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ABSTRACT

We evaluated the effects of spraying different concentrations of citric and malic acids on stock plants in the 
greenhouse prior to the propagation and rooting of rose (Rosa × hybrida ‘Love Letter’) cuttings. Malic and citric 
acids (3, 6 and 9 mM) were sprayed several times at 14-day intervals on rose plants in a commercial cut flower 
producing greenhouse. Single-node cuttings taken from flowering stems were rooted under misty conditions, 
and the rooting parameters including root count and dry root weight were measured. A distinct change was 
observed in rooting features in response to the applied organic acids. Malic acid significantly enhanced rooting 
at the intermediate concentration while retarding it at both the higher and lower concentrations. On the other 
hand, the effect of citric acid was best at the highest concentration applied. We conclude that in softwood 
cuttings taken from rose plants these organic acids can act as a potential alternative to the currently applied 
methods of promoting rooting.
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INTRODUCTION
In 2016, the global import of cut flowers (both fresh 
and dry; HS:0603) reached 6.5 billion USD. Cut 
roses rank first, with a total world import of 2.2 
billion USD. They are followed by chrysanthemums 
and carnations, with 775 and 407 million USD, 
respectively (UN Comtrade 2016).

Rose cuttings are treated with synthetic auxins 
(such as IBA and NAA) to promote adventitious 
root formation. However, the applied auxins 
inhibit bud development on the cuttings (de Vries 

and Dubois 1988, Sun and Bassuk 1993). Despite 
adequate rooting, high concentrations of auxins 
may prevent shoot growth or cause young shoots to 
abscise after bud-break.

Spray treatment of stock plants with auxin prior 
to collecting cuttings has been tried. Stoutemyer 
and O’Rourke (1945) sprayed stock plants of several 
woody ornamentals with selected concentrations 
of the auxin, 2,4,5-trichlorophenoxyacetic acid 
(TCPA), and its sodium salt. The results suggested 
that cuttings taken from plants treated with foliar-
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applied TCPA show essentially the same rooting 
responses as cuttings treated with auxins.

Endogenous organic acids are both the source 
of the carbon skeleton and energy for cells, 
and are used in the respiratory cycle and other 
biochemical pathways (da Silva 2003). Malic acid 
(MA) is metabolized by the action of malic enzyme  
(EC 1.1.1.39) in plant mitochondria (Day and 
Hanson 1977). Malate is a common reserve anion 
in plant vacuoles that acts as a counter-ion to K and 
Ca (Ting 1981), particularly in nitrate-dependent 
plants (Osmond and Laties 1969). Citrate and 
malate exuded by the roots of calcicole plants 
(plants growing in alkaline soils) enable them to 
extract P and Fe from such soils (Lopez-Bucio and 
Nieto-Jacobo 2000). Citric acid (CA) has been used 
as a foliar spray, alone or in combination with Fe 
sources, to help plants recover from iron chlorosis 
(Tagliavini et al. 2000, Abadía et al. 2002, Álvarez-
Fernández et al. 2004, Eidyan et al. 2014). The use 
of CA alone or in combinations with salicylic acid 
(SA) and MA increased the essential oil production 
in sweet basil (Jaafari and Hadavi 2012a) and dill 
(Jaafari and Hadavi 2012b). Promising effects on 
some physiological parameters were obtained by 
foliar application of CA in tuberose (Eidyan et al. 
2014), Lilium (Darandeh and Hadavi 2012), and 
bean (El-Tohamy et al. 2013). It was shown that the 
essential oil composition changed in response to 
different combinations of foliar-applied CA and MA 
(Jaafari et al. 2015). Foliar pre-harvest application 
of the combinations of SA and CA in soilless 
culture increased the vase life of cut rose flowers 
(Hajreza et al. 2013). A recent study on sweet basil 
revealed that the combination of 1 mM SA with  
7 mM CA was superior to others in improving 
many physiological traits and yield (Mirzajani et al. 
2015). It was proposed that the root-soil interaction 
was affected by such foliar sprays, leading to an 
increase in nutrient absorption by the roots (Jaafari 
and Hadavi 2012b).

