
Abstract: The effect of auxins on the rooting of 
cuttings in several species of Fabaceae. In view of 
their diversity, plants of the family Fabaceae are 
very popular among gardeners and landscape ar-
chitects. They are used as solitary plants, ground 
covers or climbers, as well as for mass planting 
in green urban areas. The aim of this trial was to 
evaluate the effect of commercial rooting powders 
containing respectively 0.4% IBA (indolilo-3-bu-
tyric acid), 0.2% NAA with 0.1% IBA, and 1% 
IBA, and a water solution of IBA (200 mg·dm–3), 
on the rooting of three Fabaceae species: Cytisus 
decumbens, Genista tinctoria ‘Royal Gold’ and 
Wisteria  oribunda ‘Ludwik Lawin’. The tested 
preparations signi  cantly improved the degree 
and percentage of rooting in cuttings of all taxa. 
For W.  oribunda and G. tinctoria the best results 
were obtained from the application of the prepa-
rations containing 1% IBA and 0.2% NAA with 
0.1% IBA, while in the case of C. decumbens the 
rooting powder with 0.4% IBA was equally effec-
tive. Foliar application of the water IBA solution 
gave results comparable to the rooting powders in 
dyer’s broom, while in wisteria its ef  ciency was 
lower than that of the commercial preparations.
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rooting powders

INTRODUCTION

Vegetative propagation is the most pop-
ular method used to propagate plants 
of the Fabaceae family in commercial 

nurseries. Non-commercial methods in-
clude layering, used for the genera Cara-
gana and Wisteria. Most leguminous 
plants are propagated by semi-ligni  ed 
cuttings harvested in July–August, or in 
June in the case of bean-tree. In dyer’s 
broom the rooting of such cuttings lasts 
longer than in other Fabaceae species 
[Hrynkiewicz-Sudnik et al. 2001, Hart-
mann et al. 2011].

Root formation is induced and con-
trolled by endogenous and exogenous 
factors, such as temperature, light, plant 
hormones and organic compounds. Phy-
tohormones directly affect plant regen-
erative abilities. Auxins are especially 
important for the control of growth and 
development, including formation of ad-
ventitious roots [Šebánek 2008]. Nowa-
days, foliar application of rooting stimu-
lators is broadly used in the production 
of leafy ornamental shrubs. For over 
a century it has been known that sub-
stances produced in the leaves control 
the growth of other plant parts. Auxins 
from water solutions may be applied on 
leaves, as they penetrate the inner tissues 
through the stomata and pass to the plant 
conductive system, where they move 
basipetally affecting rhizogenesis in cut-
tings [Kroin 2014]. Since the discovery 
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of natural plant hormones [Thimann and 
Went 1934] and production of synthetic 
growth regulators, auxins have been sys-
tematically used to stimulate rooting of 
cuttings. Indolilo-3-butyric acid (IBA) 
is the most frequently used auxin, being 
a more effective hormone than indolilo-
-3-acetic acid (IAA) [Pop et al. 2011]. 
Water IBA solutions are now widely 
used by producers of annual, perennial 
and woody plants. The high ef  cacy of 
water auxin solutions was proved by 
Davies [1980, 1982a, b]. The commer-
cial method of foliar auxin application 
developed by Kees Eigenraam in 1985 
was  rst used by Dutch chrysanthemum 
growers [Kroin 2014]. Later, studies 
carried out by nurserymen led to the ex-
tension of this method to woody plants 
[Drahn 2007].

The aim of this work was to evaluate 
the effect of several commercial rooting 
powders on the degree and percentage of 
rooting in cuttings of Wisteria  oribun-
da ‘Ludwik Lawin’, Genista tinctoria 
‘Royal Gold’ and Cytisus decumbens. 
The development of an ef  cient method 
of rooting will allow to lower the pro-
duction costs of leguminous plants and 
their market prices. This will further 
increase the popularity of leguminous 
plants and result in their more frequent 
planting in urban green areas and in pri-
vate gardens.

