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Abstract 

The majority of old and long-to-root roses are enough frost resistant to grow on their own roots in moderate and cool 
climates. The most often used method of rose propagation are single node stem cuttings derived from blooming shoots. The 
long duration of rhizogenesis exposes cuttings to stress conditions and precocious ageing processes, which result in a low 
rooting percentage. It was hypothesized that in the short season of flowering the amount of nutrients in shoots of stock plants 
changes, thus affecting the process of rhizogenesis, as well as a condition of rooted cuttings, which may be estimated by the 
contents of the biologically active components. The shoots of four rose cultivars were cut in four phenological stages: flower 
buds closed, flowers opened, just after petal shedding and 7-14 days after petal fall. The rooting percentage were counted after 
10 weeks of rooting. The evaluation of plant material were carried out before and after rooting, including: soluble proteins, 
chlorophyll a and b, carotenoids, polyphenolic acids, reducing and total soluble carbohydrates. The research revealed 
variability, characteristic for each examined cultivar, in the contents of the biologically active compounds, both before and after 
rooting, in cuttings harvested from stock plants in successive phases of development. Decrease in pigment contents in leaves of 
rooted cuttings may suggest a progressing senescence, both during propagation and later in a vegetative season. The cuttings of 
‘Mousseuse Rouge’ rooted similarly when harvested  in each of the phenological phases (53.8-67.5%). For other cultivars the 
highest rooting percentage was obtained for cuttings harvested from shoots with closed flower buds: (‘Hurdals’ 47.5%, 
‘Maiden’s Blush’ 55.0%, ‘Semiplena’ 67.5%). In these cultivars a relationship between rooting percentage and changes in the 
contents of pigments, sugars or/and polyphenolic acids in successive phenological phases was shown. 
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Introduction 

Historical roses of various origin are characterized by 
different flowering periods (Pihlajaniemi et al., 2005; Monder, 
2007; Monder, 2014), but - both in practice and research - a date 
and a shoot developmental phase at the moment of cuttings’ 
harvest is rarely considered (Monder et al., 2014; Pihlajaniemi et 
al., 2005). The process of rhizogenesis of historical roses by 
cuttings is considered to be rather long (10-12 weeks) and rooted 
cuttings are often of poor quality (Moroz, 2006; Monder et al., 
2014; Nasri et al., 2015), especially when compared with modern 
roses, in which rhizogenesis lasts 4-6 weeks on the average (Costa 
et al., 2007; Pietrakowski, 2006; Wiśniewska-Grzeszkiewicz and 
Podwyszyńska, 2001). The rhizogenesis process in rose cuttings is 
known to be affected by many exogenous and endogenous 
factors, including the location in canopy (Hwnag et al., 2015), a 

type of cutting and a propagation date (Wiśniewska-
Grzeszkiewicz and Podwyszyńska, 2001; Pietrakowski, 2006). 

As a consequence of the process of rhizogenesis lasting up to 
10-12 weeks (Moroz, 2006; Monder et al., 2014) the single node 
leaf old rose cuttings are subjected to an extended period of stress 
conditions and precocious ageing processes. The cuttings of 
ground cover (Fuchs, 1986; Wiśniewska-Grzeszkiewicz and 
Podwyszyńska, 2001; Pietrakowski, 2006) and floribunda 
(Costa, 2002; Costa and Challa, 2002) roses have been rooted in 
4-6 weeks. The senescence process involves an intricate and 
comprehensive regulation of pathways that respond to previous 
life stages of the leaf and various endogenous and exogenous 
environmental factors (Lim et al., 2007). The onset, progression 
and completion of these processes are regulated in a highly 
coordinated manner and involve an extensive reprogramming of 
gene expression (Woo et al., 2013). Metabolic changes during 
leaf senescence include the hydrolysis of macromolecules, such as 
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1988). The single node leafy stem cuttings were cut from shoots 
in the four following phenological phases: flower buds closed, all 
flowers in an inflorescence open, just after petal shedding, 7-14 
days after petal fall (Fig. 1 a and b). The dates of harvesting the 
plant material were different for cultivars and are presented in 
Table 1. The cuttings were planted in multipot trays (6.6 × 6.6 
cm), in the peat substrate (pH 6-6.5), without using preparations 
supporting rhizogenesis, and rooted in standard conditions in a 
foil tunnel (23-25 °C), ambient relative humidity 80-90%) in the 
commercial nursery of M. M. Kryt in Wola Prażmowska 
(51.56°N, 20.28°E). The cuttings were dug after 10 weeks of 
rooting and the rooting percentage was counted. 

 
Analysis of plant material 
The samples for biochemical analysis were frozen and kept 

under -18 ºC until analyses. which were carried out in the 
Department of the Evaluation and Plant Biodiversity 
Conservation of the Polish Academy of Science Botanical 
Garden - Center for Biological Diversity Conservation in 
Powsin (pigments and proteins) and in the Department of 
Ornamental Plants of Warsaw University of Life Science 
(carbohydrates and polyphenolic acids). 

