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ABSTRACT 
A pot experiment was carried out on Murraya exotica (L.) Jack plants grown in a semi shaded place at 
the nursery of Al-Zohriya Garden, Horticultural Research Institute, Agricultural Research Center, Giza, 
Egypt during  2018 and  2019 seasons, to study the effect of foliar spray with natural extracts on 
vegetative growth and chemical composition of  Murraya plant. The aim of the study is using natural 
extracts as an alternative for chemical fertilizers to reduce the pollution problems caused by these 
fertilizers to the environment, to reduce production costs, to determine the best fertilization treatments 
for hastening growth of Murraya plants with high-quality characteristics for local production and export. 
Therefore, two aqueous extracts of cabbage leaves and fenugreek seeds, were evaluated for their ability 
as bio-stimulants for the fertilization of Murraya plants with different concentrations (0, 25, 50 and 
75%), for each. The obtained results indicated that the highest values were recorded for all vegetative 
and root growth traits (plant length, number of branches/plant, number of leaves/plant, root length, as 
well as vegetative and root growth fresh and dry weights) in plants were sprayed with fenugreek seeds 
extract at 50% concentration compared  to the control plants in both seasons. While the highest values 
for all flowering traits (number of flowers/ inflorescence, flower diameter and flower fresh and dry 
weights) were recorded in plants sprayed with cabbage leaves extract at 50% concentration compared 
to the control plants in both seasons. The same trend was also observed with regard to the chemical 
components in the leaves, where the highest values for the leaf contents of photosynthetic pigments 
(total chlorophylls and carotenoids), the percentages of total carbohydrates, N and K, as well as total 
phenols and total flavonoids were recorded by plants sprayed with fenugreek seeds extract at 50% 
concentration , while the highest values of the percentage of  P in the leaves were recorded by plants 
sprayed with the cabbage leaves extract at 50% concentration. Accordingly, foliar spraying of Murraya 
exotica plant with fenugreek seeds extract at 50% level, once every three weeks during the growing 
season, as an alternative to chemical fertilizers can be recommended to obtain the fastest growth and 
high quality for local production and export. 
 
Keywords: Murraya exotica plants, vegetative growth, root and flower growth, fenugreek seeds extract, 

cabbage leaves extract, the chemical composition. 

 
1. Introduction 

Murraya exotica (L.) Jack is a slow-growing, evergreen shrub or small tree, belongs to family 
Rutaceae, usually grows up to 2 to 3m in height. M. exotica is also known as orange jasmine, Murraya 
paniculata, mock orange (Bailey, 1933). Alternate leaves with usually 3-9 leaflets are produced on this 
plant. The leaflets are 1-5cm in size, dark green in color, glossy, cuneate or rounded at the base. Small 
clusters of white fragrant flowers produced at the top of branches. Murraya exotica is a popular hedge 
plant in the tropics and is commonly grown in gardens for its glossy green foliage and large clusters of 
fragrant flowers. The plant can be pruned to grow topiary and can also be grown as a hedge plant or 
ornamental plant (Whistler, 2000). Murraya exotica is adapted to a wide range of conditions, and native 
to China, India, Sri Lanka, Northeastern Australia and Taiwan (Parrotta, 2001). 
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Phytochemicals are the naturally occurring, compounds of plants. They are very important 
compounds and found to have certain application in medical sciences (Okarter et al., 2009). 
Medicinally, Murraya exotica is an important plant as it possesses several chemical compounds like 
alkaloids, coumarins, carotenoids and flavones etc. Many pharmacological effects of the plant have 
been reported, and range from antinociceptive, antioxidant, anti-diabetic, antimicrobial to analgesic 
activities (Gautam and Goel, 2012; Sayar et al., 2014). 

Naseem et al., (2015) concluded that phytochemical analysis was carried out for M. exotica 
revealed the presence of carbohydrates, phenolic compounds, proteins and amino acids, alkaloids, 
phytosterols and flavonoids, whereas saponins and fixed oils were found to be absent. Dosoky et al., 
(2016) mentioned that Murraya paniculata (L.) Jack, has numerous uses in traditional medicine for 
treatment of abdominal pain, diarrhea, stomach ache, headache, edema, thrombosis, and blood stasis.  

