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SUBMMARY

1. The effect of K and Ca levels in the nutritive media of pea plants
on the interrelationships among nutricnt jons in the tissue and on some
physiological processes such as growily, uptake of nutrients. sugar formalion
and distribution of nitrogen fractions in rootz and tops were studied.

2. K or Cu uptake and accunmlation Iy pea plants, in presenee of an
increasing concentration of one of them wnd keeping the concentration of
the other constunt in the nutritive media, were [ound dependent on their

concentlrations in the media,

3. Imcreasing K level in the nutritive medium reduced tlie absorption
of Ca to the extent that Ca deficiency exmiptoms nppeared. The same hap-
pened with K when the level of Ca was jucreased in the nutritive medium,
K interferred widh Ca absozption greater than Ca did with K absorption.
Also Ca or K antagonised Mg aud Na uptake.

4. Reciprocal relationchips were found bLetween the accumulation of
K and Na, K and Ca, and Ca and Mg; but positive relation hetween that of
Mgz and P. and P and N occarred in pea plants.

5. In presence of excess K. Ca became limiting to growth, sugar forma-
tion and nitrogen mctabolism while with jncrements of Ca, K became limit-
ing ta them. Under K or Ca deficieney. growth was inhibited and was
rclated to uptake aud translocation of nutrientz.  The majority of the
absorbed ions were translocated to plant tops. Nilrale wus assimilated in
roots a: well as in shoole and was utilised mainly in protein synthesis. Sim-
ultaveous with nitrate assimilation. asparagine and awino acid levels were

ncrvased,
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6. Under K deficicney, the total sugar content was reduced and this
‘was aceompatied by simultaneous reduction in the uptoke and accwinulation
of K, P and K. However, under Ca-deficiency. total sugar conteut together
with uptake und accumulation of K were inereased while those of P and N
were decreased.  Altheugh with deficiency of K or Ca, asparagiue, amino
acids and mainly proteins were reduced due 10 reduction in nitrate assimila-
tion, vet the accumulation of amides plus amino actds was greater than that
of proteins under K - deficieney while the reverse was true in control and

Ca - deficient plunts.

7. Interrclationships among nutrient jons as they occurred in roots of
plunis cultivated in dificrent culture media were similar to these oceurring
in corresponding tops.  Although the total -IN contents of the teps were
much higher than those of the roots, yet asparagine and protein contents
when caleulated as pereent of the total - N were found equal in roots and
tops of plania receiving excess K or Ca in presence of a constant supply of
the other ion indicating similar eourses of xyvnthesis in roots and tops.

INTRODUCTION

The growth and development of plants depend to # great extent on the
nature of metabolism.  Through ehanges of the prevailing conditions around
the plant, especially the nutritive media, variations in metabolism can he
obtained.  Thu: the role of the nniritive media on the vita} activity of plants
can be studied.

The cffeets of different raties between K und Cu on growth and meta-
boliemt of plants is one of the most important problems of the mineral nutri-
tion of plants.  Aryont and Johnson (1942}, Ol:en (1942), Sideris and Young
(1950), Edgerton {1948), Hanson amd Kuhn (1957) and Coail and Slattery
{1948) showed that growih and metubolizm of different plants varied dif-
ferently to changing Ca/K ratio in the nutritive mediu.

A complicating [actor of unknown eignilicance in the K aceumulation
of planis is the promoting cffect of Ca and other di - and tri - valent jons on
the uptake of K and assaciated anions ( Viets, 1944 ), Studies of Victs
elfect have been made with barley { Overstreet et al., 1952 ), Mung heans
{ Tuanada, 1955 ) and more recently with corn and barlex roots ( Hodges
and Elzam. 1967 ). Hanson and Kahn 11937}, however. fomd o 1yvpieal
Viets effect with corn hut not with soyhean mots where minute amounts
of Ca depresced K uptake and accumulation by the latters, Cooil (1948}
amd Shear et al. (1946) demonstrated that the 1otal amount of eations absor-
hed by a plant from differemt media tends to approach a constant but that
the relative acenmulation of K and Ca is dependent upon the ratios of these
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ions in the nutrient media. High concentration of K will tend to depress
thie accumulation of. Ca, snd vice-versa. Similarly Overstreet et al. {1952)
demonstrated that a given conceniratian of Ca exerts both a depressing and
stimulatory cffect on the ab:orption of W by barley roots and that the
effects are related 1o the concentration of I in the external madia. More-
over Ilodges und Elzam (1967) found Ca inlibition ta K uptake by com
roots during the initial phases of transport.  As the absorption periods
were lengthened, the effect of Ca gradually changes [rom an inhibitien to
a typical promotion. Identical experiments with barley and cuts led them
to illustrate the hazavds involved in applying results obtauined with one ( or
even several ) plant species to all species.

As regards, accumulation and distribution of nutrients in plants under
variable conditiong, the reader is referred to the work of Willioms {1943),
Wadleigh and Bower (1950), Smith and Wallace (1956) and more recently
by Noascir and Spiridinov (1965h). However the relations between total
sugar contents and uptake of wvutrients have Dheen studied by Humphries
( 1951, 1952 and 1956 ) using barley and pea plants.

