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Summary

Ambrožič-Dolinšek J., ornik D., brAnDA r., molnár Z. & ciringer T. 2022. Does biostimulant Agrostemin® exhibit 
plant	growth	regulator	activities?	–	Phyton	(Horn,	Austria)	61:	109–116,	with	3	figures.*

Agrostemin® is a natural plant preparation used as a plant biostimulant (PBS) in agriculture. It elicits many positive 
responses, including yield increases, and is proposed to optimize metabolic processes, growth and development, and stress 
resistance. The aim of the present study is to identify and quantify whether it exhibits auxin-like and cytokinin-like plant 
growth regulator (PGR) activities. The ‘Excised Cucumber Cotyledon Root Formation Bioassay’ and the ‘Mung Bean Root 
Formation Bioassay’ were used to determine the auxin-like activities. The water extract of Agrostemin® showed auxin-
like activity in both bioassays. The activity in the cucumber bioassay was equivalent to about 0.3 mg L–1 IBA, and in the 
mung bean bioassay it was equivalent to about 0.5 to 1 mg L–1 IBA. The ‘Excised Cucumber Cotyledon Expansion Bioas-
say’ and the ‘Triticum Leaf Chlorophyll Retention Test’ were used to determine the cytokinin-like activities of Agrostemin®, 
but both showed no cytokinin-like activity.

1. Introduction

Agricultural growing practices have evolved to-
wards organic, sustainable, or other environment-
friendly systems. Natural plant biostimulants, 
based on natural substances, have been proposed as 
an innovative solution for sustainable agriculture 
and have received considerable attention from both 
the	 scientific	 community	 and	 commercial	 compa-
nies, especially in the last two and a half decades 
but also earlier (YAkhin & al. 2016). 

One of the most innovative and promising solu-
tions to address these important challenges is the 
use of plant biostimulants (PBS), which are de-
scribed as “materials which contain substance(s) 
and/or microorganisms, whose function when ap-
plied to plants or the rhizosphere is to stimulate 
natural	 processes	 to	 enhance/benefit	 nutrient	 up-
take,	nutrient	efficiency,	tolerance	to	abiotic	stress,	
and/or crop quality, independent of its nutrient 
content” (europeAn biosTimulAnT inDusTrY council 
2016). The formulations of plant biostimulants are 
generally proprietary compositions based on algal 
extracts, complex organic materials, plant hor-

mone-like compounds, amino acids, and humic ac-
ids (povero & al. 2016). Biostimulants can contain 
traces of natural plant hormones, but their biologi-
cal action should not be ascribed to them, otherwise 
they would have to be registered as plant growth 
regulators (PGRs) (bulgAri & al. 2015).

The composition of several biostimulants is 
partly unknown. The complexity of the extracts and 
the large number of molecules contained in the so-
lution	make	it	very	difficult	to	understand	the	most	
active	 compound.	 Therefore,	 the	 classification	 of	
 biostimulants should be based on their action in 
plants or, even better, on the physiological responses 
of plants rather than on their composition (bulgAri 
& al. 2015). This is especially true for the older prep-
arations from the 1980s of the last century, such as 
Agrostemin® (pATenT DocumenT No. 32749, 1974). 
The producers describe Agrostemin® as a broad-
spectrum bioenergent, a promising natural bioregu-
lator, a natural fertilizer, or as a bioactivator, a pos-
itive allelopathic substance, and a plant prepara-
tion used to improve plant productivity (AgrosTemin 
2001). Today these types of substances are called 
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with common name biostimulants (YAkhin & al. 
2016). 

