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Abstract. Root formation in the etiolated pea stem sections and inhibition of this process is 
described in the present paper. Sodium fluoride, iodoacetic acid, norvaline, phenyl-serine, 
5-bromuracil and 2-thiouracil did not inhibit the root formation completely. Complete inhibition, 
however, was observed after treatment of pea stem sections by kinetin, ethionine and chloram- 
phenicol (5 • 10 -5 ~, 1 • 10 -2 M, and 1 • 10 -2 M 16 hours after sectioning). The concentration of 
kinetin which produced complete inhibition of root formation simultaneously stimulated the 
growth of the lateral buds. 

Root formation under the conditions described below can be divided into two stages. The 
first stage 64 hours from the beginning of the experiment, the second stage 64 hours later. Further, 
the first stage includes the formation of the meristematie cells in the pericycle areas. In  the 
second stage are included the growth of roots and differentiation of root-tissues. Roots were 
formed, first of all, in the short vertical region of the sections near to the basal buds. Secondary 
xylem formation was also observed during the cultivation of the sections. This process was 
stimulated by kinetin. 

R o o t  f o r m a t i o n  in  t h e  p e a  s t e m  s e c t i o n s  o f  p l a n t s  is  a c o n d i t i o n  o f  o r g a n  
r e g e n e r a t i o n ,  i n c l u d i n g  t h e  p r o c e s s  o f  d i f f e r e n t i a t i o n  o f  ce l l s  a n d  t i s s u e s .  
S u c h  s t e m  s e c t i o n s  d u r i n g  t h e  p r o c e s s  o f  d i f f e r e n t i a t i o n  m a y  b e  u s e f u l  fo r  
t h e  s t u d i e s  o f  r e l a t i o n s h i p  b e t w e e n  s t r u c t u r a l  d i f f e r e n t i a t i o n  a n d  m e t a b o l i s m .  

A s u i t a b l e  e x p e r i m e n t a l  d e s i g n  fo r  s u c h  w o r k  h a s  t o  s a t i s f y  a t  l e a s t  t h e  
f o l l o w i n g  d e m a n d s :  

1. C u l t i v a t i o n  o f  e x p e r i m e n t a l  m a t e r i a l  in  su f f i c i e n t  s ca l e  u n d e r  s t a n d a r d  
c o n d i t i o n s .  

2. C o n t r o l  o f  t h e  r o o t  f o r m a t i o n  b y  spec i f ic  m e a n s  w i t h  t h e  p o s s i b i l i t y  t o  
c o m p l e t e l y  i n h i b i t  t h i s  p r o c e s s .  

3. D i a g n o s i s  o f  t h e  b e g i n n i n g  o f  r o o t  f o r m a t i o n  a t  t h e  a n a t o m i c a l  l e v e l  
in  t h e  v e r y  e a r l y  s t a g e s .  

4, A s u i t a b l e  r a t i o  b e t w e e n  d i f f e r e n t i a t e d  a n d  n o n - d i f f e r e n t i a t e d  cel ls  a n d  
e v e n t u a l l y  c lose  l o c a l i z a t i o n  o f  t h e  p r o c e s s  o f  d i f f e r e n t i a t i o n .  

* Addre~8: Praha 6--Dejvice, Flemingovo ns 2. 
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I t  is necessary to know for the further experimental work the root  develop- 
ment  at  various intervals of time under s tandard conditions of cultivation. 

The object  of this s tudy  was (1) to find out the chemicals inhibiting com- 
pletely the root formation, (2) to s tudy  the development  of roots and its 
inhibition at the anatomical level as dependent  on time. 

