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Abstract: This study took place in the research lath-house at Horticulture Department, Suez Canal University, Ismailia. 
The aim of the study is to compare different nutrient solution formulas and to study the effects of some naturally 
biostimulants (extract of willow bark or juvenile branches) on some vegetative characters of Coleus blumei plants 
grown in sand culture. Three nutrient solution formulation as Hoagland solution (A), pot plant solution (B) and solution 
(C) which designed and formulated in the Suez Canal University were used. The results showed that the nutrient 
solution C, generally, the more beneficial. It produced the tallest plants and heaviest fresh and dry weights of both 
above and underground plant parts. On the other hand, the addition of aqueous extract of juvenile branches of willow 
led to a significant increase in plant height and fresh and dry weights of either above or underground parts for the three 
nutritional solutions. Data indicated that the diameter of the main stem and the fresh and dry weights of the necked 
branches were higher in treatments irrigated with the solution C.  
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INTRODUCTION 

Medicinal plants are increasingly cultivated on a 
commercial scale to satisfy the large demand for natural 
remedies and pharmaceutical companies. Coleus blumei 
often used as a medicinal plant used in traditional 
medicine to treat gastrointestinal problems and high 
blood pressure (Andrade-Cetto, 2009; Ong and 
Norzalina, 1999). Medicinal properties of Coleus could 
be due to large quantities of phenolic compounds 
(Rasineni and Reddy, 2008). 

Hydroponic technology can be applied to produce 
high-standard plant material all year-round in 
consideration of the possibility to control growing 
conditions and to stimulate secondary metabolism by 
appropriate manipulation of mineral nutrition and 
biostimulants and elicitors (Maggini et al., 2011). Sand 
cultures are one of the most efficient and cost-effective 
methods of soilless culture, and are widely used in the 
dry arid regions of the Middle East. Its simplicity and 
low capital cost makes it an attractive alternative to 
existing growing methods. It is one of the oldest forms 
of hydroponic systems and used in the Hanging Gardens 
of Babylon (Resh, 2012; Hafshjani et al., 2015). In this 
culture, plants are grown directly in sand and 
supplemented with nutrients. The goal of cultivating 
medicinal plants in hydroponic systems is to attain 
unequalled growth allied with excellent crop quality and 
high bioactive substance. (Asaduzzaman et al., 2015; 
Jones, 2016). 

Although there are several hundred different types 
of nutrient solutions used in sandy cultures for different 
plants, there have been no studies on the effects or role 
of a nutrient solution with a specific formula to be used 
for specific medicinal plants to obtain higher content of 
active substances. Furthermore, increasing the 
biosynthesis of active compounds in different parts of 
the plant. Also, to increasing the proportion of the plant 
part required for extraction, whether it is aboveground 
or underground. On the other hand, researchers have 
provided various nutritional formulas to increase growth 

in different plants such as leafy crops as lettuce or basil, 
or fruity crops as tomatoes or cucumbers and was only 
gives attention to nutrients (Resh, 2012). The principle 
aims of these studies are three-titles: To compare 
different nutrient solution formulas supplemented with 
addition of biostimulants obtained from willow trees, on 
vegetative growth and active constituents of Coleus 
plants grown in sand cultures. 

 
MATERIALS AND METHODS 

The experiments took place in the research lath-
house at Horticulture Department, Suez Canal 
University, and Ismailia, Egypt for two successive 
seasons (2015, 2016). The rooted cuttings were planted 
into plastic cup 250 ml capacity filled with clean sand, 
placed into a three meters of 20 cm (8-inch) plastic tube. 
An open system of hydroponic irrigation method has 
been used. 

Nutrient solutions:  

The plants in every tube were irrigated with 2.0 L 
nutrient solution every three days (two time per week), 
this continued for 10 weeks. The nutrient solutions were 
applied exactly at a rate of 100 ml per pot two times a 
week for both plants. The component, electrical 
conductivity (EC), osmotic pressure (OP), salt index 
(SI) and pH, of the nutrient solutions before application 
to the plants is given in (Tables 1 ;  2 and 3). The dilute 
solution which was applied to the plants was prepared 
by mixing required amount of each of the macronutrient 
and micronutrient stock solutions and supplement with 
water decoction of willow bark and juvenile branches 
extract. 

The procedure for making willow water decoction:  
According to Martin and Stephens (2008) the best 

way to make willow water is: 
1- Collect young twigs (first-year) and bark of any of 

willow (Salix) species. 
2- Take the twigs and cut them up into short pieces 

around 1" (2.5 cm) long. 
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3- Take the bark and cut them up into short pieces 

around 1" (2.5 cm) long. 
4- Add the water, there are several techniques to extract 

the natural plant rooting hormones: Place the 
chopped willow parts in a container and cover with 
boiling water.  

