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Summary

THe efrect of iferent NPP raا os in the cultre media on uptake and
mnetaholisn of N and P by sweet potats tuber disks was investigated.

1. NHCl treatments leading to increased ND,-N level i the tissues
etimulate the rate of P nptake tlan did equivalent increases in P con>
centration in the extermal medium. P uptake rates were higlly correlated
wih te total-N level in tle tissues indicating the close conneetion between
upuake and metabolisn of R and tlose of N. Absorption was dependent
on respimation.

2. 'The connection hetween T-netabolism and P-metabolism manifests
iteelf hy te increase o£ N-intermediates, glutanine in particalar whose
sytkcsis have proccsses in comon.

3. L wم concentrations ٥ I or P in the uutriLive media led to low
aceumulation of nucleic acids and protcins inside the tissaes. The low
coneentration of N or P etrongly reduced te RDA content while te rise
f P or N dosc at low lerel of N or P respectively caused a sharp decrease
i tatم o£ DNA

Introductior

of work devoted for te study ofل Ln hiterauurc, thcre is a good deaه 
the dcpcdence of nitrogen metabolismn on NP ratios ( e،g. Thompson
etal., 1960 ). All these authors confirm the fact tat isaficient eupplyو 
f N or P to plants leads to a retuction i the toمt l nitrogen and protein-N.
ErceEs of P a٤ N defieiency leads to the same efeet on N.netabolism. 0n
tlد e contrary, eRcess of D results in an increase of total- and protein-?
in dierent plant oiGan9.

Cale et al. (1963) etated tlat the efects o£ D on P uptake by cora
plants Euggest a counection beTween P uptake and metabolis, d صت tat
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the increases i P uptake rates may reflect higher levels of N-intemediates
whose synthesis have processes common wit those of P uptake. Dosوeir
nd Spirldinov (1965) found that the progressive icrease of N orer Hه 

concentration in the nutritve mediم of phaseolus plants stimnlated the
uptake of P3%, tlus emphasizing Cole's statement.

howerer, the problem of the inNluenee of diferent ratios between D
and P in the nutritive rnedia on P metabolsn is not yet tboroughly studied.
Literature in this field mainly concers with the study of the efrect of DP
ratios in the nutIitive media on the amount of nucleoproteins in plant
tissues. The dificieney of N causes a depression in the quantity of nuelcم 
protcins, whereas eRcess of citler one of them stimulates their formhtion
( Zuev et al. 1962 ).

It should be recogized that rcsearches conccming the eLfeet of N and
P the مخ nutritve media on nucleie acid uetabolis are rery few. STdie
ia thiو field hcgan to appear only in tle last few years and were mصiص ly
،one on plant eeedling8 ( Turkova، 1960 and 1963 ).

Accordingly, the aim of the present etudy is to investigate the effect
٥f diferent N/P ratios in the nutritive media on uptake and metaholism of
N nd ه P hy sweet potato tuber dislA.

Material, Methods ad Baperiments

The diels ueed in this stdy were taken from aweet-potato, aعiety
Balady» tbers. Suel plant material was chosen for this work since itء 

was already prved hy El.Shishiny (1955) to contain both des هmث ( glnta­
mie and asparagine ) and ar able to synthesize them when plaeed under
conditons leading to an increase in the NE,-N level in the uissues. Alمs ,

tdyه weet potato tubers contain sugar. 'Tlese facTs might help in theم 
of mctalolie I and P reactions. Mforeover, sweet-potato tubher disks tAken
from tbe core of the tuber contain no colouring material which mightt
interfere, if present in the colour reactions during analysis.

THe techiqDe of the disk culture experiments was the. same as i to
earlier work deserihed by El.Shiehمi y (1955) and El-Shiehiny and Nosseir
(1957). A stock of disوk was prepared from the plant material from wlich
aamples of about 20 gmn. of diskA each, taken at random were weed for each
treatmncnt. Dplicate samnples after being washed for 48 bours in aerated
distilled wvater ( El-Shishiny, 1955 ) were transferred iito 400 . mل water or
cultare solution kept at 25%C in a constant temperature water-hath accord­
ing to the following chema :

،?

