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The likelihood of ammonia being the final product of 

nitrate reduction has been appreciated for a long timeD 

Warburg and Negelein (1920) found that suspensions of 

Chlorella cells incubated in acid media containing 

nitrate nitrogen produced considerable accumulation 

ammonia 0 In parallel observations with higher plants 

anishnikov (1951) described experiments, performed 

.in his laboratory-as early as 1919iJ which accumulation 

of ammonia inplcmt ti'ssues occurred as a result of 

nitrate feeding,," Eckerson (1924) presented microchemic 

data on the transformation of trate in tomatoes Q 

In her studyu the tomato seedlings were transplanted 

from ste Ie soil into quartz sand and kept a 

riod of two weeks without th.e introduction of nitrogeno 

These nitrogen starved plants showed a high content of 

starch but no nitrates v nitrites or ammoniac Thirty-

six hours ter the introduction of calcium nitrate 

into the sand q nitrates and ni tes and traces of 

ammonia were found in of the plant Forty~ 

eight hours later there was a decrease in the amount 
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of nitrates and a corresponding increase in ammoniao 

A steady low 1 ammonia was maintained 

the third and days while the amount of amiino 

acids and organic considerably increasedo 

According to 1 (1939) the detection 

ammonia during trate assimilation supports 

the viewy adopted by other authors of that timeg 

that ammonia plays a role in the primary 
! 
I 

synthesis of am\ino compounds 0 This view was supported 

by the work of Vicke q Schoenheimer and 

Rittenberg (1940) who 5N=labelled ammonium 

chloride was rapidly ass by tobacco seedlings 

and the labelled ni was incorporated into the 

soluble amino acids 9 amides and proteins of the tissueo 

Acid hydrolysis of the preparation of 

leaves from tobacco which had received 

15NH4Cl revealed that the ie amino acids f 

glutamic and aspartic acids were most heavily labelled 

and further that glutamic contained the highest 

labelling" MacVicar and s (1948) also supplied 

labelled ammonium sulphate to tomato plants for 

-twelve hourso Their finding was s ar to that of 

et aL (1940) in and 

c acid were more heavi than the basic 



amino 

Again label 

as argine y histi and lys 

in glutamic acid was higher 

an that in aspartic acid but latter was 

extremely c label to former compoundc 

3 

Isot,opic that exogenous supplied nitrate 

is assi.mi in a way simi to ammonia nitrate 

is reduced to ammonia and thence incorporated into 

glutamic acid = is derived from the work of Delwi 

(1951) and especial from that Mendel and Visser 

(195)" Both Delwiche Mendel Visser supplied 

1 led ammonium or nitrate to tobacco leaf 

tact tomato plants respective Delwiche 

rsed pe lea"lles in 0 J 1 

1 le,d o.r ammonium chloride and 

analysed them fm:: in solub 

trogen on" Irrespective t_he form of ni t.rogen 

supplied the hi st label 9 among organic trogen~ 

ous compmluds was 

ono Although 

conducted under Ie 

in amide p ammonia 

ication of nitrogen was not 

apparently ammonia 

was not ed to nitrate by microbi organisms 

s ce De (195l) was not, to detec 

15NO in the s of supplied 5N-labelled 
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ammonium" Mendel and Visser (1951) supplied 

5N~labelled ammonium phosphate or d potassium 

nitrate to tact tomato plantso 

iste during periods of 8 ff 24 and 32 hours was the 

nitrogen source, isotopic nitrogen in extracts from the 

root mate was most abundant in ammonia with 

the amides next most highly labelled fractionu 

Labell in glutamic acid was f that 

while that in aspartic aCJ .. d was less than but close to 

labelling in glutami do When the source of nitrogen 

was trate g aviest labelling which attained similar 

Is was found ammon and amide fractionso 

Glutamic d was lIed to the ext.ent of approximate 

a thi of amide~N Iabellingo The labe ing is aspartic 

d was in this case also v close to that of glutamic 

These results rnl the rna evidence 

whi supports the view held by many authors nitrate 

and ammonia are assimilated simi 

Folkes (1959) has studied the rate of incorporation 

of lSN=labelled ammonium phosphate into the free amino 

acids protein hydrolysates of the food yeast 

Torul sis uti lis during a steady state of growth o 

Glutamic acid and glutamine ther contained 

highest label The labelling as c acid 

was not only lower than in alanine but so 
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apparently lower than that in some of the other amino acid: 

such as threonine 0 serine and valineo When he compared 

the rates of incorporat.ion of 1."N into the various amino 

acids Folkes concluded that since only glutamic acid 

and glutamine showed no lag pe od of incorporation 

of labelled nitrogen into the amino groups these were 

the only primary products directly formed by incorporation 

of ammonia to a carbon skeleton" Regarding the 

other amino acids o Folkes concluded that "it is cl~ar 

that alanine must be derived seconda~ily since there is a 

pronounced lag before it becomes labelled o The position 

of aspartic acid is less unequivocal but the very low 

labelling found in this amino acid argues against 

its being a primary product 0 ~H Folkes regarded all the 

other amino acids as se80ndary or >certiary deri vati ves 0 

Accordi.ng to this author g amino acids which are not 

primary producLs of assimilation are formed either by 

int,erconversions of the carbon skeletons of primary 

assimilation products or gained the amino groups in 

reactions involving the latter compounds as donorso 

Also according to Folkes the synthesis of glut.amic 

acid and glutamine together accounted for at least 86% 

of the total synthesis of f;£'~amino grollps in Torulopsis 

yeasto 
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This cone on was ved at s manner~ 

Folkes calculated rate at:. wh~ch c; ac was 

11':q synthesi incorporatlon and 

rat:e at whi acid 

have to be. in arder to just maintain 

ts st,eady stat~ on durLng growthiJ 

as tha t l'~one were st lD further reac s" This 

il which was ~'et:ed as a measu::-:e of number 

of lmes the pool of 

new synthesi.s 

turnover to be 18 c 

d 

wei.ght 

aE:t (= 10 6:3 mg,_ O-N) ta give the 

s sised glutamiC ac 

By 

s ated ue content 

dry yeast as by analysis ( 39 mg,,) 

concl'lded t,hat t.he 5 i s of glut.amic 

for three rte:rs of the synt,hesis 

'1 amino cups in this yeasto sum of the \:\ 

c: ac.id and ne v a 

s manner formed a 

as 86% of the 1. 



t was t.ed by Fo s nn.),. '-' ,~ only was 

isot,opic nlt:rogen 11 amino acids of 

d :'iNO 
= 

tha.t ( :. :;:'NH" ) t s t,Q HPOl; 

but so re 0:[' barley N=labe1 ammonium 

phosphate were similar to those ob wi 

asto Thus s milar bi c relationships were 

imp to hold r yeast as well as for barley 

Sims s 1,(964) ded data r 

d ammonium phosphate 

amino da utilis 

(synQ evi 

r c acid is the only 

prim,ary amlIh'J acid u This a s was made 

glutamine ent.ering 

is import,ant to note 

wh and 

c the h:lghes label Q glutami.c 

acid was more hi 1 lIed than glutamine. 

1 aspa aeid was low 

to Sims only d showed rapid 

of otop arrUTlon,ium trogen as well 

as an rapid £'3.11 :~ N abundance 

yeas to un1 lIed medlumo ne 

and showed changes wh.ichwet:e 



regarded as litt diffe from those of the other 

amino acidso These authors then concluded that once 

again in this organism their results indicated that 

glutamic acid and glutamine were the only primary 

products of assimilation. It is notable that while 

Sims and Folkes regarded the rate of synthesis 

glutamic acid and glutamine as sufficient to provide 

all the a-amino groups of this yeast, it was not 

thought by these workers that this rate of synthesis 

was adequate to meet the total nitrogen requirements 

of the organism since nitrogen analysis of the yeast 

showed that in one generation 1 go dry weight of 

yeast increases its total nitrogen by 63,3 mg. and 

of this 3802 mg. was a-amino-No Data obtained from 

calculations with isotopic nitrogen Q as explained 

before~ gave values for the sum of the amino groups 

of both glutamic acid and glutamine of 40.9 mg., 

8 

and 46.2 mg. for the total nitrogen of these two 

compounds. In this respect it is particularly 

interesting to note that Sims and Folkes further 

suggested that other pathways by which ammonia nitrogen 

may be incorporated into organic compounds may be 

operative. 
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Cocking and Yemm (1961) had attempted to provide 

information regarding the incorporation ofl labelled 

ammonium phosphate into the amino acids of 

seedlings during ass lation periods of two hourso 

Although these workers maintained that their results 

indicated that ammonia is assimilated by barley 

through the synthesis glutamic acid and glutamine 

and that aspartic acid and alanine u which had low 

15N abundance u were cons red unlikely to be primary 

products of assimilation, they carried isotopic analy

sis on extracts which had been subjected to acid 

hydrolysis in 6N hydrochloric acid for twenty-

hours v hence v as they also confess g the data is 

cult to interpret s this fraction also contains 

not only amide nitrogen glutamine but also hydrolys~ 

nitrogen from peptides and polypeptides which 

were extractable by 60% alcoholo 

Other evidence regarding of ammonia nitrogen 

into the organic compounds of higher plants has been 

provided by Lo and Tang (1965) 0 In their experiments ll 

sodium fluoride which strongly depressed respiration 

of leaves was also shown to strongly depress 

assimil of ammonia 0 In the sence of fluoride 

ions amino acid synthesis from exogenous supplies of 
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ammonia was not showno This re was interpreted 

by se workers as being due to shortage of carbon 

ske ton acceptors of nitrogen 0 When a~ketoglutaric 

acid was added simultaneously with fluoride ions g 

formation of amino u mainly glutamic acid and 

glutamine could be shown 0 When y however f pyruvic 

acid or oxalacetic acid were employed instead of 

a~ketoglutaric acid synthesis of the corresponding 

amino in a way analogous to observed with 

a-ketoglutaric acid could not be shownu Thus apparent

ly the block of ammoniaffisimilation which could be 

restored by supplying a-ketoglutaric could not 

simi be restored by pyruvic or oxalacetic acids. 

These workers considered synthesis of glutamic acid 

and glutamine as the principal pathway of ammonia 

assimi on in wheat Se while incorporation 

of ammonia into pyruvic acid or oxal c acid 

was regarded as insignificant if it took ace at alIa 

The lack of adverse ticism of Folkeis work 

is indicative of the view 

no real cation of di 

g at present, there is 

pathways of amino 

acid synthesis from ammonia and from nitrate (Burris g 

1959; Virtanen, 1961). Fowden (1965) re rring to the 

work with is utilis (Folkes g 1959) has conceded 
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g'glutamic acid and glutamine are the only primary 

products assimilation!! ,7 whi )1 alanine and less 

unequi vocal [I aspart.ic acid are secondary products 

of nitrogen incorporatlon. n As well as sharing Folke1s 

content.l.on t,hat the universal nhighwayli for incorporat~ 

ion ammonia into the carbon skeleton to amino 

acids is through the biosynthesis of glutamic acid F 

Webster (1958) Burris (1959) v Virtanen (1961) ~ Steward 

and Durzan (1963) 0 Kretovi (1965) and Fowden (1965) 

have all expressed the need further work to elucidate 

the blosynthesls of asp c do Both Folkes (1959) 