MATERIAL AND METHODS

The experiment was carried out on three 
taxa of woody shrubs: C. decumbens, 
G. tinctoria ‘Royal Gold’ and W.  o-
ribunda ‘Ludwik Lawin’ at the M.M. 
Kryt commercial nursery in Wola 

Pra mowska near Warsaw. Two nodal 
cuttings approx. 5 cm long were made in 
on July 1, 2014, from shoots harvested 
from four-year-old stock plants grow-
ing outdoors. In each species there were 
three replicates, each including 20 cut-
tings. The cuttings were rooted in styro-
foam  ats  lled with a peat substrate of 
pH 4.9–5.1. The  ats with cuttings were 
placed under a tunnel covered with dou-
ble milky foil and equipped with an ir-
rigation/mist system. On the  rst day the 
cuttings were treated with the fungicide 
Topsin (0.1%), and later every 10 days 
with Bravo (0.2%), Teldor (0.1%) or 
Previcur (0.1%). Substances applied to 
stimulate rooting were commercial pow-
ders containing auxins: 0.4% IBA, 1% 
IBA, and 0.2% NAA with 0.1% IBA. 
A water solution of IBA (200 mg·dm–3) 
was applied on leaves, and untreated 
cuttings formed the control treatment 
(Table 1). Conditions under the tunnel 
where the cuttings for measurements 
were grown and sampled were 24–28°C, 
RH 90–100%.

TABLE 1. The experimental treatments 
Treatments and active 
substances Application method

Control –
Water solution 
200 mg·dm–3 IBA spraying of cuttings

Powder 0.4% IBA powder applied on 
base of cutting

Powder 1% IBA powder applied on 
base of cutting

Powder 0.2% NAA, 
0.1% IBA

powder applied on 
base of cutting

On August 7 the experiment was 
ended, the rooted cuttings counted and 
the root ball development evaluated on 



The effect of auxins on the rooting of cuttings...    15

a  ve-point evaluation scale, where one  
represented an unrooted cutting and  ve  
represented a cutting with the best de-
veloped root system (Table 2).

TABLE 2. Evaluation scale of root development
Characteristic of the degree of rooting Score
Cutting without visible roots 1
A few (1–3) short roots 2
4–5 roots, some of them branched, no 
root ball formed 3

Medium-sized root system composed 
of 6–10 branched roots forming a root 
ball

4

Well-developed, branched root system 
forming a root ball (over 10 roots) 5

To compare the means, percentages of 
rooted cuttings were transformed accord-
ing to Bliss [Wójcik and Lauda ski 1989], 
while the degree of rooting was subject 
to root transformation: y = x2 + (x + 1)2. 
All of the data underwent one-factorial 
ANOVA followed by Duncan’s test at
p = 0.05. The Statgraphics 4.1 program 
was used.

RESULTS

In C. decumbens the rooting percentage 
was 90% for the control cuttings, and 
100% for those treated with auxin – ei-
ther in powder form or as a foliar applica-
tion (Fig. 1). The least developed root ball 
was observed in the untreated control cut-
tings, which attained a score of 3.3, while 
in cuttings treated with any of the three 
powders the score was improved by more 
than one unit. There was no statistical dif-
ference in root ball development between 
the two powders containing only IBA 
(0.4% IBA and 1% IBA) and the foliar 
IBA application, but the powder contain-
ing IBA and NAA was signi  cantly bet-
ter than the water solution of IBA alone.

In G. tinctoria ‘Royal Gold’, appli-
cation of any of the three rooting pow-
ders resulted in 100% rooting, while 
the untreated control cuttings and those 
sprayed with the water IBA solution had 
a rooting percentage of 90% (Fig. 2). 
The root ball in the control treatment 
was poorly developed (1.75). Applica-

FIGURE 1. The effect of the treatments on rooting degree and percentage of rooted cuttings in Cytisus 
decumbens (means marked with the same litter are not signi  cantly different at p = 0.05)
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tion of the powder with 0.4% IBA or 
spraying of cuttings with the water IBA 
solution doubled the score (3.5), while 
use of the powder with 1% IBA and that 
containing 0.2% NAA plus 0.1% IBA 
further improved the degree of rooting, 
to 4.3 and 4.0 respectively.

