GROWTH, NUTRIENT UPTAKLE AND ACCUMULATION,
TOTAL SUGAR CONTENTS AND DISTRIBUTION OF
NITROGEN FRACTIONS IN PEA PLANTS CULTIVATED
AT DIFFERENT LEVELS OF K AND CA IN THE
NUTRITIVE MEDIA
By
M. A. NOSSEIR
University College for Girls, Ain Shams University, A.R.E.

SUBMBIARY

1. The cffect 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 growtl, uptake of mutrient:. sugar formation
and distribution of nitrogen fractions in rootz and tops were studied.

2. K or Cu uptake and accummulation Iy pea pluants, in presence of an
increasing concentration of one of them .nd keeping the concentration of
the other constunt in the nutritive media, were found dependent on their

concenirations in the media.

3. Increasing K level in the nutritive medium reduced the absorplion
of Ca to the extent that Ca deficiency symptoms uppeared. The same hap-
pened with K when the level of Ca was iucrcased in the nutritive medium,
K interferred with Ca absorpiion greater than Ca did with K absorption.
Also Cu or K antagonised Mg aud Na uptake.

4. Reciprocal relationchips were found between the aceumiulation of
K aad Na, K and Ca, and Ca and Mg; but positive relation between that of
Mg and P. und P and N oceurred in pea plants.

5. In prezence of excess K. Ca became limiting to growth, sugar [urma-
tion and nitrogen mctabolism while with increments of Ca, K became limit-
ing to them. Under K or Ca deficicney. growtly was inhibited and was
related to uptake aud translocation of wutrients.  The majority of the
ahsorbed ions were tramslocated to plant tops. Nitrate wus assimilated in
roots a: well as in shoolz and was utilised mainly in protein synthesis. Sim-
ultoneous with nitrate assimilation. asparagine and amino acid levels were

increased,



6. Under K delicieney, the total sugar content was reduced and this
was accompanied by simultaneous reduction in the uptake and accunulation
of K. P and N. However, under Ca-deficiency. total sugar content together
with uptake und accomulation of K were increased while these of P and N
were decreased.  Although with deficiency of K or Ca, asparagiue, amino
acids and mainh proteins were reduced due to reduction in nitrate assimila-
tion, vet the accumulation of amides plus amine actds was greater than that
of proteins under K - deficicney while the reverse was true in control and

Ca - deficient plants.

7. Imterrclationships among nutrient ions as they occurred in roots of
plunts cultivated in difierent culture media were similar to thesc occurring
in corresponding tops.  Although the tetal -N contents of the tops were
nmuch higher than those of the roots, yet asparagine and protein contents
wlhen calculated as percent of the total«N were found equal in roots and
tops of plania receiving excess IX or Ca in presence of a constant supply of
the other ion indicating similar eourses of =ynthesis in roots and tops.

INTRODUCTION

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

The cffeets of different raties between K and Ca on growth and meta-
boliem of plants is one of the most important problems of the mineral nutri-
tion of plante.  Arwon and Johnson (1942), Olsen (1942), Sideris and Young
(1950), Edgerton (1948), Hanson and Kuhn (1957) and Coail and Slattery
{1918) showed that growth and metabolizm of different plants varied dif-
ferently to changing Ca/K ratio in the nutritive mediu.

A complicating factor of unknown significance in the K aceumulation
of plants is the promoting cflcct of Ca and other di - and tri - valent ions on
the uptake of K and associated anions ( Viets, 1944 ). Studies of Victs
elfect have been made with barley ( Overstreet et al., 1952 ), Mung beans
( Tanada, 1955 ) and more recently with corn and barley roots ( Hodges
and Elzam. 1967 ). Hauson and Kahn (1937). however. found u typical
Viets effect with corn hut nol with soshean mots where minute auounts
of Ca depressed K uptake and accumulation by the latters,  Cooil (1948)
amdl Shear et al. (1946) demoustrated that the total amount of cations absor-
hed by a plant from different 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 mcdia. High concentration of K will tend to depress
thie accumulation of Ca, und vice-versa. Similarly Overstreet et al. {1952)
demonstrated that a given conceniratien of Ca cexerts both a depressing and
stimulatory cffect on the ab:orption of K by barley root~ and that the
elfects arc related to the councentration of K in the external madiz. More-
over lodges und Elzam (1967) found Ca inhibition to K uptake by corn
roote during the initial phases of transport.  As the absorption periods
were lengthened. the effect of Ca gradually changes [rom an inhibition to
a typical promotion. Identical experiments with barley and ocats led them
to illustrate the hazavds involved in applying results obtained with onc ( or
even several ) plant specics to all species.

