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Abstract: The UE-imposed restrictions on the manufacture and use of plant protection chemicals necessi-
tate screening for new substances that are more environmentally friendly. Biopreparations may constitute 
such a group; therefore, studies on their efficiency in the production of plant material are needed. This 
study evaluated the effects of two biostimulators on rhizogenesis and the gas exchange rate (respiration, 
photosynthesis, transpiration) of stem cuttings of dogwood (Cornus alba) as compared to conventional 
treatments with a rooting powder containing 2% auxin IBA and with aqueous IBA solution. Both bioprepa-
rations enhanced rhizogenesis; their efficiency varied depending on the cultivar, biostimulator applied, and 
the number of treatments. There was no relationship between rhizogenesis and physiological parameters 
tested. The experiments demonstrated that at least some biopreparations have potential in commercial 
production but their effectiveness may be different in different species and under different conditions. 
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Introduction

In the ornamental nursery production, commer-
cial rooting powders containing synthetic auxins 
such as IAA (indole-3-acetic acid), NAA (naphtyl-
1-acetic acid) or IBA (indolyl-3-butyric acid), are 
routinely used for enhancing rhizogenesis in stem 
cuttings (Jankiewicz 1997). The UE-imposed restric-
tions on the manufacture and use of plant protection 
chemicals – synthetic auxins included – create a new 
production environment. This imposes on the nurse-
ryman a need to screen for new substances that are 

environmentally friendly and yet effective in the pro-
duction of plant material (Khan et al. 2009). Biostim-
ulators may constitute such a group as they contain 
substance little affecting the environment. Biostim-
ulators have been considered as biological substanc-
es that stimulate processes within plants. They are 
single- or multi-compound preparations containing 
extracts from plants or animals. Their effect is a re-
sult of their influence on plant metabolism (Basak 
2008). They are used to obtain the highest possible 
and the best quality yields, especially under environ-
mental conditions unfavorable for plant growth and 
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development (Przybysz et al. 2008). Biostimulators 
enhance the uptake of macro- and microelements 
and their translocation within plants, increase the 
respiration rate and root growth, improve photosyn-
thesis and other metabolic processes (Costa et al. 
2001; Gawrońska et al. 2008, Przybysz et al. 2008). 
They enhance plant resistance to stresses (Gawrońs-
ka et al. 2008), accelerate flowering and fruit set (Bai 
et al. 2007), improve the soil water-holding capacity 
and maintain optimal soil pH (Matysiak et al. 2010). 
Biopreparations such as AlgaminoPlant (Matysiak 
et al. 2010) or Route (Horne and Leitch 2006) have 
been reported to positively affect nursery plant pro-
duction. Tests of their efficacy in propagation of orna-
mental woody plants appear promising (Pacholczak 
et al. 2010; 2012).

Gas exchange of plants involves respiration, pho-
tosynthesis and transpiration – processes affected by 
biostimulators (Gawrońska et al. 2008, Przybysz et 
al. 2008). The key parameter in each of these pro-
cesses is stomatal conductance (gs). Stomata can in-
troduce carbon dioxide into the leaf inner space and 
release water vapor into the atmosphere.

This study was set out to compare two bioprepara-
tions, AlgaminoPlant and Route, with a commercial 
rooting powder containing synthetic auxin IBA (2%) 
and with the water solution of IBA (200 mg·dm−3) on 
two cultivars of the popular ornamental shrub dog-
wood (Cornus alba). Dogwoods are commonly plant-
ed both in private and public green areas; they are 
propagated by stem cuttings (Hartmann et al. 2002). 
Dogwood cultivars are well known to differ in their 
ability to form roots; therefore the experiments were 
done on two cultivars known to be different in their 
rooting characteristics. Since biostimulators had 
been shown to affect the photosynthesis and respira-
tion rate of plants (Przybysz et al. 2008), an attempt 
was made to detect a relationship between some pa-
rameters of gas exchange in cuttings, as influenced 
by treatments, and the subsequent rhizogenesis.

