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I n t r o d u c t i o n 
In a previous publ i ca t ion ( 1 ) the a u t h o r s publ ished data on the a f f e c t o f S c h i f f - b a s e s of 

o - p h e n y l e n e d i a m i n c f o r m e d with a r o m a t i c a l d e h y d e s upon the germinat ion o f oat a n d caps icum 
seeds. C o m p o u n d I V . ( S a l y c y l a l d e h y d e - o - p h e n y l e n e d i a m i n e ) f a v o u r a b l y i n f l u e n c e s the g e r m i -
nat ion t i m e o f both seeds. 

It was es tabl i shed ( 2 ) t h a t the g r o w t h c o n t r o l o f c o m p l e x f o r m e r s such as E D T A , c o u l d be 
achieved by b o n d i n g the i ron , c a l c i u m and c o b a l t ions o f the s tructure in i n a c t i v e f o r m . T h e 
authors s tarted e x p e r i m e n t s on o a t and c a p s i c u m seeds with the c o m p l e x e s o f F e ( I I I ) CI S c h i f f -
base for the e luc idat ion o f the open quest ion lef t in the ir f irst p a p e r , and for dec iding t h a t 
i f c o m p l e x e s are added to the seeds, in wich d i r e c t i o n does this in f luence g e r m i n a t i o n or rather 
g r o w t h . 

E x p e r i m e n t a l 

T h e results o f the complex forming ligands made the using up o f the fol low-
ing complexes just i f ied: 

I . o - V a n i l l i n - o - p h e n y l e n e d i n a m i n e F e ( I I I ) C l 
I I . Resorcy la ldehyde-o-phenylenediamineFe( I I I )C l 

I I I . Resace tophenone-o-phenylenediamineFe( I I I )Cl 
I V . Sa l i cy la ldehyde-o -phenylenediamineFe( I I I )C l . 

T h e application o f these c o m p o u n d s precludes the possibility o f isomers, 
because the o-phenylenediamine group forms a f ive-angular ring with the iron 
ion which determines the structure of the molecule unequivocally (See Fig. 1). 
As is wel l -known, the possible isomers can have an influence on germination 
and growth (3 ) . 

F o r four parallel experiments, 5 , 10, and 20 mg o f the complexes were 
spread over f i l ter papers placed in appropr ia te Petri dishes. The same amount 
o f complex , that was used at the experiments with Schi f f -base , was not suff icient 
for the even layering on the f i l ter paper. F i f t y healthy oat-grains were put in 
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the so prepared Petri disches. Then they were maistened with distilled water and 
germinated in a glass-house at 18° C with the exclusion o f light. W a t e r was 
replaced every 24 hours. Observations were carried out for germination, growth 
of plants, and for investigation o f internal content [ P ( 4 ) , N ( 5 ) , F e ( 6 ) deter-
minat ion] . 

Evaluat ion o f results 

T h e first succesful observat ion was carried out a f ter 48 hours. Resul ts can b e 
found in T a b l e I . 

Table I. 

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

5 mg 17 11 16 9 

10 mg 13 9 10 6 9 

2 0 mg 9 5 5 2 

(Figures represent the number of sprouts) 

Observations carried out a f ter 96 hours can be put down as fo l lows : 
Ten mg dosage o f compound 1. yielded the most favourable e f fec t out 

o f all the other compounds and o f various amounts. These plants left behind 
in height and growth as well those o f the control and those that were treated 
with other compounds. Dosages promote growth in the order o f 10, 20 , and 5. 

Lenght o f the plants whose seeds were treated with compound I I . exceeds 
the height o f the control ones, the disposition, however, was not uni form. 
There were relatively many seeds backward in growth. As regards e f fec ts , 
there was no deviation among the different dosages. 

Plants of seeds treated with compound I I I . showed a better growth in 
t h e case of dosage of 5 mg than those of t h e contro ls . T h e i r stems were bu lk ie r 
and stronger. Dosage treatment o f 10 and 20 mg also bring about a m o r e 
vigorous growth, but this appears only in the thickness o f the stems, s ince 
the heights o f the plants are smaller than those of the control . 

Plants of seeds treated with compound I V . in the case of a 5 mg dosage 
show a better growth than those o f the comparat ive ones. They developed good 
roots. Dosage o f 10 mg decreases the t ime of growth. As for the dosage o f 
20 mg., it definitely hinders the growth of the plants. 

