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SUMMARY

1. After 24 hours, the absorption of K, Ca Noy and Pog ions by Vicia plants
cultivated under continuous illumination, continuous darkness and alternating
light and darkness were investigated. Also the cffects of these light regimes on
total sugars, total aminoacids and protein contents of plonts at the ¢nd of the
experiment were studied.

2. 6-Hour periods of alternating light and darkmess for a total period of
24 hours expressed en effect on uptake of nutrient clements, aswinoacid, protein
and sugar contents of plants similar to that exerted by exposure to 12 hours
light followed by 12 hours darkness. Sach cffect was an increasc in protein
content of plants eoincident with a decrease in that of sugars and aminoecids as
compared with those of plants exposed to continuous darkness for the total 24
hours. In the samo time, K, PO; and Ca ion uptakes were decreased but that
of nitrate was increased.

3. Further elongation of the illumination period increased further the protein
contents of Vicia plants with simultaneous further reduction in their sugar and
aminoacid contents. Under similar conditions, nitrate absorption was also in-
creased but phosphate, K and Ca nptakes were decrcased.

INTRODUCTION

Light affects mineral nutrient absorption only in av indirect manncr by
way ofits dircet effect upon such natural processes as photosynthesis, chlorophyll
synthesis, morplogenesis, photoperiodism or transpiration ( Withrow, 1951).
The most conspicuous indirect rolc of light in mineral nutricnt absorpticn is
through photosynthesis (Lundegardh, 1951). When light cnergy supplied
to plants is increased in any way, the rate of pliotosynthesis increases ( Blackman



166

and Rutter, 1947}, tetal transpiration is greater and the absorption of minersl
nutrient is >timalated { Hylmo, 1933 and Lange c1 al.. 1959). With inereasing

light, the total uptake ol minerals s increarcid.

Humplheies ( 1951 and 1952 } has shown that the rate of uptuke of N, P
and K increase with increasing tetal sugar content of the reots. A reexamination
of his previous result+, Homphiries ( 1936 ) has shown that the positive regression
of the nutrent uptake i~ atiributable 1o the reducing sugar fraction, He concluded
that conditions that induce Righ reducing =ugar fraction in bartey and pea roots

also induee high rates of K. P and N upioke and vice - verse,

Ward { 1958) showed that ander conditions of reduced dight intensity or
duration, levels of K and P in wheat seedlings were considerably increased
provided that the plants were grown in a medivin that contaived an adequate
supply of the element. This relutionship laws heen previously observed by Miller
and Army (195t) but has not been reported for plants grown in a controlled
envirommenl,

Trumble (1947) found that the availability of K by herboage plants was
in part governed by duration of the daily peried of daylight. Hoagland ct al.,
{ 1927 ), similarly showed that imm wptuke by Nitella was closely related te the
daily hours of illumination. Turner and Henry (1939) found that the total
daily light radiation for roses and tnmatoes determines the proper balance hetween
K and N supply and showed that duriug the long days of suramer, the N must

bs higher and the K lower then in winter.

In 1965, Nosscir and Spiridiney studied the uptake and releasc of inoragmic
jons by peas and corn plonts cultivated in Hoagland solution under different
periods of darkness throughout a total period of 72 hours. They slso studied
the response of total sugar and aminoacid contents of plauts to these dark periods
at the end of the experiment. They found that elongating the dark period
increased Ca, but deercased K uptake by pea plants with simultanegus increase
in their sugar and aminoacid contents, In corn plants, however, dark-
periods decreased Ca and K absorption with simultancous reduetion in aminoacid
and sugar eontents of plants. In the present study, furtlier experiwments were
carried out to study the rifcet of light regimes on the nptake of K, Ca, No3 and
P04 ions by Vicia plants cultivated in Heaglard solution. The light regimes
wsed were : continuous illamination, continuous darkncss and 6- und 12-honr
periads of alternating light and darkness during a total period of 24 houes, The
present study was also extended to include the clfect of these light regimes on
protein as well as totul xugar and awminoacid contents of plants at the end of the
experiment,
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MATERIAL, METHODS AND EXPERIMENTS