Agrostemin® is used worldwide as a biostimu-
lant for several agricultural crops. It is produced 
under the Patent Law No. 32749 of the Yugoslav 
Federal	Patent	Office	under	the	ownership	of	the	in-
ventor of Agrostemin®, Danica gAJić (pATenT Docu-
menT No. 32749, 1974) on the ground of the former 
SFRJ (Socialist Federal Republic of Yugoslavia), 
therefore it may not be valid any longer. The pro-
ducer promotes it as no fertilizer, pesticide and/or 
hormone. According to a chemical analysis, Agro-
stemin® consists of two groups of organic com-
pounds, the active complex and the inhibitors. The 
active complex is a mixture of free amino acids and 
derivatives of amino acids, and organic acids and 
derivatives of organic acids. The inhibitors in traces 
are derivatives of ABA (abscisic acid), saturated ali-
phatic hydrocarbons and cyclic inhibitor 
(C8H29N3O7) in trace amounts (AgrosTemin 2001, 
‘General Data’ and ‘PRIMER – Review of applica-
tion and achieved effects’). The formulation of the 
product	‘profi’	is	a	mixture	of	4	%	of	the	active	com-
plex	 and	 96	 %	 of	 the	 neutral	 carrier	 substance	
 Mg2SiO4 (AgrosTemin 2001, ‘Structure’). 

The	 biological	 influences	 of	 Agrostemin®	 are	
expressed through the effects of its application on 
plants, as the increase of yield and quality of arable 
crop, fruit yield (number and size of fruit) and yield 
of industrial crop, as well as better management of 
meadow and pasture. It is proposed that it optimiz-
es basic metabolism processes (respiration, assimi-
lation, photosynthesis etc.), autotrophic and hetero-
trophic stages of development, and mineral nutri-
tion, leading to better growth and development 
(AgrosTemin 2001). It has positive effects on seed 
germination and on the treated soil, by transforma-
tion of nutrients into more accessible forms. Treated 
plants also gave higher yields and showed better re-
sistance	 to	 disease,	 frost,	 drought,	 flooding	 and	
wounding (mAngoTić 2003). In 30 years of practice, 
it has no negative effects on people, crops and the 
ecosystem (mAngoTić 2003). 

Agrostemin® is a biostimulant that may also 
contain trace amounts of natural plant hormone-
like	substances.	To	find	out	whether	they	have	this	
kind	of	active	role	in	plants,	we	would	like	to	find	
out whether their application should elicit a spe-
cific	physiological	response	characteristic	of	a	par-
ticular group of plant growth regulators (sTirk & 
al. 2014). Therefore, the purpose of the present 
study was to examine whether the Agrostemin® 
preparation has plant growth regulators, cytokinin- 
or/and auxin-like activity, and to what extent its 
activity is comparable to synthetic plant growth 
regulators (PGRs) commonly used in plant bio-
technology.

2. Materials and methods

Agrostemin preparat ion.  The manufac-
turer’s recommended dose (AgrosTemin 2001) is 
0.5 g of Agrostemin® in 1 L of water (500 mg L–1). We 
tested another higher concentration and three dilu-
tions of Agrostemin® in deionized water: 5000, 500, 
50, 5 and 0.5 mg L–1. Deionized water was used as 
control.

Biological  auxin-l ike  act ivi ty. For aux-
in-like activity of Agrostemin® the ‘Excised cucum-
ber cotyledon root formation bioassay’ (ZhAo & al. 
1992) and the ‘Mung bean root formation bioassay’ 
(hess 1961) were used.

The Excised Cucumber Cotyledon Root Forma-
tion Bioassay (ZhAo & al. 1992): Cucumber (Cu-
cumis sativus L.) seeds, Semenarna Ljubljana 
(www.semenarna.com), ‘Kumare Dolge zelene’, with 
an expected germination time of 10–14 days, were 
germinated in the dark. The seeds were washed with 
cold tap water for one hour. Then they were placed 
on 5 layers of paper towels, moistened with deion-
ized water, on the bottom of plastic laboratory trays 
in the dark for germination. Cotyledons excised 
from 10-day-old seedlings were placed in a 6 cm 
Petri	 dish	 on	 a	 filter	 paper	 disk	 and	 treated	with	
3 mL auxin, indole-butyric acid (IBA) (0, 0.1, 0.3, 
0.5, 1 and 3 mg L-1), or with various dilutions of 
Agrostemin® (0, 0.5, 5, 50, 500, 5000 mg L-1) dis-
solved in deionized water. Cotyledons were incu-
bated in the dark at 25 ± 2 °C for 7 days to deter-
mine the auxin-like activity. Deionized water was 
used as control. The number of roots was counted 
and compared with the activity of the IBA control. 
Each treatment was replicated four times and the 
experiment was repeated three times.