Due to the physiological changes and changes in 
the carbon partitioning pattern in sprayed plants, we 
had expected some effect on their rooting as well, 
which is an important feature in rose. Therefore, 
in the present experiment, the possible regulation 
effects of spray treatments with the above-mentioned 
organic acids on the subsequent rooting parameters 
of herbaceous cuttings were investigated.

MATERIAL AND METHODS
This study was conducted in the experimental 
greenhouse of the Horticulture Department at 

Gyeongsang National University, Jinju, South 
Korea, during the autumn season of 2013. The rose 
(Rosa × hybrida ‘Love Letter’) plants were managed 
in a commercial hydroponic cut rose production 
greenhouse near Gimhea, Korea. Starting on 17th 
September, the plants were sprayed biweekly  
a total of 6 times with 8 treatments including CA 
(3, 6 or 9 mM) and MA (3, 6 or 9 mM). Two control 
treatments were used: one sprayed with distilled 
water (DW) and the other left unsprayed (no-
spray). A few drops of Tween 20 were added to all 
the sprays as the surfactant. The experiment was 
conducted in a completely randomized design with 
three replications with 10 stock plants in each. The 
management of plants and the cut flower harvest 
were conducted in a conventional way. Unopened 
flowers were cut off and transferred to the 
experimental greenhouse in Gyeongsang National 
University, Jinju, Korea. Single-node cuttings were 
taken from the middle part of the flower stems with 
five leaflets, from which the terminal leaflet was 
removed. Twelve cuttings were prepared from each 
replication and cultured in rockwool cubes (5 × 5 
cm). They were stored under continuous mist for 
3 weeks, and subsequently under an intermittent 
mist for another 3 weeks (23 ± 1℃). The rooting 
parameters including the mean root count, rooting 
rate and greatest root length, were recorded. Then 
the cuttings were dried in an oven at 70°C for  
72 hours and the dry weights of the roots and shoots 
were measured. The collected data was analyzed 
for statistical significance with the SPSS (ver. 
16.0, SPSS Inc., Chicago, IL, USA). Furthermore, 
a specific procedure of SPSS (automatic linear 
modelling) was used in order to forecast and 
model the components of root dry weight.  
The data preparation was automatic and the  
‘model selection method’ used was Forward 
Stepwise. The accuracy of the regression model was 
79.6%, which represents the adjusted R2 multiplied 
by 100.

RESULTS AND DISCUSSION
Rooting rate
The rooting rate was between 91.3 to 100.0% in  
all the treatments except for 3 mM MA with  
a significantly lower rooting rate of 72.3%  
(Tab. 1, Fig. 1). This indicated that the applied 
rooting technique was an appropriate one. This is 
comparable to the report by Pivetta et al. (1997), 
who reported a 98% rooting rate with an easy to root 
variety. Earlier reports (Hwang et al. 2015) were 
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indicative of a difficult-to-root habit for this variety, 
whereas we obtained a more acceptable rooting rate 
in our experiment. However, the rooting rate alone 
may be misleading because the rooted cuttings 
may not all go through the subsequent steps of 

acclimatization equally well due to differences in 
rooting quality. 

Cutting fresh weight
As seen in Table 1, there was no difference among the 
treatments in terms of the fresh weight of cuttings.

Table 1. The effect of spray treatments on rooting parameters

Treatment
Cutting fresh 

weight 
(g)

Root 
count

Greatest root 
length 
(mm)

Shoot bud-break 
rate 
(%)

Root dry weight 
(mg per cutting)

