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S u m m a r y 

Intensity of the respiration of the chilled-stratified seeds increases more intensively than 
that of the warm-stratified ones. Intensity of the respiration was further increased by treatment 
with exogenous GA, at both temperatures. Change in the lipase activity was similar. Embryos 
of seeds treated with exogenous GA, were larger than the untreated ones at both temperatures 
investigated. Slight differences were, however, observed in the germination rate of the excised 
embryos and in the intensity of the growth of the seedlings. 

Faster degradation of the endosperm cells around the radicle was promoted by the chilled-
stratification. This process cannot be forced by the exogenous GA3 alone. 

Introduction 

In the seeds of the Tilia platyphyllos t h e e m b r y o increases dur ing the chil led-
strat i f icat ion (NAGY et a l . , 1981) and all c h a n g e s p r o m o t i n g the germina t ion t ake 
place. 

T h e ge rmina t ion is an energy-intensive process since it includes the cell-division 
and e longa t ion . T h e r e f o r e , a t the swelling of the seeds mobi l iza t ion of t h e s to red 
nu t r iments , which a re utilized as resp i ra tory basic ma te r i a l s and fo r the synthes is o f 
new subs tances , s ta r t s immedia te ly . In t h e mobi l iza t ion of the n u t r i m e n t t ak ing 
place du r ing t h e swelling of the seeds h a v e a n i m p o r t a n t role the h o r m o n e s , firts o f 
all the gibberel l ins which a re i m p o r t a n t in t h e s ta r t o f the synthesis and the enhance-
ment of t h e act ivi ty of the hydro ly t ic enzymes o f decisive impor t ance (LEWAK et al . , 
1975; ZARSKA-MACIEJEWSKA a n d LEWAK, 1976). Th i s m a y explain t ha t in the case 
of n u m e r o u s species the chi l led-strat i f icat ion requ i rement , necessary for the ge rmina-
t ion, can be subs t i tu ted fo r exogenous G A 3 t r e a t m e n t (AMEN, 1968; JUNTTILA, 1970; 
Ross and BRADBEER, 1971; KOPCEWICZ and PORAZINSKI, 1973; BASKIN and BASKIN 
1 9 7 0 , 1 9 7 4 ) . 

Since in the case of the Tilia platyphyllos seeds the chil led-strat if icat ion c a n n o t be 
subs t i tu ted for exogenous G A 3 t r ea tmen t (NAGY a n d SZALAI, 1973), the a im o f the 
present s tud ies was t o get f u r t h e r d a t a c o n c e r n i n g the influence of the e x o g e n o u s 
G A 3 t r e a t m e n t on t h e d o r m a n c y o f t h e Tilia platyphyllos seeds. T h a t ' s w h y the 
effect of the G A 3 t r ea tmen t was invest igated conce rn ing the metabol i sm of the seeds, 
the growing intensi ty of embryos excised f r o m t h e t rea ted seeds and the mechan ica l 
resistance of the t issues s u r r o u n d i n g the e m b r y o . 
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Mater ia l s and M e t h o d s 

Fruits used for these studies were obtained from the Forestry of Csongrád County from 
trees forming close stand, thus population material was investigated. 

The pericarps were mechanically removed and the seeds treated with sulfuric acid for 8 min 
then thoroughly washed, dried and put into filter-papers moistened water and 3X10""4 M GA, 
solution (Phylaxia. Budapest) and stored in refrigerator (at + 5 °C), while an other series in ther-
mostat of 25 °C. 

M e a s u r e m e n t of the i n t e n s i t y of the r e s p i r a t i o n 

Intensity of the respiration of variously treated seeds was measured with Warburg's appa-
ratus (KEIL and SORMOWA, 1968) in 3 weeks periods. Test pots were put into water-bath of 
25 °C. The manometers were read at 15 min intervals for 60 min. Amount of oxygen consumed 
by the seeds was calculated from the following formula: 

Hi 0 , = k - K . , 

where/: is the pressure measured with the manometer and K 0 j is the factor of vessel belonging 
to the corresponding manometer. Three parallel series were used for the measurements. . 