T h e influence of the above four complexes upon the germination indicates-
the following order in the period o f observat ion: 

Table I I . 

5 mg I I I . > I I . > I V . > I. > 0 
10 mg I . > 0 > I I . > I V . > I I I . 

2 0 mg I I . > 0 > H I . > I . > I V . 

With 5 mg dosage, it is compoud I I I . , with 10 mg it is compoud I . , a n d 
with that o f 20 mg it is compoud I I . that shows the most favourable inf luence . 
Observations carried out a f ter 1 2 0 hours make the results obtained so far more 
definite and can be put down as follows: 
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Plants sprouting from seeds treated with compound I . show a better 
growth than those o f the control , and the effect o f this complex is better than 
those o f all the other complexes. T h e various dosages have near the same effect , 
except, perhaps, dosage of 10 mg, where the growth was more balanced. 

W i t h plants sprouted f rom seeds treated with c o m p o u n d II. it is the do-
sage of 5 mg tha t shows a b e t t e r result than that o f the c o n t r o l . This , however , 
cannot be seen in the heights o f the plants, but rather in their disposition. 
The root is abundantly well-developed and strong. With increase o f dosages 

o f the compounds the effect declines. 
T h e root of plants from seeds treated with 5 mg o f compound I I I . are 

long and densely reticulated. T h e height of the stems are identical with those 
o f the control . In the case o f dosage o f 10 and 20 mg, the root is stunted. 
T h e latter dosage almost completely destroys the root, its surface is brown 
coloured. With this dosage the plants are entangled and unstable. T h e roots 
are unable to hold the growing plant. T h e hindering effect is in direct pro-
portion to the increase o f the dosage. 

T h e development o f plants sprouted from seeds treated with compound 
I V . are identical with those of the control ; the initial differences have comple-
tely disappeared. Development of the root in case o f the 5 mg dosage is better 
than that o f the control . T h e effect exerted upon the development o f the root 
is in inverse proportion to the increase o f dosage. 

T h e effect of the complexes upon the growth of the plants on the basis 
o f the results observed after 120 hours is as fol laws: 

Table I I I . 

5 m g I . > I I I . > I I . > 0 > I V . 

10 mg I . > 0 > I I . > I V . > I I I . 
20 mg I . > 0 > I I . > I V . > I I I . 

All the applied dosages of compound I . show the most favourable effect . 
Observations carried out prior to ingathering (af ter 192 hrs.) can be 

summarized as fol lows. 
T h e growth of the control plants is normal , the root formation is uniform 

and abundant . T h e roots completely enmesh the Petri dish and they grip well 
onto the filter paper. Pathological changes can be observed neither on the 
root, nor on the leaves. T h e leaves have normal green colour. 

Development o f the plants o f seeds treated with compound. I . changes 
depending on dosages. In the case o f 5 mg and 10 mg, the root formation is 
normal, about the same as that of the control plants. Mal format ion in the 
roots cannot be observed. These plants somewhat overtook the controls in 
growth. Pathological change cannot be observed. The i r colour is identical with 
that o f the controls. Dosage o f 2 0 mg has a hindering effect upon the develop-
ment o f the root, anomalous change, however, cannot be observed. The longi-
tudinal growth o f the root is hindered, but the lenght o f the plants reaches 
that o f the control even so. 

Plants o f seeds treated with 5 mg o f compound I I . show a normal root 
formation, which appears to be the same as that o f the control . Development 
o f the stem is uneven; as a general impression, it is the same than that of the 
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control . Treatment with 10 mg dosage results in a more abundant root f o r -
mation. Anomalous twisting can be seen in some places which apparent ly 
does not a f fec t the growth o f the plants. Their development is somewhat bet-
ter than that o f the contro l . As a result o f the two treatment, pathological 
change cannot be observed. Treatment with dosage o f 2 0 mg does not disturb 
very much the growth of the roots, but they develop anomalously, become 
strongly twisted, and grow thin in some places, or even die o f f . As regards 
growth, the plant hardly falls behind that o f the control . T r e a t m e nt does not 
af fect the colour o f the plant. 