and Sims and Folkes 1964) have further suggested 

possibili for the ope on of other mechanisms by 

which ammonia would be rporated i.nto organic 

compounds, In this connection it is important to 

recol ct that se authors could not account for the 

total trogen of Toru is utilis 
~~~~--

Candida utilis 

through the biosynthesis of glu,tamic acid and glutamine c 

The mechanism by which glutamic acid is formed 

through the reductive amination of a-ketoglutaric acid 

(Equation 1) has received a considerable amount of 

attention while comparatively little effort has been 

d towards estab sh similar mechanisms for the 
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synthesis of other amino acids, espe ally 

acidQ The enzyme g 

the 

COOH 
I dehydrogenase 

CH 
! 

CH;, 

I 
CHNH 
I 

7 
NAD+ 

COOH 

c dehydrogenase 

COOH 
I spontaneous 

CH? 1 .... 

CH; I ,. 
C=NH 
I 

COOH 

COOH 
I 

CH 
I 

CH 

d=o 
I 

COOH 

c 

zing 

+ 

L-glutamic o. taric ex-ketoglutaric 

acid 

reversible oxidative de of L-glutamic d 

widely di.stribut:ed in gher plants (Damodaran and 

Nairil 1938. Berger and Ave u 1943" 1944~ Bulen 

(1 ) 

1956) and has been isolated from corn leaves and charact= 

e by Bulen (1956)" A lrement for 

cotinamide=adenine dinucleotide (NADH) has been shown 

by ous workers (Bulen u 1956; Zelftch e 1957 Das and 

Roy, 62)0 Bone (1959) has shown that glutamic 

dehydrogenase is associated with mitochondria s 

enzyme is most abundant young roots (Van Die, 1962) 

and is sent from chlorop ts ( tenour, Joy, Bunning 

and H " 1967) 0 
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Neverthe ss some importance may lie in 

suggestion of Zelitch (1957) other NAD linked 

amino acid dehydrogenases ogous to glutamic de 

hydrogenase may be present in crude enzyme preparations 

from tobacco leaves. Ze1itch found that crude enzyme 

preparations from tobacco sap oxidi a number 

of amino acids as evidenced by the reduction of 

2, 6=dichlorophenolindophenol, hlghest rate of dye 

reduction was observed with L-glutamic acid, L-aspartic 

acid, L-glutamine, L-asparagine and glycine, the rates 

reaction presumably decreasing this order. 

Although it was observed that reduction NAD to NADH 

could only be shown when glutamic acid or glutamine were 

the substrate, reduction the dye took place with 

all the above amino acids in presence of NAD. 

Ze tch has not elabora te.d upon the reactions he was 

following but presumably NAD was acting as a mediator 

for the electron trans from the amino acids to 

the dye which apparently had too high an electrode 

potential to accept electrons directly from the amino 

acids. Nevertheless, Webster (1958) considers thE!se 

observations may suggest possible formation of aspartic 

acid ammonia and oxalace acid (Equation 3) 

Kretovich (1958) has ewed evidence from 
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experiments in which the cipation of an 

aspartic dehydrogenase was sugges but Fowden 

(1965) considers the design of most these 

experiments was such that transamination (Equation 4) 

rather than reductive amination was being observed. 

Aspartic acid + NH3 

Aspartic acid + 

Oxalace c acid + 

glutamic acid 

Ca++ 

'( 

aspari:as€ 

Fumaric acid + NH3 

(2 ) 

Oxa1acetic acid + 

+ NADH + H· + NH 3 

(3) 

Aspartic acid + 

a-ketoglutaric acid 

(4) 

Other suggested reactions by which ammonia 

nitrogen could be incorporated into aspartic acid are 

amination of fumaric acid as in Equation (2) and 

the trans r of nitrogen from glutamic acid through 

trans ation but this latter reaction places 

aspartic acid in the status of a secondary amino 

acid i.eo not formed rectly by the incorporation 

of ammonia into a carbon skeleton of an organic 

compounds An enzyme aspartase which was described 



by Virtanen and Tarnanen (1932) as catalyzing a 

reversible oxidative deamination of L-aspartic 

acid to form fumaric acid according to Equation (2) 

has not been well studied but it is considered by 

Loomis (1958) and Meister (1965) that since the 

equilibrium of this reaction is far to the side 

of fumaric acid the reaction catalyzed by aspartase 

is oxidative rather than synthetic in function. 

The possibility of this reaction providing a pathway 

for the biosynthesis of aspartic acid from ammonia 

15 

and fumaric acid tends to be eliminated on these grounds. 

Fowden (1965) also thinks that this reaction plays 

no role in the assimilation of ammonia by higher 

plants. 

The formation of aspartic acid through trans~ 

amination reactions has been well studied and shown 

to take place in various plant tissues by Wilson, 

King and Burris (1954), Cruickshank and Isherwood (1958) 

and Bone and Fowden (1960). The enzyme catalyzing 

the reaction has been purified 250 fold from ca~liflower 

leaves by Ellis and Davies (1961) and as well as being 

known to require pyridoxal phosphate as a cofactor 

(Snell, 1945; Cruickshank and Isherwood, 1958, Ellis 

and Davies, 1961), it has been shown by Ellis and 
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Davies (1961) to have fai y rigid substrate 

requirements In tion to glutamic acid on 

cyste sulphinic acid and cyste acid were 

appreciably active as amino donors, These 

sulphur-containing ds, whi resemble glutamic 

acid by possessing a second acidic group on the 

a-carbon atom, reacted about four times more 

slowly glutamic acid as substrate. 

According to Cruickshank and Isherwood, 

plant glut.amic-aspartic transaminases are tightly 

bound to coenzyme moie s. nitrogen trans-

fer reaction proceeds via a binary mechanism during 

which pyridoxal phosphate (PL) component of 

the enzyme (E) undergoes a reversible conversion into 

doxamine phosphate (PM) so acts as an 

acceptor and donor of the transferred amino group 

An enzyme-Schiff's base type of complex forms a 

transient rmediate in both steps.· 

1 ' 'd~ EpL + G utamlC aCl ~ ESchiff 

EpM + Oxal c chi base 

Sum: Glutamic acid + Oxalace c acid 

aric acid + Aspartic d 

+ 

a~ketoglutaric 

d 

+ 

Aspartic 
acid 
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Complete reversibility of the reaction is shown by the 

low equilibrium constant (K) which has been found 

by Cruickshank and Isherwood (1958) to be 5.0 for 

crude enzyme preparations from wheat germ. A similar 

value was obtained by Alhaum and Cohen (1943) 

{a-ketoglutaricacidl {L-aspartic acid; 
K= ---------------------------------------------

{Oxalacetic acid] {L-glutamic acid} 

for oat seedling transaminase. 

The facility with which substrate amounts of 

glutamic acid and aspartic acid interconvert 

during transamination has been shown in vitro in 

animal tissues by Krebs and Belamy (1960). Thus 

in plants also it could be that the principal 

pathway of ammonia assimilation is entirely through 

the formation of glutamic acid followed by transfer 

of nitrogen to aspartic acid and other substances. 

According to Webster (1958) the surprising number of 

substrates that will undergo transamination with 

glutamic acid to form derivatives is in accord with 

this concept. In this connection, Wilson, King and 

Burris (1954) have reported transamination with 

glutamic acid with seventeen different keto acids. It 

is also important t.o note that Fincham (1950 f 1951 f 

1954) has observed that two strains of Neurospora 

crassa, which grow only very slowly on ammonia, lack 



glutamic dehydrogenase and also lack the ability 

to form other amino acids from ammonia to any extent 

although they contain normal transaminase enzymes. 

Normal growth could be obtained by sUbstituting 

glutamic acid or, to a less extent, other amino 

acids for ammonia. It is therefore obvious that 

in Neurospora crassa the initial assimilation 

of ammonia proceeds via the synthesis of glutamic 

acido 

However, some authors still maintain that 

nitrogen enters into organic combination before the 

level of reduction to ammonia. In a recent review 

ld 

on nitrate reduction Kessler (1964) has expressed 

this view and backed his argument largely with 

reference to an early publication of Virtanen (1950) 

as well as to that of Rautanen (1958) in which hydro

xylamine was considered to provide an alternative 

route by which nitrogen would combine to form 

organic compounds. It seems necessary therefore 

to review the main evidence that has led to postulat

ion of pathway~ of nitrogen assimilation other than 

via ammonia. 



The alternat,ive of assimilation of ni 

Hydroxylamine has been of great interest in 

connection with the blosynthesis of "primary" 
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amino acids. The fact that ketoacids will readily 

combine in solution with hydroxylamlne, or hydrazine, 

to form oximes, and that these may readily be reduced 

to form amlno acids, suggested that these compounds 

could be significant as "ports of entry" of nitrogen. 

A scheme by which these compounds would be 

involved in the biosynthesis of amino acids was 

proposed by Virtanen and Laine (1938). Nitrogen 

fixing roots of pea plants were reported by 

Virtanen and Laine (1938a) t.o secrete into the 

culture medium a substance which on reduction 

produced aspartic acid (Virtanen and Laine, 1938b). 

When the substance was worked out to be oximino

succinic acid, these authors decided to asign 

"primary" status to the biosynthesis of this amino 

acid. Virtanen's results could not be repeated 

by Wyss and Wilson (1941) at Wisconsin Agricultural 

Experiment Station using not only the bacteria 

and the seed but also the sand with which Virtanen 

had been working. The experiments of Wilson led 

him to suggest that under Wisconsin clima~ic 
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conditions the secre on of nitrogenous compounds by 

root nodules of peas was r an exception than the 

ruleo Such excretion was found only when the develop~ 

ment of the legumes was retarded by some adverse 

such as low temperature and rences i'n light and 

dark periods. Further Wyss and WilsonDs results suggest

ed a path that indicated glutamic acid rather than 

aspartic d as the primary product of trogen assimil-

ationo Steward and Durzan (1963) have reviewed the 

evidence support of the possibility that environmental 

factors could have been the cause of Virtanen's observat~ 

ions and referred to the experiments of Crane and 

Steward (1962) and Rabson and Steward (1962) in which 

photoperiodic conditions coupled wit.h day and night 

temperatures 

amino acids of 

the con 

plant.so 

tution of the soluble 

Mint plants growing under simllar conditions regard~ 

ing temperature and nutrition were, during 

short day periods u found by Crane and Steward (1962) 

to contain in the roots a considerable amount of aspartic 

acid v a high level glutamine and a small amount of 

glutamic acid in the order one rd the va r 

asparti acid v but there was no asparagineo The amount 

of glutamine in the stems was nearly double that of the 

roots asparagine was also present in 
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about half the amount of glutamine. There was also 

overall decrease the dicarboxylic amino acids 

the stems, wi level of aspartic acid still 

higher than that glutamic acid. During long daw 

riods, however, roots contained equal qmounts of 

acid and glutamic acid, glutamine was 

but there was no asparagine. In stems 

se plants there was a considerab accumulation 

of glutamine andy in contrast with the stems of short 

day ants, asparagine was s 11 absent from the stems 

of se long day plants. A similar reciprocal 

reI 

was 

diurn 

between and asparagine 

by 'these authors to be a response to 

chang-eso During night the 

glutamine was low, that asparagine high, 

the reverse was true during day. 

analogy with se results with mint 

le 

ants, 

Steward and DUJ::'zan.have ted Virtanen's results 

as a "function of the conditions under ,which host 

plants were grown." Under long day condi s 

and cool nights of Finland metabolism ants 

with whi 

oxalace 

days 

Virtanen was 

and aspartic 

warm tempe ra-turesof 

would be driven 

while under 

sconsin the me 

a 

ism 
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was ven c acid. However, this 

analogy 1 

and Steward 

tal evidence sine although Crane 

shown that environmental conditions 

such as day length and temperature do indeed, af ct 

the relative concen of glutamic and aspartic 

acids, and glutamine and asparagine, and whereas 

Rabson and Steward 

in these envi 

of a-keto aci in 

studied the effects of ations 

conditions on the concentration 

leaves, stems and roots of mint 

plants, on no occasion were they able to show that the 

concentration of a-ke 

some conditions whi 

elevatedo 

c acid diminished under 

of another keto acid was 

The formation of bound hydroxylamine compounds in 

Torulopsis utilis which had been previously kept under 

oxygen- or nitrogen-de cient conditions but which was 

later suspended in ni te solution was reported and 

studied by Virtanen and Sa s (1955, 1956) 0 The super~ 

natant solution in which the yeast was suspended, when 

subjected to two dimensional paper chromatography, reveal 

ed bound hydroxylamine, traces of 

and glycine v but apparently no 

the bound hydroxylamine increased 

of 1 the above amino acids and also 

d, aspartic 

o Reduction 

concentrations 

an 



From this result was concluded by Virtanen and 

S s that oximes of a toglutaric, oxalacetic 

and glyoxylic acids were present in the bound 

hydroxylamine. This result gave support for their 

view that when nitrate is the source of nitrogen 

in both green plants and ~icro-organisms it may 

be assimilated along two pathways:- via ammonia and 

via hydroxylamine as shown in their scheme below. 

NO~ N02 NH 20H + NH3 

+ + 

a-keto acid a-keto acid 

1 1 
oxime of amino acid 

a-keto acid 

23 

Saris and Virtanen (1957) also followed the 

formation of bound hydroxylamine in cultures of 

Azotobacter and found that not only was bound hydro

xylamine formed as rapidly both from nitrite, nitrate 

and ammonium but also that what was thought t.o be 

bound hydroxylamine turned out to be a composite 

mixture of peptides and they then decided that nothing 

can be said about the chemical nature of the hydroxylamine 



compounds and on these grounds the hydroxylamine 

hypothesis was discarded. 

Virtanen (1961) reviewing the synthesis of 

amino in plants thought that hydroxylamine 

compounds are formed in more or ss extreme cases 

such as when the yeast is under extreme de ciency 

24 

of nitrogen, so that what was being observed is a 

product of abnormal metabolism. Virtanen ruso pointed 

out that normally hydroxylamine formed during nitrate 

reduction may be reduced when it is still attached 

to the reducing enzyme, thus leaving no possibility 

for the formation of free hydroxylamine. It has been 

argued so by Mendel and Visser (1951) that if 

Virtanen1s alternative scheme for diverting hydro

xylamine into oximino compounds were to be accepted, 

the amount of 15N labelling in the free amino acids 

of p ts supplied 15N03 should exceed that in ammonia. 

They maintained that their results did not support 

such a scheme since the high labelling in ammonia which 

exceeded that in the free amino acids their expe 

ment proved that ammonia was the final product of 

nitrate reduction and that no nitrogen enters into 

organ combination be re this final stage in 

reduction was reached. 



Nevertheless, Butcher and Street (1964) have 

still considered evidence suggesting that the com

position of the amino acid pool of plants supplied 

nitrate may be dif t from that of plants 

supplied ammonium, but no further suggestion was 

provided as to the particular pathway (s) by which 

such differences could be brought about. These 

authors referred to the work of Viets, Moxon and 

Whitehead (1946) who found marked increase in amino 

nitrogen following ammonium feeding to corn plants 

25 

'but this was largely due to synthesis of the amides, 

glutamine and asparagine, while no parallel increase 

in the synthesis of basic amino acids was observed. 

Weissman (1959) had also shown that the relative 

concentrations of free amino acids in wheat seedlings 

is differentially affected by nitrate and ammonium 

nutrition. The protein amino acids of seedlings which 

were grown on ammonium for twenty-four hours showed 

a high level in arginine and lysine and low alanine 

and threonine. The amides, glutamine and asparagine 

showed considerable increase in response to ammonium 

feeding. On the other hand, the p~otein amino acids 

of seedlings supplied nitrate had a high level 

arginine and low level lysine. According to 



Butcher and Street (1964) these 

that the proportion basic to total amino acids 

in ammonium fed plants was low in comparison with 

nitrate plants and that cri cal imbalance of this 

amino acid pool may result with ammonium as the 

sole source of nitrogen. 

Burris (1959) and Virtanen (1961) maintain, 

. however, that there is no good evidence to show 

26 

that the assimilation of nitrate and ammonium take 

place differently. Such differences as have been 

provided by classical analytical experiments reveal 

that ammonium nutrition is usually accompanied by 

considerable accumulation of the amides, particularly 

glutamine, as shown by Vickery, Pucher, Schoenheimer 

and Rittenberg (1935), Pucher Vickery and Leavenworth 

(1935), Clark (1936), Sideris and Young (1946), 

Viets, Moxon and Whitehead (1946), Syrett (1953b) 

Vaklinova, Eshturb~nova and Tomova (1962) have been 

interpreted by Steward and Margolis (1962) as being 

due to "drainage" carbon from the citric acid 

cycle by the need to convert large amounts 

ammonia into storage products. 

absorbed 

Swain (1965) discussing the various methods 

in the study of biosynthesis has stressed the 



importance of using several methods to elucidate a 

biochemical pathway 0 He has pointed out that when 

two possible alternative routesof biosynthe s 

(eog. B ~ X or N ~ X) may exist, where the actual 

sequence of intermediates is unknown v or where the 

nature of the normal obligatory intermediate in 

doubt it is usual to decide between the intermediate 

alternati ves by measuring the rel.ative e ciency·of 

incorporation into the products the intermediates 

concerned o He also considers that it is not always 

necessary to use labelled precursorso 
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In this respect it is also considered that since 

glutamic acid has found much support from workers as 

being the primary product of incorporation of nitrogen 

from ammonium or nitrate salts into organic compounqs, 

supplying this amino acid at concentrations which are not 

too high to be injurious v should maintain the normal 

synthesis of soluble amino acids as well as synthesis 

of proteins in plants to the extent that these synthetic 

reactions proceed as in plants supplied nitrateo The use 

of steri culture techniques avoids the possibi ty of 

gross metabolic changes, such as deaminationby microbial 

organisms, taking place before the compound is actually 

assimilated (Bollard v 1967) 0 In this respect excised 

roots are better to work with than whole plantsQ 
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It is appreciated that glutamic d may not 

prove to be a satisfactory source of nitrogen due to 

possible slow entry of the molecule into the cells. 

The dependence of amino acid uptaJ<.e on metabolism 

of the ssue has been realised by Webster (1954). 

According to Birt and Hird (1956), since uptake 

of L-histidine by carrot slices is inhibited by 

0.1 mM 2:4 dinitrophenol and since this respiratory 

inhibitor has been shown to negate uptake potassium 

and phosphate ions (Butler, 1953) by wheat roots, 

there are close similarities between uptake 

inorganic ions in se systems and the uptake of 

amino acids by slices carrot. On the other hand 

the observation of Reinhold and Powell (1958) tha.t 

uptake of glutamic acid by _H_e_l~~t_h_u __ s annuus tissue 

was stimulated by 10 ppm. indo -3-acetic acid 

(IAA) led them to suggest that the uptake of glutamic 

acid by sunflower ssue was largely by diffusion 

such that IAA brought about a ssening of the diffusion 

resistance to glutamic acid. However, Reinhold 

and Powe also showed that unde anaerobic conditions 

the uptake of glutamic by th? sue was the 

same regardless whether IAA was present or not. 
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This suggested at uptake in the pre hce 1AA was 

metabolically control It also interesting to 

note that the Q10 of glutamic acid uptake over and 

above the uptake in the absence of IAA was found by 

Reinhold and Powell to be lc7 v a value characteristic 

metabolic reactionso 

In the presence of IM, glutamic d formed a 

large proportion the substrate respired but although 

it is assumed by Jennings (1963) that this resQlt of Rein~ 

hold and P6wellindicated that in the sellce of 1M 

the metabolism of the tissue was altered and hence 

that uptake of glutamic acid in the ptesence of IAA 

was di rent from that in the absence auxin, it 

is much more likely that the amount of respired carbon 

dioxide corresponded to the relative amount of glutamic 

acid taken up by the sue, Thus in the presenoe 
, 

IAA when uptake of glutamic acid was enhCl-nced 

relatively more. glutamic acid was oxraised than in 

the absence of auxino This view is supported by the 

results of Younis (1960) in which a definite relation~ 

ship existed between the amount of glutamic acid carbon 

respired as carbon. dioxide by sh root slices and 

the amount taken up by the ssue o It may be that IAA 

influences uptake of amino acids through alteration of 
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membrane perme lity to exogenously supplied amino 

but certainly not via adif ion mechan 

In the experiments of Younis (1960) glutamic acid 

was found to be taken up by radish root slices; the 

rate of uptake increasing with concentration until 

an optimum was reached at 8 0 58 roM 0 Part the qmino 

acid zed by the tissue was deaminated, possibly 

at the cytoplasmic surface, while a large proportion 

of the amino acid was absorbed as the intact molecule" 

Younis also cited the results of his own experiments of 

1956 in which aspartic acid was taken up by raqish 

root tissue and partly deaminated 

that observed for glutamic acido 

a way s ar to 

Initial uptake of amino acids by carrot tissue at 

pH 5 0 0 was found by B t and Hird (1958b) to be faster 

for amino acids with a positive side chain (arginine, 

lysine,!' histidine or ornithine) and slower for those 

amino acids with a negative charge (glutamic acid, 

aspartic acid) 0 This initial rate of uptake has been 

considered by Jennings (1963) to correspond to move-

ment of the amino acids into the Donnan component of the 

free spaceo After movement the amino acids into the 

free space of the ssue has been allowed for it is 

interesting to note that the ra'te of uptake of amino 



acids was found by Birt and Hird (1958) to diminish 

in s order glycine Q alanine, isoleucine and 

leucine u phenylalanine, aspartic acid and glutamic 

acid v arginineo It is important also to note that 

the carbon skeletons of these amino acids increases 

in size in this order. The possibility presented 

by this information is that the amino acids entered 

the cell as entire particles. This assumption is 

supported by the ability of Birt and Hird (1956, 1958) 

to almost quantitatively recover p afteruptake f L

and D- forms of histidine as well as the less 

metabolically active D- isomers of other amino acids. 
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It seems that both L- and D- isomers of amino 

acids are absorbed by similar mechanisms. Apsorption 

of D-histidine was found by Birt and Hird (1956 and 

1958b) to be slower than that of L-his dine. Similar 

findings were reported by Elshishny and Nosseir (1957) 

who observed that L-glutamic acid was absorbed at a 

faster rate than D-glutamic acido Nevertheless, it was 

so shown by Birt and Hird that D-histidine like 

L-histidine was absorbed against a concentration gradient 

and that 2~4 dinitrophenol reduced the uptake of 

D-histidine in the same way as it reduced the uptake 

of the L- isomer, Thus it appears that both isomeric 

forms of amino acids are absorbed by metabolically 
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regulated mechanismsw D-phenylalanine and D-alanine 

were also accumulated inside the cells against 

a marked concentration gradient but whereas at 

ast 90% L~ and D~ histidine taken up by the 

tissue could be recovered and whereas a similar 

percentage of D-alanine and D-phenylalanine 

could also be recovered only a small proprotion 

of the isomers of these amino acids could 

be recovered" 

The fact that D- amino acids as well as 

L- isomers of the metabolically inactive amino 

acids could be recovered almost quantitatively 

within the cells after uptake certainly indicates 

that the primary mode of apsorption of amino acids 

by plant ssues is through uptake as entire 

particles. Virtanen and Linkola (1946) had also 

come to the same conclusion regarding uptal<.e of 

aspartic acid by pea plants growing in sterile 

culture These authors calculated the ratio of 

carbon to nitrogen disappearing from solution during 

uptake of aspartic acid and found it to be the same 

as that in the intact aspartic acid molecule o 

It does seem also that deamination at cell 

surface does not cons tute the primary mechanism 
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amino acid assimilation by higher plant tissues 

and although this may take place at the cell surface 

its rate is too slow to meet the nitrogen requirements 

the cells or deamination proceeds at a rate which 

is much slower than the rate of absorption of the 

intact molecules. If this is so then it might 

be expected that the length of the carbon skeleton 

of glutamic acid might be .the limiting factor 

to its absorption. 

A critical study of the factors that influence 

uptake and assimilation of amino acids by plants has 

not been carried out so Since these are factors 

known to influence uptake and assim.i"lation of nitrate 

and ammonium nitrogen, it is probable that nitrogen 

concentration and. pH of the nutrient solution, its 

carbohydrate status, and its ionic compositiop will be 

among the factors whioh will affect uptake of <;3.rnino 

~cids from solution. 

Nitsch and Nitsch (1957) and t, Hugh~s and 

Lewis (1960) have drawn attention to the frequent 

use in early work, of DL-£orms of the amino acids 

the nutrition of plants, and ir results emphasize 

ihe n~edfor re-examining with pure somers the 

effectiveness of amino acids as nitrogen sources. 
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The L-forms of c and glutamic acids, in contrast 

with D-forms were trogen sources the growth of 

Helianthus tube callus tissue (Nitsch and Nitsch, 

1957)0 Similarly, Street, Hughes and Lewis, (1960) 

found that while somers of aspartic acid and as~ 

paragine showed slight activity in supporting the 

growth of excised -tomato roots the of these 

compounds were physiologically unreactive. The 

results of Street et (1960)kclearly show the 

e ct of initial pH of the nutrient so on on the 

uptake and assimilation of amino acids by ants o 

Although these workers were not able to show good 

uti zation of either aspartic acid or glutamic acid 

by sed tomato roots at any of the two ranges 

of iiI pH they tes their data shows that, 

whi optimal conditions were not found in their 

experiments a low pH (404 - 4 0 6) was better than pH 

6 0 8 7 0 0 In other work in which success 

assimilation of amino by plants organs or 

embryos has been reported experiments were conducted 

at an al pH of 5 0 0 to 5 0 3 0 This is true of 

the wod;: of Spoerl (1948) and that of Harris ( 59) 

in which it was found that mature embryos aI;1d excised 

red clover roots respective utilized aspartic acid o 

It was therefore imppr.tant to define the , of 



within which uptake of an amino acid will 

place at a rate s ciently t to maintain a 

high rate of growth of sed tomato roots" 

Uptake of glutamine seems to be an exception 

in its requirement for a pH of approximately 70 

This may be because its utilization proceeds by 

deamination (Street p Hughes and Lewis# 1960)0 

Work designed to study the ,effect of pH on 

plant growth faces a number of problemso The 

components of the medium may exist in different 
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forms at different plI valueso For example j phosphate 

ions in relative],y acid solution are predominantly 

in, the form H2PO: b~t with decreasing acidity 

there' replacement of this ion by HP0 4 2 

ions until under alkaline conditions there is a 

predominance of PO~3- ions 

free fe c or ferrous ions 

In aqueous solutions 

a salt of a strong 

acid are stable only at low pH values and with an 

increase in the pH of: the'p,:l<plution there is tendency 

for fe c hydroxide tb'form until at about pH 5 0 0 

a brown flocculent precipitate of the hydroxide 

develops 0 The effect of pH on growth and assimilation 

may therefore be indirect and possibly due to either 

the form of one ormO~E!r) of 

medium or to a deficien'of one of these con,stituents 0 



The ass 1 of amino acids involves 

utiliz on carbohydrates for use Q among other 

things, as the subs 

release of energy 

of the amino 

skeleton for 

acid cycleo Low 

for the respiratory 

for the actual uptake 

as the source of carbon 

ates of the citIic 

shown to result into cons 

status has been 

rable accu~ulation 

of free amino acids in antso For example, 

Virtanen g Csaky and Rautanen (1949) found th~t if 

food yeast, Candida utili was aerated in medium 

rich in carbohydrate but de ent in nitrogen, it 

became capable of nitrogen assimilation if 

transferred to a medium can ing nitrogen but no 
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external source of carbon o When nitrogen was 

assimilated under these conditions relativel¥ little 

synthesis of protein occurs but re a marked 

accumulation of nitrogenous compounds, chiefly 

glutamic acid, glutamine and alanine 
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OF EXPERIMENTA'_ CULTURES 
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MATERIALS AND METHODS 

10 METHODS OF CULTURE 0 

10 General 

rsicum A clone of excised roots of tomato ( 
-~~-"=--~-

esculentum Mi 0 var UBest Alli) maintained in 

a standard medium composed of Bonner's medium 0.940) 

supplemented wi micronutrient elements of Charles 

and Street (1959) has been used to inoculate experiment~ 

a1 mediao 

Ini ally clone was maintained by a sector 

followed by sector sequence as by Street (1953) 0 

Later to ensure at each passage sector 1aterals F 

and therefore tip inocula. were uniform in size and 

vigour the clone was maintained in two phases ~y.the 

tip followed by sector week sequence of Dawson and 

Street (1959) (Figure 2.1). The ten millimetre long 

apical tips of the laterals of these sectors were 

used to inoculate experimental cultures. 

All operations requi aseptic conditions were 

out in a steri transfe room the internal 
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s of whi together wi the external surfaces 

of the glassware had been sterilized with a fine spray 

of 60% alcohol Q During use a pos 

ltered air pre passage 

pressure of 

the room of con-

taminated air Sterility of cultures was maintained 

by standard microbiological techn 

Unless it is otherwise stated in the qescription 

of a particular experiment, experimental cultures 

were maintained at 270 C 

of seven days eacha 

for one or two passages 

Growth of roots derived from the ini 10 rom 0 

tip inocula was measured either after sing 10 mm. 

of the main axis and transfe it into 

medium for a second passage or without th operation 

(this latter course was lowed where a single 

pass in the experimental medium yielded clear 

results) 0 The teria used to assess growth were 

tially~-

(a) Increase in the Length of the Main s (mm), 

(b) Number of Primary Laterals r Root and 

(c) The Total Length of Primary Laterals Root (mmo) 0 

Later when the thickness main axis and laterals 

seemed to differ roots which were essential 

similar by these linear and ral development 

criteria groWth fresh and dry weight terminations 



were madeo Each root was prepared measurement 

of sh weight by being quickly washed in dis lled 

water, surface-dried between blotting paper and 

immediately weighed on a Mettler Hl6 semi-micro 

analytical balance weighing to 0005 mg" but weight 
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values have been recorded to 001 mgo on All roots 

of one treatment were then placed in a weighed v 

chrome clean v weighing bottle and dried at 800 C r 

48 hourso Weighing bottles containing oven~dried 

roots were allowed to cool a dessicator for not 

less than· thi minutes before weighingo Dry ght 

values were expressed as the average dry weight per 

root in millIgrams. 

The TIT test» was used to determine the statistical 

significance of mean growth values o Where growth has 

been termed not significant the probabili ( p ) 

mean value resul.ting from mere chance was 

gre a te:IJ S% p, > ,GoO 5 0 

So 

1 assware used pre'para tion of a was 

of glasso New culture flasks were ibroken ina 

by being washed t in a warm solution of detergent, 

rinsed with water and le coated on the ins with 

concentrated sulphuric acid dichromate 

at least thi minutes 0 This acid mixture 



was washed away in a continuous stream of tqp water 

over a ask washer (Reay and Sheat v 1966) not 

less than ive minutes. new flasks were 

rinsed with single stilled waterv charged with 

about 10 mlo of single dis lIed water, tted with 

non~absorbent cotton wool bungs and autoclaved v 

Autoclaved fl s were again coated with acid 

aning mixture, washed wi tap water and this time 

stilled water and then single sed t,wice wi 

once with doub 

ready for useD 

I cdt.ure 

dis 1 d watero They were then 

asks or flasks in which bulk medium 

was autoclaved before dispensing were plugged with 

no=absorbent cotton wool wrapped gau~e to prevent 

cotton fibres from fallirtg .into the medium" Such 

bungs required breaking by autoclaving' asks 

containing a small volume of distilled water so 
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bungs were leached by condensation water and there 

by t the contaminant as well as readily 

soluble contaminants such as vitamin BI which may 

sent (Bonner, 1940) Bungs prepared in this way 

were used repeatedly. 

Flasks used for single root cultures were wide 

mouth Erlenmeyers of 100 mla ty covered by 50 ml 



aluminium caps which prevented condensing steam 

from saturating the bungs and consequently diluting 

the mediumo Plugged asks of larger dimensions v 

which were one litre penicillin flasks or two litre 

Erlenmeyers used for bulk culture of root material 

were protected by caps of aluminium foil or Pyrex 

beakers o Flasks of one treatment have been 

distinguished from those of another by letters and 

numbers marked in enamel paint on the metal capso 

These metal caps have been in use continuously 

for two years and at no stage has any detrimental 

effect been noticeable Which could be attributable 

to aluminium toxicityo 

3 0 Methods 0 sterili 
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Seeds which were sterilized before germination 

for provision of root material were treated (sunflower 

seeds had the seed coat, removed to ensure complete 

sterility and evenness of germination) with a 5% sol

ution of commercial bleac::h containing between 

0015 and 0 0 25% sodium hypochloriteo Ste Ie seeds 

were rinsed twice with small volumes of steri 

di lIed water to remove excess hyp~ch be 

being germinated over two layers of moist filter paper 

in sterile pe dishes 0 



MILLIPORE BACTERIOLOGICAL FILTER. 
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(b) S ization media and vessels 

(i) 

Media wh 

were s zed 

did not 

by aving at 

a thermo-labile component, 

per square 

steam pressure ten minutes 0 

Apparatus which had to be sterilized subsequent 

use under aseptic condi s and which did not con 

medium at the time of autoclaving was wrapped in moisture 

proof cellophane or brown This was ive 

in maintaining the sterile several dayso 

(ii) Ste liz'ation Iteration 0 

In those cases in which a component of medium was 

unstable to autoclaving ff s component in a solution, 

sui concentration was sterili by Itering 

through a "lVIil U Grade HA high pressure bacteriolog-

ieal fi (Figure 202) 0 

by autoclavingo 

s apparatus was previously 

s 

Iter ste 

added to 

zed components the medium were 

ste remainder of the medium q at 

appropriate concentrations v with a ste 

in volumes providing required 

ions of the rmo=labile compoundo 

4: 0 Measurement and 

Measurement 

All pH measurements have made 

type PHM 22 with s calomel e 

measuring 

concentrat 

a Radiometer 

So 



With this instrument measurements may be made to 0005 

of a pH unit but in this work pH values are given 

to one place of decimal onlyo 

(b) pH Adjustmento 

(i) ustment be 
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The pH was usted by addition of decinormal sodium 

hydroxide solution to 

distributed into 

fixing the in 

bulk medium before it was 

flask p and autoclaved o In, 

of the medium allowance was made 

tne drift which occurs in the medium on autoclavingo 

If the desired a trate medium was, for example, 

5 0 0 the bulk medium was adjusted to 5 0 30 By s' method 

the usual in the final pH of the medium be 

flasks was 0 0 1 of a pH unito However to avoid pre t-

ation 6£ s ts of iron o calcium and magnesium at pH 

values higher than 6 0 0 the method was res cted use 

to stances in which the desired ini al 

was not more than 5 0 5 0 

(ii) after autoc 

In riments in which the ini al pH treatments 

was the final medium was maoe in two lots, 

one litre was for experimental, use and other u 100 mll p F 

was to be used for titrationo At same time two 

volumes of about 100 mlo of cao 0 0 1 N NaOH or Hel 

g on the desired in were autoclavedo 

~~tions of the medium of each treatment 
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were trated to 

of acid or i 

red pH value and the volume 

red to bring this about in 

100 mlv noted in e case" The amount of acid 

(or alkali) required to adjus't the pH of the litre 

portion of the medium was calculated from this 

titration and this vo 

10 mlo graduated pipette 

mixing were distributed 

flasks o The volume of 

was added from a sterile 

The me a after thoroughly 

ly into s Ie 

needed to achieve the 

highest pH value required se experiments 

(pH = 6 Q 5) was not more than 5 ml" per tre of 

medium and this small addition was con dered to effect 

no significant degree of dilutiona 

Later it was found that if the pH of an amino 

acid component of the medium was 

s lization the final medium att 

itial pH valueD This was especial 

glutamate and aspartate media. 

capacity of the 'amino acid is cons 

the buffer capacity of the remainder 

usted prior to 

d desired 

true for 

buffer 

ater than 

medium" 

media" 

(a) tahdard mediumo 

The medium in which the clone was es and 

maintained had ·the composition macro= 

elements Q sucrose and vitamins as by 
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Bonner (1940) supplemen 

Charles and Street 

medium is as follows: 

with micronutrient elements 

59) 0 The composition is 

Sucrose 20 go 

Vitaminsg~ Aneurine hydrochloride 0,,1 mg 0 

Pyridoxine hydrochloride 0,,1 mg D 

Nicotinic d 0,,5 mg" 

Glycine 3 0 0 mg" 

{Potassium dihydrogen orthophosphatevKH2POlt 0 0 2 go 

(Potassium· Q KCl 

A-(Potassium KN03 

(Magnesium qMqS0407H20 

(Calcium Nitrate Ca(N03)Zo4HzO 

Manganese 0 MnClzo4H20 

Zinc Sulphate ZnSO" 0 7H20 

Boric acid ff H BO 

Potassium 

Molybdic 

Copper 

0,,065 go 

0 081 go 

0 '036 go 

0 0 236 go 

0 0 1 mg 0 

2 0 65 mg 0 

105 mga 

Oe75 mg o 

107 mgo 

0 0 02 mgo 

Ferric potassium tartrate? Fe{C 6) 3o'K(C4H40sLR20 

1 0 5 mgo 

Double dis 1 d water added to make up to one litre" 
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Stock solutions of the macronutrient elements 

(exclusive of the ferric potassium tartrate) and 

micronutrient constituents were prepared at ten times 

and hundred times the required final concentration v 

respectively from Analytical reagents 0 In preparing 

four litres of x 10 stock solution of the macronutrient 

elements all the salts grouped under A were each 

dissolved in about 50 mI. of double distilled water 

and added v with constant vigorous agitation! to 3 litres 

of double distilled water in the order in which they 

appear in the list and made up to four litres with 

double distilled watero It is particularly desirable 

that the magnesium sulphate be added before the 

calcium nitrate since only thus can precipitation of 

calcium s41phate be avoided. 

(b) PreEaz:ationCind com,p()sition of stock solutions used in 

~rin9" eXE~rimental m~diao 

All the following stock solutions were stored at 2u50 Co 

(i) The n~tr09"en omitted macronutrient element solution 

of Bonnero 

(10 times standard concentration ioe. 100 mlu of this 

solution was used per litre of final medium) 

Potassium dihydrogen orthophosphate 0 0 80 gu 

Potassium Chloride 4 0 99 go 

Magnesium Sulphate 1044 go 

8074 go 

Double distilled water added to make 4 litreso 
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This sents the macronutrient element 

solution Bonne s medium with potassium and 

nitrates omitted and by the corresponding 

chlorides to potassium and calcium 

concentrations at red valueo In work 

subsequent to 20 in which the benefici 

results ofenhan6ed sium were revealed the con-

centration of magnesium sulphate in all these s 

was increased to 2808 g per four litres of stock 

solution made at 10 s final concentration 

CaCl206H20 5 0 34 g'o 

!<Cl 2 48 go 

PO u2H zO Ou43 go 

MSSOljo7H 0 08 go 

N aSO u ~lOH 20 900~ go 

Double distilled water to make up to 2 litres 

x 10 the standard concen s solution 

sents' the macronutrient elements Whi te, H s medium 

potassium and calcium aced by 

s as in BonnerUs medium 

(i Micronutrient element solution to Charles and 

So A" 

(100 times the final concentration Leo 10 mlo 
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of this solution was us one litre of medium to 

give the final concen 

Zinc Sulphate 

Boric acid 

Manganese Chlo de 

Potassium Iodide 

Double s 

Solution Bo 

(Times 200 

of 

Copper 

Solut.ion Co 

s 

1 

on 0) 

256 mga 

150 mga 

10 mgo 

75 mga 

water added to make up to 1 

concentration iDeo 5 mID 

used to 1 litre of medium 

of copper) 

4 mgo/litre 

s 2000 the final concentration ioeo 0 0 5 

of s solution per litre of medium gave the 

con on of molybdenum) 

Molybdic 304 mg 0 /li tre' 

micronutrient salt reduced 

0 0 01 times the 

2,o4H zO 29 0 rngo 

ZnSO 0 2 0 3 0 0 rng 

;2.o7M 29 0 0 mga 

H3 BO 18 6 mgo 

NaCI 58 0 5 rng 0 

sulphate and molybdid d were supplied as 

tre o 

to 

in 



Charles and Streetlls micronut su 

Double distilled water was added to make 1 tre 

of solutiono 1 ml. of this solution per li of 

medium gave a concentration of micronutrient 

49 

elements at 0 0 01 Hewitt's standard concentration o 

(v) Stock solutions of sources c 

Sodium.Nitrate (AoRo) 23 0 8 g. per litre of solution 

(10 mlD of this solution per litre 

of medium givesN=39 ppmo) 

Glutamic acid monosqdium s (BDH) ~ 10 0 49 go per 400 mI. 

of stock solutiono 

Glutamic acid (Sigma or Light" s) ~ 8e 25 go per 400· mla 

of solution o 

Aspartic acid (Light1s or Sigma grade): 7046 9 /400 ml 

of solutiono 

Aspartic acid potassium s t (Sigma grade): 11.73 go per 

400 mlo of solution. 

The solutions of amino acids above were prepared at 

x 50 the standard nitrogen concentrationo 10e 0 20 mL 

of solution per litre of medium gives 39 ppmo No 

Re ization of c acido 

In experiments in which Lightis aspartic d 

was used s amino d was recrystal zed by the 

method of Winitz (1961) as follows -

The amino acid was ssolved in the minimum amount of 
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hot stilled water (ca. 80 ) and ltered through 

Whatman No o 4 g'ravime c filter paper a hot 

water funnelo The was tre with a 

cool solution of 9S% ethanol until tals began 
! 

to form when the ltrate was chi~led ice and watero 

The amino acid stals were filtered by reduced press-

ure through two layers of What.man No 4 fil r 

pap~rthen dried in vacuo over P20S. 

The weighed amino acid in about 200 mI. of 

distilled water was titrated with normal hydrochloric 

d solution t6 form hydro-chloride~ With constant 

agi'~ation decinormal sodium hyo.roxide was added until 

the pH was ex~btly 4 0 9 when solution was then 

diluted to 400 mlo with double distilled water. The 

final pH of ,this solution was thenS.1. 

NBo Amino acid stock solutions were not kept longer 

than four weeks at 205 0 C to avoid deamination by fungal 

and bacteri contaminants. 

(vi) I 
-,,,,--~-~-= 

Ferric ch 

0 0 5 mI. of 60% ferric chloride solution (AoR.) 

was diluted lIre with double distilled water 

1 mI. this solution per lit.re of nal medium 

gave'l Feo 



A stock solution at 100 times the final 

concentration was prepared by dissolving 0015 go 

of the salt in 50 mI. of double distilled wate~ 

with gentle warming and then finally adjusting 

the volume to one litre. 

Ferric sodium lenediamine tetra-acetate 

(After Sheat, 

Fletcher and 

Street, 1959) 

A solution of Fe-EDTA was initially prepared 

according to a formulation quoted by Sheat, Fletcher 

and Street (1959) which required a molar ratio 
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1 ~ 2.43 of Fe to El~TA to prevent iron from precipitating 

from solutions of nutrient media at high pH~lues 

(pH 6~0 and above) 0 

The stock solution at 100 times the finalconcentrat~ 

ion was prepared by adding 0.5 mI. of 60% A.R. ferric 

chloride solution to 0.8 go of disodium ethylenediamine 

tetra-acetate dissolved in about. 500 mI. of double 

distilled water and adjusting the final volume to 

1 litre. Ten millilitres of this solution contained 

1 ppm. Fe. 

Mol ratio Fe toEDTA = 1 1 

This was prepared in an analogous manner from 0.33 g. 
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disodium ethylenediamine tetra-acetate and 0 5 ml 

of ferric chloride solution and making the volume 

to 1 litre with double distilled water, 

Ferric citrate, 

AI; 1 molar o of iron to citrate 

(Sheat, 1956) was prepared by adding 0 0 25 mlo 

of 60% ferric chloride solution to 0 0 263 sodium 

citrate and making the volume of solution to 500 mlv 

Ten millilitres of this solution contains 1 ppm, Fee 

(vii) The vitaminso 

(Times 1000 the standard concentration ioe. 1 mle 

of the solution was used r litre of medi 

Vitamin solutions were stored in 10 mI. aliquots in 

test tubes at OoCo 

Aneurine hydrochloride 

Pyridoxine hydrochloride 

Nicotinic acid 

0004 go 

0~04 g. 

0.20 go 

Double distilled water added to make up to 400 mlo 

Glycine was omitted from the vitamins used for 

experimental media. 

(c) Preparation of media. 

When preparing media sucrose was rst dissolved 

in approximately half the amount water required, 

the vitamins, iron, the macronutrient and micronutrient 



e were added is order with constant 

vigorous agitationo 

IIo 

L 

METHODSOF ANALYSIS OF ROOT MATERIAL 

All the root 

total nitrogen or 

s for an is 

al required estimation 

extraction of soluble 

trogenous compounds was washed in two changes 

of 500 mlo cold dis lIed water for a total period 

of five minutes and quickly surface~dried between 

blotting papero 

Ten roots r treatment were set aside for growth 

measurements including fresh and dry weights and 

these are expressed as the average value per root 0 

20 

The method of Steward and Street (1946) v which 

is based on that of Vickery, Pucher, Clark, Chibnall 

and westall 35} and which has been most recently 

used by Derbyshire and Street (1964), of extracting 

with cold water was finally chosen for the extraction 

of the soluble nitrogenous constituents of the fresh 

root materi for three reasons: 
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(a) Alcohol Extracts when compared with aqueous extracts 

prepared at the same time the same stock of plant 

material contain much~ s total soluble trogen, 

particularly amide nitrogen (Steward and Street, 1946; 

Derbyshire and Street, 1964) 0 
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(b) The presence alcohol in extracts rferes 

with the subsequent estimation of glutamine amide-N 

by the diffe hydrolysis method of Vickery 

eto alu (1935) even when the ammonia hydrolysates 

is determined ti cally (Steward and Street, 

1946) 0 

(c) Alcohol precludes the use of Nessler!s reagent 

in the estimation of various nitrogenous fractions 

of plant extracts as s reagent has been d 

by Middleton (1960) and Williams (1964) to be t 

by alcbhols o 

The following procedure was used for extracting 

root materialD Using a "VirTis 45@ high 

homogenizer 120 roots which had grown for seven 

days in the particular nutrient medium were extracted 

with 10 mID of cold distil d water for one minuteo 

brei was centrifuged at 3,150 x g for 15 minutes 

and 

flask 

supernatent poured into a 100 mlo volumetric 

The pellet was re-extracted twice with 10 ml 

aliquots of distilled water, each time the brei being 

resuspended and shaken for ten minutes, centrifuged 

and the supernatant added to the st extracto 

The extract was then made up to volume with distilled 

water and f after thoroughly mixing transferred to 

a 250 mID beakero A stemless Pyrex filter 



funnel was placed over beaker to act as an air 

condenser and a thermometer inserted through the 

funnel the extracto The beaker was then 

rapidly heated over a bunsen burner to bring the 

extract to 80o C o This temperature was maintained 

r ten minutes to coagulate water soluble protein 

materi The extract was then rapidly cooled in 

crushed ice and water to 150 C, centrif~ged at 

3 q 0 x g twenty minutes and the supernatf3.nt 

transfea::red back into the volumetric flask 

storage at 2 0 C By this procedure no detectable 

s of water from the extract due to evaporation 

during the heating period occurred o 
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30 Estimation of the ni fractions of therootso 

A detai account of the analyti procedures 

llowed in estimating the various nitrogenous 

fractions of the root material is given in Appendix Io 

Determinations on known concentrations of pure chemicals 

provided for each method 0 

(i) was termined at least in 

quadruplicate on the sh root material one root 

per diges on flas)< Q by Micro-Kjeldahl digestion with 

sulphuric acid using the mixed catalyst of Yemm and 

Folkes (1953) which is based on that of Chibnall. 
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Rees Williams (l943), digestion ing continued 

for only thirty minutes clearing. Ammon 

the digest was rele by addition of excess 

alkali and steam distil into 5 ml. of 2% 'boric 

acid and estimated by titration with standard 000105 N 

hydrochloric acid solution using bromocresol green -

methyl red indicator in accordance with the procedure 

of Ma and Zuazaga (1942) except tha~distillates 

from blank determinations were used routinely as 

comparison solutions to assist in determining the end 

point. 

(ii) Total soluble Kjeldahl ni trogen was determined in 

triplicate on 5 mlo aliquots of the aqueous extract 

containing between 001 and 0.5 mgo N in a way similar 

to that total nitrogen in all but the digestion 

procedure 0 Digestion was modified by first acidifying 

the extract aliquots with nine drops (ca o 0.2 ml.) 

of N-free SUlphuric acid (S 0 Go = 10 83) and evaporating 

the solution to between 1 and 2 ml. by gently heating 

(caoten minutes). The digestion asks were cooled, 

2 mlo of N-free sulphuric acid added to each and heating 

continued until digestion commenced at which time 

digests were bl.ack and s appe in stems 

the f[askso The flasks were again cooled and 

weighed mixed catalyst added, then reheated until 



57 

solutions cleared and thereafter heated more strongly 

thirty minutes" The dis llation and estimation 

of ammonia was as described total nitrogenD 

) Total soluble ni trate was 

determined as total soluble organic nitrogen after 

reduction of trate to ammonia in approximately 3N 

sulphuric d with reduced iron powder by the method 

of Pucher, Leavenworth and vi ry (1930)0 

(iv) of the extract was 

determined by the method Pucher, Vickery and 

Leavenworth (1935) by dis 11ationin vacuo from a 

mixture of extract and a phosphate~borate buffer 

(pH 605) plus a borax-soaium hydroxide reagento The 

ammonia was collected in 3 m10 approximate 

o IN hydrochloric acid solution and estimated with a 

NesslerYs reagent (Williams f 1964)0 The apparatus 

used for vacuum distillation was a modified Quickfit 

Kjeldahl distil1ation~ f'[ask (Appendix 1 Figure 1) D 

(v) was hydrolysed to 

ammonia with the phosphate-borate buffer v pH 605 

two hours at 1000C by the technique of Vickery, 

Pucher Clark v Chibnal1 and Westall (1935) The 

ammonia of the hydrolysate was then distilled and 

rmined as under free ammonium~N or released with 

saturated potassium carbonate solution and absorbed 
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into approximately N/20 sulphuric acid by the micro~ 

diffusion method of Conway (1947)" The inner chamber 

of Conway units was transferred (Syrett, 1953b) with 

a 2 mI. 'blowout" pipette into Nesslerization flasks 

and the ammonia estimated colorimetrically with the 

Nessler's reagent. 

(vi) Total amide was determined as ammonia 

after hydrolysis of the amide groups of both glutamine 

and asparagine in IN acid at lOOoC for three hours 

according to the procedure of Pucher i Vickery and 

Leavenworth (1935) i the ammonia being distilled in 

vacuo as before and estimated with the Nessleris reagent. 

(vii) a The ninhydrin (triketohydrindene 

hydrate) reaction with amino groups which forms a blue 

anion dik~tohydrindylidenediketohydrindamine (DYDA) 

(Van S1yke, Dillon p McFadyen and Hamilton, 1944: 

Mcfadyen; 1944; Yemm and Cockingg 1955) was used to 

estimate the a~amino nitrogen content of the root 

extracts o The scheme followed was that of Yemm and 

Cockingu 1955} 0 These authors suggested two alternative 

procedures~ Preparation of (a) one potassium cyanide -

ninhydrin - methyl cellosolve reagent or (b) two 

separate potassium cyanide - methyl cellosolve and 



nihydrin - methyl eel olve reagents which 

are added individually to the test solution at the 

time of determination. rrhe rst procedure p as 

Rosen (1957) pointed out, involves the use an 

and it was so observed s unstable 

work reliable ibration curves could not be 

obtained with the one reagent procedure but at 

stoichiome c formation of the blue colour due 

to DYDA using an L-a alanine standard could be 

obtained with the alternative procedure. Using 
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this procedure an aliquot of the,ex.tract containing 

not more than 5 llg 0 amino-N was trea'ted with the 

ninhydrin and cyanide reagents and heated for 15 

minutes at 1000C in a boiling water bath as 

described by Yemm and Cocking (1955) p coaled and 

diluted to 25 mle th dilute alcohol o The intensity 

of the blue colour was then measured th aSpekker 

absorptiometer using a 1 cm. path length cell and 

a yellow Iter. (Kodak No.6) transmitting at 

580 m ~o Calibration curves with L-a,-alanine were 

also prepared at the time determination. The 

values thus obtained were corrected for the partial 

(33%) react ty of the amino-N of as and 

the al (40%) reactivi of a~monium=N with 

ninhydrin" 
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(viii) Nitrate-N was either calculated as the 

difference between total solubl.e nitrogen (including 

nitrate) and total soluble organ.ic ni:brogen or 

determined as n te by the colorimetric method 

of Nelson? Kurtz and Bray (1954) after reduction 

of the trate to ni tri te with.0~,4 .. g"o o£ a powder 

reagent (Bray, 1945) and subsequent coupling with 

I-naphthylamine to form a reddish dye~ The intensity 

of the reddish colour was measured with a Spekker 

absorptiometer using a 2 cmo path .. 1ength cell and 

a green Iter (Kodal No o 4) having maximum transmission 

at 520 m flo 