Material and methods

The plant material in this study were two cultivars 
of dogwood (Cornus alba L.) ‘Aurea’ and ‘Elegantis-
sima’. The former is considered easier to root than 
the latter (Kryt, personal communication 2010). The 
experiments were initiated on June 27 of 2011 and 
2012 in a commercial nursery in Wola Prażmowska. 
Semi lignified two-nodal stem cuttings 5 cm long 
were prepared from stock plants free of pathogens 
and diseases. Cuttings were inserted to the depth 
of 2.0 cm into a mixture of peat, perlite and sand 
(2:1:1), pH 5.0, in styrofoam boxes. The mixture was 
thoroughly wetted and pressed, and covered with 0.5 
cm layer of coarse sand. Rooting took place in plastic 

tunnels equipped with automatic watering and mist 
systems as well as shading devices. The boxes were 
covered with opaque foil to provide 100% RH. Ac-
cording to a routine procedure in the nursery, every 
two weeks cuttings were sprayed against Botrytis 
with 0.2% Rovral or Topsin although the pesticide 
application could have affected rhizogenesis as such. 
Lack of this treatment could be a threat for cuttings 
and potentially induces a disease spread in the whole 
propagation tunnel.

The climatic conditions during growth of stock 
plants before harvesting the cuttings, i.e. means of 
the monthly temperatures and rainfall are gathered 
in Table 1. The data were included to allow to deduce 
the environmental impact on physiological status of 
the field-grown stock plants from which the cuttings 
were gathered.

Night temperature during rooting was 15–20°C 
while daily temperatures ranged between 25 and 
35°C.

Biostimulators

AlgaminoPlant (Varichem, Poland) is a liquid 
preparation produced on the base of a seaweed ex-
tract (18%) from Sargassum, Laminaria, Ascophyllum 
and Fuscus. It contains three groups of plant hor-
mones: gibberellins (50 mg·dm−3), cytokinins (5 
mg*dm−3) and auxins (30 mg·dm−3 ). It is supple-
mented by potassium salts of amino acids at 10%. 
The preparation enhances the macro- and microele-
ment uptake and translocation within plants (Maty-
siak et al. 2010), increases the respiration rate and 
root growth, participates in photosynthesis and oth-
er metabolic processes, enhances plant resistance to 
stresses, accelerates flowering and fruit set (Anyszka 
and Pałczyński 2006; Dobrzański et al. 2008). It also 
improves the soil water-holding capacity and main-
tains optimal soil pH (Matysiak et al. 2010).

Route (Dalgety, Poland) is a formulation of zinc 
ammonium acetate (ZAA) composed of acetic acid, 
water, ammonium and zinc oxide. Zinc helps plants 
to overcome environmental stresses and enhanc-
es their productivity through a better development 
of root system and a more efficient irradiance use 
(Fraser and Percival 2003). Route increases the en-
dogenous auxin content and reinforces (about 18%) 
cell walls, thus reducing their porosity and indirect-

Table 1. Rainfall and mean temperatures in 2011-2012 (Ex-
perimental Station IMiGW Skierniewice)

Month III IV V VI
2011 rainfall (mm) 15.1 80.5 38.9 106.1
2012 rainfall (mm) 23.2 52.8 21.4 57.7
2011 mean monthly temp. (°C) 3.0 10.5 14.4 18.6
2012  mean monthly temp (°C) 5.0 9.4 15.6 17.4



	 Rhizogenesis and gas exchange in dogwood stem cuttings as affected by two biostimulators	 49

ly decreasing nutrient loses from cells (Horne and 
Leitch 2006). ZAA action in a process of rhizogen-
esis is associated with stimulation of endogenous 
auxins’ biosynthesis, what changes the auxin to cy-
tokinin ratio. This in turn results in a more abundant 
production of auxillary roots.

Methods

The cuttings were sprayed with water solutions of 
AlgaminoPlant (0.2%) or Route (0.1%) once, twice 
or three times during the rooting period (biostimula-
tors’ concentrations were based on the recommenda-
tions of the producers and checked during preliminary 
experiments). The control treatment consisted of cut-
tings treated with a commercial rooting powder rou-
tinely used in nursery production with the synthetic 
auxin indolyl-3-butyric acid (IBA) as the active agent. 
Auxins may be applied to the cuttings’ bases either 
as powders or in aqueous solutions. The numerous 
trials have also proved efficacy of the foliar auxin ap-
plication. This method allows to repeat a treatment 
and can replace the traditional way of application, to 
the cuttings’ bases. Spraying cuttings placed in a root-
ing medium allows to save a preparation as well as 
labor thus lowering the overall production costs (Szy-
dło and Maksim 1997; Szydło and Pacholczak 2001; 
Pacholczak et al. 2005). Therefore, in the experiments 
the auxin was applied in two forms: either directly to 
the bases of cuttings in the powder form (Rhizopon 
AA; 2% IBA), or by spraying cuttings with aqueous 
solution of 200 mg·dm−3 IBA. The ultimate control 
were cuttings sprayed with distilled water.