The Mung Bean Root Formation Bioassay (hess 
1961): Mung bean (Vigna radiata (L.) R. WilcZek) 
seeds were washed with cold tap water for 3 hours, 
soaked in water for 6 hours and sown into the ver-
miculite. The seeds were then planted 1 cm deep in 
moistened vermiculite in plastic trays and placed at 
25 °C in the light/dark period (16/8 h) with a light 
intensity of 30–60 μmol m–2 s–1 for about 7–10 days. 
The seeds were watered regularly. For the bioassay, 
uniform seedling cuttings with carefully removed 
cotyledons were used with 6–7 cm long hypocotyls 
cut 3 cm below the cotyledons. Four seedling cut-
tings were immersed for 24 h in 4.5 ml (25 mm × 
90 mm) glass vials containing 10 ml indole butyric 
acid (IBA) (0, 0.1, 0.3, 0.5, 1, 3, 5 and 10 mg L–1) or 
different dilutions of Agrostemin® (0, 0.5, 5, 50, 500, 
5000 mg L–1) dissolved in deionized water. Deion-
ized water was used as control. The vials are re-
turned to the original growth conditions for 24 
hours. The seedlings are then rinsed with distilled 
water and returned to the same vials with 10 ml dis-
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Fig. 1. The effect of Agrostemin® on root formation in (A) ‘Excised cucumber cotyledon root formation bioassay’ and (B) 
‘Mung bean root formation bioassay’.
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tilled water. The vials are returned to the original 
growth conditions for 7 days. The solution was reg-
ularly replenished with distilled water to the origi-
nal level. The number of adventitious roots, longer 
than 1 mm were counted at each hypocotyl after 
7 days of growth and compared with the activity of 
the IBA control. Each treatment was replicated four 
times and the experiment was repeated three times. 

Biological  cytokinin-l ike  act ivi ty.  For 
cytokinin-like activity of Agrostemin® the ‘Excised 
cucumber cotyledon expansion bioassay’ (ZhAo & 
al. 1992) and the ‘Triticum leaf chlorophyll reten-
tion test’ (kühnle & al. 1977) were used. 

The Excised Cucumber Cotyledon Expansion 
Bioassay (ZhAo & al. 1992): Cotyledons for the bio-
assay were prepared as in the root development test 
described above. Cotyledons cut from 10-day-old 
seedlings	were	placed	on	a	disk	of	filter	paper	in	a	
6 cm Petri dish and treated with 3 mL cytokinin, 
6-benzyl-amino-purine (BAP) (0, 0.1, 0.3, 0.5, 1 
and 3 mg L–1), or with various dilutions of Agro-
stemin® (0, 0.5, 5, 50, 500, 5000 mg L–1) dissolved in 
deionized water. Cotyledons were incubated in the 
dark at 25 ± 2 °C for 4 days to determine cytokinin 
activity. Deionized water was used as a control. The 
fresh weight of 10 cotyledons was recorded and 
compared with the activity of the different BAP 
concentrations. Each treatment was replicated four 
times and the experiment was repeated three times.

The Triticum (Wheat) Leaf Chlorophyll Reten-
tion Test (kühnle & al. 1977): Seeds of wheat varie-
ties (Triticum aestivum L.) were rinsed under run-
ning tap water for 24 hours. They were planted at a 
depth of 1 cm in moistened vermiculite in plastic 
trays and placed in the growth chamber at 25 °C in 
the light/dark period (16/8 h) with a light intensity 
of 30–60 μmol m–2 s–1 for about 7–10 days. The seeds 
were watered regularly. The fully expanded leaves 
of the seedlings (about 10 cm high) were collected 
and cut into 10 mm long segments 35 mm below 
their apical tip. The fresh weight of ten cuttings was 
measured with an analytical balance and placed in 
25 × 90 mm glass vials (four vials per treatment) 
containing 10 ml of BAP (0, 0.1, 0.3, 0.5, 1 and 3 mg 
L–1) or different dilutions of Agrostemin® (0, 0.5, 5, 
50, 500, 5000 mg L–1) dissolved in deionized water. 
Deionized water was used as control. The vials were 
placed back in the dark growth chamber for 4 days. 
After the incubation period, the leaves were dabbed 
dry and placed in the test tubes containing 8 ml of 
80	%	ethanol.	The	test	tubes	were	transferred	to	a	
water bath (heated to 80–90 °C). After 10 minutes of 
chlorophyll extraction, the solution was cooled un-
der running tap water and replenished to 10 ml 
with	80	%	ethanol.	Evaporation	must	be	prevented	
by covering the test tubes. The cooled chlorophyll 
extract without the segments was then carefully 