The difference between total Kjeldahl nitrogen and 

soluble-N is designated as insoluble~N and is interpreted 

as a measure of protein-N (Clark? 1936; Derbyshire and 

Street p 1964) 0 The difference between glutamine 

amide-N plus free ammonium-N and total amide-N 

is attributed to the hydrolysed amide ... group of 

asparagine and is designated as asparagine amide-No 

The difference between total soluble-N and the sum of 

the amino-N total amide-N and nitrate-N is designed 

as residual-N and is interpreted as a measure of 

soluble peptide and polypeptide-N (Street, Kenyon 

and Watsonv 1946; Younis~ 1960,Derbyshire and Street p 

1964) 0 



I I 10 THIN LAYER ELECT.ROPHORESTS AN'DCHROMA'I'OGRAPHY OF 

OF THE EXTRACTS 

A separation amino acids of the concentrated 

extracts on a 25011 mixed layer of MN 300 Cellulose and 

Merck Silica Gel H was carried out by the method of 

Bie ski and Turner (1966) by high voltage electro~ 

phoresis at 2 0 followed by chromatography in two 

solvents, A ninhydrin colour reaction with a reagent 

prepared according to Bieleski and Turner (1966) 

was used to assist in identifying the separated amino 

acidso A tailed account of the whole procedure is 

ven in Appendix I. 

By this procedure the amino ac of the extracts 

including leucine and isoleucine as well as glutamic 
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acid and threonine were resolved o A map most of the 

amino acids which had been separated from the extracts 

was also prepared from a mixture of pure amino acid 

standards at a loading of Oo5~o for each amino acid 

(Plate 501) 
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Estab 

roots 

previous 
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of a clone of excised 

rience (She at, 1956) 

th a 

1952) 

i v~h ~8 medium (Street and McGregor, 

continuous culture 0 excised tomato roots 

in 1.8 medium not possible in this 

even when the micronutrient element supplement 

t.he concentrat and form of iron been 

modi led y 

Although clonal sed roots of many 

ies 

t:he s 

as 

F'our re 

been success in sterile culture 

growth many prea s their use 

material a wo thU k 

availab and fast growlng ies 

for ch the cultur:e s of roots have 

def were for first riment which 

was aimed 

rapid 

finding a medium capable supporting 

growth exei roots" v.lhen 

cles were about twenty mill tres 

10 to 15 mm, tips of roots from sterile of 

red Tri g flax Linurn 

us LSl:mum L, tomato ( esculentum MilL 

G Best ].\.11 ) sunflower lianthus annuus 

varu ant Russ were ated into 1 of 
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med in which roots of se es have been grown 

and Street, 1964). 

These media had either the macronutrient 

elements Bonner (1940) or of White (1943) and 

variously supplemented th micronutrient elements 
or 

of either Charles and Street (1959Vof Hewitt (1963). 

The micronutrient supplement due to Hewitt was 

supplied at one hundredth his recommended concentration. 

All media contained 2% sucrose and the vitamin 

supplement, which has essentially the same composition 

in the media compiled by both Bonner and v-lhi te, together 

with:-

Medium A Bonner's macronutrients plus Charles and Street' 

micronutrients. 

B ~onrrer's macronutrients plus Hewitt's micro-

nutrients at times 0.1 of the latter's recommend 

ation 0 

C Bonner's macronutrients on 

D White's macronutrients plus Hewitt's micro-

nutrients as in B 

E White's macronutrients plus Charles and Street's 

micronutrients. 

Media A, Band C contained iron at Fe = 0.2 ppm. 

as fe potassium tartrate. Media D and E contained 

iron Fe 1 ppm. as chloride. 



TABLE 301 Estimation the growth of red clover 
in seven days in various media. 

MEDIUM REPLICATES 
MEASURED 

A 10 
B 10 
E 5 

TABLE 3.,2 Estimation 
seven days 

MEDIUM REPLICATES 
MEASURED 

A 10 
B 10 
C 10 
D 10 
E 5 

MEAN GROWTH VALUES 
Increase Main Number of 
Axis Length (mm.) Laterals 

109.0 ± 8.,7 23 7 ± 13.1 
78 0 0 ±lL3 16 c 5 ± 3 0 7 
56.0 ± 8.6 13 c O ± 2 0 0 

of the growth flax roots 
in various media. 

MEAN GROWTH VALUES 
Increase in Main Number of 
Axis Length (mm ) Laterals 

123.7 ± Ov 2 0 4 ± 0 2 
108.1 ±13 0 2 L9 ± 0 .. 5 
120 0 0 ± L8 
177.0 ± L3 2.1 ± Ll 

80 0 0 ±29$6 6.0 ± 202 

in 

Estimation of the growth tomato roots 
seven days in various media 

MEDIUM REPLICATES MEAN GROWTH VALUES 
Increase in Main Number of 
Axis Length (mme) Laterals 

A 10 106 0 5 ±13 9 13 8 ± 2.6 
B 10 62 0 tll o 1 1104 ± 5.3 
C 7 86 0 4 ±16 0 0 1507 ± 207 
D 10 4D 05 ± 702 8 00 ± L+ 
E 5 36 0 0 ± 5 0 0 8.6 ± 0.2 

TABLE 3.4 Estimation of the growth of one root of 
sunflower in Medium A in seven dayso 

Increase in Main Axis 
Length (mmw) 

90 

Lateral number 

47 
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seven days' growth at 27 0 C root growth 

was estimated through the flasks without disturbing 

the roots 

Results are shown in summary in Tables 3.1 to 3.4. 

Growth of red clover roots were most satisfactory 

in Media A and B with markedly less growth occuring 

in Medium E and no growth worth measuring in Media 

C and E. 

The growth of main axes of ax roots in all media 

was better than tha~ of red clover but the number of 

laterals of these roots all media was very low. 

Tomato roots grew most satisfactorily in Medium A 

with less growth occuring in the .various media in the 

following order B, C, D, E, but in none of these media 

were growth values comparable with those known to be 

obtainable for tomato roots 

Only one lower root survived and grew in an 

apparently healthy manner in any these media. This 

was Medium A, all other roots, some of which inc.reased 

their main axis length by 50 to 100 mm. and developed 

laterals ended their seven day growth period with a 

brown necrotic appearance. 

Tips and sectors from the well grown roots red 

clover, flax and tomato in the better growth supporting 

. media (A, B, Dp and ~) were subcultured into new 

asks containing the same medium or the alternative 

three media in order to 0 set, to some extent, the 



TABLE 3"5 Estimation of the growth of excised roots 

MEDIUM 

A 
B 

of clover during a second pass in 
same mediumc 

REPLICATES 
MEASURED 

MEAN GROWTH VALUES 

8 
4 

Increase in Main 
Axis Length (mm~) 

110 ::!: 19 5 
80 ± 12 9 

Number of 
Laterals 

38 0 4 ± 5_0 
19 0 ± L 2 

TABLE 3 6 Estimation of growth of excised 

MEDIUM 

A 
B 
C 
D 

roots during a second tip pass in the same 
medium c 

REPLICATES 
MEASURED 

5 
1 
3 
4 

MEAN GROWTH VALUES 
Increase in Main 

s Length (mme) 

52 0 ± 8 c6 
50"0 
17 0 ±20 1 
52u5 ± 2u5 

Number of 
Laterals 

3 7 o 8 

TABLE 3"7 Estimation of the growth of excised tomato 
roots during a second tip passage in the 
same medium 

MEDIUM 

A 
B 
C 

REPLICATES 
MEASURED 

6 
4 
6 

MEAN GROWTH VALUES 
Increase in Main 

s Length (mm ) 

99 2 ±2L 3 
43 0 7 ±14,3 
25,,0 ± L8 

Number of 
Laterals 

ND 
N "Dc 
N_DL 



TABLE 3 0 8 Growth of clonal excised roots of tomato 

during a single passage in Medium A 

(Bonneris macronutrients Charles and 

Street\is micronutrients) • 

INCREASE IN nUMBER OF TOTAL LENGTH 

MAIN AXIS LATERALS OF' LATERALS 

LENGTH (mm.,. ) 

150 39 420 

130 29 430 

150 28 308 

1 21 168 

120 24 300 

130 36 500 

160 37 296 

140 37 500 

125 22 230 

150 17 170 

100 30 365 

160 31 350 

0 29 406 

135 33 500 

0 24 240 

120 22 176 

130 32 390 

MEAN 13332 ± 402 28 0 9 ± L5 336 ± 28 3 



possibili of vigorous growth 

resulting from reserves 

from the seed o 

the first passage 

the tips 

Details of the manner in/which these changes 
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were rung are shown in Appendix IIv Tab Ito 3 1 and 

they are summarised in text Tab s - 3 0 5 

to 3 0 70 

Ideal growth values s ctly comparable with 

those determined by workers with excised roots 

se species were not obtained" Nevertheless 

growth of tomato roots in Medium A (BonnerYs macro

nutrients plus Charles and Street's micronutrients) 

were suff encouraging to suggest that a clone 

of these roots might be built up in this medium c The 

second passage root which had gr6wrl, most vigorous 

~19 - Cl3 and the sectors derived from 019 see 

Appendix II Table 3) were therefore treated in the 

following wayo The, single root wap cut up into 

sectors and grown on in Medium A whereas the tips 

from the sectors were inoculated into this mediumo 

The growth values for roots from these tips 

after seven days are shown in Table 3,,8 0 These values 

tended to con rm the assumption that Medium A could 

support satisfactory growth excised tomato roots 

at a sufficient level for maintenance of a clone 

and provision of experimental inoculao 
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of'e:xci's'ed 'tomato roots in 

standard medium ',.,'~""",~,~ .. withtha t in lS 

theft in medium .sodium nitrate 

aced calcium and nitrates 0 

The medium determined by Bonr].er .. (1940) for the 

growth of excised roots corrlains.'ir-en,as, ferric tartrate 0 

This medium has an initi pH of 4~7 4 8 and of 

the various iron sources which he.tried., including 

'--,~~-f ferric sulphate and c chloride, 

Bonner recorded that ferric tartrate\wa~ the superior 

source of iron when supplied at 105 mgo of the salt 

per litre of mediumo However g Sheat (1956) observed 

that a golden precipitate always developed in ferric 

tartrate media when the initial pH values were higher 

than 5 0 and that in all cases poor growth was 

obtained o 

It was also reported by Sheat that provided the 

chelate iron ethylenediamine tetra~acetate (Fe~EDTA) 

is used iron is readily available 

pH values ranging from 4 0 0 to 7 0 00 

solution at all 

This experiment was designed to test the compar~ 

ative growth supporting abili s of these sources 

of iron" 
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Fe c tartrate does not exist as a crysta 

salt and in theseexperiments a double complex p fe 

has been used at ~he concentration 105 mg" 

salt per litre of the medium (= 0,,2 ppm Fe)" 

This expe was also designed to show whether 

substitution of potassium and ium chlorides 

the corresponding trates .. in Bonner's medium 

and replacing nitrogen content.of the medium 

by appropriate addi of sodium.,nitrate would 

affect the growth promoting ability of the medium" 

rimental Iso 

Medium~ A = S medium ( Bemner i s macro~ 

nutrient s ts plus Charles and Street's 

micronutrients with 2% sucrose and 

vitamins) 

Fe := 002 ppm" as potassium tartrate. 

B Standard medium" 

Fe OQ35 ppm" as ferric sodium ethylene 

diamine tetraacetate with molar ratio 

Fe : EDTA Sheat, 

tcher and Street v 1959) 

C ~ Standard medium plus CaClz and KCl 

wi th NaN03 

In 1 media NO -N 39 ppm" 



TABLE 3 9 The growth of exei tomato roo'ts stand 

medium with that in thlS medium 

ning iron as Fe-EDTA with that in 

um nitra'te medlum in which 

e eium and SSl,um n rates 

Medium Iron Source Pass- li~ 

cate 

No" 

Growth 

Increase Lateral 

in maln 

aX1S 

lengoth 

(mm. ) 

number 

ues 

Lateral 

length 

(mm ) 

Stand~ Fe c 1 8 63,1± 5 0 20 J l± 2 1 10006±13 7 

Stand~ 

are 

NaNO j 

medium 

potassium 

tartrate 

Fe~'EDTA 

{"'( 

potassium 

tartrate 

2 

1 

2 

1 

2 

8 

10 54,71:12, 2 

10 93,4 2 '0 8 

10 79,0± 6,5 

10 05 7 5 3 

1Selt 9 5 4L s± 3 0 

27,.5± 4 ,9 96,8±19 6 

26 .. 8± 2 5 146 6± ,8 

30 2± 4,6 191 0 161 



Results 

The re 

Table 3<9 0 
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ts of this experiment are set out in 

Only in the medium in which sodium nitrate replaced 

calcium and potassium nitrates was an acceptab level 

of growth achieved and th s was so only the second 

passage this mediumc 

Neverthe ss the results do strongly suggest 

there is no difference between fe c potassium 

and Fe-EDTA as sources of iron at least at 

this comparatively low initi pH of the medium. Neither 

was there an apparent deleterious effect on. growth of 

subs tution of the nitrates of the standard medium 

by the chlorides with consequent increase in the con 

centrations of both sodium and chloride ions this 

mediumo 

It was there decided future experimental 

media could s ly be made up with .Fe;-'EDTA as the source 

of iron and sodium ni - or another source of 

ni trogen - in me in which cium and potassium were 

supplied as their chlorides. 

EXPERIMENT 3b. Determination the concentration 

An s of the ni nutri of 

excised tomato roots red a knowledge of the level 

at which the trogen was in excess 



of root: rements i.e. the 1 above \vhich 

r of nitrate to the medium caused 

no s ant rease in growth" The concentration 

of nitrate in the expe medium was re 

varied on e r side of the standard concentration 

(NO ~N = 39 ppmv) 

In riment 3a the concentration of nitrate 

was tween zero and twice the standard 

concentration is was because the re ts of 

riment 3a s that even wi .::twice the 

standard concentration of ni t:rate the optimum 

ni concen 

Iron was present as Fe~EDTA and standard medium 

In 

s iron source was used for comparisoTIu 

details. 

Media c 
'-' medium in WhlCh calcium 

and slum chlorides replaced 

s of these metals and 

in which sodium n was the 

source nitrogen. 

t 3a NO~-N was a 0, 0 2, 0.4, 0 0 6, 0.8 

in 0 and 2 u 0 times standard concentration of 

nitrate (NO -N = 9 ppm 

son medium the s medium o 

All a o 35 ppm 

o 



FIG. 3.1 

150 

0·2 0.6 1·0 

-----i 1 

2·0 4·0 30 

GROWTH OF ROOTS IN VARYING CONCENTRATIONS OF 

NITRATE-N RELATIVE TO STANDARD NITROGEN CONCEN TRATION 

N ::: 1.0 ::: 39 PPM). VERTiCAL LINES = STANDARD ERRORS OF 

THE MEAN. HISTOGRAMS REPRESENT GROWTH IN STANDARD 

MEDIUM. Pi P2 ARE PASSAGES 8, 2 RESPECTIVELY. 

2 



Re ts" 

The results of this experiment are given in 
II 
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detail in Appendix/Table 4, the graphical expression 

of which 1S in Figure 3 0 10 

At 1 re ive nitrogen concentrations low 

006 times the s·tandard nitrogen concentration (0 0 6 S) 

second passage growth was lower. than that in the first. 

Above 006 5, however, there was a progressive increase 

1n growth the main axis of the roots o The second 

passage growth roots supplied .. twice the standard 

ni trate nitrogen concentration was .. not signif an tly 

greater than growth in laO 5 NaN03-N (P >0"05),, 

When this resu was checked and the range 

concentrations extended to 4 0 0 5 growth 

In passage 1 was closely simi to that in passage 

. two" It should noted, however that both the 

number and length of laterals were consistently 

lower the second passage than in the rst passage 

of this experiment even in the standard medium 

except in the one case in 3a, when N = 2 0 0 5 when 

markedly superior growth occurred in the second 

sage compared with that in the rst passageo 

re the second experiment suggested 

at media ml.ght have been incorrectly It 

was neve ss concluded that the nitrate concentration 

of Bonner1s medium required no alteration consequent 
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upon modification by the incorporation of Charles 

and Streetis (1959) micronutrient elements and 

that roots were not deleteriously affected by 

ase in the nitrate concentration up to four 

times that of the standard medium Q 

EXPERIMENT 40 Growth of tom:atorootsin 

omitted ni trateand media 

When Spoerl (1948) and Harris (1959) studied 

the ability of orchid embryos and excised roots of red 

c10ver e respectively, to utilize amino~nitrogen the 

initial pH of media in ther case was approximately 

50 More recentlYf Street; Hughes and Lewis (1960) 

tested twenty-one L-amino acids and the amides glutamine 

and asparagine as nitrogen sources for the growth 

of tomato roots in media whose tial pH values 

were 404 ~ 406 and 6 0 8 0 Their choice of these two 

initial pH values left a wide gap within which 

favourable pH conditions for utilization of amino 

nitrogen might be found o 

As a first attempt to determine the ability 

of glutamic acid to supply nitrogen for the growth 

of excised tomato roots the experimental media 

from which nitrate and glycine were omitted 



glutamate was suppI 

were adjus in i 

at various concentrations, 

pH to about 4.0, 5.0 and 6.0 0 

Glutamate additions to the inorganic components 

the media were car d out before autoclaving the 

bulk media which were cally adjusted pH 

and buted into culture flasks 50 mL in eacho 

I should be pointed out that Harris (1959) and Street 

et (1960) steri zed the glutamate media by 

autoclavingo 

Glycine, although present in standard medium 
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in very low concentration was omitted from experimental 

media to avoid any possibility of interaction between 

this amino acid and that which was being tested as 

a source of nitrogen (Skinner and Street, 1954~ Harris 

1959) 0 

tal details 

The experiment was carried out three stages 

on three consecutive occasions at weekly intervals" 

S 10 

media 

Nitrogen omitted medium containing glutamate nitrogen 

at the lowing relative nitrogen concentrations all 

which had 1 pH values between 4 land 4 3 0 

addition at OuO, 0.2, 0.25, 0 5, 0 0 75 

and 1.0 times the standard nitrogen concentration of 

39 ppme 



Roots were subcu into a second passage 

media containing 0 0 25 to L 0 times standard N 

as glutamateJ 
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son medium~ trogen omitted medium 

trate (N = 39 ppme) 

sodium 

Stage II, 

Experimental mediat Nitrogen omitted, times 0.8, 1 0, 

1.5 and 2.0 standard N as glutamate" Initi 

values of these media were 5 0 0 0 

son media: 

and 2 0 0 times s 

um nitrate media with NO rN 

concentration_ 

Initial pH values of both media = 5 0 0 

LO 

Second passage cultures were not attempted 

St~ge III., 

these media. 

and 3.0 the s 

N i trog-en omi t ted 

N as glutamate. 

s times 200 

son medium: Sodium nitrate medium with nitrate-N 

~ 2 0 0 times standard. 

Initial pH values of the three media of Stage III were 

at 6 0 00 

The iron source for all media 

Fe-EDTA at 0 35 ppm_ Fe" 

this experiment was 
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The lack of uniformity in the actual composition 

of the media of the three stages of this experiment 

was determined by the variable growths of sectors 

prepared for the experiment, such that only 70 tips 

were available for inoculation of Stage II and only 

40 for Stage IIIe 

Results~-

Growth values p for which the Increase in Main 

Axis length are representative are given fully in 

Appendix II Table 5 and in Figure 3 0 2Q 

Although it was appreciated that autoclaving 

glutamate changes this amino acid and the variability 

of the inocula both tended to negate the value of the 

experiment the results are quoted and dealt with here to 

show that the compound resulting from heat treatment 

of glutamate is able to support a limited amount of 

growth of excised tomato roots" 

The point must also be made p at this stage p that the 

extreme variability in size (thickness) and apparent 

vigour of the inocula derived from sectors now 

dictated a change in the procedure of clonal maintenance 0 

Instead of keeping the clone as sectors onlyp by weekly 

inoculation of tips of seven day old sector laterals into 

experimental and comparison media and subculturing sectors 

from the seven day old sectors into standard medium, an 

alternating sequence of tip passage followed by sector 

passage was arranged o Details of this procedure are given 

at the beginning of Section I of Chapter 20 



EXPERIMENT 50 Determination of the concentration 

for in media of 

ini 

In Experiment 4 and in work of Spoe (1948) , 

Skinner and Street (1954) ~ Harris (1956, 1959) and 

Street g Hughes and Lewis (1960) growth media were 

sterilized by autoclaving However f Algeus (1951) 

cited a reference by Winterstein that glutamic acid 

and its salts when heated to aooc undergo dehydration 
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and subsequent cyclization to form pyrrolidone carboxylic 

acid according to the following reaction~ 

CH2 --- CH 2 

I 
COOH CH-COOH 

l 
H 

Glutamic acid pyrrolidone carboxylic acid 

The product f pyrrolidone carboxylic acid has properties 

entirely di rent from those of glutamateo Since 

the reaction takes place most readily in neutral or 

slightly acid solution the conditions for the formation 

of pyrrolidone carboxylic acid are optimal nutrient 



It was possible therefore that the unsatis~ 

factory growth of excised tomato roots when the 

sole source of nitrogen was glutamate could be 

due to the inability of pyrrolidone carboxylic 

acid to support growth or to an inhibitory effect 

of relatively high concentrations of this compound 

in autoclaved mediao 

In all subsequent experiments invblving 

glutamate~ all the other components of media 

were prepared and autoclaved separately and the 

. glutamate add~tion was filter sterilized and 

added to the cool solution (See Chapter 28 

Section 1) u 
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In the first part of this experiment filter 

sterilized glutamate additions gave relative nitrogen 

concentrations varying between 0 0 8 and 3 0 0 times 

standard. Growth measurements of the first 

passage of this part suggested that bett~r growth 

might be achieved if the relative glutamate 

concentration was further increased and in the 

second part concentrations of glutamate were 

adjusted up to 8 times standard. The nitrate 

concentration of the comparison medium was also 

increased to 2 0 0 S in this stage of the experiment. 
.-
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details 

S L 

rimental Nitrogen omitted media autoc 

at 1,25 times final concentration and initial 

caw 5 to which was added? when cool, filtered 

glutamate solutions giving final nitrogen 

concentrations of OoBv 1,Oj 2 0 0 and 3.0 times N. 

Comparison media" 

Nitrogen omit medium 0 

Nitrogen omi 

Stage 20 

Experimental mediao 

Nitrogen omi 

medium plus NaN03 at LOS 

media plus filter s zed 
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additions of glutamate giving final concentrations 

of 300# 4.0 ff 500 and 8 0 0 times standard 

son mediao 

Nitrogen omitted medium plus NaN03 at 2.0 S. 

The iron source for all media of both s 

Fe-EDTA with Fe = 0035 ppm. 

Results, 

s was 

The results of this experiment are shown graphically 

in Figo 303 and in Appendix II Table 6 0 

Growth comparable with that medium containing 

the standard nitrate nitrogen addition was not 

achieved when glutamate was the source of nitrogen o 



v~hen all of the measurements of growth were 

considered together it seemed that a glutamate 

concentration of 2 0 0 S was most satisfactory and 

at this concentration growth in the second passage 

was not less than that in the rst passage" 

The relatively poor growth of roots supplied 

2 0 0 S nitrate made suspect all of the results 

of this second stageo However v since the results 

of the rst stage showed that increasing the 

glutamate nitrogen concentration above 3 0 0 S 

was not likely to be bene cial in this medium 

at pH 5.0 the second stage was not repeated o 

EXPERIMENT 6 0 The effect of the initi of the 

medi urn on the of roots 

with 

Although growth comparable with that of nitrate 

supplied roots was not obtained with glutamate when 

the concentration of this nitrogen source was varied 

it was still possible that the best initial pH for 

growth with the latter nitrogen source had not yet 

been foundo This experiment was designed to compare 

the effect on growth of varying the pH of media 

containing nitrate of glutamate nitrogen and of media 

from which a nitrogen source was omitted. 
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rimental de 

Nitrate media: Ni 

N = 2 0 0 Sand ini 

omitted media NaN01 with 

pH values 402 and 4 80 

Glutamate media Nitrogen omitted media plus filter 

sterilized glutamate with N = 2.0 Sand al pH 

values 402, 4.8, 5.2, 507 

Ni omitted media as for glutamate media but 

without the glutamate addition. 

1 medla contained Fe-EDTA with Fe 

Results 

Values for increase length of Main Axes 

this experiment are shown graphically in Figure 3.4 

and the complete results are in Appendix II Table 7. 

In none of the glutamate media was growth 

comparable with that obtained in either of the n 

media and neither was this growth as good as had 

obtained with glutamate in the previous experiment, 

except so far as root growth with glutamate was 

in excess of that obtained nitrogen omitted medium 

especially when the initial pH was 4.8. Even partial 

uti liz 

demon 

on of this amino acid was not clearly 

on this occasionv 

EXPERIMENT 7 sucrose 

or nitrate 

The able growth from experiment to experiment 



suggested that some factor of the medium other than 

the nitrogen source was suboptimal for the growth 

of tomato roots in this combination of Bonner!s 

macronutrients and Charles and street's micronutrients o 

In the following experiments the carbohydrate supply 

and the source and concentration of iron were 

investigatedo 

When Street and Lowe (1950) studied the effect 

of sucrose concentration on growth of excised tomato 

roots they found that main axes of roots were 

characteristically longer and thinner with reduced 

numbers of laterals when the sucrose concentration 

was less than 2 2, 
00 On the other hand, if the sucrose 

concentration was higher than 2% both main axes 

and laterals were thicker Q shorter and tended to be 

yellowish rather than white. In the media used so 

far in this work nitrate supplied roots tended to be 

brittle and characteristic of high sucrose roots 

but without any yellowish appearance 0 Certainly 

main axes and laterals of glutamate supplied roots 

were thicker and more stunted than roots supplied 

even suboptimal concentrations of nitrateD 

It was also conceivable that a-ketoglutaric acid 

resulting from transamination of assimilated glutamate 

was acting as a supplementary source of carbon and 

thereby reducing the requirement for sucrose o 
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Experimental details. 

Media: N-omitted plus glutamate-N at 78 ppm. N. 

N-omitted plus NaN03-N at 78 ppm. No 

Initial pH values were 5 0 0 for glutamate media and 

4 0 8 for sodium nitrate media. 

Iron source with both nitrogen sources = Ferric 

potassium tartrate at 105 mgo per litre of the 

salt (= 002 ppmo Fe). Sucrose concentration with 

both sources of nitrogen = Ou5, 100f 105, 200, 

3QO~ 4 0 0% (w/v) 

Resultso 

Values for Increase in Main Axis Length for 

this experiment are shown graphically in Figure 3 0 5 

and the complete results given in Appendix II 

Table 8 0 
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At all concentrations of sucrose growth was 

consistently low in glutamate and this was particularly 

notable in the second passage of this treatment. 

This relatively low growth was probably due to iron 

deficiency since a golden yellow precipitate suggestive 

of ferric hydroxide appeared in all glutamate containing 

flasks. Both first and second passage values in 

glutamate and in nitrate were best in 1 0 5% sucrose. 

On either side of this concentration there was 

a reduction in all three growth values. At all 

concentrations of sucrose second passage growth in 



glutamate was ss than that in the firsto 

With trate the number of laterals per root 

was considerably ss the second passage than 

in the first? and only in 1~5 and 2.0% sucrose did 

the length of laterals show increase in the second 

passage. Linear growth of the main axis which 

diminished in the second sage of media containing 

0.5, leO and 3~0% sucrose showed enhancement in the 

second passage only with 1 0 5% sucrose and to a less 

extent with 200% whereas with 4 0 0% sucrose all second 

passage roots were brownish in and dead. 

These results compare favourably with those 

of street and McGregor (1952) who so found that 

'Best of All' tomato roots grown in White's medium 

had optimal conditions of growth at 1 5% sucrose. 

In subsequent experiments all 

were prepared with 1 0 5% sucrose o 

trate media 
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EXPERIMENT 8 0 The effect of the source and concentration of 

iron on the growth of glutamate supplied roots 

Because there was a possibility that iron had been 

precipitated from glutamate media and not from the nitrate 

media of Experiment 70 An experiment was carried out in 

which v for glutamate media, iron was supplied as Fe-EDTA, 

c potassium tartrate v ferric citrate and fe 

chloride at two concentrations of iron (0 0 35 or Oo75) ppm 

Fe} 0 



In a subdidiary experiment glycine was added 

to vitamin complement to show whether this 

amino acid if present in solution together with 

glutamate would exert a benefi 1 interaction 

upon glutamate a way similar to that reported 

by Skinner and Street (1954) lysine and arginine. 

It was decided for this experiment that until 

such time as growth approximating that in nitrate 

was achieved with glutamate v media would be 

prepared with the glutamate nitrogen concentration 

at the standard level of 39 ppm. N. 

details 

Glutamate media 

N-omitted plus glutamate at 39 ppm. N with either 

(a) glycine included or (b) glycine omitted from 

the vitamin supplement. 

Iron sources: Fe-EDTA at 0035 and 0075 ppm. Fe. 

Ferric potassium tartrate at 1 0 5 and 3 22 mg. per 

litre (= 0.2 and 0.43 ppm. Fe) 0 

84 

Ferric citrate (Fe: Citrate 1:1) at 0 35 and 0.75 ppm.Fe, 

Ferric chloride at 0.35 and 0.75 ppm. Fe. 

son medium: N~omitted medium with 1.5 mg 

ferric potassium tartrate as iron source and with 

glycine omitted. 

All media had sucrose at 105%0 



Results 

The re 

Appendix II 

ts of this experiment are shown in 

9 0 

On this occasion no sible precipitate 

occurred in any media (all of which were 

initially pH 500) were also no differences 

between growth values obtained in any of the mediao 

Neither was growth in any glutamate medium 

commensurate with that obtained in Experiment 5 

and the relatively poor growth of the first passage 

was not surpassed by growth in the second passageo 

On the other hand neither was there any evidence 

that Fe-EDTA was in any way rior to other 

sources of nitrogenv 

EXPERIMENT 9 0 The influence of molar ratio 

omitted 

When the Fe-EDTA concentration was at 0.35 ppmo 

Fe in Experiment 8 slightly better growth occurred 

when this source was present at twice this iron 

concentration 0 Since 100 ppm. of iron has commonly 

been used in work with excised tomato roots (Street, 

85 

1957) these results did raise a question as to most 

sfactory iron to EDTA ratio for glutamate suppl 

roots. Accordingly an experiment was carried out in 

which the molar ratios were varied in both nitrogen 

omitted and glutamate media. 
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media N 39 ppm. from glutamate additior.s 

sterili 

All media were initially pH 409 and contained 105% 

sucrose. 

By appropriate mixtures of ferric chloride and 

disodium ethylenediamine tetraacetate the followinq 

molar ratios of Fe to EDTA for both glutamate and 

nitrogen omitted media were obtained. 

= 1 ~ 0 (=FeC13 alC'ne ). 

1:001; 1:1: 1:2 0 43; 1:4 0 86 

In this experiment the nitrogen concentration of 

glutamate was 39 ppm instead of 78 ppmo (2,0 S) whicl 

Experiment 5 suggested was most appropriate. This 

modification was made because this was not limiting 

whereas the higher concentration might have bordered 

on a superabundantv even inhibitory level o 

Results. 

The results of this experiment are shown graphically 

in Figure 3 6 and in Appendix II Table lao 

Not withstanding the slight increase in growth 

in the nitrogen omitted medium as the 1 of EDTA 

was there was, on this occasion, a very definitt 

trend of a in growth with increased EDTA 
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in the glutamate medium. Whereas the differences between 

growth in medium lackin~ EDTA and that in those contain

ing 1~0~1 and 1:1 were not signi cant the marked 

decrease which occurred with higher levels of EDTA 

were highly significant (P< 0.005) 0 The level of 

growth with 1:2 0 43 Fe to EDTA, which had been used 

heretofore v was similar to that obtained on 

other occasions with glutamate as the source of 

nitrogen with the exception of Experiment 5 in which 

growth at an even higher level was achieved with 

glutamate a 

EDTA is known to be taken up by roots without 

modification to the anion (Weinstein f Robbins and Perkins, 

1954) and Burstrom and Tullin (1957) and Burstrom (1961) 

have shown that this compound at f rly low concentrations 

in medium inhibits cell multiplication in both intact 

and shly excised roots. Although Burstrom suggested EDTA 

may exert its effect by rendering essential metals unavail

ab by chelation and Mertz (1961) found that EDTA inhibits 

mitochondrial activity its mode of action is still obscureD 

In subsequent experiments iron was supplied as 

Fe EDTA in a 1:1 molar ratio of Fe to EDTA with Fe = 0035 pI 

unless otherwise stated 0 



REDETERMINATION OF EFFECT OF GLUTAMAfE CONCENTRATiON 

ON GROWTH OF TOMATO ROOTS 

P1 AND P2 ARE PASSAGES 1 AND 2. 



88 

EXPERumNT 10, A redetermination the effect of 

concentration on the of excised 

tomato roots" 

decisions to 1mtJ'er the concentration of sucrose 

and to modify the Fe:EDTA molar ratio of the source 

made a redetermination of effect on growth of 

varying glutamate concentration necessary. In is 

experiment sucrose was supplied at 1.5% and the Fe:EDTA 

molar ratio was 1:1 with the iron concentration at 

with glutamate concentration varying between 

a half and three times the standard nitrogen concentration. 

rimenta1 de 1s N-omi 
--~~----~---~~~~-

medium plus 1tered 

glutamate at 0.5, 1 OJ 2.0 and 

3,0 times standard N of 39 ppme 

son medium: N-omitted medium plus NaN03 at 39 ppm N 

All media were initially at pH 4"9 and in 1 sucrose 

= L 5% and Fe := ° c 35 ppm" wi th Fe-EDTA l~ L 

Results Q 

Growth values are shown in Figure 3.7 and in 

Appendix II Table 11. 

Growth with all glutamate concentrations except 

3,0 S, into which roc:>ts were not subcultured for a second 

pass ,was better in the second sage than in the 

t, There was strong evi from this experiment 
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that excised tomato roots can utilize glutamate nitrogen 

and that other modifications to the medium could yet 

result in glutamate supplied roots growing as well as 

those supplied nitrate. 

Comparable grmvth of the main axes occurred for all 

glutamate nitrogen concentrations from 005 to 200 S 

and only in the growth of laterals at 2 0 0 S was there any 

gn of inhibition which could be attributable to an 

inhibitory level of this nitrogen supply. It should 

also be pointed out that this was the first occasion 

when growth in nitrate medium was as good as, if not 

better than, that which has previously been recorded 

for excised tomato roots, 

EXPERIMENT 110 The effect of additions Yeast extract 

on the growth of glutamate supplied rootsD 

Modifications to the medium so far attempted had not 

defined the conditions for glutamate which allowed growth 

comparable with that of roots supplied nitrate. An 

alternative to modifications to existing ingredients or 

to the pH of the medium was the addition of a supplementary 

factor which would enhance growth with glutamate, Such 

a factor might be another single amino acid or a combinatiol 

several amino acids which a low concentration and in 

the ght proportions could supply a missing component 

of growth when glutamate was the sole source nitrogen. 



In Experiment 8 glycine had been eliminated as a 

possible supplement to glutamate mediumo 

Whereas Dormer and Street (1949) found that 

Yeast Extract suppli 

to the growth of 

with nitrate was inhibi 

tomato roots particul 

when the extract was supplied at concentrations of 

100 ppmo or higheru Skinner and Street (1954) 

showed that groundsel roots supplied wi 

90 

nitrate under similar nutritional conditions responded 

favourably to tions of Yeast Extract. comfosition 

of Yeast Extract is well defined and if by additior:. 

of this complex to glutamate medium, growth was 

enhanced fractionation by supplying a complete synthetic 

mixture of extract's components added and fractions 

thereof to glutamate medium might lead to a discovEry 

of the act ingredients. 

detailso 

Glutamate media N~omitted medium plus glutamate at 

39 ppmo N with the following ! i Yeast Extract 

additions to the mediumo ODOu 25 f 50, 100 and 200 mg. 

per litreo 

son mediao N~omitted mediumo 

N-omitted medium plus NaN03 (N= 39 ppmc) 

All media were initially pH 5 0 with sucrose at L 5% 

and iron 0 0 35 ppmo as Fe-EDTA (1~1 molar ratio) 
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Results 

Growth values are shown graphi ly in Figure 

3.8 and these are set out in Table 12 Appendix II, 

Shadow graphs of representative roots are shown 

in Plate 3.l. 

Glutamate supplied roots not supplied yeast 

extract grew better in the first passage than in 

this treatment in previous experiment but the 

expec marked improvement in growth in the 

second pass did not occur. 

No addition yeast extract enhanced growth 

achieved with glutamate alone. 

Conclusions to experiments with glutamate. 
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It did not seem as if the culture conditions 

utilization of glutamate could be found by extensions 

of manipulations to the media so far c out. 

An investigation of the effect on glutamate assimilation 

of ionic composition of the medium alone and in conjunct

ion with variations in pH and carbohydrate status may 

be a profitable long term project. This investigation 

would be enhanced by analyses of the nitrogenous 

cons tuents of roots and by studies with 15N and 14C 

- labelled glutamate, For this project the unexpected 

ready ass lation 

profitable line 

aspartic acid suggested a more 

enquiry view of uncertain significanc 

this amino acid in assimilation of nitrogen. 



PLATE 3.1. FIRST PASSAGE ROOTS IN GLUTAMATE MEDIUM 

(N= 39 PPM) + VEAST EXTRACT. 

:: GLUTAMATE + 200 MG. V.E. 2 :; G '" 100 MG. V.E. 

3 ;: G+ 50 MG Y E ; 4:: G + 25 MG. V.E. 

5 :: GLUTAMATE ONLV; 6:: NITRATE ROOT (N:: 39 PPM) 
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Accordingly some of the conditions for optimal utiliza 

of aspartate were inves gated before determinations were 

made the effects on the nitrogen economy of roots 

of dif rent sources nitrogen 

Virtanen and Linkola (1946) have reported growth 

pea and clover plants which was comparab wi th that 

comparison media containing nitrate or ammonium when 

aspartate was the sole source of nitrogen, but they 

were un le to show similar utilization of this amino 

acid by non-leguminous species. Under similar con tions 

of culture regarding source of nitrogen, wheat and 

bar plants lost weight when ied aspartic acid 

nitrogenB Also according to Spoerl (1948) orchid 

embryos after three months of growth in his particular 

nutrient medium grew as well on ammonium nitrate as on 

L-aspartate. 

Below this period of time growth in ammonium nitrate 

was markedly supe to that wi aspartic ~cid and Spoerl 

thought that this low growth of embryos was due to an 

ini al inhibition germination caused by the amino acid. 

The media used in the work Virtanen, Von Hausen 

and Karstrom (1933) to which Virtanen and Linkola have 

re rred, and in that of Spoerl lacked manganese and under 

ir conditions reduction of nitrate may have been low. 

r Virtanen et al. (1933) 

source, yet the working pH of 

and iron de cy was conce 

ferric chloride as iron 

ir culture media was 6.5 

ly prevalent under their 



culture conditions. It is 
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so interes ng to note that 

Virtanen and Linkola (1946) reported equal utilization 

of both isomeric forms of aspartic acid in contrast 

with the results of Nitsch and Nitsch (1957) 

and those of Street, Hughes and Lewis (1960) which 

show that orner of this amino acid is not 

physiologically active, 

Helianthus tuberosus tissue was found by Nitsch 

and Nitsch (1957) to be able to uti ze aspartic 

ac from a medium containing IAA but growth still 

did not equal that with nitrate. Harris (.1959) supplied 

L-aspartic acid to excised red clover roots but was 

able to obtain growth of roots with this amino acid 

which was only half that nitrate as measured by both 

linear measurement and dry weight criteria. Street, 

Hughes and Lewis (1960) reported growth of excised 

tomato roots with aspartic acid which was only slightly 

better than that in the trogen omitted media. Recently 

Butcher and Street (1964) have reviewed the abi ty 

of sing amino acids to serve as sole sources of 

nitrogen in sed root culture and have summed up 

the present knowledge on this subject by s ng that 

lithe only amino acids which singly and as sale nitrogen 

sources cause increase in growth as compared. with 

controls in trogen omi·tted medium are glutamic 

acid l aspartic d and arginine; all tances 

very poor growth is obtained and the roots cannot be 
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successfully subcultured fi
• 

though there are many conflicting reports on 

the abili of plants to utilize aspartic acid many 

authors hold that aspartic acid is relatively non 

toxic to plants. For example, Audus and Quastel (1947) 

found that the only amino acids which were not toxic 

to cress seedlings when supplied at 100 ppm. are 

the dicarboxylic amino acids and anineo 

That aspartic acid in these experiments supports 

growth which is comparable to that the nitrate medium 

may be indicative of the importance of this amino 

acid in intermediary metabolism of plants. Regarding 

the problem of primary synthesis of amino groups 

in plants. it would seem as if it is still necessary 

yet to define the biosynthesis of this amino acid 

plants" 

If nitrogen may enter into organic combination in 

plants hy pathways alternative to that via glutamate 

studies on the assimilation aspartate could only 

clarify, not further cloud the issue 



CHAPTEP 40 

12. The effects on of additions of 
--~-----------

a and alanine to ni omitted 

and media. 

The fact that additions of Yeast Extract to 

glutamate media repressed rather than enhanced the growth 

of roots did not mean that growth of glutamate supplied 

roots could not be improved by supplementary additions 

of amino acids. 

For example the growth of isolated oat embryos 

in medium containing DL-valine was markedly stimulated 

by the presence of leucine and isoleucine (Harris, 1956). 

The inability of glutamic acid to meet the troqen 

requirements of excised tomato roots satisfactorily 

may be because the mechanism of assimilation of this 

compound does not supply nitrogen to the roots at a 

rate sufficient to provide a high level of growth. 

This could be so if, for example, glutamic acid is 

assimilated by way of deamination at the cell surface 

but with the rate of assimilation of this released 

nitrogen exceeding the rate of deamination. However, 

in his review of amino acid metabolism in plants 

Virtanen (1961) retained the term "primary amino 

acids" for glutamate, aspartate and alanine. These 

had been considered earlier (Virtanen and Tarnanen, 

1932, Rautanen, 1948) to be first formed in the assimilatior 



of nitrogen by plants. Although the critical work 

of Folkes (1959) using and barley 

suppl 15N ammonium phosphate undoubtedly pointed 

to glutamate and glutamine being the primary 

products arising from reactions direc invo 

ammonia, with alan being a secondary metabolic 

product, sequence of aspartate synthesis is much 

less certain (Fowden, 1965). 

If glutamate is the major port of entry for 

ammonia and aspartate and alanine in this order are 

subsidiary gateways it could be expected that plants 

fed glutamate have a reauirement for supplementary 

amounts aspartate and alan to bring ir level 

of growth up to that obtained with nitrate. 
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Accordingly an experiment was carried out in which 

varying amounts of aspartate and alanine \'Ii'ere added 

singly and combination to media from which nitrogen 

was omitted and to media containing glutamate. 

Experimental details. 

Glutamate media. 

A N-omitted plus glutamate alone (N=39 ppm.) 

B = N-omitted plus qlutamate plus aspartate at 

following relat concentrations of trogen: 

Aspartate-N = 0.1, 0.25, 0.5, 0.75 times Standard 

N concentration of 39 ppm. 
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c N-omitted plus glutamate plus ne at the 

following re ve concentrations of nitrogen: 

Alanine-N ::::: 0.1, 0.25, 0.5, 0.75 times R. 

(The total N concentrations of these Band C media 

d between 42.9 ppm. and 68.1 ppm. N) 

D N-omitted plus glutamate (N=39 ppm.) together with 

(a) alanine at 0.3 R us aspartate at 0.3 S 

(Total N == 62.4 ppm. ) 

(b) alanine at 0.6 S plus aspartate at 0.6 S 

N = 85.8 ppm. ) 

(c) ine at 0.3 S P aspartate at 1.0 S 

(To N = 89.7 ppm. ) 

(d) alanine at 1.0 S plus aspartate at 0.6 S 

(Total N ::::: 101.4 ppm. ) 

Ni omitted media. 

E = Medium from which a source of nitroqen was omitted. 

F ::::: N-omitted medium plus aspartate alone at the same 

relative nitrogen concentrations as in Medium B 

above. 

G = N-omitted medium plus alanine alone at the same 

re nitrogen concentrations as in Medium C 

above. 

son medi 

H ::::: N-omit medium plus NaN03 (N 39 porn. ) 
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All media, except N omit and nitrate media which 

were at pH 4.8, were in ally at pH 5.0 which was 

obtained by aseptic adjustment of the complete bulk 

medium r autoclaving and, where appropriate, 
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addition of filtered glutamate followed by distributlon 

into culture flasks. 

All media contained 1.5% sucrose and 0.35 ppm. Fe 

as the 1:1 molar ratio Fe:EDTA, 

Note. Since neither aspartate (Gilman, 1947) nor 

alanine (Algeus, 1949b) are chemically changed by 

at sterilization at 1200 C media containing these 

amino acids were autoc1aved and, when required, filter 

ste lized glutamate solutions pH 5.0 were added 

before distribution. 

Results. 

The complete results of this experiment are set 

out in Appendix III Tab 1. Growth values of roots from 

media containing glutamate plus aspartate (B) and from 

media containing aspartate alone (F) are shown graphically 

compared with nitrogen deficient (E) and nitrate (H) 

media in Figure 4.1. The results from the remaining 

media are not so depicted because alanine alone 

(G) or glutamate plus alanine (C) gave growth inferior to 

that obtained with glutamate alone. As the concentration 

of alanine 

decreased. 

creased in the media the growth of roots 



PLATE 4.1. ROOTS IN NITRATE OR ASPARTATE DURING 

PASSAGE 1. 

NITRATE ROOT (N 39 PPM) 

2 ASPARTATE ROOT (N 29 PPM) 

ASPARTATE ROOT (N = 3.9 PPM) 

PLATE 4.2. ROOTS IN NITRATE OR ASPARTATE DURING 

PASSAGE 2 

NITRATE Roar (N' 39 PPM) 

2 ASPARTATE ROOT (N 29 PPM) 
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Representative roots supplied nitrate, glutamate 

and aspartate singly compared with nitrogen deficient 

roots for passages I and 2 are shown as shadow 

graphs in Plates 4.1 and 4.2. The brittle nature 

of the laterals of glutamate supplied roots resulted 

in their loss during the preparation of these 

ates so that only the main axes are truly representative 

of this treatment. 

No roots supplied all three amino acids in any 

the combinations tested (Da to Dd) exceeded growth 

In nitrogen omitted media. 

With the lowest concentration aspartate 

(0.1 S) growth was as good as that with the standard 

glutamate concentration (1.0 S) and with increasinq 

concentrations of aspartate growth increased in both 

passages to markedly exceed that ohtained with glutamate 

and to approach that obtained with nitrate. 

It must be noted, however, that on this occasion 

growth with nitrate in passage 2 was not better than 

in the first passage. 

As the concentration of aspartate increased in 

medium containing glutamate growth decreased. 
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EXPERIMENT 13. Growth in increas concentrations of 

-no 

The re of the previous expe sugges 

that 

if 

11 better growth might be obtained with aspartate 

concen on of this amino acid was increased 

0.75 tlmes the standard concentration of 

nitrogen. 

From the va s for Lateral Number and Lateral 

Length of aspartate roots determined in riment 12, 

in comparison with these values of roots supplied nit-

rate, with this organ source of nltrogen but 

longer laterals seemed to be characteris of the 

form of growth. The additional values of fresh and 

dry weights of roots were there 

the comparison of growth wi 

tails, 

media. tted medium 

measured to assist 

these n rogen sources. 

aspartate a<t 

the lowing reI concentrations of nitrogen:- 0.75, 

0.8, 1.0 and 1.5 times the standard concentration of 

39 ppm. N. 

ison media. 

N tted plus utamate (N=39 ppm.) 

N-omitted us NaNO 3 39 npm.) 

N-omi medium. 

All media d 1.5% sucrose and iron at 0 35 ppm". 

as before, 



ROOTS GROWN IN NITROGEN OMITTED. NITRATE. ASPARTATE 

OR GLUTAMATE MEDIA IN PASSAGE 1. 

= N OMITTED ~ 2 = i" N03-N (39PPM. N); 3 =+ASPARTATE-N(39 PPM. N) 

4 :: .. ASPARTATE-N(SB.6 PPM.Nl; 5 = .. GLIJTAMATE-N (39 PPM. Nl 



Results. 

For ease of comparison the results of this 

experiment which are tabulated in Appendix III 
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Tab 2 are shown graphically wlth those of the 

previous experiment in gure 4.1. Weight values 

are also shown. Representative samples of the 

roots from 1.0 Sand 1.5 S aspartate and those from 

1.0 S nitrate are shown in Plate 4.3, 

Growth of aspartate roots as gauged by both 

linear and weight measurements increased with 

increasing concentration of aspartate and with 1.5 S 

of thlS nitrogen source there was no sign of toxicity 

due to aspartate but the growth attained in this 

concentration was not significantly different from 

that with 1.0 S aspartate. 

Nitrate supplied roots, which in the second 

passage of this experiment did exceed those the 

flrst passage, were generally longer and had better 

lateral development than aspartate roots but by 

both fresh and dry weight criteria there were no 

differences between roots supplied either source 

of nitrogen. 
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EXPERIMENT 140 The effect of the initial of medium 

on 

This experiment was carried out hefore comp tion 

of Experiment 13 and aspartate at three ~uarters the 

standard nitrogen concentration was supplied. It was 

unlikely that the relative effects of the medium's 

initial pH would be modified by supplying a slightly 

higher aspartate concentration even though Experiment 13 

dld reveal better growth with 1.0 S than with 0.75 S 

aspartate nitrogene 

Four initial pH values between 4.0 and 6.0 

were tested on this occasion. If a higher initial pP 

were required for optimum growth this would be revealed 

by this experiment. 

rimental details. 

ate media. N-omitted medium plus aspartate at 

0.75 times the standard nitrogen concentration with 

initial pH values 4.1, 4.5, 5.1, 5.5 and 6.0. 

son media Nitrogen omitted, initial pH 4.9. 

Nitrogen omitted plus NaNG3, inital 

nH 4,9 at 1.0 S. 

All media contained 1.5% sucrose and iron at 0,35 ppm. 

as Fe-EDTA in a 1:1 molar ratio of Fe~EDTA. 

Results. 

The results of this experiment are shown graphically 

in Figure 4,2 and in tail in Appendix III Table 3. 



PLATE 4.4. FIRST PASSAGE ROOTS IN N-OMITTED, NITRATE OR ASPARTATE 

MEDIUM WITH VARYING INITIAL pH. 

- N , pH= 4.6 7:: +N03-N (N= 39 PPM), pH=4.S. 

ASPARTATE MEDIAIN=39PPM): 2 pH 4.1; 3=pH 4.5; 4=pH5.1 

6 = pH 5.5 6:: pH 6.0. 
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Representative roots from all treatments are shown 

Plate 4.4. 

The best growth occurred in medium of initial 

5.1 in both the first and second pass s with 

considerable enhancement in the second sage 

in this medium. Of three media in which roots 

were subcultured a second passage on 

medla of initial pH 4.5 and 5.1 was better growth 

obtained in passage 2 than in passage 1 but 

ase in the pH 4.5 medium was not so tacular 

as the pH 5.1 medium. With the lower aspartate 

trogen concentration it was not to be 

aspartate grown roots would be comparable with 

n rate roots on this occasion. 

As had been revealed when fair growth had been 

in glutamate 

during growth with 

a pH change which occurred 

was negligible (0.2 

of a unit) compared with the change occurring when 

nitrate was the source of ni n (1.1 DH units). 

EXPERIMENT 15. A 

The 

were 

------~------------------------------~~~~ 

of stems of a 

nitrate ts. 

ghts and the appearance of aspartate roots 

ristic of excised tomato roots supplied 



FIGURE 4.3. COMPARISON OF THE CONTINUED ACTIVITY OF APICAL MERISTEMS 

OF ASPARTATE AND NITRATE SUPPLIED ROOTS. 

e NITRATE. 

ASPARTATE,l% SUCROSE. 

<D ASPARTATE. 1.5"/0 SUCROSE. 

VERTICAL LINES ARE STANDARD ERRORS OF THE MEAN 
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relatively high concentrations of sucrose (Street, 

McGonagle and Lowe, 1952). Another c terion, determined 

by these workers, high sucrose status, is the loss 

of abl1i 0 the main axis meristem to survive 

repeated subculturing wlthout either marked reduction 

in growth or death. 

In this experiment roots suppl nitrate at one 

sucrose concentration were subcultured through six 

weekly passages and their growth was compared with 

aspartate roots similarly subcultured in media containing 

1.0% and 1.5% sucrose. 

media. N-omitted medium containing either 
--~----~~--~~ 

1.5% or 1.0% sucrose plus aspartate at 39 ppm. Nand 

ini tial pH 5. L 

Nitrate N-omitted medium with 1.5% sucrose plus 

NaN0 3 at 39 ppm. N initial pH 4 9. 

In the media iron was at 0.35 ppm. as before. 

From roots which grew at 1 in one passage 10 mm. 

apical tips of main axes were excised and trans rred 

into the same medium on six successive occasions. 

Results. 

Growth values are expressed graphically in Figure 

4.3 and shown in de 1 in Appendix III Table 4. 



In nitrate medium linear grmvth and lateral 

development declined slowly during four passages 

followed by a more marked drop during the fifth and 

sixth passages, Fresh and dry weights showed 

a different trend, Fresh weights increased durinq 

the first three nassages and showed a tendency 

to decline during passaqes 4 and 5. Weights were not 

measured in passage 6 in any media. Dry weights, 

on the other hand, became greater in passage 2 than 

in passage 1 but did not change during the succeeding 

three passages. 

Nine nitrate supplied roots survived five 
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passages but in passage 6 only six roots made any growth. 

In aspartate medium containing 1.5% sucrose 

growth, by all measurements, ,'JaS better in the second 

passage than in the first. All roots grew In the 

second passage During the third ssage one root 

did not grow and there was a marked reduction in qrowth 

by all criteria, In the fourth passage, however, 

linear growth and lateral development as well as dry 

weights were comparable with these values for 

second passage roots but a further two roots did 

not grow at 1 during this passage. The fth passage 

was characterised by another two roots failing to grow 

but the four surviving roots grew better than had any 

roots in nitrate medium, and better than in any other 



passage in thlS higher sucrose aspartate medium 

and as well as roots of any passage in the lower 

sucrose aspartate medium,. 

In ate medium containing 1% sucrose 

growth measurements tended to increase passage 

1 to passage 2 one root fai to grow durlng 

the second passage. By and 1 this high rate of 

growth attained during passage 2 was malntained 

06 

by roots wh.ich survived durlng passages 3 f 4 and 5 with 

an apparently anomalous reduction in main s growth 

passage 4 which was not re cted in any the 

other growth criterla One more root did not grow 

during sage 3 and a further two in passaqe 5. 

Those which d passage 5 grew 1n sage 6 

but th a marked reduction in 1 9 and 

deve lopmen t. " 

The lower survival number of sunplied 

roots in 1% sucrose seemed to be so offset by the 

overall very high level 0 growth of these roots that 

hereafter aspartate was suppl 

containing 1% sucrose. 

to roots medium 

ral 

EXPERIMENT 16. The ablli of exclsed roots of another 
~~~~~~~~,~~~~~~~~~~~~~~---