5- Separate the liquid from the twigs. 

6- The liquid is now ready to use for rooting cuttings.  
7- You can keep the liquid for up to two months. 

Hundred grams of juvenile branches and bark were 
used to make one liter of water decoction. Fifty cm3 was 
added to every nutrient solution. 

 

Table (1): The composition, electrical conductivity (EC), osmotic pressure (OP), salt index (SI), pH and the minerals 
content of nutrient solutions (mgL-1) 

 EC OP SI PH N P K Ca Mg B Fe Mn Zn Cu Mo 

Hoagland 
Solution 
(A) 

1.55 0.558 12.40 6.6 157 31 269 139 48.5 0.5 5 0.5 0.05 0.02 0.01 

Pot plant 
Solution  
(B) 

1.95 0.702 15.60 6.8 90 40 175 337 48.5 0.5 5 0.5 0.05 0.02 0.01 

SCU KO 
Solution  
(C) 

1.41 0.508 11.28 6.3 56 80.2 184 250 48.5 0.5 5 0.5 0.05 0.02 0.01 

Nutrient solution A (Bunt, 1988) - Nutrient solution B (Bently, 1959) - Nutrient solution C; designed and formulated by SCU KO. 

 
Table (2): Minerals content of nutrient solutions (mgL-1), addition of bark and juvenile branches 

 N P K Ca Mg B Fe Mn Zn 

Hoagland (A) 157 31 269 139 48.5     

Hoagland +  bark extract (A1) 178 41 389 154 51     

Hoagland +  branches extract (A2) 209 31 379 176 57     

Pot plant (B)  90 40 175 337 48.5     

Pot plant +  bark extract (B1) 111 50 295 352 51 0.5 5 0.5 0.05 

Pot plant +  branches extract (B2) 142 40 285 374 57     

SCU-KO (C)  56 80.2 184 250 48.5     

SCU-KO +  bark extract (C1)   77 90.2 304 265 51     

SCU-KO +  branches extract (C2) 108 80.2 294 287 57     
 

 
Table (3): Economic evaluation of the three nutrient 

solutions 

Nutrient solutions 
Price value 

(L.E) 
Increasing 

percentages 

1. Solution A 
(Hoagland) 

123 14.95% 

2. Solution 
B (Pot 
plants) 

126 17.76% 

3. Solution C 
(SCU-KO) 

107 Base 

 
The aim of this experiment was to compare the 

three nutritional solutions individually or with the 
addition of water decoction of the bark or juvenile 
branches of the willow trees as biostimulants on the 
growth of Coleus plants. 

Data collection:  
At the end of every experiments (10 weeks), 

some growth indices, that may be affected by the 
nutrient solution formulations, include plant height, 
stem diameter, number of leaves, number of branches, 
fresh and dry weights of either above ground or 
underground parts were measured in every treatment 
according to Standard Operating Procedures (SOP, 
1994).  

Calculating Specific Leaf Area (SLA) expressed as 
(cm2 g-1): SLA was expressed as the ratio of leaf area to 
leaf dry mass cm2 g-1. 

Calculating leaf mass ratio (LMR) (g g-1): Leaf dry 
mass to the dry mass of the entire plant, g g-1  

Plant Size Index (PSI): (Treberg and Turkington, 
2014): Sum of the plant’s height (cm) + plant’s wet 
weight (g) + leaf area (cm2) (Kansas State University, 
Department of Agronomy). 
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Measurement of some important non-organic 
components:  

At the end of the experiment, samples were taken 
from third leaf from the plant apex, cleaned with 
distillated water, dried at 70°C to constant weight and 
finally grind to determine N, P and K content. Total 
nitrogen percentage, was determined by micro-Kjeldahl 
according to the method described by (Jones, 2001). 
Phosphorus percentage was estimated calorimetrically 
as described by (Mazumdar and Majumdar, 2003). 
Potassium and sodium percentages were determined 
using the flame photometer according to (Jones, 2001). 

Statistical analysis:  

Data collected was analyzed for statistical 
significance using the one–way analysis of variance 
(ANOVA), with the computations being done using the 
software program statistical. The Fisher least 
significance Duncan was used to compare significant 
treatment means at P ≤ 0.05 level of significance 
(Heinisch et al., 1962). The experiment was laid out in a 
complete randomized design with 12 replicates and one 
plant per replicate. 

 
RESULTS  

Effects of different nutrient solution formulations 
supplemented with willow bark or juvenile branches 
decoction on growth of Coleus plants:  

Results presented in Tables (4, 5 and 6) showed 
the effect of nutrient  solutions on  plant height (cm), 
plant fresh weight (g), plant dry weight (g), root fresh 
weight (g),  root dry weight (g), branches dry weight 
(g), branches fresh weight (g), stem diameter (cm), 
number of leaves, leaves fresh weight (g), leaves dry 
weight (g) and number of branches.  