The first treatment was on June 27, the start of the 
experiment. Additional one or two treatments were 
one week apart, on July 4 and July 11. Solutions were 
sprayed with a hand pressure sprayer (Kwazar, Po-
land) of 2 dm3 volume. The experiments consisted of 

nine treatments (Table 2), each in three replications, 
with 20 cuttings per replication. Rooting frequen-
cies were scored after seven weeks, and this included 
two parameters: the percentage of rooted cuttings 
and the degree of rooting. The latter was scored on 
a 5-point scale rating the development of the root 
ball (Table 3). The scores for the degree of rooting 
represent means of three independent observations 
by trained personnel.

On July 12 the following measurements of the gas 
exchange parameters were done:
–– Rd – respiration rate (µ·mol CO2·m

−2·s−1) 
–– Pn – net photosynthetic rate(µ·mol CO2·m

−2·s−1) 
–– T  – transpiration rate (mol H2O·m−2·s−1) 
–– gs – stomatal conductance (mmol H2O·m−2·s−1) 

The parameters of gas exchanged were measured 
by CIRAS-2 gas analyzer (PP System Inc., Amesbury, 
MA, USA). The measurements were done in trip-
licates, at noon, under natural irradiance of 1000–
1400 µmol PAR·m−2·s−1 at 25°C and CO2 concentra-
tion 300–350 µmol mol−1 air. The conditions during 
measurements were: temperature 30–39°C and rel-
ative humidity 90–100%. The respiration rate was 
determined after shading the measurement chamber 
and extinction of photosynthesis. When measured 
with an infra red gas analyzer, the negative photo-
synthetic rate is equal to the respiration rate.

Statistical analyses
To compare the means, percentages of rooted cut-

tings were transformed according to Bliss (Wójcik 
and Laudański 1989), while the degree of rooting by 
root transformation: y=x2+(x+1)2 . The above data 
were subjected to the 2-factorial ANOVA and tested 
by the Duncan’s test at α=0.05. Results of the gas 
exchange analyses were subjected to the 2-factorial 
ANOVA and the means were compared by the Dun-
can’s test at α=0.05.

Results
Cornus alba ‘Aurea’

Across all treatments, cuttings rooted better in the 
second year of the experiment. In both years, untreat-
ed cuttings rooted relatively well, averaging 66.7% 
(Table 4). The commercial rooting powder Rhizopon 
AA appeared the least effective of all treatments; IBA 
sprayed in water solution improved the percentage 

Table 2. List of treatments

Treat-
ment

Preparation 
used

Concentration Number of treat-
ments

1 Control – 
water – –

2 Rhizopon 
AA powder 2% IBA 1 × powder

3 AuxinIBA 200 mg*dm−3  
water 1 × spraying

4 Route 0.1% 1 × spraying
5 Route 0.1% 2 × spraying
6 Route 0.1% 3 × spraying
7 Algamino-

Plant 0.2% 1 × spraying

8 Algamino-
Plant 0.2% 2 × spraying

9 Algamino-
Plant 0.2% 3 × spraying

Table 3. Evaluation scale of the root development

No. Root characteristics Score
1 No visible roots 1
2 1–3 roots (over 1 cm long) 2
3 4–5 roots  (2–4 cm long) 3
4 6–7 roots (4–5 cm long) 4
5 Well developed, branched root system 

forming a root ball 5
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of rooting by ca 10%. The best rooting percentage 
was observed after triple treatment with Algamino-
Plant which increased the mean percentage of rooted 
cuttings by nearly 30% relative to control. Increased 
percentages of rooted cuttings were also obtained af-
ter a single application of AlgaminoPlant and one or 
two applications of Route. The triple application of 
Route was inefficient in both years.

During seven weeks of the experiment, con-
trol (untreated) cuttings developed few short roots 
(Table 5) and their average degree of rooting was 
2.3. All treatments – except the triple application of 
Route – improved rhizogenesis. Triple application of 
AlgaminoPlant was significantly better than a single 
treatment.

