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Abstract .  The distribution of endogenous gibberellindike substances in individual organs of 
Zea may# L., ev. CE 250, plants was investigated during the transition from the veget, ative to 
the generative phase of development. The gradient of ~he content of gibberellin.like subsI,anees 
and. photoayathetie aGtivlt.y in leaf segments was followed in different parts of the 3eaves, a~ 
well as the changes in the content of gibberellin-like substances in ~eaf segment~ during an 
exposure in the light oaxd ii, the dark. The gradient of the content of endogenous gibberelJin-like 
substances in the leaves, in the stem amt in the spike is interpreted in terms of pr relation. 
ship of these compounds ~o the regulation of sink --- source. 

Growth regulators are thought to be specific compounds regulating plant 
growth processes. They a ~  generally assumed to be synthesized in one organ 
and transported to other sites in the plant, where they can activate the 
processes of organogenesis and growth (KEFELI 1974). Similarly, the geu- 
eration, distribution and accumulation of photosynthates occurs in plants 
in the course of plant growth, this being supposed to be one of the possible 
ways of regulation and control of photosynthetic activity in plants (MOKRO- 
Nosey 1973). For this reason, the role of plant growth rcgulators tia.s been 
recently considered in connection with the regulation of the transport of 
solutes in the plant. MOTHES {1964) has repoIeed that  auxins, gibberellins, 
cytokinins and naturally occurring inhibitors exert regulatory effects ou the 
flow of solutes and water. They either enhance or slow down the flow of 
nutrients to that  plant part in which they accumulate (fruits, seeds, tubers). 

The hypothesis on hormonal activation of the "sink" is further supported 
by the results of NSSBER(~.R and HUMPHICrES (1965), SETI~ and WARm_nO 
(1967) and WAREI~G and PATRICK (1975). 

This effect has also been demonstrated with exogenously a.pplied growth 
regulators (L]~PP and P]~EL 1970, POSXUTA et at. 1975). These and other 
papers have confirmed the influence of growth regulators on plant photo- 
synthetic activity and have drawn attention to the possibility of the trans- 
location of solutes between the source and the site of utilisation beirJg con- 
trolled by growth regulators (MARcELLE and O~E.n 1973, OSE.n and MAR- 
CELLE 1975, WARDLAW al/d MONCU~ 1976). 
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Continuing in {.he invest igat ion on the het.erogeneit.y in the eontt;nt of  
gibberellin-like subst.a.nees ill different plant  orga.ns found by tts irt winter  
whea.t. (JCREKOW( and I{.EPK_4. 19~3), we present  in this paper  the  results 
dealing with the  changes in the content  of  these snbstanees  in different, organs 
of maize plants  wit.h regard  to the  possibil i ty of these c.hanges beizlg con- 
nec ted  wit.h the process of forma | ion  and uti l isatien of phot.osynt.ha.tes in 
growing plaT~t organs. 

l la ler ia l  and Methods 

Maize (Zea..~ay, L. ev. CE 250) piants  served as the  exper imenta l  object .  
Pla.nts were grown in vege.t~t.iou vessels under  ,,atural. condit ions with suf- 
ficient, mineral nu t r l t ioa  and wat.er supply.  

fl/tlI II t}:SeS 

The anah,ses were ea.rried ottt ill t.he eeurse of the  vegeta l ion  period wi th  
speeial regard t.o the  t.ra.n~it.ion Dora the vegeta t ive  to [.he general.lye phase  
of deve lopment .  The eonten t  of  endogenous gibberellin-iike subs tances  was  
foIlowed.in individual  pla.nt organs (.i.e. in the  leaves, int.er.'mdes, spike a.nd 
panicle). The phot .osynthetie  rate was det.e,',nincd in different l e a f  par ts  
according to the  increment, in dry  ma t t e r  el' leaf segments  in a ro ta t ion  
exposure  device, after  5 h exposure a.t 22 ~ and irradlanee of 56 W m --2, t.he 
t ime of eXl)OSure i~. darkness  l.mlng also 5 h a.t 22 ~'(". " 

E x t r a e l i l u ,  :.:tnd l t e l e r t t t | n l ~ ] t h m  i~f l'~jtdo,ll,n"nmlns G[bltt,  re | l Jn t* l ike  ,~uhs lau iees  

Free gibberellin-!ike substa, nees were ex t rac ted  from acid e thy laee ta t e  
fraction.  Combined ext rac ts  were evapora ted  a.nd separat.ed ehro.mat.o- 
graphieal ly  on a. thin layer of ,.allea.gel. Bound  gibbercllln-llke subst.a~lees 
were de te rmiued  in hydro lysed  aql~em,s phase, o[' [.he remainder  left a.fter ~he 
ext.raetion of the, free forms. Aeeta.te ex t rac ts  were combined,  evapora. ted and 
separa ted  (J ~'l~m~ovX and l/.~:I,K~t 11t73). 