The rooting percentage for con-
trol cuttings of W.  oribunda ‘Ludwik 
Lawin’ was 70% (Fig. 3). Foliar IBA 

application did not improve the percent-
age, while the powder with 0.4% IBA 
produced a small but signi  cant increase 
(to 79%). For cuttings treated with the 
powders containing 1% IBA and 0.2% 
NAA with 0.1% IBA the percentage 
was 90%. Root ball development in the 
control cuttings was poor, with a score 
of 2.2. Spraying cuttings with the water 
IBA solution gave a slight but signi  cant 

FIGURE 2. The effect of the treatments on rooting degree and percentage of rooted cuttings in Genista 
tinctoria ‘Royal Gold’ (means marked with the same litter are not signi  cantly different at p = 0.05)

FIGURE 3. The effect of the treatments on rooting degree and percentage of rooted cuttings in Wis-
teria  oribunda ‘Ludwik Lawin’ (means marked with the same litter are not signifcantly different at 
p 0.05)
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rise in the degree of rooting (2.8), while 
in cuttings treated with each of the three 
powders the score was over 3.5.

DISCUSSION

To obtain plants with well-developed 
root systems and vigorous above-ground 
parts, nurserymen use growth stimula-
tors. Rooting powders containing auxins 
are used to increase the percentage of 
rooted cuttings, to improve root ball de-
velopment and to shorten the production 
cycle, as the auxins enhance the initia-
tion of roots and increase their number 
[Jankiewicz 1997]. IBA and NAA are 
acids commonly used in commercial 
plant production because of their effects 
on root development [Para ikovi  et al. 
2013]. Rooting powder containing 1% 
IBA signi  cantly improved the rooting 
of cuttings in all three species included 
in this study. The positive effects of 
Rhizopon AA on the rooting of stem cut-
tings in ninebark ‘Dart’s Gold’ and ‘Red 
Baron’, dogwood ‘Aurea’ and ‘Elegan-
tissima’ and smoke tree ‘Royal Purple’ 
were reported by Jacygrad and Pachol-
czak [2010] and Pacholczak et al. [2012,  
2013b, 2015]. To stimulate rhizogenesis 
in smoke tree ‘Royal Purple’, which is 
dif  cult to root, Rhizopon AA contain-
ing 2% IBA was used [Pacholczak et 
al. 2013a]. According to Aminah et al. 
(2006) IBA in the lower concentration of 
0.8% gives a satisfactory percentage of 
rooted cuttings in Shorea parvifolia and 
Sh. macroptera. By contrast, Badji et al. 
[1991] showed that cuttings of Acacia 
senegal treated with the much higher 
IBA concentration of 8% achieved 70% 
rooting over two months, while 2% 

IBA gave only 30% rooted cuttings. 
B belewski and Strzelecka [2006] ob-
tained an increase in the percentage of 
rooting in boxwood cuttings using the 
powder preparation Ukorzeniacz AB, 
which proved better than foliar applica-
tion of IBA. Also, according to Czekalski 
[1998], boxwood cuttings treated with 
the powder Ukorzeniacz A rooted twice 
as well as the untreated controls. Bla-
zich [1988] is of the opinion that IBA is 
more effective than NAA. The opposite 
was shown by Czekalski [2003], who 
tested the effect of three root stimulators 
on rhizogenesis in Aphelandra squar-
rosa. He showed that Ukorzeniacz AB, 
which apart from IBA also contains 
NAA, improved rooting, although it did 
not signi  cantly affect the percentage of 
rooted cuttings. In the present trial, pow-
der with 0.2% NAA and 0.1% IBA gave 
good results in all three species, similarly 
as in the experiment of Kapczy ska and 
Kubi ska (2007) on rooting of gentian 
cuttings, where the preparation improved 
the rooting degree. According to Bhat-
tacharjee and Balakrishna [1983], NAA 
(4,000 mg·dm–3) increased the percentage 
of rooted bougainvillea cuttings to 80%. 
Also, B belewski and Szajsner [2014] 
reported that juniper cuttings treated 
with Ukorzeniacz AB (0.2% NAA and 
0.1% IBA) had better developed root 
balls than the control cuttings.