The average respiration rates of cuttings leaves 
in ‘Aurea’ ranged between 0.8 and 1.25 μmol CO2 
m−2 s−1. As compared to control cuttings (0.8 μmol 
CO2 m

−2 s−1 ) the significantly higher average Rd value 
were found in cuttings treated twice and three times 
with Route or sprayed twice with AlgaminoPlant. In 
2011 the auxin treatment significantly increased the 
respiration efficiency relative to control, similarly as 

a single application of AlgaminoPlant. In 2012 the 
respiration rate was much higher (by 50–70%), espe-
cially in cuttings after triple application of Algamino-
Plant and double application of Route while auxins 
did not affect this parameter (Table 6).

The average photosynthetic rate of cuttings 
ranged between 2.65 and 4.45 μmol CO2 m

−2 s−1. All 
treatments that increased rooting also raised the pho-
tosynthetic rate (Pn) above that of control untreated 
cuttings, except in the case of the single spray with 
Route. In 2011 the photosynthetic rate was increased 
considerably due to the following treatments: appli-
cation of IBA (89%), double (100%) or triple (92%) 
applications of AlgaminoPlant and double applica-
tions of Route (114%). In 2012, changes in Pn fol-
lowing treatments with IBA and biostimulators were 
not significant, with the exception of Rhizopon AA 
and threefold Route spraying, where the increase in 
Pn was 68% and 56% for Rhizopon AA and Route, 
respectively (Table 7).

The average transpiration rate of leaves (T) 
ranged between 4.35 and 7.80 mmol H2O m−2 s−1. 
All the averages were significantly higher except 

Table 4. Effect of biostimulators on the percentage of rooted cuttings in Cornus alba ‘Aurea’ (2011 and 2012). The last 
column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 57.3 abc* 51.1 ab 63.7 bcd 68.6 cde 67.6 cd 94.3 h 74.6 def 76.8 efg 44.7 a 67.6 a
2012 76.3 def 92.2 fgh 93.0 gh 92.1 fgh 89.1 fgh 90.1 fgh 98.7 h 84.8 efg 85.3 fgh 88.5 b

Mean for treatment 66.7 a 71.7 ab 78.3 bc 80.3 bcd 78.3 bc 94.2 d 86.7 cd 80.8 bcd 65.0 a

* – The means followed by the same letters do not differ significantly at α=0.05

Table 5. Effect of biostimulators on the degree of rooting in cuttings of Cornus alba ‘Aurea’ (2011 and 2012). The last col-
umn contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 1.6 a* 1.8 a 2.2 ab 2.6 bc 2.6 bc 3.7 ef 2.6 bc 2.8 c 1.8 a 2.5 a
2012 2.8 c 3.9 f 3.8 ef 2.9 cd 3.2 def 3.3 def 3.5 def 2.9 cd 3.0 cd 3.3 b

Mean for treatment 2.3 a 2.9 bc 3.0 cd 2.8 bc 3.0 cd 3.5 d 3.1 cd 2.9 bc 2.4 a

* – as in Table 4

Table 6. The effect of biostimulators on respiration rates (µmol CO2 m
−2 s−1) of in leaves of cuttings from Cornus alba ‘Au-

rea’ (2011 and 2012). The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 0.5 ab* 0.8 c 0.9 de 0.8 c 0.6 b 0.4 a 0.6 b 0.6 b 0.6 b 0.65 a
2012 1.1 ef 1.1 f 1.1 f 1.4 g 1.2 fg 1.9 i 1.6 h 1.9 i 1.7 h 1.44 b

Mean for treatment 0.8 a 0.95 abc 1.0 abc 1.1 abc 0.9 a 1.15 bc 1.1 abc 1.25 c 1.15 bc

* – as in Table 4

Table 7. The effect of biostimulators on photosynthetic rates (µmol CO2 m
−2 s−1) in leaves of cuttings from Cornus alba 

‘Aurea’ (2011 and 2012). The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 2.8 abc* 3.9 cd 5.3 de 3.5 c 5.6 e 5.4 e 3.2 abcd 6.0 e 2.5 ab 4.24 b
2012 2.5 ab 4.2 cd 2.4 a 2.3 ab 2.5 abcd 3.4 abcd 3.0 abcd 2.9 abc 3.9 cd 3.00 a

Mean for treatment 2.65 a 4.05 bc 3.85 bc 2.9 ab 4.05 bc 4.4 c 3.1 ab 4.45 c 3.2 abc

* – as in Table 4



	 Rhizogenesis and gas exchange in dogwood stem cuttings as affected by two biostimulators	 51

that of the single Route application. In 2011 all the 
treatments intensified this process and the highest 
increase in the E as compared to the control was ob-
served following Rhizopone application (Table 8). In 
2012, transpiration was significantly higher (by 17% 
on the average) than in 2011. Here, Rhizopone appli-
cation did not affect transpiration though the water 
IBA solution increased it significantly relative to con-
trol. So did the treatments with both biostimulators, 
except that with the single Route spraying.