Because of the complexitics involved in the study of jonie interrelation-
ships, much of the recent work has been done with excised roots and
radioactive tracers in an effort to ellucidate the individual azpects of the
oversll broblem. However, intcractions between inorganic solutes are pro-
bably expressed during the total processes of absorption throughout intact
plants sinece rccent cvidence by Smith and Spstein (1964) suggests that
active absorption by leal tissue is similar to the pracess that occurs in roots.

Nosscir and Spiridinov (1965h) studied the effect of IK/Ca raties in the
nutritive medin on the nptake and transtoeation of isotopie P and S by
phaseolus plants. In that study, the total molar concentrations of K + Ca
in the different media were either above or below tliat present in normal
Hoagland solution and constant levels of K or Ca were not tried. In the
present study, coustant molaritica of K or Ca as these present In the nrormal
Hoagland solution are used. In the same time progre:sive increases in con-
centration of one ion in prescnce of a coustant supphy- of ilie other ion and
keeping the other nutrients constant are tried. Under these conditions the
total molar coneentrations of K + Ca are always higher thaun that of the
normal Hoagland solution. The purpase of the present study was to deter-
mine the effects of K and Ca levels in the nutritive media of pea plants
under the conditions mentioned above on some of the interrelationships
among nutrient ious as they occur in tissues, Also this study was extended
to include responses of sonie phygiclogical processes such as growth, uptake
of nutrients, sugar formation and distribution of nitrogen fractions not only
in roots but also in shvotz, Conscquently, the physiological activity of the
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roots eanhil be compared with those of shootss Peg plants were selected for
such a =tudy hecause of my previous experienee with their mode of culliva-
tion and with the analstical teelmiques suitahic for thear © Noeseir anrl

Spiridinov. 19654 1.

MATERIAL, METIHODS AND FAPERIMENTS

Piswm sutfvum. variety « Little Marve}l s sceds wers germinated in the
rame way ax hows in a previons work by Nogseir (19081, The weeds were
[irstly coukedd in water for 1 hours . theu distributed zingly on moist (iler
paper in loosely covered petri-dishes, and finally neubated at 25 € Alter
they produced radieles of 2.5 - 3 e long cach. the young scedlings were
supported in the culture vessel: with their radicle: immersed in water as
shown in plate (1). The seedling: were transferred to natrient ~olwiions
after 20 davs. Sereened deep glass vesselss 1 L capaeity cach were used Lo
conlain water or nutrient zolution=.  VFour plants were supported within
holes in a paraflined waooden cover and put m each vessel so that the plans
could be transferred 10 other culiures and the roots could e examined
periodically.  Plants were grown on a Hoagland solution confuining 5 mb
EXOy: 5 M Co (NOs)s; 2 mM M5S0 O andd 1M KELPO, wgether
with e microeleients of Shive amd Robbivs ( DNosscir, 1968 3. Variable
levels of Ca and K in the culture media and hence in plants were obtuined
b1 additions of KCl or CuCl at different concentrations according 1o the

following seheme :
Normal Haagland solution, dezignated as K,Ca,
Normal Hougland selution. + 2 mM CaCl.. designated as K, G,

Normal Hoeagland solution, + & mM CaCly, disignated as KoCaa

]
-r

Normal Hoagland solution. -+ 2 mM KCI | designated as KoCa;

Normal Hoaglund zolution. + 1 mM KCl , designated as K, Ca,

Normal Hoaglund solution, - 5 mM KNO, + 5 M NadO., designated as
K,Ca,

Naormal Haagland solution. - 1 mM Ca (NO_& & 8 mM NaNO |, designated
ns K.Ca,.

Fent cultare ceplicates woere used for every treatnent to make a total of
70 experimental vessels, The pH of the nutrient salutions was maintained
at 3.6 - - 5.8 throughow the whole experimental period by periodie additions
of traeex of NaOH or H.80,. The medinm was venewed onee a0 week and
forced aeration was provided {or each culture vessel daily. The planl: were
cultivated in the different eulture media under controlled condifions of
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temperature ( 23 —- 27°C } and continwous light ¢ 3200 (oot candle ) in
a specially designed cultivation chamber,

At the end ol the experimental period whick fasted for 5 weeks, the
corrcspnuding p]m\! organs { rouls or lups ) of every trealment were co“l’.c-
ted together and mixed well.  The roots were washed thoronghls with
distilled water and dried geotly hetween Monting paper.  The plant organs
of every treatment were then divided into two batehes.  One batch after
being weighed i a covered plastic hox, was cwt into small picess and im-
mediately killed in boiling water.  Alter exiraction with water, protein was
coaguluted by acetic wcid aod chilling treatments and then sepacated by
filtration through hard filter paper ( Whatnwan No. 54 ). The filtrate after
being completed to a known volume was nsed for the determination of the
soluble nitrogen fractions. However, the rosidue was dvied. powdered and
used for protein - N determinution. The methiods used for nitrogen {raction
determinations are those adopted by El-Shishiny (1955) except that for
the determinalion of the amino acids which was carried out using the nin-

livdrin method { Nosscir, 1968 ).

