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A b s t r a c t .  The endogenous auxin-like substances were analyzed in the shoot extracts of young 
spinach seedlings, exposed to photoperiodic induction. At  least eight indole auxins were found. 
O n e  of them was identified as t ryptophan,  the other one is most probably IAA. The plants 
grown in long days had a higher level of ether soluble auxins than the controls in short days. 
Separate extractions of plants after each of the eight inductive days showed tha t  the auxin 
content  was not constant, but  subjected to irregular oscillations. However, parallel oscillations 
w e r e  also found in control plants grown in short days. Staminate plants were found to contain 
m o r e  endogenous auxins than the pistillate ones. I t  is concluded that  the quantitative changes 
in auxins during the photoperiodic induction are probably not related to flowering, but  to some 
o t h e r  growth process, common to all plants in that  phase of growth. The higher level of auxins 
in staminate plants may be the cause of their faster elongation before the onset of flowering. 

Spinach is a genotypically determined dioecious plant, with an obligate 
long-day requirement for flowering. The qualitative response to the adequate 
photoperiods and a relatively long induction period make this plant a good 
object for studying the endogenous hormonal factors involved in flowering 
and sex determination. I t  is well-known that auxins have a major role in the 
growth of vegetative plant organs, .in the correlative phenomena and dif- 
ferentiation. Since the photoperiodie induction brings about the changes in 
the growth rate and differentiation pattern of the shoot apex, one could 
expect to find also some changes in the levels of auxins during the same 
period. The present paper describes the results of an investigation of en- 
dogenous auxin-like substances, obtained by extraction after each of the 
inductive long days. 

Endogenous auxins of spinach have not been studied ex~ensively so far. 
WILDMAN and BON~ER (1947) found no free auxins in the stem extracts and 
studied only the so-called "bound" auxins. The conversion of tryptophan 

* Most results of this paper were presented at  the Internat ional  Conference on Natural  
P lant  Growth Substances, 1972, Libliee, Czechoslovakia. 

** Address:  Takovska 43, 110 00 Beograd, Yugoslavia. 
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to auxin was studied in spinach by WILDMAN et al. (1947). They found that 
oxygen was required for the mechanism of tryptophan conversion to auxin, 
and that  an intermediate compound containing a carbonyl group was formed 
during the conversion. The experiment suggested that indole-3-pyruvic acid 
may be the keto intermediate formed and that IAA might be then final 
product. 

Material and Methods 

Spinach (Sp inac ia  oleracea L. ,  cv. 'Matador') was sown in vermiculite and watered every 3rd 
day with Hoagland's nutrient solution. The plants were held in a phytotrone with the tem- 
perature regulated at  20~ the relative humidity at  75% and the illuminanee at 12 000 Ix. 
All the plants were maintained in short days of eight hours until the fourth leaf had developed. 
Then half  of the plants were transferred to a similar phytotrone with continuous illumination 
for eight days. 

Control plants, left in short days remained in the rosette stage, while the induced plants 
elongated and flowered within 14 days. 

The plants were extracted during the induction period after each of the eight long day cycles. 
Twenty five plants were used for each extraction. An equal number of control plants grown in 
short days was extracted at  the same time. Extractions were always done at  nine in the morning. 
Whole plants, stems and leaves, were harvested, frozen with liquid nitrogen, crushed and 
extracted with cold methanol for 24 h at  3 ~ The methanol extract  was shaken with light 
petroleum to remove the bulk of pigments, and evaporated to dryness. The residue was dissolved 
in 10 ml water, and extracted three times with ethyl ether at  pH 3.0. Whole ether fraction was 
used for chromatography. The water fraction was neutralized and also used for chromatography 
after evaporation. 