The root  formation in the second node region of the pea stem sections 
was studied by  SOROKIN et al. (1962). Extensive root  formation which they  
observed was completely inhibited by  kinetin. Their result is in full agree- 
ment  with the works by  SKOOG and ~V[ILLER (1957), HUMPttRIES (1960) 
and KOBLITZ (1961). Many other chemicals are also able to inhibit the root 
formation. Some of them were used in the present experiments,  such as 
ethionine, chloramphenicol, 2-thiouracil, 5-bromuracil etc. The inhibition 
effect of higher ethionine concentrations on root formation was described 
by  LOWTER and BOLL (1960). Inhibition of root formation b y  chloram- 
phenicol has not  been reported so far, but  has thought  to be responsible for 
the inhibition of protein biosynthesis (WEBSTER 1957, JACO~Y and SUT- 
CLIFFE 1962). I t  was expected by  the present author tha t  the root  formation 
is limited after the t rea tment  of pea stem sections by  chloramphenicol. The 
inhibition of root  formation by  2-thiouracil was reported in Tradescantia 
(ttSHN 1954, 1955), sunflower and pea (HELICHAR 1964) stem sections. 
WOODSTOCK and BROWN (1963) found that  2-thiouracil st imulates the root  
elongation and inhibits cell division. The effect of 5-bromuracil is, however, 
more complicated. This uracil derivate in low concentrations promotes the 
growth of plants (~oRMovA 1961), cell division in the root tips of onion and 
root  formation in the pea and sunflower stem sections (M~LICHAR 1964}. 
Higher concentrations of 5-bromuracil have opposite effects on the growth 
processes (FUJII 1963). 

The development of roots under specific experimental  conditions as de- 
pendent  on time has not  been reported, although valuable information in 
this field are presented in the work of SOROKIN et al. (1962). 

Material and Methods 

The seeds of pea (Pisum sativum L., ev. "Lincoln") were partially ster- 
ilised in 70% ethanol solution for 3 min., washed and soaked in distilled 
water  for twelve hours. Swelled seeds were sowed on the cellulose wool 
saturated by  half concentrated Knop 's  solution containing 1 p.p.m. CuSO 4 
as antiseptic. The seeds were covered by  clean 1 cm thick sand. Peas were 
grown in a 26~ dark room. Stem sections were cut  from eight days old 
plants by  serving the parts below and above the first and second nodes 
(Fig. 1). The basal sides of sections with buds were submerged into 2 % 
sucrose solution in phosphate buffer (pI-I 5.6, 0.3 M) along with the chemical 
substances which were thought  to effect root formation. After sixteen-hours 
of incubation period in the dark at 26 ~ C, the sections were rinsed b y  dis- 
tilled water and cult ivated in the vertical position by  the basal side on the 
cellulose wool sa turated by  distilled water  containing 1 p.p.m. CuSO 4 as 
antiseptic. All operations involving sections were carried out  in a weak 
green light. After ten days of  cultivation in the dark at 26 ~ C, the number  
of  roots per one section was calculated. Each experiment  was repeated trice 
with for ty sections in each group. 
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The development of root  formation and its inhibition by  kinetin, ethionine, 
chloramphenicol and other chemicals were observed in additional experi- 
ments. The internodial s tem sections (without apical and basal buds) sec- 
t ioned from the first internode were also used in this work. The cultivation 
of pea and pea stem sections, as well as the application of chemical sub- 
stances, were the same as described above. The basal parts  of sections were 
removed for fixation (in the FAA solution) at  the subsequent  inCervals 
from the beginning of the experiment,  i.e. 0, 16, 40, 64, 88, 136, 184 and 
232 hours. These intervals were chosen with respect to the possibility of 
distinguishing the first anatomical indications of differentiation, the period 
of differentiation of cells and the period of growth of the newly-formed 
roots. The fixed material was dried in ter t . -butyl  alcohol and transferred 
into paraffin. Both  transverse and longitudal sections cea. 7 ~t thick, were 
stained b y  alciane violet and b y  Ehrlich's hematoxiline according to the 
method described by  OeATR~s at al. (1964). Photographs were made on 
35 mm camera film Agfa-Isopan FF.  The sections from the most extensive 
root  formation region (from 0 to 2 mm below the basal bud) t reated with 
various chemicals were recorded. 