As regards, accumulation and distribution of nutrients in plants under
variable conditiong, the reader is referred to the work of Willioms {1948),
Wadleigh and Bower (1950), Smitly and Wallace (1956) and more recently
by Noascir and Spiridinov (1965h). However the relations between total
sugar contents and nptake of vutrients have Dheen studied by Humphries
( 1951, 1952 and 1956 ) using barley and pea plants.

Becauge of the complexitics involved in the study of jonie interrclation-
ships, much of the recent work has heen done with excised roots and
radioactive trucers in an effort to ellucidate the individual aspects of the
oversll nroblem. However, intcractions between inorganic solutes are pro-
bably expressed during the total processes of absorption throughout intact
plants since rccent cvidence by Smith and Spstein (1964) suggests that
active ubsorption by leal tiszue is similar to the pracess that occurs in roots.

Nosseir and Spiridinov (1965h) studied the effect of IK/Ca ratios in the
nutritive media oun the nptake and translocation of isotopic P and S by
phascolus plants, In that study. the total molar eoncentrations of K + Ca
in the different media were either above or below that present in normal
Hoagland solution and constant levels of I or Ca were not tried. In the
present study, coustant molaritica of K or Ca as thoese present in the irormal
Hoagland solution are used. In the same time progre:sive increases in con-
centration of one iou in prescnce of a coustant supply of the other ion und
keeping the other nutrients constant arc tried. Under thiese conditions the
total molar concentrations 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 wedia of pea plants
under the conditions mentioned above on some of the interrelationships
among nutrieut ious as they occur in tissues. Also this study was extended
to include responses of sonie phyeiological processes such as growth, uptake
of nutricnts, sugar formation and distribution of nitrogen fractions not only
in roots but also in sheotz, Conscquently, the physiological activity of the
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rools canhil be compared with those of shootss Peg plaats nere <elected for
such a study hecause of my previous experienee with their mode of caltiva.
tion and with the analytical 1celmiques suitabic far theat © Nosseir anel

Spiridinov. 1965a ).

MATERIAL, METHODS AND EXPERIMENTS

Pisuen sutivum., varicty « Little Marvel s weeds wern germinated in the
smne way ax dhowu in a previous work by Nosseir (19681, The sceds were
liratly soaked in water for 1 hours . then distributed singls on st (ilter
paper in loosely covered petri-dizhes, and Gually incubated ar 25 €. Alter
they produced racdieles of 2.5 - § cm. long cach. the voung scedlings were
supporled in the culture vessel: with their radicle: immersed in water as
¢hown in plate {1). The secdlings were tramsferred to natrient ~olutions
after 20 days.  Sereened deep glass vessels. 1 L capacity vach were used lo
contain water or nuatrient solutions.  Four plants were supported within
holes in a paraflined wooden cover and put m each vesscl so that the plants
could be transferred 10 other culiures and the roots could he examined
periodically.  Plants were grown on a Hoagland -olution contuining 5 mbl
ENO.: 5 M Co (NOj).; 2 mM MaSOLT O and 1 M KILPO, ogether
with the microeleients of Shive aml Robhivs { Nosseir, 1968 ). \ariable
levels of Ca and K in the evlture media aml benee in plants were obtained
In addditions of KCl or CuCL at different concentrations according o the

following scheme :

Normal Hoogland solution, designated as KoCa,
Normal Hoagland solution. & 2 mM CaCl,. designated as K, Ga;

Normal Hoeagland aolution, + -1 mdl CaCly, disignuted as Ko.Caa

R
-
13

Normal Hoagland solution. mM KCI | designated as KoCag;

Normal Hoagland solution. + 1 mM KCL |, designated as K,.Ca;

5 wM KNO, + 5 mM NuadO.. designated as
K,Ca,

Normal Hoaglund solution,

Narmal Hoagland solution. - 1 mAT Ca (NO_ b B 8 mM NaNO dezignated
as K.Cu,.

