weights of Sugar Beets at Different Stages of Growth
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the remaining hervests. The proportionate top weights of the
plants of the different treatments remained approximately éoné
stant for each harvest. Differences in shoot/root ratios bes
tween the potassium treatments were mainly due to reduced root
growth in'the LK plantse. Howeverg'little reduction of Péat
growth was found in the LK treatments of ﬁhe first harveste A
sufficient amount of potassium for normal Eoot develapment at
this stage of growth was probably contained in the seeds Cons
«éequentlyg‘ the shoot/root ratio of the LK planfé in the first
harvest was less than that of the MK and HK planbts because of
the smaller top weights of ﬁhe.LK plantss By the éecohd'havvest
the root growth in the LK‘treatment was depressed5 and the
shoot/root ratio of the LK treatment was higher than that of
éﬁa MK and HK treatments. The shoot/root ratio of the LK -
plants remained higher than that of the ME and HK plants for
the remainder of the experiment. .{ | |

' The shoot/root ratios for all treatments increased betuween
'bhe fmve and eight week period, and then dearaased for the
remalnder of the experiments The shcot/rcot ratio ab the siX&
teenwweek harvest was appfex1mately onesthird that of the eighhw
week harvest for all btreatments. Root growth in the’ LK treatw
ments seemed to be ratardea@"ﬁoaﬁs of LK,plants>gpew mpbe
‘slewly between the eight aﬁd the eleven week period'thah did
the roobs of the'MK and'thé’HK.plantso Betweén the gleVGn and
the s;xteen week periodg ‘the propcrtionate growth of the X
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roots was greater than that of the MK and the HEK roots, .

The higher hydrogen ion concentration of. the sap of the LK
treatment agrees with the results of Cooil (1948b) for guayules
00oil also found a lower organic mcid content in the sap of
piants from a low potas&iuﬁ'ﬁreaﬁmenta "However; malic acid
ephtent was higher in the ledves of the plants of the low
pétassium treatment, * Sideris and Ybunglll9u5) féﬁnd the titrat-
“able acidity of the pinéapple plant was lower in the low potage
'siumvﬁreatmenté Gooil (19A8bf suggests that a 10& potassium
content of the plant might reduce the concentration of compo=
nents of the buffering systems and allow the pH of the sap of
the low potassium plaut; to becoms more acid, Waliaae-énd"
Hewitt {19L6) in Vols 32 6f the Journs Pomoig and Horts Sciq,
quoted by Wallace and Bear (1949), believe that & high soluble
phosphate content may be correlated with a low pHs Th%y thought
tﬁétithe higher phosphate conbent could precipitate tﬁé soluble
iron and wesult in a ldwering of the pH of the plant séﬁg' The
‘same phosphoruSpr correlatlon was found in this invastigatlong

The divect correlatmon between the potassium upbake by
the planbts and the potassium eontent of the nutﬁienﬁ medivm is
shown in Flgure fn These data agree with results reported by -
Wellace and Bear (19L9) and oy Cooil (1948b)y  The fnesh weights
of %he plants of the HK treabtment were greater than those of
'the plants of the MK treatment, This would indicate that the

" MK solution did not contain the opbimum amount of potassium for
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Me. K/Z1lter Nutrient Solution

Figure 7. Potassium Content of Expressed Sap of Sugar Beet Tops
Compared to Potassium Content of Nutrient Solutions
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sugar beets in this experiment. The potassium content of the HE
treatment did néﬁ depress the uptake of any,o%her'aaﬁicns enough
to inhibit plant growth. According bo Gooil (1948b), sodium is
known ‘to substitute for potasslum Lo some extent, As no sodium
other. than that ag impuriﬁles was present in the solubions used
for this experiment, no conclualéns-as to the opbimum amount of’

. pobassium for sugar beet growth can be reached.