Preparative chromatography on Whatman  17 or 3 MM paper was used for further purification, 
with the following solvents: 1. n=propanol-water (3 : 1, v/v),-2, i-butanol-methanol-water (80 : 
: 5 : 15, v/v]v), 3. n-butanol-acetic acid-water (90 : 5 : 30, v/v]v), 4. n-butanol ,ammonia (3 : 1, 
v]v). Active ,substances were located by oat first internode test (NITscH and NITSCH 1956) and 
the  indole compounds with reagents of Salkowsky, Ehrlich or ProehAzka. The corresponding 
zones were eluted, spotted on thin layers (0.25 ram) of silica gel H and developed in: 5. methyl  
acetate . i .propanol-ammonia (45 : 35 : 20, v]v/v), 6. ethyl acetate-i-propanol-water (65 : 24 : 11, 
v]v]v), 7. chloroform-methanol (93 : 7, v]v), 8. chloroform-ethanol (90 : 10, v]v), 9. chloroform- 
carbon tetrachloride-methanol ( 5 0 : 2 5 : 2 5 ,  v/v]v) ,  10. n-propanol-5% ammonia ( 5 : 2 ,  v]v), 
l l .  n-butanol,acetic acid-water (2 : 1 : 1, v]v]v). Eluates from the silica gel were examined for 
fluorescence, using an Aminco-Bowman speetrophotofluorometer and then, after adding the 
buffered sucrose solution, tested with the oat first internode sections. Substances were also 
identified by measuring the pH-dependence of fluorescence intensity (BuR~E~T and AUDUS 1964). 
In  some cases, the eluates were assayed with barley endosperm test  to detect gibberellin-like 
substances (CooMB~. e$ al., 1967). 

Results and Discussion 

Before the extraction of growth substances it was necessary to establish 
precisely the photoperiodic behaviour of the plants used in the experiments. 
It was found that eight long days were necessary for the full flowering 
response at 20 ~ Five such days induce flowering in about 50% plants. 

The bioassay of acid ether soluble fraction showed four zones of stimulation, 
giving also a positive reaction with the Ehrlich reagent. They were designated 
zones A, B, C and D respectively (Fig. 1). 

Substance A, Rf 0.35 --0.40, gives a blue-violet colour with Ehrlich reagent 
turning to blue a few hours later. The Rf of this substance corresponds in 

Abbreviat ions used: I A A  ~ indole-3.acetic acid, 5-OH IAA ~ 5-hydroxy-indole acetic acid, 
TLC = th in  layer chromatography. 
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Fig. 1. Histogram of auxin-like activity in oat first internode test  of ether soluble fraction, 
chromatographed on Whatman  3 MM paper. Solvent: n~propanol - -  water (3 : 1, v]v). Lines 
indicate the position of marker spots and eolour reactions with Ehrlich reagent. 
Fig. 2. Histograms showing the activity in barley endosperm test (E-test) and oat first internode 
test (M-test) of the substance C, eluted from the paper ehromatogram (see Fig. 1). Chromato- 
graphed on a silica gel H layer, in ethyl acetate -i-propanol - -  water (65 : 24 : 11, v/v/v). 

neutral  solvent systems to the marker spot of 5-OH-IAA, bu t  in acidic or 
alkaline solvents it is different and moves like a less acidic substance. 

Substance B, R f  0.45--0.55, gives a blue colour with Ehrlich. In four 
different solvent systems in paper chromatography i~ has a R f  value similar 
to IAA. The eluate of this zone, when applied to TLC, also shows an act ivi ty 
corresponding to IAA in five different solvent systems. 

Substance C, R f  0.60--0.S0, gives a red-brown colour with Ehrlich and 
has a very  high biological activity.  I ts  R f  does not correspond to that  of other  
indole compounds used as markers. Eluate  of this zone applied to TLC, 
shows the presence of an active indole compound, bu t  also a zone with 
gibberellin-like activity,  which probably contributes to the high stimulation 
of paper chromatogram fractions (Fig. 2). 

Substance D, R f  0.90--1.0 has a low biological act ivi ty and gives no 
specific colour with Ehrlieh reagent. 