Vieia faba seeds, variety * Giza I ™" were germinated in the same way as
previously descrihed by Nosseir { 1968 ) and 10 days old seedlings were trans-
planted on nutrient solution in deep glass vessels, 1 L. capacity each. Plants
with well developed rout systenss were selected and one plant was supported in
cach vessel containiug Hoagland solution composed of 2.5mM KN03;2.5mM Ca
(N03)2; 1mM MgS04.7H2 and 0.5mM KII2P0} tagether with the microelements
of Shive and Rebbins as cited by Nosseir (1968). The pH of the nutrient
solution was kept constant at ubont 5.8 during eultivation by periodic additions
of H2504 or NaOH, The nutrient solution was also acrated daily and renewed
once a week. The plants were cultivated in a specinlly designed cultivation
chamber wlere the plants were kept under controlled conditions of temperature
(27-30.C) and continuous light ( about 5200 foot candle). After cultivating
the plants in the nutrient soultion under the above conditions for 20 days, they
were transferred 10 a normal Hoagland solation, After one week cultivation
in this solution under the same couditions, the plants were transferred to a freshly
prepared onc and then segreggated into 4 groups cach composed of 5 comparahle
secdlings. The plants of the 4 groups were cxperimented on for 24 Lours during
which the temperatnrc around the culture vessels was maintained constant at
27 - 30.C while illumination was continuous with the first group, darkness was
continuous with the second group; 6 - honr periods of altcrnating light and
darkness with the third group; and 12 - hour illumination period followed Ly
12 - hour dark period with the fourth group. Darkening of the culture vessels
and their scedlings was accomplicbed by covering the whole system with dark
cloth.

At the end of the experiment, the plants grown undcr cvery light regime,
after washing and drying their roots gently between blotting paper, were divided
into 2 batches. One batch was eut into small picees, killed with boiling water
and finally extracted. The protein content of the extract was then, coagulated
with acetic acid and chilling treatment. Then the residue containing protein
was separated by filtrotion, dried, weighed, powdered and finally its protcin
content was determined using the methods described by El-Shishiny (1955 ).
The sccond batch of the same light regime was dried at 105.°C until a constant
weight.  After its dry weight was determined, the dry matter was powdered
aud then samples from the powder werce taken and treated with 7095 alcohol
for extracting total sugars and aminoacids, the separation and detcrmination
of which were as previously described by the author (1968). Separation of
sugars from aminoacids was denr using the ion cxchange resin (Ky-2); sugar
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r=timation was done using the anthrone methnd while aminoacids were estimated
by means of the ninhydrin methoil.

Atver removing the plimts from their culture media, the vulume of 1he latters
were adjusted to the vriginal volume for correction of the residual coneentrations
of the nutrient jons.  Absorption of these ions during the experimental peried
under different light regimes were computed [rom the change in their conceutra-
tons i the nutrient media.  Ca was cstimated by titration against trilon, K by
flame photmmneter, nitrate and phosphate by colorimetrie methods using the
teclmique alrendy deseribed by the author

The data concerning the total sugars, total aminoacids and protein eontent
of Yicia plants caltivated at different light regimes for 24 hours together with
the total uptuke of K, Ca, X03 and P04 jons during this period usder the same
conditions are presented in table (1).

RESULT AND DISCUSSION

A glimypse to table (1) shows that, Vicia plants grown in Hoagland solution
under different light regimes abrorbed K, Co, N03 and P04 ions at differcnt rates
during 24 honrs.  Pluuts exposed to eontinvous illamination during that period
ahsorhed the least amounts of K, Ca and P04 ions.  Decreasing the illumination
period 1o the hall by exposing the plants to 6- and 12-hour periods of alteroating
light unel darkness enlaneed the abrorprion of K and Ca but was without a re-
remarkahble efteet on P04 abrorption. Further, Vicio plants exposcd to continuous

darkness during the whole experimental perivd absorbed the highest amounts
of K, Ca and P04 ions,  Under all light regimes adopted, K was always absorbed

in cxeess over Ca,

Julnson and Hoaglaud (1929 ) working with tomato plants showed that
the actual pereentage of K in the tissues of the shaded plants were higher than
in the corresponding unshaded ones. Similarly, Ward (1958 ) working with
wheat seedings fonnd that under conditions of reduced light duration, levels of K
were considerably inercased provided that the planty were grown in e medium
containing an adequate supply of the element. Incrcased cxposure to light
depressed the relative uptake of this element with resulting lower percentoges

in all parts of the plant.