Ien culiure replicates were wsed for every treatment to make a total of
70 experimental yvessels, The pH of the nutrient solution: was maintained
at 3.6 - - 3.8 throughom the whole experimental period by periodie additions
of trace: of NaOH oc H.80,. The medinm was venewed onee i week and
forced aeration was provided {or cach culture vessel daily. The plants were
cultivated in the different enlture media under controlled conditions of



temperature ( 23 — 27°C } and continvous light { 3200 foot candle ) in
a specially designed cultivation chamber,

At the end of the experimental period whick Tasted for § weeks, the
corresponding plant organs ( rauts or tops ) of every treatment were collec
ted together and mixed well.  The rools were washed thoroughily with
distilled water and dried gently between blotting paper.  The plant organs
of every treatment were then divided into two batehes.  Oue batch after
being weighed in a covered plastic box, was cwt into ~mall picess and im-
mcdiately killed in boiling water.  After exiraction with water, protein was
coaguluted by acetic wcid and chilling treatments and then separated by
filtration through hard filter paper ( Whatman No. 54 1. The filtrate after
being completed to a known valuae was used for the determination of the
soluble nitrogen (ractions. Mowever, the rosidue was deicd. powdered and
used for protein - N determination.  The methods used for nitrogen (raction
determinations are those adopted by Kl-Shishiny (1955) except that for
the determinalion of the amino acids which was carried out using the nin-

liydrin method ( Nosscir, 1968 ).

The second batch of the same treatment after heing weighed, was cut
into emall picees and then dricd ut 105°C wniil a constant weight.  Alter
the dry weight determination was done, the dry matler was ground to a fine
powder using a procelain morter. dried ugain in the oven and then samples
were taken for the determination of total sugars und amina acids or mineral
conteats,

Extraction:, separation and determination of sugar: and amine acids
were done using the methods adopted by Nosseir (1968). A Lknown weight
of the dry powder together with a convenient volume of water-alcohol mix-
ture were transferred inlo a conical flack fittedd with an air condenser. The
flask was then immersed in a hoiling water bath for 30 minutes.  After
cooling, the flask was agitated for 15 minutes using a shaker. The suspen.
gion is then filtered and the (iltrate was evaporated Il ahout 10 ml. The
sugars are then scparated from amino acids in the filtrate ueing the ion
exchange resin column ( KY -2 brought from Moscow ). The flow contain-
ing sugars was received and evaporated to deyness at room temperatare.
The amino acids were eluted by 109 ammonia and the cluate was received
and evaporated. Tolal sugar content was determined colorimetrically using
the anthrone method while wnino 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 convenicnt timie until a perfect clean white ash was
ohtained. P ashing was carried out in prerence of My (NO,).6H,0 using
another sumple from the dey powdered matter  Juckeon. 1960 ). The ash

(12}
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was then dissolvcd in 10 ml. O, 5N HCI and then diluted ta 100 ml. ( Sideris
& Young, 1950 ). Aliquot: from the dissolved ash were taken and used for
determinations of Ca and Mg hy titralion ngainst irilon, P colorimetrically
and K and Na by flame photometer, Nosseir (1968).

During the experimental period, the development and gome growth
characters of plants including morphoelogy and size of roots and shoots aud
external symptoms of nutrient deficiency were rccorded.  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 (rom the old solutions before discarding und of the new ones before
transferring the plants thereto, and measurements were made for NH,, NO,,
PO,, Na, K, Ca und Mg using the previously mentioned methods cxcept
nitrate which was dcicrmined colorimetrically using disulphophenolic acid
( Nosceir, 1968 ). Also volumec mcasurements of the nutrient solutions at
the beginuing and end of intervals of ehange ( one week ) were made and
adjusted to the original volume for correction of the residuul concentrations
of the different nutrients. ‘I'he cwmulative absorption of these nutrients
throughout the 5 wecks of the experiment were quite consistent with the
uptakes determined by substracting the total content: of the untreated planis
from the corrcsponding total contents of the treated ones at the end of
expcriment, and are prezented in figure (2).