The secand bateh of the same treatment afler heing weighed, was cut
into small picecs and then dricd ot 105°C until a constant weighte Alter
the dry weight determination was done, the dry matler was ground to s fine
powder wsing a procelain morter. dried ugain in the oven and then samples
were taken for the determination of total sugars und amina aéids or mineral
contents.

Extraction, separation and determination of sugars and amino acids
were done using the methods adopted by Nosscir (1968). A known weight
of the dry powder togcether with a convenient volume of water-alcoliol mix-
ture were transferred inlo a conical fla-k fitted with an air condenser. The
flask was then immersed in a boiling water bhath for 30 minutes.  After
cooling, the flask was agitated for 15 minutes using a shaker. The suspen-
gion is then filtered and the filtrate was evaporated Gll aheut 10 ml. The
sugars are then scparated from amino acids in the filtrate ueing the ion
exchange résin column ( KY .2 brought from Moscow ). The flow coutain-
ing sugars was received and evaporated to deyness at room temperatare.
The amino acid: were eluted by 109% anumonia and the cluate was received
and evaporated. Tolal sugar content was determined colorimetrically using
the unthrone method while amino acid content was determined using the
ninhydrin method, Nosseir (1968).

As regands mineral analysis. a known weight of the dry powder was
ashed at 330°C for a convenient time until a perfect clean white ash was
ohtained. P ashing was carried ont in prerentee of My (NOQL),6HL0 using
another smmple from the dey powdered matter  Juckson. 1960 ). The ash

(12}
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was then dissolved in 10 ml. O, 5N HCI and then diluted to 100 ml. { Sideris
& Young, 1930 ). Aliquot: from the dissolved ach were 1aken and used for
determinations of Ca and Mg hy titralion against trilon, P colorimetrically
and K and Na by flame photometer, Nosseir (1968).

During the experimental period, the developmenl and gome growth
characters of plants including iorphelogy and size of raots and ehoots aud
external symptoms of nutrient deficiency were rcecorded,  The untreated
plants were harvested after culturing in distilled water for 20 days.

At the time of changing the nutrient solutions, aliquot samples were
taken from the old solutions before discarding und of the new ones before
transferring the plants thicreto, and measurements were made for NH,, NO,,
PO, Na, K, Ca und Mg using the previously mentioned methods cxcept
nitrate which was delermined colorimetrically using disulphophenolic acid
{ Nosceir, 1968 ). Also volume mcasurements of the nutrient solutions at
the beginuing and end of intervals of ehange ( one week ) were made and
adjusted ta the original volume for correction of the residual concentrations
of the different nutrients,. The cumulative absorption of these nutrients
throughout the 5 wecks of the experiment were qguite consistent with the
uptakes determincd by substracting the total content: of the untreated plonts
from the corrcsponding total contents of the treated ones at the end of
experiment, and are presented in figure (2).

RESULTS AND DISCUSSION
Growth and Dcvelopment of plants at various levels or K and Ca :

The resuits in figure (1) show that K or Ca, when supplied at equimolar
concentrations to pea plants at levels above or helow those present in the
normal Hoagland solution, expressed depressive cflcels ou growth aud
development of plants. Such depression wus (urther enhouced by further
additions of equimolar concentrations of K or Co.  These results indicate
that moximum growth is obtained with optimum concentration of K or Ca
but not with maximun or minimum concentrations of these clements, the
uptakes of which were dependent on their concentrations in the nutritive
media. Sideris and Young (1950) reached to the same conclusion with pine
apple plants eultivated at different levels of K and Ca in the nutritive media.

However, plants seemn to respond differently to nutrient solutions lav-
ing different K and Ca levels. Armon and Johnson (1942) found that
growth of lettnce plants was progressively improved us the Ca concentration
edded to the nutricut eolution was increased from 20 to 280 mgm. /L whereas
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growth of tomato plants showed . marked increase upon iucreasing the Ca
conteut of the media from 20 10 80 mg,/L and a further inerease to 280
mgm./L was not assoctated with further increase in growth. With pea
plants under 1he present study, increasing the Ca content of the nutritive
media {rom 40 to 200 mgm./L, cawsed a marked inereaze in grewth, and
development but at coneentrations above 200 wigm./L, growth and develop-

ment were progressively decreased.

On the other hand, Edgerton (1948) studied the response of 2 varieties
of voung apple 1rees 1o untrient solutions having K coucentrations of 25, 50,
100, 200 and 400 mgm./L. He found tha. growth increased with increasing
concentration of K up to 200 mgni./L with MecIntosh variety of the trees
and only up to 100 mgm./L with Dclicious varicly. His resalts also indica-
ted that K is freely absorbed by apple trees beyond the point at which
maximunm growth occurs, With pea planls under study, inereasing the K
content of the nutritive media from 39 1o 234 mgm./L caused a marked
inerease in growth of plams, but with eoncentrations above 231 mgm./T.,
growth was progressively decressed where K was freely ahsorbed irrespective
of growih,

Alzo figure (1) shows that dry weights of wps of pea plauts cultivated
in the various nutrient solutions were very much higher thaun the weights
of corresponding roots. This {its good with the results depicted in tables
(1), (2) and (4} where higher fractions of mincval elemenls, sugar contenls
and nitrogen freactions mainly proteins were recorded in tops than in roots
of the sume plants. According to Withirow (1951), the mincral elcments
enter into synthesis with carboliydrate derived material and [orm the meta-
bolic and structurul components of plantz. Also elements may aceamulate
in the vacuole and so provide the nceessary concentration of solutes for

producing the osmotic pressure exerted hy the eell.

