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Abstract: After the decapitation and amputation of one cotyledon in germinating pea seedlings, 
the axillary bud of the amputated cotyledon always grows and the growth of the axillary bud 
of the remaining cotyledon is inhibited. Before morphological differences appear between the 
axillary bud of the amputated and preserved cotyledon, a higher endogenous gibberellin content 
can be demonstrated chromatographically in the axillary bud of the amputated cotyledon. 
This indicates that the increased growth of the axillary bud of the amputated cotyledon is in 
connection with an earlier increase in the activation of endogenous gibberellins. 

Germinat ing  pea seedlings wi th  their  hypogeous  cotyledons r ichly supplied 
with nut r ien ts  are a good exper imenta l  and  morphological  objec t  for  the  s tudy  
of  correlations. The most  no t ewor thy  is the  correlat ion be tween the  coty ledon 
and its axi l lary bud. I f  the  epicotyl  is a m p u t a t e d  in germinat ing pea  seedlings 
cul t iva ted  in the dark,  bo th  axi l lary buds usual ly grow equally,  b u t  if  one 
cotyledon is ampu ta t ed  together  with the epicotyl,  the  axi l lary bud  of  this 
coty ledon always grows more rapidly  af ter  a certain t ime (DOST~L 1908). 
Dosts wi th  great  foresight repor ted  this correlation in the  paper  quoted  
a t  the beginning of  this century ,  in connect ion with the probable  existence 
of  inh ib i tory  substances in the  cotyledon.  The  purpose of  the  present  work 
was to  discover i f  there  is a relat ionship between the  inhibi tory  effect of  the  
cotyledon and  the  endogenous gibberellin level in the  axi l lary bud  of  the  
cotyledon.  

Mater ia l  a n d  M e t h o d s  

The exper iments  were carried out  wi th  the pea, P i s u m  sa t i vum L. va r i e ty  
Raman .  The  seeds were soaked in wate r  for 24 hours  and then  placed radical  
downwards  in moist  sawdust  for 4 days  a t  l abora to ry  t empera tu re  in the  dark.  
T h e y  were then  t ransfer red  to glass flasks filled wi th  mains wate r  and  covered 

*Address: Zem~d~lsks 1, Brno' 

194 



INTERACTION OF ENDOGENOUS GIBBERELLINS 195 

with a perforated lid through which the roots were placed, and cultivated 
further in the dark. 5 - -6  days after soaking the seeds the epicotyl and one 
cotyledon were amputated.  48--72 hours later the activity of endogenous 
gibberillins was determined in the axillary bud of the amputated cotyledon 
and that  of the remaining cotyledon, separately. 20 plants in which the axillary 
buds were still of equal size were selected for the analysis. The axillary buds 
were carefully excised using a lens and razor blade and then thoroughly 
homogenized with sand in a mortar and extracted for 24 hours in 25 ml. 
methanol at 5 ~ C. The extract was then filtered and evaporated to dryness 
using a water pump at 40 ~ C. The residue was dissolved in 0.5 ml. ethylacetate 
and separated by  thin layer chromatography. Glass plates of 8 • 14 cm. were 
used. A thin layer of Silikagel G was placed on the plate using the method 
of Stahl, so that  2 g. of Silikagel mixed with 5 ml. of distilled water was used 
for one plate. 0-3 ml. extract was placed on each plate at the start in the form 
of a narrow band 3 cm. long. A drop of the Polish preparation Gibreskol, 
produced by  Polfa in Kutna,  production series No. 630511, dissolved in ethanol 
was used as standard and placed at  the edge of the plate. I t  contains gibberellin 
A 3 with a small admixture of A r The front of the chromatogram was always 
denoted 10 cm. above the start  by  a transverse groove. A mixture of chloro- 
form, ethylacetate and glacial acetic acid 80 : 20 : 5 (SEMBDNER ct al. 1962) 
was used as solvent. They were developed in "a tightly closed tank for about  
15 minutes. The plates were then dried at laboratory temperature in a steam 
of air for 12 hours. Then the part  of the plates corresponding to the extract 
was divided from the start  to the front into 10 bands 1 cm. wide in accordance 
with the R f  values. These parts of the chromatogram were evaluated biologic- 
ally in germinating lettuce plants, variety Stupick)~ Kamens (FRANKLA:ND 
and WAREI~G 1961 using the modification of KREKULE and TELTSCHEROV/t~). 
The silikagel was scrapped off from each cm-wide band of the plate using 
a razor blade, into a small Petri  dish with 3 ml. of distilled water. The Silikagel 
was carefully but  thoroughly mixed with the water and then 12 equally sized 
germinating lettuce seeds were placed in the dish on filter paper. The let tuce 
were cultivated for 72 hours with continuous fluorescent lamp illumination 
at laboratory temperature, after which the length of the hypocotyl was meas- 
ured. Every experiment was repeated a number of times. The part  of the 
chromatogram corresponding to the standard Gibreskol was detected chemi- 
cally by  spraying with a mixture of ethanol and concentrated sulphuric acid 8 : 2 
and after drying determining the position of the spot in ultraviolet light. 
The spot always appeared at R f  0.1--0.2. Later, preparations of pure gib- 
berellins were used to confirm that  the spot corresponding to Gibreskol is 
concordant with gibberellin A I and A 3. 