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

The results in figure (1) show that K or Cu, when supplied at cquimolar
concentrations to pea plants at levels above or below those present in the
normal Hoagland solution, expressed depressive cfcets ou growth aud
development of plants. Such depression was (urther enhanced 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 mauxitnuin or minimum concentrations of these clements, the
uptakes of which werc dependent en their concentrations in the nutritive
media. Sideris and Young (1930) reached to the samc conclusion with pine
apple plants cultivated at different levels of K and Ca in the nutritive media.

lowever, plante seemn to respond differently to nutrient volutions hav-
ing different K and Ca levels. Amon und Johnmson (1942) found that
growth of Ietince plants was progressively improved us the Ca concentration
udded to the nutricut golution was increased from 20 to 280 mym./L whereas
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geowth of tomato plants sirowed o marked increase upon increasing the Ca
conteut of the medin from 20 to 80 mgm.,/L and a further jncrease to 280
mgm./L was not assoctated with fucther increase in growth. With pea
plants under the present study. increasing the Ca content of the nutritive
media {rom 40 to 200 mgzm./L. cawsed a marked increase in growth, and
development but at concentrations ubove 200 wgm./L, growth and develop-

ment were progressively decreased.

On the other haud, Edgerton (1948) studied the response of 2 varieties
of voung apple trees to untrient solutivns 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 mgm./L with MecIntosh variety of the trees
and only up to 100 mgm./L with Delicious varicty., His resulls also indica-
ted that K is freely absorbed by apple trees heyond the point at which
maximum growth occurs. With pea plants under study, increasing the K
content of the nutritive media from 39 to 234 mgm./L caused a marked
inerease in growth of plants, but with eoncentrations above 234 mgm./L,
growth was progressively decreased where K was freely absorbed irrespective
of growth,

Also figure (I) shows that dry weights of tups of pea plauts cultivated
in the various nutricnt solutions were very much higher than the weights
of corresponding roots. This {its good with the results depicted in tables
(1), (2) and (4) where higher fractions of mincral elements, sugar contenls
and nilrogen [reactions mainly proteins were recorded in tops than in roots
of the sume plante. According to Withrow (1951), the mincral elcments
enter into synthesis with carbohydrate derived material and form the meta-
bolic and structurul components of plant:. Also elements may acecamulate
in the vacuole and so provide the nccessary concentration of solutes for

producing the osmotic pressure exerted by the cell.

It was interesting to find that pea plants coltivated in nulrient golutions
having increasing Ca concentrations exhibit symptoms of K deficiency both
visually and metabolically { as will be shown laler ) while plants grown in
media having incremicnts 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
samnc corresponding symptoms. Under such couditions antagonestic cffects
of K and Ca on the uptake of each vther did oceur reducing the concentra-
tion of the other clement to the deficiency level in the tizsues with the

resultant extermal and metabolic symptoms.

K or Ca deficiency symploms hegan to appear extcemally on plant
organs daring the last wecek of the experiment. The external symptoms of
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Table 1l.—Disiribution of the absarhed nutrients within reots and teps of pea
plants grown for 3 weeks in various levels of K and Cu i the nutritive media
{ mgm. nutrient element/20 planis ),

—_—

Accumulated in roots Translocated to tops

Treatmaent — - —e—-
Na K Ch Mg P N Na K € Mg P N

KiCa3 5.8 0.2 6.4 1.8 7.7 3.9 39.5 31.525.0 2.1 10.8 36,9

K6Ca9 1.0 10,1 17.0 1.4 20.0 11.5 15.6 63.5 73.612.1 38.5 72.7

—_— —— e ——. ——

K6Ca7T 5.2 22,9 15.0 1.2 35.5 20.3 22.4 82.0 69.6 22.1 96.7 i16.9

K6Ca5 6.8 48.2 13.6 71.0 63.1 37.6 33.5 106.7 65.5 31.8 175.2 177.0

K8Ca5 4.8 50.9 8.7 6.2 51.9 28.9 17.8 113.9 42.9 19.1 148.3 12¢.1

K10Ca5 2.6 64.8 5.2 5.7 37.9 19.6 12.4 178.7 29.% 12.5 130.1 103.5

K6Cal 9.6 6.6 2.4 1.2 1.7 1.9 56.1 32.3 7.913.6 4.0 23.4

Table 2.—Total sugar contents in raots and 1aps ol pea plants grown lor 5 weeks
in varjous levels of K and Ca in the nutrilive nedia. The data sre presented
as mgms/gm. dry weight or 100 gm. {resh sweighi of tissues. The data are
alse given as percent of that of the control in K6Ca5 solution.

