
Μ. .λLA RO TI and I. SÜ D I

Instituto of Plant Physiology Loránd Eötvös University of Budapest

STUDIES OF ROOT GROWTH BY CULTIVATION OF ISOLATED PEA ROOTS

Steady and intensive formation of living and dead cell substances is 
necessary for continuous cell divisions in the apical meristems of roots. In 
the investigations described below we delt with the problem of how much 
the metabolic pattern of the meristematic cells is dependent on the synthetic 
activity o f other plant parts. The least undirect approach of this problem is 
the isolation of root tips and their further cultivation on nutrient media con
taining different organic substances.

Different investigators succeeded during the past fifteen years in poten
tially unlimited culture o f root tips of more than 25 plant species —  on culture 
media containing different minerals, sucrose and the B-vitamines thiamne, 
pyridoxino, and niacin [7]. It must be stressed, however, that the number 
of species growing not even on the most complex media is far greater (cf. 2). 
Moreover, as pointed out by Ihm [4], if  tbe roots of a plant species didn’t 
grow on a medium of the above simple composition, other, more complex 
media were also unsuccessful in every case described in the literature.

Only those species offer therefore an opportunity o f thorough study, 
in which the possibility of cultivation of isolated root tips has been demon
strated. Garden pea (Pisum sativum L.) —  the object of our investigations —  
belongs to this group. The potentially unlimited culture —  with repeated 
passages —  of 10 mm long pea root tips was first described by Bonner [2]. 
Brown and Wightman [3) .working with the same material weren’t  contented 
with the knowledge o f the composition o f a medium that makes the con
tinuous cultivation of isolated root tips possible. They compared the growth 
of isolated roots under different conditions with that of roots of intact plants. 
The conclusions was drawn by them, that to a meristematic activity of normal 
intensity two great groups of metabolites are necessary. Substances belonging 
to the first group are formed in a sufficient quantity by the meristem itself, 
while metabolites of the second group are synthetised only in mature root 
tissues. Brown and Wightman [3] referred to special substances, to syntheses 
missing from the meristematic cells. But in our opinion the more recent 
investigations o f Torrey [12], and Reinhard [6] have shown, that every 
substance necessary for cell divisions is formed by the apical meristems them
selves, only the intensity of their formation is comparatively slow.

197



Garden pea, Pisum sativum L. was used in the experiments in the fol
lowing eight field varieties : Express, Alderman, Senator, Bountiful, Onward, 
Serpette, Caractaous, and Folger. Samples used were ,,superelite”  seeds.

After superficial sterilisation seeds were germinated for 48— 60 hours 
on destilled water in the dark, in thermostats at 25 ^  1° C. Root tips were 
isolated from seedlings of 15— 25 mm root length. The length of isolated root 
tips was generally 5 mm, but in some experiments '3 and 10 mm were also 
used. Roots were grown two at a time in 10 cm Petri dishes with 17 ml of 
nutrient media for 2— 5 weeks, without passages. Only in special cases were 
nutrient solutions changed or renewed during the experiments. The mineral 
solution of Bonner [2] was used with 4% saccharose, supplemented in some 
experiments with 0,1 mg thiamine, 0,1 mg pyricloxine and 0,5 mg niacin 
pro liter.

In order to registrate the changes in growth intensity, length of the 
main axis o f the individual roots was measured daily through the glass. Control 
measurements showed that this method is fairly reliable, since the difference 
was generally not greater than + 2  mm. Length and shape of growing roots 
has been obtained in some experiments daily by photoprinting. This procedure, 
though tiresome, resulted in some very interesting observations.

Numerous secondary roots developed during the experiments. Their 
development was followed with great care, but no relation was found between 
number and growth of secondary roots on one side, and growth in length of 
the main axis on the other —  in the same variety.

Results

Growth of isolated roots of the variety Express was studied in detail. 
In four separate experiments —  on the whole more than 200-isolated roots 
were daily measured for 2— 5 weeks. Length of the inocula has been varied 
between 3 and 10 mm, and the nutrient solution has been supplemented in 
some variants by the three B-vitamines mentioned above. The observations 
resulted in the following statements :

1. A considerable amount —  generally 50— 70 per cent —  of the isolated 
root tips doesn’t grow at all or grows only very slowly in the first few days 
after isolation. This phenomenon was found correlated with neither vitamine- 
content of the nutrient, nor with length of the inueula. Data obtained in one 
of the experiments (Exp. 12) are found in table I. It  can be seen, that the 
percentage amount of not growing roots differs more than 20% in the d if
ferent variants, but there are no general tendencies. Tiie same was observed 
in three further experiments. It was interesting, nevertheless, that frequently 
roots that were inactive for 4— 5 days —  maybe for 1— 2 weeks —  suddenly 
began to grow with a normal intensity.

