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Introduction 

E x p e r i m e n t s a iming at t he phys io logica l and b iochemica l e x a m i n a t i o n s o l t he g r o w t h 
oi rice var ie t ies (VARGA 1963, 1964) d r e w the a t t en t ion to the g e r m i n a t i o n - a n d g r o w t h -
inh ib i t ing substances in the rice gra ins . 

T h e presence a n d phys io log ica l ro le of t he g e r m i n a t i o n - a n d g r o w t h - i n h i b i t o r s in the 
d i f f e r e n t d ry seeds a n d f r u i t s is well k n o w n f r o m the l i t e ra tu re . N u m e r o u s pape r s deal a lso 
wi th the e x a m i n a t i o n of t he e f f ec t a n d phys io logica l s ign i f icance of t he i nh ib i to r s local ized 
in the ca ryops i s — m a i n l y in the l ayers cove r ing the g ra ins — of cereals such as w h e a t 
( M O S H K O V 1 9 3 8 , M I Y A M O T O a n d E V E N S O N 1 9 5 8 , M I Y A M O T O e i a l . 1 9 6 1 ) , o a t ( E L L I O T a n d 

L F O P O L D 1 9 5 3 , T U N G - F A N G 1 9 5 7 , K O V E S 1 9 5 7 , P E E R S 1 9 5 8 , F R I T Z G E R A L D 1 9 5 9 ) , w i l d o a t 

( K O M M E D H A L e i a l . 1 9 5 8 , B L A C K 1 9 5 9 ) , b a r l e y ( P O L L O C K ¡ 9 5 9 ) a n d r y e ( F U R S T K 1 9 5 8 ) . S o m e 

a u t h o r s a t t e m p t e d to d i scover the chemical n a t u r e of t he i nh ib i to ry subs tances too (MIYAMOTO 
a n d E V E R S O N 1 9 5 8 , M I Y A M O T O EI a l . 1 9 6 ) , K O V E S 1 9 5 7 , V A K G A a n d K O V E S 1 9 6 1 ) , 

O n the o t h e r h a n d , r e l a t i ve ly f e w d a t a are a v a i l a b l e conce rn ing the g e r m i n a t i o n - a n d 
g r o w t h - i n h i b i t i n g subs tances in the rice caryopsis . ULALI et al. (1960) , f u r t h e r NAIK a n d 
SHADEVAN (1962) on e x p e r i m e n t a l basis conc luded that r icc cove r ing s t ruc tu re s con t a in in -
h ib i to ry substances , MIKKELSKN a n d SINAH (1961) e x t r a c t e d subs tances , i nh ib i t i ng the g e r m i n a -
tion a n d the g r o w t h , f r o m the rice gra ins . KOVES a n d A c s (1963) s t u d y i n g the p r o p e r t i e s of 
rice gra ins of rcduced g e r m i n a t i n g p o w e r d e m o n s t r a t e d ce r t a in inh ib i to r s in the husk and 
gra in . ROBERTS (1961) , h o w e v e r , f o u n d — ne i the r in the rice husk n o r in t h e g ra ins — a n y 
g e r m i n a t i o n - and g r o w t h - i n h i b i t i n g substances e x t r a c t i v e w i th w a t e r or e t h e r wh ich is at 
va r i ance to o the r d a t a . But a u t h o r s d e m o n s t r a t i n g inh ib i to r s f r o m the rice g r a i n s ca r r i ed ou t 
no de ta i l ed e x a m i n a t i o n s conce rn ing the e f f e c t a n d c h a r a c t e r i s t i c s of these subs tances . 

In the f i rs t p a r t of ou r p a p e r w e wish to e luc ida te the r a t e of t he e f f e c t of t h e 
e f f ec t of t he i nh ib i to r s in cove r ing s t ruc tu re s on the g e r m i n a t i o n a n d g r o w t h as wel l as t he 
p r inc ipa l p rope r t i e s of the i nh ib i t i ng substances . 

5 Actj lltuln^ita 
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Material and method 

As it is known from literary data and earlier examinations that the 
inhibiting substances of the rice grains are localized in the pericarpium and testa, 
further in the husk (lemma and palea); bran, resulting from dehusking and 
available in large quantities, was used for experiment. The bran — dehusked 
from Dunghan Shali harvested in 1962 — was obtained from the Dehusking 
Mill and Marketing Cooperative of K a r c a g . r he "bran contains the tissues oi 
the husk, pericarpium and testa, moreover the aleuron layer of the endosperm 
— though in a smaller quantity compared with that of the former. The bran 
was stored in dry condition at 0~C. 