AWallace and Bear (1@&9)\Peported 8, higher'ﬁitrate conbent
in plants from medium potassium Treatments ﬁban in plants from
low and high potassium treatments: The nitrate concentration
iof the low potagsium planbts was higher than that Of'thé bigh :
potassium plants, The potassiunm concentrations of their solu~
tions were 10 195@ and 168 pupim. of pobassium, Sideria and
Young (1946) fomnd that the absorption of nitrabe By pineaﬁple
was increassed by higher pb£a3sium,¢oncentraticns in the nubrient
‘solution: They concluded thaf potassium ensymatically coors-
A‘dinated the rate of ni%fafe absorptian end 1ts assimilation
into organic compounds. Thay'believed théﬁ the potassium in
éome way affected tbe enz&ma%ie,?aactions of the plént; From
these datbasy the‘highar-coﬁ%ent of pltrate in the MK serles may
haﬁe been due to a greater absorpbion of nitrate from the nu-

- trient solution than in thé ﬁK geriess
Sideris and Young (1946) found a greater tobal nitrogen -
content iﬁ pineapple'in the high potassium treatment, , Pobas~

sium is neeéssaryy either direcotly or indirectly, for the
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reduction of nitrate; adcerding'to Nightingale (1943)s There=
foreg the HEK plants in thils experiment were probably higher in
tobal nltrogen content “than were the MK and LE plantsa Swanback
(1939) found that the absorption of mangsnese by tobacco plants
was affected by the potassium concentrations of the’nutvient
561gtion5¢ The lowest concentration of mangénese was in the
plants'suﬁplieq with the lowest concentration of potassiume -In
the LK tveétmentg.Syﬁptoms of menganese deficiency davéléped-
 ahd the concentration of menigenese in the LK plants was prob«
:ably'loweﬁ»than'that of the MK and HK plantss The manganese
GOncentratibﬁ of_the MK plaﬁts may also have been'dbfpespdhdé
ingly lower than that of the HK plantss The rate .of nitrate
assimilation in'axcised'wheétfﬁoots'WQs found- by Burstrom (1939)
t0 be increased by the édéition of mangsneses He stétés that
manganése is probably a reducing catalyst for the procéss of
nitrate reduction;'JA'greaﬁef concentration of both patéésium
arid mangsnese in the HK plants probably vesulted in‘a greater
rate of both nitrate raduéfidm and nitrate assimil&ti%ﬁ%i'Theréa

foréy while the total nitrogen content of the HK plants was

"+ probably greahar than that of the MK plants, the concentratlcn

of sap«soluble nitrate was lesse

In this exper¢ment9 the gﬁeaﬁér pértian of the sugdrs in
the tops was reducing sﬁgarsh The'ho%ai sugar contents. of the
. élants‘are shown in Pigure 8; . This maj readily be.Séeﬁ:by a

comparison of Tables X and XI., The higher reducing sugar coﬁn
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2.2
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Grams Sucrose/100 ml

1.0

Age of Plants in Weeks

Figure 8- Total Sugar Content of Expressed Sap of Sugar Beet
Tops at different stages of Growth.
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tent in the 1K tfeatments 1g in égveement with the resulbs of
Cooil and Slatbery (1948) and of Sideris end Young (19h5).
Cooil and -Slattery stabted that fh&%,ccmdensétion of redueing
sugars té sucross and starch ie inhibited by a lack of potas-
sivms Hassid, Doudoroff, and Barker (194l) have shown that
sucrose can be aynthesized enzyma%icélly fé@m glucose~l+phos-
vhate and fructose in the presende of sucrose phcsphérylaseu
Bonner (1950; ps 35) states that adenosinetriphosphate (ATP) is
. necessary fpr‘the.phqsﬁhéf§labion of glucose to glucose=i=
phosphate, Boyer, Lardy, and,?hillipS‘(lghB) have shown thatb
pobassium has an essential role in the transfer of phosphate
“friom phssphopyruvaﬁa to the adenylic systems Banmarjﬁl@ﬁ@,
© pe208) says that in soma,glanta_ﬁhe adenylic system appears to
funatiqn.ror‘the tyansfaﬁ of energy during plant metabollsm,
In other plantsy & strueﬁuraliy gifferent but bilochemicelly
interchangeabls compound seems ta.funﬁtipn in high energy phog-
phate reactions instead of the adenylic system. Whe,raﬁe‘af
the condensation of fedﬁcing SUEATS to,suérose and other di-
gaccharides, and to.polysaccharides, may have béen reduced in
the LK ﬁlanﬁﬁ,@ué te the éﬁfact of the low p@%aaaium“ccngentré*