Plants o f seeds treated with 5 mg o f compound I I I . show a moderate root 
formation, which seemingly is better than that o f the control . Traces o f root 
distortion can be seen. G r o w t h of the stem is better than that o f the control 
its colour is fresher, too. Dosage of 10 mg results in defective root formation 
and the developing roots are also wiry. Some o f them die o f f , then formation 
of new roots begins. T h e plant , however , does not get s tunted ; t r e a t m e n t with 
dosage o f 20 mg results in an even lesser root formation. T h e roots turn brown 
and after reaching a length of 1 to 2 cm the tip o f the root dies o f f . S imi lar 
phenomenon was observed (2 , 7, 8 , ) at the root development o f various plants 
treated with 2 ,2-dicIorpropionacid, E D T A , and with derivatives o f indole, etc. 
In later period o f the development o f the plants new roots o f side direction 
developed in place of the dead ones. The plant hardly falls behind in growth 
from that of the contro l ; its colour, however, is fresher and greener. T h e root 
does not support — does not grip — therefore, the plant falls down. 

P lant of seeds treated with 5 mg o f compound I V . show a good root 
development, which is somewhat stronger than that o f the controls and they 
have a good grip. T h e growth of the plant is also slightly stronger than that 
of the controls, but in colour it does not d i f fer from those. Pathological change 
cannot be observed. T h e same observation applies on treatment with dosage 
of 10 mg as at the previous one; the plant colour, however, is a shade 
greener. T h e treatment with 20 mg dosage causes irregular root formation 
where the roots develop anomalously and, in places, they b e c o m e twisted. 
The development of the plants is also uneven. As a whole, they are weaker , 

Table I V 

I. I I . I I I . I V . 

I. C o m p o u n d 5 mg 

10 mg 

20 mg 

5 mg 

10 mg 

20 mg 

5 mg 

10 mg 

20 mg 

5 mg 

10 mg 

20 mg 

41 

48 

4 2 

3 7 

37 

34 

4 0 

39 

4 0 

37 
3 8 

3 9 

4 0 

0 ,3628 g 

0 , 3 8 4 6 g 

0 , 3 8 1 6 g 

0 , 2 9 2 0 g 

0 , 2 7 4 6 g 

0 , 2 5 1 0 g 

0 ,2154 g 

0 ,2184 g 

0 , 2 2 2 8 g 

0 , 2 3 2 8 g 

0 , 2 2 7 0 g 

0 , 2 0 6 8 g 

0 ,3074 g 

0 , 8 6 3 8 g 

0 ,7692 g 

0 , 9 0 8 6 g 

0 , 6 7 9 0 g 

0 ,7421 g 

0 ,7382 g 

0 , 6 1 1 0 g 

0 , 5 6 0 0 g 

0 , 5 5 7 0 g 

0 , 6 2 9 2 g 

0 ,5974 g 

0 , 5 1 7 0 g 

0 , 7 1 4 9 g 

I I . C o m p o u n d 

I I I . C o m p o u n d 

»» 
»» 

I V . C o m p o u n d 

»» 

0 
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too, than those o f the controls ; their colour is the darkest among all the other 
treated ones. 

Af ter the above observations the plants were cut of f r ight above the 
endosperm, then f ixed and dried. T h e number of buds, the total air-dried 
weight and the value o f g calculated f o r 100 seeds, are summarized in table I V . 

Exper imenta l (capsicum) 

Experiments with capsicum were carried out with 4 X 1 0 0 seed number 
and dosages o f 5, 10, and 2 Omg in a similar manner as with oat. 

Succesful observations could be made on the 12th day. D a t a are sum-
marized in Table V . 

T a b l e V . 

5 mg 10 mg 2 0 mg 

I . 3 5 4 3 2 1 3 3 3 2 4 2 
I I . 2 1 1 1 4 2 3 3 4 7 3 5 

I I I . 3 3 3 3 5 5 6 4 2 4 5 3 
I V . 1 1 1 1 3 3 3 4 3 5 5 4 
0 2 2 3 2 

From the data a relatively small degree o f negative effect o f the dosage 
of 5 mg o f compound I I . and I V . shows up strikingly. 

T h e fol lowing data were collected on the basis of observations carried out 
on the 16th day and are summarized in T a b l e V I . 