'.['he detec t ion of the  substa.nees was carried out  by  mea.ns of the  b ioassav 
aceordir~g l~ gn'~.~,_.Xi<LaX o and ~,.'At~:liS.r; (1960) as modified by  KnJeKLTLI,: and 
T ELu:SC~I.<.!a) v.((19f,3). 

l | e s tuRs  

(!onsiderabte qual i la l ive  and qua.nti tative differences e~'m be found in the 
c e n t e r [  of endogcnot~s gibberellin-like subst.auces be tween  t.hc individual  
plant  orga.ns ~t each stage of plant, deve lopment  a.s welt a.s ehanges in the  
eon*.ent, a.nd. t r ans format ion  of t.hese compounds .  Tha.t is confirmed b y  the 
da t a  on the content  of endogenous  gibberel l inqike snbs tanees  in vege ta t ive  
(leaYes a.nd st.em internodes) and generat ive  (panicle, spike) organs at. the  
st.al_~:e cd" tra.usition from t.he vege ta t ive  t.o [.he generat.ive phase. 

The analysis of the  eont.ent of  endogenous glbberellin-like subs tances  io the  
leave,~ (Fig. 1) sh.ows that. [.we gradients  of gibberellin content  a.re. formed at  
the  st.a.gc of nine leares  (a.t a t ime when no geucw.ttivc organs were )eg 
formed on the plants).  Lower  Ice, yes (3, 4, ,5) and the upper  leaf  contain a, low 
level. The leaves s i tua ted  in the middle (6, 7, 8) show a gibberell iu level 
raised by  100 to 150 0: 

. , . . " O  ' 

From the qual i ta t ive  point, of view, st imulato, 'y  substa.nees occurred  only 
in the  R f  region 0.1, the  other  regions, espeda l ly  I-Ii" 0.3 and 0.6- -0.9, being 
occupied b y  inhibi tory  substa.nees. The t rend in the  upper  leaf was the  
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:Fig. 1. ChaDges in t he  c o n t e n t  o f  free e n d o g e n o u s  gibberell in-l ike s u b s t a n c e s  in t he  leave~ L~ 
gl~e s t age  o f  the  f o r m a t i o n  of gen(wative organs .  Absc issa :  i-tf va lues  0 .1- - I . (L Ord ina te :  GA 
eonte~t [%]. 

opposite: eompound~ of stlmula.t.ory nature  were in the Rf  region 0.7--1.0, 
of  inhibitory nat.ure in the region 0.t--0.6.  The leaves rich in gibberellin-like 
substances (6, 7, 8) did not. contain any inhibitors. 

The gradient, of the eont.ent of gibberellin-like substances in t.he leaves 
changes in the subsequent period (21 July) ~hough ~he differences in the 
content, can again be observed. A loss of gibberellin-like substances occurs in 
the  8th and in t.he 9th leaf', with other leaves (10, 11) containing a large 
amount  of the i~tvest.igated substances. 

These t.rends cannot be expb~ined by changes in growth, because actively 
growing leaves were a.lways analysed in each investigated period as can be 
supported by the following comparison (Table 1): Tim fifth leaf increased its 
weight t.hree times, the sixth 2.8 times, the seventh 2.9 times and the eighth 
3.5 times, i t  ean be stated that. with approximately equal aem, nmlation of 
d r y  mat.ter, t.he level of gibberellin-like substanee:~ was decreased most in the 
�9 eig"hth leaf. 

T A . B ] ,  ~: [ 

Lncrem~,a: in dry  m a t t e r  in imJlvldual  leaves  in t he  course o f  the  investiga~.cd per iod 

D r y  m a t t e r  in g per  p l a n t  of  the  ]eat" Nr.  
Ana lys i s  5 6 7 8 9 10 l l  

l J u l y  6,410 0.590 0,6(19 0.480 0.230 0,080 0.035 
')1 J u l y  1.268 1.701) 1.813 1.703 7.51)I) 1.273 0.91~ 

A W  [g] 0.858 1.110 1.204 1.22'3 1.270 1,I93 ~k877 
~,u [I(,[ 30~.2 288.1 297.7 354.7 652.0 1591,0 2605,q) 
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The highest, increase in weight was found in the tenth and the eleventh 
leaf (16 times and 26 times respectively) and these ]eaves also contained 

]argo amount of gibbereilin-like substances. 
The leaves 8 to 13 were anMysed at the stage of spike formation (8 August). 

