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Vl lv  N a - h u m ~ t u  n a  bubi~eni a k l i~eni  oz lm6  p~enice 

V prgmi byl studovgm vliv humAtu sodn6ho na bub~ni a kliSenl ozim6 pw 
Pyw (Triticum vulgare VXLL.) a sledovAna zm6na intensity d:~chgmi bubHcich 
obflek v prv:~eh 24 hodins bub~eni. 

Bylo zjiht6no, ~e Na-humht v koneentraci 100 mg/ml urychluje v pry6 fAzi 
bub~ni p~ijem vody bub~icimi ohflkami. Tim, ~e obilky pHjmou drive dostate6n6 
mno~.stvi vody, doch~zi u nich d~ive k aktivaci enzymatick:~eh syst6mh, zabezpe- 
5ujicich zdg~rn~ prhb6h kli6eni, co~ se projevl zv~'~enim intensity d~'chgmi. Energie 
uvoln6n~ d:~ehgmirn rnfi~e b~t vyu~ita k rychlejw rfmtu embrya, co~ se projevi 
morfologicky v ryehlosti kliSeni. 

S u m m a r y  

E x p e r i m e n t s  on the  effect of  sod ium h u m a t e  on the  swelling and  ge rmina -  
t ion  of  the  win ter  whea t  Py~elka  ( T r i t i c u m  vulgare VILL.) and  on the  changes  
in resp i ra t ion  in tens i ty  of  swelling seeds dur ing  the  first  24 hours  of  swelling, 
are described.  

I t  was  found  t h a t  sod ium h u m a t e  a t  a concent ra t ion  of  100 mg./1, ac- 
celerates  the  u p t a k e  of  wa t e r  b y  swelling seeds dur ing the  init ial  phase  of  
swelling. The  fac t  t h a t  the  seeds t a k e  up  a sufficient a m o u n t  of  wa t e r  sooner  
makes  i t  possible for the  a c t i v a t i o n  of  e n z y m e  sys t ems  which ensure  no rma l  
ge rmina t i on  to  t ake  place, t h e r e b y  br inging abou t  an  increase in resp i ra t ion  
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intensity. The energy released during respiration is then utilized for more 
rapid growth of the embryo which is morphologically reflected in the rate 
of germination. 

Introduction 

Agricultural  and  especially hort icul tural  practice as well as numerous theoretical treatises 
b y  authors in all fields of agrobiology and plant  physiology supply convincing evidence t h a t  
humus  substances, applied in the most  varied form, s t imulate p lant  growth. Since under  na tura l  
conditions the p lant  comes into close contact  with  humus substances of the soil even before its 
development  is morphologically expressed, i.e. during the sweIling and  germinat ion of the seed, 
some plant  physiologists are beginning to pay more a t ten t ion  to the  way in which humus sub- 
stances affect these processes. 

FT.AIa and  SAALBACH (1955) main ta in  t ha t  a t  a certain concentrat ion of thymohydroquine,  
t aken  to represent a degradation product  of artificial humic acid, the uptake  of water by  swelling 
wheat  seeds is enhanced. They explain this observation by  assuming t ha t  the water  uptake by  
the seed is directly related to the intensi ty of respiration which is increased due to thymohydro-  
quinone, Thymohydroquinone which, in na tura l  systems, is in equilibrium with thymoquinone 
and  acts as a redox system (thyrnohydroquinone W hydroquinone),  is a hydrogen carrier and  
supports dehydrogenase systems in the respiratory processes. According to these authors the  
energy released by  respiration is utilized for the uptake  of more water. The increased respiration 
intensi ty  thus  brings about  an  increase in water  uptake  by  swelling seeds and results in acceler- 
a ted  germination. 

T m ~  and CHAZUPOVX-JANovIcovA (1958), who studied the effect of humus 
substances on the germination and growth of some crop plants, have found 
that  the energy of seed germination depends on the amount of humus sub- 
stances in the soil. Different species and varieties of plants differ in their 
sensitivity toward humus substances and thus possess different requirement 
with respect to their amount in the soil. The reaction of plants to humus 
substances of the surrounding substrate changes in the course of plant de- 
velopment which is doutless connected with the changes in their metabolism. 
The effect of humus substances is not reflected to the same degree in all plant 
organs. In the experiments of the above authors humus substances were 
more effective on the growth of the overground parts of the plant than of 
the roots. 

