
E F F E C T O F S C H I F F - B A S E S U P O N T H E G E R M I N A T I O N 
O F O A T A N D C A P S I C U M 

J . B A L O G * a n d B . T R A N G E R * * 

''' G e n e r a l and P h y s i c a l C h e m i s t r y Ins t i tute o f the U n i v e r s i t y o f S z e g e d 

" A g r i c u l t u r a l E x p e r i m e n t a l Ins t i tute o f S z e g e d 

( R e c e i v e d A p r 10 , 1 9 6 5 ) 

In t roduct ion 

At the invest igat ion o f the c o m p l e x e s o f F e ( I I I ) C l formed by the d i f f e r e n t a r o m a t i c 
S c h i f f - b a s e s , a c o n s i d e r a b l y grea t s tab i l i ty was o b s e r v e d in the case o f a f e w c o m p o u n d s ( 1 ) . 
Besides the usual ph is i cochemica l invest igat ions , it was desirable to i n t r o d u c e such e x p e r i m e n t s 
that w o u l d support the results o b t a i n e d h i ther to f rom an o t h e r aspec t . A c c o r d i n g to some 
biological invest igat ions a tubercu los ta t i c e f f e c t wast observed w i t h the ( 2 ) S c h i f f - b a s e C u 
complexes . T h e r e were no data found in l i t e ra ture a b o u t the e f f e c t o f aso-meth ine 
complexes upon plants . H e n c e c a m e the idea to inves t iga te w h e t h e r the plant decomposes 
such stable c o m p l e x e s in that w a y t h a t it makes uses o f the ir a toms or ra ther the ir a tom groups 
for the contruc t ion o f its own s t ruc ture . 

A f t e r such cons iderat ions , four c o m p o u n d s w e r e selected f rom the a v a i l a b e stable c o m p -
lexes — the Fe/II I/Cl c o m p l e x e s o f the der ivat ives o f o - f e n i l i n e d i a m i n e f o r m e d by a r o m a t i c 
a ldehydes — as basic c o m p o u n d s , a n d the ir e f f e c t upon germinat ion was observed . O - f e n i l e n e -
diamine der ivat ives were chosen in order to decrease the potent ia l n u m b e r o f the isomers. I t 
was es tabl i shed ( 3 ) that the potent ia l isomers h a v e an inf luence upon the e f f i c i e n c y o f the 
e f f e c t o f the c o m p o u n d s . T h e results showed q u i t e a n u m b e r o f interest ing things, t he r e f or e 
the wr i ters o f this paper found it jus t i f i ed to inves t iga te the e f f e c t o f the c o m p l e x f o r m i n g 
l igands upon the germinat ion o f oat and caps icum. T h e a im was not to f ind some new, growth 
s t imulat ing substance , but mere ly to e luc ida te the problem c o n n e c t e d with the ass ignement . 
During the e x p e r i m e n t , w o r k was p e r f o r m e d with lesser seed n u m b e r than usual and re l iabi l i ty 
ca lcula t ion was not carr ied o u t . 

Exper imenta l 

Used ligands are as fol lows: 

I . o-Vani l l in-o-phenylenediamine 
11. Resorcy laldehyde-o-pheny lenediamine 

I I I . Resacetophenone-o-phenylenediamine 
I V . Salicy laldehyde-o-pheny lenediamine 

O f the above compounds 0 .5 ; 1 ,0 ; and 2 ,0 mg were measured in powder 
form, and put in layers as evenly as possible into smooth fi l terpapers placed in 
Petri dishes of 12 cm diameter. F i f ty healthy oat-grains were placed uniformly in 
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to the prepared Petri dishes. They were moistened with distilled water , and the 
water loss was tested daily. ( N o n e o f the c o m p o u n d s are solube in water) . T h e 
seeds in the covered Petri dishes were germinated in a glass-house at 15 C ° with 
the elimination o f light. A f t e r the setting in o f the experiment , the germinat ion, 
its rate, and the growth o f the seedlings was observed every 24 hours. T a b l e I . 
shows, as an average o f 4 series, the number o f seeds that germinated out o f the 
5 0 during 24 hours. 