Chlorophyll a, b and carotenoids. The leaves were sampled 
thrice: on the day of harvesting cuttings from shoots in four 
maturity phase of stock plants, while the second time, the leaves 
of cuttings were sampled in August after the rooting period. To 
evaluate changes in the contents of the photosynthetic pigments 
during the whole period of vegetation, in August we collected 
leaves from analogical shoots with flowers past their full bloom 

proteins, lipids, nucleic acids and pigments that were 
accumulated during the growth phase (Watanabe et al., 2013). 
The above changes lead to death (Smart, 1994). Gitelson and 
Merzlyak (1994) showed, that the first process associated with 
leaf senescence is a decrease in  chlorophyll content and increase 
in carotenoids (Gitelson and Merzlyak, 1994). The process of 
aging of cuttings is especially significant, because the leaf of the 
stock plant, by continuing the process of photosynthesis, is the 
plant’s only possibility to produce chemical energy. Thus, the 
possibility of cuttings to continue photosynthesis during 
propagation should be the primary regulatory factor of survival 
and subsequent growth (rooting, growth of the auxiliary bud 
into primary shoot and dry weight accumulation) (Costa, 2002). 
Premature leaf senescence leads to disorders in photosynthesis, 
plant growth and productivity (Guan and Gan, 2014). A small 
part of shoot with only one node contains a limited amount of 
nutrients. Previous research proved that the quantity of reserves 
frequently restricted the plant’s chances to stay alive and to 
continue growth especially in case of softwood and semi-
hardwood cuttings of woody plants (Okoro and Grace, 1976). 
Here, the active role is played by phenolic compounds that can 
affect the activity of some enzymes which take part in the process 
of rooting (Fu et al., 2011). 

Rose propagation by one-node stem cuttings is a simple 
method allowing to use efficiently the stock plant material. 
However, the studied cultivars bloom once a year, for 2-3 weeks 
(Monder, 2007, 2014). From the practical point of view, 
determining a possibility to root cuttings made from shoots in 
different phenological phases and choosing an optimal phase for 
rhizogenesis would improve efficiency of rose propagation and 
facilitate the work organization in a nursery. 

It was hypothesized, that in successive phenological phases 
specific changes occur in plants which may affect rhizogenesis 
The objective of this study was to investigate these changes in 
several biologically active elements in plant material sampled 
from plants in different phenological phases. An evaluation of 
both - the effectiveness of rooting and the state of nourishment 
determined by measuring the contents of the biologically active 
elements may have a strategic quantitative and qualitative 
importance in the process of rhizogenesis. 

 

Materials  and Methods  

Biological material 
The research were carried out in 2012-2013. The shrubs of 

four once flowering historical rose cultivars of different origin 
were growing in National Collection of Rose Cultivars of the 
Polish Academy of Sciences Botanical – Centre for Biological 
Diversity Conservation in Powsin, Poland. The following taxa 
were used in the study: Rosa ‘Hurdals’ (R. ×alba x R. villosa), R. 
×alba ‘Maiden’s Blush’, R. helenae ‘Semiplena’ (Gustavsson, 
1999) and R. ×centifolia ‘Mousseuse Rouge’ (Rosenverzeichnis, 

93

Table 1. The dates of harvesting the rose shoots 

Cultivar 
The average of leaf area 

of cutting [cm2] 

Phenological stage of shoots 
Flower buds 

closed 
All flowers in an  

inflorescence open 
Just after  

petal shedding 
7-14 days  

after petal fall 
A1 A2 A3 A4 

‘Hurdalsrose’ 24-27 27 May 1 June 6 June 11 June 
‘Maiden’s Blush’ 24-27 1 June 9 June 17 June 28 June 
‘Mousseuse Rouge’ 21-25 29 May 8 June 19 June 2 July 
‘Semiplena’ 15-20 7 June 12 June 20 June 1 July 
 

Fig. 1. The shoots of following maturity phase ‘Hurdalsrose’, 
‘Maiden’s Blush’, ‘Mousseuse Rouge’ (a) and ‘Semiplena’ (b). 
Phenological stage of shoots: A1 - flower buds closed; A2 - all 
flowers in an inflorescence open; A3- just after petal shedding; 
A4 - 7-14 days after petal fall 
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from stock plants in the collection. Pigments were extracted with 
99% acetone. The contents of pigments were measured 
spectrophotometrically. The absorbance was measured at a wave 
length of 750, 662, 645 and 470 nm (GeneQuant 1300, GE) 
and the results have been calculated according to Arnon (1949). 

Proteins. The material for analysis were leaves of stock plants 
sampled in June and August, as well as these taken from the 
cuttings after rooting. The total content of soluble proteins in the
leaves was determined in supernatant obtained in extraction 
buffer (0.063 M TRIS, 2% SDS, 5% β-mercaptoethanol, 10% 
glycerol). The concentration of protein was assessed according to 
the modified method of Ghosh et al. (1988). The eluate 
absorption was measured at the wave length of 590 nm 
(spectrophotometer Gene Quant 1300, GE). The total content 
of soluble proteins was estimated on the basis of the standard 
curve for BSA solutions. 