2. The other 30— 50 per cent of isolated root tips has grown for 3·—4, 
possibly for 6 weeks, the individual roots differring greatly in this respect —  
even the two in the same Petri dish. The growth intensity of roots of this 
latter group showed the following general regularities :

a ) In the first few days after isolation growth is very limited, then it 
increases rapidly, and gaining a level of 10— 15 mm/24 hours its intensity

Materials and methods

198



remains unchanged for the following 10— 20 days (fig. 1.). Fluctuations in 
growth intensity of the individual roots were nevertheless always observed 
(table II.). Maximum, on the other hand, was never found, not even with roots 
growing from 3 mm inocula. Decreasing growth rate led always to the d if
ferentiation, maturation of the apical meristem itself.

T a b le  I

The effect o f 3 B-vitamines, and length o f the inocula on percentage amount o f  growing
roots in Exp. 12.

T a b le  I I

Length of the main axes (m m ) of roots growing from inocula 3, 5 and 10 mm in length, 
with vitamines (Exp. 11). Observations done in the first two weeks. Data refer to one repre

sentative root in each variant.

Without vitamines With vitamines

Observations 3 5 10 3 5 10

(length of inocula) (length of inocula)

N u m b e r  o f  ro o ts  g ro w in g  n ot ................................... 20 12 — 25 10 22

P e rc e n ta g e  a m ou n t o f  roo ts  g ro w in g  n o t .............. 72 07 00 47 58

N u m b e r  o f  g r o w in g  r o o ts ............................................... 10 0 13 IS 16

P e rc e n ta g e  a m ou n t o f  g r o w in g  roo ts  ................... 28 33 34 53 42

length of inocula Days after isolation
( m m )

1 2
* 4 5 6 7 8 9 10 11 12 13

3 3,5 3,5 4 54,5 6 7,5 9,5 12 _ 23 32 47 03 80

5 s 11 15 19 24 34 45 74 89 100 122 141

10 13 15 20 23 29 30 47 — 75 92 112 129 145

b ) There is some correlation between duration of the initial lag period 
and length of the inocula, hut mainly to the effect that rapid increase in growth 
rate takes place at 30— 40 mm root length (table II.).

3. The three B-vitamines mentioned above don’t influence the growth 
rate of roots growing from inocula of different length (fig. 1.).

Growth of isolated roots of further 7 pea varieties has been also studied 
but in these experiments length of inocula hasn’t been varied. In two separate 
experiments 100— 100 root tips were isolated with a uniform length of 5 mm 
and grown on nutrient solutions without (Exp. 14) or with (Exp. 15) the above 
B-vitamines. Significant effect of the vitamines has been observed with none 
of the varieties, so the summarized results o f only the last-named experiment 
are presented (table III ).  The following main statements based on these in
vestigations might be read off from this table :

1. The duration of the initial lag period attains the length of that ob
served with the variety Express only in the variety Caractacus. The other 
varieties —  and especially Onward —  grow intensively even in the first days 
after isolation.
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Explanation : Growth rate o f isolated root tips o f  pea on nutrients with (C) and without 
(A ) vitamines (Exp. 13). Absc : days öfter isolation ; oixl : daily growth in length o f

the main axis (mm) 24- hours.
Л )  mean values of daily increase in length for the same 14 roots growing for at least 21 days ; (!) mean values tot-

32 roots, as above.

Tabic H I
Comparison of different varieties of garden pea in one experiment on a nutrient with vitamines

(Exp. 15.)

2. Maturation of the cells of the apical meristem comes about at d if
ferent times with different varieties. Apices of Aldermann were active for 
only 10 days, but· with the variety Serpette the average period of activity 
was about 30 days.

3. Variation in growth of isolated roots, comparable to that observed 
in the variety Express, was only found in Caractacus (and to some extent
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in Bountiful). In the other five  varieties roots growing not at all were only 
rarely found, and the duration o f growth was much more uniform.

Discussion

The experimental results briefly outlined above, supported by the lite
rature of recent years, put the question of metabolic independence of apical 
pea root meristems in the following light :

In the apical meristems of at least some pea varieties every synthesis 
takes place that are necessary for continuous cell divisions. But in different 
varieties different amount o f mature root tissues is necessary for normal 
growth. It  may be assumed, that in root tips without this necessary amount 
of mature tissues —  i. e. in roots shorter than a definite lenght —  growth is 
limited by unsatisfying synthesis of some substances (cf. 3, 6).