Among t.hese the eighth and the tenth leaf contain a low level and similarly 
�9 lso the thirtee,~th leaf. At the same time a high lcvel of gibbere]]in-tik~ 
substanccs occurs in the eleventh and in the twelfth lc~ff which is not :~c- 
companied by the presence of substances of inhibitory nature.  

~ 1 7 6  - i;2- 

21 July 6 August 

Fig. 2. Di~gr~mmat.ic rept 'e~entation of  t, ha values of total  cont.~mt [~/a] o f  gibber,.~llm.-like 
aubst~nccs in some maize organs befor~ (July 21} and  af ter  (A~]gusr.. 6) the  ~'orrnat.ion of  t h e  
spike. 

Such a predlvision and level changes do not confirm mmmbiguously tha t  
the dynamics in the content of the investigated substances is connected with 
growth processes of the given organ. For example the sixth and the seventh 
leaf had elevated levels of gibberelliu-like substances in comparison to the 
eighth and the ninth ieaf which were growing, bu t  the gibberellin level of  
which decreased and in which inhibitory substances also appeared. By 
contsast, vigorously growing leaves (10, I l l  contained a large amount  of  
gibberellin-like substances. The cause of the loss of gibbe,'etlin-like substances 
in the eighth and the ninth leaves is unknown. A eerta.in cxplana.tion is 
offered by the data, on changes in the content of gibberellin-like substances ir~ 
developing gtmera.tive orga.t~s. 

The spike w,~s formcd over the eighth leaf in the period between t J u i v  
~nd 6 August. I t  can therefore be assumed that  the clmngcs in the contempt, 
of the growth regulator in the 8tb ]caf are connected with this process. I f  we 
compare t.h(~ sum of the activities of all the positive gf ,  wc obtain the follow- 
ing pattern of the content of endogenous gibberellin-like substances, The 
eighth leaf coutained a high level ( 14=9 q"o) on 1 July.  'J2he pauiclo was formed 
on 27 Ju ly  and the content in the eighth leaf dropped to 14 %. The content 
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in the panMe wa.s 186~/o. After the formation of the spike (6 August.), the 
distriImt.ion of gibberellin-likc substances was as follows: the eighth leaf 
10~/~, t.he internode to which the spike is attached 231 ~/o and the spike 143%. 
These changes are represented schematically in Fig. 2. This cxample and 
further analyses lmw~ confirmed that  gibberellin-like substances disappea.r 
from the leaf behind which the spike is formed, with their content invreasing 
in the intcrnode and it~ the spike. Other leaves situated in the proximity of 
the sp~kc (9, 10) also have a low content of the investigated substa.nces, 
wherea,s the leaves situated higher on tl~e stem (11., 12) contain large anlount.s 
of these substances. This differentiation is not. directly connected ,Mtb 
decrea'.,ed physiological performance of the investigated leaves. This also 
foltows from the comparison of photosynthetic ac.tivity in segments of lea.f 
tissue with their content, of g[bberellin-like substances (Table 2). 

T~E 2 

Change,q .iLt the con ten t  o f  endogenous  gibberelli tMike substances  (GA) and  phot .osy~thetie 
~etivit.y uf the  loaves (PAl a t  the s tage of  spike fo rmat ion  

Det~ *.,f anMys/s Loaf  GA o,,/ojl t 'A ling dm -~ h - l ]  