$
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Distilled water

N,R 0.005M د NH,CI
NP, 0.005M KE.P0,

' N,P, 0.005M NH,Cl 4+ 0.005M KHAP0,
M,٤, 0.005M NHCI + 0.0025M KA.,P0,

NP. 0.0025M NHIC] -+ 001M KH,PO,

N.R,, 0.01M NH,CI + 0.0025M KA,PO,
M,,P٠ 0.0025M NH,CI -+ 0.005M KH,P0،

A current of air was paesed tlrough each vesEel to serve for aeration
and determination o£ C0, output. After a culturing period of 24 hour8,
oae sample of each treAtment was drained, wasled severa] times witl dis­
tihed water, extracted and analyeed forthe fial dفi tribution of the various
n trogenن fractions. The sccond sample of the same treatment was air­
dried until a coRstant weigbt and used for detemniation of mucleie aeids.
The analytcal methods ueed for detemination of nitrogen fractions were
those described Hy El.Slishiny (1955) a dم El-Sتh shiy and NoEceir (1957)
except that of mino-acidsه which was carried out using mihydrin method
( Iaeseir, l967). The ertraction, separation, and detemination of nucleic
acids were carried out using the methods of Schmidt aad Thanhanser (l945)
as cited by Glick (1966). TheEe metlods briefy consist of treating finely
powdered dry tissucs firat with 7% trichloroaceti acid on cold folowed
by cenfrifagation, then treating the reaidue with a miruure of alcohol ndه
ether to extact ipids. The RNA in ths residue was bydrolyeed by N
ICOE at 370C for 18 hoare while tle DNA was precipitated from the
Eolrtion ly addiug perchlorie aeid. 'The P eontent of nueleie acids was
digeeted y ط HSO, and H,0, and then detemincd colorimetrically nsing
the aolybdium reaget as described by the author (l967).

٣

Two experimeuts were done usihg the same technique، The resulمt 
were fully consistent with tose sصmu arized in tahles (l), (2) and (3). Tle
IH2PO, sohtiou was adjusted to pE 7 by KOD before spplied to the
tiAsues.

Results and Discuسssion

Uptake o} N a Pم ٠ Tahle (l) shows that isksه of eweet potato tubers
culrred i0.005م M NH,Cl absorbed 22.1 mgm NH,-N/100 gm. tissue i24م 
enee of NE,Cl. the IH,-N uptake was icreased progressively by teه 

increase oF P conccntratiou in the nutritire media. 'Theee icreases wer
and more taA 100% in presence of P,. In theي presence of P40 عذ%
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same tine P uptake rates increRsed progressively by tc ihcrease of con­
centration of that ion i the nutritive media containing NH,-N the supply
of which was the sane for all treauments ( more than l009 increase oF P
uptake from P, oluticn orer that fron R , ي solaton in prcsemce of N, con­
centration ). Similarly, Williams (1940) working with oat planفt found that
wih N, the supply of wlicl was thLe same for all treaucnte, large sLimula­
tory efects of P treatent on tlc rate of intake of P and D were obtained.

TABLE 1

P uptake, ND,-N uptake and C0, oatput by swect potato Tubcr
isقk culnred for 24 hours in solutiens containing difcrent

N/P raTios ( Mgm./100 gm. fresh wt.)
٥ ، ، ،د،  ، ي »، و

٩

'Treatment

Distilled wvater
N,P
NP,
N,P,
N,P9
NyP,
N,P9
N٩R,

Puptمke

40.7
107.5

52.5
83.0

150.5
49.0

NH-N uptake C0, outpat
 »د

259.2
22.1 300.0

4008
4م.6  ة٥.68

30.9 432.0
36.7 402.،
609 732.0
10.5 372.٥

 ، د ، د ، د«د دي

0n the other land, tلa le (l) slows tlat sweet potato tuher diولع 
cultured in 0.005M KH,PO, absorbed 40.7 ugm. P/100 g. tisد ae during
24 hours. The presence of DB,-N together P in the culture media caused
progressive increases in P nptلa e rates by the increase of NH,-N in these
anedia. Thse icreases wvere mnore than l00% in case of T, solntio» ard
more than l64% i caseم of I, eoluton. Simiarly suiلu ation of P nptake
by N additios Las been reported for a many of plant speeies ( Reichنa 
et al., 1959 , Werlehoven et al., 1960 and many others ). Simultaneoualy,
tle N,-T uptale rates increascd progressively by the increase of concentra­
tion of that ion in the culnre media containing P, te concentration of
which was the same for all treatents ( 22% i ereaseم of NH,N uptako
from N, solution over that from N,eolution in presenee of P, concentration) .