All the three substances, A, B and C, have the activation spectra at  
290--295 nm, and the fluorescence spectra at  360--365 nm, which is charac- 
teristic of indole compounds. 

The water soluble fraction also contains four Ehrlich positive substances 
designated E, F, G, H respectively (Fig. 3). One of them was identified as 
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t ryptophan,  according to its chromatographic behaviour (solvents No. 5--9),  
activation-fluorescence spectra (290--360) and fluorescence intensity de- 
pendence on pH. Other substances from water fraction show different 
chromatographic properties from all the markers used and could not  be 
identified by  chromatographic methods. 

The Chanue in the Level of Aux ins  durin 9 Photoperiodie Induet ion 

The results of the quanti tat ive determination of auxins were calculated by  
summing up the activities of substances A q- B or A + B -f- C. In the lat ter  
case the act ivi ty of gibberellin-like component  of zone C was also included. 
The total  content of stimulating substances in 200 plants, expressed in ~g 
equivalents of IAA was as follows: under long-day conditions substances 
A q - B  equaled to 0.18, A q - B ~ - C  to 0.66 ~g IAA. In short days the 
content  of A q- B was 0.09, tha t  of A q- B q- C 0.22 ~g equivalent IAA. I t  
is clear tha t  the total  content of auxins is higher in long than in short days. 
In  this respect our results are in agreement with the findings of other authors 
(CHAILAKHYAN and ZHDANOVA 1938). 

The total  content of auxins determined in each particular day  of the 
inductive period was not  constant, bu t  showed rhythmic changes with ir- 
regular periods of 2- -3  days (Fig. 4). Essentially the same oscillations were 
found in plants grown in long and short days. I t  seems unlikely, therefore, 
tha t  these oscillations are inbolved in the induction of flowering. 

For  estimation of auxin-like substances in plants of different sex, plants 
were grown outdoors in normal summer days. While the stem apices were 
still vegetative, they were carefully cut off and frozen with liquid nitrogen. 
The plant  s tumps were labeled and !eft until the side branches developed, 
bearing visible flower primordia. The previously cut apices, belonging to 

o 
E 
oo 
"5 e o -  

6 0 - -  

~ 20 

Z 100 
U.I 

S-OH L-Trypt. 
T ~ t . ,  iTrypt. Methy lelster 

T r ~ m .  

H 

I I I I L I I I I I 

CE) CE)  (B i ) ( - -~ - - )  P~oe.as.~/uv 

( ~  ( ~  ~ Salkowski/uv 

Ehrlich 

0.5 1.0 
R~ 

Fig. 3. H i s tog ram of auxin-like subs- 
tances in water  soluble fraction, assay- 
ed b y  oat  first internode test.  Chro- 
m a t o g r a p h e d  on  W h a t m a n  3 MM 
paper.  Solvent:  n -propanol  - -  wate r  
(3 : 1, v/v). Colours wi th  reagents:  
b = blue, p = purple,  r = red, y = 

yellow, y g  = yellow-green, d r  = 

dark red. 
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Fig. 4. Changes in the total content of auxin-like substances during the photoperiodic induction. 
Left: substances A A- B, right: substances A A- B + C. LD and SD: plants grown in long and 
short days respectively. 
Fig. 5. The content of substances A, B and C in male and female plants, extracted 14 days after 
the photoperiodie induction. 

male or female plants were then sorted out  into two groups and extracted 
without  thawing. In  tha t  way  it was found that  plants which were to become 
staminate (male) contained approximately two times more of auxin-like 
substance B, than the future pistillate (female) ones. Substance B is supposed 
to be IAA. A later extraction (14 days after the induction) of plants in which 
the sex of flowers way  already visible, confirmed this result (Fig. 5). 

From all these data  it is possible to conclude the following: 
Spinach stems and leaves contain at least eight indole compounds active 

in the biological test. One of them is t ryptophan,  the other one most probably 
IAA. The identi ty of other six compounds is unknown. Only the ether soluble 
substances showed significant changes during the induction. 