1 Ju ly  6 125.6 7.5 
7 125.6 6.7 
8 149.0 6.i 

21 Ju ly  s 14.2 9.0 
9 t2.9 8.5 

lil I26.0 8.0 

8 August. 8 11},5 8,9 
9 34.7 8.7 

10 34,6 8.3 
11 166.9 9.1 

PA s.d. 0.05---(t.73 
().01--1.21 

The data indicate that  even when the leaf loses its gibberellin-Iike sub- 
sta.nccs, its activity does not diminish. The decrease in the content of t, hesc 
subst::t.m:,cs in assimilating tissue cannot be connected with the inhibition of 
the fmtc~ion ':source". To verit~ if the content of endogenous gibberellin-like 
subst~mces is connected with t.ho photosynthetic aet.ivitv in assimilat.ing 
tissue, u-e ana.Iysed a simpler modet -- the leaf. We starte~i from the know- 
ledge or, the photosynthetic heterogeneity of *.he leaf in its ba.sal and apicM 
pa:rts. When the leaf was divided into four eq~M parts and the content of 
gihbert-lIin-like sttbstances and photosynthetic ra.tc were determined in them, 
an interesting p~tte,'n of ~he investigated variables was ol)t.Mncd (Fig. 3a.). 
The re:~ult.s have shown that  the gradient of the content of gibberellin-likc 
~,ttbg{..au~.es has a decreasing trend from 1,he apical to the basa.1 part and does 
not fully conform with the FAS values. The data  present.ed bore indicate that  
considerable differences in the distribution or synthesis of growth regulators 
occur even in such an experimental ohjeet a.s a si~gle plant organ (i.~:. the 
leaf). The.. interprcta.tion of such a dist.libution is difficult.. The basM part of 
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the leaf is either the site of active lea.f growth, mr the site through which 
assimilates and growth regulators are transported to the internode. In  the 
first case, it should be the site of eonsmnption (sink) which should be mani- 
fested by a high content of gibberellin-like substances. To confirm this 
assumption, we analysed a. young growing leaf the basal part  of which was 
already fully deveioped. The di~tribut.ion of gibberellin-like substatmes 
(/rig. 3b) again confirmed that  the lowest content of the substances is in the 

P H O T O S Y N T H E T I C  RATE 
[mc j  d m  "2 I~-11 
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Fig. 3, The gradient, of *~ho eont, ene. of free endogenous  gibberellin-like sul0etanees and of phot, o- 
syn the t ic  rat, o in differen~ par~s of a mat,uze leaf(a)a ,nd the  grgdient  o f  the  eont, ent  of cndogencux 
gibberellin,tike substances  in different pa r t s  of a growing leaf (b). 

basal part, of the leaf, the highest, content being in the part  with m~pposedly 
the highest photosynthetic activity. It, is an example of a high eon~ent of 
gibberellin-like substances in the source aud of a low content of gibberellin- 
like substances in the sink. 

To elucidate'.better the possibilities of a direct relationship between the 
content of glbberellin-tike substances in the leaf tissue and its phot, osynt, hetie 
aet, ivits,' , we measured the content of the substances in leaf segments exposed 
to light (photosynthesizing) artd in leaf segments kept in darkness (without, 
photosynthesis). The results of one example of the measurement  are presented 
in the hist, ogram (Fig. 4). The experiment shows ttmt the content of gib- 
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berellin-like substances dcc,'cased after ~ 5 h exposure of leaf tissue to the 
light, mainly in the P~f region 0.4--I .0.  The measurement was repeated 
sevcral times with the resulting decreased content of the investiga.ted 
substa.nees in photosynthesizing segments t=o 43~ 33~ ~:md 14% in relative 
'~,alues. At the same time a.n increase ahv~vs occurred in gibberellin eontent 
in the segments kept for 5 h in the dark. 

�9 ,~ 140, 
}- 
z 

12o 
z 0 
0 lOO 

0 90  

.unexposed, exposed 
in l ight ~ $  

N s 

Fig.  4. (Jil*~ngcs in t he  eerl tent  o i ' cndogen tms  gibbci 'ell in.l ikc s u b s t a n c e s  in l ea f ' s egmen t s  exposed 
t.o l ight  or kep t  in darkness .  Abscissa,; IZf va lues  O.l-- . I ,0;  Ord ina te :  GA eontem. [%].  

The Joss of gibbc,'cllin conteut in photosynthesizing tissue is more con- 
nected with the chlo:'oplast fraf:tion of the leaf, which follows from the 
anMvsis of gibbc.rclhn content of leaf homogena.tes obtained during chloro- 
pla.st, isolation (Table 3). The chloroplasts were isolated fro,n leaf segments 
beibre and atter a. 5 h exposure t.o light. 

The dat.a given in the t,a.ble show tha t  if photosynthesis takes place together 
wit.h rcstrict.ed transport  of the .photosyntllatcs, considerable qua.lira.rive 
stru(.t.ura.1 changes in the t"ra.ct.ions with gibbcrcllin-likc activity occ.ur. The 
level of O'cc substances decreases and the level of hound forms increases. The 
ehloropla.sts are eharacteristie with the lowest loss of the fl'ee and wit.h t.he 
largest enrichment with bom]d, forms of gibbereliin-like subst=ances. 