It is evident from Table (4) and Fig. (1) that the 
solution of SCU KO supplemented with the extract of 

willow juvenile branches (C2) is, generally, the more 
beneficial, where it produced the tallest plants and 
heaviest fresh and dry weights of all plant parts. On the 
other hand, addition of aqueous extract of juvenile 
branches of willow led to a significant increase in plant 
height and fresh and dry weights of either above or 
under-ground parts for the three nutritional solutions. 
The highest values were observed with the solution 
SCU-KO supplemented with aqueous extract of willow 
juvenile branches (C2). The differences were significant 
in most cases. 

Data presented in Table (5) showed the effect of 
different fertilizers treatments on stem diameter and 
branches fresh and dry weights (g/plant). In general, the 
addition of aqueous extract of the juvenile leaves to the 
nutrient solution (C2) significantly increased branches 
fresh weight as 27.87 g and 28.09 g compared with 
fertilized plants with the nutrient solution supplemented 
with aqueous extract of bark as 23.19 g and 21.17 g 
during the first and second experiment, respectively. 

With respect to the characteristics of the number of 
leaves on the plants and the weight of fresh and dry 
leaves and number of branches, the results shown in 
Table (6) show that, in general, the use of SCU KO 
solution better than the nutrient solutions A and B. 
Besides, addition of aqueous extract of the juvenile 
branches of willow (C2) (34.38 g and 34.87 g/plant) 
were better than addition of aqueous extract of the bark 
(C1) (32.91 g and 31.25 g/plant) on leaves fresh weight 
in the first and second experiments, respectively. 

Because the goal of this study was to obtain the 
largest amount of the active ingredients present in dry 
roots and to a lesser extent in the dry aerial parts, the 
results indicated that irrigation of plants with solution C 
was the best, and adding aqueous extract of juvenile 
branches produced higher fresh and dry weights of 
either aerial or underground parts. 

 

Table (4): Effect of different nutrient solution formulations supplemented with willow bark or branches decoction on 
plant height, plant (F.W) and dry weights (D.W), root (F.W) and root (D.W) of Coleus during seasons 
2015, 2016 

Solution 
Plant height (cm) Plant F.W(g) Plant D.W(g) Root F.W(g) Root D.W(g) 

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

Hoagland (A) 40.66 ef 38.00 e 46.35 e 45.00 g 5.79 d 5.37 g 4.96 f 4.76 g 0.61 c 0.51 h 

Hoagland +  bark (A1) 45.33 de 43.00 d 51.69 g 51.32 f 7.52 c 7.32 d 5.44 ef 5.44 f 0.67 c 0.65 g 

Hoagland +  branches 
(A2) 

54.33 ab 51.00 b 65.85 b 64.35 b 7.49 c 7.37 d 8.43 a 8.31 a 1.03 ab 1.01 c 

Pot plant (B) 44.33 de 45.00 c 51.61 d 49.92 f 6.19 d 5.74 f 6.57 cd 6.45 e 0.69 c 0.65 g 

Pot plant +  bark (B1) 47.33 cd 46.00 c 58.51 c 55.61 e 7.48 c 7.43 d 7.10 bc 7.13 c 1.05 ab 1.06 b 

Pot plant +  branches 
(B2) 

51.66 bc 50.00 b 58.51 c 57.04 d 7.93 bc 7.75 c 6.99 bc 6.94 cd 0.98 b 0.96 d 

SCU KO (C) 37.33 f 37.00 e 49.03 de 51.36 f 6.25 d 6.38 e 5.94 de 7.03 cd 0.65 c 0.71 f 

SCU KO  +  bark (C1) 55.00 ab 50.00 b 63.22 b 59.30 c 8.81 a 7.99 b 7.12 bc 6.88 d 1.05 ab 0.91 e 

SCU KO  +  branches 
(C2) 

57.33 a 61.00 a 69.84 a 70.84 a 8.38 ab 8.66 a 7.59 b 7.88 b 1.17 a 1.23 a 

Means of each column have the same letter/s are not significantly different at 0.05 level of probability according to Duncan’s 
multiple range test. 
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Table (5): Effect of different nutrient solution formulations supplemented with willow bark or branches decoction on 

plant stem diameter, branches (F.W) and (D.W) of Coleus during seasons 2015, 2016 

Solution 
Stem diameter, (mm) Branches F.W,(g) Branches D.W, (g) 