GELLER and LITINSKAYA (1951) nad GELLER (1953) reached the conclusion 
that humus and other organic substances of the soil increase the germination 
capacity and sprouting of seeds at a certain soil humidity. The effectivity of 
these substances depends on the redox potential of the soil. During seed 
germination substances required for growth of the sprouts are synthesized at 
the expense of the reserve substances of the seeds which are then hydrolyzed 
by a number of enzymes. Under optimal conditions the processes of hydro- 
lysis and synthesis maintain a certain equilibrium depending not only on the 
action of specific activators of enzyme systems but primarily on the redox 
potential of the medium. A medium with a low redox potential enhances the 
processes of hydrolysis while a high redox potential favours the synthetic 
processes. For this reason, both a high and a low redox potential will inhibit 
seed germination. The organic substances of the soil--the humus and others-- 
display a stimulating effect only at a certain soil humidity (about 50% full 
water capacity of soil) and an inhibitory effect at a low water content of 
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Fig. 1. Amount of water taken up by 1 g. 
seeds of winter wheat in mg. 

Abscissa: time in hours; ordinate: rag. 
water/g, seeds before the experiment. Seeds 
swelling in distilled water . . . . . . . .  ; seeds 
swelling in 100 mg./1, sodium h u m a t e -  

Fig. 2. Amount of water taken up by 
1 g. seeds of winter wheat in ~/o of con- 

trol. 
Control = 100% = amount of water 
taken up by 1 g. seeds swelling in dist- 
illed water. Abscissa: time in hours; or- 
dinate: ~/o control.Symbois as in Fig. 1. 
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the soft (high redox potential) as well as at a high water content (above 70% 
when the soil redox potential is low). 

VOL~k and DLOU~ (1956) and PRXT (unpublished) have observed an 
increase in the germination capacity and rate of germination of seeds on 
soaking in an extract of humus substances. 

As the author had previously studied and demonstrated a stimulating 
effect of sodium humate on the growth of young plants of winter wheat, 
maize and pumpkin and on the respiration of their roots (~MIDOVX 1960a, b) 
it appeared to be of interest to establish whether humate influences tha  
swelling and germination of seeds. 

M a t e r i a l  a n d  M e t h o d s  

In  the experiments carried out in 1959, seeds of winter wheat Pyw (Triticum vulgars 
VIL+..) from the 1958 harvest were used; their germinating power under the laboratory condi- 
tions was 98--99%. 

The solution of sodium humate was prepared from a commercial preparation of humie acid 
(I-Iumuss~,uro Riedel de t t aen  AG Selze Hannover) as described previously (~MIDOVk 1960b). 
The t- test  was used for statistical evaluation (HRu~q 1950). 

Swelling. One-hundred weighed seeds were left to swell in a flask with 20 ml. distilled water 
or solution of sodium humate (100 rag./1.) at 26 ~ C in a thermostat.  At time intervals of 30 to 
60 rain., the amount of water taken up by the seeds was estimated by weighing. For the sake 
of comparison the amount of water taken up is referred to 1 g. seed weight before the star t  of 
the experiment. The results shown represent averages from five expeeriments. 

Respiration of s~/elllng seeds. The respiration intensity of swelling seeds was determined by 
means of the QO, using the direct Warburg method at 26 ~ C. Warburg flasks contained 30 weighed 
seeds each. After equilibration, 2 ml. water or 100 rag./1, sodium humate was added from the 
side arm. During the 25 hours of the experiment hydroxide in the central well was replaced 
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Fig. 3. Utilization of oxygen by swelling 
seeds of winter wheat. QO, in/~1. O~/1 g. 

dry weight/10 rain. 

Abscissa: time in hours; ordinate: ~ul. O2/g. 
dry weight/10 rain . . . . . . . . .  QO~ of seeds 
swelling in distilled water ~o c o n t r o l . -  
Qoa of seeds swelling in sodium humate 

(100 ~g./1.). 