The increase5 of DH,-N uptلa e rates accompanying thoE of P miht
ehow tne possibility of any special conpanion efiect oF ammonium and
phosphatc ions on entry of eacl other inio the root cells of Eweet potato
tuhers as snggested by Arnon (l939) for barley roots, but argue agwinst tb
firding of Cole et al. (1963) who elowed tlat the presence of amoniu
ions i tue tesT soiution during the uptakce period had negligible efrecم on
P uptakc rates by cor plants.

€

٥
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Again, table (1) shows that when the culture media around sweet potato
tber isفk contain a iower dose oF P (P,) together with higler doses of
NH,-N (N, or N,), the NH,-N uptake rate was 100% inerease from N,
sohution while te P uptake rate increased by about 200% from the culture
medium containing N7 over tat contaiصing i, altrough the coneentration
of P nز these cultures does not change (R,,). 0n te other hand, when the
culture media around sweet potato tuher iما contم in a lower dose of
NH,-N (Nم ) togctler with higher doses o£ P (P, or P,), bot NHI-N and
P uptake rate3 from R solution were 71% ndة 4l% respectircly below
those fromn P, solution. l this respect, swect potato tuher disks behare
similar to some gramineous plants ( Williams, 1948 ) in whieH the % P
conteut of the stems, leaves and roots arrived values witl a higher supply
o£ P lorrer than wiu lowv ه supply of P in presence of a constant supply
٥f D., These results clearly slow tat when the concentrauion of P was 4
time tat of NH,-N in the culture media of sweet potato tuber disks, distur­
banccs i the uptake rates of hot D and P do occur in contrast to what
happcns when tle concenTration of D was 4 times tlat oF P wlere the
uptaلre rates of hoth N and P were increasEd altough the P conceDtra­
tion in the culture medium was consLant.

The major deteminants of the rate of uptale of P by plauts were
cscribed By Yliams (1948) and Cole et al. (1963) as the deuand set up
by te growth and norn1 functioning of the various plAnt parts, and the
concentration of P in te medim. They considered ' that the indirect
efccts of autrient treatments on growth and hence on demand were more
important tan the direct cffecLA oF ertemal concentration of P on tLc rates
of inake of that element. These eonclusions were supported by the pre­
sont investigation in wlieh NE,-I stimulated the rate of P uptale by eweet
potato tuher dieks than did an eguivalent incrcase in P concentration i
th eulturo medium. lrom talle (l), it is clear that 6wreet potato tuber
diوء cلu tured in NR,, solution ab=orbed 52.5 mgm. P per 100 g. fresh
weight of tissue dnring 24 hours. By doublng tle concentration oF P iu
the culaure medium (IR,), P uptake was increased by more than 100%
while doubling te concentration of NH- n ز te culture solution (N,P,,)
stimulated furtler the P uptalre where tle icrease oF wptakse of tat ele­
ment about 200%. Evenmnorc, tissucs cultred in D,, P solution absorbed
83.0 mgm. P and by doubling the concentratibn of P nز the culture solution
(N,, P), P uptake did not increase lnt decreased by ahout 41% nذ cont­
raAt t٥ 30%, incrcase in the ahsorption of tlat element wlcn tle concentra­
tioa o£ ND,-I was doubled around the tisEues (N,P,).

Also from uable (l), it is evident that te P uptakse rates b yت sveet
potato tber tissuee from te diferent cultre media .go parallel to those
٥٢ DE,-N indicating the close concction beTween te uptake of both N
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and P. Tle absorpton rates were also found dependent on respiration
rates of the tissues, Dumphries (1952).