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

Hoagland (A) 6.63 bc 6.57 c 16.27 e 15.23 h 2.29 c 2.01 h 

Hoagland+  bark (A1) 6.77 a-c 6.51 c 18.95 cd 18.56 fg 3.71 a 3.54 a 

Hoagland+ branches (A2) 7.07 a 7.01 b 27.25 a 26.03 b 2.51 bc 2.41 f 

Pot plant (B) 7.06 a 7.22 a 18.16 bc 18.12 g 2.26 c 2.15 g 

Pot plant +  bark (B1) 6.96 ab 6.95 b 19.41 cd 19.15 f 2.59 bc 2.66 e 

Pot plant +  branches (B2) 7.16 a 7.19 a 20.45 c 20.15 e 2.89 b 2.91 c 

SCU KO (C) 7.64 a 6.91 e 20.14 cd 22.17 c 2.85 b 3.01 b 

SCU KO  +  bark (C1) 6.41 c 6.25 d 23.19 b 21.17 d 3.38 a 2.95 bc 

SCU KO + branches (C2) 6.38 c 6.59 c 27.87 a 28.09 a 2.55 bc 2.77 d 

Means of each column have the same letter/s are not significantly different at 0.05 level of probability according to Duncan’s 
multiple range test. 
 

Table (6): Effect of different nutrient solution formulations supplemented with willow bark or branches decoction on 
number of leaves, leaves fresh and dry weights and number of branches produced by Coleus plants during 
seasons 2015, 2016 

Solution 
Number of leaves leaves F.W, (g) leaves D.W (g) 

number of 
branches 

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

Hoagland (A) 69.66 e 70.00 h 25.11 d 25.01 e 2.89 ef 2.85 f 3.66 e 3.00 e 

Hoagland +  bark (A1) 75.33 d 75.00 f 27.29 c 27.32 d 3.12 de 3.13 e 5.66 d 5.00 d 

Hoagland +  branches 
(A2) 

85.11 b 85.00 c 30.17 d 30.01 c 3.95 c 3.95 c 7.33 a-c 7.00 b 

Pot plant (B) 78.33 cd 72.00 g 27.29 c 25.35 e 3.23 d 2.94 f 7.01bc 7.00 b 

Pot plant +  bark (B1) 81.33 bc 77.00 e 30.17 b 29.33 c 3.82 c 3.71 d 7.66 ab 8.00 a 

Pot plant +  branches 
(B2) 

85.11 b 79.00 d 31.04 b 29.95 c 4.05 c 3.88 c 8.01 a 8.00 a 

SCU KO (C) 60.11 f 55.00 i 22.95 e 22.16 f 2.74 f 2.66 g 6.66 c 6.00 c 

SCU KO  +  bark (C1) 91.11 a 87.00 b 32.91 ab 31.25 b 4.35 b 4.13 b 7.67 ab 7.00 b 

SCU KO  +  branches 
(C2) 

95.33 a 95.00 a 34.38 a 34.87 a 4.66 a 4.66 a 8.00 a 8.00 a 

Means of each column have the same letter/s are not significantly different at 0.05 level of probability according to Duncan’s 
multiple range test. 

 
The obtained results given in Fig. (2) cleared that 

either nutrient solution A or nutrient solution C 
supplemented with the water decoction of willow 
branches had a significant increase in average roots 
percentages. This solutions containing amount of 
nitrogen (209 and 108 ppm respectively) with the ratio 
of N: P: K 7: 1: 12 and 1.4:1:3.7 respectively as shown 
in Table 2. 

These results are consistent with Trejo-Téllez 
and Gomez-Merino (2012) whose results indicate that 
the proportion of the elements used is more important 
for production of medicinal plants than the quantity of 
the elements. However, it is expected that in particular 
situations, too low concentrations do not cover the 
minimum demand of certain nutrients. Conversely, there 
are evidences of positive effects of high concentrations 

of nutrient solution. In Salvia the increase of Hoagland 
concentration at 200% caused that plants flowered 8 
days previous to the plants at low concentrations, 
increasing total dry weight and leaf area (Kang and 
Iersel, 2004). 

The data in Fig. (3) showed that the root: shoot 
ratio can be obtained from treatments that received the 
nutrient solution SCU KO (C), alone or supplemented 
with either aqueous extract of  the branches (C2) or bark 
of the willow (C1) . Also, the nutrient solution SCU KO 
(C) which enriched with branches or barks extract was 
given the largest total dry weight of the plant. 

In addition, the nutrient solution SCU KO with 
willow juvenile branches extract was the best in 
increasing the proportion of roots in plants and increases 
(CGR) Fig. (4). It could be argued that when Coleus 
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plant grown in the sand culture for the production of 
roots that contains the largest percentage of the active 
substances and to getting larger dry weight of the plant 
it is preferred to use the nutrient solution SCU KO with 
the addition of willow branches extract. This may be 
due to the ratio of the components of the elements 
nitrogen: phosphorus: potassium (1.4: 1: 3.7).  