The average stomatal conductance (gs) in leaves 
ranged between 0.244 (control) to 0.653 mmol H2O 
m−2 s−1 (triple sprayings with AlgaminoPlant) having 
significantly increased after all the treatments (Table 
9). This tendency was seen in both years. In the sec-
ond year of experiment after application of the auxin 
water solution and AlgaminoPlant (1–3 sprays) sto-
matal conductance was nearly tripled. In both years 
Route was less effective in this regard. 

Cornus alba ‘Elegantissima’

The highest average rooting percentages were 
obtained following a single or double Route applica-
tions (Table 10). Also AlgaminoPlant used once or 
twice significantly increased average rooting percent-
age. The additional third application of two biostim-
ulators did not improve rooting relative to control. 
No significant differences in the average percentage 
of rooted cuttings were observed between the years.

During seven weeks of the experiment control cut-
tings developed a few short roots and their degree 
of rooting was 2.4. Spraying cuttings with the water 
IBA solution significantly improved rhizogenesis in-
creasing the rooting degree to 3.0 (Table 11).

The average respiration rates of leaves in cut-
tings from ‘Elegantissima’ ranged from 0.85 to 1.65 
μmol CO2 m

−2 s−1 (Table 12). The lowest rates were 
in control cuttings and those treated with auxin. 
Both biopreparations increased the average Rd val-
ues. Generally, the respiration in 2012 decreased by 
35% as compared to 2011. The respiration rate in 

Table 8. The effect of biostimulators on the transpiration rate (mmol H2O m−2 s−1) in leaves of cuttings from Cornus alba 
‘Aurea’ (2011 and 2012). The last column contains general means for all the treatments, separately for both years

Treatment/
year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/

year
2011 3.9 a* 8.2 hi 6.7 fg 5.2bc 5.3 bc 6.1 ef 6.2 efg 5.9 de 5.3 bc 5.9 a
2012 4.8 b 5.5 bc 8.9 j 7.9 h 8.5 h 6.5 efg 5.0 bc 6.0 de 6.8 g 6.7 b

Mean for treatment 4.35 a 6.85 cd 7.8 d 6.55 bcd 6.9 cd 6.3 bc 5.6 ab 5.95 bc 6.05 bc

* – as in Table 4

Table 9. The effect of biostimulators on stomatal conductance (gs) (mmol H2O m−2 s−1) in leaves of cuttings from Cornus 
alba ‘Aurea’ in (2011 and 2012). The last column contains general means for all the treatments, separately for both 
years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 0.182 a* 0.375 cd 0.416 de 0.428 de 0.339 bc 0.461 ef 0.350 bc 0.491 f 0.359 bc 0.378 a
2012 0.307 b 0.694 g 0.840 i 0.849 i 0.849 i 0.844 i 0.423 de 0.754 h 0.723 gh 0.698 b

Mean for treatment 0.244 a 0.534 c 0.628 cd 0.638 d 0.594 cd 0.653 d 0.386 b 0.622 cd 0.541 c

* – as in Table 4

Table 10. The effect of biostimulators on the percentage of rooted cuttings in Cornus alba ‘Elegantissima’ (2011 and 2012). 
The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 55.7 abc* 53.1 a 54.5 abc 83.4 fg 70.1 ef 68.9 ef 96.0 g 93.2 g 54.6 bc 69.7 a
2012 62.9 bcd 66.6 cde 61.2 bcd 55.6 abc 73.3 ef 52.1 ab 66.7 cde 70 de 69.8 ef 64.4 a

Mean for treatment 59.4 ab 59.8 ab 57.8 a 69.5 c 71.7 c 60.6 ab 81.7 d 81.7 d 62.2 b