It was interesting to find that pea plants coltivated in nutrient solutions
baving increasing Ca concentrations exhibit symptoms of K deficiency both
visually and metabolically { as will be shown later ) while plants grown in
media having increments of K show symptoms of Ca deficiency although
the levels of Mg, N and P were very much rednced in plants receiving excess
Ca or K. Thesc results are supported by plants grown from the beginning
of the experiment in nutritive media deficient in K or Ca which show the
game corresponding symptoms, Under such conditions antagonestic cffects
of K and Ca on the uptake of each other did oceur reducing the concentra-
tion of the other clement to the deliciency level in the tissues with the
resultant exiernal and metaholic symptoms,

K or Ca deficiency symptoms began to appear externally on plant
organs during the last week of the experiment. The external symptoms of
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Table 1.—Disiribution of the absorhed natrients within reats and teys of pea
- - - ' - n ] 1
plants grown for 5 weeks in various levels of K and Cu in the puiritive media
{ mgm. nutrient element/20 planis ),

-

Accumulated in roots Translorated to tops

Treatment: — e
Ka K Cn Mg P N Na K € Mg 7P b

KiCa5 5.8 0.2 6.4 1.8 7.7 3.9 39.5 31.525.0 2.1 10.8 36,0

Ké6Ca9 1.0 10,1 17.0 1.4 20,0 I1.5 15.6 63.5 73.6 12.1 3B.5 72.7

————— —— e e e

K6Ca7 5.2 22.915.0 1.2 35.5 20.3 22.4 82.0 69.6 22.1 96.7 116.9

K6Cas 6.8 48.2 13.6 71.0 63.1 37.6 33.5 106.7 65.5 31.8 175.2 177.0

KgCa5 4.8 56,9 8.7 6.2 51.9 28.9 17.8 113.9 42,9 10.1 148.3 120.1

K10Ca5 2.6 64.8 5.2 5.7 37.9 19.6 12,4 178.7 29.7 12.5 130.1 103.5

K6Cal 9.6 6.6 2.4 1.2 1.7 1.9 56.132.3 7.913.6 4.0 23.4

Table 2.—Total sugar contents in roots and 1ops of pea plants grown lor § weeks
in varjous levels of K and Ca in the nutritive media. The data are presented
as mgms/pm. dry woight or 100 gm. fresh weight of tissues. The data are
also given as percent of that of the contral in K6Ca5 solution.

Roots?¥ Tops** Roots* Tops*

Treatment
}I]J.gill- Pcrccnt mgm. l)erccnt mgm. pcrccut mgm. percent

Water for 20days ~ 10.1 9 15.1 13 32.3 5 120.8 11

K1Ca5 20.1 18 18.4 17 80.4 13 165.6 16
K(Ca9 69.6 541 62.8 55  250.6 40 565.2 53
K6Ca7 : 84.3 75 £5.8 T A21.5 68 789.9 T4
K6Ca5 112.2 100 113.0 100 618.2 100 1062.2 100
K8Ca5 124.8 111 130.2 113 618.9 105 1171.8 IIE—
K10Ca5 140.6 125 136.6 120 703.0 1I4. 1256.7 118
K6Cal 180.1 160 180.4 160 720.4 117 1623.6 153

*Mgm.[100 gm. fresh weight #*3gm. /gm. dry weight



K deficiency _included motiled chlvrosis followed by the development of
necrotic I_Ycllowish arcas at the tip wd margin of the leaves, Because of
the high wobility of K, these symptoms first appeared on the more mature
leaves and then extends upwards by clapse of time, Also there was a ten-
deney of somie leaves 10 curl downwards as in French bean and potato plants
( Hewilt; 1963 ). On the other hand, Cua deficieney caused malformation
of the vounger leaves and hooking of the leaf tip appearing first in the
vounger leaves and the growing apices a5 a conzequence of the less mohility
of Ca. Alsa the roots of Ca-deficient plunts were short and brown as in
Ca - deficient tomato plants { Kabra, 1956 ). Moreover pea plunts deficient
in Ca or K as the result of disturbing the bulanee between them were shorter
and more stunted than the plants grown in the normal Hoagland solution,

plute (1),

%5} I~ ¥y L ) e
o © 0™ o no w9
— w W w © e \»

Plate i1} Growih and ddevelopnient of pea plamts prown for 7 weeks in varions levels

of K and Cu in the rritive media
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Uptake, distribution and translocation of elements at various levels of
K and Ca :