In this work the ef  ciency of foliar 
auxin application was compared with 
that of the powders applied to the bas-
es of cuttings. The results of the foliar 
IBA were comparable to those resulting 
from the use of the powders only for 
C. decumbens, while in the other two 
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taxa the results were inferior. Similarly, 
Szyd o and Maksim [1997] showed that 
spraying cuttings of Juniperus chinensis 
‘Stricta’ and J. scopulorum ‘Skyrocket’ 
and ‘Blue Heaven’ with water IBA solu-
tion was less effective than using a root-
ing powder. 

The above results show that auxins 
improved the rooting of the tested taxa of 
the family Fabaceae. Our observations 
may be useful for further investigations 
into improvement of propagation meth-
ods for ornamental woody plants. Such 
investigations are necessary, as each 
taxon even within a given family may 
differ in its response to an auxin and the 
form of its application.

CONCLUSIONS

Rooting powder containing 1% IBA 
and a powder with 0.2% NAA and 
0.1% IBA were the most suitable 
auxin-containing preparations for the 
rooting of cuttings in W.  oribunda 
‘Ludwik Lawin’ and G. tinctoria 
‘Royal Gold’, while in C. decumbens 
the powder with 0.4% IBA was equal-
ly effective.
Foliar application of the IBA water 
solution gave results comparable to 
the rooting powders in dyer’s broom, 
while in wisteria its ef  ciency was 
lower than that of the powders.

REFERENCES
AMINAH H., NOR HASNITA R.M.N., HAM-

ZAH M. (2006). Effects of indolebutyric acid 
concentrations and media on rooting of leafy 
cuttings of Shorea parvifolia and Shorea 
macroptera. J. Trop. For. Sci. 18 (1): 1–7.

1.

2.

BADJI S., NDIAYE I., DANTHU P., COLONNA 
J.P. (1991). Vegetative propagation studies 
of gum arabic trees. Propagation of Acacia 
senegal (L.) Willd. using ligni  ed cuttings 
of small diameter with eight nodes. Agrofor-
estry Sys. 14: 183–191.

B BELEWSKI P., STRZELECKA K. (2006). 
Rozmna anie bukszpanu wieczniezielonego 
(Buxus sempervirens L.) odmian ‘Angusti-
folia’ i ‘Suffruticosa’ z sadzonek zielnych. 
ZPPNR 510: 65–69.

B BELEWSKI P., SZAJSNER H. (2014). At-
temption of applying laser photostimulation 
to the rooting of shoot cuttings of juniper spe-
cies. Acta Sci. Pol., Hortorum Cultus 13 (4): 
135–144.

BHATTACHARJEE S.K., BALAKRISHNA M. 
(1983). Propagation of Bougainvillea from 
stem cuttings. Effects of growth regula-
tors, rooting media, leaf number, length and 
woodiness of cuttings. Haryana J. Horticul. 
Sci. 12: 7–12.

BLAZICH F.A. (1988). Chemicals and formula-
tions used to promote adventitious rooting. In:  
T.D. Davis, B.E. Haissig, N. Sankhla (Eds). 
Adventitious root formation in cuttings. Dis-
cordies Press, Portland: 132–149.