Fig. 4. Utilization of oxygen by swelling 
seeds of winter wheat in % control. 

Control ~ 100% = QO, of seeds swelling 
in distilled water, - . . . . . .  ; QO~ swelling 
in 100 mg./1, sodium humate - - .  
Abscissa: time in hours; ordinate: % 

control. 
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four times. The QO, is expressed as pl. O~/g. dry weight/10 min., representing an average of six 
estimations. 
The energy e |  germination. The energy of germination was determined in a thermostat  at 26 ~ C. 
Petri  dishes 9 cm. in diameter contained 100 seeds of winter wheat with 10 ml. distilled water 
added in the control and sodium humate (100 rag./1.) added in the experimental set. The ex- 
periment was carried out in 5 parallels. The number of seeds germinated was estimated after 12, 
24 and 48 hours, starting at the time of adding the liquid. 

Results 

Swelling: 

It  follows from Figs. 1 and 2 that there is no significant difference in the 
amount of water taken up by seeds swelling in distilled water (control) and 
those swelling in a solution of sodium humate. Greatest differences (18~ 
were found during the period between the 2nd and 6th hour after adding the 
liquid. Even these differences, however, are barely on the border of signi- 
ficance. The differences found before the 2nd and after the 6th hour are within 
the variation range and thus mostly not significant. It may be concluded 
that if sodium humate affects water uptake by swelling seeds of winter wheat 
it happens mainly during the first phase of swelling. 

Intensity of respiration of swelling seeds of winter wheat: 
I t  may be seen in Figs. 3 and 4 that during the 6 hours of the experiment 

there are no essential differences in the uptake of oxygen by swelling seeds 
of the control and of the humate variant. During the 2nd to 6th hours of the 



116 M. ~M~[DOVk 

experiment a higher Qo, may be found in the control variant but the differ- 
ences between the control and humate variants are minute and non-significant 
throughout (Fig. 4). Beginning with the 7th hour the Qo, of the humate 
variant rises much more than in the control. The differences here are highly 
significant and reach a maximum during the 1 l th hour of the experiment 
when the humate Qo, is 2.04 times greater than that of the control. Begin- 
ning at the 12th hour the differences between the variants gradually decrease 
and during the 24th hour the difference is no longer significant even if the 
humate Qo, is still higher than that of the control. 

Maximum Qo, was re~ched by the humate variant during the 14th hour 
whereafter the intensity of respiration gradually decreased. On the other 
hand, in the control variant the intensity of respiration increased much more 
slowly but quite uniformly for the whole duration of the experiment. 

Table 1. Energy of germinat ion of the winter wheat  Pyw 

Sodium humate  0 100 rag./1. 

Hours  

12 
24 
48 

Number  of germinated 
seeds 

29 4- 3 . 1 . 0 0  
77 + 3 . 1 . 3 3  
86 4- 3 .1"33  

% 

100" 
100 
100 

Number  of germinated  
soeds 

33 4- 3 .1"33  
85 4- 3 .  1"66 
91 4- 3 . 1 . 3 3  

% 

114 
110 
106 

Germination energy: 

As may be seen from Table 1 the energy of germination of winter wheat 
rises due to the solution of sodium humate. The differences in the number 
of germinated seeds between the control and the humate variants are signi- 
ficant for the whole duration of the experiment (48 hrs.) even if decreasing 
with time. Greatest differences were found after 12 hours from the beginning 
of the experiment when the number of seeds germinated in the humate variant 
amounted to 114% of the control. 

Discussion 

For seeds to be able to germinate it is necessary for them to take up a certain 
minimum amount of water, which, other conditions being optimal, will ensure 
full development of all the enzymic systems of this complex physiological 
process. It  thus appears to be probable that the first to germinate will be the 
seed which has taken up sufficient water ensuring the progress of enzymic 
processes. The activation of enzymic systems participating in the germination 
processes will also be reflected in increased respiration intensity. 