Table I. 

I. I I . I I I . I V . 0 

0 ,5 mg 0 0 0 0 4 5 4 3 2 3 2 1 3 1 2 2 0 

1,0 mg 2 3 2 1 2 2 2 1 1 1 1 1 0 0 0 0 

2 ,0 mg 0 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 

T a b l e I I . summarizes the results found af ter 48 hours. It also shows, besides 
the germinated plant-species, the number o f those budlets that indicate the rate 
o f growth. 

Table II . 

I. I I . I I I . I V . 0 

a b a b a b a b 

0 ,5 mg 44 10 41 19 47 9 45 19 
1,0 mg 46 22 49 20 27 10 49 9 
2 ,0 mg 4 0 16 47 17 25 8 47 11 

where a rooilet and b = budlci 

At the taking down o f these data, comparat ive observations were also car-
ried out between the control plants and those that were treated with compounds 
This observation was perfomed in such a manner , that the growth o f the plants 
was evaluated on the basis o f general impression as well. 

T h e plants o f those seeds that were treated with compound I. show a better 
growth than that o f the control . 

Seeds treated with compound I I . grew well-developed roots, and the root-
hairs were in good condit ion, and well-developed. The i r growth is better com-
pared to that o f the control , but in comparison with ( I ) they are slightly under-
developed. This can be established on the basis o f the daily observation. 

With the plants o f seeds treated with compound I I I . , a defenite backward-
ness could be observed in comparison with both the control and those that were 
treated with the above compounds. The seed-buds are shorter, and the sprout is 
stunded. It appears a plant that has defenitely been backward in growth. 

T h e plants of seeds treated with c o m p o u n d I V . has developed well, they 
grew strong roots, the root-hairs are well grown and their development is the 
most vigorous compared to that o f the others. 

Table III . indicates the average height o f t h e plants in c m . 
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Table III . 

I. I I . I I I . I V . 0 
0 ,5 mg 11 cm 13 cm 9 cm 10 cm 9 cm 

1,0 mg 12 cm 11 cm S cm 11 cm 

2 , 0 mg 5 cm 10 cm 5 cm 12 cm 

Prior to ingathering phenological observations were carried out, and it was 
pointed out that the seeds, treated with 0,5 and 1,0 mg substance of c o m -
pound I, showed a b e t t e r growth , while t rea tment with 2 ,0 mg substance was 
stunded in growthe from that of the plants in the controll ing experiment. (See 
Fig. 1.) 

Fig. 1 . 0 = c o n t r o l ; left to right from contro l : 
1st = seeds treated with 0,5 mg of compound I ; 
2nd = seeds treated with 1 mg o f compound I ; 
3rd = seeds treated with 2 mg of compound I : 

T h e growth o f the plants treated with compound I I . is better in the cases ot 
all the three doses than that of the control , but the degree o f growth decreases 
with the increase o f dosage. 

A f t e r curing the plants with 0,5 mg o f c o m p o u n d III . the result of the treat -
ment was the same than that o f the control, since plants treated with 1,0 and 
2,0 mg o f substance are very scarce, and are undeveloped and weak. T h e root 
seems to be stunted in growth as compared to that of o t h e r platns R o o t - h a i r s 
are defective. The plants have a yellow colouring. From the result of the growth 
of the plants treated with 1,0 and 2,0 mg of compound, it can be established, 
that in this concentrat ion Schiff -bases 3 has a hindering ef fect upon the growth 
of the plants. 

T h e results o f growth o f plants treated with c o m p o u n d I V . are bet ter a f ter 
each treatment. T h e morphological picture o f the experimental oat improves 
in the ratio o f increasing dosages. Treatments show a good disposition even in-
dividually, and a uniform proport ional growth. T h e roots are nicely developed; 
there are, comparat ive ly , m a n y root-hairs. (See Fig. 2 . ) 
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Fig. 2 . 0 = c o n t r o l ; left to right f r o m c o n t r o l : 
1st = seeds t reated with 0 , 5 mg o f c o m p o u n d I V ; 
2 n d = seeds t reated with 1 mg o f c o m p o u n d I V ; 
3rd = seeds t reated with 2 mg o f c o m p o u n d I V ; 

Ten days af ter the setting in o f the experiment the plants were cut o f f right 
over the endosperm and f ixed at 70 C ° . They were air-dry conditioned, and 
after weighing their dry weights, the following results were obtained: 

Table I V . 

