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Abstract.  The following paper deals with the character of endogenous auxins and gibberollin- 
like substances in the maize tassel and ear primordia during differentiation. Using bioassay the 
character of substances extracted from tassel prlmordia, internodos below the tassel, ear pri- 
mordia and stem base was determined and correlated with the course of morphogenesis and 
differentiation. A low level of auxins and a high content ofgibberellin-liko substances accompanies 
the differentiation of terminal tassel. The differentiation of an ear is associated with an increment 
in auxin content  while the level of gibberellin-liko substances decreases. The character of grow th 
substances in primordia remains practically unchanged in the course of further differentiation. 
The inhibitions appear in the plant and probably star t  numerous morphological reductions in the 
pistillate inflorescence structure or inhibit the growth of lateral primordia on the stem etc. The 
t rea tment  of plants with maleic hydrazide at  the beginning of tassel differentiation shifts the 
normal levels of endogenous regulators and brings about the transformation of tassel primordia 
into an ear. This transformation is accompanied by a marked rise in gibberollin-liko substances, 
by an increment in auxins and the appearance of inhibitors. 

The coordination of all the processes and the harmonic step by step develop- 
ment in the morphogenesis of plant organs is quite a puzzling phenomenon. 
We do not understand the mechanisms governing cell division and ontogene- 
tical development at the moment. The problem lies evidently in the difficulty 
of characterizing the ]evels of organization where the processes are taking place 
(ZuBAY 1964). Morphogenesis may be considered as a result of many bioche- 
mical processes anchored in the genetical backround of the plant. HESLOP- 
HAR~SO~ (1964) points out that the level of growth regulators in the mer- 
istem before differentiation influences the pattern of further development. 
In our previous work (SLADK~ 1966) we paid attention to the role played 
by substances of auxin character in the differentiation of tassel and ear pri- 
mordia. The aim of our present work was to study the link between endo- 
genous auxins and gibberellins and some morphogenetical and differentiation 
processes in maize. We were also interested in the role played by these sub- 
stances in the induction of abnormalities. 
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Material and Methods 

The single hybrid  of maize (WIt  • W9) was used in the experiments. In 
the years 1965 to 1967 plants were grown in the field from the beginning of 
May to the end of September. The auxins and gibberellin-like substances 
were determined in the tassel primordia(1), in the internodes below the tass- 
el (2), in ear primordia (3) and in the internodes at the stem base (4). The 
first series of experiments was carried out  with plants 35 4- 3 days old with 
terminal tassel primordia 1.5 cm. long and the  phase of the beginning of stam- 
inate floret differentiation. Plants 49 ~ 3 days old were used for the second 
series of experiments. In  these plants the ear primordia in the middle of the 
stem were 1.5 cm. long and they  reached the phase of the beginning of pistil- 
late floret differentiation. The changes in growth substance content after 
0-1 per cent maleie hydrazide t rea tment  were determined in plants 49 4-3 days 
old. When repeating the experiments special at tention was paid to use the 
primordia not  only of the same age bu t  also of the same developmental  phase. 

Peroxide-free ether was used for extraction according to BENTLEY and 
HOUSLEY (1954) and KEFFO~D (1955). The original method was modified in 
some details. 10 g fresh weight of excised primordia were homogenized and 
extracted three times with 100 ml cooled ether. The combined extracts were 
concentrated and the residue dissolved in 1.5 ml ethanol. 0.5 ml was applied 
to Whatmann  No. 1 paper and a mixture of isopropanol-ammonia-water 
(8 : 1 : 1) used for chromatography.  1.0 and 0.1 ppm solutions of IAA were 
used as a standard. Chromatograms were divided into ten zones and eluted 
using 3 per cent sucrose. Oat (Arena sativa L.) cv. ~esk~ ~lut~ was em- 
ployed for coleoptile segment bioassay. The segment's elongation was ex- 
pressed in histograms as percentage of control elongation. Each histogram 
represents the mean value of at  least three experiments with 3.3 g primordia 
fresh weight. 

Gibberellin-like substances were determined in 2 g fresh weight of appro- 
priate organs using TLC technique according to SEmaD~.B, GBoss and 
SCHBv.mER (1962). The volume of extracts was reduced by  evaporation of 
methanol the residue dissolved in 0.5 ml ethylacetate  and 0.3 ml applied on 
silicagel G (Merck) thin layer. Gibberellie acid of Polish origin (Gibreskol) 
in concentration 0-1 and 1-0 ppm was used as a standard.  Chromatograms 
were developed in solvent system chloroform-ethylacetate-ice acetic acid 
(60 : 40 : 5) and the gibberellin-like act ivi ty of different zones examined b y  
lettuce hypocotyl  bioassay (cv. Stupick~ Kamens The results of the ana- 
lysis are expressed in histograms as a percentage of control elongation. Each  
histogram represents the  mean value of at  least three experiments with 2 g 
fresh weight. 