Vasca-Zamfir et al., (2019) reported that Murraya exotica L. (Rutaceae) is an ornamental pot 
plant also known as a medicinal plant, containing secondary metabolites that have long been used in 
pharmacology as a treatment for different diseases. The application of fertilizers exerted beneficial 
effects on growth and quality of Murraya exotica plants, such as, morphological parameters (number 
of leaves, number of branches, plant height) and biochemical analyses (content of chlorophylls, 
carotenoids, carbohydrates, phenolics, and the antioxidant capacity). 

Fenugreek (Trigonella foenum graecum) belongs to the family Leguminosae (Fabaceae), seeds 
extract are rich in many substances which stimulate the plant growth. Fenugreek seeds contain some 
inorganic salts as; manganese, magnesium, zinc and copper (Nour and Magboul, 1986). Fenugreek 
seeds are rich in amino acids such as, folic acid, niacin, thiamin and vitamins such as A, C and B6. 
Also, it is considered a rich storehouse of many minerals such as, calcium, copper, iron, potassium, 
zinc, manganese, selenium and magnesium (Sharma et al., 1996). Also, fenugreek seeds are rich in 
some amino acids like leucine, valine, lysine and phenylalanine which play the main role in synthesis 
of proteins (Hounsome et al., 2008) and bio-stimulating the plant growth, yield (Kowalczyk and 
Zielony, 2008), increasing N, P and k content of shoots (Liu et al., 2008), and total sugars (Abo Sedera 
et al., 2010). Finally, fenugreek seeds are good sources of protein, fat, dietary fiber and flavonoids such 
as quercetine, trigonelline, saponins, phytic acid and polyphenols (Sangeetha, 2010). Fenugreek seeds 
endosperm has a high saponin (4.63 g/100 g) and protein (43.8 g/100 g) contents which showed 
antioxidant activity respectively by freeradical scavenging method (Naidu et al., 2011). 

The outer leaves of cabbage (waste) that are peeled off before cabbages are distributed in the 
market were used as the raw material to produce bio-extract as a natural fertilizer on Mentha 
plant. Cabbage is a sulfur-rich plant because the glucosinolate accumulated in cabbage is able to 
breakdown to produce elemental sulfur, so, cabbage is a sulfur-rich plant. In this respect, cabbage waste 
contains minerals (N, P, K, Ca, Mg, and S), vitamins, and amino acids (aspartic, tryptophan, glycine, 
etc.), (Sitthithaworn et al., 2011). 

Cabbage (Brassica oleracea) belongs to the family Brassicaceae. Cabbage is a leafy green, red 
(purple), or white (pale green) biennial plant grown as an annual vegetable crop for its dense-leaved 
heads. The Brassicaceae vegetables are important crops for their broadly recognized functional 
properties, which are directly related to their phytochemical composition. These vegetables are also rich 
in carotenoids, phenolics, minerals, and vitamins. The most important phenolic compounds present in 
Brassicacea Family vegetables are the flavonoids and the hydroxycinnamic acids Ramirez et al., (2020). 

Nutrients and phytochemicals raw cabbage contain 92% water, 6% carbohydrates, 1% protein, 
negligible fat, raw cabbage is a rich source of vitamin C and vitamin K, containing 44% and 72% DV, 
respectively. Cabbage is also a moderate source (10–19% DV) of vitamin B6, folate and indole-3-
carbinol (Wikipedia site, 2021). 

Bashir et al., (2013) mentioned that aqueous extracts of fenugreek seeds and cabbage leaves can 
be used as growth stimulants. In future, these economically cheap alternatives for chemical fertilizers, 
to reduce their use will reduce environmental pollution. Nizioł-Łukaszewska et al., (2020) showed that 
the extract leaf of Moringa oleifera is a rich source of flavonoid and phenolic compounds. Its application 
at concentrations up to 5% gave a positive effect on cell proliferation and metabolism and may 
contribute to the reduction of oxidative stress in cells. Yaseen and Hájos (2020) reported that the leaf 
extract of Moringa oleifera L. is rich in antioxidants, antibiotics, nutrients, including vitamins and 
minerals, protein, and carotenoids. Due to the presence of high concentration of different hormones 
mainly zeatin, it can be used to improve the yield of many types of crops by 10-45 percent apart from 
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the lowest cost of production. Zulfiqar et al., (2020) reported that the natural biostimulants can play an 
important role in increasing production at a relatively low cost sustainably. Natural biostimulant 
feedstocks include leaf, root or seed extracts, either individually or in combination with others. Their 
positive effect on horticultural production is mostly due to plant growth-enhancing bioactive 
compounds such as phytohormones, amino acids, and nutrients. 