The same protein extracts were used for the qualitative 
estimation of the electrophoretic profile, with the use of the 
Laemmlie SDS-PAGE discontinuous system (Moberg et al., 
1987). Electrophoretic separation of proteins in leaves were 
conducted before rooting. Samples of protein extract were placed 
on a polyacrylamide gel and separated vertically (Hoefer SE 600), 
with the amperage of 30 mA in the stacking gel (T 3%) and 45 
mA in the separating gel (T 10%). We performed the analysis 
from transition of the trace dye front (bromophenol blue) at a 
distance of approximately 1 cm from the bottom verge of the gel. 
After taking out from the apparatus, the gels were stained in the 
solution of Coomasie Brilliant Blue (CBB) R-250 (0.25%) in 
methanol (40%) and acetic acid (10%). The gels were de-stained 
until the colour background vanished. After drying the sample 
the effects were studied visually. 

Polyphenolic acids. The material was a mixture of leaves and 
shoots of cuttings before and after rooting. The content of dry 
mass in the plant material was estimated according to the 
method of Strzelecka et al. (1982). Polyphenolic acids were 
measured by the colorimetric method with the Arnow’s reagent 
according to the Polish Norm PN-91/R-87019 (PTF, 1999). A 
Shimadzu UV-1601 PC spectrophotometer was used in the 
tests and the material was subjected to measurements of 
absorbance at the wave length of 490 nm in relation to the 

reference sample test. The content of polyphenolic acids was 
calculated into caffeic acid. 

Carbohydrates. The content of carbohydrates was estimated 
separately in leaves and shoots, for each of the studied phases of 
shoot maturity, twice: before and after rooting. In order to 
determine the content of reducing sugars the Somogyi 
colorimetric method with Nelson’s modification (1944) was 
used. The measurements were made with UV-1601 PC 
(Shimadzu) spectrophotometer with the wave length of 250 nm 
in relation to the reference sample test. The content of reducing 
sugars was read from the calibration curve for glucose. The 
content of total soluble sugars was determined according to the 
method of Dubois et al. (1956) by the wave length of 490 nm in 
relation to the reference sample test. The contents of total sugars 
were  calculated on the basis of a standard containing 3 ml of 
glucose in 100 ml. The results were calculated for one gram of dry 
mass and presented in mg of C6H12O6 g DW-1. 

 
Data analysis 
The material for analysis from stock plants before rooting 

was taken randomly from 300-400 cuttings. For each phase of 
shoot maturity 20 cuttings were rooted in four repetitions, which 
makes a total of 320 cuttings for each cultivar. The content of the 
active biologically compounds were determined for six 
repetitions. The all results were subjected to the ANOVA 
procedure using STATISTICA 10 software (Statsoft Polska, 
Kraków). The Duncan’s (the content of biologically active
components) and Tukey’s (rooting percentage) tests were used. 
The correlation between rooting percentage and content of 
biologically active components before rooting in relation to 
phenological phases of shoots were calculated. The values in 
percentage has been transformed using the function 
ARCSIN(x)1/2 according to Bliss (Wójcik and Laudański, 1989). 

 
 
Results  

 
Qualitative and quantitative changes in plant material 
Pigments. The content of chlorophyll a and b and 

carotenoids in stock plant leaves in each phase of maturity 

Table 2. The content of chlorophyll a (a), b (b) and carotenoids (c) (mg·g-1 FW) in leaves of roses before rooting, mother plants in August and in 

rooted cuttings 

Pi
gm

en
ts

 

Stage 

Cultivar 
‘Hurdals’ ‘Maidenʼs Blush’ ‘Mousseuse Rouge’ ‘Semiplena’ 

Before 
rooting 
in June 

Mother 
plants 

in 
August 

Rooted 
cuttings 

 in  
August 

Before 
rooting 
in June 

Mother 
plants 

in 
August 

Rooted 
cuttings  

in  
August 

Before 
rooting 
in June 

Mother 
plants 

in 
August 

Rooted 
cuttings 

 in 
August 

Before 
rooting 
in June 

Mother 
plants  

in 
August 

Rooted 
cuttings 

in 
August 

C
hl

or
op

hy
ll a

 

A1* 0.59 c** 0.88 d 0.39 d 0.74 b 0.58 c 0.43 e 0.75 c 0.85 b 0.46 d 0.56 b 0.41 d 0.40 d 
A2 1.24 c 0.88 d 0.53 c 0.82 ab 0.58 c 0.48 de 0.74 c 0.85 b 0.46 d 0.46 c 0.41 d 0.26 f 
A3 1.26 c 0.88 d 0.38 d 0.80 ab 0.58 c 0.48 de 0.95 a 0.85 b 0.39 e 0.42 cd 0.41 d 0.34 e 
A4 1.26 c 0.88 d no rooted 0.86 a 0.58 c 0.54 cd 0.73 c 0.85 b 0.34 e 0.76 a 0.41 d 0.22 g 