In figure (2). the uptakes of nutrients by 20 plants during the experi-
mental period were shown. Control plants cultivated in normal Hoagland
solution absorbed nutrients at different rates. Additions of equimolar con-
centrations of K or Ca to the nutritive medin and keeping the other nutrients
constant resulted in progressive decreases in uptakes of Mg, P and N. K
uptake was also deerensed in the inereasing Ca - series while Ca uptake
increases by its incrense in the nutritive media. Also Ca uptake wag deerea-
ged in the incrensing K - series while K uptake increases by inereasc of its
concentration in the media. These results clearly show net enly the auta-
gonistic effects of K end Ca on the uptake of each other by pea plants but
aleo show their antagonistic effccts on Mg and Na uptakes. The necompany-
ing reduction in absorption of P and N in presence of excess Ca or K in the
media is not due to the antagonistic effects of the latters hut is no more than
an effect of growth dilution as found by Dumbroff and Michel (1967) for
pine plants. Ca ahsorhed progressively by increase of its concentration in
the nutrient media might have also interferred with the physiological
functioning of the ahsorbed K, thus reducing the physiological activity of
pea tissues. This suggestion is supported Dby Spiridinev (1963) who found
thiat Ca reduces the physiological activity of phaseolus and corn tissues,
Morcover Ca might have reduced cuergy dependent K transport by decreas-
ing membrane permeability which is indecd one of the classical suggestcd
cffects of divalent cations, Collander (1959).

In literature, there is a good deal of work concerning the antagonistic
effects of K and Ca on the uptake of each other by various plants and that
such phenomenon depends on the concentration of hoth ions in the culture
media. Thus Viets (1944) working with barley, Tanada (1955} with mung
beans, Jacoby (1961) with citrus plants, Hodges end Elzam (1967) with corn
and Pierre and Bower (1943) with com and other crops showed the antago-
nistic effect of Ca on K uptake by excised roots as well as intact plants. On
the other hand, Smith and Wallace (1956) working with beans, oronges and
barley plauts and Sideris and Young (1950) with pine apple plants showed
antagonistic effects of K on Ca uptake by plants, The latter authors also
found that high Ca concentration in the media interferred less with the
nbsorption of K than high K coucentrations with Ca. The results in hand
agree with those of Sideris and Young since equimolar concentrations of
K and Ca depressed the uptake of cach other by pea plants and the reduc-
tion with Ca on K uptake was less pronounced than with K on Ca uptake.

The depressive effect of Ca or K on Mg uptake by planta are slso
reported by Smith (1962), Tugestad (1957), Smith et al. (1954), Hadges and
Hanson (1965) and Jacoby (1961).
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owever in the excess Na-series in presence of low K or Ca in the
nutritive media, the uptake of nutrients was very much reduced below
those in excess K- or Ca- series except the uptake of Na which was increased
by the incerease of il concentration in the nutritive media.  Similarly
Dumbroffl aud Michel (1967) working with pince plants and Rains and
Epstein (1967a & b) with harley roots found that plant tissues absorh Nu
as a function of its concentration in the culture media. On the othier hand
the amounts of Na taken up by pea plants enltivated in the different culture
media except K,Ca;Na; and K, Ca,Na. arce deriverd from that amount added
as NaOH during the successive adjustment of the pH of the media through-
out the whole experimental period, Actually, Na analysic of the media at
the start of every solution change was very low { 8.5 — 12.2 mgni./L ), thus
the untagonistic effects of the relatively progressively higher supplies of Ca
or K on the uptakes of Na was clear. Similarly, Rains and Epstein (1967a
and 1967h) found that K or Ca antagonises Na absorption by barcley roots.
Also Na abeorption is drastically curtailed by Ca as sliown by Epstein (1960)
and (1961). '

The antagonistie effects of Ca or K on the uptake of each other and on
uptake of Na or Mg by pea plants can b interpretted as the result of a
competition for a metabolically produced linding compound as suggested
by Overstreet et al. (1952). Laggett and Epstein (1956), Hodges and Hanson
(1965} and Rains and Epstein (1967h),

When the K/Ca ratios of the solutions were plotied against the K/Ca
ratios in the planis ( roots or tops ) as illastrated by figure (3), the rclative
uptake and henee accumulation of K and Ca in pea tissues appeared to he
dependent on the ratios of these ions in the nutritive media. Hanson and
Kahn (1957), Cooil (1948) and Sideris and Young (1950) found the same

relation with different plants.

Truog et al. {1947) found positive correlalions between P and Mg con-
tents of peas under different nutritional conditions, thus supporting the
theory that Mg serves as a carrier of P within the plant. This resnlt is
emphasized by the present work since Mg uptake and translocation to tops
of peas ran parallel to those of P, table (1) and figure (2). In contrast,
Dumbroff and Michel (1967) found no relationship between Mg supply and
P uptake and accumulation by pine plante.