tomato to utilize as 

ni 

The possibili s the clone of 



TABLE 4.1 The ability of excised roots of 'Potenj:ate' variety of 

tomato to utilize aspartate nitrogen. 

Nitrogen pH values 

Source Initi Final Pass- Rep1i- Increase Lateral Fresh 

weight 

(mg. ) 

Dry 

Weight 

(mg. ) 

4.7 

4.7 

Aspartate-N 5.1 

5.1 

pH 

ND 

6.0 

ND 

5.2 

age 

No. 

1 

2 

1 

2 

cate 

No. 

9 

9 

9 

9 

in Main Number 

Axis (rom.) 

137.2±3.3 36.1±1.4 

6.9±4.4 59.0±1.6 

Length 

(rom. ) 

266.1±19.2 19.9±1 1.4 

604.4±21.5 44.5 .6 3.8 

95.3±5.8 20.0±1.3 192.2 0.3 18.2±2.0 1.5 

156.1±5.8 42.5±3.6 490.0±42.8 58.4±5.0 4.3 

ND = NOT DETERMINED 
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excised roots used dur tIns was unlque in lts 

ability to utilize aspartate as the source of ni 

The growth of excised roots of a 1 Potentate , variety 

of tomato, k supp! by Dr J D. Ferguson of 

Department of Scientific and Industria Research, Lincoln, 

was fore determined both aspartate and nitrate media, 

rimental Is. 

From a sector which had been mainta in a modified 

White's medium were inoculated to the standard 

medium of this work until sufficlent sectors were lable 

r inocul on of an experiment, 

Media. N-omitted aspartate-N = 39 ppm. initial pH 5.1. 

N-omi plus NaNO -N = 39 ppm, - initial pH 4.7. 

Both media had 1.5% sucrose and iron as before. 

Results. 

The linear and weight measurements of growth are 

set out in Tab 4.1. 

Although linear growth lateral development of 

aspartate suppl Potentate roots were inferior to these 

values for nitrate roots in both saqes, as with 

'Best of All' I the weight measurements revealed 

comparab overall growth occurred with both nitroqen 

sources. 
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EXPERIMENT 17~ of roots 

Excised tomato roots grown with as ate or 

nitrate as the so source of nitrogen ended 

seven day growth pe od with essentially similar 

weights and little difference in linear growth 

ir 

lateral development. 

whether comparable 

question then arose as to 

occurred at all stages 

of their development or whether there was a lag 

period in the growth 

which adaptation to 

took place. 

aspartate roots during 

artate nitrogen supply 

Roots suppl d these sources of nitrogen were 

refore harvested at i rvals for twelve 

s in an attempt to de these pOintso 

N oml plus aspartate at 39 porn. 

N with 1% sucrose and initial pH 5.0. 

Nitrate medium. N omitted plus NaN03 at 39 ppm. 

N with 1.5% sucrose and initial pH 408. 

Both media contained iron at 0.35 ppm. as before. 

Twenty five flasks 50 mL of medium 

and five containing 100 . of medium for each 

treatment were lnoculated. the first five days, 

five flasks were randomly se at ly intervals 
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from flask containing 50 ml" of medium and 

thereafter from flasks containing 100 mI. of medium. 

Sampling was randomised by shaking out dried peas 

marked with the numbers of the f1 s, 

Results. 

The results of this experiment are shown in 

Appendix III Table 5 and graphically expressed 

in Figure 4.4. 

It was immediately apparent that if any 

time of adaptation the utilization of aspartate 

did exist it was shorter than 24 hours and roots 

were able by the end this period to assimilate 

aspartate and nitrate at closely similar rates 

when the amount of growth is used as a measure of 

assimilation rate. 

Only in their fresh and dry weights was any 

difference in growth of these roots apparent but 

the greater fresh weight aspartate roots at the 

end of twelve days was not significantly different 

from that of nitrate roots of the same age. 

EXPERIMENT 18" 

Ammonium oxalacetateo 

The insignificant pH change their nutrient 
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solution containing aspartate during growth of pea 

seedlings led virtanen and Linkola (1946) to suspect 

that aspartate was absorbed as a whole molecule. 

This conclusion was supported when analyses for 

carbon and nitrogen disappearing from the solution 

during growth showed that these elements were lost 

in the same relative proportion as they exist In the 

aspartate ion. The present evidence of ne igible 

pH change during growth of excised tomato roots 

suggested that in these experiments as is 

similarly absorbed as an intact molecule. On the 

other hand the abili of lower organisms, bacteria 

and fungi {Algeus, 1948) and algae (Algeus, 1949) 

to assimilate amino acids by deamination is well recog

nised. For Chlorella and twelve other species of 

algae supplied glycine or anine a small rise in 

the pH of the nutrient solution was shown by Algeus 

(1948; 1949) to result from release of a small amount 

of free ammonium ion into the medium. 

Normally when plants are 

ions as the nitrogen source, 

lied, only ammonium 

pH the nutrient 

medium decreases markedly during growth and it could 

be that the ligible pH change during growth with 

aspartate was the result of two opposing factors. 
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Deamination might result in a tendency for increase 

in pH due to release of ammonium but such an increase 

would tend to be offset by the decrease resulting 

from assimilatlon of these ions, 

To test these suggestions, in this experiment, 

roots were supplied aspartate or nitrate or these 

ions in the presence of ammonium or ammonium oxalacetate 

as sale nitrogen sources, 

Is. 

media ~ N-omitted plus aspartate at 16.4, 
--~-----------~-

32 and 47 ppm, N. Ini al pH 5.1 

Nitrate medla = N-omitted plus NaNO at 19.5, 39 and 58.5 

ppm. N. Initial pH 409. 

Ammonium a := N-omitted plus NH"CI and 

aspartate to give 18, 35.5 and 55 ppm. N. Initial pH 5.1. 

Ammonium ni :::: N-omitted plus NH NO j to give 19.5, 

39 and 58.5 ppm. N. Initial pH 4.8. 

N-omitted plus NH 4 Cl and 

Oxalacetic acid at 18.5 and 30 ppm. N. 

A limited supply of oxalacetate dictated the 

preparation of on two media containing this compound, 

For ease of comparison of results all media were 

prepared with 1,5% sucrose with 0.35 ppm. Fe as FeEDTA 

as before and the ini pH of all media was planned 

to be 5,0. The pH values which were obtained, were not 

thought be upset the design of the experiment. 
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Results. 

The results of this experiment are shown graphically 

in Figure 4.5 and in Appendix III Table 6. 

Ammonium ions in the presence of oxalacetate were 

not a satisfactory source of nitrogen and addition 

of ammonium ions to aspartate gave less growth than 

was obtained with aspartate alone at all three 

ni trogen concent.rations 0 On the other hand ammonium 

plus nitrate at the highest nitrogen concentration 

gave growth which was better (P = 0.05) than at lower 

concentrations of both ions and also better than 

when nitrate was supplied alone at three nitrogen 

concentrations. 

The presence of ammonium ions did affect the 

direction and extent of pH change which occurred during 

growth. Whereas with nitrate alone the IJH increased 

by at least one unit with this source plus ammonium 

the pH decreased but only by 0.4 of a unit. with 

aspartate alone a slight increase of 0.2 pH unit 

occurred and with aspartate plus ammonium the 

decreased during growth by about 0.5 of a unit. That 

ammonium nitrogen was absorbed independently the 

preferred ni trog'en source tended to be confirmed 

by these results which could not support 

Algeus's results with micro-organisms but gave some support 
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to Virtanen's conclusions. The best growth with 

ammonium nitrate was probably due to the physiologic 

buffering effect of simultaneous assimilation of these 

ions. 

EXPERIMENT 19. A rowth in modified 
--~~~~--~----~~~~~-------------

Bonner's and modified White's media 

sources of ni 

The 'Best of All' clone excised roots was not 

unique in its ability to utilize aspartate but the 

possibility still existed that the experimental medium 

of this work was more suited to utilization this source 

of trogen than could be another nutrient medium. 

Accordingly growth of roots was compared in aspartate 

and nitrate media in which sucrose, vitamins and 

micronutrient elements were either those developed 

by Bonner (1940) or those of White (1943). 

Calcium and potassium nitrates of Bonner's and White'~ 

macronutrient salts were replaced by the corresponding 

chlorides to make nitrogen omitted media. The nitrogen 

concentration of all media was maintained, for ease of 

comparison, as 39 ppm. although the actual nitrogen 

concentration of White's medium is 45 ppm. Iron was 

supplied, in modified Bonner's medium at 0.35 ppm. 

and in modi ed White's medium at 1 ppm. as used 

by Street, Hughes and Lewis (1960), with a 1:1 molar 



TABLE 4.2 ComEarison of growth in modified Bonner's 
and modified White's media when aSEartate 
and nitrate are the sole source of nitrogen 

Macronut- Pass- Increase Lateral Lateral Fresh Dry 
rient a1 in Main number length Wt. Wt. 
composit- pH pH No. axis (mg) (mg) 
ion length 

39 . ) (rom) 

Bonner s 4.8 ND 1 132.9±2.9 44.5±2.9 393.9±42.6 25.1±3.4 2.0 
NaNO 

408 6.1 2 164.1±4.7 62.9±0.5 698.1±30.5 53.9±0.4 4 1 

Aspartate 5 0 1 ND 1 116. ±3.9 35.9±1.8 379 4 ±2 5.6 28.8±1.2 2.1 

5 1 5 0 3 2 153.6±3.8 53.7±1.9 64807±16.6 54.2±1.1 4,0 

is 408 ND 1 1 .0 ±2 .1 59.1±1.7 782,2±26.4 45.1 . 4 3.3 
NaNO 4.8 6.2 2 177.8±5.6 62.1±1.8 823.0±41.7 74.3±1.6 5.1 

Aspartate 5.1 ND 1 138.1±3.5 32.1± .5 409.4±26.5 31.5±2 0 2.5 

5.1 5.3 2 172.6±6.3 45.7±2.3 560.6±28.5 60.8±1.6 4 5 
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a. 

Bonner's elements with nitrogen 

omitted us (39 ppm. N) with 1% sucrose 

and tial 

White's macronu t elements with nitrogen 

omi (39 ppm. N) plus 1% sucrose 

and 5.1. 

Nitrate me a. 

Bonner's macronutr e ts with nitrogen 

omitted plus NaN0 3 (39 ppm.N) th 1.5% sucrose and 

initial pH 4 8. 

White's macronutrient e with trogen 

omitted plus NaN03 (39 ppm. N) with L 5% sucrose 

and initial pH 4.8. 

Results. 

Growth values for this t are shown 

in Table 4.2. Sample roots from passage 

of the experiment are also shown in Plate 4 5 

The outstanding result was that much tter 

growth by all criteria was obtained wi modified 

White's medium with both aspartate and trate 

than with modified Bonner's medium. The composition 

of the macronutrient ions of white's medium was 

obviously superior to that Bonner's medium in its 



PLATE 4.5. SECOND PASSAGE ROOTS IN BONNER'S OR WHITE'S 

MEDIA SUPPLIED N03- OR ASPARTATE-N (N:39PPM.l 

+ NO) MEDIA i 1.5 'Yo SUCROSE; pH 4.8) : 2: BONNER'S; 4 = WHITE'S. 

+ ASPARTATE . MEDIA ( 1 % SUCROSE; pH 5.1) : 1 :; BONNER'S; 

3 : WHITE'S 



ability to support growth of both nitrate and 

aspartate supplied roots. Either the concentration 

of one element of Bonner's medium or the relative 

proportion of macronutrient ions is suboptimal 

for growth of exci tomato roots. 

This result was unexpected in view of earl r 

evidence (Experiment 1) that white's medium was 
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not as suitable as Bonner's for establishing a clone 

of tomato roots. 

EXPERIMENT 200 The ef the concentration of 
--~~~~~~~--~~~--------------~--~--~ 

The that ve much better growth was obtained 

with the macronutrient elements of White's medium with 

both aspartate and nitrate dictated a determination of 

the factor(s) which brought this about. major 

difference in two media was that the magnesium level 

in White's recommendation is twenty times that of 

Bonner's When they examined the effects of varyinq 

the concentrations of manganese on the growth of excised 

tomato roots Hannay, Fletcher and Street (1959) 

found that the optimum concentration of this element was 

termined largely by the level at which magnesium was 

supplied. A lower level of magnesium such as that used 

by Sheat, Fletcher and Street (1959) to avoid 



precipitation of this element in medium of 

high pH (which did not markedly diminish growth 

of excised tomato roots) could be offset by 

decreasing the concentration of manganese. An 

experiment was therefore carried out in which to 

the experimental aspartate and nitrate media with 

their lower level of magnesium were added varying 

amounts of manganese from a tenth to ten times 

the level of this element in the standard medium. 
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The results of this experiment are shown in Appendix lIT 

Table 7. No marked benefit derived from varying 

the manganese concentration in either aspartate or 

nitrate media. At a tenth of the standard level 

some reduction growth occurred particularly in 

the second passage in the nitrate medium. 

Accordingly another experiment was carried out 

in which the concentration of magnesium in the 

experimental medium was increased up to the same level 

as in White's medium. 

Nitrate N-omitted plus NaN03 with N=39 ppm. 

and sucrose at 1.5% had magnesium sul

phate added at the following concentration~ 

which are relative to that of the 

concentration used heretofore in both 

standard and experimental media: 
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1,0, 5 0, 10.0, 20.0 times 

standard 

pH 4 8, 

All media were initi ly 

ate media N-omitted plus aspartate at 39 ppm. 

N with 1.0% sucrose and varying 

concentrations of magnesium sulphate 

as above. All media were initial 

pH 5,0 

In 1 media Fe = 0.35 ppm. as before. 

Resultso 

The results are shown in Figure 4.6 and in 

Appendix III 8. 

With increasing concentrations of magnesium 

sulphate there was increasing growth with both 

nitrogen sources. The best growth occurred with 

twenty times the standard magnesium phate 

concentration with that in nitrate medium better 

than that in aspartate by dry weight c teria. 

Little difference was shown by measurements of linear 

growth. These results compare favourably with 

those obtained ;in Experiment 19 in which modified 

Bonners's and White's medla were compared. 
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EXPERIMENT 210 The effect of the source and concentrat~ 

ion s 

It remained to be seen whether the enhanced growth 

with both nitrate and aspartate resu ng from increas~ 

ing the magnesium sulphate concentration of the medium 

was due en rely to the increase in the concentration 

of magnesium or in part to the very much increased 

concentration of sulphate. 

In this experiment both magnesium chloride and 

magnesium sulphate were supplied to bring the concen

on of magnesium to the high level which Experiment 

20 showed was bene ci to growth of both nitrate 

and aspartate roots Lest the highest level of 

ch de already present from calcium and potassium 

chlorides was de one treatment magnesium 

ch de was added to the standard medium containing 

calcium and potassium nitrates. 

Is 0 ! 

Aspartate media:- Nitrogen omitted media containing 

39 ppm. as nitrogen with iron as be 

sucrose at 1% and initial pH 5.1. 

Magnesium ions were suppl d as:-

(a) the standard (x 1 S) addition of magnesium sulphate. 

(b) as plus x 19 S Mg as magnesium chloride. 

(c) as (a) plus x 19 S Mg as magnesium sulphate. 



TABLE 4.3 The effect of the source and concentration of magnesium on the growth of 
roots supplied nitrate and aspartate. 

Nitrogen Magnesium 
source source and Pass

age 
NOe 

N=39ppm relative 

NaNO 

concentration 

+ 1 S MgSO~.7H20 1 
2 

+ 1 S MgS04.7HzO 1 
+ 19 S MgC12.6H20 2 

20 S MgS04.7H20 1 
2 

Standard Medium 
+ 19 S MgCl .6H20 

1 
2 

L-Asp
art ate + S MgSOI" .. 7Hz 0 1 

2 

+ 1 S MgSOy.7H20 
+ 19 S MgCl .6H20 2 

+ 20 S MgS04 7H20 1 
2 

Repli
cate 
No. 

9 
9 

9 
8 

B 
8 

9 
9 

9 
9 

9 
9 

9 
8 

Increase in Lateral Lateral 
Length 

(rom) 

Fresh 
Wt. 
(mg) 

Dry 
Wt. 
(mg) 

Main Axis Number 
Length (rom) 

44.9±2.7 
112.0±5.1 

169.4±-2.9 
166.1±3.8 

154.4±4.8 
1Bl.7±4 8 

164.5±5.1 
149.3±4.7 

115.1±3.4 
126.5±2 3 

121.8±5.0 
151.7±4.6 

115.4±5.1 
144 2±5.6 

57.2±3.0 373.3±29.0 32.0±1.B 2.7 
44.3±3.3 275.5±12.4 34.0 .6 3.0 

62.1±2.2 520.5±23.5 36.9±2.1 2.9 
61.2±3.6 390 0±3.9 46.1±2.9 3.7 

.0±2.5 442.5±26.7 36.8±2.1 3.1 
76.9±3.1 429.4±21.5 53.4±1.9 4.5 

62.8±2.9 44B.9±33.9 36.0±2.2 2.9 
46. ±3.6 235.5±42.5 37c7±2.1 3.5 

40.0±6.1 359.4±33.9 24.9±1.9 2.2 
59.7±1.2 556.7±31.2 45.7±1.0 3.7 

47.0±3.1 444.4±34.8 30.3±3.0 3.3 
62.1±1.8 505.5±18.0 56.9±2.6 4.3 

43.0±4.1 373.3±40.6 24.3±3.3 2.1 
61.1±2.5 430.0±2.9 46.5±2.0 3.8 



1 media containing 39 ppm. nitrate 

nitrogen with iron as before, sucrose at 1.5% and 

pH 408 Media 'd a , Ie' and If I below were N~omitted 

plus NaNO. Medium 'g' (was the standard medium 

containing cal um and potassium nitrates. 

Magnesium ions were supplied as 

1.19 

(d) the standard (x 1 S) addition of magnesium sulphate. 

(e) as (d) plus x 19 S Mg as magnesium chloride. 

( f) as (d) plus x 19 S Mg as magnesium sulphate. 

( g) as ( d) plus x 19 S Mg as magnesium chloride. 

Results 

The results are set out in Table 4.3. In media 

containing only the standard addition of magnesium 

sulphate growth in the first passage was better with 

nitrate than with aspartate but in the second passage 

the reverse was true and with n rate s growth 

occurred in the second passage than in the first. 

with increased magnesium supplied entirely as 

magnesium sulphate growth with nitrate was better than 

that with aspartate when the magnesium addition was 

made with magnesium chloride either treatment 

('e' and 'g') 0 with aspartate roots, however, the 

best growth occurred when additional magnesium was 

supplied as magnesium chloride. These aspartate 

roots were still characteristically shorter in the main 

axis and with fewer but longer laterals than the best 



nitrate roots but, in the second sage, an 

equivalent total weight of root mate al had 

developed with both nitrogen sources. 

It appeared from these results that 

either a high level of sulphate was comparative 

deleterious or a gh level of chloride is 

advant ous to roots supp ed wi aspartate. 

120 
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F.XPERnmNT 22 ~1aintenance of a clone of excised tomato 

roots 

By the sector followed by tip sequence of ly 

passages a small clone tomato roots was maintained 

in the experimental urn containing aspartate-N at the 

standard nitrogen concentration of 39 ppm. with Fe-RDTA 

(0 0 35 ppm. Fe) as iron source and 1% sucrose o It was 

observed that:clonal roots could not grow in the c 

potassium tartrate medium when aspartate was source 

of nitrogen as such roots tended to show death apical 

meristemso 

The clone 

throughout this 

aspartate was kept for e 

period a uniformly high rate 

months a', 

growth 

of tip inocula was maintained. However after six months 

in aspartate medium both primary laterals on tip inocula 

and secondary laterals on main laterals of sector inocula 

showed a tendency to decrease in length. The aspartate 

clone, nevertheless looked healthy, more opalescent than 

nitrate roots but more hrittle. 



CHAPTER 5. 122 

s of roots ied different sources of n 

Having established that excised tomato roots are able 

to use aspartate as their sole source nitrogen as effic-

iently, from the point of view of growth and survival, as 

they use nitrate was desirable to determine whether 

differences exist in the metabolic phy~olo~T roots 

supplied amino and inorganic forms of nitrogenu The more 

sophisticated investigation with isotopic nitrogen was 

precluded by practical considerations and since facil s 

existed for an analysis of the major nitrogenous fractions 

of the roots, determinations of these fractions were carrie 

out. 

The value of determinations of total and soluble 

nitrogen fractions has not been entirely superceeded by the 

availability of isotopes of nitrogenJ As recent as 1964 

Derbyshire and Street have used analytical determinations 

of nitrogen to decide whether roots grown in the light and 

the dark with nitrate had differences in their metabolism 

due to the light treatmento It was shown earl by street 

Carter, Scott and Sutton (1961) that light enhanced 

both linear growth and dry weight production of excised whet 

roots. Derbyshire and Street found that roots grown in 

light and in the presence of nitrate had a higher concentra 

ion of insoluble nitrogen (protein) than when they were 

grown in the dark. Also the roots had a higher concentrati, 



123 

of soluble organ nitrogen when grown in ss than 

when illuminated but this was mainly due to the high value 

for residual organic nitrogen in the root tissues from 

"dark" cultures. These results were interpreted as 

showing breakdown protein synthesis in the dark with 

consequential accumulation of simpler nitrogenous compounds 

in the form of residual nitrogen and decrease in the value 

for protein nitrogen~ 

In reviewing nitrogen metabolism in plants in 1947, 

Steward and Street concluded that different sources of 

nitrogen gave different proportions of protein nitrogen 

in a wide variety of plantso Most of the results reviewed 

by Steward and Street were based on analyses of the kind 

now being considered and when Butcher and street (1964) 

had occasion to again look at this subject they still 

concluded that differences metabolism of nitrogen 

accompanied different sources nitrogeno 

If arguments of this nature are acceptable a study 

of the distribution of nitrogen among the various fractions 

of soluble and insoluble nitrogen in tomato roots fed 

di rent sources of nitrogen will show the metabolism 

underlying the assimilation of various nitrogen compounds 0 

It is appreciated that these methods do not resolve 



ni compounds to acid leveL 
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tt (1953b) 

found the sum of amide, free ammonium nitrogenv 

a-amino-N and residual-N chIarella cells fed ammonium 

added to 100% only up to twenty minutes r the addition 

of n 

until 

There r there was a progressive decrease 

3 hours they accounted for only 52% of the so 

uble nitrogen. This discrepancy was solved by paper 

chromatography of the extracts which revealed the presence 

of basis amino acidsv 

By these analyses it was therefore hoped to decide 

whether the metabolism of nitrogen in sed tomato 

roots supplied nitrate l aspartate, glutamate and ammonium 

was essentially similar. 
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EXPERIMENT 23 AND 240 

nitrate and ammonium root~ 

In order to obtain information regarding the extent 

of utilization in terms of total assimilated nitrogen and 

the balance between the various fractions of nitroqen when 

roots were fed aspartate, glutamate f nitrate a~d ammonium v 

roots were grown for seven days in media containing these 

sources of nitrogen were analysed by the procedures descril 

ed in Chapter 20 

When these analytical techniques had been developed 

and mastered satisfactorily two separate analyses were 

carried out (Experiment 23) on aspartate and nitrate roots 

which had been grown in bulk at different timeso 

Figures for Total Kjeldahl Nitrogen were found to be 

inconsistent especially for nitrate roots and this was 

considered to be due to a sampling error v three to four 

roots not being ficiently representative of the root 

material Two further determinations of Total Kjeldahl 

Nitrogen only were thus carried out on eight carefully 

sampled roots for each nitrogen source 0 In the first of 

this series when the supply of Kjeldahl flasks was 

limiting digestion was carried out on two nitrate and 

three aspartate roots per flask o Nitrogen values thus 

obtained were still low for nitrate roots and this was 



126 

cons red due to incomplete oxidation of in 

nitrogen" In the second se s one root per flask was 

digested in the usual way for both aspartate and nitrate 

roots but the replication being maintained at eight 

as beforeo Growth values and nitrogen values obtained 

both these determinations are set up in Appendix IV 

Table :3 0 

One series of analyses (Experiment 24) was consid

ered adequate for ammonium and glutamate roots so long 

as a control of nitrate roots grown and analysed at the 

same time gave figures which were comparable with those 

previous analyses. Five replicate roots were carefull: 

sampled out for Total Kjeldahl Nitrogen determination. 

detailso 

Mediao Nitrogen omitted media were prepared with 20 times 

the standard magnesium sulphate concentration for each 

of the media containing aspartate f nitrate v ammonium 

or glutamate as sole sources of nitrogen. 