This research was set out in order to investigate the response of the slow-growing Murraya 
exotica plant to some foliar spray treatments with natural extracts (cabbage leaves and fenugreek seeds) 
as alternatives to chemical fertilizers during their growth period in the nursery to get good growth. 
 
2. Materials and Methods 
 

The current work was conducted at the nursery of Al-Zohriya Garden, Hort. Res. Inst., Giza, 
Egypt throughout the two successive seasons of 2018 and 2019 to fertilize Murraya exotica (L.) Jack 
plants with some natural extracts as an alternative to chemical fertilizers to reduce pollution problems 
caused by these chemical fertilizers to the environment, as well as reduce production costs, and obtain 
high-quality, safe and clean Murraya plants for local production and export. 

Therefore, uniform 8-months-old seedlings of Murraya exotica at a length of about 20 cm with 
8 leaves were individually transplanted on March,15th (for both seasons) into 16-cm-diameter plastic 
pots, filled with about 1.5 kg of sand and clay mixture (1:1, v/v). Some physical and chemical properties 
of this mixture used in both seasons are shown in Table (a). 
 
Table a: Some physical and chemical properties of the soil mixture used in this study. 

Soil mixture  
Particle size distribution (%): 

SP 
E.C.  

(dS/m) 
pH 

Sand Silt Clay 

Sand + clay mixture (1:1, v/v) 

58.5 29.0 12.5 23.0 5.4 7.51 
Anions (meq/l) Cations (meq/l) 

HCO3
- Cl- SO4

-- CO3
-- Ca++ Mg++ Na+ K+ 

1.8 54.9 4.25 - 15.5 13.5 31.2 0.75 

 
After two weeks from transplanting (on April, 1st.), the plants received the following foliar spray 

with natural extracts treatments:  
1- Distilled water without any additives as control. 
2- Aqueous solution of cabbage leaves extract (Brassica oleracea L. var. Capitata) was prepared by 

following the method of Cheema and Khaliq (2000) method as follows, 100gm of crumbled fresh 
cabbage external leaves are taken in a glass jar and then poured on it 1liter of boiled distilled water 
(1:10 w/v) and kept at room temperature for 24 hours, then the solution was filtered through a screen 
to obtain the purified extract for use as a stock solution (100%). 

3- Aqueous solution of fenugreek seed extract was prepared by following the method of Kasem and 
Abd El-Baset (2016) method as follows, seeds with any kind of visible damage were discarded. Dry 
seeds from fenugreek plant was crushed into a powder using a grinding machine; 100g of the dried 
ground seeds were taken in a glass jar and one liter of boiled distilled water (1:10 w/v) were poured 
on it and was kept at room temperature for 24 hours. The whole mixture was then stirred for 60 min 
at room temperature using a magnetic stirrer with occasional shaking. Moreover, these mixture was 
filtered through four layers of cheesecloth to remove the fiber debris, then in Whitman No.1 filter 
paper and the purified extract was adjusted to pH 6.8 with NaOH 10%. Different concentrations (25, 
50 and 75%) were prepared from the stock extract solutions as follows:  

 a- 75 ml of either cabbage leaves extract (100%) or fenugreek seeds extract (100 %) + 25 ml of distilled 
water to get 75% aqueous solution from each. 

b- 50 ml of either cabbage leaves extract (100%) or fenugreek seeds extract (100%) + 50 ml of distilled 
water to get 50% aqueous solution from each. 

c- 25 ml of either cabbage leaves extract (100%) or fenugreek seeds extract (100%) + 75 ml of distilled 
water to get 25% aqueous solution from each.  

Some active components were determined in the two used natural extracts and illustrated in 
Tables (b) and (c). 
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Table b: Some active components in fenugreek seeds extract used in the two experimental seasons 
(2018 and 2019).  