Results 

Fig. 1 gives a typical example of the chromatograms obtained. The endo- 
genous gibberellin content in the axillary bud 48 ~ hours after amputation of 
the cotyledon can be seen in the figure, sub A, 1) for the axillary buds of the 
remaining cotyledon and s u b  1, 2) for the axillary bud of the amputated 
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cotyledon. The analysis was always repeated 3--4  times. The curves of Fig. 1, 
however, are typical examples of results obtained and not  averages from 
a number of experiments. This is because a fluctuation between R f  0.3--1.0 
developed during repeated analysis for which no regular trend could be de- 
~rmined.  However, the strongly stimulating action of extracts from the 
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Fig. 1. Examples of separation of endogenous gibberellins from the axillary buds of the cotyledon 
of the pea on chromatograms, x Rf, y increment in length of hypocotyls of lettuce in %. 
Control denoted by horizontal line. 
A. Analysis of axillary buds 48 hours after amputation of one cotyledon. 
B. Analysis of axillary buds 72 hours after amputation of one cotyledon. 
1. Bud from axil of remaining cotyledon. 
2. Bud from axil of amputated cotyledon. 

axillary buds of the amputated cotyledons appearing between R f  0.1--0.2, 
i.e. R f  corresponding to gibberellin A 1 and A a was always displayed. The 
extract  f rom the axillary bud of the remaining cotyledon did not show this 
stimulating effect. The above differences were even greater when the analysis was 
made 72 hours after the amputation of t h e  cotyledon and shown on Fig. 1. 
sub B. In  this case too striking differences between R f  0-1--0.2 occurred on 
repetition. Fluctuation appeared on repetition here between R f  0.3--1-0 but  
there was in general a typical increasing trend of inhibition under the influence 
of the remaining cotyledon. 

Diseuss ion  

The inhibitory effect of the pea cotyledon on the growth of the axillary 
bud was first reported in relation to growth substances, when after decapitation 
of the seedlings both cotyledons were decreased in size to a half by  a perpen- 
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dicular cut and a source of natural auxin, such as synthetic indolylacetic acid 
placed on the cut surface of one cotyledon (WANKA 1929, PLCH 1936, DOSTkL 
1939). In this case inhibition of the axillary bud of the cotyledon on which 
indolylacetic acid was placed always occurred. According to this, that growth 
substance, whose relation to inhibition is indisputable, can imitate the inhibi- 
tory effect of the cotyledon. On the other hand, gibberellin applied to the plant 
externally can weaken this inhibitory effect of the cotyledon. This is suggested 
by an experiment in which the epicotyl and one cotyledon were amputated 
and gibberellin paste then painted directly on the petiole of the remaining 
cotyledon. In this case the inhibitory effect of the cotyledon is weakened, so 
that in most plants the axillary bud grows in the axil of the remaining cotyledon 
as well as in that of the amputated cotyledon (DoST~L 1960), I t  is evident 
that the growth-substance character of the correlation between cotyledons 
and axillary buds has previously been studied by the exogenous application 
of growth substances. The results presented in this paper are the first attempt 
to explain this correlation from the aspect of the endogenous level of growth 
substances. The author is of the opinion that the determination of this level 
may contribute to explaining the cause of the correlation between cotyledons 
and their axillary buds. He starts from the fact that at the time of the analysis 
of growth substances both axillary buds (of the amputated cotyledon and the 
remaining cotyledon) are still morphologically the same, since too small a time 
period had elapsed from the amputation of the cotyledon to the analysis for 
differences in the cotyledons to be displayed morphologically. However, 
biochemical processes are taking place in both cotyledons which later always 
determine the inhibition of one of them. The author is trying to explain these 
processes. The present work clearly shows that 48 hours after amputation 
of the cotyledon there is a marked increase in the gibberellin level in the tissue 
of the axillary bud of the amputated cotyledon. 

Aeknowled9ment 
I wish to t h an k  Dr. Lola Teltsehcrovh, Ing. J a n  Krekule and Dr. Milan Kuts (all of them 

from the Ins t i tu te  of Exper imental  Botany,  Czechoslovak Academy of Sciences, Prague) for valu- 
able suggestions about the  methods used in the work. 