Roots®® Tops*? Roots® Top:*

Treatment
mgm. percent mgm. percent mgm. percent mpm. percent

Water for 20days ~ 10.1 9 13.1 13 323 5 1208 11

K1Ca5 20.1 18 18.4 117 80.4 13 165.6 16
Ko6Ca9 69.6 54 62.8 55 250.6 40 565.2 53
K6Ca7 81.3 5 €5.8 1T 4215 68 789.9 4
K6Ca5 112.2 100 113.0 100 618.2 100 1062.2 100
K8Ca5 124.8 111 130.2 115 648.9 105 ll’ii .8 l;;.
K10Ca5 140.6 125 136.6 120 703.0 114. 1256.7 118
K6Cal 180.1 160 180.4 160 720.4 117 1623.6 153

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



K deficiency _included motiled chlorosis Tollowed by the development of
neerotic ‘_\‘cllowish arcas at the tip wl margin of the haves. Because of
the high mebility of K, these symptomn= first appeared on the more mature
leaves and then extends upwards by clapse of time.  Al:o there was a ten-
deney of some leaves 10 curl downwards as in French bean and potate plants
( Hewitt, 1963 ). On the other hand, Ca deficieney caused malformation
of the younger leaves and hooking of the leal tip appearing first in the
vounger leaves and the growing apices ns a consequenee of the less mohility
of Ca. Al:a the roots of Ca- deficient plants were short and brown as in
Ca - deficient tomato plants ( Kabra, 1956 ). Muoreover pea plunis deficient
in Ca or K as the result of disturbing the hulunee between them were shorter
and more stunted than the plauts grown in the normal Hoaglaud solution,

plate (1).

o N V) w o
o © ® o n o "
— o W W o e

Flate i1} Growth and developnient of pea plants prown for 5 weeks in varions levels
of K and Cu in the mnritive media
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Uptake, distribution end 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 te the nutritive media and keeping the other nutrients
constant resulted in progreseive decreases in uptakes of Mg, P and N. K
uptake was also deereased in the increasing Ca -series while Ca uptake
increases by its increase in the nutritive media. Also Ca uptake wag decrea-
ged in the incrensing K - series while K uptake increases by inerease of its
concentration in the media. These results elearly show net only the auta-
gonistic effects of K ond Cu on the uptake of each other by pea plants but
aleo show their antagonistic effccts on Mg and Na uptakes. The accompany-
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 but is no more thann
an effect of growtl dilution as found by Dumbroff and Michel (1967) for
pine plants. Ca ahsorbed progressively by increase of its concentration in
the nutrient media might have also interferred with the physiological
functioning of the absorbed K, thus reducing the physiological activity of
pea tissues. This suggestion is supported by Spiridinov (1963) who found
tiat Ca reduces the physiological activity of phaseolus and corn tissues.
Moreover Ca might have reduced cuergy dependent K transport by decreas-
ing membrane permeability which is indecd one of the classical suggested
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 phicnomenon depends on the concentration of both 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 com
and Pierre and Bower (1943) with corn 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, oranges and
barley plants 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 thaen high K coucentrations with Ca. The results in hand
agree with those of Siderix and Yonng aince equimolar concentrations of
K and Ca depressed the uptake of cach other by pea plants and the redue-
tion with Ca on K uptake was less pronounced than with K ou Ca uptake.