Extraction of the inhibitors. 50 g of rice-bran with water (100 ml) was 
shaken at room temperature for 6 hours and the suspension was centrifuged. 
The supernatant fluid was completed with water to 100 ml and the obtained 
extract was considered as a stock solution. Then a serial dilution was prepared 
ranging from 2,5X to 100X and their germination- and growth-inhibitory 
effect and properties wrere examined with rice-embryo and lettuce seed 
germination test, fur ther with rice and oat coleoptile section test as well as 
with lettuce hypocoty! test. 

Rice-embryo test. The embryos were cut f rom Dunghan Shali grains of 
96°/o germinating power, harvested in 1962. 20 excised embryos were placed 
with the endosperm side down in a Petri dish of 6 cm 0 on a disc of double 
filter paper wetted with 3 ml of test solution. The dishes were then incubated 
at 25°C partly in dark, partly in light. 

Lettuce seed test. 50 seeds (Lactuca saliva L. „Bottner") were germinated 
in an 8 cm 0 Petri dish at 25°C in light, on double filter paper discs wetted 
with 4 ml test solution. Occasionally, beside the lettuce seeds — in the same 
way — intact or dehusked rice grains, mustard, millet, panicum and poppy 
seeds were also used for germination test. In every case the germination per 
cent, the germinating power as well as the length of the shoot and root of the 
seedlings were observed against the time and concentration. 

Rice and oat coleoptile section test was made as described in our earlier 
papers ( V A R G A and FERENCZY 1 9 5 7 ) . 

Lettuce hvpocoty! test was carried out with F R A N K L A N D — W A R E I N G ' S tech-
nique (1960) modified by WHEELER (1962). 

Results and discussion 

The cause of the effect of husk delaying germination 

According to R O B E R T S ( 1 9 6 1 ) the husk of the rice grains contains no 
inhibitors; its germination delaying effect is solely due to its preventing the 
gas-exchange between the grain and environment. On the other hand, the 
above mentioned authors assumed i. e. found inhibitors in the husk. 

Consequently first, as an informative experiment, we compared the 
germination of intact and dehusked grains and the growth of the seedlings. 
The germination of dehusked grains in the presence of the removed husks 
was also examined. In every case 50 rice grains were put in a 10 cm 0 Petri 
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dish on a double filter paper wetted with 5 ml water. Some of the disbes in 
dark, others in light were incubated at 25"C. Results are shown in Fig. i and 
2. According to Fig. 1 the germination has been prevented by the husk not 
only mechanically but also by its watcrsoluble inhibitors, surely the husks 
removed f rom the grains and put in the Petri dishes exerted also a certain 
inhibitory effect. From our data it seems that the prevention of water- and 
gas-exchange by the husk and the inhibitor content of the husk play roughly 
equal part in delaying the germination. It is to be noted that no difference 
was between the germination of the grains incubated in dark and light. 

The presence of the husk has also an effect on the initiate growth of the 
rice seedlings (Fig. 2): the coleoptile- and rootlength of the seedlings in the 
three samples shows the same differences as seen in the germination. 

Therefore the husk of the rice grains — like other cereals — contains 
germination- and growth-inhibitory substances. 

Examination of the effect of water extract 

The rate of germination inhibitory effect of the dilutions (2,5X, 5 X , 
7,5 X , 10 X , 2 0 X , 40X, 60X and 100X dilutions) prepared from the stock 
solution (OX dilution) considerably inhibit the germination. The higher 
dilutions influence somewhat less the germination per cent, but they retard 
the germination. The dilutions 6 0 X , SOX and !0QX proved to be ineffective. 
The results of the series incubated in dark and light were practically identical 
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Fig. 3. Germinat ion of rice embryos in d i f fe ren t di lut ions of bran extract . (C = control . ) 
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The water extract inhibited the germination of the mustard, millet, 
panicum, poppy and lettuce seeds too, and considerably more than that of 
the rice embryos. Of the seeds used, the extract exerted the strongest effect on 
the lettuce, consequently later we employed lettuce seeds beside rice embryos 
to measure the inhibitory effect. Fig. 4 presents the effect of the serial dilutions 
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tig. 4. Ger rn ina t ion of let tuce seeds in d i f f e r e n t d i lu t ions of b r an ex t rac t . ( C = control . ) 

of the bran-extract on the germination of lettuce seeds. In the stock solution 
and in 2,5 X dilution the seeds did not germinate at all, the further dilutions 
— in proportion to the concentration — significantly diminished and delayed, 
respectively, the germination. 