C
hl

or
op

hy
ll b

 

A1 0.27 c 0.39 d 0.16 d 0.34 b 0.24 c 0.17 d 0.31 d 0.40 e 0.20 d 0.25 b 0.17 cd 0.17 d 
A2 0.54 a 0.39 d 0.23 c 0.38 a 0.24 c 0.19 d 0.29 b 0.40 e 0.21 d 0.20 c 0.17 cd 0.11 f 
A3 0.57 a 0.39 d 0.16 d 0.38 a 0.24 c 0.18 d 0.44 a 0.40 e 0.14 e 0.20 c 0.17 cd 0.15 e 
A4 0.57 a 0.39 d no rooted 0.40 a 0.24 c 0.23 c 0.33 cd 0.40 e 0.33 b 0.35 a 0.17 cd 0.08 g 

C
ar

ot
en

oi
ds

 A1 0.63 c 0.90 b 0.31 e 0.80 b 0.55 c 0.37 d 0.70 c 0.83 b 0.42 d 0.60 b 0.40 c 0.36 de 
A2 1.21 a 0.90 b 0.44 d 0.86 ab 0.55 c 0.38 d 0.71 c 0.83 b 0.43 d 0.45 c 0.40 c 0.21 a 
A3 1.27 a 0.90 b 0.32 e 0.87 ab 0.55 c 0.39 d 0.96 a 0.83 b 0.31 e 0.46 c 0.40 c 0.32 d 
A4 1.27 a 0.90 b no rooted 0.92 a 0.55 c 0.49 c 0.67 c 0.83 b 0.34 e 0.80 a 0.40 c 0.12 f 

*Note: Maturity phase: A1 – flower buds closed; A2 – opened flowers; A3 – just after petal shedding; A4 – 7-14 after falling petals. 
**Note: Different letters indicate significant interactions between maturity phase and origin of leaves, according to Duncan’s test (α=0.05, two-factorial ANOVA). 
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depended on the cultivar. Before rooting the pigments content 
in leaves of ‘Hurdals’ cuttings taken from shoots with opened 
flowers, just after petal fall and 7-14 days after petal shedding 
reached values even several dozens higher than in other cultivars. 
In ‘Hurdals’, ‘Maiden’s Blush’ and ‘Semiplena’, before rooting, a 
tendency to increase in the content of pigments towards the next 
phenological phase was observed. In the leaves of stock plants 
growing in collection and cut in August in ‘Hurdals’, ‘Maiden’s 
Blush’ and ‘Semiplena’ the content of pigments before rooting 
decreased in relation to their content in leaves of shoots cut on 
the last date. For chlorophyll in ‘Hurdals’ the decrease was 29.1%, 
in ‘Maiden’s Blush’ 32.6% and in ‘Semiplena’ 46.1%. Only in 
leaves of ‘Mousseuse Rouge’ the content of pigments in August 
was higher than in June - 14.2% for chlorophyll a (Table 2).  

During the process of rhizogenesis the content of pigments 
in the leaves of cuttings decreased in relation to the state before 
rooting and it was also lower than in the case of stock plants at 
the same period (August), with chlorophyll a at the level of 0.22-
0.54 mg·g-1 FW. It was observed that the levels of chlorophyll a
and b and carotenoids in a given cultivar were proportional in 
each individual phase and they likewise proportionally decreased 
during the rhizogenesis process. In ‘Hurdals’ the content of 
chlorophyll a after rooting was 66.1% of the level before rooting 
for A1 (for the stage description refer to Figure 1), 42.7% for A2 
and 30.1% for A3 and these values were significantly lower than 
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the ones obtained in the stock plants in August. In ‘Maiden’s 
Blush’ the decrease of the pigment content in leaves was less 
apparent, and for stage A4 the content of all pigments was similar 
to the one in stock plant leaves in the same period. In ‘Semiplena’ 
A1 cuttings the level of pigments was similar to this in stock plant 
leaves in the same period, and for A2-A4 cuttings – it was lower. 
In ‘Mousseuse Rouge’ the content of chlorophyll a and 
carotenoids dropped with each phase of maturity (Table 2). 

Proteins. The total content of soluble proteins in each shoot 
phenological phase varied depending on the cultivar and after 
rooting it was lower (‘Maiden’s Blush’, ‘Semiplena’), higher than 
(‘Mousseuse Rouge’) or similar to (‘Hurdals’) the one in the 
stock plants in August. No clear tendency, however, was 
observed in the direction of changes in the content of this 
element in leaves before and after rhizogenesis in relation to the 
shoot maturity phase. In stock plant leaves taken in August the 
total content of protein in ‘Hurdals’ and ‘Mousseuse Rouge’ was 
lower, in ‘Maiden’s Blush’ it was higher and in ‘Semiplena’ –
similar for A1, A3 and A4 in relation to the content in June (Fig. 
2). As far as the electrophoretic pattern is regarded, no evident 
changes were observed, which may lead to a conclusions that no 
or very small qualitative changes occurred (Fig. 3). 

