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ABSTRACT 

Two natural extracts (licorice and seaweed) were used at different concentrations in a 
comparison with indole butyric acid (IBA) to study their effect on rooting of a hard rooting grape 
rootstock namely Dog Ridge. Cuttings were grown under greenhouse conditions. The obtained results 
showed that, licorice was close to IBA in promoting rooting quality since both treatments increased 
root numbers/ cutting, fresh and dry weights, plant height and number of leaves number/ plant. While, 
seaweed enhanced average of root length and leaf area more than IBA did. Moreover, IBA and 
licorice 100% treatments had recorded the highest indole acetic acid (IAA) value and the lowest 
abscisic acid (ABA) value. Seaweed and licorice enhanced N, P and K contents slightly. Finally, it 
could be concluded that licorice and seaweed extracts have an effective impact in rooting and might 
be cheap natural IBA alternatives that suits clean cultures.  
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Introduction 
 

Grapes (Vitis sp.) are one of the most valuable and economical crops worldwide. Some 
horticultural practices are needed for starting grapes growth beginning with rooting of stem cuttings 
(the main way for its propagation). Over years, researchers have supposed theories about the role of 
plant growth regulators and metabolites interact in promoting roots formation. Understanding of un-
rooted cuttings physiology and the role of endogenous and exogenous hormones is crucial for 
successful plant propagation definitely rooting (Alem, 2010 and Pijut et al., 2011).  

For grapes, mainly IBA with different levels (according to the cutting rooting hardness) is used 
to utilize rooting. In this regard, Štefančič et al. (2005) stated that “applying IBA on cherry cuttings 
had produced more roots and stronger root system than IAA did”. Also, Ansar et al. (2009) showed 
similar results on olives in respect to the maximum root initiation, roots number and length with IBA 
when compared to NAA. Nowadays, producers are looking for cheaper alternatives for IBA and the 
other growth promoters (Gandhiyappan et al., 2001 and Sivasankari et al., 2006). The natural ones 
such as seaweed and licorice extracts will be suitable for this purpose.  

Satisha and Adsule (2008) worked on grapes, revealed that IBA concentration that needed for 
rooting Dog Ridge or other various grape cuttings differs from one to another, and also depends on 
mother vines biochemical contents. Moreover, Bettoni et al. (2015) showed that using IBA with Dog 
Ridge and three other rootstocks had increased rooting percentage, roots number, root length and 
fresh weight.   

Extracts of green, brown and red seaweeds are widely used in horticulture especially the brown 
one for their plant growth- promoting effects. They contain a complex of polysaccharides, fatty acids, 
phytohormones, vitamins and mineral nutrients (Battacharyya et al., 2015). Gupta et al. (2011) 
mentioned that seaweeds are full of growth regulators which can trigger physiological processes.  

Vinoth et al. (2012) had developed an in vitro propagation protocol of tomato by using 
combinations of seaweed extracts and plant growth regulators (PGRs).  They showed a profuse 
rooting and a high frequency shoot elongation with the seaweed supplemented medium.  

Kelpak®; a liquid seaweed was used as a natural biostimulant for improving rooting and yield 
of different crops. Kelpak at 20% led to maximum rooting of mungbean. Also, it improved Swiss 
chard leaf and fresh weight of the root (Arthur et al., 2013). 
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Moreover, Krajnc et al. (2013) and Wally et al. (2013) explained that seaweeds act like 
phytohormones especially auxin which has an essential role in regulating roots' development and 
adventitious rooting process. Also, they interact indirectly with the other metabolites or hormones. 
Seaweeds extracts had proved that they are bio-stimulants for plant development and adventitious root 
formation.  

Licorice is one of the oldest herbs that can improve several plants vegetative parameters such 
as; plant height, number of leaves, root length and root dry weight (Abbas et al., 2012). 

It’s well known that licorice roots extract are reach in flavonoids, licorice saponin and 
glycyrrhizin (Guo et al., 2015 and Li et al., 2015), also they contain isoflavene glabrene and 
isoflavane glabridin which are considered phytoestrogens. 

Fu et al., (2013) cleared that plant cells exposed to corresponding concentrations of four of 
licorice flavonoids had viability over 90%. 