The inhibitory substances occurring in the covering structures of rice grain 
delay least of all the germination of the rice, and to the highest degree that 
of the lettuce seeds, of the seeds used as test in our experiments. 

The water extract and its dilutions have reduced also the growth of the 
seedlings. Fig. 5 and 6 showr the length of the root and shoot of the seedlings 
— rice and lettuce in water extracts — in the 72. hour. In the figures is shown 
also the rate of growth in percent of the length of the control. According to 
the results the inhibiting effect, in rice (Fig. 5) is more pronounced in the 
growth of the seedlings than in the germination; i. e. the length of the roots 
and coleoptiles is more sensitive test than the germination itself. It is worth 
mentioning that M I Y A M O T O et al. ( 1 9 6 1 ) experienced the same related to 
wheat. 

It is remarkable that in the case of rice (Fig. 5) the root, while in the 
case of lettuce the hypocotyl is more sensensitlve to the inhibitory effect; the 
different species, therefore, variously behave in this respect. 
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Fig. 5, G r o w t h of the root and shoot of r i te seedlings in the d i f fe ren t dilutions of wa te r 
ext rac t , in the 72. hour . 
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Behaviour of the inhibitors to heat 

The different dilutions of the water extract were kept at —15, + 2 , 20, 
60 and 100°C for 24 and 48 hours following extraction, thereafter the in-
hibitory effect was examined with rice embryo and lettuce seed test. The 
results arc summarized in Table I. and II. Accordingly, the activity of the 
extracts kept at — t 5 ° C did not change whereas the activity at ~~2, 20 and 
60"C decreased in the ratio of the rise in the temperature, on the other hand 
at 100nC it increased. The average activity-change observed in the two tests 
following heat treatment was: 

It follows that a part (the greater part) of the substances occurring in the 
covering structures of rice grains arc thermostabile, the other part (the smaller 
one) is thermolabile. The rise of the inhibitory effect of the extracts kept at 
100'C for 24 or 48 hours is likely to be attributed to the fact that other, 

Temperature Rice embryo Lettuce seed 

— I5°C 0 % 0 % Unchanged activity 
2°C 1,6% 2,3°/» Change within the limit of error 

J- 20°C 10,3% 11,0% Decreased activity 
4- 60°C 15.1% 17,3% Decreased activity 
+ 100"C 8,1% 6,2% Rise of activity 

H o u r s 
Di lu t ion 5 X D i l u t i o n 10X D i l u t i o n 20 X 

H o u r s 
— 15° + 2° + 20- + BO° — 15= 4- SP ! + 20° • + 600 4-100=1 — 15° + 2= + 20° + 60= +100° 

36 _ 8 _ _ 3 10 15 
4 2 4 11 20 25 2 9 35 10 30 35 40 4 6 15 
48 19 24 33 50 - - 4 0 40 4 7 60 21 48 52 60 65 35 
54 33 40 51 62 20 56 63 6 6 72 40 69 74 30 SO 50 
60 4 5 43 60 71 40 78 68 85 85 52 SO 80 83 85 73 
6 6 60 70 80 80 56 84 86 9 0 90 78 9 0 90 9 L 9 0 SO 
72 63 72 80 90 65 87 92 95 96 85 95 9 7 96 9 6 V0 

Table I. G e r m i n a t i o n per cen t of rice e m b r y o s in rice b r a n e x t r a c t s p r e v i o u s l y t r e a t e d a t 
d i f f e r e n t t e m p e r a t u r e s , ( C o n t r o l is W'q in t h e 48 . hour . ) 

H o u r s 
D i l u t i o n 5 X D i l u t i o n 10X D i l u t i o n 20 X 

H o u r s - 1 5 6 + 2° + 20= + 60= +100= — 15= + 2° + 2G-" + 60= + 100° — 15= + 2= + 20° + 60= j +100° 

24 3 _ 8 11 14 25 18 18 23 58 5 0 15 
32 _ 7 5 9 8 23 37 35 51 23 38 49 7 2 68 33 
40 S 14 13 20 I I 4 9 56 57 68 42 55 67 79 82 47 
48 15 24 24 32 16 54 67 72 77 54 62 72 80 85 60 
56 31 35 41 4 9 2+ 64 75 7 9 84 59 77 85 90 94 75 
64 48 51 61 66 37 72 81 84 89 66 82 9 0 92 95 83 
7 2 62 64 73 76 51 77 86 88 94 75 90 93 95 96 89 
80 72 78 82 87 65 80 89 89 95 81 93 96 94 97 95 

Table II. G e r m i n a t i o n per cen t of l e t t uce seeds in r ice b r a n e x t r a c t s p rev ious ly t r e a t e d a t 
d i f f e r e n t t e m p e r a t u r e s , ( C o n t r o l is 96°/o in t h e 48. hour . ) 
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more active inhibitory substances are produced due to the formation of certain 
decomposition products, i. e. to the reaction of some components. It is also 
possible that at 100 'C the decomposition of some substances being able to 
counteract the inhibitory effect lead to the rise of the activity. 