Also the positive correlation hetween uptake and accomulation of N
and P by pea planis cultivated in the different culture media. figures (2)
& (5) clearly show the close conneetion hetween uptoke and metabolism of
N and those of P.  Such correlation is repeatedly shown by so many
workers, Cole et al. (1963) using corn. Nosseir and Spiridinov (1965h) using
phascolus and Nosseir und Hathowi (1970) uring swect potate. Moreover,
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the relation fonud in peaplatts Gt swith wron il toxether with metabolia
changes within the plant tiseges [ 1 will be discus-cif Lagor althougl Cole
et al. (19633 found that e stimulation of P uplake togetlier witl, increasing
Nlevels in eom plants s nor related o growts bur rather ta metabolic
chunges within 1he plamt lizsues,

Numpleies 11951, 1952) [,.,. hown that 1he rate of uptake of N, P
and K by roots of barles andl pey plant cultivated in solulious deficient in
these elements. inerease witly inereasinge total sugar contents, A rexamina-
tion of his previous results, Hunrpliries 11936) has shown that the positive
regression of the nutrient upake i atiribniable o the reducing sugar frae-
tion. ¢ concluded thai condition: nducing high reducing sugars. alsn
induee high rates of uptake and vieo-versa,  Sinee the tofal sugars determi
ned iu the present investigation inglude glucose, fructose and sucrose collec.
tively it ean be safely - coneluded that here x|, [air connection lietween
redireing sugars and rucrose on one hand and uptakes of KN and P on the
other hand by pea plants cultivazed in the increasing Ca - xolutions where:
uptakes of K, N anad I’ were progressively depre-sed assnciated with progres.
sive deerenses in tolal sugar contenis (fiwure 1), Under such canditions,
sugars may be the parent substances for the formation of 2 chemieal
compound capalle of combining with K. 1" ar \ 4. saggested by Humphiries
(1952).  Also the resulis in hand how that active protein synthesis is
prerequisite of salt aptake singe deercases in protein lormation were associa.
ted with decreases in K. N und P ouptake: by K. deficient plants. table (4)
and figare (2).

Data <howing aptake and disteibution of hutrient dons in pea plants
( table 1 and figure 2 revealed the elose paralleliam between total uptake
and distubution of ions withiy, plant parts and that the major fraction of
these ions have heen transslocated 1o the twps while only o emall fraction
remained i the roots, Obviously this i due to the fact that shoois of planes
are the seats of synthesis from whieh photosymihates are in part transferced
to roots, Lundegardh (1951).

The inl:crrc.*lalion::hips among nutrient ions s they oceured in pea
orgaws are Hustrated iy figure (51 Perrie aa cited by Williams (1948)
diseureed the acenmulation and redistribution of nutrients within the plant
and he contrasted the behaviour of K ta Ca in these respect=. Such contras.
ted hehaviour of K 1o Ca is aleo shown by pea plants where higl accumula-
tion of K was always associated witl) Jaw accumulation of Ca and viee.vers
in both routs and top=. This is teme with all freatments except  with
K.Ca;Na- atid K.CaNag treatments probably due 1o the iterforence of the
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eace=s Nu present in thece media.  luspite of the higher coneentration of Ca
cver Koin the medin of the Ca - inereasing seriex (figure 51, vet K accumula-
tion war always higher than Ca.  Simiilarly Smith and Walluee (1956)
showed that although K'* coucentration in the solwion of dilferent plants
was only '/, the eoncentration of Ca, there war o gremt aceumulation of K©#
than there had been for Ca®®,  Morcover. Wadleigh and Boswer (1950) found
evidence for u reciprocal relationship in the accumulation of Cu & Mg on
one hand and Na and K on the other hand amonyg the tizsues of hean plants
on variations of Ca supply s the woter eulture.  Suel relationships are
quite clear (figure 5) in pea plants undec investigation not only on varia-

tions of Ca supply butl al:o an variations of K suppls,

As regords N and P, inereasing concentrutions of K or Cu in the nut
ritive media depressed pragressively their accamulation in roots and shoota
of peas. With the different treatruenis used. P accumulation witlin pea
dssues was always higher than and pesitively reluted 10 that of N and this
lits with Petric’s slatement { Williams, 1948 Jthat the cell is able 10 accom-
tlate much larger amounts of inorganic and soluble organie compounds of
P than with N.

From the result shown by figure (3), it is elecar that interrelationships
among nutrient jons as they oceur in reots of pen plants cultivated for
5 weeks in different cultore media are <imilar to those oceuring in tops.
Recent evidence by Smith and Epslein (1961) suggest= that active absorption
and aceumulation of inorganic solutes by Ieal tissue are similar to the pro-
cesses that ocenr in roots of corn plants.

Assimilation of nitrate and distribution of nitrogen fractions in planis at
various levels of K and Ca.