Polyphenolic acids. The content of polyphenolic acids in the 
plant material taken from the stock plants before rooting had a 
different pattern in shoot maturity phases for each cultivar. In
‘Hurdals’ and ‘Maiden’s Blush’ the material taken in stage A1 
contained the biggest amount of the studied acids. In ‘Mousseuse 
Rouge’ the highest content of polyphenolic acids occurred in the 
plant material coming from shoots of stages A2 and A3, and in 
‘Semiplena’ – from A3 and A4.  

After rooting of the cuttings in all phases of ‘Maiden’s Blush’ 
and ‘Semiplena’, A1, A2 and A3 of ‘Moussuse Rouge’ and A1 of 
‘Hurdals’ the polyphenolic acid contents tended to decrease in 
relation to that before rooting. Changes towards an increase after 
rooting were seen only in ‘Hurdals’ for A2 and A3 and in 
‘Mousseuse Rouge’ – for A4 (Table 3). 

Carbohydrates in leaves. Before rooting the contents of 
reducing and the total soluble sugars in leaves of ‘Hurdals’, 
‘Mousseuse Rouge’ and ‘Semiplena’ grew with each consecutive 
phase of shoot maturity. In ‘Maiden’s Blush’ the increase 

Table 3. The content of polyphenolic acids 

Stage 
‘Hurdals’ 

‘Maiden’s 
Blush’ 

‘Mousseuse 
Rouge’ 

‘Semiplena’ 

Before 
rooting 

After 
rooting 

Before 
rooting 

After 
rooting 

Before 
rooting 

After 
rooting 

Before 
rooting 

After 
rooting 

A1* 8.3 c** 8.0 d 17.5 a 9.7 f 7.7 c 7.1 d 11.6 b 10.4 c 
A2 7.6 e 10.1 a 15.5 b 10.3 e 8.2 b 7.4 c 10.6 c 10.1 d 
A3 7.7 e 9.6 b 12.8 d 7.6 h 8.1 b 6.9 d 12.1 a 10.1 d 

A4 7.3 f 
not 

rooted 
13.1 c 9.0 g 7.9 bc 9.0 a 12.0 a 9.1 e 

*Note: Phenological stage of shoots: A1 - flower buds closed; A2 - all flowers in 
an inflorescence open; A3- just after petal shedding; A4 - 7-14 days after petal 
fall. 
**Note: Different letters indicate significant interactions between content of 
polyphenolic acids before and after rooting in all phenological phases, 
according to Duncan’s test (α=0.05, two-factorial ANOVA). 

Table 4. The content of reducing and total soluble carbohydrates in leaves and shoots 

Cultivar Stage 
Reducing carbohydrates  

in leaves 
Total soluble carbohydrates  

in leaves 
Reducing carbohydrates  

in shoots 
Total soluble carbohydrates  

in shoots 
Before rooting After rooting Before rooting After rooting Before rooting After rooting Before rooting After rooting 

‘Hurdals’ 

A1* 53.6 f** 69.1 e 74.5 g 80.9 f 39.2 f 43.4 e 60.2 c 74.7 a 
A2 82.0 c 79.2 d 106.9 d 95.8 e 61.1 a 60.4 a 69.7 b 69.9 b 
A3 93.6 b 82.6 c 118.1 c 139.1 a 50.0 c 47.2 d 73.3 a 56.8 d 
A4 100.4 a - 129.2 b - 56.8 b - 69.9 b - 

‘Maiden’s Blush’ 

A1 133.8 f 157.1 c 215.2 b 177.4 c 58.5 c 47.8 e 113.1 b 103.9 c 
A2 152.2 d 189.8 a 212.7 b 226.6 a 56.1 cd 81.7 b 101.4 c 108.7 bc 
A3 123.4 g 140.0 e 173.7 c 208.5 b 56.9 cd 85.5 a 111.8 bc 136.2 a 
A4 123.3 g 162.2 b 137.7 d 178.7 c 43.4 f 55.2 d 85.7 d 113.1 b 

‘Mousseuse Rouge’ 

A1 81.7 e 57.8 f 99.7 f 103.5 f 46.2 f 41.5 g 51.9 e 48.1 f 
A2 108.0 c 128.5 a 134.8 e 145.3 cd 64.9 a 56.5 b 74.3 d 92.1 a 
A3 104.7 cd 103.0 d 148.4 c 157.8 b 51.8 d 57.9 b 79.2 c 87.5 b 
A4 118.9 b 131.4 a 165.8 a 142.5 b 49.1 e 54.5 c 89.9 ab 91.7 a 

‘Semiplena’ 