References 

DOST~L, 1~.: Korela6ni vz t ahy  u klifnich rostlin Papilionaeei. [Correlation relationships in germin- 
at ing plants  of P a p i l i o n a c e a e .  - -  Rozpr. ~es. akad., tL II ,  17 : 1--44, 1908. 

DOSTs 1~.: ~ b e r  die Ausl6sung der Korrelation zwischen den Kotylaren  yon P i s u m  s a c r u m .  - -  

Ber. dtsch, bet. Ges., 57 : 204--230, 1939. 
DOSThL, R.: Weitere morphologisehe Wuchsstoffversuche an Pisum- und  Linum-Keimlingen.  -- 

Acta  acad. scient. ~echosl. bas. Brunensis,  32 :425 - -471 ,  1960. 
FRANKL.~ND, B., WAgEI~rG, P. F.: Effect of gibberellic acid on hypocotyl  growth of lettuce 

seedlings. -- Nature  185 : 255--256, 1961. 
KREKUT.E, J., TELTSCHE]~OV.~, L.: ~ b e r  den Gehalt an  auxin- und  gibberellin~hnliehen Stoffen 

bei jarowisierten und  nicht  jarowisierten Embryonen  von Sommer- und  Winterweizen, -- 
Biol. Plant .  5 : 252--257, 1963. 

PLea,  B.: ~ber  den Einfluss einiger Phytohormone auf  die Korrelat ionswirkung der Keimbl~t ter  
bei P i s u m  s a t i v u m .  - -  Beih. Bet.  Cbl. 55 : 358--415, 1936. 

SE~DNER, G., GROSS, R., SC~RErBER, K.: Die Diinnschichtchromatographie yon Gibberel- 
linen. -- Experientia 18 : 584--585, 1962. 



198 J .  ~EB~xNEK 

WA~KA;:J,: O Vlivu koleoptill ovsa na korelace u rostlin. [The influence of the oats eoleoptilos 
on correlation in plants]. Diss., Vys. w zv6rol6k., Brno 1929. 

d. ~ I ~ K ,  Ka~edra fyziologie rostlin Vysok6 hkoly zem6d61sk6 v Brn6: I n t e r a k e e  e n d o g e n n i e h  
~liberelint~ ~ v k o r e l a e l  m e z l  d / ! lohami  a k o t y l ~ r y  u h r a e h u  (Pta'um sattvum L.) .  Biol. Plant. 7 : 
194--198, 1965. 

l~o: dekapitaci a amputaei jedn6 ditlohy na kliSnieh rostlin&ch hrachu vyrSst~ v~idy axil~r 
am~utovan6 d61ohy a zadr~i rfist axil&ru d61ohy poneehan6. JeSt6 ne~ se objevi morfologick~ 
rozdil mezl k0tyl&rom v d~labi d61ohy poneehan6 a amputovan6, ji~ se d~ chronmtograficky 
dokhzat vy~i~i obsah endogennich (nativnich) giberelinfl v kotyl~ru z d~ilabi d61ohy amputovan6. 
Z toho vysVit&, ~o siln6j~t ! roar kotylhru v xi~ilabi amputovan6 d61ohy souvisi s p~edeh&z0jici 
siln6jlti akfivaci nativnich giberelinfi. 

H. IHE]~AnEI(, I(aq~e~pa On311OJIornn pacTeHnfi Bl~cmefi ceJibci~oxo3~cTBennofl mtr 
~p~O: 'BaauMo~eficTmle aH~orennblx rn6ffaepea~unoa n roppe~aRnH M e ~ y  ceMR~OaaMH 
n KOVHae~HaMH y ropoxa (PL~am satzvum L.) ~ Biol.  Plant .  7: 19~-- t98,  1965. 

IIoc~-le ~teuanaTai~nu n a~nyTatmn oanofi C e M ~ O ~  Ha npopacTammnx pacTeHa~X ropoxa 
aeer~a npopacTacT aucn:Iup aMnyTnpoBannofi ceMfl~o:m a TOpMOaHTC~t pOCT aucH~apa 
oe~a~ICnHofi ceMfl~OJIH. Et~e ~o Tore, r a n  nponBnTca Mop~o~ornuecroe paa~rmne Merely 
aKcm~flp0.~[ B naayxe OCTaB~eHHO~ n asmyTHpOBaHnOfi ceMn~O~n, VOaMOmnO xpOMaTO- 
rPa~nuecrn  ~o~r nonumeHnoe co~epmanne an~orennux (naTnanux) rH65epeminnoa 
a no~ir naayxa aMnyT~poBaHaofi ce~H~Io~m Ha aToro a~rre~aeT, qTo 5o~ee HHTeHc~aHHfi 
pocT noqIr n naayxe aMnyTnpoaaunofi ceMa;~o,a~ canaan c npe~niecTay~ouiefi 5o~ee cnabno~ 
anvnBalIuefi HaTHBIH,IX r~55epe.~HnOa. 