Results and Diseussion 

I n h i b i t i o n  o f  r o o t  f o r m a t i o n .  Kinetin in concentration 
5 X 10 -5 M, ethionine and chloramphenicol in concentration 1 X 10-zM 
completely inhibit the root formation in pea stem sections (Table 1). Other 
chemical substances were also tested. Some of them partially inhibited the 
root formation. The t rea tment  of sections by  solutions of the following sub- 
stances was found to be significant (5% confidence limit): sodium fluoride 

Table 1 

Inh ib i t ion  of the root  fo rmat ion  by  kinetin, ethionine and chloramphenicol  

Concen- 
t ra t ion  

M 

0 
1 • 10 -s 
1 x 10  -7  
l X I 0  - e  
5 X 1 0  s 
1, x 10 -4 
1 x 10 -3, 
1 x 10  - z  

Kineti~ 

N u m b e r  of  
roots  per  Inhib i t ion  

one section ~ 
~=~s~ 

3.23 • 0.22 
1-76 :t: 0.18 45.5 
1-02 • 0.16 68.4 
0-76 :~: 0.05 76.5 
0-00 100.0 

Ethionine  Chloram )henicol 

N u m b e r  of  
roots  per Inh ib i t ion  

one section % 
~•  

3.30 J: 0.12 -- 

1.62 :j: 0.15 50-9 
0.32 :[: 0.11 90.3 
0.00 100.0 

N u m b e r  of  
roots  per  

one section 
~ -r- Sx 

3.60 =t: 0.O5 

1.50 =]: 0.11 
0.00 

Inh ib i t ion  
% 

m 

58.3 
100.0 

1 X 10-aM: 56-6%, iodoacetic acid 1 x 10-4~a: 65"6%, norvaline 1 x 
X 10 -2 M: 50.8%, thienylalanine 1 X 10 -2 M: 87.3%, phenyl-serine 1 X 
X 10 -2 M: 94.9%, 5-bromuracil 1 x 10 -2 ~: 72.9%, 2-thiouracil 1 X 10 -2 M: 
64.8 %. The inhibition is expressed in percentage. 
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Kinetin, ethionine end chloramphenicol, which produced the complete 
inhibition of root formation, were used for inhibition effects in such experi- 
ments where the root development at various intervals of time were re- 
corded. Since kinetin also stimulates the growth of the lateral buds, as 
reported by WICKSON and T~I~rA~ (1958, 1960), this effect has already 
been checked by the present author (1965). 

D e v e l o p m e n t  o f  r o o t  f o r m a t i o n .  The root formation in 
the pea stem sections after the treatment of sucrose solution is shown in 
microphotographs (Figs. 2--6). The vascular tissue arrangement is similar 
to that  described by SOROKIN et al. (1962) in the second node region of the 
pea stem sections. 

The first indications of the root formation were observed 40 hours after 
the beginning of the experiment (after cutting). The foci of 2 to 8 cells were 
usually observed in each section in the pericycle region (Fig. 3). These cells 
contained big nucleus and their cytoplasma stained more by Ehrlich's 
hematoxyline. The loci were first formed in the pericycle region among the 
vascular bundles. Cell division and increase in the number of cell in the loci 
were observed during the next 24 hours of the experiment (Fig. 4). 
The loci formation was achieved at 64 hours and the roots were formed 
by their subsequent development. 

Clear indications of root growth were observed 88 hours after the be- 
ginning of the experiment. The organised root meristems were formed at 
that time, procambium differentiation started, new roots increased in volume 
and roots penetrated through the cortex (Fig. 5). The development of the roots 
continue by differentiation of procambium and by the gradual decomposi- 
tion of the stem sections (Fig. 6). The activation of cambium and formation 
of the secondary xylem also occurred at that time. 