A1 47.7 h 63.5 d 65.9 e 67.1 e 27.1 e 42.6 c 64.0 e 59.7 f 
A2 55.1 g 66.7 e 84.8 d 95.0 c 37.3 d 40.3 cd 64.4 e 91.0 b 
A3 92.0 d 111.3 a 112.4 b 115.6 b 46.7 c 48.1 b 92.2 b 123.7 a 
A4 99.8 c 105.6 b 114.9 b 150.7 a 39.2 d 70.5 a 78.7 d 85.4 c 

*Note: Phenological stage of shoots: A1 - flower buds closed; A2 - all flowers in an inflorescence open; A3- just after petal shedding; A4 - 7-14 days after petal fall. 
**Note: Different letters indicate significant interactions between content of sugars before and after rooting in all phenological phases, according to Duncan’s test (α=0.05, two-factorial ANOVA). 
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progressed until full bloom and then the content of sugars 
dropped. After rooting ‘Hurdals’ and ‘Semiplena’ had a clear 
increasing tendency in all consecutive phases. In ‘Maiden’s Blush’ 
the reducing sugars increased in all stages, while the contents of 
total soluble carbohydrates increased in A2-A4 stages and 
decreased significantly in stage A1. In ‘Mousseuse Rouge’ the 
content of reducing sugars dropped in A1 and the total in A4 
(Table 4). 

Carbohydrates in shoots. In the case of ‘Hurdals’, for shoots of 
phase A1 the contents of reducing sugars and the total soluble 
sugars in shoots were higher after the rooting than before it, for 
A2 shoots it was similar and for A3 ones it was lower. In 
‘Maidenʼs Blush’ before rooting the contents of reducing sugars 
and the total soluble sugars dropped with each consecutive phase 
of shoot maturity. After rooting the highest average values were 
obtained for A3. In the case of ‘Mousseuse Rouge’ before rooting 
the content of reducing sugars and total sugars were the lowest in 
A1 shoots. In the shoots of rooted cuttings of phase A1 the 
content of reducing and total sugars decreased to the lowest level 
for this cultivar. In phase A2 the content of reducing sugars 
decreased and the total sugars increased. In the next two phases 
the increasing tendency continued. In ‘Semiplena’ before rooting 
the content of reducing sugars and the total sugars increased with 
A1-A3, then dropped. After rooting the content of reducing 
carbohydrates increased in shoots of all phases. The total sugars 
decreased for A1 and increased for remaining phases in relation 
to before rooting. 

Moreover, the difference between the content of reducing 
and  total soluble sugars was high The differences before rooting 

in consecutive phases it reached for example in ‘Semiplena’, 
respectively: 6.9%, 27.1%, 45.5% and 39.5%. After rooting these 
differences were respectively: 17.1%, 50.7%, 75.6%, 14.9% 
(Table 4). 

 
The condition of stock plants in relation to rhizogenesis 
The research showed that the phenological phase of shoots 

had a dominant influence the rhizogenesis of cuttings of the 
studied rose cultivars, ‘Mousseuse Rouge’ being the exception. 
The cuttings of ‘Hurdals’ cut from shoots 7-14 days after falling 
petals did not root. The results of rooting percentage are 
presented in Table 5. The analysis showed correlations between 
the percent of the rooted cuttings and the content of biologically 
active components in mother plants for three of the four studied 
cultivars: ‘Hurdals’, ‘Maiden’s Blush’ and ‘Semiplena’. In 
‘Hurdals’ and ‘Maiden’s Blush’ an increased content of 
polyphenolic acids correlated with a high rooting percentage. 
The lower content of pigments in leaves of ‘Maiden’s Blush’ and 
‘Semiplena’ was related to a higher percentage of rooted cuttings. 
The content of carbohydrates, in turn, both in leaves and in 
shoots of stock plants was related to the positive results of 
rhizogenesis of ‘Hurdals’ (a lowered one) and ‘Maiden’s Blush’ 
(an increased one) (Table 6). 

 

Discussion 

The present study on once-flowering and difficult-to-
root roses showed the changes of basic biologically active 
elements in plant material by a fluent consecution of 

 

Fig. 2. The content of soluble proteins (µg·g-1 FW) in leaves 
Rosa ‘Hurdals’ (A), ‘Maiden’s Blush’ (B), ‘Mousseuse Rouge’ 
(C) and ‘Semiplena’ (D) before rooting, of mother plants in 
August and in rooted cuttings. Maturity phase: A1 – flower 
buds closed; A2 – opened flowers; A3 – just after falling petals; 
A4 – 7-14 after falling petals. Different letters indicate 
significant interactions between maturity phase and origin of 
leaves, according to Duncan’s test (α=0.05, two-factorial 
ANOVA) 

 

Fig. 3. Electrophoretic patterns of proteins from leaves on 
SDS-PAGE gel - samples of proteins extracted from leaves 
before rooting. Maturity phase of shoots: A1 – flower buds 
closed; A2 – opened flowers; A3 – just after petal shedding; A4 
– 7-14 after falling petals 
 