M e a s u r e m e n t o f t h e l i p a s e a c t i v i t y 

T h e enzyme p r e p a r a t i o n s were made acco rd ing t o COLOWICK a n d KAPLAN 
(1955). Lipolyt ic act ivi ty was m e a s u r e d by us ing the m e t h o d of ORY et al . (1962) 
a f t e r the de t e rmina t ion of t h e p H o p t i m u m . 

M e a s u r e m e n t o f t h e g r o w t h i n t e n s i t y o f t h e e x c i s e d e m b r y o s 

In the d i f ferent per iods of the s t ra t i f icat ion t h e embryos were excised a n d s t o r e d 
in semisteri le cond i t ions in Pet r i d ishes on filter-papers mois tened wi th W h i t e ' s 
c u l t u r e m e d i u m (WHITE, 1943) a n d i l luminated wi th lOOOOlx fo r 16 h pe r d a y a t 
25 ° C dai ly and 20 ° C n igh t t empe ra tu r e . Size o f the seedl ings was m e a s u r e d on 
the 3rd d a y a f t e r t h e excis ion. 

H i s t o l o g i c a l e x a m i n a t i o n o f t h e s e e d s 

F o r the his tological e x a m i n a t i o n of the seeds, longi tud ina l sect ions were p r e p a r e d 
by m e a n s o f the usual pa ra f f iné e m b e d d i n g t echn ique f r o m seeds chi l led-s t ra t i f ied 
fo r 3 m o n t h s and f r o m seeds warm-s t ra t i f ied fo r 6 m o n t h s a n d t rea ted with G A 3 . 
T h e sec t ions were s ta ined wi th Ehr l i ch ' s acidic haematox i l in , fixed in g lycer ine-gela-
t ine a n d examined with l ight -microscope . 

Results and Discussion 

C h a n g e in t h e i n t e n s i t y o f t h e r e s p i r a t i o n o f s e e d s 
u n d e r c h i l l e d - a n d w a r m - s t r a t i f i c a t i o n 

T h e intensi ty o f the resp i ra t ion measured wi th W a r b u r g ' s a p p a r a t u s wi th m a n o -
mete r is a g o o d index of the act ivi ty of the me tabo l i sm . 

M e a s u r e of the in tens i ty of the respi ra t ion of the var ious ly t rea ted seeds a t 
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Fig. I. Change of the respiration intensity of the Tilia platyphyllos seeds as a result of GAS treat-
ment combined with chilled- and warm-stratification. 

d i f ferent t imes is d e m o n s t r a t e d by F igure 1 showing the a m o u n t o f oxygen (ml) con -
s u m e d by 100 seeds d u r i n g 1 h. A s it can be seen f r o m the F igure , intensi ty of the 
respi ra t ion of the warm-s t ra t i f ied seeds is m u c h lower than tha t of t h e chi l led-stra -
tified ones . 

T h e exper iences a re s imi lar fo r the seeds of the pea r (ALSCHER-HERMAN et al . , 
1981) a n d o f t h e c h e r r y t o o (POLLOCK a n d OLNEY, 1959). T h e i n t e n s i t y o f t h e r e s p i r a -
tion is increased by the G A 3 t r e a t m e n t a t bo th t empera tu res showing the me tabo l i sm 
increas ing effect . 

C h a n g e o f t h e l i p a s e a c t i v i t y o f t h e s e e d s u n d e r 
c h i l l e d - a n d w a r m - s t r a t i f i c a t i o n 

In l ip id-conta in ing seeds the first s t ep of the mobi l iza t ion of the reserve mater ia l s 
is the deg rada t i on of the lipids wi th the help of lipases. Since the main reserve mate -
rials of the Tilia seeds a r e lipids ( R A D E C K E , 1 9 6 7 ) , l ipase act ivi ty was measu red t o 
charac ter ize the me tabo l i sm act ivi ty. 