The hydroponic nutrient solution is the sole source 
of nutrients to the plant. Therefore, it is imperative to 

apply a balanced solution that contains all plant 
nutrients, at the right balance (Trejo-Téllez and Gómez-
Merino, 2012). According to Paine et al. (2012) 
continuous growth rate is the most widely used way of 
estimating plant growth, always decreases over time as 
the biomass of a plant increases, but traditionally this 
has been ignored when modelling plant growth. The 
plant growth rates decreases or increases for several 
reasons including soil nutrients (Chen et al., 2016) 

 

 

Fig. (1): Dry weights of Coleus parts as affected by nutrient solutions and their additives (average of two experiments) 
 

 

Fig. (2): Average of roots percentage (%) of Coleus as affected by nutrient solutions and their additives 
 

 
Fig. (3): Profile of Coleus growth by root: shoot ratio of plant height of Coleus as affected by nutrient solutions and 

their additives 
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Fig. (4): Profile of Coleus continuous growth rate (CGR) (cm cm−1 d−1) of stem height and leaves number as affected by 

nutrient solutions and their additives 
 

Importance of Root: shoot ratio 

The height means of Coleus plants in treatments 
had some significant difference at 5% level. The 
comparison of stem diameter means showed that (C and 
B) nutrient solutions had significant differences with B 
solution but it had not any significant difference with 
(A) nutrient solution at 5% level. The weight means of 
dry matter of green color intensity of leaves had no 
significant difference between (C and A) nutrition 
solutions but these nutrition solutions had significant 
difference with (B) solution at 5% level Fig. (3).  

Results are in agreement with (Marschner et al., 
1996) who concluded that root growth is enhanced 
under low level of nitrogen and phosphorus, but not 
under deficiencies of nutrients. The partitioning of 
photo assimilate between roots and shoots has 
frequently been analyzed as a balance between root and 
shoot activity, and different plant species may have 
different patterns for photosynthetic transportation and 
allocation to shoot and root (Kang and Iersel, 2004; 
Taiz et al., 2014).  

Complicating the nutrient concentration 
recommendations for herbaceous perennials is the 
tendency for luxury consumption of nutrients. Both 
Adam and Sluzis (2005), Scoggins (2005) reported 
more than 20 different species of herbaceous perennials 
absorbed more nutrients than were required to maintain 
maximum growth. Furthermore, these authors indicated 
higher-quality plants were often produced with lower 
concentrations of nutrients. 

 
DISCUSSION 

One of our goals was to attain quality of growth 
parallel with excellent quality and more active principle 
contents. Another objective was to offer new 
alternatives to small commercial growers, associating 
them to successful and economically independent 
ventures. The results were in harmony with those 
reported by Giurgiu et al. (2014). Besides, the aimed 
objective of this work is to deduce if an exogenous 

application of biostimulant obtained from willow bark 
extract as a natural source that contained mainly 
salicylic acid (phytohormone) can induce more 
accumulation of active constituents in Coleus plants 
grown in sand culture. In past times, sand culture used 
for growing plants in sand to investigate their nutritional 
needs, growth, and development under laboratory 
conditions. Nowadays, sand culture is a popular soilless 
growth technique that is suitable for different types of 
plants especially medicinal and vegetable plants. 
Because of its efficiency, sand culture is commonly 
used in arid and dry Middle Eastern regions. Sand 
culture is also known to be one of the most affordable 
types of soilless growing methods due to the abundance 
of sand on the planet and the fact that it can be re-used 
over and over again. The results obtained in this thesis 
show that sand culture farms can be used for the 
economic production of Coleus as medicinal plants. 
This is consistent with the results of both of (Resh 
2012) and (Giurgiu et al., 2014).  

However, the quality of the production requires 
the addition of a suitable nutrient solution to obtain the 
amount of vegetative growth and root or both, or raise 
the proportion of roots or aboveground parts 
complemented by the proportion or amount of the 
presence of medical material in the plant part. This 
required a suitable nutrient solution and compared with 
the Hoagland solution and the foliage plant solution, 
which produce promising results according to the 
following measurements.  