poured into spectrophotometer cuvettes. The opti-
cal density (absorbance) was determined at 645 nm. 
The optical density was compared with 100 mg 
fresh weight and the adjusted results were com-
pared with the activity of the different BAP concen-
trations. Each treatment was replicated four times 
and the experiment was repeated three times.

Stat ist ics .  The statistical package SPSS® 
27.0 (SPSS Inc., Chicago, IL, USA) was used for 
data	analysis.	The	level	of	statistical	significance	(p)	
between the different treatments was determined 
using Kruskal-Wallis test for independent samples. 
Differences at p ≤ 0.05 were considered statistically 
significant.

3. Results

Agrostemin® showed auxin-like activity in the 
‘Excised cucumber cotyledon root formation bioas-
say’ and in the ‘Mung bean root formation bioassay’, 
compared to IBA equivalents (Fig. 1A, 1B). The ef-
fect was already observed in a 100-fold higher dilu-
tion of 5 mg L–1 Agrostemin® compared to the rec-
ommended solution (Fig. 2A, 2B). However, the ac-
tivity was low and comparable to less than 0.3 mg 
L–1 IBA. The effect was more pronounced in a 10-
fold more dilute 50 mg L–1 solution, and in the rec-
ommended solution of 500 mg L–1. It was also ob-
served in a 10-fold more concentrated 5 g L–1 solu-
tion. The activity in the cucumber bioassay was 
equivalent to about 0.3 mg L–1 IBA and was not 
higher. The activity in the mung bean bioassay cor-
responded to about 0.5 mg L–1 IBA and in a 10-fold 
higher concentrated 5 g L–1 solution corresponded 
even to 1 mg L–1 IBA. 

Cytokinin-like activity of Agrostemin® was de-
termined with the ‘Excised cucumber cotyledon ex-
pansion bioassay’ and the ‘Triticum leaf chlorophyll 
retention test’. Agrostemin® did not show any cyto-
kinin-like activity when compared to BAP (Fig. 3A, 
3B).

4. Discussion

It has been found that biostimulants based on 
algal extracts contain plant growth hormones, 
which are mainly responsible for stimulating plant 
growth and for increasing the intensity of photo-
synthesis (choJnAckA & al. 2012), therefore it is pos-
sible that biostimulants, based on plant prepara-
tions such as Agrostemin®, also contain plant 
growth regulators (PGRs) or PGR-like substances 
that may be responsible for stimulating plant 
growth. Bioassays were used to measure biological 
activity of the aqueous Agrostemin® solution on 
PGR-like responses.

In the ‘Excised cucumber cotyledon root forma-
tion bioassay’ and the ‘Mung bean root formation 
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Fig. 2. Auxin-like activity detected using the (A) ‘Excised cucumber cotyledon root formation bioassay’ and (B) ‘Mung 
bean root formation bioassay’. Comparison of the effect of IBA control solutions and Agrostemin® water solutions. The 
mean root number (n = 40) and ±SE (Standard error) were presented. Results were statistically evaluated using the 
Kruskal-Wallis	test,	followed	by	post-hoc	comparisons.	Significant	differences	were	indicated	by	different	letters	(a–g).

bioassay’, Agrostemin® showed auxin-like activity, 
but no cytokinin-like activity. These results indicat-
ing a stimulatory effect of Agrostemin® are consist-
ent with the reports of Jones & vAn sTADen (1997) 
and gAD & ibrAhim (2018) on algal extracts that in-
creased rooting percentage, rooting quality, root 

length, and dry weight of roots in plant cuttings 
(urbAnek krAJnc & al. 2012). 