Abd El-Hamid and El-Amary (2015) sprayed  pears with different concentrations of three 
natural plants extracts and mentioned that 4 g/ l of licorice had improved plants growth such as leaf 
area. 

Particularly, this study aims to offer natural and cheap alternative of IBA (a synthetic growth 
regulator induce rooting) such as licorice and seaweed extracts. These compounds can demand 
rooting of grapes stem cuttings hard to root within a clean horticultural system.  

 
Materials and Methods 
 
1. Preparation of the cuttings 

Dog Ridge rootstock (Vitis champinii) as hard rooting cuttings were selected for this trial 
treatments. In both seasons of 2016 and 2017, healthy cuttings of 2 – 3 eyes were collected during 
vines winter trimming and stored till growing season.    

    
2. Preparation of the solutions and extracts 

IBA, brown seaweed and licorice were tested for promoting rooting process of Dog Ridge 
grape cuttings. The cuttings were divided into 8 groups each consisted of 6 cuttings as a treatment 
then prepared as the following: 

 
IBA: Cuttings were dipped in 500 p.p.m of IBA (Indole- 3- butyric acid) solution. The solution 
prepared on time of the treatment. 
Brown seaweed (Cystoseira trinodis) extract: The extract was prepared by dissolving seaweed 
powder in water at the three tested concentrations (5, 10 and 20%). 
 
Table 1: Chemical profile of brown seaweed extract (Cystoseira trinodis) according to Hamed 

(2012). 
Organic Components Growth Regulators Macro and Micro Elements 

Total amino acids 6 % IAA 0.03 % Organic (N) 3.12 % 

Carbohydrates 35 % Cytokinins (Adeninne) 0.02 % P2O5 2.61 % 

Alginic acid 10 %   K2O 4.71 % 

Manitol 4 %   Ca 0.25 % 

Betaines 0.04 %   S 3.56 % 

    Mg 0.58 % 

    Fe 150 ppm 

    Zn 70 ppm 

    Mn 13 ppm 

    B 60 ppm 

    I 30 ppm 
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Licorice (Glycyrrhiza glabra) extract: Cuttings were soaked in three concentrations of licorice 
(50, 75 and 100%). Licorice was extracted by soaking roots powder in boiled water for three hours, 
200 g/ 1 L of water produced 100% concentration, and then diluted to the two other concentrations. 
The extracts were refined, then stored in a refrigerator until apply.  

 
Table 2: Chemical profile of licorice roots (Glycyrrhiza glabra). 

 
So, the study treatments can be introduced as follows: 

1. Control (water only) for 10 min. 
2. IBA 500 at p.p.m for 10 sec. 
3. Seaweed at 5% for 10 min. 
4. Seaweed at 10% for 10 min. 
5. Seaweed at 20% for 10 min. 
6. Licorice at 50% for 10 min. 
7. Licorice at 75% for 10 min. 
8. Licorice at 100% for 10 min. 
 
3. Planting of cuttings  

Cuttings after previous treatments were planted in coded plastic bags and watered by half liter of 
the fungicide Rhizolex at 1% for each bag. Then they were put in the greenhouse.  

 
4. Vegetative and chemical measurements 

At the end of this trial (three months after planting), the following measurements were recorded:  
A. Rooting measurements: Roots samples were executed then washed to measure fresh 

determinations i.e. No. of roots/ cutting, average root length (cm) and root fresh weight (g) and then 
the roots were dried at 70 oC till weight stability to determine dry weight (g). 

B. Plant vegetative measurements: Plant height (cm), No. of leaves/ plant and average leaf area 
(cm2) were measured for all treatments. 

C. Plant chemical contents: Leaf samples (from the leaf number 5 to7) were collected from each 
treatment replicates separately then washed and dried at 70o C till a constant weight to 
determine NPK minerals. Nitrogen according to Plummer (1971), phosphorus according to 
Jackson (1958) and potassium according to Piper (1950). Mineral contents were measured as 
g/ 100g D. wt. Basal cuttings parts of various treatments were excised and immediately stored 
in methanol at -20 °C until fractionation to detect IAA (as a promoter) and ABA (as an 
inhibitor) contents. Endogenous hormones in the extracts were isolated and determined as 
mg/100 g F.Wt. using Fadl and Hartmann (1967) and Browning and Wignall (1987) methods. 