TAI~Lt; :~ 

Tho eont, en t  of free gnd bouP, d endogenous  gibbem!l]in-like ,,.~ubstanees ((]A) in leaf  homogenat .ee 
a n d  in I,he chiorophc~ts 

Con ten t  of  free GA Con ten t  of  b o u n d  GA 

br aftel '  boil}re a f te r  
exposure  exposure  

l~otlgh cellulose fmg~nents  84.90 ] ] .00 11,40 50.80 

Sed imen t  a f te r  3 rain 
oentr~t'ttgation 20, ] 0 g. 6{) - -  11.80 

ehloropbLst, f f a e t h m  #3,90 50.80 75.40 183.70 

Discussion 

The results presented in this paper raise some questions about  the func- 
tional role of gibberellins in the regulation of plant growth processes and 
abou~ the relationship between their content and the processes taking place 
in tile very source of photosynthates.  
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I f  any place at. which a.ssimilates are deposited is considered to he a sink 
(BEsv~:as 1969), t.l~en a growing leaf produces photosynt.hates for itself and 
also .tk~r other plant parts. Photosynthates  are first used a.t the site of pro- 
dueti~m and no speeia.t mechanism determining the direction of t ransport  to 
the site el  utilisat.ion is necessary. From this point of view it. is, however, very 
difficult to explain the large gradien~ in the content of gibbere|llu-iike 
substa.nees in different pa.rts of the leaf. The other aspect of hormot_,al re- 
arrangement of tim leaf can be connected with the moment when the leaf 
starts to produce photosynthates  predominantly for oti~er plant parts. The 
loss of gibberellin-like substances may he a signal for this moment.  ()n the 
other hand, the aecumulation of growth regulators could form. a eoncentratioa 
gradient which could direct the flow of photosynthates  to the giwm place. 
The mechanism of this emmeetion is not clear. A growth regulator can 
activate a growth centre, st imulate at tractive activit.v for photosynthates  in 
competition with other plant, parts, increase the mot)ilisafion ability of the 
sink, etc. (WAI~EISC, and PATgmK 1975). In this ease it. is possible to speak 
of the movement  of photosynthates  directly into plant parts with high 
concentration of growth regulators and thus of growth regulator eontrolled 
transport.  The distribution of gibberellin-like substances in ~he leaf, internode 
and in the spike indicates such a function also for gibberellin-like sub- 
s t u n  ees~ 

The high content, of gibberellin-like substances in the upper leaves can 
prove from this point, of view that. the leaves themselves are still a sink. I t  is 
not  clear, however, if a high content of these substances in the leaf only 
secures a high growth act ivi ty of the leaf or if the leaf is also a producer for 
other organs. However,  is it possible to consider the leaf t.o be a source of 
gibberetlin synthesis without any regard ~o its function as phot.osynttaate 
produeer~ The transformation of the free forms into the bound ones, when 
leaf tissues are exposed and transport  does not take place, testifies agMnst, 
this assumption. On an intact  plant, photosynthesizing leaves with high and 
low gibberellin content can be found (leaf 8 and l0 on 21 July, or leaf 8 and 
1 1 on fi August.). That  means that  the given leaf is a.n active producer of 
both. the growth regulator and photosynthetic products. I t  can be assumed 
that. the given leaf saturaees the requirements of gibberellins in the internode 
and. in the spike for the maintenance of a concentration level necessary for 
the activity of the growth centre. 

The content of gibberellin-like substances in the chloroplast fraction is 
a speeiat problem. S~ODDAICT (1968) draws attention to it and the possibility 
of gibbet~llin synthesis taking place in the chloroplasts (S~oDDART 1969). 
I~Alal'O~- and W_~R~I~'G (1973) confirmed that  short-day t reatment  rcsutted 
in a decrease in gibberellin content in the chloroplasts. Fur ther  ehicida.tion 

�9 of  the possibility of the synthesis of these substan.ees oecm'ring in the chloro- 
plasts and the synthesis being connected with photosynthetic a.ctivity of the 
chloroplast would bring nea.rer an understanding of the functional bonding 
of gibberellins in the regulatory mecha.nism determining the source -- sink 
relati(,nship. 
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