The depressive effect of Ca or K on Mg uptake by plants are also
reported by Smith (1962), Ingestad (1957), Smith et al. (1954), Hodges and
Hanson (1965) and Jacoby (1961).
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However in the excess Na-scries 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 ils concentration in the nutritive media.  Similarly
Dumbroff and Michel (1967) working with pine plants and Rains and
Epstein (1967a & b) with barley roots found that plant tissucs absorh Nu
as a function of its concentration in the culture media, On the other hand
the amounts of Na taken up by pea plants eultivated in the different culture
medin except K,Ca;Na; and K,Ca;Na. arc derived 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 siart of every solution change was very low ( 8.5 — 12.2 mgn./L ), thus
the ontagonistic 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 antageniscs Na ahsorption by barley roots.
Alce Ka abeorpiion is drasticully curtailed by Ca as hown by Epstein (1960)
and (1961). :

The antagonistic effects of Ca or K on the uptake of cach other and on
uptake of Na or Mg by pea plants can he interpretted as the result of a
competition for a metabolically produced binding 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 plants ( roots ar tops ) as illastrated by figure (3), the rclative
uptake and henee accumulation of K and Ca in pea tissnes appeared to he
depcndent on the ratios of these ions in the nutritive media. Hanson and
Kalin (1957), Cooil (1948) and Sideris and Young (1930) found the same
relationn with different plants,

Truog et al. (1947) found positive correlations hetween 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 hetween Mg supply and
P uptake and accumulation by pine plante.

Also the positive corrclation hetween uptake and aceomulation of N
and P by pea plams cultivated in the different culture media. figures (2)
& (5} clearly show the close conncetion between uptake and metabolism of
N and those of P.  Such correlation is repeatedly shown by so many
workers, Cole et al. (1963) using cor. Nosseir and Spiridinev (1965h) using
phascolus and Nosseir and Hathowt (1970) wring swect potato. Morcover,
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the relation fonud in Peaplands s with wranth toxether with metabolia
changes within the plant tiseges [ 1 will be discus-cif Lagor althougl Cole
et al. (19633 found that e sthmulation 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
ued in the present vestigation include glucose, fructnse amd 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, ¥ and 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 parulleliam 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 1his is due to the fact that sheors 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.CayNa. anid K.CaNag treatments probably due 10 the iterference of the
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excess Nu present in these media.  luspite of the higher concentration of Ca
cver Koin the media of the Ca - inereasing series (figure 5, vet K accumuzla-
tion war always higher than Ca.  Stmilarly Smith and Wallaee  (1976)
showed that although K eoucentration in the solution of dilferent plants
was only 1/, the eoncentration of Ca, twre was a great aceumulation of K
than there had heen for Ca'>. Morcover. Wadleigh and Bower (1950) (ound
evidence for u reciprocal relationship in the accumulation of Ca & Mg on
one hand and Na and K on the other hand amony the tiscues of bean plants
on varintions of Ca supply in the water cultore,  Such relationships are
quite clear (figure 5) in pea plants under mvestigation not only on varia-
tions of Ca supply but also an varistions of K zuppls.

As regords N and P, inereasing concentrutions of K or Ca in the nut
ritive media depressed progressively their accumulation in roots and choots
of peas. With the different treatmenis used. P accumulation within pea
dssues waz always higler than and pasitively reluted 10 that of N and this
fits with Petric’s slatement ( Williams, 1948 )that the cell is able 10 accum-
tlate much larger amounts of inorganic and soluble organte compound: of
P than with N.

From the result shown by figure (5), it is clear that interrelationships
among nutrient jons as they oceur in roots of pea plants cultivated far
5 weeks in different culture media are <imilar to those occuring in tops.
Receent evidence hy Smith and Epstein (1961) suggest< that active absorption
and aceumulation of inerganic solules by leal tisswe are similac to the pro-
cesses thai occur in roots of corn plants.

Assimilation of mitrate and distribution of nitrogen  fractious in plants at
various levels of K and Ce.

The assimilation of nitrates as measured by the rate of disappearance
from pca organs are Hlustrated in table (3} The available NO3-N includes
the initial nitrate ( of untreated tissues Iplus the difference between 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 tops than in the
raots of pea plants cultivated in the different culture media.  Similarly
Street & coworkers (1946) found that nitrate assimilation was greater in the
shools than in the roots of potato sprouts. 'Thix tagether with the postula-
tions of Burstrom (1945} and the findings of Sideris aund Young (1950) that
nitrate assimilation takes place in chlorophyllous tizsucs does not receive
evidence from the present work with pea plants sinee nitrate assimilation
roes on in roots as well as jn shoots.