Ammonium medium was aseptically adjusted in pH 

when cool to pH 6.8 r autoclavingo 

Sucrose was supplied as 1 5% with all nitrogen sourCE 

Note. 

In a preliminary experiment in which nitrate, asparte 

ate and glutamate roots were grown in bulk was found 

that roots which were grown in media containing aspartate 



Table 5.6 Growth values and d istribution of nitrogen in tomato roots 
cultured for seven days in me dia supplied nitrate, aspartate , 
glutamate and ammonium a s s ole s ou rce s of nitr ogen . The values 
shown are expressed as percentages of the dry weight. 

Nitrogen Repli-
Source cate Increase Lateral Lateral Fresh Dry Total 
N=39ppm. No. in Main Number Length Wt. Wt. Kjeldahl 

Axis Length (mrn) (mg) (mg) Nitrogen 
(mm) ( a) 

NaN03 10 139.2±8.4 49.9±1.9 368.S±33.6 N. D. 1.50 6.16 

Aspart- 10 92.7±3.4 12.3:1:0.7 120.0:1:16.1 N.D. 1.20 4. 0 2 
ate 

NaN03 10 170.4±6.9 49. 7 ±4.0 367.0±3.7 30.0±2.1 2.04 6.16 

Aspart- 10 1 30 . 9 ±4 .2 29 . 4±1.9 29 0 .0 ±13 .3 27 .2±1.S 2.1S 4 . 0 2 
ate 

NaN03 8 162.S±4 . 2 6 2 .6 ±3 .7 52 6 .2 ±3.9 35.7±3.9 2.S4 6. 16 

Glu t amate 8 80 .1±8.1 10.1i1.S 16. 0 ±3 . 9 7 . 7 ± . 3 0. 70 3 .5 7 

NH4C1 8 8 2. 0 ±6 .1 26 . 6:1:2. 6 1 6 3 . 1 ±21 .5 1 5 . 2±1.7 1. 22 7. 30 

Soluble 
Kjeldahl 
Ni t rogen 

(b) 

2.09 

2.23 

2.00 

1. 63 

1. 46 

.2 5 

4.0 6 

NO NOT ETE RMINED 

Insol- Resid- Free Gluta- Aspar- Total a-amono Nitrat e 
ub l e ual NH mine gine amide Nitrogen Ni traa r" 
Nitrog- Nitrog- Nitrc- Amide amide Nitro- (i) (j) 
en en gen Nitro- Nitro- gen (h) 

(c=a-b) (d=b-e-h-i) (el gen (£) gen (gl 
4.07 1.71 0.022 0. 04 6 0.038 0.084 0.275 0. S28 

1 .79 1. 80 0.0 11 0.042 0.036 0.078 0.338 Nil 

4.16 1. 6 5 0.036 0 .04 4 0.042 0.086 0.226 0.497 

2. 39 1. 31 0. 01 2 0 . 0 3 9 0.033 0.072 0.2 39 N.D. 

4 .70 1.13 0 .022 0.04 5 0.043 0.088 0.221 0. 480 

2. 3 2 .02 0.030 0 .031 0.026 0. 05 7 0 . 14 6 N.D. 

3. 2 4 1. 9 2 
O. O ~ 0. 0 768 0.210 0.9 78 0. 083 N. D. 
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or glutamate with the standard magnesium sulphate addition, 

some of the roots showed death of the main axis meristems 

and consequently primary laterals had considerably 

elongated" When media containing these nitrogen sources, 

however, were shaken at frequent lntervals for the first 

three days after inoculation into media this behaviour 

was E:~liminated .. In these experiments ln which lTled were 

prepared for root analysis m(:~dia we.ce shaken sllTl."Llarly 

Results, 

The results of the two analyses of aspartate and 

nltrate roots and also those of nltrate, qlutamate and 

ammorllum root.s are shown ln Table 5.1. <" Details of the 

determinations are in Appendix IV Table 1 to 4." The Total 

Kjeldahl Nitrogen value for nitrate roots is the mean of 

values obtained in the second determlnation in 

Appendix V Table 3 and that frolTl Appendix IV Table 4 when 

nltrate, glutamate and ammornum roots were analysed_ The 

Total Nltrogen value shown for aspartate roots 18 the mean 

of the values for separate determinations of KJeldahl 

nitrogen under Appendix IV Table 3" 

Total Kjeldahl Ni en content of aspartate roots 

was consistently found to he 4,0% of the we.lgh 1: dnd 

is lower than that for nitrate roots whlch was 6.1% 

Ammonium root.s had the hi st value for total nitroqen 

(7c %) and glutamate roots of the st (3 6%) The 



relative proportions of total to protein nitrogen in 

roots supplied nitrate~ aspartate and glutamate were 
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similar but the increase total nitrogen of ammonium 

roots was not paralleled by a similar increase in protein 

nitrogeno More than 50% of the total nitrogen of ammonium 

roots was present as soluble nitroqenous comoounds. 

Free ammonia in the extracts was largest ammonium 

roots which contained three times as much free ammonia 

as trate roots. Glutamate roots contained more free 

ammonia than either aspartate or nitrate roots, while 

Aspartate roots contained about a third of the free ammonia 

of glutamate roots. 

There were ations in the absolute amounts of both 

amides all treatments 0 Ammonium roots contained the 

highest value for glutamine (0077%) and asparagine (0 0 21%) 

while the content both these amldes in nltrate roots 

was only about a fifth that in ammonium rootso Aspartate 

fed roots had a slightly lower content of both amides 

than nitrate roots Q and glutamate roots even lower stillo 

However v nitrate p aspartate and glutamate roots were Iv 

within limits of experimental error 9 essentially similar 

regarding their relative proportions of glutamine and 

asparagineo The ratio glutamine to asparagine was also 
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found by Clark (1936) to be of the order 1:1 in the roots 

of tomatoes fed nitrate nitrogen 0 Both asparagine and 

glutamine together formed about 90% of the a-amino-N 

of ammonium fed roots a value which approx~mates 

(80%) found by Yemm Willis (1956) for barley roots 

fed ammonium phosphate, 

There were slight ations in the values for 

protein~N (Insoluble Ni ) but in general, nitrate 

roots contained the highest value for protein followed by 

ammonium, aspartate and glutamate roots in this order" 

It was also apparent that the first analysis of nitrate 

and aspartate roots~ when growth in both these sources 

of nitrogen was relatively poor~ the roots were charact~ 

erised a considerable accumulation of residual~No Perhaps 

there was breakdown of protein under those conditions o 

It was concluded that atlons in the absolute 

amounts of the various fractions were due to the extent 

assimilation which occurred with each nitrogen source 

during the seven day periodo However; the relative 

proportions of these fractions were essentially similar 

nitrate~ aspartate and glutamate roots; while ammonium 

roots were characterised by a conside 

of amidesQ 

It was also notable that the va 

aspartate roots were not accompan 

s 

accumulation 

dry weight 

by similar rise 
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1n the total nitrogen of se roots. Apparently 

during the seven days growth period aspartate enhanced 

the laying down of secondary cell wall material. 

Whereas the amounts ammonia in glutamate and 

aspartate roots sugges assimilation of both these 

amino acids by deami D this possibility tends to 

be eliminated on grounds that assimilation of the 

amino acids was not associated by a considerable 

elaboration of amides which even if they were not 

similar in values to roots fed ammonium, would 

expected to exceed values obtained for nitrate roots 

especial case of glutamate roots which normallYi 

seem to have more ammonium than nitrate roots, 
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EXPERU1ENT 25 0 sis and 

of the extracts. 

A chromatographic study of the amino acids in 

the various extracts used for analyses of nitroqen in 

Experiments 23 and 24 was superimposed upon the analyses 

to see whether any differences in the pattern of these 

amino acids resulted from feeding a particular nitrogen 

source. 

Aliquots of the a0ueous extracts from ammonium r 

glutamate and nitrate roots which were prepared from roots 

grown and extracted for Experiment 24 and aspartate 

root extract for Experiment 23, Part II, were evaporated 

under reduced pressure as described in details in Section III 

of Chapter 2 and the amino acids redissolved in 10% iso-

propanol" A suitable aliquot of this concentrated extract 

calculated from the analytical results to contain about 

1015 9 (),~amino-n was used for electrophoresis and chromat-

ography as described in detail in Appendix II. 

I details 

root extracto 30 mI. evaporated and redissolved 

in 1 mI. of 10% isopropanol~ 3 ~l of the concentrate (cao 

1015 ~go a amino-N) was used to spot plates. 

Glutamate root extracto 15 mI. evaporated and re-

dissolved in 0.5 mle of 10% isopropanol. 30 pI of this 

concentrate (ca. 1 15 ~ g 0 a--amino-N) was used to spot plates_ 



Ala 

Gly Ser 

Asp-NHZ 

Tyr 

Pro 

Glu 
Glu-NH2 

Asp 

PLATE 5 .1. MAP OF AMINO ACIDS SEPARATED BY THIN - LAYER 

ELECTROPHORESIS (pH 2 . 0, 20 MIN tooov, 12 - 20mA), AND THEN 

CHROMATOGRAPHY IN METHYL ETHYL KETONEI PYRIDINEI WATER ! 

ACETIC ACID, 70/15/15/2, V/V , FOLLOWED BY N -PROPANOL! 

WATERI N-PROPYL ACETATE/ ACETIC ACIDI PYRIDINE, 120/60/20/4/1, 

V/V. 
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Nitrate root extract. 26 mI. evaporated and redissolved 

in 1 mI. of 10% isopropanol. 8 pI (ca, 1.14 Pg. a-amino-N) 

was used to spot s 

root extract. 20 mI. evaporated and redissolved 

in 0.5 mI. of 10% isopropanol 5.5 pI (ca 1,18 ~g. a-amino-N) 

of this concentrate was us to ['late'3~ 

Results. 

\'Jhen Butanol/Acetic acid/Water (5/1/4 v/vv top phase only) 

was used as the chromatograph solvent (Turner and Redgwel1, 

1966) and with loading of of about twice that finally 

used, most of the amino acids were cated on the plates of 

aspartate, glutamate and nitrate root extracts but leucine 

and isoleucine and also glutamic acid and threonine could 

not be resolved. It was also notable on ammonium plates 

at this loading amino acid spots te d to streak; this was 

especially so for glutamine y glutamic acid asparagine and 

aspartic acid. Nhen the method of B ski and Turner (1966) 

was finally used the loading was also reduced to f 

better resolution was obtained. 

Chromatograms of the extracts on thin layer are shown 

in Plates 5.2 to 5.5. A map is also shown of the detected 

amino acids? with the exception of methionine \'lhich I-las 



-

P L ATE 5 . 2. 5 EPA RAT ION 0 F AM' NO A C I OS a FAN A QUE 0 US E X T RAe T 

OF 7 DAY OLD EXCISED TOMA TO ROOTS CUL TURED rN N IT RA TE 
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missed out from the map~ and phenylalanine for which 

there was no chemical standard availableo ~1ethionine 

forms a spot below tyrosine and it was identified by 

spotting an aliquot of a standard methionine solution 

containing 0 0 5 ~gc of the amino acid together with 

the extract loadingo The supplementary methionine formed 

a spot which reinforced that of the spot formed by the 

unknown amino acido 

The small spot which appears close to leucine and 

isoleucine on extract plates was designated phenylalanine 

after identification of the surrounding amino acids 

(leucines, tyrosine r valine) and comparing the position 

of this spot on the chromatogram with a map provided 

by Bieleski and Turnero No reinforcement test with 

standard phenylalanine could be carried out as there was 

no standard available for this amino acido 

Some of the fine details of the chromatograms have 

been lost during photography of these plateso 

Treatment of the extracts with 10% isopropanol 

eliminated most peptide-N which was not detectahle on 

most plates except those of nitrate and ammonium on which 

small spots appeared just below the spot of aspartic 



r-------------------------------------~------------------------~ 

PLATE 5.3. SEPARATION OF AMINO ACIDS OF AN ACUEOUS EXTRAC T 

OF 7 DAY OLD EXCISED T OMATO ROOTS CUL TURED IN GLU TAMATE 
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acidn No other amino acid occupies this position on the 

map of Bieleski and Turnero 

Although these plates were not intended to be 

compared quantitatively it was possible to treat the 

various spots on each individual chromatogram on a 

semiquantitative hasis by comparing the area covered 

by the spots as well as their densities, It was 

appreciated y however, that the intensities of the reddish 

colour, and hence the intensities of the spots on these 

photographs v was a characteristic of the particular 

amino acido Bieleski and Turner have recorded glutamic 

acid, alanine, glutamine, y-aminobutyric acid~ threonine 

valine and the leucines as the amino acids which form 

dark colours with their ninhydrin reagent whereas 

aspartic acid and glycine form reddish hrown colours 

whichrnve also not photographed well on these plateso 

As a result of this the density of the aspartic acid 

spot is less than that for the glutamic acid or glutamine 

spotso Asparagine and proline which form a brown and a 

yellow colour respectively have also not registered 

well on any of the photographso The brown colour of 

asparagine is probably due to the slow reactivity of 

the amino group of this compound with ninhydrin since 

Yemm and Cocking (1955) found only 40% reactivity" 
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The small spot of methionine did not photograph 

on any plate. 

Plate~4a of aspartate extract lost some of the 

y-aminobutyric acid (y-AnB) hut when this result was 

checked compared with the other aspartate plates 

1 

previously prepare at a slightly higher loading amino 

nitrogenv it seemed as y-AnB may have been lost through 

excessive spraying with buffero Another Chromatogram 

was thus p~epared ( 504b) and this has a higher 

concentration of this amino acido It is also acknowledged 

that this plate has four minute extraneous which 

are shown with small rings around each oneQ 

Both aspartate plates were characterised by large 

spots for aspartate, glutamate and glutamine. Glutamate 

plates contained large spots for glutamate and glutamine. 

The most conspicuous spot on ammonium chromatograms was 

glutamine and although this particular plate photographed 

badly, glutamic was scarcely detectable on th plate, 

and even when the loading of the plates '\..ras reduced to 

half ( ca. 0.57 ~gQ a-amino-N) glutamic acid was still not 

detectableo This apparent absence of glutamic acid was 

not understood since this amino acid is the precursor of 

glutamine 





In all a 

on all plates but 

formed a spot c 
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nineteen amino acids was detected 

addition an. acidic compound which 

to origin was detected hut un-

identified. This compound was not taurine since when a 

standard solution of is amino acid was spotted together 

with the extract taurine formed a separate spot above 

that of the acidic compound present in the extract 

It was concluded that there were essen ally no 

differences in the pattern of amino acid in all the roots 

from different treatments, 
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EXPERIMENT 26 0 Growth and amino acid distribution in roots 

harvested on different r ammonium 

feeding. 

In the previous experiment ammonium feeding resulted 

in considerable increase glutamine while the concentrat-

ion of glutamic acid was apparently low. It was hypothes

ised that the acid drift of pH occurring in media following 

ammonium feeding might be associated with the direction of 

metabolism via glutamine with consequenti utilization 

of all the available glutamic acid the amidation react-

iono An experiment was thus carried out in which growth 

measurements f both by linear and weight criteria, pH of 

media and amino acid distribution were followed in roots 

fed ammonium-Nu Roots were harvested on the third, fifth 

and seventh daysf each day a number of roots extracted 

with water as fore but this time using a conical 

glass mortar and pestleQ Extracts were evaporated under 

reduced pressure as before and redissolved in 10% 

isopropanol to give 00105 mga dry root material per 3 ~lo 

This concentration was approximately equivalent to that 

used in the previous experimentQ 

1 details 

Mediao N-omitted media plus ammonium chloride at 39 ppmo 

N and initial pH 7 0 0 0 

Plates were loaded with 3 ~lo of the concentrated 
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extract to give 0.105 mg" dry root material enui 

to about 1015 ~q" a-amino-N per plate 

Resultso 
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The third? and seventh extract chromato-

grams are represented in Plates 50 6 , 5 7 and 50 8 re 

ive Growth measurements and changes in medium pH 

are shown in Appendix IV Table 5" 

Considerable amount of glutamine was observed on 

all ates but fair Is of glutamic acid which formed 

a just above that 

third and fifth dayso 

this period the levels 

glutamine were observed on the 

It was also notab that during 

other amino acids was also 

apparently high and methionine formed a relatively more 

conspicuous spot than been observed fore. On the 

seventh day, glutamic acid was quite undetectahle at this 

loading, but when the loading was doubled, streaking 

of the spots occurred and it was difficu to distinguish 

between glutamic acid v glutamine and asparagineo It 

seemed from these results that glutamic acid tends to 

disappear in roots during growth in ammonium nitrogeno 

It may be that the very large spot of glutamine present 

on the may be covering glutamic acid but this 

seems to be most unlikely. 

This plate is essentially similar to correspond~ 

ing plate ammonium root extract of the previous 
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experiment and it is also notahle that level of 

methion was relative low and did not photograph. 

The pH of medium only changed froM 7.0 to 605 

on 3, 602 on day 5 and 5.1 on day 7 and obviously 

even on the seventh day the pH was not any acid than 

it usually is in nitrate media. Change in pH, or 

the high initial pH, are not there responsible 

directing ammonium utilisation via glutamineu 
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DISCUSSION, 

10 The to serve as a n source 

with nitrate" 

Swain (1965) has pointed out that the limitation of 

experiments whose design involves the administration of 

substances via the intact root or leaf surface is that 

uptake often slow and varies from one compound to the 

other" Although this author illustrated his point by 

reference to the work of Grant and Beevers (1964) in which 

differences were found in uptake of sugars by carrot 

slices
l 

and corn roots f the argument seems equally appl 

able to uptake of amino acidso 

Two factors seem to be most important in determining 

the uptake of glutamic acid by root cells~ the availabili 

of energy the uptake mechanism and the size of the 

glutamic acid moleculeo 

The dependence upon re ratory energy of glutamic 

acid uptake by plant cells was appreciated by Webster (1954) 

and EI~Shishiny and Nosseir (1957a)0 EI-Shishinyand 

Nosseir decided that since uptake of L-glutamic acid by 

carrot root discs was about three times that of the 

D-isomer there were differences in the rates penetration 

the two isomers into the cell which could interpreted 

only in terms a carrier system consisting of some 
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cellular constituent" carrier would pre rentially 

combine with the L~isomer while the D-isomer would be 

iminated on account of its optical propertiesv Prefer~ 

ential uptake of the somer of amino acids seems typical 

the mechanism involved in the uptake of amino acids in 

general since Birt and Hird (1956" 1958b) similar reported 

faster uptake for L~his dine than for the D~isomer by 

carrot slices" 

This concept that a 

amino acids and hence the 

er lS involved in the 

ferential elimination 

D~isomer also implies that amino acids are taken up by 

plant cells as entire partic at least with respect to 

the 

the nitrogen ~ carbon linkage of the molecule, This assump

on seems to agree with the contention of Virtanen and 

nko (1946) that aspartic acid was absorbed as a who 

molecule by pea plants" If s is so then it would be 

that the size of amino acid molecule exerts 

some influence upon its rate uptake In this respect 

it will be recalled that Birt and Hird (1958) found the 

relative rates of uptake of amino acids by carrot tissue 

to diminish as the size of their carbon skeletons increas 

The on result which could be drawn upon in support of 

the assumption that the failure of glutamic acid to equal 

nitrate in its capacity to supply ni for the growth 

of excised tomato roots is attributable to the size of the 
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carbon skeleton of this amino acid is that of Nitsch 

and Nitsch (1957). These authors found that in a medium 

containing 5 x lO~7 M 1AAv Helianthus tuberosus tissue 

satisfactorily utili glutamic acid and that growth 

with this amino acid was even better than that achieved 

with aspartateo However a difficulty ses in deciding 
acid 

whether lAA affected glutamic/uptake through a decrease 

in membrane permeability (Reinhold and Powell, 1958) 

or indirectly through ase in respiratory energy 

or both these factors together. It seems v however, that 

both these factors may be operative since Reinhold 

and Powell (1958) found that under anaerobic conditions 

uptake of glutamic acid by sunflower tissue was the same as 

the uptake of the amino acid from auxin-free mediumo 

It is important to note that in all other work in which 

media have been used without the addition auxin aspartic 

acid has always been found to be the more lizable amino 

acid even under the suboptimal conditions in which some 

of these expe ments were conducted 0 This is certainly 

true of the work of Spoerl (1948) # Harris (1959) and Street 

et ale (1960)" 

It seems probable therefore that by the use lAA 

in culture media glutamate may be found to be a good source 



143 

of ni for excised tomato roots" 

It has not been found possible to enhance growth 

with glutamic acid either by the addition of aspartic acid 

or alan j singly or in combination or by the tion 

of Yeast extract and it is cons red that the presence 

of supplementary amino acids additional s complicated 

the uptake of glutamic acid~ Gale (1951b) and Ga and 

Van Halteren (1952) have partia investiga the effect 

other amino acids upon glutamate uptake by S lococcus 

aureus o These authors found that when aspartic acid was 

supplied in the external solution together with glutamic 

d Q uptake of this latter amino acid was creased by an 

amount approximately valent to the added aspartic acid" 

This result has been interpreted by Jennings (1963) as 

due to competi between the two amino for the 

sites of uptakec The presence of mixtures of other amino 

acids in the external solution was found to impose even 

much more complex problems upon the uptake 

glutamic acid" Although Gale (1951b) and Gale and Van 

Halteren (1952) concluded that other amino acids inhibited 

glutamic acid uptake through formation of extracellular 

peptides "\-vi th glutamic acid, these authors were able neither 

to speci the nature of the " peptides , nor to iden fy 
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them, and it is likely that the spots which they detected 

by qualitative paper chromatography and designated 

'peptide! were amino sugars 0 This assumption is made 

more likely by the fact that the ~peptidesi were reported 

to form only in the presence of glucoseu The amino sugars 

detected by Gale and his co-workers would thus be quite 

irrelevant when deciding upon the effect of other amino 

acids on the uptake of glutamic acid u One of the problems 

due to the presence of amino acid mixtures would undoubted

ly be the nature of the physiological balance between the 

various amino acids present. In this respect Yeast 

Extract would have similar effects to mixtures of amino 

acidso It is essential though to note that while Yeast 

Extract did not enhance growth with glutamate" acid 

hydrolysed casein, which is essentially a balanced mixture 

of amino acids is a good source of nitrogen for a variety 

of tissues? including excised tomato roots (Street f 

Hughes and Lewis, 1960)u Dormer and street (1949) found 

Yeast Extract to inhibit growth of tomato roots supplied 

with nitrate and they decided that the inhibition may 

have been due to a very high concentration of IAA present 

in Yeast Extract, 
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20 Growth of ex sed tomato roots in as rtic acid as 

the so source of ni 

The finding that of the two dicarboxy c amino acids 

aspartic acid supports better growth excised tomato roots 

than glutamic acid conforms with the growth supporting 

activity of this amino acid for entire plants (Virtanen 

and Linkola v 1946) u orchid embryos (Spoerl, 1948) and 

excised red clover roots (Harris p 1959) Q although in the 

latter case aspartic acid was not shown to support growht 

equivalent to that achieved with nitrate. 

(a) Effect of ation of c acid" 

The ini al hydrogen ion concentration of the medium 

seems to be a critical factor in determining the ability 

of excised tomato roots to utilize aspartic acid as the 

sole source of nitrogeno Street et alo (1960) tested aspart

ic acid as the sole source of nitrogen in their medium 

at pHs 4.4-4 0 6 and 6.8-7.0, and although they were also 

working with suboptimal concentrations of nitrogen, they 

obtained relatively better results at the low pH than at 

pH close to neutrality. When he tested the ability of 

excised red clover roots to utilize a number amino 

acids including aspartic acid Harris (1959) prepared his 

media with an initial pH of 502-5"3 Although Harris 

did not cifi ly test for an optimum initial pH 

it can be concluded from his report that a pH between 

5 0 0 and 5 0 3 is required for maximum utiliz 

acid g 

on of aspartic 
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Although Street and Lowe (1950) have considered 

that a speci c pH requirement is characteristic of an 

enzymic mechanism being involved in the uptake process 

it does not seem ly that the steepness, above pHS, 

of the pH curve for the uptake of aspartate is a reflex

ion of such a specific requirement for the uptake process, 

in fact~ the uptake or availability of other ions is just 

as Ii ly to exert a similar fluence o Harris (1959) 

observed that the shape of the pH curve when arginine was 

the sale source of nitrogen for the growth of excised 

red clover roots was differen ally affected by Fe-EDTA 

and ferric citrate as the sources of iron e, With Fe-EDTA 

(Fe = 5 ppm) growth of roots obtained over the whole range 

of pH between 4 0 8 and 605 was the same while the fe c 

citrate as the source of iron a sharp drop in growth 

occurred at all subsequent pH values between 5,0 and 6 0 2 

with an accentuated optimum at about pH 5 Harris 

interpreted this result as due to iron deficiency occurring 

in ferric rate media at pHs above 5vOD and hence 

the shape of the pH curve in this case was a reflexion 

of the availability of iron in the culture medium" 

Sl results, at least with respect to the uptake 

of argin v do demonstrate that the pH range over which 

an amino acid is utilized may be wider than is observed 

under some condi'tions 0 



In these experiments iron was supplied in 

aspartate media as Fe-EDTA with a molar ratio of 
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Fe to EDTA of 1 : 1 and although Jacobson (1951) found 

that this molar ratio was the most satisfactory 

use in media with values below 6 0 0, the very low 

concentration of iron (0035 ppmo Fe) used in 

experiments may be marginal and it is conceivab 

that with increase in pH above 5 0 0 there may a 

progressive induction of iron deficiency and this factor 

itself would be responsible for the sharp drop pH 

characteristic growth in aspartate 0 The optimum 

pH for growth with nitrate in Bonner's medium has not 

been determined in these experiments but the shape 

of such a curve might closely resemble that obtained 

wi th aspartate" 

Work with micro-organisms also seems to support 

the assumption that pH affects the of amino acids 

in so far as it influences the absorption of the in

organic components of the mediumo Gale (1947) found 

that while there was no uptake of glutamic acid 

by faecalis at 00 or 37 0 C in the absence 

of glucose, in its presence glutamic 

in the cells of the organism and 

d accumulated 

QIO at 20 ~ 30 0 C 

for the uptake process was 1094. The ef ct of pH on the 

uptake glutamic acid was found to be a reflexion 

of the ct of pH on glucose rmentation which 
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supplied the necessary energy uptake, This result 

can be extrapolated to cover aspartic acid since Gale 

and Van Halteren (1952) showed that when glutamic acid 

and aspartic acid were present together in solon 

these amino acids inhibited each otherUs uptake in a 

way suggesting that the same mechanism is involved for 

the uptake of both amino acids. 

(b) Theclfect of concentration utilization of 

The concentration range over which aspartic d is 

non toxic to plant ssues has been variously reported 0 

Street et ale (1960) have referred to the work of David 

(1958) in which it was found that amino acidsif apparently 

including aspartic d~ were toxic between 25 and 50 mga 

of the amino acid per litre of mediumc Consequently 

Street et al. adopted the concentration 50 mg. aspartic 

acid per litre to test the growth of sed tomato roots 

with this amino acid. However very poor growth was 

obtained and it is apparent that concentration was also a 

contributory factor to their inability to show utilization 

of aspartic acid, Harris (1959) found that growth of red 

clover roots was enhanced by increasing concentrations of 

aspartic acid up to 2.0 M (266 mga per tre) of the amino 

acid giving a concentration nitrogen of 29 ppm. When the 
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concentration was increased to 3 0 0 M (399 mg per 

litre or 44 ppmo N) there was a slight reduction in 

growth which apparently resulted from 

a high concentration of the amino acidJ 

city due to 

In -these experiments an optimum concentration of 

a ic acid was found at the standard nitrogen 

concentration of Bonner's medium giving a concentration 

of the amino acid of 373 mgo per litreo However, even when 

the concentration was increased to 1 Q 5 times the standard 

trogen concentration (559 mg" aspartate r litre) 

there was no visible toxi ty due to a high concentration 

of this amino acid in solutiono 

This apparent lack toxicity of aspartate over 

such a wide range of concentrations does indicate that 

aspartate may be a more metabolically active compound 

than has always been appre do 

( c) The effect of ammonium ni simultaneous-

with as 

An s gation into the mode of assimilation 

aspartic acid which was carried out by addition of ammon 

ium chloride simultaneously with aspartic acid seemed to 

indicate the amino acid is not absorbed by way of 

deamination at the cell surface as might have been 

suggested by the small rise in pH of the medium during 

growth with aspartate. In the presence of ammonium ions 



Table 6 0 1 Nitrogen values expresses as percentages of the Total Nitrogen: including 
nitrate nitroge<n e 

Nitrogen Total Insoluble Residual Free Gluta- Aspara- Total a-amino Nitrate 
Source Soluble Nitrogen Nitrogen NH4 mine gine amide Nitrogen Nitrogen 

Nitrogen Nitro- amide amide Nitro-
gen Nitro- Nitro- gen 

gen gine 

NaN03 37~5 62 c. 5 24 08 Oe5 0 0 7 0 0 6 103 304 7.5 

Aspartate 4005 5904 3206 003 LO 0 0 8 108 5 c9 

NaN0 3 21 09 70c8 17.0 0.4 Oc7 0 0 6 1 e3 303 702 

Gluta.'llate 35 0 0 65 0 0 28 05 008 0 0 9 Oc7 106 401 

NH,-+ 55,,6 4404 26 0 3 leI 10c5 209 13 04 1408 
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growth with aspartate was diminished, Similar additions 

of ammonium chloride to medium containing nitrate 

resulted in growth which was better than with nitrate 

alone and this was interpreted as due to physiological 

buffering of the medium by the counteracting effects of 

opposing pH drifts resulting from simultaneous absorption 

of ammonium and nitrate ionso 

3 Distribution into the various 

Table 6.1 shows the analytical data of all treatments 

from Experiments 23band 24 expressed as percentages of the 

Total Nitrogen including nitrate nitrogeno Values from 

Experiment 2 when growth of nitrate and aspartate roots 

was apparently inhibited have not been included since there 

was some evidence that breakdown of protein synthesis 

occurred under the conditiowo Representation of nitrogen 

values as percentages of the Total Nitrogen has the advant

age of facilitating direct comparison between the metabolism 

of the tissues from various treatments since Tiedjens 

(1946) found that during uptake and assimilation of nitrate 

certain nitrogenous fractions maintained approximately the 

same ratio with respect to the total nitrogen fraction 

throughout the growth period, 
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(a) Insoluble Ni 

Steward and Street (1946) have discussed the 

effectiveness of various methodsof extraction in eliminat

ing protein material from extracts and have pointed out 

that although extracting with water followed by heating 

to 800 C ten minutes has the advant of excluding 

from extracts reagent contaminants which would reduce 

the reliability of analytical procedures used to determine 

the various nitrogenous fractions, even ter heat 

coagulation water extracts s 11 contain large amounts of 

protein material which would have been eliminated, for 

example by 70% alcohol o It will immediately be apparent 

from Table 601 that even the two analyses nitrate roots 

contain variable amounts of insoluble-N (protein-N) and this 

may suggest that it is not possible to compare protein 

values from the different treatments c On the contrary 

comparison is actually possible since any non-heat 

coagulable protein is still identifiable as residual-N 

and by comparing the magnitude of this fraction in various 

treatments any discrepancies in the protein-N fraction can 

be explained. It is notable though that the residual-N 

values of all treatments were not markedly different and 

hence direct comparison of the insoluble-N values is 

justifiableo 
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Insoluble Nitrogen (protein-N) formed 62,5 ~ 

70.8% of the total nitrogen of nitrate roots, 59o~ of the 

tota1-N aspartate roots p 65,0% of the tota1-N glutamate 

roots and 44.4% of the total nitrogen of ammonium fed 

roots. A value of 70 0 3% was found by Tiedjens (1946) 

for the percentage of protein in the total nitrogen 

of tomato roots fed nitrate v while the results of Clark 

(1936) if also treated in the same manner gave a value of 

63.5%. 

It is apparent therefore that although total-N 

unit dry weight tissue was low both aspartate 

and glutamate roots as compared with roots receiving 

nitrate nitrogen, this was more likely due to a slow uptake 

of these compounds than due to impared metabolism 

resulting from supplying these compounds as nitrogen sources, 

In this respect it is important also to note that while in 

medium containing the standard concentration of magnesium 

sulphate growth in both nitrate and aspartate during 

passage one was usually the same whereas in the second 

passage growth in aspartate on some occasions exceeded 

that in nitrate, rst passage growth of aspartate roots 

in the medium containing twenty times the standard magnes

ium sulphate complement has always been inferior to that in 

nitrate and only during the second passage were 

in both sources of nitrogen comparable 0 

growths 
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It can also be assumed that with aspartate as the 

nitrogen source the rates of uptake of the amino acid, 

the subsequent incorporation of the nitrogen from 

aspartate into new syntheses of amino acids and the rate 

of turnover of protein exceeded the rate of these processes 

in glutamate fed roots and hence the greater amount of 

protein in roots fed aspartate than in those fed glutamate~ 

On the basis of arguments that a high protein to total 

nitrogen ratio is characteristic of the normal metabolism 

of plant tissues it can be concluded that a low protein 

to total nitrogen ratio is a reflexion of comparative 

inability of ammonium salts to act as nitrogen sources 

for the growth of plantso 

(b) Soluble Ni fractions. 

(i) Free NH4-N 

Although the absolute amounts of ammonia determined 

in plant ssues depends entirely upon the methods used 

for its determination and for its extraction and hence 

no use can be made of simi determinations of ammonium-N 

from the literature, the relative amounts this fraction 

determined in the various nitrogen treatments will help 

to interpret the gross metabolic changes occurring to 

these nitrogen sources before they are finally incorporated 

into the protein material. 
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Glutamate fed roots contained nearly as much free 

ammonia (0,8% of total~N) as ammonium fed roots (lvl%) 

but the amount of free ammonia in aspartate roots was 

0.3% and this figure was nearly similar to that of 

nitrate roots which contained 004% of the total 

nitrogen as free ammonia v 

The ammonia in aspartate and glutamate fed roots 

could have arisen through deamination after uptakeo 

Younis (1960) found that when glutamic acid was absorbed 

by radish root slices the amount of amino acid taken up 

by the tissue as the whole molecule was very much more than 

the amount of amino a cid which was deaminated and hence 

deamination apparently occupied only a secondary role 

in the assimilation of glutamic acid by radish slices, 

Although Younis thought that deamination of glutamic 

acid possibly occurred at the cell surface this seems 

quite unlikely since general amino acid oxidases 

(flavoproteins) which normally conduct extracellular 

dee.tnination of amino acids in lower organisms are rare 

in higher plants (Street v 1958) and the location of 

glutamic dehydrogenase in the mitochondria makes this 

enzyme unlikely to be the agent for such a deamination 

It seems therefore that in the riments of Younis 

glutamic acid was absorbed into the cells as the whole 

molecule, but that some of the amino acid then became 

deaminated by glutamic dehydrogenase 0 
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Since the amount of free ammonia in aspartate fed 

roots was less than that in roots fed glutamate it seems 

as though the small amount ammonia detected in aspart~ 

ate roots could be accounted for by the scheme Braun-

stein and Bychkov (1939, 1940) and Braunstein and 

Azarkh (1945) (Equations 1 and 2) where (1) is the 

rate limiting step for the deamination 

L~amino acid + a~ketoglutaric acid + L-glutamic acid 
+ a-keto acid (1) 

glutamic 
L-amino acid - H2 

dehydrogenase 
a-ketoglutaric acid 
+ NH 3 (2) 

It is considered by these authors that deamination of 

amino acids other than glutamic acid can be explained by 

a coupling between transaminase and glutamic dehydrogenase, 

This scheme tends to eliminate the possible existence 

of an aspartic dehydrogenase il and it is important to note 

that any claims for the primary orlgln of aspartic acid 

will depend also upon demonstration that an enzyme system 

capable of conducting the reductive amination of oxalacetic 

acid also exists. 

