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Abstract. The influence of humic acids on Pisum sativum L. seed swelling process was studied. 
Humic acids (HA) were applied during seed swelling by watering the seeds for one hour in the 
first, fourth and eight hour of the process. Three different concentrations of HA 0.005 [gC dm-3]; 
0.01  [gC dm-3]; 0.02  [gC dm-3] in buffer phosphate solution at pH=6.5 were used. The control 
sample was the pea seeds watered in buffer phosphate solution at pH=6.5 without humic acids. 
All of the pea seeds were placed on Petri dishes onto full water capacity filter paper. Humic acids 
at concentration 0.02 [gC dm-3] increased  the fresh mass of swelling seeds when applied in the 
first hour of experiment. It was also noted that all concentrations of humic acids applied in the 
first hour of experiment increased the percentage of pea seeds with visible radicle at the end of 
experiment.1

Humic substances (HS) are a part of inanimate organic matter in the envi-
ronment. This means in soils, waters, bottom sediments, etc. They are a prod-
uct of the distribution of transformation and re-synthesis of dead organic matter 
coming from microorganisms or plant residues and  to a smaller degree from 
animal residues. The final form of humic substances is a product of microbi-
ological processes, as well as mineralization and humification. The influence 
of humic substances on plants was recognized at the beginning of the twentieth 
century and then the studies on this problem began [12]. Humic substances may  
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influence plants directly and/or indirectly. Indirect effects of humic substances 
involve changes in physical and chemical properties of soil. Humic substances 
may be stimulators as well as inhibitors of various processes occurring in plants. 
Direct effects of humic substances on plants depend on many factors, such as 
the type and dose of humic substances, method of application or  species and 
the development phase of a plant [7, 10, 4]. The stimulating effect of humic 
substances on germination, seedling growth or root expansion was observed 
by [6, 14]. Increased uptake of iron, nitrogen, phosphorus, potassium and other 
elements essential for normal plant growth was also observed in plants treated 
with humic substances [17]. Humic acids solutions with different concentrations 
had a positive effect on swelling and germination of pea seeds [5]. The effect 
depended on the pH solution which hydrates the swelling seeds.

The aim of this study was to evaluate the effect of humic acids applied 
in phosphate buffer solution on the process of swelling of the seeds of Pisum 
sativum L. depending on the concentration of humic acids and the time of their 
application.

MATERIAL AND METHODS

The research material was seeds of Pisum sativum L. cv Ramrod. It is one 
of the most popular pea cultivars grown in Poland characterized by a high seed 
yield and resistance to lodging until the harvest. In the experiment, the influence 
of different concentrations of HA and application time on the process of swelling 
of the seeds was investigated. HA were extracted according to the Schnitzer pro-
cedure from low peat. HA application in the seed swelling process was carried 
out by immersing the seeds in a buffer solution of pH=6.5 for 1 hour in three 
phases characteristic of the swelling curve. The pea seeds were put into Petri 
dishes equipped with Plexiglass plates with numbered holes for seeds. It allowed 
for the observation of the kinetics of swelling of every seed separately. The sub-
strate for the germinating seeds was tissue paper (weight – 65g m-2). Five tissue 
paper discs were put into each Petri dish and soaked with distilled water to keep 
90–100% of maximum moisture of the tissue paper. The Petri dishes were cove
red with cover slips the seed swelling. The swelling process was carried out in 
the dark in an incubator with the inside temperature of (20.0 ± 0.5)0C.

Kinetic examinations began with the measurements of dry seed mass m0. 
Then, the masses of particular seeds after 0; 4; 8; 12; 18; 24; 28; 36; and 48 hours 
of swelling were determined. To apply HA, the seeds at different stages of swell-
ing were immersed for 1 hour in humic acid solutions of pH 6.5 with carbon con-
centrations correspondingly 0.005 [gC dm-3]; 0.01 [gC dm-3] and 0.02 [gC dm-3]. 
Application time of HA was determined experimentally on the basis of swelling 
curves obtained in preliminary experiments in which the swelling of pea seeds 
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was only carried out in distilled water without application of HA. The exem-
plary kinetic swelling curve of pea seeds is presented in Fig.1. The choice of 
application time of HA was dictated by the shape of the swelling curve of pea 
plants. The curve is a consequence of seed transition through the following 
phases of swelling: imbibitions; catabolic and anabolic phases that occur in the 
beginning of germination. Based on the analysis of the swelling curve (Fig. 1) 
we chose three periods (0 -1)h, (3-4)h and (7-8)h, when HA solutions with car-
bon concentrations given above were applied to the swelling seeds.