The assimilation of nitrates as measured by the rate of dizappearanee
from pea organs are Hlustrated in 1able (3). The available NON includes
the initial nitrate ( of untreated tissues Yplus the dilference hetween the
total-N content of the treated and untreated tissues. It is quite clear that
the assimilation of nitrate was very much greater in the lops than in the
raots of pea plants cultivated in the diferent culture media.  Similarly
Street & coworkers (1946) found that nitrate assimilation was greater in the
shoots than in the roots of potato sprouts. 'This together with the postula-
tions of Burstrom (1945) and the findings of Sideris and Young (1950) that
nitrate assimilation takes place in ehlorophyllous tissues does not receive
evidence from the present work with pea plants sinee uitrate assimilation
zocs on in roots as well as in shoots,

Alzo table {3) shows thal pea plants eultivated in control media (KoCus)
contain 30 an:d 83.2 mgm. NO-N/100 g, fresh weight of Llissue in roots and
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Table 3,—Assimtlation of nitrute - N by roois and tops of pea plants grown
for 5 weeks in various levels of I and Ca in the nutritive media. Mzm-
N;IOO g fresh \\'l‘.ight of tisstes,

—— e ———— e - P— PR - e ———— e |

Rovis TOpS

Trealment --— -
Available  Vound Assinulated  Avuilable Foumd  Assimilated

Hod-N No3-N Nod-N Nod-N No3-N Ne3-XN

K1Ca 606 30.1 30.5 2110 120.1 121.8
K6Ca9 W87 553 194 209.9  126.3 173.6
K6Ca7 194 2.1 7.3 4302 105.5 394.7
K6Cas 2361 30.0 2061  587.8  g3.2 504.6
K8Cab 188.2  41.7 140.5  457.0 113.1 343.9
K10Ca5 1421 829 0.7 4501 155.7 294.4
K6Cal 8.2 WaT 15 1681 1451 2.4

shoats respectively. Imcreasing the levels of Ca or K in presence of a con-
stant supply of cither of them and keeping the other nutrients constant in
the culture media caused progressive high witrate contenls in roots and
shoots. In the sume time, K and Ca levels of tissues were inereased by the
inercuse in concentration of these clewments in the nutritive media.  Similar
results were reached with in pine apple plants ( Sideris & Young, 1945 and
1946 ) where nitrate contents were grester in the high-K than in the Iow-K
cultures aud were related direetly io Ca level: in eultures and Tence in
tissues.

The progressive increased accumnlation of nitrate in pea tissues (table,
3) in presence of exeess K or Ca in the enlture solutions together with the
coincident reduction in nitrate availability in the tissues resulted from pro-
gressive reductions in nitrate assimilation. The uitrate assimilation was
always associated with proneunced increases in proteins and relatively small
increases in asparagine and amino acids in either rouls or shoots of plants
under varizble natritional conditions but are higher in shaots than in roots
(table 4).  Several investigators reported higher protein synthesis con-
sequent w ferdiug plants or argans witl nitrate aud that the rate of sy
thesis is Timited by niteate assimilation, Steward and Street (1946} Sideris
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et al. (1937) anmd (1938} and Said and ElShishiny  (1949).  Glutamine,
however, showed no significant change in rootz of pea plants under the
different econditions of the experiment but it heeomes sonewhat high in tops
indicating that glutamine precwrsor is produced in the chlorophyllous
tiszues,

Glutamiine. however, wus tentatively regarded by Steward and Street
{1916} as a reactive intermiedinle in protein synthesis of potato tuber tissues.
Since asparagine was dominating in pea plants . it is possible that this amido
can act as glutamine acls in potato tissues. being intermediary in protein
synthesis of pea plants. Morcover. incorporation rates of varions amino
acids into the prateins of pea homogenates has been demonstrated by
Webster and Varner (1953).

The accumulation of asparagine rather than glutamine in pea plants
emphasizes the results already obtained by Nosseir and Spiridinov (1965a)
where asparagine was the only amino acid amide that appears on the chro-
matogram of both roots and shools of pea plants endtivated in Hoagland
solution under different conditions.

Tables (2) and (1) alzo show thau the as<imilated nitrate by pea plants
culiivated in normal Hoagland solulion: were aceounted for by increnses
mainly in proteins, asparagine and wmino acids. Tn roots, these inercases
account for 64 %. 13 % und 23 % of the assimilated nitrate us proteins,
osparagine and amino acids respeetively. In the shoots, liowever, these
increases account for 61 °%, 10 %, 13 %. 3 %, and 2% as proteins, asparagine
amino acids, glutamine and rest.N respectively.  Inerements of K or Ca in
the mutrient wedia inhibited the furmation of these fractions in roots and
tops due to reductions fn nitrale assimilation,

Although, the quantity of 101al-N in the shools of pea plants was mueh
higher than in corresponding roots under any experimental condition,
yet asparagine, and protein of the roots as % of total-N are present in the
same proportions in shoots of plants cultivited in excess Cu- or K-media in
presence of constant supplivs of cither jons (table 5). Under these condi-
tions, similar courses of asparagine or protein syntheses in both roots and
shoots might have occured.

As euggested hy Sideris and coworkers { 1937 and 1938 ), hecause of the
low rate of nitrate assimilation iu pine apple plants, carbohvdrate might
have been preserved and kep! at relatively higher level, 1l promoting
protein svnthesis. In pea plants under  investigaiion, although nitrate
assimilation was Towered by the inerease of K or Ca level in the enlture
media (table 3), yet proten ssmhesis waz also Towered in borlh cases (table
4) while the total sugac content decreazes by the inerease of Ca level hut

(13)
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increases by increase of K level in the uutrient meedia (table 2) both in
roots and zhoote.