(ii) Amide-N 

It is pointed out by Rautanen (1948) that the question 

of amide synthesis in plants cannot be treated as separate 

and distinct from other problems of nitrogen metabolism 

~ince these compounds are intimately connectedwiththe 

primary processes of inorganic nitrogen assimilation 0 
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In every case of four treatments glutamine tended 

to the more predominant amide than asparagine and this 

resu is in agreement with previous work by Clark (1936) 

and Tiedjens (1946) from analyses of tomato plant tissues 

and that of Streetif Kenyon and Watson (1946) from analyses 

of potato tuber tissue, 

Glutamine formed 0,,7 v 0 0 9, luO and 10 5% of the total 

nitrogen of nitrate, glutamate, aspartate and ammonium 

roots in this order J whi the more stable amide? 

asparagine formed 0"6 0 0 7, 0.8 and 2 9% the total 

nitrogen of nitrate v glutamate v aspartate and ammonium 

roots in the same order" The distribution of both amides 

in nitrate v aspartate and glutamate roots may be taken 

as similar and on this basis the roots are apparently 

similar their metabo1ism~ 

Rautanen (1948) found that during the uptake of 

glutamic acid by cut stems of pea plants the 1 of this 

amino acid and its amide in sap conside increased 

whereas aspartic acid also ased but only littleo 

On the other hand, during the uptake of aspartlc 

acid this amino acid did not accumulate appreciably? 

while f again q the total quantity of glutamine and glutamic 

acid increased" The formation of glutamine from aspartic 

acid requires as Rautanen points out very thorough intra~ 

and intermolecular changes in various nitrogen compoundsc 

It is cons ide by Rautanen that since glutamine synthesis 

requires both glutamic acid and participation of free 
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ammonia there must be, the plant cells! either a very 

active aspartic acid dehydrogenase or the amino group 

of aspartic acid must be transferred to a-ketoglutaric 

acid and the glutamic acid then deaminated. This latter 

argument tends to be supported by these results since 

the synthesis of glutamine from aspartate as the sole 

source of nitrogen could only proceed if aspartate-N 

were initially transferred into glutamate 

The accumulation of glutamine in ssues as a result 

of ammonium feeding has been reported in beetroot 

(Vickeryu Pucher and Clark Q 1936) y barley roots 

(Hoagland, 1944) ~ Yemm and 'i'Jillisv 1956), in roots and 

leaves of tomato plants (Tiedjens 1946; Steward and 

Margolis? 1962) and in algae (Syrett¥ 1953b) u These 

results may be discussed in connection with the various 

reasons which have been put forward to account for the 

inability of ammonium to equal nitrate in its capacity 

to support the growth of plants and -the apparent toxicity 

of ammonium 0 

Derbyshire and street (1964) consider that excessive 

secretion of amino acids into culture media occurring 

during ammonium feeding (Street and Melhuish 1965) 

might cause an imbalance of essential metabolites in 

the plant tissueo Barker; Jackson and Volk (1966) 
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have quoted the results of their own experiments in whlch 

they found that the intolerance of bean plants to aft11Ylonium 

nutrition could be partially alleviated by muintenance 

of neutral condi ons in the ambient nutrient solution 

and that CaC03 was most effectlve in maintaining such 

neutral conditions" Plants nutrient media buffered 

with calcium carbonate had considerable synthesis of amides 

and amino acids and insoluble trogen and that no passage 

of free ammonia to the shoots took place whereas in un 

buffered media greater amounts of free ammonia were trans

ported to the shootso Barker et aloapparently attribute 

the toxicity of ammonium nutrition to an accumulation of 

free ammonia in the shoots and consequential inh iti.on 

of protein synthesis" Alternative ammonium ions may 

res ct photosynthesis in the shootsof plants by 

uncoupling photo-phosphorylatlon and reby limlting 

the energy available for synthetic reactions 0 They also 

considered it likely that the relative proportions and 

amounts of the fu complement of amino acids required 

for normal protein synthesis may not present when the 

tissue is undergoing reactions leading to storage of 

ammonia 0 itJhi these authors do not explain why calcium 

carbonate alone is so effective in buffering ammonium 

media Woolhouse and Hardwich (1966) have pointed out that 

mere maintenance of neutral conditions cannot fully 
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account for the results of Barker et ala and have suggested; 

instead, that ammonium ions inhibit the normal metabolism 

of tissues through lowering of the concentration of 

a-ketoglutaric acid by the need to store large amounts of 

ammonium as glutamine, the level of this keto acid could 

be restored by C02 fixation in the presence of externally 

supplied C03i i as when Barker et alo used calcium carbonate 

buffer. To support their contention they further quoted 

results in which citrate buffer maintained equally good 

growth in ammoniumo The results obtained in these exreri-

ments have shown that the proportion of protein to total 

nitrogen is excised tomato roots grown with ammonium 

chloride is low in comparison with that in nitrate roots, 

hence supporting the view of Barker et ale that ammonium 

may inhibit plant growth through reduction of protein 

synthesiso The results also agree with the idea of Woolhouse 

and Hardwick of lowered a-ketoglutarate through the 

formation of excessive amounts of glutamine. Inhibition 

of protein synthesis could arise in this mannero Bidwell, 

Barr and Steward (1964) have presented evidence to show 

that whereas with regard to the path of carbon amino acids 

en route to protein synthesis form a pool separate from 

another pool formed by amino acids arising from external 

supplies and protein turnover f the nitrogen for protein 

synthesis can be drawn from either poolo The consequence 

of this is that in the presence of large amounts of ammonia r 
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as when ammonium salts form the nitrogen supplyu glutamiC 

acid is liable to be exhausted due to over synthesis 

of glutamine v Although further supplies of s amino 

acid may be available to the citric acid cyc through 

protein turnover this 

thesis of the amide" 

turn gets used up in the syn-

This hypothesis po contin-

uous depletion of cel glutamic acid dur ammonium 

with consequential reduction of protein synthesis 

due to lowered level of carbon acceptors in the ci c 

acid cycle, 

This~pothesis tends to supported by the chromato-

ic results of Experiment 26 in which it was found 

that during the seven days growth of roots in ammonium 

chloride medium glutamic d tended to disappear] so 

that on the seventh day this amino acid was hardly 

detectab 

By supplying nitrogen as as ie acid to excised 

tomato roots the level of asparagine amide nitrogen has 

not been enhancedQ The formation of asparagine in 

bacte a is known to proceed according to the following 

equations (3) (Ravel il Norton p Humphreys and Shivep 1962, 

Burchall v Reichelt and Wolin. 1963)" 

L-aspartic acid + NH3 + ATP 

L~aspartic acid + NH j + ATP 

L~asparagine + M1P + PP 

(3 ) 

L- + ADP + pi 

(4) 
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On the other hand the formation of asparagine in a way 

analogous to that for glutamine 4) was reported 

for yeast enzyme extracts by Webster and Varner (1955) 

and the enzyme, asparagine synthetase" catalising 

synthesis of asparagine has been purified from S 
~~-,..,,;,;,..,,;,;~ 

ces cerevisiae by AIDawody and Varner (1961) 0 The 

results of these analyses, however, show that the level 

of asparagine has been relatively unaffected by supplying 

nitrogen as aspartatew It is teresting to note that 

Blumenthal-Goldschmidt v Butler and Conn (1963) reported 

syntheses of asparagine in sorghum leaves which required 

Hydrocyanic acid (HCN) and apparently a three carbon 

compound 0 

40 The Pattern of Amino Acids on Thin 

Basically there were no important di rences the 

pattern of amino acids detected In the crude extracts of 

all treatments In all a total of nlneteen amino acids 

was detectedo Street and Melhuish (1965) detected only 

sixteen amino acids from ethanol extracts nitrate 

roots using two dimensional qualitative paper chromato

graphy~ but although these workers were not able to detect 

proline and methionine on their chromatograms it should be 

borne in mind that these two amino acids could have heen 

present at a low concentration on their chromatograms 0 
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It is notable that small spot of methionine did not 

photograph on any of the ates o Ammonium root extracts 

from three and five days old roots apparently contained 

a higher concentration of methionine, 

It was also notable that the size of the glutamic 

acid spot on the nlate of aspartate root extract was 

very much larger than that of aspartic acid thus indicating 

pass of nitrogen from s amino acid to glutamic ac 

The size y-aminobut.y c acid spot" a decarbox'.'lation 

product of glutamic d (Meister u 1965) tends to support 

this assumption. The apparent disappearance of glutamic 

acid during growth with ammonium chloride tends to support 

assumption whose significanoe has been discuss 

above, that ammonlum nutri on leads to an exhaustion 

of tric acid cycle intermediates and hence poor 

growth obtainab with this nltrogen source. A higher 

loading of plates had been attempted at 2.2 ~go 

a-amino-N per plate but the streaking some of 

the amino acids, especially glutamine, asparagine, serine 

and aspartic d made it dif cult to resolve these 

amino acids. This streaking was only ohserved when 

the plate had been over aded. 
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It was concluded from these results that by supplying 

nitrogen as glutamic acid, aspartic acid or nitrate the 

normal biosynthesis of amino acids was maintained while 

ammonium feeding resulted in synthesis of glutamine and 

a lowered level of glutamic acid It was appreciated v 

however, that any of the amino acids could have been derived 

from protein through turnover but the method applied in 

the detection of these compounds is inadequate to disting

uish between amino acids originating from different sources 0 

Again v the use 1 5N could have elucidated the fate 

each individual nitrogen source into the soluble amino 

acid poolo 

50 General Conclusions 

Aspartate 0 

the Assimilation of 

The fact that tomato roots are able to maintain 

continuous activity of aplcal meristems either through 

the repeated sion of the ten millimetre tip and trans-

fer into fresh medium or through continuous culture as 

clonal material is important in indicating the metabolic 

activity inherent in the aspartate nitrogeno 

From considerations of the release of ammonia 

roots fed aspartate, the synthesis of amides in these roots, 

as well as the chromatographic results is evident that 

aspartate assimilation is via glutamateQ This is perhaps 

not une:l{pectedo 

Folkes (1959) has classified amino acids as to 
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whether they are prlmary, secondary or tertiary nroducts of 

assimi on. These latter two categories include amino 

aOlds derived through transminations or through inter-

conversions of 

ation products 

carbon ske tons of the primary asslmil

It is thus obvious that if the nltrogen 

from aspartate molecule is to be distributed into the 

molecules of the other amino acids one or the other, or both. 

of these two reactions must take place" Of the known 

transaminase enzymes that catalysing the reversible ter~ 

conversion between cr~ketoglutarate and any other amino acid 

is not on the one most wldely distributed in plant tissues 

but also the one involving the largest number of substratesc 

Aspartic-glutamic transaminase has been considerably 

studied and found to be widely dis buted ln micro-organisms 

and higher plantso The reactlon is completely reversihle 

and shown in proceed at nearly equal rates In the forward 

as well as the backward dire the wheat germ 

enzyme (Cruickshank and Isherwood 1958)" Although the 

equilibrium is sllghtly towards the formation aspartic 

acid it should be borne minq that the energy of activ~ 

ation required 11 be low enough to facilitate conversion 

of aspartate to glutamate" as has been shovm in various 

animal tissues by Krebs and Bellamy (1960) c 

The fact aspartate is assimilated through 

formation of glutamic acid does not v of course v irnnediately 
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solve aues of whether aspartic acid has primary 

origin in ass of inorganic nitrogen or is 

norma de secondari from glutamic acid, but 

this can be dif cult to show directly unless an 

aspartate dehydrogenase is isolated. On the contrary, 

it does not seem that a primary amino acid which 

normally acquires its nitrogen from an inorganic source 

would transfer ni to another molecule before re-' 

distribution to other amino acids takes place" It is 

argued by Webster (1958) and McKee (1960) that the fact 

that only a-ketoglutaric acid is capab of transamin-

ating with a wide variety amino acids (Wilson, 

King and Burris, 1954) is in of ~he chemical 

evidence that glutamic dehydrogenase bridges the gap 

between inorganic and organic 

appreciated that the results obtained 

inadequate to show distribut10n 111 

It is again 

this work are 

but it is 

important that this be shown ,lith tne use of 5N" 

In this respect it is perhaps relevant to mention 

any use of this labelling technique will undoubtedly 

also entail quantitative paper chromatography llowed 

by elution of the individual amino acids and determination 

by the ninhydrin method of Kennedy (1965)0 



The question which may also deserve consideration 

is whether environmental conditions might "drive" 

the metabolism of the plant via formation of asnartate b 
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so that under such conditions this amino acid may represent 

a gateway for inorganic nitrogeno Steward (1963) has 

revlewed the available evidence regarding the environmental 

factors which may alter the metabolism of plants. In this 

review Steward still referred to the work with mint plants 

(Rabson and Steward f 1962) in WhlCh diurnal changes in 

light and dark periods combined with changes in temperature 

conditions affected the relative concentrations of glutamine 

and asparagine G Although these authors showed that short 

days and high night temperatures favoured the accumUlation 

of aspargaine while long days and low night temperatures 

favoured the accumUlation glutamine and hence concluded 

that the former conditions may represent metabolism through 

oxalacetic acid, aspartate and aspara~lne this scheme is 

based on the assumption that oxalacetic acid, aspartic acid 

and asparagine have similar biosynthetic relationships 

to those of a~ketoglutaric acid, glutamic acid and 

glutamine, yet the available evidence does emphasize 

asparagine synthesis may have an entirely different 

that 

biochemical pathway from that of aspartate o It is also 

important to note that if environmental conditions can drive 
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the metabolism of plants through aspartate? the important 

experiment is yet to be conducted to show that either 

variations in the rates of assimilation of asnartate 

are correlated with environmental changes or variations 

in the absolute amounts of oxalacetic acid which are 

related to some environmental conditionso Rabson and 

Steward studied the effects of environmental conditions 

upon the levels of oxalacetic acid and a-ketoglutarate 

but on on occasion were they able to show that any 

conditions led to the predominance of oxalace c acid 

over~ketoglutarateo 
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SUMMARY 

10 The abi ty of modified Bonnerlis and WhiteVs media to 

maintain aseptically grown excised tomato roots of 

sunflower, red clover, flax and tomato has been investig

atedo 

2, Using a modified Bonner's medium a clone of sed 

tomato roots been maintained in culture for two years, 

3 0 Nitrate Q glutamic acid u aspartic acid and alanine have 

been investigated as sole source nitrogen excised 

tomato roots under varied conditions of culture 0 

40 The st growth th glutamate was obtained when the 

initial pH of the medium was aseptically adjusted to 

4~8 - 5 0 0 0 The nitrogen concentration of Bonnervs medium 

(39 ppm,) was optimal for growth with nitrate? glutamate 

and aspartate, 

50 Growth with glutamate g even under best condi ons g 

was inferior to that with nitrateu 

6 0 Alanine did not support growth under the conditions 

tested and appeared to be toxic even at the low concentrat~ 

ion of 12.6 mg. per litre. 

70 Mixtures of different ratios glutamic acid, alanine 

and aspartic acid did not support growth of excised 

tomato roots at pH 5.0. 



169 

8~ Growth with aspartate alone at pH Sol with 39 ppmu of 

nit~ogen was comparable with that in nitrate" 

9 0 A clone of excised tomato roots has b~en maintained in 

medium containing aspartate as the sale source nit~ 

rogen for eighteen months. 

100 Roots grown for seven days with fferent sources of 

nitrogen have been analysed. Roots grown ammonium 

had the ghest total-N per unit dry weight of tissue 

but the ratio of protein to total nitrogen was low as 

compared with roots grown with nitrate, aspartate or 

glutamate. Glutamate roots had more free ammpnia than 

either nitrate or aspartate roots but less than ammon .... 

ium roots. The re ive proportions of other 

nitrogenous fractions were similar for nitrate v aspartate 

and' glutamate 0 

llQ Roots grown in ammonium were characterised by a high 

accumulation of glutamine, but supplying nitrogen as 

aspartate or glutamate did not alter the level of glut~ 

amine or asparagine from that in roots, supplied nitrate 

nitrogenu 

120 Nineteen amino acids, 'including amides y have been separ~ 
.' 

ated and identified in roots supplied nitrate~ aspartate, 

glutamate or ammonium 0 

13. The distribution of nitrogen into various .analytical 

fractions and the pattern of amino acids in roots. suppliec 

various nitrogen sources are discussed against the 

ground of present knowledge of entry of.n rogen into 
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APPENDIX Io 

Detai of Methods of Analysis and 

Thin-Layer Electrophoresis and Chromatography. 



I METHODS OF ANALYSIS OF ROOT MATERIAL 

Kjeldahl 
Total/Nitrogen 

To one root in each digestion flask were added 
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2 mI. of N-free sulphuric acid (S_G. 1.83) and 0.5 g, 

of a mixed catalyst. Another flask was set up in the 

same way with sulphuric acid and mixed catalyst for a 

blank determination. The flasks were placed on a heat-

ing stand and digested gently over small burners until 

the mixture which rapidly charred, cleared and appeared 

yellowish-green. After clearing-f heating was continued 

more vigorously for thirty minutes, cooled for five 

minutes and diluted with about 2 mI. of distilled water 

to prevent solidification of the digest which would 

lead to loss of ammonia (Braffitreet, 1965), 

The distillation procedure was essentially that of 

Ma and Zuazaga (1942) except that a uQuickfit W Markham 

(Markham, 1942) steam distillation apparatus was used, 

To ensure that no liquid was lost through creeping down 

the side of the digestion flask during the transfer of 

liquid into the Markham still, the lip of the flask 

was smeared with a little petroleum jelly before the 

digest was poured into the steam distillation apparatus. 

The flask was rinsed three times. with about 2 mI. of 

distilled water. Ammonia was liberated by addition 
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15 mI. of 40% sodium hydroxi so ion and steam 

dis lIed into a 100 ml" wide mouth Pyrex Erlenmeyer 

flask charged with 5 mle of 2% boric acid solution 

and four drops of mixed indicator, If the contents 

of the s I had not darkened or the colour of the 

indicator in the receiver had not changed bright 

green during the first minute dis llation it was 

inferred that the acid of the digest was incompletely 

neutralised and .in that case more alkali was added 

until the contents of the still were dark (Pucher, 

Leavenworth and Vickery f .1930), During the first 

minute of distillation the distillate was collected 

with the condenser tip dipping. into the boric acid 

solution but after this time the receiver was lowered 

so that the dis llate dripped into the receiving 

vessel. Distillation was continued vigorously for 

four minutes. The condenser was disconnected from the 

still and the inside rinsed into the still with about 

5 ml e of stilledwatero All di llates, including 

the blank, were made up to approximately the same volume 

with distilled water and each solution titrated against 

standard OuOl05N hydrochloric acid solution to the end 

point when the indicator colour matched that of the 

distil from the blank digestion. 
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Ammonia absorbed in boric acid forms an eguilib-

rium system (Vogel, 1961) according to the following 

stoichiometric equation: 

However, since 2% boric acid is an almost saturated 

solution the equilibrium condition is never reached 
+ 

and only the three spec s H3B03, NH4 and H2B03 

exist in solutionv The titration of ammonia in 

boric acid there involves an acidimetric titration 

of the dihydrogen borate ion thus:
+ 

H2B03 + H = H3B03 

+ 

+ 
NH4 

NH4 + H2B03 +HCl = 

NH4Cl 

At the equivalence point the solution contains 

boric acid and ammonium chloride, one mole of HCl being 

requi each mole of ammonia 

Hence 1 ml of 0.01 N HCl is equivalent to 

1 mL of the 0.0105 N HCl would be equivalent 

or v N 

1.11.7 nt:; lOr< l\T 
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This factor when multipl the volume of HCI used 

for the titration gave the nitrogen (NH 4 -N) of the 

distillate directly" 

Reagents 

Mixed indicator (according to Ma and Zuazaga) : 

Boric acid, 2% 

A mixture of 80 mle of 1% 

Bromocresol green in 95% alcohol 

and 16 ml" of 1% Methyl red in 

95% a1coholc 

:10 go of AeRo Boric acid 

dissolved in 500 mle of hot 

distilled waterc 

Sodium hydroxide, 40%:200 go of A.Rc NaOH per 500 ml 

of solutiono 

Sulphuric acid :Nitrogen free reagent as supplied 

hy Hopkin and r'7illiams Ltd, 

S.Go :::: L83 

Catalyst, according to Yemm and Folkes: 

80 g. K2S0,+ 

20 go CUS040 20 (ground into 

powder) 

0.3 go Se02 



Hydrochloric acid 

Total SoluPle 
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Prepare approximately N/IO Hel 

solution by diluting 9 mla of 

A.R0 grade Hel to 1 litre with 

recently collected or boiled out 

distilled water~ pette out two 

50 ml, aliquots of the Ca o N/IO 

acid into a litre volumetric flask 

and make up to the mark with 

dis lled water to make approximate

ly N/IOO acidu The acid prepared 

for this work was standardised 

against 40 - 50 mg. sodium 

tetraborate using methyl red 

indicator as described by Vogel 

(1961) 0 

Triplicate determinations of total soluble-N were 

carried out on fivemillilitre aliquots of the agueous 

extracts. A standard solution of urea containing 100 J.lg. N 

and a 5 mlo aliquot of distilled water which were digest

ed in the same way provided a control and a blank 

determination respectively .• 

sts were first acidified with nine drops 

(cao 0 0 2 mlo) of sulphuric acid and evaporated down to 

between 1 and 2 ml, by gently heating for about ten 



minutes" The digestion flasks were cooled, 2 mI. 

N-free sulphuric acid added to each tube and heating 

continued until fumes appeared in the stems of the 

flasks. Flasks were again cooled and 005 go of the 
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mixed catalyst added, then reheated until solutions 

cleared. After clearing digests were heated more strong

ly for exactly thirty minutes, cooled and diluted with 

2 ml. of distilled water. before being transferred to the 

Markham still for the steam distillation of ammonia 

which was determined as for total nitrogenv 

Reagents 

Urea, A.R. (99.5% pure): 0.2145 g. per litre of solution. 

1 ml. of this solution contains 

100 ]1g.N. 

Total so nitrate (according to Pucher, 

Leavenworth and Vickery, 1930). 

Duplicate determinations of total soluble-N including 

nitrate were carried out on four millilitre aliquots 

of the aqueous extract. A standard nitrate solution 

containing 500 ]1g. N0 3-N and a 4 ml. aliquot of distilled 

water which were determined at the same time provided 

a control and a blank determination respectively, 

Aliquots were acidified with 1 ml. of 1:1 sulphuric 

acid solution, 0.3 g. of accurately weighed reduced 

iron powder added and the mixture shaken by hand for 



VACUUM DI5T 1 LlA flON 

APPARATUS 

R :: RECEIVER; C CONDENSER JOINT 

A :: AIR INLET VALVE ; D:: DISTILLATION 

FLASK 
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ten minutes, gently boiled for five minutes to 

complete reduction of nitrate before being evaporated 

down to between 1 and 2 mlo Digestion and estimation 

of ammonia were carried out as in the procedure for 

total solube Kjeldahl=Nu 

Reagents 

1:1 H2S04 solution 250 ml~ of concentrated (SsG.= 1083) 

nitrogen free sulphuric acid 

diluted to 500 mlg with double 

distilled wateru 

Reduced iron powder: Supplied by May & Baker Ltd, 

KN03 solution Ou36l07 go AoRo KN03 in 100 mlo 

of solution. 

1 ml, of this solution contains 

500 J.lg 

Ammonium-N 

The receiver (R) was charged 3 mlo of cao N/lO 

hydrochloric acid. before. all the joints of the ammonia 

distillation apparatus, except the air inlet valve (A) 

were lubricated with petroleum jelly and the apparatus 

assembled. 

A 10 ml, aliquot of the aqueous extract was 

introduced into the distillation flask (D) together 

with 10 mlo of phosphate - borate buffer of pH 605. 

The air inlet valve was inserted and 3 mle of borate-
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sodium hydroxide mixture slowly added to the contents 

the flask through this inlet valveo The apparatus 

was then carefully evacuated with a mechanical suction 

pump and the negative pressure maintained until bubbles 

formed on the surface of the liquidc The flask was 

then lowered into a water bath maintained at 40 0 C to 

42 0 C and the inlet tube adjusted to provide a flow of 

acid washed air, two to three bubbles per second. 

Distillation was allowed to proceed for fifteen minuteso 

The pressure at the pump was gently released while 

adjusting the air inlet tube at the same time so that 

pressures on both sides of the distillate were all the 

time equilibriated. After 15 minutes the pump was 

switched off and the apparatus disconnected at the 

condenser joint (C) to the distillation flask and then 

the receiver disconnectedo The inner surface of the 

condenser was rinsed with about 5 mlo of stilled water 

and the distillate transferred ~uantitatively to a 50 mI. 

volumetric flask, the receiver being rinsed into the 

flask with about 2 mI. of distilled water. A blank 

determination and a control on the method using 

standard ammonium chloride solution were carried out 

by distilling in a similar way 5 ml, of distilled 

water and 0.5 ml of a standard ammonium chloride 



solution containing 10 ~g, N respectively }\ll the 

solutions were then treated with 2 mI. of Nessler's 

reagent (Williams, 1964) and made up to volume with 

distilled water, shaken to mix and left to stand 

for twenty minutes during which time colour develop

ment was complete. An additional flask was set up 

for the comparison solution with 2 mI. of the 

Nessler's reagent and 48 mlo of distilled water. The 

colour intensity of each solution was then measured 

against the comparison solution in the Spekker 

absorptiometer using a 2 cm. path length cell and 

a violet Iter (Kodak No.1) transmitting at 

430 m~. Ammonia concentrations in all the solutions 

were read from the corresponding optical densities 

on the calibration curve for the Nessleris reagent 

using standard ammonium chloride solutionso The 

values of ammonia thus obtained were corrected for 

the apparatus blank. 

of calihration curve for Nessler's 

Standard ammonium chloride solution was pipetted 

into a 50 mI. volumetric flask at four concentrations 

between five and fifty ~go NH4~No Distilled water 

was added to each flask, as well as to an additional 

flask for the comparison solution, to make the 

222 
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volume of liquid cao 30 mI. and then 2 ml, of the 

Nessler's reagent added. The solutions were thoroughly 

mixed, made up to volume with distilled water and left 

to stand for twenty minutes before the colour intensity 

of each was measured against the comparison liquid. 

The calibration curve which is obtained by plotting 

optical densities against nitrogen concentration is a 

straight line. The reagent is sensitive to as little 

as 2 llgo NHy-No 

Reagents 

Phosphate - borate buffer, pH 6 0 5: A mixture of 750 mla 

of 0 0 1 M potassium dihydrogen 

orthophosphate (1306 go per litre) 

and 250 mI. of 0.05 M sodium 

tetraborate (19.1 g. per litre). 

Borax - sodium hydroxide mixture; 25 go of sodium tetra

borate in 500 mI. of ca. 0.5 N 

sodium hydroxide" 

Hydrochloric acid f ca. 0.1 N: 9 mI. of the concentrated 

acid diluted to 1 litre with distilled 

water" 

Ammonium chloride solution: 0.0764 go of A.R. NH 4 Cl 

(heated at 900 C for thirty minutes 

and allowed to cool in a dessicator) 

per litre of solution. 1 mI. of this 

solution contains 20 llg. No 
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Nessleris reagents, according to Williams (1964): 

55 g. of red mercuric iodide 

(HgI2) and 41,25 of potassium 

iodide (KI) were dissolved in 

about 250 mI. of distilled water. 

144 go of NaOH pellets were dissolv

ed in about 500 mI. of distilled 

water, allowed to cool thoroughly 

and added to the iodide solution. 

The volume was adjusted to 1 litre 

and the reagent stored in a stopper-

ed brown-glass bottle. 

NBc It is essential that the 

NaOH solution be thoroughly cool 

before its addition to the iodide 

solution as temperatures above 

350 C will cause irreversible 

precipitation of HgI20 

Glutamine amide-N (according to Vickery, Pucher, Clark, 

Chibnall and Westall, 1935). 

A 5 mle aliquot of the aqueous extract was pipetted 

into a 20 x 150 rome test tube graduated at 25 mIG and 

every 5 ml intervals together with 10 mI. of the 

phosphate-borate buffer v pH 6 0 5. One tube was set up 



225 

at the same time with 5 mle of distilled water and 

10 mlo of the buffer for a reagent and apparatus blank 

and another with a standard glutamine solution contain

ing 50 ~go amide-No The tubes were closed with rubber 

bungs carrying 10 cme lengths of 1 mm, bore capillary 

tubing and placed in a boiling water bath for exactly 

two hours v removed and cooled in running tap water for 

five minuteso The contents of each tube were adjusted 

to 15 mlo with distilled water and mixed e 

The inner chamber of a standard Conway unit (Conway, 

1947) was charged with 1 mlo of approximately N/20 

sulphuric acid and the unit inclined over a spare cover 

glassQ One millilitre of the hydrolysate was pipetted 

into the lower end of the outer chamber of the unit which 

was then partially covered with a cover glass (the ground 

surface of which has been smeared with petroleum jelly) 

in such a way that a small opening into the outer 

chamber was left at the upper end of the unit for the 

introduction of 1 mle of saturated potassium carbonate 

solution which was then rapidly run in from a I ml, 

tube pipetteo The unit was immediately covered by 

sliding over the cover glass and rotated twenty times 

between thumb and fingers (Conway? 1947) to mix the 

contents of the outer chamber 0 It was then left to 

stand for a diffusion period of four hoursw The cover 
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glass was removed and the contents of the inner chamber 

of the unit trans to a 50 mlo Nesslerization 

flask using a 2 mlo Iblow out l pipette. The 

chamber was rinsed times with distilled water 

and the rinsings added to the Nesslerization flasko 

The solutions were Nesslerized with 2 mI. of the 

reagent, made up to volume and left to stand for 

twenty minutes before the colour intensities were 

measured against the reagent and apparatus blank" 

The ammonia content of the solutions was read from 

their optical densities on the calibration curve 

with standard ammonium chloride solutiono The differ

ence between the value of N thus obtained and 

ammonium-N was attributed to hydrolysed glutamine 

amide-No 

Sulphuric acid, ca. N/20: 105 mI. N-free sulphuric 

acid (S.Go = 1.63) diluted to 1 litre 

with distilled water. 

Potassium carbonate v saturatedg AoRo grade K2C03 

added to 500 mI. dis led water with 

vigorous shaking until the solution was 

completely saturated and excess K2C03 

remained undissolved. 

solution (standard) ~ 0~026l go in 250 mlo of 

solution. 1 ml, of this solution contains 



Total amide=N (according to pucher, Vickery and 

Leavenworth i 1935)" 
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A 5 mlo aliquot of the aqueous extract, in trip

licate g was mixed with 1 mlo of approximately 6N 

sulphuric acid in a 25 x 200 mm Q test tube which was 

closed with a bung carrying a ten centimetre length 

of one millimetre bore capillary tubingo One tube 

was set up with 5 mle of distilled water for a reagent 

blank and another with a standard solution of asparagine 

containing 30 ~gw amide-N for a control, The tubes 

were placed ln a boiling water bath and heated for 

three hours at 100oeo The hydro ate was transferred 

quantitatively to the vacuum distillation apparatus 

used for the estimation of free ammonium-N with a 

total volume of about 5 mlv of distilled watero Five 

millilitres of exactly 1 N sodium hydroxide solution 

were added to neutralise most of the hydrolysing acid 

and 5 ml. of the borax - sodium hydroxide reagent then 

introduced o The reagents used were such that the final 

pH of the mixture was 9 0 8 Distillation and estimation 

of ammonia was as described under ammonium-No 

The difference between the ammonium-N value obtained 

for total amide-N and that obtained for glutamine amide-N 

plus free ammonium-N was designated as asparagine amide~No 
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Re tso 

Sulphuric acid, ca. 6N~ 90 mlv of N-free sulphuric acid 

(S~Go 1083) diluted to 500 mI. with 

distilled water. 

Sodium hydroxide g IN~ A volumetric solution (~Titrosil!) 

diluted to 1 litre with distilled 

water. 

Asparagine solution (standard): 0.0107 go per 100 ml. 

of solution. 1 mI. of this solution 

contains 10 ~g. amide-No 

Amino-No 

An aliquot of the extract (0.4 ml.) was pipetted 

into a 25 ml. graduated g glass stoppered test tube. 

Into similar tubes were pipetted standard solutions of 

L-a-alanine to cover four concentrations between 105 and 

5.5 11g. amino-N inclusive. An additional test tube 

was set up with 0.4 mI. of distilled water for the com= 

parison solution. To each tube were then added 0.5 ml. 

of citrate buffer, pH 5 Off 0.2 ml. of ninhydrin -

methyl cellosolve reagent and 1 0 0 ml. of potassium cyanide

methyl cellosolve solution. The tubes were quickly 

shaken and placed in a boiling water bath" then stopper-

ed with moistened glass stoppers and left for fifteen 

minutes development of the colour intensityo 
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removed and cooled in running tap water five 

minutes, The contents of each tube were made up to 

25 ml, with 60% alcohol and shaken to mix. The 

intensity of the blue colour (DYDA) of each solution 

was measured against the comparison solution with a 

Spekker absorptiometer using a 1 cmo path length 

cell and a yellow filter (Kodak No o 6) having 

maximum transmittancy at 580 m~" This filter was 

found to be as serviceable as the much lighter 

(Ilford No o 626) Iter used by Yernrn and Cockingo 

The optical densities of the standard alanine solut

ions were plotted against their nitrogen concentrat

ions to obtain a calibration curve which is a straight 

line passing through the origino The nitrogen content 

(amino-N) of the test solution which was read from 

this curve was corrected for the partial (33%) react

ivity of the amino-N of asparagine and the partial 

(40%) reactivity of arnrnonium-N with ninhydrino 

Materials 

Methyl cellosolve (2-methoxy ethanol) ~ BDH grade which 

did not give a brownish colouration 

when warmed with a 10% solution of 

potassium iodide and was thus peroxide 
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Ninhydrin (Triketohydrindene hydrate): BDH grade which 

dissolved in methyl cellosolve 

to give a pale yellow solut

ion and hence met the spec

ifications of Yemm and 

Cocking (1955) 0 

Potassium cyanide Q KCN :AoR. grade reagent. 

L-a-alanine ~ Sigma grade, 

~agentso 

Citrate buffer Q pHo 5 0 0 (002 M) ~ 21.008 go Citric 

acid dissolved in 200 ml 

of 1 NaOR and diluted to 

500 mI. with distilled 

water. The solution was 

stored in a stoppered bottle 

at 20 C with a little thymol 

to stop fungal growth. 