T y p e s of lipases present in t h e seed in d o r m a n c y and fo rmed d u r i n g the ge rmina-
tion a re ques t ion u n d e r d i s p u t e in t h e l i tera ture . 

In the e n d o s p e r m of the cas tor -o i l bean a lipase with 4.3 p H o p t i m u m was f o u n d 
by ORY et al . (1962), while YAMADA (1957) descr ibed an o ther l ipase sys tem fo rmed 
dur ing the ge rmina t ion of the seed and possessing a p H o p t i m u m in the neut ra l 
range . 

In the seeds, the presence o f l ipase sys tem with different p H o p t i m a is con tes ted 
by several a u t h o r s . Acco rd ing to RAMAKRISHNAN and BANERJEE (1951) on ly o n e 
lipase system exists in the seeds p H o p t i m u m of which is in the acidic range, p H 
o p t i m u m observed in the neu t ra l r ange is caused by the lipase act ivi ty of the micro-
organisms, invisible fungi , f o u n d on the seeds. This a s sumpt ion was c o r r o b o r a t e d 
b y t h e d a t a o f RIMON ( 1 9 5 7 ) a n d ST ANGELO a n d ALTSCHUL ( 1 9 6 4 ) a s w e l l . 

However , lipase sys tems wi th d i f ferent p H op t ima were f o u n d by SMOLENSKA 
a n d LEWAK ( 1 9 7 4 ) in v a r i o u s s e e d s . 

Dete rmina t i on of the p H o p t i m u m of the l ipase activity o f the Tilia seeds 
revealed two p H o p t i m a a t 4.5 a n d 6.5, there fore , the activity was m e a s u r e d a t 
bo th o p t i m a in all cases. 
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C h a n g e of the l ipase act ivi ty of the Tilia seeds under s t ra t i f ica t ion is s h o w n by 
Figure . 2 (A and B). In the Figure , a m o u n t of the fa t ty acid (in oleic acid e q u i v a l e n t ) 
released du r ing 96 h by l ipase ext rac ted f rom 100 seeds is s h o w n . 

A s it can be seen, du r ing the 12 weeks inves t iga t ion , the increase in t h e l ipase 
activity of seeds s trat i f ied a t r o o m t e m p e r a t u r e w a s m u c h lower t h a n tha t of t h e 
chi l led-strat i f ied ones . T h e increase o f the act ivi ty was obse rved a t b o t h p H a s a 
result o f t h e G A 3 t r e a t m e n t which is in a c c o r d a n c e with t h e resul ts o f t h e measu re -
m e n t s of t h e respi ra t ion intensi ty . T h e activi ty was higher at p H 6.5 (F ig . 2 A ) t h a n 
a t p H 4.5 (Fig. 2B). 

r r 

Fig. 2. Change of the lipase activity of the Tilia plaiyphyllos seeds as a result of GA, treatment 
at pH 6.5 (A) and pH 4.5 (B) combined with chilled- and warm-stratification. 

E f f e c t o f t h e G A 3 t r e a t m e n t o f t h e s e e d s o n t h e g r o w t h 
o f t h e e m b r y o s 

Since in the case of the Tilia plaiyphyllos seeds the e x o g e n o u s G A 3 t r e a t m e n t 
does no t subs t i tu te the chi l led-s t rat i f icat ion, o n e can a s s u m e tha t a m o u n t of G A 3 

necessary fo r t h e s t imula t ion of the g rowth o f the e m b r y o c a n n o t get in to the seed . 
F o r this r eason , e m b r y o s were excised f rom seeds t rea ted with G A 3 f o r 2 m o n t h s 
a n d c o m p a r e d wi th t hose excised f r o m con t ro l seeds (Fig. 3). F i g u r e s h o w s t h e 
co n t ro l e m b r y o s in the u p p e r line while those excised f rom seeds t rea ted wi th G A 3 