Table 5. The rooting percentage of roses 

Cultivar 

Phenological stage of shoots 

Flower 
buds closed 

All flowers 
open 

Just after 
petal 

shedding 

7-14 days 
after petal fall 

‘Hurdals’ 47.5 a* 33.7 b 50.0 a n.r.** 
‘Maiden’s Blush’ 55.0 a 32.5 b 33.7 b 12.5 c 
‘Mousseuse Rouge’ 67.5 a 66.3 a 53.8 a 63.8 a 
‘Semiplena’ 67.5 a 68.7 a 72.5 a 41.3 b 
*Note: The means with the same letters not differ significantly, according to 
Tukey’s test (α=0.05, one-way ANOVA). 
**N.r. – the cutting didn’t root 
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phenological phases and their importance for rhizogenesis. 
The suitable term to harvest the cutting on other species were the 
aim of research of Torchik (2005) for Juniperus, Hossain et al.
(2007) for Litchi, Funnel et al. (2003) for Limonium. The 
natural ability of roses to root formation can be used in methods 
of cultivation according to EU Council Directives (no. 
91/414/EEC, 2009/128/WE, OJEU) and ecologically methods 
of cultivation. On the other side the ultimate goals of studying 
plant senescence are not only to understand process but, more 
importantly, to translate basic findings to senescence-
manipulating technologies for agricultural improvement (Guo 
and Gan, 2014) on many fields. Zakizadeh et al. (2012) carried 
out researches according to exogenous ethylene resistance of pot 
roses. 

The various period of blooming time characterize many of 
the once flowering roses (Monder, 2007; Monder, 2014). In this 
research, the content of the basic biologically active compounds 
(chlorophyll a and b, carotenoids, total protein, carbohydrates in 
leaves and shoots, and polyphenolic acids) in following 
phenological phases were determining the condition of rooted 
cuttings four rose cultivars and was showed to change 
dynamically during the time of blooming, within 15-34 days 
(‘Hurdals’ 15 days, ‘Maiden’s Blush’ 28 days, ‘Mousseuse Rouge’ 
34 days, ‘Semiplena’ 22 days). Large variability confirmed the 
causes of the obtained differentiation of quality and quantity of 
the rooted cuttings. However, these relationships do not concern 
the cultivar which had a similar rooting percentage in cuttings 
from all four shoot phenological phases. 

Husen (2008) proved, that the appropriate content of 
carbohydrates can be important for the success of the 
rhizogenesis process and they are released controllably. It is 
particularly important in case of plants which need a relatively 
long period to form adventitious roots (Denaxa et al, 2012; 
Hambrick et al., 1991). Additionally, it has been shown, that 
starch content was positively correlated to rooting of hardwood 
cuttings Rosa multiflora ‘Brooks 56’ (Hambrick et al., 1991). In 
research of Denaxa et al. (2012) the highest rooting percentage of 
olive ‘Arbequinq’ in summer coincided with the highest initial 
soluble sugars concentrations in cuttings, especially that of 
glucose and the lowest starch concentrations. The soluble sugars 
are more important than starch in rooting of olive (Denaxa et al., 
2012). An increased content of carbohydrates in stock plants had 
a positive influence on the process of rhizogenesis only in the 
cuttings of ‘Maiden’s Blush’, where both - sugar content and 
rooting percentage - fall with a successive phenological phase. 
However, in ‘Hurdals’ the cuttings of phase A1 rooted in a high 
percent, even though the lowest content of sugars before rooting 

was noted there in comparison to A2-A4, both in leaves and in 
shoots. For the two other cultivars the content of carbohydrates 
in the plant material before rooting did not matter. Therefore, it 
cannot be stated that a low rooting percentage for cuttings made 
from shoots 7-14 days after petal fall is due to a low carbohydrate 
level. 

Trobec et al. (2005) examined an effect of phenol 
composition of rooting zones and root ability in the first days 
after the establishments of cuttings of cherry rootstock. They 
showed that the cuttings should contain certain levels of several 
phenolic compounds for starting of the root induction phase. In 
the case of ‘Hurdals’ roses (non rooted in A4) and ‘Maiden’s 
Blush’ (the lowest rooting percentage in A4) it was evident that a 
higher content of polyphenolic acids increased the percentage of 
rooted cuttings. The levels of the polyphenolic acids in both these 
cultivars in A4 were the lowest among all the stages and this 
could have been the cause of a low rhizogenesis efficiency in 
cuttings harvested in this phenological phase. 