Potassium cyanide - methly cellosolve solution~ 5 mlo 

of 0 0 01 M (Oo1628 g. per 

250 mlo) KCN solution dilut

ed to 250 mI. with methyl 

cellosolveo This solution 

is stable for at least 1 

month at room temperature. 
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Methyl cellosolve ninhydrin solution: 5% ninhydrin 

in methyl cellosolveo The solution was 

stored in a brown-glass bottle and 

kept in the cupboard at room temper

ature o The solution is reported by 

Yemm and Cocking to be stable for at 

least six monthsv 

L-a-alanine solution~ 0 0 06360 gv per litreo This 

solution contains 10~gv amino-N 

per millilitre aliquoto The solution 

was stored for not more than one dayo 

Alcohol? 60% (v/v) ~ 126 ml~ of 95% ethanol diluted 

to 200 mlo with distilled water" 

Nitrate-N (according to Nelson Q Kurtz and Bray 1954)0 

An 0 0 5 mlo aliquot of the extract was pipetted 

into a 15 mlo Pyrex graduated centrifuge tubeo Standard 

ni trate solutions were pipetted into similar tubes at 

four concentrations of nitrate-N between 15 and 45~0 

inclusiveo Enough acet.ic acid solution was then added 

to each tube; as well as to an additional tube for a 

comparison solution to make up the volume of liquid to 

ten mil1ilitres and 004 go of already weighed powder 

reagent added to each tube g the tubes quickly closed 

with rubber bungsu shaken by hand for one minute and 
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centrifuged at 3150 x g for four minutes. The surface 

scum was decanted off and the clear supernatant 

poured into clean 10 mlo vials to separate the azo 

dye from the zinc which could otherwise decolourise 

the solution reby causing error in the determination v 

The colour intensity of each solution was then measured 

against the comparison solution in a Spekker absorptio~ 

meter using a 2 cmv path length cell and a green 

lter (Kodak Nov 4) transmitting at 520 m~u The 

nitrate concentration of extract aliquots was read 

from the calibration curve which had to be prepared 

at each time of determination 0 

It was realised that although the calibration curve 

with standard nitrate solutions is always a straight 

lineD the line does not pass through the origin and 

this is due to lack of sensitivity of the reagent to 

less than 10 ~go nitrate-N 

Re 

Acetic acid solution g pH 200~ 100 ml. glacial acetic 

diluted to 500 ml. with di lled 

watero 

Powder mixture~ Barium sulphate g BaS04 (BDH grade) 

~ 30 g. dried atllOOC for 30 minutesv 

Manganic sulphate, MnS0404H20 (AuRo) 

3096 go 



of the 

Zinc powder 

Sulphanilic acid v 4~aminobenzen-

sulphonic acid (BDH) 102 go 

I-Naphthylamine v (AvRv) 

Citric acid (BDH grade) 

It is essential that all the coarse materials -

manganic sulphate, citric acid u sulphanilic acid and 

the I-naphthylamine be ground into a very fine powder 

separately using a glass pestle and mortar since the 

texture of the reagent affects the quantitative nature 

of the reagento To each of the powdered individual 

components is then added a portion of the dried barium 

sUlphate and the two thoroughly mixed, All the ingred

ients are then mixed together into one reagent. The 

grinding of individual components and mixing if well 

done takes 1 to l~ hours~ The reagent when stored 

in a brown glass bottle and kept away from lightg 

which decomposes I-naphthylamine u should be stable 

for three yearsy 
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II~ THIN LAYER ELECTROPHORESIS AND 

CHROMATOGRAPHY OF THE EXTRACTSu 

10 Pretreatment of ex-t,ractsJrior to electrophoresis 

and ch 

Fifteen to thirty millilitres of the aqueous 

extracts (containing up to 380 ~Q amino~N) prepared 

for analyses of solub trogenous fractions were 
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evaporated under reduced pressure to nearly dryness at 

40 0 C using a U U rotary 1m evaporator and re-

extracted three times with 2 mle of 10% (v/v) iso~ 

propanol in water~ each time the solution being with

drawn and trans rred to a 10 mIG capacity vial using 

a transfer tteo This treatment eliminated most 

of the water soluble and non heat coagulable peptide 

and polypeptide nitrogen which is known to be extracted 

by water together with amino acids" Solutions were 

then evaporated to complete dryness under reduced 

pressure a vacuum dessicator containing N-

concentrated SUlphuric acid (SaGe 1083) and the amino 

acids redissolved in 0 0 5 or 1 mle of 10% isopropanol 

The concentrated amino acid solutions were stored at 

20 



20 ition and of the thin 

Using a "Vir Tis" high speed homogenizer 1205 go 

of Macherey & Nagel MN 300 Cellulose and 5 g, of 

Merck Silica Gel H were homogenized with 100 mlv 

of distilled water (B leski and Turner, 1966) at 

40,000 ropomv for one minute, stood for thirty 

seconds and furthe 

splashes of the 

homogenized for one minutec If 

on the sides of the homogeniz 
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ing vessel were s 11 "lumpy" homogenization was contin= 

ued for further thi. seconds v The homogenate was 

spread~ using Shandon equipment o over oven dry 

scrupulously aned, 20 x 20 cmu glass plates to 

provide a film 250 microns thick. Layers were 

to set for one hour before being drled over night at 

370 C in a r ventilated incubator" 'rhe dry 

plates were s over concentrated N-free sulphuric 

acid to d contamination with atmosphe c ammonia 

which 

amino 

res with the ninhydrin colour reaction for 

sis and 

extracts (According to Bieleski and Turner g 1966) 

is (a) E 
~-=~~~~~~~~ 

Us g micro~capillary tubes. ates were loaded 

with the concentrated extract containing 10 pgo 

amino-N along a band 1 ern, long and 2 5 cmw from either 
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edge of the plateo Each time the applied spot was 

quickly dried with a jet of air to prevent outward 

diffusion of the band o Loaded plates were then 

sprayed with formic ~ acetic acid buffer of pH 2 0 0 

until translucento 

Electrical contact was provided by means of 

wick attachments of Whatman 3 MM chromatography 

paper which had been soaked in buffero The end of 

the wick which made contact with the thin layer was 

folded within a short width of buffer moistened 

dialysis tubing and this end was held in position 

on the thin layer by a 20 cmo length of glass rod 

supported to the plate by Perspex clips, 

The plate was then placed in the electrophoresis 
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tank with wicks dipping in the buffer such that the 

band spot was on the positive electrode sides o After 

20 minutes exposure to 1000 V at 12 to 20 milli

amperes the plate was removed and quickly driedo 

(b) Concentration of amino acid bands after 

electrophoresis 

Plates which had been subjected to electro~ 

phoresis were first dried and dipped in a trough of 

distilled water at right angles to the direction of 

migration of the amino acid band (Figure 2) 0 The water 
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front was diffused to within I mmo of band Uspot U 

before the plate was removed and dried slowly to 

allow diffusion of the water front to proceed to 

with 2 mme of the far end of the band when the 

plate was dried more rapidly under an infrared lamp" 

This treatment concentrated the amino acids into spots e 

(c) Chromatography 

All solvents used were freshly preparedc 

Preliminary attempts at separating the amino acids by 

chromatography using Butanol/Acetic acid/Water 

(5/1/4 v top phase only) confirmed that threonine and 

glutamic acid and leucine and isoleucine could not 

be resolved by this solvento The two solvent procedure 

of leski and Turner (1966) was finally used u 

Plates which had been run through electrophoresis 

and which had the amino acid bands concentrated as 

described above and dried were placed in a chromato

graphy tank containing Solvent 1 (methylethyl 

ketone/pyridine/water/acetic acid~ 70/l5/l5/~v The 

tank was covered with a glass plate the surface of 

which had been smeared with petroleum jelly to provide 

an air ght seale When the solvent front had almost 

reached the top of the layer (ca_ l~ hours) the plate 

was removed and quickly dried in a stream of warm 
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air and placed in a tank of Solvent 2 (n~propanol/water/ 

n-propyl acetate/acetic acid/pyridine, 120/60/20/4/1) 

(ca" 4 hours). dried before being sprayed with a nin

hydrin reagent (Bieleskl and Turner) 0 Ninhydrin sprayed 

plates were heated under an infrared lamp for ten 

minutes to develop the colour intensity" 

4. Identification of the amino acidsu 

Most of the amino acids had been identified by 

their relative positions on the Chromatogram (Smith g 

1960) u Certain amino acids such as tyrosine g histidine 

and arginine which were difficult to identify by their 

relative position only were identified as follows~ 

A suspected amino acid standard was spotted together 

with the extract" After electrophoresis and chroma

tography if the added amino acid reinforced a spot of 

an amino acid already known to be present on chromato~ 

grams of extract onlyp it was inferred that the added 

amino acid and that of the extract were the same amino 

acid" Iff however f addition of an amino acid standard 

resulted in the formation of an extra spot on the 

chromatogram then the two amino acids were different," 

By this procedure tyrosine and phenylalanine were 

identified from methionine and tryptophane and histidine 

and arginine which do not separate very well under this 

procedure were shown to form merging spotso 



Finally, a map of the amino acids whose 

separation had been claimed was prepared by electro

phoresis and chromatography of an amino acid mixture 

containing 1 the separated amino acids, The 

distribution these amino acids at a concentration 
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of 0 0 5 g, per each amino acid which was found to 

provide a better resolution than a higher concentration 

of the amino acids is shown in Plate 5.10 

Reagents. 

Buffer pH 2.0 

Ninhydrin 

17 m10 of 90% formic acid plus 

57 m1, of glacial acetic acid 

adjusted in volume to I litre with 

di 11ed water" 

Cadmium acetate 100 mga, waterv 

10 m1o, acetic acid, 5 mlo; acetone p 

100 m1u$ ninhydrin, 1.0 g. 

The reagents were added ln this order. 
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Tab 10 Es·timati·onof growth of excised clover roots during a second 

. ·ti·porse·ctor passage in various mediae 

urn Flask of Flask Sector (S) Growth Values 

origin cultured into or tip (T) Increase in Number of 

Main axis Laterals 

Length 

A Cl U8 T 40 26 

C9 UI0 T 160 51 

C2 Ull T 90 26 

CIO U14 T 110 48 

C6 U16 T 155 56 

C7 U18 T 120 46 

C4 U20 T 90 16 

C5 Tl T 5 

U4 S 40 

A6 US S 20 

A7 U6 S 5 
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Table 1 conto 

Medium Flask of Flask sub- Sector (S) Growth Values 

origin tured into or tip (T) Increase Number of 

Main axis Laterals 

Length (mrn) 

A A8 U7 S 15 

Cl U9 S 20 

C9 U12 S 60 

c2 U13 S 5 

CIO U15 S 110 

C6 U17 S 35 

C7 u19 S 15 

c4 S 5 

B Sl T 50 19 

A6 S7 T 110 22 

A7 S10 T 70 
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Table 1 conte 

Medium F Flask sub- 8ector (8) Growth Values 

origin cultured or tip (T) Increase Number of 

into Main Later 

Length (rom) 

A8 812 T 90 19 

84 8 

88 8 65 

A6 89 8 0 

8 8 2 

A8 813 8 10 

Cl 814 8 10 

C2 8 8 

C6 816 8 10 

CI0 817 8 50 

C9 818 8 35 



Table 1 conte 

Medium 

C 

ask of 

origin 

C7 

C2 

C4 

C2 

Cl 

C9 

C10 

C6 

C7 

Flask sub-

cultured 

into 

S19 

S20 

1i'J9 

vB 

W4 

W5 

w6 

W7 

W8 

Sector 

or Tip 

S 

S 

S 

S 

S 

S 

S 

S 

S 

(S) 

(T) 

Growth Values 

Increase in 

Main 

Length 

5 

5 

25 

30 

5 

10 

axis 

(rom) 

Number of 

Laterals 

240-iv 
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Table 1 conte 

Flask of Flask s 5ector (5) Growth s 

origin cultured or Tip (T) Increase in Number of 

Main s Laterals 

Length (rom) 

D C9 R4 5 20 

CI R7 5 10 

CIO R9 5 50 

C7 RIO 5 5 

C6 Rll 5 

C2 R13 5 

A6 R5 5 20 

A8 R6 5 5 
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Table 2 c 'Es,t'imation of the growth of excised flax roots during a second tip 

or sector passage in various media" 

Medium Flask of Flask sub Sector (S) Growth Values 

origin cuI tured or Tip (T) Increase in Number of 

into Main axis Laterals 

Length (mm) 

A Gil va S 30 

El5 VIO S 30 

El6 VII S 

El7 V12 S 20 

E14 V13 S 20 

a vl4 S 20 

Gl6 VIS S 5 

Cl4 Vl6 T 50 

Cl6 V17 T 80 

C17 Vl8 T 40 
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Tab 2 conto 

Flask of Flask sub- 8ector (8) Growth Values 

origin cultured or tip (T) Increase in Number 

into axis 

(rom) 

C15 V19 T 30 

C13 V20 T 60 

B E14 Tl 8 

E15 T2 S 10 

E16 T3 8 5 

E17 T4 8 5 

T5 8 40 

8 T6 S 10 

T7 8 5 

1 T8 T 50 

3 T9 8 10 
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Table 2 < conto 

Medium ask of Flask sub- Sector (S) Growth 

origin cultured into or (T) Increase Number of 

Main axis Laterals 

Length (rom) 

A14 TIO S 40 

A16 TIl S 40 

A15 T12 S 50 

A17 T13 S 30 

A18 T14 S 5 

C GIl wll T 50 

G12 w15 T 1 

G18 w14 T 50 

GIl WlO S 10 

G18 W12 S 10 

G13 w13 S 

Gl6 w16 S 5 
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Table <-;; con'c, ,;:;" <: 

Me Flask of Flask sub~ Sector S} Growth s 

ori cultured 0::: tip Increase Number of 

Main ;::> Laterals 

Length (mm) 

D E13 'r 50 6 

E14 R17 T 60 3 

E15 T 50 2 

E16 R20 T 50 4 

E 3 R14 S 5 

E E13 5 S 5 

E R16 S 5 

E15 R18 S 10 

E16 Ql S 5 

E17 Q2 S 5 

S 10 

8 Q4 S 20 



Table 3oEstimationoft..1::e 

'or sector passage 

A 

Flask of 

Bll 

B17 

B 

B20 

Dll 

D12 

8 

D19 

D20 

Flask sub~ 

cultured 

C2 

C3 

C4 

C5 

C7 

C9 

C 

C13 

Cl5 

C6 

sed tomato roots 

mediao 

Sector S1 

or (T) 

S 

S 

S 

S 

T 

T 

T 

T 

T 

T 

S 

Growth 

Increase 

Main axis 

Length (nun) 

80 

110 

75 

60 

10 

130 

65 

o 

140 

110 

o 

a second 

Values 

Number of 

Laterals 

Late 

r not 

measured 

except 

42 

242 

9 
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Table 3. cant. 

Medium Flask of Flask sub- 8ector (8) Growth Values 

origin cultured into or tip (T) Increase in Number of 

Main axis Laterals 

Length (rom) 

C8 D12 8 100 Lateral 

CIO 014 8 150 number not 

C12 018 8 60 measured except 

C14 019 8 60 for 019 

C16 D20 S 60 

C17 Fll 8 100 

Cla Hll 8 105 

9 H12 8 100 

C20 H14 8 60 

C21 H16 8 50 

C22 Hla 8 80 

C23 H19 8 45 
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Tab'le 3" cont. 

Medium Flask of Flask sub- 5ector (5) Growth Values 

origin cultured into or tip (T) Increase in Number of 

Main axis Laterals 

Length (rom) 

B Bll Al T 5 Lateral 

Bl7 A3 T 40 number not 

B19 A7 T 60 measured 

B20 A2 T 70 

Bll A4 5 25 

B17 A6 5 70 

B19 AS 5 30 

D20 A9 5 35 

Dll A10 S 50 

D12 All S 35 

4 A12 5 30 
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Table 3< cont. 

Medium Flask of Flask sub- 8ector (8) Growth Values 

origin cultured into or tip (T) Increase in Number of 

Main axis Laterals 

Length (mm) 

D18 A13 8 40 Not measured. 

D19 A14 8 50 

D20 A14 8 40 

Fll A15 8 30 

A16 8 60 

H12 A17 S 20 

H14 A18 8 25 

HI6 AI9 S 30 

A20 8 20 

HI9 A2l S 10 
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Table 3 < conto 

Medium Flask of Flask sub 8ector (8) Growth 

origin cultured into or tip (T) Increase in 

Main axis 

Length (rom) 

C Hil XII T 10 

H12 X13 T 20 

H14 XIS T 20 

H16 Xl? T 45 

H18 X19 T 15 

H19 WI? T 40 

Hll X12 8 

H12 X14 8 30 

H14 X16 8 10 

H16 X18 8 15 

H18 X20 8 15 

H19 W18 8 30 



Flask sub-

origin cultured into 

Xl 

B17 X2 

B19 X3 

B2Q X4 

Bll X5 

D12 X6 

D14 X7 

D1S X8 

D19 X9 

D20 xlO 

Sector (S) Increase in 

or tip (T)Main axis 

Length (rom) 

S 30 

S 30 

S 20 

S 40 

S 60 

S 25 

S 30 

S 40 

S 50 

S 20 

2 4 2-v i 
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Table 30 conto 

Flask of Flask sub- 8ector (8) Increase 

origin cultured or (T) axis Length (rom) 

D GIl 8 5 

Fll 8 20 

Bll Gl 8 60 

B G2 8 30 

B19 G3 8 40 

B20 G4 S 40 

1 G5 8 55 

D12 G6 8 35 

D14 G7 8 40 

8 G8 8 

D19 G9 S 50 

D20 GIO 8 45 

H G13 8 20 

H12 8 60 
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Table 30 conto 

Medium Flask of Flask sub- Sector (S) Increase in 

origin cultured into or tip (T) Main axis 

Length (rom) 

Hl4 Gl5 S 30 

Hl6 Gl5 S 35 

HIS G17 S 40 

Hl9 GlS S 25 
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. Table· 4c Determination of the concentration optimum for nitrate nitrogenc 

Treatment Pass- Repli- Growth Values Lateral Initial Final 

age cate Increase in Lateral Length pH 

No~ No~ Main Axis Number (:m..m) 

Length (rom) 

. '3a 

N-omitted 1 9_ 5 0 9 01 0.3±0.2 007±002 407 ND 

2 9 2 0 7±004 0 0 4 202 4.7 4 c. 7 

Plus No3-N 

x 0.2 N 1 8 26 09±2,,5 9 0 7±Oc9 5309± 900 407 ND 

2 8 24 0 7±LO 906±008 7807±1006 407 ~L 7 

x 004 N 1 7 7L 7±5 0 5 14el±Oc7 84.6± 9 00 407 ND 

2 7 6908±500 03±0.7 103c5±15c2 4<7 5.5 

x 0.6 N 1 7 77.4±806 1400 c 7 93.1±1000 407 ND 

2 7 78 0 6±402 10 0 9±4 0 2 6500± 8 e 9 407 5 0 5 

x 0 0 8 N 1 6 85 c 2 ±UO 00±204 132 05 ±2 8 04 4.7 ND 
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Table 40 conte 

Treatment Pass- Repli- Growth Values Late Ini al 

age cate Increase Lateral Length pH 

No. NO e Main Axis Number (mm) 

Length (mm) 

x LO N 1 7 93cl±4.7 20c5±L 7 l60 cO±17c6 407 N 

2 7 104.0±4c2 21 l±Ll l23.6± 704 4.7 5 8 

x 2 0 0 N 1 7 850l±607 l8 0 0±3el l4L 4±23 01 407 N 

2 7 l32 0 8±3 c 6 36 c7±L8 341,,0± 7 09 407 509 

Sta..71dard 1 9 87el±5 e5 1706 ±2 c 7 l67 c l±23c6 4 e 7 N 

medium plus 2 9 lOOcl±3 0 4 2709±L4 l72 c 8±l6 c.9 407 5.5 

Fe""EDTA 

3b 

Plus N03-N 

x 2 0 0 N 1 9 99c9±2c8 39. 7±L 7 343c3±22 0 0 407 N 

2 6 104 c 2±3c4 35 c 2±4 c4 287 0 5±30c8 407 5.9 
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4u cont, 

Treatment Pass- Repli- Growth Values Lateral Initial 

age cate Increase in Lateral Length 

No, NOD Main Axis Number (rom) 

Length (rom) 

x 3 0 N 1 1 11L7±304 49,3±L7 409 0 4±lL 0 4,.7 NO 

2 5 110c4±3c9 38,8±308 33L 0±37 c 9 407 5,9 

x 4 0 0 N 1 9 106,3 06 47 0 4±2 c l 43809±19,5 407 NO 

2 5 98,0±6 3 36 0 5±2,.0 32L2±3201 4,7 5,9 

S 1 8 77 c 2±201 2207±008 218,1±14,4 4,7 NO 

plus 

Fe-EOTA 2 8 93 0 2±3,7 19 04±2 0 4 189c4±3107 4,7 5,5 

NO ::: Not determined,. 
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Tahle 50 .. Growth· of· t.omato . roots· in -nitrogen omitted, nitrate, and glutamate 

aatpHs'4 ft l-4c3, 5 .. 0 and 6 cO c 

Nitrogen Pass- Repli- Growth Values 

source age cate Increase Lateral Lateral Initial Final 

No. Noo Main axis Number length pH. 

length (rom) (nun) 

Stage 1 

N-omitted 1 10 3 0 0 leI L2 4,.2 4.2 

Glutamate 

x Oc2N 1 9 304 1,1 601 402 4.2 

x Oc25N 1 9 204 L7 701 4,2 402 

2 9 No growth 4,2 ND 

x Oc5N 1 9 lL4 leI 902 4,2 4,2 

2 9 No growth 4,2 ND 

x Oc75N 1 8 o 7 2,4 L2 8e3 401 402 

2 8 7,8 0,1 LI 4.1 ND 
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Table 5, cont 

Nitrogen Pass- Repli- Growth Values 

Source age cate Increase Lateral Initial 

No, No o Main s Number pH 

Length (rom) (mm) 

x LON 1 6 22,7 ,6 2 0 5 ±L 0 10,3±303 4,2 402 

2 6 20,S±3 3 2,6±Oo8 29 2 ±2 7 ,2 402 4,2 

NaN°3-N x IN 1 9 90,0±2 7 22,7±4,7 200,7 006 4,3 ND 

2 7 1 c 8±5 c 1 27 c O±L9 244,3±1502 4,3 5,6 

Stage II 

N-omitted 1 8 18,2±306 301±0,6 10cO± 2,5 5,0 ScI 

Glutamate 

x 0,8N 1 9 46,2 Ll 2,2 5 0 0 ScI 

x LON 1 9 4407 2,0 5,2 5,0 5,1 

x L5N 1 9 50,5 3,3 8,8 5,0 5,1 

x 2 0 0N 1 7 48,4 3 0 6 c 8 5,0 ScI 
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Ie 5" cont, 

Nitrogen Pass- Repli- Growth Values 

Source age cate Increase in Lateral Lateral Initi al 

No, No, Main axis Numher length 

Length (rom) (mm) 

NaN° 3 x 1 N 1 7 10L8 29,4 171 4 5 c O 5,9 

x 2 N 1 9, 5,3 35,8± 278,3±lLO 5,0 6,3 

Stage III 

N-omitted 1 8 10,7 L5 2,5 6,.0 ND 

Glutumate 

x 2N 1 5 17,8 104 3,0 6,0 ND 

x 3N 1 7 25,1 2,,1 6,1 6,0 ND 

NaND 3 
V'. 2N 1 r 77,2 29,1 113,3 6,0 ND .n.. I:) 

ND= Not determined 
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r 
0, Determination' of' the concentration optimum for glutumate-N at EH 5,0 < 

Nitrogen Pass- Repli·- Growth Values 

Source age cate Increase in Lateral Lateral Initial Final 

No, No, Main axis Number length pH 

length (mm) (mm) 

Stage 1 

Glutumate 

x 008 N 1 7 56.4±604 7,3±2,.4 4L7±17,2 5,1 5,1 

2 7 56,1±4c6 lL6±2,4 74,4 4,4 5,1 5,1 

x La N 1 7 53,4±4,.4 7, ° ±L 5 29,1±7,3 5,1 5,1 

2 6 50,7±7,4 6, 2±L 7 24,0±7,6 5,1 5,1 

x 2,0 N 1 8 65,7±4,.4 l3,5±L9 78,2 Co 7 5,1 ND 

2 7 65,3±3,5 15,3 , 0 90,3±22,1 5,1 5,3 

x 3,0 N 1 9 68,4±3,4 8,5±Oe9 49,1±9,0 5,1 ND 

2 8 5L2±lL5 ,7±L 7 lOLl±3L2 5,1 5,3 
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Tab 6 0 conte 

Nitrogen Pass- Repli- Grmvth Values 

Source cate Increase in Late Lateral Initi Final 

No" No, Main axis Number length pH pH 

length (mm) (mm) 

NaNo x 1 N 1 9 106,0±4,0 29,3±6,.3 272 8±28,1 5,2 ND 

2 4 12L7±9 c 3 29 c 5 ±3, 6 312,5±8 2 5,2 5,9 

N~omitted 1 0 o 8 2,2 4,8 5,1 ND 

II 

Glutumate 

x 3,0 N 1 7 29 1 2c3 207 5,5 5,5 

x 4,0 N 1 6 2LO±4 
,... 

L5 2,7 5,5 5,5 ::;. 

x 5,0 N 1 7 20,0 0,8 0,.7 5e5 5,5 

x 8,0 N 1 6 8e3 5,5 ND 

NaN0 3-N x 1 N 1 7 82,1 3Ll 187,8 5,5 5 e 8 
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Table 7, The effect of initial EH of the medium on the growth of roots sUEElied 

. 'with 'glutamatec 

Treatment Initial Fin.al Pass.age Repli- Growth Values 

pH pH NOe cate Increase in Lateral Lateral 

No, Main axis number length (rom) 

length (rom) 

Plus 

Glutamate-N 402 402 1 8 1. 2 ±O c 4 0,2 1.2 

4,2 ND 2 8 

4 0 B 40B 1 8 2l 0 6±005 L2±L4 4 0 6 ,I 

4 0 B ND 2 8 41. 4±2 < 7 

5,2 5,2 1 7 20 c O±L5 O.B±O,S 2. 3±L 4 

5 0 2 ND 2 7 25 c O±6c7 L3±Ll L4 c· 3 

507 5,7 1 7 l3 c O±L5 LO±0,3 006±O,2 

5,7 ND 2 7 Oc7±O.2 Ocl 
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Table 7, conL 

Treatment Ini a1 Final Passage Rep1i Growth Values 

pH pH No, .. cate Increase in Lateral Lateral 

NOe Main axis number length (rom) 

length (rom) 

N-omitted 4,.2 4,2 1 8 3,.1 

4.2 ND 2 8 

4.8 409 1 9 14.7±Ll L2±Ocl 4,8±2,4 

4.8 ND 2 9 7 c 3±1. 1 2,0±0.2 8,7±2 c 2 

5.2 5.3 1 8 14rl±L2 L 5±0 c 1 3, l±L 3 

5.2 ND 2 8 6, 6±L 1 L 5 ±O c 2 3,0±O,2 

5.7 507 1 9 B 0±B,2 L 3±0, 1 3,0 c 2 

5,7 ND 2 9 2,B±L2 Oe5±0,3 2,0±1,2 

NaN° 3-N 4,2 5.7 1 B 75,4±3,.5 22,6±L3 225,0±18 

402 SoB 2 5 86.0±L9 lS,2±L 7 193,0±13 

4 r 8 6 e 1 1 8 92,9±4,1 37,6 ±2 < 1 336.2±17 

4,8 6,1 2 7 106,4±7.6 37,1±LB 352,1±30 



Table 8e 'A comparison of the sucrose requirements of roots supplied glutamate 

. 'or nitrate. 

Nitrogen 

treatment 

Glutamate 

N=78 ppmc 

Sucrose .Pass- Repli-

concent- .age cate 

ration 

1.0% 

L5% 

2.0% 

3.0% 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

9 

8 

9 

9 

9 

8 

9 

8 

9 

9 

Growth Values 

Increase 

Main axis 

length (rom) 

lLO±O,2 

9 c OiL 1 

l2e3 r.2 

401 

l8,.0±3c 2 

4 c 5±L3 

l4,7±L4 

3 c O±LO 

12, 5±!. 1 

No growth 

Lateral 

Number 

L 7±0, 4 

Lateral 

length (rom) 

LO±Oe.3 

0.3 

24 
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Table 8 e conte 

Nitrogen Sucrose Pass- Repli- Growth Values 

treatment con cent- age cate Increase Lateral Lateral 

ration NOe NoD Main axis Number length (rom) 

length (rom) 

4<0% 1 9 13 08±L4 

NaN° 3 78 ppmc N 

005% 1 9 69,9±4 c8 6,0±2<0 2509±16,9 

2 8 49.2±402 

LO% 1 8 10309±5c4 47cl±3c.7 284,4±22,5 

2 7 102 c O±3c9 36,3±4c3 215c7±30<3 

105% 1 9 98.l±3 a 2 49cl±4cl 326c7±30c4 

2 6 l15c5±13a6 46 c3±5c3 355 cO±28c4 

2.0% 1 8 100cO±4cO 46 .. 2±4,2 300 c.l±2L 2 

2 8 104.0±5cl 30c5±6.0 320 c3±27c3 

300% 1 9 SL 4±3, 1 IS e4±2c3 109 c 9±19,7 

2 S 3.0 ±L 2 2. 8±L 2 7c.6±3,2 

4,0% 1 7 32 cl±2,6 3 c3±Oc9 27,8±6,l 
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Table 90 The effect of source and concentration of iron on the growth of 

glutamate supplied roots. 

Nitrogen Iron source Vitamins 

Treatment & Fe concent-

ration (ppm.) 

Glutamate 3' 0 0 35 -Glycine 

(N=39ppm) c Fe 

FeC1 3i 0.75 

ppm, Fe 

Fe-EDTA, 0 0 35 

ppm. Fe 

+G1ycine 

-Glycine 

+G1ycine 

Pass-

age 

No 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Repli

cate 

No, 

8 

6 

7 

7 

7 

7 

7 

5 

6 

6 

Growth Values 

Increase 

Main s 

length (rom) 

22,3 .6 

27.5±507 

26,3 .7 

21 3±3c2 

20.0±L8 

1L5±lcO 

20,7±2c2 

22cO±2 0 5 

27c3±3.1 

27.0±Oo4 

Lateral Lateral 

number length 

(rom) 

0,7 107 

1..1 

0.6 

0.4 

1.4 

0.5 

5 1 

0.4 

3c4±lo5 

18.0 

1.0 
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Table 9. cont. Growth Values 

Nitrogen Iron source Vitamins Pass- Repli- Increase in Lateral Lateral 

treatment & Fe concen- age cate Main s number length 

tration (ppm, ) No. No. (rom) (rom) 

+Glycine 1 8 28.5±307 0.5 0.7 

2 6 27. 1±4 '. 3 

Fe-EDTA, 0<75 -Glycine 1 5 22.0±3.0 0,4 0,3 

ppm. Fe 2 5 18 0±4,6 

+Glycine 1 6 21,5±2.5 1 5±0.7 4.6±2.5 

2 6 14 c.4±2 0 8 

Fe potass- -Glycine 1 6 22,8±1.8 0 0 8 1.2 

tartrate 2 6 21,8±4.1 

0.2 ppm. Fe 

+Glycine 1 7 22.8±2,.6 0.6 1.3 

2 7 20,1±3,0 
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9 c cont. Growth Values 

Ni Iron source Vitamins Pass- Repli- Increase in Lateral Lateral 

treatment & Fe concen- age cate Main axis number length 

tration {ppme} NOe NOe length (rom) (rom) 

potass- -Glycine 1 6 210 3±L 8 Oc7 200 

tartrate 2 6 12 0 5±L9 

0.43ppmc Fe 

+Glycine I 8 20 0 5±Ll 0.6 2c6 

2 8 9.5 

trate -Glycine I 8 20.9±lc9 0.9 loO±Oe5 

0.35 ppm. Fe 2 7 15.4±2.9 

+Glycine I 7 20.3±2c5 L3 4<6±3.0 

2 6 9. 2±L 5 

Ferric to -Glycine I 7 19 c 7±lo7 Oc8 0.7 

0.75 ppm. Fe 2 7 14.8±2.3 

+Glycine I 5 18 e5±2<8 0.5 Oc7 

2 5 16.0±3.7 
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Table 9. cont Growth Values 

Nitrogen Iron source Vitamins Pass- Repli- Increase in Lateral Lateral 

treatment & Fe concen- age cate Main axis number length 

tration (ppm. ) No. No. length (mm) 0 (mm, ) 

N-omitted Ferropotctartc -Glycine 1 8 14,.7±Oc8 

0.2 ppm,Fe, 2 8 2 c 9±L 3 1 0 6 3,9 
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Table 10 0 The influence of EDTA/Fe molar ratio upon growth 

in glutamate and in the nitrogen omitted medium. 

Nitrogen EDTA~Fe Pass- Repli- Growth Values 

treatment molar age cate Increase Lateral Lateral 

ratio No o No, Main axis number length 

length (rom) (mm) 

Glutamate 0:1 1 9 410 3±L 7 7c3±0.8 24 c 3±3,4 

(N=39 ppm. ) 0.1:1 1 9 43 2±L5 5. 7±L 0 20.B±4 .. 0 

1:1 1 9 43 c 5±206 5,5±Oc7 19.1±4.1 

2 0 43:1 1 9 21.9 < 5 3.1±0.7 305±4 o 9 

4,86:1 1 9 23.2±l o 0 2. 8±L 8 3 0 5±0.3 

N-ommitted 0:1 1 9 150 4±L 2 

O. 1:1 1 9 1Ll±l o 2 

1:1 1 9 17 0±1.4 0,2 0 0 2 

2.43:1 1 9 IB,0±L2 0 4±0.2 0.4±0.2 

4 0 B6:1 1 9 19c1±0,4 0.3 0.8 

Note. The initial pH of all media was 4 0 9. 
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Table lle A redetermination of the e of glutamate concentration 

on the of excised tomato roots c 

Ni trogen Pass- Rep1i-

treatment age Cate Increase in Lateral Initial 

No o NO e Main axis number length pH 

length (mm) (mm) 

x O,S N 1 9 42,S 7 4 c 5±O,2 2S.0±4.4 4,9 4.9 

2 9 S003±2,8 9,5 ±L 6 90.9±19.1 4.9 4 9 

x 1 0 N 1 9 43.7±LS 8.9±OcS 3S,S±3.1 4,9 4,9 

2 7 48 0±3,3 1L OiL 9 86,4±15.8 4.9 4.9 

x LS N 1 9 46.7±L8 8,7±0,3 37.2±4,6 4.9 4,9 

2 8 49 cS±2.7 12,2±1,0 83c1±lL1 4,9 4.9 

x 2.0 N 1 9 39.8±1.4 S.2±0.2 23,3±S.O 4,9 4.9 

2 7 47 3±5,1 10.0±3,1 34c3±lLO 4.9 4,9 

x 3 0 N 1 9 3S,2±2,1 4c4±0,3 17c1±3c3 4.9 4,9 

3-N 1 9 127.3±4c5 43,2±1,6 332,2±20.5 4~ 9 6.1 

39 r ) 2 9 15603±5,0 61cS±2,2 725.0±48 c 3 4.9 6.2 



Table 12 The effect of additions of Yeast extract on the growth of glutamate 

supplied roots 

Me Pass- Repli-

composition age Cate 

Glutamate 

alone (N=39 

Glutamate 

Gluta.-rnate 

50 mgoYcEc 

Glutamate 

1 

2 

1 

2 

1 

2 

9 

9 

9 

9 

9 

7 

9 

8 

Growth Values 

Increase 

Main 

length 

56,9±202 

56,0±3c3 

38,1±3 7 

s 

Lateral 

number 

10c4±L4 

9 c 7±L 0 

4 c 6±2c7 

Lateral 

length (rom) 

58.9±10,.8 

4L8±4 c6 

32 0 4±4,5 

1106±7.3 

251 
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12<conto Growth Values 

Medium Pass- Repli- Increase In Lateral Lateral 

composition age cate Main axis number length (rom) 

No No o length (rom) 

Glutamate 

200 .YE c 1 9 2201±3,3 600±009 34,3±6,5 

N-omitted 1 0 2101±201 L 7±0, 2 2 e l±0,3 

2 9 12 c l±L 8 007 L9 

NaN0 3-N 1 9 106 4±3,7 37 0 9±2,6 260,0±36,9 

(N=39 ppm) 2 9 11204±6 0 3 44c7±2,5 29L 1±25, 4 
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-TABLE 1 The effects on gro'.Jth of additions of aspartate and alanine to nitrogen omitted and glutamate media. 