Active components in fenugreek seeds extract 
N (mg/100 ml)………… 0.14 Mn (mg/100 ml)……… 6.05 
P (mg/100 ml) ………… 2.76 Zn (mg/100 ml) ……… 1.46 
K (mg/100 ml)………… 48.3 Cu (mg/100 ml) ……… 0.93 
Ca (mg/100 ml)………… 203.8 Mn (mg/100 ml)……… 6.05 
Mg (mg/100 ml) ………… 541.9 Total phenol (%)……… 316.20 
Na (mg/100 ml) ………… 106.3 Flavonids (%)………. 2.95 
Fe (mg/100 ml)………… 133.2 Alkaloids (%)……… 0.47 

 
Table c: Some active components in cabbage leaves extract used in the two experimental seasons (2018 

and 2019).  
Active components in cabbage extract  
Total amino acids (%)……….. 0.16 P (%)………… 0.50 
Gibberellic acid (mg/l)……….. 185.0 K (ppm)………. 229.0 
Abscisic acid (mg/l)…………… 19.2 Mg (ppm)…….. 45.00 
Indole butyric acid (mg/l)……. 14.5 Ca (%)………… 0.31 
Cytokinin (mg/l)………………. 25.5 S (%)………….. 1.50 
Total phenols (mg/100g)……… 397.43 Fe (ppm)……… 11.70 
Total flavonoids (mg/100g)…… 39.35 Zn (ppm)……… 0.418 
N (%)……………………….. 0.35  

 
The aqueous solution of the abovementioned extracts were sprayed on the seedling foliage at 

early morning till run-off point, once every three weeks. The layout of the experiment was a completely 
randomized design, replicated thrice, and each replicate contained four plants (Mead et al., 1993). All 
plants received the necessary agricultural practices whenever needed 

At the end of each season (on October, 15th), data were recorded on the following traits: plant 
length (cm), number of leaves/plant, number of branches /plant, the longest root length (cm) and top 
growth and roots fresh and dry weights (g). Besides, number of flowers/ inflorescence, flower diameter 
(cm) and flower fresh and dry weights (g) were also measured.  

In fresh leaf samples, total chlorophyll (a + b) and carotenoids concentrations (mg/g f.w.) were 
determined according to the method of Sumanta et al. (2014), while in dry ones, the percentages of total 
carbohydrates, nitrogen, potassium and phosphorus   were measured using the methods described by 
Herbert et al. (1971),   Blacke (1965), Jackson (1973), and Wide et al. (1985), successively. Moreover, 
in methanolic extraction colorless, total phenols and total flavonoids (mg/100g d.w.)  were evaluated 
by the methods explained by Singleton et al. (1999) and Woisky and Salation (1998), successively. 

Data were then tabulated and statistically analyzed using the Assistant Software Program of Silva 
and Azevedo (2016), which was followed by Duncan’s New Multiple Range t-Test (Steel and Torrie, 
1980) to compare means of treatments. 
 
3. Results and Discussion 
 
3.1. Effect of foliar spray with natural extracts on  
3.1.1. Vegetative and root growth traits 

According to data averaged in Tables (1 and 2), it could be concluded that mean values of various 
vegetative and root growth parameters, expressed as plant length (cm), No. leaves and branches per 
plant, root length (cm), as well as top growth and roots fresh and dry weights (g) were improved with 
significant differences in most cases of both seasons compared to control means. However, the 
superiority was for spraying with fenugreek seeds extract at 50% concentration treatment, which gave 
the tallest plant, highest No. leaves and branches, longest root length and heaviest fresh and dry weights 
of top growth and roots over the other treatments in the two seasons. The second rank was occupied by 
spraying with the same extract solution (fenugreek seeds extract) at the concentration at 75%. This 
means that increasing concentration of fenugreek extract solution dont correspond by additional 
increament in vegetative and root growth. The best results achieved by fenugreek seeds extract may be 
attributed to that fenugreek seeds are rich in amino acids such as folic acid, niacin, thiamine and 
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vitamins such as A, C and B6. It is considered also a big store for several minerals such as Ca, Cu, Fe, 
K, Zn, Mn, S and Mg (Kasem and Abd El-Baset, 2016). 
 
Table 1: Effect of natural extract treatments on vegetative and root growth traits of Murraya exotica L. 

plants during 2018 and 2019 seasons.  