On the other hand, it is nearly certain, that the maturation of apical 
meristems isn’t caused by deficiencies of the nutrient. Street and coworkers 
in papers published in 1954 [8, 9, 10, 14] raised first the question, whether 
it might not he caused by troubles in the auxin-household set o ff by isolation 
of the root from the common growth-regulation of the whole plant. Based on 
their experiments with antiauxins [8, 9], the assumption was made that the 
„rhythm” —  observed also by White [13] in the growth o f isolated tomato 
roots —  is caused by superoptimal auxin concentrations.

In our experiments conducted with the pea variety Express, no relation 
was found between number and length o f secondary roots and growth in 
length of the main axis (cf. Boll, 1.). Nevertheless it seems very probable, 
that maturation of the apical meristem of the main axis is the result o f some 
internal factors even in the case o f pea roots, and not caused by inade
quacies of the nutrient. This is supported by the observations described 
above, namely, [1] that growth of the main axes of two roots in the same 
Petri-dishes ceased only occasionally at the same time, and [2] that root growth 
was undiminished in preliminary experiments by inoculating nutrients that 
were previously used for growing roots.

Troubles in the auxin-regulation and the slow exhaustion of substances 
originally present in the inocula are two possible internal factors responsible 
for maturing of meristematic cells. In our opinion the former possibility has 
been overestimated by the literature from the early forties on [2, 13 etc.]. This 
factor may not be regarded as the operating factor in our investigations, 
where some roots attained a length of more than 400 mm in 5— 6 weeks, 
and growth of the apical meristem could be maintained by passages for further 
two months. But the other possibility, the auxin theory of Street is very 
remarkable, and merits further investigations by which it might be extended 
to explain the described behaviour of isolated pea roots.

Finally the observation, that a considerable amount of root tips of two 
varieties didn’t grow at all after isolation, deserves further consideration. 
This phenomenon is described in most papers dealing with the cultivation of 
root tips isolated directly from seedlings (e. g. 12, 13). Naylorand Rappaport [5] 
investigating the nutrient requirements of 3 pea varieties have tried to give 
a new explanation for this. According to the most important conclusion 
drawn from their experiments, growth of the individual inocula may depend
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on adaptation of certain enzymes in every case when only part of the isolated 
root tips are growing on a nutrient. Consequently the observat ion, that 50—  
70% of the isolated root tips of the varieties Express and Caractacus didn’t 
grow on the nutrients applied, might be explained by their requirements 
of even other substances (maybe of amino acids) for continuous growth. Root 
tips growing on the nutrient might do so after enzyme-adaptation or, even 
more properly, after considerable increase in activity of certain enzymes. 
Root tips growing not, on the other hand, might be regarded as unsuccessful 
in this adaptation. The hypothesis of Naylor and Rappaport is strongly sup
ported by the observation made in the present investigations, that the initial 
lag period is prolonged in the varieties showing the above phenomenon, since 
enzyme-adaptation is generally a time-consuming process.

On the other hand if  growth of the isolated root tips is preconditioned 
on certain nutrients by enzyme-adaptation, then these nutrients don’t contain 
all the metabolites which were continuously supplied to the adequate part 
of the intact plant. So in our opinion further investigations with the varieties 
Express and Caractacus are needed, to establish the full list of metabolites, 
obtained as such from other plant parts by the root tip of intact plants. We 
assume, that the nutrient solution o f Bonner (used in these experiments) 
supplemented with adequate organic substances, would allow the cultivation 
of 100% of the isolated root tips of these latter pea varieties.

SUMMARY

Isolated root tips o f  pea were cultivated on sterile media in order to identify 
the metabolites, not synthetisod by the meristematie colls o f  root apices, and obtained 
from  other plant parts by adequate tissues o f  intact plants.

Remarkable differences were observed among the eight varieties o f  pea used in 
the experiments, but —  at least in some o f  the varieties —  the apical meristem supple
mented by different quantities o f  mature root tissues represents a system that makes 
posible growth o f normal intensity on a nutrient containing only sucrose and mine
rals. Smaller root tips, i. e. those containing insufficient amount o f  mature tissues, 
are growing a fter isolation with diminished growth rate during an initial lag period. 
A fter atta ing a definite length growth rate o f isolated roots does not change more 
untili meristematie a c tiv ity  ceases in the apices. This latter phenomenon, the natu- 
ration o f meristematie cells is sought to  be explained by troubles in auxin regulation. 
In  two varieties more than half o f the isolated root tips did not grow at all on nut
rients used in the experiments. I t  is supposed, that root growth in these varieties is 
preconditioned by enzyme adaptation a fter isolation. I f  this is right, the root tip  o f 
intact plants o f these varieties has to receive some —  yet unidentified —  metabolites 
from  other plant parts.
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