The plants in long days contain more ether-extractable auxins than those 
under short day  conditions. The total  content of all ether soluble auxin-like 
substances is fluctuating during the induction, which is obviously related not  
to the flowering, but  perhaps to some other process of growth or differen- 
tiation, such as development  of leaves, for instance. In studying the changes 
in the level of auxin-like substances in long and short day  plants during 
flower initiation, NITSCH and •ITSCK (1965) also found that  the content oi' 
growth substances was not constant and suggested that  the changes could 
be the consequence of translocation from one to another stem part. GILSO~ 
(1957) did not  find any difference in auxin level in Hyoscyamus niger under 
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inductive or non-inductive conditions. Differences arise later on and are 
apparent ly correlated with the growth of flowers and fruits. 

More auxin-like substances are found in staminate plants, both before and 
after the appearance of the visible signs of their sex. This seems to be at  
variance with some results obtained with other plants, which rather suggest 
tha t  high auxin content is correlated with femaleness (HESLOr-HARRISON 
1972). SLADKY (1972) also observed that  the onset of pistillate flower dif- 
ferentiation was accompanied by  a temporary  rise of auxin level. However,  
a somewhat  exceptional behaviour of spinach has already been noted. CHA~- 
LAKHYAI~ et a~. (1969) found that  exogenous gibbere!lic acid increases the 
number  of female plants in long days, although in short days the same treat-  
ment induces flowering, bu t  has no influence on the ratio of male to female 
plants. As pointed out  by  HESLOpoHARRISON (1972), it is still not  clear 
whether the hormonal level found in a particular plant par t  and at a parti- 
cular age is actually related to the development of flowers. The discrepancies 
in results and interpretations of different authors may also be due to dif- 
ferent plant materials or methods used for investigation. As the male spinach 
plants elongate before flowering more than the female ones, it is also possible 
tha t  the higher level of auxins is related to this process and not to the de- 
termination of sex. 
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L. ~ULAFI6, M. NE~KOVI6, Botanick:~ fistav fakul ty v~d a l~stav pro biologick:~ v~rzkum, 
B~lehrad, Jugosl~vie: Indolov6 auxiny v ros t l imieh  ~pen~tu p~stovan~eh p~i dlouh~m a kr~itk6m 
dni. - -  Biol. P lant .  16 : 359-- 365, 1974. 