Fig. 1. Kinetics of seed swelling with characteristic phases of the swelling process marked 
for HA application.

The application was carried out by complete immersion of the seeds in HA 
solutions in phosphate buffer of pH 6.5 for 1 hour in application times described 
earlier. The control was the seeds immersed at the same time in phosphate buff-
er without HA. Then, the seeds were dried on filter paper and put again into 
Petri dishes on tissue paper soaked with distilled water to allow for continued 
swelling without contact with HA.

RESULTS AND DISCUSSION

Although the application time of HA on the swelling of seeds was relatively 
short, their statistically significant effect on swelling and germination processes 
was observed.

Kinetics of swelling seeds
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Fig. 2. Swelling of seeds on tissue paper soaked with distilled water in the 1st hour after being 
immersed in phosphate buffer solution of concentration (1/15)·10-2 [mol dm-3] and pH=6.5. 

Humic acids were applied in concentrations correspondingly 0.005 [gC dm-3]; 0.01 [gC dm-3]; 
0.02 [gC dm-3]; *signifies an average weight gain of the seeds to which HA were applied 
and which were statistically different from the control (at a level of significance α=0.05). 

The highest concentration of HA 0.02 [gC dm-3] caused a statistically sig-
nificant relative weight gain of the seeds in relation to the control during the 4th 
hour of swelling. 

Fig. 3. Swelling of seeds on tissue paper soaked with distilled water in the 4th hour after being 
immersed in phosphate buffer solution of concentration (1/15)·10-2 [mol dm-3] and pH=6.5. 

Humic acids were applied in concentrations correspondingly 0.005 [gC dm-3]; 0.01 [gC dm-3]; 
0.02 [gC dm-3]
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Immersion of seeds in water solutions of phosphate buffer with HA appli-
cation carried out in the 4th hour of the experiment did not bring statistically 
significant changes in the process of seed swelling.

Fig. 4. Swelling of seeds on tissue paper soaked with distilled water in the 8th hour after being 
immersed in phosphate buffer solution of concentration (1/15)·10-2 [mol dm-3] and pH=6.5. 

Humic acids were applied in concentrations correspondingly 0.005 [gC dm-3]; 0.01 [gC dm-3]; 
0.02 [gC dm-3]; 

Statistically significant effects in the kinetics of the seed swelling process in 
4th and 8th hour of the experiment were not observed, regardless of whether the 
HA was or was not present in the phosphate buffer solutions in which the seeds 
were immersed. 

The 48-hour-experiment yielded interesting observations. In the 1st hour of 
the seed swelling process observed was a significant increase in the number of 
germinated seeds treated with HA. The number of germinated seeds increased 
with the increase in the HA concentration. The results are shown in Fig.5.

In the cases in which the seeds were immersed in the 4th and 8th hour of the 
swelling process, over 90% of the seeds had germs, whatever the HA concen-
tration. Effects of hour-long soaking of the seeds in phosphate buffer solutions 
with HA application significantly depended on the time of application. At the 
beginning of the swelling process, in an imbibition phase, anaerobic respiration 
(glycolysis) is predominant. Hence, observed was a different effect of HA on the 
swelling of seeds depending on the application time of HA [11]. Accelerating by 
HA water uptake may be due to their colloidal nature. More efficient imbibition 
accelerates hydrolysis of macromolecular compounds present in seeds. Simpler 
sugars, which are the products of hydrolysis of polysaccharides, are used as 
substrates of glycolysis. The increase in metabolic activity of the seeds in the 
first phase of their swelling provides better conditions for later water uptake. 
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Intensive water uptake in  the beginning phase of  swelling in connection with 
complete immersion of the seeds in solutions with humic acids application may 
cause the HA penetration into the seeds.

Fig. 5. Percentage of pea seeds with visible radicle after 48 hours of the experiment. Seeds were 
immersed in the 1st hour of the experiment in phosphate buffer of concentration (1/15)·10-2 

[mol dm-3] and pH= 6.5 and in solution with HA application in which carbon concentrations 
were correspondingly 0.005 [gC dm-3]; 0.01 [gC dm-3] and 0.02 [gC dm-3].