Fertilization treatments 
 

Plant length 
(cm) 

No. leaves 
/plant 

No. branches 
/ plant 

Root length 
(cm) 

First season:2018 

Control 32.67F 23.67F 1.00C 21.20F 

Fenugreek extract (25 %) 64.17C 35.00C 1.00C 34.60C 

Fenugreek extract (50%) 82.47A 49.00A 2.00A 43.30A 

Fenugreek extract (75 %) 70.97B 38.33B 1.33B 36.17B 

Cabbage extract (25%) 48.40E 22.33F 1.00C 23.60E 

Cabbage extract (50%) 55.90D 30.33D 1.00C 28.80D 

Cabbage extract (75%) 54.20D 27.00E 1.00C 27.60D 

 Second season:2019 

Control 35.50G 25.33G 1.00C 22.47G 

Fenugreek extract (25 %) 85.57B 45.00C 1.00C 39.00C 

Fenugreek extract (50%) 88.53A 54.33A 3.00A 54.67A 

Fenugreek extract (75 %) 79.07C 49.67B 2.00B 45.07B 

Cabbage extract (25%) 57.77F 28.00F 1.00C 31.30F 

Cabbage extract (50%) 71.97D 40.67D 1.00C 35.70D 

Cabbage extract (75%) 68.50E 32.33E 1.00C 33.60E 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 

 
Table 2: Effect of natural extract treatments on top growth and roots fresh and dry weights of Murraya 

exotica L. plants during 2018 and 2019 seasons.  

Fertilization treatments 
  

Fresh weight  
(g) 

Dry weight 
 (g) 

Top growth Roots Top growth Roots 

First season:2018 

Control 11.50G 3.95E 4.36E 1.09F 

Fenugreek extract (25 %) 20.41C 7.17C 8.07C 3.05C 

Fenugreek extract (50%) 27.91A 9.95A 10.22A 5.05A 

Fenugreek extract (75 %) 26.20B 8.04B 9.59B 4.23B 

Cabbage extract (25%) 15.56F 4.35E 5.27E 1.77E 

Cabbage extract (50%) 18.71D 5.65D 6.96D 2.61CD 

Cabbage extract (75%) 16.61E 5.31D 6.51D 2.20DE 

  Second season:2019 

Control 13.96G 4.56F 6.16F 2.41D 

Fenugreek extract (25 %) 25.35C 8.28C 11.91B 4.88B 

Fenugreek extract (50%) 31.56A 13.10A 13.62A 8.07A 

Fenugreek extract (75 %) 28.91B 9.60B 12.33B 5.32B 

Cabbage extract (25%) 17.48F 6.15E 7.80E 2.80D 

Cabbage extract (50%) 21.71D 7.66CD 9.49C 4.01C 

Cabbage extract (75%) 19.91E 7.24D 8.81D 3.60C 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 
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These results are in accordance with those obtained by Sitthithaworn et al. (2011) on Mentha 
spicata and M. arvensis var. piperascense , Bashir et al., (2013) on Gerbera jamesonii, Soliman et al., 
(2015) on Artocarpus heterophyllus and Kasem and Abd Al- Baset (2016) who found that a combination 
between 50% moringa seeds extract and 75% fenugreek seeds extract increased branching and number 
of leaves in cineraria (Pericallis x hybrida) plant producing the shortest and compact plants. Moreover, 
the interaction between 75% moringa seeds extract + 50% fenugreek seeds extract recorded the heaviest 
fresh and dry weights.  

 
3.1.2. Flowering traits 

A similar response was occurred as well regarding some flowering characteristics evaluated in 
this work, as the means of No. flowers/inflorescence, flower diameter (cm) and flower fresh and dry 
weights (g) which were significantly improved relative to control means in the first and second seasons, 
but the prevalence in this concern was for cabbage leaves extract at 50% concentration treatment that 
gave the utmost high records in both seasons, and followed by spraying with the same extract solution 
(cabbage leaves extract) at 75% concentration, as shown in Table (3). This may be due to that cabbage 
leaves extract supplies treated plant with higher concentrations of amino acids, gibberellic acid, IBA, 
cytokinins and minerals as shown in Table (c). These phytochemicals are useful for accelerating cell 
division and enlargement, besides its nutritive value for plant growth (Ramirez et al., 2020). 
 