Distribution o} the nitrogenous Jractiors

As has been already ehown by El-Shishiny (1955), sweet potato tuber
disعk have aseimilated NH,-2 and symthesized compler-D compounds ( rest­
and protein-N) in a large Part, and gluiamine And asparagine foring  ه
amall part. The amino-aeid-N fHaction. decreased probably dae to its par
ticipaUion in the fornم Uion of anides and proteins. Addition of P to the
nutritive media contaiing the NE,-R, causcd marked increases in amides,
particularly glutamirIe, and proteins but caueed decreases in amino-acids
and rest-N. Iit the low doze of P (P,ي ) in prcEence ٥f D, solntion, the
increase in amides, mainly ghutamie, were very pronounced while the high
dose of P (P,), the very pmonounced increase was in protein-D.

Also ftom tahle (2), it is evident that when the P leve] of sweet potato
tubcr d:skو was increascd, in absence of NH,-N, both amides increased pr­
sumably at the epense of anino-acids while the increase in protein-D was
at the cxpcuee of rest.N. Addition of diferent concentrations of N t٥ the
nutritive media containing P caused analogous changes in the I fractions as
thد ose taking place with similar conccntrations of P added to the nntritiwo
mcdia containiag TH,-N. Tة is means tat with tle low dose o£ NE-N
(D,) ir presence of P, solution. the increases in amides 1naiصly ghutamine,
wcre rcry pronounced while with the higl dose of NIL,-I (N,), the very pr­
nounced increase was in proteinE,

THe rise ٥£ MTI,-N dlose at low lcrel o£ P aueed marked increAses i
l nitrogen fractions e±pecially amides and this vas accompanied by theه 

higest re:pنration ratc ( compare N,P,,, with P,P,,). Ln cortrasz, thLe rise
of P dose at lowv level of NE,-N causcd marked decreases in all the nitrogen
factions and this was acconpained by the lowest respiration rate ( com­
pare N,, P, wit N,,R, ).

The ahsorpton rates oF ND,-I ad P were accompanied by parallel
increascs i C0 production و indicating the dependenee of amide und pro­
tein yteses ه on NH,-N and energy production related to P uptake.

The efrects o£ NET,-N on P uptake as show from tables {1) amd (2)
clearly elneidate tle connection between P uptake and N metabolism. The
increascs in P aptalre have reflected higher levels oF N-intermediates whoae
syTthesis lare processs in coummon with tose of P uptake.

Viet et al. (1946) observed large increases in te amounta of glutaminc,
asparagine, and a ino-Nص in the roots of preriously N.depleted corn plante
absorbing N from nutrient solutio» containing NH,N. Chibnall (1939)