1- Specific Leaf Area (SLA) expressed as cm2 g-1 
2- Leaf Mass Ratio (LMR) expressed as g g-1 
3- Root/shoot ratio 

It is an important parameter of growth rate 
because the larger the SLA, the larger the area for 
capturing light (Xu et al., 2009), so, the larger 
photosynthesis and plant growth. The consistency of 
this statement with Ericsson (1995) who study the 
influence of mineral nutrient availability on growth, dry 
matter and shoot: root ratio in young plants. On the 
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other hand, the study shows that the capacity of 
production can be increased by using a group of 
compounds that are characterized by low economic 
costs and contribute to the formation of medical 
materials of an organic nature. These groups belong to 
two groups, biostimulants and elicitors. The first group; 
biostimulant defined by European Biostimulants 
Industry Council (EBIC 2016) as natural substance or 
substances and/or microorganisms whose function when 
applied to plants to stimulate natural processes to 
enhance/ benefit nutrient uptake, nutrient efficiency, 
tolerance to abiotic stress, and crop quality. This was 
true in the results shown in Tables (4, 5, and 6,) our 
results partly agree with those reported by some authors 
including Vernieri et al. (2006), Bulgari et al. (2015).  
Results presented in Tables (4, 5 and 6) indicated that 
nutrient solutions supplemented with water decoction of 
willow parts showed increased growth characters. These 
results are in accordance with findings reported by 
Gorni and Pacheco (2016) and Palee et al. (2016) on 
some medicinal plants.  

Other scientific studies on the water decoction 
extract of willow tree parts indicated that it contains 
other ingredients that may have an effect on the growth 
of these medicinal plants and may affect their content of 
active substances. The materials found in willow extract 
include: caffeine, salicin, chlorogenic acid, alfa and 
beta-sitosterol, catechin, gallic acid and saligenin (Asa 
Nilsson, 2005; Durak and Gawlik-Dziki, 2014; Al-
Amad and Qrunfleh, 2016; Singh et al., 2016). These 
materials believed to have some effects on root growth. 
This confirms the root / shoots ratio results presented in 
Fig (3).  

Freischmidt et al. (2012) concluded that some of 
the other ingredients in the hot water extract of willow 
trees contain other substances and their mixtures were 
characterized by multidirectional antioxidant activities. 
This may be why these materials can be used as 
biostimulants for plants.  

Our results partly agree with those reported by 
some authors as Groot et al. (2003), Wright et al. 
(2011), Munns et al. (2012) and Abid et al. (2016). 
They found that mineral nutrition affect continuous 
growth rate of some annual plants.  

 

REFERENCES 

Abid, M. Z. Tian, S. Ata-Ul-Karim, Y. Cui, Y. Liu, R. 
Zahoor, D. Jiang and T. Dai (2016). Nitrogen 
nutrition improves the potential of wheat 
(Triticum aestivum L.) to alleviate the effects 
of drought stress during vegetative growth 
periods. Frontiers in plant Science, 7: 981-995. 

Adam, S. A. and E. A. Sluzis (2005). Nitrogen nutrition 
of ten species of native herbaceous perennial 
plants. Perennial Plants (autumn), 5-45. 

Al-Amad, I. and M. Qrunfleh (2016). Effect of Babylon 
weeping willow (Salix babylonica L.) extracts 
on rooting of stem cuttings of olive (Olea 
europaea L.) 'Nabali'. In XXIX International 
Horticultural Congress on Horticulture: 

Sustaining Lives, Livelihoods and Landscapes, 
1130: 391-396. 

Andrade-Cetto, A. (2009). Ethnobotanical study of the 
medicinal plants from Tlanchinol, Hidalgo, 
México. Journal of Ethnopharmacology, 
122(1): 163-171.  

Asa Nilsson, A. A. (2005). Effect on rooting by- and 
analysis of water based extracts of woody and 
herbaceous shoots of Salix smithiana Willd. 
Examensarbete inom Hortonom programmet, 
Holland.  M.Sc. Thesis 

Asaduzzaman, M., M. Saifullah, A. S. Mollick, M. 
Hossain, G. Halim and T. Asao (2015). 
Influence of soilless culture substrate on 
improvement of yield and Produce quality of 
Horticultural Crops. In “Soilless Culture - Use 
of Substrates for the Production of Quality 
Horticultural Crops. Intech, ISBN 978-953-51-
1739-1. 

Bently, M. (1959). Commercial Hydroponics: Facts and 
Figures. 2nd ed., Bandon Books, Johannesburg. 

Bulgari, R., G. Cocetta, A. Trivellini, P. Vernieri and A. 
Ferrante (2015). Biostimulants and crop 
responsesa review. Biological Agriculture & 
Horticulture, 31(1): 1–17.  

Bunt, A. C. (1988). Media and Mixes for Container-
Grown Plants (second edition of Modern 
Potting Composts) A manual on the 
preparation and use of growing media for pot 
plants. Academic Division of Unwin Hyman 
Ltd 15/17 Broadwick Street, London WI V 
IFB, UK. 

Chen W. T., Y. H. F. Yeh, T. Y. Liu and T. T. Lin 
(2016). An automated and continuous 
plantweight measurement system for plant 
factory. Frontiers in plant Science, 7: 392.  