In the present experiment in the stock plants an increase of 
the chlorophyll content in leaves in the consecutive A1-A4 
phases was found for cultivars, in which the shoot maturity phase 
was decisive for a rooting percentage. Similar changes with each 
new phase of shoot maturity were observed in a warm climate 
plants – tea (Obanda and Okinda, 1995). Rose cuttings took 
root within ten weeks and during that time they were exposed to 
the course of aging natural in the vegetative season for moderate 
climate plants (Kraj, 2014). Moreover, the color change takes 
place during leaf senescence or accelerated cell death caused by 
various biotic and abiotic stress (Matile et al., 1999; Breeze et al., 
2011). This phenomenon, accelerated, occurs also in cut flowers, 
resulting in a decrease in soluble protein (Rabiza-Świder et al., 
2004) and chlorophyll a and b in leaves before their visible 
yellowing (Skutnik and Rabiza-Świder, 2004). The decreasing of 
chlorophyll and proteins is used as a biochemical marker of leaf 
senescence (Breeze et al., 2011; Kraj, 2014). A decrease in 
pigment content in leaves of stock plants of the studied roses in 
August, compared to the values in June, suggests a natural aging 
process advancing during the vegetative period and it was 
observed in ‘Hurdals’, ‘Maiden’s Blush’ and ‘Semiplena’, while in 
‘Mousseuse Rouge’ in August an increase in the studied averages 
occurred. In the latter cultivar differences in the percent of the 
rooted cuttings from A1-A4 shoots were not observed. In 
‘Hurdals’ in turn, we suppose that this state of naturally early and 
fast (15 days) aging of leaves causes no rooting of A4 cuttings.
This is confirmed by the fact that after rooting in the leaves of 
this cultivar chlorophyll content decreased in relation to the level 
in stock plants in June, and the protein content – also in relation 

Table 6. The part of matrices of effect correlations between biologically active components before rooting and the percentage of rooted cuttings 

Variable Percentage of rooted cuttings 
‘Hurdals’ ‘Maiden’s Blush’ ‘Mousseuse Rouge’ ‘Semiplena’ 

Poliphenolic acids 0.749*** 0.467* -0.225 -0.078 
Reducing carbohydrates in leaves -0.664** 0.171 -0.107 -0.256 
Total carbohydrates in leaves -0.655** 0.456* -0.085 -0.211 
Reducing carbohydrates in shoots -0.621*** 0.456* 0.022 0.001 
Total carbohydrates in shoots -0.300 0.373* -0.153 -0.009 
Proteins 0.290 0.210 0.099 -0.246 
Chlorophyll a -0.073 -0.356* 0.127 -0.441* 
Chlorophyll b -0.088 -0.340* 0.107 -0.441* 
Carotenoids -0.081 -0.354* -0.144 -0.441* 
SD 25.76507 25.72075 18.33416 24.53584 
Means [%] 36.25 62.82 33.49 62.46 
Note: Marked correlations are significant at p<0.05. Correlation significance: *0.33-0.499 - restrained; **0.5-0.699 - high; ***>0.7 - very highly 
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 to the level in August. An advancing aging process in the rooted 
cuttings of consecutive phases was also observed in ‘Semiplena’ 
and ‘Maiden’s Blush’, where A4 cuttings rooted in the smallest 
percentage. The present study leads to a conclusion that the 
process of aging in rose leaves starts earlier e.g. in comparison to 
Fagus sylvatica, where the chlorophyll content of the leaves was 
stable until the first days of September (Kraj, 2014). The similar 
changes in pigments content were observed in research on Rosa
gallica ‘Duchesse d’Angoulême’, but the most striking effects 
were in rooted cuttings derived from shoots collected just after 
flower petal fall comparing with other term (Monder et al., 
2014). Our study confirms the big significance of stock plant 
leaves in the process of rooting (Costa, 2002). 

 

Conclusions  

The seasonal changes in plant tissues are natural process. A 
choice of a right shoot developmental phase of rose cultivars 
under study has a decisive effect for a success of their propagation. 
Cuttings of each cultivar made from shoots with flower buds 
closed rooted in a high percentage while those from shoots 7-14 
days after petal fall had the lowest rooting percentage (‘Maiden’s 
Blush’, ‘Semiplena’) or did not root at all (‘Hurdals’). Only the 
cuttings of ‘Mousseuse Rouge’ rooted similarly, regardless of a 
phenological phase of the stock plant. 

The contents of the biologically active compounds studied in 
his trial varied in the cultivars. During rooting the pigment 
(chlorophyll a and b, carotenoids) levels decreased what might 
have been due both to senescence in cuttings’ leaves and the 
natural end of the vegetative season. Cuttings of ‘Maiden’s Blush’ 
and ‘Semiplena’ rooted in a higher percent in spite of a lower 
content of chlorophyll a and b and carotenoids. In ‘Hurdals’ and 
‘Maiden’s Blush’ an increased content of polyphenolic acids had 
a positive influence on the rooting percentage. A reason for a low 
efficiency of rhizogenesis in cuttings of ‘Maiden’s Blush’ and 
‘Hurdals’ made from shoots 7-14 days after petal fall might have 
been a low level of polyphenolic acids in stock material, 
determined before rooting. 

A relationship between changes in the biologically active 
compounds in the successive developmental phases of roses and 
rooting of their cuttings as well as an effect of other changes 
occurring during rooting on rhizogenesis need further studies. 
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