If  the rate of swelling of wheat seeds, their respiration intensity and the 
germination energy of the control and humate variants are compared it may  
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be seen that the greatest difference in water uptake by swelling seeds was 
reached during the first six hours of the experiment. During this period the 
water uptake by the humate variant seeds is as much as 18% higher than 
the control. It  appears that the amount of water taken up during this time 
period suffices for the activation of enzyme systems and for the full develop- 
ment of all processes necessary for germination. The increased respiration 
intensity indicates that during this time the redox the enzyme systems have 
under gone full development. In the control variant where the uptake of 
water was slower, the activation of the enzyme systems proceeded more 
slowly as exhibited by the lower respiration intensity. This view is supported 
by the steep rise in respiratory intensity in the humate vi~riant which starts 
during the 7th hour of the experiment. On the other hand, in the control 
variant the respiratory intensity of swelling seeds is slower in rising but it 
rises uniformly and gradually for the whole duration of the experiment. The 
greatest difference in oxygen uptake observed between the humate and 
control variant was reached during the 1 lth hour of the experiment when 
the humate variant amounts to 204% of the control. The energy produced 
by respiration can be used for cell division and embryo growth which it 
morphologically reflected in sprout growth. During the 12th hour of the 
experiment the number of germinated seeds iu the humate variant amounts 
to 114% of the control. This difference, like that in the respiratory intensity, 
decreases in the course of the experiment. Seemingly, the percentual differ- 
ence in the number of germinated seeds between the control and humate 
varieties (14 ~ ) does not correspond to the percentual difference in respiratory 
intensity (104%) but it is generally known that before any change in the 
organism is exhibited morphologically it must be reflected in changes in 
metabolic processes. Thus the increased respiratory intensity during this 
period points to the physiological preparatory stage of the humate variant 
seeds prior to germination which could not yet find its morphological ex- 
pression on account of shortage of time. 

The results of the present experiments with the effect of sodium humate 
on swelling of wheat seeds closely resemble those of FLAIG and SaALBACH 
(1955) who used thymohydroquinone. The results concerning the effect of 
sodium humate on the respiration of swelling seeds are at variance with 
those of the two authors with respect to the rate and intensity of reaction. 
While in their experiments, during the second hour the respiratory intensity 
of the thymohydroquinone variant exceeded that of the control seven fold 
and decreased gradually afterwards, the maximum difference in the present 
experiments was only 204~7o of the control variant value. It is thus not con- 
sidered justified to accept the theory of FLAIG and SAALBACtI (1955) that the 
primary process here is the increase in respiration to be followed by the 
increased uptake of water by the seed. On the contrary, it appears to be most 
probable that the accelerated uptake of water is primary to be followed by 
an increased respiratory intensity. The energy released b y  respiration is 
utilized for growth of the embryo, for more rapid germination. 
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B pa6oTe ~ayqanocr, BnH~ne  Na-ryMaTa Ha na6yxaHne u npopacTanue O3HMOI~ n m e H ~ u  
IILmienua (Triticum vulgare Vn~.) H HaMenenge HHTeHCHBHOCTH ~BIXaHHH B nepBue 24 qaca 
n p o p a c T a n ~ .  

YCTaUOBneHO, qTO Na-ryMaT s U o ~ e n T p a ~  i00 ur/xl ycuopHeT B nepnofi ~aae na6y- 
xauna  npHe~t BO~BI HaSyxammnM~ aepHoBHaMrt. Tai~ Ka~ 3epHOB~C~t p a n , m e  no~yqaT ~O- 
CTaTOqnoe HOJIHqeCTBO BO~BI, panBme y unx at~TI4BnpyIOTC~t 3Ha!4MaTHqeeHHe eI4CTeMBI, qTO 
HpoHBnUeTC~ noBHmeHne~t HHTeHCnBHOeT~t ~UXaH~H. 3HeprH~ OCnO6Om~enna~ ~uxanneM 
MO~eT 5UT~, ~cnonbaoBaHa r 6o:me 5UCTpOMy ~ene~n~o r~eTor  ~ pocTy aapo~uma, ~wo 
~opqSonor~qecKn npo~Bn~eTc~ B c~opocT, npopacwaHn~. 