 ن

4



75 م

 ى٩٥ ، ة ب
 ح

 ع ت٣٣٣٤٦<١٣
d ٥«٣ب ت٥د٥ دج٨ ب  ن٣'H1 بم ود ص م٥إ بح م

 ي٥ ب ب ب ا ب
٣uب٣٥٣٥ب٣ 
 ا هه اب٤ ا

 ثم ج ى ب ص ى ج ب ت ب ب ت
٣ب لا€

٥٢ ى ب2 ب
 أي ى ى ب ى ب
 2ي ص إم بر

 م٠ ب ج ب
o ض ك زج ثر ب  ذ ب
 إم بر ر 2ع

 ي ب٦ ب ب ب ب ب
 ج ن ا ذ م تتم

 م٥٣٩٥٣٥٥

 ب ب ب ت ث ب ب ب
 ب ب ب ب ب ف ا ب
 ك تم ب ب ب ت و ب

 ي جة
 بم بل٥

=٤ فه

 ب ،ن>
«
 =ج ث
 ج

 إ<

e ن
 ك'
£zrم 
٥٦

 بى

٤ ته  2ج٤ ر
 د
 ح

 ج =ع هe د ك
٩

 ي

 ى
 ف

 بم
» ي

٣٥ن ج

٤ د  ي بو ن ج زج ا
5 ا

 ب

 ب
 ه
 ملا

 بم

 م
 م
 ها
 ج
 مل

 ح

 لك و ة

 ة ت
 ي بح

 ج ثة
 و غ
 ي مه

 =ج
 ما» ص

a
٥4
&

 به ن
 ج ت

» مع
 ،4 نخ
 ب هن
 ج ق
٥ ة  لرن بر
 بن لة
: ض ا

r «9 قة ا. تو ا
r6  بدو ، ا وخ ج ي
٦٢
 ر ي
 ت ث
·٠ ع ج١
 مع&
»٠ ته
 ء ا
٣ن ح
€ ت  ي
 ع م

 ب ت.
٥٣٤· ةق ج»
 ج ث3 و» يي ة

a

 م ذ
 ج

4

 ه مهثه يم,نه يع يمم ه٢ بم ده يم
 "ثم"= ة تج= ج "تة "ر

 م ن
 د ت
e
 ة
 بط

 Hب



76-

infiltrated L liumم leares with solutions of ammonium phosphate and foud
that it gave glutamine synthesis. Welster and Vaner (1955) considered
that uhe synthesis of amnies in higher plants coul proeeed by coupling
the corresponding amio-acid with A.T.P and JH, in presence f Mg ++
ard that tle encrgy necessary for amide synthesis was derived fron A,T.P.
From the preent invesuigation, tahle (2) slows considerable increases of
N-intemmediates following NH,-N d صه P uptake by sweet potato tuber ٩
disks. The i creasesص were mainly in the amides, glutamine in particalar
and the increascs were accompained by bigl lcvels of total -N in tbe tissueA
together with Iigh P uptake rates. Yenm and WiIi (l956) Jemons-
trated that A rapid and extensive synthesis of glutamine occurs when a-
monium salta are suppLied To barley roots a dص tlat this synuhcsis is coupled
with higl ratc of respiration and considerable loss of sugars frn thc tissues.
They point outt the close relationship of te syntheAis of glutamie acid and
iقt amide to glycolysis and indicate that the reducuive amiatio oF a -keto
glntarie acid proceeds by meفna of electron transfer mediated by pyridine
mueleotides, while the synthesis of the amide hond is promoted by pho5-
phorylations ihvoiving A.TP. Also the enzymie synthesis of glutamine is
cliefly localised in the mitoclondria of plant cells ( Webster, 1953 ), and
thc mitochondria are the sites of P uptake { Jackso ct ,l ه 1962 ). The
rate-limiting reactious in P uptake are those steps in oridative phospho-
rylauion that involve phosphatc، 'ihese recults have led Cole et al, (1963)
t٥ sugtest that the stimulatory effeets oF N P ه uptake by corn plants
may iavoire syn!hesis of ?-intemnediates witl correspording increase nذ
taznovvr o£ DPNH and ATP coupled to P-uptake reaetions، Studies in
hand of te leve] oF I-internediates followving TH,-N d مه P absorpton
and aEsimulation by sweet potato tuLer tissues wvere fouud in hammnony with
the suggestion of Cole et .l ه (1963) eince higher lerels of anides, ghutamie
i particular, and ami0-acids whose syntlesis have processes in conon
witl P nptake and metabolism were obtained. Also the results ia hand
slxow the possible operation of oridative phosphorylation reacuions in sweet
potato tuber tissueو simiiar to those operatig in other plant tissues euch
as barley roots ( Yemm and WIIEis, 1956 ), Eince syutesis of glutauine ws
also coupled wwitl bigl rate of respiration.

٤

Distrbutionv o} Nucleic Acids.

THe results dcpicted in teble (3) howed ء high nucleie acid contents of
sweet po?ato tuher dieks cultured in variouف cultre media laving difRercnt
NPP rati03. SugaIs preeent in euch disks togetber with P ahsorbed from
the nutritive media serve in the foration of phosphorylated sugars whieh
are precursor oF RNA synthesis.

 ج
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TABLE 3

Dietribution oF nucleic acids in sweet potato tubcr disks cultured for 24 hoars in solutions
containing diferent T7/P retios. Mgm P of nucleie acid / 100 gm ilry wبu of tissne.