Table V I . 
5 mg 10 mg 20 mg 

I . 4 0 45 35 4 0 38 34 33 37 4 0 4 6 38 45 
I I . 48 4 6 3 9 4 2 40 35 43 41 4 4 46 39 42 

I I I . 31 32 3 0 2 9 3 0 3 0 2 9 3 0 31 34 28 30 
I V . 27 28 30 32 34 2 9 34 3 0 23 27 31 25 

0 22 30 34 26 

Plants o f seeds treated with compound I . show a more vigorous growth 
than those o f the control ones in case o f every concentrat ion. 

Those that were treated with compound I I . and using dosages o f 5 and 
20 mg are well-developed and stronger than those o f the control ; dosage of 
10 mg does not cause any difference. 

Plants o f seeds treated with compound I I I . show identical development 
with that of the c o n t r o l in every case of the di f ferent dosages. 

Those plants whose seeds were treated with compound I V . have an 
identical development as those o f the control in cases of dosages o f 5 and 
10 mg; 2 0 mg, however, hinders their growth. 

T h e last observation was carried out at the time o f ingathering i. e. 
24 days after the setting up o f the experiment. D a t a are summarized in T a b l e 
V I I . where the number o f germinated seeds are presented. The figures under-
neath represent the number o f those seeds that developed cotyledons as well. 
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Table V I I . 

5 mg 10 mg 20 mg 

I . 46 4 9 44 45 42 40 44 46 44 47 48 4 9 

19 18 17 16 14 14 16 15 17 15 16 14 

I I . 48 46 41 4 3 40 38 44 45 46 48 4 0 4 2 

16 12 11 10 5 2 4 3 2 5 2 3 

I I I . 32 34 33 35 33 34 35 35 39 38 35 3 7 

1 4 1 2 2 3 1 5 2 1 

I V . 29 3 0 34 3 6 35 32 36 32 2 6 29 34 2 9 

1 1 3 2 5 2 2 4 

0 3 9 33 34 35 
3 2 3 

Plants o f seeds treated with compound I . are nicely developed and show 
a uniform growth. T h e y have strong root-hairs and abundant ly developed roots. 

Plants o f seeds treated with compound I I . are more abundant and stronger 
than thos o f the control ones. T h e roots are short and with dosage o f 20 mg, 
development o f root-hair does not occur, only that o f the main root, but even 
that is short. 

P lants o f seeds treated with compound I I I . are weaker in growth than 
those o f the control . T h e i r root had died o f f , they appear as i f the compound 
would have blocked the development o f the plant . 

T ho s e plants whose seeds were treated with c o m p o u n d I V . are weakly 
developed. Though, the results of treatment with dosage of 5 mg hardly di f fer 
from those o f the control , the dosage of 10 and 2 0 mg, however stops growth . 
After the commencement o f germination the plant does not develope. 

T h e plants were fixed and dried af ter ingathering. Dry-weight data of 
the four parallel measurements are summarized in Table V I I I . 

Table V I I I . 

I. Compound 5 mg 0 ,2502 g 
10 mg 0 , 1 8 9 0 g 

»> 2 0 mg 0 , 2 3 0 2 g 

I I . C o m p o u n d 5 mg 0 , 1 8 5 6 g ,, 10 mg 0 , 1 8 7 0 g „ 2 0 mg 0 , 1 8 5 8 g 

I I I . C o m p o u n d 5 mg 0 , 1 6 3 0 g „ 10 mg 0 , 1 5 4 0 g 

»» 2 0 mg 0 , 1 1 1 0 g 

I V . C o m p o u n d 5 mg 0 , 1 3 2 0 g 

» 10 mg 0 , 1 5 8 0 g 

»t 2 0 mg 0 , 1 2 0 6 g 

0 0 ,1464 g 
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In order to decide whether the plant takes up the compounds 
sal icylaldehyde-o-phenylenediamine F e 5 ' ( I I I ) CI radioact ive complexes were 
added to the oat seeds. When the plants o f these o a t seeds were 10 c m high 
they were cut o f f at the part where they were green, then they were dried and 
their weight was measured. A f t e r this they were crushed and the count per 
minute was also measured by a scaler. Reproducable count was obtained, the 
value o f which — af ter deduction o f the background (60—70 c . p. m. ) — proves 
the presence o f iron in the plant. 