Also table (3) shows that pea plants cultivated in control media (K Cus)
contain 30 anid 83.2 mgm. NO_-N/100 g, freh weight of tizsue in roots and



im

Table 3.—Assimilation of nitrate - N by roots and tops of pea plants grown
for 5 weeks in various levels of I and Cain the nutritive media.  Mgm-
N/100 g fresh woeight of tissees,

——— e s ———e = — o) - e e — —_—— e ———

Roots Top=

Trealment -— -
Available  VFound Assimuated  Availalle Found  Assimilated

No3 N Nod-N Noz-N Ne3-N YNo3-N No3-XN

K1Ca5 60.0 30.1 3.5 2'11._9_ 120.1 121.8
K6Ca9 W7 553 194 299.9  126.3 173.6
K6CaT 159.; ‘_—Lﬂ.l- - 117--3 —_”-;‘;30.2 105.5 324.7
K6Cas 236.1 300 2061  587.8 3.2 501.6
K8Ca5 188.2 47.% 140.5 457.0 113.1 343.9
K10Cas 1421 g2 0.7 4501 155.7 204.4
K6Cal 48-.2. - ;0-.7_h ” " 7_5' lﬁs.lv ]45.7- 22.14 B

shaats respeetively. Imereasing the levels of Ca or K in presence of a con-
stant supply of cither of them and keeping the othier nutricnts constant in
the culture media caused progressive high nitrate contents in rouvts and
shoots. In the sume time, K and Ca levels of tissues were increascd by the
incrcuse in concentration of these elements in the nutritive media.  Similar
results were reached with in pine apple plants ¢ Sideris & Young, 1945 and
1946 ) wherc nitrate contents were grester in the high-K than in the Iow-K
cultures and were related direetly io Ca levels in ealtures and hence in

tissues.

The progressive incrcased accunmnlation of nitrate in pea tissues (table,
3) in presence of exeess K or Ca in the enlture zolutions togethier with the
coincident reduction in nitrate availability in the tissnes resulted from pro-
gressive reductions in wnitrate assimilation. The unitrate assimilation was
always associated with pronounced inereases in proteins and relatively small
incrcases in asparagine and amino acids in either roots or shoots of plants
under variable natritional conditions but wre higher in shaots than in roots
(table 4).  Several investigators reported higher protein synthesiz con-
sequent w feeding plavts or organs with nitrate and that 1he rate of ayn-
thesis is limited by niteate azsimilation, Steward and Street (1946) Sideris
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et al. (1937) anmd (1938} and Said and ElShishingy  (1949).  Glutamine,
hawever, showed no significant change in rootz of pea plants under the
different conditions of the experviment but it heeomes somewhat high in tops
indicating that glutamine precursar is produced in the chlorophvllous
tissuea,

Glutamine. however, was tentatively regarded by Steward aud Street
(1916} as a reactive interniediate in protein sy ntlesis of potato tuber tissues.
Since nsparagine was dominaling in pea plants . it is possible that this amido
can act as glutamine acls in potato lissues. heing mtermediary in protein
ssnthesis of pea plants. Morcover. incorporation rates of various amiuo
acids into the prateins of pea homogenates has been demanstrated by
Webster and Varer (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 appeurs on the chro-
matogram of hoth roots and shoots of pea plants eultivated in Hoagland
golution under different conditions.

Tables () and (1) also show than the assimilated nitrate by pen plamts
culiivated in normal Hoagland solutions were accounted for by increases
mainly in proteins. asparagine and amino acids. Tn roots, these inecreases
account for 64 %. 13 % und 23 % of the assimilated nitrate as proteins,
oeparagine and amino acids respeetively. In the shoots, however, these
increases account for 6.1 °%, 16 . 13 %. 3 %, and 2% as proteins, asparagine
amino acids. glutamine and restN respectively.  Inerements of K or Ca in
the mutrient wedia inhibited the furmation of these fractions in roots and
tops duce te reductions in nitrale assimilation.

Although, the quantity of 1s1al-N in the shools of pea plants was much
highee than in corresponding root: under any experimental condition,
yet asparagine, and protein of ihe roots as % of toral-N are present in the
same proportiong in shoots of plants cultivated in excess Cu- or Kanedia in
presence of constant supplics of cither jons (table 3). Under these condi-
tions, similar courses of usparagine or protein ssntheses in both roots and
shoots might have occured.