W e i g h t weight o f 
o f plant 100 p lants 

1. 0 , 5 mg 44 db germinated plant 0 , 3 2 0 7 0 , 7 5 1 6 
1.0 „ 4 6 ,, ii ii 0 , 3 5 8 0 0 , 7 7 8 3 
2 , 0 „ 4 0 1» »» 0 , 2 1 9 0 0 , 5 4 7 5 

2 . 0 , 5 mg 41 db 0 , 3 4 9 0 0 , 8 5 1 2 
1,0 „ 49 »> »» »» 0 , 4 1 5 9 0 , 8 4 8 7 
2 , 0 „ 47 „ II II 0 , 3 4 8 0 0 , 7 4 0 3 

3. 0 , 5 mg 47 db II II 0 , 3 1 5 4 0 , 6 7 1 0 

1.0 „ 37 II II 0 , 2 7 8 1 0 , 7 5 1 6 
2 , 0 „ 2 5 II II 0 , 1 1 0 6 0 , 4 4 2 4 

4 . 0 , 5 mg 4 5 db ii II 0 , 3 4 4 6 0 , 7 6 5 4 
1,0 „ 4 9 II 1» 1» 0 , 3 4 3 0 0 , 7 0 0 0 
2.0 „ 4 7 » »1 II 0 , 4 6 3 0 0 , 9 8 5 1 

0 4 5 db 1» n 0 , 3 2 7 4 0 ,7651 

T h e air-dried plants were pulverated, and destructed then the total P, N 
c o n t e n t was determined (Ta la j és trágya vizsgálati módszerkönyv , A k a d é m i a 
Kiadó, 1963) as well as the content o f Fe (SNELL and SNELL: Color imetr ic me-
thods o f analysis, Par t I I I . , D . VAN NOSTRAND, 1953 . Third edition). T h e data 
are summarised in Table V . 
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T a b l e V . 

N 0/O P FC "/O 

1. 0 ,5 mg 0 ,082 mg 0 , 6 2 0 mg X 

1,0 „ 0 ,080 0 ,605 4,8 

2 ,0 „ 0 , 1 3 0 ,575 5,0 

2. 0,5 mg 0,11 0 , 5 8 6 7,6 

1,0 „ 0 ,14 0 ,548 5,0 

2 ,0 „ 0 , 0 7 7 0 ,560 6,2 

3. 0 ,5 mg 0 , 0 6 5 0 ,588 4,0 

1,0 „ 0 , 1 3 6 0 , 5 7 0 1,3 

2 ,0 „ 0,141 0 ,530 5 ,6 

4 . 0,5 mg 0 ,053 0 , 5 1 5 5,2 

1.0 „ 0 , 1 2 3 0 ,610 2,8 

2 ,0 „ 0 , 0 6 2 0 ,558 0,8 

0 0 ,087 0 ,574 1,6 

(x = in small amouns) 

E x p e r i m e n t a l (capsicum) 

As a consequence o f the results and phenomena observed with oat , such 
brand o f seed was chosen that had a longer germinating t ime than that of the 
former. T h e relatively long germinating time of capsicum is well known, that 
is why it had been chosen for a test plant. 

Experiments were carried out in the same manner and under same conditions 
as in the case of oat , with 4 X 100 seed number and with doses o f 1, 2, 4 mg. Suc-
cesful observations could be achieved on the 11th day From the avai lable data, 
the results o f only a few evaluations are reported in Tables (Tab le V I . ) . 

Table V I . 