* – as in Table 4

Table 11. The effect of biostimulators on the degree of rooting in cuttings of Cornus alba ‘Elegantissima’ (2011 and 2012). 
The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 2.2 ab* 2.5 bcd 2.7 cde 2.8 def 2.5 bcd 3.5 h 3.1 fgh 3.1 fgh 2.1 abc 2.7 a
2012 2.6 bcd 3.0 fgh 3.2 gh 2.1 ab 2.9 def 2.0 a 2.4 bcd 2.4 bcd 2.4 bcd 2.6 a

Mean for treatment 2.4 a 2.7 ab 3.0 b 2.5 ab 2.7 ab 2.7 ab 2.7 ab 2.8 ab 2.3 a

* – as in Table 4
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the second year was lower in cuttings treated with 
biostimulators, while in the Rhizopone – treated cut-
tings a reverse situation occurred. 

The average photosynthetic rate (Pn) of leaves 
ranged from 2.70 to 5.95 μmol CO2 m

−2 s−1. The low-
est average Pn was in control cuttings, those treated 
with the auxin and sprayed once with Algamino-
Plant. All other treatments increased the intensity of 
photosynthesis. Generally, in 2011 the Pn values were 
higher, especially in plants treated 2–3 times with Al-
gaminoPlant and three times with Route (Table 13).

The average transpiration rate of leaves (E) ranged 
between 3.50 and 5.95 mmol H2O m−2 s−1. All treat-
ments significantly increased the transpiration ef-
ficiency relative to control. The highest, a nearly 
twofold increase, was observed after one or two ap-
plications of Route or three applications of Algami-
noPlant. In 2012, the average transpiration rate was 
30–40% higher than in 2011 (Table 14).

The average value of stomatal conductance (gs) 
in untreated cuttings was 0.352 mmol H2O m−2 s−1 

and it was lower than in all the treatments (Table 
15). The largest increase was in cuttings treated with 
the rooting powder where gs was doubled relative to 
control. Generally, the stomatal conductance in 2012 
was four times higher than in 2011. The largest dif-
ference between years were in cuttings sprayed once 
with AlgaminoPlant (8-fold).

Discussion

For this study, two popular cultivars of dogwood 
were chosen. They are known for their different 
responses in rooting. Also, differences in average 
rooting percentages were observed between the two 
cultivars in two years of experiments, being ca 67% 
and 79% for ‘Aurea’ and ‘Elegantissima’, respectively. 
However, in 2012, cuttings of ‘Elegantissima’ had a 
substantially lower rooting percentage than ‘Aurea’ 
(64% versus 88%). Year 2012 had much less rainfall 

Table 12. The effect of biostimulators on respiration rates (µmol CO2 m
−2 s−1) in leaves of cuttings from Cornus alba ‘Ele-

gantissima’ (2011 and 2012). The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 0.8 bc* 0.6 ab 0.9 cd 2.0 i 2.0 i 1.6 g 1.9 i 1.8 hi 1.6 g 1.45 b
2012 0.9 cde 0.8 cd 1.1 de 0.6 a 1.3 f 1.2 ef 0.9 cd 0.9 cde 1.4 h 1.02 a

Mean for treatment 0.85 a 0.7 a 1.0 ab 1.3 bc 1.65 c 1.4 c 1.4 c 1.35 c 1.5 c

* – as in Table 4

Table 13. The effect of biostimulators on photosynthetic rates (µmol CO2 m
−2 s−1) in leaves of cuttings from Cornus alba 

‘Elegantissima’ (2011 and 2012). The last column contains general means for all the treatments, separately for both 
years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 4.6 bc 2.7 a 4.6 bc 4.0 ab 6.9 de 8.7 f 5.8 cd 5.8 cd 7.8 ef 5.65 b
2012 2.7 a 2.7 a 2.8 a 3.4 ab 3.5 ab 3.2 ab 4.1 b 3.2 ab 3.6 ab 3.22 a

Mean for treatment 3.65 ab 2.7 a 3.7 ab 3.7 ab 5.2 cd 5.95 d 4.9 bcd 4.5 bc 5.7 d

* – as in Table 4

Table 14. The effect of biostimulators on transpiration rate (mmol H2O m−2 s−1) in leaves of cuttings from Cornus alba ‘El-
egantissima’ (2011 and 2012). The last column contains general means for all the treatments, separately for both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 1.8 a* 5.0 d 3.3 c 3.3 c 3.9 c 5.2 de 6.2 gh 5.4 de 3.8 c 4.2 a
2012 5.2d 6.4ghi 5.5 de 7.0 j 6.2 fg 6.7 hij 6.6 ghij 6.8 ij 5.6 ef 6.2 b