V ext raktech nadzemnich 5~stl kliSnlch rostl in fipen~tu vys taven~ch fotoperiodick~ indukei 
byly s tanoveny endogenni auxiny. Bylo zjifit~no nejm6ni~ osm indolov:~oh auxind. Jeden  z nich 
byl  identifikovgLn jako t ryptofan,  dalw je s velkou pravd~podobnosti  IOK. Rost l iny rostouci 
p~i dlouh6m dni m~ly vyhw hladinu auxinfi rozpustn~ch v eteru ne~. kontrolnl  rost l iny rostouci 
p~i krgttk6m dni. Jednot l iv6 extrakce rostlin v~.dy po osmi indukSnich dnech ukg~zaly, ~e obsah 
auxinfi nent konstantni ,  ale ~e podl~hh nepravideln:~m oscilacim. Paralelnl  oscilaee v~iak byly 
zjiw i u kontrolnich rostl in p~stovan~'ch p~i kr~tk6m dni. SamSi rost l iny m~ily vy~w obsah 
endogennich auxinfl neg rost l iny samiSL Ze zji~it~n~ch v~sledkh vypl~rvg~, ~.e kvan t i t a t ivn i  zm~ny 
v obsahu auxinfl b~hem fotoperiodick~ indukce pravd~podobn~i nejsou v ~hdn~m vz tahu  ke 
kveteni,  ale k j in~m rfistov:~m procesdm, spoleSn~m v~iem rostl inhm v t~to v~vojov~ fhzi. Vyw167 
hladina auxinf~ v samSich rostl in~ch pravdifpodobn~ zpdsobuje jejich rychlej~i prodlu~.ovgml 
p~ed n~stupem kvetenl.  
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TROUGHTOI~, J. H . ,  SAMrSOI~, F. B.  Plants .  A Scann ing  Elee tron  Mieroseope  Survey.  --  
J o h n  Wiley and  Sons Australasia P t y  Ltd, Sydney, New York, London, Toronto 1973. 158 S. 
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Die durch das Rasterelektronenmikroskop aufgedeckten neuen MSglichkeiten zur Darstellung 
der Raums t ruk tu r  von Objekten wurden in vorliegendem Buche zur Bebilderung der St ruktur  
verschiedener Pflanzenobjekte herangezogen (vergleiche ebenfalls TROUGHTON, J. ,  DONALDSON, 
L. A.: Probing P lan t  Structure,  Chapman and  Hall, London, 1972; besprochen in Biol. Plant .  
16 : 156, 1974). Auf  163 schwarzweissen unika ten  Photographien sind die Raums t ruk tu r  yon 
Pflanzcnzellen, -geweben, die Innen-  und  Aussenst ruktur  yon vegetat iven und  generativen 
Pflanzenorganen festgehalten. Die Objekte in diesem Bilderbuch der Pflanzenwelt sind taxono- 
miseh angeordnet:  das Buch umfasst  Vertreter  von Bakterien,  Algen, Pilzen, Moosen, Farnen  
und  Samenpflanzen, wobei die Objekte, die eine gute Bearbei tung durch das Rasterelektronen- 
mikroskop ermSglichen wie z.B. Zellen yon Diatomen, Samen, PollenkSrner, Gefiisse, Blat t -  
oberfl~ichen bevorzugt wurden. Jede  Fotografie wird durch einen kurzen erkl~renden Text  
begleitet, der ausser der VergrSsserung Angaben fiber die taxonomisehe Einreihung der Pflanze, 
deren Verbreitung, Besonderhei ten ihrer Form, Struktur ,  bzw. physiologische Eigenschaften 
enth~lt ,  event,  auf  entspreehende Li tera tur  hinweist. Das Buch enth~l t  ein Pflanzenverzeichnis, 
ein Literaturverzeichnis und  ein kurzes Sachregister. Es ist hauptsaehl ich ffir Hoehschulen und  
Universi t~ten als I l lustrat ion botaniseher  und biologischer Texte best immt,  es wird jedoch jeden 
Leser dureh seine einzigartigen Fotografien packen und  ihm neue Seiten der Pflanzenwelt, deren 
Raums t ruk tu r  enthiillen. 

INGRID TICH.~ (Praha) 

Sovremennye Problemy Fotosinteza [Gegenw~rtige Probleme der Photosynthese].  - -  Izda- 
tel 's tvo Moskovskogo Universi teta ,  Moskva 1973. 213 S. Rbl. 1,73, russisch. 

Dieses Bueh ist dem 200. Jubi l~um der Entdeekung  der Photosynthese dureh den englischen 
Gelehrten Joseph Priestley gewidmet und en tha l t  elf Vortr~ge, die am 17. und 18. November  
1971 in Moskau auf  einer feierlichen Versammlung sowjetiseher Wissensehaftler zu diesem An- 
lass vorgetragen wurden. Die Vortr~ge wurdcn als ~Ybersichtsreferate zusammengestell t  und be- 
handeln  historisehe sowie gegenw~rtige Aspekte und Probleme der Photosynthese und Photo- 
syntheseforschung (z.B. die Grundlagen der photosynthet ischen Produkt iv i t~t  der Pflanzen, 
bioenergetischen Vorg~tnge der Photosynthese,  photosynthet ischen Pigmente,  Photosynthese-  
meehanismen und  Prim~rvorg~nge). Das Buch ist nur  in russischer Sprache verfasst  worden. 
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