As early as in 1958, Gumińska [9] observed that humic substances influ-
enced the process of swelling of seeds in anaerobic conditions. Humic substanc-
es enhance fermentation-anaerobic respiration. The presence of humic substanc-
es inside a plant and their influence on the plant metabolism are mentioned by 
many authors, such as [3, 13, 16]. However, their works discuss experiments 
on growing plants and not on the swelling of seeds. In later phases of swell-
ing, aerobic respirations become predominant. The seeds enter the  catabolic 
phase characterized by very high, in relation to  imbibition, need for oxygen. 
In this phase, hydrolysis of storage substances and their further transformation 
are predominant. All the enzymatic processes occurring in the swelling seed are 
regulated by plant hormones. Gibberellins first activate the synthesis of hydro-
lytic enzymes. Later, gibberellins, cytokinins and auxins regulate biochemical 
processes occurring in  swelling seeds by stimulation or  inhibition of enzyme 
activity. In  the anabolic phase, besides intensive biochemical processes, there 
is a strong growth of the embryo and, in effect, the germination. The last phase 
of swelling and the beginning of germination are characterized by high need for 
water that is collected through osmosis [11]. The seeds immersion in the 4th hour 
of the experiment, whatever the HA application, did not show any statistically 
significant differences between the seeds. It  could result from limited (as the 
seeds were immersed only for one hour) availability of oxygen necessary for 
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seeds at that time. Temporary reduction of the amount of available oxygen is not 
so very harmful when the embryo starts to grow. 

The accelerating effect of HA on the process of seed swelling in the first 
phase of the experiment was  due to the change of the protein-lipid structure 
that causes more intensive absorption of  solutions from the environment and 
improves the transport of water through plant water channels. Changes in per-
meability of biological membranes under the influence of humic substances 
were noticed by [1, 2], among others. Cacco et al. [1] also recognized the influ-
ence of humic substances on changes in permeability of biological membranes 
that allows for better absorption of elements from solutions. Similar conclusions 
were reached by Russell et al. [15], who studied the HA influence on ion chan-
nels of biological membranes of plants. In further phases of germination, the 
acids might influence the biochemical processes occurring in seeds behaving 
analogously to plant hormones regarding the acceleration of the seeds’ transition 
from the imbibition to the catabolic phase. It could explain the positive effect of 
HA on the speed of germination in the first phase of the experiment. HA prop-
erties similar to plant hormones were observed by Russell et al., who explained 
them by the presence of polyamines in the HA structure [15], and Young, who 
explained the properties by the presence of substances capable of interaction 
with markers of plant hormones [17]. 

Results obtained in the experiment show that HA has a statistically signifi-
cant effect on the process of seed swelling when the seeds are soaked in the 1st 
hour of the experiment. This may be evidence of the HA effect on the perme-
ability of the seed coat and thus on imbibition water uptake by pea seeds. It is 
likely that humic acids behave analogously to plant hormones - accelerating the 
transition of the process of swelling seeds into catabolic and anabolic phases.  
It  was  also observed that acceleration of the germination correlated with the 
increase in the HA concentration. HA application in the 4th and the 8th hour did 
not yield any statistically significant effects on the kinetics of swelling. 

CONCLUSIONS

1. HA effect on seed swelling of Pisum sativum L. depends on application 
time and concentration of HA.

2. HA applied at the beginning phase of swelling (in the 1st hour of swell-
ing) accelerate the process of swelling and germination.

3. Percentage of seeds with visible radicle after 48 hours of the experiment 
increases with  the  increase in HA concentration applied in the 1st hour of the 
experiment.

4. HA of concentration 0.02 [mgC dm-3] double the number of seeds with 
visible radicle in relation to control after 48 hours of the experiment.



114 A. Gawlik et al.

REFERENCES

  [1] C a c c o  A. ,  A t t i n a  E . ,  G e l s o m i n o  A. ,  S i d a r i  M.: J. Plant Nutr.Soil Sci., 163, 
313, 2000.

  [2] C h e n  Y. ,  A v i a d  T.: Effects of humic substances on plant growth. [In]: Humic Substances 
in Soils and Crop Science: Selected Readings, Soil Science Society of America. MacCarthy P., 
Clapp C. E., Malcom R. L., Bloom P. R. (Eds.), Madison, 161, 1990.