Development of roots in the pea stem sections was similar to that de- 
scribed by SOl~OKI~ et al. (1962) who treated their sections by IAA. These 
authors did not record the root formation at various time-intervals. 

Treatment of the stem sections by kinetin (5 X 10 -5 M) prevented loci 
formation in the pericycle. The cambium was activated, resulting in the 
formation of the secondary xylem which formed several ring layers of cells. 
Secondary xylem was found to be very thick after 232 hours from the be- 
ginning of the experiment, as shown in Fig. 7. SOROKI~r et. al. (1962) ob- 
served similar inhibition of the root formation and activation of the cam- 
bium by kinetin in pea stem sections. The thickening of stem sections after 
treatment with kinetin, as observed by KATSU~I (1962) is, perhaps, due to 
the increase in the secondary xylem formation which has been frequently 
recorded in the present experiments. I t  is interesting to note that kinetin 
affects the inhibition of root formation as well as growth-stimulation of the 
adjacent bud, as reported by the present author (1965). The cause of this 
complicated phenomenon is due to kinetin, the interactions of kinin and 
auxin in various proportions in respect to the morphological differentiation 
of the plant tissue as explained by SKOOG and 1VIILLER (1957). Another 
explanation, as given by SOROKI~r and THIMAN~r (1964), is due to the effect 
of kinetin on xylem differentiation, resulting in the complete contact of the 
bud and the vascular bundles of the stem. 

Chloramphenicol (1 • 10 -3 M), like kinetin, prevented the formation of 
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the loci of meristematic cells in the pericycle region. Activity of meristems 
was not stopped completely. Progressive interfascieular cambium and thin 
layer secondary xylem formation was observed after 88 hours from the 
beginning of the experiment (Fig. 8). Secondary xylem formation is much 
less extensive with chloramphenicol treatment, than with kinetin treat- 
ment. I t  is quite possible that the effect of chloramphenicol decreases 
gradually after the treatment of sections. 

Ethionine (1 • 10 -3 M) also affected the root formation like chloram- 
phenicol. Light formation of secondary xylem was observed 88 hours from 
the beginning of the experiment in the chloramphenicol-treated sections 
(Fig. 9). 

The extensive cell division was also found in the basal side of the inter- 
nodial stem sections (Fig. 10). I t  is difficult to distinguish whether this process is 
the beginning of the root or calus formation. Differentiation of such cells 
ceases at this stage. Occurrence of cell division in section representing the 
basal area indicates the formation of calus. 

Pea stem sections seem to be convenient material for use in the studies 
of the root formation. The experimental arrangement, as described above, 
facilitates the control of the root formation. The root formation might be 
prevented by the treatment of the stem sections by kinetin, ethionine and 
chloramphenicol. The present experimental design is also convenient for 
the study of secondary xylem formation and the growth of buds after treat- 
ment with kinetin. 

The root formation passes two stages. The first stage, which is com- 
pleted after 64 hours from the beginning of the experiment, includes the 
differentiation of cells in the pericycle region resulting in the formation of 
foci of big cells. The second stage includes the root growth and root tissue 
differentiation. 

Further experiments in relation to the metabolism of the pea stem sec- 
tions during root formation and its inhibition are being carried out and will 
be reported soon. 
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Byla sledovs tvorba koSenfi v etiolovan:~ch fisecich hrachov:~ch stonkfi a jejl inhibice. 
Fluorid sodn~r, jodoctovs kyselina, norvalin, fenyl-serin, 5-bromuracil a 2-tiouracil neinhibovaly 
fipln6 tvorbu ko~enfl. I)plnA inhibice tvorby ko~enfl byla pozorovs po aplikaci kinetinu, etio- 
ninu a ehloramfenikolu (5 • 10 -~ ~, 1 • 10 -2 z~, 1 • 10 -~ ~ 16 hod. po od~ez~ni fisekfl). Koncentrace 
kinetinu pfisobici fiplnou inhibiei tvorby ko~enfl stimulovala rflst postrannleh pupenfl. 