Plants were sprayed with 0.1 per cent maleie hydrazide prior to differen- 
tiation of s taminate spikelets in the tassel primordia. The t rea tment  was 
repeated after six days. The course of morphogenesis and differentiation was 
followed simultaneously with the changes in growth regulators level. The 
photograph represents differentiation of an ear and the numbers  indicate 
regions of sampling for endogenous regulator extraction. 
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Results 

The character of auxins and gibberellin-like substances at the beginning 
of spikelet and floret differentiation in a tassel is represented in Fig. 1. The 
upper histograms present data  on auxin bioassay, the lower ones on gibberel- 
lin bioassay. 

The beginning of terminal tassel differentiation is associated with low auxin 
level (1). In the  internodes below the tassel (2) there are regions of st imulative 

Fig. 1. Character of endogenous regulators in maize primordia prior to differentiation of stami- 
nate  florets of the tassel. The histograms on the left side above represent auxins, the  
histograms below gibberellin-liko substances in tassel primordia (1), in internodes below 
tassel (2), in ear primordia in the middle par t  of the stem (3) and a t  the stem base (4). 
The effect of 1.0 and 0.1 ppm of appropriate standard is indicated on the ordinate. 
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as well as inhibitive character especially at R f  0.2, 0.9 and 1.0. Ear primordia 
(3) contain substances of st imulative nature. R f  0-5 and 0.6 correspond to IAA 
in a concentration higher than 1 mg/1. There is only low auxin act ivi ty at  the 
stem base (4). 

The lower histograms represent results on gibberellin-like substance esti- 
mation. As shown in histogram 1, the highest level of gibberellin was found in 
the tassel primordia. The act ivi ty at R f  0.3 and 0-4 corresponds to the effect 
of approximately 0.1 mg/1 GAs. There are zones of st imulative character even 
at the start  and in the front of a chromatogram. The internodes below the 
tassel (2) contain no substances causing lettuce hypocotyl  elongation. The ear 
primordia (3) contain less substances of st imulative character than tassel 
pr]mordia. Substances from stem base (4) are exclusively of inhibitive char- 
acter. 

Fig. 2 shows the result of analyses done 14 days later, at the time of spikelet 
and f[oret differentiation in the ears. There exists a certain correspondence 
with the previous results, the inhibitions being more pronounced. 

The level of auxins in the tassel primordia (1) remains practically unchan- 
ged. In the internodes below the tassel (2) quite a marked inhibition appears 
at R f  0.2, 0.4 and 0.5. The auxins in ear primordia (3) even increased. The 
auxin effect is quite clear-cut at Rf  0.5 and 0.6 where the stimulation corre- 
sponds to an IAA concentration of 6.5 mg IAA/10 g fresh weight of ear pri- 
mordia. Slight inhibition at R f  0.2 appeared. The situation at the stem 
base (4) remains practically unchanged. 

The lower histograms again represent gibberellin-like substances. In the 
tassel (1) the stimulation at R f  0.1 and 0-4 is accompanied by  pronounced 
inhibition at R f  0-6. There is a rise in inhibitions even in the  internodes below 
the tassel (2), at R f  0-1 and especially at 0.5 to 0-7. In  ear primordia (3) the 
gibberellin-like substances tend to decrease and zones with inhibitive char- 
acter appear. At the stem base (4) the inhibitions are less marked in compa- 
rison with the previous situation, neverthless one half of R f  zones re~ eal an 
inhibitive character. 

The changes in endogenous regulator level caused by  two maleie hydrazide 
t reatments  prior to terminal tassel differentiation are shown in Fig. 3. I t  fol- 
lows from histograms, tha t  the t rea tment  brought  about  many  fundamental  
changes. Inhibitions appear in the tassel primordia and a slight increment in 
auxins may  be observed. There is a drop in inhibitions in the internodes below 
the tassel (2). The content of substances with stimulative character in ear 
primordia (3) decreases and new inhibitive regions appear. At the  stem base (4) 
zones of stimulative and inhibitive character interchange along the whole 
chromatogram. The comparison with Fig. 2 shows clearly the destructive 
effect of maleic hydrazide on the normal level of endogenous substances with 
auxin character. 