The auxin-like substances in Agrostemin® have 
been shown to initiate root formation and inhibit 
root elongation. Plants are able to synthesize these 
compounds from tryptophan or indole. Root induc-
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tion may be the result of a synergistic action of 
wounding and auxin. Wounding initiates the estab-
lishment of sink tissue for moving assimilates to-
wards the sinks for wound-healing and cell divi-
sion, while auxins induce vascular cambium differ-
entiation and adventitious roots development (ur-
bAnek krAJnc & al. 2012). Some other biostimula-

tory factors in adventitious root formation bioas-
says include carbon allocation and carbohydrate 
supply, as the number of adventitious roots formed 
correlates positively with sugar levels in the test 
material and stimulation of sink translocation to-
wards the stem base. Auxin also inhibits leaf senes-
cence, increases photosynthesis in leaves, and is re-

Fig. 3. Cytokinin-like activity detected using (A) ‘Excised cucumber cotyledon expansion bioassay’ and (B) ‘Triticum leaf 
chlorophyll retention test’. Comparison of the effect of BAP control solutions and Agrostemin® water solutions. (A) The 
mean FW of 10 cotyledons (n = 40) and ± SE (Standard error) were presented, (B) the mean chlorophyll absorbance of 10 
leaf segments (n = 40) and ± SE were presented. Results were statistically evaluated using the Kruskal-Wallis test, fol-
lowed	by	post-hoc	comparisons.	Significant	differences	were	indicated	by	different	letters	(a–e).
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sponsible for the plasticity of shoot/root relations 
(urbAnek krAJnc & al. 2012). The synergistic activ-
ity	can	contribute	to	significantly	higher	accumula-
tion of proteins, phenolics, and photosynthetic pig-
ments in the leaves of Pelargonium cuttings. Con-
sidering the metabolic response elicited by 
Agrostemin®, it can be concluded that it can reduce 
stress following insertion into the soil and that it 
exhibits growth-stimulating activities, as in the 
Kelpak® biostimulant treatment (urbAnek krAJnc 
& al. 2012). 

In our experimental system, we have shown 
that biostimulants such as Agrostemin® contain 
biochemical substances known as allelochemicals 
(cheng & cheng 2015), which can also be used as 
plant growth regulators. Their stimulatory or inhib-
itory role in regulating plant growth and develop-
ment can be used in organic and sustainable agri-
culture. For example, IBA is not recommended in 
organic farming because it is a synthetic product 
(gAD & ibrAhim 2018). Therefore, the formulation of 
Agrostemin® must be used instead of the synthetic 
IBA, to promote the rooting of cuttings in nurseries. 
In addition to auxins, some other plant growth reg-
ulators, including salicylic acid, gibberellic acid 
and ethylene, which are also considered allelochem-
icals, can be replaced by naturally produced ones 
(cheng & cheng 2015).

The exact composition of the Agrostemin® 
preparation is somewhat mysterious. It is men-
tioned that it is made from the corn cockle 
(Agrostemma githago) and other “weed and plant” 
species (AgrosTemin 2001, ‘Prologue’). The producer 
also states that it consists of 39 plant species 
(AgrosTemin 2001, ‘Structure’), which are the raw 
and starting material for its production. These 39 
plant species are not mentioned in the patent (pAT-
enT DocumenT No. 32749, 1974). As a result, produc-
ers will have to update the registration, due to new 
restrictions resulting from the forthcoming regula-
tion	of	this	field.

Conclusion.  Agrostemin® showed auxin-like 
activity and no cytokinin-like activity. It can be 
used instead of a synthetic auxin in organic and 
sustainable agricultural practices. With the grow-
ing demand for organic and sustainable agriculture, 
biostimulants are likely to continue to grow and to 
become, for instance, an alternative biocontrol 
agent.
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