Passage 
No. 

N-omi tted 1 
2 

Aspartate O.1N 1 
2 

0.25N 1 
2 

O.SN I 
2 

O.75N 1 
2 

As~ O.lN + Glu IN 1 
2 

Asp O.2SN + Glu IN 1 
2 

Asp O.SN + Glu IN 1 
2 

Asp O.7SN + Glu 1N 1 
2 

L-alanine O.lN 1 
2 

0.2s-.J 1 
2 

O.SN 1 
2 

0.7SN 1 
2 

L-alanine O.IN + G lu IN 1 
2 

L-aIan1ne O.2SN +G lu IN 1 
2 
1 

Alanine O.SN + Glu IN 2 
Alanine D.7SN + G1u IN 1 

N-omitted + NO] 1 
(N=39ppm) 2 

Glu +AL + Asp 1 
1.0 0.3 O.3N 

Glu + AL + Asp 1 
1.0 0.3 1.0 N 

Glu t AL + Asp 1 
1.0 0.6 0.6 

Glu + AL + Asp 1 
1.0 1.0 0.6N 

. Replicc1te I 
No. 

7 
7 
8 
7 
8 
7 
8 
7 
7 
7 
8 
8 
9 
7 
9 
8 
9 
7 
8 
8 
9 
7 
9 
8 
9 
9 
9 
8 
9 
3 
9 
9 
9 

9 
6 

9 

8 

9 

I 
I 

! 

I 
I 
I , 

Increase in 
Main Axis I 
Length (nun) 1 

J 

13.1±5.8 
6.0±2.2 

56.0±3.2 
69.3±3.0 
70.1±3.9 
78.4±8.7 
70.8±3.1 

103.7±7.0 
102.7±4.4 
128.0±5.8 

41.6±3.9 
29.0±6.8 
33.B±2.6 
20.7±4.7 
40.2±3.5 
32.9±5.5 
39.0±3.8 
46.4±10.2 
27.2±2.5 
12.8±2.9 
2S.1±1.9 
14.4±4.4 
20.3±3.8 

-
13.6±0.2 

-
38.7±1.7 
48.1±4.8 
41.0±1.8 
61.2±3.1 
24.4±4.l 

-

126.S±7.6 
122 .2±1 0.1 

17.1±3.3 

26.7±5.2 

B.2 

5.4±O.8 

Growth Values ! pH \Talues I 
I I . 

Lateral Lateral Fresh Dry Initial Final 
Number Length Wt. Wt. pH pH 

(rom) (mg) (mg) , 

I 0.8 1.10 
0.7 1.1 I i 15.1±1.6 97.1±23.2 5. a ND 

15.6±2.3 136.4±31.3 

I 
t:j.0 5.2 

20.1±1.5 lS5.0±19.7 5.0 I NO I 

18.1±2.2 lS2.1±17.4 I 5.0 

I 
5.2 

19.2±1.5 186.S±24.7 I 5.0 5.2 
23.1±2.3 202.1±33.5 I 5.0 

i 
5.2 

28.3±1.4 345.7±19.8 31. 3 t 5.0 NO 
• 399.3±48.0 53.1 I 5.0 ! 5 . 3 31.6±2.9 i 4.6±1.7 9.1±4.5 5.0 

l.4 2.3 I 5.0 \ 5 . 1 
4.2:H.4 13.4±4.6 5.0 I 

- - 5.0 i 5 . 1 : 

4.3±0.8 10.4±2.3 5,0 
1.0 1.6 5.0 5.1 

5.9±1.2 17.5±5 . 1 5.0 
3.1±1.4 5.6±3.5 5.0 5.1 

1.0 2.6 
i 

4.8 
- - 4.8 4.8 

0.9 0.8 I 4.8 
- - I 4.8 4.8 

l.9 4.2 I 4.8 ~ 4.8 I 

- , 
4.8 NO - I 0.6 1.9 4.9 4.9 I - - i 4 .9 ND 

I 3.2±O,6 13.1±3.3 
I 

4.9 4 . 9 
- - , 4.9 NO 

2.7±0.2 9.5±3.7 
, 

4.9 NO I 
I 

l.7 4.2 I 4.9 4.9 
0.7 3.1 4.9 NO , - -

4 .9 ND 

47.3±3.1 487.2±36.1 36.9 4.9 
44.3±3.9 367 . 5±78.1 46.5 4.9 6 . 1 

5.0 5 . 0 

0.8 1.0 

5.0 5.0 

5.0 5 .0 

--- --
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Table 2 • Growth in increased concentrations of Aspartate-N 

Source Passage Replicate Growth Values 
and No. No. Increase in Maln Lateral Lateral Fresh Dry Initial Final nitrogen Axis Length (rom. ) Numher Length Wt. v.lt. pH pH concentration 

(rom) (mg) (mq) 

Aspartate O.7SN 1 8 97.7±3.8 26.1±1.1 28l.2±20.8 26.8±1.6 5.1 ND 
2 7 131.0±4.4 31.0±2.2 407.1±17.2 53.5±2.8 5.1 5.2 

O.8N 1 8 101.0±6.4 2S.4±1.7 238.1±22.5 37. 8'± 4 . 7 5.1 ND 
2 7 129.3±4.6 35.1±1.6 437.1±29.0 57.7±2.3 5 . 1 5 . 2 

I.ON 1 8 115.6±2.8 32.7±1.2 375.0±25.3 35.2±l.B 5.1 NO 
2 7 129.B±4.1 35.0±1.0 465.7±29.0 54.9±2.3 4.7 5.1 5.3 

1.5N 1 B 114.2±2.0 30.9±O.7 399.4±22.B 36.8±1.3 5.1 ND 
2 7 139.6±3.2 39.0±1.7 575.0±36.9 71.7±2.1 5.1 5.3 

Glutamate 1.0N 1 9 47.09±4.02 4.7±1.5 13.7±5.6 ND 5.0 ND 
2 5 41.0±6.7 7.0±2.9 33.0±12.1 NO 5.0 5.0 

Nitrate-N=39 ppm. 1 9 140.0±3.9 49.2±1.4 428.9±17.B 30.1±1.3 4.9 NO 
2 9 lS5.B±5.B 55.9±2.9 706.1±20.5 59.9±2.6 4.7 4.9 6.0 

N-omitted 1 9 1B.9±1.7 0.7 1.0 ND 4.9 NO 
2 9 6.4±1.0 1.4±O.4 7.0±1.5 NO 4.9 4.9 

NO = NOT determined 
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Table 3. The effect of the initial pH of 

Treatments pH s 

L-aspartate 401 

NaN0 3 
N = 39 

N-omitted 

medium 

5.5 

5.5 

6.0 

4.9 

409 
4.9 

4.9 

al Final 

4.1 

4.5 

5.2 

5.3 

ND 

5.8 

Pass- Rep 

age 

No. 

1 

1 

2 

1 

2 

1 

2 

1 

1 

2 
1 

2 

cate 

7 

9 

9 

8 

7 

8 

7 

8 

9 

9 
9 

9 

on growth with aspartate nitrogen 

Increase in 

Main axis 

length (mm) 

54.4±2.3 

131.0±4.4 

17.8±5.9 

25.1±1.1 

140.0±3.9 

155.8±5.8 
18.9±1.7 

6.4±1.0 

Lateral 

Number 

13 2±L 1 

20.6±L3 

19.4±L5 

9.7±0.7 

49.2±1.4 

55.9±2.9 
0.7 

1.4±O.4 

ND Not determined. 

Lateral 

length 

(mm) 

93.3±lL2 

244.4±18.1 

281.2±20 8 

74.4±12.0 

60.7±18.4 

12.9±1.5 

428.9±17.8 

706.1 20.5 
LO 

7.0tl.5 

254 
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T of the continued cal meristems of as 

nitrate supplied roots 

Treatment Pass- NUc'Tlber Ave growth values of surviving roots 

age of 

NO e surviving Increase Lateral Lateral Fresh Dry 

roots s number length '('It Wtc 

(mm) (mg) (mg) 

Nitrate 1 9 136,913,.3 50,1±2,4 400 0±24 4 25,8 c 8 2,3 

39 ppm.N 2 9 12202±7.9 49 c 8±3, 2 484 4 33 2 39,2±2,1 3,2 

L5% 

sucrose 3 9 102,2±9 6 36,5±3 0 8 398 3151 9 43,5±3,8 3 .. 0 

4 9 106 0 4±7 c 8 37, 5± 3 ,3 343. 9± 40 c 1 40. 3,1 3,4 

5 9 77 7±7.0 24, 7± 2,2 236 7±28,5 34,8±2,0 3,1 

6 6 52,8±7 .. 1 17. 7± 2 c 9 64 7± 20,4 



Table cont 

Treatment Pass-

age of 

1 

30 ppm"N 2 

,0% 

sucrose 3 

4: 

5 

6 

s 

roots 

length 

(rom) 

10 

9 

8 

8 

6 

6 

Increase 

s 

137,7±L9 

137 •. 8±7c3 

40,6±8,8 

125 2:±:4,5 

44, ±8,7 

118,6±7,,9 

Lateral Late 

number 

3 9 " 9± 1 r 5 383 " O± 19 9 2, 4± r 6 

50 r 8± 2 8 479 4± 41, 4 50, 9± 2 , 3 

49,O±2,B 513 7±46 0 50, 4±4,2 

46,4±O,,9 479, 36,5 49 5± 2 3 

51 3,8 482,5±45,6 5L 3±3, 7 

35, O± 3,9 358 O± 3, 

Dry 

vn 

1 

3,8 

3,7 

3,8 

3 r. 9 

255-ii 



Table 4 conte 

Treatment 

Aspartate 

39 ppm N, 

,.5% 

sucrose 

Pass- Number 

age of 

1 

2 

3 

4 

5 

surviving 

roots 

length 

(rrun) 

9 

9 

8 

6 

4 

Increase In Lateral 

Main axis number 

112. 6±3,. 7 31 4±L 4 

123 8±5. 7 36 11:2,2 

99,2±10,·7 26,9±3,4 

127,2±9. 7 29 3±4,2 

149.7.±5 3 40 0±2,8 

Lateral 

length 

(mm) 

286,7 6.8 

448. 3±:24, 9 

320 6156 8 

438, .3 

365,01:]1. 9 

Fresh 

VJt 

(mg) 

27 r 1:t1. 2 

54,4±L6 

416±3 9 

43,8±3,7 

55,713 1 

Dry 

WL 

(mg) 

2,6 

4.4 

3.6 

4,3 

4,5 

255-iii 
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Table c The comparative rates of growth of roots supplied aspartate . 

or nitrate nitrogen 

Nitrogen Day Rep Increase in Lateral Lateral Fresh Dry 

source N = 39 ppm, of cate Main axis number length Wt, 

har- No, (rom) (mg) 

vest 

NaN0 3 0 5 13,.0 

1 5 28 G 2 ± 3,2 0,4 0,3 

2 5 43-8± 1 9 2,8 ± 1-2 4 6± 2,8 ..l.. 

3 5 61 8± 2,3 4,8 ± 0,4 13 5± 1-6 

4 5 83,8± 4 0 9,2 ± 2,7 37,O±13c8 

5 5 103 e O± 2,9 16,8 ± 2,9 104 O±26,0 9,0±1-4 O. 8 

6 5 140,8± 3,.6 26,,8 ± 6,6 280,6±29 17,4 ± 4,2 1. 6 

7 5 172,6± 8,5 44,6 ± 3,6 476, 0 76,0 29 1 i 3 '7 2 2 

8 5 219,8± 8,0 58,0 ± 6,3 862,0±50,0 46r2 ± 5 '7 3. 4 

9 5 218,6± 4,7 69,2 ± 7,0 1260,.0± 182 60,8 8,0 4, 7 



2 56- ii 

Table 5~ conte 

Nitrogen Day Rep 1 i- Increase in Lateral Lateral Fresh Dry 

source N = 39 ppme of cate Main axis number length Wt Wt 

har- No, (rom) (mg) (mg) 

vest 

10 4 225,2 ± 4 7 81. 6 ± 1.6 1642 eO± 229 102.1±7,0 8 1 

11 5 256.6 ± 3 9 84. 8 ± 71 2032,0± 219 122, 3 +14.3 9.5 

12 4 257.2 ± 4. 0 93,5 ± 4,0 2442 o ± 155 151.8:±:5,3 9.7 

Aspartate 1 5 35,8 ± Ll 2,0 ± 0,4 3,4 ± 0,5 

2 5 41 c 0 ± 0.6 2,6±O,9 4,6 ± 2 2 

3 5 65,8 ± L 9 6,2 ± 0.8 20 1± 4, 0 

4 5 76 c ° ± 4,8 10,4 ± L4 47,2±11. 7 

5 5 9606 ± 8, 7 18,2 ± 2.3 28 6±30 6 10,8±l,7 1.1 

6 5 9,0 ± 4,6 26,6 ± 1.7 223 O±29,1 17 8± 1,5 " r 1.,Q 

7 5 167 cO :r: 8,.3 37,4 ± 4,1 415,O±61.7 31. 8:r4,5 2,6 

8 5 205,4±10,O 46,6 ± 3.3 713,0±87 0 45.3!4.7 3.7 
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Table 5 cont 
-.~ .. ~.~~~ 

Hi Increase Lateral Late FLesh 

source N 39 ppmc of cate l'Ila axis number length Wt Wt,~ 

har- No (rag) 

vest 

9 5 210, 8 5,.1 56 4 3. 1 880. 0 ± 60, 0 56, ± 5, 0 4 

10 5 259,. 2 ± 4,,0 75. 8± 2 2 1525 0 139 0 1 1 8 4 

1 5 27 2 ± 8. 9 79 4 3, 2 1674,0 II 
! I 38 6 ±: 6 8 0 6 

12 .t! 275,· 5 ± 5 6 88, 2::t: 2. 5 2200 0 140 78 o ±12 0 13 4 



TABLE 6Q The growth of roots supplied with aspartate and nitrate as sole sources 257 

of nitrogen compared with that of roots supplied these sources of nitroqen 

as well as ammonium and that of roots supplied ammonium oxalacetate. 

Nitrogen Pass- Repli- Increase Lateral Lateral Fresh Ini 

source age cate in Main Number length Wt. wt. tial 

No. No. axis (mm) (mg) (mg) pE 

length 

(mm) 

N=19.Sppm. 1 9 128.5±2.7 48.8±1.7 24S.S±17.2 24.4±1.9 2.0 4.9 

2 9 116.2±5.4 39.0±3.9 239.4±25.6 38.4±2.2 2.9 4.9 6.0 

N=39 1 9 5.2±2.3 5S.3±1.7 268.3±26.3 27.4±2.3 2.0 4.9 

2 9 116.1±6.3 42.3±4.2 316.1±37.7 42.6±1.0 3.2 6.2 

N=58.5ppm. 1 8 131.0±4.8 52.6±3.1 213.1±31.6 22.4±1.8 1.7 

2 8 118.1±7.6 44.6±3.2 217.5±24.9 39.7±3.8 2.9 4.9 Or:: I . ~ 



TABLE 60 (cant e) 257-ii 

Pass- Repli- Increase Lateral Fresh Dry Final 

source age cate in Main Number length WL Wt. tial pH 

No. No. axis (mm) (mg) (mg) pH 

length 

(mm) 

NH4N02 

N=19.5ppm. 1 9 95.5±5.6 26.7±2.0 IlB.9±9.6 14.S±0.8 1.1 4.8 

2 8 52.6±5.7 26.0±1.0 lS9.4±4.7 19.5±0.8 1.5 4.8 4.4 

N=39 1 9 114.3±7.4 27.2±2.9 131.7±16.5 17.9±1.6 1.1 4.8 

2 9 113.3±11.7 37.2±4.1 220.5±16.6 32.4±1.9 2.3 4.8 4.4 

N=58.Sppm. 1 9 146.1±4.7 36.7±3.4 202.2±26.2 22.2±1.6 1.7 4.8 

2 9 139.4±5.8 SO.3±2.6 272.2±13.9 44.6±1.1 3.1 4.B 4.4 

Aspartate 

N=16.4ppm. 1 9 77.3±3.S lS.7±1.1 84.4±2.1 11.3±0.7 1.0 5.1 

2 9 102.7±1.7 26.9±1.S 243.3±17.7 27.5±0.7 2.2 5.1 5.3 
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TABLE ~. (cont. ) 

Nitrogen Pass- Repli- Increase Lateral Lateral Fresh Dry 

source age cate in Main Number length Wt. Wt. tial pH 

No. No. axis (rom) (mg) (mg) 

length 

(rom) 

N=3 1 9 lOO.8i4.5 22.3il.4 151.7i9.0 18.3±O.6 1.4 5.1 

2 9 11S.9i5.6 32.4i2.1 287.2±19.0 36.0il.6 2.7 5.1 5.3 

N=46. 1 9 lO4.7±3.4 26.1il.7 18B.3i20.1 22.0il.l .5 5.1 

2 9 IIB.Oi3.3 37.4±4.0 326.0i24.9 41.1i2.1 3.1 5.1 5.3 

NH 4Aspartate 

N=17.9ppm. 1 9 61.3il.B 19.7±1.3 134.4i9.1 11. BiO. 6: 0.9 5.1 

2 9 66.0il.2 2S.9il.O 183.3ill.7 IB.3il.l 1.4 5.1 4.6 

N=35.5ppm. 1 9 60.0i5.2 22.1i2.2 IB5.0i14.4 lS.lil.1 1.2 5.1 

2 8 72.7±1.6 29.1±1.2 251.2±2.B 24.1±O.7 1.8 5.1 4.6 

N=55.4ppm. 1 9 64.3il.7 24.5±3.6 182.2±24.9 15.4i1.0 1.1 5.1 

2 9 83.2±9.3 35.4±2.2 326.7i24.8 32.2±1.8 2.4 5.1 4.B 
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TABLE 6. ( cont,., 

Nitrogen Pass- Repli- Increase Lateral Lateral Fresh Dry Ini-

source age cate 1.n Main Number length Wt. wt. t 1 

No. No. axis (rom) (mg) (mg) pH 

length 

(rom) 

NH 40xalacetate 

N=18 5ppm. 1 4 37.7±7.0 lO.7±O.5 36.2±8.S 

N=39 ppm. 1 3 3S.7±2.3 11.O±6.0 46.7±13.6 



TABLE 7. The effect of varying the concentration of manganese 
nitrate or aspartate. 

Treatments I 
Nitrogen Manganese Passage Repl1.cate I Increase l.n Ma1.n I 

source concentration No. No .. Axis Length (nun) 
N=39ppm I 

I 

NaN03 x 0.1 S 1 9 l19.2±3.9 I 
2 9 98.4±4.4 I 

x 0.3 S 1 10 112.9±S.4 I 
2 10 1l4.2±3.9 

x 0 6 S 1 10 112uB±S.1 
2 10 92.2±3.5 

x 1.0 S 1 9 96.7±4.9 
2 9 12l.9±6.2 

x 1.S 5 1 10 110~9±5.0 
2 10 101.3±3 4 

x 6.0 S 1 10 112.6+3.0 
2 10 97.S±3.7 

x 10.0 S 1 10 ' l12.6±S.6 
2 10 103.S±6.3 

L-aspartate 
x 0.1 S 1 10 90.2±S.7 

2 10 106.0±0.S 
x 0.3 S 1 10 99.3±S.7 

2 10 114.S±4 .. 8 
x 0.6 S 1 10 80.S±4.7 

2 10 110.S±S.S 
x 1.0 S 1 10 9S.6±S.4 

2 10 1IS.6±6.3 
x 1.S S 1 10 S7.7±4.S 

2 10 119.2±4.S 
x 6.0 S 1 10 93.0±4.2 

2 10 ·117.3±12.6 
x 10.0 S 1 9 B4.8±3.7 

2 8 :103.7±9.0 

'J. ,., -

on the growth of roots supplied 

Growth Values 
Lateral Lateral I Fresh Wt. , Dry Wt. 
Number Length 

I 
(mg) (mg) 

(nun) 
I 

30.2±2.7 304.4±40 . 0 I 20.2±2.1 1.6 
17.7±2.9 138.3±lB.B I 17.7±2.7 1.8 
2S.4±2.2 240.0±11.4 lS.3±1.S 1.2 
19.1±1.9 \ 18B.0±21.6 i 21.9±1.3 I.S 
34.7±2.7 , 31B.S±26.5 21.1±1.6 1.6 
21.0±1.6 166.5±31.0 21.7±2.0 1.7 , 
2S.0±3.B 236.6±44.5 17.0±2.2 1.3 
27.7±2.6 346.l±47.0 32 7±2.0 2.4 
37.3±3.4 334.0±30.l 23.l±1.S 1.8 
22.2±2.1 I70.0±30.7 24.S±1.S 1.9 
4S.I±1.5 3S9.S±21.6 27.0±1.3 2.0 
26.1±1.6 12S7.0±2S.2 ' 30.6±1.1 2.4 

I 
1 25.7±1.B 45 S±3.3 . 337.S±2S.2 I 2.0 I 

30.9±4.9 : 29S.S±37.1 i 34.9±2.0 i 2.7 
I 

IS.S±1.3 136.0±17.S 
! 

13.2±0.7 I 1.1 
IS.S±l.S 74.0±11.3 19.6±0.6 I 1.6 
lS.3±2.2 134.S±27.6 14.1±I.S 1 .. 2 
22.6±2.6 82.4±lS.S 22.2±1.0 1.9 
16.0±1.4 lS0.S±2S.4 12.9±1.2 1.2 
IS.1±3.0 S4 . 0±12.S 20.4±2.0 1 . S 
21.6±2.2 201.S±21.6 ' lS.4±1.4 1.5 
22.1±1.S S7 . 5±13.3 23.1±1.4 1.9 
IS.9±2.1 124.S±14.4 12.7±1.1 I 1.2 
2S.S±2.S 104.5+17.1 24.2±1.9 I 2.0 
I6.S±I.7 120.S±11.S 13.3±0.3 I leI 
26.2±2.1 103.S±10.8 2S.4±1.3 

I 
1.9 

17.2±1.3 13So9±l907

1

13·S±l.O I 1.0 I 

20.0±3.7 ! 7S.0±7.3 23.3±2.1 
1 

1.6 



TABLE 8 0 The effect of varying the concentration of magnesium on the growth 259 

of roots supplied nitrate or aS12artate. 

Nitrogen Magnes Pass- li- Increase Lateral Lateral Fresh Dry Ini- n-

source sulphate age cate in Main number length Wt. Wt. tial al 

(N=39 ppm) concent- Noo No. axis (rom) (mg) (mg) pH 

ration length 

(rom) 
NaN03 x 1.0 S 

(1.46xlO- 4M) 1 9 l36.6±5.7 38.9±2.8 256.7±19.6 4.8 

2 8 l37.7±6.3 48.5±5.9 397.5±48.8 4.8 6.0 

x 5.0 S 

7.30xlO- 4M) 1 9 l6l.4±5.8 54.5±3.0 356.l±26.5 4.8 

2 9 l59.2±9.5 59.8±9.5 46l.7±35.4 4.8 6.0 

x 10 s 

(1.46xlO- 3 M) 1 9 170.2±4.5 69.3±3.2 43l.7±38.l 4.8 

2 9 175.9±9.2 75.4±6.3 548.3±13.0 4.8 6.1 

x 20 S 

Q 

(2.9 O"""M) 1 9 l79.7±4.1 61.8±3.6 421.l±32.0 4.8 

2 8 186.5±5.8 76.9±4.2 545.0±61.8 62.5±4.6 5 4.8 6.2 



TABLE 8. (cont. ) 2 59 i j 

Nitrogen Magnesium Pass- Repli- Increase Lateral Lateral Fre Dry Fin-

source sulphate age cate Main number length Wt. Wt. ti 

(N=ppm) concentration No. No. axis (rom) (mg) (mg) pH pH 

length 

(rom) 

Aspartate 

x 1.0 S 

(1.46xlO- 4 M) 1 9 lOl.4±3.8 25.0±4.9 247.2±19.0 5.0 

2 9 129.8±3.3 44.1±1.1 266.1±14.3 5.0 5.3 

x 5.0 s 

(7.30xlO- 4 M) 1 9 137.4±6.9 39.3±1.3 382.8±30.7 5.0 

2 8 162.6±6.8 56.4±2.5 391.2±26.7 5.0 5.3 

x 10 S 

(1.46 -3M) 1 9 121.8±5.2 33.0±1.8 307.8±27.4 5.0 

2 9 165.2±8.6 53.1±1.8 421.1±31. 5 5<0 5.3 

x 20 S 

(2.92xl0 1 9 137.1±2.3 39.5±2.4 355.5±27.5 5.0 

2 9 186.3±4.2 67.7±2.2 544.4±4.2 53.6±2.5 4.7 5.0 5.3 



APPENDIX IVo 

Results of Analyses v Electrophoresis and 

Chrornatographyo 
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Table L Details of analysis of aspartate 

Growth Measurements 

Nit- Rep- Increase Lateral Lateral 
rogen li- in Main Number length 
Source cate Axis (rom) 

Noo Length 
(rom) 

NaN03 10 l39 0 2±8 04 4909±lo9 368 0 5±33 06 

Aspar- 10 92 0.7±304 l2 03±Oo7 l20 o O±16 0l 
tate 

NoDe = Not determined 

and nitrate 

Fresh Dry 
wto VJto 

(mg) (mg) 

NoDo 1050 

NoDe L2 

roots c 

Total Kjeldahl-N 

Treatment ReI N 
used detected 
(ml) (flg) 

N03 root 0<54 79041 
0 052 76 0 47 

,0 c 72 105088 
av=87 0 25 

Aspartate 0 0 49 72 0 05 
root 0026 36075 

0 0 27 39 0 70 
av=49050 

260 

N per 
mg Dry 
Wto (~g) 

5802 

4L2 



Extraction~ 120 roots eash of aspartate and nitrate treatments/100m1c 

rreatment 

Nitrate 
Exto Smle 

Aspartate 
Extc Smle 

N 
used detected 

(\1g) 

L28 188 0 22 
L28 188c22 
L24 

L09 
L09 
L09 160028 

Urea Oe68 100 
(N = 100ilg) Oc68 100 

N per mgo 
VIto 

Ilg) 

Treatment 

Nitrate 
Ext,l 

Aspartate 
Extu 

NH 4 Cl 
N= 30 \J g) 

Free NH'",-N 

OoDensity N 
detected 

()1g) 

02088 
00088 4 c OO 

0,078 
0,078 L59 

00218 30 0 25 = 

N per 
dry 

260 -

l'It c ( '\1 g ) 

0,22 

0 0 110 

100 0 8% Recovery 



amide~N 

(Conway) ~ 

o 408 
Extract o 408 

Aspartate OcOOl 0 0 204 
Extract OcOO 5 00306 

Glutamatine 

StdG 2 c;.:cg 
amide No 

Oc010 200 

of extract 
o solutionc 

c of hydrolysate set 
microdiffusion 

NH3 + 
gluta-
mine 5 
N per extracte 
5 mL 
extract 

6 0 12 4c12 
6c12 4012 

3006 
4 e59 

av ... 3 c 82 3 003 

N per Treatment 
mg e Dry 
Wtc 
( cfig) NH 

00458 
0 0 458 

00420 

Calibration of 
Nessler~s re 

N added OeDe 
(f-lg) 

10 00 0 052 
20 0 0 0 098 
30eO 0 148 
40 e O 00197 
50 e O 0 0 240 

250-iii 





NO "-N (Method of Nelson et aL 1954) 

Treatment 

ExL 
roL 

NaNO 
N= ilg 

25 
35 

Aspartate 
Extc, 
1 
+ 20 wg NO 

OnO 

0 0 038 
Or072 
On1 

0 053 

~N 

N-detected 
-~g) 

9 0 5 

19 0 0 

2S0-v 

5028 



Table 20 

ate 

NaND o 

10 
tate 

Is of analysis of aspartate and nitrate roots, 

Increase Lateral 
in Nurrtber 

Main Axis 
Length (mm) 

170"4±6.9 49 0 7±4 0 0 

130 0 9±4.1 29.4±.9 

Fresh 
Wt. 

(mg) 

Dry Treatment 
Wtc 
(mg) 

Nitrate 
Root 

290.0±13 2702±1.5 2.15 

He1 N 
used 
(m1) (llg) 

0.60 88c23 
0.70102,.93 
0.77 113.23 
0.90 132.34 

av=109.18 

o 50 
0.64 
o 76 
0.42 

av= 

73,52 
940 

1 76 
61.76 
85.29 

26 

N per mg 
Dry Wt 

( II g) 



Extraction: Nitrate: 120 roots x 120 ml, 
Aspartate: 100 roots x 100 ml~ 

Soluble Kjeldahl-N 

Treatment 

Nitrate 
Ext. 5 mI. 

Aspartate 
Ext~ 5 mI. 

HCl 
used 
(ml) 

1.39 
1.39 

1.20 
L18 

N-detected 
(119) 

204.4 
204.4 

176 5 
173.5 

75.0 

N per 
mg Dry 
wt. (11g) 

20.04 

16.3 

Treatment 0.0 

NH 4Cl 0.112 
N= 10 119 0.112 

Nitrate o. 
Ext~15mlc o. 

Aspartate 0.080 
Ext.15ml. 0.085 

Apparatus 0.065 
blank. 0.065 

Free NH4-N 

-N 
detected 

(1l9) 

11.22 

3.39 
4.48 

av=3 c 935 

14 

261- ii 

3% Rec. 

o. 6 

O. 2 



2 61-iii 

Glutamic Amide-N Calibration of Nessler's Reagent 

(Direct distillation) 

Treatment 0.0. NH3 + gluta- Arnide-N Treatment QoD. 
gluta- mine-N per mg. 
mine-N per 5 ml. Dry {,vt. NH4Cl 
detected Exto (~g) (~g) N = 10 l1g 0.048 
(~g) 20 0.092 * This value used 

Nitrate 00100 7.74 30 0.138 for calculations 
Ext.5ml. 0.105 8.83 40 0.185 

av=8 0 28 4.54 0044 50 0.235 

Aspartate 00090 5.56 4.25 0.395 
5rnl. 







Table 4, Ana1~sis of Nitrate, Ammonium and Glutamate Rootsc 

Growth Values 

Nitrogen Rep~ Increase Lateral Lateral Fresh Dry 
source licate in Main Number Length wt c wt, 

No, Axis (rom) (mg) (mg) 
Length 

(rom) 

NaN03 8 162 c 5±4,2 62 c 6±3,,7 526±8,2 35,.7±3 c 9 2,54 

NHI.!C1 8 82 0 0±6cl 26 c 6±206 163 c 1±2L5 15 c 2±L 7 1022 

8 80 c l±8,1 10 c 1±lo5 16,0±3,9 70 7±L 3 0,70 
mate 

Total Kjelda ht-N 

Treatment HC1 used N det-

Nitrate 
rod 

NH4 root 

Glutamate 
root 

L13 
L02 
L24 
0,89 

0 0 57 
0 41 
0082 
0,67 
0,36 

0,19 
0,33* 
0,33* 
0 0 33* 

) ected 
(jIg) 

166 0 17 
150,00 
182,34 
130,87 

av=157,34 

av= 

83,82 
60,29 

0,58 
98052 
82,35 
89,11 

27,94 
48,53 
48,53 

av=25,OO 
stion of two roots 

263 

1\1 
mgo 
f"lt c 

(lJg) 

6L9 

13 0 04 -



: Nitrate: 100 roots/100ml. 
NH;q. ~ 97 roots/l00mL 

Glutamate: 82 roots/70mle 

Soluble . eldahl ~N 

Treatment 

Nitrate 

Hel used 
(mle) 

L26 

N cetected 
(\l g) 

185.28 
Extract 5mLL27 186,75 

ave 186001 

NH4 Extract 063 239 0 69 
5 mL L64 24L16 

average 240.42 

Glutamate 0 0 35 5L47 
Extract 5ml 0 0 35 5L47 

average 5L47 

urea 
(N=100\lg) o c. 69 10L5 

N per mgo 
Dry Wt 

(~g) 

1406 

40 61 

12,55 

Free NH -N 4 

Treatment 

Nitrate 0,090 
Ext" 10 mL 0 0 088 

NH4 0,105 
ExL 10 mJ. c 0,108 

0,074 
Ext. 10 mL 0~078 

H s N detected 
( llg) 

5 0 6 
5 4 

av=5c5 

9 0 
9 06 

av=9 c 3 

2,,0 
3.0 

av=2 c 5 

263-ii 

N per mq 
I,Tt ( .~ cr 

0,22 



2 63 iii 

Glutamine Amide-N ( rect dis llation) Standardisation of Ne 

Treatment O,D, NH4 + de N NH CI-N O,D, 
Amide-N N mg Dry ( ~g) 
detected Llg ~~lt, ( 

(l1g) 

° 102 8,2 10 ° 050 

Ext, 5 0 OS 808 20 0,092 

av=8,50 5,75 0,453 30 0,137 
40 0,184 
50 0,229 

NH1+ Ext, 0,302 5L6 
5 ml, 0 288 48 c, 6 

av=50,1 45,45 7,68 

tamate 0,075 2,30 
Ext, 5 mL 0,077 2,74 

av= 2c52 L2 0 0 31 

amine std, 
(N= 30p 0,198 29,0 - 96,7% Recc,very 



Total Amide-N 

Treatment 

Nitrate 
Ext c 5 mL 

Glutamate 
Ext. 5 mI. 

QcDe FreeNHg 
+ amide-N 
detected 

( llg) 

0.083 14.04 
0.082 l3G83 

av=13.93 

00235 47.09 
0.244 53<04 

av=50006 

3.61 
3.61 

Total Amide-N 
amide-N per mg. 
detected Dry. NL 

(j..lg) ()lg) 

lL18 0.88 

46.34 9.78 

2.36 0.57 

263 iv 

a. -amino-N 

Treatment .OeDe NH4+ NH4+ a-amino a-amino-
total total N only 1'1 ner mq, 
1'1 per amino per 5 mlcDry. vTt~ 

0.4mL N per ()lg) ( 
(lJg) 5mle 

(llg) 
L-a~alanine 

tT=2 llg 0.lQ2 
3 00150* 
4 0.198 
5 0.250 

Nitrate 00124 
Ext. 
0.4 mL 0.124 2.48 3LOO 28.11 2.21 

NH4 Ext. 0 265 
0.4 mL 0.265 5.30 66.25 64.10 10.83 

Glutamate 
Ext. 
0.4 mle 0.027 Oe55 6.87 6.01 L46 

*This value used for calculations 



26 3 -v 

Soluble-U nitrate~N 

Treatment Hc1 N~ N03-N N03-N 
used detected detected per mCf, 

(f-I (fl Cf ) Dry wtc 
tfi g) 

Nitrate 
Ext, 2,5 mle 0,95 123052 30,51 4 80 

Apparatus 
blank Oell 

NaN03 3,48 495,4 
N=50 0 1lg 3,47 493 9 



26" 

Table 50 Roots grown in ammonium chloride and harYestedforextr'a'Ctio'na t 

different days after innoculation, 

Ini- Day pH of Number Final Number Increase Lat- Lat- Fresh 
tial of medium of Volume roots in Main eral eral Wto Wtc 
pH of Har- on day roots of Con- measured Axis ~lumber Length (mq ) (mg, ) 
Medium vest harvest extracted centrated Length (mme) 

extract (ml) (mm) 

7 0 0 0 7 0 0 5 20 .. 0 Ll ND 

7,0 3 605 50 0 4 10 33 0 8 3,,6 3.7 2,3 002 

7 0 0 5 6 0 2 15 Oc3 5 56 0 6 8 0 2 28 0 0 4 c 8 0 0 66 

7 0 0 7 5cl 9 002 4 90,,0 20,,0 98,,7 10.8 0.67 

N.D. = Not determined. 
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