Since symptoms of K-deficiency were dominating un the shoots of pea
plants receiving excess Ca and emphasized by plants cultured from the
beginning and throughout the whole experimental perdod in K.deficient
media, it becomes clear that ligh econcentration of Ca antogonising the
oheorption of K, have reduced the latier to deficiency levels in the tissues
with the resultan: effects of K deficiency on nitrogen metabolism and sgar
formation. The same appears true in case of excess K leading to cifects
of Ca-deficiency.

Table 6.-—Asparagine + pultamine 1- amino acids/protein ratios in roots
and tops and whole pea plants grown at various lovels of K and Ca in
the nutritivemedia.

Treatment Roots Tops Whole plants
K1Ca5 1.90 2.49 2.27
K6Ca9 1.76 1.97 ]-.-.-8!
K6CaT 1.08 1.05 1.06 )
K6Cn5 0.85 0.60 0.72
E8Cas 0.88 0.91 0.0
E10Ca5 0.84 0.96 0.94
KéCal 0.89 0.92 0.90

The main effects of K-deficiency on the N metabolism have been studied
by Richards and Templeman (1936}, Sideris and Young (1946) and Cooil
and Slattery (1948) using various plants aud found higher proportions of
amides and amino acids to proteins in K-deficient plants. Such relation is
clear from table (6) wherc the ratios of amides and emino acids to proteins
inerease progressively by progressive decreases in ahsorption and accumula-
tion of K ; in the same time, total sugar contents as compared with controls
in normel Hoagland eolution decreased. Similarly, Cooil and Slattery
(1948} using guayule and Ruseell a3 cited by them using barley plants



- 19

reported low tatal sugar contents in Kedeficient plants,  The low sugar cont-
tents of pea plant deficient in K might be attributed to the low assimilation
rate, and hizgh respiration of the lissues sinee Richard: (1932) found that
with decrease in the K supply to barley plamis. the respiration rate of leaves
increares to a maximum whey the K supplv is one-ninth that of the fully
manuted plants.  Also White (1936) found that Lemna plants show low
assimilation rate nunder Keleficienes. Moreover, shortage of K Teads 10
reduction in phatosynthetic activity of plauts as =tated by Stiles (1936).

The limiting effect of Ca-deficiency on the Nometabolism of pea plants
is also elear from figure (5) where total-N runs parallel 10 the level of Ca in
the tissues when K was present in excess over Ca in the nutrient media.
Parker ani Truog (1929) peinted that in a series of 34 plant speeles, the
total-N content and Ca ran parallel and they saw in this fact evidence of the
acid-neutralizing funetion of Ca. The same connection between N meta-
bolism and Ca i: alse indicated by the work of Nightingale (1921) who
found that tomato plants suffering from Ca-deficiency were unable to absorb
or utilize nitrates to any apprecioble extent. Ou the acid-ncutrolizing
theory, this could he explained by supposing that under Ca-deficiency,
acids accumulate in the plant wnd inhibit the normal proccsses involved
in nitrogen metaholism.  Here with pea plants (table 3), the availability of
nitrates in rools or tops decreased pragressively by increase in Ca-deficieney
{ K- inereasing scries as eompared with controls in normal Hoagland solu-
tion ). This wus accampanied hy more pronounced reduction in nitrate
agsiniilation which reached 96 % and 95 % helow controls in root: and shoots
of plants cultivnied in the Ca-deficient media from the beginning and
throughout the whole experimental period aud this was accompanied by
reductions of 81% and 74% in nitrate availability by roots and shoots. In
contrast, tolul sugar contents were inercased by the inerease of Ca-deficiency
tnd reached 60% higher in K¢Ca,-treated plante over that of contrals. The
progressive inerease in total sugar eontents af Ca-deficient plants was asso-
ciated with progressive decreascs in tlic level of organic nitrogenous com-
pounds:, mainly proteing, table (4). Under these conditions, the carho-
hydrates which would normally be involved in the synthesis of these organic
nitrogen compounds remain unutilized and so the increaze in the total supar
contents { table 2 ).

~Although the quantity of the toral-N of the Ca-deficient or high K-
plants were very much helow that of the fully manured ones, yet the ratios
of amides -+ amino acids/proteins are equal in roots and higher in sloats
of the Ca-deficient plants tian those of the fully manured ones. With all
plants. this ratio was always below unity.  These results might indicate not
only a normal rute of synthesis of these compounds in roots of Ca-deficient
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plants, but also protein synthesis going on faster than thase of amides and

amino acids.

On the other hand, with K-deficient or high Ca-plants, the ratios of
amides + amino acids/proteins are always higher than unity indicating
s relatively lower rate of protein synthesis. Steward & Preston (1941}
Said and El-Shishiny (1949) have found that inereasing comeentrations of
K, increase protein synhesis while increasing that of Ca produces the
diverse procees is potac & radish root respectively.,
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