Total DNA
RNA

THeatrnent RNA nNA
 د ، د د

Diarilled H,0 90.0 40.0 50.0 0.80
N,P, 103.0 60.0 43.0 1.40
NP, 105.0 65.0 40.0 1.6٥
N,P، 500.1 177.6 م3%٩5 180٥

٢,P» 165.5 78.4 ٥7.1 0.90
NvP, 279.6 158.1 121.5 1.30
N,P» 207.٥ 151.0 56.0 2.7٥
8wP, 211.9 118.3 63.6 2.20

Also table (3) cLowed that diferent T/P ratios iu tle nutriuive media
of 8weet potato tber diElcs did mot exert the same effect on RNA and DNA
contents of the ti:sues, While the defieiency of N ٥r P strongly reduced
the RNA content, tle surpius of eitler one of them slowved a sharp dec­
rcase in DNA content. Such decrease is an indicaion for uhe depression
af DNA yntlesis ة in tlIe cells.

P.deficient tissues showed a lower comtent of RNA and DNA. As in
the case oF I lefieiency, P lefieieney led to a low total nucleie acid eonteDt
aق well s ه a 1ow RNADNA ratio ( compare NP,, or N,, P, with NP ).
TLe defieiency in te nutritive nedia slows down the rate of syntesis of
nucleic acids since P is precursor ه for tleir building. P ie also coneidered
to bo an essential factor for the maintenance of higl energy level whicl
by- tum dleterines te speed of syntetic processes in the roots. It is also
known that P playa na essential role i phosphorylotion reactions dnring
respirauion and other processes. These reactions are disHrbed at the
condition3 oF its deficiency. As a result of theee disturbances in the ene­
rgetic processes aud tle dcpression of nucleic acid syntheفi At conditione

(.P lefieiency, the protein synteeis also decreases ( table  ه2٢

Again excces of P at eonditions of N deficiency led to whe reduction of
nuclcic acid content of thc tissue s( table 3). A eharp reduction of DDA
content was observed, wLile the RNA content clearly did not change sه a
resلu t of wvieh the ratio RIA/DNA inereased ( eompare D ,,P with Nي,P.)
It may be mentioned, here, that disturbance of nucleic acid metabolism
occurring when P was in excess in P-defieicnt media, cn be considered
one of te reAson for the low protein content of tle root eele On the
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oter Land, our expcriens slowed that at sarphus of 2 supply, tle DNA
content decreased. 0n te contrary, the RNA content increased resulting
i a higل RNA/DNA reuio ( compare I,P,, with N.P,,).

Dielens (1957) stated tat, while the predominanee of glycolytie typo
of respiration favours the DNA eynthesis, tho predorinance of hexose­
monoplosphate pathway activates tle RNA eynthe3is due to te fomation
of considerahle aounts of ribose at tlese conditions. Shaw et al. (1958)
idicated that idolacetic acid favours the hexosemonophospbate pathway,
compared to the glycolyuic type. Tleee results gire a base to euppose that
exces of N leading to a high auxin content of sweet potato tuber tissaes
under irestigation, favours the hcxoseonophosphate breakdow of gln­
cose, which unfavourably afrects the DNA sythesis i cells, but favourably
afects that of RNA. Relevantly, Tooden (1968) stated tbat indolaeetie
acid bas a very large and rery rapid stimulatory effect on icorporation of
P3% orthophosphate into RIA in disks of articloke tuber, ndه uhat the
promotive effect could be nccounted for throuh increased uptale of P5%,

From tle above mentioned, it can be concluded uhat conditiors deve­
loped i potato tber disk ue م ل to higb auxin content such as high level
of hexosemonophosphate beraldown of glucose might lave ed to the
deprceaion of DNA sythesis and the rise of RNA/DNA ratio. Sucl efect
was noticed hy Silberger et al. (1954) in tobaeco tissues، Consequently, this
can explain the obscrved rise of RNA/DNA ratio in our results at eonditioDs
of exeess N7 over P in the culture mcdium of sweet potato tuhcr disls.
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