Mean for treatment 3.5 a 5.7 de 4.4 b 5.15 cd 5.05 bcd 5.95 e 6.4 e 6.1 e 4.7 bc

* – as in Table 4

Table 15. The effect of biostimulators on stomatal conductance (gs) (mmol H2O m−2 s−1) in leaves of cuttings from Cornus 
alba ‘Elegantissima’ (2011 and 2012). The last column contains general means for all the treatments, separately for 
both years

Treatment/year C Rh AA IBA Alga 1x Alga 2x Alga 3x Route 1x Route 2x Route 3x Mean/
year

2011 0.106 a 0.336 d 0.160 ab 0.113 a 0.165 ab 0.202 bc 0.220 bc 0.248 c 0.225 bc 0.197 a
2012 0.598 e 1.079 j 0.733 f 0.905 i 0.722 f 0.747 fg 0.814 h 0.800 gh 0.765 fgh 0.796 b

Mean for treatment 0.352 a 0.707 d 0.446 b 0.509 bc 0.443 b 0.475 bc 0.517 bc 0.524 c 0.495 bc

* – as in Table 4
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than 2011 and this might have affected the condition 
of stock plants.

In the yellow-leaved ‘Aurea’, all treatments im-
proved rooting relative to control. In ‘Elegantissima’ 
an improvement was observed only after applications 
of AlgaminoPlant, a seaweed-based preparation, and 
one or two applications of Route. Whapham et al. 
(2006) showed a positive effect of a seaweed extract 
on root length and root mass in Vigna sinensis. In Ara-
bidopsis thaliana, Rayorath et al. (2008) observed an 
enhancement of the root system development fol-
lowing applications of an extract from seaweed Asco-
phyllum nodosum. Also, Thorsen et al. (2010) showed 
a positive effect of the extract from seaweed Laminar-
ia digitata on the germination, root growth and plant 
development in several herbaceous plants.

Route contains zinc. Due to a deficit of this ele-
ment tryptophan synthesis is impaired what directly 
affects auxin biosynthesis and limits plant growth 
(Broadley et al. 2007). Yamashita et al. (2006) proved 
that zinc combined with IAA increased rooting of 
cuttings in Mangifera indica. Similar observations 
were reported by Szydło et al. (2007) who tested ef-
fects of the IBA co-factors on rhizogenesis in cuttings 
of Hedera helix and Ilex×meserveae. In their tests with 
ninebark (Physocarpus opulifolius) the same authors 
observed the best root ball development following 
three applications of Route (Pacholczak and Szydło 
2008). The enhancement of the root system develop-
ment after applications of 0.1% Route was also ob-
served in several container-grown ornamental shrubs 
(Pacholczak et al. 2009). All these observations, in-
cluding the results of this study on dogwood, indi-
cate that biostimulators enhance rhizogenesis but 
their efficiency may vary depending on the species, 
cultivar, the biostimulator applied, and the number 
of treatments. This means that at least some bio-
preparations do have serious potential in commercial 
production but the protocols and application regimes 
may have to be custom fitted to each specific target.

Until the first roots develope during rooting of 
cuttings, the efficiency of the photosynthetic appa-
ratus is limited and less energy substrates are availa-
ble. Such substrates are indispensable for respiration 
which in turn provides energy for rhizogenesis. This 
phenomenon is especially important in plants with 
long rooting periods, such as most woody plants 
(Couvillon 1988). A relationship between the pho-
tosynthetic rate and respiration may well be reflected 
by the so-called carbon balance Pn/Rd. In autotrophic 
organisms, growth is possible only when this ratio is 
above 1 (Chu et al. 2010). For dogwood cuttings of 
‘Aurea’, the ratio in both years was 3.4 to 7.5, while 
in ‘Elegantissima’ it was 3.1 to 4.3. Both ranges fit 
well with the literature data where the range of 1–20 
for the carbon balance is reported (Kocurek et al. 
2009; Chołuj et al. 2010; Kalaji and Łoboda 2010). 