 
5. Experimental design and statistical analysis  

Data were organized and statistically analyzed according a randomized complete design. The 
statistical analysis of the data was carried out according to Snedecor and Cochran (1980). 
Comparisons among treatments means were held using the new L.S.D. values at 5% level. 
 
Results 
 
1. Rooting measurements 

Table (3) shows that Dog Ridge cuttings had produced the highest number of roots/ cutting 
(38.17 and 39.90) due to IBA followed by 35.47 and 37.93 with100% of licorice treatment in both 

 

Compounds (mg g-1) 

Total Phenols 108 

Total Flavonoids 36 

Total Tannins 10 

Glycyrrhizin 42 

Liquiritin 29 
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seasons, respectively. Whereas, the lowest number of roots/ cutting (11.03 and 10.17) was produced 
with water treatment (control) in the two successive seasons. 

Looking to average root length, it was found that 20% of seaweed had recorded the tallest 
significant root value; (12.96 cm) in the first season followed by IBA (12.13 cm) but the above 
treatments didn’t differ significantly in the second season; where IBA recorded 13.56 cm and seaweed 
20% gave 13.01cm roots. This result goes with Vinoth et al. (2012) and Arthur et al. (2013) where 
they marked good rooting in the medium supplemented with seaweed extracts. Rests of the treatments 
were lower length significantly, but the shortest root (4.10 and 3.13 cm) was measured with water 
treatment in the two seasons, successively.  

As for root fresh and dry weights, the highest significant values (17.47 and 20.44 g for fresh 
weight, and 3.61 and 3.99 g for dry weight, respectively) were produced with IBA treatment in the 
two seasons. Treatments of licorice at 100% produced roots weight of 15.97 and 17.15 g freshly and 
3.17 and 3.30 g dry in both studied seasons, respectively. However, the lightest roots (1.33 and 1.22 g 
as fresh weight and 0.26 and 0.24 g as dry weight) were observed with water treatment (control) in 
both seasons, successively.   

These results agree with those of Uzunoğlu and Gökbayrak (2018) since they found a 
noticeable increase in root development (root number, root length and roots fresh and dry weights) for 
two grape rootstocks.  
 
Table 3: Roots no., root length, fresh and dry weight as affected by some natural substances during 2016 and 

2017 seasons. 
    Determinations 
 
 
Treatments 

Roots No. Root Length  
(cm) 

Fresh weight  
(g) 

Dry weight 
 (g) 

Seasons Mean Seasons Mean Seasons Mean Seasons Mean 

1st 2nd  1st 2nd  1st 2nd  1st 2nd  

Water 11.03 10.17 10.60 4.10 3.13 3.62 1.33 1.22 1.28 0.26 0.24 0.25 

IBA  38.17 39.90 39.04 12.13 13.56 12.85 17.47 20.44 18.96 3.61 3.99 3.80 

Sea. W. 5% 25.47 26.80 26.14 6.93 8.28 7.61 8.32 8.39 8.36 1.53 1.71 1.62 

Sea. W. 10% 26.10 25.67 25.89 9.82 10.34 10.08 9.65 10.03 9.84 1.84 1.98 1.91 

Sea. W. 20% 26.10 29.90 28.00 12.96 13.01 12.99 13.37 14.68 14.03 2.54 2.93 2.74 

Lico. 50% 25.90 25.81 25.86 8.37 7.89 8.13 6.84 7.70 7.27 1.22 1.52 1.37 

Lico. 75% 28.60 25.63 27.12 9.38 9.39 9.39 9.56 9.09 9.33 2.11 1.79 1.95 

Lico. 100% 35.47 37.93 36.70 11.69 11.97 11.83 15.97 17.15 16.56 3.17 3.30 3.24 

New LSD  (0.05)= 1.49 1.85  0.82 0.70  0.91 0.96  0.50 0.21  

 
2. Plant vegetative measurements 

As illustrated in Table (4), the highest plants heights (30.07 and 30.97 cm) were recorded with 
IBA treatment in both seasons, followed by 100% licorice (27.78 and 27.11 cm), successively. On the 
contrary, the lowest plant height (9.93 and 9.73 cm, respectively) was recorded with water treatment.  