1 mg 2 mg 4 mg 
, • , • - — 

I . 3 0 0 0 0 0 0 0 o o o o 

11. 2 2 5 3 2 0 3 2 1 7 4 5 

I I I . 1 3 5 4 4 3 3 3 0 0 0 0 

I V . 0 0 0 0 

N o any special result could be observed with seeds treated with compound 
1- it is part ic larly in accordance with the control . With compounds I I . I I I . -
in smaller degree though - but the germination began, hence germination ot 
seeds was observed in every Petri dish. With compound 111. of highest dosage, 
the seeds have not germinated W i t h compound I V . a uni form positive et lect 
was not iced in the sequence of increasing dosages. 

O n the contro l seed, the f irts buds appeared at the 12th day, however on 
seeds treated with compounds the development of even the cotyledons could be 
observed. (Table V I I . ) . 
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Table V I I . 

1 mg 2 mg 4 mg 

I. ^ T T T T " r r 

I I . 5 6 8 7 4 3 4 4 10 6 5 6i 

I I I . 7 4 5 3 8 3 4 3 0 0 0 2 

I V . 5 5 7 6 6 , 11 13 10 13 14 17 11 2 

0 2 1 0 0 

(indices o f values represent the number o f cotyledons) . 

Evaluation of Observat ions 

Summarizing the results, the followings can be established. In the init ial 
stage the small concentrat ion leads to a more ef fenct ive growth than that o f t h e 
cont ro l plant . A f t e r a few days, the deve lopment of seeds treated with c o m -
pound I . appears to be undergrown compared to that of the control , irrespec-
tive o f the concentrat ion. T h e same can be stated in the case o f t reatment with 
compound I I I . too, with the exception o f t reatment with 2 mg dosage. 
T h e dosage o f 4 mg of compounds I . and I I I . has an inhibiting e f fec t 
upon the germination of capsicum seeds. T r e a t m e n t with compound I V . decre-
ases the germination time in every concentrat ion. I t was on the 12th day o f 
observation that on the seeds that were treated with a dosage of 4 mg o f c o m -
pound I V , the beggining of growth o f the cotyledons could be noticed. O f t h e 
control plant , however, only 1 per cent germinated, as against the 15 per cent 
germination caused by 4 mg dosage of the previous compound. (See Fig. 3 . ) 

Fig. 3. 0 = c o n t r o l ; I V . = observation after 12 days o f seeds treated with 4 mg o f 
compound I V . 
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Seeds treated with compound I . became brown, they appeared as if the 
Schi f f -base had coloured them from inside. T h e other 3 compounds caused no 
change o f colour on the experimental stock. I t was a remarkable phenomenon 
that af ter the germination on the root o f the seeds treated with compounds, 
there were n o hair -roots . T h e r o o t was undeveloped and short -s temed. In 
many of them, a negative geotropism could be observed. Presumably, the plant 
falls down as a result o f the weight of the cotyledon; this is natural , since the 
root cannot grip at the filter paper, but it could have been expected that the end 
of the r o o t bends back . This , however , was n o t observed, for which , the bending 
of the root ends may give an explanat ion. Similar results were found (4) with 
chelating compounds, such as E D T A . These stimulate budding, and retard the 
growth of the root. This phenomenon is caused also by the auxins. I t was noti-
ced that a f ter 24—28 hours a strong side-root development commenced at the 
juncture o f the parts above ground and that o f under ground. 

T h e seed o f brand , ,F. O . 3 " hot red pepper, used by the authors of this 
paper, is registered as a badly and not easily germinating sort. In general, it 
gives 5 0 per cent germination seed in 16—18 days. With the experiments of those 
seeds that were treated with c o m p o u n d IV . , germinating could be not iced 
as early as af ter 8—10 days. 

T h e authors do not claim that compound I V . which defenitely posesses 
m a n y good properties , and which shows a good result b o t h with oat and cap-
sicum, would stimulate growth. I t seems likely, that the development o f those 
plants that germinated earlier, is advanced, and this is what increases the growth 
of the plants. I t is asserted, however, that it undoubtedly promotes the starting 
of germination. Presumably, the vigour of growth of the broad-leaves is inc-
reased b y the energy due to the insufficient development of the root. However , 
it is a fact , that the germination o f that capsicum seed which has a long germi-
nation t ime and is treated with compound I V . , starts sooner than tha t o f the-
untreated one. 