Here, the highest values were in dogwood cuttings 
treated twice or three times with AlgaminoPlant or 
twice in Route. Changes in the carbon balance were 
mainly due to increases in the respiration rate and 
not to changes in photosynthesis.

Generally, in both cultivars the respiration rates 
were higher after applications of biostimulators rela-
tive to controls. It was somewhat higher in ‘Elegan-
tissima’ than in ‘Aurea’. In the former, AlgaminoPlant 
caused a more pronounced increase in respiration 
than in ‘Aurea’, where the lowest rate was observed 
after two applications. The effects of Route on respi-
ration also varied in both cultivars. In ‘Elegantissima’ 
each treatment with Route resulted in a considera-
ble increase in the respiration rate while in ‘Aurea’ 
a similar increase was in cuttings sprayed twice or 
three times with the preparation and it still reached 
a lower value than in ‘Elegantissima’. It should be 
noted that the Rd values for dogwood cuttings are 
much lower than those reported for woody plants 
grown for biofuels such as rose and willow (Chołuj 
et al. 2010).

An increased photosynthetic rate was observed in 
both cultivars after applications of  biostimulants, 
while for auxin only in ‘Aurea’. This is similar to the 
results of Gawrońska et al. (2008) and Przybysz et 
al. (2008) after application of Asahi SL on rape. Also 
Costa et al. (2001) reported similar phenomenon on 
rooted roses.

A comparison of the general means of the param-
eters for both cultivars in both years of experiments 
does not show any clear relationship between the 
physiological parameters measured and rhizogene-
sis even though the effects of treatments varied from 
year to year and between two cultivars. In 2011, the 
percentages and degrees of rooting were similar in 
both cultivars, but the respiration rate in ‘Elegantis-
sima’ was twice as high as in ‘Aurea’ and the pho-
tosynthetic rate by 29% higher. On the other hand, 
‘Aurea’ had transpiration 29% higher than ‘Elegan-
tissima’, and the stomatal conductance was almost 
twice as high. In 2012, the year when stock plants 
grew under less rainfall, the percentages and degrees 
of rooting were generally much better in ‘Aurea’ with 
higher respiration and transpiration rates than in ‘El-
egantissima’ where the photosynthetic rate and sto-
matal conductance showed lower values.

In ‘Aurea’, the percentage of rooting was signifi-
cantly higher in 2012 than 2011, and this was ac-
companied by a higher mean respiration, transpira-
tion and stomatal conductance rates. The treatments 
which improved rooting (AlgaminoPlant 1–3x, Route 
1x and 2x) increased all parameters tested while the 
inefficient triple application of Route increased only 
four of them (Table 16). In ‘Elegantissima’ the tran-
spiration rates and stomatal conductance were also 
higher in 2012 but there were no significant differ-
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ences in rooting percentage (Table 17). Average val-
ues of all other physiological parameters were higher 
in 2011 for this cultivar. Treatments which positive-
ly affected rhizogenesis also increased the values of 
more parameters than did treatment with Rhizopon 
which proved ineffective relative to control cuttings.

The data from literature as well as the results of 
the present work indicate that plants treated with bi-
ostimulators have an elevated photosynthetics rate 
(Gawrońska et al. 2008; Przybysz et al. 2008; Przy-
bysz et al. 2010). The elevated photosynthesis (Pn) is 
accompanied by an increased stomatal conductance 
what may lead to an increase in transpiration rate. 
Data on photosynthetic indexes of water use (WUE 
and WUEi) is lacking. Their comparison might allow 

to evaluate the effects of environmental factors on an 
innate relationship between stomatal conductance 
and rate of photosynthesis through transpiration 
(Borowski et al. 2010).

The results presented here demonstrate that the 
two biopreparations (AlgaminoPlant and Route) 
tested do have potential in commercial horticultural 
production but their effectiveness may be different in 
different species, different cultivars and under differ-
ent climatic conditions. However, although their ap-
plications produce changes in the parameters of gas 
exchange during rooting, no direct relationship could 
be established between such changes and rhizogene-
sis. Perhaps, the crucial element is how the cuttings 
distribute the positive carbon balance to their princi-
pal organs: leaves, stems and roots. Thus, a detailed 
study of photoassimilate distribution pattern should 
be performed with both cultivars studied. An anal-
ysis of dry mass accumulation by individual plants 
might be useful to recognize this pattern (Evans 
1972, Hunt 1978, Pietkiewicz 1985a,b).
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