As euggested by Sideris and coworkers ( 1937 and 1938 ), becanse of the
low rate of nitrate assimilation i pine apple plants, carbohydrate might
have been preserved and kept at relatively higher level, thus promoting
protein svnthesiz. Tn pea plants under investigation, although nitrate
assimilation was Towered by the increase of K or Ca level in the enlture
media (table 3), yvet protem sinthesis wiz also lowered in hoth cases (table
4) while the total sugae content decreases Iy the increase 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 shoote.

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 period in K-deficient
media, it becomes clear that high concentration of Ca antagonising the
absarption of K, have reduced the latier to deficiency levels in the tissues
with the resultant effects of KX deficiency on nitrogen metabolisin and sugar
formation. The same appears true in case of excess K lending to cffects
of Ca-deficiency.

Table 6.—Asparagine 4+ pgultamine - 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 1.50 2.49 2,97
K6Ca9 1.76 1.87 1.61
K6Ca? 1.08 1.05 1.06
K6Cn5 0.85 0.66 0.72
E8Ca5 0.88 0.91 0.90
E10Cs5 0.84 0.96 0.94
K6Cal 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} where the ratios of amides and amino 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 notmel Hoagland solution decreased. Similarly, Cooil and Slattery
(1948) using guayule and Russell as cited by them using barley plants
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reported low tatal sugar contents in Kedelicient plants,  The Tow sugar com-
tents of pea plant deficient in K might be attributed to the Jow assimilation
rate, and high respiration of the li=sues sinee Richards (1932) found that
with decrease in the K supply to harley plamis. the respiration rate of leaves
increares to a maximum whey the K supply is one-ninth that of 1he [ully
manured plants.  Alzo White (1936) found that Lemna plants show low
assimilation rate under Kedeficieney. Moreover, shortage of K Teads 10
reduction in photosynthetic activity of plauts as stated by Stiles (1936).

The limiting effect of Ca.deficiency on the N.mctabolism of pea plants
is also elear from figure (5) wlhere total-IN runs parallel 10 the level of Ca in
the tissues when K was present in excess over Ca in the nutrient media.
Parker and Truog (1929) pointed that in a series of 34 plant species, the
total-N content and Ca ran parallel and they saw in this fact evidence of the
acid-neutralizing function of Ca. The same connection between N meta-
bolism and Ca i: also indicated by the work of Niglitingale (1921) who
found that tomato plants suffering from Ca-deficiency were unable to ahsorb
or utilize nitrates to any uppreciable extent. Ou the acid-ncutralizing
theory, this could he explained by supposing that under Ca-deficiency,
acids accumulate in the plant wnd inhibit the normal processes involred
in nitrogen metabolism,  Here with pea plants (table 3), the availability of
nitratcs in rools or tops decreased pragressively by increase in Ca-deficiency
( K- inereasing scries as compared with contrals in normal Heagland solu-
tion ). This wus aceampanied by more pronounced reduction in nitrate
agginiilation which reached 96 % and 95 % helow controls in roots and shoots
of plantz cultivaied in the Ca-deficient media from the heginning and
throughout the whole experimental period and this was acecompanied by
reductions of 819 and 74% in nitrate availability by roots and rhoots. In
contrast, tolal sugar contents were inercased hy the inerease of Ca-deficiency
tnd reached 60% higher in K Ca,-treated plants over that of controls. The
progressive increase in total sugar eontents of Ca-deficient plants was asso-
ciated with progressive decrcases in thic level of organic nitrogenous com-
pounds, mainly proteins, table (4). Under these conditions, the carbo-
hydrates whicl would normally be involved in the synthesis of these organic
nitrogen compounds remain unutilized and so the increase in the total supgar
contents ( table 2 ).

Although the quantity of the total-N of the Ca-deficient or high K-
plants were very much below that of the fully manured ones, yet the ratios
of amides + amino acids/proteins ure equal in roots and higher in shoats
of the Ca-deficient plants than those of the fully manured ones.  With all
plants. this ratio was alway: helow 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 svnthesis going on faster than those 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 ratc of protein synthesis. Steward & Preston (1941}
Said and El-Shishiny (1949) have found that increasing comeentrations of
K, increase protein synhesis while increasing that of Ca produces the
diverse procees is potao & radish root respectively.
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