Stability of the inhibitors in vitro 

Examining rhp stability of the inhibitory substances of water extract, its 
dilutions were kept at — 2°C for 6 weeks measuring their activity weekly. 
(The extracts can not be kept at room temperature for a longer period without 
infection, administration of antibiotics influences also the germination of the 
test-seeds and autoclaving, according to the earlier experimental results, is not 
possible without activity-change). At _ 2"C, in aqueous solution, in 6 weeks, 
5,5 + 4 ,2% of the activity was lost which being about equal with the standard 
error can not be taken into account. 

The quantity of the inhibitory substances extractable with water f rom 
the dry bran practically did not change for 8 weeks following dehusking, 
measuring weekly. 

Interaction between the inhibitors and indoleacetic acid 

As the results show that the inhibitory substances of the rice-bran retard 
the growth of the seedlings to a greater extent than the germination, we 
examined the interrelationships in the action of these substances and of IAA. 
The effect of the different concentrations of the bran-extract on the elongation 
— in the presence of t0 - : l—10"1 1 M IAA — was measured with rice and oat 
coleoptile section test. Fig. 7 shows the results obtained with rice coleoptile 
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l ig, 8. I n t e r a c t i o n be tween the i nh ib i to r s a n d I A A in oa t co leopt i le sect ion test . 
(s = ± 4 , 2 ; s = ± 0 , 6 3 ; s °/o = 5 ,02 ; n — 50). 

sections. On the figure the degree of the elongation of rice coleoptile sections 
can be compared in pure IAA solutions, in the dilutions (2,5X and 5 X ) of the 
bran-extract, moreover in simultaneous application of inhibitors and of IAA. 
The dilution 2,5X and 5X considerably diminishes the effect of IAA; whereas 
the auxin counterbalances to a certain extent the growth-inhibitory activity 
of the extracts. On the basis of these results the reduced growth of the shoot 
of rice seedlings treated with bran-extract, can be explained. 

In a still higher degree the auxin-counterbalancing effect of the extracts 
is shown in the oat coleoptile section test (Fig. 8). Here the dilutions 2,5 X, 
5X and 10 X diminish the effect of the IAA concentrations to such an extent 
that the elongation of the sections remains below that of the control in every 
case; and the effect of the auxin can be observed only in the case of dilution 
10 X to the extent over the limit of standard error. Consequently the oat test 
is more sensitive to the inhibitory substances of the rice-bran than the rice 
itself. It may be mentioned that according to GKACZA'S results ( 1 9 5 7 ) the rice 
coleoptiles have the smallest auxin-sensitivity among the cereals. 
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Interaction between the inhibitors and gibberellins 

It is known that the GA generally stimulates the seed germination and 
the elongation of the stem cells, i. e. the longitudinal growth of the shoots. 
Now the question arises whether the inhibitors in rice bran extract are able 
to reverse also this effect of GA. 

Therefore we studied the rate of the germination of the rice embryos in 
the presence of these inhibitors and ot the GA together, in different con-
centrations (Fig. 9). According to the results the water extract, in 2 .5X, 5X 
and 10X dilutions, significantly retards the germination stimulatory effect 
of the GA; whereas the GA — in the proportion of the concentration — 
reduces the germination inhibitory effect of the inhibitors. On the basis of 
our data the inhibting effect due to 10X dilution is reversed only by 100 
p p m GA, 

Interaction of similar character was noted also in the germination of 
lettuce seeds (Fig. 10), with the difference that, the lettuce seed being more 
sensitive test, here the germination retarding effect of the inhibitors is still 
more strongly shown against the GA. In this case the inhibition due to dilution 
20X is ceased by the presence of 100 ppm GA. 

The inhibitors of the rice bran prevent also the elongation stimulatory 
effectiveness of the GA on stem cells. It is seen in Fig. 11 how much is reduced 
the GA-lnduced elongation of the rice coleoptiles by the 2 ,5X, 5X and 10X 
dilutions of the extract; and this inhibitory effect can be completely reversed 
only bv a relatively larger quantity of the GA. In an earlier work (1964) we 
demonstrated that the native GA content in rice seedlings is insignificant 
related to the GA quantity added from outside. 