CZEKALSKI M. (1998). Rozmna anie bukszpa-
nu wieczniezielonego (Buxus sempervirens 
L.) za pomoc  sadzonek p dowych w 24 ter-
minach. Rocznik Dendrologiczny 46: 45–56.

CZEKALSKI M. (2003). Rozmna anie afelandry 
czworok tnej (Aphelandra squarrosa Nees) 
‘Dania’ za pomoc  sadzonek p dowych. 
ZPNR 491: 21–27.

DAVIES F. (1980). Growth regulator effects on 
adventitious root formation in leaf bud cut-
tings of juvenile and mature Ficus pumila. 
Am. Soc. Horticult. Sci. 105 (1): 91–95.

DAVIES F. (1982a). Initiation and development 
of roots in juvenile and mature leaf bud cut-
tings of Ficus pumila L. Am. J. Bot. 69 (5): 
804–811.

DAVIES F. (1982b). Shoot RNA, cambrial activ-
ity and indolebutyric acid effectivity in sea-
sonal rooting of juvenile and mature Ficus 
pumila cuttings. Physiol. Plant. 62: 571–575.



The effect of auxins on the rooting of cuttings...    19

DRAHN S. (2007). Auxin application via foliar 
sprays. Combined Proceedings, International 
Plant Propagator’s Society 57: 44–48.

HARTMANN H.T., KESTER D.E., DAVIES 
F.T., GENEVE R.L. (2011). Hartmann and 
Kester’s Plant Propagation: Principles and 
Practices. 8th edn. Prentice Hall, Upper Sad-
dle River, New Jersey. 

HRYNKIEWICZ-SUDNIK J., S KOWSKI B., 
WILCZKIEWICZ M. (2001). Rozmna anie 
drzew i krzewów li ciastych. PWN, Warsz-
wa: 356–376.

JACYGRAD E., PACHOLCZAK A. (2010). Ef-
fect of biopreparations Amino Total and Bio-
chikol 020 PC on rhizogenesis in stem cuttings 
of Physocarpus opulifolius ‘Dart’s Gold’ and 
‘Diabolo’. Ann. of Warsaw Agricult. Univ., 
Hort. Landsc. Architect. 31: 19–28.

JANKIEWICZ L.S. (1997). Regulatory wzrostu 
i rozwoju ro lin. W a ciwo ci i dzia anie. 
PWN, Warszawa: 17–72.

KAPCZY SKA A., KUBI SKA A. (2007). 
Wp yw terminów ukorzeniania i stymula-
torów ukorzeniania na regeneracj  korzeni 
u sadzonek goryczki bez odygowej (Gentia-
na acaulis L.). Rocz. AR w Poznaniu 382: 
Ogrodnictwo 41: 51–55.

KROIN J. (2014). Development and application 
of foliar applied rooting solutions. Combined 
Proceedings, International Plant Propagator’s 
Society 64: 431–436.

PACHOLCZAK A., PETELEWICZ P., JAGIE -
O-KUBIEC K., ILCZUK A. (2015). Physi-

ological aspects in propagation of smoke tree 
(Cotinus coggygria Scop. ‘Royal Purple’) by 
stem cuttings. Acta Scientiarum Polonorum, 
Hortorum Cultus 14 (5): 145–157.

PACHOLCZAK A., SZYD O W., JACYGRAD 
E., FEDEROWICZ M. (2012). Effect of aux-
ins and the biostimulator AlgaminoPlant on 
rhizogenesis in stem cuttings of two dogwood 
cultivars (Cornus alba ‘Aurea’ and ‘Elegan-
tissima’). Acta Sci. Pol., Hortorum Cultus 11 
(2): 93–103.

PACHOLCZAK A., ILCZUK A., JACYGRAD 
E., JAGIE O-KUBIEC E. (2013a). Effect 
of IBA and biopreparations on rooting per-
formance of Cotinus coggygria Scop. Pro-
ceedings of the 2nd International Symposium 

on Woody Ornamentals of the Temperate 
Zone. 1–4. 07.2012, Ghent, Belgium. Acta 
Hortic. 990: 383–389.