As regards the effect of Light on Co abserpticn by plants, Nightingale et al.
(1931) in his swudies of the chemircal composition of Muarglobe tomato plants
grown in quartz <and supplicd with nutrient solutions found that shading resulted
in an increase in Ca absorption by plants and hence its higher accumulation in
them. Recently, Nosseir and Spiridinov (1965 ) found that dark periods in-
creased Ca absorplion by pea plants grown in Hoagland solution end that the
increase in Ca absorption waz further enlianeed by clongating the dark period.
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Again, Tunada (1946 ) showed that cheaical analy-ic ef eoflee plants grown
without shade and under Y, shade and 3 4 shade revealed that h and Ca tendesd
to incrense with shading.  Moreover, Phillis and Mason 1942 ) found in cotton
plants that the percentage content of most uf the mineruls they studied Jeerrused
by day but increaxed during the night.

The results abtained by the previousls mentiomed authors were in Yuite
agreement with those ohtained with Vicis plants under the present study since
abgorption of K and Ca by Vicia plants exposed to continuous darkness were
relatively higher than these absorbed by plants exposed to halfl Light and half
darkness, nnd the latters heirg higher than these shrorhed by plants exposed to

continvous illumination, table (1).

On the other hand, the effect of light on phusphate absorption by planis
seems to be variable.  Tanada (1946 ) hos <hown that P uptake by coffee plants
and lence its accumulation in tissue was reduced by shading. In contrast Ward
(1958 ) found that increased exposure to light depressed the relative uptake of
P and hence its Iower pereentages in all parts of wheat seedlings.  Hiunson and
Biddulpl (1953 ), however, found that the alnorprion of P32 by Kidney hean
plants from then uteient media was the same in day and night but its distribution
between aerial organs and ronts was different, With Vieia planty under <tudy,
continuous light for 24 hours decreased pho-phate uptake by abnut 50, helow
that of plants exposed to continuvur durkness for the same period. In this

respeet Vieia plants behaved similar to wheat seedlings as found by Werd ( 1938).

Conditions favouring te assimilation of nitrate by pinc-apple plants as
illustrated by Sideris and Young ( 1950 ) are light pracuisably via combination
with carbohydrates or photochemical reduction. The efiret of light on nitrate
intake by pine-apple plunts shows that the plonts exposed to light absorbed
greater amaints of nitrate than the shaded ones. With Vicia plants used in the
present stuly, the nitrate absorption by plants expored to continuous liglhe
for 24 hours was 13.0 mgm./plant. By reducing the illumination period to
the half, the nitrate absorption was also reduced by about 309, and rcached
a reduction of about 60°;, in plants expused to continuous darkness for the

same perind.

It has been mentioned before that Ca, K und POI uptake by Vicia plants
were increased progressively by increased exposure to darkness. In the same
time, suger and amineacid contents of plants were also increased, table (1)
Similar results were obtained by Noseeir and Spiridinny (1965 ) who found
that Ca uptake by pea plants increased progressively by clongating the dark

seriod with simultaneaus inercase in their suvar and aminoacid contents., These
T
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resulfs might indicate 1hat counditions, rcasonably the wetabolie acitivity of the
tissues, ;hat induced higher sugar content of Yicia plants, induced also their up-
take of Ca, K and P. In this coce, sugars may Le the parcnt substance for the
formation of a chemical compound capable of combining with the absorbed
clements as suggested by Humphrrex {1952 ) for barley and pea reots.

On the other hand, nitrate abserption by Yicia plants during 24 hours waos
increased by elongating the illwnination peried. In the same time, protcin
contents of plants were also inereaved but thoswe of sugars and aminoacids were
decreased. These resulis might indicate the dependence of pretcin synthesis
on sugars apd nitrate through amineacid formation. Under such conditions,
sugars produce cnergy requircd for protein synthesis from aminoacide and form
the C skeleton of the aminoacids and proteins which are built up from saitrate.
The importance of carbohydrates or its derivatives and nitrote for protein synth-
sis hins been emphasized by many workers, Sideris ct al (1937 aud 1938), Said
nnd El-Shishiny (1948) and Nightingale (1948).
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Tahble (1)

Total uptake of individual nutricnt elements, total sugnrs, total aminoacids

and protein contents of Vicia plants cultivated at diffcrent light regimes for 24
hours. The data are given as mpgm./plant{24 hours,

Total uptoke of untrients
Light regime Total Total Pretein

K Ca NO3 P04 sugarz amineacids

Continuous illumination 2.1 7.3 13.0 8.6 41.7 24.6 90.1

6 — Hour periods of alter- 33.2 12.1 9.6 8.9 60.1 32.8  70.8
nating light and darkness

]

12 — Hour perieds of al- 34,0 13.3 9. 9.3 63.3 31.9 68.2

ternating light aud darkness

5.1 16.8 170.2 40.2 50.5

[+
(=}
[ ]

Continuous darkness 9.1