Table 3: Effect of natural extract treatments on flowering traits of Murraya exotica L. plants during 

2018 and 2019 seasons.  
Fertilization treatments 
 

No. flowers/ 
infloescence 

Flower diameter 
(cm) 

Flower fresh 
weight (g) 

Flower dry 
weight (g) 

 First season:2018 

Control 31.67G 1.10F 1.51G 0.313E 

Fenugreek extract (25 %) 50.67F 1.58E 1.99F 0.617E 

Fenugreek extract (50%) 57.44D 1.88C 2.75D 1.087C 

Fenugreek extract (75 %) 54.61E 1.73D 2.43E 0.837D 

Cabbage extract (25%) 66.47C 1.98B 3.10C 1.190C 

Cabbage extract (50%) 87.45A 2.55A 4.61A 2.017A 

Cabbage extract (75%) 75.56B 2.01B 3.58B 1.470B 

 Second season:2019 

Control 34.33F 1.14F 2.01E 0.700F 

Fenugreek extract (25 %) 54.20E 1.92E 2.97D 1.240E 

Fenugreek extract (50%) 64.37D 2.30D 3.47C 1.860D 

Fenugreek extract (75 %) 62.78D 2.01E 3.18D 1.313E 

Cabbage extract (25%) 70.04C 2.61C 4.04B 2.143C 

Cabbage extract (50%) 92.91A 3.98A 6.50A 3.393A 

Cabbage extract (75%) 85.51B 3.05B 4.13B 2.417B 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 

 
On the same line, were those results of Waly et al., (2019) on Rosmarinus officinalis, Waly et 

al., (2020) on Thymus vulgaris, Abou El-Ghait et al., (2021) on Trachyspermum ammi, El-Gohary et 
al., (2021) on Cynara cardunculus and Soffar (2021) who mentioned that the vase life of Hippeastrum 
hybridum cv. "Baby Star" cut spikes was increased by using seaweed extraction at 3 ml/l, while spike 
length and its dry weight greatly increased by 4 ml/l of seaweed foliar spray. In this connection, Kasem 
and Abd El-Baset (2016) noticed that the combining between 75% moringa seeds extract + 50% 
fenugreek seeds extract reduced number of days for commencing flowering of Cineraria plants and 
increased the inflorescence crown diameter. 
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3.3.1. Chemical composition of the leaves 
Data listed in Tables (4, 5 and 6) clear that concentrations of total chlorophyll (a + b) and 

carotenoids (mg/g f. w.), the percentages of total carbohydrates, N and K, as well as total phenols and 
total flavonoids (mg/100g d.w.) reached maximum by spraying the foliage with 50% fenugreek seeds 
extract as compared to control values in the two seasons and followed by 75% of the same extract. On 
the other hand, the percentage of P was the highest in both seasons by spraying with 50% cabbage 
leaves extract and followed by 75% of the same extract. Improving concentrations of some active 
constituents in the leaves may be ascribed to that fenugreek seeds are rich in amino acids, vitamins and 
minerals rendering its extract high nutritive solution for plants (Kasem and Abd El- Baset, 2016). 
Likewise, the cabbage outer leaves extract is a potential source of phytochemicals which could be useful 
ingredients for natural and effective nutrition method for plant (Lun, 2016). In addition, cabbage is a 
sulphur-rich plant. It contains minerals (N, P, K, Ca, Mg and S), vitamins and amino acids 
(Sitthithaworn et al., 2011). In this respect, Kasem and Abd El- Baset (2016) revealed that the highest 
concentration extracts between both 100% moringa seeds extract + 100% fenugreek seeds extract 
enhanced pigments content (total chlorophyll and carotenoids), N and K percentages in cineraria leaves. 
Besides, Soffar (2021) pointed out that seaweed foliar spray at 2 ml/l resulted in the highest chlorophyll 
content in the leaves of Hippeastrum hybridum cv. "Baby Star" and anthocyanin content in petal's spike.  

The pervious gains could be supported by those attained by Soliman et al., (2015) on Artocarpus 
heterophyllus, Waly et al., (2019) on rosemary, Abou El-Ghait et al., (2021) on Trachyspermum ammi 
and El-Gohary et al., (2021) who observed that both licorice root (10 or 15 g/l) and cabbage leaf (3 g/l) 
extracts greatly increased N, P, K and total phenolic compounds in the leaves of Cynara cardunculus 
plants.  