in the lower line. 
A l t h o u g h the e m b r y o s were larger than the con t ro l a t b o t h t e m p e r a t u r e s a s a 

resul t of the exogenous G A 3 t r ea tmen t , ge rmina t ion took place on ly in the case o f 
the chi l led-strat i f ied seeds, a n d n o germina t ion was observed with the warm-s t ra t i f i ed 
ones even on 6 m o n t h s G A 3 t r e a t m e n t . T h e exogenous G A 3 t r ea tmen t s t imu la t ed 
mainly the g r o w t h o f the co ty ledones . The s a m e found for the F r a x i n u s excels ior 
seeds where , as a result of the G A 3 t r e a tmen t , the co ty ledones of the e m b r y o increased 
to such an ex tent t ha t they got c ru shed in the seed but n o ge rmina t ion took p lace 
( S Z A L A I a n d N A G Y , 1 9 6 8 ) . 

G e r m i n a t i o n of the e m b r y o s excised f rom seeds t rea ted wi th G A 3 u n d e r chi l led-
or warm-s t ra t i f i ca t ion was fast bu t the differences o f the size of the seedl ings did n o t 
jus t i fy the fa i lure of the ge rmina t ion a t room t empera tu r e . F igure 4 s h o w s the size 
of the seedl ings developed f r o m the embryos ob ta ined f r o m var iously t rea ted seeds, 
3 days a f t e r the excision. In the case of warm-s t ra t i f i ca t ion t h e res is tance of t h e 
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fr Ü* F r V 
Fig 3. Influence of the GA, treatment of the 77/i'a plaiyphyllos seeds on the growth of the embryos. 

Upper line is the control and the lower line shows the embryos excised from seeds treated 
with GA, for 2 months. 
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Fig. 4. Growing intensity of the embryos, excised from seeds treated with GA3 , at 25 °C and 
illuminated with 10 000 Ix. Figure shows the size of the seedlings 3 days after the excision. 

cover ing t issues seems t o b e the p r i m a r y reason for the con t inuance of the d o r m a n c y 
a n d no t t h e weake r g rowing abil i ty o f the e m b r y o . This was c o r r o b o r a t e d by o u r 
histological obse rva t ions a s well. 

E f f e c t o f t h e G A 3 t r e a t m e n t o n t h e e n d o s p e r m s u r r o u n d i n g 
t h e e m b r y o 

A t the end of the 3 m o n t h s chi l led-strat i f icat ion the discharge and d issolu t ion 
of the e n d o s p e r m cells a r o u n d the radicle were observed (Fig. 5). Th i s change was 
no t observed fo r warm-st ra t i f ied and G A 3 t rea ted seeds even a f t e r 6 m o n t h s . Th i s 
di f ference is essential conce rn ing the cessat ion of the d o r m a n c y . 

In the in t e rup t ion of the d o r m a n c y the e x o g e n o u s gibberell in wou ld be effective 
if its role were d o u b l e in the Tilia plaiyphyllos s eeds : supply o f the e m b r y o wi th 
so luble n u t r i m e n t s a n d the s t imula t ion of the synthesis a n d / o r the activity of enzymes 
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Fig. 5. Effect of G A j treatment on the endosperm around the radicle. 
a) seed chilled-stratified for 3 months. x50. 
b) seed treated with GA3 and warm-stratified for 6 months, x!23 
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decreas ing the mechan ica l res is tance of tissues s u r r o u n d i n g the e m b r y o . As it is 
shown by o u r results , the e n h a n c e m e n t on the gibberell in level is no t en o u g h for the 
cessat ion of t h e d o r m a n c y of the Tilia seeds s ince it c an p r o m o t e on ly the n u t r i m e n t 
supp ly and t h e g r o w t h o f the e m b r y o . P r o b a b l y t h e e n h a n c e m e n t of the level o f 
o ther h o r m o n e s a re a l so requi red fo r the w e a k e n i n g o f the mechanica l res is tance o f 
the e n d o s p e r m . 
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