In the lower histogram the effect of maleic hydrazide on the level of  
gibberellin-like substances is shown. The effect is even more pronounced than 
in the previous case and a general increment in substances of st imulative 
character may  be observed. The highest values were found for tassel primordia 
where zone 1 surpasses the act ivi ty of 1 mg/1 GAs. R f  0.3 and 0-4 correspond 
approximately to the effect of 0.1 mg/1 GAs. There is an increased st imulative 
act ivi ty even in the internodes below the tassel (2) and in ear primordia (3} 
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Fig.  2. Charac te r  of  endogenous  regu la to r s  in maize  p r imord i a  14 days  a f te r  first  d e t e r m i n a -  
t ion  i.e. a t  t h e  t i me  of  ear  p is t i l la te  florets d i f ferent ia t ion.  The  d a t a  are  p r e s e n t e d  in  t h e  
s a m e  w a y  as in Fig. I. T he  p h a s e  of  d e v e l o p m e n t  is charac te r i zed  b y  a p h o t o g r a p h  
of  a ma ize  p l an t  w i t h  d i f fe ren t ia ted  tasse l  a n d  pis t i l la te  f lorets  of  t h e  ear  in  t h e  course  
o f  d i f ferent ia t ion .  

where already some inhibitions may be found. There was no inhibition in the 
samples from the stem base as in the previous cases by control plants. 

From the morphological point of view maleic hydrazide brought about the 
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Fig. 3. Treatment  with 0-1 per cent maleic hydrazido causes changes in the level of endogenous 
auxins (above) and gibberellin-like substances (below) in differentiating tassel pri- 
mordia (1), in internodes below the tassel (2), in ears in the middle part  of the stem (3) 
and at  the base of the stem (4). The photograph shows transformation of the tassel 
in pistillate ear. 

feminization of tassel florets and even the tassel primordia were transformed 
into a typical ear (Fig. 2). The appropriate treatment with maleic hydrazide 
elongates internodes below the tassel and causes uniform growth of several 
ears on the stem. 
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Discussion 

The results indicate that  a high degree of specialization in the structure of 
maize organs is based on a perfectly developed system, with auxins, gibber- 
ellin-like substances and inhibitors playing an important  role. The method 
of bioassay used for evaluation of chromatographic zones enables us to char- 
acterize endogenous substances and yields data  for elucidation of the pat tern 
of different primordia differentiation. No definite conclusions may be drawn 
in respect to possible interaction between substances with stimulative and 
inhibitive character and of free and bound forms of growth substances as 
conceived by LIBBERT (1954). 

The results indicate tha t  the level of growth regulators is rather constant  
during the whole course cf differentiation. We found tha t  a differentiation of 
pistillate inflorescence is accompanied by a higher auxin level which is in 
accordance with our previous data  ( S L A D K Y  ~ 1966) and those of CONRAD and 
~Y[OTHES (1961), who have found 30 times more auxins in pistillate than  in 
staminate hemp plants. 

There is a rise in inhibitions during maize primordia differentiation. Nothing 
definitive can be said about the character of these inhibitions. The difficulty 
lies, in the first place, in a lack of adequate methods and no standards for 
comparison are available. I t  seems tha t  the inhibitors play a role at  least of 
similar importance to tha t  of stimulators. According to I-I~SLOP-I-IARRmO~r 
(1964) the feminization of maize tassel florets by short day is accompanied 
rather by inhibitor accumulations, than  by increment of native auxins level. 
GALUN (1959), on the other hand, ascribes a limiting role to auxins in the 
differentiation of cucumber inflorescence primordia. I-[e came to the conclu- 
sion tha t  an addition of IAA to the cultivating medium aids the carpel devel- 
opment and inhibits the growth of stamens. In intact  cucumber plants gibber- 
ellin acts in a way opposite to auxins and inhibits the development of pistil- 
late flowers by the simultaneous enhancement of staminate primordia growth. 

I:)ILET'S (1961) view on the synergic effect of gibberellic acid and auxin, 
which is often cited in the literature, is probably more valid for growth than  
for differentiation. The relation between auxin and gibberellin seems to be 
rather antagonistic in our experiments. Low auxin level and high gibberellin 
content is associated with tassel differentiation and the reverse is true for 
ear differentiation. 