Rooting 
rate

No Spray 2.8 a* 6.8 b 5.2 ab 64 ab 28.3 b-d 100.0 a
DW 2.7 a 4.9 c 3.9 ab 61 ab 23.9 c-e 92.0 a
CA 3 mM 2.7 a 7.9 ab 5.6 ab 53 ab 42.7 ab 94.6 a
CA 6 mM 2.8 a 4.7 c 4.6 ab 50 ab 21.9 de 91.3 a
CA 9 mM 2.8 a 7.0 b 6.2 a 83 a 37.9 a-c 100.0 a
MA 3 mM 2.3 a 1.5 d 3.2 b 35 b 13.5 e 72.3 b
MA 6 mM 2.8 a 8.5 a 5.2 ab 50 ab 44.9 a 97.3 a
MA 9 mM 2.7 a 7.1 b 5.3 ab 56 ab 36.5 a-c 100.0 a

*Means with the same letters are not statistically different based on Duncan’s test (p < 0.05). DW – distilled water, CA – citric acid, 
MA – malic acid

 A B 

C D 

Figure 1. The rooting response to concentrations of foliar malic acid (MA) sprays on stock plants. (A) 9 mM,  
(B) 6 mM, (C) 3 mM and (D) 0 mM or distilled water. The negative effect of 3 mM MA on root count is evident in (C), 
while application of 6 mM (B) increased this parameter. Root count was again reduced by increasing MA concentration 
to 9 mM (A), which was then on a par with the control treatment sprayed with distilled water (D) (1 bar = 10 cm)
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Greatest root length
There was no difference in root length among the 
treatments. It seems that following initiation the 
roots continued to grow more or less evenly (Tab. 1).

Shoot bud-break
As seen in Table 1, the highest and lowest bud-
break rates were observed in 9 mM CA and  
3 mM MA, respectively, although neither result 
was considered statistically different from any of 
the control treatments. It seems that MA at the  
3 mM level had a profound effect on the cuttings by 
reducing both their root count and shoot break-out 
rate. Auxin-induced ethylene synthesis is primarily 
responsible for the bud-break inhibition of auxin-
treated cuttings (Sun and Bassuk 1993). Therefore, 
our results could indicate that the applied organic 
acids affected the internal PGR balance of the 
cuttings, leading to an altered bud-break pattern.

Root count
This is an important index for assessing the quality 
of rooting. The cuttings taken from the plants 
that had been sprayed with 6 mM MA had the 
highest mean root count per cutting (8.5), which 
was significantly higher than for both control 
treatments. CA at 3 mM and MA at 9 mM gave the 
next best results, showing a significant difference 
relative to the DW treatment, while lacking such  
a difference relative to the no-spray treatment. The 
lowest root count (1.5) was recorded for 3 mM MA, 
which was significantly lower than for both control 
treatments (Tab. 1).

Root dry weight
A relatively large variation was noticed in this trait 
when compared with the previous parameters. The 
highest root dry weight was recorded for 6 mM MA, 
which was proven to be significantly higher than 
the values for both control treatments. On the other 
hand, the lowest root dry weight was obtained after 
spraying with 3 mM MA, which was significantly 
lower than the result for the no-spray treatment, but 
not the DW treatment. The pattern of response to 
MA concentrations was similar to that observed for 
root count. The applied linear regression modelling 
suggests that root count is the key predictor of root 
dry weight (p < 0.01).

The mechanism of the observed responses to 
organic acids remains unclear. Hu et al. (2016) 
found that external application of CA induced 
the accumulation of endogenous CA in leaf 
tissue, which coincided with an alleviation of the 

detrimental effects of heat stress on tall fescue. 
Changes in the pattern of carbohydrate distribution 
in the plant (Eidyan et al. 2014, Talebi et al. 2014, 
Mirzajani et al. 2015) may have played a role.

CONCLUSIONS
In our experiment, except for the treatment with  
3 mM MA, the differences in rooting percentage 
were not very pronounced. MA at 6 mM caused 
both the highest root count and root dry weight, 
while 9 mM CA increased the bud-break rate 
significantly.

Our results show for the first time that foliar-
applied organic acids could have a profound effect 
on the rooting process. The dose-dependent growth-
regulating effect of MA at lower concentrations  
(3 mM) is considered interesting. We conclude that 
using organic acid sprays could be regarded as an 
alternative strategy to increase the root count of 
single-node cuttings of rose.
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