Tvorbu ko~enfl za uveden:~ch podmlnek lze rozd61it na dr6 stadia. Prvni  -- 64 hod. od za6Atku 
pokusu, drub6 -- 64 hod. pozd6ji. V prvnlm stadiu so tvo~i meristematick6 bufiky v perieyklu. 
Vo druh6m stadiu rostou ko~eny a probihA differencisco ko~enov6ho pletiva. Nejprve se tvo~i 
ko~eny v krAtk6m vertik~lnim ps fiseku pobli~ bass pupene. P~i p~istovgmi fisekfl byla 
rovn6i~ pozorov~na tvorba druhotn6ho xyl6mu. Tento proces byl stimulovAn kinotinem. 

M. I~A~L~ItEI~, I/IHCTHTyT 3HcneplIMetlTaJit, Hol] 5OTattHIiH q C A H ,  I lpa ra  n BLxcma~ mKoJIa ce~b- 
cicero ~ ~ecHoro XOS~ficwBa, Mocy~, B ar~a~cK~fi yHHBepcHTeT: 06paaoBanHe ~opnefi B owpe3- 
Kax ropoxa H e re  noJlaBaenHe ~mleTHHOM, DTHOHHHOM H xaopaMcpenHgO~OM. ~ Biol. P l an t .  
9 : 8 6 - - 9 i ,  t967. 

B paSowe ~ccae~oBaaocs oSpaaoBaHHe i~opseii ~ ero HHrHSHpoBaHHe s DTHO3~HpoBaHH~aX 
ovpeaKax cTe6a~ ropoxa.  (I)Top~cw~fi HaTp~fi, fiohyKcycHa~I HHCaOTa, H o p B a s ~ ,  qbem~a- 
cep~s,  5-6poMypaas~ ~ 2-T~oypa1~s~ ne ~ R r ~ 6 ~ p o s a ~  nO~HOCTLtO o6pa3o~an~e ~op~efi. 
I-Io.n~oe n o ~ a s a e ~ e  HopHeoSpaaonan~n npH n p ~ M e n e ~  HtDIeTHHa, 3TI40ttHIta l~I xnop- 
aMq~eH~iCo~ia (5 • t0 -~ M, 1 • t0-* M, i • t0-* M, 16 ~acol~ noc~Ie BS~TH~ oTpeaKoB). 
I ~ o ~ e H T p a I ~  K~eT~ma, ~O~IH0CT~IO HoT(aB~mo~a~ ~opHeoSpa3oBaH~e, CT]~MyJ~HpoBa~Ia 
p0CT 60KOBMX n0ueH. 

I~op~eo6paaosa~He ~ ~aH~s~x y c a o e ~ i x  MOm~O pa3~e~T~ Ha ~se CTa~H. IIep~an - -  
64 ~aca oT ~a~aaa Ol]bITa, BTOpa~ - -  c~e~y~om~e 64 ~aca. B nep~ofi CTa~H o6pasymTcn 
MepHCTeMaTH~ec~e ~aeTHH B n e p ~ e .  Be BTop0fi cTa~r~r~ pacTyT I~opHH H npoHcxO~HT 
~ e p e ~ I a ~ I ~ a  ~ o p ~ e ~ x  Ti(aHeI]. Cnep~a 06pa3ylOTCH ROptlH B I~OpOTI~OI~ ~epT~Ka~HOfi 
ao~e oTpeaua B6aH3~ 6aaaa~nofi no,ram IIp~ n~pamHBa~n~ OTpe3~On TaK~e ~]a6~o~aaoc~, 
o S p a a o n a ~ e  BTOpI4'IHOI~ Hc~aeMS~. OTOT npmiccc CT~ya~ponaac~[ ~e~eT~uOM. 