Durak, A. and U. Gawlik-Dziki (2014). The study of 
interactions between active compounds of 
coffee and willow (Salix sp.) bark water 
extract. Biomed Research International, 
2014:1-11  

EBIC (2016). Perspective on the draft regulation on 
fertilising products. 2: p.1. 
http://www.europarl.europa.eu/cmsdata/10934
4/EBIC%20position%20paper.pdf  

Ericsson, T. (1995). Growth and shoot: root ratio of 
seedlings in relation to nutrient 
availability. Plant and soil, 168(1): 205-214.  

Freischmidt A., G. Jurgenliemk, B. Kraus, S. N. 
Okpanyi, J. Müller, O. Kelber and J. Heilmann 
(2012). Contribution of flavonoids and 
catechol to the reduction of ICAM-1 
expression in endothelial cells by a 
standardized willow bark 
extract. Phytomedicine, 19(3): 245-52. 

Giurgiu, R. M., G. A. Morar, A. Dumitraş, P. Boancă, 
B. M. Duda and C. Moldovan (2014). Study 
regarding the suitability of cultivating 
medicinal plants in hydroponic systems in 
controlled environment. Research Journal of 
Agricultural Science, 46(2): 84-92. 

Gorni, P. H. and A. C. Pacheco (2016). Growth 
promotion and elicitor activity of salicylic acid 



18 Koriesh et al., 2018 
 

in Achillea millefolium L.  African Journal of 
Biotechnology, 15(16): 657-665. 

Groot, D., L. Marcelis, R. Boogaard, M. Kaiser and H. 
Lambers (2003). Interaction of nitrogen and 
phosphorus nutrition in determining growth. 
Plant and Soil, 248: 257–268 

Hafshjani, Z. B., M. Mobli and V. Abdossi (2015). 
Comparison of different culture media on 
growth and yield of bell peppers (Capsicum 
annum). Journal of novel applied sciences, 4: 
900-904.  

Heinisch, O., R. G. D. Steel and J. H. Torrie (1962). 
Principles and Procedures of Statistics. (With 
special reference to the Biological Sciences.) 
McGraw‐Hill Book Company, New York, 
Toronto, London 1960, 481 S., 15 Abb.; 81 s 6 
d. Biometrical Journal, 4(3): 207-208.   

Jones, J. B. (2016). Hydroponics a practical guide for 
the soilless grower hydroponics: A Practical 
Guide for the Soilless Grower. CRC Press. 

Jones, J. B. (2001). Laboratory Guides for Conducting Soil 
tests and Plant Analysis. CRC Press, Boca Raton. 

Kang, J. G. and M. W. Iersel (2004). Nutrient solution 
concentration affects shoot: root ratio, leaf area 
ratio, and growth of sub irrigated salvia (Salvia 
splendens). Hort. Science, 39(1): 49-54 

Maggini, C. Kiferle, L. Guidi, A. Pardossi and A. 
Raffaelli (2011). Growing medicinal plants in 
hydroponic culture. Acta Horticulturae, 
International Symposium on Advanced 
Technologies and Management towards 
Sustainable Greenhouse Ecosystems: 
Greensys. doi. 10.17660/Acta Hortic., 
2012.952.88. 

Marschner, H., E. A. Kirkby and I. Cakmak (1996). 
Effect of mineral nutritional status on shoot-
root partitioning of photoassimilates and 
cycling of mineral nutrients. Journal of 
Experimental Botany, 47: 1255-1263. 

Martin, P. J. and W. Stephens (2008). Willow water 
uptake and shoot extension growth in response 
to nutrient and moisture on a clay landfill cap 
soil. Bioresource Technology, 99(13): 5839-
5850. 

Mazumdar, B. C. and K. Majumder (2003). Methods of 
Physiochemical Analysis of Fruits. Daya 
Publishing House Delhi, India. ISBN 
13: 9788170352884 

Munns, R., S. Schmidt and C. Beveridge (2012). plants in 
action, a resource for teachers and students of 
plant science. 2nd Edition. 
http://plantsinaction.science.uq.edu.au. Published 
by the Australian Society of Plant Scientists. 

Ong, H. C. and J. Norzalina (1999). Malay herbal 
medicine in Gemencheh, Negri Sembilan, 
Malaysia. Fitoterapia, 70(1): 10-14.  

Paine, C. E. T., T. R. Marthews, D. R.Vogt, D. Purves, 
M. Rees, A. Hector and L. A. Turnbull (2012). 
"How to Fit Nonlinear Plant Growth Models 
and Calculate Growth Rates: an Update for 

Ecologists". Methods in Ecology and 
Evolution, 3(2): 245-256. 

Palee, J., S. Dheeranupattana, S. Wangkarn, S. G. Pyne 
and A. T. Ung (2016). Effects of chitosan and 
salicylic acid on Stemona alkaloid production 
in hydroponic culture of Stemona curtisii 
Hook. F.  Chiang Mai Journal of Science, 
43(5): 1070-1076. 