Regarding number of leaves/ plant in the two seasons, the highest number (36.23 and 34.68) 
was counted with IBA treatment, then licorice at 100%, 75% and 50% that recorded 25.67 and 24.87, 
25.43 and 24.55 and 25.43 and 23.86, successively. The smallest number of leaves/ plant (8.02 and 
7.77) was counted due to water treated cuttings.  

Considering average leaf area, it was found that seaweed treatments 20%, 10% and 5% 
recorded the largest leaves (21.50 and 22.4 cm2, then 21.23 and 20.83 cm2 followed by 20.90 and 
20.83 cm2). The smallest leaf area (15.37 and 14.67 cm2) was measured with water treated cuttings. In 
this respect, Arthur et al. (2013) stated that “seaweed extract had improved Swiss chard leaf”. 
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Table 4: Plant height, leaves number and leaf area as affected by some natural substances during 2016 and 2017 
seasons. 

      Determinations 
 
 
Treatments 

P. Height 
(cm) 

Leaves No. Leaf Area 
(cm2) 

Seasons Mean Seasons Mean Seasons Mean 

1st 2nd 1st 2nd 1st 2nd 

Water 9.93 9.73 9.83 8.02 7.77 7.895 15.37 14.67 15.02 

IBA 30.07 30.97 30.52 36.23 34.68 35.455 19.00 18.64 18.82 

S.W. 5% 11.93 11.57 11.75 12.27 12.25 12.26 20.90 20.83 20.865 

S.W. 10% 13.50 13.30 13.4 12.70 12.40 12.55 21.23 20.83 21.03 

S.W. 20% 21.23 19.73 20.48 13.17 14.17 13.67 21.50 22.40 21.95 

Lico. 50% 19.70 17.99 18.845 25.43 23.86 24.645 19.23 20.22 19.725 

Lico. 75% 23.60 23.11 23.355 25.43 24.55 24.99 20.20 19.77 19.985 

Lico. 100% 27.78 27.11 27.445 25.67 24.87 25.27 20.27 18.99 19.63 

New LSD  (0.05)= 0.83 1.50  1.32 1.06  0.89 0.74  

 
3. Plant chemical contents 

Regarding N content in plant leaves, 20% seaweed treatment scored 1.26 and 1.22 g/ 100g of 
dry weight, also 10% seaweed and 100% licorice recorded values between 1.24 and 1.25 g/ 100g 
followed by various treatments reaching the control (1.21 and 1.22 g/ 100g dry weight) in both 
seasons, successively without significant differences among them.  

Considering leaves P content, it was found that all treatments resulted in similar contents 
ranged from 0.26 to 0.28 g/ 100g D. Wt. in the first season and from 0.26 to 0.28 g/ 100g D. Wt. in 
the second season without differences between them. 

As for K content in leaves, the obtained results reveal that all treatments had recorded very 
close values ranged from 2.90 to 2.88 g/ 100g D. Wt. in both studied seasons. These results are in 
contradiction with those of Krajnc et al. (2013) and Wally et al. (2013) who pointed out a controlling 
role for seaweed on nutrients uptake regulating genes. 

Concerning IAA content in Table (5), it is clear that IBA treatment marked the highest content 
(0.92 and 0.99 mg/100 g F.Wt.) followed closely by licorice extract then seaweed extract in both 
seasons, successively. Whereas, the control treatment showed the lowest IAA content (0.35 and 0.4 
mg/100 g F.Wt.) in the two seasons, respectively. This result is in harmony with those of Guo et al. 
(2015) and Li et al. (2015) who considered licorice components as phytoestrogens. However, seaweed 
concentrations didn’t meet the expectations according to Gupta et al., (2011) who found that 
seaweeds are full of growth regulators.  
 
Table 5: Leaf mineral content and endogenous hormones as affected by some natural substances during 2016 

and 2017 seasons. 
      Determinations 
 
 
Treatments 

N 
(g/ 100g D. wt) 

P 
(g/ 100g D. wt) 

K 
(g/ 100g D. wt) 

IAA 
(mg/100 g F.Wt.) 

ABA 
(mg/100 g F.Wt.) 