T h e effect o f the four complexes upon phosphate enzyme o f the soil was 
measured. Experiments were set in according to the (B . TARNGER) method. 
Four mg o f the complex compound was added to the measured soil sample. 
The results can be seen in T a b l e I X . 

Table I X . 

0 2,9 3 ,0 3,0 2 ,9 mg °/o 

I. 4 ,0 4,2 4 ,0 4,1 H 
I I . 3 ,0 3 ,0 2 ,9 3 ,0 » 

I I I . 3,1 3 ,0 3 ,0 2 ,8 
I V . 3 ,0 2 ,9 3 ,0 3 ,0 „ 

T h e values, unequivocally, support the outstanding ef fect o f compound 1. 

Theore t i ca l 

From the theoretical data it can be established that the salicylaldehyde-
o-phenylenediamine Fe ( I I I ) C l ( I V ) compound has the least e f fec t upon growth. 
At the investigation o f the ligands this complex former showed the greatest 
act ivi ty . T h e result o f the investigation is in agreement with the statements 
hitherto. G r o w t h is promoted by the polar part o f the applied compound. 

Figure 1. 

I f this structure is altered then the effect does not occur ; this result 
corresponds with the observations o f other researchers (9 ) . I f they exchanged 
the O H radical for that of methyl one, the so formed c o m p o u n d did n o t exert 
any influence upon growth, or rather upon the living organism. When carrying 
out the experiments the authors o f this paper ceased the existence o f the O H 
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radical by producing complexes and in doing so the hydrogen o f the O H 
radical broke o f f and the oxygen directly bonded to Me. With compound I V . 
the act ivating ef fect , which exists with the Schif f -base , ceases, moreover , inhi-
bition occurs. From among the complexes the o-vani l l in-o-phenylenediamine 
F e ( I I I ) C l ( I ) compound undoubtedly increases growth and decreases the time 
of germination. With this compound the Schi f f -base part was ineffect ive. T h e 
active character o f the complex may be associated with its electron dense and 
electron deficient places existing within itself. 

Figure 2. 

T h e metoxy group in compound I. being in or tho position is able to 
produce hydrogen bonding with its unused electron, thus being in a position 
to bond to the protein molecule. Therefore, the plant integrates the relat ively 
big molecule o f the complex into its organism without decomposit ion. In 
complex I. there are t w o such m e t o x y groups located on one side of the m o l e -
cule (in cis foTm). 

Establishment o f the results o f investigations hitherto. 
1. T h e complexes are very stable (10) . These compounds do not dissolve 

in alcoholic solution o f 0 , l n hydrochloric acid and 0 , l n sodium hydroxide . 
2 . T h e complexes do not dissolve, nor do the Schiff -bases in aqueous 

solutions and thus neither d o they in the press-fluid o f plant tissues. 
3 . I f the plant dissolved complex I . , then the above structure and the 

act ivating effect would cease to exist. 
4 . Since Schif f -base I. is ef fect ive, while complex I V . is not, therefore 

it is presumable that both o f them have to integrate into the plant without 
dissolution. 

5. T h e plant takes up the complexes; the iron isotopes were succesfully 
traced. It follows from the findings comprised in the above points, that the 
complex can get into the organism o f the plant without dissolution. 

6 . T h a t the e lectrof i l radical in o r t h o position has an act ivat ing e f fec t , 
it is proved by the data o f enzym investigations. I f the complex had dissolved, 
the results would not be uni form. 
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7. Complex I. is e f fect ive , receiving this character from the electrofil 
radical in ortho position. As long as the electrofil radical can be found at the 
Schiff-base, it is active, when, however, the above radical gets bonded (at the 
formation o f complex I V . ) the compound becomes inactive. Though the 
electrofil radicals o f Schi f f -base I V . and complex I . are not the same, their 
effect upon the germination o f the seeds are nearly identical. 

8. From the experimental data the role of the electrofil radical seems to 
be very important , which is in contrast with the establishments made for the 
complex forming ligands (2) . 

Here, too, the authors wish to express their thanks to D r . F . M Á R T A 

Candidate , Institute director, and D r . S . F Ö R G E T E G Candidate , director o f the 
Experimental Institute for the support they gave and for the interest they 
shown regarding the theme o f this paper. 
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