^ &0 

•z 
9 60 

G A + 2 , 5 * O I L . G A + 5 X D 1 L , G A M O x D I L . 

Fig 9. Ge rmina t ion of rice embryos in s imul taneous appl ica t ion of d i f f e ren t d i lu t ions ol the 
inhib i tors and of G A , in the 48. hour . 
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Fig. 10. G e r m i n a t i o n of l e t tuce seeds in s i m u l t a n e o u s a p p l i c a t i o n of d i f f e r e n t d i l u t i ons oi 
i n h i b i t o r s a n d of G A , in t h e 120. h o u r . 
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Fig. II. G r o w t h of t h e shoot of rice seedl ings in t h e p resence of d i f f e r e n t d i l u t i o n s of t h e 
i nh ib i to r s a n d of G A , in the 120. h o u r . 

The inhibi tory substances arc able to detain the growth stimulatory effect 
of the GA, in the highest degree, in the lettuce hypocotv! test (Fig. 12). This 
is one of the most sensitive tests, so it is very frequent ly used to demonstrate 
the gibberellins ( F R A N K L A N D and W A R E I N G I 9 6 0 , WHEELER 1 9 6 2 , V A R G A 1 9 6 4 ) . 
The growth reaction of the lettuce hypocotyls to GA — as shown in Fig. 12 
— is, to a considerable extent, reduced by the inhibitors of the rice bran and 
no doubt by other natural inhibitory substances too. 
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0 0,1 1 1 0 1 0 0 p p m 
1 5 

G A O A + 5 X O I L . G A - M O X D I L . G A + 2 0 X D L L . 

I ig. 12. i n t e r r e l a t i o n s h i p s in the e f f e c t of r ice b r a n i n h i b i t o r s a n d of G A , in l e t tuce h y p o c o t y l 
test , (s = ± 1 , 8 4 ; s s = ± 0 , 3 3 ; S , / o = l « 3 i n = 75.) 

Our data are confirmed by C O R C O R A N et al. (1961) who demonstrated 
that the extract of some seeds and fruits (e. g. Ceratonia siliqua) is able to 
detain the elongation induced by GA. These facts indicate that the GA content 
of natural plant extracts can be really determined with biological tests only by 
a careful separation of the gibberellins from other substances. 

Solubility of the inhibitors in organic solvents 

50 g of rice bran previously soaked in water was extracted with 100 ml 
of natural plant extracts can be really determined with biological tests only by 
were evaporated and the residue was solved in water. The inhibitory effect of 
the obtained solutions was examined with lettuce seed and lettuce hypocotyl 
test, in every case smaller or larger germination- and growth-inhibition was 
observed suggesting that the inhibitory substances, or at least some, are solubile 
in these organic solvents. 

The separation of fractions of different solubility from the water extract 
and the detailed examination of the effect of single fractions and of their 
properties is being treated in a subsequent paper. 

Summary 

Examining the germination- and growth-inhibitory effect and properties 
of the water extract of the covering structures of rice grains the following 
results were obtained; 



I N H I B I T I N G S U B S T A N C E S [N (l[CE G K A I N S 7 7 

1. The rice husk — alike other cereals — contain germination- and 
growth-inhibitory substances. The inhibitor content of the paleae play a signi-
ficant part in retarding the seed germination by the husk. 

2. The water extract of the bran and its dilutions, depending on the 
concentration, inhibit the germiation of the rice embryos and other seeds. 
Of the seeds used as test object the inhibitory substances inhibit the least the 
germination of rice and in the highest degree that of lettuce seeds. 

3. Inhibitors in the bran of rice reduce the growth of the root and shoot 
of rice and lettuce seedlings too. In the case of rice the root is more sensitive 
to the inhibitory effect while in the case of lettuce the hypocotyl. 

4. The greater part of the inhibitory substances is thermostabile and the 
smaller one is thcrmolabile. At 100"C in the extract, due to certain decom-
positions or certain reactions of the components, other inhibitors, more active 
than the original ones, are formed. 

5. The inhibitors are stabile at room temperature and at some of 
them are solubile also in methanol, ethanol, chloroform and ethylether. 

6. The inhibitors are able, to a considerable extent, to retard the effect 
of IAA and of GA on the cell elongation and on the stimulation of the 
germination respectively; whereas IAA and GA, in a certain degree, reducc 
the germination- and growth-inhibitory activity of these substances. 
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