Summarised results o f the germination of the capsicum seed can be found in 
Table V I I I ; T h e values there were observed after the 13th day of the c o m m e n -
cement of the exper iment . 

Table V I I I . 

1 mg 2 mg 4 mg 

I. 6 2 2 3 7 0 0 1 5 2 3 
2 2 

I I . 19 14 13 15 11 8 10 9 12 17 16 20 

3 2 5 4 2 2 1 5 5 4 4 

I I I . 25 16 16 20 4 8 6 7 0 3 6 5 

2 2 3 5 2 2 3 5 

I V . 13 7 13 10 12 15 17 14 22 23 23 2 5 

3 2 3 3 4 2 6 5 5 7 9 9 

0 25 16 19 18 

(figures underneath represent the numbers of cotvledons) 
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T h e figures sustain the statement that Sdhiff-bases increase the degree o f 
germinat ion ; the results o f the 20 per cent of contro l and that of 23 per cent of 
compound I V . also prove this, but they shorten the germination time. 

Theoret ica l 

Relying on the results o f the relatively few exper imental material and of 
great variance, it would be a hazardous enterprise to reach a conclusion about 
the azomethines having an ifluence on the constituents building up the cells. T h e 
azomethenes, however, act upon oat and capsicum indentically, which makes the 
conclusion more assured. It is a well-known fact , that hydrogen bonds may 
exist in proteins whose energy content is very low and they may decompose for 
the ef fect o f even a slight rise in temperature. O n cooling, the hydrogen bond 
redevelops spontaneously, because the free energy change is small at the bond for-
mation. Ion bond may form in proteins as a function of p H , when an electros-
tatic a t t rac t ion and repulsion may occur between the dissociating groups. Besi-
des these, convergent forces may be formed between the nonpolar side chains, 
and these may c o n t r i b u t e to the stability of the cells that build up the m o -
lecules. . 

T h e Schiff -bases, used by the authors, are able to influence the formation o f 
all the thr°e bonds, since all o f the aromatic aldehydes, used for the production 
o f azomethenes, contain O H radical in or tho position, which is the criterium 
of the formation of hydrogen bonds. Besides, the nitrogen, found in the mole-
cule, and which has a paired electron, is able to form a dative bond. 

T h e tuberculostatic effect observed with animals is brought into connection 
with structure I. (2 ) . This structure can be found with slight deviation in the 
applied compounds. (Structure I I . ) 

l—»1 
i . i i . 

Same results were observed in the case o f the formation o f the s ix-angular 
ring, too. In addition to these, there are relative electron dense and electron 
deficient places in the azomethene molecules, which arc also able to bring about 
bonding with the proteins. 

It has been proved spectroscopical ly that O H radicals, being in o r t h o posi-
tion, have a tendency to form H bonds (5) . With compounds I I . and I I I . , such 
radicals that are in para position are also found. 

W h e n applying the first three Schiff-bases, the possibility of the n u m b e r 
o f the hydrogen and dat ive bonds were measured, thus the equilibrium existing 
in the plants was disturbed. According to the results, this effect unfavourably 
influences the initial stage of the germinat ion , which influence, however , beco-
mes reduced later on. 
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Treatment with compound I V . promotes germination unanimously from the 
s tar t all throungh the process, i. e. favourably influences it. In this compound 
there is no O H radical in para position, therefore, only the I I . structural state is 
possible. Thus, at the two ends o f the molecule a hydrogen bond cannot develope, 
only one o f the other two bondings, which then is favourable for germination. 

From the results of the experiment it is not possible to determine unani-
mously whether the plant decomposes the Schif f -bases or not. T h e concentration 
ratios influence the germination in a similar manner in negative or positive di-
rection. T h e problem is still to be solved, that which concentration is that which 
affects the root or the stem in positive or negative direction. 

Here , too, the authors wish to express their thanks to D r . F . M Á R T A Can-
didate, Ins t i tu te d irec tor , and D r . S. F Ö R G E T E G Candidate , d i rec tor of the Ex-
perimental Institute for the support they gave and for the interest they shown 
regarding the theme o f this paper. 
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