Seasons 
Mean 

Seasons 
Mean 

Seasons 
Mean 

Seasons 
Mean 

Seasons 
Mean 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Water 1.21 1.22 1.22 0.25 0.27 0.26 2.88 2.88 2.88 0.35 0.40 0.37 0.06 0.06 0.06 

IBA 1.23 1.22 1.23 0.28 0.27 0.27 2.88 2.88 2.88 0.92 0.99 0.96 0.01 0.01 0.01 

S.W.  5% 1.22 1.24 1.23 0.25 0.27 0.26 2.90 2.89 2.90 0.58 0.58 0.58 0.04 0.04 0.04 

S.W.  10% 1.25 1.24 1.24 0.26 0.28 0.27 2.89 2.89 2.89 0.64 0.64 0.64 0.04 0.04 0.04 

S.W.  20% 1.26 1.22 1.24 0.28 0.26 0.27 2.89 2.90 2.90 0.65 0.65 0.65 0.03 0.03 0.03 

Lico. 50% 1.22 1.22 1.22 0.27 0.26 0.26 2.90 2.90 2.90 0.73 0.76 0.74 0.03 0.02 0.03 

Lico. 75% 1.23 1.23 1.23 0.28 0.27 0.27 2.88 2.89 2.89 0.78 0.82 0.80 0.02 0.02 0.02 

Lico. 100% 1.24 1.24 1.24 0.27 0.28 0.27 2.90 2.90 2.90 0.90 0.92 0.91 0.01 0.01 0.01 

New LSD  (0.05)= 0.05 0.03  0.03 0.03  0.03 0.03  0.05 0.08  0.01 0.01  
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As for ABA content, results show that the highest content (0.06 mg/100 g F.Wt.) was obtained with 
the control treatment, while the lowest content (0.01 mg/100 g F.Wt.) was detected with IBA and 
100% of licorice extract since they recorded the same values in both seasons. In this connection, Ford 
et al. (2001) found that rooting process mostly corresponding with IAA accumulation in the bases of 
cuttings. While, ABA effect on adventitious root formation are contradictory apparently depending 
upon its concentration and the nutritional status of the mother plants. These results are similar to those 
found by Kelen and Ozkan (2003) as they detected a low IAA and high ABA levels in low rate 
rooting grape cuttings, whereas the opposite was detected in high rooting rate cuttings. 
 
Discussion 
 

From the obtained results, it was observed that of IBA at 500 ppm and 100% of licorice 
treatments gave strong similar effects on rooting quality as roots number/ cutting of Dog Ridge grape, 
also root length, fruit fresh and dry weights. In addition, both treatments had raised plants height and 
No. of leaves/ plant as vegetative measurements. Another promising result is the superiority of 
various seaweed concentrations in increasing average of leaf area. These results are in harmony with 
those of Arthur et al. (2013). Licorice and seaweed extracts effects could be explained due to their 
chemical profiles since they contain combination of many components especially minerals and growth 
regulators that can boost cuttings sprouting, their rooting and growth.  

Moreover, IBA and licorice at 100% treatments resulted in the highest IAA but the lowest ABA 
contents in the cuttings. Seaweed concentrations also had increased IAA cuttings content than the 
control, but lower than IBA and licorice extract. It seemed that IAA is possibly among factors 
controlling grape stem cuttings rooting, this is why the highly IAA producing agents the high rooting 
rate scored (an incremental factor between them was realized). An inverse relationship between IAA 
and ABA contents in the cuttings was detected. On the contrary, Skirvin (2004) indicated a low 
concentration of ABA in hard rooting cuttings (Dog Ridge) and also in the easy rooting cuttings, this 
mean that ABA does not play an important role in root initiation. However, this result goes in the 
same line with Bettoni et al. (2015) findings.  

Regarding limited sprouting of some water soaked cuttings, it could be an echo for their mother 
vines nutrient and growth regulators contents. 

All of the compounds and their concentrations showed minor N, P and K minerals contents 
didn’t differ significantly than the control; this may be due to un-fertilizing the cuttings. But these 
compounds had succeeded in demanding good growth, which may be resulted from the endogenous 
nutrients stock of the mother plant.  

From the above mentioned results it could be concluded that, both licorice and seaweed in high 
concentrations could be promising treatments that help in grape cuttings root initiation as alternative 
natural products of the chemical auxin IBA, since they gave close vegetative and rooting 
measurements with IBA. 
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