Rasineni, G. K. and A. R. Reddy (2008). Free radical 
quenching activity and polyphenols in three 
species of Coleus. Journal of Medicinal Plants 
Research, 2(10): 285-291.  

Resh, H. M. (2012). Hydroponic Food Production: A 
Definitive Guidebook for the Advanced Home 
Gardener and the Commercial Hydroponic 
Grower. CRC Press.  ISBN 9781439878675. 

Scoggins, H. L. (2005). Determination of optimum 
fertilizer concentration and corresponding 
substrate electrical conductivity for ten taxa of 
herbaceous perennials. Hort. Science, 40(5): 
1504–1506. 

Singh, H., R. Raturi and P. P. Badoni (2016). Isolation 
of secondary metabolites from the roots of 
Salix babylonica.  In IOP Conference Series: 
Materials Science and Engineering, 225(1). 

Standard Operating Procedures (SOP) (1994). Plant 
Biomass Determination. https://clu-
in.org/download/ert/2034-R00.pdf  

Taiz, L., E. Zeiger, I. M. Møller and A. Murphy (2014). 
Plant Physiology and Development, 6th Edition. 
Oxford University Press. ISBN: 
9781605352558  

Treberg, M. and R. Turkington (2014). Species-specific 
responses to community density in an 
unproductive perennial plant community. Plos 
one 9(7):1-12. 

Trejo-Téllez, L. I. and F. C. Gómez-Merino (2012). 
Nutrient Solutions for Hydroponic Systems. 
In Hydroponics-A Standard Methodology for 
Plant Biological Researches. Dr. Toshiki Asao 
(Ed.), ISBN: 978-953-51-0386-8.   

Vernieri, P., E. Borghesi, F. Tognoni, G. Serra, A. 
Ferrante and A. Piaggesi (2006). Use of 
biostimulants for reducing nutrient solution 
concentration in floating system. 
In International Symposium on Models for 
Plant Growth, Environmental Control and 
Farm Management in Protected Cultivation, 
718: 477–484.  

Wright, S.  J., J. B. Yavitt, N. Wurzburger, B. L. Turner, 
E. V. Tanner, E. J. Sayer, L. Santiago, M. 
Kaspari, L. O. Hedin, K. E. Harms, M. N. 
Garcia and M. D. Corre (2011). Potassium, 
phosphorus, or nitrogen limit root allocation, 
tree growth, or litter production in a lowland 
tropical forest. Ecology, 92(8): 1616–1625. 

Xu, F., W. Guo, W. Xu, Y. Wei and R. Wang (2009). 
Leaf morphology correlates with water and 
light availability: What consequences for 
simple and compound leaves. Progress in 
Natural Science, 19(12): 1789-1798. 



Effects of Different Nutrient Solution Formulations Supplemented on Growth of Coleus Plants 19 
 

تأثیر تراكیب محالیل مغذیة مختلفة مضاف إلیھا مستخلص القلف والأفرع الحدیثة لنبات الصفصاف 
  على نمو نباتات الكولیوس

  حمد خلیلالفتاح ، إسلام حسن أبو السعود ، محمد فكرى م عید محمد قریش ، یحیى محمد محمد عبد
  جمھوریة مصر العربیة –الإسماعیلیة  –جامعة قناة السویس  –كلیة الزراعة  –قسم البساتین 

الھدف من الدراسة ھو . أجریت ھذه الدراسة في مشتل قسم البساتین كلیة الزراعة جامعة قناة السویس الإسماعیلیة داخل صوبة خشبیة
تقییم عدد من المحالیل المغذیة مع دراسة تأثیر إضافة مستخلص القلف أو الأفرع الحدیثة لأشجار الصفصاف علي النمو الخضري لنباتات 

جامعة  -المصمم بواسطة قسم البساتین (أظھرت النتائج أن المحلول المغذي ج  . عة في نظام الھیدروبونیك في مزارع رملیةالكولیوس المزرو
 العلویة والسفلیةھو أكثر فائدة لأنھ أعطى أفضل نتائج من حیث طول النباتات والأوزان الطازجة والجافة من كل أجزاء النبات ) قناة السویس

یتین، من ناحیة أخرى أدى إضافة المستخلص المائي للأفرع الحدیثة لأشجار الصفصاف عند إضافتھ للمحالیل المغذیة الثلاثة في تجربتین متتال
قطر الساق  أن إلىالنبات والأوزان الطازجة والجافة لأجزاء النبات العلویة والسفلیة، و تشیر البیانات  ارتفاعزیادة معنویة من حیث  إلى

 ).ج( إلیھا المحلولالمعاملات المضافة  فيالطازجة والجافة للفرع الرئیسي كانت أعلى  الرئیسي والأوراق