The appropriate t reatment  with maleic hydrazide brings about alteration 
in the level of endogenous regulators and changes the morphological struc- 
ture. I t  seem tha t  the shifts in growth regulator levels are related to morpho- 
logical changes in a way similar to tha t  in previous eases. This kind of data  
may be considered as a further indication of a link between endogenous 
regulators and differentiation processes. In accordance with TELTSCHEROVJ~'S 
findings (1968) we may say tha t  the determination of growth substance level 
relations is a more important  indicator of differentiation than the determi- 
uation of individual substance concentration. 
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P~edlo~enA prAce s leduje  c h a r a k t e r  endogenn i ch  1Atek a u x i n o v 6  a gibcrelov6 p o v a h y  v zAkla- 
dech  orghnfl  kuku~ice bS hem diferenciace praw l a ty  a pes t ikov6 pal!co. B io log ick~m tes to-  
vg~nim byl  zj i~fov~n c h a r a k t e r  ox t r ahovan : @ h  ls  ze z~kladfl  l a ty ,  in tornodi i  pod  la tou,  zhk lad6  
palie a baze  s t6bla  a jo u v h d ~ n  do v z t a h u  s p r f lb~hem morfogonezo a diforonciace.  Nizkh  h l a d i n a  
aux in f l  a vysok:~ obsah  1htek giberelov6 p o v a h y  provhzl  diferenciaci  t e rminh ln [  praw l~ty.  
Diferenciace  pes t ikov6  pal!co je cha rak te r i sovgma z v : ~ c n i m  o b s a h u  l~tek a u x i n o v 6  p o v a h y  a sni- 
~enim h l a d i n y  giberelinfl.  V pr f lb6hu dal~i d i ferenciace  sc c h a r a k t e r  1Atek v z~kladech p o d s t a t n 8  
nem~ni .  DochAzi k narf ls tAni inhibic  v rostl inS, k ter6  p ravd6podobn6  zavhd i  ~adu morfo log iek~ch  
redukc i  ve  s t avb6  pes t ikov6ho  kv~ tens tv i ,  nebo  inh ibu j i  rflst  la terAlnich z~kladfl  n a  st6ble aped .  
Post~ik ros t l in  m a l e i n h y d r a z i d e m  n a  po6s  kv6 tnf  diferenciace l a t y  poru~f pf-irozenou h l a d i n u  
regul~torf l  v rost l in6 a vyvolA p i ' em6nu  zhkladfl  pra~nikov6 l a ty  v pos t i kovou  palicL Motamor foza  
je p rovhzena  p o d s t a t n ~ m  z v : ~ e n i m  1Atek giborelov6 p o v a h y ,  s t o u p n u t i m  h l ad iny  auxinf~ a v)~- 
s k y t e m  1Atek inhibi6ni  p o v a h y .  
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pal{Tepa B 3a~flTi{ax OpFaHOB t~y~cypyam no npe.~m ;[n(~(l)cpentilifl[iml Me're~t;li It Hoq~lT|{i/. 
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CTOBblX BeHIe('TR ('OOTHO('IITC}[ C ~[op~orene3o.~ n ;ln~(Depenm~al~Hefi. tluut<~i~ y p o n e n b  
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IIOBI)IllI(~HI.teM BOII[OCTB a y ~ c n H o n o r o  xapa~r n n o H i ~ e n H e M  ypOnHa FII550pe.TIHHOU. Be 
BpeM~ noc:fe;ty~3~iefi ;Hi~)~)e[)(~Hl[tial]~HH X~t[)~/KTPp BeHiPCTB B OFHOBHOM cyII[e('TB(~HHO lie 
H3MettHt~T('/I. B pa('TenllH yt'liJIflIOT('H IIHFII()IIIIII|I, l<()T()pl,IC ~epo~iTnO BBO~HT pa;[  MOp~)O- 
dlOI~Hq('('KHX pO~t.VIO[Ii~l B ('TpOPIIHII IIoqa311~l l l : I i l  I[()~[~tB.'fHIOT pOeT 6()t~OBb~X 8OqaT[(OB II~! 
cTe67[e H T U[. ()[lpl,lCl<iiBaatle pacTennf i  -MaJIennr[Utpa3HAo~t B n a u a ~ e  ~Ir 
I[BeTN()B xm'!'e:~KH n a p y m a e w  eCTeCTI~eHHmfI ypoBenb  peFy~qFiTOpOB B pacTeHnn ]~ Bbl3hlBa'eT 
n p e B p a m e u n e  3aqaTKOR MeTP:ll/II B ll()q~/TOlr ('()HpoB()H~aeTC/I cylKeCTBeHltl~M 
HOBBIIIIPHITeM ypont l f I  BeHIeCTB l'iI(~Sepe.qnH()Bo!'o xapau~Tepa, I[OBI,IIlIPHIIeM yp()Btl/I ~lyli('I4llOB 
11 IIOHBJIeHHPM III[I'|I~HTOpOB. 