£idn in the plant ﬁpen th§~§ﬁms@harylation of giuQQS@§~
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 SUMMARY

Three replications of sugsr beebs were grown in. sand cule-

tures with nutrient solutions centaining 39, 23h, and hé68 p.p.m,

of potassium, Harvests were made five, eight, oleven, and six-

teen weeks after the emergence.af the plantd,

1

2

Potasgium deficiency éymptama becams evideﬁt in the
plants of t he low po%és&ium”trsatmanﬁ one month aftév
emergence and pefsisted for the remainder of the exper-
iment, Plankts of the low poﬁassium.hreatmentyalso
develeoped symptoms. of manganésa defiaiencyﬁ

The pH of the expressed sap of the low potasaium plants

wag lower than that of the medium and high potassium

plants in all except the last hafvest; -in which the pH

3

of the sap of the low petassiuM'plants.was the highest,.
The fresh weighis of the tops of ﬁhe low pobassium
plants were sxgnlf%cantly less than those of the medium

and high pobassium’ nlants for each harvest, - Exeept for

‘the first harvvest, root weights of the low potassium

plante were alss significanbly less than those of the
mediun and high potaaéium plantss The fresh welghts of
both tops and roots of the high potassium plants were
usually higher than the welghts of the medium potassium
treatment Differéhaés in_shoot/fboturatios.betWeen
treatments were due ﬁo‘a reoduced root growth iﬁ the

low potassium plantas .
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Significant differences in the potassium content of +the

- expressed sap were found between all treabtments. Libile

variation in potassium conbtent of the sap'was found for:

the different harvests.

. The nitrate content of the expregsed sap incressed

- significantly between harvests for all treatments, ex~

 Gept for the last harvest of the low potasiium plants.

- The medium potassium plants consistently bad the high-

est concentration of sap+soluble nitrate. A4 greater

absorptlon of nitrate in the medium potassium plants

. Than in the low potassium plants Is believed %qfﬁa the

_ reason for this relabtionships ‘The.high.po%assiﬁm treat-

ment waa eonsxstently Tower in ap~salub19 nitwat@ cons

tent than was ths medlmm potaESLum‘treatwent, albhnugb~

‘the high potassiun plants probably‘contained a great@r

amount of tmbalfﬁiﬁr&gam@ mhejeffeats*oflpa%assium'and

manganese upon the rate of nitrate reductlon and sssimie

lation in the plant ﬁay‘h&v& lowered the concentration
of nitrates 1n*the,ex§rassed sap of the hiéh pctaésium
plamta, e |

An inverse relatlonship betuween the gap-soluble phos-

phate conﬁenz and. the petagsLum contenh of “the sap was

‘found for &ach harvest. lefereneﬁm between the pbos«

phate contant of the low pobassium treaﬁment and the

'medium~and bigh botasslum treatments were sbatistically .
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It
significanty Phosphabte content of the expressed sap
dié not vary significantly between hénveéts,'
The reducing S&gar conbent and the total sugar contenb

of the expressed sap of the low potaasiﬁm treatments

- wers significantly higher than those of the medium and

high potassium treatments for all harvests. The total
sugars of the sap of the sugér‘beet taps were ¢hief1y‘
comprised of reducing sugars: The role of potvassium

in the phosphorylatiﬁnlef'glueése and thé synthesis of
sud?ogé and of pblysaaaharides is discusseds The lower
concentration of potassium in the sap of the 1dﬁ_potas«
sium plants prébably”inhibiﬁéﬁ the céndensé%ion of re~
ducing sugsrs, resulting in the highervfedueing sugap

concentrations of this treatment.
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