PACHOLCZAK A., SZYD O W., PETELE-
WICZ P., SZULCZYK K. (2013b). The effect 
of AlgaminoPlant on rhizogenesis in stem 
cuttings of Physocarpus opulifolius ‘Dart’s 
Gold’ and ‘Red Baron’. Acta Sci. Pol., Hor-
torum Cultus 12 (3): 105–116.

PARA IKOVI  N., ZELJKOVI  S., TKALEC 
M., VINKOVI  T., DERVI  I., MARI  M. 
(2013). In  uence of rooting powder on propa-
gation of sage (Salvia of  cinalis L.) and rose-
mary (Rosmarinus of  cinalis L.) with green 
cuttings. Poljoprivreda 19 (2): 10–15.

POP T., PAMFIL D., BELLINI C. (2011). Auxin 
control in the formation of adventitious roots. 
Not. Bot. Horti Agrobo. Cluj-Napoca 39 (1): 
307–316.

ŠEBÁNEK J. (2008). Fyziologie vegetativního 
množení d evin. 1st edn. Mendelova zem -
d lská a lesnická univerzita v Brn . Brno.

SZYD O W., MAKSIM P. (1997). Wp yw au-
ksyn dostarczanych dolistnie na ukorzenianie 
sadzonek p dowych wybranych gatunków
z rodzaju Juniperus L. Materia y z Konfe-
rencji „Rozmna anie ro lin ogrodniczych”. 
ISiK, Skierniewice: 58–61.

THIMANN K., WENT F. (1934). On the chemi-
cal nature of root forming hormone. Proceed-
ings of the Royal Academy of Sciences at 
Amsterdam 38: 456–459.

WÓJCIK A.R., LAUDA SKI Z. (1989). Pla-
nowanie i wnioskowanie statystyczne w do-
wiadczalnictwie. PWN, Warszawa.

Streszczenie: Wp yw auksyn na ukorzenianie 
sadzonek wybranych gatunków z rodziny Faba-
ceae. Ro liny z rodziny Fabaceae, dzi ki swej 
ró norodno ci, ciesz  si  du ym zainteresowa-
niem w ród ogrodników oraz architektów krajo-
brazu. S  stosowane zarówno jako ro liny soli-
terowe, okrywowe, pn ce, jak i wykorzystywane 
do masowych nasadze  w przestrzeni miejskiej. 
Celem pracy by o sprawdzenie wp ywu wybra-
nych preparatów auksynowych zawieraj cych 
odpowiednio: 0.4% IBA, 0.2% NAA i 0.1% IBA, 
1% IBA oraz wodnego roztworu kwasu indolilo-
-3-mas owego (IBA 200 mg·dm–3), na ukorzenia-
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nie trzech gatunków z rodziny Fabaceae: Cytisus 
decumbens, Genista tinctoria ‘Royal Gold’ oraz 
Wisteria  oribunda ‘Ludwik Lawin’. Wykaza-
no, e zastosowane preparaty istotnie poprawi y 
stopie  oraz procent ukorzenionych sadzonek. 
W przypadku ukorzeniania sadzonek glicynii 
kwiecistej i janowca barwierskiego najlepsze 
wyniki uzyskano po zastosowaniu dwóch pre-
paratów: jeden zawieraj cy 1% IBA oraz dru-

gi maj cy w swym sk adzie 0.2 % NAA i 0.1% 
IBA, za  u arnowca po o onego równie dobrze 
zadzia a  ukorzeniacz zawieraj cy 0.4% IBA. 
Dolistna aplikacja wodnego roztworu IBA da a 
porównywalne wyniki do ukorzeniaczy w formie 
pudrów dla sadzonek arnowca, a w przypadku 
glicynii jej wydajno  by a mniejsza w stosunku 
do preparatów handlowych.