  [3] C h e n g  W. P.,  C h i  F. H. ,  Yu  R. F.: J. Coll.Interface Sci., 272, 153, 2004.
  [4] D ę b s k a  D. ,  G o n e t  S. S.: Wpływ substancji humusowych na rośliny. [In]: Substancje 

humusowe w glebach i nawozach. Eds.  B. Dębska, S. S. Gonet. Wrocław, 166, 2003.
  [5] G a w l i k  A.  G o ł ę b i o w s k a  D.: Humic Substances in Ecosystems, 7, 19, 2007.
  [6] G o ł ę b i o w s k a  D. ,  P t a k  W. ,  N o j i  A.: Wpływ humianu potasowego na parametry 

kiełkowania i początkowe fazy wzrostu żyta i pszenicy. [In]: Ekologiczne aspekty reakcji ro-
ślin na działanie abiotycznych czynników stresowych. Eds. S. Grzesiak, Z. Misztalki. Kraków, 
251, 1996.

  [7] G o n e t  S .  S . ,  D ę b s k a  B.: Zesz. Probl. Post. Nauk Roln., 441, 241, 1993.
  [8] G o n e t  S .  S . ,  D z i a m s k i  A. ,  G o n e t  E .: Zesz. Probl. Post. Nauk Roln., 409, 182, 

1993.
  [9] G r z e s i u k  S .: Fizjologia i biochemia nasion. Warszawa, 5, 1981.
[10] I l n i c k i  P. ,  M a l a k  A. ,  W ó j c i k  R. ,  Z i ó ł k o w s k a  A.: Roczn. AR Poznań, 253,  

41, 1993.
[11] K a p c e w i c z  J . ,  Lewak S .  : Regulacja procesów fizjologicznych przez czynniki endo-

genne. [In]: Fizjologia roślin. Eds. J. Kopcewicz, S. Lewak. Warszawa, 137, 2002.
[12] K o n o n o w a  N.: Zagadnienie próchnicy glebowej. Warszawa, 352, 1955.
[13] M u s c o l o  A. ,  S i d a r i  M. ,  F r a n c i o s o  O. ,  T u g n o l i  V. ,  N a r d i  S .: J. Chem. 

Ecology,  33, 115, 2006.
[14] P i n t o n  R. ,  C e s c o  S . ,  D e  N o b i l i  M. ,  S a n t i  S . ,  Va r a n i n i  Z . : Biology and 

Fertility of Soils, 26, 23, 1998.
[15] R u s s e l l  L . ,  S t o k e s  A.R. ,  M a c d o n a l d  H. ,  M u s c o l o  A. ,  N a r d i  S .: Plant 

and Soil, 283, 175, 2006.
[16] Va u g h a n  D. ,  M a l c o m  R. E. ,  O r d  B. G.: Influence of humic substances on biochem-

ical processes in plants. [In]: Soil Organic Matter and Biological Activity, Marinus Nijhoff/
Junk W, Dordecht. Vaughan D., Malcom R. E. (Eds.), The Netherlands, 77, 1985.

[17] W h i t e  M. C.,  C h a n e y  R. L:  Soil Sci. Soc. Am. J., 44, 308, 1980.
[18] Yo u n g  C. C. ,  C h e n  L. F:Plant and Soil, 195, 143 1997.

WPŁYW KWASÓW HUMINOWYCH NA PROCES PĘCZNIENIA NASION 
GROCHU ODMIANY RAMROD (PISUM SATIVUM L.)

Badano wpływ kwasów huminowych (KH) rozcieńczonych w roztworach buforu fosfo-
ranowego o pH=6,5 na proces pęcznienia nasion grochu Pisum sativum L. Kwasy huminowe 
aplikowano zanurzając pęczniejące nasiona grochu w roztworach o stężeniach: 0,005 [gC dm-3]; 
0,01[gC dm-3]; 0,02 [gC dm-3] CKH na jedną godzinę - w pierwszej, czwartej lub w ósmej godzi-
nie trwania doświadczenia. Serie kontrolne stanowiły rośliny kiełkujące z nasion zanurzonych  
w identycznych roztworach buforu fosforanowego o pH=6,5 bez kwasów huminowych. Wpływ 
KH zależał zarówno od stężenia, jak i od czasu aplikacji. Najwyraźniej działały kwasy huminowe 
o stężeniu 0,02 [gC dm-3] CKH podawane w pierwszej godzinie pęcznienia nasion, zwiększając 
szybkość pęcznienia i kiełkowania nasion. 