Hence, it can be recommended to spray the foliage of Murraya exotica plants with fenugreek 
seeds extract at 50% concentration, once every three weeks during the active growth season to get the 
best growth and high quality. 
 
Table 4: Effect of natural extract treatments on total chlorophylls, carotenoids and total carbohydrate 

concentrations in the leaves of Murraya exotica L. plants during 2018 and 2019 seasons.  

Fertilization treatments 
  

Total chlorophyll 
(Mg/g f.w.) 

Carotenoids 
(Mg/g f.w.) 

Total carbohydrates 
(%) 

First season:2018 

Control 0.232F 0.105D 21.74F 

Fenugreek extract (25 %) 0.389C 0.201B 29.86B 

Fenugreek extract (50%) 0.519A 0.244A 34.02A 

Fenugreek extract (75 %) 0.489B 0.219B 31.78B 

Cabbage extract (25%) 0.248F 0.157C 24.46E 

Cabbage extract (50%) 0.353D 0.173C 27.99C 

Cabbage extract (75%) 0.272E 0.164C 26.83D 

  Second season:2019 

Control 0.268E 0.123F 23.34G 

Fenugreek extract (25 %) 0.535B 0.225C 30.48C 

Fenugreek extract (50%) 0.670A 0.335A 37.51A 

Fenugreek extract (75 %) 0.637A 0.279B 32.67B 

Cabbage extract (25%) 0.361D 0.172E 26.35F 

Cabbage extract (50%) 0.473C 0.211CD 30.25D 

Cabbage extract (75%) 0.466C 0.194D 29.16E 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 
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Table 5: Effect of natural extract treatments on nitrogen, phosphorous and potassium concentrations in 
the leaves of Murraya exotica L. plants during 2018 and 2019 seasons.  

Fertilization treatments 
  

N (%) P (%) K (%) 

First season:2018 

Control 1.14G 0.425G 1.23F 

Fenugreek extract (25 %) 2.32C 0.631F 1.68C 

Fenugreek extract (50%) 2.66A 0.979D 1.81A 

Fenugreek extract (75 %) 2.43B 0.792E 1.76B 

Cabbage extract (25%) 1.66F 1.108C 1.52E 

Cabbage extract (50%) 2.21D 1.399A 1.73B 

Cabbage extract (75%) 1.99E 1.237B 1.60D 

  Second season:2019 

Control 1.16G 0.455G 1.44F 

Fenugreek extract (25 %) 3.27D 0.919F 2.96C 

Fenugreek extract (50%) 4.22A 1.801C 4.98A 

Fenugreek extract (75 %) 3.56C 1.040E 3.57B 

Cabbage extract (25%) 2.16F 1.502D 2.01E 

Cabbage extract (50%) 3.71B 3.137A 2.91C 

Cabbage extract (75%) 2.47E 2.344B 2.75D 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 
 

Table 6: Effect of natural extract treatments on total phenols and total flavonoids concentrations in the 
leaves of Murraya exotica L. plants during 2018 and 2019 seasons.  

Fertilization treatments 
  

Total phenols 
(mg/100g d.w.) 

Total flavonoids 
(mg/100g d.w.) 

First season:2018 

Control 399.98G 57.28G 

Fenugreek extract (25 %) 598.76C 84.29C 

Fenugreek extract (50%) 685.04A 100.10A 

Fenugreek extract (75 %) 623.84B 91.21B 

Cabbage extract (25%) 521.03F 64.05F 

Cabbage extract (50%) 577.38D 78.13D 

Cabbage extract (75%) 543.27E 72.53E 

  Second season:2019 

Control 409.66G 60.53G 

Fenugreek extract (25 %) 605.03C 86.97C 

Fenugreek extract (50%) 780.09A 112.01A 

Fenugreek extract (75 %) 650.38B 95.77B 

Cabbage extract (25%) 532.20F 67.23F 

Cabbage extract (50%) 587.15D 81.19D 

Cabbage extract (75%) 562.63E 75.48E 

*Means within a column having the same letters are not significantly different according to Duncan’s New Multiple 
Range t-Test at 5 % level. 
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